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EXECUTIVE SUMMARY 

A systematic data base of available information needed to calculate 
mass balances of key radionuclides arising from the Three-Mile 
Island Unit 2 (TMI-2) accident as a function of time has been 
assembled. The sample and analysis data represent the likely major 
sinks except for the solids remaining in the primary system. 
Surfaces in the primary system are represented only by preliminary 
data pertaining to cesium deposition on plenum surfaces. TMI-2 

component description data are included for the reactor coolant, 
makeup and purification, and liquid waste systems and the reactor 
building. The chronology of liquid transfers through the end of 
1979 is included, as well as references for all of the data and 
footnote information to explain special cases. 

A mass transfer model has been developed that enables a user to set 
up flow models of variable complexity by the lumping of components 
(e.g., by treating the three reactor coolant bleed tanks as a com

ponent), to calculate the liquid contents of the components at a 
chosen mass balance time, to sum volume-concentration products, and 
to normalize the calculated inventories to the total TMI-2 inven
t ories for each key isotope at the chosen mass balance time. This 
software also includes utility routines to facilitate regression 
and isotope ratio analyses. 

The current mass balance status can be summarized as follows: 

Element 

Tritium 
Krypton 
Xenon 
Iodine 
Cesium 
Scrontium 
Uranium 
Plutonium 

viii 

Inventory 
Fraction 
Accounted 

0.53 
0.47 
0.35 
0.22 
0.51 
O.Q�2 

<10 
<10-5 



The d a t a  for the noble gases a r e  v e r y  unce r t a i n  due  to th e l a r g e  

unce r ta i nt y  i n  the r e l e a s e s  dur i ng the f i r s t s eve r a l  days . 

The s e  r e s ul t s  i nd i c a t e  a d i s t r i bu t i on o f  key elemen t s  a s  fol low s :  

I nve n to ry F.Lac t ion 
Locat i on H-3 I C s  S r  

Reac tor coolant 0 . 02 0 . 01 0 . 07 0 . 0 1 
Reac tor bu i ld i ng 0 . 47 0 . 1 8 a 0 . 4 1 O.Q� B al ance of plant 0 . 0 4 O.Q6 O.Q� 1 0  
Release to r ive r 1 0_

6 
1 0  

Release to a tmosph e r e  1 0  
Not found 0 . 47 0 . 78 0.5 4  0.9 8 

aAnaly s i s  o f  the r e s u l ts i nd i c a te t h a t mo r e  than 1 8  percent 
may h ave gone to the r eac to r  bu i ld i ng and r e l a t iv e ly less r emained 
in so l i d s  and s u r f aces in t he  pr ima r y  sy s tem.  

I t  is  concl uded that t r i t i um an d  c e s i um r elea sed i n to the r e ac to r  

cool ant t r ave l ed w i th the r e ac to r  coo l a n t w i t ho u t  lo sses  to othe r 

phases  d u r i ng t r a ns i t  and s to r ag e . The d a ta a l so s ugg e s t  t h a t  

tr i t i um a nd ce s i um were  not l e ached f rom p r imar y so l id s  and 

s u r f ace s  a f te r  the acc i den t , al though s t ron t i um has g r adual ly 

l e a ch ed f rom the p r imar y so l i d s  and s u r f aces ove r  a long p e r iod . 

r-iuch o f  the iod i ne t r ans f e r r ed to the r e ac to r b u i ld i ng 

sump/basement i s  s u sp ec ted o f  h av i ng t r an s f e r  r ed to s u r  f aces  o r  

so l i d s  f r om the s ump/baseme n t  wa t e r  and was the r e fo r e  not found . i n  

b a sement w a t e r  sampl es . 

I t  i s  r ecommended tha t : 

l .  T h e  current d a ta base be ma i n t a i ned and ex tended a s  new 

data  become ava i labl e .  

ix 



2. T he d at a  base and mass t r an s fer me thodology be appl ied to 

ver if y  a s s ump t i ons in the data base in respec t to 

acc ident ch r onolog y .  

3. T he data base and ma ss t r ansfe r  me thodology be appl ied to 

ver ify or d i sp rove beh av i or of key n uc l i des. 

4 .  The calcul a t i on me thodology should be developed to 

fac il i ta te i ncorpor a t i on of  the i nven tory in the p r imary 

s y s tem a s  new data become ava i lable. 

X 



1 . 0  INT RODUCTION 

S ec t i on 1 . 1  p r e s e n t s  a summary  o f  r e sul ts and r e commend a t ions . ·rh e  

b ac kg rou nd for t he m a ss-ba l ance s t ud i es i s  b r ie fly s ummar ized i n  

S ec t i on 1.2� t he objec t iv e s  o f  the c u r r e n t  work are p r e s e n ted i n  

S ec t i on l. 3. The mass-ba l ance data  base includ i ng t h e  FY l983 
add i t i ons to i t  a r e  o u t l i ned i n  S e c t ion 1 .  4: the d a t a  b a';<= i s  p�·e

sented i n  d e ta i l  i n  Append ix  C .  T he m a s s - transf e r  mod e l  to f ac i l i 

t a te mass-bala nce de term i na t ions f rom the da ta i s  d e s c rtbed br ie f ly 

i n  S ec t ion 1 . 5  and p r e s e n ted i n  deta i l  i n  A ppend i x  B .  

1.1 RESULTS AND RECOMMENDATIONS 

The r e s u l ts o f  wor k  per fo rmed to d a te can be pu t i n to fo u r  

ca teg or i es :  

1 .  A mass balance based on d a t a  fo r essen t i a l ly a l l  sig n i

f i ca nt " si nk s "  ( i . e . , loca t ions o f  r ad ioac t iv i ty i n  con

cent r a te d  amou n t) o u t s i d e  the r ea c to r  coo l a n t  sys tem 

so l i d s  aud s u r f aces . 

2 .  A p r e se n t a t ion o f  the t r end s i n  the i nven to r ie s  i n  m a j o r  

s i n k s  th ro ugh 1979 . 

3. A p r e l im i na r y  asse ssment o f  the m;ce r t a i n ty i n  the 

p r e l i mi na r y  ma ss  b a l ances . 

4 .  A ch ronology o f  l iqu i d  t r a n s f e rs th rough 1 979 . 

T he m a s s  b a l a nces gene r a ted f rom the  cur r en t  s t u d i e s  a r e  s hown i n  

T a b l e  1 - 1 . 



Table 1-1 . Ove r all Mass B a la nces 

(as o f  Decemb e r  3 1 , 1 979) 

E lemen t  

T r i t i um 

K r ypton (Kr-·85) 
Xenon (Xe-133 ) 

I od ine (I - 1 29)  

C e s i um (C s-13 7 )  

St r on t i um �Avg, o f  S r - 8 0  & S r-9 0 )  

Uran i um (U-238)  

P l u ton ium P u- 2 3 9 )  

I nventory 

F r act ion 

Accounted 

0 . 53 

0.47 
0 . 35 

0 . 2 2 

0 . 5 1 

0 . 0 2 
_, 

< 1 0  '"" 

< 1 0 - 5  

The tot a l  i nv e n tor i es calcula ted f rom EP ICOR I I  and the s ubme r g ed 

d e m i ne r a l iz er system (SDS) i n f lu e n t  ba tch concen tr a t ions and 

vo lumes ag r e ed w e ll w i th those calcu la ted f rom cor r e spond i ng sy s tem 

compone n t  l iq u i d  vo lumes and concen t r a t i ons . I nventor i e s  o f  ma jor 

si nks w e r e  calcula t ed as a func t i on o f  t ime; the t ime b eh av i or o f  

the se �alcul ated i nv e n tor i es show s w i de var i a t ions i n  some cases 

whe re the i nventor i es are  sma ll. Th e t ime b eh av i or of the r e ac to r  

coolant i nventory (exp r essed a s  a f r ac t ion o f  the total core 

i nve n tor y , wh i ch i nc ludes the t ime dep end ence due to d ecay) 

con s i s ts 0f a r e asonabl y  nar row r ang e of  v a r i a t i ons f r om a smoo th 

fu nc ti on for tr i t ium , s tron t i um ,  ce s i um,  and iod i ne; these  data 

sugg e s t  th a t  the t r i t i um ,  i od i ne , and ce s i um i nvento r i e s  dec r ease 

a pp rox i m a te ly as e xp ec ted as a conseq u e nce o f  d il�t ion due to 

leakage o f  r eac to r  coo l ant and makeup w i th clean w a te r .  S t r ont i um 

i nven tor i es i n  the reac tor coo lant i nc r ea se rap i d ly over the f i r s t  

f ew day s  and mor e  slow ly ove r  the t i me p e r i od t o  the end o f  1 9 79 , 

i nd i ca ti ng l each i ng f rom so l i d s  o r  sur f aces i n  the p r imary sy s tems . 

A mor e d e ta il e d  analy s i s  i s  needed to cor r e c t  th e obs e rved 



st ront i um b u i ld up for d i l ut ion due  to l e a k age  and makeup a nd hence 

to es t im a te the r ate o f  l each i ng .  

A l a r g e  f re!-c t ion of the t r i t i u m ,  c e s i u m ,  iod in e ,  and s t ron t i um th a t  

has b e en acco un t ed f or was found i n  th r ee ma j o r  l iq u id sin k s :  ( 1 ) 

the "<' r eac to r  b u i ld i ng ba semen t  w a t e r, (2)  the r eac to r  coolan t ,  and 

(3) the r e ac to r-coolant b l e ed t an k s . The unc e r ta in t i es in the m a s s  

b al ance s  a r e  d i scus sed in d e t a i l  in Ch apter  3 .  

S ome g e n e r a l  obs erv a t i ons on the d a t a  f o l l ow. 

o The mass bal ance acco un t s  fo r on ly abo u t  hal f o f  the 

total noble gases , b u t  th i s  accoun t  i s  ve ry uncer ta in 

becau se o f  the unce r ta in ty in the noble g a s  r e l e a s e  

d u r i ng the f i r st month . 

o T r i t i um and c e s i um ( C s- 137 ) a r e  abo u t  hal f acco un ted fo r 

i n  the q u an t i f i ed s i n k s . The se  two iso topes are  fo und in 

the major s i n k s  in abou t the same propo r tion s to each 

othe r .  The t ime b eh av io r  o f  t r i t i um and ce s i um con cen

t r a t ion s  i n  the r eac tor coolan t i s  app rox imately as  

expected f rom e f f ec ts of  the di l u tion by mak eup wa t e r . 

o Abou t one qua r t e r  o f  the iod in e  i s  acco un ted for in 

i d en t i f i�d s i n k s .  I od ine inven tory f r ac t ion in th e 

r eac tor b u i ld ing s ump i s  ( r el a t iv e  to c e s ium and t r i t i um) 

much smaller  in the r e ac to r  coo l an t . 

The t ime beh av io r  of  iod ine concen t r a t ion i n  the r e a c to r  

cool ant i s  a pp rox im at ely a s  exp ec ted f rom d i l u tion due to 

ma k e up w a te r . 

o Abou t 2 perc en t  of the s t ron t ium has been fo und in iden 

t i f i ed sin k s  (ou tside the co re s u r f aces and so l id s ) . The 

concen t r a t ion o f  s t ron t i um in the r eac to r  cool an t  

con t in ually inc r ea s ed over the pe riod to S ep temb er 198 1 



when S DS p r oce s s i ng beg a n ,  al though th e ra t e  o f  i n c r ease  

g r adua l ly d ec l i ned w i th t ime . 

S uggested f u t u r e  work based on the d ata base and mod e l  includes the 

f o l l owi ng: 

o Analyze th e t r i t i um ,  ces i um ,  and iod i n e  conce n t r a t ions i n  

t he r eac tor coo l ant a s  a func t i on o f  t ime u s i ng the 

chronology o f  ma k eup and l e a k age  flows to d e t e r m i ne i f  

the conce n t r a t ion v e r s u s  t ime b eh av i or s  a r e  well ex

p l a i n ed by d i lu t ion or i f  o th e r  procL3ae s  a r e  �nd i c a ted . 

o Analyze the s t ront i um co ncen t r a t i on i n  the �e��to r 

coo l ant a s  a func tion o f  t ime u s i ng the makeup/leak age 

ch ronology i n  o rder to de t e r m i ne the r a te of s t r on t i um 

l e aching . 

o Re- e s t imate the amount o f  iod i n e  t r anspor ted to the 

r e ac tor bu i ld i ng ba semen t  u s i ng the r e ac tor coo lant 

i nven to r y  d a t a  and the l iquid t r ans f e r  ch ronology. Th e 

form o f  the leach i ng/p r ec i p i tat ion terms wou ld h ave to b e  

pos t u l ated; the decay and leakage t e r ms a r e  known. 

1 .  2 BAC KGROUND 

Follow i ng th e acc ident  at TMI -2 i n  Ma r ch 1 9 7 9 , GEND , th e comb i ned 

org an iz a t i on of GPU , the E l ec tr i c  Power Res e ar ch I n s t i tu te (EPRI ) ,  

the U.S. Nu clear  Regul ato r y  Commi s s ion (NRC ) , and the u.s. 
De p a r  trnent o f  E ner gy (DOE ) sta ted i ts i n  ten t i  on to suppe r t an 

e f for t to d e te r m i ne a s  acc urately as  po s s i ble  the ma s s  balances o f  

s ign i f i c a nt ly toxic spec i e s  r e leased or r e loca ted as  a r e s u l t  o f  

the acc i d e n t  and r e cov e r y  and cleanup proced u r e s. { l ) 

D u r i ng FY 1 9 8 2 ,  a compu ter ized data base was e s tabl i sh ed th at per

mi ts  the ca lcu l a t ion o f  ma ss  bal ances fo r key r ad io nucl i d e s  a t  any 

t ime o f  i n t e r e st . (2 ) Th e d a ta b a se inc ludes: 



1 .  Calcu l a ted total inv e n to r i e s  o f  k ey r ad i onuc l i d e s  i n  the  

w ho le  TMI - 2  sy s tem a s  a f u nc t i on o f  t ime 

2 .  S y s tem componen t  volume s and c h ronolog y  o f  

t r an s f e r s  

3 .  S ampl i ng and r ad ioch e m i c a l  analy s i s  d a t a  

4. Re f e r ences t h a t  suppor t eac h  d a t a  r eco r d  

5 .  F ootnote in formation t o  doc ume n t  spec i a l  c a s e s  

l iq u i d  

T he Ci a ta e n t e r ed d u r in g  F Y  1 9 8 2  i nc l uded d a t a  f o r  1 1  i so tope s  

( i . e . , K r -85 , Xe- 1 3 3 , 1� 1 2 9 , I - 1 3 1 , C s - 1 3 4 ,  C s- 1 3 7 ,  S r - 8 9 , S r-9 0 , 

U- 238 , Pu- 239 , and H - 3 ) .  T he s a mple analy s i s  i nc l ud ed a l l  d a t a  

ava i lable through Apr i l  3 0 , 1 9 7 9 , plu s  t h e  d a t a  r ead i ly ava i l able . 

The sy s tem d es c r ip t i ons a nd c h ronology we re  ba sed on a s i mp l i f i ed 

mode l  o f  the r eac tor coolant sys tem ( RCS ) , mak e up and p u r i f ic a t i o n  

( MUP ) sys t e m ,  a n d  l iq u i d  wa s t e  (WDL ) sys t em.  T h e  c h r onology o f  

l iqu i d  t r an s f e r s  w a s  rep r es e n ted f or the  p e riod th r ough Apr i l  3 0 , 

1979 . 

Al so d u r i ng FY 1 9 8 2 ,  a modu l a r  comp u te r i z ed ma s s- t r an s f e r  calc u l a

t i onal s cheme to u se t he dat a  base  a nd to calcu la te m a s s  b a l a nces 

a s  a f u nc t i on o f  t ime was ou t l i ned and p a r t i al ly d eve loped . 

1 .3 OBJECTIVES 

The  objec t i v e s  o f  the FY 1 9 83 wor k  have been to e nl a r g e  the d� t a  

ba s e ,  i mp rove t he  p r e l imi nary ma s s  b a l a nce , and a ss e s s  t h e  u n c e r 

ta i n ty  in  t h e  m a s s  balanc e . The  obj ec t i v e s  i n  te rms o f  e n l a r g ement 

of  t he d a ta base i nc l uded the f o l l owi ng : 

1 .  C h r onology e x t en s ion for l iq u i d  and g a s  t r an s f e r s  f o r  a l l  

o f  1 9 7 9  f or t he RCS , MUP , WDL , che m i c a l  add i t i on ,  r eac tor  



b u i ld ing s p r ay ,  n uc le a r  se r v i ce s  r iv e r  wate r ,  and reac tor 

purge and rec ircu l a t i on sy s tems . 

2 .  Componen t volume d a t a  to suppor t the ch r onology ex ten s i on ,  

includ ing p iping , ma k eup and pur i f i c a t i on ,  sy s tem compo

nen t s , a nd EPICOR I I .  

3 .  An alyses o f  r ad iochemica l  sample s o f  in te re s t  for compo

nen ts o f  sy s te ms i te m i z ed u nder i tem 1.  

4 .  Ana ly s e s  o f  ava i lable EPICOR I I , and SDS i n f luen t s ampl e s .  

5 .  Ana lyses o f  oth e r  samples o f  in t e r e s t  ( e.g . , sol i d s  and 

reac tor bu i ld ing and r e ac tor plenum s u r face sample s ) . 

The imp r ov e men t s  in the p r e l imin a r y  ma s s  balan ce con s i s ted of the 

fo llowing : 

1 .  The inclu s ion o f  th e e s t ima ted inven to r i e s  in as many 

sink s as pos s ible 

2 .  The es t i m a t i on of inven tor i e s  in ma j or s in k s  a s  a f unc tion 

o f  t ime 

3 .  The inc l u s i on o f  inven tor i e s  by mean s  o f  mas s  t r an s f e r  

calcu l a t i ons f o r  s)n k s  not s a mpled 

The a s se s smen t o f  the unce r t a in ty in the mas s  balanc e s  was expe c t ed 

to : 

1. F oc u s  on the va l i d i ty of the e s t ima ted inven tor i e s  in the 

ma j or s in k s ,  s ince the unc e r ta in ty in the inven tor ies in 

o th e r  s in k s  do not s ign if i c an t ly a f fe c t  th e ove r a l l  unc e r

ta i n ty in the ma s s  b a l ance . 

1 -·6 



2 .  Conside r e r rors d ue t o  the following: 

a .  Sampling (i . e . , t he unce r tainty wi th which a s ampl e  

rep resents t he vo lume sampled )  

b .  Analysis ( i . e . , t he unc e r t ainty i n  r adioch emic a l  

de t e r mi n a tion o f  n uc lide conce n t r a tion)  

c .  Volume ( i . e . , the unc e r t ainty in componen t  capac i ties 

a nd contai ned liquid vo lume s )  

d .  T o t a l  inven tories ( i . e . , th e unce r t ain ty in the c al

c u l a ted total inventorie s  o f  the n uc lides in the who le 

TMI-2 s y s tem) . 

1 . 4 DATA BASE 

The data base is presented in Appendix C a long wi th a d e sc rip tion 

o f  the f ormat o f  the tables and de finitions o f  symbol s .  The d a t a  

b a se h as been expanded i n  F Y  1 9 83 to appr oxim a t e ly double i t s  siz e 

in F Y  1 9 8 2  a s  shown on Table 1 - 2 .  

The isotope t abl e  now includes  Te- 1 2 9 m ,  Ru- 1 0 6 , and Ce-14 4 . Th e 

fi r st two o f  these n uc lides :·1 a s  added b ecause they a r e  impor tant  in 

terms of poten tial h e a l th impac t s  f r om a r e ac tor accid e n t . Ce-1 4 4  

was added a s  an i ndica tion of  i sotope s  o f  high-me l ting compound s 

and bec a u s e  seve r a l  analyses include  v a l u e s  of  thi s isotope . 

S ample d at a  i nc lude liquid a nd gas  s a mp l e s  tak en th rough 1 9 7 9  f rom 

the RCS , WDL , r eac tor bui lding a tmosph e r e ,  and s t a tion v en t .  Th ey 

i nc lude other and/or l a ter s a mples f rom the r eac tor bui lding 

s ump/ba seme n t  wate r ;  EPICOR a nd SDS ba tch in f l u e nt s ;  ch a rcoal 

remo ved from the h ea ting, venti l a tion , and ai r conditioning (HVAC ) 

sy:::t-em; r eac tor bui lding ven ting ; r eac to r building s u r f ac e s  

( sa mples f rom the 3 05- f oo t  and above e le v a tions ; the hydrogen 

r ecombi ne r  spool piece a nd g amma spec t r opho tome t ric viewing of  th e 



Table 1- 2 .  Enh ancement o f  the D a ta B a se in F Y  1 98 3  

Number  o f  Re cor d s  

Da ta  B a se Table In FY 1 9 8 2  In F Y  1 9 83 

I so tope 1 1  14 

Sampl e  - l iqu i d ,  g as es , and solids  653 9 17 

S ample - s u r face s  0 8 9  

Ana ly s i s  19 73 3 259 

S y s tem 2 1 9  3 26 

Ch r onology 33 1 1 26 9  

Even t  293 9 95 

Note 6 7  158 

Re fer en ce s  4 2 9  6 70 

T o t a l s  3 9 76 76 9 7  

347- f oot oper a t ing d ec k ) ; r e ac tor vesse l  plenum s u r f aces ( wh ich 

show ces i um depos i t i on ) ; MUP sy s tem f i l te r s  and one dem ine r al i z e r , 

s ludge f rom re ac tor- coo lant bleed tan k s; and e f f l uent to the 

S u squeh anna R i v e r . A n ew sample table was devel oped for sur face 

a rea d a ta to a llow i den t i f i ca t i on of  t he loc a t i on of r e ac tor bu i ld

ing s u r face samples in te rms of cyl indr ical coor d in a te s .  

T he sy s te ms table was enhanced to incl ude p ip ing volumes w i th in the 

MUP and WDL systems, volumes and areas of componen t s  in the MUP 

sy s te m ,  EPI COR I I  b a t ch volume s , r e ac tor bu i ld ing s u r f ace a r ea s ,  

s u r face a r e a s  o f  the pl enum r eg i on of the reac tor v e s se l ,  and r e ac

t or coo l an t  p r e ss u re- te mper att, re  da t a .  These  d a ta ( ex cept r eac tor 

b u i ld ing s u r face a r e a s )  we r e  developed f r om pr i ma r y  sou r ce s  such as 

d r awings and oper a tor log s. 

T h e  c h r onology table now pr esen t s  a r ecord th r ough 19 7 9 . T h i s  r e

p re sen ts a major s tep f or wa rd in t he quan t i f i c at i on o f  the seq uence 

of even t s  at TMI- 2 s ince pr ior c hronology s tud i e s  p r ov i ded  a de

ta i led r e co rd on ly t h rough the end o f  Ap r i l 1 9 7 9 . T h e  development 

,_Q 



i s  b a sed on primary sou rces inc lud ing GPU s hi f t  f oreman and r ad 

waste  eng ineer log s and in fo rmation f r om EG&G-T I O  s t a f f .  T h e  

ch r onology development u s ed volume in f l ow and out flow b a l anc ing f o r  

the r e ac tor coo l an t  sys te m ,  t h e  mak eup t an k , and the auxi l i ar y  

build ing s u mp .  

The f l ows into the r e ac tor cool an t  sys tem we r e  seal in j ec tion and 

mak eup� the ou t- f lows we r e  seal  r e t u rn ,  l e tdown , and leak age .  T h e  

f l ows into t h e  mak eup t an k  incl uded b a tch inp u t s  f r om t h e  r e ac tor 

c oolan t  b l eed t an k s , t he  boric acid mix tank , and deminer a l i z ed 

water  s to r ag e  t an k  a s  v1el l a s  the s e a l  r e t u rn and le tdown flows 

f rom the r e ac tor c oo l an t  sy s tem.  T he t l ows ou t of the mak e up tan k  

wer e  t h e  sea l inj ec tion and ma k e up t o  the r e ac tor coolan t  and l e a k 

age to t he auxi l i ar y  bu ilding sump .  T h e  aux i li a r y  bu i lding s ump 

r eceived water  due to the l e a k age f r om the mak e up t an k  pl u s  othe r 

m isce l l an eous l ea k age� ou t fl ows we re b a tch vol umes to the auxili a r y  

build ing sump t an k  and m i sc e l l aneou s w a s t e  s tor age tan k . 

I n t e rcon s i s tency of this ch ronology i s  demon s t r a ted by rea sonable 

liqu id volume ve r s u s  time behct v i or for the k ey volume s, al though 

t he re are some minor anoma l i e s  ( ind ica ted by pe r i od s  du ring wh ich 

the calc u l a ted liqu id vo lume s exceed the tan k  c ap ac i t i e s )  " The 
chronology table a lso inc l ud e s  r ecord s o f  tran s f e r s  to EP I COR I I  

and the tan k  f a r m .  

1.5 MASS TRANSFER 

A mathema tica l  mod e l  was developed tha t  fac i li t a t e s  the c a lc u l a t ion 

o f  a m a s s  b a l ance u sing accoun t ing arithmet ic. T h e  l iqu id and/o r  

g aseou s volume s  a t  a specified t i me a r e  mu l t i pl i ed b y  concen t r a tion 

( eith e r  meas u r ed or c a lcu l a ted f r om known concen t r a t i on s  o f  source 

componen t s  and mass t r an s fer ch r onology ) and normal i z ed to t h e  LOR2 

total TM I - 2  inven tori es to ob tain inventory f r ac ti on f or i sotope s 

in k ey componen t s .  S umm ing ove r  a l l  componen t s  prov id e s  a ma s s  

b a l ance f or t he spec i f i ed t im e .  T he mod e l  al so f ac i l i ta te s  r eg r e s -



s i on ana lyses o f  any chosen set o f  data and the calcu l a t i on o f  

isotopic f r ac t i on s. 

T h e  mode l cons i s ts of f ive module s  t h a t  a re execu ted sequen- t i ally . 

T he I n t r od uc tor y Tex t  Module in t r oduces the u ser to the sy s tem and 

a l l ows the use r to des i gn a flowpath mode l; a se t of s t a te-spec i f ic 

mode l  comp onen ts a re i den t i f ied . T he u ser may lump componen ts; for 

ex ample , RCS may include the l iq u i d  volume th roughou t  the reactor 

c oo l an t  sy s tem componen ts ; t he t h ree reac tor coolan t  b leed tan k s  

may be cons i de red one lumped componen t ,  e tc . 

T he P roblem In i ti a l i z a t i on Module a ss i s t s  t he u se r  in in i t i al i z ing 

the pr oblem by l in k ing the sy s tem table of the d a t a  base to the e s

tabl ished flowpath  mode l .  For each mode l componen t ,  the mod u le 

i den t i f ie s  and sums in i t i al ( at s ta r t of acc i den t )  l iq u i d  volume s  

and de s ign capac i t ies for a l l  of t he mode l componen ts . I t  prov ide s  

a l i s t  o f  mode l ( lumped ) componen t s , total model componen t capa c i 

t i es and a rea s , and t he mode l component l iqu id  vo lume s  a t  the t ime 

o f  in i t i a t ion o f  the acc i den t .  

T he Volume Ca lc u l a t i on Modu le suppor t s  subsequen t module s  o f  the 

sy s tem by l in1' ing t he ch ronology table of t he d a ta b a se to t he 

s y s tem f ile of mode l componen ts and iden t i fy ing ma s s  t r an s fe r s  f r om 

t he s t a r t  o f  t he ace i dent to t he ma s s - b a l ance t ime . T he mod u le 

p romp t s  for one u se r - spec i f ied inpu t par ame ter d u r ing execu t i on of  

th i s  module , t he mass-balance t ime . Th i s  mod u le serves two 

spec i f i c func t i on s  in the de te rm in a t i on of r ad ionucl ide ma s s  

b a l ances : ( 1 )  i t  de te r mines the l iq u i d  volumes and t he ne t 

inc rease or dec re a se for each of the model componen t s  a t  the ma ss

b a l ance t ime ; ( 2 )  to s upport cases in wh ich mode l coQponent in- f low 

occ u r red nea r  the ma s s-balance t ime and concen t r a t i on s  a re known a t  

t imes ot her t h an t he mass- b a l ance t ime , t he c ode i den t i f ie s  for 

e ach mode l componen t al l  add i t ion s  and w i th d r awals , a s  we l l  a s  

t he i r  a s soc i a ted f l ow r a tes and t he other comp onen ts involved in 

the t r an s fe r .  

, _., 1'1 



2.0 CALCULATI ON OF MASS BALANCE 

The ma ss-balance calcu l a t i on ou t l ined in th i s  ch apter  i s  based on 

da ta f o und in the Th ree M i le I s l and Un i t  2 ( TM. I - 2 )  r ad i on uc l i de 

mass- b alance d a t a  base . The mas s  b a l ance i s  the accoun t ing o f  the 

r ad i on uc lides at  any t ime fol l ow ing the acc i den t on Mar ch 2 8 , 1 9 7 9. 

Componen t  inven tory f r a c t i on s  \\'e r e  cal c u l a ted by compu t in g  the com

ponent's ac t iv i ty and norma l i z in g  the res u l t  to the p r ed ic ted c o r e  

inven to r y ,  p r ov i ded b y  the B&W LOR2 code: (3) 

I F  . .  k ( t ) = componen t inven tory f r ac t i on o f  componen t i, 1 f J I 
s t a te j ,  and i so tope k at  t ime t 

I F  . .  
k ( t )  = V . .  ( t ) 1,], 1,] C . . 

k
( t)/A

k
( t ) 1, J, 

wh e r e  

v. . ( t) 1, J = volume- s ta t e  j, in componen t i, a t  t ime t 

C . .  
k

( t ) = concen t r a t i on - s ta te j, in componen t i, 1' J, 
i so tope k, at t ime t 

pred i c ted total inven tory o f  isotope k a t  

t ime t 

The mass b a l ance was accompl i shed by summ ing the in ven tory fr ac

t i ons f or each i so tope over a l l  componen t s  and ma ss  s t a te s . 

T I F
k

( t ) = total  inv€n to r y  frac t i on o f  i so tope K a t t i me t 

I 
:£ 

i=l 

J 
L IF  . .  k( t )  

j=l 1,], 

whe re I and J a re total  n umbe r  of  componen\:. s and ma s s  s ta tes, 

r e sp ec t i ve ly, tha t a r e  consider ed. 



The mass bal ance pre sen t ed in th i s  sec t i on made u se o f  the calcula

t i onal too l s  d i scu s s ed in C hap te r  3 .  

2 . 1  I DENT I F I CATI ON OF MAJOR AND MINOR SINKS 

Following t he acc i d en t  a t  TMX-2 , many p l an t  compon en ts con ta ined 

r ad ionucl i d e  inv en tor i es . U s ing the large  amoun t o f  r ad i0chemical 

d a ta in t he Tlvii- 2 ma ss-balance d a ta ba se , componen t s  were sor ted 

into major s in k s ,  conta in ing s ign i f ican t  inven tv r y  f r ac t ions, and 

minor s in k s , wh i ch sep a r a tely a r e  in s ign i f i can t  in t erms of mass  

balance . 

The m inor s in k s  have been d e f ined a s  componen t s  tha t  !'."eta ined in

ven tor y f r ac t i ons l e ss t han 0 . 01 be fore  cleanup . These m ino r s in k s  

a r e  i d en t i f i ed i n  Table 2-l . Inven to r y  f r ac t ion s  are shown fo r 

each component where  app ropr i a te data  we re ava i lable . T he inven-

to r y  f r ac t ion s  in all the m ino r s in k s  a r e  on the o r d e r  of 1 per cen t 

for ce s ium , tri t i um ,  and iod in e ,  w i th s t ron t i um and x enon con s i d e r

ably lower. 

The inven to r y  f r ac t ion s shown on T able 2- 1 have been calcul a t ed 

f rom da ta in t he TMI-2 mass-balance data  base . The  n eu t r a l izer 

tan k s ,  m i scellaneo u s  wa s t e  hold up tan k , con t am inated d r a in tank s ,  

and t he a ux il i ar y  bu ild ing s u�p l iqu i d  inven to r y  f r ac t ions' r an g e s  

span t h e  v alue s  c alcula ted f rom t h e  d a t a  b a s e  sample s .  T h e  l iq u i d  

volumes a r e  a ssumed to b e  a t  capac i ty whe re f low ch ronology was un

known . T h e  ma k eup tan k  and ma k e up and pur i f i c a t ion sys tem (MUP ) 

p 1 p1ng inven tory f r ac t ions a r e  based on repn:� s en tat i ve r e ac to r  

coolan t s y s tem ( RCS ) l iqu i d  sample s ;  th€ l iq u i d  was te sys tem ( WDL ) 

p iping inven tor y f r ac t ion s are  

coo l an t  bleed tan k  l i q u i d  sample s .  

b a s ed on r ep r e s en ta t ive r eac to r  

T h e  aux il i a ry  and fuel h andl ing 

bu i ld ing ch ar coal g a s , sol i d s, and su r f aces have been doc umen ted . 
(4 , 5 ,  6 �  

F ig u re 2- 1 prov i d e s  an app ro x imate d i s t r ibu t i on o f  ma te r i al a s  

fo und a t  TMI -2 on Decemb e r  3 1 , 1 9 7 9 , accord ing to d a ta i n  t h e  TMI -2 

2-2 
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Table 2-l 

Inventory Fractions in Minor Sinks 

Inventory Fraction 
State Components Notes H-3 Sr 89 Sr 90 I-131 Xe-133 

Liquid Makeup Tank 1,2 0.0010-0.0080 0.0002-0.0006 0.0003-0.0006 0.0016-0.0056 

N�utralizer Tanks 3 2 E-10-0.0002 7 E-7-0.0001 

Misc. Waste Holdup Tank 3 0.0002-0.0009 0.0005-0.(')32 

Contaminated Drain Tanks 1,3 5 E-8-8 E-7 3 E-ll-2 E-5 7 E-10-5 E-9 

Aux. Bldg. Sump 1,3 8 E-6-7 E-5 8 E-6-5 E-5 0.0002-0.0004 5 E-5-0.0002 

Aux. Bldg. Sump Tank 1,4 4 E-6-3 E-5 4 E-6-2 E-5 9 E-5-0.0002 2 E-5-0.0001 

MUP Piping 1,2 0.0001-0.0009 2 E-5-8 E-5 3 E-5-8 E-5 0.0002-0.0008 

WDL Piping 1,5 4 E-6-4 E-5 7 E-8-9 E-7 1 E-7-3 E-5 

All Liquids 0. 0013 -0.0098 0.0002-0.00GB 0.0003-0.0008 0.0026-0.0008 7 E-5-0.0004 

Gas Aux. Bldg. & FH. 
Bldg. Charcoal 6 2 E-7-3 E-7 

RCS 3 2 E-8-3 E-7 

All Gases 2 E-7-3 E-7 

Solid MUP Filters 7 

All Solids 

Surface Reactor Building 8 4 E-6-7 E-6 4 E-6-7 E-6 

Minor Sink Inventory 
Fraction 0.0013-0.0098 0.0002-0.0008 0.0003-0.0008 0.0026-0.0105 0.0001-0.0004 

1. Component is assumed Lo be filled to capc.city in lieu of other data from the TMI-2 mass-balance data base. 
2. Based on representative reactor coolant system samples in the TMI-2 mass-balance data base. 
3. Based on component's available samples in the TMI-2 mass-balance data base. 
4. Based on representative auxiliary building ·;ump samples in th·2 TMI-2 mass-balance data base. 
S. Based on representative reactor coolant bleed tank samples in the TMI-2 mass-balance data base. 
6. Based on estimated particulate and gaseous iodine in the filters/absorbers analyzed(4). 
7. Based on Oct 29, 1982, Sept 29, 1981, Jan 6, 1982, MU-F-5B sample analyses(S). 
B. See reference 6. 

Cs-134 Cs-137 

0.0016-0.0090 0. 0015-0.0073 

2 E-7-0.0002 4 E-8-0.0002 

0.0002-0.0045 0.0002-0.0035 

7 E-10-l E-5 6 E-12-2 E-6 

0.0003-0.0005 0.0003-0.0005 

0.0001-0.0002 0.0001-0.0002 

1 E-5-0.0012 1 E-5-0.0010 

l E-7--1 E-5 8 E-6-3 E-5 

0.0022-o.n157 0.0021-0.0127 

6 E-6-0.0040 5 E-6-0.0030 

6 E-6-0.0040 5 E-6-0.0030 

1 E-5-0.0003 7 E-6-0.0002 

0.0022-0.0200 0.0021-0.0159 
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� 

PRIMARY REACTOR COOLANT 
AND PLENUM 

TRITIUM 

KRYPTON 

XENON 

STRONTIUM 

IODINE 

CESIUM 

0.018 

<1.0E-5 

<1.0E-5 

0.010 

0.014 

0.068 

1----- -----------1 
INVENTORY NOT FOUND 

TRITIUM 

KRYPTON 

XENON 

STRONTIUM 

IODINE 

CESIUM 

0.470 

0.527 
0.649 

O.S78 
0.779 

0.486 

REACTOR BUILDING 
COMPONENTS '4·'' 

TRITIUM 0.472 

KRYPTON 0.473 

XENON 0.280 

STRONTIUM 0.011 

IODINE 0.181 

CESIUM 0.412 

ATMOSPHERE 
1-131 <1.0E-6 

Xe-133 0.071 

BALANCE-OF-PLANT 
COMPONENTS 

TRITIUM 

XENON 

STRONTIUM 

IOD�NE 

CESIUM 

FI G U RE 2-1 

0 .AO 
<1.0E-3 

0.001 

0.026 

0.034 

DISTRI B UTION OF KEY RADI ONU CLIDES HESU LTI NG FROM A 

PRELI MI NARY MASS BA LANCE ON 

DECEMB ER 31, 1979 
AT 2400 H OU RS 



mass-balance d a t a  base . T he calc u l a t i on of the s e  inv entory fr ac

t i ons i s  pre s en ted in the fol low ing s ec t i on s .  

From a s u rvey o f  d a t a  f r om the TM I - 2  mas s-balance d a t a  ba s e ,  the 

ma j or rad ion u c lide sin ks h a ve een de f in ed a s  p la n t  compon e n t s  t h a t  

r e t a ined inv e n t o r y  f r ac t ion s o f  0. 0 1  o r  g r e a t e r  befo r e  c le anup . 

T he maj or sin ks p r e s e nt ly id e n t i fied inc lude the f ollowing: 

1. Reac tor bui lding ba semen t ( and 3ump) 

2 .  Reac tor c oola n t  sys tem 

3 .  Re ac tor coo la n t  d r a in tank 

4. Reac to r c oola n t  ble ed tctnks ( A ,  B ,  C )  

5 .  Reac tor bu ild ing a ir 

6. A tmosph e r e  

7 .  Re ac tor v e s s e l  plenum and in t e r n a ls s u r face 

8. M a keup and pur if ic a t ion d emin e r aliz e r s  (A and B )  

S ec tions 2.2 , 2 . 3 , and 2.4 p r e s e n t  t h e  ma s s-ba la nce d iscu s sion for 

the id en tif ied major s in ks in the ga seou s ,  liquid ,  and s u r fa

ce/ solid p ha s e s ,  r e spect ive ly .  I nv e n t or y  f r ac tion s ba sed on d at a  

f r om t h e  TM I - 2  mass bala nce d a t a  ba se a r e  p r e s e n t e d  f or each o f  the 

ma j or sinks . A l s o, any a pp ar ent t r e nd s  a r e  id e n tif ied and br ie f ly 

d is c u s se d . The r e s ults o f  the ma s s  balance a r e  p r ese n ted in 

S ec tion 2 . 5 ,  along with a d is cu s sion of in v e n tor y fr ac tions y e t  t o  

be found . 



2 . 2  GASEOUS INVENTORIES AND RELEASES 

D ur ing t he acc iden t  a t  TMI - 2 , rad ioac t i ve f i s s ion ga s es , inc l ud ing 

krypton , iod ine , and xenon i so tope s we r e ,  r el eased from the damaged 

core to t he r e ac tor coo l an t .  Th ese ga s e s  trave l ed thro ugho u t  the  

p lan t  v i a  var iou s  pathway s ,  evo l v ing f rom l iq u ids and ven t ing 

thro ugh v ar io u s  sys tems . The iden t i f i ed gas f lowpath s· are shown in 

F i g L �  r e 2- 2 • S uch evo l v ed ga ses ar e nor ma l ly ven ted to the wa s t e-

g a s  decay tanks for s to rage and s ubseq uen t  r e l ea s e . Howeve r ,  

g a s eo u s  inven to ri e s  in the wa ste-ga s  decay tan k s  wer e  ven ted in to 

t he conta inment on Apr i l 6 ,  1 9 7 9 . D i r ec t  r e lease to t he s ta t ion 

ven t  occurred thro ugh r e l i e f  v3 lves . A ma jor relea s e  pa thway came 

v ia l ea k s  in the wa s te- ga s comp r es so r s  i n to the  h ea t ing , ven t i la

t ion and a i r  cond i t ion ing (HVAC) sys tem . The r eac tor con ta inmen t 

bu i ld ing a i r  had b e en seq ue s ter ed s ince bu i ld ing i sola t ion a t  7 : 5 6 

a . m . on Ma rch 28 , 1 97 9 . Ma s s  t ran s f e r  be tween s u r fac e s  and l iq u ids 

w it h in the r eac tor b u i ld ing is  l i k e ly to have occu r r ed ,  bu t th ese 

proc e s s e s  were  n'o t  w i th in the scope of  th i s  pha se o f  the s t udy . Th e 

r eac tor con ta inmen t  bu i ld ing rema ined i so lated un t i l  pur g ing be gan 

on J une 28 , 1980 . 

2 . 2 . 1  Gas eo u s  In v en tor i e s 

I so to p i c  inven to r y  f ract ion s wer e calc ula ted fo r po s tacc iden t  ga ses 

in t he r eac tor bu i ld ing f rom samples ta k en d u r ing 1 9 7 9 . Inh e r en t  

in the ca lculat ion o f  th ese inven to r y  f rac t ion s i s  the a s s ump t ion 

o f  a con s tant con ta inment a i r  vo lume o f  2 . 1 2  x 1 0 6 c u b ic f e e t . 

F i g u r es 2 - 3  to 2-7 pre sen t  the inven to r y  f rac t ion s calc u lated fo r 

K r-85 , X e -1 3 3 ,  I-] 31 , C s-1 34 , and C s-1 37 , r e spec t i v e l y . S tanda rd 

temper a t ure and p r e s s u r e  wer e a s s umed . 

Kr yp ton-85 was samp l ed in the con ta inment bu i ld ing a i r  s ta r t ing 

a bo u t  7 wee k s  fo l low ing th e acc iden t .  B e ca u se of a r e la t i v e l y  long 

ha lf - 1  i f e  and b e ta decay, th is  i so tope wa s mea s u r ed mo r e  ea s i l y  

a f ter sho r t- l i ved i so topes decayed away . K r ypton-85 i s  an ind i-

ca tor o f  noble ga s inven tory evo l ved f rom the RCS dur ing the 

2-6  
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FIGURE 2-3 

TMI-2 CONTAINMENT AIR KR-85 INVENTORY 
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FIGURE 2-4 

TMI-2 CONTAINMENT AIR XE- 133 INVENTORY 
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FIGURE 2-5 

TMI-2 CONTAINMENT AIR I-131 INVENTORY 
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FIGURE 2-6 

TMI-2 CONTAINMENT AIR CS-134 INVENTORY 
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FIGURE 2-7 

TMI-2 CONTAINMENT AIR CS-137 INVENTORY 
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acc i dent and rema i n i ng i n  the r e ac tor con tainmen t  un ti l v en ting . 

F i g u r e  2 -3 show s th e calcula t ed K r -8 5  inven to r y  f r ac tions . 

Igno r i ng the one s a mple tak en abou t 45  days a f ter  the acciden t ,  

wh i ch appea r s  to b e  low by an o r d e r  o f  magn i tude , th e samp l e s  t a k en 

ind i cate th a t  the Kr-85 inven to r y  f r ac tion in the r eac to r bu i lding 

a i r  was  con s t an t  and w i thin 0 . 33 to 0 . 7 0 . 

Another indication of noble gas inventories in the reactor contain
men t bu i ld i ng i s  found in Fig u r e  2 -4 .  Th e Xe- 1 3 3  s amp l e s  p r ovide 

d a ta to a pp rox imate!�' 3 month s a f te r  the acciden t ,  due to the 

shor t ,  5-d ay h a l f- l i fe .  Ag a in ignoring th e s amp le  t a k en abou t 4 5  

days a f te r  the ace ident and s e v e r a l  o f  the ear ly samp l e s  wh i ch 

appear to be low by an o r d e r  o f  magni tude , th e samp l e s  indicate  

th at  the Xe-1 3 3  inven tory f r ac ti on in the r e ac tor bu i lding i s  

con s ta nt  and between 0 . 0 7  and 0 . 7 0 . 

In add i ti on to th e sampling o f  nobl e s  g a s e s  in the r e ac tor bui lding 

ai r ,  nume r o u s  I- 1 3 1  samp l e s  wer e  t a k en p rior to th e r apid decay o f  

this i so top e .  

The r adio i od in e inven tory in the TMI -2 con tainmen t bui lding ai r h a s  

b e en d e te r min ed b a s ed on ava i l able I-131 samp l e s .  The r e s u l t s  

appear in  F i g u r e  2- 5 .  Th e r e  i s  a con sid e r able sp r e ad in th e v a l u e s  

show n ,  p robably a t t ri bu table to the u se o f  di f f e r en t  ai r - samp ling 

techniqu e s . Th e g a s  sampl e s ,  igno ring d a t a  t a k en d u ring the fi r s t 

w ee k  and a f te r  9 0  day s , indi c a te th a t  the in ven to r y  f r ac tion o f  

I- 1 3 1  in the r eac tor con tainmen t bui l ding ai r was be tween 0 . 0 0 0 0 5  

and 0 . 0 0 04 .  

I t  can be conc l uded th a t  th e I-1 3 1  in ven to r y  f r ac t ion in th e 

r eac tor con tainmen t  bu i lding ai r wa s on the o r d e r  o f  10
-4 , and th u s  

i s  insi gni f i cant from a mas s -balance vi ewpoin t .  Thi s inven t o r y  

f r ac ti on i s  l ower th an th ose o f  th e noble ga s e s  by a fac tor o f  

seve r a l  thou sand . Thi s obser v a tion i s  a l so s uppo r ted by plan t  

r adio ga s-re l ease e s tima te s  di scu ss ed l a ter in thi s chap ter. 



I nv entor y f r ac t i on e s t ima te s  of  pa r t i c ula te ce s i um i n  the TMI-2 

c on t a i nment bu ild i ng a r e  p r e sen t ed in F igu r e s  2-6 and 2-7 ,  for  

C s-134 and C s-137 , r e spec t ively. The data con f i r m tha t  ce s i um 

i nven t o r y  f r ac t i ons  i n  the r eac tor con t a i nmen t bu ild i ng a i r  a r e  

i ns i gn i f i c a n t , f rom a ma s s  bala nce point o f  v i ew ,  below 10 - 5 . 

2 . 2 . 2  G a seou s Relea s e s  

G a seou s r eleases to the a tmosph e re followed seve r al flowpa th s  to 

the s ta t i on v e nt as ind ica ted in F i g u r e  2-2 . Uncon t r olled r eleases 

too k  place th rough the waste gas d i sposal sy s tems (WDG ) r el i e f  

valve ven t  h e ade r ,  and the HVAC exhau s t . Con t rolled r e leases  we r e  

made by pu r g e  of  the containmen t bu ild ing pr ior  to en try i n  J un e  

1 980 . The su spec ted p r  imary- to-· secondary coolant l e a k  may h ave 

cau sed a sma ll r elease of f i s s ion gas v i a  the condenser  vacuc:�. 

pump s . D ue to the abs ence o f  adeq u a te s uppor t ing ch ronology data , 

the g a seou s r ele a ses  to the env i r onme n t ,  for some 34 days follow ing 

the acc ident , a r e  adop t ed as publ i sh ed . 

A n  e s t imate ( 8 )  o f  noble gases  r elea sed o f f s i t.e for th e f i r s t 34 

days foll owing the acc iden t has been made . Table 2-2 p r ov ides a 

s umma r y  o f  the e s t i ma ted r ele a s e s  of Xe-1 3 3 . Th e r e sul t s  ind i c a t e  

th a t  7 . 1  per cent of the noble gases  we re r elea s ed t o  the a tmosph e r e  

by uncon t r olled r elea se. A s im ilar accoun t i ng o f  Kr-85  vent ing ( ? ) 

f r om the con ta i nment bu ild ing du r i ng pu rg ing found 4 4 ,0 0 0  cu r i e s  or 

4 9 . 3  percent  of th i s  noble gas to be r ele ased .  Th i s  value ag r e e s  

well w i th the con ta inmen t  build i ng inven tor y o f  K r -85 repor ted in 

S e c t i on 2 . 2 . 1 . 

The r elease o f  g a seou s r ad io i od in e  to th e env i r onmen t h a s  been 

es t ima ted to h ave been 14 cu r i e s (B ) based on s t a t i on vent measu r e

m e n t s  and 26 . 8  cur i es (4) ba sed on HVAC f il te r/ad s orbe r e x am in a t i on .  

A n  e s t ima t ed 1 91 cu r i e s were t r ans f e r r ed to the f il te r s/ad sorber s .  

Th i s  value p r od uce s an inven tory f r ac t i on r eleased t o  a tmosph e r e  on 

the order o f  1 0 -5 . Aga in ,  th i s  inven tory f r ac t i on i s  lowe r th an 

the noble g a s  inventory f r ac t i on by a factor of many thousands , 
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Table 2 - 2  

TMI-2 Xenon-13 3  Release E s t imate
8 

E s t imated 

E s t imated Re lea se Inventory 

T i me Per iod - 1 9 7 9  ( C i )  Frac t ion 

March 28 - 0 7 0 0  t o  March 29 - 1 6 0 0  4 . 9  X 1 0
6 

0 . 0 3 5  

March 2 9  - 1 6 0 0  t o  Ma rch 31 - 1 6 0 0  2 . 1  X 1 0
6 

0 . 0 1 7  

Ma rch 3 1  - 1 6 0 0  t o  Apr i l  3 - 1 5 0 0  1 . 1  X 1 0
6 

0 . 0 1 2  

Apr i l 3 - 1 5 0 0  to Apr i l  6 - 1 4 0 0  2 . 7 X 1 0
5 

0 . 0 0 4  

Apr i l  6 - 1 4 0 0  to Apr i l  3 0  - 2 4 0 0  1 . 5  X 1 0
4 

0 . 0 0 3  

Total 8 . 4  X 1 0
6 

0 . 0 7 1  

2 - 1 5  



w h i ch i s  con s i s tent w i th t he d i f f e r ences in con ta inmen t g a s eous in

ven to r y  e s t imate s . 

D u r ing the con t rolled con ta inmen t bu i ld ing pu rge , 1 . 3 c u r i e s  o f  

t r i t ium , 5 . 5  m i c r o  cu r i e s  o f  Cs- l J7 , and 5 . 72 x 1 0 -3 m i c r o  cu r i e s  

o f  S r- 9 0  w e r e  e s t imated to be relea sed . ( 7 ) These  r eleases  accoun t 
-4 - 1 ?  - 1 0  f or inven tory f r ac t i ons 4 x 1 0  , 7 x 1 0  - ,  and 8 x 1 0  , r e spec-

t iv e ly . 

2 . 3  L I QUID INVENTORY AND RELEASES 

F rom the mass- balance d a ta
(2)  

i t  i s  clear that mos t  of the r ad io

nucl i d e  inven tor i e s ,  ex cept for noble gase s , have been found to 

d a t e  in l i q u i d s  or ig in a t ing in the RCS . No r e l e a se of such l iq u i d  

to t he env i r onment occu r r ed a t  TMI-2 . F i g u r e  2-8 p r ov ides  an 

i l l u s t r a t i on o f  the ma s s  flowpa th s  con s i d e r ed in the scope o f  th i s  

s t u dy .  A more deta i led descr ipt i on o f  componen t  l i q u id ch r onology 

foll ow s  in the n e x t  sec t i on for componen t s  of in ter e s t .  

2 . 3 . 1  L iqu i d  Inven tor i e s  

The  t r an s f e r of r ad ionucl i d e s  i n  r eac tor coolan t t o  v a r ious compo

n en ts in TMI -2 has been p r ev i ou s ly d i scu ssed . ( 2 ,  7 )  T he ma ss

b a l ance r es u l t s  ind ica te to da te that mos t  of the r ad ionu e l i d e  

inven tor i e s (ou t s i de t h e  core and core debr i s )  r e s ide  i n  the ma j or 

s ink s id en t i f i ed in S ec t i on 2 - l . In th i s  sec t i on the inven tor i e s  

a ss oc i a t ed w i th t he r eac tor bu i ld ing ba semen t ,  r eac tor coo lan t  

d r a in tan k , the r eac tor coolan t sys tem , and t h e  r eactor coolan t 

b l e ed t an k s  a r e  p r es en ted . T he inven tor i e s  w e r e  calcu l a ted based 

on the l i q u i d  mas s  t ran s f e r  chronology and the s ample analy s e s  in 

t he TMI-2 mass-ba lance d a ta bas e .  

2 . 3 . 1 . 1  R e ac tor B u i ld ing B a semen t 

T h e  l a r g e s t  volume of r eac tor coolan t w en t  to the r eac tor bu i ld ing 

b asemen t . T h i s  wa ter wa s app rox ima tely 8 - l / 2  f e e t  deep in the  

2 - 1 6  
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basemen t in S ep t embe r  1 9 8 1 , befo r e  the s ta r t o f  proce s s ing by the 

s ubm er g ed deminer a l i z er sys tem ( SDS) . F i g u r e  2 - 9 p ro v ides  the  

l iqu id  vo l ume h i s to r y  fo r the reacto r  b u i l d ing basemen t a s  modeled 

by t he ch rono lo gy d a ta fo und t he TMI - 2  mass-bal ance d a ta base . A 

to t a l  o f  52 9 , 0 0 0  g a l l ons wa s added to the basemen t in 1 9 7 9 .  T able 

2-3 p ro v i des a b r ea k down of t he to ta l vo lume . T h i s  table a l so 

ind i c a t e s  th a t  6 3  per c en t  o f  the w a t e r  was o nce r ea c to r  

c oo l an t .  ( l7 ) I f  t h e  RCS l eak age i s  e x t r apo l a ted to S ep tember  1 ,  

1 9 8 1 ,  the ba semen t vo l ume wo u ld be 6 4 3 , 0 0 0  g a l lo n s , wh i c h  i s  

comp a r a ble to t h e  6 41 , 0 0 0  g a l lons repo r ted by o t h e r s .  ( l S ) 

Since mo s t  o f  the wate r in the r e a c to r  bu i ld �.ng baseme n t  was 

r e ac to r  coo l an t ,  t he h igh r ad i a tion l e ve l s  h i nd e r ed sampl i ng wo r k .  

T h i s  l a r g e  vo l ume o f  wa t e r  accoun ted fo r s i gn i f icant  i n ven to r y  

f r ac tions ; howe v e r , f ew n a ta po in ts a re ava i lable . U s i ng the  

ava i l able r ad iochemical data and calcula ted vo l umes , the i nven to r y  

f r ac t ions were ca lc ul ated and a r e  p r ese nted i n  F ig u r e s  2 -1 0 to 

2-13 . 

F i g u re 2 -10 p r e s en t s the ces i um i nvento r y  f r ac t ion s fo r Cs-1 34 and 

:Cs � l 3 7  in t he r e ac tor bu i ld i ng basemen t water . Due to t h e  

e x ponen t i al natu r e  o f  var io u s  g rowth and decay f u nc t io n s , l e a s t

squ a r es e xpo n en t i al f i ts o f  data we re  made and a r e  shown . The  

inven to r y fo r Cs-134 is  appro x imately 20  to  30  pe r c e n t  h i g h e r  than  

for  Cs-1 37 . Th i s  d i f f e r ence i s  s een t h ro ug ho u t  a l l  i nv e n to r y  d a t a  

p r e sen t ed , and i s  d i scussed f u r t h e r  i n  t h e  n e x t  chapte r .  

T he ce s i um inve n to r y  f r ac t ions i n  t he r e ac to r  bu i ld i ng sump a r e  the 

l a r g e s t  o u t s ide the r e ac tor vessel . The  da ta shown in  F ig u r e  2 -10  

i nd i c a te t h at a pp ro x ima tely 4 0  per cen t  of  the ces i um was  lo ca ted i n  

the r eac to r  bu i ld i ng ba seme n t  wa t e r . T i . c s l ig h t  i n c r e a se i n  i nven

tor y i s  a t tr i bu t ed to con t inued r e ac to r  coo l an t  leak age into the 

basemen t . The SDS proc es s ed r eac to r  bu i ld i ng basemen t water i n  

b at ches numb e r ed 1 - 4 5 co n ta i n ing a C s- 1 37 i n ve n to r y  f r ac t ion o f  

0 . 4 2 4 .  ( 9 )  T h i s  i nven to r y f r ac t ion i s  nea r ly id e n t i cal to t h a t  cal

cu l a t ed here in . 
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Table 2-3 

Reactor B u i ld ing Baseme n t  

Liqu id Volume 

Source of Water 

RCS PORV) March 2 8 , 1 9 7 9  

RCS ( leakage) March 2 8 , 1 9 7 9  to 
December 3 1 ,  1 9 7 9  

Reactor Bu i ld ing Sprays Ma rch 2 8 ,  1 9 7 9  

Reactor Bu i ld ing A i r Coole r s  
( leakage) Ma rch 2 8 ,  1 9 7 9  to 

May 2 6 , 1 9 7 9  

Total December 3 1 ,  1 9 7 9  

2 - 2 0  

Volume 

_.,..- (Gal . )  

2 7 8 , 0 00 

5 2 , 0 0 0  

17 , 0 0 0  

1 8 2 , 0 0 0  

5 2 9 , 0 0 0  

% of Total 

Volume 

5 3  

1 0  

3 

3 4  

1 0 0  
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F i g u r e  2 - 1 1  p rov i de s  t he r ad i o i od i ne i nv e n to r y  f r ac t i ons  for  t h e  

r eac tor bu i ld i ng basemen t .  O n ly t h e  f i r s t  baseme n t  s ampl e s ,  t a k e n  

dur i ng Augu s t  1 97 9 , p ro v i de d a ta 0 n  I- 1 3 1  because o f  i ts r ap i d  

decay . These  samp l e s  y i eld i nv e n tory  f r ac t ions o f  0 . 17 t o  0 . 19 .  

Th i s  i s  t he l ar g e s t  i nventory o f  r ad i o i od i ne found ou t s i de the  

r eac tor vesse l .  Ot her  baseme n t  wate r s amp l e s  t a k e n  ove r two year s 

a f ter the acc i d en t  we re analyz ed for  I-129 . T hese samples  y i eld 

i nven tor y f r ac t i ons  o f  0 . 0 3 to 0 . 07 .  

F igu r e  2- 1 2  conta i ns i nv e ntor y f r ac t i o ns for  tr i t i um and s t r on t i um .  

The  samp le s  y i eld t r i t ium i nventory f r ac t i ons o f  0 . 5 2 t o  0 . 42 and 

s tr o n t i um i nventory f r ac t i ons of 0 . 0 07 to 0 . 017 i n  the ba sement 

wate r . The l i q u i d  samp l e s  ind i c a t e  tha t abou t h a l f o f  the tr i t i um 

wa s f ound i n  t he r e ac tor ba sement l iq u i d .  T h i s  wa s the l a r ge s t  

i nv e n to r y  o f  t r i t i um found . T h i s  i s  cons i s te n t  w i th the r el a t i v e  

con ce nt r a t i ons o f  t he r e ac tor coo l a nt and r e ac tor coo l a n t  basement 

wate r ; t h a t  is  abou t 3 3 0 , 0 0 0  g a l lons o f  r eac tor coola n t  was tr ans

f e r r ed to t he ba sement (Table 2-3) . T h i s  is 3 .  7 t imes the f u l l  

volume ( 8 8 , 6 0 0  g a l lons)  o f  the r eac tor coo l a n t  sy s te m ,  a n d  i ndeed , 

t he ba sement i nv e n tory o f  0 . 42 to 0 .  52 ( on F i gu r e  2- 12) i s  a bou t 

3 .  7 t imes the ear l i e s t  me a s u r ed t r i t i um i n v e n t o r y  i n  the r ea c t o r  

c oo l a n t  o f  abou t 0 . 1 2 ( s hown i n  F ig u r e  2-16) . 

The  l iq u i d  samp l e s  i nd i c a t e  t h a t  only abou t 1 pe r c e n t  o f  t h e  

st r o n t i um was f ound i n  t he r e ac tor ba sement l i qu id .  T he S r - 8 9  and 

S r- 9 0  d a ta i nd icate  tha t the s t r o n t i um i nv e n t o r y  i s  r i s i ng w i th the 

add i t i on o f  r e ac t or cool ant l eak age . T h i s  sma l l  r i se in s t r o n t i um 

i nven to r y  occu r s  f a s te r  than the r i se i n  ce s i um i nventory i n  the 

b a sement wa ter becau se o f  t he  i nc r ea s i ng s t r on t i um i n ven tor y and 

dec r e a s i ng ces i um i nventory in the r eac tor coo l a n t  l i q u i d .  (The  

r e ac tor cool ant l iq u i d  is  d i scu s s ed in  t he ne x t  s ec t i on . ) 

F i g u r e  2- 1 3  prov ide s the f u e l  i sotop i c  inventor i e s .  T h e  r e sul t s  

i nd i c a te t h a t  1 0
-6 o f  t he f u e l  ma ter i al found i ts way t o  the base

ment  wate r . B ecau se o f  the lack o f  d a t a , no t r en d s  could be 

ana l yz ed f or U-2 3 8  or P u- 2 3 9 . 
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2 . 3 . 1 . 2  Reac tor Cool ant S y s tem  

The r eac tor coolant s ys tem l i q u i d  trans f e r red  r el e a sed- f i ss ion 

p roduc ts f rom the fuel debr i s  to var i ou s  oth e r  components . F r om 

the nume r·ou s r ad i ochemical s amples t a k e n ,  a good s e t  of d a t a  i s  

a va i lable to p red i c t  i nventory f r ac t i ons i n  t he r eac tor coolant  

s y s tem l i qu i d .  

A chr ono logy for eve n t s  a f f ec t i ng the r eac tor coolant sy s tem has  

be en p r ev i ou s ly deve loped ( 2 )  bas ed on  ava i lable seq uence- o f - event 

i n fo rmat ion .  The TMI - 2  mass-balance d a t a  base was used to pr ed ic t  

an RCS l iqu i d  vo lume bas ed e n  t h ese da ta a s  shown i n  F ig u r e  2 - 1 4 . 

T h e  chrono logy a s s umes tha t the RCS l i q u i d  volume i s  con s t a n t  a f ter  

M ar ch  28 , 1 9 7 9  a t  2 4 0 0  hou r s , t ha� i s ,  ma k e up flow is  equal to let

down f l ow plu s  l e a k age . T h e mak eup t ank  acts  a s  a surge  and supply 

tank k ee p i ng t he RCS i n  a regula ted s t a te u nder  normal ope r a t i ng 

cond i t i on s . A l though the volume of the ma k eup tank and the en t i r e  

MUP sys tem a re  sma ll , t h ese components we re a pathway f or n.uch 

r eac tor coo lant t r a n s fe r , and i t  is impor tant  to t r a c k  the mov eme nt  

o f  t he r e ac tor coo l a n t  a nd r ad i onuc l i de s  to  var i ou s  p l ant compo

nent s . F i g u r e  2 - 1 5  shows the ma k e up tank l iq u i d  volume . 

C er ta i n  i r re g ular i t i e s i n  the chr onology i n  the p r e s e n t  ma ss

balance d a ta base cau se a componen t ' s l iq u i d  volume to exce ed the 

capac i ty .  T he RCS l iqu i d  vo lume f or t he d ay o f  the acc ident s hows 

some i r re g u l a r i ty d ue to the chr onology deve loped to d a t e . 

Al t hough t he d ec r ea se i n  RCS l i q u i d  volume i s  noted f or the f i r st 

5 hou r s  a f t e r  r e ac tor scram as e xpec ted , a subseque n t  sudden 

i nc r ease o v er t he vo lume capac i ty i s  i nd i ca t ed . Th i s  overpr ed ic-

t i on ,  s hown on F ig u r e  2 - 1 4 , r e s u l t s  f r om e s t i ma te of ave r ag e  f low 

r a tes u s ed for h i gh p re s s u re i n j ec t i on ( H P I ) add i t i on and d i scharge 

r ate s th rough the open p i l o t-ope r a ted r e l i e f  valve (PORV ) . The  

ave r age va l ues a r e  u s ed i n  l i eu o f  ac t u a l  flowr a tes wh ich a r e  u n

a v a i lable . Th e  cor r ec t ion of l i q u i d-volume ove rp r ed i c t ion  r equ i r e s  

sp ec i a l  analyses to de termi ne H P I  and PORV f lowr a te s  a s  a func t i on 

o f  t ime , wh ich cou ld not be pe r formed i n  the c u r r en t  wor k ph ase . 

2-26 
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S i m i l ar ly ,  t he l iqu i d  volume o f  the mak e up t ank i s  ove r p r ed i c ted  

( F i g u r e  2 - 1 5 ) . T h e  cor r e c t i on o f  th i s  ove r p r e d i c t i on w i l l r eq u i r e 

f u r t h er f i  neme n t  of the MUP sys tem l eak age chr onology . S uch 

c h r ono logy e x ten s i on would have a m i nor e f f e c t  on the calcula ted 

i nventor y f r ac t i ons in the maj or s i nk s . 

The  calcul a ted i nventory f r ac t i on s  for the r eac tor coo l a n t  sy s tem 

a re s hown i n  F i g u r e s  2 - 1 6  to 2-2 3 .  

F i g u r e  2 - 1 6  p r e s e n t s  the calc u l a ted t r i t i um i nv e n to r y  f r ac t i ons  i n  

t he RCS . Th e  i nve ntory f r ac t i on a pp e a r s  to decl i ne f rom app r ox i 

m a t e ly 0 . 1 0 to 0 . 0 2 over the f i r s t  few mon th s ,  then rema i n s  level 

at abou t 0 . 0 2 .  

The  RCS t r i t i um invento r y  has been r ep r e se n t ed by a smooth  cu rve i n  

F i g u r e  2 - 1 6 . I t  i s  ant i c ipa ted t h a t  the t r i t i um i n ventory wo uld  

f al l  due  to l e a k age and subsequen t  add i t i on o f  nont r i t i a ted wat e r , 

t he c o r r e l a t i on of t he obser ved r e d uc t i on i n  tr i t i um concent r a t i on 

w i th the ch r onology of d i lu t ion by ma k eup f o r  le a k age has  not been 

made . 

F i g u r e s  2-1 7  and 2 - 1 8  p r e s e n t  the s t r ont i um- 8 9  and - 9 0  i n ventory i n  

t he RCS , r e sp ec t i ve ly . T he S r - 8 9  and S r - 9 0 i n ventory f r ac t i ons 

r ange f rom 0 .  0 0 5  to 0 .  0 1 . Bot h i sotope s analyzed show s im i l a r  

t r e nd s ,  espec i a l ly when data i n  t he f i r st s e v e r a l  days a r e  exc

l uded . 

T h e  RCS s t ron t i um i nventory has  been r ep r e s e n t ed by an expone n t i a l 

f i t i n  F i g u r e s  2-1 7  and 2 - 1 8 . T he same cu r ve f i t s both s e t s  o f  d a t a  

we l l , and i nd i c a t e s  t h a t  an exponen t i al b u i ldup of s t r ont ium w a s  

occu r r i ng i n  the RCS , wh i ch wa s p r oba bly d u e  t o  con t i nued le ach i ng 

f rom the co r e  debr i s .  T h i s  leach i ng was g r ea t e r  than the loss o f  

s t r ont ium i n  l eak age to th e reac tor bu i ld i ng ba sement wa te r . Th i s  

l e ach i ng mech a n i sm appa r e n tly was r e spon s i ble for the small , bu t 

i nc r ea s i ng 1  i nventory f r ac t i ons i n  the RCS and basement wa te r , 
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wh i ch i s  v e ry  d i f f e r ent f r om the pos t u l a ted ce s i um beh a v i or d i s

cu ssed l a t e r  i n  th i s  sec t i on . 

F i g u r e s  2 - 1 9  and 2 - 2 0  prov i d e  the r ad i o i od i ne i nventory e s t i ma t e s  

f or t he RCS . The o n l y  I - 1 2 9  i nventory data found , a r e  p r e s e n ted i n  

F i g u r e  2 - 1 9 . T h e  i nventory f r ac t i ons  calcula ted f i t  we l l  w i th t h e  

I - 1 3 1  i nv e n tor y f r ac t i ons shown i n  F i g u r e  2 - 2 0 . The samples  y i eld 

i nventory f r ac t i ons  o f  0 . 1 0 to 0 . 0 3 for the l iqu i d  in  the RCS . 

F i gu r e  2 - 20 p rov i des an i n s i g h t  i n to t he t ime behav i or of  the  RCS 

I - 1 3 1  i nv e n tor y .  T h e  r e s u l t s  i nd ic ate  t h a t  the iod i ne i nventory 

f r ac t ion in the  RCS was dec r ea s i ng over the f ew months when data 

were  ava i lable . 

F i g u r e s  2 - 2 1  and 2 - 2 2  present  the ces i um i nventory f r ac t ion d a t a  i n  

t he RCS f or 1 9 79 . A l t hough t he C s- l 3 4  d a ta i n  F ig u r e  2- 2 1  a r e  

abo u t  2 0  p e r c e n t  h i g h e r  then those for  C s- 1 3 7  i n  F i g u r e  2- 2 2 , t h e  

cu r ve s  are  s im i l ar . The C s- 1 3 7  i n ventory f r ac t i on f a l l s  mo r e  

r ap i d ly d u r i ng t h e  f i r s t  2 mon th s ,  then d e c r e a s e s a t  a s lowe r 

e xpone n t i al r ate t h e r ea f ter . T h e  ce s i um i nventory f r ac t i on i n  the  

RCS f e l l  f rom abou t 0 . 1 5  to 0 .  n2  d u r i ng 1 9 7 9 . T h e  depl e t ion of 

c e s i um f r om t he RCS is  s im i l ar to I - 1 3 1 , s i nce the s lope o f  the  ta i l  

i s  nea r ly equal to the slope o f  the c u r ve o f  F i g u r e  2- 2 0 .  

O t h e r  d a ta f rom t he TMI - 2  mass balance i nd i ca te t h a t  smal l  l nven

tor i e s  of r ad iog a s e s  were detec ted in the RCS l i q u i d . T h e s e  l iq u i d  

analy s0s  y i e ld K r- 8 5 , I - 13 1 ,  and Xe- 1 3 3  i nven tor y f r ac t i ons i n  the 

r ange s  o f  JE-7 to 9 E - 6 , 2E- 8 to 3 E- 7 , and 6 E - 7  to 2E-5 , r e spec

t i ve ly .  

F i g u r e  2 - 2 3  s hows the sma l l  f u e l  ma ter i al i n ventory f r ac t i ons 
_ t:: 

d e tec ted and ana lyz ed i n  sample RCS - 1 . Abou t 1 0  J of  the U- 2 3 8  and 

1 0 - 6  of th e P u- 2 3 9  wer e det ec ted in the RCS water . No  analy s i s  of 

t r e nd s  was a va ilable w i th the d a ta s hown . 

2 ·- 3 8  



2 . 3 . 1 . 3  R e ac tor Cool ant  D r a i n  T an k  

S team and w a t e r  wer e  r e leased f r om t h e  RCS v i a  the pr e s s u r i z e r t o  

t he r eac tor coo l ant d ra i n  t a n k  d u r i ng t h e  acc i d e n t  a n d  r ecovery  

per i od s .  W h en  t he  r eac tor cool ant  d r a i n  t a n k ' s  r up t u r e  d i s k b l e w ,  

r e ac tor coo l ant was r e leased t o  t he r e ac tor bu i ld i ng baseme n t . T h e  

basement wa t e r  l e v e l  i nc r e a s ed s tead i ly d u e  t o  s e r v i ce  wa t e r  and 

RCS l eak age , t he l a t ter par t i a l ly v i a  th i s  t a n k . No r ad i ochemical  

data  h a v e  b e en  r epor ted to dat e  for the  r ea c t o r  coola n t  d r a i n t a n k . 

T hu s  f or th i s  s t u dy , t he a s s u mp t i on h a s  b e e n  made t h a t  t h e  concen

t r a t i on s  o f  th i s  tank are s im i l a r  to the RCS conc e n t r a t i o n s , s i nc e  

the RCS i s  t he on ly sour ce o f  ac t i v i ty .  F i g u r e  2 - 2 4  c on t a i n s  t h e  

calcul a ted volume o f  the r eac tor coo l a n t  d r a i n  t a n k , w h i c h  i s  7 5 0 0  

gall ons ( fu l l  capac i ty )  f or t imes o f  i n t e r e s t . T h e  e s t i m a ted i so

top i c  i nv e n tor i es woul d  be pr opo r t iona l to the RCS i nve n to r i e s by 

l iq u i d - vo lume r a t i o .  T h i s  a s s um e s  con t i nuou s ,  g ood m i x i n g  f rom RCS 

l e a k age . T h u s ,  t h e  e s t imated i so t op i c  i n ve n t o r y  f r ac t i o n s  would be 

9 per cent o f  t he RCS i n v e n tor i e s  p r e s e n t ed in  t h e  p r e v i o u s  s ec t i on . 

2 . 3 . 1 . 4  Reac tor Cool ant  B leed T a n k s  

T he r e ac tor coo l a nt b l eed t an k s  ( RCBT s )  a r e  t h e  l a r g e s t  s to r age 

tan k s  i n  the TMI - 2  l iq u i d  w a s t e  sy s te m .  T h e s e  th r e e t a n k s ( RCBT-A , 

RCB T-B , and RCBT-C ) norm a l l y  p rov i de s u pp l y  or s to r age f or w a t e r  

d u r i ng s tar tup or s h u tdown ope r a t i o n s . T h e  RCB T s  we r e  u s ed d u r i ng 

t he TMI - 2  acc i de n t  f or s to r a g e  o f  e x c e s s  d i ve r t ed l e t down a nd 

r e l i e f  f l ows . T h e  RCB T s  a l s o  p r c v i d ed a sou r c e o f  b a t c h e d  w a t e r  to 

the m a k e up t an k  to a s s u r e  p roper s u pp ly f or RCS ma i n t e n ance . 

B ec a u s e  o f  the l a r g e  l i q u i d  volume , t h e  r e a c t o r  coo l a n t  b l e e d  t a n k s 

are ma j or s i n k s  w i th s ign i f i c a n t  i n ven tor y f r ac t i on s . 

The l i q u i d  volumes p r ed i c t ed f o r  t h e  RCBT s f r om the TMI - 2  m a s s 

bal a nce d a ta b a s e  a r e  s hown i n  F i g u r e s  2 - 2 5 , 2 - 2 6 , and 2 - 2 7  for  

RCBT-A , RCBT-B , and  RCBT-C , r e spec t i v e ly . T h e  F i g u r e s  s h ow t h e  

l iqu i d  vo lume ch anges i n  t he r e spec t i ve t an k s  f or 1 9 7 9  b a s e d  o n  the  

d a ta ava i lable to dat e . D u e  t o  f r eq u e n t ly ch ang i ng l iq u i d  vol ume s 
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a nd i n f reque nt s ampl i ng , t r e nd ana l y s e s  for  t h e  RCB T s  we r e  not p e r 

f o r med . 

F i g u r e  2 - 2 8  s hows the c a l c u l a ted i nv e n tor y f r ac t i o n s  for  t r i t i um i n  

t he RCBT s .  T he d� ta i nd i c a te t h a t  the t r i t i um i n v e n t o r y  i n  e ach o f  

t h e  RCBT s i s  o n  the o r d e r  o f  0 . 0 1 .  

F i g u r es 2 - 2 9  to 2 - 3 3  p r ov i d e  the o t h e r i so t op i c  i nv e n t o r y  f r a c t i o n s  

f or RCB T -A . T he d a ta i n  F i g u r e  2 - 2 9  i nd i ca te t h a t  t h e  s t r on t i um 

i nv e n to r y  f r ac t i on i s  app r ox i m a t e l y  0 . 0 0 0 2 . T h e  r a d i o i od i n e  d a t a 

a nd c e s i u m  d a ta a r e  s h own i n  F i g u r e s  2 - 3 0  and 2 - 3 1 .  T h e s e  i n ven

tor y f r ac t i ons r a ng e  f r om 0 . 0 0 0 1  to 0 . 0 1 .  F i g u r e  2 - 3 2  p r e s e n ts the 

d i s so l v ed X e- 1 3 3  g a s , wh i ch is sma l l  a nd i n s i g n i f i c an t , i n  t he 

RCBT-A l iq u i d .  F i na l ly , F i g u r e  2 - 3 3  p r ov i de s  the f u e l  mate r i al i n

v e n to r y , wh i ch a ga i n  i s  v e r y  sma l l  i n  the l i q u i d--U- 2 3 8  wh i ch i s  

abou t 4 x 1 0
- 7  

a nd P u- 2 3 9  wh i c h  i s  abou t 1 x 1 0
- 7

. 

F ewer r ad i ochem i ca l  s a mp l e s  w e r e  ta k en d u r i n g  1 9 7 9  f o r  RCBT-B and 

RCBT-C . F i g u r e s  2 - 3 4  and 2 - 3 5  p r ov i d e  the i n v e n t o r y  f r ac t i o n s  for  

RCB T-B . T he I - 1 3 1  a nd ce s i um i n v e n tor i e s are  abo u t 0 . 0 0 0 1  to 0 . 0 1 

and 0 . 0 1 , r e spec t i v e l y . S i m i l a r  d a t a  a r e  p r e s e n t ed i n  F i g u r e s  2 - 3 6  

a nd 2 - 3 7  f or RCBT -C . Aga i n ,  t he sma l l  amo u n t  o f  da ta ava i la b l e , 

w i th l a r g e  vol ume c h a n g e s , doe s no t a l l ow t r e nd s  to become r e ad i ly 

a pp a r e n t . 

2 . 3 . 2  L i q u i d  R e l e a s e s  

L i q u i d s  f r om TM I - 2  we r e  r e l e a s ed i n  a con t r ol led m a n n e r  d u r i ng and 

f o l l ow i ng t he acc i d e nt . L i qu i d  i n  t he tank age o f  TMI - 2  r adwa s te 

s y s tem p r i or to the acc i d e n t  was s e n t  to TMI - 1  t o  m a k e  s to r age 

a va i la b l e  f or add i t i onal w a t e r . S ome o f  t h i s  w a t e r  w a s  s e n t  

t h r o u g h  t h e  IWTS ( I nd u s t r i a l  Wa s te T r e a tm e n t  S y s tem)  a n d  I WFS 

( I n du s t r i a l Wa s te F i l t r a t i on S y s tem)  

the S u sq u e h a nna R i ve r  a l ong w i th 

and s ub s eq u e n t l y  r e l ea s ed to 

w a t e r  f r om TMI - 1  r e f u e l i ng 

o p e r a ti ons . D e ta i l ed i n f orma t i on i s  ava i la b l e  on t h i s  r e l e a s e  p a t h  

f o r  A p r i l  1 9 7 9 . ( 8 )  T h e  r e l e a s e  o f  s i g n i f i c a nce a t t r i b u ted to TMI - 2  
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wa s 0 . 2 3 5  C u r i es o f  I - l 3 l  f o r  t h e  p e r i od t h ro u g h  A p r i l  1 9 7 9 . T h i s  

r ep r e s e n t s  a n  i nv e n t o r y  f r ac t i on o f  abo u t  5 x 1 0
- 7 . 

2 .  4 INVE NTORI ES ON SURFACES AND IN SOL I DS 

F o l l ow i ng the acc i d e n t  a t  TMI - 2 , r ad i o n u c l i d e s  we r e  f o u n d  o n  s u r

f ac e s  and i n  so l i d  c o r e  d e b r i s  t r a n sp o r ted to many compone n t s  

e xposed to h o t  g a s e s  and l i q u i d s . I n  t h e  fol l ow i ng s e c t i on s , a 

c u r r e nt a ss e s sm e n t  o f  s u ch i n ve n to r i es i s  m ade . 

2 . 4 . 1  S u r f ac e  I nv e n t o r i es 

P r e l im i na r y d a t a  i nd i c a t e  t h a t  s i g n i f i c a n t  i n ve n t o r y  f r ac t i o ns o f  

ce s i um a nd s t r on t i u m  h ave b e e n  f o u nd to d a te on t h e  s u r f ac e s  o f  t h e  

r eac t o r  con t a i nmen t  bu i ld i ng a nd p l e num/ r eac tor i n te r na l s  above t h e  

co r e .  

I n fo r ma t i on 

co l l ec t ed 
( 6 )  

on r eac tor 

p r i or to 

bu i ld i ng s u r face con t am i n a t i on 

s u r f ace d e contam i n a t i on . B a s ed 

h a s  b e e n  

o n  m e a n  

s u r face conce n t r a t i o n s  a n d  app r ox i m a t e  s u r face a r e a s , t h e  r e a c t o r  

bu i ld i ng s u r f ace i so tope f r ac t i on s  we r e  c a l c u l a t ed a n d  a r e  

p r e se n t e d  i n  T a b l e  2 - 4 . I t  should b e  n o t e d  t h a t  d a t a  be l ow t h e  3 0 5 -

f oot l ev e l  o f  t he r e ac tor b u i ld i ng w e r e  n o t  ava i l a b l e  a n d  a r e  n o t  

i nc l ud e d  i n  t h e s e  e s t i ma t e s . 

O t h e r  s i g n i f i c a n t  s u r f ace co n t am i na t i o n  was found on l e a d s c r ews 

remo ved f r om t he r e ac tor v e s s e l  f o r  e x a m i na t i on b e f o r e  h e ad l i f t .  

I n  J u l y  1 9 8 2 , t h r e e  l e a d sc r ew s  we r e  r emov e d  f r om t h e i r  con t r ol rod 

gu i de t ub e s  in t he u pp e r  p l enum a s sembly and r e ac to r  v e s s e l  h e a d . 

T h e  p r e l i m i na r y  a n al y t i c al r e s u l t s  i nd i c a t e  t h a t  an e s t i ma t ed 4 0 0 0 

cu r i e s wa s dep o s i t ed on s ta i n l e ss s t e e l  r e ac tor v e s s e l  i n t e r n a l s .  

T h i s  r e p r e s e n t s  an e s t i m a t e d  ce s i um i n v e n to r y  f r ac t i o n  o f  0 . 0 5 ,  a s  

d e t e r mi ned b y  t he ave r ag e  s u r  f a ce ac t i v i ty mea s u r eme n t .  T h e  

e x pec ted unce r t a i n ty i n  th i s  n umb e r  i s  l a r g e , b a s e d  on t h e  u s e  o f  

t h i s  si n g l e  l e ad s c r ew d a ta po i n t e x t r a po l a t ed o v e r  t h e  e n t i r e  



Loca t ion & Elevat ion 

Floor 3 05 fee t 

Wal l s  3 0 5  to 3 4 5  fee t  
6 inches 

Floor 3 4 7  feet 

Wa lls 3 4 7  fee t to Dome 

To tals 

Table 2 - 4  

Reactor Bu ild ing Sur face 

Inventory Frac t ions 

I sotope 

S r - 9 0  I -1 2 9  

2 . 4  X 1 0
-6 

2 . 7  X 1 0
- 5 

1 . 2  X 1 0
-7 

1 . 3  X 1 0
-4 

4 . 4 X 1 0
-6 

5 . 4 X 1 0
- 5 

3 . 0  X 1 0
- 7 

3 . 0  X 1 0
-7 

a
7 . 2  X 1 0

-6 a
5 . 1  X 1 0

-4 

Fr act ion 

Cs-129 

5 . 8 X 1 0
- ·5 

l . 2 x 1 0
-5 

4 . 4 X 10
- 5 

6 . 2  X 1 0
-6 

1 . 2  X 1 0  
-4 

aTh i s  value r e f lects incomp le te data on the 3 4 7  foot leve l .  

2 - 5 6  

Cs-1 3 7  

4 . 7  X 1 0
- 5  

9 . 8  X 1 0
-6 

3 . 7  X 1 0
- 5 

5 . 6 X 1 0
-6 

9 . 9  X 1 0
- 5 



i n te r na l s  s u r f a ce a r e a :  h owev e r , i n  t h e  n e a r  f u t u r e ,  w i t h  e xpec t e d  

r eac tor ve s s e l  h e ad r emova l ,  t h i s  ce s i um i nv e n t o r y  w i l l  be be t te r  

quan t i f i ed .  

2 . 4 . 2  S o l i d s  I nv e n t o r i e s  

Rad i on u c l i d e s  t r a n s f e r r ed w i th sol i d  co r e  d e b r i s  by r e a c t o r  coo l a n t  

we r e  depo s i t ed i n  t he MUP s y s tem , t h e  RCBT s ,  t h e  r e ac t o r  coo l a n t  

d r a i n  t an k , a nd £ h e  r ea c tor bu i l d i ng s ump . T h e  sol i d s  a r e  c h a r ac

t e r i z ed as  s u sp e n s i ons or s l udge s .  To d a te no d a t a  h a s  b e e n  

ava i l a b l e  f o r  the r ea c tor coo l a n t  d r a i n  t a n k  s o l i d s ,  b u t  s o l i d s  i n  

t he ot h e r  comp on e n t s  h a ve b e e n  ch a r ac t e r i z ed .  T he r e s u l t i n g 

i nv e n to r y f r ac t i on s  a r e  b a s e d  o n  r ep o r t e d  a n a ly s i s  and e s t i ma t ed 

q u a n t i t i es .  ( 5 ) 

T h e  m a k e up and p u r i f i c a t i o n  dem i ne r a l i z e r s  ce s i um load i ng s  we r e  

e s t ima t ed by gamma - r ay spec t r om e t r y . 
( 5 )  

T h e  C s - 1 3 7  i n v e n to r y  

f r ac t i on o f  d em i ne r a l i z e r A w a s  e s t i m a t e d t o  be 0 .  0 0 4 4 . I t  i s  

e s t im a t ed t h at t he i nv e n to r y  f r ac t i on f o r  b o t h  dem i n e r a l i z e r s  i s  

abou t l pe r ce n t .  ( 5 )  I nv e n t o r y  f r ac t i on s  h a v e  a l s o  be e n  e s t i m a t e d  

f or t he MUP s y s tem f i l te r s . 
( 5 )  

T he s e  i n v e n tor y f r ac t i on s  a r e con

s i d e r a b l y  smal l e r , on the o r d e r of 1 x 1 0 - 6 . T a b l e  2 - 1  s h ows t h e s e  

v a l u e s  s i nc e  t h e  MUP f i l te r s  h a ve b e e n  c la s s i f i ed a s  m i nor  s i n k s .  

T a b l e  2 - 5  p r e s e n t s  the e s t i m a t e d  sol i d s  i n v e n t o r y  i n  the ma j o r  

s i n k s . T he t o t a l  ce s i um � .d s t r o n t i um so l i d s  i n v e n to r y  f r Ac t i o n s  

i n  t h e  ma j or s i n k s  ( be s i d e s  t h e  MUP d e m i ne r a l i z e r s )  a r e  on t h e  

or d e r  o f  l x 1 0 - 3 
a nd 5 x 1 -

- 4 , r e sp ec t i v e ly . ( S )  T he t o t a l  sol i d s  

i nv e n t o r y f r ac t i o n s  i d e n t i f i ed t o  d a t e  a r e  d om i n a t ed by t h e  r.np 
demi n e r a l i z e r i n v e n t o r y  f r ac t i on s . H owe v e r , s a mp l i n g and c h a r a c 
t e r i z a t i on of  s o l i d s  i s  s u b j e c t  t o  s u b s t a n t i a l ly g r e a t e r  

u n ce r ta i nt y  t h an i s  f l u i d s a mp l i ng a nd t h e s e  r e s ul t s  mu s t  b e  v i ewed 

as v e r y  imp r ec i s e .  



Table 2 -5 

Estimated Sol i d s  Invento ry in Ma jor S i n k s  

Inventor� Fraction 
Componen t  State S r - 9 0  C s-1 3 4  C s-1 3 7  

RCS Suspended 4 X 1 0
-6 to 1 X 1 0

- 4 
2 X 1 0 - 5 

to 7 X 1 0
4 

2 X 1 0-5 
to 4 X 1 0-4 

RCBTs Su spended 8 X 1 0
- 5 

to 1 X 1 0- 4 
5 X 1 0

-4 
to 6 X 1 0 -4 

4 X 1 0 -4 
to 5 X 1 0

- 4 

S ludge 4 X 1 0
-6 to 6 X 1 0

- 4 
5 X 1 0

-6 
to 8 X 1 0 -5 

5 X 1 0-6 
to 7 X 1 0-5 

RB baseme n t  Su spended 9 X 10
-B to 6 X 1 0 -S 

9 X 1 0
-8 

to 4 X 1 0- S 

subtota l 9 X 1 0
-S 

to 8 x 1 0  -
4  5 X 1 0 -4 

to 1 . 4  X 1 0-3 4 X 1 0 -4 
to 1 . 0  X 1 0-J 

"V 
I 

X 1 0
- 3  

X 10
- 2 

X 1 0
- 3  

X 1 0
-2 Ul MUP Dem i ne r al i z e r s  1 . 2  to 2 . 3  1 . 2  to 2 . 3  Cf) 

Sol id s  in ma j o r  s i n k s  9 X 1 0 -5 - 4 
1 . 7 X 1 0

- 3  
3 . 4 X 10

- 2  
1 . 6  , 0

-3 
to 2 . 4  X 1 0

-2 
to 8 x 1 0  to X � 



2 . 5  S UMMARY OF MASS BALANCE: 

A d e t a i l e d  acco un t i ng o f  the i nv e n t o r y  f r ac t i on s  o f  ma j o r s i n k s  a nd 

r e l e a s es h a s  b e e n  p r es e n ted i n  t h e  p r e v i ou s  s ec t i on s . T h e s e , com

b i ned w i th t h e  i nv e n t o r y  f r a c t i o n s  o f  m i no r  s i nk s  p r e se n t ed i n  

T a b l e  2- 1 ,  p r ov i de t he ma s s  b a l a n c e . An i l l u s t r a t i v e  s umma ry o f  

t h e  m a s s  bal a nc e  i s  p r e se n ted i n  T a b l e  2 - 6  f o r  D e c emb e r  3 1 ,  1 9 7 9 . 

T a b l e  2 - 6  con ta i ns i n v e n tory d a ta s ummar i z ed f or e ach e leme n t . T h e  

a s s ump t i on i s  mad e t h a t  s im i l a r  chem i s t r y  i n vol v i ng a l l  i so t ope s o f  

t h e  s ame e l e m e n t  i s  p r e s e n t .  T h e  tot a l  i so top i c  i n v e n to r i e s  a r e  

t h e  s u m  o f  the ma j or a nd m i no r  s i n k  i nv e n t o r y  f r ac t i on s . 

The t o t a l  i so to p i c  i n v e n tor i E s  c a n  be comp a r ed to i n f l u e n t  i n ven

tor i e s of  t h e  SDS a nd E P I COR- I I  l i q u i d  c l e anup s y s tems . ( 9 )  T a b l e  

2 - 7  con ta i ns a s u mm a r y  o f  t he i n v e n t o r y  f r ac t i on s  r emoved b y  S DS . 

T a b l e  2 - 8  p r ov i d e s  a comp a r i son o f  S DS , E P I COR- I I , a nd t h i s  s t u dy ' s 

acco u n t ed i n v e n t o r y  f r ac t i on s  a s  p r e s e n t ed i n  T a b l e  2 - 6 . Wa t e r  

p r oce s se d  b y  the s e  c l e a n u p  s y s tems f o un d  6 6  pe r c e n t  o f  t r i t i u m ,  4 7  

t o  5 0  p e r c e n t  o f  c e s i u m  a n d  2 p e r ce n t  o f  s t r on t i u m .  A s  a n  i n depen

d e n t  chec k , these c e s i um and s t r o n t i um i n v e n to r i e s  ag r e e  well w i th 

t he D ecemb e r  3 1 ,  1 9 7 9 , acco u n ted to t a l  i so tope f r ac t i o n s . Recog

n i z i ng wa t e r  r ecycl e f o r  c l e a n u p  a nd t h e  i n a b i l i ty to r e move 

t r i t i um i n  s u ch c l e a n up , b e t t e r  ag r ee m e n t  of t r i t i um v a l ue s  w i l l  

r e s ul t f r om c o n s i d e r a t i o n  o f  wa t e r  r ecyc l e  d a t a  not c u r r e n tl y  i n  

t he d a ta ba s e .  

U n ce � t a i n t i e s a r e  d i s c u s s e d  i n  t h e  n e x t  c h a p t e r .  T h e  l a r g e  i nv e n

t or y f r ac ti on s  o f  mo s t  r ad i on u c l i de s  y e t  to be f o u n d  i nd i c a te t h a t  

f u t u r e  i nve s t i g a t i on s  i n to t h e  cor e ,  t h e  r e ac tor v e s s e l  i n te r nal s ,  

t he r e ac t or bu i ld i ng b a s e me n t , t he r e ac t o r  coo l a n t  d r a i n t a n k , a nd 

t h e  RCS compone n t s  a r e  o f  u tmos t i mp o r t a n c e  to c l o s i ng t h e  ma s s  

b a l a n c e . 



Table 2-6 

Summary o f  Ma s s-Balance Inventory Fract ions 
December 3 1 ,  1 9 7 9  

Component Tr i t ium Krypton Xenon S t r on t ium Iod i ne Ce s ium Ur a n ium Plutonium 

Re ac tor b u i ld ing baseme n t  0 . 4 7 0 . 0 1 0 . 1 8 0 . 4 1 < 1 0
-6 

< 1 0 -6 

Reactor coolant system 0 . 0 1 8  1 0
-5 

< 1 0
-5 

0 . 0 0 9 8  0 . 0 14 0 . 0 1 8  < 1 0-4 
< 1 0-5 

Reac tor coolant d r a in 
10

- 6  
< 1 0

-6 
< 1 0-5 

< 1 0-6 
tank 0 . 0 0 2  0 . 0 0 0 9  0 . 0 0 1  0 . 0 0 2  

RE'ac tor coolant bleed 

< 1 0 - 5 
< 1 0

-3 
< 1 0 - 6  

< 1 0-6 tanks 0 . 0 3 0  0 . 0 2 0 . 0 2 

N 
< 1 0

-3 I Con ta inme n t  Air 0 . 4 7 3  0 . 2 8 0'\ 
0 

Re lea s e s  to env i r onme n t  0 . 0 7 1  <1 0
-6 

Mak e up and Pur i f ication 
Dem i ne r a l i �: e r s  0 . 0 1 2  

Reac tor vessel i n ternals/ 
plenum 0 . 0 5 

All ma j o r  s in k s  0 . 5 2 0  0 . 4 7 3  0 . 3 5 1  0 . 0 2 1  0 . 21 5  0 . 5 1 2  < 1 0
-4 

< l 0- 5 

All m inor s ink s 0 . 0 1 0  < 1 0 -3 
0 . 0 0 1  0 . 0 0 6  0 . 0 0 2  

To ta l i nventory f r act ion 0 . 5 3 0  0 . 4 7 3  0 . 3 5 1  0 . 0 2 2  0 . 2 21 0 . 5 14 < 1 0-4 
< 1 0-5 

Inve n to ry fraction not 
found 0 . 4 7 0  0 . 5 2 7  0 . 6 4 9  0 . 9 7 8  0 .  7 7 9  0 . 486 "-'1 . 0 "-'1 . 0  



Table 2 - 7  

S umma ry of SDS Influent- Inventory 
( Ba tc h'"' .. - 4 5 )  

Componen t  H-3 Cs-1 3 4  

RCBTs 0 . 0 5 4 7a 0 . 0 0 4 6  

RB sump o . s 2 oa 0 . 4 4 7  

RCS 0 . 0 2 1 5  0 .  0 1 1 2  

M i se . flush 0 . 0 2 1 2  0 . 0 0 0 2  

To tal 0 . 6 l 7a 0 . 4 6 3  

aoa ta incomple te . 

2 - 6 1  

Frac t ions 

Cs-137 

0 .  0 1 1 1  

0 . 4 2 4  

0 .  0 1 1 9  

0 . 0 0 0 2  

0 . 4 4 7  

S r - 9 0  

0 . 0 0 1 7  

0 . 0 0 2 oa 

0 . 0 1 9 1  

8 . 6 0 X 1 0
6 

0 . 0 2 2 3 a  



Table 2 -8 

S umma ry and Compar i son 

I nventory 
Source H- 3 Cs-1 3 4  

EPICOR- I I  0 . 0 4 2  0 . 0 3 9  

SDS 0 . 6 1 7  0 . 4 6 3  

EPICOR- I I  + SDS
a 

0 . 6 5 9  0 . 5 0 2  

Th i s  Study b 
0 . 5 3 0  0 . 6 1 7  

Decembe r 3 1 ,  1 9 7 9  

a inc 1ude s RCBTs , aux i l iary sump , RCS , RB sump , and m i sc . 
b inc 1udes RCTSs ,  RCS ,  RB sump , RCBT , RCDT . 

2 - 6 2 

Frac t ion 
Cs-1 3 7  S r - 9 0  

0 . 0 2 7  0 . 0 01 

0 . 4 4 7  0 . 0 2 3  

0 . 4 7 4  0 . 0 2 4  

0 . 5 1 4  0 . 0 2 2  



3 .  UNCERTA I NTI ES 

U n ce r t a i n t i e s i n  t h e  ma s s  b a l a nc e s  a r i se f r om e r r o r s  o f  two k i nd s :  

r a ndom e r r o r s  a s  s oc i a  t ed w i th s a mp l i ng a nd m ea su r e m e n t  ac t i v i t i e s , 

wh i c h  may be expec ted to p r od uc e  a mor e- o r - l e s s  n o r m a l  � i s t r i b u t i on 

a b ou t some e xp ec t ed v a l u e ; a nd sy s tema t i c e r r o r s ,  wh i ch may tend to 

b i as mea s u r ed or c a l cu l a t ed r e s u l t s  i n  a g i v e n  d i r ec t i o n , i . e . , 

h i gh or  l ow . R a ndom e r r o r s  may be comb i n ed o r  p r op a g a ted u s i ng 

s ta nd a r d  s ta t i s t i c a l  r ul e s ;  s y s te ma t i c  e r r o r s  a r e  n o t  p r opag a t ed i n  

t he s ame way . 

I n  th i s  s tudy , unc e r ta i n t i e s  i n  t h e  ma s s  b a l a n c e s  a r e  e s t i llla t ed by 

two m et h od s .  F i r s t ,  t he u n c e r La i n t i e s a r e e s t ima ted by a n  a n a ly s i s  

o f  r andom e r r o r s i n  the me 3 s u r ed v a l u e s th a t  c o n t r i b u te to the ma s s  

b a l a nc e s . S econd , comp e>r i sons o f  v a l u e s  d e t e r m i ned f rom i ndepen

dent o b s e r v a t i o n s  p r ov i d 2  a ba s i s  for i d e n t i fy i ng pos s i b le s y s te

m a t i c  e r r o r s .  

3 . 1  ANALYS I S  OF RANDOM ERRORS 

T h e  de r i v a t i on o f  the r e l a t i o n s h i p s  u s e d  to c a l c u l a t e  t h e  ma s s  

ba l a nce o r  t o t a l  i n v e n tory f r ac t i on o f  a n  i so tope a t  a c h o s e n  t ime 

is p r e se n t ed at the beg i n n i ng of C h ap t e r  2 .  B r i e f ly ,  the m a s s  

ba l a nce i s  t he s um o v e r  a l l  comp o n e n ts o f  t h e  i n v e n to r y  f r ac t i on s ; 

the i nv e n t o r y  f r ac t i o n s  f o r  each comp o ne n t  a r e  d e t e r m i ned a s  t h e  

p r od uc t  o f  i ts comp o n e n t ' s  v o l ume a nd c o nc e n t r a t i on d i v i d ed b y  t h e  

t o t a l  T h r ee M i l e  I s la nd Un i t  2 (TMI - 2 )  i n ve n to r y  o f  t h a t  comp on e n t  

a t  t he t ime o f  i n t e r e s t .  T he u n ce r ta i n t y  i n  a ma s s  b a l ance d u e  to 

r and�m e r r o r s can be e s t i m a t e d  f r om Lhe unc e r t a i n t y  of the compo

n e nt i nv e n t or i e s ( a s t he r oot m e a n  sq u a r e  v a l ue o f  t h e  a b so l u te u n 

c e r t a i n t i e s o f  the compone n t  i nv e n tor i e s ) . T h e  u n c e r t a i n ty i n  e a c h  

comp o n e n t  i n v e n tor y c an be e s t i m a t ed f r om t h e  r e sp ec t i ve r a ndom 

e r r 0 r s i n  the vol ume , concen t r a t i on , and t o t a 1 TM I - 2  i n v e n t o r y  ( a s 

t he r oot me an sq u a re o f  t he f r ac t i ona l or  p e r c e n t ag e  u nc e r t a i n t i e s  

o f  the n o t e d  p a r a me t e r s ) . T h e s e  d o  not , o f  cou r se ,  c o n s i d e r  sy s t e

m a t i c , or non - r a n dom e r r o r s . 

1 - 1  



3 . 1 . 1  C a l c u l a t ed TMI - 2  Sys tem I nv e n tor- i e s  

T h e  c a lc u l a ted tota l inve n tor- i e s  i n  the d a t a  b a s e  a r: e  ( a s  d e s c r- i bed 

i n  Appe nd i x  C ,  C . l . l . l )  t hose f r:om B &W ' s c a l cu l a t i on ( 3 )  u s i ng t he i r:  

LOR2 cod e . T wo o th e r  c a l c u l a t i o n s  a r e  ava i la b l e  f o r  comp a r- i son ; 

one i s  t he ORI GEN compu t a t i on ( lO ) a nd t h e  o t h e r  i s  f rom C INDER-

1 0 . ( l l ) I nv e n tor i es o f  k ey i so tope s f o r  s e v e r a l  decay t i me s f r om 

ORI GEN a nd C INDE R- 1 0 a r e  comp a r ed w i th L OR2 v a l ue s  i n  T a b l e  3 - 1 . 

A c r i t i c a l  comp a r i son o f  th E! S e  c a l c u l a t i o n s  h a s  not b e e n  made ; 

t he re f o r e ,  t he r e s u l ts o f  t h e s e  codes a r e  not j u dged on t h e  ba s i s  

o f  s y s te ma t i c  d i f f e r en c e s  i n  the cod e s . I n s tead , t h e  r e s u l t s  a r e 

t r e a t ed as  i nde p e nd e n t  e s t imat e s ; t he d i r ec t  comp ar i son o f  v a l u e s  

f r om t h e s e  cod e s  p r ov i d e s  a t  l e a s t  a g e ne r al i d e a  o f  t h e  

v ar i a b i l i t y  o f  r e s u l ts f rom s u ch c a l c u l a t i on s . I t  i s  no ted t h a t  

m a n y  o f  t h e  comp a r a b l e  v a l u e s  a r e  i nd e e d  o f  v e r y  s i m i l a r  mag n i t u d e . 

B u t  t h e re a re d i f f e r e nce s . T a b l e  3 - 2  p r e s e n t s a s i mp le s t a t i s t i c a l  

t r e a tm e n t  o f  t h e  i sotope i nv e n tor i e s  f r om t h e  t h r ee cod e s  ( fo r  z e r o  

t ime ) . T he t h r ee v a l u e s  f o r  e a ch i so tope we r e  a ve r ag e d , a nd t h e  

a ve r ag e  d e v i a t i on s  f r om the m e a n  v a l u e s  we r e  c a lc u l a t ed . T h e s e  

a v e r ag e  d ev i a t i on v a l ue s  s ug g e s t  t h a t  t h e  c a l c u l a t i on s  a r e  r ep r- o

d u c i b l e  w i th i n 1 0  pe r c e n t  for mos t  i sotope s .  

A no t h e r  m e a su r e  o f  t h e  accu r acy o f  t he c a l c u l a ted i n v e n tor i e s i s  

p r ov i d ed by r a t i o s  o f  i so top e s  o f  the s ame e l eme n t  i n  T a b l e  3 - 3 .  

T he r a t i os s ho u ld be un i ty ( a s t h e  i so top e s  a r e  t r a n sp o r ted i nd e 

p e nd e n t  o f  the i r  a tom i c  we ig h t ) i f  the c a l c u l a ted i nv e n t o r i e s  a r e  

accu r a t e .  F or t he i so topes comp a r ed , t h a t  i s ,  C s - 1 3 4  : C s- 1 3 7  and 

S r - 8 9 : S r - 9 0 , i de n t i c a l  t r a n spor t of each i so tope path i s  e x pe c t ed 

to oc c u r  so t h e s e  r a t i os te s t  t he ca lcu l a t ed v a l ue s  f o r  t h e  p a r -

t i cu l a r  i so topes . T h e  r a t i os sugg e s t  t h a t t h e  S r - 8 9 : S r - 9 0  v a l u e s  

a r e  r e l a t i v e ly accu r a te bu t t he r a t i o  f or t h e  ce s i um i sotop e s  i nd i 

c a te s  th a t  e i th e r  the c a l c u l a t ed i nv e n t o r y  f o �  C s - 1 3 7  i s  too h i g h  

o r  t he ca l c u l a ted i nven tor y f or C s- 1 3 4  i s  too l ow .  O t h e r s ( l Z , l3 ) 

h a v e  s ugg e s ted t h a t  the C s- 1 3 4  c a l c u l a ted i nv e n t o r y  i s  too low . 
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Ta ble 3 - 1  
Est imates o f  TM I - 2  Fiss ion Produc t Inventor ies 

Source CINDER LOR-2 ORIGEN CINDER LOR-2 ORI GEN CINDER LOR-2 ORIGEN CINDER LOR-2 ORIGEN CINDER LOR-2 ORIGEN 

Reference a 1 1  3 1 0  1 1  3 10 1 1  3 1 0  1 1  3 1 0  11 3 10 

Time 0 0 0 2h 2h 2h S O h  SOh 48h 2 0 . 8d 20 . ld 30d l:z: l:z: l:z: 

Isotope 
Inventor Ci 

K r -8S b9 . 6 ( 4 )  9 . 6 ( 4 )  9 .  7 ( 4 )  9 .  6 ( 4 )  9 .  6 ( 4 )  9 . 7 ( 4 ) 9 .  7 ( 4 )  9 . 7 ( 4 ) 9 . 7 ( 4 ) 9 . 6 ( 4 ) 9 . 6 ( 4 )  9 .  7 ( 4 )  9 . 1 ( 4 )  9 . 1 ( 4 )  9 . 1 ( 4 )  

Sr-89 6 . 3 ( 7 )  6 .  2 ( 7 )  7 . 3  ( 7 )  6 .  3 ( 7 )  6 . 2 ( 7 ) 7 . 3 ( 7 )  6 . 1 ( 7 ) 6 . l (  7 )  6 . 9 ( 7 ) 4 . 8 ( 7 j  4 . s  \ 7 )  4 . 9 (  7 )  4 . 6  ( 5 ) 4 . 6 ( 5 )  .; . 9 ( 5 ) 

Sr-90 8 . 0  ( S ) 7 . 8 ( S ) 7 . 5  ( S )  8 .  0 ( S )  7 . 8 ( S ) 7 . S ( S )  8 .o ( S ) 7 .  7 ( S ) 7 . S ( S ) 8 . 0 ( 5 ) 7 . 8 ( 5 )  7 . 5 ( 5 ) 7 . 9 ( 5 )  7 . 6 ( S )  7 . 3 ( 5 )  

Ru-106 2 . 9 ( 6 )  3 . 2 ( 6 )  3 .  3 ( 6 ) 2 .  9 ( 6 )  3 . 2 1 6 )  3 . 3 ( 6 )  2 . 9 ( 6 )  3 . 2 1 6 )  3 . 3 ( 6 )  2 . 8 ( 6 ) 3 . 1  I 6 )  3 . 2 ( 6 ) l . S ( 6 )  1 . 6 1 6 )  l .  7 1 6 )  

Te-129m 3 . 2 ( 6 ) 3 . 3 1 6 ) 2 . 4 ( 6 ) 3 .  2 ( 6 )  3 . 3 ( 6 )  2 .  4 ( 6 ) 3 . 1 ( 6 ) 3 . 2 1 6 ) 2 . 2 ( 6 )  2 . 1 ( 6 ) 2 . 2 ( 6 )  1 . 4 ( 6 )  1 . 6 ( 3 ) 1 .  7 ( 3 ) 1 . 3 ( 3 ) 

I-129 1.  7 1 - 1 )  1 .  7 ( - 1 )  2 . 1 ( -1 ) l .  7 ( -1 )  1 . 8 ( -1 )  2 . 1 ( -1 )  1 .  7 ( -1 )  1 . 8 ( -1 ) 2 . 1 1 - 1 )  1 . 8 ( - 1 )  1 . 8 t -1 ) 2 . 1 1 -1 ) 1 . 9 1 -1 ) 1 . 9 ( - 1 )  2 . 2 ( -1 )  

I-131 6 .  4 ( 7 )  6 . S ( 7 )  7 . 0  ( 7 )  6 .  4 ( 7 )  6 .  5 ( 7 ) 7 . 0 ( 7 )  S . 4 ( 7 )  5 . 6 ( 7 )  S . l ( 7 )  1 . 1 ( 7 ) 1 . 2 ( 7 )  6 . 4 ( 6 )  1 . 4 ( -6 )  1 . 5 ( -6 )  1. 5 ( -6 )  

Xe-133 1. 5 1 8 )  1 . 4 ( 8 )  1 .  5 ( 8 )  1 .  5 ( 8 ) 1 .  5 1 8 ) 1 .  5 ( 8 ) 1 .  3 ( 8 ) 1 . 3 ( 8 )  1 . 1 ( 8 )  1 .  2 ( 7 )  1 .  4 ( 7 )  3 . S ( S ) 3 . 1 1 -1 3 ) 3 . 3 ( -1 3 ) 2 . 0 1 -1 3 )  

Cs-134 1 .  3 I 5)  1.  7 ( 5 ) 1 .  6 ( 5 )  l .  3 ( 6 )  l .  7 ( 5 ) 1 . 6 ( 5 ) 1 . 3 ( 5 ) l .  7 ( 5 )  1 . 6 ( 5 ) 1 .  3 ( 5 ) 1 .  7 1  5 )  1 . 6 ( 5 ) 9 . 6 ( 4 )  1 . 3 ( 5 ) 1 . 1 ( 5 ) 

Cs-1 3 7  8 . 4 ( S ) 8 .  4 ( 5 ) 8 . 4 ( 5 )  8 .  4 ( 5 ) 8 .  4 ( 5 ) 8 .  4 ( 5 ) 8 . 4 ( 5 ) 8 . 4 ( 5 ) 8 .  4 ( 5 ) 8 . 4  ( 5 )  8 . 4 ( 5 ) 8 . 4 ( 5 ) 8 . 2 1 5 ) 8 .  3 1 5 )  8 . 2 ( 5 )  

Ce-144 2 . 4 ( 7 )  2 .  3 ( 7 ) 2 .  5 ( 7 )  2 .  4 (  7 )  2 . 3 1 7 ) 2 .  5 ( 7 ) 2 . 4 ( 7 )  2 . 3 ( 7 )  2 . 4 ( 7 ) 2 .  3 ( 7 )  2 .  3 ( 7 )  2 . 3 ( 7 ) 9 . 8 ( 6 ) 9 . 6 ( 6 )  1 . 0 (  7 )  

a Re fe r e nce s : 
11 . T . R . England and W . B .  Wi l5on,  TMI-2 F i s s ion Prod u c t  Elemen t a l  and Iso tope Inventor i e s , LA- 9 6 2 2-MS , Jan a u r y  1 9 8 3  

3 .  TM I - 2  Fue l  H i story Isotopic Analys i s ,  B& W ,  LOR- 2 ,  Novembe r  2 ,  1 9 7 9 . 

10 . R . G .  Canada , NSAC ORIGEN Code Ca lcu l a t i on of TM I - 2  F i s s ion P r od u c t  Invento r ies , Technology for Energy Corpo r a t ion,  R-8 0-0 1 2 ,  May 2 ,  1 9 8 0 . 

b9 . 6 ( 4 ) = 9 . 6 X 10 4 . 



Table 3 - 2  

Var iat ion Among Calcula ted Total Inventory Va lues 

Me an Va lue o f  Ave r age Dev i a t iona 

Inven tory at Zero Time from Mean 
I sotope ( C i )  ( % ) 

K r -8 5 9 . 6  X 1 0 4 0 . 4  

S r -89 6 . 6  X 1 0 7 7 . 1  

S r -90 7 . 8  x 1 o s  2 . 3  

Ru - 1 0 6  3 . 1  X 1 0 6 5 . 1  

Te-l 2 9m 3 . 0  X 1 0 6 1 2 . 8  

I -1 2 9  1 . 8  x l o -1 9 . 8  

I - 1 3 1  6 . 6  X 1 0 7 3 . 6  

Xe - 1 3 3  1 .  5 X 1 0 8 2 . 7  

C s - 1 3 4  1 .  5 X 1 0 5 1 0 . 5 

Cs-1 3 7  8 . 4  X 1 0 5 0 . 0  

Ce - 1 4 4  2 . 4  X 1 0 7 2 . 9  

asum o f  lhe d i f fe r ences be twe e n  each value and the mean o f  the th ree 
va l ue s ,  the s um d i v i de d  by th r e e . 
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Table 3 - 3  

Isotop ic Con ce n t r a t ion R a t i o s  

Number o f  
Ra t i oa Compone n t  Samp l e s  

! Cs - l 3 4 /Cs-l 3 7 j obs/ ! Cs - l 3 4 /Cs - l 3 7 ) calc RCS 1 5 0  

RB Sump 1 4  

" WDL-T-lAc 5 

WDL-T-lB c 3 

" WDL-T-lCc 3 

l S r - 8 9 /S r - 9 0 ) obs/ l S r - 8 9 /S r - 9 0 ) calc RCS 8 7  

" RB Sump 3 

RMS Va lue 

o f  Fa t i ob 

1 . 2 0 

1 . 1 9 

l .  2 6  

l .  7 1  

1 . 2 3 

0 . 9 5 

l .  4 2  

S ta n d a r d  

Devi a t ion 

" ' ..., V • ..L �  

0 . 3 9 

0 . 15 

0 . 6 2  

0 . 0 6 

0 . 4 0 

0 . 0 8 

a The r a t i o of mea s u r e d  conc e n t r a t ions of the i d e n t i f i ed i so tope s d iv ided by the r a t io o f  the t o t a l  

i nventor i e s  o f  t h e s e  i so tope s a s  calc u l a ted b y  t h e  LOR- 2 c o d e  for t h e  s ame t ime a s  tha t  a t  w h i c h  

t h e  mea s ur emen ts we r e  mad e . 

bRMs r e f e r s  to root mean squa r e . 

c Reac tor c oolant bleed tan k s  A ,  B ,  and c .  



I n  s u mm ar y ,  t h e  ce s i um i so t op i c  r a t i o  i n fo r ma t ion con f i r ms t h a t  t h e  

ca lcu l a t ed i nv e n tc� y o f  C s- 1 3 4  r e l a t i v e  t o  t h a t  o f  C s - 1 3 7  i s  l ow by 

2 0  p e r ce n t . W i th o t h e r  n uc l i d e s  e x am i ned , t h e  acc u r acy of t h e  e s

t im a t ed i n v e n tor i e s  i s  i nd i c a ted to be abou t 1 0  p e r c e n t  on t h e  

b a s i s  o f  c ompa r ab i l i t y among cod e c a lc u l a t i o n s . 

3 . 1 . 2  Maj or L iqu i d  S i n k s  

3 . 1 . 2 . 1  Reac tor B u i ld i ng S ump and B a seme n �  

S a mpl i ng p r oced u r e s o r e  p r e s e n ted i n  A pp e nd i x  A .  

\v e r e  we l l  d e s i g ned i n  t h e  s e n se o f  a s s u r i ng t h a t  

vo lumes d i d n o t  c o n  ca mi n a te s a mp l e s . S a mp l e s  we r e  

T he p r ocedu r e s  

s amp l i ng l i ne 

tak e n  a t  d i f -

f e r e n t  e l ev a t i on s  t o  d e t e c t conc e n t r a t ion d i f f e r ence s a s  a f u n c t i on 

o f  dep t h . I t  t u r n ed ou t t h a t  t h e  d i f f e r e nces i n  t h e  wa t e r  concen-

t r a t i on s  ve r s u s depth we r e  sma l l . S a mp l e s  we r e  not t a k e n  a s  a 

f u nc t i on o f  t he ot h e r  two d imen s i on s  o f  th i s  l a r g e ,  e s s e n t i a l ly 

s tag n a n t  w a t e r  body . M i x i ng wou ld have tended to occ u r  d u e  to con

v ec t i on bu t wou ld h ave b e en r e s tr ic ted by wa l l s  a nd s t r uc t u r e s . 

A l s o ,  on ly a f ew samp l e s  we r e  t a k e n  ov e r  a long t i me sp a n ;  the 

s a mp l e s of t he l i q u i d  vo lume were tak en i n  A ug u s t  a nd Novemb e r  o f  

1 9 7 9  a nd i n  May and S ep temb e r  o f  1 9 8 1 ;  r emov a l  o f  the w a t e r  f o r  de

con ta mi n a t i on t h rough SDS b e g an i n  S ep te mb e r  of 1 9 8 1 . 

T h e  ana ly s i s  e r r o r  was r epor ted f o r  many s amp le s ;  t h e  ave r ag e  

e r ro r s  a nd e r r or r an g e s  among t hose rep o r ted i n  t he d a ta ba se f o r  

r eac tor coo l a n t , r e ac tor b u i l d i ng sump , a n d  b l e � d  t a n k  samp l e s  a r e  

s u mm a r i z ed i n  T a b l e  3 - 4 . T h e se r e p o r ted e r r o r  v a l u e s  a r e  u s ed a s  

a n  i nd ica t i on o f  the a n a ly s i s  e r r or s g e n e r a l ly f o r  a l l  the samp l e s .  

A s  c an be se e n , t hey a r e  g e ne r a l ly a f ew p e r c e n t  f o r  tr i t i um and 

c e s i um i sotopes and abou t 10 to 20 pe r c e n t  for s t r on t i u m a nd i od i n e  

i so top e s . 

T a b l e  3 - 5  p r e se n t s  i n forma t i on p e r t a i n i n g  to the u n ce r t a i n ty i n  the 

v o lume of the wa t e r  in t he s u mp a nd ba seme n t . T h e  d a t a  b a s e v a l ue s  

we r e  e x t r ap o l a t e d  t o  k ey t i mes a t  wh ich o th e r  e s t i -m a t e s ( l S , l 6 )  
a r e  



Table 3 -4 
�c?or ted Analy s i s  E r r or s ( Liquid Samples)  

Reac tor Coolant RB SUIDE RCBTs 
Avg . Error Avg . Er ror Avg . E r r o r  

E r ror Range E r ror Range Error Ra nge 
Iso tope l % ) l % ) l % ) l % ) \ % ) l % ) 

H-3 1 . 6  1 . 6  1 . 0  l 
Cs-1 3 4  1 . 9  0 . 5 -8 0 . 6  0 . 5 - 0 . 7  1 4 . 3  8 - 2 0  
Cs-1 3 7  2 . 7  0 . 2 -17 0 . 9  0 . 6 -2 2 2 . 9  7-1 0 0  
S r - 8 9  18 . 1  14 -2 0  
S r - 9 0  6 . 7  0 . 0 2 -1 5  1 1 . 6  4 - 2 5  
I -1 3 1  1 2 . 0  12 . 0  9 . 1  4 - 2 5  
I- 1 2 9  5 . 9  4 -8 21 . 8  1 3 - 5 0  
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D a te 

Jan . 1 ,  1 9 8 0  

Sept . 1 ,  1 9 8 1 
Fe b .  22 , 1 � 8 3  

Feb . 22 , 1 9 8 3 

S ept . 1 ,  1 9 8 1 

F e b . 22 , 1 9 8 3 
Feb . 22 , 1 9 8 3 

'!'able 3- 5 
Rea c to r  B u i ld ing Sump and Basement Wa ter Volume 

Volume Added Total 

or Removed Volume 

( gal lons ) ( ga l lo n s )  

DATA BAS E 

5 2 9 , 0 0 0  

1 1 4 , 0 0 0  6 4 3 , 0 0 0  
1 0 1 , 0 0 0  7 5 0 , 0 0 0  

3 6 8 , 0 0 0  1 , 1 2 2 , 0 0 0  

EG&G 

6 4 1 , 0 0 0  

EST IMA'rES FROM SDS OPERATION 

8 6 3 , 0 0 0  
5 0 , 0 0 0  

8 6 3 , 0 0 0  
9 1 3 , 0 0 0  

Bas i s  

Data base ( see 

F ig u r e  2- 9 )  

Leakage a t  0 . 1 3 gpm 
Leakage at O

t
t�

)
gpm 

Decon . •o�ater 

( 1 5 )  

Removed to sos ( 9 ) 
Est imated h e e l  not 

pumped o u t  

( 1 5 )  T . E .  Cox , e t  al . ,  GEND- INF- 0 1 1 , Vol . I I I . 

( 9 ) T .  Lookabi l l , EPICOR I I  and SDS I n f lu e n t  s o � r c e s  and Conce n t r a t ions , 

NUS-TM- 3 4 9 , Apr i l  1 9 8 3 . 

3 - 8  



ava i la b l e  f or comp ar i son . T h e  d a ta b a s e  v a l ue f or S ep temb e r  1 ,  
1 9 8 1 ,  ag r ee s  v e r y  we l l  w i th a v a l u e  e s t i m a t e d  by E G & G  i n  coope r a

t i on \d t h  B e ch te l ,  t h at i s ,  6 4 3 , 0 0 0  g a l l on s  ( d a t a  b a s e )  v e r s u s  

6 4 1 , 0 0 0  g a l lons ( E G & G ) .  T h e  p r o j ec t i on o f  t h e  d a t a  b a s e  v a l u e s  to 

Feb r u a r y  2 2 ,  1 9 8 3 , when mos t  of the l iq u i d  h ad b e e n  p r oce s s e d  

t h r ou g h  S D S  f o r  decon t am i n a t i on i s  b a s e d  o n  the con t i n u a t i on o f  

l ea k ag e  a t  0 . 1 3 g a l l on s  p e r  m i nu te p l u s  a p ub l i s h ed e s t i m a t e ( l S ) o f  

d e c on t a m i n a t e d  f l u sh wa t e r  add i t i o n s  to t h e  sump to y i e l d  a tot a l  

f or t h a t  d a te o f  1 , 1 2 2 , 0 0 0  g a l l on s . Th i s  v a l u e  comp a r e s  a pp r ox i 

m a t e ly w i th t h e  t o t a l  volume o f  t h e  b a tch e s  to SDS ( o f  8 6 3 , 0 0 0  

ga l l o n s )  p l u s  a rough ly e s t ima ted h ee l  o f  wa t e r  not r emov e d  ( o f  

5 0 , 0 0 0  g a l l o n s )  o f  9 1 3 , 0 0 0  g a l lons . T h e  h e e l  v o l u me i s  a r oug h 

e s t im a te con s i ll e r i ng a vo lume o f  6 0 0 0 g a l l on s  p e r  i nch o f  d e p t h  

p l u s t h e  v o l u me o f  the sump , i nco r e  c a b l e  c h a s e ,  a nd e l e v a tor 

dep r e s s i on .  On th � �  b a s i s ,  t h e  p r oj ec ted vo lume f r om t h e  d a ta b a s e  

i s  abou t 1 9  pe r c e n t h i g h e r  t h a n  t h e  SDS r emov a l  vo lume p l u s h e e l . 

The l a t ter  comp a r i son ( f or F eb r u a r y  2 2 ,  1 9 8 3 )  a pp e a r s  mo r e  s ig n i f i 

c a n t  t h a n  t h e  f o r me r , wh i c h  was a comp a r i s on o f  e s t i m a t e s  made by 

t wo g r oups on t he b a s i s  of e s s en t i a l l y  t he s ame d a t a . The SDS b a t c h  

v o l ume s  a n d  t h e  e s t i m a t e d  d e c on t a m i na t i o n  w a t e r v o l u me s a r e  ba s e d  

on m e a s u re m e n ts comp l e te ly i ndep e n d e n t  o f  t he d a t a b a s e . 

3 . 1 . 2 . 2  Reac tor Coo l a n t  

T h e  samp l i ng equ ipme n t  a nd p r oced u r e s  a r e  d e s c r i b e d  i n  A ppe nd i x  A .  

T he s a mp l i ng sy s tem a pp e a r s  to b e  we l l  d e s i g n ed i n  t e r ms o f  t h e  

p r oced u r a l  r eq u i r emen t t o  f l u sh t h e  s amp l i ng l i n e s  a d eq u a t e ly 

be f o r e  t a k i ng a s a mp l e . T he sy s tem a l lows s a mp l e s  to be t a k en f r om 

the l e tdmm l i n e ( wh ich come s f r om the bot tom of t h e  cold l e g 

be f o r e  i t  f e ed s  i n  to coo l a n t  pump lB ) or f r om t h e  b o t  tom o f  t h e  

p r e s s u r i z e r . T h e  r eac tor coo l a n t  w a s  c i r c u l a t e d by pump i ng u n t i l  

m i d -Ap r i l  o f  1 9 7 9  a nd l a te 1� by convec t i on ;  t h e r e f o r e , t h e  l i q u i d  

v o l u me w a s  r ea sonably w e l l  m i x e d . T h e  samp l i ng e r r o r  i n  t h i s  c a s e  

wou ld t e n d , t h e r e f o r e ,  t o  bE! sma l l e r  t h an t he o t h e r  compon e n t s  l e s s  

we l l  m i x ed . 



A s u rrun a r y  o f  t he r ep o r ted a n a ly s i s  e r r o r s  i s  p r e s e n ted i n  T a b l e  

3 -4 .  T h e s e  e r r o r s  a r e  i n  t h e  r ang e o f  a few pe r c e n t  f o r  t r i t i um a nd 

c e s i u m  i so tope s ,  and abou t 10  to 2 0  p e r c e n t  f or s t r o n t i um and 

i od i ne i so t ope s .  

T h e  v o l u me o f  t h e  r ea c t o r  coo l a n t  sy s tem i n  t h e  d a t a  b a s e  i s  8 0 , 3 2 0  

g a ll o n s . S i nce t he ma i n te n ance o f  th i s  sy s tem i n  a n e a r - f u l l con

d i t i on w a s  i mp or t a n t  to coo l i ng r eq u i r e me n t s  and s a f e t y , th e r e  i s  

h ig h  con f i d e nce t h a t  the vo lume rema i n ed q u i te con s t an t .  

3 . 1 . 2 . 3  Reac t o r  Coo l a n t  B l eed T a n k s (RCBT s )  

T he s a mp l i ng p r oce d u re f or ob ta i n i n g  RCBT s a mp l e s  i s  d e s c r i b e d  i n  

Append i x  A ;  t h e  p r oc E: d u  r e  p r ov i d e s  ade q u a t e ly f o r  f l u s h i ng s amp l e  

l i ne s . T h e s e  t a n k s we r e  u s ed ; h e nce , t h e  con ta i ned l iq u i d s  wo u ld 

h a v e  been m i x ed to some e x t e n t  d ue to pump i ng .  T h e  r epor t e d  a n a l y 

s i s e r r o r s  a r e  s u wn a r i z ed i n  T a b l e  3 - 4 . 

T h e  volumes o f  the w a t e r i n  the b l e e d  t a n k s  v a r i e d d � e  t o  pump i ng 

l i q u i d s  i n  and ou t ,  a s  p r e s e n ted i n  C h ap t e r  2 .  T h e  v o l ume s w e r e  

t h e r e f o r e  p a r t i c u l a r ly u n c e r ta i n  d u e  to the a d d i t i v e  e r r o r s  o f  many 

ma ss t r a n s f e r s . 

3 . 1 . 3  M a j o r  Ga seou s S i n k s  

O n l y  the noble g a s e s  ( r ep r e s e n ted b y  K r - 8 5  a n d  X e - 1 3 3 )  we r e  f o u n d  

p r i m a r i ly i n  g a s eou s s i n k s .  T he ma j or s i n k s  f o r t h e s e  g a s e s  w e r e  

t h e  reac tor bu i ld i ng ( i n wh i c h  t h e  g a s e s  we r e  h e l d  f o r  d e cay a nd 

p l a nn ed r e l ease i n  J u ne to J u ly 1 9 8 1 )  a nd t h e  e a r ly r e l e a s e s  v i a  

t h e  s ta t i on v e n t  d u r i ng the pe r i od t h r ough A p r i l  1 9 7 9 . T h e  

m e a s u re men ts o f  t h e  con ten ts o f  t he s e  s i n k s  a r e  c on s i d e r e d  b e l ow .  

3 . 1 . 3 . 1  Reac tor B u i ld i ng 

T h e  r e ac tor bu i ld i ng a tmo sph e r e  s a mp l e s  we r e  t a k e n  f r om a por t 

a bo u t m i d way f rom top to b o t tom o f  t h e  bu i ld i ng ( s ee A pp e nd i x  A ) . 



T he g a s e s  wou ld h ave t e n d ed to m i x  d u e  to c o n v ec t i o n , bu t t h e  m a z e  

o f  f l oo r s  a n d  w a l l s  wou l d  h a v e  i nh i b i t e d  t h e  m i x i ng p r oc e s s .  M a n y  

m e a s u r e m en ts we r e  made o v e r  a l ong p e r i od o f  t ime a nd t h e  r ep r o

d u c i b i l i t y o f  the se d a t a  i n d i c a t e s  t h e  ove r al l  u n ce r t a i n ty i n  t h e  

v a l ue s .  T he K r - 8 5  va l u e s  s how a n ar r ower sp r ead t h an t ho s e  f o r  X e -

1 3 3  and a r e  t h e r e fo r e  u se<J to e s t i m a t e  the nob l e  g a s  i n v e n to r y . 

A l so ,  t he v a l u e s  do not a pp e ar to s h ow any t r end u p w a r d  o r  dowm1a r d  

w i th t i me ( a s wou ld b e  expec t e d  s i nce r e ac t i o n s  w i th s u r f a c e s  o r  

s i gn i f i c ant d i s so lu t i on i n to t h e  wa t e r  i s  not e xp ec te d ) . T h e  m e a n  

o f  the v a l u e s  o f  K r - 8 5  i nv e n tor y i n  the r e ac tor bu i ld i ng i s  0 . 4 7 

a nd t he s ta nd a rd d ev i a t i on f rom th i s  m e an v a l u e  i s  0 . 1 8  o r  abou t 4 0  

p e r ce n t . 

3 . 1 . 3 . 2  S t a t i o n  V e n t  R e l e a se s 

T h e  s ta t i on v e n t  r e l e a s e s  o f  nob l e  g a s e s  d u r i ng t h e  e a r ly pha s e  o f  

t he acc i d e n t  a r e  v e r y  u nce r ta i n .  T he r e l ea s e s  we r e  not mea s u r ed 

d u r i ng the per i od o f  Ma r c h  2 8  to Ma rch 3 1 ,  1 9 7 9 , bu t we r e  e s t i m a t ed 

by s ca l i ng a r ea mon i tor i nd i c a t i on s  a nd by t he u se o f  TLD mea s u r p 

m e n t s  coup l e d  w i th d i sp e r s i o n  c a lc u l a t i o n s  ( s e e  Append i x  A ) . F r om 

Mar ch 3 1 , g r ab s a mp l e  a nd / or v e n t  mon i to r  da ta a r e  ava j l a b l e . T h e  

e s t i m a t e d  r e l e a s e  d u r i ng t h e  Ma r c h  2 8  t o  Ma r c h  3 1  p e r iod w a s  ov e r  

8 0  p e r c e n t  o f  t h e  t o t a l  e s t ima ted r e l e a s e ; h e n c e , t h e u nce r t a i n ty 

o f  t h e  tota l r e le a s e  v a l u e  i s  d om i n a t e d  by u n c e r ;:a  i n  t i e s  1 n  r e

l ea s e s  du r i ny t he p e r i od w i t hou t d i r ec t  m e a s u r e m e n t s .  T h e  g a s  r e 

l e a se v a l u e  s h o u l d  the r e fo r e  b e  v i ewed a s  a n  o r c e r - o f - mag n i  t u d e  

e s t im a te .  

3 . 1 . 3 . 3  S u mm a t i o n  o f  Ma j o r  Ga s e o u s S i n k  I n v e n t o r y  U n c e r t a i n t i e s  

T he u nc e r ta i n ty i n  t h e  ma s s  b a l ance f or nob l e  g a s e s  c a n  b e  i nd i 

c a t e d  app rox i m a t e ly by a s k ewed u nce r t a i n t y  l i m i t .  T h e  lower l i m i t 

i s  a bou t 0 . 3  ( i . e . a s  s h own i n  S ec t i on 3 . 1 . 3 . 2 ,  t h e r e ac tor bu i ld 

i ng v a l u e  o f  0 . 4 7 m i n u s  the s ta nd a r d  d e v i a t i o n  o f  abou t 4 0  pe r c e n t )  

a nd t h e  u pp e r  l i m i t  i s  u n i ty .  



3 . 2  DI S CUSS I ON OF S YSTEMATI C  E RRORS 

The a n a ly s i s  o f  e r r o r s  d e s c r i b ed above c o u l d  be m i s l e ad i ng d u e  t o  

u nd i s co v e r ed sy s tema t ic e r r or s .  I n  o r d e r  to d i s c l o s e  s uch 

s y s te ma t i c  unce r t a i n t i e s , c e r t a i n  c a s e s  a r e  d i sc u s s e d  in wh i c h  k e y  

r es ul ts c an b e  ver i f i ed u s i ng i ndep e n d e n t  da t a .  

3 . 2 . 1  EP ICOR I I  a nd SDS D a t a  

T h e  comp a r i so n  o f  l i q u i d  i nv e n tor i e s  d e t e r m i n e d  f r om compone n t  

s a mp l i ng a nd f rom E P I COR I I  a nd SDS d a ta i s  p r e s e n ted i n  T a b l e  3 - 6 . 

T h e  S r - 9 0  i nv e n t o r y  f r om E P I COH I I /SDS i s  p r obably low be c a u s e  con

c e n t r a t i ons f or some o f  t he b a t c h e s  we r e  not ava i l a b l e ; h e nce t h e  

i nven to r y  i n  some batch e s  i s  n o l  i nc l u d ed , T h e  RCBT ' s e s t i m a t e  

f rom E P I COR I I/SDS j s p roba b ly h i gh ;  t h e  t o t a l  o f  b a t c h  volume s 

f r om the RCBT s e x c e e d s  the t o t a l  capac i t i e s  o f  the t a n k s ,  i nd i c a t

i ng t h a t  ot h e r  m i s ce l l a n eou s l i q u i d s  we r e  al so i nc l ud e d . T h e  

volumes p r oce s se d  c o r  r e spond to RCBT-A be i ng abo u t  f u l l ,  RCBT-B 

a bou t tw i ce f u ll , a nd RCBT-C abou t f u l l  p l u s 1 0 , 0 0 0  g a l l on s .  

A n o t h e r  s i g n i f i c a n t  d i f f e r ence i n  the r e s u l t s  i s  t h e  S r - 9 0  i n v e n

tor i es i n  t he r e ac tor c oo l a nt sy s tem ( RCS ) : t h e  EP I COR I I /SDS v a l u e  

i s  abou t tw i c e  the compone n t  samp l e  v a l u e . T h i s  could be a r e al 

d i f f e r e nce ( r a th er t h an an i nd i ca t i on of  e r r o r )  d ue to l e ach i ng o f  

s t r on t i u m f r om the f u e l  d u r i ng the b a t c h- c l e anup p r oce s s  i n  w h i c h  

p o r t i ons o f  t he r e ac tor coo l a n t  w e r e  s eq ue n t i a l ly r e p laced by c l e a n  

w a te r . 

T h e  r ema i n i ng r e s u l t s  a r e  the c e s i um v a l u e s  f o r  the r eac tor b u i ld

i ng ( RB ) s u mp a nd RCS . T he HB s u mp v a l u e s  ag r ee w i t h i n  abou t 3 

p e r ce n t ;  t h e  RCS v a l u e s  ag r e e w i th i n 5 0  p e r c e n t .  A n o th e r comp a r i 

s on i s  t he t o t a l  va l u e s . T h e  c e s i u m  v a l u e s  ag r e e  w i t h i n  9 p e r c e n t ; 

t h e  s t r on t i um v a l u e s  w i th i n  2 0  p e r c e n t . 
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I sotope 

C s- 1 3 7  
S R - 9 0  

Cs- 1 3 7  
S r - 9 0  

Table 3 - 6  

Compar ison of I nven tor ies f rom Compo n e n t  Sampl i ng and 
EPICOR II and SDS Data 

RB sump RCS RCBTs Total 

EP ICOR I I  AND SDS 

0 . 4 2 4
b 

0 . 0 1 2  
a 

0 . 0 3 4
b 

0 . 4 7 0  

0 . 0 0 2  0 . 0 1 9  0 . 0 0 3  0 . 0 2 4  

COMpONENT Sfu'1PLES 

0 . 4 1 0 . 0 1 8  0 . 0 0 2  0 . 4 3 0 

0 . 0 1 0 . 0 1 0 . 0 0 9  0 . 0 2 9  

a
valuen may b e  h ig h  due to i nc l u s ion of m i s c e l l a neous l iqu i d s . 

b 
Data i ncomplete ( i . e . , conce n t r a t i on not ava i lable for all ba tches ) . 



I n  conclu s i on ,  the compar i son o f  the EPI COR I I/SDS re sul t s  w i th 

compone n t  s a mple res u l ts d i sclose no g r os s unexpla i ned 

d is c repanc i es . 

3 . 2 . 2  Ra t ios o f  T r i t i um to Othe r Nucl ides 

T r i t ium c an be t re a ted a s  a t racer for the reac tor coolant as i t  

e x is ted soon a f te r  the acc ide n t� that i s ,  t r i t ium can be a s sumed to 

tr ave l  w i th the re ac tor coolant w i thou t loss in t r an s i t  or s tor age. 

The s ummar y  o f  mass balance (Table 2-6 ) shows tha t  the ce s i um- to

tr i t ium r a ii os a re rea sonably con s ta nt� the v a l ue s  be i n g  0 . 9  for 

the RB s ump/basemen t ,  un i ty fo r t he reac tor coolan t ,  and 0 . 7  for 

the RCBT s .  Th i s  i s  a rea sonable re s u l t  s i nce i t  wou ld be expec ted 

th a t  ces i um wou ld a l so tend to follow the reac tor cool ant  w i th only 

l im i ted l osses ( due to p rec ip i ta t i on ,  plateou t ,  or t r ans fer to the 

g a s  ph a se ) . The re appea r s ,  the re fore , to be no read i ly apparent 

re a son to s u spec t t h a t  the tr i t i um or  ces i um i nven tor ies i n  maj or 

l iq u id s i n k s  a re g ros sly i n  e r ror (e . g . , due to t r a n s fe r  to othe r 

pha se s ) . 

The iod i ne- to- t r i t i um r a t ios a re 0 . 4  for the sump/baseme n t  wate r , 

0 . 8  f or the re ac tor coolant , and 0 . 7  for t he RCBT wate r . Th i s  cou ld 

i nd icate tha t  iod i ne prec ip i ta ted or pla ted o u t  on s u r face s  f r om 

the sump/b a sement wa ter s u f f ic iently to account fo� an add i t i onal 

20 pe r ce n t  or so of the total iod ine i nve n tory . T he pos s ib le s i nk s 

w i th i n  t he re ac tor bu i ld i n g , i n  add i t i on to the wa te r , i nc l ude ( a ) 

the so l ids and s ur  f ace s i n  con tac t w i th the wate r ,  I b )  the g a s  

pha se , a nd ( c ) sol ids and s u r f ace s i n  contac t  w i th the g a s . 

Analy s i s  o f  sma ll  amou n t s  of  sol id ma te r i a l  f r om l iqu id sample s 

taken ne ar t he re ac tor bu i ld i ng f l oor s howed w ide var i a t i ons , con

s ide r able unce r t a inty , and the pos s i b i l i ty of conta i n i ng a few per

ce nt o f  the i od i ne .  S u r f ace s be low t he h i gh wa te r  m a r k  h ave not 

been sampled. T he gas pha se d a t a  ( p re sen ted in Ch ap te r  2 )  i nd i c a te 

l i t t le i od i ne .  T he sur f aces i n  contac t  w i th t he g a s  pha se h ave 

been sampled ; th e res u l t s  are unce r ta i n b u t  allow the pos s i b i l i ty 

o f  a s i gn i f i cant amount o f  i od i ne (Sec t i on 2 . 4 . 1 . ) . F u r the r i nve s 

�\ - 1 .:1 



t ig a t i ons s hould be made to d e t e r m i ne i f  s uch a q uant i ty o f  i od i ne  

was t r an s f e r red  to the r eac tor bu i ld i ng bu t not  found t h e r e .  

T he s tr on t i um- to- tr i t i um r a t i os a r e  0 . 02 f or t he s u mp/baseme n t , 0 . 5  

for  the r eac tor coolan t , and abou t 0 . 04 for  the RCBT s .  T h e  amoun t s  

i nvo l v ed f or s t ront ium a r e  smaller  t h an f or t h e  other  i so tope s  c on

s i d e r ed above s o  that poo r e r  r ep roduc i b i l i ty of  v a l u e s  may b e  

e xp ec ted . H owev e r , i t  s eems c l e a r  t hat  the  r a t i o  for  the r e ac tor  

coo lant i s  much h ig h e r  than the o th e r s .  The  t ime dependence of  

s t r on t ium i n  t he r e ac tor coo l an t  s h ows a v e r y  de f i n i te i nc r ea s e  

w i th t i me :  a lso t h e  SDS d a t a  analy s i s  ind ic a t e s  tha t s t r on t i u m  w a s  

con ti nu i ng t o  a ppear in so lu t i on at  t he t ime of  the SDS c l e anup 

campa igns . T h e  present conclu s i on is  the r e fo r e  that  the data  a r e  

a ll in t e r c on s i s t en t  and p robably i nd ica te a p r oc e s s  o f  l e ach ing 

f r om the fue l . 

3 . 2 . 3 E ar ly S a mpl e s  

Re t r ospec t i ve ex t rapola t i on o f  t h e  ma s s  b a l ance d a t a  to t h e  t ime 

f rame of hou rs  and t he t r an s fe r  of r eac tor coo l an t  t h ro ugh the PORV 

to the r eac tor bu i ld ing appear s to be a r ea s onable and potent i al ly 

u se fu l  e x erc i s e  ( see C hapter  4 ) . S uch a s t udy w i ll tend to make  t h e  

f i r s t  r e ac tor coolan t  samp l e s  and the i r  an aly s e s  pa r t i c u l a r ly 

imp or tan t .  H owev e r ,  t he s e  ear ly samp l e s  may h ave b e en tak en und e r  

d i f f i c u l t  c i r cums tance s ;  h ence , d e t a i l s  of  t h e  sampl ing pr oced u r e s  

may have b e en comp romi s ed .  An e f for t t o  de ter mine any pecu l i ar i 

t i e s o f  these ear l i e s t  samp l e s , for  ex amp l e  by mean s  o f  d i sc u s s i on 

w i th t he t h ose who took t he samp l e s , s ho u ld be made . 

3 . 3 S UMMARY OF UNCERTA I NT I ES 

The analy s i s o f  r a t i os of  t r i t i um to other  nucl ide s  sugge s t s  th a t  

t h ere may h ave b e en a l a r g e  un iden t i f i ed s in k  f o r  i od ine i n  t h e  

r eac tor bu i ld i ng ; t h i s  i s  a pos t u l a t e  t h a t  should b e  inve s t ig a t ed 

fu r t h e r . Th i s  s ink  may h ave b een sur  f ace s and/ or sol id s in the  

b asemen t or s u r faces a t  t he  h ig h e r  e l e va t i on s  i n  the  bu i ld ing . 



S u bs ta n t i al ly more s t r on t i u m  is found i n  the reac tor coolant  than 

i n  other ma j or l iqu i d  s i nks ; th is is cons is tent  w i th other d a ta and 

w i th con t i nual leach i ng o f  s t ront i um f r om s u r faces and/or sol i ds in 

the p r imar y sys tem .  

The data f r om the ear l ie s t  reac tor coola n t  samples a re par t ic ul a r ly 

impor tant s i nce i t  is o f  i nte re s t  and impor tance to re t r ospec t ive ly 

e x t r apolate these data in s tud ies of mass t r ans fe r , i nclu d i ng 

t r ansfer th rough the PORV to the re ac tor bu i ld i ng b aseme n t . The re

fore , i t i s recommended that  the e f fort be made to es t i mate the 

re l i ab i l i ty o f  these da t a ,  e . g . , to de te r m i ne i f  some aspec ts o f  

th e sampl i ng proced ures we re c omp r omised d ue to h igh r ad i a t ion 

f ie lds or othe r spec i a l  p r ob l e ms .  
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4 . 0  CONCLUS I ONS AND RECOMMENDAT I ONS 

T h e  r e s u l t s  o f  the FY19 8 3  wor k on t h e  T h r ee-M i le I s l a nd Un i t  2 

m a s s - b a l ance a r e  s u mm ar i z ed b e l ow to p rov i de a p e r spec t i ve o f  t he i r  

s ig n i f i c anc e ,  wh i c h  i s  d i s c u s se d  to p r ov i d e  a backg round f o r  specu

l a ti on a nd t he d e ve l opment of p o s t u l a te s . F i na l l y , r ecommenda t i on s  

f o r  f u tu r e  wor k a r e  made on t h e  bas i s  o f  the r e s u l t s ,  t h e i r  

s ig n i f i c ance , and spec u l a t i ons abo u t  t hem . 

4 . 1  S UMMARY OF RESULTS 

T h e  r e s ul ts a r e , o f  cour s e , based on and l i m i ted by the d a t a  ava i l

a bl e .  I n  g e n e r a l , t he p r e s ent d a ta base i nc l udes i n f orma t i on f o r  

a l l  poten t i a l ly s i g n i f i c ant s i nk s  f o r  r ad i oac t i ve mate r i a l  o u t s i d e  

t he r e ac tor cool ant sy s tem . T h e  data al so c h a r ac t er i z e  t h e  r e ac to r  

coo l a n t  a n d  ( i n a p r e l i m i na r y  way ) the s u r face con t am i na t i on i n  the 

p l e num r eg i on o f  t he p r imar y s y s te m .  

T he r e s ul t s  a r e  e x p r e s s e d  i n  t e r m s  o f  i nv e n t o r y  f r ac t ions ; t h e s e  

val ues a r e  t he c a l c u l a ted i n ven tor i e s  i n  p a r t i cu l a r phase s/ compo

n e n t s  ( e . g . , l iq u i d  i n  the r eac tor coo l a n t  s y s t em) d i v i ded by t h e  

i n i t i a l core i n ve ntor i e s .  T he i nven tor i es i n  each phase/ compone n t  

a r e  calcu l a te d  a s  t h e  p r oduc t o f  a conce n t r a t i on a n d  vol ume ( o r  

m a s s  o r  a r ea ) ; t he i n i t i a l core i n v e n tor i e s  a r e  t h e  v a l ue s  c a lcu

l ated by B &W ' s LOR2 code . 

I nven tor y f r ac t ions a r e  p r e s e n t ed f o r  the ma j or and m i no r  s i n k s  

( T a b l e  4 - 1 ) . F or t he mi nor s i n k s  t h e s e  v a l ue s  cor r e spond t o  t h e  

t im e s  a t  wh i c h  s amp l e s  we r e  t a k e n  a n d  tog e t h e r  r e p r e s e n t  l e s s  t h a n  

1 p e r cent o f  t he i nve n tor i e s  o f  t h e  i so tope s  cons i d e r ed ( i . e . , 

t r i t i um ce s i um ,  i od i ne , s tr o n t i um ,  and nob l e  g a s e s ) . T h e s e  m i no r  

s i n k s  i nc l ude so l i d s  i n  the mak eup a n d  pur i f i c a t i on ( MUP ) sys tem 

f i l te r s ,  and wat e r  in l iq u i d  wa s t e  (WDL ) s y s t em tankage ( s u c h  a s  

t h e  n eu t r a l i z er t an k s ,  aux i l i ar y  bu i ld i ng s ump tan k s ,  aux i l i a r y  

bu i l d i ng s ump , m i s c e l l aneous w a s t e  h o l d up t a n k , contam i n a t ed d r a i n  

tan k s , and p i p i ng ) . Reac tor bu i ld i ng s u r f ac e s  ( a t  3 0 5  f ee t  and 



above ) a r e  i ncl uded as a m i nor s i nk . R e l e a s e s  to the r i ver a r e  con

s i d e r ed v e r y  mi nor . 

I nventory f r ac t i ons a r e  also p r e se n ted f o r  ma j or s i n k s  ( wh i c h  a r e  

a r b i t r ar i ly de f i ned a s  t hose conta i n i ng mo re t han l p e r ce n t  o f  one 

o r  mor e  o f  the k e y  i sotope s ) . I nso f a r  a s  the d a t a  a l l owed , t h e s e  

i nventor y  f r ac ti ons a r e  p r es e n ted a s  a f unc t i on o f  t ime (over t h e  

n ay s/w e e k s/mon t h s  t ime- f r ame f o r  wh i c h  t h e  d a t a  pe r ta i n ) . T h e  

ma j or s i n k s  a r e  t he r e ac to r  bu i ld i ng s ump and b a s e m e n t  w a t e r , t h e  

r eac tor coo l a n t , t h e  r eac tor coo l a n t  d r a i n tank wate r ( a s s um i ng i t s  

concen t r a t i ons a r e  s i m i l a r  t o  t hose i n t h e  r e ac tor coo l a nt ) , t h e  

RCBT s ,  r eac tor bu i l d i ng a tmosphe r e  a n d  g a seou s r e l e a s e s  to t h e  

env i r onm e n t  (maj or f or noble g a s e s  only ) , t h e  r e ac tor ve s s e l  p le num 

s u r f ace s ( fo r  c e s i um based on p r e l im i n a r y  d a t a )  and the makeup a nd 

pur i f i ca t i on ( MUP ) demi n e r a l i z e r s  ( fo r  c e s i um) . T hese i n v e n to r y  

f r ac t i on s ( fo r  a t ime o f  about Decemb e r  3 1 ,  1 9 7 9  o r  f o r  the t imes o f  

m eas u r em e n t  i n the cases o f  g a s eous r e l eas e s , demi ne r a l i z e r s  a n d  

s u r f ace s )  a r e  shown on T able 4 - l . T h e  i nventor y f r ac t i ons a r e  

p r e s e n t ed a s  a f u nc t i on o f  t ime i n C hap t e r  2 f or each o f  t h e s e  s i n k s  

e xcep t t h e  r eac tor coo l a n t  d r a i n t a n k s  ( because t h a t  t a n k  h a s  not 

b een sampl ed ) , the g a s eou s r e l eases to the env i r onme n t , the MUP 

demi ne r a l i z e r s , and the ple num s u r faces con tam i nat i on . O n ly t h e  

r e ac tor coo l ant d a t a , wh i ch cons i s t  o f  many s ampl e s , show c lear l y  

de f i ned t r e nd s .  T h e se t r ends a r e  shown i n F i g u r e  4 - l ; the t r i t i um , 

c e s i um and i od i ne i n vent ory f r ac t i ons con t i n u a l l y  decl i ne a t  

app rox i mate ly t h e  same rate . T h e  s t r on t i um v a l u e s  i n c r e a s e  w i t h  

t ime . 

4 . 2  S I GN I F I CANCE AND I MP L I CAT I ONS OF RESULTS 

T a b l e  4 - 1  i nd i ca tes t h a t  abou t 50 p e r ce n t  of t h e  noble g a se s ,  5 3  

p e r ce n t  o f  the t r i t i um , 5 1  pe r c e n t  o f  the c e s i um { i . e . , C s- 1 3 7 ) ,  2 2  

p er c e n t  o f  t he i od i ne , 2 per cent o f  t h e  s t r on t i um , and l e s s  t h an 

0 . 0 1 pe r c e n t  o f  the u r an i um/ plu ton i um h ave been found . 

A _ ..,  
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Table 4 - 1 

Summary o f  Ma s s  B a l a n ce Res u l t s  

I nventory Fractio ns 

Tritium Nob l e  Gases Strontium Iod i ne Cesium 
c 

U & P u  

0 . 4 7 0 . 0 1 0 . 1 8  0 . 4 1 < 1 0- 6 

0 . 0 1 8  
a 

< 1 0 - 5 
0 . 0 1 0 . 0 1 4  0 . 0 1 8  <1 0 - 4 

0 . 0 0 2  a 
< 1 0- 6 

0 . 0 0 1  0 . 0 0 1  0 . 0 0 2  < 1 0- s 

0 . 0 3 0  
b < 1 0 - 5 

< 1 0 - 3 
0 . 0 2  0 . 0 2 < 1 0 - 6 

a 
0 . 4 7 < 1 0 - 3 

b 
0 . 0 7 <1 0 - 6 

0 . 0 5 

0 . 0 1 2  

0 . 0 1 0  0 . 0 0 1  0 . 0 0 6 0 . 0 0 2  

0 . 5 3 0 . 5  0 . 0 2 0 . 2 2 0 . 5 1 1 0 - 4 
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I n  p r i nc ipl e ,  the noble g a s e s  ma ss- bal ance should i nd i c a t e  t h e  

f rac t i on o f  f a i l ed f ue l . H oweve r , the nobl e  g a s  m a s s - b a la nce i s  

v e r y  u nce r ta i n and can only ind i c a t e  a r ange o f  3 0  t o  1 0 0  pe r ce n t 

f u e l  f a i lu r e .  

T r i t i um i s  poten t i al ly u s e f u l  a s  a t r ac e r  o f  the r e a c to r  cool a n t  a s  

i t  e x i s ted soon a f t e r  t he acc i d ent . T h e  t r i t i um d a t a  u s ed i n  t h i s  

way , along w i t h  l i q u i d  ma s s- t r ans f e r  

d i s c l os e  bu i l d up or l o s s e s  o f  o t h e r  

componen t s . Howeve r , s i nce only h a l f 

compu t a t i on s , can h e l p  

n u c l i d e s  i n  p a r t i u l a r  

o f  t h e  t r i t i um h a s  been 

rema i ned in t h e  r e ac tor 

coo l a n t  sys tem sol i d s  ( i . e . , f ue l , hyd r i ded z i r co n i um ) . I n  o r d e r  

t o  con f i d en t ly u se t h e  t r i t i um a s  a t r ac e r , i t  w i l l b e  nece s s a � y  t o  

d e mon s t r a t e  t h a t  t h e  t r i t i um i n  t h e  r ea c t o r  coo l a n t  sys t em 

so l i d s/ s ur f ace s  has s tayed t h e re w i t hou t g r ad ua l  l e ach i ng i n to t h e  

r eac tor coo l a n t . T h e  t r end i n  the
' 

t r i t i um i nven tor y i n  t h e  r e a c t 0 r  

c oo l a n t  ( F i g u r e  4 - 1 ) i s  a pp ro x ima t e ly e xp l a i n ed b y  t h e  d i l u t i on o f  

t h e  reac tor coo l a n t  d ue to makeup f o r  l e a k age w i th c l e a n  w a te r ; the 

c o r r e l a t i on o f  t he ob� er ved t r i t i um i n ve n tor i e s  w i th t h e  d i l u t i o n  

s ho u l d  b e  quan t i f i ed a s  we l l  a s  pos s i b l e  t o  s u ppo r t the use o f  

tr i t i um a s  a t r ac e r . 

f ou nd , i t  a pp e a r s  t h a t  t he o t h e r  h a l f  

T h e  i od i ne mass-bal ance ( T able 4 - 1 )  appe a r s  t o  b e  low ; t h a t  i s ,  i t  

would be s u r p r i s i ng i f  i ndeed t he 7 8  p e r c e n t  so f a r  u n acco u n ted f o r  

h ad rema i ned i n  sol i d s  and/o r  o n  s u r f a c e s  i n  t h e  r e a c t o r  coo l a n t  

sy s te m .  

T h e  i od i n e  i nven tor i e s  i n  the r e a c tor coo l a n t  a n d  t h e  RCBTs a r e  

s i m i l ar t o  t hose o f  ces i um and t r i t i um bu t r e l a t i ve l y  l e s s  i od i ne 

wa s found i n  the r e ac tor bu i ld i ng s ump/b a s eme n t . O n e  hypo the s i s  

t h at wou l d  e xpla i n  t he r e l a t i ve ly l ow i od i ne r e-\:o v e r y  i s  t h a t  a 

l a r ge amount ( abou t h a l f )  o f  t h e  i od i n e  los t to the s ump/ b a s eme n t  

m a y  h a ve t r an s f e r r ed t o  so l i d s  or s u r f aces not y e t  samp l ed . 



T h e  s t r on t i um i n  the r eac tor coo l a n t  i n c r ea s e d  th roughout the 3 0 0  

days cons i d e r ed . T h i s imp l i es t h a t  s t ront i um was t r an s f e r r i ng f rom 

s ol i d s  or s u r f ac e s  i n the p r i ma r y  sys tem to the l i qu i d .  

4 . 3 RECOMMENDATI ONS 

4 . 3 . 1  Mass T r an s f e r  Mode l  Appl i c a t i ons 

T he p r es ent d a ta base conta i ns near ly a l l  of the d a ta ava i lable to 

cha r ac te r i z e the r ad i onucl i d e  i nve n tor i e s  i n TMI - 2 e x cept f o r  the 

so l i d s  a nd s ur f aces i n the r e ac tor coolant s y s tem . 

For t r i t i um ,  the ava i lable data account f o r  abou t h a l f the total 

and t he ot h e r  ha l f  may rema i n i n t h e  r e ac tor coo l a n t  sys tem 

s u r f ac e s  as hyd r i d e s  and sol i d s  ( r e l a t i v e l y  i n tac t f u e l  pe l l e t s ) . 

I t  a pp e a r s  t h at t hese nucl i des we r e  p a r t i a l ly r e l e a s ed i n to t h e  

r eac tor coo l a n t  d u r i ng the acc i d e n t  a n d  s i nce that t ime t h e  

r e l eas ed f r ac t i on has rema i ned i n t he w a t e r  a n d  t h e  u n r e l e a s c:;  � 
f r ac t i on r e ma i ned i n  sol i d s  or s u r f a ce s .  T h i s hypo t h e s i s can be 

s ub s t a n ti a t ed by a ma ss t r a n s f er analys i s of t he r e ac tor coo l a n t  to 

d e te r m i ne i f the r ea c tor coo l a n t  i nventory v e r s u s  t i me behav i o r  c a n  

b e  e xp l a i ned , a s  s u spec ted , b y  d i lu t i on w i t h  c l ean w a t e r  u s ed t o  

m a k e  up f o r  l e a k ag e . 

F o r  s tr o n t i um ,  only a sma l l  f r ac t i on ( a bou t 2 pe r c e n t )  o f  the total 

i s a c coun ted f o r , and i t i s a r ea s onable spe c u l a t i on that the 

r ema i nde r  w i l l  be found i n pr im a r y  s u r  face s and sol i d s . The 

s tr on t i um i n v e n tor y i n t he r e ac tor coo l a n t  s hows a b u i l d up w i t h  

t ime i nd i c a t i ng t r a n s f e r  o f  s t r o n t i um f r om the p r im a r y  

sol i d s/ s u r f aces to the l i qu i d .  The k i ne t ic s  o f  t h i s p r ocess can be 

c l a r i f i ed by an i nc r emen t a l  analys i s ( s i m i l a r  to that d e s c r i beri 

abo ve f or tr i t i um) to d i s ti n g u i s h  the e f f ec ts o f  l e ach i ng r a te f rom 

those of d i l u t i on . S t r o n t i um l e ach i ng k i n e t i c s  may a l s o  be 

d e te rm i ned by s t udy i ng the behav i or of s t r o n t i um i n r e ac tor coo l a n t  

d u r i ng t:1 e  batch r epl aceme n t  o f  coo l a n t  w i th w a t e r  d u r i ng t h e  

s ubmer g ed de mi n e r a l i z e r  s y s tem p roce s s i ng campa ig ns .  U nd e r s tand 
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i ng the s t r o n t i um behav i o r  ( and pos s i bly othe r s l owly l e a c h e d  

spec i e s )  m ay a i d i n  the core- removal s t r agegy a n d  p o s t  remova l 

h an d l i ng and t r anspo r t .  

I n  the case o f  the iod i ne , 2 2  pe r c e n t  o f  t h e  i nve n t o r y  h a s  been 

f o u nd bu t i t s ee ms rea sona ble to s u spect that mo re i od i ne h ad b F e n  

t r an s f e r r e d  t o  t h e  r eac tor bu i ld i ng b a s eme n t  w a t e r  t h a n  w a s  

s ubseq u e nt l y  f ou nd i n  the ba sement w a t e r . B e tween t he t ime o f  t h e  

acc i d e n t  a n d  l a te A ug u s t  w h e n  the ba seme n t  wa t e r  was f i r s t  s amp le � , 

i t s eems p os s i ble t h a t  some i od i ne may h ave t r an s f e r r ed to s u r f ac e s  

o r  so l i d s . T h e  i od i ne i nve n to r y  t r an s f e r r e d  t o  t h e  baseme n t  c a n  be 

e s t im a ted u s i ng t he m a s s - b a l ance mod e l  a nd cons i de r a t i on of t h e  

vol ume s a n d  conce n t r a t i ons o f  r e a c tor coo l a n t  t h a t  wen t  t o  t h e  

basem e nt . 

T h e  e x i s t i ng d a t a  base c h r onology o f  l i q u i d  t r an s f e r s  con t a i n s  some 

anoma l i es t h a t  a r e  a pp a r e n t  because t he c h r onology i nd i c� c e s  

c e r t a i n  componen t s  to b e  f i l l ed beyond c apac i ty f o r  b r i e f  pe r i od s .  

Th ese anoma l i e s s hould be wor k ed o u t  so t h a t  components a r e  ne v e r  

over f i l l e d  and t h e  w a t e r  bal ance among compone n t s  i s  r e t a i ned . 

T h i s  i mp ro vem ent i n  t he d a t a  base w i l l  a l l ow t h e  m a s s  t r an s f e r  

a n a l y s e s  d e s c r i bed e ar l i e r  t o  b e  done mor e  accu r a te ly . 

4 . 3 . 2 D a ta B ase and Model J mo ro vem e n t s  

T h e  d a t L  b a s e  shou l d  b e  expanded t o  i r.c l ud e  a d d i t i onal i so lope s 

f i . e . , S b- 1 2 5 ,  T e- 1 2 5 m ,  T e- 1 2 7 m ,  Ru- 1 06 , C e- 1 4 4 , A g- l l O m ,  C d- 1 1 3 m ,  

a nd I n- 1 1 4 m) . T h e  ant j mony and tel l u r i um i sotope s a r e  o f  i n t e r e s t  

be c au se t hey a r e p r ecu r so r s  o f  i od i ne i s o top e s . Ru t hen i um i s  o f  

conc e r n  i n  t e r ms o f  h e a l t h  i mpac t ;  the c e r i um i so tope i s  i mpo r t a n t  

b e ca u s e  m any o f  t he � n a l y s e s  ( e spec i a l ly for sol i d  s ampl e s )  i nc l u d e  

v a l u e s  f o r  c e r i um .  T h e  s i lv e r , cadm i um ,  a n d  i nd i um a r e  o f  i n t e r e s t  

a s  ac t i va t i on p r od 11c ts f rom c o n t r o l  r od m a t e r i a l s  and a r e  a l s o  

poten t i al g e t t e r s  f o r  i od i ne . 



T h e r e  a r e  not many d a t a  ava i lable for the i sotope s noted abov e , a s  

we ll as f or some al r eady i n  the d a ta b a s e  ( e . g . , I - 1 2 9 , T e - 1 2 9m , 

and Ru- 1 0 6 ) . A s y s tema t i c  s t ud y  o f  the d a t a  ava i lable f o r  t h e  

ma j or l iqu i d  s i nk s ,  p os s i ble u s e  o f  i sotop i c  r a t i o  analy s e s , 

pos s i bl e  s table i sotope analy se s , and ava .:. Lable a r c h i ved samp l e s 

s ho u ld be m ade w i th t he obj ec t i ve o f  develop i n g  a p rog r am to 

d i s close mor e  abo u t  i od i ne and i ts p r e c u r so r s . 

T he G e ne r a l  P ub l i c  U t i l i t i e s  ( GP U )  d a t a  ( wh i c h , f or example , 

con ta i n s  pH d a t a ) should be made acce s s i b l e  to the m a s s- balanc e  

d ata base b y  m eans o f  a tape ar ch ive o f  the GPU d a t a  a n d  t h e  

s o f tw a r e  t o  t r a n s f e r  t h e  GPU d a t a  t o  the ma s s - b a l a nce d a t a  base 

f o rma t . 

T h e  d a t a  base should be e x t ended to new d a t a  f r om s amp l e s  o f  sol i d s  

a nd s ur f aces i n  t he r e ac tor coo la n t  sy s te m .  T he e x ten s i on s hould 

i nc l ude the p r ov i s i on for encod i ng the loc a t i o n  o f  s amp l e s  in a way 

t h at f ac i l i t at e s  t he calcu l a t i on of i n ve ntor i e s  over s u r f ace a r e a s  

and volume s/ma s s e s  of sol i d s . 
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T h e  Rad ioche m i c a l  Concen t r a t ion Modu l e  l i n k s  t h e  samp l e  and analy

s is ta bles of t he d a ta base to t h e  u s e r - spec i f i ed set o f  mod e l  com

pone n t s  and i d e n t i f i e s  samp l e s  t h a t  could pot e n t i al ly r ep r e s e n t  t h e  

i so top i c  con t e n ts o f  t h e  compon e n ts a t  the ma s s - b a l ance t ime . T h i s  

mod e l  a l s o  a f ford s the u s e r  w i th a v a r i e ty o f  n ume r i c a l  too l s  a n d  

o p t i ons f or s e l ec t i on a nd c a lcu l a t i on o f  r e p r e s e n t a t i v e  conc e n t r a

t i on d a ta shou l d  conc e n t r a t ions b e  unava i l a b l e  a t  t h e  ma s s- b al a nc e  

t im e .  Numer i ca l  analy s i s  op t i ons i nc l ude an e xpone n t i al o r  l i ne a r  

f unc t i on a l  f i t  o f  compone n t- Ep�c i f i c s ampl e  concen t r a t i o n s  to p r e

d i c t  t h e  conc en t r a t i ons o f  t he k e y  i so topes at t h e  ma s s- b a l a nce 

t i me . T h e  code emp l oy s  r eg r e s s ion tech n iq u e s  wh i c h  a l so a l low f o r  

t he e l i m i na t i on o f  spu r i ou s  da t a .  T h i s  mod u l e  p rov i d e s  add i t i on a l  

c apab i l i t y  i ndepend e n t  o f  mas s - b a l a nce c a l c u l a t i ons- - t h e  ab i l i ty 

to de t e r mi ne i so top i c  r a t i o s  and to c a lcu l a te r oot mean sq u a r e  

v a l u e s  and s ta nd a r d  e r ro r s  w i th i n  any s e t  o f  u s e r - sp e c i f i e d  d a t a . 

T he f i na l  modu l e ,  t he I so tope F r ac t i on C a lc u la t i on Modu l e , c a lcu

l a t e s  the compone n t  i nv e n to r i e s  and the i nv e n to r y  f r a c t i on s , t h a t  

i s ,  t he f r ac t i ons o f  t h e  ava i lable c o r e  i nv e n to r y p r e s e n t  i n  t h e  

compone n t s  a t  t h e  ma ss- b a l ance t ime . T h e  mod u l e  a � 3o tota l s  t h e  

i nv e n tor i es and i nv e n tor y f r ac t i ons f or t he i so topes o v e r  a l l  o f  

t h e  con s i de r ed componen t s . 



APPEND I X  A 

TMI - 2  MASS BALANCE : SAMPLING OF MAJOR S INKS 



A . l REACTOR COOLANT SYSTEM AND REACTOR COOLANT BLEED TANK S�IPL I NG 

T he r eac to r coo l an t  s y s tem ( RC S )  and r e ac tor coola n t  b l e e d  t an k s  

( RCBTs ) ( a s  w e l l  a s  o t h e r  tan k s )  we r e  s ampled by G e n e r al Publ i c  

U t i l i t i es ( G PU )  u s i ng t he N u c l e a r  S ampl i n g  S y s tem , wh i ch employe d  

a s ampl i n g  s t a t i on common to a n d  loc a t e d  i n  T h r ee M i le I s la n d  

Un i t  1 ( TMI - 1 ) . Th i s  sy s tem i s  d es c r i bed i n  t h e  f i na l  s a f e t y  

an a ly s i s  r epor t ( FSAR ) ( l )  a n d  was u s e d  un t i l  J un e  1 7 , 1 9 8 0 . 

P r ocedu r e  Z- 9 5 , " RCS Samp l i ng and P r e s s u r i z e r  S ampl i n g  f o r  T o t a l  

G a s "  wa s u s e d  w i t h t h i s  s y s t em d u r i n g  Apr i l  t h r ou g h  S e p t embe r . ( 2 ) 

S im i l a r  p r ocedu r es , R- 2 - 7 9 - 6 6 ( 3 )  and/or R- 2 - 7 9 - 1 1 2 ( 4 )  w i th t h e  

same t i t le we r e  appl i c a b l e  d u r i n g  t h e  p e r iod S e p temb e r  1 9 7 9  

t h rough J une 1 7 , 1 9 8 0 . On J une 1 7 , 1 9 8 0 , t h e  Tempo r a r y  N uc l ea r  

S ampl i ng S y s t em bec ame ope r a t ional ; t h i s  sys tem employs t h e  

s a m e  samp l i ng l i n e s  as t he o r i g i na l  sy s tem bu t u s e s  a tempo r a r y  

s ampl i ng s ta t i on located in Th r ee M i l e I s l a n d  Un i t  2 ( TM I - 2 ) ;  

th i s  a ll owed TM I - 2  sampl i ng w i t ho u t  f u r t h e r  i n volvemen t o f  TMI - 1 . 

The appl i cable p r oce d u r e  for t h i s  sys t em i s  P r oc ed u r e  2 1 0 4- 4 . 6 2 ,  

" Tempor ar y N u c l e ar S amp l i ng S y s tem" ; ( 5 )  t h i s  p r oc e d u r e  i ncor po r a t e s  

i n to one documen t ,  samp l i ng p r oced u r e s  f o r  s e ve r al componen t s , 

i nc l ud i ng po i n ts i n  t he RC S , t he RCBTs , and t h e  m i s c e l l aneous 

wa s t e  holdup tank (MWHT ) . These s amp l i n g  s y s t ems a r e  s h own 

on ava i l able d r aw i ng s . ( G ) 

The p r oce d u r e s  and d r aw i n g s  we r e  u s e d  to d e t e r m i n e  t h e  samp l i ng 

l i ne volumes and t he mi n imum f lu s h  vo l ume s . I nq u i r i e s  w e r e 

made to d e te r m i ne the sample con t a i n e r  m a t e r i a l . T h e  l i n e  volumes 

and f lu s h  volumes are s h own on Table A- 1 ;  s t a i n l e s s  s t e e l  ( 3 0 4 L )  

s ampl e  bombs we r e  u s e d  f o r  RCS s ampl i ng p r i o r  t o  Novemb e r  1 9 8 1 ;  

a f t e r  t h a t  t ime f or RC S and f or a l l  t im e s  f or t h e  RCBTs and 

MWHT , 1 2 5 - m i l l i l i t e r  poly e thylene or polypr opy l e n e  bo t tl e s  we r e  

u s ed . 



Table A- 1 

TMI - 2  Sampl i ng Sys tem L i ne Volumes and F l u s h  Volumes 

L i n e  Len g t h  of L i n e  F l u s h  
Samp l e  S i z e L i ne Volume Volume 
Po i n t  ( i n .  ) ( f t )  ( g a l ) ( g a l ) 

O r i g i nal N uc l e a r  S ampl i n g  Sys t em ( to J un e  1 7 , 1 9 8 0 )  

RCS 3/8 8 8 1 . 5  2 . 7 5  3 0  
RCBTs 1/ 2 2 2 3 . 5  1 . 4 7  3 0  
MWHT 1/ 2 4 0 6 . 5  2 . 6 8 3 0  

Tempor � r y  Nuc l e a r  Sampl i ng Sys t em ( a f te r  J un e  1 7 , 1 9 8 0 )  

RCS 
RCBTs 
MWHT 

3 / 8  
1/ 2 
1/ 2 

6 6 5 . 5  
3 0 7 . 5  
4 5 9 . 5  

2 . 0 8 
2 . 0 2  
3 . 0 3 

1 5  
3 0  
3 0  



A . 2  R EACTOR BU ILD ING BASEMENT WATER SAMPLING 

A . 2 . 1  SAMPLES TAKEN ON AUGUST 28 AND NOVEMBER 1 5 ,  1 9 7 9  

T he f i r s t s ampl e s  were ta k en f rom t h e  r eac tor bu i ld i n g  basement 

wa t e r  by mean s o f  a tygon t ube i n s e r ted i n to pene t r a t i on 4 0 1 .  
( 7 )  

T h e  end o f  t he f le x i bl e  t ub i ng was we i g h ted and a r o t a r y  f le x 

t ype pump w a s  u s e d  t o  pul l l iq u i d  up t h e  t u b i ng , t h r ou g h  a sample 

b omb , a nd to a l a r ge con ta i ne r  of dem i ne r a l i z ed w a t e r . The 

p r oced u r e  i nd i ca t e s  that t h e  t u b i n g  w a s  d r y  on i n s ta l la t i on 

a nd was b ac k f lu s hed i n to t h e  con ta i nment w i t h a i r  b e tween s ampl e s ; 

s ampl i ng w a t e r  w a s  d r awn upwa r d  un t i l  l i q u i d  w a s  o b s e r ved i n  

t he s ec ti on o f  t yg on t ub i ng above t he s ampl e  bomb . 

T h e  proc e d u r e  does not i n d i c a te how the pos i t ion o f  t h e  end 

of the t yg on t ub i n g  a bove t he f loor o f  t he r e ac tor bu i ld i n g  

b a s ement was d e t e r m i n e d . 

Re s ul t s  we r e  r epor t e d  by the O a k  R i d g e  N a t i on a l  L a bo r a to r y  ( ORNL )  
( 8 )  

f o r  s ampl es ta k en on A ug u s t  2 8 , 1 9 7 9 , f r on1 t he " top , "  " m i dd l e , "  

and " bot tom "  o f  the wa t e r  volume . SA I
( 9 )  

r epo r t e d  t h a t  t h e  

" bo t tom " s ampl e  w a s  tak en 3 i nc h e s  f r om t h e  f l oor a n d  the " m i d d l e " 

s ampl e  wa s t a k e n  6 0  i nc h e s  f r om t h e  f loor . T h e  r e s u l t s  o f  t h e  

Novemb e r  1 5 , 1 9 7 9 , s ampl e s  h a v e  a l so b een r epor t e d . ( lO )  

A . 2 . 2  SAMPLES TAKEN ON ��y 1 4 , AND SEPTEMBER 2 4 , 1 9 8 1  

T h e s e  s ampl es w e r e  tak en w i th a spec i a lly de s i g ne d  t h i e f  s ampl e r  

t h a t  enabled open i n g  of p r e v i o u s ly e v a c u a ted 1 2 5-m i l l i l i te r  

g la s s  bo t t l es a t  d e t e r m i ned e l e v a t i ons u n d e r  t h e  w a t e r . T h e  

s a mpl e r  i s  d e s c r i be d  i n  d e t a i l . ( l l )  Th i s  s amp l e r  was u s ed on 

�ay 1 4 , 1 9 8 1 ,  by l ow e r i ng i t  t h r o ug h  t h e  cov e r ed h a t ch on t h e  

3 0 5 - f oot e l e va t i on .  S ampl e s  we r e  t a k e n  a t  0 ,  5 - 3 / 8 , 4 7 - 3/ 4 , 

a nd 8 4 - 3 / 4  i nches above t he f l oor . 



A s im i l a r  s ampl er was u s ed on Sep tember 2 4 , 1 9 8 1 ,  t h r o ugh t h e  

open s t a i r we l l  on t h e  3 0 5- foot level ; only a bo t tom samp l e  was 

ta k en a t  t hat t ime . 

A . 2 . 3  SAMPLES TAKEN AFTER SEPT�iBER 2 4 , 1 9 8 1  

The d r a i n i n g  o f  t he r eac tor bu i ld i ng basement water ( and i ts 

d e con t am i n a t i on v i a  s ubmer ged d em i n e r a l i ze r  sys tem and EPICOR 

I I )  s t a r ted in Sep tembe r  1 9 8 1 ;  hence , l a ter s amples w e r e  t a k e n  

w i th the w a t e r  level down f r om t h e  ma x i mum . T h e s e  sampl i ng s  

a r e  d es c r i bed e l s ew he r e . ( lO )  

On J une 2 3 , 1 9 8 2 , only a t h i n  laye r o f  w a t e r  was l e f t  on t h e  

f loor ; a s ample was o b ta i ned u s i ng a m e ta l  s coop . Aga i n  on 

Jan u a r y  1 1 , 1 9 8 3 , a spec i a l ly d e s i g n e d  s u c t i on samp l e r  w a s  u s e d  

t o  ob ta i n  a s ample o f  t he ma ter i a l n e a r  the f l oor . 

A . 3  REACTOR BU I LD I NG A I R  SAMPLING 

R e ac tor bu i ld i ng a i r  w a s  sampled t h rough t he R- 6 2 6  pene t r a t i on 

l oc a t e d  a t  e l e v a t i on 3 5 8 1 6 " .  Th i s  e l eva t i on compa r e s  w i t h t h e  

ba sem e n t  f l oor l eve l o f  2 8 0 1 6 " a n d  t he e l e va t i on a t  t he top 

of the bu i l d i ng of 4 6 9 1 10 " . 
( l 2 )  

The proce d u r e ( l 3 )  r equ i r ed 

pur g i ng t he l i n e s  f or 5 m i n u te s  a t  a r a te o f  1 0  l i te r s  per m i nu te 

p r i o r  to mou n t i ng a pa r t i c u l a t e  f i l te r  s ampl e r  and/or a mu l t iple 

c a r t r i dge samp l e r  f or i od i ne f orms ( conta i n i ng laye r s  of c adm i um 

i od id e , i odoph enol , s i l v e r  xeol i te ,  and c h a r coal ) and t h e  w i th

d r awa l of l c u b i c  cen t im e t e r  sampl e s  w i t h  a hypod e r m i c  syr i n g e  

o r  25 c u b i c  cen t ime te r s  i n to an e vacua t ed bomb s ampl e r . 

A . 4  SAMPL ING OF GASEOUS R ELEASES 

P r i o r  to the a cc i de n t , xenon was mon i tor ed on the s ta t i on vent 

f l ow at TMI - 2  w i t h  a con t i n uous mon i tor that wen t off t he s c a l e  

soon a f t e r  the acc i d en t  s t a r ted . A g r a b  s ampl i ng pr og r am w a s  

i n i t i a ted o n  Mar ch 3 1 ,  1 9 7 9 , and con t i n ued t h r ough t h e  mon t h  

A- 4 



o f  Apr i l . T he s ta t i on vent mon i tor was aga i n  ope r a t i ng on Apr i l  

1 8  and the r ea f te r . ( l 4 )  

D u r i ng the e a r ly pe r iod f r om the t ime t h e  con t i n uous mon i tor 

went o f f  t h e  s ca l e  un t i l  the g r a b  s ampl i n g  p r og r am was i n i t i a ted , 

r e l ea s e s  of xenon we r e  e s t imated by s c a l i ng of a r ea mon i tor 

r e ad i ng s  ( wh i ch f l uc t uated over a f ac tor o f  3 - 4  f r om m e an val ues ) 

and f r om TLD mea s u r ements coupled w i t h d i spe r s i on c a l c ul a t ions . 
( l 4 ) 



REFERENCES FOR APPENDIX A 

1 .  'I'M I - 2  F i nal S a f e ty Anal y s i s  Repor t ,  S e c t i on 9 .  3 .  2 ,  " Pr oc e s s  

Samp l i ng Sy s tems . "  

2 .  TM I Nuc l e a r  S t a t i on Spe c i a l  Ope r a t i ng P r oced u r e , Z - 9 5 ,  

" RC S  S amp l i ng and P r e s s u r i z e r  S amp l i ng f or Total G a s , "  

May 4 ,  1 9 7 9 . 

3 .  TMI N uc l e a r  S t a t i on Spec i a l  Ope r a t i n g  P r oc ed u r e , R- 2 - 7 9 -

6 6 , " RCS Samp l i ng and P r e s s u r i z e r  Samp l i ng f or Total G a s , "  

S e p temb e r  1 4 , 1 9 7 9 . 

4 .  TMI Nuc l e a r  S t a t i on S pec i a l  Ope r a t i ng P r oc e d u r e ,  R- 2 - 7 9-

1 1 2 , " RC S  Samp l i ng and P r e s s u r i z e r  Sampl i n g f or Total Gas , "  

Decemb e r  2 0 , 1 9 7 9 . 

5 .  TM I - 2  Ope r a t i n g  P r ocedu r e , 2 1 0 4- 4 - 6 2 ,  Tempo r a r y  N uc l e a r  

Samp l i n g  S y s tem , June 1 9 8 0 . 

6 . D r a w i n g s  pe r t a i n i n g  to the GPU S amp l i n g  S y s t em s : 

B u r n s  and Roe Tt-1 1 - 2 ,  P l an E l e v a t i on D r aw i n g  2 4 1 5  

B u r n s  a n d  Roe TMI - 2 , P l an E l e v a t ion Dr a w i n g  2 5 0 5  

B u r ns a nd Roe TMI - 2 , P l an El e va t i on D r aw i ng 2 5 0 6  

B u r n s  and Roe TM I - 2 , P l a n  E l e v a t ion D r a w i ng 2 5 0 7  

Bu r ns and Roe TM I - 2 , P l an El e v a t i on D r aw i ng 2 1 6 7  

B u r n s  and Roe TM I - 2 ,  P l a n  E l e va t i on Dr a w i n g  2 1 6 8  

B u r ns and Roe TM I - 2 ,  P l a n  E l e va t i on D r aw i ng 2 0 6 5  

B u r n s  and Roe TMI - 2 , P l a n  E l e v a t ion Dr a w i ng 2 0 6 6  

G i l b e r t A s soc i a te s , TMI - 1  P l an E l e va t i on D r a w i n g  E- 3 0 4-

6 8 4  

7 .  TM I Nuc l e a r  S t a t i on ,  Un i t  2 Recove r y  Ope r a t i n g  P r oc e d u r e , 

Reac tor Bu i ld i ng W a t e r  Samp l i ng 2 1 0 4 - 4 . 1 7 ( Re v . 1 d a ted 

Oc tobe r 1 2 , 1 9 7 9 ) . 



8 .  R . E .  Brookshank and W . J .  Armen to , Pos t- Ac c i d e n t  C l e a n up 

o f  Rad i oac t i v i ty a t  t he TMI N u c l e a r  Pow e r  S t a t i on ,  ORNL

TM- 7 0 8 1 ,  F e b r u a r y  1 9 8 0 . 

9 .  C . A .  P e l l e t e r , e t  a l . ,  Pr e l i m i n a r y  Rad i o i od i n e  S o u r c e  T e r m  

a n d  I n ve n tor y A s s e s sm e n t  f or T�li - 2 ,  GEND- 0 2 8 , M a r c h  1 9 8 3 .  

1 0 . T . E .  C o x , J . T .  H o r an , a n d  G .  Wor k u , R e a c tor Bu i ld i n g  B a s eme n t  

Rad i onuc l i de and S ou r ce D i s tr i bu t i on S t ud i e s , GEND- I NF-

0 1 1 , Vol ume I I I ,  June 1 9 8 3 . 

1 1 . T . E .  C o x , J . T .  Hor an , C . V .  Mc i s aa c , Reac tor Bu i ld i ng B a s emen t 

R ad i on uc 1 i de D i s t r i bu t i on S t ud i e s , GEND- I NF- 0 1 1 , Vol um e  

I I ,  Oc tobe r 1 9 8 2 . 

1 2 . TMI - 2  F SAR , F i g u r e  6 . 2- 3 3 . 

1 3 . TM I Nuc l e a r  S t a t i on Un i t  2 Ope r a t i n g  P r oc e d u r e 2 1 0 4 - 4 . 1 9 ,  

Conta i nm e n t  A i r S ampl i n g  P r oc ; e d u r e ,  Oc tobe r 1 2 , 1 9 7 9 . 

1 4 . G PU-TDR- 0 5 9 , A s s e s sment of O f f -S i t e Ra d i a t i on Do s e s  f r om 

t he T h r ee M i l e  I sl and Un i t  2 Acc i d e n t , Ke i th Wood a r d  ( ¥L & G ) , 
J u l y  3 1 ,  19 7 9 . 



,, 

APPENDI X  B 

TM I - 2  MAS S-BALANCE : MAS S TRANS FER MODEL 



B . l  DESCRIPT ION OF MODEL 

T h e  concept o f  r ad i onuc l i d e  m a s s  b a l ance i s  e s s en t i al l y  one o f  

accoun t i ng a r i t hme t ic i n  w h i c h  t h e  l i qu i d  o r  g aseous c o n te n t s  

( vo lume ) o f  s y s tem componen t s  a r e  mu l t i p l i ed b y  t h e i r  cor r e s 

pon d i n g  k nown conce n t r a t i o n s  f o r  e a c h  o f  t h e  k e y  i so t ope s t o  

o b t a i n  compon e n t  i nventor i e s  a t  chosen md s s- b a lance t i me s . 

The s e  r e s u l t an t  inventor i e s  a r e  n o r ma l i zed t o  t h e  LOR2 tot a l  

cor e  i nv e n t o r y  pr ed i c te d  for e a c h  o f  t h e  k e y  i so tope s f o r m i n g  

t h e  i nv e n to r y  f r a c t ions p r e s e n t  in s y s t em component s  a t  t h e  

mas s  ba lance t ime �  i n v e n to r y  f r ac t i o n s  a r e  t h e n  s ummed ove r  

a l l  sys t em compone n t s  a s  a me a s u r e  o f  b a l a nce c lo su r e . 

B a s ed on t h e  s i mp l i f i ed me t hodology d e s c r i bed abov e , a s e r i e s  

o f  f iv e  i nt e r ac t i v e  comp u t e r  mod u l e s  o u t l i ned i n  F i g u r e  B - l  
h a s  been deve loped t o  acc e s s  t h e  d a t a  i n  t h e  Th r ee-M i l e  I s l a nd 

Un i t  2 ( TMI - 2 )  mas s - ba lance d a t a  b a s e  and f ac i l i t a t e  ma s s - b a l 

ance c a l c u l a t i o n s  f o r  a n y  numb e r  o f  s y s t em compone n t s  a t  anv 

s e le c t e d  mas s -ba lance t i me . The o v e r a l l  s y s t em accommoda t e s  a 

v a r i e ty o f  a n a ly t i c  t e c hn i ques i nc lu d i n g  r eg r e s s i o n  a n a l y s i s  

o r  u s e r - suppl i ed i np u t  t o  e s t i ma t e  o r  r epr e s e n t  

concen t r a t ions/sys tem d a t a  i n  t h e  e v e n t  o f  i n s u f f i c i e n t  r ad i o 

c h em i c a l  concen t r a t ions o r  sys t em compo n e n t  ma s s - t r an s f e r  

d a t a . I n  add i t i on , t h e  mod u l e s  prov i d e  spec i a l  a n a l y t i c  capa

b i l i t y  ( i . e . , i so t op i c  r a t io a n a l y s e s  and volume t r i c  ma s s  ba l 

ance s ) . The s e  capab i l i t i e s  a r e  d i s c u s s ed i n  mor e  d e t a i l  

be low . 

The f i v e  i n t e r ac t i ve mod u l e s , wh i c h  a r e  e x e c u t e d  sequent i a l ly ,  

a r e  i d e n t i f i e d  a s  t h e  I n t r od u c to r y  T e x t  Mod u l e , P r ob l em I n i 

t i a l i z a t ion Mod u l e , Vol ume C a l c u l a t i o n a l  Mod u l e , Rad i o

c h em i c a l  Con c e n t r a t ion Mod u l e  and I so t ope F r a c t ion C a l c u 

l a t ion Mod u l e . 
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User establ 
Set o f  Mode 
Components 

ishes ---7 
1 

SYSTEM f i l e  

User-spec i f  
Data Not. Av 

SYSTEM F i l e  

i e d  System-; 
ailable in 

(Option) 

CHRONOLOGY F i l e � 
User-supp l ie 
mass balance 

d 
time 

SAMPLE F i l e  

ANALYSI S  F i  l e  

User-suppl ie 
concentratio 

ISOTOPE F i l  e 

d � 
ns 

INTRODUCTORY TEXT !'ODULE 

This module introduces the mass balance 
software package to the user . Several pages 
of introductory text displayed on the 
terminal describe the overal l  system. The 
module a l so establishes a set of model or 
lumped components describi:-tg the flow paths 
in the CHRONOLOGY f i l e  of the data base. 

L 
l 

PROBLEM INITIALIZATION MODULE 

This module l inks the user-established set 
of model components to the system f i l e  of 
the data base and determines initia l volumes 
and surface areas at the time of the accident 
and the total volume capacities for each 
model component . 

VOLUME CALCULATIONAL MODULE 

This modul e  accesses the CHRONOLOGY f i l e  o f  
the data base, identifying for each model 
component a l l  mass transfer .-;ince the 
start of the accident to the .nass balance 
time . The module a l so calculates the net 

component volumes and areas a s  of the mass 
balance time and creates a h i s tory f i l e  o f  

component volume a s  a function of time. 

� Prints the set o f  
model or lumped 
components in f i l e  
MODEL. DATA 

MODE L . DATA F i l e  

/ 
� 

NEWS 

v 
� 

------} 

� 

Prints the Resulting To
tal and I n i t i a l  Volumes 
for "Lumped" Model Com
ponents in f i l e  
NEWSYS . DATA 

F i l e  OUTPUT prints user 
discernable results of 
NEWSYS . DATA 

YS . DATA F i l e  

Prints volumes a n d  n e t  

change f o r  model compo
nents at mass balance 
time in file VOI.UME . DATA 
User discernable version 
of VOLUME. DATA printed in 
OUTPUT . VCM 
F i l e  FLOW . DATA iden t i f ies 

all periods of component 

infl ow/outflow to the mass 
bal ance time . 

Prints VOLUME . HI STORY f i l e  
o f  model component t ime 

dependent volumes 

ti-· _
FLOW . DATA F i l e  

RADIOCHEMICAL CONCENTRATION MODULE 

This modu l e  prov ides the user with a variety 
of calculational tools (regression ana l y s i s )  
a n d  query modes to approximate concentrations 
at the mass balance t ime in the event o f  
unavai 1 a b l e  concentrations at the time of 
interest . Data queries, volume and flow 
calculations provide the user with capab i l ity 
to supply representative data . Modul e  a l so 
can perform independent analyses of i sotope 
ratios. After completion o f  each component, 
the modu l e  returns to the RCM menu to sel(c'ct 
a new component or terminate the session . 

v? 
� 

Prints Final Concentrations 
for Key I sotopes at Mass 

Balanc;e Time in f i l e  
CONC . DATA 

For components evaluated 
through regress ion main

tains f i l e  CONC . H I STORY of 
actual concentrations 

vs . time 

CONC . DAT A and CONC . HI STORY F i l e s  

ISOTOPE FRACTION CALCULATIONAL MODULE 

This modu l e  uses the component net volume 
data of the VCM to convert concentration 

data of the RCM to component inventory . 
Modu l e  a l so calculates component inventory 

frnctions for key isotopes based on predicted 
isotopic inventory data extrapolated from 

ISOTOP" � i l e  o f  the data base . Termination 
of this modu l e  ends the ntass balance 

software package. 

Figure B-1 

TMJ- 2 RADIOCHEMICAL MASS BALANCE 

COMPUTER CODE SYSTEM 

B -- 2  

/ Prints I sotopic Inventory 
and I nventory Fractions 

� 

for each Component then sums 
over a l l  components in f i l e  
ACTIVITY. DATA 

Prints inventory as a 

function of t ime in 

INVENTORY . HI STORY for 
components evaluated 
through regression 



The sou r ce cod i ng was wr i t t e n  i n FORTRAN- 7 7  and i n s t a l led o n  

t h e  NUS P r i me Compu t f'> r .  Ve r i f i c a t i o n  o f  t h e  mod u l e s  w a s  

acc ompl i shed bv compa r i ng r e s u l t s  o f  hand c a l c u la t i o n s  t o  cod e 

c a l c u l a t e d  r e s u l t s  f o r  a v a r i e ty o f  r e p r e s e n t a t i v e  s ampl e  

p r oblems . A d e s c r i p t ion o f  t h e  mr 1 u l e s  a n d  n ume r i ca l  met h o d s  

employed a r e  p r e s e n t e d  i n  f o l low i n g  s e c t i on s . 

B . 2  I NTRODUCTORY TEXT MODULE 

The I n t r od u c to r y  T e x t  �od u l e  ( I TM ) i s  t h e  f i r s t  o f  f i v e  mod 

u l e s  t h a t  suppo r t  t h e  r ad i och em i c a l  ma s s -balance c a l c u l a 

t io ns .  I t s  ma i n  f unct i o n s  a r e  to i n t r od uce the u s e r  to t h e  

ove r al l  sys t em and t h e  opt i on s  i t  a f f o r d s  a n d  t o  e s t abl i sh a 

s e t  o f  s t a t e - spec i f i c ( i . e . , LIQ , GAS , e tc . ) mode l  compo ne n t s  

to b e  evaluated a long w i th t h e i r  a s so c i ated con s t i t u e n t  c ompo

n e n t s .  

The l i qu i d f lowpath mod e l  p r e s en t e d  i n  Chap t e r  4 ( F ig u r e  2-8 ) 

f o r ms t h e  bas i s  fo r ma s s- ba lance c a l c u l a t i on s ,  f r om wh i c h  a 

s e t  o f  mod e l  compone n t s  i s  d e ve loped . The mod e l  component c a n  

f u n c t ion a s  t h e  ove r a ll s y s t em d e s i g n a t o r  a s  i n  t h e  r e a c t o r  

coo lant s y s tem ( RCS ) w i th a l l  o f  i t s  con s t i t u e n t  componen t s  

( i . e .  , RC - P - l A )  o r  a s  a lump i ng o f  1 i k e componen t s  f u r t h e r 

s ubd i v i d ed i n to con s t i t u e n t  o r  spec i f i c componen t s . Th i s  

r e l a t i o n s h i p  between con s t i t u e n t  a n d  mod e l  compo n e n t  i s  d ewo � 

s t r a t ed b y  lump i n g o f  A ,  B ,  a n d  C r e a c t o r  coo l a n t  b l e e d  t a n k s  

( RCB Ts ) unde r mod e l  compo n e n t  WDL-T- l .  

A f t e r  t h e  i n t r od u c t ion to t h e  s y s tem , t h e  iJod u l e  p r ompt s  t h e  

u s e r  f o r  a l l  o f  t h e  r e qu i r e d  i no u t  and c r e a t e s  a n  e x t e r n a l  

f i le , MODEL . DATA , comp r i s ed o f  mod e l  and con s t i t u e n t  comoo

nen t s . Table B - l  shows t h e  r e s u l t a n t  s e t  of mod e l  and con

s t i t uent compone n t s  for the f lowpath mod e l  noted above . 
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Table B- 1 

User-Supp l ied Mode l  Component Data 

24326 
1 7RCS 
RC-T-J 
�C-T-2 
MC-H-J A 

LIG 

· RC-H-J B 
RCP-c-1 
RC P..:.C-l Al 
RCP-C - 1 A2 
RCP-C - 1 8 1  
R C P -C - 1 8 2  
RCP-PS-1 
RCP-H- l A  
RCP-H- 1 8  
R C -P - l llc2 
Rc-p.:... J A  
RC-P - J 8 
R C -P-2A 
RC-P -28 

( Con ti�ued f rom Column 1 )  

3MU-C - 1  
l"tU-C-J 
l"tU-C - J A 
l"tU-C - J B 

1 MU- J -FE 
l"tU- J -FE 

3t1U-F-5 
l"tU-F- :'i 
l"tU-F-�A 
l"tU-F-:'iB 

3MU-K-1 
l"tU-K - J  
I'IU-K-.I A 
l"tU-K- J B  

3MU-F-2 
I'IU-F-2 
I'IU-F-2A 
l"tU-F-28 

1 MU-T-1 
I'IU-T-1 

4MU-P -1 
l"tU-P - J  
l"tU-P- l A  
l"tU-P - J B 
l"tU-P - J C 

l DH-T-1 
DH-T-J . 

l WDL-T-3 
WDL-T-3 

l R B  SUMP 
RB SUMP 

1 WDL-T-2 
WDL-T-2 

1WDL-T- 1 A  
WDL-T- l A  

1 WDL-T- 1 B  

L I O  

L I O  

L I O  

L :l O  

L I O  

L I O  

L I O  

L I O  

L I O  

L I O  

L I O  

L I O 

L I O  B - 4  

WDL-T-1 8  
1WDL-T-1 C L I O  

WDL-T-l C 
1 AU X  SUMP L I O  

AU X SUMP 
l WDL-T-5 L I O  

WDL-T-5 
3WDL-T-B L I O  

WDL-T-8 
WDL-T-BA 
WDL-T-BB 

3WDL-T- 1 1  L I O  
WDL-T- 1 1 
WDL-T-U A  
WDL-T- 1 1 8  

1 UN I T  1 L I O  
UN I T  l 

1 CON2 QAS 
CON2 

l STAT I ON VENT QAS 
STAT I ON VENT 

:I ATMOSPHER E QAS 
ATMOSPHERE 

5NR -P-1 L I O  
NR -P-1 
NR-P -J A 
NR -P-J B 
NR-P - l C  
�-P-J D 



B . 3  PROBLEM I N I T IALIZ AT I ON MODULE 

The s econd mod u l e , the P r oblem I n i  t i a l i z a t  i o n  Mod u l e  ( P I M )  , 

a s s i s t s  t h e  u s e r  i n  i n i t i a l i z i n g  t h e  problem by l i n k i ng t h e  

s y s t e m  t ab l e  o f  t h e  d a t a  ba s e  t o  t h e  f low pathmod e l  e s t ab

l i sh e d  i n  t h e  p r e v i o u s  mod u l e . Fo r e a c h  mod e l  compone n t , t h e  

mod u l e  i d e n t i f i e s  a n d  s u m s  i n i t i a l a n d  d e s i g n  volumes and 

a r e a s  ov e r  a l l  of  t h e  cons t i t u e n t  compon e n t s .  Us i ng the RCBT 

mode l  compon e n t  e x amp le p r e s e n t e d  i n  t h e  p r e v i o u s  s e c t  ion , 

WDL-T- 1 ,  t h e  i n i t i a l a n d  d e s i g n  v o lume s o f  con s t i t u e n t  c ompo

n e n t s  WDL-T- lA , NDL-T- lB , a n d  WDL-T- lC a r e  t o t a l e d a nd w r i t te n  

to a f i le i d e n t i f i ed a s  new sys t em d a t a  ( NEWSYS . DATA) f o r  u s e  

by s ub s eq u en t  mo i u l e s . 

v i d e s  a 1 i s t  o f  mod e l  

v o l ume s and a r e a s , and 

t i me o f  t h e  acc i d e n t . 

The P r ob l e� I n i t i a l i z a t i on Mod u l e p r o 

( l umpe d )  compo n e n t s , t o t a l  compone n t  

t h e  compone n t  sou r c e  vo lumes a t  t h e  

T h e  mod u l e , wh i c h  i s  e x e c u t e d  i n t e r ac t i v e ly , p r o v i d e s  t h e  u s e r  

w i th a l i s t  o f  svs t em compon e n t s  fo r wh i c h  vo lume o r  s u r f a c e  

a r e a d a t a  doe s no t e x i s t  i n  t h e  d a t a  b a s e  a n d  p r o v i de s  t h e  

opt i o n  t o  i np u t  such d at a .  I n  t h e  e x ampl e  c a s e  f o r  t h e  ove r 

a l l  ma s s  f low mod e l ,  t h i s  opt i o n  w a s  dec l i ne d  and t h e  l i s t o f  

compo ne n t s  f o r  wh i c h  sys t em d a t a  a r e l ac k i ng i s  � r o v i d e d  i n  

Table B - 2 . Lac k o f  v o l ume d a t a  f o r  t h e  compon e n t s  i d e n t i f i ed 

i n  Table B - 2  i s  a c c e p t a b l e  f o r  c ompone n t s l i k e  RCP-C - 1  wh i c h  

i s  r ep r e s e n t e d  a s  a l umped compon e n t  i n  t h e  c h r onology t ab l e  

by t h e  con s t i t u e n t  compon e n t  i n  t h e  sys t em t ab l e  ( RC P -C - 1Al , 

l A2 , l.B l , lB 2 ) . S im i l a r  e x p l a n a t i o n s  f o r  WDL-T- 1 ,  WDL-T- 8 ,  

a n d  WDL-T- l l  apply . Fo r t h e  compo n en t  s i n k s  i il e n t i f i ed i n  

Table B - 2 ,  ( i . e . , U n i t  l ,  atmosphe r e ,  a u x i l i a r y  f loor ) compo

n e n t  volumes c a n no t  be qua n t i f i e d . Fo r t h o s e  compo n e n t s  s u c h  

a s  NR-P - 1  ( r i v e r  w a t e r  pump s ) t h a t  l ac k  t h e  n e c e s s a r y  i n f o r 

ma t io n , a ma s s -ba l a n c e  c a lc u l a t i o n  c a n n o t  be pe r f o r med w i tho u t  

e n t r y  o f  r e p r e s en t a t i ve d a t a .  Table B - 3  p r e s e n t s  a s umma r y  o f  

t h e  d a t a  a s s i m i l a t ed by t h e  P r ob l em I n i t i a l i z a t i o n  Mod u l e . 
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Tab l e  B - 2  

Component D e s i gn a t i o n s  W i th i n  The Mod e l  

For Wh ich Sys tem D a t a  A r e  Lackin g  

T H I S  " O O F L  I.. O N T A ! N S  0::: 4 C U ,. tJ O N E N T S .  
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to T n E K E  l !l  N O  � � li. . H  I �  � Y � T E M  D A T A F O K M U -f - � ll u F  M U- F - 5  W I T H S T A T t  L I �o� 
I T n E I H  I S  N O  "' A T C. I1  I N  S Y S H II!  D A T A f O k  M U- t< - 1  U F  M U- 11.. - 1  W I T H S T A T E  L l lol  0"\ T H E R E I S N O IIII A H . H  I N  S Y S T E M  D A T A  F O R M U-1<- l A  U F  IIII U-11.. - 1  W I T H S T A T E  L I Q  

T n E K E I !l  N O  illl A T l. H I N � Y .:) H 14 D A T A  F O t< M U- K - l d  u F row- 11..- 1  W I T H ST AT E � 1 1.1 
T h E !t E  I S N O  H A T \. 11  I N  S Y S T E M D A T A F O I<  M U-F- 2 O F  M U- F - 2  W I T H  S T AT E Ll w 
T H E R E I �  N u  I.I A T (. H  I N  !) Y S T E: M D A T A F O K M U - F - 2 A  u F  'l U- F - 2  W I T H ST AT E L lQ 
T 11E R E  I S  N O  M A T l. H  I N  S Y S T E � D A T A f O K  M U- F - 2 d  U F  rot u- F - 2  W I T H  !) T A T E  L I Q  
T 11 E H E  I S  N O  M A T �.- H 1 1'4  S Y S T E: M U A T A F O W.  M U - P - 1  O F  M U- P - 1 w i T H  S T AT E L I �o�  
T 11 E R E I �  N O  M A T C H  I N  � Y S T t M  D A T A F O H  � U- P - l A  U F  "1 lJ- P - 1  W I T H  !) T A T E  L I Q  
T t1 E R E  I S  N O  M A T C H I N  S Y S T E "'  D A T A f O k M U - P - l U  O F  M U -P - l  W I T H ST AT E Ll lol 

T t1 f K E  b N O  ., t. T l. H I N  ,:, Y !) T t �  O A T A  f O K  III U- P - l C  u F  M U - P - 1  W I T H  S T AT E L llol 
T tt E k  E I S  ti O l'l .ll T L.. H HJ S Y S T E M  O A T A F O R  W O L - T - �  U F  W D L- T - 8  W I T H  S T A T E  L I W 

T H E R E I S  N O  � A T (. H  I N  S Y S T E M  D A T A  F O R w O L - T- 1. 1 O F  W O L - T - 1 1  W I T H  S T AT E  L I Q  
T t1 E R E  I S  N O  '�� ll 1" L. H I �  � Y � H rol D A T A  t-: O k  U N 1 T 1 U F  U N I T  l W I T H S T AT E Lllol 
T h E R E I S N O  M A T l. H I N  S Y S T I:: M D A T A F O K C O N 2  U F C O N2 W I T H S T AT E G A S  
T H E R E I S N O  � A T C H  Hl !) "'' H E 114  D A T A  f- 0 1(  S T AT I O N  V F N T  l.I F  S T A T I O N  V E N T  W I T H  ST AT E GAS 
T H E R E I S  N O  M A T C H  I N  S Y S T E  114 OA T A F- O t<  A T M O � P n E K E  OF A T .,. tJ S P H E A t  W I T H  ST A T E  C. A S  
T n E I H  I S  N O  M A T � H  I N  S Y S T E M  O A T A f O K  N R - P - 1 O F N R - P - 1  W I T H S T AT E L ito� 
T li E  K E  I S  N O  III A T C H  I �  S Y S T E � D A T A  F O R  N R- P - l A O F  N R- P- 1 W I T tf  S T A T E  L I Q  
T 11 f  f! E I S  � u  M A T C H  1 1'4  S Y S T E M  O �o� T A  F Ok N R - P - 1 6  O F  N R -P - l  W I T "  STAT E Ll "' 
T h E K F  � �  � 0  M SJ T L.. t1 1 �  � Y !l TE: M D A T A f O K � R - P - 1 C u F iii K - P - 1  W I T H  ST A T E  L I Iol 
T 11 E R t I S  N O  I .. A T t.. t- I N  S Y S H 'I  D A T A  F O K  N R- P - 1 0 u F  N R- t-» - .1.  W l T H  ST A T E L I �o�  
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Table B- 3 

Tot a l  a n d  I n i t i a l  Vo lume s a n d  

Are a s  o f  Mode l  Componen t s  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
T � I S  I S  T h F � � w  S Y S T E �  U 4 T A  F J R 2 4  M a D E L  C Q M � O N E N T S  

· · · · · · · · · · · · · · · · · · $ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

C O M P O N E N T S T A T E  T U T A L V O L U M E  T O T A L  A � E A  I N I T I A L VOL U "E I N I T I A L  A kf A  

� · · · · · · · · · · · · · · � · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

R C S  
;;� u- C - i 
" U- 1 - F E  

M u-F - 5  

H U- K - 1  

III U-F - l  

H U- T - 1 

H U- P - 1  
O n -T - 1  
.. UL - T - 3  

tt ts S U H P  
w O L - T - 2  

W O L - T - l A  

W UL - T - 1 b  

W O L - T - I C 

A U X  S U M P  
W U L - T - 5  

W OL - T - 8  

W O L - T - 1 1  

U rt i T  l 
C U N 2  
S T A T  I O N  H N T  
l l 1'4 U S I' H t llt:  
N � - P - 1  

L l  ... 
L h i  
L h l  
l l \ol 
L l o! 
L l o,j  
L l �o�  
L I IJ  
L. l .., 
L l lol 
L l .l 
L H I  
d lol  
L I �oo� 
L l l.ol  
L 11.1 
L h l  
L I 101  
L l !J 
L I -1  
G A �  
G I\ S  
i..J I\ �  
L [ ..t 

H . R b E + 0 4  

o . n o E - 0 1  

O . O O E - 0 1 

O . O O E - 0 1  

O . O O E - 0 1  

o . o u E - O J.  

4 . 4 9 E • 0 3 

0 .  0 0  E - 1) 1 

4 . 5 b E • O �  

�t . 8 b E + O J 

2 . 0 9 E + 0 3  

1 . 9 0 E + 0 4  

7 . 5 5 E + IJ 4  

7 . 5 5 E + 0 4 

7 . 5 5 E + 0 4  

b .  H E +  O J  

2 . 8 9 E • IJ 3  

1 . 5 1 E • 0 4  

4 . 6 4 E + 1J j  

O . O O E - 0 1  

O . O O E - Q l 

() . Q u i: - O J.  
() • (1 J F - (1 J. 
O . O O F - O l  

o . o o E - 0 1 

o .  O OE - u  1 

o . O CI E - 0 1 
O . O O E - 0 1  

o . o o E - 0 1 

O . ll O t- v l  

O . O O E - 0 1  

o . o o t: - u 1 

O . O O E - 0 1 

o .  Q I) E -'J l 
O . O O E - 0 1  

O . O O E - 0 1 

o . O il E - 1) 1 
Q . J O E - 0 1 

O . O O f: - 0 1 

o .  0 OE - v  t 
O . O O E -0 \  
O . O O E - 0 1  

o . o o E - 0 1 

o .  Q ') t: - •) 1  

O . O O f - 0 1 

O .  O N: - v l  
o . o ('l t: - o t 
U . O O t - 0 1  

B . 2 1t E + 04 

O . O U E - 0 1  

O .. O iol E - O J.  

O . O O E - 0 1  

o . O O E - 0 1  

O . O O E - 0 1  

2 . 2 t:I E + 0 3  

Q . O O E - 0 1  

� . �t � E + O �  

6 . 6 it E + D 1  

H . 74 � + 0 2  

1 . 3 1J E + O �  

3 . 3 l E + Q 't  
5 . 0 2 E + 0 4  

5 . 0 2 E + O it 
lt e 8itF. + O j  

2 . 5 0 E + !J 3 

t . 6 � E + 0 4  

2 . 5 3 E + 0 3 

o . o o e - 0 1  

O . O O E -0 1 

o . o o E - 0 1  

O . O J E - 0 1  

o . C O E - 0 1  

O . O O E - 0 1  
O .  O OE - 0 1  

o . o o t: - o t 

O . O O E - 0 1  

o . o o e - 01 

O . O O E - 0 1  

O . O O E - 0 1  

o . o o e - 0 1 

O . O O E - 0 1  

o . o o e- o 1  

O . O O E - 0 1  

O . O O E - 0 1  
O . O O E - 0 1  

o . o o c - 0 1  
o . o o e-0 1 
O . O O E - 0 \  

O . O 'l E - 0 1  

o . o o e - o t  

O .  O O E - U l  
O . O O E - 0 1  

O . O O E - 0 1 

o .  O OE - IJ 1  

o . o , E - C 1  

O . O O E - 0 1  



B . 4  VOLUME CALCULATIONAL MODULE 

The t h i r d  mod u l e , t h e Vol ume C a l c u l a t i on Mod u l e ( VCM ) , s up 

por t s  s ub s e qu e n t  mod u l es of t h e  s y s t em b y  l i n k i ng t h e  

c h ronology t a b l e  of t he d a t a  bas e t o  t he n e w  sy s t em f i l e  o f  

mod e l  componen t s  and i d en t i f y i ng mas s t r a ns f e r s  f r om t h e  s t a r t  

o f  t he acc i d en t  to t h e  m a s s- ba l ance t im e . T h e  mod u l e  p r omp t s  

f or one u s e r - spec i f i ed i npu t p a r am e t e r d u r i ng e x ec u t i on o f  

t h i s  modu l e , t h e  m a s s - b a l a nce t ime . I t  b o u n d s  t h e  cons i d e r 

at i on o f  mas s t r a ns f e r s  on a mod e l  componen t by mod e l  compo

n en t  bas i s  to t h e  p e r i od of t ime be tween s t a r t  of t h e  acc i d en t 

and mas s - ba l anc e t i m e . 

The mod u l e  se r ve s  two spec i f i c  f u nc t i ons i n  t h e  de t e rm i na t i on 

o f  r a d i onuc l i de m a s s  ba l a nces . I t  d e t e r m i nes t h e  compon en t 

vo l ume b a l anc e s  and t he i r  n e t  i nc r e a s e  or dec r e a s e ,  f or a l l  of 

t he mod e l  compon en t s  at t h e  m a s s- ba l ance t i me . T h e  r e s u l t s  of 

the compone n t  vol ume ba l an c e s  are ma i n t a i ned in a f i l e i d e n t i 

f i ed a s  VOL UME . DATA a nd a r e  u s ed by t h e  l a s t  mod u l e  t o  con v e r t  

compone n t - spec i f i c  i s o to p i c  conc en t r a t i ons to i nve n t J r i es .  

T h e s e  r e s u l t s  a r e  a l so p r es e n t ed i n  u s e r - d i s c e r n i b l e  o u tp u t  

i de n t i f i ed a s  OUTP UT . VCM ( Ta b l e  B- 4 ) . T h e  nega t i v e compo n e n t  

vol um e s  a t  t h e  MBT s hown i n  T a b l e  B-4 i nd i c a t e t h a t  f u r t h e r  

c h r o no logy deve lopment may b e  wa r r a n t e d  o r  t h a t  t h e s e compo

nen ts , as i n  t h e  r i v e r  w a t e r , f u n c t i oned as t h e  so ur c e  o f  

i n f l ow for o t h e r  compon e n t s . A l so ,  t o  s uppor t a spec i a l  c o n 

c en t r a t i on c a s e  i n  wh i c h component i n f l ow o c c u r r e d nea r t h e  

mas s - ba l anc e t i m e  and conc e n t r a t i ons a r e  k nown a t  t i mes o t h e r  

t h an t h e  m a ss- b a l ance t i me , t he code i d e n t i f i es f or e a ch mod e l  

componen t , a l l  add i t  i ons a n d  wi thd r a wa l s  a s  we l l  a s  t he i r  

assoc i a ted f l ow r a t e s  a nd t h e o t h e r  componen t s  i n vo l ved i n  t h e  

t r a ns f er . T h e s e  d a t a  r e por t e d  i n  f i l e FLOW . DATA a r e  ac c e s s ed 

by t h e  ra d i oc h em i cal mod u l e .  

B - 8 



Tab le B- 4 

Vo lumes and Accumul ated Vo lume Changes 

VOLUMES ARE AT�  
YEAR � 79 
MONTH : 6 

DA Y : 28 

HOUR : 4 

M I NUTE :  0 
S EC ON D :  0 

a t  a n  Examp le MBT 

*** * * * * * * * ** * * * ** * * * * * * * · · · · � �  
* T A B L E  O F  C OMP ONENT VOLUMES § 

* * * * * * * * * * * * � � · ·* · � · · · · · � - · � � ·  

C OMP ONENT STATE VOLUME C HANGE I N  VOLUME 

R C S L I G  8 .  032E + 0 4  - 2 . 080E+D3 

MU-C - 1  L I G  6 .  J 40E+ D J  0 .  0(>0E-OJ 

MU- t - FE L I G  2 .  84DE-02 n. OOD E  -0 .1 
MU- F - 5  L I Q  8 . 980E+OO O . OODE -O l 
MU-K- ' L I G  � - 80DE+D2 0. Q()() E - O J  

MU-F- 2 L I G  8 .  980E+OO 0 .  OOO E - D J  

MU-T- 1 L I G  ·1 . 668E+03 ·- 6 .  l 2 l E +02 

MU-P - 1 L I G  J .  460E+ O J  0 OODE-0 1 

DH-T- 1 L I G  1 .  6 1 2E + O :=i  - 2 .  878E+ 0 5 

WDL - T - 3  L I G  7 .  437E+03 7.  9 7 0E+02 

RB SUMP L I G  4 . 94 3E +D �  4 .  9 3 � E + O �  
WDL - T- 2  L I G  - 2 .  334E+D4 -3. 724E+04 
WDL - T - 1 A  L I G  5 .  388E+04 2 . 068E + 0 4  

WDL- T- l B  L I G  5 .  723E+04 7 . 028E+03 

WDL - T - 1 C  L I G  3 . 8 38E +D4 - .l . .  1 82E +04 

AU X SUMP L I G  2 . 082E+D4 l .  598E+04 

WDL - T - 5  L I G  - 6 . 0 50E+04 - 6 .  300E+D4 

WDL-T-8 L I G  1 . 0 l 4E +D4 - 6 .  6 5 9E+03 

WDL - T- 1 .1. L I G  - 2 .  24 1 E+ 0 4  - 2 .  4 9 4 E + 0 4  

UN I T J L J G  1 .  008E+0 5 1 .  008E+0 5 

C ON2 GAS 2 .  J. 20E+D6 0. ODOE-Dl 

S TA T I ON VEN T  G A S  - 4 . 0 5 7E+D9 - 4 .  0 5 7E + 0 9  

A TMOS P H E R E  G A S  4 .  0 �7E+09 4. 0 � 7E+09 
NR - P - .1 L I Q  - :1  . .  822E+0 5 - 1 . 822E+05 

VOLUME UN I T S AR E �ALLONS FOR L I OU I DS AND C UB I C  FEET F OR QASES 
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The Volume Calcu l a t iona l Mod u le s e r ve s  one o t h e r  f u nc t ion 

i nd epende n t  o f  the r a d ionucl i d e  mas s -b a l a nce c a l c u l a t i on s : i t  

ma i nt a i n s  a h i s t o r y  f i l e  o f  mod e l  component c h a ng e  i n  sou r ce 

v o l ume f r om t h e  s t a r t o f  t h e  acc i d e n t  t o  t h e  mas s -ba l ance 

t i me .  

B .  5 RAD I OCHEM ICAL CONCEN'rRAT I ON MODULE 

The Rad i och em i c a l  Conc e n t r a t ion Mod u l e  l i n k s  t h e  SAMPLE and 

ANALYS I S  t ab l e s  o f  t h e  data base to t h e  u s e r  spec i f i e d  set o f  

mon e l  compone n t s  and i d en t i f i e s  s amo l e s  wh i c h  c o u l d  pot e n 

t i al l y  r epr e s e n t  t h e  i so t op i c  con t e n t s  o f  t h e  compone n t s  a t  

t h e  m a s s - b a l ance t i me . Th i s  mod u l e  i s  d e ve lope d a s  a tool to 

be u s e d  i n  d e t e r m i n i ng componen t - spec i f i c conce n t r a t i o n s  a t  

t h e  m a s s - b a l a n c e  t i me b a s ed o n  ava i l a b l e  s ampl e  a n d  a n a l y s i s  

d a t a . I np u t  to the Rad iochem i c a l  Conce n t r a t ion Mod u l e  con

s i s t s  o f  the e x t e r n a l  f low data and new s y s t em f i l e s  d e v e loped 

by P r e v i o u s  mod u l e s � o utput cons i s t s  of a f i le l i s t  of mod e l  

c ompon e n t s  and the i r  i sotop i c  concen t r a t i o n s  a t  the mas s -ba l 

ance t i me .  

Th i s  mod u l e , e x e c u t e d  i nt e r ac t i ve l y , a l so a f fo r d s  the u s e r  

w i t h  a v a r i e ty o f  n ume r i c a l  t oo l s  and opt i o n s  f o r  se l e c t i o n  

and c a l c u l a t ion o f  r ep r e s e n t a t i v e  conce n t r a t i on d a t a  s h o u l d  

conce n t r a t i o n s  be unava i l ab l e  a t  t h e  ma s s  ba l a nc e  t i me .  At 

v a r i o u s  t imes d u r i ng e x ec u t ion , t h e  u s e r  i s  p r e s en t ed w i th an 

opt i on to r e j ec t  r ep r e se n t a t i v e  conce n t r a t i o n s  or d a t a  and r e 

t u r n  t o  the menu o f  mod e l  compon e n t s .  The Rad i oc h em i c a l  Con

c e n t r a t i o n  Mod u l e  e v a l u a t e s  o n l y  one mod e l  compo n e n t  at a t i me 

a n d  accommo d a t e s  on l y  one m a s s-ba lance t i me d u r i ng a n  e x e c u t ion 

s e s s ion . 

Nume r i c a l  a n a l y s i s  opt i on s  made av a i l a b l e  to t h e  u s e r  i nc l ude 

a n  e x ponent i a l  o r  l i n e a r  f u nct i o n a l  f i t  of compo n e n t -spe c i f i c 

B - 1 0  



s ample  concen t r a t ions to pred i c t  the concent r a t ions o f  the key 

i sotopes a t  t h e  mas s-balance t ime . The cod e emplovs r eg r e s

s i on tech n i que s , wh ich al s o  a l low for the e l i m i n a t ion  o f  d a t a  

po i n t s  t h a t  a r e  s ig n i f ican t ly o u t s id e  o f  the r e g r e s s ion l i n e  

( i . e . , 2 a )  and then t h e  r e f i t t ing  o f  t h e  d a t a . Und e r  th i s  

opt ion , a f i le o f  t h e  act u a l  conce n t r a t ions a s  a funct ion o f  

t ime i s  ma i n t a i ned  b y  t h e  sys tem a n d  a l lows t i me -dependent 

c a l c u l a t ion of  i sotop i c inventor i e s . Th e s e  me thods a r e  appl i 

cable t o  compone n t s  l i k e  the RCS w h i ch expe r i ence s r e l a t i v e l y  

l i t t l e  f luctuat ion i n  component vo lume . 

I n  add i t io n  to the me thod s d e s c r i b e d  above , the Rad iochem i c a l  

Conce n t r a t ion Mod u l e  pe r m i t s  r ev i ew a n d  s e lect ion o f  a r ep r e 

sent a t i v e  sampl e . B a s ed o n  a code s e a r ch o f  the  f low d a t a  

g e n e r ated b y  t h e  Vol ume C a lc u l a t ion Mod u l e , th e Rad i ochem i c a l  

Concen t r a t ion Mod u l e  i d ent i f i e s  ner iods o f  component i n f low ,  

between the s ample t i me and ma s s -balance t i me , r e la t e d  sou r c e s 

o f  i n f low and t he i r  concent r a t ions . I f  conce n t r at ions  i n  the  

r e la t e d  compon e n t s  are  not know n , t h e  u s e r  ma y enter  r ep r e 

s en t a t i v e  concen t r a t ions . The r e s u l t an t  conce n t r at ions a t  t h e  

mas s -b a lance t i me a r e  d e t e r m i ne d  acco r d ing to con s e r va t ion o f  

m a s s  and volume . 

Th i s  mod u l e  prov i d es add i t ional  capab i l i t y i n dependent o f  

mas s -balance c a lc u la t i on s ,  to s tudy  t h e  r e la t ion s h i p  betwe e n  

k ey i so tope s t h r o ugh r a t io analys i s . For a u s e r -d e f i ned  

component and s e t  o f  key i sotope s ( e . g . , C s - 1 3 4  and C s- 1 3 7 )  

a nd t i me per iod , t h e  code d e t e r m i ne s  the  r a t i os o f  the  s amp le  

concen t r a t ions , r a t ios o f  t h e  p r e d ic ted cor e  i n v e n t o r y  at  

co r r e spond i ng concent r at ion analys i s  t ime s , and  then  t h e  

r e su l t a n t  " r a t io o f  r a t io s " o r  i sot ope r a t i o .  Th i s  i s  a 

s t a t i s t i c a l  tool t h a t  perm i t s  analys i s  o f  de  v i  at  ion o f  t h e  

r e s u l t a n t  r a t i o  f r om a " t r ue v a l u e "  ( i . e . , un i t y )  a s  a me a s u r e  

o f  d a t a  u nc e r t a i nty . 
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B . 6  I SOTOPE FRACTION CALCULAT I ON MODULE 

The f i n a l  mod u le , the I sotope F r a c t ion C a l c u l a t ion Mod u l e , 

c a lc u l a t e s  t h e  c ompone n t  i nv e n to r i e s  a n d  t h e  i nv e n to r y  f r ac 

t io n s , t h a t  i s , t h e  f r ac t ions o f  t h e  a v a i l a b l e  co r e  i nv e n t o r y  

pr e s e n t  i n  t h e  c ompon e n t s  a t  t h e  mas s  b a l a n c e  t i me .  Th e mod 

u l e  a l so tot a l s  t h e  i nventor i e s and i nvento r y  f r ac t ions for 

a l l  o f  t h e  key i sotopes ove r a l l  o f  the cons i d e r ed compon e n t s .  

As d i s c u s s e d  i n  S e c t ion B . S ,  f o r  tho s e  compone n t s  and i so topes 

t h a t  h ave been eva l u a t e d  acco r d i ng to r e g r e s s ion tech n i que s ,  

t h e  mod u l e  a l lows the u s e r  to d e t e r m i ne t h e  component i nven

t o r i e s  a s  a f u n c t ion of t i me a f t e r  t h e  acc i � e n t . 

The i np u t  for th i s  mod u l e  con s i s t s  o f  the component vol ume 

ba l a nc e  d a t a  a n d  conce n t r a t ion d a t a  as of tl:"le ma s s -ba lance 

t ime . Tab l e  R - 5  p r e s e n t s  an e x amp l e  output f r om th i s  mod u l e . 

B . 7  RAD I OCHEMI CAL CONCENTRAT ION MODULE NUME RI CAL METHODS 

B . 7 . 1 .  REGRES S ION ANALYS I S  

The Rad i ochem i c a l  Conce n t r a t i on Mod u l e p r og r am p r ov i d e s  

r e g r e s s ion a n alys i s  c apa b i l i ty t o  pr e d i c t  compo n e n t - s pe c i f i c 

i sotop i c  conc e n t r a t ions a t  t h e  m a s s - b a l ance t ime on the bas i s  

o f  e i th e r  a l i n e a r  o r  expone n t i a l  f u nc t ion a l  f i t  o f  t h e  d a t a . 

'l'h i s  me t hod , wh i ch u t i .l i z e s  the me thod o f  l e a s t  s qu a r e s  to 

m i n i m i ze t h e  d e v i a t ion i n  t h e  conce nt r a t ion ( y-d i r e c t  ion o r  

o r d e r ed pa i r s  ( x , y ) ) f o r  t h e  mos t  p r obab l e  c u r ve ( l i n e a r  o r  

e x ponent i a l ) , i s  pa r t i c u l a r ly u s e f u l  i n  d e t e rm i n i ng conc e n 

t r a t i o n s  a t  t i me s i n  wh i c h  t he r e  a r e  n o  s ampl e  d a t a . I t  i s  t h e  

r e s pon s i b i l i t y o f  t h e  u s e r  to d e t e r m i n e  t h e  appl i c ab i l i t y o f  

t h e  t w o  f u n c t i o n a l  f i t s  t o  e x i s t i n g  d a t a .  
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B . 7 . l . l  L i ne a r  F i t  o f  Dat a  

The nece s s a r y  equ a t ions f o r  d e t e rm i n i ng a l i ne a r  f i t  o f  t h e  

d at a ,  y=a0+a1x 1 a r e  as fol lows : 

a = 
2 L: y L: ( X  ) - L: X }� xy 

n L: ( x 2 ) - ( L: x )  2 

a = n L: xy - L: x L: y 

n L: ( x
2

l - ( 1: x )
2 

n = no . o f  o r d e r ed pa i r s  ( x , y ) , 

conce n t r a t i on 

X = t ime , y = 

T h e  s t and a r d  dev i at i on o f  t h e  actual concen t r a t ions about  the  

r e g r es s ion l i n e  can be d e f i ne d  a s  fol low s . Th i s  c a lc u l a t ion 

i s  i mpor tant to d e t e r m i ne t he  app l i cab i l i ty  o f  the func t i on to 

t h e  d a t a . 

B . 7 . 1 . 2  

Wh e r e  R = y . - ( a  +a 1 x ) , y .  = ac t u a l  conce n t r a t ion . 1 0 1 

Exponen t i a l  F i t  o f  Data 

An expone n t i a l f i t  o f  concent r a t i on d a t a  i s  d e t e r m ined  t h rough 

r e g r e s s ion analys i s  b y  l i near i z ing the expone n t i a l  and c a lcu

l a t i ng th e  above coe f f ic i en t s , a0 , a 1 : 

where 

y AeBX 

x = time 

y conc entrat ion 

By t a k i n g  t h e  na t u r a l  loq ( Ln )  of both s i des  the e xpone n t i a l 

i s  t r an s f o r med to l i nea r  fo r m :  

l n y  l nA + Bx , or y 

whe re y 
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Th i s  equ a t ion h a s  l i ne a r  f o r m  and t h e r e for e  a l l  o f  t h e  equa

t i ons o f  t h e  me thod o f  least s qu a r e s  apply t o  d e t e r m i n e  a0 and 

a 1 . Then by s u bs t i t u t i on and t a k i ng t h e  ant i log o f  both 

s id e s , the fol low i ng e x pone n t i a l  f i t r e s u l t s : 

y 

lny 

y 

ea l x 
lna0 

e lnAeBx 
= ea o e a 1 x  a o +a 1 x  

e 

T h e  s t and a r d  d e v i at i on o f  t h e  concen t r a t ion d a t a  about t h e  

pr e d i c t e d  e x pone n t i a l  func t ion i s  d e t e r m i ne d  b y : 

B . 7 . 2  

n = n umber o f  orde red pa i r s  

R 

y . =  ac tua l conc en trat ion 
l 

CONS ERVAT ION OF MAS S  AND VOLUME CALCULAT IONS 

The Rad ioc h em i c a l  Conc ent r a t i on Mod u l e  opt i on " No Spec i al 

An a lys i s "  a l lows t h e  u s e r  to s e le c t  a r ep r e s e n t a t i v e  s ampl e  

a n a ly s i s  f r om the d a t a  ba s e , f r om wh i ch t h e  i so t op i c  con t e n t s  

o f  a compo n e n t  c a n  b e  d e t e r m i ne d  a t  t h e  ma s s - b a l a n c e  t i me .  I n  

t h e  e v e n t  t h a t  t he r e  i s  i n f low t o  t h e  compo n e n t  between t h e  

mas s -b a l a n c e  t i me a n d  s ampl e  t i me , r e s u l t a n t  conce n t r a t ion s 

a r e  c a lc u l a t ed acco r d i ng to cons e r v a t i o n  o f  v o l u me and ma s s ;  

o t h e rw i s e , s amp l e  a n a l v s i s  conce n t r a t i o n s  n e e d  o n l y  he d e c a y  

c o r r ected t o  t h e  ma s s  b a l ance t i me . The e q u a t i o n s  u s ed to 

d e t e r m i n e  r e s u l t a n t  conce n t r a t i on s  at t h e  ma s s - b a l a n c e  t i me i f  
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i n f low occ u r s between the s ampl e  t ime ( t s )  and t h e  ma s s 

balance t i me ( XMB T )  a r e :  

n 
C ( XMBT ) C ( t ) * V ( t  ) + I S I GN * I C V s s i = l  n n 

V ( t  ) + I S IGN I V 
s i = l  n 

Whe re V ( t  ) = compone n t  vo l ume a t  s a mp l e  t ime 
s 
Vn = vol ume of i n f low n between t

5 
and XMBT 

F n �t ' 
where Fn = f low r a t e  o f  i n f l ow n and 

�t ' =  a c tu a l  f low p e r iod 
e n  Conc e n t r a t ion of the in f l ow source 

I S I GN = +1 if XMBT>t s 
- 1  i f  t > XMBT 

s 

As me nt i oned above , t h i s  method i s  u s ed for a l l  c a s e s  o f  com

pone n t  i n f low for t h e  spec i f i c c a s e  wh e r e  t h e r e  i s  bot h  i n f low 

and out f low t h e  s ame met hodology i s  employed by a s s um i n g  a 

qua s i - s teady- s t at e  o u t f low . 

B . 7 . 3 . I S OTOPE RAT I O  ANALYS I S  

I sotope r a t i o  analys i s  capab i l i ty w a s  d e ve looed to a s s e s s  the 

s t and a r d  e r r o r  a s soc i a t e d  w i t h  i so t op i c  concen t r a t i o n s  on a 

component by component bas i s . Fo r a u s e r -spec i f i ed component , 

s e t  o f  i s otopes ( e . g . , C - 1 3 4  a n d  C - 1 3 7 ) , and t i me pe r iod a f t e r  

t h e  acc i d e n t , the code d e t e r m i ne s  t h e  f o l l ow i ng r a t i o s : 

1 .  Rat i o s  o f  concent r at i on s  ( s ample s ) .  

2 .  Rat i o s  o f  p r e d i c ted co r e  i nv e n t o r y  o f  t h e  s e t  

of i so t opes cor n '! s pond i ng t o  the a n a l y s i s  t i me s 

a t  wh i c h  i t em 1 concen t r a t i o n s  we r e  r epor ted , 
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3 .  Ra t io o f  t h e  i tems 1 and 2 r a t i o s , \vh i ch i f  t h e r e  we r e  

n o  e r r o r s  a s s oc i a t e d  w i t h  concen t r a t i o n s , wo u l d  

be e q u a l  to u n i ty .  

T h e  code t h e n  u s e s  s t a t i s t i c a l  me t hod s t o  d e t e r m i n e  t h e  s t a n 

d a r d  d e v i a t ion o f  t h e  r e s u l t a n t  r a t i o s  ( i t em 3 )  b a s e d  o n  t h e  

mean v a l u e  d e t e r m i ned by t h e  s qu a r e  r oot o f  t h e  s u m  o f  t h e  

squar e s  o r  on a u s e r - suppl i e d  n umbe r , s u c h  a s  1 . 0 .  

The r a t io o f  the r a t i o s  i s  de f i n e d  a s  f o l lows : 

R=M/C 

w he r e  M = r a t io o f  me a s u r ed i sotope concen t r a t i o n s  

C = r a t i o  o f  tot a l  amoun t s  o f  t h e  s ame i so tope s f r om LOR2 . 

The r e fo r e  M = c 1;c 2 
C = a 1;a 2 

The p r ed i c t e d  r a t i o ,  C ,  i s  e v a l u a ted a s  f o l l ow s : 

for t i me < 4 0 days , v a l u e s  a r e  i n t e r po l a t ed f r om t h e  I S OTOPE 

t ab l e  of the d a t a  b a s e  as f o l l ow s : 

c 
- A. 1 ( t - t ) a

t , 
1 e x t 

t ime o f  i n t e r e s t  

t ime c o r re sponding t o  t h e  s e t  o f  va l u e s  i n  t h e  
i sotope tab l e  c l o s e s t  to t h e  time o f  i n t e r e s t  

va l u e  i n  I SOTOPE tab l e  f o r  tx f o r  i sotope 1 
va l u e  i n  I SOTOPE tab l e  f o r  t t f o r  i sotope 2 

decay c o n s tan·t for i sotope 1 
decay c o n s t an ·t f o r  i sotope 2 
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for t ime > 4 0 days , values a r e  e x t r apolated f r om the 4 0 -day 
v a l u e s  in the ISOTOPE Tahle as  follows : 

c 

whe r e  tx t ime o f  i n t e re s t , t 4 o  
= t ime a t  4 0  days 

a 4 o , l  va lue i n  I SOTOPE t ab l e  a t  t 4 o  

a 4 0 , 2  v a l u e  i n  I SOTOPE tab l e  a t  t 4 o  for i sotope 2 

} q  decay con s ta n t  for i so tope 1 

X 2  decay con s t a n t  for i so tope 2 

The d e v i a t i on f r.om the t r u e  value o f  r a t ios i s  then calcula ted 

acco r d i ng to t h e  fo l low ing two opt ion s : 

1 .  

2 .  

T value i nput b�' u s e r  ( e . g .  value o f  u n i t y  o r  

a v al ue  c a lc u l a ted f r om r a d ionucl i d e  pa r e n t-daug h t e r  

a n d  ma s s  t r an s f e r  ch r onolog i e s )  

'r 

calcu l a te " t r ue v a l u e "  a s  the  r oot -me an-

squa r e  va lue o f  a set of  compar able R v a lue s )  

B a s ed o n  t h e s e  r e s u l t s , data  unc e r t a i n ty i s  add r e s s ed as 

fol low s : 

For a s e t  o f  compa r able R values 
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T - R .  and [ l )- }_ 2] � 
n- 1 

_r 
i 

om ( ratio of measured concentration ) : 

R = M/C  

a ssuming no error in C ,  

n 
M 
M 

S igma for concentration va lues : 

M = 

c l 
c 2 

[c��r ( :�

2

Y ] 
� 

0 ]1.1  
+ 

M 

assume ,,  c - c  c 2 
0 2 1 

c 1 c 2 c 

OM {2 
oc 

M c 

oc c c 'J R 
{2 M  

OM 
VI

R 
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