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A BSTRACT 

T h 1 s  r epor t presents  the r e s u l t s  o f  ana l ys e s  per formed t h rough  

m\d- F Y -87 to  e s t l ma t e  the  \nven tory  and d l s t r 1 bu t 1 on o f  s e l ec ted 

r ad 1 oh.otopes w1 t h 1 n  t he TMI -2 r eac tor  s y s tem .  The 1 n ten t o f  t he repo r t 1 s  

to  doc umen t  the met hod used 1 n  e s t 1 ma t 1 ng the f 1 s s 1 on pr oduc t 1 nven t o r y  a nd 

a s s oc 1 a ted uncer ta 1 n t 1 e s . S 1 nc e  exam1 nat 1 on o f  the deg r a ded c o r e  ma t e r 1 a l s  

1 s  not  c ompl ete, the va l ues  presen ted s hou l d  be v 1 ewed a s  p r e l 1 m 1 na r y .  
Se l ec ted r ad 1 o 1 sotopes for  wh 1 ch bes t -e s t 1 ma t e  1 nventor 1 es a nd 

uncer ta 1 n t 1 e s  a re  presented 1 nc l ude : K r ypton ( K r-85 ) ,  C e s 1 um ( C s - 1 3 7}, 
I od 1 ne ( 1 - 1 29 ) ,  An t 1 mony ( Sb - 125 ) ,  Ruthen 1 um ( Ru - 1 06 ), S t r on t 1 um ( Sr -90 ), 
Cer 1 um ( Ce-1 44 ) ,  and E ur op 1 um ( E u- 1 54 ) . 

The TMI - 2  1 nventor y da ta w 1 1 1  prov 1 de a ba s\ s for  r e l a t 1 ng the  f 1 s s 1 on 

produc t behav 1 or dur 1 ng a l a rge-sca l e  severe acc\den t t o  sma l l er - s ca l e  

exper 1 men ta l da ta and f 1 s s 1 on produc t beha v\or  mode l 1 ng wor k . Th 1 s  \ s  a n  

1 mpor tant  1 1 nk 1 n  add r e s s 1 ng t h e  many techn 1 c a l  que s t 1 on s  tha t r e l a te t o  

core  damage pr ogres s 1 on and f 1 s s 1 on produc t beha v 1 or dur 1 ng s evere  
acc 1 den t s . 
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SUMARY 

lMl-1 post-acc t dent f's s ton product \nventor tes and unc erta \nt \ es have 

been es t t  .. t� for sel ected rad to t sotopes us t ng: 

• the known end-state c on f t gurattons of the degraded core mater \ a l s  

and t he es t t .at� .as ses for eac h  degraded core zone. 

• recent l abor a tor, exa. t natt on data charac ter \ z \ng the f \ s s \ on 

produc t conc entratton of prev \ous lJ .a l len core .. ter t a l  sa.,les 

taken f ro. the lower p lenu. reg t on .  

lhe \ nfor .. t \on presented t s  an extens ion o f  prevtous work and 

\ nc ludes a d t scus s \ on of the .. thods for quant\ f J \ ng uncer ta tnt \es tn the 

\nventorr va lues. 

Inventor, va lues for se lecte4 radtot sotopes are su�r t zed below . 

f \ u  I on Pr oduct 

H \gh VolaUHh 

1Cr-8S 
C s - 1 37 
1-119 

Medt u.  Volat t l t ty 

Sb- l?S 
Sr-90 

Low Vo lat t lHx 

Ru-106 
Ce-144 
fu-H4 

lstl .. ted Inventory 

(t4X) 
(tlX) 
(t4X) 

43X (tlX) 
1 1 21 ( t l OX) 

48X 
l OOX 

as" 

(tlX) 
(.t&X) (t7X) 

lhe est t.ated nob le 9'S t nventory agr ees to w t th \ n  about 1 51 of the 

bes t-�stt  .. te c a l c u lated total  core \ nventory . However, there appear s  to 

• 
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be a w \ de range \ n  accountab \ 1 \ ty for a l l  o ther f \ s s \ on p r odu c t  g roups 

( \ . e . , h \ gh - ,  med \ um- ,  and l ow- vol a t 1 1 1 ty groups ). 

I n  the h 1 gh-vol a t 1 1 1 ty f 1 s s \ on pr oduc t g roup , ces \ um a ppear s t o  be 

accounted for to  w 1 th 1 n  1 0%; however, up to  30% of  the  1 od 1 ne ha s yet t o  be 

accounted for . 

I n  the med 1 um-vo l a t 1 1 1 ty f 1 s s 1 on pr oduc t g r oup , the  f r ac t 1 on o f  the  
core  1 nven tory  of a n t 1 mony accoun t ed for  1 s  l e s s  t han  50%, wh 1 l e the  

s t r ont 1 um i nventory  agrees  w \ th the  bes t -es t 1 ma t e  c a l c u l a ted  to ta l core  
va l ue .  

I n  the l ow -vo l a t \ 1 \ ty f 1 s s 1 on produc t g r oup , t h e  r ut hen 1 um 1 n ventor y 
appea r s  to  be l ow ( l e s s  than 50%) , wh 1 l e t he 1 nven t o r y  for c e r 1 um a nd 
europ i um appear to  be w 1 th 1 n  appr o x \ ma t e l y  1 0% of  the  c a l c u l a ted va l ues . 

Da ta  f rom the fo l l ow i ng f 1 s s 1 on produc t r epos 1 to r 1 e s  wer e  cons 1 de r ed 

\ n  e s t 1ma t 1 ng t he pos t -acc 1 den t 1 nventor 1 es: 

I n- RCS Repos 1 tor 1 e s  E x -RCS  Repos 1 tor 1 es 

Degraded Core Reg 1 ons  

Upper core  debr 1 s  

Prev 1 ou s l y  mo l ten core  
ma ter 1 a l  

Pa r t i a l l y  1 n tac t  fuel  
rods 

Prev 1 ous l y  mol ten core  
ma ter i a l  1 n  the  core  
former z onea 

P rev \ ous l y  mo l ten core  
ma ter 1 a l  1 n  the  core  
s uppor t a s semb l y  ( CSA ) 
r eg \ on 

L ower  p l enum debr 1 s  

Reac tor  Coo l \ ng Sys tem 

Hot  l eg p 1 p 1 ng s u r faces  

Upper p l enum s u r faces  

Steam gener a tor  su r faces  

Pre s s u r 1 zer  s u r faces  

S team genera tor  s ed \ me n t  

P res s ur i zer  s e d \ ment  

Mak eup/pur 1 f \ ca t 1 on 
dem\ ner a l \ ze r  s ed 1 ment  

Reac tor  b u 1 l d 1 ng wa ter 

Reac tor  bu 1 l d \ ng 
s ed 1 me n t  

Rea c tor  bu \ l d \ ng l ower 
wa l l s 

Reac tor  b u 1 l d \ ng upper 
su r faces  

Reac tor  bu 1 l d 1 ng a 1 r  
space  

A u x 1 1 1 a r y  b u 1 l d \ ng 
Reac tor  c oo l a n t  d r a 1 n  tank  1 1 qu 1 d  

RCS coo l a n t  Aux 1 1 \ a r y  b u \ l d \ ng gas 
r e l ea s e  

a. C o r e  former zone \ nc l udes tha t r eg \ on conta \ n \ ng the c o r e  forme r  p l a t e s  
and ba f f l e  p l a te s . 
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Severa l  .. J or assu.pt 1 ons wer e used t n  e s t \  .. t1ng the above 

\ nventor tes .  l hese  t nc lude: 

l.  l he s pec \ f\c ac t t vt t y  ( �C t /g )  of those reg t ons con ta\n t ng 

prev \ ously  .alten core -. ter t a l s  f or wh \ c h  samp l e  exa•t na t \on 

da ta  are  not yet a va t lable  ( e.g . ,  .al t en core zone, the cor e 

former r eg t on s  a t  t he core per\pher y, the core suppor t as s emb l y  

r eg \ on s  bel ow t he c or e ) \ s  a s s �d t o  be the  same as the meas ured 

da ta f r oa  the pr ev\ous l y  .a l ten l over plenum debr \ s .  

1. The pre-acc \ dent tota l core t nventory f or the \ sotopes cons \ dered 

\ s  not meas urab le  and \ s  a s s �d to be g t ven by the ORI Gf N2 
c al culated val ues . No er r or has yet been asosoc t at ed wt t h  these 

calcula ted val ues . 

3 .  No uncer ta \ n t y  has been a s s oc t a ted w \ th the •t yp t c al t ty• of  the 

1 \a\ ted saaples  for each un \ que degraded core  zone \n 
represen t t ng t he est\  .. ted total  .. s s  of degraded c or e  ma ter \ a l  

f r oa  t hat zone. Add \ t \ onat ana l yses w \ 1 1  be r equ \ r ed t o  e s t\ma te 

the var\ ab\1 \ tJ t n  the meas ur ed degraded c or e  ac t t \ t tes  a s  t he 

da ta beco.e a va \ l ab l e .  

4 .  f t s s t on product reten t t on \ n  the \ ntac t r od r eg t on s  was es t \  .. t ed 

based on the end - s ta te core conf \ gura t \ on as tnfer r ed f r om  core 

dr\1 1 \ ng and v \ s ua l  \ ns pec t \ on data , and f r om  t he fol low \ ng 

assuapt t ons:  

• t he r e t en t t on of t he h \ gher vol a t\ 1 \ ty f \ s s \ on produc t s  

wt t h \n the f uel t s  9S t S' 

• the r e ten t t on of the med \ UM  and l ower vo l at \ 1 \ t y f \ s s \ on 

produc t s  w t th \ n  t he fue l  \ s  99 t ''· 

Because l t•t t ed act t v t ty  da ta are  cur r en t l y  ava \ l able  f r om  most 

degr aded core .. ter t a l  zones ( neces s \ ta t \ng the as s uap t \ ons summd r \ zed 

v 



above ) ,  the above 1 nven tory  va l ues mu s t  be v 1 ewed a s  p r e 1 1 m t n a r y  a nd a r e  

expec ted to change a s  mor e  c o r e  ma ter 1 a l  exam1 na t 1 on d a t a  bec ome 

avat l a b l e .  The uncerta t n t 1 es a s soc 1 a ted w1 th  the 1 n ventory  va l ues  a r e  
r ec ogn t zed t o  b e  r e l a t 1 ave l y  sma l l ,  because  da ta d o  n o t  p r e s en t l y  e x 1 s t  to 
r e s o l ve the above a s s ump t 1 ons 1n data va r 1 a b 1 1 1 ty .  A s  add 1 t 1 ona l da ta 

a l lows resol t u 1 on of  these a s s ump t 1 ons, the uncer ta 1 n t 1 es 1 n  the 1 nven to r y  
va l ues  a r e  expec ted to 1 nc rea se  s 1 gn 1 f 1 ca n t l y .  

v 1  
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TfU -2 fiSSION PROOUCT INYtNTQ!t.t ST_J"AH� 

1. I NTRODUCTION 

The TMJ-l acc tdent sever e l f  d._.ged t he reac tor core caus t ng 

stgn t f t c an t  release of  ftsston produc t s  f r o.  the f ue l . Recent defue l t ng 

data have c onftr .. d t hat  as .uch as 3S-4SS of  t he core .ater \ a l  .. l ted
1 

and an estt .. ted 1 5- 201 of  t he ortg \ nal c or e  .ater1 a l  reloc at ed t o  t he 

lower plenw. r egton o f  t he r eac tor vessel t n  a .al ten s ta te .
2 

Because of 

th \s  extenstve c or e  da .. ge , t he TMJ-2 acc \dent of fer s  a unt que oppor t un t ty 

to extend our knowledge of:  \ _,or t an t  phys tc al .ec ha n t s•s a f fec t \ ng t he 

tn \t \al core rel oc atton of  core .. ter t al l eadtng t o  a non-coolable  core 

conf tgur atton; •tgrat t on and tnterac t t on of .al ten f ue l  v\ t h  core suppor t 

s t r uc tures , reac tor vessel  c oo l an t , and t he vessel  l over head; and t he 

a ssoc \ ated f hs ton produc t behav\or resu l t \ng f r 011 t hese proces ses . 

The TMI -2 Acc tdent E valua t ton Pr ogr .. 3 t s  betng conduc ted for t he 

DOf as a severe acc \dent r esearch effor t and has the prt .. ry  goa l of 

es t abl\ s ht ng a c ons \ s tent under s tandtng o f  t he .. c hants•s c ontrol l tng t he 

c ore da .. ge progresston and t he resu l t t ng f ts s \ on produc t behavtor.  Thts 

,.,roved under s t and\ ng \ s  be\ng devel oped t hr ough: 

• exa•tna t ton of  t he end-st a te degraded core .aterta l s  and da.age 

t o  t he c ore  suppor t s tr uc tures. 

• t nterpretatton of  t he TMJ-2 data r ecor ded during t he acctdent 

r e l a t tve to t he reac tor srs t  .. therma l hydraultc response 

(tnc l udtng c or e  �ge progresston ) .  and 

• analrs t s  work t o  t nt egr ate these data \nto a consts ten t  scenar \ o  

o f  core d._.ge progresston and f ts s t on produc t behavtor . 

• 
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A key par t  of the  TMI -2  research  yet to  be c ompleted \ s  r el a t ed t o  

f \ s s \ on produc t beha v 1 or. Three major  e f for t s  a r e  c u r r en tl y  underwa y  t o  

under s tand t h e  1 mportan t  a s pec t s  o f  f \ s s \ on pr oduc t beha v \ or r e s ul t,ng f r om 

the acc \ den t . These a r e: 

• evaluate  the  to tal quan t \ ty o f  the mea s u r a ble f \ s s \ on p r oduc t s  

and the 1 r  d' s t r 1 bu t \ on \n t he r ea c tor  s ys t ems , 

• e s t \ mate  the f \ s s 1 on p r oduc t beha v \ or ( relea s e  and t r an s por t )  

dur \ng the h \ gh-temperature  por t \ on of  the ac c,den t ,  and 

• analys \ s  wor k  to  relate  these  re sul t s  to  co re  damage p r ogres s,on 
and source  term techn \ cal \ s sues. 

Th \ s  r epor t addr e s s e s  the f \ r s t  of  these  t a sk s , \. e .  c omplet \ng a 

be s t -es t \ma te \nven tory of  the mea surable TMI -2  f \ s s \ on pr oduc t s. 

Mea suremen t of the f \ s s \ on p r oduc t r elea s e  f r om the c o r e  has  been a 

major focus s 1nce the acc \ den t and wa s e s s en t \ al to  the early e s t \ ma te s  of  

core  damage. I t  wa s r ecogn \ zed f r om the early rad \ a t \ on mea s u r emen t s  t ha t  
the  r elea se  of r ad \ oac t \ ve \ od \n e  wa s o rde r s  o f  magn \ tude lower than 
expec ted. E x ten s \ ve rad \ onucl \ de mea s u r emen t s  have been made s'nce the  
acc \ den t  \n s uppor t of plan t r ecover y wor k. The rad \ olog\ c al \nven to r y  

4 es t,ma tes  based on these da ta have been publ \ s hed. 

The resul t s  doc umen ted \n t h \ s  r epor t a r e  an exten s \ on o f  t he wor k  

p resen ted \n Ref. 4 and \nclude an e s t \ ma te o f  uncer t a \n ty \ n  t he 

calcula ted \nven tory  for  the mea surable (longer - 1 \ ved ) \ so topes. In 

add \ t \ on ,  more  recen t  da ta der \ ved f r om core  defuel \ng  and labor a tory  

exam\na t \ on s  of  core  ma ter \ al samples a r e  \ncluded . 

The repor t \ s  organ \ zed a s  follows. Sec t \ on 2 br \ e fly s umma r \ z e s  the  

bes t -e s t \ma te core damage progr es s \ on scena r \ o  and \ den t \ f \ es t hose  
mechan \ sms a f fec t \ng the  f \ s s \ on p r oduc t r elea s e  and t r an s por t dur \ng t he 
per \ od of  major core  damage p rogres s \ on. A l s o  \ncluded \ s  a s umma r y  of  the  

re l a t \ ve ac t \ v \ ty ver s u s  t \ me f r om acc \ den t \n \ t \ a t \ on for those  

2 



• 

r ad \ o \ sotopes cons \ dered \ .,or tant for s �v�r e acc t dent sour ce  ter m 

a na lys \ s. Sect\on 3 descr \ bes the .. t hodol ogJ for ca l c u l a t ,ng frac t \ onal 

cor e  act,v\ tJ  t nventor t es and a s soc \a ted uncer l a \ n t \es  and pr �sent s the 

resu l ts of  s uc h  ca lcu lat \ ons us \ ng the a va \ l a b l e  lMI -2 da ta . Sec t ton 4 

present s  \_,or tant c onc lus \ ons and r ec om.endat ,ons for comple t \ ng t he 

f \ ss \ on produc t \ nventor y work .  

3 



2 .  OVE RVI EW OF TMI - 2  F I SS I ON PRODUCT R E L E ASE  AND TRANSPORT 

DURI NG THE ACC I DE NT AND SUMMARY OF ME ASURABL E I SOTOP E S 

Th i s  sec t i on prov i des a s ynop s i s  o f  the i mpor tant  mec han i sms a f f ec t i ng 

f i s s \ on produc t beha v i or dur i ng the TMI - 2  acc i dent  a nd a br i ef rev i ew of  
the rad i o i s ot opes c on s i dered i mpor tant  dur i ng severe  a c c i de n t s  and t he \ r  
decay charac ter i s t i c s . 

The bes t -es t i ma te core damage pr ogr es s i on s cenar i o  ( a c c i den t s c ena r i o )  
prov i des the bas i s  for eva l ua t i ng the f i s s i on pr oduc t r e l ea s e  dur i ng t he 
acc i dent . The es t ima ted f i s s i on produc t r e l ea ses  ba sed on the  

bes t -es t i ma t e  bound i ng core tempera t ures  can  t hen be c ompa r ed t o  the  

end - s tate  f i s s i on produc t retent i on mea s ured f r om the  var i ous  forms o f  

degraded core  ma ter i a l  to  eva l ua t e  cons i s tency between the  TMI -2  da t a  a nd 
o ther severe fuel  damage exper i ment s  and model i ng wor k .  

The bes t -es t i ma te acc i dent scena r i o5 s ugges t s  t ha t  t he major core  
damage progres s i on can be  d i v i ded i n t o  the fo l l owi ng t i me per i od s  a f ter  
acc i dent  i n i t i a t i on: 

1 .  1 00- 1 74 mi nutes - - i n i t i a l  core  hea tup  and degrada t i on  formi ng a 

non -coo l a b l e  conf igur a t i on 

2 .  1 74 - 1 76  m inutes - -B - l oop pump t r an s i en t  

3 .  1 76 -224 mi nutes - -deg raded core  hea tup  

4 .  224-230 mi nutes --core  fa i l ure  and mo l ten core  ma ter i a l  mig r a t i on 

5 .  230 minutes -1 5 . 5  hour s - -core  c oo l down and r ea c t or s y s t em coo l i ng 

recover y . 

E a ch  of  these per i ods  wi l l  be b r i e f l y  d i s c u s s ed to  p r o v i de t he 
neces sary  bac kground for i n terpr e t i ng t he i nven tory  e s t ima te s  presen ted i n  

Sec t i on 3 .  
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Jn t t t a l  cor e  f ... a� «lQ0-174 alnuteJ). Pr t or to 1 00 mtnutes , the 

tva -phase forced c onv�c t t on thr ouih the r eac tor vesse l  pr ovt ded the 

necessar y c oolt ng to prevent core heatup. At  about 1 00 minutes, the l ast 

prl .. r y  c oo lant pump was shut of f.  T he l iquid In the reac tor vessel  and 

upper eleva t t ons  of the hot l egs r ap\d l y  set t led Into t he vesse l ,  resul  t t ng 

t n  a vessel 1 \qu\ d  level es t t  .. ted to be near the top of t he a c t \ve fuel. 

The 1\qu\d \ n  the r eac tor ves sel continued to dec rease as a resu l t  of 

pr t .. rr c oolan t  letdown and loss out the press ur \zer r e l ief val ve . The top 

of the core  s t ar ted to uncover s hor t l r a fter 100 mt nu tes , resulting In 

heat t ng of the upper r � \ on s  of the fuel rods . By approxtmate l y  

140 atnutes , t he c or e  1\qu\d level had dropped to bel ow the a1d-core level 

and the upper r eg \ on s  of t he f uel had heated s uff ic iently t o  resu l t \n  

c 1add t ng bur s t  (-1100 K ) .  About this t \ ae ,  t he operator s  discovered the 

fau l t y  pressur t zer r e l tef  va l ve and .. nua l ly c losed the pres surizer b l oc k  

va l ve ,  thus 1 \a\ t \ ng fur t her los s  o f  coolan t  ( and fission produc t s ) f r om  

the reac tor c oolan t  s rs te. . 

By l SO •tnutes , t t  \ s  es timated that peak core t�er atures exceeded 

1 800 K and a s tgnlf t cant aaount of molten t\rca loy ( fuel r od c ladding ) and 

so.e d t s s o l ved uo2 fuel reloc ated to t he lower reilons o f  the core . This 

re loc ated .. ter t a l  sol t dlf \ ed around the t ntac t fue l rods , for alng a 

c on so l ida ted reg , on of core materia l s  near the l iquid l evel Inter f ace  a t  

about the 0.6-0.9  • ( 2-3  f eet ) axia l e l eva t \ on .
• 

f r oa  l S0 - 1 74 •tnutes, t he c or e  hea tup continued, resul t\ng In 

t nc reased core da .. ge both rad \ a l ly and ax\ a l ly .  By 1 74 minutes ( Just  

before the B-puap trans t en t ) ,  the damage s tate of the core  was ex tens t ve as 

shovn t n  F t g .  1 .  It , s  es timated that peak core temper atures above 2200 K 
vere ac h teved for t t ��es r anging fr om 20-2S minutes dur ing this period of  

the acc t dent . f ls s t on produc t releas�  under thete conditions , based on the 

NURfG-0772 relea se correla tions ( sUMmar ized In F t g .  2 ) ,  wou l d  be ex tens\ve 

as shown In Table  1 .  

a. A l l refer ences to core axial e leva tion \n this repor t wil l be re lat t ve 
to the bot toa of the ac tive f ue l .  
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F 1 gure 1 .  Hypot hes 1 zed degraded TMI -2 core  c on f 1 gur a t 1 on j u s t  before  the 
B -pump t ran s 1 en t  ( 1 74 m 1nutes ) .  
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TABL E 1 .  E ST I MATED F I SS I ON PRODUCT RE L E ASE F OR TMI -2 CORE MAT E R I AL DUR I NG 
THE DE GRADE D CORE H EATUP PE R I OD ( 1 00 - 1 74  m tn u te s ) 

Appr o x 1 ma tea E s t  t ma ted 
Re l a t 1 ve Re l ease  Ra te TMI - 2  Re lease  

F 1 s s  1 on Produc t Vol a t 1 1 1 ty ( f rac t 1 on/mtn ) ( ") 

I ,  C s , Xe , Kr H t gh 0 . 1  1 00 
Te , Ag H 1 gh 0 . 0 1 5  30 -40 
Sb Med t um 0 . 007  1 5 - 1 8  

Ba Med 1 um 0 . 001 2 2 - 3  
S r  L ow 0 . 0008 1 .  5 - 2  
Ru L ow 0 . 00002 < 1  

a .  Re l ea se ra tes  f r om Ref . 6 ( F t g . 2 ) ;  e s t t ma t ed t 1 me a t  t empe r a t ure  
( 2200 K )  1 s  a s s umed to  be  20-25  m1nutes. 
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las@d on thes@  core  t.-peratures and f t s s \ on pr oduc t r e l ease 

correlat t on s  • .os t of  the h t gh l y  vo l at \ l e  f \ s s \ on pr oduc t s  �hou l d  have been 

r e l @is@d f r o.  t he consol \ dated reg t ons . However , the lower and per t pher al 

r eg t ons of  core  r � t ned c ool able and t ntac t .  Cal c u l ated total core 

release of  the vol at \ 1@ f t s s t on produc t s  dur t ng t h \ s  per t od of t he 

acc \d@n t ,  us t ng f uel da.ig@ .adels t n  whtch the core t e.per ature gr ad \ ent  

was .adeled ,  r ange fro. 30 to 401 o f  t he core  \ nventor y ( Ref.  7 ) . 

T he r elease and t ran s por t of f t s s t on produc t s  dur \ ng th \ s  per t od are 

ca.pl t c ated by .. ny f ac tor s.  T he .are t -,or tan t  of  these t nc lude: 

• Unc@r tatnty  \ n  c oo l an t  f low due to the c hang \ ng core 

con f t gurat \ on ,  par t tc ular l y  t he blockag@ of  coolant flow through 

th@ c ent@r (consol t dat@d )  r eg t on ,  

• Uncer ta \nty  of when core s l u.pt ng occur r @d and the behav tor of 

f \ s s \ on produc t s  t n  t he l ar ge r eg1on of  consol t dated core 

.. ter t al dur \ ng and af ter the s lu.ptng process.  

• Jnt @r ac t t on of  t he reloc at t ng .a l len core ma ter 1 al s  wt th t he 

c ool an t .  thus af f ec t t ng the cooldown of the .al ten core ma ter \ al ,  

core s teaa f l ow,  core cool 1 ng ,  and core oxt dat t on r ates. 

• Th@ @f fec t of  con t r o l  rod .. ter t al behav t or on t he f \ ss t on 

pr oduc t t r ans por t ,  cheat s t r y .  and core da .. ge progress \on . 

T ranspor t of  f t s s t on produc t s  f r o.  the RCS dur t ng t he 1 n1 t t a 1  core 

heatup and r e l oc at \ on per t od was l t m t ted to the gaseous f \ s s t on produc t s  

t n t t t al l y  r eleased a t  the t t �  of c ladd \ ng r upture and .as t 1 \ k e l y  was 

l t • t t ed to a r e l a t t ve l y  smal l n�er of rods . Coo l a n t  loss  f r om  the RCS 
was l t•t ted to the makeup/letdown pa t hways dur t ng the per t od of 

s tgn t f t can t l y  t nc reas t ng f t s s t on produc t r e l ea se f r om the fuel be tween 

l S0 - 1 74 • t nu tes. 

B-loop PU!p T r ans t en t  {174-1 80 •t nutes } .  At appr o x t ma t e l y  

174 • t nu tes.  the operator s turned on the 28-l oop pUMp. Al though the puMp 
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c on t \nued runn \ng for appr ox \ ma t e l y  1 9  m \nutes , s \ gn \ f \ can t c oo l an t  
\njec t \ on \nto  the ves s e l  l a s ted on l y  momen ta r \ l y (<1  m\nu t e  a s  mea s ur ed 

by the s team flow rate  \n t he hot  l eg s ) .  Dur \ng t h \ s br \ ef t \ me , ther e wa s 

s u f f \ c \ en t  wa ter \njec ted \n to the  ves s e l  t o  have covered the  c or e . The 

cool \ng t r end of  the \ncore thermocou p l e s  \nd \ ca t e  c oo l \ng  of the c o r e  wa s 

1 \ m\ ted to the per \ pher a l  reg \ on s . 

The \ mpa c t  of the pump t r an s \ en t  wa s s \ gn \ f \ c an t for  two r ea s on s . 
F \ r s t ,  the upper r eg \ on s  o f  the core  were  sever e l y  f r a gmen ted f r om the 

therma l /mechan \ c a l  s hoc k , thus c r ea t \ng the upper core  debr \ s  a s  s hown \n 
F \ g .  3 .  Secon d ,  the 1 \ qu \ d  c a r r y -over f r om the l ower ves s e l  t o  t he upper 

ves s e l  r eg \ on s  due t o  the ref l ood s team gene ra t \ on wou l d  have had a 
"wa s h \ng"  effec t  on the upper p l en um s t r uciu r e s , r e l ea s \ng f \ s s \ on p r oduc t s  

wh \ c h were  n o t  c hem\ c a l l y  bound t o  t he upper . p l en um s ur fac e s . 

I t  has  been hypothes \ zed tha t enhanced f \ s s \ on pr oduc t r e l ea s e  may 

have occ u r r ed dur \ng the fuel  s ha t ter \ng and debr \ s  forma t \ on a s  a r e s u l t 

of  uo 2 f ractur \ng a l ong the g r a \n bounda r \ es . However , \ t  \ s  n o t  c l ea r  
f r om presen t  eva l ua t \ on of  t h e  upper core  debr \ s  exam\na t \ on da t a  t h a t  

s \ gn \ f \ can t gra \n  boundary  frac t ur \ng occur r ed . Add \ t \ ona l e va l ua t \ on o f  

the upper c ore  debr \ s  par t \ c l e  exam\na t \ on da ta  \ s  p r e s en t l y  underwa y  t o  

address  t h e  enhanced r e l ea s e  hypothes \ s .  

Degraded Core Hea tup ( 1 76 -224 m \n u tes ) .  Dur \ng t h \ s  per \ od ,  t he  

\nter \ or of  the c on so l \ da ted core  ma ter \ a l  c on t \nued t o  hea t up  bec a u s e  

interna l hea t genera t \ on wa s l a r ger  t han t h e  su r face  hea t l os s . 
Consequen t l y ,  a reg\ on o f  mol ten core  ma ter \ a l  formed \n t he \n ter \ or and 

c on t \n ued to grow w\ t h  t \ me .  The bes t -e s t \ ma t e  s c enar \ o  s ug ge s t s  t h a t  by 

224 m\nutes , near l y  a l l  of the ma ter \ a l  \n the c on s o l \ da ted c o r e  r eg \ on 
( approx \ma t e l y  30-40 per c en t  of the or \ g \na l c o r e  ma t er \ a l ) ,  w \ t h  t he 
excep t \ on of a s u r r ound \ng c r u s t  wh \ c h  ser ved t o  keep the  mo l ten ma ter \ a l  

\ n  p l ace , had reac hed me l t \ng t empe r a t ur e s  ( 2800 -31 00 K )  a s  s hown \n  
F \ g .  4 .  

The f \ s s \ on pr oduc t beha v \ or w\lh \n the  mol ten poo l \ s  thoug h t  to  have 
been pr \ mar \ l y dependen t on the natu r a l  c \ r c u l a t \ on ( c onvec t \ on f l ows ) and 
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f\gure 3. Hypothes1zed de graded TMJ-2 core conft gurat1on just after the 
8-puMp transtent (175 m1nutes}. 

l l  



Partially molten 
ZrO,IUO, between 
fuel rods 

Solidified 

Zr02/U02 
between 

fuel rods 

7·9767 

F l gure  4 .  Hypo t he s l zed degr aded co re  con f 1 gur a t 1 on ju s t  bef o r e  t he mo l ten 
core  r eloc a t l on (224 m 1nute s ) .  
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bubble dy�\ c s  v\ th \n  the pool and the c he.\cal \ nterac t \ ons betveen t he 

vartous �l ten core cons t1tuents .  S low d \ f fus \ on f r o.  the �l ten .. ter1a l  

thrOUfh the surroundt ng c r us t  would have 11•\ ted f1ss \ on produc t r e l ease 

f r oa  t he c onsol \ dated c ore regton dur\ng th t s  per t od . 

!fJor Core Reloc at \ on (224-226 •\nutes). Br 224 •1nutes , the �l ten 

pool bid grovn s uf f \c \ entlr  to have caused ther .. l /�chan \cal fa11ure of 

the surround\ ng c rus t s ,  thus allov\ng the .ol ten .ater \ al to dra \ n  fro. the 

core rett on  t nto t he  l �r plen�. lnterpretat \on of the measured lMJ -2 

dita t nd t c ate  t hat t he f l ow  t 1  .. of the .al ten core � ter\ a l  to reach the 

l �r plen� reg\ on vas l e s s  than one •1nute . The .ajor c r u s t  fa \ l ure  and 

br.,t-out of t he .al ten .. tert al occ ur r ed \ n  t he eas t quadrant of the 

ves se l , J us t  above the core •td pl ane . f t gure S s hows t he hypothe s t zed 

core c on f \ gurat t on durtng the 224-226 •tnute per\ od. 

The core rel ocat t on r esul ted \ n  breakup of  the .al ten .. tertal \ nto a 

�re coolable •dfbr t s •  c onf\gurat \ on and s ubsequent cool t ng of  the debr \ s .  

lns pec t t on  data have c onf \ r  .. d a vtde r ange of l over plen� debr t s  

.. t ertal , r ang\ ng f r oa  relat t vel r f \ne, un \ f or• debr \ s  ( par t tc le  s 1zes less 

than 0.5 \ nch) t o  s \ zable f l ows of  consol \ da ted l ava- 1 \ ke .. ter \al . 

Suf f \ c t en t  l over plen� debrt s has not yet been exa•1ned to deter•t ne \ f  

s \ gn1 f1 c ant rel ease of f t s s \ on produc t s  occurred dur \ ng the •tgrat t on 
• 

pert od. Add1t t onal l ower plen� debr \ s  ex,.\ nat t ons v\ 11 be requ \ r ed to 

ansver th \ s  ques t t on. 

A c a.par 1son of f 1ss1on produc t r elease f r oa  the TMI -2 l over plenu. 

debrt s to tha t  expec ted f r oa  core .. ter \ al exper 1enc1ng a s \ • \ lar 

t..,era t ure  t r ans \ en t  1s s �r \ zed 1n Table  2 .  

RCS Recover y Per \ od  {226 •1nutes -lS. S  hour s) .  Th1s per \ od was 

c har ac ter \ zed br cont \ nued a t te.pts to establ \ sh for c ed coo l ant  f l ow 

t hrOUfh the ves se l . Coo11ng of t he degraded core cont1nued t hroughout t h \ s  

per\ od. I t  t s  es t1 .. ted t he l ower plenum debr \ s  wa s cooled v\ t h \ n  

O . S-1 . 0  h af ter the 1n1t 1a l reloc at \ on a t  224 •\nutes . However , the 

.. t er t a l \n t he degr aded c or e  reg \ on r equ \ r ed dars to reach equ \ 1\ br \ UM 

w\ th t he surround t ng coolant .  
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F 1 gure  5 .  Hypo thes 1 zed core  conf 1 gu r a t 1 on dur 1 ng c o r e  fa 1 l ur e  a nd 
m1 gr a t 1 on per 1 od (224-226 m1 n u t e s) .  
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T ABl E 1. COMPAR I SON OF ( a )  F I SSI ON PRODUCT RE l E ASE ESTI MATES F ROM lHE TMI -1 
l OWER PLENUM DE BRI S ,  AND ( b )  RELEASE F ROM uo1 F UE l  ASSUME D TO BE 
AT TEMPERATURE S RANGI NG F ROM 2800-31 00 K F OR 1 0-30 MI NUTES USI NG 
THE NURE G-0712 REl EASE CORREl AT I ONS 

F hs 'on Pr oduc t 

Cs 
Sb 
Sr 
Ru 

TMI -2 151�as �  
nu 

65- 1 00  
85- 1 00 
32- 1 00 
84- 1 00 

NUREG-0772 R�l �ase 
(J) 

1 00 
1 00 
1 0-60 
1 -3 

a .  Th� r �l �a s� �s t1  .. t � s  are  bas �d o n  a.a sur�d r e t �nt1on val ues f ra. 
Ref . 8 .  
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In a t temp t 1ng t o  es tabl 1 sh RCS f l ows dur 1ng t h 1 s  per 1 od ,  t he 

p r e s s u r 1 zer  b l oc k  va l ve wa s c yc l ed many t 1 mes , r e s u l t 1ng  1n s 1 gn 1 f 1 can t  

c oo l an t  t ran s fer  t o  the c on t a 1nmen t bu 1 l d 1ng . S 1nce  the  major 1 ty o f  

f 1 s s 1 on p roduc t s  wer e  res 1 den t  1n the  RCS c oo l an t  shor t l y  a f t e r  t he 

r e l oc a t 1 on even t  ( 226 m1nutes ) ,  the majo r  f 1 s s 1 on pr oduc t t r an s po r t f r om 

the RCS t o  the c on ta 1nmen t oc c u r r ed dur 1ng t h 1 s  t 1 me per 1 od .  The coo l an t  
f l ow through the  PORV 1 s  s hown 1n F 1 g .  6 ;  not 1 ce tha t  ver y  1 1 t t l e  t r an spor t 
o f  RCS wa ter  t o  the c on ta 1nmen t occ u r r ed between the t 1 me o f  p r e s s u r 1 z e r  
b l oc k  va l ue c l osu re  (-1 40 m1nutes ) and t h e  major  c o r e  r e l oc a t 1 on a t  

225 m1nute s . Thus mos t  o f  the wa ter  t r an s fer r ed f r om the  RCS  t o  the  
c onta 1nmen t (and hence  the  f 1 s s 1 on produc t t ran spo r t f r om the  RCS ) occ u r r ed 
a f ter  the major  core  r e l oca t 1 on a t  224  m1nutes . 

Mea s ur a b l e  F 1 s s 1 on P r oduc t I so tope s . Tab l e  3 1 1 s t s  the  1 mpo r tan t 

f 1 s s 1 on produc t ( and ac t 1n 1 de ) 1 so topes c ommon l y  c on s 1 de r ed for  e va l ua t 1ng  

severe  acc 1 den t s . Us 1ng the  ORI GE N2-ca l c u l a ted t o ta l co re  a c t 1 v 1 t y  l eve l s  

(Ref . 1 0 )  a t  the t 1me of  s hu tdown for  t hose  1 so topes 1 1 s ted 1n Tab le  3 and 

the 1 1 s ted decay con s t an t s  for each 1 so tope s , those  r ad 1 o 1 s o t opes 
c on t r 1 bu t 1ng 95% of  the t o t a l  core ac t 1 v 1 ty wer e  e s t 1 ma t ed for  t 1me s  of 
1 day ,  1 mon t h ,  1 yea r , and appro x 1 ma t e l y  8 yea r s  ( to p resen t ) .  The 
r e s u l t s  ( Ta b l e  4 )  s how tha t the t o t a l  ac t 1 v 1 ty has  decayed s e vera l o r de r s 
of  magn 1 t ude s 1nce  the acc 1 den t  and those 1 sot opes c on t r 1 bu t 1ng 9 5% o f  the  
t o ta l ac t 1 v 1 ty have dec r ea s ed f r om 1 7  a t  one day  to  on l y  f 1 ve a t  t he 

presen t  t 1 me . Thus , on l y  a 1 1m1 t ed n umber of  r ad 1 o 1 s o t opes  c an p r e s en t l y  

be r ead 1 l y  mea s ured f r om the core  ma ter 1 a l  s ampl es . 

In the next  Sec t 1 on we d 1 s c u s s  the  me t hodo l ogy u s ed t o  e s t 1 ma te t he 

a c t 1 v 1 ty 1nven tory  and the r e s u l t 1ng  1nven to r y  e s t 1 ma t e s  for  t he 
l onge r - 1 1 ved ( mea s u r ab l e ) 1 sotope s . 

1 6  
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TABLE  3 .  RAD I OI SOTOP E S  CONS I D E R E D  IMPORTANT F OR L I GHT  WATE R  REACTOR SE VE RE 
ACC I DE N T  SOURCE  T E RMS 

Ha l f  L He 
E l ement  I so t ope ( days ) 

Coba l t  Co-60 1 .  9 2  X 1 03 
Coba l t  Co-58  7 . 1 0  X 1 01 
K r yp ton K r -85 3 . 95 X 1 03 

K r yp ton K r -85M 1 . 83  X 1 0 - 1  
K r yp ton K r -87 5 . 28 X 1 0- 2  
K r yp ton K r -86 1 . 1 7  x 1 0 - 1  

Rub1d1um Rb-86 1.87 X 1 01 
S t ron U um Sr -89 5 .  2 1  X 1 0 1 

S t ron U um Sr -90 1 . 1 0 X 1 04 
S t r on t \ um Sr -91  4.03 X 1o - 1  

Y t t r1um Y t -90 2 . 67 X 1 00 

Y t r \ um Y t -9 1  5 . 90 X 1 0 1 

Z \ r con \ um Zr -95 £> . 52 X 1 0 1 
Z1rcon \ um Zr -97 7. 1 0  X 1 0 - 1  
N \ ob \ um Nb-95  3 . 50 X 1 0 1 
Mo l ybdenum Mo-99 2 . 80 X 1 00 
Techne U urn Tc -99M 2 . 50 x 1 o - 1  
Ruthen \ um Ru - 1 03 3 .  9 5  X 1 0 1 

Ruthen \ urn R u - 1 05  1 .  8 5  X 1 0 - 1 
Ru then \ um Ru - 1 06 3 . 66 X 1 02 
Rhod \ urn Rh - 1 05 1 .  50 X 1 00 
T e l 1 ur \ urn Te- 1 27 3 . 9 1  X 1 o -1 
T e l l ur 1 urn T e - 1 27 1 . 09 X 1 02 
T e l l u r \ urn T e- 1 29 4 . 80 X 1o - 2  

Te1 1 ur 1 um Te-1 29M 3 . 40 X 1o - 1  
T e 1 l ur \ urn Te- 1 31 M 1 .  25  X 1 00 
Te l l u r  1 urn Te- 1 32 3. 25  X 1 00 
Ant \rnony Sb- 1 26 1 . 24  X 1 0 1 
An t l mony Sb- 1 25  9 . 9£> X 1 02 
Iod \ ne I - 1 31 8 . 05 X 1 00 

lod \ ne 1 - 1 32 9.58 X 1 0 -2 
lod1ne I - 1 33 8 . 7 5 X 1 0 - 1  
lod \ ne 1 - 1 34 3 . 66 X 1 o -2  
I od \ ne I - 1 29 5 . 80 X 1 09 
Xenon Xe- 1 33 5 . 28 X 1 00 
Xenon Xe - 1 35 3 . 84 X 1 0- 1  
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TABU 3. (coattnued) 

Hal f Ufe 
(1 ..,t Isotope _ fdaxs) 

Ces'• C s - 1 34  7 . SO X 102 
Ces t• Cs-1 3S 8 . 40 X 1 08 
Cest• Cs-137 1 . 10 X 104 
Bart• Ba -140 1 .  28 X 101 
l anthan• La- 1 40 1 . 67 X 100 
Cert UII Ce- 1 41 3 . 23 X 101 

Cert• Ce-143 1 .  38 X 100 
Cer hll Ce- 144 2 . 84 X 1 02 
E uropt •  E u - 154 2 . 99 X 103 
E urtpt • E u- l SS 1 . 74 X 103 
leptun t •  lp-239 2 . 35 X 1 00 
Pluton\ •  Pu-238 3 . 25 X 1 04 

Plutont •  Pu-239 8 . 90 X 1 0: 
Pluton \ •  Pu-240 2 . 40 X 10 
P1uton t •  Pu-241 S . 35 X 103 
-.r \ c t •  All-241  1 .  SQ X 1Q5 
Curt• Ca-242 1 . 63 X 102 
Curt• C•-244 6 . 63 X 103 
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TABL E 4 .  TOTAL TMI - 2  CORE ACT I V I TY L E V E L  AND RAD I O I SOTOPE S CONTR I BUTING  9 5% 
OF THE TMI - 2  TOTAL ACT I VI TY VS . T IME AF T E R  THE ACC I DE NT 

Tota l Core I s otopes  and The l r  
T 1 me Af ter Ac t l vHy F r ac t l ona l Cont r l bu t l on 

Acc 1 den t (cur 1 es) to the Tota l Core  Ac t 1 v 1 ty 

1 day 3 . 1  X 1 09 Np - 239 ( 0 . 39 2 )  
Ba- 1 40 ( 0 . 049 ) 
Xe- 1 33 ( 0 . 048 ) 
Z r  -95 ( 0 . 048 ) 

Nb-95  ( 0 . 047 ) 
Ce- 1 4 1 ( 0 . 047 ) 
Mo -99 ( 0 . 040 ) 
Y t -9 1  ( 0 . 038 ) 

Ru- 1 03 ( 0 . 035 ) 
La- 1 40 ( 0 . 034 ) 
Te- 1 32 ( 0 . 031 ) 
Sr -89 ( 0 . 030 ) 

Ce- 1 44 ( 0 . 027 ) 
Ce- 1 43 ( 0 . 02 5 )  
I - 1 3 1  ( 0 . 02 5 ) 
1 - 1 33 ( 0 . 02 5 )  
Z r -97 ( 0 . 0 1 8 )  

1 month  6 .4 X 1 08 Zr  -95 ( 0 .  1 68 )  
Y t -9 1  ( 0 . 1 30 )  
N b -95  ( 0 . 1 28 )  
Ce- 1 44 ( 0 .  1 22 )  

Ce- 1 4 1  ( 0 . 1 2 1 )  
Ru - 1 03  ( 0 .  1 00 )  
Sr -89 ( 0 . 09 7 ) 
Ba - 1 40 ( 0 . 047) 
Ru - 1 06 ( 0 . 036 ) 

1 year 7 . 1  X 1 07 Ce- 1 44 ( 0 . 490 ) 
Ru - 1 06 ( 0 . 1 76 )  
C s - 1 34 ( 0 . 07 5 ) 
C s -1 37 ( 0 . 064 ) 

S r -90 ( 0 . 05 1 ) 
Pu-241  ( 0 . 046 ) 
Z r -95  ( 0 . 044 ) 
Y t -9 1  ( 0 . 023 ) 

-------
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n. Af t er 
Acc\ dent 

100 Mnths 
(lo 8/81) 

Total Core 
Ac t hUy 
Ccu[tes) 

9 . 6  • 1 06 
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I sotopes and The \ r  
Frac t \ ona 1 Con t r \ bu t , on 

to t he Total Core Ac t , v\ ty  

C s - 1 37 
Sr -90 
Pu-241 
1Cr�85 
C s - 1 34 

( 0 . 389) 
( 0 . 306) 
( 0 . 222 ) 
( 0 . 031 ) 
( 0 . 028 ) 



3 .  F ISS I ON PRODUCT I NVE NTORY 

Three s tep s are nec e s s a r y  to e s t 1 ma te the pos t-acc 1 dent  TMI -2 f 1 s s 1 on 
p r oduc t  1 nven tory for any g 1 ven rad 1 o 1 sotope . The f 1 r s t  s tep 1 s  t o  
i den t 1 fy t h e  major TMI -2  f i s s i on p roduc t  r epos 1 tor 1 e s . Thes e  r ep o s 1 tor 1 es 
can be gr ouped 1 nto  two gene r a l  categor i es , 1 n terna l to  t he r eac tor  coo l a n t  
sys tem ( RCS )  a n d  externa l t o  t he RCS . Recovery  wor k  over the pa s t  s e ve r a l 

yea r s  has 1 dent 1 f i ed the major ex-ves s e l  repos 1 tor 1 es .  Rec e n t  wor k  has  
prov i ded the data  necessary  to def 1 ne the end - s ta t e  cond 1 t 1 on o f  the  core  

and l oca t 1 ons of  the  degraded core ma ter 1 a l . The se  u n 1 que reg 1 ons  o f  

degraded c o r e  ma ter 1 a l  co�p l ete  o u r  knowl edge of  t he major f 1 s s 1 on p r oduc t  

repos 1 tor 1 e s . Tab l e  5 1 1 s t s  the major TMI-2 f 1 s s 1 on p r oduc t  r epos 1 tor 1 es . 

Of spec 1 a l  1 n teres t a r e  the degraded core  reg 1 ons , s 1 nce  they have 
on l y  recen t l y  been cha rac ter 1 zed and  conta 1 n  the major 1 ty o f  f 1 s s 1 on 

pr oduc t s  ( excep t  for the h 1 gh l y  vo l a t 1 l e  spec 1 es ) .  The degraded core  

ma ter 1 a l  i s  d 1 s t r i buted w 1 t h 1 n  the  r eac tor ves s e l  1 n  s 1 x  major  r eg 1 on s  a s  

noted 1 n  the Tab l e  6 and shown 1 n  F i g .  7 .  

The second s tep 1 n  e s t 1 ma t i ng a spec i f ic i so t op ic 1 nven t o r y  1 s  t o  

cha r ac ter i ze the ma ter 1 a l  1 n  each r epos i tory . Th 1 s  charac ter 1 za t i on 

i nc l udes ( a )  es t 1 ma t 1 ng the ma s s  of r ad 1 oac t i ve ma ter 1 a l  conta 1 ned w 1 th 1 n  

eac h  r epos i tory , ( b )  acqu 1 s 1 t 1 on o f  r ep r esenta t 1 ve samp l es  f r om each major  

repo s 1 tor y ,  and (c ) exam1 na t 1 on o f  the ma ter 1 a l  to  quan t 1 fy spec 1 f 1c 
1 sotop 1c ac t 1 v 1 ty l evel s (pC 1 /g ) . W1 th  the excep t 1 on o f  the  degraded 
core reg 1 ons , th 1 s  charac ter 1 za t 1 on wor k  has  nea r l y  been comp l eted . 
Samp l es have been , or w 1 1 1  be , acqu 1 r ed f r om eac h  un 1 que degraded core  

reg 1 on as  the core 1 s  defue l ed and exam 1 na t 1 on data  a r e  exp ec ted w 1 t h 1 n  the  

next  18  months . F or the  degr aded core  zones conta 1 n 1 ng p r ev 1 ou s l y  mo l ten 

core mater 1 a l  ( mo l ten c ore , core former zone , and CSA reg 1 ons ) ,  t he 

spec i f ic ac t i v i t 1 es (�C 1 /g )  a s  mea s ured f r om the p r ev 1 ous l y  mo l ten l ower 

p l enum debr 1 s  par t 1c l es a r e  a s s umed to be app l 1cab l e  for the  i n ventory  
es t 1 ma tes . 

Mea suremen t s  of  the rad 1 oac t 1 v 1 t y f r om t he pa r t 1 a l l y  1 n tac t fue l  r od s  
are  n o t  y e t  ava 1 l a b l e .  However , e s t 1 ma te s  of t he c o r e  f 1 s s 1 on p r od uc t s  
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TABLE S .  MAJOR T"l -2 F I SS I ON PRODUCT RE POS I TOR I E S  

l n -RCS R�pos \ tor \ �s E x -RCS Repos \ tor \es 

Degraded Cor � Reg\ ons 

Upper cor �  d�br \ s  

Pr�v \ ous l y  .al ten core 
.. ter \a l 

Part \a l l y \ n tac t fue l  
r od s  

Prev \ ous l y  .al ten cor e  
.. ter \ a l  \ n  t h� core 
former zon�• 

Prev \ous l y  .al ten core 
.. ter \ a l  \ n  the cor e  
suppor t a s se.bly ( CSA ) 
r eg \ on 

lower p lenw. debr \ s  

R�ac tor Coo l \ ng Sys te. 

Hot l �g p \ p \ ng s ur f aces 

Upp�r p l enum sur faces 

S t�am g�nera tor sur fdces 

Reac tor bu \ ld \ ng wa ter 

Reac tor bu\ l d \ ng 
s �d \ment 

Reac tor bu 1 1 d 1 ng lower 
Pres sur \ zer sur faces wa l l s 

Stea• g�nerator s�d \.ent Reac tor bu \ l d \ ng upper 
sur faces 

Reac tor bu \ ld \ ng a \ r  
Nak�up/pur \ f \ ca t 1 on spac� 

de.\ n�r a l \ zer s ed \ment 
Aux \ 1 \ a r y  bu \ ld \ ng 

R�ac tor coolant d r a \ n  tank 1 \qu \ d  

RCS coo lan t  Aux \ 1 \ a r y  bu \ ld \ ng gas 
r �l ease 

a. Core former zon� 1nc lud�s tha t  r eg \ on conta \ n \ ng the core for.er plates 
and ba f f l� pla t�s . 

13 



TAB L E  6 .  E ND-STATE CORE R E G I ON HASSE Sa 

Reg1on 

Upper core  debr 1 s  

Prev 1 ous l y  mol ten ma ter 1 a l  1 n  the c o r e  r eg 1 on 

I n tac t rod s tubs 

Prev 1 ou s l y  mo l ten core ma ter 1 a l  1 n  the core  
former reg 1 on 

Prev1 ous l y  mo l ten core  ma ter 1 a l  1 n  the core  
s uppor t a s s emb l y  

Lower p l enum debr 1 s  

a .  The ma s s  of  the or 1 g 1 na l  core  ma ter 1 a l  ( 1 nc l ud 1 ng 
c omponen t s ) 1 s  app r o x 1 ma t e l y  1 25 , 000 kg  ( Ref . 1 ) . 

24 

E s t 1 ma ted Ma s s  
k g  {uncer ta 1 n t�}  

2 3 , 700 (± 1 ,200 ) 

25 , 600 (±6 , 600 ) 

47 , 000 (±3 , 800 ) 

5 , 000 (±2 , 000 ) 

5 , 000 (±2 , 000 ) 

1 5 , 000 ( ± 5 , 000 ) 

s t r uc t u r a l 



uppe� core 
debris 
Previously molt n 
c:ote mater 

core reg.on 

Previously motten 
COte material 

in core fotmer 
regiOn 

Previously motten 
core rna enal m 
COt'8 SUppott 
assembly 

Vessel upper 
plenum 
assembly 

Core reg10n 

} Core support 
assembly 
reg ton ) Vessel 
lower 
plenum 

ftgurt 7. (nd-stdle degrad d corer g1ons (core cross-seclton through 
row K of fuel assembl' s). 
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r e t a 1 ned 1 n  the par t 1 a l l y  1 n tac t r od s  can  be made u s 1 ng ( a )  t he known 
pos t -acc 1 den t d 1 s t r 1 bu t 1 on of par t 1 a l l y  1 n tac t r ods , ( b )  t he c o r e  p ower 

d 1 s t r 1 bu t 1 on ( mea s ured p r 1 or to the acc 1 dent ) ,  and ( c ) the f o l l ow 1 ng 

a s s ump t 1 ons  on the f 1 s s 1 on p r oduc t r e l ea s e  f r om the fue l  conta 1 ned 1 n  t he 
par t 1 a l l y 1 ntac t r od s : 

• 99% (±1%)  re ten\ 1 on for the med 1 um and l ow vo l a t 1 1 1 ty f 1 s s 1 on 
p r oduc t s  

• 9 5% (±5%)  reten t 1 on for  the h 1 gher vo l a t 1 1 1 t y f 1 s s 1 on produc t s . 

Oeta 1 l ed desc r 1p t 1 ons  of eac h  of  t he a bove r epos 1 tor 1 es a nd a s s oc 1 a ted 

f 1 s s 1 on p r oduc t data u t 1 1 1 zed for the 1 nven tory c a l c u l a t 1 ons  a r e  1 nc l uded 

1n  Append 1 x  A .  Append 1 x  B presen t s  c a l c u l a t 1 ons  to  es t 1 ma t e  the f r ac t 1 on 
of  the tota l core f 1 s s 1 on p r oduc t s  reta 1 ned 1 n  the pa r t 1 a l l y  1 n tac t rods . 

T he core  1 nspec t 1 on data  s umma r 1 zed 1 n  Ref . 1 p r ov 1 de the ba s 1 s  for  
e s t 1 ma t 1 ng the  vol ume s and a s s oc 1 a ted ma s s es 1n  each of  the  s 1 x  un 1que 
degraded core  r eg 1 ons shown 1 n  F 1 g .  7 .  The se e s t 1 ma ted mas ses  and  
uncer ta 1 n t 1 es are  s ummar 1 zed 1 n  Tab l e  6 .  

The t h 1 r d  s tep 1 n  es t 1 ma t 1 ng the f 1 s s 1 on produc t 1 nven to r y  1 s  t o  

c omb 1 ne t h e  data f r om eac h  major r epo s 1 tory  t o  determ1 ne a n  1 nt eg r a l  

ac t 1 v 1 ty f o r  each 1 so tope . The fol l ow 1 ng s ec t 1 on s umma r 1 zes  t h e  equa t 1 on s  

used to c omb 1 ne t h e  meas u r emen t s  f r om a l l  r epos 1 tor 1 es . Sec t 1 on 3 .2 

s ummar 1 zes  the resu l t s  of  t he 1 nventory  ca l c u l a t 1 ons  for s e l ec ted 1 so t opes . 

3 . 1  Method of  E s t 1 ma t 1 ng the F 1 s s 1 on P roduc t I nventory 

The  a c t 1 v 1 ty for any rad 1 o 1 sotope , xx , 1n  r epos 1 to r y , 1 ,  1 s  denoted  by 

I �x and 1 s  c a l c u l a ted by , 

( 1 ) 
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• the a v•r age \ sotop \ c  ac t \ v \ t y  f r om  thr ma ter tal  w \ t h \ n  

t he r •pos\tor y (pC \ /saMple un \ t ) ,  and 

• t he total saaple un t ts of rad \ oac t \ ve ma ter \ a l  from t he 

r epos \ t or y. Saaple un \ ts \ nc l ude : ma s s  ( g ) ;  vol ume  

( •1 ) ;  a nd s ur face area (C-?)· 

The frac t \ on of the tota l c ore t nventor y ac counted for \ n  each 
XX repos \ t or y ,  FRAC1 , can  be def \ ned a s  

FRAC1
1
1 

• •• 1
Tota l Core 

X X  1
tota l Cor e  

" \ s  t he tota l  c or e  \nven tor y a s  es t \ .ated from 

t he ORIGEN2 c alcula t \on s  ( Ref. 9 ) . 

Us t ng l tnear error propaga t \ on techn\ ques ( Refs . 1 0  and 1 1 ) ,  t he 

unc er ta \ n t y1 \ n  t he total \ sotop t c  ac t 1 v\ty , for any g t ven r epos \ tor y ,  
XI •t , \ s  g 1 ven by , 

where 

t he •s t \  .. ted uncer ta \ n t y  \ n  t he \ sotop\c  ac t \ v \ ty 

.ea sur �n t  f r o.  the \ t h repos \ t or y ,  and 

a .  A l l  uncer ta t nt y  valu•s are  expres sed as 95� conf \ dence e s t \mates . 

• 
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the es t 1 ma ted uncer ta 1 n t y  1 n  t he lth r epos 1 to r y  ma s s  

( samp l e  un 1 t ) . 

E s t 1ma t 1 ng the tota l TMI -2 1 sotop1c ac t 1 v 1 ty ,  I �x. r eq u 1 r e s  
s umm1 ng 1 nd 1 v 1 dua l repos 1 tory  contr 1 bu t 1 on s , 1 . e . , 

( 4 ) 

a 
I n  add 1 t 1 on , the uncer ta 1 n t y  1 n  the tota l ac t 1 v 1 t y  es t 1 ma t e , 1x x , 1 s  

T 
g 1 ven by , 

" t (·�·r [ ]1/2 
E r ror propaga t 1 on theory  a l so a l l ows es t 1ma t 1 on o f  the f r ac t 1 ona l 

X X  con tr 1 bu t 1 on to  t he tota l uncer ta 1 n ty  f r om each  r epos 1 tor y ,  F 1 Th 1 s  

parame ter 1 s  usefu l  for 1 den t 1 f y 1 ng the major con t r 1 but o r s  t o  the  t ota l 
uncer ta 1 nty , thus  1 nd 1ca t 1 ng where add1 t 1 ona l data  wou l d  r ed uce  the  

1 nven tory uncer ta 1 n t y . The  f rac t 1 ona l uncer ta 1 n ty  contr 1 bu t 1 on f r om each 
r epo s 1 tory  1 s  ca lcu l a ted us 1 ng the f o l l ow 1 ng expres s 1 on , 

f 1 na l l y ,  the frac t 1 on of the tota l 1 nven tor y accounted for  f r om a l l  
X X  repos 1 tor 1 es , F RACTota l' 1 s  e s t 1mated by tak 1 ng the r a t 1 o  o f  the  

total  ac t 1 v1 ty f rom a l l  repo s 1 tor 1 es compar ed to  t he or 1 g 1 na l  cor e 

1 nven tory  a s  ca lcu l a ted by OR I GE N2 ( Re f . 9), 1 . e . ,  

1 xx 
X X  T F RACTota 1 = 

-
x
-
x
-"'-----

I Tota l Core  28 
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• 

• 

and t he assoct ated uncertatnty \n  the f r ac tton of the tota l \ nventory 

acc ounted for, • 11 • 
\s 

FRACTotal 

• • • FRACTotal 

Jxx 
T 

. __ ....._ __ XI 1
Total Core 

3.2 S�r y of  I nventory Ca l c u l at \ ons 

The above equat \ on s  were used to deter•\ ne bes t-es t \ .ate f r ac ttona l 

core \ nvent ortes and assoc , ated uncer t at n t tes f or the follovtng 

udt ohotopes: 

lw Yol at t l t ty: 

Medt wa  Yol at , l t t r: 

lw Yo 1at1 H tr :  

Kr ypton ( Kr -8S) 

Ces tu11 (Cs -137 ) 

Jod, ne ( 1-129) 

An t t .onr ( Sb-12S ) 

Stronttu11 ( Sr -90) 

Ruthen\ UII ( Ru-106) 

Cert• (Ce-144) 

E uropt u. ( E u-144) 

For each , sotope , a c a l c u l at t onal dat a  sheet \ s  \ nc l uded tha t  

su..ar tzes t he fol l ow \ ng: 

1. •• 
Jntttal tota l c or e  \ nven tor y ,  )Total ( �C \ ) .  

'l. Oec ar hal f - l t fe . a 

3 .  Total decay f ac tor s , nce the acc \ dent . 

a. Al l ca lcu lated tnventory val ues are decay  cor rec ted to Jul y  1,  1987 . 
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' X X  
4 .  Mea sured samp l e  spec 1 f 1 c ac t 1 v 1 ty ( A 1 1 n  E q .  1 ) .  

Uncer ta 1 n ty  1 n  the mea s u r ed va l ues  a r e  s hown 1 n  p a r e n t he s i s  
a 

adjacent to the nom 1 n a l  va l ues . 

5 .  Mas s  ( vo l ume/a r ea ) of  ma ter 1 a l  a s s oc i a ted w1 th  eac h  r epos 1 to r y 

samp l e  da ta ( Mi 1 n  E q .  1 ) . 

6 .  Repos i tory  i nventory ,  I �x. (pC 1 ) and ca l c u l a t ed 
X X  uncer ta i n ty , � i , ( E qs . 1 and  3 ) . 

7. F rac t i ona l core  i nven tor y accounted for  f r om eac h r ep o s i to ry ,  
X X  F RAC i • ( f r om E q .  2 ) .  

8. Repos 1 tory  f r ac t i ona l c on t r i bu t 1 on t o  the unce r ta 1 n t y  1 n  t o t a l  
X X  core  1 nventor y ,  F i , ( f r om E q .  6 ). 

9 .  Reference Tab l e  number i n  Append i x  A s umma r 1 z i ng the da t a . 

1 0 .  Tota l  core  i nven tory  f r om a l l r epos i tor i es , I �x. and  
a s s oc 1 a ted uncer t a i n ty  ( f r om E qs . 4 and 5 )  

1 1 . Tota l f r ac t i ona l core  1 nven tory  accoun ted for  and  a s s oc i a ted 
uncer ta i nty  ( f r om E q s . 7 and 8 ) .  

3 . 2 . 1  E s t i ma ted Nob l e  Ga s I nven tory ( K r -85 ) 

Tab l e  7 summa r i zes  the K r -85 1 nven tory  e s t i ma tes . As  seen f r om t he 

tab l e ,  the ac t i v i ty 1 n  the conta i nment  a i r  space  a c coun t s  fo r  app r ox 1ma te l y  
5 4% o f  the or i g i na l  core  i nventor y .  Another 3 1% i s  e s t i ma ted t o  b e  i n  t he 

i ntac t fuel  r ods . 

a .  I n  some cases , uncer ta i n ty  va l ues for  the ac t i v i ty mea s u r emen t s  or  
e s t i ma ted ma s ses of  degraded core  ma ter i a l  are  not  documen ted . F or these 
cas es , the uncer ta 1 nty  1 s  a s s umed to be zero . Rea l i s t 1 c  es t i ma tes  for  
these uncer ta i n t i es w1 1 1  be  eva l ua ted dur i ng the f i s s i on p r oduc t da ta  
qua l 1 f 1 c a t 1 on p r ocess  and  used i n  the f i na l  i nventory  c a l c u l a t i on s . 
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Mea s u r emen t s  have not  been made to  determ\ne  the r e ta \ ned K r-85  
ac t 1 v 1 ty l eve l s  1n  the degraded core  ma ter 1 a l s . E xam\ nat 1 on s  a r e  p r e s en t l y  
underway t o  determ1 ne these va l ues for the upper  debr 1 s  bed ( 2  s amp l es ) ,  

p r e v 1 ous l y  mo l ten core  ma ter \ a l  ( 2  core  bore samp l es ) ,  the  l ower p l enum 
debr 1 s  ( 2  samp l es ) ,  and the \ n tac t fue l  rods  ( 2  samp l e s  f r om uppe r  l eve l 
r od s , 6 samp l es f r om l ower r od s tubs ) .  

3 . 2 . 2  E s t 1 ma t ed I nventory o f  H 1 gh Vo l a t \ 1 \ ty F 1 s s 1 on P r od u c t s  ( Ce s 1 um and 

Iod 1 ne )  

Tab l e  8 s umma r 1 zes the ca l c u l a ted \ nven tor y e s t \ ma te s  for  C s- 1 37 .  A s  
seen f rom the tab l e ,  the C s- 1 37 can  be accounted for  1 n  the degraded core  
ma ter i a l s  and the  r eac tor  basemen t  ( c onc r e te wa l l s and  1 1 qu 1 d ) .  H 1 nor 

amoun ts  ( <2%)  were  mea s ured 1n the RCS  wa ter a nd the  makeup a nd l etdown 
dem1 nera l 1 zer sed 1 men t . 

Tab l e  9 summa r 1 zes the c a l c u l a ted 1 nven tor y es t 1 ma tes  for  I -1 29 .  The 
total \ od \ ne 1 nven tory es t \ ma te 1 s  app r o x 1 ma t e l y  68% .  Sever a l  sources  of 
uncer t a 1 nty  ex 1 s t  and w\ 1 1  r equ 1 re add 1 t 1 ona l eva l ua t 1 on .  These  1 nc l ude 

r eac tor bu 1 l d 1 ng ba sement  sed 1 men t , reac tor  bu 1 l d 1 ng ba seme n t  1 1 qu 1 d ,  a nd 
RCS cool ant . Da ta f rom these r epos \ tor 1 es w \ 1 1  be eva l ua ted fur t her dur \ ng 

the f 1 s s 1 on p r oduct  data qua l 1 f 1 ca t 1 on p r oces s . 

3 . 2 . 3  E s t 1 ma t ed I nven tory of  the Hed 1 um Vol a t 1 1 1 ty F 1 s s 1 on P r oduc t s  
(An t 1 mony and St ron t \ um)  

Tab l e  10  s umma r 1 zes the 1 nven tory  e s t 1 ma te s  for  Sb-1 2 5 . An e s t 1mated 

43% of  the a n t 1 mony has been accounted for  and  mos t  of  t h 1 s 1 s  p r ed 1 c ted to  
be  1n  the 1 n tac t  r od s . Thus , add 1 t 1 ona l core  ma ter 1 a l  exam1 na t 1 ons  

( 1 nc l ud 1 ng 1 ntac t rod  segmen ts ) w\ 1 1  be 1 mportant  1n  1 mp r ov 1 ng the 
es t 1ma ted a n t \ mony 1 nven tor y .  

Tab l e  1 1  summar 1 zes  the e s t 1ma ted 1 nven tory for Sr -90 . The e s t 1 ma ted 

s t r on t \ um 1 nven tory appea r s  to  account  for the ORI GE N2 c a l c u l a ted tota l 
core  ac t \ v \ ty .  
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tABLE 9 .  F I SSION PRODUCt DIStRIBUTION AND INVE NTOAY Of I - 1 29a 

Degraded Core 

Upper Core Debr I s  

M o  H e n  Core Zone 

I ntact Rods 

Core for  mer Reg I on 

Core Suppor t Assl!llbl y  

lower Plenu• Debr I s  

Reactor Coo l i ng S�s tem 

Hot leg sur faces 

Upper Plenum Sur faces 

SG Surfaces 

Pressur i zer Surfaces 

SG Sediment 

Pres sur l zer Sediment 

Demln Sediment 

RCOT Sediment 

RCS Coolant 

Out s i de RCS 

R/Bd l iquid 

R/8 Sediment 

R/8 Lower Wal ls 

R/8 Upper Surfaces 

R/8 Air Space 

Aux/8e L iquid 

Aux/8 Gas Release 

Ac t i v i ty 
ltuncer ta lntvlb 

4 . 4  • lo-4 
I I uCIIg 

s . 6 • t o-5 
1 3 . 2  x 10-6 1 uC I/g 

2 . 1  X 1 0S 
1 1 .  1 x 1 04 1 uC I 

S . 6 x J o-5 
1 3 . 2  1 1 0-6 1 uC I /g 

5 . 6  1 t o-s 
( 3 . 2  • to-6 1 uCI/g 

5 . 6  I 1 0-S 
( 3 . 2  1 10-6 1 uCI/g 

NMC 

s . 4  • 1 o-S 
( 3 . 1  • 1 0-6 1 uCIIc•2 

2 . 9  • 1 o-6 
1 2 . 0  • 10-81  uC I Ic�a2 

NM 

"" 
NM 

NM 

s . 2  x to-8 
( 4 . o  1 to-9 1 uC I/g 

1 . 1  1 t o-6 
1 3 .0 1 to- 7 1 uCI/111 

4 . 3  I t o-6 
( 3 .0 • J0-7 1 uC I /ml 

J . l I to- I 
1 1 . 0 I to-2 1 uCI/g 

"" 
S. 6 X to-6 

( 2 . 2  I 1 0-6 1 uCIIc-" 
5 . 7 X 10-1 1  

( 4 . 0  I to-1 2 1 uC llcm3 

1 . 2 I lo-S 
( 1 . 0 I to-6 1 uC I /�al 

4 . 3  • 1o-2 
l I uC I 

a .  A l l  decay data correc ted to July 1987 . 
Ha l f  L i f e . S . B  x 1 09 days 
Dec ay f ac tor S i nce Acc i dent • 1 . 0000 

b .  Where n o  uncer tainty  Is  shown , I t  I s unknown . 

c .  NM • Not Measured . 

d .  R/8 • Reactor Bu i ld i ng .  

e .  Aux/8 • Aux i l iary  Bu i l d i ng. 

AS5oc l ated I nventor, b Vol/Mass/Area Uuncer talnty l 
Uuncerta lntvlb luCII 

2 . 4  • tol 
1 1 . 2  x 1 06 1 g 

1 .0 • 1 04 
1 5 . 2  • 102 1 

2 . 6 • 1 07 
1 6 . 6 • 1 06 1 g 

1 . 4  • 103 
1 3 . 8  X 102 1 

3 . 3  • t o-1 
( 2 . S  X 1 0-2 1 

6 . 7 . 1 04 
1 6 . 2  X 1 03 1 

5 . 0  I 106 2 . 8  I 1 02 
( 2 . 0  I 106 1 9 ( 1 . 1  I 1 02 1 

S . O I 1 06 2 . 8  I 1 02 
( 2 . 0  I 106 1 9 ( 1 . 1 x 102 1 

1 .  s • t o7 8 . 4  • 1 02 
1 5 .0 I 1 06 1 g ( 2 . 8  • 102 1 

3 . 5  X 1 06 1 . 9 • 102 
( 1 . 1  X JOS I CMl ( 4 . 0 • 101 1 

3 . 7 • 1 07 
( 3 . 7 x 1 06 1 cm2 

1 . 1 • 1 02 
( 1 . 1 . 1 01 1 

2 . 6  I 104 1 . 4 1 to-3 
( 4 . 2  I 1 03 1 g ( 2 . 9  • t o-4 1 

3 . 3  • J OB 2 . 4  • 1 03 
l I •1 ( 10 . 0  I JQl l 

2 . 4  1 t o9 1 . 0 • 104 
l I •1 ( 1 . 2  I 1 02 1 

3 . 8  I l OS 4 .  I 1 104 
( I g ( 3 . 8  X 103 ) 

1 .9 • 1 08 l . Q  I 1 03 
l I c•2 ( 4 . 2  • 1 02 1 

5 . 6 • tolD 3 . 2  I t oO 
l 1 cm3 ( 2 . 2  X t o-1 1 

9 . S  I 1 08 1 .  I x 1 04 
( 1 . 0  X 107 1 •1 ( I .  3 • 103 1 

1 . 0 • 1 00 4 . 3  • t o-2 
( I I I 

Total Core I nventor y• 

I nventory Accounted for 

f rac t ion Accounted for 
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fract tonal f ra c t iona l  
Core Uncerta i n t y  Oil a 

I nventory Contr i but i on !ill! 

0.048 o .oos A-1 

0 . 001 0 . 003 A-2 

0 . 309 0 . 69S A-3 

0 . 001 0 . 000 A - 4  

0 . 001 0 . 000 A-S 

0 . 004 0 . 001 A-6 

0 . 001 0 . 000 A-8 

0 . 000 0 . 000 A-9 

0 . 000 0 . 000 A-14 

0 . 0 1 1  0 . 000 A - I S  

0 . 048 0 . 009 A-ll  

0 . 19 1  0 . 254 A-18 

o . oos 0 . 003 A-20 

0 . 000 0 . 000 A-21 

0 .053 0 . 029 A-22 

0 . 000 0 . 000 A-23 

2 . 2  x 1 05 uC I 
to July  1987 . J . S I l OS 

( t7 . 5 . 1 03 1 uC I 

0 . 678 
( t0 . 03S I 
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TABLE 1 1 .  f i SSION PRODUCT D I STRIBUTI ON AND INVENTORY Of Sr -9oa 

Degraded Core 

Upper Core Debr i s  

Mol ten Core Zone 

I ntac t Rods 

Core former Regi on 

Core Suppor t Assembly 

Lower Plenum Debr i s  

Reactor Cool i ng System 

Hot Leg sur faces 

Upper Plenum Sur faces 

SG Sur faces 

Pressur i zer Sur faces 

SG Sed iment 

Pressuri zer Sediment 

Demln Sediment 

RCDT Sediment 

RCS Coolant 

Outs Ide RCS 

R/Bd L Iquid 

R/B Sediment 

RIB L ower Wa l l s  

R/8 Upper Sur faces 

R/8 Air Space 

Aux/8e L iquid 

Aux/B Gas Release 

At t l v l t y  
ltuncertalnh!b 

5 . 6 X 1 03 
1 1 . 0 X 1 02 1 pC I/g 

7 . 1  X 1 03 
1 1 . 7 X 1 02 1 pCI/g 

7 . 5  x 1 o1 1  
( 1 . 5  x 1 09 1 pC I 

7 . 1  X 1 03 
1 1 . 7 X 102 1 pCI/g 

7 . 1  X 1 03 
1 1 . 7  x 102 1 �CI/g 

7 . 1  X 1 03 
1 1 . 7 x 1 021 pCI/g 

9 . 4  X 1 00 
1 2 .0 x l o-1 ) pCI/cm2 

2 . 0  X 101 
1 2 . 0  x lo - 1 ) pCI/cm2 

1 . 3 x 1o-1 
1 9 . 0  x l 0-3 ) pC I/cm2 

3. 6 x 1 o-l 
1 1 .9 x l o-2 ) pC I/cm2 

NM 

2 . 0  X 1 1)3 
I I �CI/g 

1 . 4 X 1 03 
1 1 . 0  x 1 02 ) �C I /g 

2 . 4  X 1 01 
( 1 . 0  x l0-1 ) �C I/ml 

5 . 2  x 100 
1 3 . 0  x l 0- 1 1 pC I/ml 

8 . 0  X 1 02 
1 2 . 0  x 102 ) pC I/g 

6 . 8  X 1 01 
I l pCI/cm2 

1 . 8 X 10�2 
1 1 . 1  x l o-2 ) pCI/cm2 

1 . 6 x 1 o-1 0  
1 3 . 0  x 1o-l l 1 pCI/cm3 

4 . 3  x 1o-1 
1 7 . 0  x 10�2 1 pCI/ml 

NM 

a .  A l l  decay da ta correc ted to Ju l y  1987 . 
Ha l f  L i fe . 1 1030 days 
Decay f ac tor S ince Acc ident • 0 . 8298 

b .  Where no uncer ta inty  Is shown, I t  Is unknown . 

c .  NH • Not Measured . 

d .  R/B . Reac tor Bui ld ing .  

e .  Aux/B • Aux i l i ar y  Bu i l d i n g .  

Assoc iated 
Vol/Mass/Areab Uuncer ta l nh! 

2 . 4  X 1 07 
1 1 . 2 X 1 06 1 9 

2 . 6 X 107 
1 6 . 6 X 1 06 ) 9 
3 . 3  X 1 0-l 

1 2 . 5  x 10-2 1 

5 . 0  X 1 06 
1 2 . 0  X 1 06 ) g 

5 . 0  X 106 
( 2 . 0  X 1 06 ) g 

1 . 5  X 107 
1 5 . 0  X 1 06 ) 9 

9 . 7 X 105 
1 9 . 7 x 1 04 1 cm2 

3 . 5  X 106 
( 1 . 1  x 105 ) cm2 

3 . 7 X 1 07 
1 3 . 7 x 1 06 1 cm2 

1 . 0 X 1 06 
1 1 .0 x 1 05 ) cm2 

9 . 3  X 1 05 
I I g 

2 . 6 X 1 04 
1 5 . 2  X 1 03 ) g 

3 . 3  X J QB 
I I ml 

2 . 4  X 1 09 
I I ml 

3 . B  x 1 os 
I I g 

2 . 9  X 1 07 
I I cm2 

1 . 9 X 1 08 
I I cm2 

s . 6  x 1 o1 o  
I I cml 

9 . 5  X 1 08 
( 1 .0 x 1 07 ) ml 

Inventory b (.tuncer ta ln t y )  
luC II 

1 . 2 x 1 o1 l  
1 6 . 6 X 1 09 ) 

1 . 8 x 1 ol l 
1 4 . 6 X 1 01 0) 

2 . 0  x 1 o1 1  
1 1 . 6  X 1 01 0 ) 

3 . 4  X 1 01 0  
( 1 . 4 x lo1 0 1 

3 . 4  X 101 0  
( 1 . 4  X 1010 ) 

1 . 0 X 1 0l l  
1 3 . 4  l l ol o , 

8 . 5  l 1 06 
1 8 . 6  X 1 05 ) 

6 . 5  X 107 
1 1 . 3 X 1 07 ) 

4 . 3 X 106 
1 5 . 3  X 1 05 ) 

3 . 3  X 1 05 
1 3 . 8  X 1 04 ) 

1 . 7 X 1 09 
I I 

3 . 4  X 1 0B 
1 6 . 9  X 1 07 ) 

6 . 7  X 1 09 
1 2 . 0  X l OB ) 

1 . 1 . 1o1o 
1 6 . 2  X 108 ) 

2 . 6 X 1 08 
1 6 . 5  X 1 07 ) 

1 .  9 l 1 09 
I I 

3 . 2  X 1 06 
( 3 . 0  X 1 06 ) 

7 . 6 X 1 00 
( 1 . 4 x 100 ) 

3 . 5  X l OB 
1 6 . 3  X 1 07 ) 

l o ta l  Core J nventorya 

F ra c t ional 
Core 

Inventory 

0 . 1 99 

0 . 2B4 

0 . 326 

0 . 056 

0 . 056 

0 . 1 67 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 003 

0 . 001 

0 . 01 1  

0 . 01 1  

0 . 000 

0 . 003 

0 . 000 

0 . 000 

0 . 001 

I nventory Accounted for to  Ju l y  1987 • 

F ra c t ion Accounted for 
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f r a c t  l onal 
Uncer tainty  
Contr ibut i on 

0 . 0 1 1  

0 . 528 

0 . 062 

0 . 04B 

0 . 048 

0 . 302 

o . ooo 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

Data 
!!lli 

A- 1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-B 

A-9 

A-10 

A-1 3  

A-1 4  

A-1 5  

A - 1 1  

A-18 

A-19 

A-20 

A-21 

A-22 

6 . 2  X 1 0
11 

�CI 

6 . 9  X 1 01 1  
l t6 . 3  x 1 01 0 1 �C I 

1 . 1 22 
l t0 . 101 ) 



3 . 2 . 4  h t \llihd J nv�n tory of low Vo l a t ' l Hy F\ s s \ on Pr oduc t s  (Ruthen 1 um, 

C�r \ �. and Europ \ �} 

Tab l e  12 s � r \ 1es the �s t \ma t�d \ nventory for Ru- 1 06 . S \ nce 

s l ,ghtl y l e s s  than ha l f  of t he e s t , ma t ed core \ nven tor y \ s  accoun t ed for 

(.os t of th , s  \ s  a s soc , a t ed w\ t h  the \ n tac t r ods ) ,  add \ t \ ona l degraded core 

.. ter \al exa• \ na t \ on da ta  w\ 1 1  be nec�s sar y to \mprove the r u then 1 um 

\ nven tor y �s t \lli t � . 

Tab l� 1 3  s ...ar hes t he es t haa t�d C�- 1 44 \ nventor y .  The OR I GEN2 

\nven tory , s  w\ t h \ n  t he �asur ed 1 \•\ t s  s hown \ n  Tabl e 1 3 .  The uncer ta 1 n ly  

\ n  l h� •a sur�d t o t a l  core \ nven tor y \s  re la t hel y h \ gh due l ar ge l y  to  

uncer ta\ n t , es assoc \ at�d w \ t h  th� upper c ore and l ower p l enu• debr 1 s  da t a . 

Tab le  1 4  s � r , les t he es t ,ma t �d E u - 1 54 1 nventor y .  The es t 1ma ted 

tota l core ac t \v , t y  app�a r s  to be w \ t h ' n  approx \ ma l e l y  1 �  of the OR I GEN2 

to ta l  cor� val u� . 
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TABLE 1 2 .  F ISSION PRODUCT D I STRIBUT I ON AND INVENTORY Of Ru-1 06a 

l!!!Jraded Core 

Upper Core Debr i s  

Mol ten Core Zone 

Intac t Rods 

Core f ormer Region 

Core Suppor t Assembly 

Lower Plenum Debr i s  

Reactor Coo 1 1  ng System 

Hot leg sur faces 

Upper Plenum Sur faces 

SG Surfaces 

Pressur i zer Surfaces 

SG Sediment 

Pres suri zer Sediment 

Demln Sediment 

RCDT Sediment 

RCS Coolant 

Outs Ide RCS 

R/8d l Iquid 

RIB Sediment 

R/8 lower Wa l l s  

R/8 Upper Surf aces 

R/8 Air Space 

Aux/8e l Iquid 

Aux/8 Gas Release 

Ac t i vi ty 
l±uncer talnty)b 

5 . 5  X 1 02 
1 5 . 0  X 1 00 ) �CI /g 

1 . 5 • 101 
( 1 . 1  x 1 00 ) �CI/g 

3 . 6 x 1 o1 2  
1 3 . 6 X 1 01 0 ) �C I 

1 . 5 X 1 01 
1 1 . 1  X 1 00 ) �C I /g 

1 . 5 X 1 01 
1 1 . 1  X 1 00 ) �C I/g 

1 . 5 . 1 01 
1 1 . 1  X 100 ) �C I /g 

NMC 

3 . 1  • 1 00 
1 1 .0 x l0-2 ) �CI/cm2 

3 . 4  • 1 o-2 
1 1 . 0 x l0-4 ) �CI/cm2 

NM 

NH 

4 . 5  • 1 00 
I l �C I Ig 

NM 

6 . 1  • 1 01 
1 3 . 0  x 100 1 �C I /g 

NM 

NM 

1 . 0 • 1 02 
1 1 .0 X 100 ) �C I/g 

NM 

NM 

9 . 0  • 1o-1 1  
1 0 . 00 x 100 1 �C I /cm3 

NM 

NM 

a .  A l l  decay data corrected to July ' 1987 . 
Ha 1f l l  fe • 366 days 
Oecay Fac tor S ince Acc i dent • 0 . 0036 

b .  Where no uncer tainty Is shown , I t  I s  unknown . 

c .  NM . Not Measured . 

d .  R/8 • Reactor Bui ld ing .  

e .  Aux/B . Aux i l iary  Bui l d ing . 

Assoc i a ted 
Vo1/Mass/Areab !.tuncer talntyl 

2 . 4  • 1 07 
( 1 . 2 . 1 06 ) g 

2 . 6 X 1 07 
1 6 . 6 • 1 06 ) g 

3 . 3  x 1 o-l 
1 2 . 5  x 1 0-2 1 

5 . 0  • 1 06 
1 2 .0 X 106 ) g 

5 . 0  X 1 06 
1 2 . 0  X 106 ) g 

1 . 5 X 107 
I S . O  X 106 ) g 

3 . 5  X 106 
( 1 .  1 x 1 o5 ) cm2 

3. 7 X 1 07 
1 3 . 7 x 106 1 cm2 

6 . 6 • 1 04 
( l g 

2 . 6 . 1 04 
1 5 . 2 . 1 03 ) g 

3 . 8  X 105 
I l g 

s . 6 • 1 o1 o  
I l cm3 

Inventory b l .tuncer t a l n t y )  
! uC I  l 

1 . 4 • 109 
( 1 . 2 . 107 ) 

1 . 6 • 108 
1 4 . 3  • 107 ) 

4 . 4  X 109 
1 3 . 5  • 1 08 ) 

3 . 1  • 1 01 
1 1 . 3 . 1 07 ) 

3 . 1  • 107 
1 1 . 3 . 1 07 ) 

9 . 3 . 1 01 
1 3 . 2 . 1 07 ) 

1 . 0  • 1 06 
1 2 . 0 . 1 05 ) 

1 . 3 X 1 05 
I 1 .  3 X 104 ) 

1 . 1 X 1 05 
I l 

1 . 1 • 1 05 
( 3 . 6 . 104 ) 

5 . 8  x 1 os 
1 3 . 9  X 1 04 ) 

3 . 6 • 1 o-2 
I l 

Total Core I nventory• 

Fract  lona1 
Core 

Inventory 

0 . 1 1 0  

0 . 0 1 2  

0 . 344 

0 . 002 

0 . 002 

0 . 001 

0 . 000 

0 . 000 

0. 000 

0 . 000 

0 . 000 

0 . 000 

I nventory Accounted for to Jul y  1987 • 

Fract ion Accounted for 
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Fract  l onal 
Uncerta int y  Dati 
Contr i bu t i on !ill! 

0 . 04 1  A-1 

0 . 01 4  A-2 

0 . 934 A -3 

0 . 00 1  A-4 

0 . 001 A-S 

0 . 008 A-6 

0 . 000 A-1 

0 . 000 A-9 

0 . 000 A-U 

0 . 000 A-14 

0 . 000 A-11 

0 . 000 A-21 

1 . 3 x 1 01 0  t�CI 
6 . 2  • 1 09 

( .t 3 . 6 x 1 08 1 t�CI 

0 . 478 
1 ±0 . 028 ) 
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TABLE 1 4 .  F I SSION PRODUCT DISTRIBUTION AND I NVENTORY OF E u-1 54a 

Degraded Core 

Upper Core Debr i s  

H o  Hen Core Zone 

Intact  Rods 

Core Former Region 

Core Suppor t Assembly  

Lower P lenum Debr i s  

Reac tor Coo l I ng Sxs tem 

Hot L eg sur faces 

Upper P lenum Sur faces 

SG Surfaces 

Pres sur i zer Surfaces 

SG Sediment 

Pressur i zer Sediment 

Demln  Sediment 

RCOT Sediment 

RCS Coolant 

Outs Ide RCS 

R/Bd L iquid 

R/8 Sediment 

R/8 L ower Wal l s 

R/8 Upper Surfaces 

R/B Air  Space 

Aux/Be L iquid  

Aux/8 Gas  Release 

Ac t i v i ty 
ltuncertal ntxlb 

4 .  4 X 101 
( 6 . 0  X l 0-1 1 pCI/g 

3 . 8  X 101 
( 3 . 0  x l0-1 1 pC I /g 

9 . 6  X 109 
( 9 .6 x 107 1 pCI 

3 . 8  X 101 
( 3 . 0  x l0-1 1 pCI/g 

3 . B  X 101 
( 3 . 0  x l0- 1 1 pCI/g 

3 . B  X J Ql 
( 3 . 0  x 10-1 1 pC I/g 

1 . 1  J o-3 
( 3 . 6  J0-4 1 pCI/cm2 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

2 . 0  x 1 o-1 1  
I I pCI/cm3 

NH 

NH 

a .  A l l  decay da ta correc ted to July 1 987 . 
Ha l f  L i fe • 2993 days 
Decay Fac tor S i nce Acc i dent • O . S027 

b .  Where no uncerta inty  I s  shown , I t  Is unknown . 

c .  NH . Not Measured. 

d.  R/8 • Reactor Bu i ld ing .  

e .  Aux/8 • Aux i l iary  Bu i l d ing .  

Assoc ia ted 
Val/Mass/Area 

(±uncer talnhlb 

2 . 4  X 1 07 
( 1 . 2 X 1 06 1 g 

2 . 6  X 107 
( 6 . 6  X 1 06 1 g 

3 . 3  x 1 o- l 
( 2 . 5  X 1 0-2 1 

5 . 0  X 106 
( 2 . 0  X 106 1 g 

5 . 0  X 1 06 
( 2 . 0  X 106 1 g 

1 . 5 X 1 07 
( 5 . 0 X 1 06 1 g 

3 . 5  X 1 06 
( 7 . J X 1 Q5 1 cm2 

5 . 6  x 1 o1 0  
( I cm3 

Inventory b ( tuncer t a l n ty l 
I uCII 

10B 7 . 9  X 
( 4 . 1  X 1 07 1 

8 . 7  X 1 0B 
( 2 . 2  X l OB I 

1 . 6 X 1 09 
( 1 . 2 X 1 0B 1 

1 .  7 X loB 
( b . B  X 1 07 1 

1 .  7 X l OB 
( 6 . B  X 1 07 1 

5 . 1  X J OB 
( 1 . 7 X 1 0B 1 

1 . 9 • 1 04 
( 3 . 9  • 103 1 

6 . 1 x lo- 1 
I l 

Total  Core Inven tory• 

Fract i ona l 
Core 

I nventory 

D. 1 64 

0 .  l BO 

0 . 327 

0 . 035 

0 . 035 

0 . 1 06 

0 . 000 

0 . 000 

I nventory Accounted for to July 1 987 • 

F ra c t ion Accounted for 
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Fract  lonal 
uncer t a i n ty Data 
Contr i bu t ion Table 

0 . 0 1 6  A- 1 

0 . 479 A-2 

0 . 143 A-3 

0 . 044 A-4 

0 . 044 A-5 

0 . 275 A-6 

0 . 000 A-8 

0 . 000 A-21 

4 . B  x 1 09 11CI 
4 . 1  X 109 

( .t3 . 2  X 1 08 1 11CI 
O . B47 

l t0 . 067 1 



4 . SUMMARY AND Rf C OMMlNDA l J ONS 

TMI -� def uel \ ng work ha s a l lo�d \ den t \ f \ cat \ on of the -.Jor f\ s s \ on 

produc t r epos \ tor \es .  T hese r epos \ tor \ es have been v \ s ua l l y  \ n spec ted to 

• 
al low es t \  .. tes to  be .. de of t he amoun t of degr aded core  ma ter \al  w\ t h t n  

.,ch . S..,les  f r� .os t r epos \ tor \es  have been acqu \ r ed for c harac ter \ z \ ng 

the reta \ ned f \ ss \ on produc t s . T he c ur r en t l y  ava \ l abl e data have been 

tOif\led for selec ted \ sot opes r epresen t \ ng the noble gases and t he h \ gh - ,  

-.d t � .  and l ow - vo l at \1 \ tJ f \ s s \ on produc t s . Calc u l a t \ ons are presented 

s�r \ z \ ng t he total  core ac t \ v\ t y  and as soc \ a ted uncer ta \ nt y  ( for 

sel ec ted rad\ o\sotope s ) f r o.  a l l  .. J or r epos \ tor \es . 

The work presen t ed \ s  �sed on four \_,or tant a s s u.p t \ on s  tha t 1 \•\ t t he 

accuracJ of t he r esu l t s . T hese  \ nc l ude : 

1 .  T he s pec t f \ c ac t \ v\ t y  ( �C\/g ) of the degr aded core .ater \ al \n  

the .al len core  zone , CFA r eg \ on ,  CSA r eg \ on ,  and l�r plenum 

r eg \ on a r e  �sed on the �asured ac t \ v \ t \ es of a few l ower p l enum 

debr \ s s a.pl e s . 

2 .  T he total core \ nventor y \ s  a s s� to be equal t o  the OR IGE N2 
c alc ulated val ues . No er r or has yet been assoc \a ted w\ th  the 

val \ d \ ty  of t hese  values . Mea sureaents on \ ntac t f ue l  f r om  known 

l oca t t ons  w\ 1 1  a l l ow  t he unc er ta \ n t y  \ n  t he OR I GEN2 calcu la ted 

total core t nventor y to be es t \  .. t ed. 

3 .  I t  has been ass�d t ha t  t he 1 \M\ ted sa�le� f r a.  eac h zone are 

t yp t cal and f ul l y  r epr esen ta t \ ve of al l .a ter \al  \ n  tha t zone . 

Add \ t \ onal a nalys \ s  w\ 1 1  be r equ \ r ed to es t \ .at e  the var \ab\ 1 \ ty 

t n  t he .easured degraded c or e  zone ac t t v\ t �s as  the data become 

ava \ labl e .  

4 .  F t s s t on pr oduc t r e ten t \ on \ n  t he \ntac t  r ods wa s a s s umed t o  be 

991 ( tl ) and 9�� ( tS )  for the l ow- to�d t u• and h \ gh 
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vol a t i l i ty f i s s1 on p r oduc t s ,  r e spec t i ve l y . Mea s u r ed r e ten t i on 

da ta f r om the i n tac t r od s  wi l l  p r ov i de t he nec e s s a r y  data  to  

c on f i rm these a s s umed va l ues . 

Tab l e  1 5  s ummar i zes , for s e l ec ted i so tope s , the  f r a c t i on o f  the  t o t a l  
core  a c t i v i ty e s t i ma ted f r om a l l  major r epos 1 to r i e s . T h e  r e su l t s  i nd i c a tes  
the nob l e  gas i nven tory  to  be accoun ted for  to  wi t h i n  a bout  1 0 -20% of  t he 

i n i t i a l  ( OR IGEN2 ) i nventor y .  However , t here appea r s  t o  be a w i de r ange 1 n  
accountab i l i ty for  a l l ot her f i s s i on p r oduc t group i ngs , 1 . e. h i gh - , 

med i um- ,  and l ow-vo l a t i l i ty group s . 

For the h i gh l y  vo l a t i l e  f i s s i on p r oduc t s , ces i um appea r s  to  be 

acc ounted for to  wi t h i n  1 0%; however , s i gn i f i ca n t  1 od i ne ( up to  35% )  has 

yet to be accoun ted for . Add i t i ona l da ta eva l ua t i on of t he ear l y  r ea c tor  

coo l a n t  samp l e s  wi l l  be eva l ua ted to  p r o v i de an  i ndependent c heck  on t he 

i od i ne i nven tor y t rans fer red to  the RCS c oo l a n t  and p r ov i de bet ter 
agreement  between t he nob l e  ga s and i od i ne i nven tor i e s . 

Cons i der i ng the med i um-vo l a t i l e f i s s i on p r oduc t s , the  f r ac t i on o f  the 
co re  i nven tory of  a n t i mony mea sured to  date  is  l e s s  t ha n  50% ,  wh i l e the 

e s t ima ted f r ac t i ona l i nven tory  o f  s t r on t i um appea r s  t o  agree w i t h  the  

ORIGEN2  tota l core  va l ue .  

For the l ow-vo l a t i l e f i s s i on p r oduc t s ,  t he Rutheni um i nven tory  appea r s  

t o  b e  l ow ( l ess  than 50%)  wh i l e t h e  i nven tory  f o r  c er i um a nd europ i um 

appear to  be wi t h i n  app r ox ima te l y  1 0% of  the OR I GE N2 va l ues . 

S i nce l i mi ted ac t i v i ty da ta i s  c u r r en t l y  a va i l a b l e  f r om mos t  deg raded c o r e  

ma ter i a l  zones , t h e  e s t ima ted i nven tor y va l ues summa r i zed above s h o u l d  be 

v i ewed as  p r e l i mi nary and a r e  expec ted to  c hange somewha t as  mor e  core 

ma ter i a l  exami na t i on da ta becomes ava i l a b l e . The fo l l ow i ng recommenda t i ons  

a r e  pr esen ted to i mpr ove the  data  and  a l l ow eva l ua t i on of  the above 
a s s ump t i ons . 
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• TABl l 1 5 .  SUMMARY OF F I SS I ON PRODUCT I NVENTORY CAl CULAT I ONS 
( Ju l r  1987 ) 

• 

f hs t on Product 

ICr -85 
Cs- 137 
J -129 

Sb- 1 25 
Sr -90 

Ru- 1 06  
Ce-144 
E u -154 

Cur ren t  ( s t t  .. te 

H tgh Vo lat  U t tx 

861 
1041 

681 

(t41) 
(t3X) 
(tll) 

Nedt u.  Vo1a t t 1t tr 

431 (t3X) 
11?1 (t10K) 

low Vol a t  t 1  Hx 

481 (tll) 
1001 (tb) 

851 ( tll) 

Prev \ ous E s t ,-. te• 

( Ref . 4 )  

471 
50-731 

8 -40K 
1 5 -631 

.b 
26-1301 
- -b 

a .  lower es t \  .. te based on ' '•t ted .. a sured da ta for onl r  t he upper core 
debr t s . Upper es t ,  .. te based on assu.pt , on of a l l core .ater t a l  ac t \ v t tr 
�ua l to t he .. a s ured upper plenu. debr \ s  ac t \ v , tr concentra t t on . 
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1 .  E xam1 nat 1 on Da ta . Add 1 t 1 ona l data  a r e  nec e s sa r y  t o  character 1 ze 

a l l  r eg 1 ons  of  the  degraded c o r e  ma ter 1 a l s .  These  1 nc l ude : 

a .  L ower P l enum Debr 1 s .  Grab  samp l e s  a r e  r equ 1 r ed o f  the  l ower 

p l enum l oose  debr 1 s  a t  a l l  f \ ve co re  1 n spec t \ on l oca t 1 on s  

and a t  three a x \ a l  e l eva t 1 on s  w 1 t h 1 n  the  o r 1 g1 na l 

pos t -acc 1 dent  debr 1 s .  Samp l es of  t he cons o l 1 da t ed 

( l ava - 1 1 k e )  ma ter 1 a l  a r e  a l s o nec e s s a r y  s 1 nc e  t h e r e  appea r s  

t o  b e  a s 1 gn 1 f 1 cant  r eg 1 on o f  conso l 1 da ted debr 1 s. Samp l e s  

o f  a l l un \ que debr 1 s  c on f 1 gur a t 1 ons  a r e  a l so nec e s sa r y ,  

\ nc l ud \ ng t he pos s 1 b l e  nonfuel  ma ter 1 a l  adjacent  t o  the 

r eac tor  vess e l . To meet these  r equ 1 remen t s , r emova l o f  the 

l ower p l enum debr 1 s  ma ter 1 a l  mu s t  be done c a r e f u l l y .  

b .  Core  F or mer  Wa l l  Debr \ s .  Se l ec ted samp l es  a r e  nec e s sa r y  to  
eva l ua te the  c ompos 1 t 1 on and reta 1 ned f 1 s s 1 on p roduc t s  f r om 
ma ter 1 a l  w 1 t h 1 n  t he C F A  r eg 1 on .  S 1 nc e  the  ma s s  1 s  e s t 1 ma ted 
to  be r e l a t 1 ve l y  sma l l c omp a r ed to o ther f ue l -conta 1 n 1 ng 
reg 1 ons , a 1 1 m1 ted number o f  samp l es  ( 5 )  w 1 1 1  p r ov 1 de the 

da ta to eva l ua t e  var 1 a b 1 1 1 ty 1 n  t he mea s u r ed a c t 1 v 1 ty va l ues 

vs . l oca t 1 on of  the ma ter 1 a l  w1 t h 1 n  t he r eg 1 on . A l s o ,  

v 1 sua l  1 n spec t 1 on t o  c on f 1 rm any  s 1 gn 1 f 1 cant  var 1 a t 1 on 1 n  

the C F A  debr 1 s  c harac ter 1 s t 1 c s  (par t 1 c l e  s 1 ze ,  textur e ,  

e tc . )  and the extent  o f  the C F A  vo l ume conta 1 n 1 ng debr 1 s  

ma ter 1 a l  w1 1 1  be nece s sa r y .  

c .  Co re  Suppor t  A s semb l �. Se l ec ted samp l es a r e  nec e s s a r y  
eva l ua te the compos 1 t 1 on and r eta 1 ned f 1 s s 1 on pr oduc t s  
l oca t 1 on for  the C SA ma ter 1 a l . A l so , v 1 s ua l  
c ha r ac ter 1 za t 1 on of  the vol ume of fue l 1 n  the CSA 1 s  
nec e s s a r y .  Because  the  vol ume of CSA ma ter 1 a l  1 s  known 
be sma l l ,  on ly a few ( 5 )  samp l es  w 1 1 1  be nec e s s a r y  to  

eva l ua te samp l e  va r 1 ab 1 1 1 ty .  

t o  
v s . 

to  

2 .  ORIGEN2 Ver 1 f 1 ca t 1 on E xam1 na t 1 ons . The  samp l e  exam 1 na t 1 on s  on 
1 n tac t fuel  pe l l e t s  f r om known core l oca t 1 ons  w 1 l l  p r ov 1 de data  
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to assess the uncer ta tnty  \ n  the OR I GE N2 calc ulated core 

ac t t v\ t tes . As noted above , no uncer ta\ n t y  \s  a s s umed for the 

ORI 6E 12 total core ac t t v \ t y :  however , the uncer ta tnty  tn these 

val ues .. , be as h \ gh as 20 - 301 for cer ta \ n  \ sotopes . The 

overes t t  .. t ton of the .easured f r ac t t onal core t nven tory for 

Sr-90 .. , be due \ n  par t to  \ naccur ate OR J 6E N2 val ues for the 

total  core tnventory .  

3 .  Data Oyal t f tcat \ on . Dat a  qual \ f tca tton w \ 1 1  be r equtred to 

ver t fy a l l dat a  used \n the tnventor y analys t s .  Thts tnc l udes an 

exten s \ ve evaluat \ on of the Append t x  A data t nc l uded \n th \ s  

repor t .  

The .easured f \ s s ton produc t da t a  \ s  extens t ve as  evtdenced by 

Tab les 7 -14 . T he dat a  used tn these tab les have been condensed f ro. .any 

data sources . An t.,artan t  end-produc t of the TMI -2 Acc \ dent E valua t \ on 

Progra• \ s  to or gantze the data necessary  to co.plete t he \ nventory 

es t \  .. tes \n a f t ss ton produc t data base . The f \ ss \ on produc t da ta base 

s hou l d  have t he f o l low \ ng c apab\ 1 \ t tes . 

1 .  Ooc �n t a t t on of the da ta ana l ysts as sumpt t ons  used t o  t nterpret  

the data and data refer ences for each  TMJ -2 repos \ tor y \n  a 

.. nner st•tlar  to t ha t  documen ted \ n  Append \ x  A .  

2 .  T he qual t f \ ed da ta shou ld  be 1\ nked tnter ac t \ ve l y  t o  an a l gor\ t� 

to pr ov \ de s�ry t nven tor y resu l t s s ta \ lar  to the tables 

pr esen ted \ n  Sec tton 3 on a l l .. a s ured f \ s s \ on produc t t sotopes . 

3 .  A l l  reposttor y s � r y  da ta  en ter ed t nto the f t s s t on produc t data 

base w \ 11 requtr e bes t -es t \ .ate val ues aQd uncer ta \ n t y  bounds to 

represent the var t ab t l \ ty \n the ava t l able da ta .  
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APPE ND I X  A 
SUMMARY Of RAD I Ol OGI CAl CONCt NTRAT I ON Mf ASURl ME NTS 

AND ASSOC I AT E D  CORE MAT E R I Al f OR 
THE MAJOR l MI -� F I SS I ON PRODUCT R EPOS I TOR I E S  

T h \ s  App�nd \ x  prov \ d�s the s ummd r y  da ta  nec e s sa r y  t o  �s t \ma te the 

ov�r a l l  f \ s s \ on produc t r et �n t \ on f or �ac h  of t he f o l l ow \ ng reg \ ons : 

• Reac t or cool \ ng S JS t �  ( RC S )  

t E x-RCS r eg \ ons .  

A shor t desc r \ pt \ on \ s  g , ven f or �ach r �pos \ tor y ,  t oge t her w \ th  a 

s�rJ of t h� da ta , dat a  r ef�r ences , and .. J or a s s ump t \ ons used , n  

r educ \ ng and/or c a.b \ n \ ng t h� a va \ labl�  da ta f or t he \ nv�ntor y c a l c u la t \ ons 

pres�n t�d \n Se< t \on 3 .  

1 .  DE GRADE D CORE REG I ON 

Th� c on f \ gura t \ on of t he degraded core has been reasona b l y  

c harac ter \ z�d f r a.  r ecent  defue l \ ng da ta . F , gure A- 1 s u�r \ zes t he 

end -s ta te c on f \ gu r a t \ on of  th� core � t�r \ a l s  and shows t he fol l ov , ng 

ur. , que reg \ ons c on ta \ n \ ng s \ gn \ f \ c an t  quan t , t \ es of f ue l  ma t�r , a l : 

• Upper c or �  debr \ s  ( or \ g \ na l  core zone ) .  

, Prev \ ous l y  .a l ten c ore  .. ter \ a l  ( or \ g \ na l  core zone ) , 

t I n tac t r od s  ( or \ g \ na l  core  r eg \ on ) ,  

t Prev \ ous l y  .o l ten debr , s  w \ t h \ n  t he c or e  for�r and ba f f le p la t e  

r eg \ on ,  and 

• L over p l enum debr \ s .  
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f 1 gu re  A- 1 . E nd - s t a t e  degr aded c o r e  r eg 1 on s . 
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T h� f \ s s \ on produc t .easur�nt s •nd a s soc \a ted core md S S  t or eac h  o f  
t h�se r eg \ ons are d \ scussed t n  t he fo l l ow \ ng subsec t t ons .  

1 . 1  Upper Cor e Oebr \ s  

A debr \ s  bed , rang \ ng f r�  0 . 6  to 1 . 0 m \ n  depth , was suppor ted by a 
so1 1 d  c ru s t  l oc a t� a t  about the core a x \ a 1  m \d -plane . The debr \ s  bed 
.. ter t a 1  �s s a�led a t  1 1  l oca t \ ons ; the debr \ s  par t \c le s  were  then 
exa•tned \n t he laborator y .  Mos t  of the par t \ c l e s  exam\ ned conta \ ned smd l l  
aaount s  of pr e v \ ous l y  .al ten U - l r -0 or U/0 , \ nd t ca t \ ng l oc a 1 \ zed peak 
te.peratur es of the prev \ ous l y  aol ten .. ter t a l  were t n  the r ange of 
1800-3 1 00  K .  However . based on the appearance of mos t of the debr \ s ,  t t  t s  
es t tmated that t he average bu l k  debr \ s  teapera tur e  r�t ned below abou t 
2200 K .  Oeta t l s  of t he exam \ na t \ on re s u l t s  are r epor t ed \ n  Ref . A - 1 . 

l he con tour of the debr t s  upper sur face was determ\ ned u s \ ng acous t \ c 
topography and \ s  k nown to w\ t h \ n  a f ew per cent . The debr \ s  mater \a l  was 
extens \ ve l y  probed to d�t�ratne the depth to the har d  suppor t \ ng sur face . 
The loca t \on of t h t s sur face \ s  known ac cura te ly  to wt t h \ n  1 to 2 t nches . 
Us \ ng these da ta . th� vo l� of the upper d�br \ s  bed \ s  es t tma ted to be 

3 3 
6 . 7 • .  Us \ ng th� measured bu lk debr \ s  dens \ ty of 4 . 48 g/cm 
( Ref . A - 1 ) ,  t he upper debr t s  bed mas s  t s  es t \mated to be approx t .. tel y  
30 , 000 kg . As sUIIt ng the uncer t a \ n t y  \ n  t he es t tma ted volume to be 5� and 
the unc�r ta t n t y  t n  bul k  dens t ty to be tl . O  glc•

3 ( from th� measured 
dlta ) ,  the uncer ta \ n t y  \ n  t he upper debr \ s  .. s s  t s  6700 kg . or about 2?%. 

GPU Nuc l ea r  def u� l \ ng r ecords e s t tmate the upper core debr \ s  mds s  
r..aved to be 23 , 799 kg ( Re f . A - 2 ) . The measured defue l \ ng mdS S  \ s  
e s t \ma ted t o  be w \ t h \ n  5� . S \ nce th� defue l \ ng da ta \ s  thought t o  be more 
prec \ se than  �s t \mates based on t he measur ed vo l ume and dens \ t y ,  the 
defue l \ ng da ta w ' l l  be used for the t nven tor y  c a l c u l a t \ on .  

The f \ r s t  s t x  upper core debr \ s  samples  wer e  ob ta \ ned dur \ng Sept ember 
and Oc tober . 1 983 . F \ ve add \ t tona l samp les wer e  acqu \ r ed \ n  Mar ch 1 984 . 
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The l oca t \ ons  of  the e l even samp l e s  1 n  t he TMI - 2  core  a r e  s hown \ n  

F \ g .  A-2 . The e l even samp l es wer e  s h \ pped t o  I NE L . Ten samp l es wer e  

te ta \ ned a t  I N E L  a n d  one samp l e  wa s s h \ pped to  B&W f o r  exam \ na t \ on .  S \ x  

add 1 t 1 ona l upper core  debr \ s  samp l e s  wer e  taken o n  Apr \ 1  1 2 ,  1 986 . 

Average r a d \ onuc l \ de concen t ra t \ ons  o f  the  comb \ ned upper core  debr \ s  

bul k samp l es a r e  1 \ s ted 1 n  Tab l e s  21  and  22 of  Ref . A - 1 . Tab l e  A-1  s hows 

the  res u l t s  of samp l e  we 1 gh ted r a d \ onuc l \ de c oncen t r a t \ on s  obta \ ned f r om 

these tables  and the e s t \ma ted end - s ta te ma s s  of  the  upper c o r e  debr \ s  

( f rom Ref . A-3 ) . 

1 . 2 Prev \ ou s l y  Mol ten Core  Ma ter \ a l  

The mo l ten core  zone 1 s  a c r uc \ b l e - s haped reg 1 on  w 1 th  a ma x \ mum depth 

of  appro x 1 ma te l y  1 . 2 m near the cen ter , dec r ea s \ ng to  1 5 -30 em nea r the  

per \ phery of  the mol ten zone . Two reg \ on s  conta \ n \ ng pr ev \ ou s l y  mo l ten 

ma ter \ a l  were  obser ved , 

1 .  a r eg \ on o f  prev \ ous l y  mol ten  ma ter \ a l  s u r r ound \ ng damaged but  

1 ntac t fuel  pel l e t s  near  t he per \ phery  o f  the mol ten  c o r e  zone , 

and 

2 .  a reg 1 on of u n 1 forml y mol ten ma ter \ a l  \ n  t he c en t r a l  r e g \ ons o f  

t h e  mol ten zone ; no ev 1 dence of \ n tac t fue l  pel l e t s  or  r od 

s t r uc tures  were  obser ved \ n  th \ s  r eg \ on . 

Samp l es f r om each of  these r eg \ ons  a r e  be \ ng exam\ ned \ n  t he 

l abora tory to charac ter \ ze compos 1 t 1 on and \ sotop \ c  l evel s .  F \ n a l  data  a r e  

expec ted b y  t h e  end of  c a l endar yea r 1 987 . 

The l ower \ n terface  be tween the mo l ten c o r e  zone a nd the  l ower \ n tac t 

rod s tubs has been e s t \ ma ted by contour  mapp \ ng f r om the c o r e  bor e  

\ nspec t \ on data . The bes t -es t \ ma te vol ume of  the  mol ten  core  reg \ on ba sed 

on the core bor e \ nspec t \ on data \ s  3 . 65 ± 0 . 9 1 m3 ( 1 29 ± 32 f t 3 ) 

( Ref . A-4 ) . The ma s s  of the prev \ ou s l y  mol ten core  r eg \ on \ s  es t \ ma ted to  
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TABLE  A-1 . MEASUR E D  I SOTOP I C  CONCE NTRAT I ON AND ASSOC I AT E D  MASS F OR THE 
UPP E R  CORE D E BR I S  

DATA CORRECTED T O : 

VOL , MASS , AREA = 

��CERTA I NTY IN VOL ,MASS , AREA = 

I SOTOPE CONCENTRAT I ON  

SR-90 5 . 60 0 0+ 0 3  u C i /g 
RU- 1 0 6  5 . 4 80 0+ 0 2  u C i /g 
SB- 1 25 1 . 0 40 0+ 0 2  u C i /g 
1 - 1 29 4 . 380 0-0 4 u C i /g 
CS- 1 34 6 . 64 0 [)+ 0 1  u C i /g 
CS- 1 37 1 . 550 0 + 0 3  u C i /g 
CE- 1 4 4 2 . 740 0+ 0 3  u C i /g 
EU- 1 54 4 . 35 0 0+ 0 1  u C i /g 
EU- 1 55 8 . 99 0 0+ 0 1  u C i /g 

A-1 0 

0 4/84 

2 . 370 0+ 0 7  9 
1 . 1 90 0 + 0 6  9 

UNCERT . IN  CONCENTRAT l et-!  

1 . 0 0 0 0 + 0 2  u C i /9 
5 . 0 0 0 0+ 0 0  u C i /9 
1 . 0 0 0 0 + 0 0  u C i /9 
0 . 0 0 0 0 + 0 0  u C i /9 
4 . 0 0 0 0-0 1 u C i /g 
1 . 0 0 0 0+ 0 1 u C i /g 
7 . 0 0 0 0+ 0 1  u C i /g 
6 . 0 0 0 0-0 1 u C i / g 
9 . 40 0 0+ 0 0 u C i /g 



b� 25 , 600 t 6 , 600 kg by as s�\ ng the MOl ten mat er \ a l  has the sa� dens \ t y 
as the l o�r p l �n� d�br \ s  par t \ c le d�ns \ t y ( 7 . 0 t 0 . 5  g/cm3 ) .  

F or the pr� l t• t nar y \ nv�n tor y c a l c u l a t \ ons \ nc l uded \ n  the repor t ,  the 
\ sotop \ c  conc�n tr a t \ on �asur�nts  ar� a s su.ed to be \ dent \ c a l  to the 
�asu r�nts f ro. the l over p l enu. debr \ s  bed par t \ c le s ( Re f . A-5 ) and are 
s�r \ z� t n  T ab le A - 2 .  

1 . 3 Par t \ a l ly I ntac t F ue l  Rods 

Stand \ ng f ue l  r od s  and fue l  rod s tubs extend f rom the bot tom of the 
c or� up to the .ol t�n core r eg t on . At so.e places a t  the core p�r \ pher y .  
\ n tac t r ods ex tend f or the fu l l length o f  the fue l  a s sembly .  Recen t E G&G  

I daho ana l ys t s  his detera\ ned th� vo lUMe o f  \ ntac t r ods ( before defue l t ng 
s tar ted )  to be 1 2 . 14 t 0 . 9 1  a3 ( 4 SO t 32 f t3 ) ( Re f . A -4 ) .  Th \ s  
vo l� represen t s  38 t lK of the or \ g \ na l  core vo l u� .  or 
41 , 000 t 3800 kg of core Md t�r \ a l . 

E xaa\ na t \ on da ta f roa the \ n tac t rods \ n  the l ow�r c or e  reg \ ons are 
not presen t l y  a va \ lab le . F or f \ ss \ on produc t t nventor y ca l cu la t \ ons . tt ts 
assuaed tha t  th� f rac t \ ona l \nventor y of f \ s s \ on produc t s  \ n  the \ ntac t 
rod s  \ s  the sa.e as the f r ac t \ ona l power generated w\ t h \ n  the r ods . 
Append \ •  8 s�r \ zes the necessary data and ca l c u l a t t ons . s how\ ng t he 
f r ac t \ on of t o t a l  core \ nventor y ( 0R I GE N2 va l ue--Ref . A - 6 ) conta \ n�d \ n  the 
\ n tact r od r eg \ ons \ s  0 . 32 t 0 . 025 . Tab le A-3 s u�r \ zes the spec \ f \c 
ac t \ v \ t y da ta used \n the \nventor y ca l cu la t \ ons of Sec t \ on 3 based on the 
fo l low\ ng as s�t \ons : 

1 .  F \ ve per cen t of t he nob le gases and h \ gh l y  vo l at \ l e f \ s s \ on 
produc t s  ( 1 .  Cs . Te ) were r e lea sed . The uncer ta \ n ty \ n  the 
ac t \ v \ t y va l ues are as sUMed to be t 5% .  

2 .  Re leases of the �d \ um- and l ow - v o l a t \ 1 \ t y f \ s s \ on pr oduc t s  are 
a s suaed to be 1% w\ th th� unc�r ta \ n t y  t l% . 

A - 1 1  



TABLE  A-2 . E STIMATE D I SOTOP I C  CONCE NTRATI ON AND ASSOC I ATE D MASS F OR MOLTE N 
CORE  ZONE 

DATA CORRECTED TO : 

VOL , MASS , AREA = 

L�CERTA I NTY I N  VOL , MASS , AREA = 

I SOTOPE 

SR-90 
RU- 1 0 6  
SB- 1 25 
I - 1 29 
CS- 1 34 
CS- 1 3 7  
CE- 1 44 
EU- 1 54 
EU- 1 55 

CONCENTRAT I ON  

7 . 0 70 0+ 0 3  u C i /g 
1 . 4 600+ 0 1  'J C i /g 
7 . 9500+ 0 0  u C i /g 
5 . 60 0 0-05 uC i /g 
2 . 68 0 0+ 0 1  u C i /g 
8 . 720 0+ 0 2  u C i /g 
4 . 230 0+ 0 2  u C i /g 
3 . 7500+ 0 1  u C i /g 
0 . 0 0 0 0+ 0 0  u C i /g 

A - 1 ? 

0 4/86 

2 . 560 0 + 0 7  g 
6 . 60 0 0+ 0 6  9 

UNCERT . I N  CONCENTRAT I ON  

1 . 70 0 0+ 0 2  u C i /g 
1 . 1 0 0 0 + 0 0  u C i /g 
1 . 30 0 0+ 0 0  u C i /g 
3 . 20 0 0- 0 6  u C i /g 
6 . 0 0 0 0-0 1 u C i /g 
2 . 0 0 0 0+ 0 0  u C i /g 
1 . 0 0 0 0+ 0 0  u C i /g 
3 . 0 0 0 0-0 1 u C i /g 
0 . 0 0 0 0+ 0 0  u C i /g 



• 

• 

if 

TAill A-3. fSTIRAllD f i SSIOI PRODUCT I IVEITOIY II INTACT RODS 

"''"' 
U-90 
RU-1 06 
S8-I JS  
1 • 1 29  
CS-1 34  
CS-1 37 
CE-1 44 
EU-154 
£u-t 5S  
klt-85 

hU•ted 
lnveatorr 'I 
lnttct lofs 

7 . 4400+ & 1  uCi 
3 . 5800+ 1 2  uC I 
I . 2200+ 1 1  uti 
2 .0540+85 uCi 
1 . 8910• 1 1  ut i 
8 . 1 1 30t I I  uC I 
2 . 3600+ 1 3  uC I 
9 . 5500+89 uCi  
3 . 2400+ 1 0  uCI 
9 .  2060+ 1 0  uC i 

Uncertatntr t n  
E stt•t!d InventorY 

7 . 4400+09 uCI  
3 . 5800+ 1 8  uCI  
1 . 2200+09 uC I 
I . 8100+04 uC i 
9 . 9500+09 uCi  
4.  2700+ 1 0 uC I 
2 . 360Dt l l  uCI 
9 . 5500+07 uC i 
3 . 2400+08 uC I 
4 .8500+09 uC i 

1 .  Set Appendt x I for assu.pttons and data for calculatt ng t nventorr • 

• 

• 
A-13  



1 . 4 Prev 1 ou s l y  Mol ten Core  Ma ter 1 a l  1 n  t he C o r e  F or mer Zone 

Recen t defue l 1 ng da ta has con f 1 rmed the e x 1 s tence of s 1 gn 1 f 1 ca n t  

amoun t s  of  prev 1 ou s l y  mol ten c o r e  debr 1 s  1 n  t h e  c o r e  former /ba f f l e  p l a te 

reg i ons  a t  the per 1 phery  of  the core . Reference A-7 s ugge s t s  t ha t  a n  upper 

bound e s t 1 ma te of  core debr i s  in the core former  r e g 1 on 1 s  6 200 kg 

( 1 3 , 600 l b ) . However , ba sed on uncer ta 1 n t 1 es 1 n  the  debr 1 s  dens 1 ty and  t he 

a s s umpt i on that  the r eg 1 on 1 s  f 1 l l ed be l ow the  upper s u r face o f  the  debr 1 s ,  

a bes t -e s t 1 ma te ma s s  of  degr aded core  ma ter 1 a l  for  th 1 s  r eg 1 on 1 s  a s s umed 

to be 5000 ± 2000 kg . 

No C F A  samp l e s  have yet been rece 1 ved and exam1 ned ; however , ba s ed on 

the bes t -e s t 1 ma te acc i dent  scenar 1 o  ( Ref . A-8 ) ,  the prev 1 ou s l y  mo l ten 

ma ter i a l  i s  thought to be pa r t  of  the  maj or core  ma ter i a l  r e l oc a t i on a t  

224 m1 nutes . Thu s , the compos 1 t 1 on and f 1 s s 1 on produc t s  a r e  expec t ed to  be 

s imi l a r  to that  of the l ower p l enum debr i s .  

F or the 1 nventory  c a l c u l a t 1 ons  presen ted 1 n  th 1 s  r epor t ,  the 1 so t op 1 c  

concen t ra t 1 ons  a r e  a s s umed t o  be 1 dent i ca l  t o  the l ower pl enum debr i s  

mea surement s  ( Ref . A . 5 ) .  These va l ues , together w1 th  t he e s t 1 ma ted ma s s  of  

core ma ter 1 a l  1n  the C F A ,  a r e  presented 1n  Table  A-4 . 

1 . 5 Prev 1 ou s l y  Mo l ten C o r e  Ma ter 1 a l  1 n  t he 

Core Suppor t  Assemb ly ( C SA )  Reg1 on 

The fuel  debr 1 s  1 n  the CSA r eg \ on ( see F 1 g .  A- 1 ) 1 s  a t  present  not  

we l l  quant 1 f \ ed .  Dur 1 ng the  core  bore  1 ns pec t 1 on o f  the C SA r eg i on , 

prev 1 ous l y  mol ten ma ter i a l  wa s obser ved on l y  1 n  the ea s t  quadr a n t  o f  t he 

ves se l  and i n  these reg 1 ons on l y  1 1 m1 ted quan t \ t i e s  wer e  o b s e r vab l e . I n  

add\ t 1 on ,  v i deo 1 nspec t 1 on o f  the l ower p l enum reg 1 ons  ha s s hown prev 1 ou s l y  

mol ten , l a va - l i ke ma teii a l  t o  r e s t  on the  upper s u r f a c e s  o f  the  e l l i pt i ca l  

f l ow d 1 s t r 1 butor  p l a te . Based on the 1 1m\ ted 1 ns pec t 1 on da ta , the  ma s s  of 

the prev 1 ou s l y  mo l ten core ma ter i a l  1 n  t he CSA r eg \ on 1 s  e s t \ma ted to  be 

5000 ± 2000 kg . As defuel i ng progr e s s e s , add \ t 1 ona l CSA \ n s pec t 1 on da ta  

A- 1 4 



TAil f A-4 . E ST IMAT ED  ISOTOPI C  CONCE NTRAT I ON AND ASSOC IATED MASS F OR DE BRI S  
I N  THE CORE f�R REGI ON 

DATA CORRECTED TO : 

VOL ,11ASS ,AREA • 

UNCERTA I NTY  IN VOl ,MASS ,AREA • 

I SOTOPE 

SR-90 
RU- 1 0 6 

S8- 1 25 

1 - 1 29 

CS-1 34 

CS- 1 37 

CE - 1 44 
EU- 1 54 

Eu- 1 55 

7 . 0 700+ 0 3  uC i /g 
l . 4600+ 0 1  uC I /g 
7 . 9500+00 uC i /g 
5 . 6000-05 uC i /g 
2 . 6800+ 0 1 uC i /g 
8 . 7200+ 0 2  uC i /9 
4 . 230 0 + 0 2  uC i /g 
3 . �0 0+ 0 1  uC i /g 
0 . 0 0 00+00 uC i /g 

A-15 

04/86 

5 . 0000+ 06 9 
2 . 0000+ 06 9 

IJIIC£RT .  IN C�CENTRAT I � 

1 . 7000+02 uC i /g 
I . I  000+00 uC i /g 
1 .  300 0+ 0 0  ut 1 /g 
3 . 200 0-06 uC i /g 
6 . 0000-0 J uC i /g 
2 . 0000+ 0 0  uC i / Q  
1 . 00 0 0+ 0 0  uC i /g 
3 . 0000-0 1 uC I /g 
0 . 0000+00 uC i /Q 



w1 1 1  a l l ow more  accurate  c harac ter 1 za t 1 on o f  t he ma ter 1 a l  w 1 t h 1 n  these  

r eg 1 ons . At  presen t ,  no exam1 na t 1 on da ta ex 1 s t s  f r om c o r e  ma ter 1 a l  1 n  the  

CSA reg 1 ons . 

No CSA samp l es have ye t been r ece 1 ved and exam1 ned ; however , ba sed  on 

the bes t -es t 1ma te acc 1 den t scena r 1 o  ( Re f . A-8 ) , the prev 1 ou s l y  mo l ten  

ma ter 1 a l  1 s  though t to be par t  of  the maj or core  ma ter 1 a l  r e l oca t 1 on at  

2 2 4  m1 n .  Thus , the compos 1 t 1 on and f 1 s s 1 on produc t s  a r e  expe c t ed t o  be  

s 1m1 l a r  to tha t  of  the l ower p l enum debr 1 s .  

F or the 1 nven tory  ca l c u l a t 1 ons presen ted 1 n  t h 1 s  repor t ,  the  1 so t op 1 c  

concen t r a t 1 ons  a r e  a s s umed t o  be 1 den t 1 ca l  t o  the  l ower pl enum debr 1 s  

meas u r ement s  ( Ref . A . 5 ) . These va l ues , toge ther w1 th  t he e s t 1 ma ted ma s s  of  

core ma ter 1 a l  1n  the CSA , are  presen ted 1n  Tab l e  A-5 . 

1 . 6 lower P l enum Debr 1 s  

The or 1 g 1 na l  pos t -acc 1 den t l ower p l enum debr 1 s  has  been charac ter 1 zed 

v 1 a  f 1 ve sepa r a te v 1 deo 1 nspec t 1 on s . Note tha t s 1 nce  the  or 1 g 1 na l  

1 n spec t 1 ons , an e s t 1 ma ted f 1 ve tons  o f  f 1 ne debr 1 s  ha s r e l oc a ted t o  the 

l ower p l enum r eg 1 on as  a r es u l t o f  dr 1 1 1 1 ng t hr ough t he upper core  

ma ter 1 a l . The debr 1 s  bed conf 1 gura t 1 on , ba sed on these  d a t a , 1 s  s umma r 1 zed 

1n Ref . A-9 . 

The l ower p l enum debr 1 s  ma ter 1 a l  cons 1 s t s  o f  a w1 de r ange o f  ma ter 1 a l  

shapes , s 1 zes , and textures . I n  the  p l enum nor th  quad r a n t  r eg 1 on ,  the 

debr 1 s  ha s the appearance  of  a l arge , l a va - 1 1 ke c l 1 f f wh 1 ch abu t s  t he 

outermost  row of  1 n s t r ument  gu 1 de tubes , wh 1 l e the  r eg 1 on 1 n  f r on t  of  the 

r ubble  c l 1 f f has a lmos t  no debr 1 s .  The c l 1 f f appea r s  to  be  s o l 1 d ,  w 1 th  a 

smooth surface 1 nter l aced w1 th  c r a c k s  and some l a r ge c hunks  wh 1 c h  a ppear to 

be l oose . The rubb l e  near the wes t  quadr a n t  has  a l a r ge number o f  2- to 

5 -cm d 1 am.  1 r regu l a r - shaped p 1 eces  1 n ter s pe r s ed w1 t h  muc h f 1 ner  ma ter 1 a l . 

The ma ter 1 a l  1 n  the ea s t  quadrant  appea r s  to have the l ar ge s t  pa r t 1 c l e s , 

some hav 1 ng d 1 ame ter s ( a l though 1 r r egu l a r  1 n  s hape ) r a ng 1 ng f r om 1 to  

2 0  em .  The la rger p 1 eces  appea r to  be porou s , w1 t h  sma l l  c ra c k s  and  smooth  

sur faces . I n  the south quadran t , the  debr 1 s  bed  l ook s mor e  un 1 form and  

A- 1 6 



TABl E A-S .  E STJRAlE O ACT J VJ l Y  AND ASSOC J Alf O MASS F OR CSA DE BRI S  

DATA CORRECT£� T O  1 

VOL ,MASS ,AREA • 

tKERTAINTY lN VOL ,HASS ,AREA • 

I SOTOPE 

SR-90 
RU- 1 06 
Sl- 1 2� 
1 - 1 29  

CS- 1 34  

CS- 1 37 
CE- 1 44 
EU- 1 54  

Cc:tiC ENTMT I !»>  

7 . 0 700+ 0 3  uC i /g 
1 . 4600+ 0 1  uC a / g  
7 . 950�00 uC i /g 
5 . 6001>-05 uC i /g 
2 . 680�0 1  uC I /g 
9 . 720 � 0 2  "C t lg 
4 . 230 0+ 0 2  uC i /g 
3 .  750 � 0 1 uC i /g 

A - 1 7  

04/86 

5 . 0 0 0 0+06 g 
2 . 0000+ 06 g 

LNCERT . lN CctiCENTRAT H I� 

I • 700 0+ 0 2  uC i /g 
l . 1 00 � 0 0  uC i / g  
1 . 30 0 0+00 uC i /g 
3 . 20 0 0-06 uC i /g 
6 . 0 00 0-G l  uC I /g 
2 . 0000+ 0 0  uC i /g 
1 . 000�00 uC i /g 
3 . 000D-O I u C i /g 



appear s  to  be a t rans 1 t 1 on � eg l on between the l ar ger  p 1 eces  1 n  t he ea s t  

quadra n t  and the sma l ler  debr 1 s  towards  the center . The debr 1 s  1 n  th 1 s  

reg \ on wa s ea s \ l y d i s l odged by the camera  and 1 1 ght s . The debr 1 s  bed a t  

the  core  bore 1 nspec t 1 on l oca t 1 ons , towa r d s  the  center  o f  t he ves se l , wa s 

u n \ form and smooth w1 th on l y  a few l ar ger p 1 eces  1 n  t he range o f  1 t o  

2 . 5  em.  

The vol ume and ma s s  of  the ma ter 1 a l  1 n  the  l ower p l enum ha s been 

es t ima ted a t  1 5 , 000 ± 5 , 000 kg ( before  dr 1 l l 1 ng o f  the  upper c o r e  

reg 1 on ) .  S 1 x teen debr 1 s  samp l e s  were  obta 1 ned f r om r e g 1 ons  1 n  the  s o u t h  

a n d  wes t  quadrants  of  t h e  ves se l . These  samp l es wer e  exam1 ned 1 n  t he 

l abora tory  for  ac t 1 v 1 ty and ma ter 1 a l  compos 1 t 1 on and the  r e s u l t s a r e  

con t a i ned 1 n  Ref . A-5 . More  samp l es w\ 1 1  be r et r 1 eved a n d  exam1 ned , 

1 nc l ud 1 ng l a r ge b u l k  samp l e s  of  the f 1 ne debr 1 s ,  p 1 eces  o f  t he c o n s o l 1 da ted 

l a va - 1 1 ke ma ter 1 a l , and ma ter 1 a l  adj acent  to  the ves s e l  wa l l s .  I n  

add i t 1 on ,  more  1 nspec t 1 on data w1 1 1  be obta 1 ned c harac ter 1 z 1 ng t he debr 1 s  

d 1 s t r i bu t 1 on a s  defuel \ ng progres ses . Thus , the  data  presen ted here  s hou l d  

b e  v 1 ewed as  prel 1 m1 na r y  w1 th  fa \ r l y  l arge uncer ta 1 n t 1 e s  r e l a t 1 ve to  

typ 1 ca l 1 ty of the overa l l  l ower p l enum debr 1 s  ma ter 1 a l . 

Samp l e  exam1 nat 1 on r e s u l t s a r e  1 1 s ted 1 n  Tab l e  F . l t o  Tab l e  F . 9 o f  

Ref . A-5 . Tab l e  A - 6  s umma r 1 zes t h e  f 1 s s 1 on produc t c oncen t ra t 1 on s  a nd 

a s s oc i a ted ma s s  for  the l ower p l enum debr 1 s  u s ed for  the  1 nven t o r y  

ca l c u l a t i on s  of  Sec t 1 on 3 .  The concent ra t i on da ta wer e  obt a 1 ned b y  

averagi ng t h e  da ta f r om Tab l e  F . l to  T a b l e  F . 9 of  Ref . A - 5 . 

A - 1 8  
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TAll( A-6 .  MEASURED I SOTOPIC CONCENTRAT ION AND ASSOC IATED MASS FOR lOWE R  
PU NlM OUR I S  

DATA CORRECTED TO a 

VOL ,MSS ,AREA • 

UNCERTA I NTY  IN VOL ,�SS ,AREA • 

I SOTOP£ 

:i\ ·?C 
RU- 1 06 

Sl- 1 25  
1 - 1 29  
CS- 1 3"' 

CS- 1 37 
CE- 1 44 
Eu-1 54 
Eu- 1 55 

C�CENTRAT I �  

'7 .  0:'0 0+ 0 3  u C  i /Q 
1 . 46�0+ 0 1  uC i /Q 
7 . �0+00 uC I /Q 
5 . 600D-05 uC i /g 
2 . 6800+ 0 1  uC I /g 
8 . 7200+ 0 2  uC i /g 
4 . 2300+ 0 2  uC i /g 
3 . 750�+ 0 1  uC i /g 
0 . 0000+ 00 uC i /g 

A- 19 

0 4/86 

1 . 5000+ 0 7  g 
5 . 0000+06 g 

�CERT . I N  C�CENTRAT J (Io4  

l .  7000+0 2  u C I /g 
1 . 1 000+00 u C I /g 
1 . 30 0 0+ 0 0  uC i /g 
3 . 2000-o6 uC i /g 
6 . 000D-O I uC i /g 
2 . 0000+00 uC i /g 
1 . 0000+00 uC I /g 
3 . 0000-G l uC i /g 
0 . 0000+00 uC i /Q 



2 .  RE ACTOR COOL ING  SYSTEM  

I nspec t 1 on and exam1 na t 1 on da ta a r e  ava 1 l a b l e  t o  e s t 1 ma te the  f 1 s s 1 on 

produc t reten t 1 on for the fol l ow1 ng reg 1 ons  of  t he pr 1 ma r y  cool 1 ng s y s t em 

or maj or RCS f l ow pa t h s  to  the conta 1 nment  bu 1 l d 1 ng :  

• Hot l eg p 1 p 1 ng s u r face , 

• Upper p l enum s u r faces , 

• Steam genera tor sur faces , 

• Pressur 1 zer s u r faces , 

• Steam genera tor sed 1 ment , 

• Pres s ur 1 zer sed 1 men t , 

• Makeup and pur 1 f 1 ca t 1 on dem1 nera l 1 zer sed lmen t ,  

• Reac tor coo l ant  dra 1 n  tank sed 1 men t , and 

• RCS wa ter . 

The da ta r e l a t 1 ve to each of  these  s ou r c e s  a r e  d 1 s c u s s ed 1 n  t he 

fol l ow1 ng subsec t l ons . 

2 . 1  Hot L eg P 1 p1 ng Sur faces  

A dua l -e l ement  res l s tance therma l  detec tor  ( RTD ) wa s r emoved f r om the  

A - l oop hot l eg ( see F 1 g .  A-3 for l oca t l on ) . The RTD t 1 p  c on f 1 gu r a t 1 on 

r e l a t 1 ve to the hot l eg wa l l  1 s  shown 1 n  F 1 g .  A-4 . The RTD wa s exam1 ned 1 n  

the l abor a tory  and the res u l t s  a r e  c u r r en t l y  be 1 ng doc umented . The 

mea sured sur face rad 1 oac t 1 v 1 ty a s s umed for  the 1 nven t o r y  c a l c u l a t 1 ons  1 n  

Sec t 1 on 3 wa s taken f r om Table  & o f  Ref . A-1 0 .  The t o t a l  mea s u r ed s u r face 

concentra t 1 on 1s  ob ta 1 ned by s umrn1 ng up  the  quan t 1 t 1 e s  of each r a d 1 onuc l 1 de 
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PORV 

A steam 
generator 

f \gur e  A-3 . RCS conf\ gur a tton show \ n g l oca t \ on of A- loop ROl . 
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Gasket 

Mounting boss 

Thermowell 

F 1 gure A-4 . A- l oop ROT t 1 p  conf 1 gura t 1 on .  
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r eacv�d dur \ ng th� \ nd \ v \ dua l d�contaM\ na t \ on s teps and d \ v \ d \ ng them by 
t he t \ p  sur t ac� area ( 1 � . 6  ca

2 ) .  T hese da ta are �hown \ n  Tab le A-7 . T he 
e s t \  .. ted sur face area of t he hot l �gs a s s umed to be as soc \ a ted w \ th the 
RTO da ta are a l so s�r l zed In Tab l e  A - 7  and wer e  taken f rom Ref . A- l l .  

No sur f ace saaples f roa the B - l oop hot l eg sur face have been 
acqu l r�d . However , \ t  shoul d  be noted tha t  the act i v i t y measur eMents 
externa l  to the RCS ( bas�d on ga� measuremen t s  o f  the s team genera tor 
.. n�y cover ) \ nd \ ca te tha t  the B - loop sur faces are severa l  t \mes more 
rad \oac t \ ve t han loca t \ ons on the A - l oop ( Ref . A - 1 2) . 

2 . 2  Upper P l enua Sur fac�s 

Thr ee cont r o l  r od dr \ ve l eadscrews were removed from the reac tor head 
as par t  of t he Ju l y  1 982 reaot� t� l�v \ s \ on \ ns pec t \ on of t he damaged cor e .  
l he former l oc a t \ ons o f  the l eadsc r ews removed are shown \ n  F \ g .  A-S . 

E xam\ nat \on of t he leadsc r ews showed two d \ s t \ nc t  surface depos l t \ on 
r �g \ ons : ( a )  an outer layer of eas \ l y removed .ater \ a l . and ( b )  an 
adherent l a yer adjacen t to t he s ta \ n l es s  s tee l . Rad \ oc heM\ca l  ana l ys \ s  of 
both the outer and \ nner depos \ t s  were  ca.pleted . T he exam\ na t \ on resu l t s  
a r e  presen ted \ n  Tab l es 23, 25 . 38 , and 39 of Ref . A - 1 3  for the brusho f f  
debr \ s  and \ n  Tables 26. 28 , 40 , and 4 1  of the same document for t he 
decon tam\ na t \ on solut \ on .  

The rad \ onuc l \ de concent r a t \ ons used f or the \ nven tor y ca l c u la t \ ons 
were obta t ned by s�l ng the mea �u r ed ac t \ v \ l y from both depos \ t \ on laye r s  
and d \ v \ d \ ng by the l eadsc r ew area . T hese data a r e  summdr \ zed \ n  Tab le A -8 . 

The tota l upper p l enum sur face a r ea as soc \ a ted w \ th the average 
leads c r ew c oncen t ra t t on wa s t a k en f r om Ref . A - l l  ( Tab l e  C - 1 1 )  and I s  a l so 
shown I n  Tab l e  A -8 .  
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Assembly coordinates 

A B C D E F G H K L M N O P R  
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3 shield 
2 

7-9784 

F 1 gure A-5 . l oca t 1 on of the con t r o l  rod l eadscrews r emoved for exam1 na t 1 on .  
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TABl E A - 7 . ME ASURED I SOTOP IC DE POSI T ION AND E ST IMATE D SURFACE AREA FOR RCS 
HOT L EG  SURFACE S  

DATA CORRECTED TO r 

VOl ,HASS ,MEA • 

LNCERTAI NTY  IN VOL ,11ASS ,AREA • 

I SOTOPE 

SR-90 
SB- 1 25  

CS- 1 34 

CS- 1 31 

CE- 1 44 

CC..CENTRAT I (Ill 

9 . 4400+ 0 0  u C i /ca2 

1 . 3200-0 l u C i /ca2 

9 . 4 1 00-0 t u C i /ca2 

2 . 0 001>+ 0 1  uC i /ca2 

2 . 6200-0 1 uC i /ca2 

A -25 

0 1/84 

9 . 10 01>+ 05 ca2 

9 . 1000+04 c•2 

�CERT . IN CC..CENTRAT I (Ill 

2 . 0000-0 1 u C i /ca2 

1 . 5000-02 uC i /ca2 

8 . 0000-0 3 uC i /ca2 

1 . 0000-G t u C i /ca2 

9 . 0000-03 uC i lc•2 



TABLE  A-8 . AVE RAGE I SOTOP I C  ACT I V I TY/ARE A F OR THE  CONTROL ROD L E ADSCR E WS 
AND ASSOC I A T E D  AREA  OF THE  TMI -2  UPPE R P L E NUM SURF ACE S  

DATA C ORRECTED TO : 

VOL , MASS , AREA = 

UNCERTA I NTY I N  VOL , MASS , AREA = 

I SOTOPE CONCENTRAT I ()'� 

SR-90 1 .  980 0+ 0 1 u C i /cm2 
RU- 1 0 6  3 . 0 70 0 + 0 0  uC i /cm2 
SB- 1 25 8 . 920 0 + 0 0  u C i /cm2 
l - 1 29 5 . 350 0-0 5 u C i /cm2 
TE 5 . 6900+ 0 0  u C i /cm2 
CS- 1 34 9 . 0 40 0+ 0 0  u C i /cm2 
CS- 1 37 6 . 57 0 0+ 0 1  u C i /cm2 
CE - 1 4 4 7 . 1 0 0 0 + 0 0  u C i / cm2 
EU- 1 54 7 . 1 20 0-0 3 u C i /cm2 
E U- 1 55 2 . 450 0-0 2 u C i / cm2 

A-26 

0 3/84 

3 . 54 0 0+ 0 6  c m 2  
7 . 1 0 0 0+ 0 5  cm2 

LNCERT . I N  CONCENTRAT I ()'� 

2 . 0 0 0 0-0 1 u C  /cm2 
7 . 0 0 0 0-0 2 u C  /cm2 
1 . 85 0 0 + 0 0  u C  /cm2 
3 . 1 0 0 0-0 6 u C  /cm2 
0 . 0 0 0 0+ 0 0  u C  /cm2 
1 . 3 0 0 0-0 1 u C  /crr,2 
6 . 50 0 0+ 0 0  u C  /cm2 
6 . 80 0 0-0 1 u C  /cm2 
3 . 60 0 0- 0 4  u C  /cm2 
2 . 0 0 0 0- 0 4  u C  /cm2 



The .anway c over bic k \ ng ( MCB ) p la tes f r om  s t eam genera tor s A and 8 

( see f \ g .  A-6 ) were exa•1 ned at the Ba t te l le Hot Ce l l fac 1 1 1 t y \ n  Oh 1 o .  
l he p l a tes were sec t \ oned t o  obta \ n  samples  for r ad \ ochem \ca l  exam \na t 1 on .  

The rad \ onuc l \ de ac t \ v \ t y  f r o.  the \ nner sur face of each sec t \ oned 
coupon \ s  1 \ s ted \n Tab l e  3 of Ref . A - 1 4 .  The e f fec t \ ve ac t 1 v 1 ty/un 1 t  of 
s t  ... generator s ur face a rea was obta \ ned by a verag \ ng the -.as ured 
ac t \ v \ ty over t he sur face area as soc \a ted w \ th each sample . These su r f ace 
concentra t \ on da ta are shown \n Table  A-9 . The tota l s ur face area of t he 
s t ea• generator s a s soc \ a ted w\ th the sur face ac t 1 v 1 ty concen t r a t \ ons \ s  
a l so shown \ n  Tabl e  A-9 and was taken f ro. Ref . A - 1 4 . 

2 . 4  Pres sur \ zer  Sur faces 

The MCB p l a t e  f rom the pre s su r \ zer ( see F \ g .  A - 7 ) wa s sec t \ oned and 
exa•1 ned at the Ba t te l l e  Hot Ce l l  F ac \ 1 \ t y . The .easured rad \ onuc l \ de 
ac t \ v \ t y f ro. the \ nner sur face of each sec t 1 oned coupon \ s l 1 s ted \ n  
Tab le 3 o f  Ref . A - 1 4 . The effec t \ ve rad 1 onuc l 1 de s u r f ac e  concen t r a t 1 on of 
the pres sur \ zer "CB p late was ob ta \ned by averag 1 ng the measu rements from 
each coupon and d \ v \ d \ ng by the e f f ec t \ ve sur face a rea of the sample .  
These da ta a r e  s � r \ zed \ n  Tab le A - 1 0 .  The a s soc \ a ted tota l sur face area 
of t he pr es su r \ zer ( f r o.  Ref . A - 1 5 )  \ s  a l so shown \ n  Tab l e  A- 1 0 . 

2 . 5  S t ea• Generator Sed \.ent 

The ' tube shee t ' of the B - l oop s team genera tor \ s  cover ed w\ th an 
es t \  .. ted 1 to 4 1 \ ter s of debr \ s  w\ t h  par t \c l es rang \ ng \n s \ ze up to 
0 . 6  c•. A debr \ s  samp l e  was vac uumed f rom the tube shee t on Augu s t  30 , 
1986 . The vo l� of the samp l e  \ s  abou t 7 . 7  cm3 . Assum\ng t h \ s  ma ter \ a l  
ha s a dens \ ty o f  3 . 6  glc•3 ( the l ower aver age bu l k  dens \ ty o f  the core 
debr \ 1  samp l es f r om Ref . A- 1 ) ,  t he tota l sampl e  we \ gh t  \ s  appr o x \mate l y  
28 g . 
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tor coolant i n let 

I nspect ion port 

Ven t  & level sen sing 

Aux i l�ry f�ter _ 

i n let 

Upper baffle 

Tube support plates 

Level sen sing 

1'-� Feedwater i n let (32) 

�1---.;;....-�1-+--- Level sensing (2) 

Drain & sample 

Handhole 

Reactor coolant 
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Steam generator 

� Level sensing (2) 

Man way 

Thermowe l l  

I n s pect ion port 

7·9764 

F 1 gu re  A-6 . TMI -2  s team genera tor c onf 1 gura t 1 on . 
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Vent nozzle 

Spray nozzle 

Vessel supports 

A-l9 

Relief valve nozzle 
(typ of 3) 

Level sensing nozzle 
(typ of 3) 

Normal water level 

Heater bundle 

Surge line nozzle 7·1115 



TABL E  A-9 . AVE RAGE D I SOTOP I C  ACTI V I TY/AREA F O R  THE STE AM GENE RATOR BAC K I NG 
COV E R  PLATE S AND ASSOC I ATE D SURFACE  ARE AS F OR THE TMI -2  STEAM 
GE NE RATORS 

DATA CORRECTED TO : 

VOL , MAS S , AREA = 

UNC ERTA I NTY I N  VOL , MASS , AREA = 

I SOTOPE CONCENTRAT I CI-J 

SR-90 l . 260 D-0 1 u C i /cm2 
RU- 1 0 6  3 . 430 0-0 2 u C i /cm2 
SB- 1 25 1 .  790 D-O 1 u C i /cm2 
I - 1 29 2 . 860 0-0 6 u C i /cm2 
CS- 1 34 8 . 580 0-0 2 u C i / cm2 
C S- 1 37 3 . 6400+ 0 0  uC i /cm2 

A - 30 

0 3/84 

3 .  70 0 0+ 0 7  c m 2  
3 . 70 0 0 + 0 6  c m 2  

IJNCERT . I N  Cet-JCENTRAT I CN 

9 . 0 0 0 0- 0 3  u C  /cm2 
l . 0 0 0 0-0 4 u C  /c:n2 
1 .  0 0 0 0-0 3 u C  /cm2 
2 .  0 0 0 0-0 8 u C  /em::: 
8 . 0 0 0 0-0 4 u C  /cm2 
1 . 0 0 0 0-0 2 u C  /cm2 



TABl E A - 10 .  AVE RAGE ISOTOP IC ACT IV I T Y/AREA FOR THE PRESSURI Z E R  BACK I NG 
COVE R PlATES ANO ASSOC IAT E D  SURF ACE ARE A FOR THE T"l -2 
PRE SSURI ZE R  

CIATA CORRECTED TO : 03184 

VOl ,HASS ,AREA • 

UNCERTA I NTY  IN VOl ,HASS ,AREA • 

I SOT OPE 

SR-90 
se- a �  
CS- 1 34 
CS-1 37 

C(tfCENTRAT I CJo4 

3 . 6000-0 1 uC i /c•2 
8 . 880D-04 uC i l ca2 
1 . 1 800-03 uC i /c•2 
4 . 240D-02 uC i /ca2 

A-31 

I .  0001>+06 ca2 
I . OOOD+05 ca2 

UNCERT . IN CONCENTRAT I ON  

1 . 9000-02 u C i /ca2 
1 . 2800-04 uC i /ca2 
5 . 000[)-05 uC i /ca2 
3 . 0 00 D-04 u C i /ca2 



The ac t i v i ty of  the 

doc umented i n  Ref . A-1 6 .  

was obta i ned by d i v i d \ ng 

samp l e  wa s mea s u r ed by GPU and t he r es u l t s  

The r a d i onuc l i de ac t i v i t y/g o f  debr i s  ma ter i a l  

the  mea s ured ac t i v i ty b y  t he samp l e  we 1 gh t  ( 28 g )  

and \ s  s ummar i zed i n  Ta b l e  A- 1 0 .  A s s umi ng t he above den s i ty o f  the  debr i s  

ma ter i a l , t he t o t a l  debr i s  ma s s  a s s oc i a ted wi t h  t h i s  s pec i f 1 c  a c t 1 v 1 ty 1 s  

e s t ima ted t o  be between 3 . 6-1 4 . 4  kg . Bec a u s e  o f  the  l a r ge uncer ta 1 n ty  1 n  

the e s t ima t ed ma s s , t he nom i n a l  debr i s  ma s s  and a s soc i a ted unce r t a 1 n t y  1 s  

a s s umed to  be 8 kg and 5 kg r e s pec t i ve l y ,  a s  noted i n  Tab l e  A - 1 1 .  

2 . 6  P r e s s u r i zer  Sed i ment  

A remote  t e l ev i s i on i n s pec t i on of  the pres s u r i zer  i nt e r na l s  c onduc ted 

in December 1 985 i nd i ca ted the p r es ence  o f  sed i ment  wi t h i n  the  pres s u r i zer , 

mos t l y  depo s i ted on the bot tom of  the  pres s u r i zer . The bo t t om sed i me n t  

a ppea r s  to  b e  deepe s t  near t h e  i nj ec t \ on noz z l e ,  a nd dec r ea s e s  towa r d  the 

per i pher y .  Some l arger debr \ s  ma ter i a l  was a l so obser ved . Mos t  of the  

sed i ment  i s  compr i sed of  f i ne par t i c l e s , ea s i l y  l e v i ta ted by  l oca l i zed 

water  d i s turbance . 

A samp l e  of  sed i men t wa s acqu i r ed for exami na t i on i n  December  1 985 . 

Af ter i n i t i a l  gamma scans  were  comp l e ted , the  samp l e  wa s d i v 1 ded \ n to  

l i qu i d  and  s o l i d  components  for  add i t i ona l gamma a na l ys \ s .  The meas u r ed 

ac t i v i t i e s  are  doc umen ted i n  Tab l e  1 of  Ref . A -1 7 .  An  a verage r a d \ onuc l \ de 

concen t ra t i on for  the pres s u r i zer sed i men t wa s obta i ned by s umm\ ng t he 

ac t i v i ty of  the so l i d  debr i s  par t i c l es greater  than  0 . 45 mi c r on i n  d \ ame ter 

and d i v i d i ng by the samp l e  sol i d  we \ gh t . Th \ s  a verage s ed i me n t  data  \ s  

s umma r i zed i n  Tabl e  A- 1 2 .  

A ma x \ mum sed i men t vol ume of  1 2  l i te r s  wa s e s t i ma ted f r om v \ s u a l 

observa t i ons  ( Ref . A- 1 8 ) . A tota l  sed \ ment  ma s s  of  66 kg  \ s  e s t \ ma ted , 

ba s ed on the vol ume of  the debr \ s  and a n  a s s umed den s \ t y  o f  5 . 5  g/cm
3 

a s  

shown i n  Tab l e  A-1 2 .  
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T ABl E A-l l . C E S IUM COICE NTRAT I ON AND E ST I MATE D  DE BR I S  MASS F ROM THE B -LOOP 
STEAM GfNE RATOR TUBE SHE E T  

DATA CORRECTED TO : 

VOL ,HASS ,AREA • 

lKERTA l trrY IN VOL ,HASS ,AREA • 

I SOTOPE 

CS- 1 34 
CS- 1 37 
CE - 1 44 

Co-.CENTRAT I o-. 

5 .  730 0 • 0  1 uC • /g 
2 . 6 1 0 0+ 0 3  UC I /C) 
2 . 60 0 0+ 0 1  uC i /g 

A-33 

1 0/86 

8 . 0 0 0 0+ 0 3  g 
5 . 0 0 0 0+ 0 3  g 

I.NCERT . I N  co-.CENTRAT J o-.  

0 . 0 0 0 0+ 0 0  uC i /g 
0 . 0 0 0 0+ 0 0  uC i /g 
0 . 0 000+00 uC i /g 



TAB L E  A - 1 2 .  AVE RAGE I SOT OP I C  CONCE NTRATI ON AND ASSOC I AT E D  MASS Of T H E  
PRE SSUR I ZE R  SE D I MENT  

DATA CORRECTED TO : 

VOL , MASS , AREA = 

UNCERTA I NTY I N  VOL , MASS , AREA = 

I SOTOPE CONCENTRAT I ON  

R U- 1 0 6 4 . 50 0 0 + 0 0  u C i /g 
SB- 1 25 5 . 0 80 0-0 1 u C i /g 
CS- 1 34 1 . 1 900+ 0 0  u C i / g 
C S- 1 37 3 . 720 0+ 0 1  u C i /g 
CE- 1 44 8 . 2500+ 0 0  u C i /g 
E U - 1 55 1 . 1 40 0+ 0 0  u C i /g 

A-34 

0 1 /86 

6 . 60 0 0+ 0 4  9 
0 . 0 0 0 0 + 0 0  9 

UNCERT . I N  CONCENTRAT I �� 

0 . 0 0 0 0+ 0 0  u C i /g 
0 . 0 0 0 0+ 0 0  u C i /g 
0 . 0 0 0 0 + 0 0  u C i /g 
0 . 0 0 0 0 + 0 0  u C i /g 
0 . 0 0 0 0 + 0 0  u C i / g 
0 . 0 0 0 0 + 0 0  u C i /g 



Our \ ng nor� l  op�ra t t on ,  t h� �keup and pur \ f \ c a t \ on � y � tem rec e \ ves 
reac tor coo l ant fro. th� s t eam g�n�ra tor c o l d  l eg for f \ l tr a t \ on and 
de.\ n�r a l \ za t \ on . lh� d�\n�ra l \ zer v�s s e l s  are l oca ted \ n  the aux \ 1 \ a r y  
bu\ ld \ ng as shovn \n  F \ g .  A -8 .  

6PU Nuc lear has es t \  .. ted tha t dur \ ng the f \ r s t  l b . S  hour s a f ter 
t n t t ta t \ on of the acc \ dent ,  the .. keup and pur \ f \ ca t \ on sy s t� processed 
about 1 . 7 • 105 kg ( 46 , 000 ga l )  of wa ter f rom the RCS and was sever e l y  
c on ta•\ na ted w \ t h  f \ s s \on produc t rad \onuc l \ des . The dPM\ nera l \ zer res i n  
beds were s \ gn\ f \cant ly degraded , both rad \ o l y t \ ca l l y and the rMa l l y ;  
ca.par t son o f  the pos t -acc \ dent re s \ n -bed vo1 u�s w \ th tha t  o f  preacc \ dent 
vo1�s s� t ha t  severe shr \ nk \ ng ( -5SX) of the res i n  beds occurr ed .  

The d�\ nera l \ ze r s  were I nspec ted and sampled by GPUN \ n  ear l y  1 983 
and \ t  was observed that d�\ner a l l zer •A• conta i ned onl y  dry caked res \ n ,  
whereas l l qu t d  was s t \ 1 1  present \ n  d�l ner a l \ zer • a • . Rad \ onuc 1 \ de 
ana l yses of t he res t n  and l l qu \ d  phases of the d�\nera l \ ze r  •A• and • a •  

s a.ples are g \ ven \ n  Tab le 2 of Ref . A - 19 and are su.mar \ zed \ n  Table A- 1 3 .  

Nondes t r uc t \ ve a s says wer e  e.ployed t o  es t \Mate t he sed \ment quant \ ty 
I n  eac h  de.\ ner a l \ zer . E s t \�ted d�\ ner a l \ zer ves se l  l oad \ ngs a re shown 
tn Tab le 1 of Ref . A- 1 9 .  These va l ues were used for t he as soc \ a ted Mass of 
�tner a l t zer r e s \ ns for \ nven t or y ca l c u l a t \ ons In S�c t \ on 3 .  

The reac tor coo lant dr a i n tank ( RC 0 1 ) r ec e \ ves wa ter f rom  t he 
pr es sur \ zer when the PORV r e l eases pres sur e  I n  the r eac tor s y s tem .  The 
tCOt t s  l oc a t ed I n  t he r eac tor bu \ ld l ng basement as shown \ n  F \ g .  A-9 . 
Dur i ng t he f t r s t  three days f o l l ow i ng t he acc \ den t , an es t imated 
1 . 0 x 1 0

9 •1 of pr \Mary coo lant esc aped f rom the RCS t h r ough the 
pres sur i zer to the RCOT ( Re f . A - 70 ) . MaJor reac tor coo lan t  f l ow thr ou9h 
t he RCOT for the f i r s t  1 S  hour s  of thr acc \ den t I s  shown In • \ g .  A - 1 0  ( f rom 
Ref . A - ? 1 ) .  L eakage thr ou9h the RCOl  c on t \ nued un t \ 1 Ju l y  1 982 , wh�n the 
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Penetration #1054 

Cubicle "A" 

Inlet line 

1·9186 

F 1 gure  A-8 . TMI - ?  l e tdown and makeup dem 1 ner a 1 1 zer  conf 1 gu r a t \ on .  

A -36 



Inlet Rehel 

Level connectiOn 7·9715 

f \ gur e A-9 . RCDl c onf \ gu r a t \ on . 
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T ABL E A- 1 3 .  ME ASURE D ACl J VI T Y CONC EN T RAT I ON AND TOTAL MASS Of THE MAKE UP 
AND l E T DOWN DEM INE RAL I /f R  RE S I NS AND L I QUI D  

DATA CORRECTED TO : 

VOL ,f1ASS ,AREA • 

llfCERTA J NTY  IU VOl ,t1ASS ,AREA • 

I SOTOPE 

SR-90 
CS- 1 34 
CS- 1 37 

Co-ICENTRAT J (t.j 

l .  9800+ 0 3  uC • lg 
9 . 720 0 • 0 2  uC t /g 
t .  370 0+ 0 4  uC i /g 

A - 39 

05/83 

9 . 30 00+ 05 g 
0 . 0000+00 9 

UNCERT . J N  CONCENTRAT I ON  

0 . 0 0 0 0 + 0 0  uC i /g 
0 . 0 000+ 0 0  uC i /g 
0 . 0000+ 0 0  uC i /g 



RCS wa s depres s u r i zed .  The tota l vo l ume of  c oo l a n t  that  pa s s ed t h r ough the 

RCOT  dur i ng that  per l od wa s e s t i ma ted a t  7 x 1 08 ml  ( Ref . A - l l ) .  

F r om Dec ember 1 982  un t i l  J u l y  1 98 3 ,  the r eac tor  s y s tem wa s aga l n  

p res s ur i zed , r e s u l t i ng i n  add i t i ona l l eakage t o  the RCOl  o f  appr o x i ma t e l y  
2 x 1 08 m l  ( Re f . A - l l ) .  

The  tota l vol ume of  l i qu i d  tha t pa s s ed thr ough the  RCOT wa s 

1 . 9 x 1 09 ml  before  s ampl i ng of  the tank . Samp l es of the RCOl  l i qu i d  a nd 
sed iment wer e  c o l l ec ted l n  December 1 983 . The  sed i ment  samp l es wer e  taken 
f r om the bot tom I n s i de su r face of the RCDl , d i r ec t l y  benea t h  the r up t u r e  

d i sk a n d  ver t i ca l  s ec t i on of t h e  r up t u r e  l l ne . l he vo l ume o f  R C D T  s ed i ment 

wa s e s t i ma ted to be 26 kg as s hown i n  Tab l e A - 1 4 .  As noted i n  Ref . A - 1 0 ,  

the uncer ta i n ty i n  the e s t i ma ted RCDl  sed i ment  l s  ±1 00% due t o  l i mi ted 

i n s pec t i on of the tank . 

The mea s ur ed ac t i v i t i es of the s ed i ment a r e  s umma r i zed i n  T ab l e  4 of 
Ref . A-20 . These  va l ues were  u sed for the I nven tory  c a l c u l a t i on of 
Sec t i on 3 and a r e  p resented l n  T a b l e  A - 1 4 .  

2 . 9  RCS Coo l ant  

As  d i s c u s s ed in  Sec t i on 2 of  the r epor t ,  the  maj or f i s s i on p r oduc t 
t ranspor t med i um f rom the core  and RCS wa s v i a  t he RCS  c oo l a n t  f l ow thr ough 

the r eac tor ves s e l  and the PORV . Dur i ng the f i r s t  day of t he acc i dent , an 

e s t ima ted 8 x 1 05 kg of RCS coo l ant  wa s l o s t  thr ough the PORV ( see 
F i g .  A- 1 0 ) . Dur i ng the mon th f o l l ow i ng the acc i dent , c oo l a n t  add i t i on to 

the RCS wa s con t r o l l ed by the dec rease  in noncondensa b l e  ga s e s  w i t h i n  the 
RCS ( p r i ma r i l y hydr ogen ) .  The  RCS makeup  wa s f u r ther  c omp l i ca ted by l o s s  

o f  l e tdown f l ow t o  the makeup and pur i f i ca t i on s y s t ems a n d  t h e  u s e  o f  t he 
r eac tor coo l a n t  b l eed ho l dup tanks  a s  a source  of  RCS c oo l a n t  makeup . 

A f ter  the f i r s t  mon th , cont i nued RCS c oo l a n t  ma keup wa s r equ i r ed  to 

compensate  for RCS and makeup sys tem l eakage . 

The RCS coo l a nt  has  been mon i to r ed extens i ve l y  s i nce  t he acc i dent . 

l he gene r a l  C s  and Sr  ac t i v i t y vs . t i me a r e  s hown i n  F i g .  A - l l .  The  l a rge  

A -40 



TABL E A- 1 4 .  ME ASURE D ACT I VI T Y  CONC E NTRAT I ON AND TOTAl MASS OF THE RCDT 
SED IME NT 

DATA CORRECTED TO t 

VOl ,t1ASS ,AREA • 

....CERTAINTY I N  VOL ,t1ASS ,AREA • 

I SOTOPE 

SR-90 
RU- 1 06 
SB- 1 �5 
l -1 29 
CS-1 34 
C S- 1 37 
C E 1 44 

C�CENTRAT I CN  

1 . 3900+ 0 4  uC i /g 
6 . 1 000+ 0 1  uC • /g 
t . 5700+ 0 1  uC i /g 
5 . 2000-08 uC t /g 
5 . 7000+ 00 uC t /g 
9 . 7000+ 0 1  uC • '9 
9 . 6000+ 0  I u C  , ; g 

0 4/84 

2 . 6000+04 g 
5 . 2000+ 0 3  g 

UNCERT . I N  C�CENTRAT J ON  

7 . 0000+02 uC i /g 
3 . 0000+00 uC I /g 
8 . 0000-0 1 uC I / g  
4 . 0000-09 uC I /g 
4 . 0000-0 1 uC I /g 
2 . 0000+00 uC I / g  
2 . 0000+00 uC i /g 

- -- - - - - - - - - -------·---

A-4 1  
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dec rease \ n  Cs con t ent c�nc \ ng a t  1 100 da�s vas due to coo l ant c leanup 
ac t \ v \ t \ es through the su�rged d.-\nera l \ zer s�s tpm ( SOS ) ( Ref . A-10 ) . 
lhe s .. l ler f luc tua t \ons resu l t ed f r� changes \ n  va ter ch.-\ s tr y  and 
d \ l u t \ on of the RCS coo lant due to cont \nued coo lant �keup . 

Severa l -.asur�nts of the RCS c oo lant ac t \ v \ t� have been .ade ; these 
-.asur.-.nt s  var r  s \gn \ f tcant l J ,  �s t 1 \ ke l J  due to d \ lu t \ on and leakage 
f r� t he RCS . The da ta for Sr -90, 1 - 119 ,  C s - 1 34 ,  and C s - 1 31 vere obta \ ned 
fr� Table  1 0  of Ref . A-21 .  lhe da ta for Sb - 1 2S and Ce - 1 44 ver e  obta \ ned 
f r� Table 3-6 of Ref . A-23 . These da ta ( used for t he \ nventorJ 
ca lcu lat \ons of Sec t \on 3) are s�r \ zed tn Tab l e  A - l S  and represent the 
-.asured ac t \ v \ t \e s of t he RCS c oo lan t  sa�les on Augus t  1 4 ,  1 980 . The 
tota l RCS coo lant .. s s  a ssoc \a ted v\ th the -.asured ac t \ v \ t J da ta vere 
taken fr� Ref . A -20 and are s�r \ zed t n  Tabl e  A-l S .  

A -43 



TABL E A - 1 5 .  ME ASURE D ACT I V I T Y  CONC E NTRATI ONS AND TOT AL MASS F OR RCS  COOL ANT 

DATA CORRECTED T O : 

VOL , MASS , AREA = 

UNCERTA I NTY I N  VOL , MASS , AREA = 

I SOTOPE CONCENTRAT I � 

SR-90 2 . 350 0+ 0 1 u C  /m l 
I - 1 29 7 . 1 0 0 0-0 6 u C  /m l 
CS- 1 34 5 . 2 700+ 0 0  u C  /m l 
CS - 1 3 7  3 . 0 60 0+ 0 1  u C  /rrd 
SB- 1 25 5 .  I 0 0 0-0 2 u C  / m l  
CE- 1 44 4 . 90 0 0-02 u C  /m l 

A 44 

0 8/80 

3 . 3 30 0 + 0 8  m l  
0 . 0 0 0 0+ 0 0  m l  

UNCERT . I N  CONCENTRAT I ON  

7 . 0 0 0 0-0 1 u C i /m l  
3 . 0 0 0 0-0 7 u C i /m l  

8 . 0 0 0 0-0 2 u C i /m l  
2 . 0 0 0 0-0 1 u C i /m l  
0 . 0 0 0 0 + 0 0  u C i /m l  
0 . 0 0 0 0 + 0 0  u C i /m l  



3 .  ( X.RCS F I SS I ON PRODUC T RE POS I T OR I E S  

T he prev\ ous tva sec t \ons s�r \ ze the major f \ s s \ on pr oduc t 

r.,as \tor \ es v \ t h \ n  the reac tor c oo l \ ng sys t.. .  l he fol lov \ ng subs�c t t ons  

,_...r t ze the dita for  the fo l l ov t ng .. J or repos \ tor \es outstde the RCS : 

• Reac tor butldtnga Vi ler , 

• Reic tor butldtng sed \-.n t , 

• Reic tor but ld \ ng lower Vill s ,  

• Reac tor bu \ ldtng upper sur faces , 

• Reac t or bu t ld \ ng atr space ,  

• Aux t l tar r butldtng vater , a nd 

• Aux\l ta r y  bu \ ld tng gaseous release . 

3 . 1  Reac tor Butldtng wa ter 

The r eac tor but ld tng bas�n t  wa ter t s  a t t r t buted t o  the fol lovtng 

three .. J or sources . 

1 .  F low o f  RCS Coolant l hr ough the PORY 

Dur \ ng t�e f \ r s t  day of the acctdent ,  RCS c oo lant  con t t nued to 

escape to the r eac tor bu t ldtng bas�n l v \ a  the s tuck -open PORY 
block va l ve unt t l  0630 , vhen \ t was c losed . · Add t t t ona l coolant  

escaped through the PORY fra. 07 1 3  to  1700 hou r s  when the  b l oc k  

va l ve was t n ter•t t tent l y  opened t o  regu l a te RCS pres s u r e .  An 

es t t  .. ted 1 • 10
6 

1\ ter s o f  r eac tor c oolant  wa s re lea sed to the 

bas..en t  vta t h t s  pathViy dur tng the ftr s t  thr�e days. 

a .  A l so refer r ed to  as  t he c on ta t �nt bu t l d t ng . 

• 

A-4S 



I n  add 1 t 1 on to  the  1 x 1 0
° 

1 \ te r s  o f  RCS  wa ter  r e l ea s ed dur \ ng 

the  f \ r s t  t h r ee days of  the  acc \ dent , an  a verage o f  

29 . 5  1 \ ter s/hr  f l owed thr ough t h e  PORV b l oc k  va l ve f o r  mor e  than 

two yea r s  fo l l ow \ ng the  acc \ den t . Th 1 s  l eakage c on t r 1 bu ted 
& . 74 x 1 05 1 \ te r s  of  RCS wa ter  to  t he ba s emen t  wa ter  vo l ume . 
Thus , the t o t a l  vol ume of  RCS wa ter  tha t e s c a ped t o  the  ba s emen t  

wa s appr o x 1 ma te l y  1 . 67 x 1 06 1 1 te r s  wh 1 c h  \ s  abou t &9% of  t h e  

t o t a l  vol ume of  wa ter r e l ea s ed to  t h e  ba s emen t  a s  of  

Sep tember 23 , 1 98 1 . 

2 .  Reac tor B u \ l d \ ng Spray Sys tem 

As  a r e s u l t of  t he hydr ogen burn  p r e s s u r e  s p \ ke tha t  occ u r r ed a t  
1 350 hou r s  o n  t h e  day of  t h e  acc \ den t ,  t he r ea c tor  bu 1 l d 1 ng spray 
sy s tem wa s ac t \ va ted and r ema 1 ned on for  5 m1 n 40 s ec . Dur \ ng 

t ha t  t 1 me , the  sy s tem d 1 scharged an  es t 1 ma ted 6 . 43 x 1 04 1 1 te r s  
of c hem\ c a l l y  t r ea ted wa ter \ n to t h e  r eac tor  b u 1 l d 1 ng 

a tmosphere . The  vol ume of  wa ter  d \ s charged by the  spray  sy s tem 

r epresents  about 3% of the  to td l ba s emen t  wa ter v o l ume a s  of 

September 23,  1 981 . 

3 .  F l ow of R \ ver Wa ter  

F u r ther \ nc r ease  \n  the r eac tor bu \ l d \ ng wa ter  l eve l  a f ter  the  
acc \ dent 1 s  a t t r \ buted to l eakage f r om the  r eac tor  b u 1 l d 1 ng a \ r  

cool 1 ng a s semb l y . An es t \ ma ted 6 . 8 1  x 1 05 1 \ te r s  o f  r 1 ver 

wa ter l eaked \ n to the ba semen t  f r om t h \ s  sourc e .  The r 1 ver  wa ter 

r epr esents  about 28% of the  ma x \ mum ba s emen t  wa ter  1 nven t o r y  

pr \ or to  t h e  s ta r t  of SDS proces s \ ng 1 n  Sep t ember 1 98 1  . 

• 
The dep th  of  the  wa ter  1 n  the  R/B ba s emen t  f r om May 1 97 9  through 

Dec ember 1 983 \ s  s hown graph \ ca l l y  1n F 1 g .  A - 1 2 .  Befor e the  s ta r t of SDS 
proces s 1 ng on September 23 , 1 981 , the wa ter  l eve l  had been 1 n c r ea s 1 ng at a 
fa \ r l y cons tan t r a t e  due to  l eakage f r om the  RCS and  the  r \ ver  wa ter  

coo l \ ng sys tem . However , by the t \ me the  g r o s s  decon tam1 na t 1 on exper \ ment  

c ommenced s \ x  months  l a ter , \ n  Mar c h  1 98 2 ,  abou t 2 . 3  x 1 06 1 \ ter s of  
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contam l na ted wa ter  had been pumped f r om t he ba s emen t  and p r oc e s s ed t h r ough 

the  SOS . The g r o s s  decontam l na t l on exper 1 men t and s ub s equent  

decontam1 na t i on opera t i on s  per i od i ca l l y i nc r ea s ed the  wa ter  dep t h . By 
6 mi d -Apr i l  1 983 , an es t i ma t ed 1 . 4 x 1 0  l i te r s  of  p r oc es s ed wa t e r  had been 

u sed for  decontam i na t i on pur poses  and had been r e t ur ned t o  the ba s emen t .  

Tab l e  A-1 6 s umma r i zes  the l i qu i d  samp l e s  tha t have been c o l l ec t ed f r om 
the R/B ba semen t  s i nce  Augu s t  1 979 . F i g .  A - 1 3 s hows the  l oc a t i on s  where  
the  l i qu i d  samp l e s  wer e  co l lec ted . 

Rad i ochemi ca l anal ys i s  r e s u l t s  for  the  samp l e s  that  wer e  c o l l ec ted 

f r om the r eactor  bu i l d i ng ba s emen t f r om Augu s t  1 9 79 thr ough Janua r y  1 983 
are s ummar i zed i n  Tab l e  5 of Ref . A-20 . Gamma s pec t r ome ter  mea s u r emen t s  

and I - 1 29 and Sr -90 ana l yses  re s u l t s a r e  presen ted i n  T a b l e s  2 a nd 3 o f  

Ref . A - 24 . The a verage r a d i onuc l i de c oncen t ra t i on s  a s  of  May 1 4 ,  1 98 1 , 

( be f or e  SOS proc es s i ng began on Sep tember 23 , 1 981 ) ,  wer e  taken  a s  
r epresenta t i ve for the i nventory  ca l c u l a t 1 on and a r e  s umma r i zed i n  

Tab l e  A-1 7 .  The a s soc i a ted l i qu i d  vol ume i s  a l so shown i n  Tab l e  A - 1 7 a nd 
wa s taken f r om Tab l e  5 of  Ref . A -20 . 

3 . 2  Reac tor  B u i l d i ng Sed iment  

Reac tor bu i l d i ng s e d i ment  samp l e s  wer e  obta i ned at  the  same t i mes  a s  

t h e  r eac tor bu i l d i ng ba sement  l i qu i d  samp l e s . 

The rad i ochem i c a l  ana l yses  r e s u l t s  f o r  the  samp l es c o l l ec ted f r om 
Augu s t  1 979  thr ough Januar y  1 983 a r e  s umma r i zed i n  Tab l e  6 o f  Ref . A-20 . 

The average rad i onuc l i de concen t r a t i on s  a s  of  Hay 1 4 ,  1 98 1  ( before  SDS 

proces s i ng bega n )  wer e  taken as r epresenta t i ve for the i nven tory  

c a l c u l a t i on and  a r e  s umma r i zed i n  Tab l e  A- 1 8 .  The  samp l es wer e  c o l l ec t ed 

f r om three depths i n  the wa ter and f r om the  ba s emen t  f l oo r  d i r ec t l y  benea th 

the covered ha tch  on the  305 - f t  e l eva t i on on Hay 1 4 ,  1 98 1 , u s i ng the  

mu l t i l eve l samp l er . 

Col lec t i ve l y ,  the v i sua l  i n s pec t i on s  of  the  ba s emen t  f l oor i nd i ca te 

tha t the sed imen t t h i ckne s s  r anges f r om 0 t o  1 . 3 em .  F or t he pur po s e  of  

A -48 
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TABL F  A- 1 7 .  ME ASUR E D  ACT I V I TY CONCE NTRAT I ON AND SAMPL E VOL UME /MASS F ROM lHE  
REACTOR BU I L D I NG L I QU I D  

DATA CORRECTED TO : 

VOL , MASS , AREA = 

UNCERTA I NTY IN 1JOL , MASS , AREA = 

I SOTOPE 

SR-90 
SB- 1 25 
I - 1 29 
CS- 1 34 
CS- 1 37 

CONCB'JT RAT I ON 

5 . 2 0 0 D + O O  u C i /m l  
3 . 0 0 0 D-0 2 u C i /m l  
4 . 30 0 D-06 u C i /m l  
1 . 9 2 0 D+ O l  u C i /m l  
1 . 430 D + 0 2' u C i /m l  

A - 50 

0 5/ 8 1  

2 . 39 0 D+ 0 9  m l  
O . O O O D+ O O  m l  

LNCERT . I N  CONCS.JTRAT I �  

3 . 0 0 0 0-0 1 u C i /m l  
3 . 0 0 0 0-0 3 u C i /m l  
3 . 0 0 0 0-0 7 u C i /m l  
1 . 0 0 0 0-0 1 u C i /m t  
1 . 0 0 0 D+ O O  u C i /m l  



TABLE  A- 1 8 .  "E ASURE O ACT I V I T Y  C ONCE N T RA T I ON AND ASSOC I A T t O  "ASS Of T HE 
RE AC l OR BUI L D I NG ( C ON l A I N"E Nl )  S£ 0 1 "t N1 

-- -----

Dii'TA CGII£CTO TOt ntll 

..... � .  3.7MOtl5 t 
lNDTAJNfY IN VCl JN$,1111£A • l . tttOtM 9 

ISOTOP£ 
sa-tt 
IU-IN 
Sl- 1 25  

1 -lZf 

CS- I )t  
C$-117 

Cl-144 

�TIIIf 
8 . 1HOtl2 .Ci/t 
I .MI>tl2 .Ci/t 
4 . 1710tl2 .Ci/t 
I . IM-tl .C•It 
1 . 1110tl2 .CI/t 
. . ...... 2 .Ci/g 
6. 6110tll .Ci/g 

A Sl 

lJIDT. IN COI:BfrMTI Gf 

2.1110tl2 .Cilt 
7 ....... .Ci/t 
,.1110+11 .C•It 
l .ttiH2 .Ci/t 
. ..... '"'' 
3.tMO+tl .Cilt 
3 ....... .Ci/t 



Sampling 
locations 

Penetration 401 
292-lt elevation 

2 Northeast 
quadrant near 
penetration 211 

3 Covered 
equipment 
hatch 305-ft 

sump elevation 
4 Open stairwell 
5 Bottom of open 

stairwell 
6 Northeast 

quadrant 
penetration 238 

7 Southwest 
quadrant 
penetration 225 

8 Sump pump 
discharge line 

9 Reactor coolant 
drain tank 

10-14 Reactor 
Building air 
cooling 
assembly 305-ft 
elevation 

7-9787 

F 1 gure  A-1 3 .  Reac tor bu 1 l d \ ng ba s emen t wa ter  s amp l e  l oc a t 1 on s .  
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t hese ca l c u l a t \ ons , \ t  t s  a s s�d tha t  tht average t h \ c kness of the 
std \.,n t  layer cover t ng the bis.-ent f loor \ s  0 . 03� em and tha t  the sol \d 

3 dens \ ty of t he sed t-.nt layer s \ s  63 . S  -vic• . The sur face a rea of the 
bas,..nt f loor \ s  9 . 1 1  x 106 c•2 . Therefore the as soc \ a ted -.ss of 
sed t  .. nt on the biseaent f loor t s  367 kg .  Th t s  .ass \ s  shown \n Tab le A- 18 
and \ s  taken froa Tab le 6 of Ref . A-20 .  

3 . 3  Reac tor But l d \ ng lower wa l l s  {Be l ow H \gh -wa ter leve l }  

lhree concrete sa�les w.re r�ved fro. the reac tor bu t ld \ ng baseMent 
� l l s  a t  the loca t \ on shown tn f \g .  A- 1 4 .  locat \ ons ' Al ' and ' sub-2 '  were 
below the �ter level froa approx \  .. tel y  Januar y  through Oc tober 1 981 . 
However . the Bl sa�le was exposed to the acc \ dent wa ter froa the beg\nn\ng 
of the acc t dent unt \ 1  wa ter proces s t ng was near l y  ca.pleted ( \ . e . , 
llnuary  1 981 ) .  The sa.ples represen t  the fol lowt ng three categor \ es of 
conc rete sur f ac es that vere s ublerged \n water froa the acc \ dent : 

1 .  Unpa \nted , 3000 ps t conc rete ( loca t \ on Al ) 

l .  Pa tnted , SOOO ps t conc rete ( l oca t \ on 82 ) 

3 .  Unpa \ nted , c onc rete b loc k  ( l oc a t \ on sub -2 ) .  

Tab le  3 of Ref . A - 2S 1 \ s t s  the tota l quant \ ty of f \ s s \ on produc ts 
presen t  t n  eac h  c onc r ete s�le and the tota l percentages l eached \nto 
so lut \ on dur \ ng the four �nth s tudy . The surface concentra t \ on of t he 
c onc rete wa l l  used for the \nventor y  ca l cu l a t \ on was obta \ned by su�\ ng 
the r eta \ ned and l eached coaponents of the ac t \ v \ ty and d \ v \ d \ ng by the 
sur face a rea of the sa�les . These da ta are shown \ n  Tab l e  A - 1 9 . 

A l \ s t  of reac tor bu\ ld \ ng sur face areas \ s  summar \ zed \ n  Tab le  55 of 
Ref . A - 26 .  T he tota l sur face area of \..ersed ba s�nt wa l l s  \ s  ca lcu lated 
to 2 . 90 x 1 07 c•2 based on an es t t.a ted .ax \� wa ter depth \ n  the 
bas.-.nt of 2 . 6  • dur \ ng and a f ter the acc \ dent . Th \ s  sur face area 1 s  
noted t n  Table A - 1 9 .  
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T ABL E A - 1 • .  ME ASURE D AC T I Y l l Y  CONC E N1RA1 J ON AND ASSOC I Alt D SURF ACE  ARE A Of 
THE RE AC T OR BU i l D I NG BASE ME NT WAL l S  ( 8 l l 0W WA l E R  l E VE l ) 

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

DATA txaCTED TOt 13.184 

IJIIJ. ,INS� . 2.9110tl7 ca2 
I.KlltAINTY IN VCI. ,MSS,M&\ • l .lltot tl ca2 

OXIMTMTI... tK£IT. IN COGNT'MT i m.  

,.1410tll .Ci/ca2 I .HIOtll .Ci/ca2 
2.9510+13 •Ci/ca2 1 . 1110+11 .Ci/ca2 

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



3 . 4  Reac tor B u 1 l d \ ng Upper Sur faces  ( Above H 1 gh -wa ter  l e ve l ) 

I n - s 1 tu gamma scans  of the r eac tor  bu 1 l d 1 ng a 1 r  coo l 1 ng a s s emb l y  ( l l C ,  

1 1 0 , and l l E  c oo l 1 ng co 1 1� and dr 1 p  pan s ) wer e  c omp l e ted 1 n  Oc t ober 1 98 1  

( see F 1 g .  A- 1 5 ) . I n  add 1 t 1 on ,  8 5  samp l e s  wer e  obta 1 ned f r om t h e  r eac tor  

bu 1 l d 1 ng s t r uc t ura l s u r face s  1n  Dec ember 1 98 1  ( be f o r e  the  

gr o s s -decontam 1 na t \ on exper i men t ) and an  add 1 t \ ona l 9 5  s u r face  samp l e s  were  

obta 1 ned f r om the s ame s ur faces  I n  l a te Mar c h  1 982 , fo l l ow 1 ng the  

comp l e t 1 on of the  g ros s -decontam1 na t 1 on exper 1 men t . 

I n  Apr 1 1  1 983 a tota l of  f 1 ve pane l s  wer e  r emoved f r om the r eac tor 

bu 1 l d 1 ng a 1 r  coo l e r s  ( one f rom each r eac tor  bu 1 l d 1 ng a 1 r  c oo l er ) .  The 

pane l s  were s h 1 pped to  the I N E L  for  l abor a tory  exam 1 na t 1 on t o  c ha r a c ter 1 ze 
s ur face depos 1 t 1 ons . 

Res u l t s  of  the  1 n -s 1 tu gamma s pec t r a l  mea s u r emen t s  of  the  r eac tor 
bu 1 l d 1 ng cool 1 ng a s s emb l y  s ur faces  are pre sen ted In Tab l e  27  of  Ref . A-20 . 

Res u l t s  of  the s u r face a c t 1 v 1 t y mea s u r emen t s  per formed a t  t h e  I NE L  a r e  
presen ted 1 n  Tab l e s  2 4  and 25  of  t h e  same r e ferenc e . Bec a u s e  the  gamma 
scan  mea suremen t s  of the dr 1 p  pans  and c oo l 1 ng c o 1 l s  d 1 d  not  y 1 e l d  r e s u l t s  

for Sr -90 and 1 - 1 29 ,  t h e  a 1 r  coo l er acc e s s  pane l ana l ys e s , r a ther  than the 

mea suremen t s  of the pans  and c o 1 l s ,  wer e  used to  r ep r e s en t  t he c on ta i nment  

sur face depos l t \ on for  the  1 nven tory  c a l c u l a t 1 on s . These  da ta  are  s hown l n  

Tab l e  A-20 . Tab l e  ?6 o f  Ref . A - ?0 s hows the  c ompa r 1 son  o f  the  a 1 r  coo l er 
acces s pane l data w 1 th  data f r om s u r face  samp l e s  obta 1 ned f r om the 305 f t  
e l eva t i on of the reac tor bu 1 l d 1 ng .  The c ompa r 1 s on s ugge s t s  t h a t  depos 1 t 1 on 
wa s s 1 ml l a r  for a l l  r a d 1 onuc l 1 des  a t  both  l oca t 1 on s . 

Tab l e  2 of Ref . A-20 s umma r 1 zes  the  s ur face  a r e a s  of  c ompone n t s  
a s s oc 1 a ted w 1 th  the r eac tor b u l l d l ng a 1 r  c oo l er s . Tab l e  5 5  o f  Ref . A - 26 

doc umen t s  the tota l 1 n terna l  r eac tor  bu l l d 1 ng s ur fa c e  a r ea . The r ea c tor  

bu l l d l ng s u r face a r ea above the wa te r  l evel , u s ed for  t he I nven tory  

c a l c u l a t i on , 1 s  s hown 1n  Tab l e  A - 20 . 
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TABL E A-20 . ME ASUR E D  ACTI VI TY C ONCENTRAT I ON AND ASSOC I Al l D  SURFACE  ARE A  OF 
THE RE ACTOR BU I LD I NG UPPE R WAL L S  

DATA CORRECTED TO: 03184 

IJil ,�,AREA = 1 .91 00+08 c•2 

IKERTAINTY IN VOL ,�SS,AREA = 0 .0000+00 c.2 

I SOTOPE 

SR-90 
1 -1 29  

CS-134 
CS-137 

1 . 8000-02 uCi/012 
5 . 600D-06 uCi lc•2 

4 . 300D-02 uCilc•2 
7 . 600D-OI uC ilc•2 
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LNCERT . I N  CIKENTMTI � 

1 .700D-02 uCi/012 
2 . 200D-t6 uC i /cla2 
4. 5000-82 uCi /012 
B. OOOD-01 uCi lc•2 



3 . 5  Reac tor But l d \ ng A \ r  Space 

Dur t ng the per tod fr� Apr t l  29, 1 980 , to "ay 2, 1 980 , the a t.asphere 
of the T"l -2 reac tor bu t 1d t ng vas saMPled and subsequent l y  ana l yzed to 
»rov \ de cha rac ter \ za t t on before the con ta t nment purge . 

Ana l yses for the detera\nat ton of 1 -1 29 ,  C- 1 4 ,  H-3 , Kr -85 , and 
radtonuc l tde ac t t v t t y  of suspended par t \culates and for .alecular ana l ys t s  
o f  the a t.asphere gaseous coaponent s  were per for-.d by two d \ f ferent 
ana lrt t ca l  1aborator t es at I NE l . 

The rad \ onuc 1 tde concentrat tons detera\ned dur \ ng the sa�l \ ng prograM 
and es t t  .. ted tota l  c on ta tn.ent free volume assoc \a ted wt th the gas sample 
dlta are presented t n  Table 14 of Ref . A-27 and are summar \ zed \n 
table A-21 . 

3 . 6  Aux \ 1 \arr Bu\ ld t ng l tqu \d  

The rad toac t t ve c oo lant t n  the aux t l tary bu \ 1d \ng cons \ s ted of : 

• tnventory ex t s t t ng before the acc \ dent , 

• contaatnat ed water transferred fro. the reac tor conta \nment 
bu t ld t ng su.p to the aux t l tary bu t l d \ ng dur \ ng the ear l y  phases 
of the acc t dent . 

• letdown fr� the reac tor coo lant sys t�. and 

• nor .. l l eakage fr� systeM components . 
• 

Approx t .. tely 280 , 000 ga l lons ( 1 050 •3 ) of t ntermed t a te- l evel was te 
ex t s ts t n  t he aux \ l tary bu \ l d t ng tanks . The rad toac t t ve wa ter vol ume tn 
each aux t l tary bu t l d t ng tank t s  t nd t ca ted tn Tab le 1 1 -8 of Ref . A-28 and 

the radtoac t t ve conc entrat ton on June 1 5 ,  1 979 t s  tabu la ted tn Table 1 1 -9 

of the sa.e reference . 



TABL E A-2 1 . ME ASURE D VOLUME T R I C  ACT I V I T Y  AND ASSOC I ATE D F R E E  VOL UME Of l HE 
R E ACTOR BUI L D I NG ( CONTAI NME NT ) 

DATA CORRECTED T O : 

lJQL , MASS , AREA = 

LJ�CERTA I NTY I N  VOL , MASS , AREA = 

I SOTOPE Cet-JCENTRAT I ON 

SR-90 1 . 60 0 0- 1 0  u C i /cm3 
RU- 1 0 6  9 .  0 0 0 0- 1 1 u C i /cm3 
SB- 1 25 2 . 0 0 0 0- 1 0  u C i /cm3 
I - 1 2c;· 5 . 70 0 0- 1 1 u C i /cm3 
CS- 1 34 1 . 1 0 0 0- 1 0  u C i /cm3 
C S- 1 37 7 . 20 0 0- 1 0  u C i /cm3 
C E - 1 44 8 . 0 0 0 0- 1 1 u C i /cm3 
EU- 1 54 2 . 0 0 0 0- 1 1 u C i /cm3 
EU- 1 55 3 . 0 0 0 0- 1 1 u C i /cm3 
KR-85 8 . 80 0 0-0 1 u C i /cm3 

A-60 

0 4/80 

5 . 580 0 + 1 0  cm3 
0 . 0 0 0 0+ 0 0  cm3 

UNCERT . I N  CONCENT RAT I Ct� 

3 . 0 0 0 0- 1 1 u C i /cm3 
0 . 0 0 0 0 + 0 0  IJ C i /cm3 
0 . 0 0 0 0 + 0 0  u C i /cm3 
4 . 0 0 0 0- 1 2  u C i /cm3 
1 .  0 0 0 0- 1 1 u C i /cm3 
8 . 0 0 0 0- 1 1 u C i /cm3 
0 . 0 0 0 0+ 0 0  u C i /cm3 
0 . 0 0 0 0+ 0 0  u C i /cm3 
0 . 0 0 0 0 + 0 0  u C i / c m3 
4 . 0 0 0 0-0 2 u C i / cm3 



The reac tor coo lant b leed tank has the tn-f low path f rom the 1 1 qu ld 
rel tef va l ve of the .. keup tank . lvo days af ter the acc ident , the 1 \ qu ld 
rel ief va l ve on the .. keup tank was opened , a l low\ng the h igh l y  rad l oac t l vr 
conten ts In the tank to f low \nto the reac tor coolant b leed tank s . 

The wtter vol� \ n  the reac tor coo lant b l eed tanks .akes up 
approx t  .. tel J  851 of total radwas te volu.e \ n  the aux i l iary bu i ld ing tank s ,  
aftd t he f t s s l on produc t concentrat t on I n  t hese tanks t s  severa l  t l�s 
higher than those tn the other tank s . So the f t s s lon produc t \ nventory In 
the reac tor coo lant bleed tanks can be used as the representat i ve 
repos t tory for the auxt l tary bul ld t ng l lqut d .  

The three l iqu i d  r eac tor coolan t  b leed tank sa�les , I dent i f ied as 
RCil -A, RCBT -8,  and RCil -C were co l lec ted fr� Tanks A, B.  and C on 
Dece.ber 20, 1 979 , January 28 , 1 980 and February 4 ,  1 980 , respec t i ve l y .  
These b leed tank s�les were taken pr i or to process t ng through E P I COR- 1 1 .  

The resu l t s are l i s ted In Table 1 0  of Re f  A-22 . Table  A-22 su.mar t zes the 
concentrat i on and assoc iated l i qu id voluae for the r eac tor coolant bleed 
tank s used for the I nventor y  ca l cu l a t i ons of Sec t i on 3 .  The concent ra t i on 
data were obta i ned by averag i ng the da ta \ n  Table 1 0  of Ref . A-23 . The 
l i qu id vo1uae was obta i ned fr� page 4 -3 of Ref . A-?9 . 

3 . 7  Aux i l iary Bu i l d i ng Gas Re l ease 

T he rad i oac t i ve .. ter l a l s  re leased to the env i ronment as a resu l t  of 
the TMI -2 acc i dent were those tha t escaped f rom the da�ged fue l  and were 
transpor ted In the coolant v i a  the letdown 1 \ne I nto the aux i l iary bu l ld \ng 
and then I nto the env l ron.ent . The nob le gases and rad to l od \ nes , because 
of t he i r  vola t i le na ture and exten\ \ ve release f r om the fue l , were the 
pr l .. r y  rad lonuc l l es re lea sed f rom the aux \ 1 \ a r y  bu , ld l ng to the 
envl r on.ent . 

The pr i nc ipa l  re lease of rad i oac t i ve noble ga ses occurred on the f i rs t  
day of the acc i dent . The tota l quant i t y o f  re l eased rad i oac t i ve �ter l a l s  
I s  es t l.ated as 2 . 5  •1 1 1 \ on Ct . Tab l e  1 1 - 1 of Ref . A -28 s u�r l zes the 
es t 1  .. ttd quant i t y re l eased of Kr -88 , Xe- 1 33 ,  X3- 1 33m, Xe - 1 35 ,  Xe - 1 35m, and 
J - 1 31 . 

• 
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TABL E A-22 . ME ASURE D  ACTI V I TY AND ASSOC I AT E D  VOLUME OF R E ACTOR C OOLANT 
BL E E D  TANKS 

DATA t"ORRECTED TO: 05181 

VOL. ,MASS ,AREA = 9.4601>t08 •I 
l.N:ERTAINTY IN VOL ,t¥tSS ,AR£A • 7 .0801>+07 at 

I SOTOPE CtKENTAATI � l.NCERT . IN C(KOOAATJm. 

SR-90 4 . 3001>-0 1 uC i /•1 7. 0001>-02 uCi/MI 
1-129 1 . 2801>-05 uC i l•l l .OOOD-06 uCil•l 
CS-1 34  8 . 8500+00 uC i l•l 9 . 1 001>-01 tCi/al 

CS-137 4 . 3701>t01 uC i /al 4.001D-Ot uCi /a1 
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lr -IS and 1 - 1 29 are not \ nc 1uded t n  Tabl e  1 1 - 1 of Ref . A-27 because 
the released concentra t \ ons were below the detec tab\ l , ty l 'm\ ts . Based on 
the data \ n  Table I l - l of Ref . A -27 . the .ax \� release frac t , on for the 
noble gases \ s 0 . 01 � for l od \ ne - 1 31 the release frac t \ on l s  -2 x 1 0-7 . 
Ass�t n9 t hese re lease frac t \ons are va l td for lr -85 and 1 - 1 29 ,  the tota l 
release of lr -15 and 1 - 129  t s  9 . 69 x 102 C t  and 4 . 3  x 10-8 C t , 

respec t t ve l J .  The es t t  .. ted env t ron.ental gas release from aux 1 1 1ary 
bu1 ld t ng used for t nventorJ ca lcu la t t ons ts presen ted 1 n  Tabl e  A-23 . 



TAB L E  A-23 . E ST I MAT � O  E NVI RONME N TAL R E L E ASE  OF NOBL E GASE S AND I OD I NE 
( f r om Ref . A-27 ) 

Ac t 1 v 1 ty Re l ea s e  to t he E n v 1 r onme n t  
I so tope ( C 1} 

Kr -85 9 . 69 X 1 02 
Kr -88 3 . 7 5  X 1 05 
Xe- 1 33 l .  58 X 1 06 
Xe-1 33m 2 . 25 X 1 05 

Xe-1 35 3 . 0  X 1 0 5 
Xe-1 35m 2 . 5  X 1 04 
1 - 1 29 4 . 3  X 1 0 -8 
I - 1 31 1 5  

-------
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APPE NDI X 8 

J NlACl ROO F I SS I ON PRODUCT I NVE NTORY 

As noted \n Sec l \on 3 and Append \ x  A ,  the degraded core reg \ons have 
been \ den t \ f \ ed f r o. v \ deo \ nspec t \ ons . Th \ s  Append t x  presents the data 

and ca lcula t \Oftl l  resul ts  for es t \  .. t t ng the f t s s t on produc t \ nventory 

conta \aed v\ th\n  the \ n tac t r od reg \ on ( end-s tale ) .  

I t  \ s  as s�d that the rela t t ve c ore f \ ss \ on pr oduc t d \ s tr \bu t t on t s  

\ den t \ ca l  t o  t he core  burnup d \ s t r \ but t on .  The core burnup data 

( de ter•tned fro. the \ ncore neutron .an t tor s )  def i nes a l ocal  burnup va l ue 

for each of seven equa l ax t a l  r eg \ ons for eac h  core fue l  ass�ly 

( Ref . 1 - 1 ) .  The burnup da ta \s  s�r \ zed t n  Table 8-1 . f \ gure 8-1  \ s a 

core c r os s - sec t \ on shov\ng the fuel ass�ly \ dent \ f \ca t \ ons . 

l he  burnup and end - s tate core c onf tgurat \on data were used to 
calculate the f rac t t on of the tota l c ore burnup v\ th \ n  the end-s tate r eg \ on 
of \ntac t r ods us \ng the fol lov\ng equat ions : 

1 71 1 

f rac t \ ona l  lurnup \ n  Intac t Rods ... E E ( BU ) \ l f t l 
\ a l  J• l  

' = f ue l  a s s.-bly n�er , 

l • a x \ a l  bur nup r eg \ on ,  

1u,l  " burnup \ n  r eg \ on ' ' .1. c1nd 

F \ l f rac t ton of r ods t n tac t \n reg t on ' .  J .  

Tfte f rac t \on of eac h fue l  a s s..Oly a x t a l  r eg \ on conta t n \ ng \ n tac t 
rods , F t J '  vas es t \.ated f ro. f \ gs . 8-2 through 8 - 1 4  shov \ng the upper 
and lover bounds of t he tn tac t rod reg \ ons . Thes, conf tgura t \ on da ta are 

1-S 



ba s ed on the core  bore  i n s pec t i on data  e va l ua t i on s umma r i zed  i n  Ref .  B - 2 . 

As  noted i n  these  f i gures , two c a s e s  a r e  c on s i dered : the  f i r s t  r ep r e s en t s  

a n  upper bound r eg i on o f  i n tac t r od s , the s ec ond r ep r e s e n t s  a l ower bound 
r eg i on of  i n tac t r ods . The uncer ta i n ty  in the c o n f i gura t i on s  i s  ba s ed on 

uncer ta i n ty in i n terpr e t i ng the c o r e  bor e  i n spec t i on da ta . The 1 n tac t r od 
f r ac t i on s  for  each  fuel  a s s emb l y  a x i a l  r eg i ona a r e  tabu l a ted 1 n  
Tab l e s  B-2  and B-3  fo� the upper and l ower bound c a s e s , r e s pec t i ve l y .  

Tab l e  B -4 s ummar i zes  the r e s u l t s  o f  c a l c u l a t i on s  e s t i ma t i ng the  
f rac t i ona l core  bur nup w i th i n  the i n tac t r od r eg i on . T he r e s u l t s  1 nd i c a te 
t ha t  the f rac t i ona l core  bur nup w i t h i n  the i n tac t r od zone ( f r a c t i on 
f i s s i on pr oduc t i nventor y )  i s  appr ox i ma t e l y  35% and 30% for  the  upper and  
l ower bound cases , r espec t i ve l y .  Ba s ed on these  r e s u l t s , the f r ac t i ona l 

core  f i s s i on produc t i nventory of  the i n t a c t  r ods  i s  a s s umed t o  be 
32 . 5  ± 2 . 5%.  

R E F E RE NC E S  

B- 1 . G .  E i dam l t r to  H .  Bur ton , GPU Nuc l ea r  l e t ter  4 5 50-83-04 2 ,  " TM I -2 Core  
Rad i a l  and Ax i a l  Power H i s tory  Da ta " Sep tember 29 , 1 98 3 . 

B-2 . R .  Smi th , A s ses smen t of Uncer ta i n ty i n  Vol ume o f  the Pr \ or Mo l ten Zone 
Ba sed Upon Bor ehol e  V i deo Da ta , E GG Repor t E GG-TMI -7 289 , Augu s t  1 987 . 

� ·  
i
A l l

#
a
1

x i a l  r eg i ons  a r e  r e l a t i ve t o  the top of the fue l rods , 1 . e . ,  eg on i s  a t  the top of the rod , Reg i on #7 i s  a t  the bot t om o f  the  r od .  
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" 

,, (h) 
(I) 

Highest 
Lowest 

·: � · ·� 
Section N 
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,. / � 
V!Hardstop 

... , f.....- � ll 
,,, � .21m� \ ' 

' (13.0 ft2) 
' � Prior molten zon 

' ... 1/ h  I v ' � � k � v v v 1 /  r-...: '- 1 .53m2...,. -
(16i5 ft2) 

Standing fuel ro� assemblies 

. I 
1 4  1 3  1 2  1 1  10 9 8 7 6 5 

Fuel rod assembly numbers 
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� ,,/ v· 
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-
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-

-

2 

3.0 
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:I 

2.0 -; 
> 
·u 
Cll 
0 
E g .8 
� 
0 
.J:l 
Cll 
Ul 

1 .0 * 
� 

0 
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F 1 gure  B- 1 2 .  E nd - s ta t e  bounds for 1 n tac t rods  ( N -co l umn of  f ue l  
a s s emb l 1 es ) .  
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.I 
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'@_t!EI_U]_il�� '· . Estimated lower interface between molten 
zone and intact rods 

,, 

.. 

. 

. . 

1: -
-

-

(h) 
(I) 

Highest 
Lowest 

1 44. OO Section P 

123.42 

102.85 
Qj 2 
Q) .� 
u ca 82.28 0 
E .9 
0 

.0 
Q) > 61.71 0 

.0 
ca 
!I) 
Q) 
.r:. 
0 
E 

41.14 

20.57 

0 

-_, 

I 
Prior molten zone 

I - �ll � Hardstop 

\ \ .... , ...... .... 

' .. 1'� h � ....... I _..,. 

Jol � 
0.34m2 �3.7 fl2) 

............:� ,l.-F1 
0.41m2 " '� 
(4.4 ft2) 

I 
Standing fuel rod assemblies 

12 1 1  10  9 8 7 6 

,:<f' 

5 

- 3.0 

Qj 
2 

- 2.0 Q) > 
·u 
ca 
0 
E 
B 
0 
.0 
Q) > 
0 

.0 
ca 
II> 

- 1 .0 Q) 
Q) 
� 

0 
4 

7·9774 

F 1 gure  B - 1 4 .  E nd - s ta te bounds for 1 n tac t rods  ( P -c o l umn of  fue l  
a s semb l 1 es ) .  

B - 20 



1 A8l f 8- 1 .  

f u. l  
A n etlb ly 

� 
A7 
A8 
A9 
AI O 
84 
" 
86 
87 
88 
89 
8 1 0  
81 1 
8 1 2  
C3 
C4 
C5 
C6 
C7 
ca 
C9 
C I O  
CJ I 
C l 2  
Cl 3 
02 
03 
04 
05 
06 
07 
08 
09 
0 1 0  
0 1 1 
0 1 2 
0 1 3 
0 1 4  
E2 
El 
E4 
£5 
£6 
E 7  
E 8  
E9 

f Uf l  ASSt MBL Y BURNUP 
( MWd/fU ) 

l!op} 

'" 
1 0 3 1  
1 334 
1 0 32 

967 
91 2 

1 456 
1 724 
1 650 
1 832 
1 650 
1 724 
1 457 

9 1 2 
1 003 
1 4 1 6  
1 589  
1 848 
1 872 
1 974 
1 872 
1 9 1 4  
1 590 
1 4 1 7  
1 00 3  

9 1 2  
1 4! :'  
1 580 
1 80 4  
1 78 1  
20 72 
1 708 
2072 
1 78 1  
1 80 4  
1 58 1  
1 4 1 7 

9 1 2  
1 457 
1 597 
1 90 8  
1 438 
1 885 
20 20 
2 1 53 

1 93 1  

-�- .. 

_l _  

2 1 36 
2260 
3050 
2260 
2 1 86 
1 80 7  
2975 
3854 
3649 
4507 
3649 
3854 
2975 
1 80 7  
1 973 
2741 
321 9  
3928 
380 1 
4 1 0 1  
380 1 
3864 
3220 
2742 
1 97 3  
1 80 7  
274 1 
3 1 58 
3806 
3964 
4060 
3347 
4060 
3964 
380 7 
3 1 58 
2742 
1 80 7  
2975 
325 1 
3879 
3644 
4 1 2 1 
3929 
4 1 6 1  
3925 

_3_ 

2632 
3053 
3738 
3054 
2632 
2 1 0 7  
340 1 
4603 
4 387 
5551 
4 387 
460 3 
3402 
2 1 08 
2220 
3 1 42 
3630 
4 342 
4370 
4832 
4 3 7 1  
4303 
3630 
3 1 43 
2220 
2 1 0 8  
3 1 42 
3560 
4 1 88  
3862 
4480 
3920 
4480 
3962 
4 1 89 
3560 
3 1 4 3  
2 1 08 
340 2  
3604 
4 1 27 
4 1 97 
4589 
4421 
4774 
4485 

8 - 2 1  

J.!g!�-- --- . .  --- ( Bot tat�} 

4 _i_ _  ..!. .  
261 7  2522 2290 1 4 1 6  
3380 3321 2970 1 984 
3794 371 7 34 1 0  21 34 
338 1 332 1 297 1  1 984 
26 1 8  2523 2290 1 4 1 6  
2 1 0 1  2020 1 845 1 205 
3347 3295 3075 1 936 
4567 4455 4 1 63 2681 
4384 4264 3966 2582 
5572 5500 5 1 63 3263 
4385 4264 3966 2582 
4568 4456 4 1 63 2682 
3348 3296 30 75 1 936 
2 1 0 2  2021 1 845 1 205 
21 70 2 1 3 1  1 996 1 279 
3 1 22 3040 2837 1 895 
3478 336 1 3 1 94 2 1 25 
40 1 6  3906 3856 2591 
4264 4 1 06 3840 2548 
4794 461 1 4261 28 1 1  
4264 4 1 06 3840 2548 
4063 3926 381 1 26 1 2  
3479 3362 3 1 94 2 1 25 
3 1 24 304 1  2838 1 895 
2 1 7 1  2 1 31  1 997 1 279 
2 1 02 2020 1 845 1 205 
3 1 23 3040 2837 1 895 
34 1 3  3265 3064 2039 
38 1 8  3645 36 1 5  25 1 4  
2925 2855 34 1 9  2582 
4224 4067 3939 2726 
3790 340 1 306 1  2240 
4225 4067 3940 2726 
2925 2855 34 1 9  2582 
38 1 9  3646 36 1 5  25 1 5  
34 1 3  3266 ? J : S  20 39 
3 1 24 304 1  2838 1 895 
2 1 0 2 20 2 1  1 845 1 205 
3347 3295 30 75 1 �36 
340 1 33 1 0  3 1 92 2 1 0 : 
371 2  36 1 2  3625 2454 
3805 3635 364 o 2489 
420 7  4049 40 1 4  274 1 
430 1 4 1 67 389 1 2547 
4723 4529 4 1 47 2735 
4350 4 1 86 3909 2569 



TABLE  8 - 1 . ( con t l  nued ) 

(To[!} Reg1 on ( Bot tom) 
F ue l  

_6 _ 7 A s sembl y  _1_ 2 3 4 _ 5_ 

EJ O 1 885 4 1 2 1  4589 4208 4 0 5 0  4 0 1 4  2 74 1 

E l l 1 439 3644 4 1 98 3806 3636 3646 2489 

E 1 2 1 90 9 3880 4 1 28 37 1 3  36 1 2  3625 2454 

E 1 3  1 597 3251 3604 340 1 3 3 1 1 3 1 92 2 1 0 8  

E 1 4 1 457 2975 3402 3348 3295 3075 1 936 

F l  967 2 1 86 2632 26 1 8  2523 2290 1 4 1 6  

F2 1 727 39 1 7  4666 4598 4479 4 1 92 2683 

F3 1 850 3845 430 1 4 0 35 3890 3790 2593 

F4 1 736 3902 3794 2867 2829 34 1 6  2569 

F5 2025 4 0 36 4470 4 1 95 4 0 2 4  3921  2740 

F6 2042 4 0 2 1  4559 4 4 35 4263 3950 2586 

F 7  2 1 4 1 42 1 2  4933 4936 4 7 1 4 4 274 28 1 9  

F8 1 80 2  3845 4675 4748 4572 4 1 4 8 2689 

F9 2 1 4 1  42 1 2  4933 4 9 36 4 7 1 4 4274 28 1 9  

F l O  2042 4 0 2 1  4559 4436 4263 3950 2586 

F 1 1 2026 4 0 36 4 4 70 4 1 9 5 4 0 2 5  3921  2740 

F 1 2 1 737 3902 3794 2867 2830 34 1 6  2569 

F 1 3  1 872 3883 4267 3984 3920 3854 2548 

F l 4  1 727 391 7 4667 4598 4479 4 1 92 2683 

F l 5  967 2 1 86 2633 26 1 8  2523 2290 1 4 1 6  
G l 1 0 32 2260 3053 3380 3321 2970 1 984 
G2 1 699 3587 4276 4324 4252 3949 2552 
G3 1 868 3838 4395 4 265 4 1 33 390 7 2594 
64 2060 4 0 7 8  4494 4208 4 0 36 3925 27 28 
G5 2076 391 5 4393 4294 4 1 4 7  3878 2606 
66 2 1 84 4237 492 1 4952 4804 4 384 2847 
G7 2053 4 0 89 4836 4904 4 739 4270 2735 
68 2 1 0 5 4 284 5236 542 1  5228 4 6 78 3 0 4 2  
69 2 0 53 4089 4836 4904 4739 4 270 2734 
6 1 0  2 1 84 4237 4 9 2 1  4 9 5 2  480 5 4 385 2847 
G i l 1 939 3888 4439 4 3 1 4 4 1 4 5 3875 2578 
6 1 2 2060 4077 4494 4208 4 0 36 3925 2728 
61 3 1 868 3838 4395 4265 4 1 33 3907 2593 
6 1 4  1 699 3587 4276 4324 4252 3949 2552 
G I S 1 0 32 2 260 30 53 338 1 332 1 2970 ) 984 
H 1  1 334 3050 3738 3794 3 7 1 7 3409 2 1 34 
H2 1 832 4 5 0 7  5550 5572 5500 5 1 63 3262 
H3 1 974 4 1 0 0 483 1 4793 4 6 1 1 4260 28 1 1  
H4 1 70 8  3346 39 1 9  3 789 3400 3060 2 2 4 0  
H5 2 1 52 4 1 60 4773 4 722 4528 4 1 4 6 2 7 35 
H6 1 80 1  3844 4674 4747 4572 4 1 4 7 2688 
H7 2 1 0 4 4283 5235 54 2 1  5228 4 6 78 30 42 
H8 2057 4 799 60 0 9  6 2 1 3 6 1 1 7  5 5 7 1  3 4 64 
H9 2 1 0 4 4283 5235 5 4 2 1  5228 4678 30 42 
H1 0 1 80 1  3844 4674 4747 4572 4 1 4 7 2688 
H l l 2 1 52 4 1 60 4773 4 72 2 4528 4 1 46 2735 
H 1 2 1 70 7  3346 39 1 9 3789 3400 3060 2240 

B-22  



1 A8l f 8 - 1 . ( cont \ nu•d )  
- ---- - -· - -

Clop) R•gton (Botta.} 
f u• l  

AnMblx ...L ...L _3_ _4_ ..1__ 6 ->�- 7 

Hl 3 1 973 4 1 00 483 1 4793 4 6 1 1 4260 28 1 1  
Hl 4 1 832 450 7  5550 5572 5500 5 1 63 3262 
H I S  1 334 3050 3737 3794 371 7 340� 2 1 34 
K l  1 0 32 2260 3053 3380 332 1 2970 1 984 

K2 1 699 n87 4276 4324 4252 3949 2552 

K3 1 81.8 3838 4394 4265 4 1 32 390 7 2593 

K4 2059 4077 4494 4208 40 36 3925 2728 

1(5 2002 39 1 1 44 1 8  431 5 4 1 85 3904 2553 

K6 2 1 83 4234 4920 495 1 4804 4384 2847 

K7 2053 4088 4835 4904 4 738 4270 2734 

K8 21 04 4283 5234 542 1 5227 4677 3041  

K9 2052 4088 4834 4904 4 738 4270 2734 

k l O 2 1 83 4 236 4920 495 1 4904 4384 2946 

Kl l 1 971 3952 4487 4 320 4 1 21 3865 2603 

k 1 2  2059 4076 4493 420 7  4035 3924 2728 

1< 1 3  1 81.7 3837 4394 4265 4 1 32 3907 2593 

Kl 4 1 698 3586 4275 4324 4252 3949 2552 

k1 5 1 03 1  2259 3053 3380 332 1 2970 1 984 
l l  967 2 1 86 2632 261 8  1523 2290 1 4 1 6 

l2 1 726 391 6  4666 4597 4478 4 1 91 2683 

l3 1 189  3792 4 2 1 2 392 7 3839 3796 2565 

l4 1 735 390 1 3792 2866 2829 34 1 6  2568 

lS 2025 40 34 4468 4 1 93 4023 3920 27 39 
l6 240 40 1 9  4557 4434 426 1  3949 2585 
l7 21 39 42 1 0 493 1  4934 4 7 1 3 4273 28 1 9  

L8 1 800 3843 4673 4746 457 1 4 1 47 2698 

L9 2 1 39 4209 4931 4934 47 1 3 4273 281 9  

u o  2040 40 1 9  4557 4433 4261 3949 2585 

l l l 2024 40 33 4468 4 1 93 40 23 39 1 9  2739 

L l 2 1 734 3899 3792 2965 2828 34 1 5  2568 

l l 3  1 862 3775 4245 4046 39 1 7  3784 2583 
L l 4 1 72S 391 5  4665 4597 4478 4 1 91 2683 

L I S  966 2 1 86 2632 26 1 8  2523 2290 1 4 1 6  
K2 1 456 2974 340 1 3347 3295 3075 1 936 

HJ 1 596 3249 3602 3400 3309 3 1 91 2 1 07 

,.... 1 90 7  3878 4 1 26 371 1 361 1  3624 2453 

"' 1 437 364 2 4 1 95 3804 3634 3645 2488 

H6 1 883 4 1 1 8  4586 4205 4047 40 1 2  2740 

H7 1 992 3943 4452 4295 4 1 24 3870 2'590 
t18 2 1 5 1 4 1 57 4771  4720 4527 4 1 45 2734 

H9 1 970 3986 4473 4286 4 1 57 3932 256;" 

t11 0 1 882 4 1 1 7  4585 4205 4047 40 1 2  2740 

"I I 1 436 364 1 4 1 95 380 4 3634 3645 2488 

Hl 2 1 906 3877 4 1 25 37 1 0  36 1 0 3623 2453 

HJ 3 1 595 3249 3602 3400 3309 3 1 91 21 07 

Hl 4  1 455 2973 3400 3346 3294 3074 J 936 

H2 9 1 1 1 806 2 1 0 7  2 1 0 1  2020 1 844 1 204 

8 - 23 



l ABL E B - 1 . ( conU nued ) 

�Top } Reg 1 on { Bo t t om} 
F ue l  1 Assemb ly 1 _L __ 

3 4 5 6 

N3 1 4 1 6  2740 3 1 4 1  3 1 2 2  30 39 2837 1 894 

N4 1 579 3 1 55 3558 34 1 1  3264 3064 2 0 38 

N5 1 80 2  3803 4 1 86 38 1 6  3644 3 6 1 3 25 1 4  

N6 1 7 79 3960 3859 2922 2853 34 1 7  2581  

N7 2069 4 0 5 6  4476 4222 4064 3937 2725 

NB 1 70 5  334 2 3 9 1 6 3787 3398 3 0 5 8  2240 

N9 2069 4 0 5 5  4476 4221 4 0 64 3937 2 725 

N 1 0  1 779 3960 3858 2922 2852 34 1 7  2581  

N1 1 1 80 1  '3802 4 1 85 38 1 5  3643 3 6 1 2 25 1 3  

N 1 2  1 578 3 1 54 3557 3 4 1 1 3264 3063 20 39 

N 1 3 1 4 1 5  2738 3 1 4 0 3 1 2 1  30 38 2836 1 895 

N 1 4  91 1 1 80 5  2 1 0 6  2 1 0 1  20 20 1 84 4  1 2 0 4  

03 1 0 0 2  1 97 1  221 8 2 1 70 2 1 30 1 996 1 2 78 

04 1 4 1 5  2739 3 1 4 1  3 1 2 1  30 39 2836 1 894 

05 1 587 32 1 6  3627 3476 3359 3 1 92 2 1 24 

06 1 787 380 5 4279 40 1 0  3872 3788 2589 

07 1 859 3797 4367 4261 4 1 0 3 3838 2547 

08 1 97 1  4 0 96 4828 4 7 90 4609 4258 28 1 0  

09 1 869 3796 4367 4261 4 1 0 3  3838 2547 

0 1 0  1 752 3756 4237 3982 3864 3 796 2593 

01 1 1 587 32 1 6  3626 3476 3359 3 1 92 2 1 2 4 

0 1 2 1 4 1 4  2738 3 1 39 3 1 20 3 0 38 2836 1 894 
0 1 3 1 0 0 2  1 97 1  2 2 1 8  2 1 69 2 1 30 1 995 1 278 
P4 9 1 1 1 80 5  2 1 06 2 1 00 20 1 9  1 84 4  1 20 4  
P5 1 455 2972 3399 3345 3293 3 0 74 1 935 
P6 1 722 3850 4599 4565 4453 4 1 6 1 2680 
P7 1 648 3645 4 383 4382 4 26 2  3964 258 1 
P8 1 829 4506 5547 5569 5498 5 1 6 1  3261 
P9 1 647 3645 4383 4381  4261  3964 2581  
P 1 0 1 72 1  3850 4599 4565 4453 4 1 6 1 2680 
Pt t 1 454 297 1 3398 3344 3293 3 0 7 3  1 935 
P 1 2  9 1 0  1 80 4  2 1 0 5  2 1 0 0 2 0 1 9  1 84 3  1 204 
R6 965 2 1 83 2630 26 1 6  2521 2288 1 4 1 6  
R7 1 0 29 2256 3050 3378 33 1 9  2969 1 983 
R8 1 332 3046 3734 379 1 371 5 3 4 0 8  2 1 33 
R9 1 0 29 2256 3 0 50 3378 3 3 1 9 2969 1 983 
R 1 0  964 2 1 83 2629 26 1 5  2521 2288 1 4 1 5  

B - 24 



1 A8l E 8-2 . 

f ue l  
As s Mib l y  

A6 
A7 
,.. 
A9 
A1 0 
" 
as 
.. 
87 
88 
89 
8 1 1  
81 1 
8 1 2  
C3 
C4 
0 
t6 
C1 
C8 
Ct 
C 1 1  
Cl l 
c u  
en 
02 
03 
04 
" 
D6 
07 
D8 
09 
D I D  
01 1 
01 2 
01 3 
0 1 4  
E.2 
E3 
£4 
n 
E6 
£7 
El 
£9 
E I O  

E l l  
E l 2  
E l l  

f RAC l i ON Ot f Ul l  ASSl  "Bl V AX I Al N t G I ON C ON I A I N I NG I N 1 AC 1  WOOS 
( UPPt R BOUND l S l i ,.A l l ) 

tlop} 
_1 _  

1 . 000 
1 . 000  

. 000 

. Oil 

. 00 0  

. 000  

. 00 0  

. too 

. 000 

. ooo 

. 010  

. 000  

. 00 0  

. 01 0  

. 000 

. 00 0  

. ooo 

. ooo  
. 000  
.000  

0 . 010  
0 . 00 0  
0 . 100 
1 . 000 
1 . 200 
o . ooo 
0 . 000  
1 . 011 
1 . 001 
e . ooo 
o . ooo 
o . ooo 
0 . 00 0  
0 . 000 
o . ooo 
0 . 000 
0 . 000  
0 . 000 
o . ooo 
1 . 000 
0 . 100  
0 . 000 
o . ooo 
0 . 000 
1 . 000  
0 . 000 
0 . 000 
0 . 000 
0 . 100  
o . oo o  

- - ·  

'2 

1 .000 
1 . 000 

. 000  

. 000  

. 00 0  

. 000 

. 00 0  

. 000 

. 000  

. 000  

. ooo 

. 000 

. 00 0  

. 000  

. ooo 

. 000  

. 000  

. 000 

. 000  

. 000  

. 000  

. 000  

. 000  

. 000 

. 010  

. 400 

. 000  

. 000 

. 110 

. 001 

. 000  

. 000 

. 000 

. 000 

. 000  
0 . 000 
o . ooo 
1 . 000 
0 . 000  
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 000 
o . ooo 
0 . 000 
0 . 010 
o . ooo 
. . ... 
o . ooo 

--�-··-- --� ---------

Reg \ on ( Bot tom) 

_L 4 _j_ 6 1 
I . 000  1 . 000 1 . 000  1 . 000 1 . 000 
1 . 000 1 . 000 1 . 000 1 . 000 1 .000 
1 . ooo 1 . 000 1 . 000 1 . 000 1 . 000 
1 . 000 1 . 000 1 . 000 1 .000 1 .100 
1 . 000 1 . 000 I . 000  1 . 000 1 . 000 
1 . 000 I . 000  1 . 000 1 . 000 1 . 000 
0 . 000 0 . 000  0 . 800  1 . 000 1 . 000 
0 . 000 o . ooo 0 . 800 1 . 000 1 . 000 
o . ooo 0 . 000 0 . 800 1 . 000 1 . 000 
0 . 000  . 000 o . � 1 . 000 1 . 000 
0 . 000 . 000 0 . 901 1 . 000 1 . 000 
0 . 000 . 000 0 . 950 1 . 000 1 . 000 
0 . 400 . ooo 1 . 000 1 . 000 1 . 000 
1 . 000 . 000 1 . 000 1 . 000 1 .000 
0 . 000 . 700 1 . 000 1 . 000 1 . 000 
0 . 000 . ooo 0 . 550 1 . 000 1 . 000 
0 . 000 . ooo  0 . 450 1 . 000 1 . 000 
0 . 000 . 000 0 . 400 1 . 000 1 .000 
0 . 000 . 000 0 . 400 1 . 000 1 . 000 
0 . 000 . 000 0 . 450 1 . 000 1 .000 
0 . 000  . 000 0 . 500 1 . 000 1 .100 
0 . 000 . 000 0 . 700  1 . 000 1 .000 
o . ooo o . ooo 0 . 800  1 . 000 1 . 000 
0 . 500 1 .000 1 . 000 I . 000 1 . 000 
1 . 000  1 . 000 1 . 000 1 . 000 1 .100 
1 . 100 1 .000 1 . 000 1 . 000 1 .0 00 
0 . 000 0 . 000 0 . 450 1 . 000 1 . 000 
0 . 000  o . ooo 0 . 300  1 .000 1 .000 
0 . 000 0 . 000 0 . 1 50 I . 000 1 . 000 
o .ooo 0 . 000 0 . 1 00 1 . 000 1 . 000 
0 .000 0 . 000 0 . 1 00 1 . 000 1 . 000 
0 . 000 o . ooo  0 . 1 50 I . 000 1 . 0 00 
0 . 000  0 . 000  0 . 250 1 . 000 1 . 000 
0 . 000 0 . 000 0 . 400 1 . 000 1 . 000 
0 . 000 o . ooo 0 . 700  1 . 000 1 . 000 
0 . 000 0 . 000 1 . 000 I . 000  1 . 000 
o . ooo  0 . 900  I . 000  I .  000 1 . 000 
I . 000 I . 000  I . 000  I . 000 l . 000 
0 . 000 1 . 000 1 . 000  1 . 000 1 . 000 
o . ooo 0 . 000 0 . 350 1 . 000 1 .000 
0 . 000 0 . 000 0 . 1 50 1 . 000  1 . 000 
o . ooo  0 . 000 o . ooo 0 . 950 I . 0 00 
0 . 000 0 . 000 0 . 000 O . BSO 1 . 000 
0 . 000 0 . 000 0 . 000 0 . 800 1 . 000 
o . ooo  0 . 000 0 . 000 0 . 850 I .  000 
0 . 000  o . ooo o .ooo 0 . 950 1 . 000 
0 . 000 o . ooo 0 . 1 50  1 . 000 1 . 000 
o . ooo o . ooo 0 . 300  1 . 000 1 . 000 
0 . 000 o . ooo  0 . 550 1 .000 1 . 000 
o . ooo o . ooo 0 . 900 I .000 1 . 000 

8 - 2S 



TABL E B - 2 . 

F ue l  
As_s emb l�  

E 1 4  

F l  
F2 
F3 
F4 
FS 
F6 
F7 
FS 

F9 
F l O  
F l l 
F 1 2 
F l 3  
F l 4  
F I S  
Gl  
G2 
G3 
G4 
GS 
66 
G7 
G8 
G9 
G I O  
Gl l 
G 1 2  
61 3 
6 1 4 
G I S  
H I  
H2 
H3 
H4 
H5 
H6 
H7 
H8 
H9 
H I D 
H I ! 
Hl 2 
H l 3  
H l 4  
H I S  
K l  
K 2  
K3 

K4 
KS 

( c on t 1  nued ) 

{To�} 

2 

0 . 000 0 . 0 0 0  

0 . 000 0 . 40 0  

o . oo o  o . o o o  

o . oo o  0 . 0 0 0  
o . oo o  0 . 000 

o . o o o  0 . 000 

o . o o o  0 . 000 

0 . 0 00 0 . 0 0 0  
o . o o o  0 . 0 00 

o . o o o  0 . 0 0 0  
o . o o o  0 . 0 0 0  
o . o o o  0 . 0 00 
o . oo o  0 . 0 0 0  

o . o o o  o . oo o  
o . o o o  0 . 00 0  
0 . 0 00 0 . 700 
o . oo o  0 . 0 0 0  

0 . 000 0 . 0 0 0  
o . oo o  0 . 0 0 0  
o . oo o  0 . 00 0  
o . oo o  0 . 0 0 0  
o . oo o  0 . 00 0  
o . o o o  0 . 0 0 0  
0 . 0 0 0  0 . 00 0  
o . o o o  0 . 0 00 
o . o o o  0 . 000 
0 . 0 0 0  0 . 00 0  
o . o o o  0 . 0 00 
0 . 00 0  0 . 0 00 
0 . 0 0 0  0 . 000 
o . o o o  o . oo o  
0 . 0 0 0  0 . 0 0 0  
0 . 0 0 0  0 . 0 0 0  
o . o o o  0 . 0 0 0  
o . o o o  0 . 00 0  
o . o o o  0 . 0 0 0  
o . o o o  0 . 0 0 0  
0 . 000 0 . 0 0 0  
o . o o o  0 . 0 0 0  
o . oo o  0 . 0 0 0  
o . oo o  0 . 00 0  
o . o o o  0 . 0 0 0  
o . oo o  0 . 0 0 0  
o . oo o  0 . 0 0 0  
o . o o o  0 . 0 0 0  
o . oo o  0 . 600 
o . o o o  0 . 0 0 0  
0 . 0 0 0  0 . 0 0 0  
o . o o o  0 . 0 0 0  
0 . 0 00 0 . 0 0 0  
o . o o o  0 . 0 0 0  

_3 --

0 . 450 

1 .  000 
o . o o o  
o . o o o  
o . oo o  
o . o o o  
o . o o o  
o . o o o  
o . oo o  

o . o o o  
o . o o o  
o . o o o  
o . o o o  
o . o o o  
o . oo o  
1 . 0 00 
0 . 300 

o . oo o  
o . o o o  
0 . 0 0 0  
0 . 0 0 0  
o . o o o  
0 . 00 0  
o . oo o  
0 . 0 0 0  
0 . 0 0 0  
o . o o o  
0 . 0 0 0  
o . o o o  
0 . 000 
0 . 30 0  
0 . 450 
o . o o o  
0 . 000 
0 . 0 00 
o . o o o  
o . o o o  

o . oo o  
o . oo o  
0 . 0 0 0  
o . oo o  
0 . 0 0 0  
o . o o o  
o . o o o  
0 . 0 0 0  
1 . o o o  
I . 0 0 0  

0 . 000 
o . o o o  

0 . 00 0  
o . o o o  
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1 . 000 

1 . 0 0 0  
0 . 00 0  
0 . 000 
0 . 000 

0 . 000 
0 . 0 0 0  
0 . 0 00 
0 . 0 0 0  

0 . 000 
0 . 0 0 0  
0 . 000 
0 . 0 0 0  
0 . 0 0 0  
0 . 70 0  
1 . 0 00 
1 . 0 00 
0 . 0 0 0  
0 . 000 
0 . 0 00 
0 . 0 0 0  
0 . 0 0 0  
0 . 000 
0 . 00 0  
0 . 0 0 0  
0 . 00 0  
0 . 000 
0 . 000 
0 . 0 0 0  
o . o o o  
1 . 0 00 
1 . 0 0 0  
0 . 000 
0 . 0 0 0  
0 . 0 00 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 000 
0 . 00 0  
0 . 0 0 0  
0 . 00 0  
0 . 0 0 0  
0 . 0 0 0  
I . 0 00 
I . 0 0 0  
0 . 0 00 
0 . 0 0 0  

0 . 0 00 
0 . 000 

5 

1 . 0 0 0  

I . 0 0 0  
0 . 60 0  
0 . 250 
0 . 0 0 0  
o . o o o  
0 . 000 
o . o o o  
0 . 0 0 0  

0 . 0 0 0  
0 . 00 0  
0 . 0 0 0  
0 . 300 
0 . 60 0  
1 .  0 0 0  
I . 0 0 0  
1 . 0 0 0  
0 . 550 
0 . 200 
0 . 050 
0 . 0 0 0  
0 . 000 
o . o o o  
0 . 00 0  
0 . 0 0 0  
o . o o o  
0 . 0 0 0  
0 . 1 00 
0 . 40 0  
0 . 60 0  
I . 00 0  
1 . 0 0 0  
0 . 600 
0 . 250 
0 . 1 50 
o . o o o  
0 . 0 0 0  
0 . 00 0  
0 . 00 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 250 
0 . 60 0  
1 . 0 0 0  
1 . 00 0  
0 . 40 0  
0 . 250 
0 . 1  so 
0 . I  00 
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1 . 00 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
0 . 950 

0 . 80 0  
0 . 70 0  
0 . 60 0  
0 . 50 0  
0 . 650 
0 . 850 
1 . 0 00 

1 . 0 0 0  
1 . 0 0 0  
1 .  0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
0 . 90 0  

0 . 650 
0 . 400 
0 . 20 0  
0 . 400 
0 . 60 0  
0 . 850 
1 . 0 0 0  
1 . 00 0  
1 . 0 0 0  
1 . 00 0  
I . 0 00 
1 . 00 0  
1 . o o o  
t . o o o  
1 . 00 0  
0 . 800 
0 . 450 
0 . 1 50 
0 . 200 
0 . 4 0 0  
0 . 650 
0 . 950 
1 . oo o  
I . 0 00 
1 . oo o  
I . 00 0  
I . 0 0 0  
1 . o o o  
I . 0 00 
I . 0 0 0  
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1 . 0 0 0  
1 . o oo 
I . 0 00 
1 . o oo 
1 . 0 00 

I . 0 00 
1 . 000 

1 . 000 
1 . 000 
1 . oo o  
1 . oo o  
1 . 0 00 
1 . 0 0 0  
I . 0 00 
1 . 0 00 
1 . 0 00 
1 . o o o  
1 . o o o  
I . 0 00 
I .  0 00 
1 . 0 0 0  

1 . 0 00 
1 . oo o  
1 . 000 
1 . oo o  

1 . o oo 
I . 000 
1 . o oo 
1 . 000 

I . 0 00 
1 . 00 0  
I . 0 00 
I . 00 0  
1 . 000 
1 . oo o  
1 . 000 
1 . 0 0 0  
1 . 000 
I . 000 
1 . 0 00 
1 . 000 
1 . o oo 
1 . o o o  
1 . 0 00 
1 . 0 0 0  
1 . o oo 
I . 0 00 
I . 0 00 
I . 0 0 0  

I . 0 00 
I . 00 0  
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l l 4  
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( c on t  \ nued ) 
� � -·· ,. - __ .,. - - ------- p- �- � ... _ _ _ _  - --· -- - - -

1.!.�-. ·---- Reg \on - -- - - n  .. ( Bot toml 

l __ 2_ _L 4 __ s _  _6 _  7 
1 . 101 . 000  0 . 100 o .ooo 0 . 000 0 . 900  1 . 000 
o . ooo . 000  0 . 000 o . ooo 0 . 000 0 . 500  1 . 000 
O .IH . 00 0  0 . 000 o . ooo 0 . 000 0 . 1 50 1 . 000 
0 . 111 . 000  o . ooo 0 . 000  0 . 000  0 . 000 1 . 000 
1 . 0 00 . 000  o . ooo 0 . 000 0 . 000 0 . 250 1 . 000 
o . ooo . 000 0 . 000  0 . 000 0 . 000 0 . 600 1 . 000 
o . ooo . ooo  0 . 000 0 . 000 0 . 000  O . fOO 1 . 000 
o . ooo . 000 0 . 000 o . ooo 0 . 250 1 . 000 1 . 000 
o . ooo  . 000  0 . 000 0 . 000  0 . 700 1 . 000 1 . 000 
o . ooo . 000  0 . 1 50 1 . 000 1 . 000 1 . 000 1 . 000 
1 . 000 . 000 0 . 700 1 . 000 1 .000 . ooo 1 . 000 
1 . 000 . ooo 0 . 000 0 . 000 0 .  700 . ooo 1 . 000 
o . oot . 000  0 . 000  0 . 000 0 . 300 . 000 1 . 000 . . ... . 000  0 . 000 0 . 000 0 . 200 . 000 . 000 

o . ooo . 000 0 . 000 0 . 000 0 . 1 00 . ooo . o oo 
0 . 010 . 000  . 000 0 . 000 0 . 000  . 900 .000  
1 . 110 . 00 0  . 000  0 . 000 0 . 000 . 550 . 000 

• • ••• . 000 . 00 0  o . ooo 0 . 000 . 200 . ooo 

o . ooo . 010 . 000  0 . 000 0 . 000 . 1 50 .ooo 

0 . 011 . 000  . 000 0 . 000 o . ooo  . 300 . ooo 

o . ooo 0 . 000 . 000 o . ooo 0 . 000 . 700 .000 

. . ... 0 . 000 . 000  0 . 000 o . ooo . 950 . ooo 

1 . 000  0 . 000 . 000  0 . 000 0 . 300 1 .000 . 000 

o . oo o  0 . 000  . 1 50 1 . 000 1 . 000 1 . 000 . 000 

0 . 0 00 0 . 550 . 000 1 . 000 I . ooo  1 . 000 ·'" 
0 . 000 0 . 000  . ooo  0 . 650 1 . 000 1 . 000  . ooo 

o . ooo 0 . 000  . ooo  o . ooo 0 . 450 1 . 000 a . ooo 

1 . 000 0 . 000  0 . 000 0 . 000 0 . 300 1 . 000 1 . 000 

o . ooo 0 . 000  0 . 000  0 . 000 0 . 1 50 1 . 000 1 . 000 

o . ooo  0 . 000  o . ooo 0 . 000  0 . 000  0 . 950 1 . 000  

o . ooo 0 . 000 0 . 000 0 . 000  0 . 000 0 . 700 1 . 000 

o . oo o  o . oo o  o . oo o  0 . 000 0 . 000  0 . 400  1 . 000 

o . oo o  0 . 000 o . ooo o . ooo 0 . 000 0 . 400  1 . 100 

o . ooo  0 . 000 0 . 000  0 . 000 0 . 000  0 .  700 1 . 000 

o . ooo 0 . 000 0 . 000 0 . 000 0 . 000 0 . 900 1 .000 

o . ooo 0 . 000  0 . 000 o . ooo 0 . 1 0 0  I . 000 1 . 000 

o .ooo 0 . 000 0 . 000 0 . 000 0 . 400 1 . 000 1 .000 

o . oo o  0 . 000  0 . 000 0 . 050 1 . 000 I . 000 1 . 000 

o . ooo  0 . 500 I . 000 1 . 000 I . 000  1 . 000 I . 000 

o . ooo 0 . 000  o . oo o  0 . 000  0 . 600  I . 000 1 . ooo  

o . ooo  0 . 000  0 . 000 0 . 000 0 . 350 1 . 000 I . 000 

1 . 080 o . ooo  0 . 000 o . ooo 0 . 1 00 1 . 000 I , 000 

1 . 000 o . o o o  0 . 000 0 . 000 0 . 000 0 . 900 I . 000 

o . ooo 0 . 000  o . ooo  0 . 000 0 . 000  0 . 750 I . 000 

o . ooo 0 . 000 o . ooo  o . ooo o . ooo 0 . 600 1 . 000 

o . ooo 0 . 00 0  0 . 000 0 . 000  0 . 000  0 .  700 1 . 000 

o . ooo  0 . 000 0 . 000 0 . 000 0 . 000  0 . 850 1 . 000 

o . oo o  0 . 000  o . oo o  0 . 000  0 . 1 00 I . 000 1 . 000 

o . oo o  0 . 000 o . ooo 0 . 000 0 . 450 I . 000  I . 000 

o . ooo  0 . 000  0 . 000 0 . 000 0 . 750 I . 000 1 . 000 

o . ooo 0 . 000 0 . 000 0 . 800  I . 000  1 . 000 I . 000 
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{TO(!) 
F ue l  

A s s emb l�  1 2 3 

03 0 . 000 0 . 000 0 . 500 

04 . 0 . 000 0 . 000 o . o o o  

05 o . oo o  o . o o o  o . o o o  

06 0 . 00 0  0 . 000 o . o o o  
07 0 . 000 0 . 0 0 0  o . o o o  

08 0 . 0 0 0  0 . 000 o . o o o  
09 o . o o o  0 . 000 o . o o o  

0 1 0  o . o o o  0 . 000 o . oo o  

O i l 0 . 00 0  0 . 000 o . o o o  

0 1 2 0 . 000 o . o o o  o . o o o  
01 3 0 . 00 0  0 . 0 0 0  o . oo o  

P4 0 . 000 0 . 000 0 . 1 00 
P5 0 . 0 00 0 . 00 0  o . o o o  

P6 0 . 000 0 . 0 00 0 . 0 00 
P7 0 . 000 0 . 00 0  o . o oo 

P8 0 . 000 0 . 0 0 0  o . o o o  
P9 0 . 000 0 . 0 0 0  o . o o o  
P l O  0 . 000 o . oo o  o . o o o  
P 1 1 0 . 000 0 . 0 00 o . o o o  
P 1 2  0 . 000 0 . 40 0  1 . 000 
R6 0 . 00 0  0 . 00 0  o . oo o  
R7 0 . 000 0 . 0 00 o . o o o  
R8 0 . 00 0  0 . 0 0 0  o . o o o  
R9 0 . 00 0  0 . 000 0 . 0 0 0  
R I O 0 . 000 0 . 0 0 0  o . o o o  
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1 . 0 0 0  1 . 00 0  

0 . 1 50 1 . 0 0 0  

0 . 000 0 . 30 0  

0 . 0 00 0 . 1 00 
0 . 000 0 . 0 0 0  

0 . 000 o . o o o  

0 . 0 0 0  0 . 00 0  

0 . 000 0 . 1 50 

o . o o o  0 . 400 

0 . 000 0 . 80 0 
0 . 900 1 . 0 0 0  

1 . 00 0  1 .  0 0 0  

0 . 0 0 0  0 . 70 0  

0 . 0 00 0 . 400 
0 . 0 0 0  0 . 250 
0 . 0 0 0  0 . 250 
0 . 0 00 0 . 30 0  
0 . 0 0 0  0 . 500 
0 . 000 0 . 700 
1 . 0 0 0  1 . 0 0 0  
1 . 0 0 0  1 . 000 
1 . 000 1 . 0 0 0  
1 . 000 1 . 0 00 
1 . 000 1 . 0 00 
I . 000 I . 00 0  

6 

1 . 0 0 0  
1 . 0 0 0  
1 . 00 0  
1 . 0 0 0  
1 . 0 0 0  
0 . 950 
1 . 0 0 0  
1 . 0 0 0  
1 . 00 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 .  0 0 0  

1 . 0 0 0  
1 . 00 0  

1 . o o o  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  

( Bo t t om) 

7 

1 . 00 0  

1 . 0 0 0  
1 . 00 0  
1 . o o o  
1 . o o o  
1 • 0 0 0  
1 . 000 
1 . oo o  
1 . 0 0 0  
1 . 0 00 
1 . 0 0 0  
1 . 0 00 
1 . 0 0 0  

1 . o oo 

1 . 0 0 0  
1 . 0 00 
1 . 0 00 
1 . 0 0 0  
1 . 0 0 0  
1 . o oo 
1 . 0 0 0  
1 . 0 00 
1 . 000 
1 . 000 
1 . 0 0 0  
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F ue l  
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A6 
A7 

AI 
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Al l 
84 
15 
16 
87 

• 
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1 1 0  

Il l 

1 1 2 
C3 
C4 
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C8 
C9 
C 1 1  

Cl l 

Cl 2  
Cl 3  
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03 
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07 
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£3 

£4 

£' 
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£7 
E8 
£9 
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£ 1 2  
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F RACl l ON OF F UE l  ASSE MBL Y AX I Al Rl G J ON CON l A I N J NG I N T AC J  RODS 
( l OWE R  BOUND E Sl J MAl t ) 

( T op) 

1 _2 _  

. 00 1  1 . 000 

. Oil 1 . 080 

. 010 1 . 000 

. ... 1 . 010 

. 001 1 . 000 

. 00 0  0 . 101 

. 00 0  o . ooo 

. ooo 0 . 00 0  

. 00 0  0 . 000 

. 00 0  . 000 

. 00 0  . ooo 

. 10 0  . ooo 
. . ... . ooo 
0 . 000 . ooo 
0 . 00 0  . 0 00 

0 . 000 . 000 

0 . 00 0  . 000 

0 . 0 0 0  . 0 0 0  

0 . 000 . 000 

1 . 001 . 000 

0 . 00 0  . 0 00 

O . HO . 00 0  

0 . 00 0  . 00 0  

1 . 00 0  . 000 

1 . 00 0  . 400 

1 . 00 0  . ooo 
1 . 010 . 000 

0 . 100 . 000 

1 . 00 0  0 . 000 

1 . 100 0 . 000 

1 . 011 0 . 000 

1 . 010 0 . 000 

0 . 00 0  0 . 0 00 

o . oo o  o . ooo 
0 . 00 0  0 . 00 0  

0 . 000 o . o oo 
0 . 00 0  0 . 0 00 

0 . 000 0 . 000 

1 . 0 0 0  0 . 000 

0 . 0 0 0  0 . 00 0  

1 . 00 0  0 . 000 

o . ooo 0 . 00 0  

0 . 0 00 0 . 000 

o . ooo 0 . 000 

0 . 000 0 . 000 

0 . 000 0 . 000 

0 . 00 0  0 . 00 0  

0 . 000 0 . 00 0  

0 . 0 0 0  o . ooo 
o . ooo o . ooo 

3 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 400 

1 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 00 0  

0 . 000 

o . ooo 
0 . 00 0  

0 . 200 

I . 000 

0 . 500 

0 . 000 

0 . 00 0  

0 . 000 

0 . 1'00 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

I . 000 

0 . 000 

o . ooo 
0 . 000 

0 . 000 

0 . 000 

1 . ooo 
0 . 000 

o . oo o  
o . ooo 
0 . 000 

0 . 000 

0 . 000 

8 - ?9 

-- --- - -- -� �-

Reg , on _i!Q_t t om) 

4 _ 5_ _ 6 _ _7 _ 
1 . 000 

I . 000 

I . 000 

1 . 000 

1 . 000 

1 . 000 

0 . 00 0  

o . ooo 
o . ooo 
0 . 000 

0 . 000 

o . ooo 
1 . 000 

1 . 000 

0 . 000 

0 . 00 0  

o . ooo 
0 . 000 

0 . 0 0 0  

o . ooo 
o . ooo 
0 . 000 

o . ooo 
I . 000 

I . 00 0  

1 . 000 

0 . 00 0  

o . ooo 
0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 0 00 

o . ooo 
0 . 50 0  

: . 00 0  

0 . 250 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 000 

0 . 00 0  

0 . 000 

o . ooo 
o . ooo 
o . ooo 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 0 0 0  

1 . 0 0 0  

0 . 70 0  

0 . 60 0  

0 . 450 

0 . 70 0  

0 . 80 0  

0 , 950 

1 . 0 0 0  

1 . 0 0 0  

0 . 40 0  

0 . 40 0  

o . �o 
0 . 30 0  

0 . 30 0  

0 . 350 

0 . 450 

0 . 60 0  

0 . 800 

1 . 000 

1 . 000 

1 . 000 

0 . 30 0  

0 . 20 0  

0 . 050 

o . ooo 
0 . 0 0 0  

0 . 0 0 0  

0 . 1 00 

0 . 250 

0 . 50 0  

0 . 800 

I . 0 0 0  

I . 000 

I . 0 0 0  

0 . 200 

0 . 000 

0 . 0 0 0  

0 . 000 

0 . 000 

o . ooo 
o . ooo 
0 . 000 

0 . 1 00 

0 . 300 

0 . 750 

1 . 000 

1 . 000 

I . 000 

1 . 0 0 0  

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 0 0 0  

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

I . 00 0  

1 . 000 

I . 000 

1 . 000 

1 . 000 

1 . 000 

I . 000 

I . 000 

I . 000 

I . 000 

1 . 000 

1 . 000 

0 . 900 

0 . 80 0  

0 . 700 

0 . 700 

0 . 750 

0 . 800 

0 . 900 

1 . 000 

I . 00 0  

I . 00 0  

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 
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1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 000 

1 . 0 00 

1 . 000 

1 .0 00 

1 . 000 

1 . 100 

1 . 000 

1 . 100 

1 . 100 

1 . 000 

I . 000 

1 . 0 00 

1 . 000 

1 . 000 

1 . 000 

1 .0 00 

1 . 000 

1 . 0 00 

1 . 000 

1 . 000 

1 . 000 

I . 0 00 

I . 00 0  
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I . 000 

1 . 0 00 

1 . 000 
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I . 000 
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F ue l  

A s s embl y  _ 1 _  _2 _ 3 -

E 1 4  0 . 000 0 . 0 0 0  0 . 00 0  

F l  0 . 0 00 0 . 00 0  0 . 700 

F2 0 . 000 o . o o o  o . ooo 
F3 0 . 00 0  0 . 0 0 0  o . ooo 

F4 o . oo o  o . oo o  o . o o o  

F 5  o . ooo 0 . 0 00 o . o o o  

F6 0 . 00 0  o . oo o  o . oo o  

F 7  0 . 0 0 0  o . oo o  o . oo o  
F8 0 . 00 0  0 . 000 0 . 0 0 0  

F9 0 . 000 o . oo o  o . oo o  
F l O 0 . 000 0 . 000 o . o o o  

F i t  0 . 00 0  o . o o o  o . oo o  
F 1 2  0 . 000 0 . 000 o . oo o  
F 1 3  o . o o o  o . o o o  o . oo o  
F 1 4 0 . 00 0  o . oo o  0 . 0 0 9  
F 1 5  0 . 000 o . o o o  0 . 950 
G l  0 . 00 0  0 . 000 o . ooo 
G2 o . o o o  0 . 000 0 . 0 0 0  
G3 0 . 0 00 0 . 000 o . o o o  
G4 0 . 000 0 . 000 0 . 000 
G5 0 . 000 0 . 000 o . oo o  
G6 0 . 0 00 0 . 0 0 0  o . oo o  
G7 o . o o o  0 . 000 o . o o o  
GB 0 . 0 0 0  0 . 000 0 . 0 0 0  
G9 o . oo o  0 . 0 0 0  0 . 0 0 0  
G I O  0 . 0 0 0  0 . 00 0  0 . 0 0 0  
Gi l o . o o o  0 . 0 0 0  0 . 0 00 
G l 2 0 . 000 0 . 0 00 o . oo o  
G 1 3 0 . 0 0 0  0 . 0 0 0  o . o o o  
G 1 4  0 . 000 0 . 0 00 o . o o o  
G I S 0 . 00 0  0 . 00 0  o . oo o  
H I  0 . 000 0 . 0 00 o . o o o  
H2 0 . 00 0  0 . 00 0  o . o o o  
H 3  0 . 000 0 . 0 00 0 . 000 
H4 0 . 00 0  0 . 000 o . o o o  
HS o . oo o  0 . 000 o . o o o  
H6 0 . 00 0  0 . 000 o . o o o  
H 7  0 . 000 0 . 0 0 0  o . o o o  
H8 o . o o o  0 . 000 o . oo o  
H9 0 . 000 o . o o o  o . o o o  
H I D 0 . 0 00 0 . 000 o . o o o  
H i t o . oo o  0 . 0 0 0  0 . 000 
H l 2 0 . 0 0 0  p . oo o  o . oo o  
H 1 3  o . oo o  0 . 000 o . o o o  
H 1 4  o . o o o  0 . 0 00 0 . 0 0 0  
H I S  0 . 0 0 0  0 . 0 00 0 . 700 
K1 0 . 000 o . oo o  0 . 300 
K2 0 . 000 0 . 000 o . o o o  
K 3  o . oo o  0 . 0 0 0  0 . 000 
K4 0 . 0 0 0  o . o o o  0 . 0 00 
KS 0 . 00 0  0 . 0 0 0  0 . 000 

B - 30 

Reg1 on 

4 

0 . 70 0  

1 . 000 
0 . 00 0  

0 . 000 
o . oo o  
o . o o o  
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
o . o o o  
0 . 0 0 0  
0 . 000 
0 . 400 
1 . 0 0 0  
0 . 50 0  
0 . 00 0  
0 . 00 0  
0 . 000 
0 . 0 0 0  
o . oo o  
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 0 00 
0 . 000 
0 . 0 0 0  
0 . 0 0 0  
o . soo 
0 . 750 
0 . 00 0  
o . oo o  
0 . 000 
o . oo o  
0 . 000 
0 . 000 
0 . 000 
0 . 0 00 
0 . 0 00 
o . o o o  
0 . 000 
0 . 000 
0 . 0 00 
1 . 000 
I . 000 
0 . 000 
0 . 0 0 0  
0 . 0 00 
0 . 000 

5 

I . 00 0  

1 . 0 0 0  
0 . 40 0  

0 . 05 0  
0 . 00 0  
0 . 0 00 
0 . 0 0 0  
o . oo o  
0 . 00 0  
0 . 00 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 40 0  
1 . 0 0 0  
1 . 0 0 0  
1 . 0 0 0  
0 . 350 
0 . 0 :50 
o . o o o  
0 . 00 0  
0 . 0 00 
0 . 0 0 0  
0 . 00 0  
0 . 0 0 0  
0 . 00 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 1 50 
0 . 450 

1 . o o o  
1 . 0 0 0  
0 . 30 0  
0 . 00 0  
0 . 0 0 0  
0 . 00 0  
0 . 00 0  
0 . 00 0  
0 . 0 0 0  
o . o o o  
o . o o o  
0 . 0 0 0  
0 . 00 0  
0 . 00 0  
0 . 350 
1 .  0 0 0 
I . 00 0  
0 .  300 
0 . 00 0  
o . oo o  
0 . 0 0 0  

( Bo t tom} 

_ _  6_ 
7 

I . 00 0  I .  000 

1 . 0 0 0  1 . 000 

1 . 00 0  1 . 0 0 0  

I . 0 00 1 . 0 00 
0 . 80 0  1 . 00 0  

0 . 70 0  1 . 000 

0 . 450 1 . 000 

0 . 40 0  I . 0 00 
0 . 40 0  1 . 000 

0 . 45 0  1 . 0 00 
0 . 600 l . ooo 
0 . 800 1 . 0 0 0  

I . 00 0  1 . 000 
1 . 0 0 0  I . 000 
1 . 0 0 0  I .  0 0 0  
I . 0 0 0  1 . 000 
1 . 0 0 0  l .  000 
1 . 0 0 0  I . 0 00 
I . 00 0  1 . 0 0 0  

0 . 80 0  1 . 0 00 
0 . 50 0  l . 000 
0 . 30 0  1 . 000 
0 . 200 1 . 000 
0 . 1 50 1 . 000 
0 . 20 0  1 . 000 
0 . 350 1 . 0 00 
0 . 60 0  1 . oo o  
0 . 850 I . 0 00 
1 . 0 0 0  I . 000 
1 . 0 0 0  1 . 0 00 
1 . 00 0  1 . 0 0 0  
I . 0 00 1 . o oo 
1 . 0 0 0  1 . 000 
1 . 0 0 0  1 . o oo 
0 . 750 1 . oo o  
0 . 400 I .000 
0 . 1 50 1 . 0 0 0  
0 . 0 0 0  0 . 900 
o . o o o  0 . 750 
0 . 0 0 0  0 . 80 0  
0 . 00 0  1 . 000 
0 . 30 0  I . 0 00 
0 . 60 0  I . 000 
0 . 950 1 . 0 00 
1 . 0 0 0  1 . 0 0 0  
I . 00 0  1 . o o o  
1 . 0 0 0  1 . 000 
1 . o o o  1 . 0 00 
1 . 0 0 0  1 . 0 00 
0 . 70 0  1 . 000 
0 . 40 0  1 .  0 0 0  



1 A8l f 8 -3 .  ( c on l \ nu�d ) 

• ue 1 
{lop) 

A\ \ etllblt 

.. o . ooo 
K7 0 . 000  
•• 0 . 000  
K9 0 . 081 
K I O  0 . 100 
Kl l 0 .001 
I U 2 0 . 000  
Kl 3 0 . 000 
K l 4  0 . 000 
1< 1 5  0 . 000 
l l 0 . 000  
L2 0 . 000 
l3 0 . 000 
l4 0 . 000  
lS 0 . 010  
l6 0 . 000  
L7 0 . 000  
Ll 0 . 000  
Lf o . ooo 
l i O  0 . 000  
l l l 0 . 000 
l l 2  0 . 000 
L l 3 0 . 000  
L l 4  0 . 000 
l l 5  0 . 000  
112 0 . 0 00 
P13 0 . 000 
,... 0 . 000  
P15 0 . 000  
1'16 0 . 00 8  
P1 7  0 . 000 
... 0 . 000  
"' 0 . 000  
P11 0 0 . 000 
P1l l 0 . 000 

P11 2 0 . 00 0  

P1 1 3 0 . 000 
P11 4 0 . 000  

N2 0 . 000 
N3 0 . 000 

N4 0 . 000  

te 0 . 000  

N6 o . ooo 
N7 0 . 000 

HI 0 . 000  
H9 0 . 000 

N I O  0 . 000  

Ni l 0 . 000  

N l 2  0 . 000  
Nl 3 o . ooo 
H 1 4  0 . 000 

---·- - -- - - - · - -- - .  ·-- -

- - - -- - -· Reg\Qn _____ _ _ _  __i!ot t_ �1111 
2 _3 _ 4 

o . ooo 0 . 000 . 000 
o . ooo 0 . 000 . 000 
o . ooo 0 . 000 . 000  
o . eo o  0 . 000 . 000 
o . ooo 0 . 000 . 000 
o . ooo 0 . 000 . 0 00 
0 . 000 o . ooo . 000 
0 . 000 0 . 000 . 000 
0 . 000 0 . 000 . 000 
o . ooo 0 . 000 . 250  
o . ooo 0 . 000 . 700 
o . ooo o . ooo . 000 
0 . 000 o . ooo . ooo 
0 . 000 o . ooo . 000 
o . oo o  o . ooo . 000 
o . ooo 0 . 000 0 .000 
0 . 000 o . ooo o . ooo 
o . ooo 0 . 000 o . ooo 
0 . 000 0 . 000 o . ooo 
0 . 000 o . ooo 0 . 000 
0 . 000 o . ooo o . ooo 
0 . 000 o . ooo 0 . 000 
o . ooo 0 .000 o . ooo 
0 . 000  o . oo o  0 . 000 
0 . 000 0 . 500 1 . 000 
0 . 000 o . ooo o . ooo 
0 . 000  o . ooo 0 . 000 
o . ooo 0 . 000 0 . 000 

0 . 000  0 . 000 0 . 000 
o . oo o  0 . 000 0 . 000 

0 . 000 o . ooo 0 . 000 

0 . 00 0  o . ooo 0 . 000 

0 . 000  0 . 000 0 . 000 

0 . 000 o . ooo 0 . 000 

0 . 000 0 . 000 0 . 000 

0 . 000  0 . 000 0 . 000 

0 . 000  0 . 000 o . ooo 
0 . 000  0 . 000 0 . 000 

0 . 000  0 . 600 I . 000 

0 . 000  o . ooo 0 . 000 

o . ooo o . oo o  o . ooo 
o . oo o  o . ooo 0 . 000 

0 . 000  0 . 000 0 . 000 

o . ooo 0 . 000 o . o oo 
o . ooo 0 . 000 0 . 000 

0 . 000  0 . 000 0 . 000 

0 . 000 o . ooo o . ooo 
o . ooo o . ooo 0 . 000 

o . ooo o . ooo 0 . 000 

o . ooo o . ooo 0 . 000 

o . oo o  0 . 000 o . ooo 

8 - 3 1  

_5 _ __ 6_ 
0 . 000 0 . 050 
0 . 000 0 . 000 
0 . 000 o . oo o  
o . ooo o . ooo 
o . ooo 0 . 000 
o . ooo 0 . 2" 
o . ooo 0 . 650 
0 . 000 0 · '" 
0 . 350 1 . 000 
1 . 000 1 . 000 
1 . 000 1 .000 
0 . 400 1 . 000 
0 . 1 00 1 . 000 
0 . 000 0 . 800 
0 . 000 0 . 450 
0 . 000 0 . 1 00 
0 .000  0 . 000 
0 . 000 0 . 000  
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 300 
0 . 000 0 . 700  
o . ooo 1 . 000 
0 . 400 1 . 000 
1 . 000 1 . 000 
1 . 000 1 . 000 
0 . 250 1 . 000 
o . oo o  1 . 000 
o . ooo 0 . 700  
0 . 000 0 . 300 
0 . 000 o . o" 
0 . 000  0 . 000 
0 . 000 0 . 1 50 
0 . 000 0 . 350 
o . ooo 0 . 550 
0 . 000 0 . 850 
0 . 1 50 1 . 000 
0 . 450 I . 000 
1 . 000 1 . ooo 
0 . 450 1 . 000 
0 . 200 I . 000 
0 . 000 0 . 950 
0 . 000 0 .  700 
0 . 000 0 . 400 
0 . 000 0 . 400 
0 . 000 0 . 500  
o . ooo 0 . 600  
0 . 000 0 . 800  
0 . 000 1 . 000 
0 . 300 1 . 000 
0 . 800 I .  000 

7 
1 .0 00 
0 . 750 
0 . 400 
0 . 300 
0 . 900 
I . 000 
1 . 000 
1 . 000 
1 .000 
1 . 000 
1 .000 
1 . 000 
1 .000 
1 . 000 
1 .000 
1 . 000 
0 .800 
0 . 600 
0 . 700 
1 . 000 
1 .000 
1 . 000 
1 .000 
1 . 000 
1 . 000 
1 . 000 
1 . 000 
1 . 000 
1 . 000 
I . 000 
1 . 000 
1 . 000 
I . 000 
I , 000 
1 . 000 
1 . 000 
I . 000 
I . 000 
I . 000 
I . 000 
I . 000 
I . 000 
I . 000 
I . 000 
I .000 
I . 000 
I . 000 
1 . 000 
I .000 
I . 000 
I ,000 



TABL E B - 3 .  ( con t 1 nued ) 

{To(!} Reg \ on ( Bo t tom)  
F ue l  

A s s emb l .):  1 2 3 4 5 6 7 

03 0 . 0 0 0  0 . 00 0  o . o o o  1 . 0 0 0  1 . 0 0 0  1 . 00 0  1 . 0 0 0  

04 o . oo o  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 750 1 . 00 0  1 . 0 0 0  

05 · o . oo o  0 . 000 0 . 000 0 . 0 0 0  0 . 20 0  1 . 00 0  1 . 000 

06 0 . 000 o . o o o  0 . 00 0  0 . 0 0 0  o . o o o  1 . 0 0 0  1 . 0 0 0  

07 o . o o o  0 . 000 0 . 00 0  0 . 0 0 0  o . oo o  0 . 80 0  ! . C O O  

08 o . oo o  0 . 000 o . o o o  0 . 00 0  0 . 00 0  0 . 750 1 . 000 

09 0 . 000 0 . 0 0 0  o . oo o  0 . 0 0 0  0 . 00 0  0 . 90 0  1 .  0 0 0  

0 1 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 00 0 . 0 0 0  1 . 0 0 0  1 . 0 00 

0 1 1 0 . 0 0 0  0 . 0 0 0  o . o o o  0 . 0 00 0 . 1 50 1 . 0 0 0  1 .  0 0 0  

0 1 2  o . o o o  o . o o o  0 . 0 0 0  0 . 0 0 0  0 . 40 0  1 . 0 0 0  1 . 000 

0 1 3 0 . 00 0  0 . 0 0 0  0 . 000 0 . 20 0  1 . 0 0 0  1 . 00 0  1 .  0 0 0  

P4 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 750 1 . 0 0 0  1 .  0 0 0  1 . o o o  

P5 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 5 0 0  1 .  0 0 0  1 . 0 0 0  

P6 0 . 0 0 0  0 . 0 0 0  0 . 000 0 . 0 0 0  0 . 00 0  1 . 0 0 0  1 . 0 0 0  

P7 0 . 0 0 0  0 . 00 0  O . O O Q  0 . 0 0 0  0 . 0 0 0  1 . 0 0 0  1 . o o o  

P8 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 0 0 0  1 . 0 0 0  1 . 0 00 

P9 0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 1 50 1 . 0 0 0  1 . 000 

P 1 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 350 1 . 0 0 0  1 . 000 

P1 1 0 . 0 0 0  0 . 0 0 0  0 . 0 00 0 . 0 0 0  0 . 60 0  1 . 0 0 0  1 . 000 

P 1 2  0 . 0 0 0  0 . 0 0 0  0 . 900 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  
R6 o . o o o  0 . 0 0 0  0 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

R7 o . o o o  0 . 0 0 0  o . o o o  1 . 00 0  1 . 0 0 0  1 . 0 0 0  1 . 0 00 
R8 0 . 0 0 0  0 . 0 0 0  0 . 0 00 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  
R 9  0 . 0 0 0  o . o o o  0 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 000 
R 1 0  0 . 0 0 0  0 . 00 0  o . oo o  1 . 000 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

B-32 



TABU B -4 .  F RACT I ONAL CORE BURNUP Wl l H I N  IN 1AC1 ROO REGION 

U!!er Bound Case lower Bound Case 

I n tac t F rac t t on of I ntact F rac t t on of A.-ta l  l o ta l  Rod Burnup t n  Tota l Rod Burnup t n  
R!9, on Bur nul! Bur nul! Intac t Rods Burn  up Burnup I ntac t Rods 

1 194360 SS30 0 . 019 l94360 5330 0 . 0 18 
l 616717 l381 7 0 . 039 6 1 6717 1 2681 0 . 020 
3 709840 569S5 0 . 080 709840 36938 0 . 052 
4 6881 75 1 1 3955 0 . 1 6 6881 75 87510 0 . 1 27 
5 666330 24831 1  0 . 37 666330 187535 0 . 281 
6 630 1 34 548990 0 . 87 6301 34 470780 0 . 747 
1 4 187 10 4 187 10 1 . 0 4 18 7 10 409740 0 . 978 

F rac t t on of  tota l core bur nup tn  F rac t ton o f  t o t a l  core burnup 'n  
' n tac t r ods  ( upper bound ) = 0 . 35 ' ntac t rods ( l ower bound ) ; 0 . 30 

8 - 33 
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