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ABSTRACT 

The rol e of the  Three M i l e  I s l and  Un i t  2 ( TM I -2) core exami nat i on  i n  the  

resol ut i on of major n uc l ear s afety  i s sues i s  d e l i neated i n  t h i s  p l an .  

Re l e vant d ata  need s are d i scus sed , and approac he s  for recover i n g d at a  from the  

TMI-2 p l ant are i dent i f i ed .  S pec i f i c  recommendat i ons and j ust i f i c at i ons are 

pro vi ded for i n  situ documentat i o n  and off -s ite  art i fact exami nat i on 
. ---

act i vi t i es .  Th e research and d evel opment program i s  be i ng managed by  E G&G 

Idaho , I nc . 

i i 
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SUMMARY 

E x am i nat i on of the Three M i l e  Is l and U n i t  2 ( TMI-2 ) core will prov i de ddt a 

to addres s the fo l l ow i ng major n ucl ear s afety i s sues faci ng  the l i ght water 

reactor i ndustry: 

1 .  F i s s i on product rel ease ,  t rans port , a nd depos i t i on ( ana lyz i ng f i s s i on 

product retent i on i n  the core , on reactor ves sel  i nternal s ,  and i n  

the p r i mary system ) 

2 .  Core  coo l abi l i ty ( underst and i ng the d amage state and processes of the 

core and reactor vessel  i nterna l s ) 

3 .  Co nta i nment i ntegr i ty ( ev a l u at i ng hydrogen generat i on) 

4 .  Recr i t i ca l i ty ( asses s i ng the segregat i on of fue l and contro l 

m ater i al s )  

5 • 10 CFR 50. 4 6  i ssues ( determi n i ng fue l and c l add i ng behav i or d ur i ng a 

l os s -of-cool ant acci dent). 

The TMI -2 core exam i nat i on p l an i s  d i v i ded i nto  four categor i es .  The 

fi rst  category i ncl udes � situ ex am i nat i ons at TMI-2 and i s  i ntended to 

p rov i de on-s i te document at i on of the post-acci dent cond i t i on of the core. 

Thi s  i s  to be done pr imar i l y  by add i t i ona l cl osed-ci rcu i t  tel ev i s i on camera 

·in spect i ons  of the core and l ower vessel , and u l t rason i c  map p i ng of the core 

cav i ty. 

The second category i ncl udes char acteri zat i on of surface d epos i t s  on  

reactor coo l an t  system (RCS ) art i facts from l ocat i o n s  other than the core 

reg i on. It i nc l udes exam i nat i on of the fol l owi ng reactor coo l ant system 

component s and structures: contro l rod l ead screws , l eadscrew support tube , 

p l enum cover debri s ,  res i st ance thermal detectors ( RTDs ) /thermowel l s ,  s team 

generator handhol e  covers , and mak eup and l etdown system fi l ters .  

; i i 



The th i rd c ategory i nc l udes  c haracteri zat i on of  t h e  cond i t i on of the  core 

by exam i nat i on of  s ampl es t ak en f rom the  reac tor c ore and l ower vesse l .  

Samp l e s  i nc l uded i n  t h i s  c ategory are core deb r i s gra b  s amp l es from t h e  

n ear -s urfac e  r u bb l e  bed, fuel ed r od s egments, core strat i f i c at i on s amp l es ,  

d i st i nct  f u e l  assemb l y  and contro l rod c l u ster components { e . g . ,  c l ad d i ng,  

c ontro l rods, s p i ders, s pacer g r i ds,  end  f i tt i ngs,  ho l d down s pr i ngs,  etc. ) , 

i n -core instrument at i on ,  and d ebr i s  from the  l ower vessel . 

The fourth c ategory i nc l udes exam i nat i on of m i scel l aneous c omponents and 

i t ems not spec i f i ca l l y  i nc l uded i n  Categor i es 1, 2, and 3 . Exam i n at i on s  i n  

t h i s  c ategory i nc l ude t hose of reactor b u i l d i ng basement so l i ds and t he 

reactor coo l ant dra i n tank . 

i v  
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T M I -2 CORE EXAMI NAT I ON P LAN 

1 .  I NTRODUCT ION  AND HI STOR I CAL BACKGROUND 

On March 28, 1 979, the Un i t  2 pre ssur i zed water reactor at Three M i l e  

I s l and ( TM I -2 )  underwent an acc i dent res u l t i ng i n  s evere damage t o  the c ore of 

the reactor . As a consequence of t h e  TM I - 2 acc i dent , numerous  aspects  of 

l i ght wat er reactor s afety h ave  been q uest i oned . I n  an effort to reso l ve 

these que st i on s , sever a l  m ajor research  programs have  been in i t i ated by a 

v ar i ety of organ i zat i ons concerned wi t h  n uc l e ar power s afety. Th e U . S . 

Nuc l ear Regu l atory Comm i s s i on ( NRC ) h as embarked on a thorough  rev i ew o f  

reactor s afety i ssues , p art i cu l ar l y  t h e  c au ses  and effects  of c ore d amage 

acc i dent s . I ndustri a l organ i z at i on s  are conduct i n g  the I ndustry Degraded Cor e 

R u l emak i ng ( IDCOR ) program . Th e U . S .  Department of En ergy ( DOE) h as 

estab l i s hed t h e  Three Mi l e  I s l an d  act i v i t i e s program t o  deve l op techno l ogy for 

recovery from a serious  reactor acci dent and c onduct r e l evant research and 

devel opment t h at w i l l  substant i al ly enhance nuc l ear power p l ant s afety . 

Th i s  document i s  i ntended t o  prov i de rec ommendat i ons f or work to  be  

cond ucted under the  researc h and deve l opment part of t h e  TM I act i v i t i e s  

program o f  DOE. I t  a l so i s  i nt ended t o  o ut l i ne h ow these recommendat i on s  were 

devel oped an d d i scus s  the i r s upport in g  techn i ca l  bas i s .  The recommendat i ons  

m ade are  i ntended t o  prov i de g u i dance i n  executi ng t he research and 

deve l opment  part of the TM I -2 act i v i t i e s  progr am of DOE ( here i nafter referred 

t o  as  t he " TM I -2 c ore exam i nat i on p l an" ) by 

o Ident i fyi n g  types of dat a  t h at s hou l d  be obtained through the progr am 

o Suggest i ng approaches s u i tab l e  for o bta i n i ng t he d ata  s ought . 

As a top-t i er document , the scope out l i ned here i n  stops short of det a i l e d 

s pec i f i c at i on of the t ec hn ica l  data  acqu i s i t ion act i v i t i es .  
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A b road s pectrum of needs for d at a  has  ari sen to sup port s uccessfu l 

reso l ut i on of  the  severe acc i dent s afety q uest i ons  t hat h ave ar i sen s i nce the  

TM I -2 acc i dent . The nuc l ear commun i ty genera l l y  h a s  acknowl edged the  

i mport ance of exami n i ng TMI -2 to p rov i de i nformat i on s at i sfy i ng some of these 

need s . Th i s  i s  ref l ected by the  fac t that  i mmed i ate l y  after the TM I -2 

acc i dent , four organ i zat i on s  w i t h  i nterests i n  both  p l ant recovery and 

accident data acqu i s i t i on forma l l y  agreed to  cooperate i n  these areas . Th e 

organ i zat i on s , common l y  referred to  a s  t he GEND  Group--.§_eneral Pub l i c  

Ut i l i t i e s  Nuc l e ar Corporat i on ,  �l ectr i c  Power Research I n s t i tute  ( EPR I ) ,  

!uc l ear R egu l atory Commi s s i on ,  and Qepartment of Energy- -c urrent l y  are 

i nvol ved act i ve l y  i n  reactor recovery and acc i dent research . The areas to 

w h i ch e ac h  of t he i nd i v i dua l  GEND  organ i zat i ons are comm i tt i ng ava i l ab l e  

resources h ave  been def i ned and coord i n ated t o  m i n i mi ze  over l ap .  DOE i s  

p rov i d i ng a p ort i on of  the f unds  for reactor recovery ( i n t hose areas where 

acc i dent recovery knowl edge genera l l y w i l l  benef i t  the U . S .  l i ght  water 

reac tor i nd us try ) .  Add i t i on a l l y ,  DOE i s  p rov i d i ng most of the funds for 

acqu i r i n g  severe acc i dent t echn i ca l  d at a  where such  d at a  are needed but  wou l d  

not  otherw i se be  ava i l ab l e  f rom t he c l ean u p  effort . 

L i mi t at i on s  on DOE resources avai l ab l e  for techn i c a l  d at a  acqu i s i t i on have  
d i ctated t h at the  TM I - 2  core exam i n at i on be  p l anned , executed , and  d es i gned to  

meet spec i f i c  techn i c a l  object i ve s  rat her than be  an open -ended program of 

s c i ent i f i c  i nqu i ry .  Th i s , i n  t urn , req u i res not on l y  t hat t echn i ca l  

act i v i t i e s  p l anned for t h i s  program are des i gned to s at i sfy spec i f i c  data  

n eed s ,  b ut a l so t hat t hese act i v i t i es are se l ected c arefu l l y to  max im i ze 

u sefu l d at a  obtai ned from ava i l ab l e  resource s . Wi t h  th i s  i n  m i nd ,  cr i ter i a 

u sed t o  deve l op  recommendat i ons  p re sented here i n are s ummari zed a s  fol l ows: 

o E ac h  recommended act i v i ty shou l d  be  des i gned to s at i sfy i dent i f i ed 

and s pec i f i c  d at a  needs . 

o E ac h  recommended activ i ty s hou l d  be  pract i ca l  i n  l i ght of 
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Th e a s -b u i l t  and c urren t  dam age s tate of t h e  T M I -2 p l ant  

Constraints i mposed by  avai l able eng ineeri n g  and sc i ent i f i c  

methods u sed for o bt ain ing  des i red d at a  

Constraints  i mposed by t h e  p l an t  recovery p l ans , object i ve s , and 

s chedu l e .  

o Each  recommended act i v i ty s hould be con s i sten t  w i th t he objecti ve of 

max im iz in g  u sefu l d at a  obta i ned  u s in g  t h e  avai l ab l e  resources .  At 

t he s ame t ime , spec i al atten t i on must  be p a i d  t o  t he un i queness or  

cost-effect i venes s of T M I - 2  as a sourc e  of requ i s i t e  d at a .  

Sect i on 2 o f  t h i s p l an d escri bes  objec t i ves of  DOE reg arding  the  TMI-2 

core exam inat i on p l an .  Sect i on 3 prov i de s  the approach taken to i dent i fy the  

types of  s ampl es  and exam inat i ons  to  be  c onducted . Sec t i on 4 i dent i f i es 

s pec i f i c  data  needs that  coul d  be s at i sf i ed by d at a  obtained from TM I -2 . 

S ect i on 5 presents  s ome of t he t ec hn i c al b ackg round t h at l ed t o  t h e  

i dent i f i c at i on o f  prac t i cal a pproaches  for obt a i n i n g  t h e  des i red d at a . 

F in a lly, S ec t i on 6 s ummar izes  r ec ommend ati ons t hat  were developed based on 

con s i derat i on of  data  needs that  wou l d  be  s at i sf i ed through e ac h  recommended 

act i v i ty .  
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2 .  OBJECTI VE S  

DOE h as stated i ts obj ec t i ves  i n  part i c i pa t i ng i n  the  TMI -2 recovery and 

d ata  acqu i s i t i on programs. The Secretary of DOE, i n  h i s  annua l  report t o  

Co ngress,  stated t h e  fol l ow i ng: 

Our  o bjec t i ve i s  to  obta i n  d at a  t h at c an be u sed by t he 
Nuc l ear Regu l atory Commi s s ion,  ut i l i t i es ,  and the 
n uc l ear manufactur i ng i ndustry to enhance t he s afety 
of commerc i a l  reactor s genera l l y  and to  ensure 
adequate preparedness  and protect i on for the  pub l i c  
s hou l d  a s i gn i f i cant acc i dent of any type occur . l 

Th i s  s t atement estab l i shes t hat DOE h as a b road c h arter i n  i ts TMI -2 

programs to acqu i re d at a  usefu l to a l l parts of the  nuc l ear i nd u stry .  Such a 

c h arter, h owever, must be c arr i ed out w i th i n  DOE •s e xpressed i ntent t o  l i m i t  

the i r TM I -2 -re l ated expend i tures t o  a n  e stab l i s hed dol l ar amount.  Hence, the  

p r i mary object i ve of t h i s  document i s  to  recommend d at a  acq u i s i t i on act i v i t i es 

that max i m i z e  the  usefu l data obt a i n ab l e  and are cons i stent w i t h  the  ava i l ab l e  

resources . 

Th i s  document i s  i ntended to  prov i de g u i dance for EG&G I daho i n  devel op i ng 

the  TM I - 2  core exami n at i on  p l an ,  wh i c h  w i l l  s at i sfy DOE object i ve s  and out l i ne 

for other i nterested part i es those c ons i derat i ons t hat shaped t he 

recommendat i on s  presented here i n .  The scope of th i s  document,  therefore, 

i nc l udes the  fo l l ow i ng:  

1 .  I dent i f i c at i on of t he types of d at a  ret r i ev ab l e from TMI -2 t hat c an 

be  used by the  v ar i ous  organ i z at i on s  c i ted  i n  the  Secretary•s 

s t atement ( Refernce 1 )  

2 . Ident i f i c at i on of s u i tab l e  a pproaches for obt a i n i ng the requ i s i te d at a  

3 .  Devel opment  of a l i s t  of recommended s amp l i n g  and exam i n at i on 
a ct i v i t i es, cons i der i ng fund i ng constra i nts  and t he v a l ue and cost of 

TMI -2 dat a  acqu i s i t i on acti v i t i es . 
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Wh i l e not  spec i fyi n g  the deta i l s  of the  TM I -2 core exam i n at i o n  p l an ,  i t  i s  

t he o bj ec t i ve of t h i s d oc ument to  prov i de recommendat i ons  that are suff i c i ent  

t o  prov i de overa l l gu i d ance for  t h e  program . Th i s  i s  ac h i eved by 

( a ) i dent i fyi n g  t he types of d ata  t hat s hou l d be obtai ned and ( b )  prov i d i n g 

gu i danc e for i n  s itu measurement s ,  art i fact recovery, and sub sequent off-s i t e  

a n a l yses t o  obta i n  t he req u i s i te d at a .  
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3 .  APPROAC H 

EG&G I d aho , In c .  was s e l ected by DOE as the l ead l aboratory to organ i ze 

and manage the researc h and deve l opment ( R &D )  act i v i t i es for the d amaged TMI-2  

reactor . Th e Co re Act i v i t i es Program and  the  Rad i at i on and  En v i ronment ( often 

referred to as ••source Term•• ) Program were organ i z ed to as s i st i n  the  

management of  the  R &D effort . Each  of t he se EG&G I d aho programs operated 

somewh at i ndependent l y  and contracted the  cons u l t i n g an d adv i sory as s i stance 

of two separate t echn i ca l  eva l uat i on groups , the TMI-2 Co re Damage As sessment 

and the  Rad i at i on and Env i ronment TEGs . The TEGs cons i s t of spec i a l i st s  from 

the  ent i re n uc l ear i ndustry ,  both commerc i a l and governmental . 

Dur i n g  the past  year , EG&G I daho has  been i n  proces s of comb i n i ng the  two 

p rograms to coord i nate and c entra l i ze the  i nvest i g at i ve efforts . The  two 

separate TEGs were comb i ned to form th e current TMI- 2 Core Damage 

As sessment/Fi ss i on Product Beh av i or TEG .  Fo l l owi ng the object i ves out l i ned 

here i n , an d us i n g f i nanc i a l restra i nts  from DOE an d k now l edge obt a i ned to dat e  

regard i ng the  cond i t i on of t h e  d amaged reactor , EG&G Id aho , w i t h  the  

as s i stance of  Batte l l e  Co l umbu s  Laborator i es ,  comb i ned the  two prev i ou s  

p rogram p l ans i nto a draft comb i ned p l an .  Th e comb i ned TEG used t h i s  draft to 

formu l ate  the  recommended p l an out l i ned i n  Sec t i on 6 ( Tab l e  9 )  of t h i s  

document . 

Th e evol ut i on ary process for the  recommendat i ons p resented here i n i nvol ved 

severa l  succes s i v e i terat i on s  of the fol l ow i n g steps . Th e f i rst step i nvol ved 

c arefu l cons i derat i on of d ata  need s together w i t h  an ev a l u at i on of the  types 

of dat a  that  cou l d  reason ab l y  be obt a i ned from TM I - 2  exami hat i on . The 

approach u sed to i dent i fy d at a  needs was to i dent i fy maj or s afety i ssues  and 

assess type s  of dat a  needed to address  them . Recommendat i on s  for the data 

t h at shou l d  be  obt a i ned were deve l oped through cons i derat i on of the  fol l owi ng : 

1 .  The as-bu i l t  p l ant 

2 .  Th e c urrent d amage s tate a s  i nferred from 
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a .  The acc i dent event sequence 

b .  Av a i l ab l e  acc i dent analys i s res u l ts 

c .  Av a i l ab l e experi mental  dat a  

d .  As sessment of h ow t he post-acc i dent state may h ave c hanged s i nce  

Marc h 1 979 

3 .  Th e req u i rement for m i n i mal  i nterference wi th  the ongoi n g recovery 

program 

4 .  Practi c al  d i ff i c u l t i es i n vol ved 

5 .  E st i mated cost s i n vol v ed t o  obt ai n th e data . 

Th ese c on s i derat i ons ensured t hat the  recommendat i ons t hat evol ved and are 

pre sented here i n  ar e con s i stent w i t h  c r i teri a i dent i f i ed i n  Sec t i on 1 .  Cost 

e s t i mates were d eve l oped as the recommendati ons were mad e .  I n  general , t h e  

pre l i m i n ary recommendat i ons  wer e b as ed on  ( a )  subj ect i ve engi neer i n g 

ev a l u at i ons  of  the u sefu l ness  of t he recoverab l e  d at a  and ( b )  d i ff i c u l t i es 

i n vol ved i n  obtai n i n g the  d at a .  As the l i s t  of recommendat i on s  evol ved and 

matured , the eng i neer i ng d i ffi c u l t i es and c osts assoc i ated w i t h execut i on of 

eac h recommendat i on  were exami ned i n  greater dept h ,  so  i nformed cho i ces cou l d 

be  made i n  l i ght of the v al ue  of t he d ata  and the c ost assoc i ated w i t h  

obtai n i n g i t . 

Th e second step i nvol ved presentat i on of draft rec ommend at i ons devel oped 

by wor ki n g  groups wi th i n  the TEG to t h e  TEG members h i p for the i r rev i ew and 

c oncurrence . S i nce the TEG membersh i p  i nc l ude s a broad representat i on of 

nuc l ear power i ndustry organ i z at i on s , th i s  step was i ntended to ensure that 

the  recommend at i ons w i l l  meet n eeds of  mos t  of the org an i z at i ons and t hereby 

s at i sfy the i n tent of t h e  Secretary's statemen t t o  Congre s s  ( see Reference 1 ). 
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The recommendat i on s  conta i ned i n  th i s  document are therefore the  res u l t  of 

an  evol ut i onary process . In g eneral  t erms �  that p rocess  i nvo l ved i terat i ve 

execut i on of t h e  two steps i dent i f i ed above at  succes s i ve l y greater l eve l s of 

d eta i l �  f i rst w i th i n  the  i nd i v i dua l  TEG groups  and t hen w i th i n  t he comb i ned 

TEG . The i terat i ve proces s was cost-effect i ve i n  th at i t  a l l owed the  l i st of 

recommendati on s  to  be  framed as i t  e vo l ved � w i thout n eces s i tat i n g  expens i ve 

stud i es of eng i neer i ng feas i b i l i ty and cost for i tems not i nc l uded i n  the  

f i na l  recommendat i ons . For  the  r ecommendat i ons inc l ud ed i n  the  f i n al  p l an�  

t h e  proces s h a s  been c arri ed out  i n  s uff i c i en t  d etail to  give  reasonab l e  

a s s urance of the  fo l l ow i ng: 

o The recommended TMI-2 c ore exam i nat i on p l an wil l produce d ata  t ha t  

meet t h e  i nt en t  of  the  Secretary•s s tatement to Congre s s  i n  a 

c ost-effec t i ve manner 

o The p l an c an be  executed w i t h i n  cost gu i de l i nes  e stab l i shed by DOE 

o The p l an represents the  genera l -consen sus  recommendat i on s  of 

i nt erested organ i z at i ons w i t h i n  t he nuc l ear power i nd ustry 

o The p l an wi l l  have  mi n ima l i nterference w i t h  the  TM I-2  recovery 

e ffort and, i n  f ac t ,  w i l l  s upp l y d at a  s upport i ve of t hat effort 

o The p l an i s  based o n  a reasonabl e  and c arefu l l y executed thought 

p rocess u s i ng c r i ter i a t hat are c on s i stent w i t h  DOE objec t i ves . 
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4 .  DATA NEEDS AND TYPES OF DATA 

RECOV ERABL E FROM TMI -2 

Th e f i rs t  step i n  devel op ing recommendat i on s  for the TMI-2 core 

e x am i nat i on p l an was i den t ify i ng the  set of  needed and reaso nab l y-recoverabl e 

data . Comprehens ive i dent i f i cat i on of "data that can b e  u sed by" the  v a riou s  

organ i zat i ons  c i ted in the Secretary's s t atement t o  Congress wou l d  be  a 

formidab l e task . Rather than att empt to  s urvey these organ i zat i ons , th i s  

d oc ument assumes that t he s et of dat a  needed by t hese org an i zat i on s  i s  s i m i l ar 

to that needed to reso l v e t h e  maj or nucl ear safety i s sues fac i ng the l i ght 

water reactor i ndustry . Th e v a l i d i ty of t h i s a ss umpt i on i s  s upported by t he 

f act  t h at the comb i ned TEG members h i p ,  represen t i ng as  i t  does a broad cro s s  

s ect i on of the  organ i zat i ons i nvol ved , endorses t he contents of th i s  

document . Th e remai nder of th i s  sect i on ,  therefore , focuses  on  the dat a  need s 

d er i ved from c on s i derat i on of the fol l owi ng f i ve maj or n uc l ear s afety i s sues  

( shown i n  the approxi mate order of t he i r i mportanc e ) :  

1 • 

2 .  

F i ss i on product rel eas e ,  transport , and deposi t i on ( ana lyz i ng f i s s i on 

prod uct retent i on i n  the  core , on reactor vess e l  i nterna l s ,  and i n  

the pr i mary system ) 

Core c oo l ab i l i ty ( understand i ng t he damage processes of the c ore and 

reactor vesse l i nterna l s )  

3 . Conta i nment i ntegri ty ( ev al uat i ng hydrogen g enerat i on )  

4 .  Recr i t i c a l i ty ( asses s i ng  the s egregat i on of fue l and contro l 

m ater i a l s }  

5 .  1 0  C FR 50. 4 6  is sues [ determi n i ng f ue l  and c l add i ng behav i or d uring a 

l os s -of-coo l ant acc ident ( LOCA } ] .  

Before d i scuss i ng these i ssues i nd i v i d ua l l y ,  i t  i s  i mportant to  state  that 

the reader must  take a very broad v i ew of these i ssues .  Current l y  debated 

i s sues s uch as  emergency response and s afety equ i pment sur v i vab i l i ty are not 
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be i n g i gnored; rather , they are part of the l arger i s sues l i sted above . 

Appropri ate emergency response , for examp l e ,  i s  a matter of the fo l l owi ng: 

1 .  D i agnos i n g the statu s of an acc i den t ( by recogn i z i n g  c l ue s such  as  

t emperature , press ure , f l ow ,  etc . , t hat k nowl edge of  core d amage 

processes revea l s )  

2 .  Knowi ng what l eve l  of rel ease of f i s s i on products from the  fue l , i f 

any , to expect from the acc i den t 

3 .  Knowi ng whether f i ss i on product c ontai nment and retent i on systems c an 

fai l or  be  bypassed by the acc i den t 

4. Determ i n i ng what t he env i ronment a l  source t erm w i l l  be and , 

therefore , the appropr i at e  on -s i t e  and off-s i te emergency responses . 

Th e reader s hou l d  a l so recogn i ze  t hat d at a  needed for resol ut i on of t he se 

nuc l ear s afety i s sues al so are be i ng addres sed by a number of proj ect s  

c onducted i n  t est reactors and l aborator i e s .  However , s tud i es o f  t he TMI -2 

p l ant  wi l l  prov i de u n i qu e  i nformat i on on fu l l -sca l e ,  reactor -w i d e  v ar i at i on s  

i n  f ue l  rod d amage t i mi ng and mechan i sms , rubb l e  bed format i on and 

coo l abi l i ty ,  and f i ss i on product re l ease  and depos i t i on . What fol l ows i s  an 

attempt to i dent i fy the s et of d at a  retr i evabl e from TMI -2 t hat w i l l  have t he 

mos t  i mpact on the major nuc l ear s afety i s sues and wi l l  comp l ement and s upport 

other ongo i ng s afety research programs wh i l e  m i n i mi z i ng dup l i cat i on of effort . 

4 .1 Fiss i on Product Release, Transport , and Depos i tion 

F i ss i on prod uct re l eas e ,  transport , and  d epos i t i on i s  c l ear l y  t he most 

fundament a l  i s sue  and under l i e s  a l l other s afety i ssues . Th i s  i s s u e  i s  bas i c 

b ec au se t he b i o l og i ca l  effects of i on i z i ng r ad i at i on from f i ss i on product 

rad i onuc l i de s  are the fundamenta l haz ard of nuc l ear power . S i nce the  

b i ol og i c a l effects and the d i s persal  and  t ransport of  rad i onuc l i des  i n  the 

en v i ronment are rel at i ve l y  we l l -understood phenomen a ,  the  techn i ca l  i s sue  of 

f i ss i on product re l ease and trans port reduces to ( a ) the beh av i or of  f i s s i on 
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products  w i th i n  the  reactor system and { b ) the  sourc e term t o  th e 

e nv i ronmen t .  S i mp l y  r estated , t he i s sue  i s  t h i s:  For a g i ven acc i dent type 

or  c ategory , what rad i on uc l i de s  (chem i ca l  form , phys i c a l  form , and quant i ty )  

r ema i n  i n  the  fuel , are reta i ned i n  t he pr imary system, are rel eased to t h e  

contai nment , a n d  a r e  re l eased to  t h e  env i ronment? 

B ec au se t here are many postu l ated acc i dent sequences and r eactor d es i gns , 

the i ndustry w i l l  have to  re l y  heav i l y  on  the  resu l t s  of  computer code 

ana lyses for reso l ut i on of t h i s i ssue  ( and  the other i ss ue s  c i t ed 

prev i ous l y ) . Hence , data needed to  reso l v e  t h i s  i ssue  are determi ned l arge l y 

by d at a  needed t o  s u p port t he d ev e l o pment  and v a l i dat i on o f  f i s s i on product 

re l ease and  trans port code s . The fol l ow i n g  sect i on i s  i ntended to prov i d e  

s ome i ns i gh t  i nto t he se d ata  needs s o  TMI -2 d at a  c an be  s een i n  t h e  context of 

the overa l l d at a  need s . Fi s s i on product  re l eas e ,  transport , and depos i t i on i s  

t he most fundamenta l  of  t he i ssues  i dent i fi ed here . Th e pr i mary foc us of the 
d i scu s s i on i n  Sect i on 4.1 . 1 i s  o n  computer codes u sed for source term 

a n a l yses . However , most of  the d i sc uss i on i s  s uffi c i ent ly  genera l and app l i es 

t o  d ata  need s of  codes that can be u sed to  resol ve  th e other four major 

n uc l ear s afety i ssues  i dent i fi ed above . 

4 . 1 . 1  Overv i ew of Computer Cod e Data Need s 

Th e d evel opment of c omputer codes to ana lyze source t erms for core d amage 

acc i dents i n  nuc l ear power p l ants mus t p roceed through the fol l ow i ng  thre e  

s eq uent i a l  s teps: 

1 .  I dent i fi cat i on of the  d om i nant p hys i ca l  phenomena  and processes 

2 .  Deve l opment of  a mod e l  t o  represen t  thes e processe s  

3. V a l i d at i on o f  the  mod e l  • 
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Execut i on of each of these steps can  generate a w i d e  v ar i ety of data need s ,  

e ach  of wh i c h  wou l d ,  i deal l y ,  be  s at i sf i ed before proceed i ng to t h e  next s tep 

i n  the  devel opment process .  S i nce  such  an overa l l sequent i a l approach woul d 

be  protracted and e xpens i ve i n  prac t i c e ,  ana l ysts  frequent l y  make a s sumpt i ons 

where 

1 .  E x i s t i ng k nowl edge i s  not adequ ate t o  u n i que ly  d ef i ne the  p henomena  

or processes  of  i nterest . 

B efore t he TM I -2 acc i dent , the k ey p rocesses or  p henomena govern i ng 

the  rel ease , trans port ,  and depos i t i o n  of f i s s i on products  i n  l i ght  

water reactor p l ants u nd er s ev ere acc i dent cond i t i ons  cou l d  not be  

i dent i f i ed by  d i rect phys i ca l  observat i on ,  at l east on  the  sca l e of a 

modern , commerci al -s i ze power reactor . At that t ime , an  a l ternat i ve 

approac h was necessary to  d ef i n e  the  phenomeno l ogy that woul d serve  

a s  a bas i s  for mode l  d ev e l opment. Th i s  a l ternat i ve approach , wh i ch  

i s  the  bas i s for  many codes now  u sed i n  r i s k  and  safety an a l ys i s 

s t ud i es ,  i s  b ased on p l aus i b l e  a s sumpt i on s  s u p ported by i nformed 

j udgment and i ns i ght , supp l emented whenever pos s i b l e  by l aboratory 

e x per i mental i nformat i on. E xam i nat i on of TMI -2 provi de s  a u n i que  

opportun i ty to obt a i n d at a  on  k ey phenomen a i nvol ved i n  a core d amage 

acc i dent i n  a f u l l -s c al e l i ght water reactor ( LWR ) p l ant . I t  

t herefore represents a n  opportu n i ty t o  check  the  b as i c  as sumpt i on s 

and  the  extrapo l ati on of l aboratory d ata  i ncorporated i n  the  codes . 

2 . The compl et e  ana lyt i ca l  descr i pt i on of the  mode l  system i s  not 

t ractab l e  or  i s  i ncons i stent w i th des i gn o bj ec t i ves for t h e  mode l  

code . 

When a c omputer c ode i s  c onstructed to  ana l yze a sys tem, the system 
i s  represented a s  a mathemat i c a l  mode l . I n  construct i n g mode l s ,  t h e  
a n a l yst  often i s  forced t o  make s imp l i fyi ng  assumpt i ons  ( e . g . ,  t he 

system con s i sts  of l arge , wel l -m i xed vo l umes ) .  Because  of the  

c omp l e x i ty of the s evere acc i dent phenomena t hat govern f i ss i on 

product re l ease and transport , many of the  codes currentl y  used i n  
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r i s k  and s afety anal yse s i ncorporate s i mp l i fy i n g  assumpt i ons.  These  

s i mpl i fy i ng a s sumpt i ons  c an b e  necess i t ated e i ther i n  t he devel opment 

of su i tabl e descr i pt i on s  for i nd i v i du a l  processes  or phenomena� or i n  

t he devel opment of a s u i t ab l y  c ou p l ed d escr i pt i on for the  overal l 

system . 

Th e se p henomenol og i c a l  and s imp l i fy i ng a s s umpt i ons i ntrod uce u ncerta i nt i es 

about t h e  accuracy of code pred i ct i ons . Therefore , i t  i s  i mportant to  c heck 

t he accuracy and compl eteness of the  assumpt i ons  i nvol ved and/or c heck t he i r  

adequ acy , through s u i tab l e va l i d at i on of the  i nd i v i du a l  proces s model s  and 

overa l l system mode l . 

I f  s uff i c i ent d at a  c ou l d  b e  obt ai ned t o  c onduct a mean i ngfu l  i ntegral 

v a l i d at i on , and code p red i ct i on s  agreed suff i c i en t l y  w i t h  the  v a l i dat i on d ata , 

c osts  a ssoc i ated w i t h  d at a  acqu i s i t i on s upport i ng the  source t erm codes c ou l d  

b e  m i n im i zed . However , even i f  good agreemen t was foun d between code 

pred i c t i ons and TMI -2 d at a ,  th i s  wou l d  on l y benchmark the cod es i nvo l v ed.  

These  codes  are i ntended t o  be app l i cabl e to  a broad s pectrum of s evere core 

d amage acc i dents  i n  LWR p l ants , of wh i ch t h e  T M I -2 acc i dent i s  o n l y  one 

spec i f i c  examp l e .  I f  the  c od e  pred i ct i on s  wer e  to  d i s agree s i gn i f i c ant l y  w i t h 

t h e  d at a ,  i t  wou l d  b e  necessary t o  i dent i fy t h e  reasons for the  

d i sagreement s . The reasons cou l d  be  as soc i ated w i th ( a )  omi s s i on s  of key 

p henomena ,  ( b) omi ss i ons  of model s  t h at i nc l ude i mportant i nterac t i ons between 

key phenome n a ,  or ( c) i nadequ at e  descr i pt i on s  for i nd i v i du a l  processes 

i nc l uded i n  the  code b ec au se of the  s imp l i fy i ng  a s sumpti on s  made. I t  i s , 
therefore , i mportant to  col l ec t  d at a  that  cou l d  s upport s uc h  mode l  devel opmen t 

or  i mprovement . 

Th e c od e  d at a  needs t h at s hou l d  b e  c on s i d ered as a b as i s  for s pec i fy i n g  

the  TMI-2 core exam i n at i on p l an c an be  c ategori zed as  fo l l ows : 

1. Data needed to i dent i fy the  k ey p henomena and i nterac t i ons  b etween 

those phenomena  that govern f i s s i o n  product re l ease; transport, and 

depos i t i o n  
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2. Data needed to test the  adequacy of the  spec i f i c  as sumpt i on s  ( bot h 

p henomeno l og i ca l  and s i mpl i fy i ng )  i mp l i c i t  i n  the  u se of i nd i v i d ua l  

proces s  and  overa l l system model s  

3 . Data n eeded t o  s upport deve l o pment o r  i mprovement of i nd i v i d ua l  

proces s mode l s and/or t h e  overa l l syst em descr i pt i on 

4 . Dat a  n eeded t o  s upport v a l i dat i on of  mature i nd i v i d ua l  process  mode l s 

and /or the  overa l l system descr i pt i o n  

5 .  Data n eeded to  s at i sfy i nput r eq u i rements of  t he codes i nvo l ved. 

It s hou l d  be  recogn i zed th at as deve l opment  of the i nd i v i d u a l  codes  progresses  

and  matures� the  foc u s  of the d at a  n eeds a l so genera l l y  p rogresses  t hrough the  

f i ve c ategori e s  l i sted above. 

4 . 1 . 2 Data Needs to Assess the Source Term for a Core Damage Accident 

R ather t h an attempt to  d i scuss  i nd i v i d ua l  s ource t erm c od e s  and t he i r  d at a  

need s �  t h i s  document  wi l l  attempt t o  prov i de a rat i on a l  bas i s for those need s 

by d i scuss i ng� i n  f a i r l y  g enera l  t erms , what ana lys i s  of core d amage acc i dent 

source terms enta i l s. In general �  ana l ys i s of source terms for t hese  

acc i dents req u i res that  t he acc i dent p rogress i on� p l ant t hermal -h ydrau l i c 

response , and a ssoc i ated rad i onuc l i d e  re l ease and transport be i nvest i gated. 

I n  t he p as t , s uch  anal yses h av e ,  for the most p art , i nvo l ved the  u se of one 

s et of " phys i ca l  proces s  code s " to ana l yz e  the  acc i dent  progress i on and p l ant 

t h ermal -hydrau l i c response. These  codes h av e ,  i n  t urn , b een u sed to p rov i de 

i nput to  the  "rad i on uc l i de  tran s port ana l ys i s codes " as  out l i ned i n  F i gure 1 .  

Th e rad i onuc l i de re l ease and transport behav i or c odes  h av e  been d es i gned 

to c a l cu l ate  rel ease of rad i onuc l i de s  from overheated and d amaged fue l and 

d escr i be s ubsequent "a i rborne"  transport of t hese mater i a l s  a l ong escape 

pathways i n  the pr i mary system and contai nment. In f act , th e rel ease of 

r ad i on uc l i des  f rom the  fuel  and a i rborne t rans port a l ong e sc ape p athways 

d ef i ned by spec i f i c  acc i dent sequences are often anal yzed by separat e  codes . 
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F i gure 1. Key s teps  i nvol ved i n  ana lyz i ng the r e l ease  and t ransport of 
rad i onuc l i de s  i n  l i gh t  water reactors.  
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Some of the  n ewer c odes ( e . g . ,  SCOAP , MELPROG, C ONTA I N ,  and MELCOR ) are s t i l l  

under devel opment . Attempts are be i n g  made to  i ncorporate at l east  some 

i mportant as pects of the  c ou p l i ng between t he t hermal -hydrau l i c and 

rad i on uc l i de transport behav i or u nder severe acc i dent  cond i t i ons  i nto  thes e 

codes . Al though t h ere are some a s s umpt i ons  i mp l i c i t  i n  the  s eparat i on of the  

ana l ys i s  of  severe acc i dent phenomen a as  s hown i n  Fi gure 1 ,  th i s  overv i ew of  

t h e  approach i s  adequate for t h i s  d i scus s i on of d at a  needs . 

Together w i t h  su i tab l e  thermal -hydrau l i c i nput  from the phys i c a l  proces s 

ana lys i s  code s ,  the  rad i on uc l i de behav i or c od es are d es i gned p r i mar i l y  to 

ca l cu l ate  env i ronmenta l  source terms for severe acc i dent sequences . Th i s  

i mp l i es the  codes must prov i de a b as i s  for est i mat i ng the amount of re l ease of 

eac h  of the rad i o l og i ca l l y  s i gn i f i c ant rad i onuc l i des  as  wel l as the chem i c a l  

a n d  p hys i c a l  forms i n  w h i ch they are re l eased to  t he env i ronment . Not a l l of 

the  600+ rad i on uc l i des  i n  an LWR core are i mport an t contr i butors to  the 

e n v i ronment a l  s ou rce t erm. 2 Reactor acc i dent c on sequences ar i se from the  

amounts  of i nd i v i du a l  rad i on uc l i de s  t h at esca pe to  the  env i ronment . The code s 

c urrent l y  u sed to  ana lyze rad i on uc l i de re l eas e ,  transport , and d epos i t i on 

genera l l y red uc e the  prob l em to  ana l yz i n g t h e  behav i or of t h e  mos t  i mportant 

f i s s i on p roduc t s .  Th e c od es ass ume t h at i sotop i c  i nventor i es c an b e  

c a l c u l ated from e l ementa l i nvento r i e s  a t  any l oc at i on from t h e  fol l ow i n g 

expre ss i on :  

M .. ( t ) = M. ( t ) F . ( t ) 
lJ 1 J 

w here 

M • •  ( t ) 
lJ 

M; ( t ) 

= 

= 

the i nventory of any i sotope j of e l ement i at  any l oc at i on 
at t ime t 

t he e l ementa l  i nventory of e l ement i at t h i s l oc at i on at the 

same t i me t 
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F .  ( t )  
J 

= the overa l l fract i on a l  contr i but i on of isotope j t o  t h e  

e l ementa l  i nventory o f  e l ement  i at t ime t ( as wou l d ,  for 

examp l e ,  be  obt a i ned from an  OR I GE Na ca l c u l at i on ) . 

I n  add i t i on ,  the f i ssi on product e l ement s  are further c omb i ned i nto g roups 

based on  j udgments of the i r si m i l ar i t i e s  i n  properti e s  that govern re l e ase ,  

t ransport , and d eposi t i on behav i or .  [ See , for examp l e ,  the WASH-1 400 

c l assi f i c at i on . ]  Data needed to  test the adequacy of these two si mp l i fy i n g  

a ssumpt i on s  are 

1 .  Data o n  i sotop i c  c omposi t i on s  of deposit s a l ong t he transport pathway 

at TMI - 2  

2 .  Dat a  o n  e l ementa l  rat i os f or deposi t s  a l ong the transport p at hway . 

Th e dat a  needed to  support the physi ca l  process model s are d i sc u ssed at  

some l ength i n  t he fol l owi n g  sub sec t i ons. A summary i s  presented i n  Tab l e  1 

of the types of dat a  needed to  su ppor t code s wh i c h  anal yze ( a ) re l ease from 

t he c ore , ( b )  p r imary system transport and deposi t i on , and ( c )  cont a i n ment 

b u i l d i ng tran sport . The i mportance of the data need s i dent i f i ed herei n i s  

emph asi zed by c a l c u l ations  made before t he TMI -2 acc i dent , of f i ssi on product 

release from the reactor pr i mary system d ur i n g  a severe acc i dent . Those 

c a l c u l at i ons appear t o  b e  overest i mated . S uch c a l cu l at i ons  d i d  not f u l l y  

account  fo r the si g n i f i cant retent i o n of  f i ssi o n  products with i n  both the 

p r i mary system and t he c onta i nment .  It appears from TMI -2 dat a  that such 

reten t i on can  si gn i f i cant l y  l ower the  c a l c u l ated source term and thereby 

r educe the e st i m ated pub l i c  h ea l th con sequences. As summari zed i n  Tabl e 1 ,  

the  data needed by the i nd u stry i nc l ude quant i ty and t i m i n g  of re l eases  from 

the  fue l , chem i ca l  react i ons  of f i ssi on product s i n  the acc i dent env i ronment , 

physi c a l  form of the re l eased rad i onu c l i de s  ( gases,  vo l at i l e  compounds, 

aerosol s,  etc . ) ,  and the rol e of p r i mary system and c ontai nment reten t i on 

phenomen a { chemi sorpti on ,  physi sorpt i on ,  condensat i on ,  agg l omerat i on ,  etc . ) .  

a .  A .  G .  Groff, O R IGEN-2--A R ev i sed and Upd at ed Version o f  the Oak R i dge 
I soto pe Generat i on and  Depl et i on Code , ORNL -5 62 1 , Ju l y  1 980. 

1 7  



TABLE 1. SUMMARY OF THE TYPES OF TMI-2 DATA THAT COULD SAT ISFY THE I DENT I F IED DATA NEEDS FOR THE REGULATORY ANALYS I S  CODES 

"Tl�e of Data Needed Core Source Term·Codes Primart Ststem Trans�ort Codes Containment "Buildin9·TPansport·Codes 

1 .  Data needed t o  identify a. Fission g as bubble concentration a. D a t a  on v apor/surface and a. Data on v apor/surface and aerosol/ 
key phenomena and distribution in fue l aerosol/ s urfac e interactions surface interactions for the reactor 

building c oolers and piping mirror 
insul ation 

b .  Fue l  porosity, porosity inter- b. D a t a  on the deposit (fission 
l inkage, cracking/grain s eparation, product and control materi a l )  
1 iquefact ion concentration map within the 

RCS 

c .  Fis sion product dis tribution in 
the microstructural features 

d. I den tification of processes that 
lead to rel ease of fission products  
and contro l material s  from severel y 
d amaged fuel  

2 .  Data needed t o  support a .  Mo l ec u l ar forms o f  the individ u a l  a. Data on deposit (fission a. None 
model assumptions fission products and other core product and control material 

...... component materials re l eased from c oncentration) v ariation with 
co the core region location in the RCS 

b. Data on v ariation with 
l oc ation of the chemic a l  
composition of deposits 
on RCS surfaces 

c. Data on elemental  composition 
v ariation with particle siz e 
for p articles removed from 
various location s 

3. Data needed to support a .  Detail ed examin ation o f  fission a. None a. Non e  
model d ev e l opment product and control material 

distributions in a l l core material s 
for the different c ore damage 
regimes 

4. Data needed for code a .  Re l ease data  for indivudal  fis sion a .  Map o f  d eposit concentrations a. Data on the c hemic al composition and 
v a l idation/benchmarking product and contro l materia l on those surfaces that were quantity of fission products and other 

elements from the v arious damage uncov ered d uring the core core component materials in the drain 
regimes in the core uncovery period tank debris and on the surf aces of the 

drain t ank and as sociated piping 

5. Data needed t o  support a .  Temperature and t emperature history a. Temperature and temperature 
code input requirement s  d at a  for t h e  v arious d amage regimes history d a t a  for materia l s  and 

in the core surfaces in the primary RCS 
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Suc h  d at a  are part i cu l ar l y  i mportant to  NRC becaus e  the i r  dec i s i on s  ( e . g . ,  

s evere acc i dent r u l emak i ng, s i t i ng cr i ter i a ,  e mergency response proced ure s ,  

eng i neered s afety equ i pment req u i rements ) are i nf l uenc ed very stron g l y  by the  

f acts and  assumpt i ons  about f i ss i on product  rel ease and transport . 

I t  can b e  argued that  control l ed exper i ment s  emp l oy i n g  gas  and l i qu i d  

a n a l ys i s ,  aerosol  meas urement equ i pment ,  on-l i ne g amma s pectrometers ,  

t i me-sequenced s amp l e col l ec t i on ,  and other techn i ques  al l ow i ng determi n at i on 

of a f i ss i on p roduct mass b a l ance are requ i red . However , the greatest 

d i ff i cu l ty w i t h  suc h exper i ments  i s  not one of co l l ect i ng accurate d at a , b u t  

r ather o f  e xtrapo l at i ng r es u l ts of  s ma l l -s ca l e e xper i ments  t o  t h e  much l arger 

s ca l e  of a commerc i a l  reac tor . Sma l l -sca l e exper i ment s probabl y  do not 

adequat e l y  account for a l l s i gn i f i c ant  p henomena occurr i ng i n  a f u l l -s c al e 

reactor acc i dent  such  as  TM I -2 . Th i s  sca l e-u p  quest i on l eads to  the  mos t  

i mportant rol e of t h e  TMI -2 core exami nat i on p l an:  to  he l p resol ve t he 

f i s s i on product  re l ease ,  tran sport , and d epos i t i o n  i ssues . 

Chemi c a l  and p hys i c a l  t ransformat i on s  and l each i ng of sol ub l e c hemi c a l  

forms w i l l  h ave  a l tered t h e  post-acc i dent f i s s i on product  depos i t i on • 

Neverthe l ess , the  f ac t  t h at T M I -2 i s  a f u l l -s c a l e reactor means t hat i t  w i l l  

become a d at a  base  for judg i ng  resu l t s of future exper i ments and computer 

c a l cu l at i on s . Accord i ng l y ,  the proper rol e of t he TMI -2 core exami nat i on p l an 

i n  reso l v i n g  t h e  i s sue  of f i s s i o n  product  re l ease  and trans port i s  not to  do 

e xh aust i ve and d et a i l ed anal yses of t he exact d i s tr i but i on and chemi ca l  form 

of f i s s i on prod ucts; th i s  i s  best  done i n  wel l -contro l l ed separate-effect s 

t ests . R at her, the  o bject i ve i s  t o  s e l ect i ve l y  s amp l e  the TM I -2 pri mary 

system and i t s  content s and character i z e the  amount , d i s tr i b ut i on ,  and curren t 

s t at e  of f i ss i on prod ucts present . Spec i f i ca l l y ,  the  TMI -2 core exami nat i on 

p l an  s hou l d  addres s the fo l l ow i ng: 

o Th e f i s s i on products r et a i ned i n  the  U� fue l  ( and t hus,  by 

ca l cu l at i on ,  the  amount rel eased ) . Al l forms of the fuel that are 
encoun tered (i ntact rods,  b roken rod s ,  fragmented fue l ,  ox i d i zed 

fuel , liquefi ed fuel, etc . }  mus t  be i nvest i gated . 
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o Th e apparent  ro l e  of  the  reactor vesse l  i nternal  structures and other 

p r imary system surface s ( part i c ul ar l y  the h i gh surface area i n  the 

above-core component s such  as  the u pper p l enum and the fuel  assemb l y 

u pper end f i tt i ngs)  i n  f i ssi on p roduct retent i on .  Th i s  w i l l  requ i re 

ana l ysi s of f i ssi on product  compounds deposi ted o n  sel ected surfaces 

of  these components. Th e goal  here i s  t o  obtai n  some understandi ng 

of the rel at i v e ro l e  of var i o u s  componen t s  i n  the f i ssi on product  

retent i on process. 

The a bove scope of f i ssi on product b eh av i or research at TM I -2 w i l l  

comp l emen t exper imenta l  research on  acc i dent -c au sed f i ssio n  prod uct rel ease ,  

transport , and deposi t i on ,  wh i ch i s  p r i mar i l y  i n  t he form of out-of- p i l e  

separate-effect s test s  and smal l -sca l e ,  i ntegra l i n-p i l e  test s .  Th e geometry 

empl oyed i n  these tests  i s  genera l l y  one- o r ,  at most ,  two- d i mensi ona l . 

I nformat i on on  three-d i mensi o n a l  f i ssi on  product  rel ease ,  transport , and 

d eposi t i on from TMI -2 w i l l  prov i de a si gn i f i c an t  add i t i on to o ngo i n g source 

term research . Th e ro l e  of the upper p l e num i n  the retent i o n  of f i ssi on 

products  i s  expected to  be e spec i a l l y  c r i t ic a l  and i s  a matter of consi derab l e 

curren t uncerta i nty .  Dat a from the TMI - 2  core examinat i o n  o n  the d i str ibut i o n  

o f  ret a in ed f i ssi on product s w i l l  be  a n  i mport ant benchmark f or t h e  source 

term exper i menta l and mode l i ng effort . Impact of the TM I -2 core examin at i on 

o n  reso l ut i on of  the  f i ssi on prod uct rel ease ,  t ransport , and deposi t i on i ssue 

w i l l  l i ke l y  be v ery great . I t  wi l l  prov i de the  b a si s for the i ndustry to more 

conv i nc i ng l y  apply i t s research c onc l u si ons  to post u l ated acc i den ts i n  

commerc ia l LWRs. 

4 . 2  Cor e  Cool abil i ty and Underst and i ng Core Damage Processes 

Th e i ssue of a l oss o f  c ore c oo l ab i l i ty l eadi ng t o  c ore mel t ,  vesse l 

fa i l ure , and contai nmen t breac h has been a safety concern for many year s. Th e 

TMI -2 acc i dent c onf i rmed that even a severe l y  disrupted reactor c ore cou l d  

remai n cool ab l e .  I n  the context o f  the genera l d i scussio n  o f  the  categor i e s  

o f  d ata  needs d i scu ssed i n  Sec t i on 4 .  1 . 1 ,  t he c urrent dat a  n eed s for 

re so l ut i o n of th i s i ssu e are foc u sed on c l ar i f i cat i on of the phenomeno l ogy 

i n vol ved ( i . e . , Categori es 1 and 2 ) .  S pec i f i ca l l y ,  unreso l v ed quest i on s  

2 0  

: 



rema i n as  t o  exactl y  how t h e  core reconf i gured and whether t h at reconf i gured 

c ore cou l d  h ave  reached a noncoo l ab l e or  d i ff i cu l t -to-coo l geometry. The 

Rogov i n  report , i n  attempt i ng to  answer t h e  quest i o n  " How c l ose  to  a 

me l tdown?11 , conc l uded t hat mas s i ve uo2 mel t i ng a l most occurred on  two 

occas i on s .3 On t h e  f i r st occas i on ,  abo ut t hree h ours i nto the  acc i dent , t h e  

core w a s  prob ab l y  on l y  3 0  m i nutes away from uo2 mel t i ng.  The report a l s o  

conc l uded that fue l l i q uefact i o n  ( uo2 d i s so l ut i on  b y  mol ten z i rca l oy) 

p robab l y  occurred , b ut the e xtent of l i quefact i on was d i ff i cu l t  to d et ermi ne 

ana l yt i ca l l y .  Because  the  greatest  core coo l ab i l i ty concerns ar i se as a 

consequence of f l ow c hannel  b l ockage by l i q u i d  mater i al , the  TMI -2 acc i dent 

h e i g htened the i ndustry ' s s en s i t i v i ty to  the i s sue , wh i l e i t  demonstrated t h e  

a b i l i ty t o  t ermi n ate a s ev ere a cc i dent of a f u l l -s ac l e LWR w i t h  no  pub l i c  

h ea l th consequences from r ad i at i on .  

Th e Rogov i n  report c onc l uded t hat .. present k nowl edge about the  phys i cal 

phenomen a ( a s soc i ated w i t h  core d i srupt i on )  are subject to cons i derab l e 

u ncert a i nty . .. Th u s ,  t h i s  n uc l ear s af ety i ss ue extends b eyond t he q uest i on of 

coo l ab i l i ty .  Spec i f i c a l l y  the  i ss u e  i s  t h i s: For the  range of core d amage 

acc i dent s , how d oes  the core d et er i or at e , and c an the  core d amage produce 

d i ff i cu l t-to-coo l debr i s  geometr i es ?  Th i s  i ss u e  i s  one for wh i c h  a l i mi ted 

d ata  base e x i sts . Separate-effects and smal l -s c a l e  i nt egral effect s  tests 

h av e  prov i ded researchers w i th an understand i n g  of some core d amage 

p henomena .  Th e mechan i sms of fue l  rod f ai l ure ( e . g . , b a l l oon i ng ,  o x i dat i on ,  

rod fragmentat i on ,  z i rc a l oy me l t i ng ,  uo2 mel t i ng ,  uo2/c l add i ng mech an i c a l  

i nteract i on ,  etc . )  h av e  been stud i ed and mode l ed .  The behav i or an d 
c h ar ac teri zat i on of  debr i s beds { heat transfer ,  f l u i d  f l ow,  dryout , 

compo s i t i on s  and confi gurat i ons , etc . )  al so h ave  been stud i ed .  One phenomenon 

t h at h as not b een exten s i ve l y  s t ud i ed--fue l  l i quefact i on--i s n ow be i ng 

addressed i n  both l aboratory and reactor experi ment s . These  i nd i v i du a l  

a s pects of  c ore d amage are , o r  s hort l y  w i l l  b e ,  b etter u nderstood . Th e i r  

i ntegral  behav i or--how they i nteract t o  produce a pred i ct ab l e  termi n a l  d amage 

s t ate- - i s l es s  we l l u nderstood . 
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Th e type of data needed by the  i ndustry to  resol ve th i s  core d amage i ss u e  

i s  one for w h i ch TMI -2 i s  p art i cu l ar l y  s u i ted : l arge-sc a l e d at a  t o  c onf i rm or 

mod i fy the  resu l t s  of sma l l -sca l e  reactor tests . Sma l l -sca l e reactor tests do 

an excel l ent j ob of def i n i ng the  s equence of events by v i rtue of t he i r  

i nstrument at i on ,  and the i r post i rrad i at i on exam i nat i on a l l ows  a n  i n-dept h 

ana lys i s  of i nd i v i dua l  d amage s tr uctures. However , reactor t ests  do  not very 

conv i nc i n g l y  mod e l  the  approx i matel y  1 00 metr i c  ton s of mater i a l  i n  a LWR 

core , nor do they necessar i l y  reveal syner g i sms. Commerc i a l reac tor cores c an 

be coo l ed i n  many ways ( e. g. , rad i at i on ,  forced f l ow ,  n atura l con vect i on ,  

c ross  f l ow ,  top-down f l ow ,  and s team c oo l i ng )  and a s af e ,  s t ab l e s tate c an be  

ach i eved even though a s i gn i f i cant fract i on of the  core has  been d amaged. 

Th u s  the  s i ze and f l ow d es i gn of  a power reac tor p rov i de s  a cc i dent t ermi n at i on 

opt i on s  d i ff i c u l t to  i nc l ude  i n  tes t reactor exper i ments .  Propagat i on of 

d amage , p art i cu l ar l y  mol ten mat er i a l re l oc at i on ,  a l so i s  d i ff i cu l t  to 

reproduce because the  heat c apac i ty of l arge mas ses and poss i b i l i ty of coo l ant 

bypass p aths  and l oc a l  v ar i at i on s  i n  h eat t ransfer are not e as i l y  sca l ed 

down. Tes t  reactor experi ments are necessar i l y  s i mp l i f i ed and, therefore , 

o n l y  a pprox i mat i ons of l arge c ores. Th e rol e of  Ag- In -Cd control rod a l l oy i n  

the  TMI -2 acc i dent { some of wh i c h  cert a i n l y  mel ted  and was rel eased when the  

contro l  rod s f a i l ed }  i s  u n known. Th e i nf l u ence of t h i s l ow-me l t i ng-po i nt 

mater i a l  earl y i n  the  core d amage sequence i s  unknown. Tes t  reactor 

e x per i ments h ave not i nvest i gated t h i s  p henomenon yet. 

Many data req u i rements needed by i ndu s try from l arge-sc a l e test s c an b e  

we l l  met b y  the  TMI -2 c ore exami nat i on p l an. Th e s ubt l et i es of  c ore  d am age 

phenomen a can come from separat e-effect s  and sma l l -sca l e i ntegra l  effect s 

t ests. Th e TMI -2 d at a  are req u i red to  s how h ow the c ore d amage events 

devel oped on a l arge sca l e and whether or not there were u nexpected 

p henomena. Th ese d ata  c an be obt a i ned best by a thorough s amp l i ng of the  fu l l 

range of core debr i s  encountered dur i n g  defue l i ng. The f i rs t  goa l  of t h i s 

s amp l i ng w i l l  b e  t o  d oc ument the  l ocat i on and e xtent  of  d amage features. 

C l osed-c i rcu i t  tel ev i s i on c amer a  i n spect i on s  revea l ed a part i c l e  bed i n  the  

u p per c entral  reg i on of t he c ore. Th e c haracter of the d amage c h anges as one 

goes from the  m i dd l e  of the core { f i ne  part i c l es ) to  th e outer rad i us { l arger 

p art i c l es and recogn i z ab l e  fue l  rod s/as semb l i es ) . At s ome depth beneath the  

22  



r ubbl e bed , the c h ar ac ter of t h e  d amage presumabl y  c h ange s .  One i s  l i k e l y  t o  

encounter l arger fuel  rod p i ece s , remnant s  o f  d amaged component s such a s  

s pacer gr i ds a n d  control  rod s ,  z ones of  prev i ous l y  mol ten c ore mater i a l s  

and/or fue l  l i quefact i on ,  and a n  under l y i n g  l ayer of fuel  rod stubs . 

M aj or d i fferences c an be  postul ated i n  t he h eat remov a l  from such  d i verse 

structures d ur i ng forced coo l ant f l ow .  Per i phera l reg i on s  shou l d possess  l es s  

t ortuous f l ow paths th an t he extens i ve l y  d amaged , compacted central  core . 

Core cool ab i l i ty may have been further  comp l i cated at TM I -2 by the format i o n  

of  preferred c oo l ant f l ow paths--l eav i ng z ones o f  u nk nown s i ze more 

suscept i b l e to uo2 mel t i n g .  Smal l -sca l e i ntegra l  tests and out-of-pi l e  

e x per i ments c annot a pproach a t horough descr i pt i on of s uch  c omp l ex three

d i mens i ona l  effects .  

TM I -2 off-s i te exam i n at i ons s hou l d  c oncentrate on c onf i rm i ng the  det ai l s  

of corQ d amage ( e . g . , extent of ox i dat i on ,  est imate of hydrogen generat i on ,  

and f i s s i on product rel ease b ec au se o f  fuel  l i quefact i on ) .  I f  s uch deta i l ed 

ex am i n at i on s  revea l  unexpected phenomen a ,  then these phenomen a must  be 

e v a l u ated f or the i r i mpact on s afety , and , if  n eces s ary , exper i ments dev i sed 

to  understand t hem . Even though TMI - 2  i s  on l y  one  i n  a broad spectrum of core 

d amage event s ,  i t  i s  l i ke l y  to  c onta i n ,  on a l arge sca l e ,  many of the most 

potent i a l l y  ser i ou s  core  d amage featu res . Th us , TM I -2 wi l l  hel p prov i de the 

b a s i s  f or j udg i ng the extent to wh i ch c ore c oo l a b i l i ty and s ev ere acc i dent 

phenomeno l ogy are understood and mode l ed .  

4 . 3  Contai nment In tegr i ty 

Conta i nment i ntegr i ty i s  a m ajor nuc l ear s afety i ssue  i n  the wake of TMI -2 

for several reason s . F i rst , s ome f i s s i on products bypassed the eng i neered 

c ont a i nment systems and were rel eased to  the env i ronment v i a  the aux i l i ary 

bu i l d i n g  v ent i l at i on system of the  reactor . Second ,  hydrogen gas rel eased 

f rom the metal -water react i on i n  the c ore reached the reactor b u i l d i ng ,  where 

i t  i gn i ted . Wh i l e the  hydrogen burn d i d  not threaten the i ntegr i ty of the  

reac tor b u i l d i ng at TMI -2 ,  i t  d amaged s ome nons afety-rel ated equ i pment i ns i de 

the  b u i l d i ng .  Th i rd ,  i t  appears some mel t i n g  of non-fue l core mater i a l s 
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occurred . I f  such  mel t i n g  occurred o n  a l arge sc a l e ,  vesse l breach concer n s  

m i ght ar i se .  Th i s  h as res u l ted i n  t he n eed for data t hat w i l l  c l ar i fy the 

phenomena l ead i n g to vesse l  breach and a l s o can be used to benchmark hydrogen 

g enerat i on e s t i mates . 

The n u c l e ar i nd u stry h as undert aken a s i zeabl e effort to  reev a l u ate the 

contai nment i ntegr i ty i ssue . Spec i f i c a l l y ,  the i s sue  i s  t h i s :  For a broad 

r ange of acc i dent types , what are t he t i mi n gs and modes  of l os s  of conta i nment 

i ntegr i ty ?  The i ndustry reeval uat i on covered a broad r ange of to p i c s  [e . g . , 

new ana lyses of potent i a l  rel ease pathways , rev i ew o f  hydrogen generati on d at a  

and eval u at i on o f  i mproved systems for c ontrol l ed hydrogen recomb i n at i on , 

poss i b l e fa i l ure of s afety-rel ated e q u i pment a s  a c onsequence of s evere 

env i ronmenta l cond i t i ons , and new ana l ys e s  of the effect of "what i f "  

scenar i os ( fue l mel t i ng ,  pressure vessel  fa i l ure , c ore-c oncrete basemat 

i nterac t i ons , etc . ) on cont a i nment i ntegr i ty] . 

Most of the c onta i nment i ntegr i ty dat a  n eeds of the i nd ustry are be i ng  

s at i sf i ed by ongo i n g  programs . These programs  conti n ue to  generate bas i c  dat a  

o n  potent i a l c onta i nment i ntegri ty threats , s uch  a s  hydrogen generat i on and 

effect s  of hydroge n  burn s on contai nment b u i l d i ng equ i pment , acc i dent-c au sed 

o verpressuri z ati on of c omponents , and c on sequent c omponent fa i l ure . Th e 

potent i a l  contri but i on of the TMI -2 core exam i n at i on p l a n  i n  resol v i ng the 

c onta i nment i ntegr i ty i s sue i s  modest . Th e ongo i n g ana lyses of  effects  of t he 

acc i dent on  the contai nment bu i l d i ng e n v i ronmen t  ( rad i at i on l eve l s ,  

contam i nat i on l ocat i ons , hydrogen b urn d amage , s team/water damage , etc . ) and 

equ i pment and components wi l l  be the major TMI -2 contr i but i on to  the 

c onta i nment i ntegri ty i ss u e .  However , th ese act i v i t i es are n ot w i t h i n  the 

s cope of th i s p l an .  The ro l e  of the TM I - 2  core exam i nat i on p l an i s  to ana l yze  

t h e  fue l -rel ated aspec ts of  t h i s i ssue . For examp l e ,  i dent i fyi ng  the extent 

and types of once-mo l ten core mater i a l s (control , structura l , and fuel  

m ater i a l s )  w i l l  he l p reso l ve v es se l  b reac h  c oncern s . Th orough s ampl i n g of t he 

TM I -2 core , fol l owed by ana l yses of the extent of meta l  ox i d at i on ,  wi l l  perm i t  

c a l c u l at i on s  of the amount of hydrogen generated t o  c ompl emen t c al c u l at i ons 

based on  the me asured contai nment b u i l d i ng pressure  pu l se  dur i n g the hydrogen 

b u rn . Th e amount of hydrogen generated as a consequenc e of s ta i n l ess  s teel 
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ox i d at i on a l so shou l d  be  d eterm i ned by s ampl i ng .  Even though hydrogen 

generat i on from s teel  prev i ou s l y  h as b een d i scounted � the l arge quanti t i es of 

s tee l i n  and around the  core and  the  s ta i n l es s  steel  damage ( i nd i c at i ve of  

h i gh t emperature s ) reveal ed by the  recent te l ev i s i on c amera i ns pec t i ons 

suggest t h at t h i s  phenomenon s hou l d  be  i nvest i gated . 4 S i mi l ar l y ,  recen t 

s uggest i ons t hat  the  hydrogen g as re l ease i n  TMI -2 may h ave b een l es s  t han 

expected ( as a cons equence of hydrogen retent i on i n  the z i rca l oy c l add i ng )  can  

be  stud i ed by measur i ng res i du a l  hydrogen i n  core debr i s  samp l es . 5 

4 . 4  Recr i t i c a l i ty and - Segregat i on o f - Fuel - and Control M ater i al s 

Co mmerc i a l  r eactors h ave exten s i ve p roced ures to  e ns ure c r i t i ca l i ty s afety 

d ur i ng operati ons  such  a s  fue l  movement , fue l rel oad i ng ,  and s pen t fue l  

s torage . Th e i nherent d es i gn o f  the  L WR c ore- -l ow enr i c hment , f i x ed fuel 

geometry , presence of borated water--makes u nexpected cr i t i ca l i ty very 

u n l i ke l y .  Th e apparent extent of  c ore d amage i n  TMI -2 ,  however � h as c au sed 
reexami n at i on and ana lys i s  of the  poss i b i l i ty of recr i t i c a l i ty dur i ng or  

fol l ow i ng s ev ere fuel  d amage acc i dents . Data on core mater i a l re l ocat i on 
phenomenol ogy are needed to  resol ve  th i s  i s s ue . 

I t  must b e  emph as i zed t hat a recr i t i c a l i ty d i d  n ot occu r  i n  TMI -2 � and the  

pos s i b i l i ty of recr i t i ca l i ty h a s  been e l i m i n ated for a l l cred i b l e  post-ac c i dent 

c ore geometr i es by the  add i t i on o f  e xtra  boron t o  t he pr i mary system w ater . 

However , the  pos s i b i l i ty of recr i t i ca l i ty was s er i ou s l y  exam i ned when the  

magn i tude of c ore d amage b ecame c l ear a ft er t h e  TMI -2 acc i dent . Ca l c u l at i ons  

i nd i c at i ng that  fue l l i q ue fac t i o n  and contro l rod  fai l ure probab l y  occurred 

c au sed  c oncern t h at fuel and c ontrol  mater i al s  cou l d  separate , and moderated 
concentrat i on s  of fue l cou l d  acc u mu l ate ( for examp l e  on the bottom of the  

r eactor vesse l ) .  Th u s , the  recr i t i c a l i ty i ss u e  i s  t h i s :  Dur i ng s evere LWR 

acc i dents , can  core d amage phenomen a cause  segregat i on of fue l and contro l 

mater i al s ,  and c an s uc h  s egregat i on l ead t o  recr i t i c a l i ty ?  

Reso l ut i on of th i s  i s sue  w i l l  come from a thorough  u nderstand i ng of both 

fuel rod and c ontro l rod d amage phenomen a .  Fr agmentat i on ,  l i q uefac t i on ,  and 

mel t i n g  of the  uo2 fue l  cou l d res u l t i n  fue l rel ocat i o n  and accumu l at i on 
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away from contro l rod or poi son mater i a l s .  S i mi l ar l y ,  contro l rod 

f ragmentat i on or mel t i ng cou l d  c ause  separat i on of the control mater i a l s from 

the  fuel  assemb l y .  The behav i or of contro l mater i a l s shou l d be  caref u l l y  

exami ned i n  TMI -2 because of the type of control rod s u sed ( Ag- l n-Cd a l l oy 

c l ad i n  sta i n l es s  steel ) .  The Ag- I n-Cd i s  the  l owest me l t i n g  component i n  the 

c ore ( 1 060 K )  by a s ubstant i a l  marg i n .  Ev en though the sta i n l es s  s teel 

c l add i n g  me l ts at a substant i a l l y  h i gher temperature , i t  i s  s uscept i b l e  to  

o x i d at i on and  l os s  of d uct i l i ty i n  the h i gh -temperature steam env i ronment of 

an LWR acc i dent . C l add i n g fai l ure cou l d  c ause  l os s  of the contro l rod a l l oy ,  

e i ther b y  mo l ten mater i a l  re l ocat i on o r  expu l s i on a s  a consequence of h i gh 

vapor pres sure of the a l l oy .  The Ag - l n -Cd contro l rod des i gn i s  n o  l onger th e 

s t and ard prod uct of any U . S .  reactor v endor . Ev en though th i s  des i gn h as been 

supp l anted by des i gn s  l es s  s uscept i b l e  to h i gh -temperature deter i orat i on ,  i t  

w i l l  s t i l l  b e  u s ed i n  many LWRs for some t i me ;  therefore , i t  i s  i mportant to  

determi ne  its  acc i dent behav i or .  

Data needed to  resol ve the recr i t i ca l i ty quest i on w i l l  come from 

l aboratory i nvest i gat i ons , test-reactor exper i ments , and the TMI -2 core 

exami nat i on .  Wel l -control l ed exper i ments on  Ag- In - Cd control rod behav i or i n  

an acc i dent env i ronment are needed to understand contro l rod fa i l ure 

mechan i sms . L aboratory and test-reactor e xper i ments , some of wh i ch are 

underway , w i l l  l ead to an understan d i n g  of the tendency toward fue l 

segregat i on d ur i ng an acc i dent .  F i na l l y , the e xami nati on of TMI -2 w i l l  

prov i de i nformat ion  on th e i ntegra l  and l arge-sca l e beh av i or of fue l  an d 

c ontrol mater i a l . D ur i ng defue l i ng ,  doc umentati on of d amage phenomena 

re l evant to recr i t i ca l i ty i s  i mportant ( e . g . , mo l ten mater i a l rel ocat i on , 

fr agment at i on ,  l os s  of geometry , and debr i s accumu l at i on ) .  Subseq uent 

deta i l ed exam inat i o n of s pec i f i c  debr i s s pec i mens  wi l l  l ead to an 

u nderstand i ng of the poss i b i l i ty of recr i t i c a l i ty d ur i ng s evere acc i dents . 

4 . 5  1 0  CFR  50 . 46 Issues 

Th e Code of Federa l  Regu l at i ons  ( CFR ) desc r i bes the acceptance c r i ter i a  

for a LWR emergency core coo l i n g system ( ECCS ) . 6 CFR T i t l e 1 0  Part 50 . 4 6  

s t ates a n umber of s trai ghtforward c r i ter i a ( peak c l add i ng temperature , 
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max i mum c l ad d i n g  ox i dat i on ,  max i mu m  hydrogen generat i on ,  and core coo l abi l i ty 

c ons i derat i ons ) for the  acceptab l e  performance of an E CCS. An o perat i ng 

l i c ense  app l i cant must eva l uat e  performance of the  proposed ECCS u s i ng  

ana lys i s  g u i del i nes  presented i n  Append i x  K of  Part 50 and  demonstrate t hat i t  

meet s  these acceptance c r i ter i a .  Severa l t echn i ca l  i s s ues  under l i e  the  ECCS 

acceptance c r i teri a ,  but h i stori c a l l y  t he two most s i gn i f i c ant h ave b een 

z i rc a l oy c l add i ng ox i dat i o n  and deformat i on .  

Th e extent of ox i dat i on d ur i ng a d es i gn -b as i s L OCA h as been the s ubjec t  of 

con s i derab l e  debate an d analys i s  for severa l  reasons . Z i rca l oy oxi dat ion  i s  

an  e xotherm i c  p roces s . Th e h eat gener at ed h eats the  meta l , wh i ch i n  t urn 

i ncreases  the ox i dat ion rate . Suc h  a pos i t i ve feedback phenomenon can  mak e 

o x i d at i on v ery r ap i d  and, t herefore, d i ff i cu l t  to  contro l or termi nate . 

Ox i dati on  of z i rca l oy by s team dur i n g  an acc i dent a l so  re l eases hydrogen an d 

embr i tt l es  the  met a l . E xt en s i ve  embri tt l ement cou l d  l ead to fracture of the 

c l addi ng ,  and the consequent l os s  of rod -l i ke geometry co u l d produce a 

d i ff i cu l t  t o  c oo l  core. 

Th e t echn i c a l  i ssue  of z i rca l oy c l add i ng d eformat i on resu l ts  from the  
phenomenon of  c l ad d i ng  ba l l oon i ng d ur i ng a LOCA . Reactor depressur i zat i on can  

resu l t  i n  the  p r imary system pres s ure bei ng l ower than t he i nterna l gas  

pres sure i ns i de the fue l  rods . As  the  c l add i ng heats  up,  i t  can swe l l 

( ba l l oon ) and t hereby reduce t he cool ant f l ow p at h  area between t he fue l  

rods . Extens i ve ba l l oon i ng cou l d  reduce t h i s subchannel  area enough to b l oc k  

p �rts o f  t h e  core from rece i v i ng adequ ate pr i mary system o r  E CCS waterf l ow ,  

t hereby contri b ut i ng to i ncreased l oc a l  d amage . Add i t i ona l l y ,  such  c l add i n g 

d eformat i on cou l d  c ause  f ue l  r od r u pture and re l ease of f i s s i on g ase s , and 

a l ter the  temperature and ox i dat i o n  behav i or of the  core . 

TMI -2 d ata  c ou l d  b e  u sefu l i n  p rov i d i ng l arge-s c a l e  v a l i dat i on of c urrent 

expectat i on s  i n  the areas of z i rca l oy c l ad d i n g  ox i d at i on and deformat i on .  

Spec i f i ca l l y, exam i n at i on o f  TMI -2 c ou l d  c on tr i bute t o  reso l u t i on o f  these 

i ssues  because  i t  cou l d  produce ( a )  the type of ox i dat ion  and deformat ion  data 

t h at h ave n ever been generated ( i . e . , very l arge-s c a l e d ata  i n  wh i ch core-w i de 

behav i or can  be  stud i ed )  and ( b )  ev i dence of ava i l ab l e  three-d i mens i ona l f l ow 
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paths  for coo l i ng i n  damaged port i on s  of the core . Th i s  type of d ata  i s  

n eeded to  h e l p resol ve rema i n i ng quest i ons on  these i ss ues . Th e e xtens i ve 

l aboratory and test reactor exper i ments  on ox i dat i on and ba l l oon i n g  h ave been 

l i mi ted by the i r  s i ze . As d i scussed prev i ou s l y ,  a l arge LWR c an be cool ed i n  

so many ways  that i t  i s  l i ke l y  that c l ad d i ng  deformat i on w i l l  not prevent core 

cool i ng .  Th u s ,  the ba l l oon i ng phenomenon may very wel l be  l oca l i z ed and not 

l ead to undercoo l i n g and ox i dat i on of the  core . I n  TM I -2 , i t  s hou l d  be 

poss i b l e  to  d ocument both  the extent and l oca l  v ar i at i ons of c l add i ng 

deformat i on and ox i dat i on , part i c u l arl y  i n  the outer reg i on s  of the core . 

Th e f i ve major s afety i ssues  d i scussed above and the i r  u nder l y i ng d at a  

needs are summar i zed i n  Tab l e  2 . 
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TABLE  2 .  MAJOR NUCL EAR SAFETY I SSUE S AND THE I R  UNDERLY I NG DATA NEEDS a 

1 .  F i ss i on Prod�ct Re l eas e ,  Tr ansport , and Depos i t i on 

a .  Retent i on i n  fue l  
b .  Chem i c a l  states ( part i cu l ar l y  I ,  Cs , Te , Ru , Sr , U ,  Pu ) 
c .  Aeros o l  generat ion  
d .  Temperature d i str i but i on i n  the  c ore  and upper p l enum 
e .  Fue l rel ocat i on i n  t h e  pr i m ary system 
f .  Depos i t i on on  s urfaces 
g .  Depos i t i on i n  ba l ance of reactor c oo l ant sys tem and other parts of the 

p l ant 

2 .  Core Coo l ab i l i ty and Understand i ng Co re Damage Processes 

a .  Mater i a l r e l ocat i on 
b .  Ge neral debri s c h aracter i zat i on ( permeab i l i ty ,  poros i ty ,  p ac k i ng 

den s i ty , strat i f i c at i on ,  etc . ) 
c .  E xtent of o x i dat i on 
d .  Me l t i ng and l i quefact i o n  
e .  Fr agmen tat i on and embri tt l ement 
f .  Deformat i on 
g .  I n -c ore i ns trument s urv i vab i l i ty 

3 .  Contai nment Integr ity 

a .  E xt ent of ox i dat i on 
b .  Ev i dence of major accumu l at i on of core mater i al s  i n  t he l ower p l enum 
c .  I ntegri ty of l ower reactor v e s s e l  head 

4. Recri t i ca l i ty and - Segregat i on of Fue l - and Control Mater i a � s 

a .  Locat i on and c onf i gu rat i on of  f ue l  and contro l m at er i a l s 

5 .  1 0 -CF R -50 ;46 I ssues 

a .  B a l l oon i ng 
b .  Ox i d at i on 

a .  Th e maj or nuc l ear s afety i ssues  1 i s ted are pr i or i t i zed , based on the i r 
re l at i v e  order of i mportance . Underl y i ng dat a  needs as soc i ated w ith  each 
m ajor s afety i ssue  are not pr i or i t i zed • 
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5 .  SU ITABL E APPROACHE S FOR OBTA I N I NG 

DATA F ROM TMI -2 

Hav i ng i dent i f i ed the types of d at a  needed � the  next step i n  deve l op i n g 

t echn i ca l  d at a  acqu i s i t i on recommendat i ons was to i dent i fy s u i tab l e  approaches 

for obta i n i n g  d ata � u s i n g  the cr i ter i a  i dent i f i ed i n  Sect i on 3. However , 

b efore i dent i fy i ng the  s pec i f i c � i tu measurements and/or s ampl i ng ( for  

pff-s i t e  ana l ys i s )  approaches that are con s i stent w i t h  the  many prac t i c a l  

constra i nt s  on  what c an be  done , i t  i s  u sefu l to  con s i der h ow t h e  n eeded d at a  

cou l d ,  i n  pr i nc i pl e ,  b e  obta i ned . Tab l e 3 summar i ze s  the  types of d ata needed 

for  resol ut i on of e ach  of the  major i ssues  d i scu ss ed i n  Secti on 4 and h ow e ac h  

type o f  d at a  cou l d  be obt a i ned . Th i s  tab l e s hows t h a t  the  needed data  c a n  be  

obta i ned on l y  t hrough a comb i nat i on of i n  s i tu  meas urements and  s amp l e 

acqu i s i t i on for subsequen t  off-s i te ana l ys i s . 

Th e rema i nder of  t h i s  sect i on d i scusses  s ome of the  i nformat i on t h at i s  

per t i nent to  deve l o p i n g  s pec i fi c  approach recommendat i on s  us i n g  the  cr i ter i a  

i dent i f i ed i n  Sec t i on 3 .  S pec i f i ca l l y , the  fol l ow i ng  s ubsect i ons  d i scuss  
( a )  per t i nent detai l s  of the  TMI - 2  acc i den t seq uence , ( b ) av a i l ab l e  

i nformat i on o n  the  as-b u i l t and c urrent d amage state of the  p l ant , 

( c ) avai l ab l e and pert i nent i n format i on on  p l ant recovery p l ans , and (d ) some 

t echn i q ues  ava i l ab l e  for obtai n i ng d ata  from � s i t u  measurements  and/o r  

off-s i te ana l yses.  Eac h  area i s  d i scussed  here i n  to  prov i de some i ns i gh t  i nt o  

t h e  pert i nent i nformat i on env i ronment i n  w h i ch the  recommendat i on s  were 

devel oped. 

5 .  l TMI �2 Acc i dent Sequence 

Deta i l s  of t h e  TMI -2 acci dent s eq uence h ave  been d i scussed i n  s evera l  

r e ports ,3 � 7  as  h as i nterpretat i on of the  s eq uence of events d ur i ng the  

acc i dent i n  terms of  th e core water l eve l and associ ated core temperature 

t rans i en t .8 ' 9 Co re d amage and f i ss i on product rel ease al so h ave b een 

d i scussed by s everal authors .2 ' 1 0  Here i n ,  o n l y a b r i ef overv i ew i s  

30 



.• 

TABLE 3. SUMMARY OF HOW THE NEEDED DATA COULD BE OBTAINED 

Ant i cipated Use · Type of Data Sought 

Issue 1 .  F ission Product Release, Transport , and Deposit i on :  

I d en t i fy phenomena control l i ng 
release from fuel pel l ets 

Support core source term model 
assumptions 

Support core source term model 
devel opment 

Support code i nput requ i rements 

I dent i f y  primary system 
depos i t i on and rel ease 
phenomena 

F i ss i on gas bubbl e  concentrat i on ,  
fuel porosity;  poros i ty i nter
l i nkage , c rack i ng;  f i ss i on product 
d i str i but i on in fuel m i c rostructural 
features 

Ident i f i c ati o n  of processes that 
l ead to r el ease of f i ss i on products 
or control mater i a l s  from more 
severel y  damaged fuel 

Mo l ec u l ar forms of f i s s i on product 
and core mater i a l s  rel eased from 
the core 

F i ss i on product and control mater i al 
d i s tr i but i ons and chemi cal  forms i n  
resi du a l  core mater i a l s  

Temperature and temperature h i story 
data for var i ous core regi ons 

F i s s i on product and control 
materi a l  el emental  concentrat i on 
map on the RCS s urfaces 

Vapor/surfac e · and aerosol / surface 
i nterac t i ons 

How Data £oul d · Be · Obtained 

Samp l e  fuel from core damage regimes 
and e x am i ne m icrostructure us i n g  
metal l ograph i c  techn i ques . Exami ne 
fuel s ampl es u s i n g  e l ectron and/or 
i on m i c roprobe 

Sampl e  v i sual l y  s i gn i f i cant debri s  
mater i al . Gamma scan and rad i ochemical  
ana l ys i s ,  S IMS , ESCA, Auger , etc . ,  
depend i ng o n  i nventories of mater i a l s  
i nvol ved 

1 .  Infer from mol ecu l ar forms o f  
resi dual mater i a l s  i n  core 
samp l e s  ( S IMS , ESCA, Auger , MOLE ) 

2 .  In fer from mol ecular forms o f  
surface a n d  debr i s  mater i a l  out
s i de core regi on . SIMS , ESCA , 
Auger, MOLE analys i s  of the 
retri evabl e surface and debri s  
samp l e s  

Gamma scan and rad i ochem i c a l  
a n a l ys i s  of core mater i al samples 
cont a i n i n g  s i g n i f i cant f i s s i on 
product i nventor i es 

Sampl e  core mater i a l s ,  i nfer from 
materi al mel t i ng,  m i crostructural 
changes , mater i a l ox i d a t i o n ,  
f i ss ion product d i str i bu t i on s ,  
u s i n g  v i s ual , meta l l ograph i c ,  
e l ectron m i c roprobe , and gamma 
scann i ng .  

Gamma s c an and/or s amp l e  RCS surfaces . 
E xam i ne surface depos i ts for e l emental 
c oncentrat i ons u s i ng S IMS, SEM/WDX, 
and rad i ochemi sty 

Character i z e  depos i t  tenac i ty on 
s urfaces . Opt i c a l  and scan n i ng el ectron 
m i croscopy. Obtai n mo l ec u l ar forms and 
depos i t  depth prof i l e s  

€omments 

These d ata wou l d  l ead to a better under
standi n g  of f i ss i on product rel ease from 
t he fuel uo2 mat r i x  d ur i ng ear l y  p h ases 
of core degradat i o n  

See Sec t i on 5 . 2  for types of s amp l e s  
avai l ab l e  

Because TM I -2 was not a control l ed 
exper i ment , i t  i s  not an i deal source of 
this i nformat ion 

Much of the necessary data wi l l  have other 
uses 

Because of the extrapo l at i on that wou l d  be 
necessary to i nfer depos i t  d i str i bu t i ons 
from s ampl e  data a l one, this shou l d  be 
suppl emented w i th in situ gamma scann i ng 
where poss i b l e  
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TABLE J. (conti nued ) 

An t i c i pated Use Type of Data Sought How Data Co a l d  Be Obta i ned 

I ssue 1 .  F i s s i on Product Release , Transport , and Depos i t i on : ( cont i nued ) 

Support assumptions  in primary 
system trans port and depos i ti on 
models 

Val i d a t i on or benchmark ing 
primary s ys tem transport models 

Support code input requirements 

I d ent i fy natural depos i t i on 
phenomena i n  the reactor 

Benchmark pool scrubbing models 

Check evi dence that i nd i v i dual 
i sotopes followed overall 
elemental beh av i or 

Check f i ss i on product elemental 
groupings 

Oepos i t  v ar i a t i ons on RCS surfaces 

V a r i a t i ons w i t n  pos i t i on of the 
chem i cal compos i t i on of depo s i t s  

Chemi cal composi t i on o f  i nd i v i dual 
part i cles and v ari at ion with  s i ze 

Depos i t  concentrat i ons on those 
s urfaces that were uncovered during 
the core uncovery per i od 

Tempera ture and temperature h i s tory 
data for RCS surfaces 

V apor/surface and aerosol/surface 
interact i ons for the reactor 
bu i ld i ng coolers and mirror 
i nsulat i on 

Depo s i t  i nvent ories  on d ra i n  tank 
i nlet and out let sur faces. 
Elemental compo s i t i o n and quant i ty 
of drai n  tank deb r i s  

I s otope rat ios for  t he depos i t s  
and debri s in RCS 

Rat i os of f i s s i on product elements 
i n  depos i t s  at d i fferent locat i ons 

ln s it u  gamma scans of surfaces .  
Sample surface elemental prof i les 
from S IMS and SEM 

Molecular forms of s urface depos i t s  
from S IMS and MOLE 

Ion or electron m i croprobe analys i s  
of i nd i v i dual part i cles i n  surface 
depos i ts or debr i s  

Sample RCS surfaces . Analyze sample 
surfaces for elemental deposi ts u s i ng 
gamma spectroscopy, rad i ochemi cal 
analys i s ,  or electron and i on m i cro
probe. Conduct in s i t u  g amma scans 
to supplement sample d a t a 

Sample RCS materi als . Infer temper 
ature data  from d e t a i led exam i n at ion 
of mater i al properti es ( e .g . ,  m icro
s tructure , mel ti n g ,  and oxi dat i on )  

S ample reactor b u i ld i ng cooler coils 
and mi rror i nsulat i on panels . Obtain  
depo s i t  i nventory and form ( i f  
pos s i ble ) u s ing gamma spectroscopy 
and S I MS 

Sample surfaces and do surface 
analys i s  u s i ng g amma s pectroscopy 
and S IMS , ESCA , Auger , SEM/WDX 

Analyze s urface s amples for i nd i v i dual 
i sotopes u s ing gamma spectroscopy, 
s urface elemental analys i s ,  and S IMS 

Analyze surface samples for i nd i v i dual 
elements 

. .  

Comment s 

Should be done for depo s i t s  or debr i s  
removed from d i fferent locat i ons 

An extens i v e  d a t a  base for RCS surface 
depos i ts is requ i red t o  adequately map the 
depo s i t  d i str i bu t i on .  Als o ,  thermal
hydraul i c  i nput d a t a  w i ll be necessary to 
support code c alculat i ons 

Current e v i dence would suggest that t he 
depos i t  concentrat i ons on reactor bui ld ing 
s urfaces are lower t h an t h e  s en s i t i v i ty of 
most nonnuclear surfac e analys i s  techni ques 
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TABLE 3 .  (con t i n ued ) 

Ant i c i p ated U5e Type o f  Dat a  Sought 

Issue 2 .  Core Coo l ab i l i ty and Understand i n g  Core Damage Processes : 

I d ent i fy phenomena that i mpact 
core coo l ab i l i ty and damage 
progressi on 

Issue 3. Contai nment Integr i ty :  

C l ari f i c at i on o f  phenomena that 
cou l d  l ead t o  vessel breach 

Mater i a l  rel ocat i on 

General debri s  ch aracter i z a t i o n  

Extent of o x i da t i o n  

Me l t i ng a n d  l i quefac t i on 

Fragmen t a ti o n  and embr i t t l ement 

Deformat ion 

In-core i nstrument surv i v ab i l i ty 

E xtent of o x i da t i on 

How Data Cou l d  Be Obtained· 

In s i t u  macrosca l e  photo/v i sual  
exami nat i on of the current core damage 
s tate. Meta l l ography and compo s i t i on 
of rel ocated mat er i al samp l e s .  Photo
v i su a l  ex am i n at i on of mater i a l s  from 
l ower reactor vessel pl enum 

Permeab i l i ty o f  debr i s  bed strat a 
( s t rat i f i c t i on s ampl es ) .  Poros i ty of 
debr i s  bed strata (strat i f i ca ti on 
samp l es ) .  Pack i n g  d ensi ty (strat i 
f ic a t i o n  s ampl es ) .  Photo/ v i su a l  and 
met a l l ography of strat i fi c a t i on sampl e s  

Samp l e  mater i a l s  from core d amage 
reg imes and measure o x i de l ayer 
t h i ckness 

In s i tu photo/v i su a l  examinat i on of 
core and l ower reactor vessel p l e num 
before and dur i n g  c l eanup.  Photo/ 
v i su a l , meta l l ography, and compo
s i t i on of removed s amp l e s  

Macrostructure , part i c l e  s i ze ,  a n d  
c omposi t i on of c ore sampl e s .  
Ox i d a t i on ,  hydrogen con t e n t ,  a n d  
mechan i c a l  propert i e s  of core mater i a l  
samp l e s  

l n  s i t u  photo/v i su a l  exam i n at i on . 
Macrostructure of s ampl es from 
sel ected core d amage regi me s  

Sampl e  i n -core i n s trument str i ngs 

!n  s i tu photo/v i sual exami nat ion .  
�unt o f  ox i de l ayers o n  samp l e s  o f  
z i rc a l oy and s t a i n l ess st ee l removed 
from the v ar i ous core damage regi me s  
a n d  sel ected p l enum l oc at i on s  

· Contnents 

Spec i a l  attent i on shou l d  be p a i d t o  
c l add i ng ,  control materi a l , a n d  l i quefi e d  
f u e l  rel ocat ion 

The i n  s i tu measurements shou l d  be done a t  
sel etrearstages i n  the c l eanup ( e . g . ,  
before and after core debri s  bed v acuumi n g )  

Such samples  a l s o  a r e  needed for 
temperature i nformat i on 

Exten s i ve sampl i ng and analys i s  c ou l d  b e  
necessary to g e t  a compl ete p icture 



TABLE 3 .  ( conti nued ) 

Ant i c i pated Use 

I s sue 3. Conta inment Integr i ty: (con t i nued ) 

Ev i dence of major accumu l at i on of 
core mater i a l  in l ower p l enum 

Lower reactor vessel head i ntegri ty 

I ss ue 4 .  Recr i t ic a l i ty and Segr egat ion  of  Fuel  and Control Mater i a ls :  

C l ar i f i cation of phenomena th at 
c o u l d  r es u l t  i n  fuel and control 
materi a l  segregat ion 

I5sue · 5 .  · lO CFR 50.46 I ssues : 

V a l i dat i on of c urrent 
expectat i on s  

Location and confi gurat i on o f  fuel 
and control mater i a l s  

C l ad b a  1 1 oon i ng 

Ox i da ti o n  

How Data Co u l d  B e  Obtai ned 

In s i tu photo/ v i s u a l  exam i nati on o f  
the l ower pl enum. Samp l e  and obt a i n  
compo s i t i on o f  the mater i a l s  found 

In s i t u  photo/vi s u a l  exam i n at i on i n  
TOwer pl enum 

In s i t u  photo/v i su a l  exami nat i on .  
Macrostructure and compos i t i on of 
l arge s amp l e s  removed from various 
d amage regions of the core. 
Compos i t i on , amount , and conf i gurat i on 
of mater i a l s  i n  s e l ected primary l oop 
l ocation s  ( e . g . , l ower reactor vessel , 
l ower OTSG p l enum , upper OTSG 
tube sheet ) 

In s i t u  photo/ v i s u a l  exami nat i on .  
Sampl e  bal l ooned rods ( preferabl y  
assemb l y  por t i ons o f  bal l ooned rod s ) 

Sampl e  fuel rod and other assemb l y  
components and mea sure o x i de l ayer 
t h i ck ness 

Cornnents 

R eq u i res both i n  s i tu photo-v i su a l  and 
s amp l e  acqui s HTo_n _ 



presented of  those acc i dent sequence events that were part i cu l arl y s i gn i f i can t 

f rom t h e  po i nt of v i ew of the  f i ve major s af ety i ss ues  d i scussed earl i er .  

The cr i t i ca l  t i me per i od o f  t h e  acc i dent sequence contr i b ut i n g  t o  core 

d amage p rogress i on and f i ss i on product re l eas e and transport behav i or 

genera l l y  i s  bel i eved to be  between 1 03 an d 2 1 0  m i n utes after the  reac tor 

t r i p ped on  2 8  M arch 1 979  ( see References 3 and 7 ) . Th e 1 03-m i n ute  t i me 

correspon d s  to th e beg i n n i n g  of core uncovery fol l ow i n g  phase separat i on of 

t h e  p r imary coo l ant w hen t he l as t  of the  reactor coo l ant p umps w as t urned off 

i n  Loop A at  1 01 m i n utes . The 2 1 0-m i n ute  t i me correspon d s  to the  approx i mate 

t i me of c ore ref i l l  fol l ow i ng t h e  res umpt i on of s usta i ned h i gh -pressure 

i nj ec t i on , wh i ch occurred at about  200 m i n utes an d res u l ted for the mos t  part  

i n  t ermi n at i on of t h e  core  h eatu p .  Th i s  per i od ,  t herefore , def i nes the per i od 

of i nterest from the  po i n t  of v i ew of  obta i n i n g  data pert i nent to the  s cope of 

t h e  f i ve i ssues  p resented i n  Sec t i on 4 . Dur i n g  t h i s  per i od , s everal events 

occurred i n  the sequence that are perti nent to  the scope of t h i s  document .  At 

1 3 1 m i n utes , the  hot-l eg t emperatures went off-s ca l e .  At 1 35 m i nutes , t he 

reactor bu i l d i n g a i r  s amp l e p art i cu l ate  mon i tor went off-scal e ,  i nd i cat i n g  

some c ore d amage . A t  1 42 m i nutes , t he o perators c l osed t h e  p i l ot-o perated 
rel i ef v a l v e  ( PORV ) b l oc k  va l ve . Fo l l ow i n g  add i t i ona l r ad i at i on detector 

responses  w h i c h  i nd i c ated s i gn i f i cant core d amage , Reactor Cool ant  Pump 2B was  

started and run for a short  per i od ,  forc i n g  water through  the core . The PORV 

b l oc k  v al ve w as reopened for a peri od of a pprox i matel y  5 m i nutes a t  

1 92 m i n utes . Th i s  sequence o f  events , wh i c h  def i nes the  acc i dent  t i me per i od 

o f  i nterest and i dent i f i es the  e sc ape p athways to t he contai nment b u i l d i ng ,  i s  

s ummar i ze d  i n  Tab l e  4 . 

Several  est i mates of the  core t i me-temperature rel at i onsh i p  h ave  b een 

dev e l o ped  ( se e  References 3 ,  8 ,  and 9 ) . These  w i l l  not be d i scussed here 

other t han to po i nt  out  t hat t here are s i gn i f i cant d i fferences i n  the  

e s t i mates . S i nce  the  t i me-temperature rel at i onsh i p  i n  the  core fo r the  per i od 

of  i nterest i s  v ery i mportant i n  c ompar i ng core d amage and f i s s i on product 

rel ease data w i th ca l cu l at i on s , i t  i s  i mportant to obt a i n data on  the  t ime 
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TABL E  4 .  SUMMAR Y OF PERTI NENT EVENTS I N  THE TM I -2 ACCI DENT SEQUENC E 

T i me 
( mi n )  Ev ent 

1 0 1 Last reactor coo l ant pumps turned off i n  Loop A 

1 3 1 Hot-l eg temperatures went o ff-s ca l e 

1 35 Reactor bu i l d i ng a i r  samp l e part i c u l ate mon i tor response  wen t 
off-s c a l e  

1 42 PORV b l oc k  va l ve c l osed 

1 45 The r eactor b u i l d i ng a i r  s amp l e ( HP-P-227 )  i od i ne c hannel began 
to  i ncrease rap i d l y  

1 74 Re actor Coo l ant  Pump 28  was s tarted and r u n  u nt i l 3 h r , 1 3  m i n  
i nto the acc i dent 

1 92 The  PORV b l ock  v a l ve was o pened for about 5 m i n ,  dec reas i ng 
pr i mary system pres sure  and pressu r i zer  coo l an t l eve l  

2 00 Sustai ned h i gh-pressure i njec t i on and core r ef l ooded 
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and temperature h i story through  the TM I -2 core exami nat i on . Temperature and 

temperature h i story d ata a l s o are i mportant for the reactor cool ant system 

s urfaces , because surface temperature i s  a k ey parameter i n  attempt i n g  to 

u n derstand  the  f i ss i on p roduct d e pos i t i on and res u s pens i on behav i or for these 

s urfaces . 

5 . 2  As - Bu i l t  and Cu rrent Damage , St ate of , TMI-2 

S i nce i t  i s  c l ear from Tab l e  3 t h at the  n eeded d at a  on l y  c an be o bta i ned 

by i n  situ mea surements , samp l i n g  for off-s i t e  ana l ys i s ,  or a comb i n at i on o f  

both , i t  i s  n ecessary to  rev i ew the  pert i nent p l ant systems to  d etermi ne  wh i ch 

data acqu i s i t i on act i v i t i e s  are prac t i c a l . Informat i on concern i ng the  current 

s t ate of t hese systems c an be  i nferred from the as-b u i l t  state and ava i l ab l e  

i nformat i on o n  d amage c au se d  d ur i ng the  acc i dent . Th e pert i nen t systems 

d i scussed b e l ow i nc l ude the reactor vesse l  h ead and serv i ce s tructure, reactor 

vesse l  i nternal s ,  core, hot- and co l d - l e g  p i p i ng ,  once-through steam 

g enerators ( OTSGs ) ,  s urge l i ne  and  pressur i zer, dra i n  t an k  and associ ated 

p i p i ng,  and aux i l i ary systems . These  are d i scussed  to  the  extent necessary to  

i dent i fy retr i ev ab l e  samp l es  and/or poss i b l e  i n  s i tu meas urements . Th i s  

document ass umes  that s amp l es w i l l  not be  ava i l ab l e  that m i ght compromi s e  th e 

i ntegr i ty of  the p r i mary pressure boundary for poss i b l e  future p l ant 

requa l i f i c at i on .  Th e fol l ow i n g  subsect i on s  prov i de a potent i a l l i s t  o f  

retr i ev ab l e  art i f acts  and � s ; t u  meas urements . [ Cr i ter i a  app l i ed i n  

i dent i fy i n g  retr i evab l e  arti facts wer e as  fol l ows : ( a )  the art i fact s can b e  

u s ed to  s at i sfy i dent i f i ed d at a  n eed s , ( b )  i ntegr i ty of  t he RCS not be  

compromi sed,  and { c ) acqu i s i t i on  and exami n at i on be  pract i ca l . ]  Reference t o  

t hese s ubsect i ons  c an ,  t herefore , prov i de a b as i s  f or i den t i fy i n g  a l ternat i ve s  

or add i t i on a l  usefu l art i facts s h ou l d  s ome of the  recommendat i on s  presented i n  

Sect i on 6 not  prove feas i b l e  or  s h ou l d  add i t i ona l  resources b ec ome ava i l ab l e .  

5 . 2 . 1  Reactor Vesse l Head and Service  Structure 

Th e parts of  the reactor vesse l  ( RV )  h ead and s erv i ce structure of 

i nterest  to  the TM I -2 core exami nat i on p l an are the s urfaces that were i n  

c ontact w i th the  p r i mary cool ant . V i s u a l  i ns pecti on h as s hown that the  RV 
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h ead i s ,  at  l east on  a macroscop i c  sca l e ,  essent i a l l y  i n  the  as-bu i l t  

c ond i t i on .  Th e RV h ead i s  constructed of c arbon s tee l , the i ns i de of wh i ch i s  

covered w i t h  a we l d  depos i t  of austen i t i c  s ta i n l es s  steel , wh i ch i s  the ma i n  

materi a l  that const i tuted t he b u l k  o f  t he surface i n  contact w i th the pr i mary 

cool ant . The head conta i n s  69 nozz l e s to wh i c h  are wel ded the fl anged 

adaptors c on s tructed of  austen i t i c  s t a i n l ess s teel  for attach i ng the c ontrol 

roq or i ve mechan i sms ( CRDMs ) .  The head a l so  conta i n s  e i ght  thermocoupl e 
c onnec t i ons w i th t h e  s ame type of c onstru ct i on and mater i a l s as  the 

connect i on s  for the CRDMs . The major components  of the CRDMs that were w i th i n  

the  RV and e x posed to  f i ss i on product v ap ors or aerosol s dur i ng the core 

uncovery per i od were the CRDM l eadscrews and the l eadscrew s upport tubes . Th e 

l ead screws , wh i ch c ou p l e  to the c ontrol rod s p i ders , e xtended to  the  assemb l y 

upper end fi tt i ngs dur i n g  the cr i t i ca l  c ore damage per i od of the acc i dent . A 

s chemat i c  of  a l eadscrew i s  s hown i n  F i gure 2 .  F i gure 3 depi cts a typ i ca l 

CRDM and th e assoc i ated l eadscrew and su p port , or gu i de tube . The gu i de tubes 

are c onstructed of  Type 304 s ta i n l es s  stee l . F i gures 4 and 5 s how the gener a l  

arr angement o f  t h e  RV  head an d serv i c e  structure components . Th e fol l ow i n g  

retri evab l e  art i facts t h at m i ght b e  obtai ned for exami nat i on are : 

0 Thermocou p l e s  and f l anges 

0 Leadscrew s u pport t ubes 

0 Leads crews 

0 Mai n RV  f l ange gas ket  

0 Debri s  from the RV f l ange area . 

In  add i t i on to s ampl es or art i facts that mi ght  b e  avai l ab l e  for off-s i te 

analys i s .  i t  appears that i t  i s  pos s i b l e  t o  obta i n  usefu l depos i t

d i s tr i b ut i on data by gamma scann i ng the u nders i de of the RV  h ead after t he 

CRDMs hav e  been remov ed . Ax i a l  gamma scans of the l eadscrews wou l d  he l p map 

depos i t  d i s tr i but i ons i n  t h e  u pper p l enum reg i on .  
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Exte n s i o n  p iece (ty pe 

304 st a i n less st eel) 
Threaded port ion 

( type 1 7-4  PH 
stai n less stee l) 

Extension piece (type 

304 stai n less steel)  

Conn ect i ng pins ( type 
4 1 0  stai n l es s  steel) 

M a le cou p l i n g  

(type 1 7-4 P H  
s t a i n less steel) 

r------------------------------------------ � 7 .3m--------------------------------------------�� 

F i gure 2 .  Schemati c  o f  a control  rod dr i ve l eadscrew . , 
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Posmon I ndicator Connector"" 

Position I ndicator Assembly --
Thermocoup le  Connector ---

Top Closure Assembly 

/ 

-- Motor Tube 
Extension 

Power Connector 

""- Stator-Water Jacket Assembly 

Rotor Assembly Cooling Water Supply/ Return 

\ Motor Tube Assembly 

Bayonet Coupling 

F i g u r e  3 .  Typ i c a l  TM I - 2  contro l rod dr i v e mechan i sm .  
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Control rod 
assembly 

Plenum 
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Core barrel 

Active 
fuel 
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Flow 
d istri bution -----
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Control rod 
guide tube 

�,._._- Core su pport 
shield 

�+-t-+ I nlet nozzle 
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Fuel assembly 

Core baff le 

Reactor vessel 

Thermal shield 

Support plate 

Guide lugs 

lncore instrument 
guide tubes 

l ncore instrument 
nozzles 

F i gure 4 .  Long i t ud i na l  c r o s s  s ec t i on o f  TM I - 2 r eactor ves s e l  and i n tern a l s  . 
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F i gure 5 .  TMI - 2  reactor head s erv i ce structure . 
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5 . 2 . 2  Reactor Vess e l  · Interna l s  

Th e reactor v es s e l  i ntern a l  components  i nc l ude t he p l enum assembl y  and the 

core su ppor t assemb l y ,  wh i c h  cons i st s  of  the core s upport s h i el d and th e core  

b arrel ( i nc l ud i ng the  l ower g r i d ,  f l ow d i str i butor , i n -core i nstrument gu i de 

tubes , therma l sh i e l d ,  an d surv e i l l ance capsu l e  hol der tubes } .  Overa l l 

arrangement  of these c omponents i n  the reactor vesse l  i s  i l l ustrated i n  

F i gure 4 .  V i s u a l  i ns pect i on s  to dat e  i nd i cate that these components are i n  

e s sent i a l l y  as-b u i l t cond i t i on ,  at  l east on  a macroscop i c  s c a l e .  He nce , the 

as-bu i l t  cond i t i on i s  d i scussed be l ow .  

5 . 2 . 2 .  1 P l enum As semb l y. Th e pl enum assemb l y  i s  l oc ated d i rect ly  above 

the reactor core and i s  norma l l y  removed as a s i ng l e compon en t  before 

refuel i ng . P i ctures of  t he p l enum a s semb l y  from two d i fferent  angl es are 

s hown i n  F i gures 6 and 7 .  The pl enum  assemb l y ,  because of i t s  l arge surface 

area,  i s  a k ey c omponent for u nders tand i n g f i s s i on product beh av i or i n  the 

pri mary sys tem . I t  cons i s ts  of a p l enum cover , upper gr i d , contro l rod g u i de 

t u be as semb l i es ,  and a f l anged p l en u m  cyl i nder w i th open i ngs  for reactor 

coo l ant out l et  f l ow .  The pl enum cov er i s  a s er i es of paral l e l  f l at p l ates , 

i n tersect i ng  to form square l att i ces , w i th a perforated top p l ate and f l ange ;  

i t  i s  attached t o  th e top f l an ge o f  th e p l enum cyl i nder . Th e f l at l atti c e  

p l ates are 2 - i nches th i ck a n d  v ary i n  d epth and l en gth  from 5 -1 /2 and 

87 i nches  to 1 8  and 1 60 i nches , res pect i v e l y .  Th e perforated to p p l ate i s  

1 / 2- i nch t h i ck and 1 24 i nches i n  d i ameter and h as 69  ho l es of 8 . 5 20- i nch 

d i ameter . The p l enum cover i s  attached to the top fl ange of the p l enum 
cyl i nder by a 1 40-i nch-OD f l ange , 5 - i nches w i de and 1 -1 /4-i nches t h i ck . Th ree 
l i ft i n g  l ugs  are prov i ded for handl i n g the p l enum assemb l y .  These  l ug s , 
1 7 -1 /4- i nches h i gh ,  3 - i nches  t h i ck ,  and  3 - i nches (m i n i mum} w i de ,  are wel ded to  
th e l att i ce systems of the  cover . The contro l rod  assembl y  ( CRA } gu i de tubes  
are wel ded t o  the p l enum cov er t op p l ate and b o l ted to  t he u pper g r i d . 

Contro l rod g u i de assemb l i es prov i de gu i dance and protect  the CRA from the 

effects of  c oo l ant crossf l ow ,  as wel l as prov i d i ng s tructural  attachmen t of 

the gr i d  assemb l y  to the p l enum cover . 
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F i gure 6 . TM I -2 p l enum assemb ly .  
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• .  F i gure 7 .  TM I - 2  upper core t i e  p l ate and pl enum assemb l y .  
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Each  CRA g u i de assemb l y  compr i ses a n  outer t ube h ou s i n g ,  mount i n g f l ange,  

1 2  perforated s l otted tubes  ( s p l i t  t u be s ) ,  and fou r sets of  tube segments 

( • • c "  t u bes ) ,  wh i c h  are properl y  o r i ented and attached to  a seri es of c ast i ngs 

to  prov i d e  con t i nuous gu i dance and s upport to the  CRA . Th e outer tube 

h ous i n g ,  8- i nch schedu l e  40 p i pe ,  i s  wel d ed to  a 3/4- i nch-th i c k  mount i n g  

f l ange , wh i c h  i s  b o l ted  t o  the upper g r i d . Vert i c a l  and hori zon tal  cros s 

s ec t i on s  of the  g u i de t ube assemb l y  are s hown i n  F i gure 8 .  

Th e p l enum cyl i nder i s  a 1 30- i nch -OD , 1 -1 /2 - i nch -th i c k  cyl i nder w i t h  

f l anges o n  both ends to  connect t he cyl i nder to  t he p l enum cover and u pper 

gr i d .  S i x  34- i nch-di ameter ho l es and four 2 2 - i nch -d i ameter ho l es i n  the 

p l enum cyl i nder prov i de a f l ow path for coo l ant water . 

Th e upper gr i d  i s  a ro l l ed p l ate w i t h  mac h i ned ho l es that l ocate the l ower 

end  of the i nd i v i d ual  CRA g u i d e  t ube as semb l i es rel at i ve to  the  u pper e nd of 

the correspond i n g  fue l  assemb l i es .  The gr i d  i s  bol ted to the p l enum cyl i nder 

l ower f l ange . 

Al l mat er i a l s  u sed i n  c onstruc t i on of  the p l enum are e i ther Type 304 or 

Type 304L st a i n l es s  steel , w i t h  the  except i on of the  s pacers in  the  contro l 

rod g u i de a s semb l y ,  wh i c h  are s ta i n l ess  s teel c ast i ngs . The fol l owi ng 

retri evabl e s amp l es that m i ght be  obtai ned for exam i n at i o n  from the  p l enum 

as semb l y  are : 

o Debr i s  from the  p l enum cover p l at e  

o Debr i s from the s pacer cast i ngs  i n  the  contro l rod gu i de tube 

assemb l i es 

o Cut t i ng s  from the c over p l ate [ Note :  Some of t hese may be ava i l ab l e 

i f  hol es mu st be made i n  the  cover p l at e  to  k nock fue l as semb l y  upper 

e nd f i tt i ngs from t he u pper g r i d . ]  

o Gu i de tube protru s i on s  above the cover p l at e  
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'1-4t--- Pienum assem bly guide tube 

Leadscrew attachment 
position 

I N EL 3 0481 

F i gure 8 .  Vert i c a l  and h or i zontal  c ross secti on of p l enum g u i de tube 
assemb l y .  

4 7 



o Compl ete  gu i de tube assembl i es 

o Port i ons o f  t he u pper g r i d  

o "C"  or s p l i t  tubes cut  from the  CRA gu i de tube assemb l i es .  

5 . 2 . 2 . 2  Co re S upport Sh i e l d .  The  c ore  s up port s h i e l d  i s  a l arge , f l an ged 

cyl i nder that  mat es  w i t h  the reactor vessel  open i ng .  The forged top f l ange , 

w i th a 1 46-i nch I D  and 1 0-7 / 1 6-i nch  t h i ck , rests  on  a c i rcumferent i a l  l ed ge i n  

the  reactor vessel  top  c l osure f l ange . The core support sh i e l d  l ower f l ange , 

w i th a 1 36-i nch I D  and a t h i ckness  of a pprox i mat e l y  5 i nches  at the mat i ng 

surfac e ,  i s  bo l ted t o  the core barrel . 

Th e cyl i nder wal l ,  1 46- i nch  1 0  and 1 - 1 /4- i nches t h i c k , h as two nozz l e  

open i ng s  for coo l an t  f l ow .  These open i ngs  are  formed by two forged r i ngs , 

6 7 - i nch  O D ,  a ppro x i matel y  4 7 - i nch  I D ,  and 3 -1 / 2 - i nches  t h i ck , wh i ch sea l  t o  

the  reactor vesse l  out l et nozz l es by t h e  d i fferent i a l therma l expan s i on 

b etween t he st a i n l ess s teel c ore s up port s h i e l d  and the c arbon s teel reactor 

vesse l . The noz z l e  sea l s urface s are f i n i s hed and f i tted to  a predetermi ned 

c o l d g ap prov i d i ng c l earance dur i ng  normal  c ore  support assemb l y  i nsta l l at i on 

and removal .  At reactor operat i ng temperature , t h e  meta l  surfaces are i n  

c ontact to  form a sea l  w i thout exceed i ng a l l owab l e stresses i n  e i t her the  

reactor ves se l  o r  i nterna l s .  The  cyl i nder wal l a l so has  e i gh t  hol es  i nt o  

w h i ch vent v a l ve mount i ng r i ng s  are wel ded . Th ese r i ngs  are approx i mate ly  

7 - 1 /2- i nches th i c k  and are  37- 1 /2  i nches i n  00 . 

Th e mater i a l s  are Type 304 s ta i nl ess  stee l , w i th t he o ut l et nozz l es be i ng  

made of a sta i n l es s  steel  cast i n g .  The vent  va l ves con s i st of  cast  sta i n l es s  

s t eel c omponents w i th some 1 5-5 P H  ( prec i p i t at i on-h ardened ) sta i n l ess steel  

and satel l i t e  mater i a l s .  

Th e l ocat i on o f  t he c ore support s h i e l d  i s  s hown i n  F i gure 4 .  F i gure 9 
s hows the  core support assembl y  of wh i c h  the  core support s h i e l d  i s  t h e  upper 

s ect i on .  Retr i evabl e s ampl es t h at m i ght be  obt a i ned f rom the c ore  sup port 
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F i gure 9 .  TMI-2  reactor i nt·ernal s core s upport ass embly .  
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s h i el d  for exam i nat i on are { a ) vent v a l ves  and { b ) out l et nozz l e .  I n  

add i t i on ,  � situ gamma scans of the  core s upport s h i e l d  cyl i nder after core 

removal  m ay be feas i b l e .  

5 . 2 . 2 .3 Th e  Core Barre l . Th e c ore b arre l cons i sts  of a f l anged cyl i nder , 

a ser i e s  of i ntern a l  hor i zonta l s pacers b o l ted to  the  cyl i nder , and a ser i e s  

o f  verti ca l  p l ates b o l ted to  t h e  i nner s urfaces o f  the hor i zontal  s pacers to 

form an i nner wal l enc l os i ng the fue l assemb l i es .  The core barre l cy l i nder 

h as f l anges on both e nds and i s  1 45 i nches  i n  00 and 2 - i nches th i ck . Th e 

upper f l ange of the cyl i nder i s  bo l ted to  the mat i n g  l ower f l ange of the core 

s u pport s h i el d  as semb l y ,  and the l ower f l ange i s  b o l ted to  the  mat i ng f l ange 

of the l ower gri d  as semb l y .  Al l bo l ts are l ock -we l ded after f i na l  as semb l y .  

Th e hor i zontal  s pacers and vert i ca l  p l ates are 3/4 - i nch  t h i ck .  Normal l y  

coo l ant f l ow i s  downward a l ong the  out s i de o f  t h e  core barre l cyl i nder and 

u pward t hro ugh t he fuel  as semb l i es contai ned i n  the  c ore barre l . A smal l 

port i on of the coo l ant  f l ows upward throug h the spacer between the core barre l 

o uter cyl i nder and t he i nner p l ate  wal l .  

The l ower gr i d  assemb l y ,  f l ow d i str i butor ,  and therma l sh i e l d  are not 

d i sc u ssed here b ut may be of i nterest t o  t h i s p l an i f  access t o  the c omponents 

i s  pos s i b l e .  As shown i n  F i gure 9 ,  the s u rvei l l ance c apsu l e  ho l der tubes are 

i n sta l l ed on the  outer wal l of the core s u pport as semb l y  to c onta i n  the 

survei l l ance spec i men assemb l i es .  Th e tubes extend from the  top f l ange of th e 

c ore s upport s h i el d  to  the  l ower end of t h e  t hermal  s h i e l d .  Th e t ubes are 

3 . 5  i nches i n  OD x 0 . 1 88-i nc h wal l x 1 8 . 5-feet l ong  wi th an ogee bend . 

As i s  the  c ase for the o ther reactor v esse l  i ntern a l s ,  the core b arrel  

componen ts  are fab r i cated from Type 304 s ta i n l e s s  steel . 

Th e fol l owi ng  retr i evabl e art i f acts  t h at m i ght be obtai ned for exam i nat i on 

are : 
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o Core former p l ates 

o Reactor vessel  s urve i l l ance c apsu l e  ho l der t ube 

o Debr i s  from the l ower gr i d  f l ow d i str i but i on pl ate . 

In  add i t i on ,  i t  a ppears that � s i t�  g amma s cans of the c ore former p l ates may 

be poss i b l e  after core remova l and before or after the core b arre l i s  removed 

from the reactor vessel . 

5 . 2 . 3  Reactor Core 

Th e TM I -2 c ore h as 1 77 fue l  a ss emb l i es ( see F i gure 1 0 ) , w h i ch are arranged 

on a square l att i c e  p i tc h  to approx i mate l y the s hape of a cyl i nder . Except 

for v ar i at i on i n  fue l  enr i chment , a l l fue l  a ssemb l i es are of i dent i ca l  

construct i on and  are des i gned to accept i nterchangeab l y  any type of  contro l 

a ssemb l y .  Th e  react i v i ty o f  the c ore u nder o perat i ng cond i t i ons  i s  control l ed 

by 6 1  CRAs and 8 ax i a l  power shap i n g rod assemb l i es ( APSRAs ) .  APSRAs are 

s i mi l ar i n  phys i ca l  confi gurati on to the CRAs b ut h ave absorber mater i a l on l y  

i n  the l ower port i on of the rod s . Except for the per i phera l  pos i t i ons , fue l  

a s semb l i es conta i n i ng n o  C RAs o r  APSRAs h ave a burnab l e  poi son rod assemb l y  

i n sta l l ed i nto the fuel  assemb l y  gu i d e tubes . 

5 . 2 . 3 .  1 F ue l  As semb l i es .  Th e fuel for the TM I -2 reactor i s  s i ntered 

pel l ets  of l ow-enr i ched uran i um d i ox i de i n s i d e Z i rc a l oy-4 tub i n g  ( c l add i ng ) . 

Th e c l add i ng ,  fuel pel l ets , end c aps , and fue l  s upport components form a fue l  

rod . Th e bas i c  fue l as semb l y  i s  mad e up  of 208 fue l  rods , 1 6  contro l rod 

g u i de t ubes , 1 i nstrumentat i on t ube ass emb l y ,  7 s pacer s l eeves , 8 spacer 

gr i ds ,  and 2 end fi tt i ng s  ( see F i gure 1 0 ) . Th e gu i d e tubes , s pacer gri d s , an d 

end  f i tt i ngs form a s tructural  c age , wh i ch conta i ns the rod s  and t ubes i n  a 

1 5  x 1 5  array .  Th e center pos i t i on i n  an assemb l y  i s  reserved for i n -cor e 

i n strumentat i on .  Th e fue l  rods are s upported at e ach s pacer gr i d  by contact 

po i nts  i ntegra l  w i t h  the wal l s  of the fue l  ce l l boundary . The gu i de tubes are 

permanent l y  attached to the u pper and l ower end f i tt i ngs  tyi ng the assemb l y  

together . 
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F i g u r e 1 0 .  Typ i c a l  TM I - 2 fue l as s emb l y .  
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The spacer gr i ds are constructed from s tr i ps that are s l otted an d 

a ssemb l ed i nto an e ggcrate conf i gurat i on .  Each  gr i d h as 3 2  s tr i ps ,  

1 6  perpend i cu l ar to 1 6 ,  wh i ch form th e 1 5  x 1 5  l att i ce for the  fue l rods . Th e 

s qu are wa l l s  formed by t he i nterl aced str i ps prov i de s up port for the  fue l  rod s  

i n  two perpend i cu l ar d i rect i ons . Contact po i nt s  on  th e wa l l s  of each square 

o pen i ng are i ntegra l l y  p unched d i mpl es  i n  the  s tr i ps .  Th e end s pacer gr i ds 

are l onger ax i a l l y  than  the  i ntermed i ate  s p acer gr i d s  and  are mech an i c a l l y  

attached to  the  end f i tt i n g .  

Th e l ower end  f i tt i ng pos i t i ons  t h e  assemb l y  when i ns erted i nto the l ower 

core gr i d p l ate and s upports t h e  fue l  ass emb l y  we i ght . The l ower end s  of the 

f u e l  rods rest on  t he gr i d  of  the  l ower end  f i tt i ng .  Penetrat i ons i n  t he 

l ower end  f i tt i ng are prov i de d  for attach i ng the  contro l rod gu i de tubes an d 

a ccess to  the  i ns tr umentat i on t ube assemb l y .  

The upper end f i tt i ng pos i t i ons  the u pper end of  t h e  fue l  as semb l y  i n  the  

u pper c ore gr id  p l ate s tructure and  prov i de s  means for cou p l i ng the  h and l i ng 

equ i pment .  An i dent i fy i ng  number on each u pper end f i tt i ng prov i des  pos i t i ve 

i dent i f i cat i on d ur i ng h and l i ng .  

An i nterna l  ho l l ow post i n  t he center of the  u pper end f i tt i ng prov i des  

means for  retent i on of th e or i f i ce rod assemb l y  and  burnab l e po i son  rod 

a s semb l y .  Att ached to  the u p per end f i t t i ngs  i s  a f ue l  assemb l y  h o l ddown 

package , cons i st i n g  of a s pr i n g  and ho l ddow n  s p i der , wh i c h  prov i de s  a pos i t i v e  

h o l ddown marg i n  t o  oppose  hydrau l i c  forces . Penetrati ons  i n  the  u pper end 

f i tt i n g gr i d  are prov i ded  for the  gu i de tubes  and i nstrumentat i on .  

Th e g u i de t ubes prov i de con t i nuous  g u i dance for the  contro l  a ssemb l i es 

when i nserted i nto  the  fue l  ass emb l y  dur i n g  operat i on ,  and prov i de the  

s tructural  cont i nu i ty for the  f ue l  assemb l y .  A t h readed s l eeve and threaded 

p l u g  are wel ded to the  ends  of the gu i de tube  and are u sed  to attach the gu i d e  

t u be s  to  t h e  e n d  f i tt i ngs by l oc k -we l ded n ut s . 
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Th e i n strument tube assemb l y  serves a s  a channe l to gu i de �  pos i t i on �  an d 

c onta i n  the  i n-core i n strumentat i on i n  t h e  c en ter of the fuel  assemb l y .  The 

i n strumentat i on str i n g i s  gu i d ed up through the l ower end f i tt i ng to  t h e  

des i red c ore e l ev at i on .  

E ach  c ontrol rod assemb l y  h as 1 6  c ontrol rods � a s t a i n l es s  s teel  s p i der � 

and a fema l e  coupl i n g .  The 1 6  contro l rod s are attached to  one s i de of th e 

s p i der � and the femal e c oup l i ng i s  attach ed t o  t he other s i de . Th e control 

rod dr i v e connects  to the CRA at the femal e  coup l i n g  by a ma l e-fema l e 

c onnect i on .  On the  s i de of the s p i der oppos i te the control rod d r i ve 

connect i on �  the 1 6  contro l rod s are t i ght l y  connected . When th e CRA i s  

i nserted i nto the u pper end f i tt i ngs of the fue l  assemb l es ,  the  rods are 

gu i ded by the gu i de tubes of th e fue l as semb l y .  Fu l l - l ength gu i dance for t h e  

CRA a l so i s  pro v i ded i n  t he u pper pl enum assemb l y  b y  the contro l rod g u i de 

as semb l y .  

Each  c ontrol  rod c ontai ns a s ect i on o f  n eutron absorber mater i a l --an  a l l oy 

of s i l ver - i nd i um-cadm i um ( Ag- I n-Cd ) c l ad i n  co l d -worked � Type 304 sta i n l es s  

s teel t ub i ng .  Th e Type 304 s ta i n l ess  s teel  e nd p i eces are wel ded t o  t he 

tub i n g  to form a water- an d press ure-t i ght conta i ner for the absorber 

mater i a l . The s ta i n l ess  s teel t u b i ng prov i des  the structural s trength of the  

control  rods � prevents corros i on of  th e abs orber mater i al , and e l i m i n ates 

pos s i b l e  s i l ver c ontami nati on of t he reactor cool ant . Ab ove the ab sorber 

mater i a l  i s  a s pacer wh i c h  k eeps the absorber mater i a l  i n  pl ace dur i n g  

s h i pp i ng and h andl i n g .  

E ach a x i al  power shapi ng rod as semb l y  i s  c on f i g ured l i ke a control rod 

assemb l y .  The major d i fference i s  i ntern a l , w i t h  3 feet o f  Ag- I n-Cd poi son 

mater i al i ns tead of 1 2  f eet . 

Each b urnab l e  poi son rod ass emb l y  h as 1 6  burnab l e  poi son rods , a sta i n l ess  

s tee l s p i der , and cou pl i n g  mec han i sm .  Eac h burnab l e  poi son rod has  a sect i o n  

o f  s i ntered Al 2 o3 - B4 C pe l l ets whose a b i l i ty t o absorb  n eutron s decreases 

w i th exposure . Th e burnab l e poi son i s  c l ad i n  col d-w orked Z i rca l oy-4 t u b i ng 
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a n d  Z i rca l oy-4 u pper and  l ower end  p i eces . Th e end p i eces are wel ded t o  t he 

tub i ng to  form a water - and press ure-t i gh t  contai ne r  for  the  absorber mater i a l . 

5 . 2 . 3 . 2  Te l ev i s i on Camera  I n spect ion  of  the  £ore . From t he v i ewpo i nt of  

core data  acqu i s i t i on ,  the  mos t  i mportant ear l y  core exam i nat i o n  task  has  been 

t he c ont i nued c l osed-c i rc u i t  t e l ev i s i on ( CCTV ) c amera i ns pect i ons  of t he c ore 

cond i t i on .  The s e  i nspect i on s  h ave  been performed by l ower i n g  a smal l -d i ameter  

c amera  d own through  v ac ated c on trol rod d r i ve mechan i sms i nto the core vo i d 

reg i on ( F i gure 1 1 ) .  The c amera was then rotated from i t s  stra i ght -down 

p os i t i on to near l y  stra i ght up a t  s everal  r ad i a l or i entat i ons . CCTV 

i n spect i ons h av e  been conducted at  three l oc at i ons ( s h own i n  F i gure 1 2 )  and 

h ave  y i e l ded  a weal th of  v i sua l  i nformati on ,  both d i rect and i nferred , on  

damage t o  t h e  core and  reactor i nterna l s .  These  d at a , together w i th the  

as-b u i l t  c ore i nformat i on ,  are  essent i a l t o  understandi ng the  c urrent core  

s t ate  and  pos s i b l e  approaches to  i ts exam i nat i on . 

5 . 2 . 3 . 3  Core  Topography Measurements .  In order t o  measure t he core 

topography before a l terat i ons  occur , an  u l traso n i c core topography system was 

bu i l t  and o perated i n  t he TMI -2 reactor vessel . A t ransducer/d etector 

range-f i nd i ng system was i nserted i nt o  t h e  core c av i ty t h rough the l e adscrew 

o pen i ng i n  t he c en tr a l  ( H8 ) pos i t i on .  Us i ng a s cann i ng sys tem, the  range 

f i nder was  moved ax i a l l y  wi th i n  the  core c av i ty ( see schemat i c ,  F i gure 1 3 )  and 

measured the h e i ght , depth , and l oc at i on of  t opograph i c  features w i th an  

accuracy of a few cent i meters . The data  was col l ected rap i d l y--tak i ng a few 

h ours for t he enti re TMI -2 core v o i d .  

The  c ore topography d at a  i nd i c ate t h at the  v o i d i n  t he c ore reg i on bel ow 

t h e  u pper gr i d  p l ate occ u p i e s  330 f t
3 ( 9 . 3  m3 ) and extends r ad i a l l y i nt o  

t h e  per i phera l  r ow o f  fue l  assemb l i es .  Loc al  v ar i at i ons i n  t he nomi na l  v o i d  

rad i us range from exposed s ect i ons o f  core former wal l t o  apparent stand i n g  

fuel  rod s  1 2- to  1 4 - i nches i ns i de the  c ore former boundary . S i gn i f i c ant 

quant i t i es of  core mater i a l s are suspended from the under s i de  of the upper  

c ore s upport g r i d .  Th e mater i al s  r an ge from s hort s tubs , i nterpreted as  end 

f i tt i ngs , to l ong , su spended l ength s of fue l rods . The f l oor of t h e  core voi d  
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shows  a d i st i nct depress i on on each s i de o f  the cav i ty ,  separated by a r i dge  

o f  debr i s  a l ong  t he n orth-s outh a x i s .  I n t erpretat i on of the topography data 

i nd ic ates that no more than two i ntact ( i . e . , fu l l -h e i ght , fu l l -w i dth ) fue l 

a s semb l i es c ou l d  e x i st  i n  t h e  u pper port i on of the c ore  reg i on .  

5 . 2 . 3 . 4  In -Core - Instruments . Th e i n -core  mon i tor i n g  system measures cor e 

f l ux d i str i buti on a nd core ex i t c oo l a n t  t emperature prof i l es d ur i ng reactor 

power oper at i on .  The measurement s ar e prov i ded by detector as semb l i e s  l ocated 

at  52 presel ected c ore r ad i a l pos i t i ons . Each detector assemb l y ,  c on ta i n i ng 

seven l oc a l  f l ux detectors and a temperature detector , i s  i nsta l l ed i n  the  

c entral  i nstr ument at i on t ube  of  t he fue l a ssemb l y .  Th e l ocal  f l ux detectors 

ar e pos i t i oned to meas ure f l ux at seven core ax i a l e l evat i on s . The 

t emperature d etector i s  l oc ated above the core to measure core e x i t c oo l ant 

temperature . 

Th e l ocal  f l ux detector con s i sts  of  a rhod i um em i tter attached to  a 

l eadw i re .  The emi tter and l eadw i r e  are surrounded by ceram i c i ns u l at i on and 

encas ed i n  a meta l l i c sheath . 

Th e t emperature detector i s  a Chrome l -Al ume l , grounded-j unct i on ,  

metal l i c -sheathed thermocou p l e .  The thermocoupl e i s  manu factured from s pec i a l  

g rade mater i al s t o  compl y w i th n uc l ear s pec i f i c at i on s . Th e thermocoup l es 

mea sure core out l et cool ant temper at ure at  52 core rad i a l  l ocat i ons . 

Each d etector assemb l y  i s  i ns erted i nto  the central  i ns trumentat i on tube  

of the fue l assemb l y  through gu i de t u b i n g .  As  s h own  i n  F i gure 1 4 ,  the g u i de 

t ub i ng extends from the bottom of  the  fue l  assemb l y  through the reactor vessel  

bottom head , comp l ete s two 90-degree t urns , and term i nates i n  the i n-core 

i nstrument remov al  t ank . Th e g u i de t ub i ng t ermi n at i on and t he detector 

assemb l y  h i gh -pres sure  c l osure assemb l y  form a 2500 ps i reactor cool an t system 

s ea l  j ust above the t an k  f l oor . Th e gu i de t ub i n g i s  a n  exten s i on of  t he 

reactor cool an t system . When the reactor system i s  depressur i zed , the 

d etector as semb l i es c an be i ns erted and w i thdrawn through the g u i de tub i ng for 

i n stal l at i on or re pl acement . 
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The curren t damage s tate of the TM I - 2 i n -core i n strumen t as semb l i es i s  

b e i ng assessed by E G&G I daho ( Reference 1 0 ) . Because of  t he var i ety of wel l 

c haracter i zed mater i a l s i n  the i n -core i ns trument assemb l i es and the i r  

d oc umented respon ses d ur i ng and after the acc i dent ,  i t appear s that  they offer 

the potent i a l  for obta i n i ng the best core temperature and temperature h i story 

i nforma t i on s h ou l d  the i r recovery be pos s i b l e .  

5 . 2 . 3 . 5  Poten t i a l  Retrievab le �Samp l es from the �TMI-2  Gore . A d i scus s i on 

o f  the  as-b u i l t  c ore and ava i l ab l e  i nformat i on concern i n g  i ts c urrent damage 

stat e  fol l ows . Retr i evab l e  s amp l es wh i c h  mi ght  be obtai ned for exami n at i on are 

o Rubb l e  bed d ebr i s  s amp l es 

o Han g i n g  stub  as semb l i e s 

o Port i ons of  c urren t l y  i ntact assemb l i es 

o Debr i s  bed strat i f i cat i o n  s amp l es 

o M i sce l l aneous c ore component  p i eces ( fuel  rod segmen t s , s pacer g r i ds ,  

end f i tt i ngs , CRA s p i ders , spr i ngs , fue l  pe l l et s ,  etc . ) 

o I n -c ore i ns trument assemb l i es .  

5 . 2 .4 Reactor Coo l an t  System 

F i gure 1 5  s hows a schemati c  of t h e  reactor c oo l ant system .  I t  c on s i sts  of  

four  reactor c oo l ant pumps , i ntercon n ected p i p i n g  arranged i n  two heat 

t r ans port l oops , two OTSGs , and an  e l ectr i ca l l y  h eated pressur i zer . Perti nent 

features of  these components are d i s c u s sed b e l ow .  

5 . 2 . 4 .  1 Reactor Coo l ant Pumps and Pi pi ng. Th e outl et p i p i ng l eav i ng t he 

reactor ves s e l  i s  36 i nches i n  I D  and run s i n  a hor i zontal  pl ane for a few 

feet , u ndergoes a 90-degree b end , run s u pward about 25 f eet , enters a 

1 80-degree bend , and en ters the  top p l enum of the s team generator . At the  
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62 



s team generator o ut l et ,  each l oop b ranches i nto  two col d l egs , each 28  i nches 

i n  I D .  E ac h  co l d l eg l eaves the  steam generator through a ben d ,  runs upward 

for  a bout 1 0  f eet , and enters t he s uc t i on nozz l e  of o ne of the reactor coo l ant 

pumps . The reactor coo l an t  pumps are l oc ated a t  an  e l ev at i o n  of about 2-feet 

above t h e  h or i zonta l  p l ane of t he reactor cool ant i nl et nozz l es .  [ Th i s  i s  

i mportant i n  asses s i ng wh i c h  port i o n s  of the  co l d - l eg p i p i ng were u ncovered 

d ur i ng  t h e  acc i dent s equence . ] U pon  l ea v i ng the  p ump d i scharge noz z l e ,  the 

p i pe drops down through  two 45-degree ben d s  i nto a hor i zonta l run  that enters 

t h e  reactor vessel . 

Al l s urfaces i n  c on t act  w i th t h e  reactor c oo l ant are c on structed of 

austen i t i c  s t a i n l es s  stee l  w i t h  some aux i l i ary system noz z l e  connect i ons  an d 

i ns trumentat i on c onnect i ons c onstructed of  I ncone l . Th e p i p i n g  i s  c arbon 

stee l , w i t h  t h e  austen i t i c  stee l ( Type 304 or  3 1 6 )  c l add i n g  e i ther wel d 

d e po s i ted o r  e xp l o s i ve l y  bonded . Retr i ev ab l e  s amp l es that m i gh t  be  obta i ned 

for exam i nat i o n  i nc l ud e  t h e  fol l ow i ng : 

o Res i stance t hermal d etector ( RTD ) and t hermowel l  connec t i on s  o n  the  

hot l egs  ( see F i gure 1 6 )  

o Ho t l eg f l owmeter i ns trumen t at i on l i nes 

o Porti on of t h e  vent l i n e  on  top of eac h  hot l e g  

o RTD and  thermowel l connec ti ons  o n  t he col d l egs 

o Reactor coo l ant pump i mpe l l ers . 

Al s o ,  i t  s eems t hat  w i th s ome d evel opment  work , i t  wou l d  be  poss i b l e  to  g amma 

scan  the  surf aces of the  hot and col d l eg p i pi ng after the  fuel h a s  been 

removed . 
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Fi gure 16 . C ros s secti on of an i n s ta l l ed RTD/ the rmowe l l .  
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5 . 2 . 4 . 2  Once Through Steam ·Generators . Th e pr i mary s i de surfaces of th e 

OTSGs t hat were uncovered dur i ng t he acc i dent i nc l ude the u pper p l en um 

s urfaces , upper tubesheet s urfaces , and u p per port i on s  of the tubes . Th e 

mater i a l s  i nvol ved are s ta i n l ess  s teel  wel d met al , Inconel c l add i ng on the 

tube sheets , an d I ncone l -600 tubes . I n  add i t i on ,  there are manway and 

i ns pect i on o pen i ngs i n  the p l enums wh i ch are f l ange sea l ed .  Each of the 

manway and handho l d  cover s has  a Type 304 sta i n l es s  stee l back i n g  p l ate wh i c h 

i s  i n  contact w i th the pr i mary f l u i d .  

Samp l es o f  i nterest that m i ght  b e  obtai ned for exami nat i on i nc l ude the 

fol l owi ng : 

o Back i ng p l ates for the p r i mary manway and h andho l d o pen i ngs 

o OTSG tubes  

o Debr i s  from the tube s heets . 

I n  add i t i on ,  i t  appears t hat i t  shou l d  be  pos s i b l e  to do � s i t� gamma s cans 

of the p l en um surfaces . 

5 . 2 . 4 . 3  Pressur i zer . Th e pressur i zer vessel  and i ts i nterna l s are shown 

i n  F i gure 1 7 .  The vessel  has  penetrat i on s  for a manway , e l ec tr i c  heaters , 

l evel  and temperature measurements , s pray l i n e ,  vents , s ampl e l i n e ,  and rel i ef 

va l ves . The ma i n  waters i de s urfaces , manway open i ng ,  an d heater bund l e  

o pen i ngs are c arbon s teel c l ad w i th au sten i t i c  s ta i n l es s  s teel . Th e s pray 

l i ne nozz l es ,  press ure rel i ef nozz l es , and samp l i ng an d l eve l  i nstrumentat i on 

n oz z l es are a l so c l ad w i th sta i n l ess  s teel . Th e h eaters are rep l aceab l e 

i mmers i on heat i n g e l ements . A Type 304 sta i n l es s  stee l l adder runs down the 

i ns i de of the pres sur i zer vesse l . Th e press ur i zer i s  connected to one of the 

hot l egs by a 1 0- i nch  s urge l i ne .  

Retr i ev ab l e art i facts that m i ght be  obtai ned for exami nat i on of the 

pressur i zer and surge l i ne  i nc l ude the fol l ow i ng : 
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S P R A Y  N O Z Z L E ----
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Babcock • Wilcox 
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N OH M A L  l A T E R  L E V E L 

�- T H E  H M O I E L L 

( S A M P L E  N OZ Z L E  B E H I N D )  

H E A T E R  B U N D L E  

L E V E L S E N S I N G N O Z Z L E  

( T Y P I C A L  O F  3 )  

F i gure 1 7 .  TM I - 2  pre s s u r i zer ves s e l  and i nternal s .  
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o Pres s u r i zer manway i n sert 

o He ater b u nd l es 

o Sel ected l adder rungs  

o RTO and t hermowe l l penetrat i on s .  

I n  add i t i on �  because  the surge l i n e  represen ted a segment o f  the major escape 

p athway to  the c onta i nment �  t he s urge l i ne  dra i n  l i n e  may be exami ned for 

part i c u l ate debr i s . 

5 . 2 .4 . 4 Th e Reactor Coo l ant  Dr a i n  Tank and As soc i ated Val ves and P i pi ng. 

The re actor coo l an t  dra i n tan k  rece i ved d i scharge from the pressur i zer through 

t he P ORV and s afety/rel i ef v a l ve s . Th e d i sch arge i nto the dra i n  t ank  occurs 

through nozz l es be l ow the water l evel that are des i gned to quench f l ash i n g  

p r i mary water a n d  c ondense s team d i scharges . 

Sampl es of i nteres t that m i gh t  b e  obt a i ned for exam i nat i on from the  

pres sure re l i ef v a l ve d i scharge and  d ra i n  t an k  i nc l ude the  fol l owi n g : 

o PORV 

o Dra i n tank  r u pture d i sk ( i f i t  c an be  l ocated ) 

o P i eces from th e rupture d i sk eff l uent pi p i n g  

o Dr a i n t an k  debr i s .  

5 . 2 . 4 . 5  M i scel l aneous Samp l es/Ar t i fact s .  Severa l  m i scel l aneous 

s amp l es/art i facts that m i gh t  be exam i ned i n c l ude the fo l l ow i n g :  

o Pi eces from the reactor b u i l d i n g coo l ers 
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o Panel s of the  pr i mary p i p i ng m i rror i ns u l at i on 

o Debr i s from th e l etdown coo l ers 

o Deb r i s from t he i n-core i nstrumentat i on t ubes . 

5 . 3  TMI -2 Recovery P l an s  and Sched u l e 

The TMI -2 p l ant  recovery p l an s  and schedu l e  h ave  a m aj or i mpact on  the  

TMI -2 core exam i n at i on .  I n  l i gh t  of t h i s  f l u i d  s i tu at i on ,  some major poi nt s  

o f  the  d efuel i ng and recovery o perat i on s  t h at h ave  i nf l uenced the  

recommendat i ons  of  the  TMI -2 core  exami nat i on p l an  are  noted be l ow :  

o I t  h a s  b een assumed t h at the  d ef ue l i ng o perat i on w i l l  b e  a ggress i ve 

( i . e . , t h e  d efue l i ng method and pace w i l l  be  such  that i t  i s  u n l i ke l y  

t h at � s i tu exam i nat i ons and/or art i fact rec overy f or t h e  c ore 

regi on w i l l  be  feas i b l e  dur i ng major defue l i ng steps . Samp l e 

c o l l ect i on and i n  s i t u  measurements s hou l d b e  done a s  e ar l y  i n  the  

recovery operat i o n  as  pos s i b l e .  

o I t  h as b een assumed that  i t  w i l l  be  poss i b l e  t o  r emove t h e  p l enum a s  

a n  i ntact  un i t . 

o I t  h as been assumed t hat the  h ang i ng s tu b  assemb l i es n ow attached to  

the  p l enum w i l l  be  k nocked off  before p l enum remov a l . 

5 . 4  An a l yt i c a l  Techn i ques  for TMI -2 Dat a  Acqu i s i t ; on 

I n  i dent i fy i ng the  types of  data  t hat c ou l d  b e  obt a i ned from the  TMI -2 

core exam i n at i on ,  i t  i s  necessary not o n l y  to  i dent i fy th e types  of art i facts 

t h at cou l d  be  r ecovered for exam i nat i on , but a l so s how that i t  i s  reasonab l e  

that the  expected d at a  cou l d  b e  obta i ned b y  exam i n i n g these art i facts u s i n g  

c urrent state-of-the-art techn i ques . Al t hough a comp l ete  eva l uat i on of 

tech n i ques  that  cou l d  b e  u se d  for obta i n i n g TM I -2 data i s  beyond the  scope of 

t h i s  report , s uc h  an eva l u at i on s hou l d  i nc l ude cons i derat i on of e xpected TMI -2 
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cond i t i ons  as wel l as the an a l yt i ca l  sens i t i v i ty of  ava i l ab l e  techn i ques . A 

prel i m i nary scop i ng e v a l u at i on of sel ected ana l yt i ca l  t echn i q ues and an 

eva l uat i on of poss i bl e  e l ementa l concentrat i on s  i n  the core regi on and reactor 

c oo l ant system depos i ts were u sed as a b as i s  for r ecommen d i ng  the  types of 

meas urements . 

Tab l e  5 s ummar i zes mater i a l i nventori es and k ey propert i es for the 

as-bu i l t  TMI -2 act i ve core reg i on . 1 1  I n  add i t i on ,  Tab l e 6 shows an 

O R I GEN-c al c u l ated radi onucl i de and e l ementa l  f i ss i on product i nv en tory for the  

TM I - 2  cor e after 4 years of  decay ( Reference 1 1  ) .  Data i n  these tab l e s were 

u sed t o  e s t i mate s urface concentrat i on s  and act i v i t i es for the TM I -2 pr imary 
cool ant sys tem ( see Tabl es 7 an d 8 ) .  Al though adm i tted l y  crude , these surface 

c oncentrat i on est i mates , together w i th the ava i l ab l e  l eadsc rew exami nat i on 

dat a ,  prov i de a bas i s for th e recommended surface ana l yt i ca l  techn i q ues . 

L i k ew i se ,  the core i nventor i es were u sed t o  recommend t he ana lyt i ca l  

tech n i ques for  the core mater i a l s .  Thes e recommend at i on s  were made by 

c ompar i ng t he e s t i mated c on centra t i on of s pec i es of  i nterest w i th t he 

sens i t i v i t i e s of the ana l yt i ca l  techn i ques under cons i derat i on .  

Es t i mates of  the  appro x imate s urface c oncentrati ons  are b ased on the  

concentrat i on s  of sel ected el ements i n  the core reg i on ,  es t i mated core rel eas e 

fract i ons f or those e l ements , a nd a ppro x imate s urface area of the reactor 

coo l ant system ( R CS ) .  Thes e d at a  an d the expected surface concent rat i ons  for 

s e l ected e l ements are s hown i n  Tab l e  7 .  Th e t ota l  i nven tory of each e l ement 

l i sted was obta i ned by s umm i n g  the i nv en tory of structural , c l add i n g ,  and 

c ontrol  mater i a l s  and assoc i ated act i v at i on products w i th the i nv entory of 

f i ss i o n  products . Th e structura l , c l add i ng ,  and contro l i nv entory , as wel l as 

t h e  f i ss i on prod uct i nv entory and t otal  c ore i nven tory for each  of s everal  

se l ected el ements , i s  shown  i n  Tab l e  7 .  The mas s of each  el ement rel eased 

from the c ore was obta i ned from the t ota l  c ore i nv en tory and the core re l ease 

f r act i on . 1 2  Th e est i mated s urface c oncentrat i on w as obtai ned from the 

i nv en tory of mater i a l  re l e ased from the core and the s urface area of the 

escape pathway i n  the pr i mary sys tem . 1 3  The surface concentrat i on i s  

expressed i n  g/c m2 • A n umber of  con foundi ng phenomen a  h ave  n ot been 
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TABLE 5 .  SUMMARY OF MATER IAL I NVENTOR I E S  AND PROPERT IES FOR THE TMI - 2  
ACTI VE CORE R EG I ON 

Inventory Compos i t i on a 

M ater i a l - l b/(kg) . ( wt% ) 

uo2 205 , 1 40 _ _  c 
{ 9 3 ,050)  

Z i rc a l o y  50, 7 70 Zr 98 3 , 3 50 
{ 23 , 029 ) Sn 2 

Sta i n l es s  3 , 5 50 Fe 6 5-75 2 ,600 
Stee l ( 1 , 6 1 0 )  Cr 1 8-20 

N i  8-1 2 

Inconel 2 , 670  N i  50 2 , 450 
( 1 ,2 1 1 )  Cr 20  

Fe  2 0  

Ag- I n -Cd 6 , 060 Ag 80 1 ,470  
( 2 , 7 49 )  I n  1 5  

Cd 5 

B4C-Al 203 1 ( 380 _ _  c 
626 ) 

3 , 700 

Gd 203-U02 290 
( 1 3 1 ) 

_ _  c 4 , 980 

a .  Compos i t i on of  the  major e l ements on l y. 

b .  MP = Me l t i ng po i nt { °F ) .  

c .  Qu ant i t i es are e i ther unknown or too s ma l l to 1 i st .  
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TABLE 6 .  OR I GEN-CALCULATED  RAD I ONUC L I DE I NV ENTORY SUMMARY FOR T H E  TMI -2 CORE 
AFTER 4- YEAR DECAY 

Ha l f  L i fe Total I n v entory Tota l  I n ventory 

Nuc lide �lr } (Ci l (g}  

F ; s s i on Products 

9 0sr 19oy 29 6 . 8 E5 8 .  1 E 3 

1 06R u/1 06R h  1 .0 2 . 0E5  1 .4 E4 

1 25 sbJ1 25mTe 2 . 7  1 . 6 E4 6 .  9 El 

1 34cs 2 . 1  6 . 7 E 4  2 .  1 E 4 

1 27mTe 0 . 3  3 .  OEl  3 . 6 E 3  

1 29 I 1 . 7 E 7  2 . 4 E l  1 .  7E3 

1 37 Cs /1 37msa 30 7 . 4 E5 _ _ a 

1 44 Ce/1 44 pr 0 . 8  6 . 7 E 5  2 . 0E 4  

1 5 l sm 93  1 . 8E4 6 .  2E3 

1 54 Eu  1 6  3 . 4 E 3  4 . 6 E2  

1 55 Eu 1 .8 1 .  OE4 _ _ a 

Transuran ics  

u _ _  a __  a 8 . 3 E 7  

2 39 pu 2 . 4 E 4  9 . 4 E 3 1 . 6 E5 

240pu 6 . 6 E 3  2 . 0E3 _ _ a 

24 l pu 3 5 . 9 E4 _ _  a 

a .  Qu ant i t i es are e i ther u nk nown or too smal l to l i s t .  
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TABLE 7 .  EST I MATES  OF SURFACE CONCENTRAT I ONS FOR THE TM I -2 P R I MARY COOLANT SYSTEM 

Total We i gh t  Tota l Total F i ss i on 
of Structural , Accumu l ated F i ss i on Pro- Products Surfacea 
C l add i n g ,  and F i s s i on Comb i ned duct Fract i on Rel eased from Concentrat i on Control Mater i a l s Product Wei ght Rel eased from Core Reg io n 

Eg/cm� ) E lement Es) (g } (g } Core Region (g ) 

Cs _ _  b 2 .  1 E4 2 . 1  E 4  0 . 3 60 7 . 4 E 3  7 . 6E -4 

I _ _  b 1 .  7 E3 1 • 7 E3 0 . 362 6 . 3 E 2  6 . 5 E -5 

Te 0 . 47 3 . 6 E3 3 . 6E3 0 . 300 1 • 1 E3 l . l E-4 

Sb 5 . 9  6 .  9 El 8 . 5 El 0 . 2 04 1 • 7 E l  l . BE -6 

I n  4 . 1  E 5  1 . 6E 1 4 . 1 E5 _ _  b _ _  b _ _  b 
..... 
N 

Ag 2 . 2 E6 1 . 9E2  2 . 2 E 6  0 . 300 6 . 6 E5 6 . 8E-2  

Cd 1 . 4E5  1 . 7E2 1 . 4E5  _ _  b _ _  b _ _  b 

Sn 4 . 2 E5  2 . 3E2 4 . 2E5  _ _  b _ _ b _ _  b 

Mo 1 . 2 E5 2 . 6E4  1 . 5 E 5  0 . 04 5 . 9 E 3  6 . 1 E -4 

Ce _ _  b 2 . 0E4 2 . 0E4  _ _  b _ _  b _ _  b 

R u  _ _  b 1 . 4 E4 1 . 4E4 0 . 0030 4 . 1  E l  4 . 2 E-6 

a .  Based on a surface area of 967 . 4  m2 ( see Referen ce 8 ) . 

b .  Qu ant i t i es are e i ther unk nown or too smal l to l i st . 



TABLE 8 .  EST IMATES  O F  SURFACE ACT I V I T I ES FOR THE TM I -2 PR I MARY C OOLANT S YSTEM 

Total  Core 
Ac t i v i ty Fr ac t i on R e l eased 

l soto�e (C i ) · From Core 

1 2 01 2 .  5 4 El 0 . 362  

1 34 cs 6 . 6 7 E4 0 . 3 60 

1 35cs 2 . 2 5  0 . 360  

1 37 cs 7 . 4 2 E5 0 . 3 60 

1 27mTe 3 . 01 E l 0 . 3 00 

1 1  OmAg 3 .  1 5E l  0 . 3 00 

1 1 0  Ag 4 . 09 0 . 300 

1 1 3mcd 2 .6 4  _ _  a 

1 25sb  1 . 6 1 E 5  0 . 204  

89sr 2.  1 2E 1  0 . 033 

90sr 6 . 7 7E5  0 . 033  

93 zr 1 . 6 2E1  7 . 0 E -5 

9 5 zr 1 . 2 9£ 1  7 . 0 £ -5 

1 03R u 4 . 2 5£4 0 . 0030 

1 06R u 1 . 9 5 E5 0 . 0 030 

a .  Qu ant i t i es are e i ther u nk nown or t oo sma l l t o  l i s t .  
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2 

( Ci /cm ) 

9 . 4 E -9 

2 . 5 E-3 

8 . 7 E -8 

2 . 7 E -2 

9 . 4 £-7 

l . OE -6 

1 . 3 E-7 

_ _ a 

3 . 4 E -4 

7 . 2£-1 0 

2 . 3 £ -3 

1 . 2 E-1 0 

9 . 4 £-1 1 

1 . 3 E-1 3 

6 .  l E -5 



c ons i dered i n  arr i v i ng at t hese e s t i mates ( e . g . , d i sso l ut i on of s o l ub l e  

depos i ts ) .  Al so , u n i form depo s i t i on - -regard l ess  of mater i a l , temperature , or  

f l u i d  f l ow--h as been assumed . 

E s t i mates of the surface act i v i ty of s e l ected rad i o i sotopes are s hown i n  

Tabl e  8 .  The surface act i v i t i e s were ca l c u l ated from the decay-corrected 

total c ur i e  c ontent of the core , the e l emental  core r e l ease fract i on s , and an 
est i mate of the surf ace area of the f l ow pathway i n  the pr i mary system . The 

total  a ct i v i t i es s hown were obt a i ned from a s i mu l at i on of the TMI -2 power 

h i story u s i n g  OR I GEN-2 . The s i mu l at i o n  i nc l uded a 1 460-day dec ay per iod  

f o l l owi ng shutdown . Th e f i s s i on prod uct i sotopes shown i n  Tab l e  8 were 

sel ected on the bas i s of thei r presence at  a m i n i mum of one cur i e fo r the 

total  core i nventory .  Th ese act i v i t i es prov i de a b as i s  for asses s i ng the 

appl i ca b i l i ty of rad i oassay techni q ues . However , thes e tec h n i ques do not 

c ons i der the  res i dua l  acti vated corro s i on prod uct i sotopes ( pr i nc i pa l ly ,  
58co ,  60co , and  54Mn ) or c ontam i nat i on f rom f uel  debri s .  

Based o n  the above scop i n g  ana lyses , the app l i ca b i l i ty of sel ected 

t echn i ques that cou l d  be u sed for ana lys i s  of c ore mater i a l s  and s urface and 

debr i s s amp l es are d i scu s s ed be l ow .  S i nce the ava i l ab l e  an a l yt i c a l  techn i que s 

h ave been d i scus sed by other au thors , t h e  fo l l owi ng  d i scuss i on i s  br i ef and 

dea l s spec i f i ca l l y  w i th i dent i fy i ng  the  types of dat a  i n  Tab l e  3 that cou l d  be  

obta i ned u s i n g each  tech n i que . 1 4  I n  gen era l , the ana lyt i ca l  techn i ques used 

to acqu i re t h i s i nformat i o n  must  have suff i c i en t  sen s i t i v i ty to detect 

i sotopes and chem i cal  s pec i es of i nteres t ,  be c apab l e of y i e l d i ng t he des i red 

i nformat i on ,  and be cost-effect i ve wi th  respect t o  the  type of i nformat i o n 

t hey prov i de .  App l i cat i on of t hese t ec h n i ques must b e  c ommens urate w i t h 

constr a i n t s  on personne l rad i at i on ex po s u re .  

5 . 4 .  1 S I MS ,  E SCA , and Auger 

Th e S I MS , E SCA, and Auger t echn i ques c an be u sed col l ect i ve l y  to o btai n 

i nformat i o n  on  i sotop i c  compos i t i o n  and c hem i c a l forms of  surface spec i es , as 

wel l a s  d epth and area prof i l es .  Th e sen s i t i v i ty i s  on the order of 1 ppm and 

may i nvol ve l o- 1 3 to l o- 1 4 g r ams of mater i al . S IMS ( Second ary Ion Mass 
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Spectrometry ) anal yzes an  area meas u r i n g  2 x 2 mm u p  to  a depth o f  

6 0  t o  80 p m .  Set u p  a s  a n  i on m i croana l yzer , i t  c an be  u sed  a s  a n  i on 

an a l og of  a l i ght m i croscope . 1 5 s 1 6  I n  t h i s  mode , i t  c an prov i de bot h  depth 

and area prof i l es of surf ace s pec i es . E xamp l e s of  S IMS d i str i but i on maps are 

s hown i n  References 1 5  a nd 1 6. E SCA ( E l ectron S pectroscopy for Chemi ca l  

An a l ys i s )  exami nes a surf ace  measur i n g  1 . 0 x 1 . 25 em , and  Auger scans  a 

s u rface with a 1 t o  20  pm e l ectron beam .  The col l ect i ve use  of these 

t echn i q ues  i s  attract i ve ,  part l y  because S IMS  ( es pec i a l l y  when equ i pped w i th 

an i nert gas  i o n  beam ) can effect i ve l y  burn through ox ide  l ayers . After 

b u rn i ng t hrough a l ayer , t he s amp l e c an be ana l yzed ( us i ng S I MS, E SCA, Au ger ,  

etc . )  a s  requ i red . Th i s  i s  a n  i mport an t feature , b ecau s e  TM I - 2  samp l es may 

h ave corros i on f i l m  or other surface f i l ms wh i ch devel oped d uri ng the per i od 

between the acc i dent an d actu a l  s amp l e exami nati on . 

5 . 4 . 2  E l ectron M i croprobe 

Th e e l ectron m i c roprobe provi des a u sefu l method f or ascert ai n i ng the 

e l ementa l  compo s i t i on at a sma l l area i n  a s ampl e .  It  can be  u sed for surface 

e l emental  an a l ys i s  and for det ermi n i n g  e l ementa l  d i s tr i but i ons 

i n  surfac e  depos i t s .  For examp l e ,  i t  i s  part i c u l ar l y  useful for obtai n i n g  

e l emental  d i str i b uti ons  across g ra i n  boundar i es .  S ens i t i v i t i es are general l y  

o n  t h e  order of 0 . 01 and 0 . 1 percen t f o r  wave l ength -di s pers i ve a n d  energy

d i spers i ve systems , respec t i ve l y .  Probl ems c an be  e ncountered wi th  the  

an a l ys i s  of  h i gh l y  rad i oact i ve s amp l e s ; h owever , by  u s i ng a s h i e l ded e l ectro n 

m i croprobe , q u ant i tat i ve and grad i ent  ana l yses c an be performed on m ater i al s 

u p  to  1 00 R/hr at 1 foot for e l ements  w i t h  atom i c  numbers i n  the range 1 1  

t o  94 .  

5 . 4 . 3  MOLE 

Th e MOLE ( Mo l ecu l ar Opt ica l  Laser E xami ne r )  can provi de chem i c a l  

spec i f i c at i on i nformat i o n  for Raman -act i ve compounds on surfaces . Th i s  

t echn i que exami nes a 1 -pm- d i ameter area and h as a sens i t i v i ty of 

l to 1 0  p g/c m2 • To b e  u sefu l ,  the s urface exami n ed shou l d  conta i n reg i ons 

of  pure mater i a l s .  Dur i ng s u rface ana l ys i s ,  each reg i on of pure mater i a l 
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wou l d  be  exam i ned i nd i v i dua l l y .  Many ana l yses wou l d  t herefore be  necess ary to  

character i z e  a surface . I t  shou l d  be  noted that wh i l e  Cs l i s  not 
R aman-act i ve ,  a s pectrophotol umi nescent techn i q ue t hat wou l d  be  s ens i t i ve t o  

t h i s  compound i s  under deve l opment . 

5 . 4 . 4 Gamma Spectroscopy 

Gamma s pectroscopy coup l ed w i th modern s pectrum u nfol d i ng t echn i ques i s  a 

very usefu l too l for the quant i tat i ve analys i s  of i nd i v i du a l  gamma-em i tt i n g 

i sotopes i n  s amp l es . W i th s u i t ab l e  co l l i mati on and s h i e l d i n g ,  i t  c an h ave a 

w i de range of app l i c at i ons , i nc l ud i ng both l aboratory measurements and i n  s itu  

measurements . Th i s  t echn i q ue h as ,  for examp l e ,  been u sed extens i ve ly  i n  s uch  

d i verse appl i cat i ons as ( a )  prec i s i on g amma scan n i ng of  i nd i v i du a l  s pent fue l 

rods i n  a hot ce l l env i ronment to obtai n q uant i t at i ve maps of t he rad i a l and 

ax i a l f i s s i on product d i str i but i ons  and ( b )  f i e l d  scann i n g of depos i t  

d i str i but i ons i n  LWR p i p i ng . Bec ause i t  c an be app l i ed ( wi th  some h ardware 

devel opment ) to obt a i n i n g depos i t  d i str i but i on d at a  for spec i f i c  i sotopes from 

� s i t u  scann i ng meas urements , i t  cou l d  prove v ery u sefu l i n  the TMI -2 core 

exami nat i on for compl ement i ng th e more detai l ed d at a  that  cou l d  be obta i ned 

f rom off-s i te ana l ys i s  of retr i evab l e  s amp l e s .  Th e s pec i f i c  i sotopes for 

wh i ch gamma spectroscopy i s  expected to be  mos t  u sefu l are 1 37cs , 1 34cs , 
1 06Ru ' 

1 25sb ' and 1 44ce . 

5 . 4 . 5  Wet Chem i c a l  Tec h n i q ues 

A v ar i ety of wet chem i c a l  techn i ques are ava i l ab l e  for surface l each i ng 

and spec i es separat ion  before an a l ys i s  ( e . g . , for 90sr ) . I t  i s  beyond  th e 

s cope of t h i s  document to  d i scuss  t he number of techn i ques i n vol ved . In  

genera l , they can be  used to  i mprove the  sen s i t i v i ty of some of the techn i ques 

ment i oned above . Th ey a l so c an be  u sed i n  conjunc t i on w i th more c onvent i ona l  

i sotop i c  an d e l ementa l  ana l ys i s  techn i q ues such  as neutron act i v at i o n  ana l ys i s 

( for 1 29 1 )  and  atom i c  absorpt i on .  
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5 . 4 . 6  Opt ical · and -Scann ing - Electron  Microscopy 

Th ese t echn iq ues h ave been u sed e xtens i ve l y  i n  meta l l ograph ic  ana l ys i s  of 

such  m i c rostructural features  as surf ace  morphol ogy and grai n s i ze and s h ape . 

In  c onjunct i on w i th i mage analys i s  t echn i q ues , t hey can g i ve s i z e and s hape 

i nformat i on for part i c l e s depo s i ted o n  s urfaces or  i n  debri s sampl es .  
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6 .  RECOMMENDE D SAMPL E ACQU I S I T I ON AN D EXAM I NAT ION  PROGRAM 

After the needed d at a  ( see Sec t i on 4 )  and feas i b l e  approaches for 

obtai n i n g i t  ( see Sec t i on 5 )  were i dent i f i ed ,  spec i f i c  recommendat i o n s  were  

d evel oped u s i ng  the  approach d i scussed i n  Sec t i on 3 .  C l ear ly ,  i f  the benef i ts 

and cost s assoc i ated wi th  eac h of the pos s i b l e  d at a  acq u i s i t i on act i v i t i es 

cou l d be red uced t o  a quan t i t at i ve rat i o ,  t hen  t he prob l em of pri ori t i z i ng and 

se l ect i n g  the TM I -2 core exami nat i on act i v i t i es wo u l d  be a tri v i a l  one of 

max i mi z i ng t he benef i t-t o-cost rat i o .  Ho wever , o ne can o n l y  estab l i s h 

subjec t i v e  measures of the va l ue of data sought from each  act i v i ty .  Hence , 

t h e  approach u sed to  s at i sfy the obj ect i ve of max i m i z i ng the  usefu l d at a  t hat 

cou l d  be obta i ned u s i ng the  avai l ab l e  resources was to re l y  on the  col l ect i v e  

j udgment of t h e  c omb i ned TEG membersh i p .  To s upport the TEG i n  mak i ng f i n a l  

recommendat i ons , eng i neer i n g  feas i b i l i ty and cost d ata  for art i f act  

acq u i s i t i on ,  s h i pp i ng ,  and  exami nat i on were d eve l oped f or t he c omb i ned TEG 

recommendat i ons . These con s i st  of recommendat i on s  for in s it u  measurement s 

and  art i fact ( sampl e )  recovery w i th s ubsequent off-s i te ana lys i s .  Th e i n  s i t u  

exam i n at i on  and art i fact  recovery recommendat i on s  that were devel oped ar e 

s ummar i zed i n  Tab l e  9 .  Th e r ecommend at i ons are d i scuss ed i n  Sec t i on 6 . 2 . 

6 . 1  Approaches  for Ac qu i s i t i on and Sh i pp i ng  of Art i fact s 

Al though most resources for t he TMI  c ore exami nat i on w i l l  be expended i n  

acq u i r i ng an d s h i pp i n g  s u i tabl e art i f act s  for subsequent off -s i t e ana lys i s ,  

t h i s  d ocument ass umes t hat s pec i f i c at i on of art ifacts  t o  be recovered prov i des 

s uff i c i en t  g u i d ance to  EG&G I daho to  exec ut e t h i s phase of the program . 

Det a i l ed eng i n eer i ng ,  proced ure s ,  and  coord i nat i on w i th other part i es i nvol ved 

are program i mp l ementat i o n  act i v i t i es and therefore are the respon s i b i l i ty of 

E G&G I daho as the  pri mary DOE contractor . Art i fac t  acqu i s i t i on and  s h i pp i ng 

i s  not d i scus sed here other than to po i n t  out  the i mportance of the fol l owi ng : 

o Properly i dent i fy i ng and d ocumen t i n g the l ocat i on from wh ich  each 

art i f ac t  was removed 
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TABLE 9. RECIJIEI«lATIONS FOR T!U-2 SIWLE ACQUISITION AND EXAMINATION 

Reactor S .. ple or 
Co-ent• 

1 .  Subsurface deb r i s  
b e o  samples 

2. Reactor vessel 
i nterna 1 s 

3. RTDs and thenoo
wel l s  (s urgel i ne ,  
candy cane, and 
pressur izer )  

4, t.owr reactor 
wessel head debr i s  
prof i l e  and 
tnstr_,.t location 

5. 

6. 

Fueled rod segments 
fr0111 known locations 

Core strat i f i cation 
s•ples 

S���p l e  Description 

El even •grab" specimens from 
v a r i ous depths from two radi al 
pos i t i ons , H8 and E9 

In ' ttu doc.-entat i on of core, 
'Up"per pl enuM, and l ower pl enum 
condition. Inspections tied 
to re���va 1 of •ajor core 
i nterna 1 s ( 2 topography and 
4 CCTV ex101tnat i ons )  

Re.�ve 4 access i b 1 e RTD thermo
we l l s  

Prof i l e  l ower head through 
I n-core instrunoent tubes 

Re.�ve fueled rod segments 
from various l ocations (6  rod 
segooents taken from 3 radi al  
l ocat ions ) 

Four core bore samples to the 
bottom of core reg i on .  The 
core bore shou l d  incl ude 
several fuel rods and at l east 
one control rod guide tube as 
part of the sample. Two 
s amp l es w i l l  be taken at  
l ocations coinci dent w i t h  lower 
p l enum I nspection holes. One 
such po s i t  ton ts at K9 

Proposed 
Ex11111ination Techniques 

Photo- v i sual , meta l l ography, 
chetnical analys t s ,  SEM, 
r adiochemt s try , mi croprobe , 
gamftl scan , surface analys i s  

Photo-v i sual , c l osed c i rc u i t  
TV,  acoustic topography 

Surface analys i s ,  ganwna scan , 
radiochemistry 

Pi ano wire and t on chaoi>er 

Photo-v i sual , metal l ography, 
chemical  analys t s ,  SEM, par
t i c l e  s i ze, radiochemistry, 
microprobe , ganna scan , sur
face analys i s  

Photo - v t sual l metal l ography 
chemical ana ys t s ,  SEM, par
t i c l e  s i ze, rad i ochemi stry, 
mi croprobe , surface analys i s ,  
gamma scan, acid-base l each-
; ng, dens tty 

a. The order of l i st i ng Is organi zed accord ing to esthoated samp l e  acqu i s i t i on t im i n g .  

Eapected Data 

Mo l ten materi a l  relocat ion ; 
fuel , control , and structural 
111ter i a l  react ions;  extent of 
ox idation ; peak core tempera
tures ; control Mater i a l  
relocation ; retai ned f i s s ion 
products 

Core and i nternal s  damage sym
��etry, core void s i ze,  total 
vo 1 Ulle and .. ss of debri s ,  
stub asse��� l y  elevat i on s ,  
extent o f  l i quefaction ,  trans i 
t i on  zone configurations , 
11ajor cool ant channe l s  

F i ss ion product pl ateout ,  peak 
we l l  temperature 

Character and extent of debris  
i n 1 oooer head 

Cl adding,  fuel rod temperatures, 
extent of ox idation , extent of 
eutectic ��e l t i ng and fuel l i que
fact ion , fuel rod fragmentat ion,  
UO;> oxi oation, f i s s i on product 
rel ease from fuel 

Fuel and structural mater i a l  
reac t i on s ,  rel ocation of core 
mater i a l s ,  extent of fragmenta
t i on ,  extent of oxidat ion, 
retai ned f i s s ion product s ,  
nature o f  debris strat i f ication, 
peak core teooperatures , t n-core 
instrument d•age, control 
mater i a l  relocation 

Pr inc i pa l  Data 
UsesfSafety Issues 

Core relocation model s ,  f i ss ion 
product transport codes, debri s  
bed coo l a b i l  t t y  110de l s ,  Hz 
generat ton est i•ates, source 
term determination, recr i t i 
c a l  t t y  ana l ys i s  

Core heat up  codes and reloca
t i on model s ,  recr i t l t ical ity 
analys t s ,  core coolabi l i ty 
rnode l s ,  mass bal ance determina
t i on ,  mo l ten mater i a l  relocation 
110de l s ,  nature of debr i s  
strat i f i cation 

F t ss ion product transport codes , 
pri11ary system temperature 
est I mates 

Core debr i s  relocation mode l s ,  
mass bal ance detenoinat ion 

Core heatup codes, H? genera
tion est imates , f i ss 1 on product 
transport codes, source teno 
calcul ations , recr l t i cal ity 
analys i s  

Core heatup codes and debri s  bed 
coo l a b i l i ty mode l s ,  f i ss ion 
product transport codes, core 
relocation mode l s ,  source ter. 
determinat ton , Hz generat ion 
estimates , I n -core I nstrument 
surv i vab i l i ty analys t s ,  
recr i t i c a l t ty analys i s  

I n  progress .  These SOIOIPles 
shou l d  guide l ocation and 
extent of core strat t f tcat ton 
S OIOIPles 

Doc..ents general cond t t  ton of 
vessel and Interna l s  to aid 
data i nterpretation and update 
SOIOIPl tng and re.�val pl ans as 
necessary 

S� work In progress .  Access 
to RTDs is RCS water level 
dependent. Four are access ible 
unt I 1 approx lute 1 y Deceoi>er 1 !184 . 
The other Z shou ld be obtai ned 
fol l owing defuel i n g.  

W o rt i s  part i a l ly funded b y  EPA ! .  
Study w i l l  provide early I nformation 
on depth of c ore d111age and may 
he l p  detet"'l lne s ites for core 
strat i f ication s.,.,les.  

Rods should be taken fro11 wi th i n  
the w o l d  reg i on ,  at the peri phery 
of the voi d ,  Deta i l ed examtna-
t t on  shou 1 d be 1 l•t ted to 2 rods . 
Cursory ex ,. i n at i on on l y  on the 
others. 

S.-ple acqu i s i t i on should be 
coord i nated with the l ower vessel 
ea•lnatton and sOIOIPl tng task . 
The s���p les should be continuous 
vertical bores through the ent ire 
core reg i on . The outside d i ameter 
of the s""'ple should be as l arge 
as can reasonably be obtained 
considering access , too l i n g,  and 
subsequent �andl ing after remova 1 
fr0111 the core. 
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TABLE 9, (cont i nued ) 

7 .  

8 .  

9. 

l (), 

1 1 .  

Reactor Sample or 

Loooer vessel 
Inspect ion and 
SIIIPl l ng 

Control rod 1 ead· 
screw 

ludscrew support 
tube 

Reactor cool ant 
S:f1lem 

Stea gotnerator 
handho l e covers 

1 2 .  In-core 
i nstr-tat le<� 

SM!pl e Oescrlpt l e<� ·  

S -.p l e s  f r011 2 acces s i b l e 
l ocations in the l ower vessel 
head . To be perfor""'d ir 
conjunc t i on  w i th !tears � and 
6 above 

Three l eadscrews re-oved 
previous l y  plus 7 add i t ional 
l eadscrews f rooo various 
radIal locatIons 

One support tube taken f ro. 
core posit ion tl8 

Scan of RCS hot l egs , surge
l ine, S&! , and pressurizer 

Re-ove handhol e  covers frO'lll A 
and B ste110 generators . 
Might include SMif)les fro. 
I nside vesse l s  depending on 
resul t s  o f  v i su a l  exi!llll 

Recovery of 4 (01l�i-) In
cor. instr-t n selllbl ies 
at various radial locations 

Proposed 
Ex0111inat ion lechniqoes 

Photo-v isual , ""'ta l l ography, 
chemical analys i s ,  SEM, par t i 
c l e  s i ze ,  radiochemistry, 
microprobe , g.....a scan surface 
analys i s ,  ac id-base leach i n g ,  
dens i ty 

Ga•a scan, surface analys i s ,  
radiochemi stry, meta l l ography , 
SEM/STEM/microprobe 

Gallll4 scan, radiochemistry, 
surf ace ana 1 ys is , meta 1 lo-
9raphy, SEM/m lcroprobe, ac id
base 1 each lng 

Ga•a scan 

Surface analys i s  and radio
chemistry of  handhol e  covers. 
V ! sua 1 exam of vesse 1 
internal s .  SIMPle reoooval 
f r011 vessel Internals I f  
v isual exam deems I t  
necessary 

Photo-v iSua l , chemical 
anal ysi s ,  lnstr-t 
r e l l abl l l t ies, ��eta l lography 

E xpec ted Data 

Est imate of total quantity of 
debr i s ,  part i c l e  si ze di stribu
t i on ,  extent of once -mc l ten 
debr i s ,  f i s s i on product content, 
extent of damage 

F i ss i on product p l ateou t ,  COOII
ponent temperatures , �xtent of 
o x i da t i on 

F i s s i on product p l ateout, IOI!tal 
temperatures ,  extent of oxi dat
t lon 

Location of core mater i a  1 

F h s l on product p l ateout, core 
rel ocation 

F i s s i on produc t p l ateout, peal: 
tl!ti!PI!rature esth•stes, rad i a l  
and a x i a l  tl!ti!PI!rature profi le 

Core deb r i s  relocation mode l s ,  
f i ss i on product transport codes, 
vessel breach mode l s ,  recr i t ica
l i ty analys i s ,  debr i s  bed cool 
ab i 1 i ty 

F i ss i on product transport codes, 
plenUII te<nperature estimates, 
core exit steam temperature 
c a l c u l at i on s  

F i s s i on product transport codes, 
source term determinat i on ,  core 
i nterna l s  temperature est imates 

Core deb r i s  relocation model s ,  
f i s s i on product transport codes , 
recr i t lcal lty ana l ys i s ,  debr i s  
bed coo 1 ab i l ity 

F i ss ion product transport codes . 
Core relocation, RCS 
thenooh ydr au I I c anal ys i s  

F i s s i on  product transport codes , 
core relocation noodel s ,  peak 
core ti!IIIIM!I"atures ,  extent of 
core d-ge, core damage 
sr-try 

CC41111ents 

s- work in progress 

The tube has e l ready been 
ri!IIOYed f r011 the reactor 
v es se l .  E xaMination of tne 
tube I s  being o>egot iated 

Sanoples of l oose debr i s  
should b e  taken 1 f  1 aro� 
quant i t i e s  of ••ter i a (  are 
folllld 

Must be acc01111:11 hh!!d wni le �ss 
water l evel is l ow enough H 
a l l 01o1 exMinatlon 

Acqul s  It I on of the instr_..ts 
I s  bel ieved t o  be very d i ' f i c u 1 t ,  
nowever , ti!IIIP!erature Olh lAIIt can 
b e  obta l n!!d t hrough l!lbll'inat i on  of 
the l ns tr-ts emr:lhas i le s the 
c r i t i ca l  need to obtai� tl·-
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TABLE 9. (continued) 

Reactor S illlll 1 e or 
Component• 

1 3 .  D i s t i nc t  fuel 
assembly Md control 
rod c l uster compo· 
nents 

14. Reactor bui lding 
basement sol ids 

1 5 .  F i lters 

16. P l enum cover 
d eb r i s  

1 7 . Auctor coolant 
d ra i n  tank 

Sa��pl e  Descr iption 

Retrieve up to 40 spec I ��ens of 
c l adding, CRs, spiders , spacer 
grids , end fitt ing hold down 
springs. i n-core i nstrtJR�ents , 
etc . from the debr i s  bed . 
I f  poss i b l e  hanging fuel 
assenC>ly stubs sf>ou ld be 
obtained 

Oeter10ine the appro� i10ate 
v o l uMe of deor i s  ( ..-' )  

Samp l e  debris f r011 ��a�eup and 
purifi cation system f i l ters 

One sample fro� area of deb r i s  
aCCUIIIU I a t  ion 

S illlf)l e  tank s l udge and vent 
p i pe ( a l so v i de o  e .. m )  

Proposed 
Exam! nat ton Techniques 

Photo-v i su a l ,  meta l lography, 
chemical a na ly s i s ,  SEM, radio
chemistry, m i croprobe , gatm1a 
scan, surface analys i s  

Measure depth o f  s Judge at 
various basement l ocations. 
Rel ate f i s s i on product data 
to volUMe of mater i a l  

. .  

Expected Data 

Molten ��ateri a l  relocation ; 
control and structural •ater i a l  
react ions ; extent o f  oxidation; 
retained f i ssion products ; 
peak core t-ratures ; control 
mater i a l  relocation 

Retained f i ssion products , 
relocation of core ��ater h l s  

Photo- v i sual , meta l lography, Retai ned f i ss i on products , 
chemical analys i s ,  SEM, parti- par t i c l e  s i ze d•stributions , 
c l e  s i ze ,  radiochem istry, fuel control ��ater i a l  and 
m icroprobe, phys ical properties structural •aterlal reac t i ons , 

relocation of core mater i a h  

Chemic a l  anal ys i s ,  SEM/micro· Debr i s  COOIIPOS i t ion and part i c l e  
probe, radiochemistry, parti c l e  s i ze, f i ss i on product content of 
s i ze ,  surface analys i s ,  gamna debr i s  
scan 

Photo-v i sual , parti c l e  s ize, 
SEM, radiochemistry, surface 
analysis 

Ther1110hydr aul ic transport, 
locat ion of core lllater i a l , 
f i s s i on product release 

Principal Data 
U!e!/Safety luues 

Core deb r i s  relocation IIIOde l s ,  
f i ss i on product transport codes , 
deb r i s  bed coo l ab l l i ty 1110dels ,  
Hz generation est l•ates, 
source term detel'llinat ion , 
recr i tical i ty anal y s i s  

F i s s ion product transport codes , 
core relocation Mode l s ,  source 
ter• detenalnat I on, mass 
balance detel'llinat ion 

F Iss ton product transport codes , 
fuel f ragmentat i on Mode l s ,  core 
relocation 1110de l s ,  source ter• 
det.,..lnat ton . recrl t ica l i  ty 
ana l y s i s  

Core deb r i s  relocation MOde l s ,  
f i s s i on product transport codes, 
source term detel'llinatton 

F i s s ion produc t transport, core 
debr is relocation, c r i t ical ity 
analys i s  

C00911ents 

Saoople selection shou l d  be Dased 
on CCTY i nspection, S p i der s ,  
spacer gr ids, and end f i ttings 
should be taken froa� the s iliiM! 
(k.._,) posi t i on s .  Saoopl e s  •ay 
be t.ten before and after reooov a  1 
of (vacu ... l n g )  the loose (lebri s 
fr,. the vesse l .  I f  the opportun ity 
arhes it i s  des i rab l e  to obta i n  
d..aged fuel assellbl ie s  fr,_ under 
the debris bed . 

Soe work i n  progress 

The 100rk is cQIIII) leted. A f i n a l  
r eport I s  I n  progress .  

Area se l ected was based o n  CCTV 
Inspecti on .  S illlf)l es are b e i r.g 
anal yzed 

The necessary work i s  i n  
progress 



o Mak i n g  prov i s i on s  t o  ensure that  samp l e  acqu i s i t i on  and s h i pp i n g  

procedures d o  not confound i nter pret ati on of data obt a i ned i n  

off-s i t e  ana l yses . 

6 . 2  Recommend ed I n  S i t u Measurements  and 

Off- S i te Art i fac t  Exami nat i on 

I n  genera l , the TM I -2 core exam i nat i on p l an recommends t hat r e l at i ve l y  few 

deta i l ed exam i n at i on s  or i ns pect i on s  be  cond ucted at TMI -2 dur i n g reactor 

recovery . Th i s  i s  cons i sten t w i th DOE pol i cy of m i n i m i z i ng the i mpac t  of d at a  

g ather i ng o n  reactor defue l i ng . 1
7 � s i t u  exam i nat i ons  genera l ly  are not 

spec i f i ed un l e s s  fa i l ur e  to do  s o  wou l d  resu l t  i n  i rretr i evab l e  l os s  of v i ta l  

i nformat i on .  Th i s  approach a l so i s  des i rab l e  because e n v i ronmental  cond i t i ons 

dur i ng defue l i n g ( e . g . , water turb i d i ty ,  background rad i at i on l evel s ,  etc . ) 
probab l y  w i l l  not be conduc i ve t o  c onduc t i ng det a i l ed exam i nat i on work . 

Muc h of the d ata  reg ardi ng TM I - 2  core d amage wi l l  be obta i ned d ur i n g  

off-s i te exam i n at i ons . Th e TMI -2 c ore s ampl es w i l l  be s h i pped to  remote 

hand l i n g  fac i l i t i e s  at the I d ah o  Nat i o n a l  En g i neer i n g Labor atory ( I NE L ) , 

t hough sma l l er spec i mens may go d i rect ly  to p art i c i pat i n g  l aborator i es . 

Exam i n at i on of the TM I - 2  core s amp l e s w i l l  be  conducted at I NE L  and other DO E 

and c ommerc i a l  hot cel l s .  Because of the n umber of TMI -2 core s amp l es , and 

the need to  comp l ete  the exam i n at i on i n  a t i me l y  manner , several  avai l ab l e 

U . S .  h ot ce l l f ac i l i t i es w i l l  be i nvol ved i n  exam i n i ng the TMI -2 s amp l es .  

Th e fol l ow i n g  sec t i on s  pres ent a gene ra l overv i ew of the type s of 

e x am i n at i ons and exam i nat i on t ech n i ques t hat s hou l d  be a pp l i ed t o  t he TM I -2 

s pec i mens . An effort has been made to i n c l ude  a br i ef d i scus s i on of each 

a nt i c i pated exam i n at i on . However , as  i n  many post- i rrad i at i on exami nat i ons , 

unexpected observat i on s  may change the course of some ex am i nat i on s . No 

attempt i s  made to s pec i fy det a i l s  of t he work breakdown or exam i nat i on 

approach , s i nce i t  i s  qu ite  l i ke l y  that  those  wou l d  q u i c k l y  become obsol ete as 

n ew d at a  are obtai ned . Th i s  d i scus s i on i s  i ntended on l y  t o  provi de broad 

general  gu i dance on the  type s of d ata  that  s hou l d be obtai ned and how off -s i t e  
exam i n at i ons s hou l d  approach obtai n i ng t h ose d at a .  Th e recommendat i ons 
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i nc l uded i n  Tabl e  9 fa l l i nt o  the fo l l ow i n g  c ategor i es : ( a )  i n  s i t u  

measurements , ( b )  reactor c oo l ant syst em s urfac e  s ampl es , ( c )  reac tor c ore 

s amp l es , and ( d )  m i scel l aneou s . Exami n at i on s  recommended for eac h  of  these 

c ategor i es are d i scu s sed br i ef l y  be l ow .  

6 . 2 . 1  I n -Situ Examinat ions at TM I-2 

6. 2 .  1 . 1 C l osed-Ci rcu i t  Te l ev i s i on .  From the v i ewpo i nt of c ore-d ata 

acqu i s i t i on ,  the most  i mportant ear l y  c ore exam i n at i on task  has been the  

c ont i nued c l o sed-c i rc u i t  t el ev i s i on ( CCTV ) c amer a i ns pect i ons of the  c ore 

cond i t i on .  Thes e i n spect i on s  have  been performed by l ower i n g  a smal l d i ameter 

c amera d own through v ac ated c ontrol rod d r i ve mec h a n i sms i nto t he core v o i d 

reg i on ( F i gu re 1 1 ) .  The camera then wa s rotated from i t s  stra i ght-down 

p o s i t i on to near l y  s trai ght up a t  s evera l  r ad i al o r i entat i ons . C CTV 

i nspect i on s  h av e  been conducted at three l oc at i on s  ( shown i n  F1 gure 1 2 ) an d 

y i el ded a wea l th o f  v i s ua l  i nformat i on ,  both d i rect and i nferred , on  d amage t o  

t h e  core a n d  reactor i nternal s .  

An add i t i onal  C CTV i ns pect i on of  t he c ore v o i d  area h a s  b een made from the 
center ( H8 }  pos i t i on before d i srupt i n g  the present condi t i on of t h e  c av i ty .  

Th e add i t i on al i ns pec t i on was mad e  u s i ng a c amera man i pu l ator and c on tro l l ed 

i ndex i n g syst em , wh i ch can mai nta i n c amer a or i entat i on duri n g  the  i n spec t i o n  

process . The ent i re c ore v o i d ,  i nc l ud i ng t he u nders i de of the p l enum, h as 

been sc anned . 

After the reactor h ead i s  remov ed and d i rect v i s u a l  access  i s  obtai ned , 

some add i t i on a l  CCTV d ocumentat i on shou l d  be  conducted . CCTV i nspect i on of  

the  ent i re p l enum c over , as  wel l as  other h or i zontal  s urfaces ( e . g . , p l enum 

s h i e l d ) , shou l d  be  c onducted , and th e types of debr i s  documented . 

Any s i gn i f i c ant  d amage t o  t h e  p l enum ( e . g . ,  d i storti on ,  s l ump i ng ,  mel t i ng ,  

ox i dat i on ,  etc . } w i l l  b e  doc umented t o  p l an for pl enum removal . Th i s  

d ocumen t at i on i s  adequat e  f or d at a  acqu i s i t i on purposes a s  wel l .  Un l ess very 

unusua l cond i t i on s  are encoun tered , such  as mas s i v e oxi dati on of th e p l enum,  

no met a l l urg i ca l  s amp l es are w arranted at t h i s t ime . I f  s uch cond i t i ons  are 
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pres en t , the concern over poss i b l e  f a i l ure of the p l enum dur i ng remova l  w i l l  

d i ctate  t hat metal l ur g i c a l  s amp l es b e  t aken . Th e s amp l es t hen wou l d  b e  

subjected t o  standard meta l l ography and mech an i ca l  propert i e s  tests  t o  

d eterm i ne the i r  i ntegri t i es .  

W i th t he h ead removed , t he t ops  o f  a l l per i phera l  fue l  as semb l i es c an be  
exam i ned read i l y  w ith  CCTV . Oefue l i n g  personne l  w i l l  prob ab l y  requ i re that 

peri phera l  assemb l y  u pper end f i tt i ngs  be t horoug h l y  exami ned to c onf i rm that 

proper too l i ng ex i st s  for t he i r  l ater extract i on . Dur i ng the course of 

exam i n i ng t hese e nd f i tt i ngs , i t  i s  i mportant to d ocument the r ange of debri s 

depos i t i o n  and any observabl e  d amage that i s  encountered and note any 

a symmetr i es .  Th e l oc at i on of s uc h  asymmetr i es ,  i f present , s hou l d  be  

correl ated w i th th e pos i t i ons  of the  coo l ant i n l et and  ex i t  nozz l es ,  

v ar i at i ons i n  t he p l enum d amage , and v ar i at i ons i n  the p l enum c over debr i s .  

CCTV i ns pect i on of the  l ower reactor vesse l  i s  recommended t o  document the  

type and q u an t i ty of d ebr i s  i n  th i s  l ocati on . Th i s  i ns pect i on cou l d  be 

conducted i n  conj unc t i on w i th core strat i f i c at i on s ampl e acqu i s i t i on .  

Th e se l ec t i on of TM I -2 c ore debr i s s ampl es for off-s i te exam i nat i on must 

be  documented thorough l y  so  the i r  i n i t i a l appearances , l ocat i ons , and 

o r i entat i ons are k nown . Al so ,  the  general  d efuel i ng must be d oc umented so 

l ater est imates can  be made of the re l at i ve amount and l oc at i on of v ar i ou s  

d amage feature s . Th e b as i c  way to preserve t h i s  i nformat i on w i l l  b e  t he CCTV 

v i deo t ape w i th exp l anatory v o i c e-over . There w i l l  probab l y  be i nstances , 

h owever , when a b etter photograph i c  record i s  n eeded . Accord i ng l y ,  t he TMI -2 
core exam i n at i o n  p l an w i l l req u i re acces s t o  v i deo i mage enhancement equ i pment 

to c ompl ement i nformat i on acq u i red by t he s t andard i ns pect i on equ i pment . 

6 . 2 . 1 . 2  Core Topography Measurement .  As s t ated i n  Sec t i on 2 ,  prov i d i n g  

d ata t o  he l p u nderst and c ore d amage process es d ur i ng a s ev ere acc i dent i s  one 

of the object i ve s  of the  TM I - 2  core exami n at i on .  Th i s  refers to  the en t i re 

s pectrum of m ater i a l  behav i or and mov ement d ur i ng the acc i dent . It  i nc l udes 

( a )  fue l rod fragmentat i on and s ett l i n g  of the  cons equent debr i s ; ( b )  debr i s 

entrai nment i n  t he cool ant , w i th s ub sequent depos i t i on i n  the p l enum or 
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e l s ewhere i n  the  c oo l ant ,  and s ubsequent depos i t i on i n  the  p l en um or  e l sewhere 

i n  t h e  pr i mary system ; ( c )  s l ump i ng of port i on s  of the  cor e ;  and ( d )  ax i a l and 

r ad i a l  mot i on of l i q uef i ed mater i a l s .  Det a i l ed k nowl edge of core re l oc at i on 

mus t  come from c aref u l  documentat i on of t h e  post-acc i dent core topography and 

meas urements of the  n ature and extent of s trata encountered d ur i ng defuel i ng .  

In  order to measure the  core topography before major a l t erat i on s  occurred , 

a n  u l trason i c  c ore t opography syst em was b u i l t  and o perated i n  the  TMI -2 

reactor vesse l  before head remov a l . The i nformat i on i s  s ummar i zed i n  

Sec t i on 5 . 2 . 3 .  

Th e c ore t opography measurement  t oo l  c an be  u sed i n  the  d efuel i ng stage of 

TM I -2 recovery when the  n ature of the debr i s  chan ge s  or a un i que  damage zone 

i s  e nc ountered . E xamp l es of add i t i ona l  u ses  of t h e  c ore t opography too l  are 

as fol l ows : 

o A t opography measurement m ade i mmed i atel y  after remov i ng the  p l enum 

cou l d  be compared to t h e  f i rs t  topograph i c  s can  to see how muc h core 

d ebr i s  re l oc at i on occurred as a consequence of p l enum r emov a l . 

o When the  l ayer of l oose  debr i s that  forms th e bottom surface of th e 

c ore  c av i ty i s  removed , t h e  t opography of the  und er l y i ng s tructure 

shou l d  be documented . Therefore , topography measurements before and 

after remov i ng the debr i s  are recommended . 

o Dur i n g defue l i ng ,  researchers w i l l  be  l ook i n g  for d i st i nc t  c h anges i n  

t h e  n ature of  t he d ebr i s ,  s uc h  a s  t h e  presence of a once-mol ten zone 

beneath l oo s e  debr i s .  As these  d i st i nc t  l ayers are encountered and 

e x posed , t he i r  morphol ogy c an be read i l y  mapped . 

o After a l l l oose  and fused  debr i s  h a s  been removed , a forest of 

s tand i ng ,  i ntac t  f ue l  rod s tubs  presumab l y  w i l l  be encountered . Th e 

topography of th i s  l ayer w i l l  te l l exact l y  how deep  the  core d amage 
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penetrated , as a functi o n  of  core l ocat i on .  Bec ause of the s peed of  

d ata  co l l ec t i on ,  repeated u s e  o f  the topography mapp i n g tool  i s  

read i l y  j ust i f i ed as  a mean s of  quant i fy i n g  core mater i a l  rel ocat i on .  

6 . 2 . 2  Exam i n at i ons  o f  Reactor Coo l ant Sys tem S urface Depos i t  Sampl es 

Th e d ata n eeds t h at w i l l  be  s at i s f i ed through exam i nat i on of  reactor 

cool ant  system surface  depos i t  s amp l es  ( i . e . , a l l reactor coo l ant  system 

art i f acts from l ocat i ons other t h an t h e  c ore reg i on )  i nc l ude the i nven tory , 

d i str i but i on ,  and form of f i s s i on products and contro l mater i a l s on reactor 

cool ant system s urfaces , as we l l as  t he maxi mum t emperature and t emperature 

h i story that these surface s exper i enced duri n g  the cruci a l 1 1 3 - to  208-m i n ut e  

per i od o f  the acc i dent . 

6 . 2 . 2 . 1  P 1 enum Regi on . From the p o i nt  of  v i ew of  retent i on of f i s s i on 

products re l eased f rom the core reg i on ,  t h e  retent i on on pl enum s u rf aces i s  

v ery i mport ant . I n  t he recommended p l an ( see Tab l e  9 )  the ro l e  of the p l enum 

i n  capturi ng f i s s i on products and other vo l at i l e  core component mater i a l s  w i l l  

h ave to  be i nferred from exam i n at i on of  l eadscrews and a l eadscrew s upport 

tube . [ Note : I t  shou l d  be rea l i zed that major ques t i on s  can be ra i sed 

concern i ng the v a l i d i ty of extrapo l at i on of the l eadscrew depos i t  d at a  to 

other p l enum surface s . Th i s  parti cu l ar l y  i s  true for thos e pl enum surfaces 

t h at are not w i th i n  the control rod g u i d e  t ub e  assembl i es and h ave l arge 

hor i zontal su rface areas that wi l l  co l l ec t  deb r i s . ]  Th e l eadscrew and other 

s urface depos i t  exam i n at i ons s hou l d  i nv o l ve det a i l ed chem i ca l , rad i ochem i c a l , 

and m i crochem i c a l  exam i n at i on s  of the s urface depos i ts .  These exam i n at i on s  

s h ou l d  d eterm i ne the s urface e l emental  depos i t  concentrat i ons  ( part i c u l ar ly  

for I ,  Cs , Te , Ag , I n , Cd , Mn , and Sn ) ,  area  and  depth prof i l e s for  these 

e l emen ts , depo s i t  concentrat i on s  of i mportant rad i oi sotope s  ( 1 34cs , 1 37cs , 
9 °sr , 1 25sb ,  and l 44ce } ,  and pr i nc i pal  mol ecu l ar s pec i es i nvol ved . I n  

add i t i on ,  the  compos i t i o n  ( chem i c a l  an d rad i ochem i cal } an d phys i c a l  propert i e s 

( part i c l e  s i ze and morphol ogy } o f  any l oose depos i t  mater i a l shou l d  be  

character i zed . The m i crostructure an d m i crochem i ca l  compos i t i on of the bas e 

meta l  mater i a l , a s  wel l a s  i ts meta l l urg i ca l  propert i es ,  s hou l d  be  exami ned to  

extract i nformat ion  that wou l d  he l p def i n e  the max i mum temperature to wh i ch i t  
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was exposed , and , i f  pos s i b l e ,  the temperature h i story dur i n g  the acc i dent . 

E x am i n at i on of the H8 and 88 l eadscrews i s  d i scussed b e l ow to prov i de i ns i ght 

i nt o  the types of exami nat i on s  that s hou l d  be performed on al l of the ex-core 

s urface depos i t  s amp l e s . 

Th e H8, 88 , and E9  l ead screws - -w h i c h  d r i ve the  contro l  rod assembl i es - 

were removed from t h e  reactor to  prov i de acces s ports for the ear l y  CCTV 

c amer a i nspect i ons of the c ore . These components are now at I NE L ,  and 

exam i n at i on s  of  H8 and 88 are underway . The l eadscrews are sta i n l ess  stee l 

c omponents 7 . 3 -m l ong ( see F i gure 2 ) .  Th e bottom s ecti on of  t he l eadscrew i s  

1 7-4 P H  ( prec i p i t at i on-hardened ) sta i n l es s  steel . Th i s  i s  an i deal mater i a l  

from w h i c h  t o  reconstruct l oca l  t emperatures b ec ause o f  c h aracter i st i c  c hanges 

i n  the i ntermeta l l i c prec i p i t ates as a consequence of e l ev ated temperature 

o perat i on .  Th e l ower porti on of the l eadscrew a l so c on ta i ns Types 304 and 4 1 0  

s t a i n l es s  steel  components , the m icro structure o f  wh i c h al so wi l l  be 

i nd i c at i ve of temperatures . S i nce  the  l eadscrews were t aken from d i fferent 

reg i o n s  of the core , they w i l l  l i k e l y  exh i b i t  d i fferen t m i crostructures . Th i s  

w i l l  a l l ow s ome very prel i m i nary c on c l us i on s  as to v ar i at i ons i n  the peak 

p l enum temperature an d ,  by i mp l i c at i on ,  the peak core temperature . 

Pre l i m i n ary metal l ograph i c  res u l ts  i nd i c ate  s trong temperature grad i ents a l ong  

the ax i a l  l ength of  the  l eadscrews . 

Metal l urg i c al  exami nati on of  the l eadscrews w i l l  be  c ompl emented by 

mea sur i n g  f i s s i on prod uct  depo s i t i on o n  the i r  s urfaces . Pre l i m i n ary ana l yse s 

h av e  reveal ed t hat two d i st i nct l ayer s ,  each 25- to  35-�m t h i c k ,  f ormed on  

t he l eadscrews . Th e outer  l ayer was e as i l y removed by brush i ng ;  however , t he 

i nner l ayer conta i n i n g s i gn i f i cant quan t i t i e s of ces i um cou l d on l y  be  removed 

by c oncen trated ac i d  treatment .  

I n  order to  determi ne symmetry of f i s s i on product p l ateout and temperature 

prof i l e  i n  the upper pl enum reg i on of the reactor vessel , a c ur sory 

e x am i nat i on of 1 0  t o  1 2  add i t i ona l  symmetri c a l l y  l ocated l eadscrews i s  

recommended . F i gure 1 8  s hows the recommended l ocat i on s  for l eadscrew 

acqu i s i t i on and exam i n at i on .  Data from t h e  add i t i ona l  l eadscrews w i l l  be 
compared to the  H8 and 88 data to determ i ne symmetry i n  the  upper pl enum . 
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On e l ead screw support tub e has  been removed from the H8 l oc at i on  for 

e x am i n at i on .  Data from exami nati on o f  t h i s s u pport tube and the l eadscrews 

w i l l  prov i de i nformat i on on how f i ss io n  products were p art i t i oned i n  the  

p l enum reg i on and what  rol e v ar i ous c omponents p l ayed i n  ret ard i ng f i s s i on 

product rel ease . The l eadscrew support tube data wi l l  be compared t o  the 

l eadscrew d ata to determi ne whether t he l eadscrews c an be u sed to  adequately  

repres ent a l l component s in  the upper p l enum reg i on regard i n g  f i ss i on product 

depos i t i on and p l ateout . 

One s amp l e o f  debr i s  w as taken from the p l enum c over regi on and i s  be i ng 

ana lyzed to determ i n e  the nature of t h e  part i c u l ate debr i s on i ts hor i zonta l  

s urface . 

Shou l d  e xam i nati on of  the l ead screws , s up port t ubes , and p l enum c over 

debr i s i nd i c ate s i g n i f i c ant d i fferen ces i n  temperature or depos i t i on of  

f i s s i on prod uc t s , c ons i derat i on s hou l d  b e  g i v en to  o bt a i n i ng g u i de tube ( s }  

and/or nc u and sp l i t  tubes . The s e  i t ems are not req u i red as  part of the 

recommended exami nati on program , b ut are c on s i dered to  be cont i ngenc i es and 

shou l d  on l y  be u sed i f  abso l ut e l y  necessary or i f  conven i ent acces s  to them i s  

poss i b l e .  

6 . 2 . 2 . 2  Ex-Vessel  Reactor Co ol ant System . I t  i s  i ntended t hat s i mi l ar 

exami nat ions  of other art i f act s  removed from v ar i ous l ocat ions  i n  the pri mary 

c ool ant system ( ex-v essel } w i l l  prov i de i nformat i on on h ow the f i s s i on 

product s were part i t i oned i n  the pri mary system an d what ro l e  they p l ayed i n  

r etardi ng f i ss i on product rel ease . Th i s  w i l l  i nvol ve  rad i ochem ica l anal ys i s  

of the  surface depos i t s ,  as we l l as detai l ed surface ana l ys i s for stab l e  

i sotopes u s i n g the soph i st i c ated techn i ques descri bed i n  Sec t i on 6 . 2 . 2 .  1 .  

Components  recommended for exam i nat i on are a s  fo l l ows : 

o RTDs and Th ermowe l l s--Th ere a re s i x  RTDs and t hermowe l l s  l oc ated i n  
the pr i mary system ( s urge l i nes , candy canes , and pressur i zer ) ,  four 
of w h i ch are access i b l e before defue l i n g .  Th ese c omponent s  are pr ime 
can d i date s for determ i n at i on of  f i s s i on product p l ateout and peak 
we l l temperatures i n  t he p r i mary p i p i n g .  
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o Steam Generator Handhol e Covers - -Th ese  c omponents from the A and  B 
steam generators are eas i l y  obt a i nab l e  and can prov i de va l uab l e 

f i s s i on product p l ateout i nformat i on regard i ng t he s team g enerators . 

Fol l ow i n g  removal  of the h andho l e  cover , v i s ua l  ( CCTV ) i n specti on of 

t he i n s i de of t he steam generators s hou l d  be c ond ucted . I f  

s i gn i f i cant quant i t i e s o f  deb r i s are observed i n  t h e  bottom of the 

s team gener ator , s amp l es s hou l d  be obt a i n ed and ana l yzed . 

o TM I -2 F i lter Oebrts--Ten makeu p and l etdown systema f i l ter s were 

recei ved at  I NEL  i n  A pr i l 1 982 . Th i s  sys tem c ontai ns s everal  pai rs 

of f i l ters , some of wh i c h  were pl ugged by core debr i s f l ushed from 

the  pri mary system. Th e f i l ter deb r i s  i s  the f i rst TMI -2 c ore 

mater i a l  subjected t o  deta i l ed ana l ys i s .  Th e mater i a l  i s  s i gn i f i cant 

b ec ause  of i ts c ore d amage i mp l i c at i ons . Th e makeup and l etdown 

system f i l ters are l oc ated many meters from the core , and the debri s 

h ad to  pas s  t hrough the steam g enerators to reach the f i l ters . Th e 

presence of s i gn i f i can t quant i t i e s  of debr i s i n  the f i l ters suggests  

the  l i ke l i h ood th at l arge q u ant i t i e s of  s uch debr i s  remai ned i n  t he 

core and al so  are d i spersed w i th i n  the pr i mary coo l ant system . 

An a l yses of f i l ter d ebr i s i nd i c ate t hat t h e  deb r i s  are on l y � wt% 

uran i um ,  a re l at i vel y l ow fuel  ( U02 ) content . 1 8 , 1 9 The pri nc i pa l  

meta l  component of the debr i s  i s  z i rcon i um ,  presumab l y  Zr02 from 

ox i d i zed c l add i ng .  S i gn i f i cant concentrat i on s  ( � 5  wt% ) of s i l ver , 

i nd i um ,  and c admi um from the c ontrol rods are a l so present . Th e 

predom i n ant rad i onuc l i des are 1 37cs , 1 2 5sb , 1 44 ce , 1 06Ru , 60co , 
90sr , and  1 29 1 . Th e p art i c l e s i zes are l ess  t han 1 to  5 �m , w i th 

some l arger { pre sumab l y )  aggl omerates of  2 t o  50 �m . Th e mean 

part i c l e s i ze i s  � urn . One of the f i l ters and a m i crostructura l 

photograph of the f i l ter debr i s  are s hown i n  F i gure 1 9 . 

a .  The makeu p and  l etdown system rec i rc u l ates and pur i f i es reactor c oo l ant 
and supp l i es water to  the reactor coo l an t  pump seal s .  Th e system al so  
s u ppl i es h i gh-pressure i nject i on of  b orated water d ur i ng an acc i dent . 
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Part ic le 
from 
control 
rod 

U ra n i u m  
part i c l e  
(U02 or U30s ) ---

(a) SEM Photom i crograph M U F-58 f i l te r  debri s  

Col lapsed reg i on 

(b) Fi lter M U F-4A (col lapsed as a resu l t  of d i fferential  pressure) 

F i g u r e  1 9 .  T'V'Il - ? ;n -J K e u p  ?.rl d l f': � d 'Jwn sys tem f i l t er an d debr i s . 
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6 . 2 . 3  Reactor Core Samp les 

Th i s  s ec t i on presents recommendati on s  for s pec i f i c  d at a-c o l l ec t i on t as ks ,  
a s  wel l as g u i de l i ne s  that w i l l  be used t o  se l ect  c ore debr i s  samp l es for 
s ubsequent off-s i te ana lys i s .  I t  i s  a s sumed t hat the actual c ore defue l i ng 

w i l l  be pr i mar i l y  a remote hand l i n g  operat i on ,  dur i n g  wh i c h  a number of C CTV 

C q�eras and u nderwater man i pu l at i ng dev i ce s  w i l l  be  d i rected from a c ontrol  

stat i on . Present defuel i n g  p l ans  c a l l for core debr i s  to be retri eved an d 

p l aced i n  c a n i sters l ocated u nderwater i n  t he canal  n ear t he reactor v es se l , 

or i n  the ves s e l  i ts e l f .  When fu l l , the c an i sters w i l l  be dra i ned , dr i ed , and 

i n s pected . Th e c an i sters presumab ly  w i l l  be s tored at TM I -2 for an i nter im  

per i od ,  then s h i pped to  I NE L  for storage--eventu a l l y  to be d i spo sed o f .  

Except for the c ore debri s  grab s amp l e s ,  se l ect i on o f  c ore deb r i s s ampl es 

for off -s i t e  exami nat i on an d data acqu i s i t i on s h ou l d  be done after the head 

and p l enum h ave  been remov ed . Most of t h e  s ampl es  c an be obt a i ned before 

s tart of defue l i n g .  I t  i s  cr i t i c a l  that a l l s ampl es  b e  i den t i f i ed proper l y  

a n d  t h e  l ocat i on from wh ich  each art i fact was r emoved documented . Based o n  

prev i ou s l y estab l i shed sel ect i on cr i ter i a (e . g . , structure , l oc at i on ,  

a p pearance , etc . ) ,  s amp l es ret r i eved wou l d  b e  d i verted to off-s i te exam i nat i on 

can i sters . I n  pract i ce ,  s ampl e se l ec t i on for d at a  ac qu i s i t i on purposes  may 

requ i re s omewh at d i fferent too l s and tec hn i q ues than defuel i n g .  For exampl e ,  

frag i l e  ox i d i zed s pec i mens may requ i re mor e c arefu l man i pu l at i on  i f  they are 

i ntended for s ubsequent off-s i te exam i nat i on .  In order to properl y  p l an and 

coord i n ate both the defue l i n g  and s ampl e s e l ect i on for data acqu i s i t i on 

p u rposes , i t  i s  e ssenti a l that s ampl e s e l ect i on g u i de l i nes be prepared . I t  

a l so  i s  i mport ant that  a l l requ i remen ts  for  s amp l e preservat i o n  dur i n g 

h andl i ng and off -s i te s h i pment be estab l i s h ed . 

The core s amp l e s  w i l l  con s i s t of ( a )  sma l l s amp l es  of l oose debr i s  from 

t he rubb l e b ed ,  ( b )  fue l ed rod s egmen t s , ( c )  core s trat i f i cat i on s ampl es , and 

( d )  m i scel l aneous  " p i c k  and put " s amp l e s  of core components (e . g . , as sembl y 

end f i tt i ngs , i n -core i ns trumentat i on ,  h o l ddown s pr i ngs , c ontrol s p i ders , 

etc . ) .  Th e type s of exam i n at i on s  to  be  conducted on these art i facts are 

d i scussed b r i ef l y  b e l ow .  
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6 . 2 . 3 . 1  Core ·Bebr i s  Grab Sampl es .  E l even s amp l e s  of  part i cu l ate debr i s  

f rom w i th i n  t he r u bb l e  bed h ave b een obta i ned by l ower i ng s ampl i ng dev i c es 

through the H8 and E 9  l eadscrew open i ngs . At pos i t i o n  H8 , s amp l e s  were t aken 

a t  t he f ol l ow i n g  depths i nto the debr i s  b ed :  s urface, 3, 1 1 ,  22,  2 7 -1 / 2 ,  and 

30- 1 /2 i nches . At pos i t i o n  E 9 ,  the s amp l es were taken at the surface , 3 ,  2 2 , 

2 9 ,  and 37  i nc hes i nto  t he debr i s b ed .  F i gure 20  i s  a s ummary schemat i c  

s h ow i n g  the  f i rs t  grou p of s i x  core debr i s  grab s amp l e s  taken from the core i n  

l ate 1 983. Th e s amp l es are b ei ng  e xam i ned t o  h e l p def i ne the  fol l owi ng  areas 

of i nteres t : 

o Phys i c a l  and  c hem i c a l  forms  of  the  part i c u l ate 

o Iden t i ty and q u an t i ty of f i s s i o n  produ c t s  rel eased from the  fuel  an d 

r et a i n ed by t he other c ore mater i a l s  

o Rel ease rates of rad i o i sotopes from ex i st i n g  and fresh l y  created 

s urfaces { part i cu l ar l y  ces i um )  

o A i rborn e poten t i a l  for r ad i o ac ti ve part i c l es ( f i nes ) 

o Un ant i c i pated defu el i ng equ i pment  probl ems ( i . e . , f i l trat i on 

propert i es ,  sett l i n g  r ate s , m i crohardness , c ru s h  s trength , etc . ) 

o Hydrogen prod uct i on as i nd i c ated by the extent  of z i rc a l oy and 

sta i n l es s  s tee l ox i dat i o n  

o Con trol m ater i al rel oc at i on 

o Part i c l e  s i ze d i s tr i b ut i on 

o Pe ak t emperatures e xper i enced . 

6 . 2 . 3 . 2  Fueled Rod Segments . The p l an recommends s i x  rod segment s  
c onta i n i n g  f ue l , each 6 - t o  1 8- i nches  l ong , w i l l  b e  obta i ned f rom k nown 
l oc at i on s  at the per i phery of the core vo i d  from e i ther three rad i a l  and two 
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TMI-2 Core Debris Grab Samples 

F i gure 20 . Summary s chemat i c  s how i ng TM I -2 core debr i s  grab s amp l e 
acqu i s i t i on .  
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ax i a l  l oc at i on s  or  s i x  rad i a l and a common ax i a l  l oc at i on .  The mai n  objec t i v e  

of the  exam i nat i on t a s k  i s  to  c haracter i ze the  fue l  rod s � wh i ch represent t h e  

bound ary or trans i t i on zone between the  mel ted/rubb l i zed  deb r i s b e d  and t h e  

p art i a l l y i ntact � s tand i ng f ue l  rod s egments  at t he per i phery o f  the  c ore .  I t  

i s  des i rab l e  to obta i n fue l ed rod segment s  that exh i b i t  a gradat i on of 

d amage . Such  r ods  wou l d  p resent an i deal  o pportun i ty to i nvest i gate the  

s equence of d amage events , a s  wel l a s  t h e  type and  extent of  damage that  

p recedes and  l eads t o  a l os s  of rod- l i ke g eometry . S uc h  rods w i l l  requ i re 

adv anced preserv at i on techn i ques  t o  ensure  that  add i t i ona l d amage d oe s  not 

occur d ur i ng s h i pp i ng .  Se l ected d amage z ones w i l l  b e  s ec t i oned and 

encapsu l ated i n  epoxy for transverse  metal l ography . The metal l ography w i l l 

i nvest i gate t he major d amage features s uch  as  rod fragmentat i on ,  l i qu i d  phase 

format i on s � and the  start  of fue l l i q uefac t i on . Th e rad i a l  and ax i a l  

m i grat i on o f  any l i qu i d  mater i a l  and t he n ature of the uo2 -z i rca l oy 

i nterac t i on are other i mportant research areas . 

R ad i och em i c a l  t ech n i ques w i l l  b e  u s ed t o  meas ure f i s s i on prod ucts reta i ned 

i n  v ar i ous  uo2 s tructures (e . g . , i ntact pel l et s , ox i d i zed pel l ets , 

u o2 -z i rc a l oy react i on prod ucts � z i rca l oy base  meta l , and l i quef i ed fuel ) a s  

p art of efforts to  d ev e l op f i s s i on product p art i t i on i ng d ata  for the  TMI -2 

acc i dent . A l so , the  res i du a l  structura l i ntegr i ty of the  rods cou l d  b e  

eva l u ated , where a ppropr i at e ,  b y  s imp l e  mec h an i ca l  t ests ( e . g . , r i ng 

compres s i on ) . Peak fuel  and c l ad d i n g  temperatures � and fuel  burnup shou l d b e  

d eterm i ned . 

6 . 2 . 3 . 3  Core Strat i f i c at i on S ampl es . I n  order to  p roperl y  c h aracter i ze 

the  exten t of core damage � a s tudy of t h e  ax i a l  and rad i a l cond i t i on of the  

c ore i s  n ecessary . Th e prev i ou s  i ss uance of t h i s  p l an recommended acqu i s i t i on 

of fue l  assemb l i e s  ( e . g . � i ntact � damaged � an d stubs ) from v ar i ou s  pos i t i on s  

w i th i n the  v es sel . Th ese assemb l i es wou l d  h av e  prov i ded  much of the  

strat i f i c at i on data needed to adequate l y def i ne the d amage cond i t i on s  at  th e 

per i pheral  d amage boundar i es .  I t  h as s i nce b een d et ermi ned that there c an be  

at mos t  on l y  two i nt ac t  stand i ng fuel  assemb l i es w i th i n  the core , and  they are 
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p o s i t i o ned at the e xtreme outer peri phery of the c ore reg i on .  Th erefore , 

acqu i s i t i on of  fue l assemb l i e s  for off-s i te exam i nat i on i s  no  l onger a major  

i n terest i tem . 

I n  l i eu of  fue l  assemb l i es ,  t h i s rev i s i on of  the p l an recommends 

acqu i s i t i o n of four conti nuou s , vert i c a l  core bore s amp l e s to  the bottom o f  

t he c ore reg i on .  Th e core b ores s hou l d  b e  l arge enough i n  d i ameter and 

l ocated so  as to i nc l ude several fuel  rod s an d at l east one control rod per 

c ore bore . 

Two of the s amp l es s hou l d  b e  t aken a t  l oc at i ons c o i nc i dent w i t h access 

ho l e s  i n  the l owe r p l enum , to a l l ow i n spect i o n  and s amp l e acqu i s i t i on of th e 

l ower vessel  reg i on .  One such  pos i t i on i s  at  K9 . Th e s amp l es must  ret ai n 

the i r  und i sturbed geometry as  c l ose l y  as poss i b l e  to study the  axi a l  and 

r ad i a l s trat i f i c at i on of t he core . Th e s amp l es are expected to  exh i b i t  every 

gradat i o n  of damage cond i t i on ex i st i n g i n  the core ( i . e . , rub b l e ,  fragmented 

rod s ,  e utect i c  formati ons , l i quef i ed fuel , i ntact components , etc . ) .  

A wea l th of i n formati on i s  avai l ab l e from the core bore s amp l es . Th e 

e x am i nat i on s hou l d  be d evel oped to assure max i mum d ata  i s  obtai ned . V i rtua l l y  

every major nucl ear s afety i s sue outl i ned i n  Sect i on 4 can b e  addres sed by 

exam i nat i on of t hese s amp l es . 

I f  t echn i ques to  preserve debr i s  b ed s trat i f i cat i on c an be  devel oped , t he 

strat i f i cat i on spec i mens can be  cros s-s ec t i oned at smal l ax i a l  i nterval s to  

reveal  det a i l s  of  t he u n i que strat a .  Th e se s trata  c an ,  i n  turn , be  

c haracter i zed  for  cr i t i c a l  coo l ab i l i ty factors such  as  ( a )  part i c l e  s i ze ,  

s h ape , and c ompos i t i on ;  ( b )  effect i ve s tratum poros i ty ( pack i ng dens i ty ) ; 

{ c )  stratum th i ckness ; ( d )  rat i o  of fue l -to-nonfue l debr i s ;  and ( e )  ev i dence 

of l oc a l  dryout . 

Metal l ograph i c  exam i nat i on a l so w i l l  be u sed to  det erm i ne t he beh av i or of  

the  fuel  assemb l y  spacer gr i ds . E i ght  I nconel  spacer gr i d s are  l ocated 

ax i a l l y  a l ong e ach fue l  assemb l y  to prov i de l atera l  support and mai nta i n  

rod-to-rod spac i ng .  They may h ave  h e l ped ho l d the  as sembl y  together and 
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de l ayed the onset of l os s  of  rod - l i k e  geometry . Conversel y ,  they may have 

a c ted as  c o l l ec t i on po i nts for ox i d i z ed z i rc a l oy debr i s  and l i q uef i ed fue l . 

Th i s  wou l d  create l oc a l i zed regi on s  o f  part i a l  or total  f l ow b l ockage w i t h  

c o nsequent h i gh l oca l  temperatures . A z i rca l oy- Incone l  eutec t i c  r eact i on a l so 

may h ave occurred at the fuel -rod-to -spacer-gr i d  contact poi nts .  The extent 

of t h i s react i on , i f  present ,  s h ou l d  be documented , s i n ce i t  c ou l d  represent a 

mechan i sm for rod fa i l ure  very ear l y  i n  an acc i dent . 

The m acrostructure and s trat i f i c at i on o f  t he c ore shou l d  b e  exam i ned by 

meta l l ography . The meta l l ography w i l l  i nvest i gate major damage features suc h 

as  rod f ragmentat i on ,  l i qu i d  p hase formati ons  and t he i r  i n terac t i ons  w i th 

structural  mater i a l s ,  and fuel  l i q uefact i on .  The rad i a l  and ax i a l  m i grat i o n  

of  any l i q u i d  mater i a l and t h e  n ature o f  t he UC2 -z i rca l oy i nteract i on are 

other i mportant researc h  areas . 

Rad i ochem i c a l  techn i ques w i l l  b e  u sed t o  measure the  f i s s i on products 

ret a i ned i n  v ar i o u s  uo2-z i rca l oy react i on prod ucts  and l i quef i ed fuel , as 

p art of the efforts to  devel op  f i ss i on product part i t i on i ng d ata  for t he TM I -2 

acc i dent . Al so , the res i du a l  structura l i ntegr i ty of the fue l assemb l i es an d 

t hei r components c ou l d  b e  e va l u ated , w here appropri ate , by s impl e mech an i c a l  

tests . 

I n d i v i du a l  s pec i mens of  fuel , c l add i ng , or  other assemb l y  c omponents 

shou l d  be  removed for i n d i v i du a l  analys i s  after the i n tegra l exam i n at i on  i s  

c ompl ete . Th e p art i cu l ar exam i n at i on s  t o  wh i c h  t hese s ampl es s hou l d  b e  

s ubjected depend o n  the i r  appearanc e and  t h e  type o f  damage they exh i b i t . 

S uch  exam i n at i ons  are l i k e l y  t o  i nc l ude reta i ned f i s s i on product an a l ys i s ,  

meta l l ography , SEM , b urn u p  ana l ys i s ,  fuel  ox i dat i on s tate , uo2 dens i ty ,  an d 

mechan i ca l  properti es measurements . 

I n  exam i n i ng fue l  rod s egments , g amma scans  s h ou l d  b e  u sed to  i dent i fy and 
q u an t i fy ax i a l m i grat i on of  v o l at i l e  f i ss i on products (e . g . , ces i um )  away from 
t he h ottest p ort i on of the  r od . 
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B a l l oon i ng of  t h e  c l add i ng i s  b est s t ud i ed u s i ng transverse meta l l ography . 

Sequent i a l  gr i nd i ng through the encapsu l ated sec t i on s  w i l l  revea l tot a l  

c i rcumferent i a l e l ongat i on ;  c l ad d i ng t h i nn i ng ;  s hape and ax i a l  e xtent of t he 

bal l oons ; c l add i n g  oxi d at i on ;  c l add i ng temperatures both ax i a l l y  and 

c i rcumferen t i a l l y ;  and t he n ature of fuel fragmentat i on ,  re l oc at i o n ,  and 

washout . 

Bec au se  Ag- I n - Cd d i spersal  dur i ng core mel t acc i dents i s  not wel l  

understood and i s  be ing  stud i ed i n  sma l l -sca l e  exper i ments , i t  i s  i mportant t o  

e x am i ne t h e  behav i or of t he c ontrol m ater i a l s .  Th e extent of ox i dat i on o r  

damage o f  t h e  contro l rods rel at i ve to t h e  nearby fue l rod s wou l d  be 

i nformat i v e .  Th e mechan i sm o f  t h e  s ta i n l es s  s teel c l add i ng b reach and 

fai l ure , together w i th the ax i a l  and rad i a l  f l ow of the contro l materi a l s  an d 

t h e as soc i ated propens i ty for b l ock age and b reach i ng of t he z i rc a l oy c ontrol 

rod gu i de tubes , shou l d  be exami ned by i nvest i gat i n g  these components . 

Th e pre l im i nary exam i n at i on of  f i l ter debr i s  i mpl i es th at t f1e control 

a l l oy was w i d e l y  d i spersed . It i s  not k n own i f  th i s  d i spersa l i s  a res u l t of 

c l add i ng f a i l ure due to ox i dat i on and fragmen t at i on ,  rod r upture from h i gh 

a l l oy v a por pressure , or duct i l e  fai l ure of the stai n l es s  c l addi ng at h i gh 

t emperature . 

Determi n i n g  t h e  b eh av i or of t h e  nucl ear control m ater i a l s d ur i ng t he TM I -2 

acc i dent i s  an i mportant data acqu i s i t i on task  bec ause of the i mp l i cati ons for 

f l ow b l oc k age and reactor recr i t i ca l i ty .  Non -u n i form d i s pers a l  of  t he con trol  

mater i a l  i n  the core wou l d  i mp l y  that recr i t i ca l i ty cou l d be  a concern i n  any 

fu ture acc i dent i f  c ontrol of cool ant b oron l eve l s w as l ost . Th e exami nat i on 

s houl d try to determ i ne how the control  rods degrade and how the Ag - I n -Cd 

c ontrol mater i a l reacts and moves . 

6 . 2 . 3 . 4  D i s t i nct Fue l  As semb l y  a nd Control  Rod Cl uster Components . CCTV 

i nspect i on of the  core voi d  an d the under s i de of t h e  pl enum revea l ed a myr i ad 

of fuel  assemb l y  and contra\ r od c l us ter c omponents ( i . e . , c l add i n g ,  control 

rods , s p i ders , s pacer gri d s , end f i tt i ngs , h o l d  down spr i ngs , etc . ) e i ther 

h angi ng  f rom the p l enum or  l yi n g l oose i n  t he c ore bed . Th e con di t i on of  the 

components v arys from bas i ca l l y  i ntact  to  severel y d amaged . 
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Approxi mate l y  40 suc h spec i mens s hou l d  be  ret r i eved from the core fo r 

s ubsequent exam i n at i on .  S ampl e se l ec t i on s ho u l d b e  b ased on C CTV i nspect i on ;  

s p i ders , spacer g r i d s  and end f i tt i n g s  shou l d  be taken from the s ame {known ) 

pos i t i ons . I f  pos s i b l e ,  h ang i ng fue l  a ssemb l y  s tubs shou l d  be obta i ned . 

The fuel  assembl y  upper end f i tt i ngs and thei r contro l rod s p i ders , as 

w e l l as  other fuel a ssemb l y  c omponents t hat e xh i b i t  a ran ge of damage , s hou l d  

be obtai ned . The end f i tt i ngs and s p i ders are s t a i n l es s  stee l components 

or i g i na l l y  l oc at ed i mmed i ate l y  above t he f ue l  r ods , a l though t hey may be found 

i n  a v ar i ety of  l ocat i ons i n  the core debr i s .  As observed i n  the CCTV camera 

i n spect i ons , some of  t hese c omponents h ave  rema i ned attached t o  the u nders i de 

of the p l enum even though the o x i d i zed fuel  assembl y  beneath them fractured 

and f e l l away . Others h av e  fa l l en i nto  t he c ore w i th the fue l  assembl y  

debr i s .  The ma i n  damage t o  these component s  probab l y  resu l ted from steam 

o x i dat i on ,  a l though c amer a i ns pect i ons  i nd i cated that temperatures m ay h ave  

been  h i gh enough to prod uc e  l oca l i zed me l t i ng .  Meta l l ography w i l l  be the mai n 

exam i nat i on t echn i que to document the o x i d at i on ,  mel t i ng ,  and other react i ons 

of these components . Ox i de-th i ckness measurements  a l s o  w i l l  be used to 

e s t imate t h e  hydrogen r e l eased d ur i ng s team o x i dat i on of t hese components ,  and 

thus  the i r contri bu t i on to the tota l  hydrogen generat i on and the conta i nment 

i ntegr i ty i ssue . In add i t i on , f i ss i on product p l ateout on these s u rf aces w i l l  

b e  measured to as sess the i r  r o l e i n  r ad i onuc l i de reten t i on i n  the core . Peak 

t emperatures shou l d  be d eterm i ned f or the c omponents to  h e l p prof i l e  t he 

max i mum t emperatures exper i enced i n  t h e  core reg i on .  

6 . 2 . 3 . 5  In-Co re Ins trumentat i on . Th e 52  assemb l i es i ns trumented w i th 

i n -core i nstrument str i ngs [cons i st i n g  of one c oo l ant exi t  thermocoup l e and 

seven a x i al l y  s paced sel f-powered n e u tron detectors ( SPNDs ) ]  h ave  provi ded 

d at a  to hel p u nderstand the TMI -2 acc i den t sequence . I n  an effort to  i mprove 

t h i s  u nderstand i n g ,  attempts w i l l  be made to obtai n  s everal debr i s  s pec i mens 

from w i th i n  the core regi on ,  conta i n i n g both reasonab ly  i ntact and d amaged 

sect i ons of t he i nst rument str i ngs . Damaged i ns truments w i l l  be s ubj ected t o  

deta i l ed meta l l ography to  determ i ne th e e xtent of  ox i dat i on ,  me l t i ng ,  eutecti c  

f ormati on ,  and chemi ca l  react i on .  

9 9  



Each  i n str ument str i n g  i s  compr i sed of one Chrome l -Al ume l thermocoupl e ,  

s even SPNDs , and one g amma compen s at i n g b ack ground detector . Because  of the 

var i ety of  mater i a l s i n  the i n struments and  the i r  i nd i v i d u a l  react i on 

v ar i ances dur i ng the TMI -2 acc i dent ,  t h e  i ns truments can prov i de t h e  best 

t emperature prof i l e  data of any i n -core component . F i gure 21  i s  a schemati c  

of a n  i n-core detector assemb l y .  

6 . 2 . 4  Misce l l aneous Samples  

Th i s  secti on presents recommendati on s  for s pec i f i c  data  col l ect i on t ask s ,  

a s  wel l a s  gu i de l i nes  that wi l l  b e  used for s amp l e s t ak en from areas other 

t h an the reactor vesse l  and reactor coo l ant  system . Th ere are two t as k s  

recommended to s at i sfy t h e  needs o f  th i s  p l an :  reactor bu i l d i n g  basemen t 

s o l i d s and reactor coo l ant dra i n  t an k . Both t as k s  are centered at determ i n i ng 

the  quant i ty and type of f i ss i on products  that ex i ted the pr imary sys tem , as  

p art of the overal l source t erm c a l c u l at i on s . A b r i ef descr i pt i on of  these 

task s i s  out l i ned be l ow .  

6 . 2 . 4 . 1  Reactor Bu i l d i ng Basement Sol ids . Four s amp l es of debri s h ave  

been col l ected from the  reactor b u i l d i n g  basemen t .  Exam i nat i on i nc l uded 

r adi o l og i c a l  and c hemi cal  e l emental  a n a l yses of  the so l i d s and l i q u i d s ,  and 

part i c l e s i z i n g of so l i ds in th e s l urry samp l e .  Th i s  task i s  comp l ete . 

6 . 2 . 4 . 2  Reactor Coo l ant Dr a i n  Tank . CCTV exam i nat i on of the reactor 

coo l ant dra i n  tank and vent p i pe h as been compl eted . Samp l e s  of s l udge t aken 

from these areas w i l l  be exam i ned u s i ng s i m i l ar tech n i ques u sed on t he reactor 

b u i l d i n g  basemen t s o l i ds .  
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7 .  SUMMAR Y AND CONCLUDI N G  REMARKS 

S pec i f i c  recommendat i ons  h ave been m ade h ere i n for obtai n i ng d ata  w i th i n  

the scope o f  the TM I -2 core exam i n at i on  p l an that wi l l  s u pport reso l u t i on o f  

t h e  major s afety i s s ues  f ac i ng the  n u c l e ar power i ndustry . However , the c ore 

exam i nat i on act i v i t i es shou l d  be rev i ewed per i od i ca l l y  i n  the l i ght of new 

i nformat i on ,  as i t  b ecomes ava i l ab l e .  Wh i l e t he types of data  i de nt i f i ed 

here i n  w i l l  not change , recommen dat i o n s  on how to  sat i sfy these data need s 

w i th d ata  from t h i s program poss i b l y  may c h ange as  new i nformat i on i s  

devel oped d ur i n g  recovery operat i on s . 

Th e fo l l ow i ng c onc l ud i ng po i nts  s h ou l d  b e  n oted : 

o Ser i ou s  ques t i on s  can b e  ra i sed concern i n g  the effect s  of  proces s e s  

t h at h av e  occurred i n  t he i n ter i m  s i nce the  acc i dent o n  t h e  data  of  

i nterest ( i . e . ,  the  exten t t o  wh i c h TM I -2 reta i n s  some 11memory 11 of  

t he phenomena of i nterest i n  the c urrent ly  retr i ev ab l e  data  i s  not  

c l e ar ) .  Al though there i s  no sh ortage of expressed op i n i on s  on the 

extent t o  w h i ch i nter im  effects h av e  c onfounded the usefu l 

i nformat i on that can be  obtai ned , i t  shou l d  be remembered that much 

of  t h i s o p i n i on i s  s pecu l at i ve s i nce t he i nter im  phenomena are even 

l es s  understood than  the acc i dent  ph enomena .  

o Care s h ou l d  be t aken i n  retr i ev i ng and s h i pp i ng s ampl es so  as to  
avo i d a l ter i n g  the  surface depos i t s and  other  features of  i nterest . 

Any c arel essness  c ou l d  further c ompound the prob l ems of i nterpret i ng 

the data t o  d i scover what happened dur i n g th e cruc i a l  per i od of the 

acc i dent . Al so ,  the l ocat i on from wh i ch eac h  s ampl e i s  r emoved 

shou l d  be c l e ar l y  documented , as shou l d  the s ampl e remov a l  and 

h and l i ng techn i ques . 

I t  i s  recogn i zed that t he TM I -2 c ore e xam i n at i on p l an must deve l op strong 

i nterfaces w i th other organ i zat i ons  and other GE ND-s pon sored act i v i t i es .  

Th ese i nterfaces are e s sent i a l b ecause the core exami nat i on p l an out l i ned 
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here i n  c l ear l y  cros ses curren t l y  estab l i s hed areas of respons i b i l i ty .  

E x ampl es of organ i z at i ons and other GEND act i v i t i es that  must part i c i pate w i th 

DOE i n  the con t i n ued def i n i t i on and performance of th i s  p l an are as fo l l ows : 

o General  Pu b 1 i c  Ut i l i t i es Nuc l ear Cor p .  { GPU - Nuc l ear ) - -Co nt i nued 

i nterface w i t h  GPU Nuc l ear an d i ts contractors i s  essent i a l  to  

eff i c i ent schedu l i ng of  t he core exam i n at i on t as k s  and i ntegrat i on of  

those t ask s i nto the reactor c l ean u p  and recovery program . GPU 

Nuc l ear i s  t he l i cense ho l der and h as u l t i mate respons i b i l i ty for the 

TM I - 2  p l ant . 

o E l ectr i c  Power Research I n s t i tute ( EPRI ) - -E PR is i nvol vement i n  the 
c l ean u p  an d requa l i f i cat i on of se l ected mechan i ca l  an d pr i mary system 

c omponents means t h at s ome of  i ts tasks  w i l l  generate d ata rel evant  

to  the i ssues  d i scus sed here i n . 

o U . S .  Nuc l ear Regu l atory Commi ss i on ( NRC ) - -NRC representat i on on the 

TEG and GEND adv i sory groups ensures the i r  i nvo l vemen t i n  the 

p rogram .  NRC s hou l d  act as  a l i nk  b etween t he core e xami nat i on 

act i v i t i e s  and the  v ar i ety of severe fue l  damage research programs 

t h at i t  s ponsors . NRCs i nvol vement i n  exami nat i on p l ann i ng and 

research coord i nati on w i l l  not comprom i s e i t s  regu l atory funct i on . 

o Techn i ca l  Ev a l uat i on Group  ( TEG ) - -Th i s  DOE -s ponsored group s hou l d 

meet per i od i ca l l y  to rev i ew the  p l a n and i ts i mp l ementat i on .  

o Techn i ca l  As sessment and Adv i sory Grou p  (TAAG ) - -Th i s  grou p ,  wh i ch 

adv i se s  GPU Nuc l ear on reactor recovery task s ,  s hou l d  be fami l i ar 

w i th t he p l an .  

o Fue l  E xami nat i on Fac i 1 i t i es--TM I -2 core exami nat i on man agement w i l l  
cont i nue  to work w i th commerc i a l  and governmen ta l fue l exam i nat i on 
f ac i l i t i es to  ensure cost-effect i ve use  of these resources . 
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o Other -TMI-2 Programs --Severa l ongo i n g  tas k s  h ave areas of techn i c a l  

over l ap w i th th i s  p l an [ e . g . , W aste Immob i l i z at i on Program ( some data 

wi l l  be gener ated o n  the f i s s i o n  product content of sel ected types of  

reac tor was tes ) ] .  

Th e TM I -2 c ore exam i n at i on p l an i s  e xtens i ve ,  yet when the exami nat i on i s  
red�ced t o  i ts const ituen t task s , i t  w i l l  requ i re few techn i ques and 

fac i l i t i es b eyond t hose n ow avai l ab l e  for post- i rrad i at i on exam i n at i on s  or 

those be i n g  devel oped for reactor defuel i ng .  Al l on-s i te ( i n s i tu ) 

exami nat i on s , wh i ch are i ntended t o  document the  post-acc i dent c ond i t i on o f  

t h e  core , are des i gned to be  compat i b l e  w i t h t h e  p l ant -recovery and 

reactor-defuel i n g  o perat i ons . The core e xam i n at i on emphas i z es acq ui r i ng 

representat i ve samp l es  of core and reactor i ntern a l s damage an d ensur i n g  that 

adequ ate precaut i on s  are taken to  prevent damage or a l terat i on of these 

s amp l es dur i n g  trans i t  to remote hand l i n g  l abor ator i es .  As the TM I -2 

s pec i mens are recei ved and c atal ogued , d eta i l ed o ff -s i te exami n at i ons  

descri bed herei n can begi n .  Wh i l e  the  s pec i f i c  TM I -2 core exam i nat i on p l an 

w i l l  l i ke l y  c h ange and evo l ve  a s  k nowl edge of t he c ore damage i ncreases , t he 

exam i n at i on s  a l ways mus t  b e  b ased o n  meet i n g  s pec i f i c  exam i nat i on object i ve s  

and h av i ng a cost-effec t i ve i mpact o n  the u nder l y i ng techn i c a l  i ssue s .  On l y  

then w i l l  the program have served i t s  pur pose o f  hav i n g  a permanen t and 

pos i t i ve i mpact on l i gh t  water r eactor s afety and techno l ogy . 
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