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.
ABSTRACT 

Th1 s  report estab 1 1 shes the bas 1 s  and scope of work for the Three M1 1e 

I s l and Un 1 t  No . 2 (TMI-2)  Acc 1dent £valuat 1 on Program sponsored by the 

Depar tmen t of Energy (DOE ) .  The current understand1ng of the TMI-2 

acc1dent 1 s  rev1ewed, w1 th empha s 1 s  on the end-state d 1 s t r 1 b u t 1 on of 

1mportant rad1 o1sotopes and the progress1on of core damage 1ead1ng to gross 

core fa1 1 ure and fuel m1grat1on 1 n to the l ower plenum reg1ons of the 

reactor vessel . Unresolved techn1ca1 1 ssues related to core damage 

progres s 1 on and f 1 s s 1 on product behav1or 1 n  hypothes1 zed reactor acc1dents 

are 1dent 1 f1ed.  The role  of  TMI-2 acc1dent research 1 n  addr ess1ng these 

unresolved 1 s sues 1 s  devel oped and d1 scussed. Data needs from TMI-2 and 

suppor t 1 ng analys1s  requ1 rements to 1nterpret the data are 1den t 1 f 1 ed that 

w1 l l  1mprove our understand1ng of the 1mpor tant phys1cal processes and 

parameters contro1 1 1 ng core damage progress 1 on and the resu l t 1 ng f 1 s s 1 on 

product behav 1 o r .  

The sample  acqu1 s 1 t 1 on tasks and suppor t 1 ng analyses t o  1nterpret the 

TMI-2 data w1 1 1  prov1de the techn1cal bas1s for mee t 1 ng the object1ves o f  

the program, wh1ch are: 

1 .  To understand the phys 1cal  and chem1cal s tate of the TMI-2 core 

and related s tructures and the external 1 n f l uences wh1ch affected 

the acc1den t .  

2.  To understand what happened dur1ng the acc1dent and to prov1de a 

qua l 1 f 1 ed data base and standard problem of the TMI-2 acc1dent to 

benchmark severe-acc 1 dent anal ys1s  codes and methodolog 1 es . 

3 .  To unders tand the relat1onsh1p between the phenomena and 

processes control l 1 ng the acc 1 dent and the 1mpor tant 

severe-ac c 1 dent and source-term techn1cal 1 ssues . 

4 .  To assure that the results o f  the program are effec t1vely 

transferred to the nuc lear 1ndus try.  



Th\ s  docuMent presents a descr t pt \on of the TMI -2 Acc \dent (vdluat\on 

Progra• (AfP ) ,  to be conducted for the Un\ted State� DepartNent of Energy 

(DO£ ) by £6&6 Idaho, Inc . The doc�nt 1nc 1udes background \nfor.at\on to 

estab l \ sh a perspec t \ ve of the \�ortance of the TMI-2 AEP r e l a t \ ve to 

other 1 \ ght-water-reactor (lWR) severe acc \dent and source ter• research . 

The TMI-2 acc \dent vas un\que \n  two \Mportant features r e l a t \ ve to 

severe acc \dent and sourc� term research. F \ r s t ,  the acc \dent occurred \ n  

a c�r c \ a l  LWR under ther � l -hydrau l \ c  cond\ t \ ons typ\cal o f  a large 

fa•tly of hypothe s \ zed severe acc \ dent s .  Second, the da�ge to the core 

his �en conf\r�d to be �re severe than the e x \ s t \ng severe fuel da.age 

exper\.ental data base . Because of these un\que fea tures ,  the acc\dent 

offers the potent\al  of \ncreas\ng our unders tand\ng of .any current l y  

unresolved severe acc \ dent and source ter• techn \ c a l  \ ssues . 

The .ajor unresolved techn\cal  \ ssues have been \den t \ f \ed by 

extens\ve rev\ev s tud\es recen t l y  co.pleted w\ th\n the techn \ c a l  

c�n\ t y .  These \nc lude U . S .  Nuclear Regulatory C�\ s s \ on (NRC) rev\ew, 

based on the resu l t s  of the Severe Acc\dent Research Program; the 

Indus try-sponsored Degraded Core Research Progra• ( IOCOR ) ;  and extens\ve 

techn\cal  rev\evs recently c01pleted by the �r\can Nuc lear Soc tety,  the 

�r tcan Phys \ca l  Soc \ety,  and DOE . The .. lor techn\cal  \ s sues \den t \ f ted 

fr� these revtevs are s�r1zed \n Table 1 ( page 3 ) .  S\nce da .. ge dur\ng 

the TMI-2 acc tdent was pr \ .. r \ ly 1 1•1 ted to the core and reactor vesse l ,  

the ut \ 1 \ ty of the TMI-2 data \ s  related to those techn\cal  t s sues 

assoc tated w tth  \n-vessel core degradat \ on and f \ s s \ on product behav\or 

pr\or to vessel fat lure. Those spec \ f \c •1n-vesse1• techn\cal  t s sues for 

wh\ch our understand\ng can be stgn\f\cantly \Mproved through add\t \onal 

TMI-2 research are \den t \ f \ed \n Tab le  4 ( page 24 )  and tnc l ude ques t \ ons 

related to reactor syst� ther.al-hydrau l \ c s .  core degradat \ on ,  and f \ s s \ on 

product behav\or . 
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App l 1 ca t 1 on of  the TMI-2 research towards reso l u t 1 on of the r e l evant 
techn1 cal  1 s s ues w1 1 1  be very much dependent upon demons trat1ng a 

con s 1 stent and comprehen s 1 ve under stand1ng of the acc1dent w1th  respect to 

core damage progress1on and f 1 s s 1 on product release and transport. 

Deve lop1ng t h 1 s  understand1ng 1 s  the most 1mpor tant program objec t 1 ve .  

Cons1derable progress 1 n  develop1ng the acc\dent scenar 1 o  has been made, 

but add1 t 1 onal work 1 s  necessary. The fol low1ng 1 nformat1on w1 1 1  be 

devel oped: more rea l 1 st1c temperature bounds dur 1 ng the 1 n 1 t 1 a l  core 

heatup; the extent of fuel relocat1on and resu l t 1 ng conf1gurat1on of the 

noncoolable core reg1ons ;  core relocat1on 1nto the lower plenum; the 

phys1cal and chem\cal \nteract1ons between the mol ten core mater 1 a l s  and 

the lower p l enum structures ( 1 nc l ud1ng the reactor vesse l ) ;  and the 

forma t 1 on of a coolable conf1 gurat1on w1th1n  the lower plenum. These 

quest1ons w\1 1 be resolved through add\t1onal sampl e  acqu1 s 1 t1on and 

exam1nat1on of the core and reactor vessel mater 1 a l s  and support\ng 

analys1s  to 1 ntegrate the exam1nat1on results,  the plant thermal -hydr a u l 1 c  

response as character 1 zed by on- 1 1 ne 1nstrumentat1on dur\ng the acc 1dent, 

and other \ndependent severe fuel damage research. Th1s w1 1 1  prov\de the 

des1red unders tand\ng of the core damange progress1on and resul t1ng f 1 s s 1on 

product release, 1 . e . ,  the acc1dent scena r 1 o .  The unresolved quest1ons 

regard1ng the TMI-2 acc \ dent progress1on d\scussed above ( summar1 zed 1n 
Table 3) have almost a one-to-one correspondence to the outstand1ng severe 

acc 1 dent and source term techn1cal 1 s sues ( s ummar 1 zed 1n Table 4 )  wh1ch 

have 1mpacted the nuclear 1ndustry. 

The TMI-2 Acc 1 dent Evaluat1on Program w1 1 1  ach1eve the fol l ow1ng 

obJect1ves: ( a )  complete our understand1ng of the TMI-2 acc1den t ,  

1 n c l ud1ng the end-state d 1 s t r 1 but1on of f 1 s s 1 on produc t s ;  ( b )  app l y  the 

TMI-2 research resu l t s  towards resolv1ng the more general severe acc1 dent 

and source term techn1 ca1  1 s sues ; and ( c )  ensure 1ndustry coor d 1 na t 1 on and 

par t 1 c 1pat\on 1n def\n\ng and carry1ng out the program. The AE P 1 s  

organ1zed 1nto four major elements to ach1 eve these goa l s .  These 

organ1 zat1on elements 1 n c l ude : ( a )  E xam1 nat1on Requ1 r ements and System 

Ana lys 1 s ;  ( b )  Sample Acqu1 s 1 t 1 on and Exam1na t 1 on; ( c )  Data Reduc t1on  and 

Qua l 1 f 1cat1on;  and ( d )  Informat\on and Industry Coord1nat1on. 

\v 



The E xa•\na t\on Requ\r�nts and Sy�t� Evaluat\on prograM t ltMent \ s  

tht ctntrl l .  \ntevrat\nv el.-.nt of the progrdm � \ t h  rtspon� \b\1\ ty  to 

(a) dtf\nt the provr .. goa l s  and obJtc t \ ves, ( b )  \ntegratt dnd evaluate the 

T"l-2 data w\th resu l t s  frOM \ndependent severe acc \dent restarch progra�s 

to ca.p1ttt our unders tand\ng of the acc \dent and to convtr9t on a 

cons \ s tent and ca.prehens\ve acc \ dent scenar \ o ,  ( c )  prepare and conduct a 

�1-2 standard probl�. and ( d )  u t \ 1 \ze the TM I-2  research res u l ts toward 

rtso lut \on of the severe acc\dent and source ttra techn\cal \ ssue s .  

Oeta\led tasks assoc \ated w\th def\n\ng the progra�. cONp1et \ng our 

understand\ng of the acc\dent, deve1op \ng the acc \ dent scena r \ o ,  develop\ng 

the TMI-2 s tandard probl�. and ut 11\ z \ ng the TMl-1 research towards 

resolv \nQ the severe acc\dtnt and source ter� techn\cal \ssues are 

presented. 

The s..ple Acqu\s\ t \on and Exaa\nat\on Progr .. w\ 1 1  prov\de the 

eng\ neer \ng support necessary for acqu \ r \ ng the plant saMples and 

coap1et\ng the exa•tna t\on of selec ted sa�le to prov\de those data 

necessary for deve lop\ng a f \ nal acc\dent scenar\o .  The end-state 

charac ter \zat\on data needs have been \den t \ f \ed and pr \or \ t \ zed ( see 

Table 5 .  page 28 ) ,  and these data needs have bten transla ted to a 1 \ s t  of 

pr\or \ t \ zed sa� les and/or data acqu\s\t\on tasks (Table 6). 

The Data Reduc t \on and Qua l \ f \cat \on Prograa e l�nt w\ 1 1  evaluate and 

qua l \ f y  the data fro. on-1\ne \nstruM�ntat\on that are requ\red for the 

s tandard probl� and developaent of the acc\dent scenar\o.  A centra l \ zed 

data base conta\n\ng a l l  of the �1-2 research resul ts , exa•\na t\on data,  

and suppor t \ng ana 1 y s \ s  w\ 1 1  be developed. 

The lnforaa t \on and Industry  Coord\nat\on prograa el�nt � \ l l  prov\de 

for \nfor .. t \on d\str \but\on to tht pub l \ c  and the nuclear coaaun\ty  and 

coord\na t\on of the nuclear \ndustry support \n def\n\ng and suppor t \ ng the 

pr09raa and \nterpret\ng the T"l-2 research  f \ nd\ngs . 
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TMl-2 ACCIDENT (VALUAT ION PROGRA� 

1 .  INTRODUCT ION 

On �rch 28, 1979. th� Un1 t  2 pressur1 zed water reac t,,r at Three M1 1e  

Island ( T"l-2)  underwent an  acc1dent wh1ch 1nvolved severe damage to  the 

reactor cor e .  Although the acc 1 dent had m\n\�1 �ffec ts  on the hea l th and 

safety of the pub l \ c ,  1 t  d \d  prOMpt a reevaluat\on of severe acc1dents, 

f 1ss\on product source terMs, and poten t \ a l  power reactor r\sks. for the 
l 

past several  years. the U . S .  Nuclear Regu latory Co�1ss\on (NRC) and 
2-S 

other \ndependent research organ1zat1ons have labored to develop new 

\ns\ghts regard1ng degraded core acc\dents and source terms �mportant to  

nuclear safety and regula t \ on . These research effor t s  have prov1ded n� 

\nfor .. t1on and \ns\gh t ,  but have not conc lus1vely def1 ned a methodology 

for deter•1n\ng real1st \c  source terMs for severe acc1den t s .  The 

spec \ f\ca t 1 on of rea l \s t \c  source ter•s for severe acc \dents represents a 

.. lor unresolved tec hntcal  \ssue 1�ac t 1 ng the nuclear 1ndustry today. 

The TMI-2 acc \dent \ s  the �st severe acc 1dent that has occurred \n a 

c�rc\al  nuclear p�r plant . Recent ev1dence \nd\ca tes that the TMI-2 

core exp�r\enced s\gn1f 1cant fuel Ne l t 1ng, w\th  subsequent reloc a t \ on of 

MOlten core �ter \ a ls 1nto the reactor vessel (RV)  lower p l enuM. A 

coolable conf\gurat1on was ach\eved w1th 10  to 20 tons of core ma ter\als  \n 
the lower p l en�. and the acc \dent was terM1nated by on- l 1ne safety 

systeMs. A s 1gn1 f \cant fract\on of the �re vola t \ le f \ s s \on produc ts  was 

released fr� the fuel; h�ver , these f 1 ss1on produc t s  were conf 1ned \n 

the reactor coolant and conta1n.ent w\ thout s\gn\f \cant release to  the 

�nv\ron�n t .  The TM I - 2  acc \dent w\ 1 1  prov1de a wea l th o f  knowledge 

regard1ng core da�ge and f 1 ss\on produc t behav1or dur\ng severe 

acc1den t s .  Also, the TMI-2 acc \�ent prov\ des a un\que opportun \ ty to 

conf tr• the app l t cab\ 1 \ ty of ex\st1ng severe fuel da�ge and f 1 ss1on 

product data, obta\ned fro. s�ll-scale expert�n t s ,  and to benchmark 

current severe acc \ dent ana lysts codes and .ethodolog\es w\th data f r o.  a 

severe acc 1 dent 1n a f u l l -scale operat 1ng power reac tor . 

• 



A number of techn1cal 1 s sues have been \ den t 1 f 1 ed1 -5 that requ1re 

res o l u t 1 on to def1ne rea l 1 s t 1 c  source terms for severe acc1dents . These 

1 s sues and the or1g1nat1ng source ( s )  are prov1ded 1n Tab le  1 .  Research 1 s  

be1ng conducted world-w1de t o  address  these \ssues . The research 

methodology 1n general enta1 1 s  smal l -sca l e ,  separa te-effects exper1ments 

and model development ,  together w\th larger , conf1rmatory nuclear systems 

exper\men t s .  These larger-scale exper1ments are 1mportant for conf \ rm1ng 

the capab1 1 1 ty of the reactor systems mode l s  and the appl 1cab1 1 1 t y  of the 

smal l er-scale exper1ment s .  As prev1ously 1nd1cated, the TMI-2 acc\dent 

prov1des the only 1 ntegral reactor systems data for a severe core damage 

acc1dent; and, because of th1s un1quene s s ,  1 t  can prov1de key conf1rma tory 

1 nformat1on to qua l \ fy our understand1 ng of 1mportant mechan1sms 

contro l l \ ng core damage progres s \ on and the resul t1ng  release and transport 

of f 1 ss \on products w1 th1n the reactor coolant system (RCS ) .  

The Department of Energy ( DOE ) 1 s  sponsor1ng the TMI-2 Acc\dent 

Evaluat\on Program to take f u l l  advantage of th1 s un1 que research 

opportun1 t y .  The goal of t h \ s  program 1 s  t o  prov1de support1ng object\ve 

ev1 dence that can be used 1n conjunct1on w1th the resu l t s  of world-w\de 

severe acc1dent and source term research to obta1n s1gn1 f1can t ,  long-term 

rel 1 ef from ex1 s t 1 ng regul a t 1 ons wh1ch do not reflect or cons1der rea l \ s t 1 c  

source terms for severe acc1den t s .  To ach\eve th1s  goa l ,  the program must 

f 1 r s t  develop a cons 1 s tent and comprehens1ve phys1cal unders tand1ng of the 

acc1dent. Th1s under stand1ng must then be app11ed toward resol u t 1 on of 

severe acc1dent and source term 1 s s ues to wh\ch the TMI-2 research \ s  

app l 1 ca b l e .  The resolut1on o f  these techn1cal 1 ssues w1 1 1  contr1bute to  

the restora t 1 on of pub l 1 c  conf\ dence 1n  the nuclear 1ndustry and the 

estab1 1 shment of a sound techn1cal bas 1 s  for the des 1 red regulatory 

re 1 1 e f .  The object1ves of the Acc1dent Evaluat1on Program to support th\s  

overa l l  goal are: 

1 .  To understand the phys1cal  and chem1 cal state of the TMI-2 core 

and related s truc tures and the external \nfl uences wh\ch affected 

the acc 1 den t .  
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TABU l .  SU""ARY Of S(V£R( ACCIDENT AND SOURCE HRM TECHNICAl ISSUES 

NRC l/ 
T tc hn 1 cal Issue t�co�l ANS3 APS4 OOfS 

I .  Rttc tor Coo l \ng Sxs te• Thtrmal -Hxdrau 1 1c� 

1 .  Coupl \ng brtwrtn corr degrada t 1 on. RV X X 
thrr.al-hydrau l \ c s .  and f \ s s 1on product 
bthav1or ( \nttgrated code) 

2. RCS natural convec t\on X X 

3 . RV natural convec t \ on X X 

•• Mode l \ng of �rgrncy response X 

s. E s stn t \ a l  equ\�nt perfor,.,.nce X 

6. Opeu tor act  \on X 

I I .  Core oa .. ge Progrtss\on and RPV f a 1 1urr 

1 .  oa .. ge progr ess\on \n core X X X 

2. Core s l u.p  and col lapse X X X 

3. Reactor vessel fa\lure �es X X 

4 .  Hydrogen generat\on X X 

s. Alpha MOde conta\n�nt fa\ lure• X 

I l I .  ftJI\on Produc t Bthav\or 

1 .  f t s  s \on pr oduc t rtltase \n RV X xt> 
2. Che.\ca l  for11 X 

3. Che.\cal react1ons affect\ng f \ s s \on X X 
product transport 

4 .  Tt l lur \� behav1or X X 
s. RCS f \ ss\on product and aerosol X X 

dtpos \ t \ on 

6. Rtltlst of control rod .ater\als 

3 
• 



TABLE 1. (con t 1 nued) 

Techn\cal Issue 

7 .  Revapor 1zat1on of f\ss\on products 

8 .  Aerosol generat\on mechan\sms 

9 .  f\ss\on product release dur\ng 
core-concrete \nterac t\on 

1 0 .  Growth and depos\t1on of aerosols 

11. Effec t\veness of suppress1on pools 

12. In-conta1nment volat1zat1on of 1od1ne 

I V .  Conta\ nment Response 

l .  D1rect heat1ng by ejected core 
mater\als 

2. Heat transfer from molten core 
to conta\nmen t/concrete 

3. Hydrogen burn\ng 

4 .  Conta1 nment leakage 

5 .  Conta\nment fa1 lure mode 
and t1m1ng 

6 .  Secondary conta1nment performance 

NRC/ 
IOCOR 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

a .  Conta1 nment fa1 1ure as a consequence of a steam explos1on 1n the reactor 
pressure vessel and penetrat\on of the conta\nment by a m1ss 1 l e  from the 
vesse l .  

b .  Only l ow-vo lat1 1 1 t y  f 1 s s 1 on produc t s .  
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2 .  To unders tand what happened durtng the acc t dent and t o  provt de a 
qua l t f \ed data base and s tandard problem of the T"l-2 acc tdent to 

btnc�rk severe-acc t dent analysts codes and �ethodologtes. 

3. To unders tand the relattonshtp bet�en the phenomena and 

processes control l t ng the acc t dent and the tmportant severe 

acc t dent/source term techntcal t s sues. 

4. To assure that the resu l t s  of the program are effec t tvel y  

transferred t o  the nuclear c�n t t y .  

Thts docUNent revtews our current under standtng of the �1-2 acc tdent , 

deftnes the untque severe acctdent and source terM techntcal t ssues that 

can be addressed thr ough addtt tonal T"t-2 research, and descrtbes the 

el�nts of the T"l-2 Acctdent [valuatton Program ( AE P )  that wt l l  achteve 

the progra• ob)ec t t ves s�rtzed above. 

Sec t t on 2 presents an overvtew of our current understandtng of the 

acctdent and tdenttftes spec t f t c  unresolved que s t tons regardtng the 

acc t dent progresston that w1 l l  be addressed through sample examtnatton and 

suppor t tng ana lys t s .  Sec t ton 3 tdent t f tes spec t f t c  techntcal t s sues that 

can . 1n  par t ,  be resolved frOM an under standtng of the T"l-2 acc t dent and 

p r t or t t t zes  spectftc sa.ple acqutst t\on tasks that wt l l  provtde dasta 

related to these techntcal  t s sues. Sec tton 4 \den t t f tes  the four ele.ents 

of the TMI-2 Acc t dent £valuatton Progra• necessary to achteve the above 

prograM ob)ec t t ve s .  These e l�nts tnc lude: (a ) examtnat t on requtr�nts 

and syst� evaluatton, ( b )  saMple acqu t s t t ton and examtna t ton, ( c )  data 

reductton and qua l t f t cat ton, and ( d )  tndus try coordtna t t on. The work 

scope for the f t r s t  three progra• el�nts ts tdenttfted and d1 scussed tn  

Sec t ton 4 .  Sec t ton S dtscusses how the �1-2 data wt l l  be app l ted towards 

resolutton of spectftc  techntcal  que s t tons . Sec t ton 6 dtscusses the work 

scope of the tndustry coordtna t t on program el�n t .  Sec t ton 1 contatns 

concludtng r�rks re lattve to the tMportance of the TMI-2 Acc t dent 

£va1uatton Progra• tn developtng an tncreased under standtng of severe 

acctdents and resu l t t ng f tss ton product behavtor. 

5 
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Deta 1 1 s  of the fund1ng resources ava1 lable to the program and the 
par t 1 t 1 on 1 ng of resources between sampl e  acqu1 s1 t1on and exam1 nat1on and 

analys 1 s  and evaluat1on a c t 1 v 1 t 1es are documented 1n the Master fund1ng 

P l a n .
6 
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2. CURRENT UNDERSTANDING Of THE lMl-2 ACCIDENT 

The TMI-2 acc\dtnt has had a profound \Mpact on the nuclear tndus try.  

dtsp\te the fac t that advtrse pub l \ c  hta l th effec t s  �ere 1nslgn 1 f 1 c ant . 

Unders tand\ng the progress\on of th\s severe core daMdge ac c 1 dent and 1 t s  
re lat \onsh\p to the very sMa l l  releases o f  rad1oac t 1 v 1 t y to the env1 ron�nt 

has drawn \ntense a t tent\on fr� the nuclear po�er commun \ t y .  The TMI-2 

acc 1dent 1s the only source of f u l l -scale ,  severe-acc\dent data for 

addresstng the outstand1ng techn\cal \ s sues .  An overv\ew of  the current 

under s tand\ng of the acc \dtnt 1 s  presented \n th1s sect1on. The da .. ge 

state of the reactor, an acc1dent scenar \o, temperature est \�tes 1 n  both 

tht core debr \s  and s tructural Mater \al  \ n  the upper plen�. and an 

account\ng of f \ ss1on produc ts 1nventory \ n  the plant are presented. 

An understand1ng of the acc\dent 1s be\ng sought by a c�1natton of 

�thods , 1nc lud1ng: (a) 1nterpretat1on of the response of o n l \ ne 

1nstru.en t s  dur\ng the acc1dent; ( b )  v\sua l  and u l trason1c exa•1 nat 1on of 

the reactor vessel 1nternals; ( c )  phys1ca1 and ch�1cal exa•1nat1on of 

�ter\als r.-oved fr� the reac tor vessel: ( d )  exa•1nat1on of  Mater 1 a l s  

transported t o  reactor coolant syst� and conta\n�nt s y s t �  COMPOnents; 

(e) calculat 1ons of acc 1 dent da.age and f \ ss\on product behav\or by 

severe-acc\dent analys\s  codes; and ( f )  f \ r s t-pr 1nc\ple eng1neer1ng 

calculat1ons of spec 1 f 1 c  phena.ena . 

The curren t l y  known da .. ge state of the reactor core and the reactor 

vessel 1nterna1 struc tures, as deter•1ned by var\ous exa•1nat1ons and 

�asur�n t s ,  \s dep\cted 1n F \gure 1. A vo1d no� ex 1s ts  1n the upper 

reg\on of the or 1g\na1 core, enc9MPass1ng approx1Mately one- th\rd of the 

tota l core vol� and extend1ng to the outer�s t ,  par t 1a l l y  da .. ged fuel 

ass.-b 1 1es .  There \s  a debr \s  bed about 1 • deep at the botto. of the core 

cav \ t y .  Efforts  t o  probe down through the debr \s  \nd1cate the presence of 

a layer of hard, \�tnetrable .ater \al  beneath the debr\s  bed at about the 

•1d-core elevat1on .  V1deo scans of the lower reg\ons of the reactor vessel 

1 
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Control rod lead screws (intact) 
Temperature range 700.1255K 

Core void -30% of 
total core volume 

State unknown 

Reformed thermocouple 
junctions near vessel 
inner surface 

Localized regions of oxidized 
and molten stainless steel 

Upper debrla 
-Prior molten fuel (- 3100K) 
-Fully oxidized zircaloy 

Hard layer (1.60·1.75 m) 
above bottom of core 

Bolts appear undamaged 

Estimated 10.20% 
of core material in 
lower plenum 

6 0479 

f 1 gure 1. Known core and reactor vessel cond 1 t 1 on s .  
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1nd\catt that 10 to 2a. of the core �ter\al now rests on the reactor 

vessel lo�r htad, about 2M below the bottOM of the or\g\nal core. A 

photo�raph of tht debr\s \n tht lower plenum \\ shown \n f'gure 2. Gd� 
1 

-.asur ... nts through an \nstrUMtnt tube suggest thdt the .ater\at at the 

vtrJ bottOM of the lower plenu� �y be non-futl �ter\al (ptrhaps s\lver 

fro. .. lted control rods and steel frOM .. lted structural co.ponents). The 

part\cle s\ze, as �11 as the texture, of the �ter\al \n the lower plenUM 

var\es. rang\ng frOM un\for• pea-s\zed gravel a few m\ll\�ters \n d\�ter 

to larger p\ects of lava-1\ke �ter\al at least 200 mM 1n d\a�ter. The 

extent of da .. ge to the lower core support ass�ly \s not known. s\nce the 

v\deo scans �re unable to v\ew the central reg\ons of the lower plenUM. 

The per\pheral reg\ons of both the lower core support structures and the 

reactor head do not appear to be da�ged. 

Part\cles retr\eved frOM the core debr\s bed have been ex .. \ned 
8-9 

to deter•\ne the phys1cal, ch .. \cal, and rad\o\sotop\c character\st\cs of 

the debr\s. Part\cles greater than 1 � dOM\nate the s\ze d\str\but\on 1n 

the debr\s, and there \s a trend toward s�ller part\cles lower \n the 

bed. A s\gn\f\cant deplet\on (up to Sa.) of the z\rcon\u. content has 

occurred \n the debr\s bed, and less than 1a. of the s\lver frOM the 

control rods \s accounted for \n the bed. Cera.agraph\c exa•1nat\on showed 

txtens\ve ox\dat\on of fuel and cladd\ng, MOlten oxygen-saturated alpha 

phase z\rcaloy (T > 2250 K), MOlten uo2-zro2 ceraM\cs (T > 2800 K), 

.alten uo2 (T > 3100 k), and relat\vely unaffected fuel 

(T < 1900 K). An average t�erature of 2200 K has been roughly 

est\ .. ted for a debr\s bed saMPle we\gh\ng about 1 kg. Add\t\onal and 

larger sa.ples of the debr\s bed w\11 be taken, perN\tt\ng the 

deterN1nat\on of MOre accurate bulk character\st\cs of the debr\s bed. The 

saMPles taken frOM var\ous places \n the debr1s bed are qu\te heterogeneous 

on a N\croscale (frOM part\cle to part\cle and even w\th\n \nd\v\dual 

part1cles) but are fa\rly un\form frOM saMple to saMPle \n terMs of fuel 

structure, el�ntal co.pos\t\on, and uran\� enr\chMfnt. 

The daMage to the unders\de of the core upper gr\d structure exh\b\ted 

strong local var\tt\ons, as shown ,n r'gure 3. Artas of foa�d sta\nless 

• 



F'gure 2. Lower plenum debr's (from v'deo data ) .  
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steel componen ts . caused by rap1d oxtdatton near the melt1ng po1 n t  of steel 
(1 720 K ) .  were adJacent to tntact statnless  steel components and a l s o  

me l ted s ta 1 n l ess steel exht bt ttng no evtdence o f  foamt ng.  These 

observattons suggest local var1at1ons tn the compos1 tton and temperature of 

the gas ext ttng the core dur1ng the h1gh- temperature phase of the 
acctdent. Some gas streams were strongly ox\d1z1ng.  others were large l y  

absent o f  s team (probably conta t n1 ng mos tly  hydrogen ) .  and some were much 
hotter than others .  Such ev1 dence of var1at1ons 1n compos 1 t 1on and 

temperature of the gaseous eff l uent from the core suggests that there were 

damaged regtons 1 n  the core that b locked gas f low and d1 verted 1 t  tnto 

channel s  (perhaps c 1 r c u 1 tous ) through the core w\th d tfferent degrees of 

oxygen depletton due to the ox1 dat1on of meta l s  (ma 1 n l y  ztrcaloy) by steam. 

A s 1 g n 1 f 1 cant ax1al  temperature grad1ent ext sted 1n the upper plenum 

durtng the h1gh- temperature phase of the acc1dent, accordtng to analyses of 

the mtcrostructure and mtcrohardness of two control rod d r t ve leadscrews 
1 0  

removed from the reactor . Max1mum temperatures of 1255 K near the 

bottom of the plenum assembly and 700 K near the top were esttmated, based 

on analysts of the s teel samples from a leadscrew 1n a central pos 1 t1 o n .  

Ana l y s t s  o f  a samp le from a leadscrew near the per 1phery showed a max1mum 

temperature of 1033 K near the bottom of the upper pl enum. f 1 s s t on product 

and aerosol depost tton can be expected on steel sur faces at temperatures 1 n  

the range from 700 to 1255 K .  The p lenum sur faces had been submerged for 

about four years before the leadscrews were removed for examt natton. As a 

result. on ly  1 nsoluble f \ s s t on product depo s t tton rema\ns  on the leadscrew 

surface s .  

2 . 2  F 1 s s 1 on Product 0 \ s tr t button 

-5 
Only about 1% of the noble gases and 3 x 10 % of the todtne were 

1 1  
found to have escaped to the env\ronment durtng the acctdent. To date, 

measurements of f \ ss t on products have been made 1n the core debrt s ,  1n the 

reactor coolant, 1n reactor and aux1 1 1ary bu1 1 d1ng sumps and tank s ,  and on 

sur faces tn the reactor vess e l ,  the reactor coolant sys tem. and the reactor 

and aux111ary bu\ ld\ngs . The es ttmated rad1o1 sotope accoun ttng based on 

these mea surements \ s  summa r t zed 1 n  Table 2 (Reference 1 2 ) .  

1 2  
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About 1 0%  of 1od1ne and ces 1 um of the 1 n 1 t 1 a l  core 1nventory was found 

1 n  the reactor coolant 1mmed1 ately f o l l ow1ng the acc1dent; and about 4� 
was found 1n the sumps and tanks of the reactor and aux1 1 1 ary bu1 l d 1 ngs , 

together w1 th about 4% of the core 1 nventory of tel lur 1 um. No more than 1%  

of any other f 1 s s 1 on product was measured 1n the coolant .  

13 
Te l l ur 1 um has been found on leadscrew surfaces 1 n  amounts 

correspond1ng to about 2% of 1 t s  core 1nventory, based on extrapolat1ng 

r e s u l t s  from the two leadscrews exam1ned to the ent1re  upper p l enum surface 

area . Th1s 1s the largest measured depos 1 t 1on 1n the RCS for any of the 

f 1 s s 1 on produc t s .
14 

The rema 1 n 1ng depos 1 t 1ons are less than 1% of core 

1nventory. In terms of f 1 s s 1 on product chem1 s try,  1 t  1s of 1 n terest to 

note that ces1um was pr1mar 1 l y  found to be bound to an ox1de layer on the 

leadscrew surfaces. S 1 l ver was found to be depos1 ted on the leadsc rews 1 n  

amounts correspond1ng to about 1% of 1 ts 1nventory 1 n  Ag-In-Cd control 

rods , 1 f  extrapolated to the ent 1 r e  upper p l enum surface area. "ost of the 

f 1 s s 1on product depos 1 t 1on was found near the top of the p l enum assembly 

where the temperature was lower dur1ng the acc1den t .  

About 3� of the 1od1ne and ces1um was e s t 1mated t o  be 1 n  the core 

debr 1 s .  One percent of the core 1nventory of s tront1um has been found 1 n  

the reactor coolant water, and about 2% has been found 1 n  sumps and tank s .  

Data on t e l l u r 1 um 1 n  the debr 1 s  bed are too few t o  est1mate retent1on 1n 

core debr 1 s  a t  t h 1 s  t1me.  The debr 1 s  reta1 ned approx1mate1y 1 1 5% of 1 ts 

s t ro n t 1 um and prac t 1 c a l l y  a l l  of 1 ts cer1um.  Appr ox1mately 41% of  the 

a n t 1 mony and 61% of the ruthen1um 1nventor1es were reta1ned 1n the core 

debr 1 s ,  and less  than 1% of the core 1nventory of these mater 1 a l s  has been 
1 5  found el sewhere .  There 1 s  ev1dence that mo l ten s ta 1 n less steel tends 

to concentrate ava1 1able ruthen1 um 1 n to a separate metal phase. 

"easurements have not yet been performed on the f 1 s s 1 on product content of 

the core below the debr 1 s  bed nor 1n the mater 1 a 1  located 1 n  the l ower 

plenum. 
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2 . 3  Acc1dtnt Sttntr1o 

The Jcctdent scenar1o developed here for the the tntt1a1 four hours of 
the acc\dent \s based on the known end-state condtttons of the core and 

reactor vessel, data fro. plant tnstr�ntatton recorded durtng the 
acc1dent. the results fro. best-est\Mite analyses of the acc1dent employtng 

16 the SCDAP code, and da .. ge �chan\sMs deduced fra. severe fuel da .. ge 
exper\.ents. The 1MPortant features of the acc\dent scenarto are d1scussed 

here to \denttfy the pr\�ry �chan1sMs contro111ng core daMage progresston 
and the pr1 .. ry quest\ons r�1n1ng to be resolved. 

Core uncovery started between 100 and 120 M1n after turb1ne tr1p, 
�tch 1s cons\dered the beg1nn1ng of the acc\dent. Th\s 1s substant\ated 
by the �asur.-ent of superheated stea• 1n the hot legs at 1 1 3  �\n. 
lest-estt .. te pred\ct\ons 1nd1cate that core te.peratures were h\gh enough 
to balloon and rupture the fuel rod ctadd\ng by about 140 M1n, releastng 
the noble gases and other aore volat\le f1ss1on products. such as 1od1ne 
and ces1ua, \n the gap between the fuel pellets and the cladd1ng. f1ss1on 
products were detected 1n the conta\n�nt at about 1 43 M1n. These 
pred\ct\ons also 1nd1cate that cladd\ng teaperatures raptdly tncreased at 

about lSO atn, due to claddtng ox\dat\on. and qutckly exceeded the z1rcaloy 

c1add1ng �lttng po\nt. The MOlten z\rcaloy d1ssolved SOMe fuel; the 

11quef1ed a1xture flowed down and so11d1f1ed 1n lower, cooler reg\ons of 

the core. The lowest level to wh1ch the MOlten �ter1al flowed was 

probably cotnctdent wtth the coolant ltqutd level, wh\ch 1s est1Mated to 
have been 1nto the lower one-th1rd of the core. 

By 174 a\n (Just pr1or to the prt .. ry coolant pUMp transtent. as 
d1scussed later), core te.peratures had probably reached fuel �lt1ng tn 

the central, h1ghest-teaperatur� reg\ons of the core; between one-quarter 

and one-half of the core probably attatned cladd\ng �1t1ng te.peratures 

v\th subsequent fuel d1ssolut1on and relocat1on. Our1ng the t1� pertod 

between lSO and 174 atn, a relat\vely sol\d regton of core Mattr1als 

coaposed of prevtously �lten and 1ntact fuel rods for�d. as 1llustrated 

1n f\gurt 4.a. The top of the core probably cons1sted of htghly oxtd\zed 

lS 
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f1gure 4 .  Hypothes1zed stages of the TMI-2 acc1dent progress1on. 
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and �r \ t t led fuel rod re�ants .  H\Qh-t�erature �l ten �ter,al  had not 

yet ptnetra ted be l ow about 0. 7S � above the bott� of the core, s1nce 

otherw\se the Self Powered Neutron Detec tor s (SPNDs )  at level 1 and 2 (0 .15  

and 0.7S • above the core bottOM, respec t \ ve l y )  wou ld have 1n�1cated 
11 

an�lous behav\or . 

The pr\  .. ry  coolant pu.p trans\ent at 174 m\n 1nJected s� coolant 

\nto the c ore.  However , the extent of core cool\ng 1s not known because of 

the unknown f low blockaoe resu l t \ ng frOM the re loc a ted .ater\al  \n the 

lover ret\ons of the core. Ther�l and Mechan\cal  shock due to the 

\njected c oolant would  resu l t  \n fragMtntat\on of the embr \ t t led fuel rod 

r�ants \n  the upper reg\ons of the core. These fuel rod fragMents could 

have col lapsed onto the sol\d\f \ed surface of prev\ous l y  �l ten �ter 1al, 

for•1ng the rubble bed shown \n  f \gure 4 . b .  Ther.al calcula t \ ons suggest 

that the zone of the relocated core �ter \als con t \nued to heat up even 

af ter 1nJec t 1 on of coolant \nto the core. These c a l c u l a t \ ons are 

cons\stent w\th  recent ana lysts of the 1n-core therMOc oup le  alarMs .  The 

per\pheral ther�couples responded to coolant 1nJec t 1on \nto the core by 

fal l \ng back fro. a h\gh-te.perature a l ar� s tate. wh 1 1e the central 

ther�couples ,,_.,ned \n tht\r h\gh-t.-perature alar• sta te when the core 

�s f looded w1 th coolant ,  1nd\cat1ng the presence of a noncoo lable Mass \n 

the central part of the core even before the pu.p trans\en t .  

�st. \ f  not a l l ,  of the core �ter\als  found 1 n  the l ower plenUM 

probably relocated at approx1�tely 227 �1n 1n a MOl ten form. Th\ s  

relocat 1on was \nd\ca ted by an�lous output f r �  the levels 1 and 1 SPNOs 

and by a very rap\d \ncrease of approx 1mately  2 "Pa \n the pr\mary syste� 

pressure. The 1ncrease 1n syst� pressure was apparen t l y  caused by the 

genera t 1on of substant 1a l  quan t \ t \es of steaN as the hot core mater \ a l  

f lowed 1 n to water 1n  the lower plenuN. The stea� and water probab l y  

f ra�nted the MO l ten .. ter \ a l  as 1 t  relocated 1nto the l ower p l enu.. Th\s 

fra�ntat1on .ay have resulted \n the for�t\on of a coolable 

conf\gurat\on \n the lower plenu.. Core heatup and further core 

degradl t \ on were probab ly  ha l ted at t h \ s  t 1 -.  by the presence of water tn 

the lower plenuN and the con t \ nued 1nJec t 1 on of water \nto tht RCS by tht 
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h1gh-pressure 1njec t 1 on system. The postulated f 1na l damage conf1gurat1on 

of the reactor core and 1 t s  support s t r uc tures 1s 1 1 lustrated 1n f 1 gure 4 . c . 

2 . 4  Ins1gh ts from TMI-2 

Our current under s tand1ng of the TMI-2 acc\dent has prov1ded 

s \ gn 1 f 1cant 1ns 1ghts 1nto severe acc1dent phenomenology: 

1 .  The TMI-2 damage state 1 s  bas1 c a l l y  cons1stent w1th the 

calculat1ons of core damage progress\on ( such as fuel 

l 1 quefac t1on .  relocat1on and s o l 1 d 1 f 1 cat1on.  and the 

f ragmen tat\on of embr 1 t t led rod s )  by deta1led severe core damage 

codes such as SCDAP. 

2 .  Res u l t s  o f  laboratory. severe fuel damage exper1ments can be used 

to desc r \be the pr1nc1pa l  severe core damage phenomena. 

3. The acc1dent demonstrates that damage to the upper p lenum and to 

the reactor vessel 1 ts e l f  can be m1n1mal desp1te very severe core 

damage. Th1 s  1mp l 1 es that hot gas f low and heat transfer from 

the core to the upper p lenum can be qu1te 11m1 ted due to core 

f l ow blockage. L1m1ted hydrogen product\on can a l so result  from 

the blockage. 

4 .  Large but very loca 1 1 zed var1at1ons \n damage to the core upper 

g r 1 d  struc ture suggest core damage and that the coolant 

cond1t1ons w1th1n the core were h \ ghly  non-un1form dur1ng the 

per1od when h1gh-temperature gas f l owed to the upper plenum. 

5 .  L 1 t t le 1rrever s 1 b l e  f 1 s s 1on product depos1t 1on 1 n  the upper 

p lenum ( gener a l l y  < 1 %  of core 1nventory) occurred, wh\ch 1 s  

cons 1 s tent w1th recent 1n-p 1 1 e  tes t resul t s  \n  P8F at  the INE L .  

Cons1der1ng the temperature range exper1enced by the upper 

plenum. rever s 1 b l e  depo s\t 1on could be qu1te large dur1ng the 

acc1den t .  

1 8  



6.  Th� 1"1 ·2  da .. g� s tat� and postulated acc 1 dent sc�nar 1o suggest a 

two-step core relocat\on process : the 1 n \ t \ a 1  � l t  re loca t 1 on 

w\th\n the core by loc a l 1 zed candl\ng of l \quef1ed core .ater \ d l S  

can for• a noncoo lable g��try,  end\ng w1 th r � l t  and 

relocat\on to the lower p l enu�. I f  water \s pre\enl \n the lower 

plenu., core � l t  progress \ on can be ter�\nat�d w1th a coolable 

ge�try \n  the lower plenu�. 

7 .  The present � s t 1  .. ted re leases of noble gases, \od\ne, and c e s \ �  

fro. the cor� are cons\stent w \ t h  our current under s tand\ng. 

Rttent \on of al.ast a l l  of the s t ron t \ u� and cer \ um \n the core 

debr \ s  \ s  cons \ s tent v\th calculat \ons us \ng NRC f \ ss \ on product 
a 

release .ode l s ;  so \ s  the par t \ a l  release of ant\.ony. The 

s \gn\ f \ cant deplet\on of ruthen\u� .. asured \n  the core debr 1 s  

needs t o  be \nvest\gated further . 

8 .  Current ev\dence suggests  that much of  the s \ lver 1nventory 1 n  

c ontrol  rods has d\ sappeared frOM the upper core debr \ s  and �Y 

have re located \nto the lower pl enu•. 

2 . 5  Pr \ .. ry Unanswered Quest \ons 

The \nfor .. t \ on concern\ng the acc \ dent and our current unders tand\ng 

of sever� core da .. ge phen�nology have led to the develo�nt of a 

scenar\o of the T"l-2 acc \ den t .  To help resolve the severe acc \dent and 

source ter• techn\cal \ssues,  however , the phys \ c a l  aspects of the acc 1 dent 

�st be quan t \ f \ed.  Data requ\red f r �  exa•\ nat\on of plant sa�les and 

on- 1 \n� \nstru�ntat\on \nc lud� : RCS th�r .. l -hydraul \c  para� ter s ,  core 

and struc tural �t�r \als  peak t��ratur�s . typ� and ext�nt of �ter\als  

\nterac t \ons. end-state core and s t ruc tural  mdt�r\als  ge� t r y ,  f \ s s \ on 

product concentrat\on d \ s t r 1but\on and ch�\cal for�s. and aeroso l \ za t \on 

and end-state d 1 s t r \but\on of c ontrol  and burnable po\son .. t�r \ a l s .  

a .  Based on release �d�ls desc r \ bed \ n  NRC docu.ent NUREG-07 72.  
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A number of bas 1 c  1 ssues related to the acc1dent scenar1o rema 1 n  to be 
resolved and are g1ven 1 n  Table 3. These que s t 1 ons relate to RCS 

thermal-hydrau 1 1 c s ,  core damage progress 1on,  and f 1 ss 1 on produc t release 

from the fuel and transpor t and retent1on w1th1n  the RCS. A consensus on 

RCS thermal -hydrau l 1 c  behav1or has not been ach1eved for the t 1 me per1od 

when the pr\mary cool\ng pumps were not opera t 1 ng dur 1ng the acc1den t .  The 

major uncer ta1nt1es are the coolant 1nventory, d 1 s t r 1but1on,  and f low 
w 1 t h 1 n  the RCS. These are key parameters control l\ng core damage 

progress1on and the behav1or of f 1 s s 1 on produc t s .  

The damage prof 1 l e  to the core upper gr1d  s tructure shown \n f 1 gure 3 
1 nd1cates that the flow of hot gases e x 1 t 1 ng the core was concentrated 1 n  

two areas . The core geometry that created and sus ta\ned such a flow 

pattern and resul ted 1n the observed damage to the upper gr\d needs to be 

determ1ned. A lso ,  the degree of damage to the upper pl enum \s much less 

than would have been expected for the severely damaged core as observed, 

and t h 1 s  has to be exp l a 1ned. 

There are a number of spec 1 f 1c quest\ons rema\n\ng to be answered 

under the category of core damage progress1on.  The processes of  1 n 1 t 1 a l  

core heatup, c ladd1ng me l t 1ng and fuel 1 1quefac t1on, fuel me l t 1ng,  and the 

relocat1on and s o l 1 d 1 f 1 cat 1on of molten/ 1 1quef1ed core mater 1 a l s  w1th1n  the 
1 8  

core are reasonably wel l  unders tood from the KfK tests and the PBf 

Severe Fuel Damage Tes t s ,
19-22 

but 1 t  \s less we l l  known how the burnable 

po1son and control rods 1 n teract w1 th the fuel rod s .  The subsequent heatup 

and r e l ocat\on of molten mater 1 a l s  1 n to the reactor vessel lower plenum, as 

happened 1 n  the TMI-2 acc1dent, rema1n  to be understood. Damage to the 

TMI-2 core support assemb l y ,  1nstrument structures,  and lower head has to 

be quan t 1 f 1ed and , more 1mpor tan tl y,  the format\on of a coolable 

con f 1 gurat1on 1 n  the lower plenum has to be f u l l y  understood. 

The study of f 1 s s 1on produc ts \n TMI-2 has focused pr1mar 1 l y  on the 

determ\nat\on of f 1 s s 1on product concentrat1on w1th1n  the plant . Much has 

been accomp l 1 shed. Most areas 1 n  the f 1 s s 1 on product transport pathways 

have been sampled and exam1na t 1 ons performed. The pr\mary areas rema 1n 1 ng 
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TABL£ 3. UNRE SOLVED TECHNICAl ISSUES R£lAT£0 TO TH£ ACCIDENT SCENARIO 

RCS Thtr .. l - Hydrau l , c s  

1 .  What was th� coolant ,nv�ntory as a funct\on of t \Me7 

2. What w�r� th� f l ow pattrrns w\th\n th� reactor vrss�17 

3. How was the core reflooded7 

tore Oa .. ge Progress\on 

1 .  What was the peak teMpera ture? 

2. How d\d the control and burnable po\son rods 1nteract w 1 th the fuel 
rods? 

3. What was the extent of f low blockage. and how d \ d  \ t  affec t the 
hJdrogen produc t \ on7 

4 .  How can the relocat\on of th� core \nto lower plen� and the 
subsequent for .. t \on of a coolable conf\gura t 1 on be unders tood? 

S. What was the degree of da.age to the core support assemb l J ,  
\nstr�nt s tructures , and R Y  lower head? 

f \ s s \ on Product Behav\or 

1 .  What were the re leases fr� the fuel of the less vola t 1 1e f 1 s s 1on 
produc t s ?  

2 .  What were the ch�\cal for•s of the f 1 s s 1on produc ts?  

3. What were the phys \cal  and ch�\cal \nteract\ons that affec ted 
f \ s s \on product transpor t?  

4 .  How d\d the long- term exposure t o  an aqueous env\ronment affec t 
f \ ss \on product behav\or7 
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to  be exam1ned are the core, beneath the debr 1 s  bed, the lower p l enum, and 
the conta1nment basement and sump. However, much rema 1ns to be done to  

comp l e te the s tudy o f  f 1 s s 1 on product behav1or dur1ng the TMI-2 acc1d!n t .  

for examp l e ,  the fol low1ng quest1ons are s t 1 l l  not answered: What were the 

chem1ca1 forms of the f 1 s s 1on produc ts released from the fue l ,  and what 

were the 1mpor tant phys 1cal  and chem1ca1 mechan1sms affec t 1 ng f 1 s s1on 

product transport and retent1on w1 th1n  the RCS? S1nce the acc1den t ,  the 

RCS has been 1n an aqueous env1ronment .  The long-term effec ts of th1s  

aqueous env1 ronment on the f 1 s s 1 on produc ts must be unders tood and 

quan t 1 f 1 ed 1n order to relate the present s tate of the f 1 s s 1 on products to 

the1r  behav1or dur 1ng the acc1dent . A lso ,  1n 1 1 ght of the sever 1 ty of the 

TMI-2 acc1dent 1n terms of both temperature and core conf1gurat1on change, 

the release of the less vo l a t 1 l e  f 1 s s 1 on produc t s  needs to be determ1ned. 

These gaps 1n our current unders tand1ng of the TMI-2 acc1dent prov1de 

d1rec t 1 on for acqu 1 r 1 ng add1t1onal 1nformat1on from exam1na t1on of plant 

samples . The acqu 1 s 1 t 1on and exam1 nat1on of these samp l e s ,  espec 1 a l l y  1n 

the core and the con t a 1 nment basement ,  together w1th eng1neer1ng ana l ys 1 s ,  

w1 1 1  help  quan t 1 fy the parameters and processes relat 1ng to the acc1dent 

and even tua l ly cont r 1bute to the resolut1on of the techn1cal 1 s sues related 

to  the acc1 dent progress1on, as noted 1n Table 3. 
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3.  PRlOR J l l lAT ION Of DATA AND SA"Pl£ ACQUISIJ lON TASKS 

Pr \ or \ t \ zat \on of tnt datl and samp l e  acqu \ s \ t \on w\ 1 1  help focus the 

research and progra�t\c  resources of the T"I-2 A(P .  The selec t \ on and 

era•\ nat\on of sa�les f r OM  the plan t ,  as wel l  as ana l ys \ s  and evaluat\on 

of the data and app l \cat\on of the research resu l t s  toward reso l u t \ on of 

the severe lcc \ dent and source term techn\cal \ s sues , w\ 1 1  be based, \ n  

par t ,  upon th\s pr\or \ t \ zat \on . f \r s t ,  the severe acc\dent and source term 

techn\ca l  \ssues 1 \ sted \n Table 1 were evaluated; and those tha t were 

ludved to be s \gn\ f \can t l y  and d\rec t l y  \mpacted by the TMI - 2  research 

results were \den t \ f \ed. Then, data wh\ch can be obta\ned fr� the 

ex.-1na t \ on of phys \cal  saMples were pr\or \ t \ zed, based upor• the\r 

lpp l \cab\ 1 \ ty to both the resolut1on of the techn \cal  \ssues and the 

establ\ sn.ent of a cons\stent and coaprehens1ve unders tand\ng of the 

acc\den t .  Add \ t 1ona l l y ,  the ant 1 c \ pated d \ f f \ cul ty  \n obta\n\ng the data 

was cons\dered \n sett \ng the pr \ or \ t \es .  

The outstand\ng, unresol ved severe-acc \dent techn\cal \ ssues wh\ch 

have been 1dent\f \ed by the four .alor severe acc\dent and source term 

rev \ ews are su�r\ zed \n Table 1 .  These \ ssues are grouped \n four 

categor \es : RCS ther.a1-hydrau1 1 c s ,  core damage progress\on and reactor 

vessel (RV) fa\ lure,  f \ s s \ on product behav\or , and conta\nment response. 

The last category cons\sts of var\ous .odes of conta\n.ent fa\ lure.  S\nce 

there was no conta\n.ent fa\ lure dur\ng T" l-2,  these \ssues w\ 1 1  not be 

addressed by th\s provra•. Those techn\cal \ssues wh\ch can be addressed 

d \ rec t l y  w \ th  data f r o.  the T"J-2 acc\dent are su�r\ zed \n Table 4 .  The 

appl \cab\ 1 \ t y  of the T"l-2 research toward resolut\on of the techn\ca l  

\ssues \s  br\ef ly  su�r\ zed \n  th\s  sec t \on. "ore deta\led d\ scuss\on of  

the data requ\rements and the app 1 1cat \on of  the data to  techn\cal  \ssue 

resolut \on \s presented \n  Sect\ons 4 and s. respec t \ vely .  

3 . 1  RCS Ther�l -Hydrau l \ c s  

The RCS thermal -hydraul \c 1ssues wh\ch can be d\ rect ly  addressed w \ t h  

the TNI -2 research resu l t s  are na tura l c \ rc u l a t \ on f lows w\th\n the R V  and 

the coup l \ng of core degradat \on, RCS thermal -hydrau l \ c s ,  and f 1 ss \on 

23 
• 



. 

TABLE 4 .  TMI-2 RELATED SEVERE ACCIDENT AND SOURCE TERM TECHNICAL ISSUES 

RCS Thermal -Hydrau l 1 c s  

1 .  Coupl 1 ng among core degrada t1on ,  RV therma1-hydrau1 1 c s ,  f 1 s s 1 on 
product behav1or , and hydrogen generat1on 

2 .  R V  natural c 1 rc u 1 a t 1 on 

Core Damage Progress1on 

1 .  Damage progres s 1 on 1 n  core 

2 .  Core s l ump and c ol lapse 

3. Reactor vessel fanure modes 

4 .  Hydrogen generat1on 

F 1 s s 1 on Product 8ehav1or 

1 .  Release of 1ower-vo l at 1 1 1 ty f 1 s s 1on products 

2 .  Chem1 cal  react1ons affec t 1 ng f 1 s s 1 on product transport ( 1 nc ludes 
chem1cal form) 

3. Te l l ur1um behav1or 

4 .  Vapo r 1 za t 1 on and relocat1on of control rod mate r 1 a l s  
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product bthaY\or . The loca l \ zed da .. ge to the upper core gr \ d ,  wh\ch \ s  

\ l lustrattd \ n  f \gurt 3 .  s trongly suggests that a h\ghly l oc a l \ zed natura l  

convtc t \on occurred w\ th\n the RY. Tht res u l tant da�9t to  the upper 

pltn�. however . was mYch less than would have been ant \ c \ pa ted fro. the 

degree of da .. ge to the core \f an unres t r \ c ted na tural  c \ rculat \on had 

bttn presen t .  The �chan\ s�s wh\ch protected the upper plen� f r OM  the 

h\gh core t�eratures need to be \den t \ f \ed. 

The TMI-2 acc \dent was a seYere acc \dent w \ t h  fuel � l t \ng and 

s \ gn \ f \cant release of f \ ss \ on produc ts  frOM the fue l .  As such. the data 

rtlat \ng the \nteract \ons between core degrada t\on. RCS ther .. l-hydrau l \ c s ,  

and f \ ss\on produc t behav\or dur\ng the TMI -2 acc \dent a r e  appropr \ate for 

btnc�rk\ng port\ons of the \ n tegrated seYere-acc \ dent ana lys\s  codes and 

�thodolog\es. Th\s w\ 1 1  be acco.pl\ shed y\a a TMI-2 standard probl� 

wh\ch spans the acc\dent fr� reactor sera� unt \ 1  recoyery of the pr \Nary 

cool\ng pu.ps approx\ .. tely  lS .S  h later . 

3 . 2  Core Da�ge Progress\on 

The T"l-2 acc\dent \s the on l y  source of ful l-scale,  \ntegral-effects 

41ta on core da .. ge, relocat\on of .al len core .. ter \ a l s  \nto the lower 

plenu., and poss\ble da.tge to the core support ass� l y ,  \ns tru�nt tube 

penetrat \ons, and the reactor vessel lower head. The ava \ lable data fro. 

TMI-2 research appear to conf\r� the resu l t s  frOM the s� l l -scale. 

separate- and \ntegr a l -effects exper \.en t s ,  such as the ex\s tence of a 

cohes\ve .. ss of for.er l y  �l ted cor \ �  covered by loose, h\ghly ox\d\zed 

rubble, and w\ 1 1  be \nvaluable \n co.plet \ng our under stand\ng of the 

\ n \ t \ a l  core heatup. Mater \ a l s  \nterac t\ons , relocat\on of core �ter \ a 1 s  

t o  the bolt� o f  the cor e ,  and for .. t\on o f  a noncoolable conf\gurat\on \ n  

the lower core reg\on. These s.a l l -scale exper \Ntnts do not enc�ass a l l  

phases of a severe acc\den t .  The �I-2 acc\dent \ s  the only source for 

ful l-scale \ntegral data relat \ ve to core relocat\on \nto the lower plenu.. 

\ n terac t \on of �l ten core .. ter \als  w\ th RY s tructures. and the for .. t \on 

of a coolable conf\gur a t \ on \n tht lower pltn�. Add \ t \ona l ly .  the a.aunt 

of hydrogen gtntrat \on .. 1 bt ,nftrred frOM tht �tal l'c (tspec , a l l y  
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z \ r ca l oy )  ox1dat1on.  Reso l u t \ on of these \mportant techn1cal 1 ssues 

depends on and may be \mpos s \ b l e  w\ thout the data wh\ch presen t l y  can be 

obta1ned only  from exam1nat1on of the TMI-2 acc1den t .  

3 . 3  f 1 s s 1on Product Behav1or 

Release of f 1 s s 1on products from the f ue l ,  focus1ng pr1ma r 1 l y  on the 

med1um and low volat 1 1 e s ,  w1 1 1  be addressed d1rectly v1a exam1 nat1on of 

core mater 1 a l s .  A l s o ,  analyses of the chem\cal forms of the 1nsoluble 

spec1es w\ 1 1  be performed on the core and s tructural mate r \ a l s  samp l e s .  

However , the RCS reflood 1 s  bel 1eved t o  have effect1vely removed most of 

the f 1 s s 1 on products wh1ch were depos 1 ted on upper plenum and RCS 

s tructural surfaces dur1ng the 1 n 1 t 1 a 1  core hea tup. These f 1 s s 1 on products 

have been determ1ned, based on water samples and gamma scans , to  be 1n RCS 

and conta1 nment basement water or 1n the conta1nment basemen t ,  e1 ther 1 n  

the s l udge or absorbed 1 n to the concrete wal l s .  The1r chem\cal form 

1mmed1ately fol l ow1ng release from the fuel and dur1ng the 1 n 1 t 1 a l  

transport and depos1 t 1 on w1 th1n the RCS probab ly  cannot b e  determ1ned w1th 

cer ta1nty from exam1na t 1 on of the end-state samples due to the long-term 

soak1ng \n water . The poten t 1 a 1  reevapor 1 za t 1 on of f 1 s s 1 on products from 

the upper plenum cannot be determ1ned 1n the absence of unwashed samples o f  

upper p l enum surfaces. Thus . the appl1cab 1 1 1 ty of TMI-2 research r es u l ts 

toward resol u t 1 on of f 1 s s 1 on product techn1cal 1 ssues r e l a t 1 ve to the 

reactor coo l 1ng  system w\ 1 1  be s 1 gn 1 f 1 cantly  affected by the long-term 

exposure of the sys tem to water . 

The uncerta1nty regard1ng t e l l u r 1 um behav1or 1 s  related to 1 ts 

a f f 1 n 1 t y  to react w\th  or be d 1 s s o l ved by meta l l 1c z 1 rcaloy and sta1nless  

steel . These react1ons wou ld effect\vely reta1n te l l ur 1 um w1th1n  the core 

and RCS except where ox1dat1on \s extens1ve, and the retent1on woul d  not be 

s 1 g n \ f 1 cantly  affected by the long-term exposure to water . Exam1nat1on of 

core and RV structural samples should  prov\de the requ1red 1nformat1on 

regard1ng the mechan1 sms wh1ch control led the retent1on of tel l ur \ um.  
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Yapor \ztd control rod �ter \ a l s ,  t t n  ( f r� z\rcaloy ) ,  and poss\bly  the 

h\gh-vola t \ 1 \ ty f \ s s t on produc t s  \od\ne and ces \ UM  are cons\dered to be the 

pr \ .. ry sources of aerosols dur\ng a severe acc 1 dent . l xam\na t \ on of 

sa�les frOM T"I-2 w\ 1 1  prov\de \nfor�t\on to quant \ f y  ( a )  the 

vola t \ 1 \ za t \ on of control Mdter \ a l s ,  ( b )  the d\str \bu t \ on of those 

.. ter \ a l s  throughout the plant,  and ( c )  the assoc \ a t \ on of f \ s s \on produc ts  

w\th  control �ter \ a 1 s .  Only l 1•1ted knowledge \ s  1 \ kely to be ga\ned fro. 

the end-state cond \ t \ ons regard\ng the Mechan\sms of aerosol gener a t \on, 

growth, and depos \ t \on w\ th\n  the RCS. Mos t �ter \ a l s  released fro. the RV 

are now conta\ned \n the s l udge found \ n  the conta\nment bas�nt and \ n  a 

few locat \ ons w\ th\n the RCS. Th\ s  s l udge w\ 1 1  be exa�\ned to detera\ne 

�ttr \ a l  c�os \ t \on, par t \ c l e  s \ ze d \ s t r \but\on, and the assoc 1 a t \ on of 

the f t s s \ on produc ts  w\th other core and RV s truc tur a l  � t er \ a l s .  

3 . 4  Pr \or \ t \ zat \on of T"I-2 Inspec t \ ons and Sample Acqu \ s \ t \on 

The baste \nforMat\on needs and the phys \cal  samples wh\ch can be 

obta\ned frOM the T"l-2 plant to prov\de the des\red \nformat\on are 1 \ s ted 

\n Table 5 .  The bas1c \nfor .. t \ on needs are those data wh\ch would,  \ n  

gener a l ,  have d\ rec t \�act on resolv\ng the h\gh-pr \or \ t y  techn\cal \ ssuts 

and/or c lar\ fy\ng and quant\fy\ng the acc\dent scenar to.  The phys\cal  

sa�les have been pr \or \ t \ zed based upon the fol lowtng rank\ng for.at :  

h\gh appl \cab\ 1 \ ty \s d\rect and s \gn \ f \ cant 

appl\cab \ 1 \ ty t s  less d\rec t and/or less s 1 gn 1 f 1 cant  

low appl \cab\ 1 \ ty \ s  \nd\rect and/or \ns \ gn \ f \ cant 

Th\s rank\ng forMat ts  sublec t \ ve and \ s  s trongly dependent upon sound 

eng\neer\ng Jud�n t .  Add\t\ona l ly,  ava 1 1ab\ 1 \ ty of resources and 

d t f f \culty of sa�le acqu \ s \ t \on were cons\dered. Acqu \ s t t ton of these 

sa�les and the subsequent �asurem.nt s  are cons\dered to be adequa te to 

address the \ ssues 1 \ s ted \n Table 4. 
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TABLE 5. PRlORlTlZATlOII Of TlU-2 £NO-STAll DATA ACQUISITION 

Applicability To; 

lnfor�tlon Needs Physical Sa!!!!!le Technical Issue Accident Scenario Weighted Priority 

RCS Ther .. l -Hxdraultcs 

1. Peak te�erature, 1 .  I Core bores 
miterlal physical 
and che•lcal 1 . 2  Distinct fuel 
Interactions, extent ass�lles 
of 1111terlal 
Olldatlon, effect of 1 . 3  large voluae core 
Ag-ln-Cd and debris 
84C/AI203 on 
core da.age , physical 1 . 4  Core former wall 
and che.lca 1 
charac teristics of 1 . 5  Core support asse.bly 
core lllil ter Ia Is 

Core oa .. ge Progression 

1 . 6  Instr����en t  structures 

1 . 7  PV lower head 

1 . 8  fuel asse.bly upper­
grid and end boats 

1 . 9  fuel rod segMents fro. 
upper core 

2. 6ross structure of 2 . 1  VIdeo Inspection 
core and RPV Internals 

rlsslon Product Behavior 

3. Retained fission 
products In the fuel, 
chMical tor•, 
physical and/or 
che.lcal association 
vlth core and 
f l  ss I on produc t 
d i s tribution 
throughout RCS and 
auall lary piping 

2.2 Acoustic topography 

2 . 3  Acquisit ion of core 
bores 

2 . 4  Core dlsass�ly 
docUIIIfntatlon 

3. I Core bores 

3 . 2  Distinct fuel asseMblies 

3 . 3  large vol� debris 
structural .. terlals, 

3. 4  Upper plenu. surfaces• 

3 . 5  RCS surfaces a 

3 . 6  lasMtnt sludge a 

High 

High 

High 

low 

lied IWI 

lied I IIIII 

lledluta 

low 

low 

High 

High 

High 

High 

High 

High 

High 

low 

lledluta 

14ed l ulll 

High 

High 

High 

low 

lied I Ull 

low 

low 

High 

High 

High 

Hll,lh 

High 

High 

High 

lied I IIIII 

14ediUII 

High 

High 

High 

High 

low 

lied I IIIII 

lied I IIIII 

low 

lov 

High 

High 

High 

High 

High 

111gh 

High 

lledhlll-lOW 

lledha 

14edi�-High 
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Oeterm1nat1on of the end-state gross s tructure of the core and RV 

1 nterna l s  1 s  a c r u c 1 a l  step 1n comp l e t 1 ng the acc1dent scena r 1 o .  

Iden t 1 f 1 c a t 1 on o f  the pr1nc 1pa l  parame ters and the understand1ng of the 

processes wh1ch control l ed the format1on of the end-state core and RV 

s tructure are requ1red 1n the devel opment of a more def 1 n 1 t e  under stand1ng 

of the core damage progress1on and f 1 ss 1 on product behav 1or . 

The value of v1deo 1nspect1ons and acoust1c  topography 1 n  determ1 n1ng 

the gross s tructure of the core 1s  read1 1y  apparent .  The acqu 1 s 1 t 1 on of 

core bores w1 1 1  prov1de quan t 1 f 1able data concern1ng the locat1on and s 1 ze 

of vo1ds beneath the debr 1 s  bed. as we l l  as layer1ng of meta 1 1 1c and 

ceram1c core mater 1 a l s .  Th1 s  w1 1 1  be based o n  the d1 fferent 

charac ter 1 s t 1 c s  of dr 1 1 1 1 ng through ceram1 c .  meta 1 1 1 c .  and rodded fuel 

mater 1 a l s  and vo1d spaces . A deta1led chron 1 c l e  of the defue 1 1ng 

operat1ons w1 1 1  therefore be kept for  future analys 1 s .  Acqu 1 s 1 t 1 on of the 

above 1nformat1on (v1deo and acoust1c data. core bores. and defue l 1 ng 

chron 1 c l e )  1s judged to be h1gh pr1or 1 ty .  

The pr1nc 1pa l  data needed t o  understand the deta 1 l s  of core damage 

progress1on and RV fa1 lure are :  peak temperatures . mater 1al  1nterac t1ons . 

extent of ma ter1al  ox1da t 1 on .  and phys 1cal and chem1cal character1 s t 1 c s  of 

core mater 1 a l s .  The proposed samples 1 n c l ude core components ( d 1 s t 1nct  

f u e l  assemb l 1 e s .  core  bores. large-volume debr 1 s  samp l e s .  fuel assembly 

upper g r 1 d  and end boxes , and fuel rod segmen t s )  as wel l  as RV s tructures 

(core former wal l ,  core support assembly. 1ns trument s t r uc tures . and RV 

l ower head samples ) .  The h1ghest pr 1 o r 1 ty samp les are the core bores. 

d1 s t 1nct  (par t 1 a l  length) fuel assemb l 1 es . and large-volume debr 1 s  

samp l es . The res u l t 1 ng data w1 1 1  d1rec t l y  address 1 ssues related t o  core 

damage progress1on and f 1 s s 1 on product behav1or . Therefore. acqu1 s1 t1on of 
these samples 1s cons 1dered to be of h1gher pr1or1ty  than acqu1 s1 t1on of 

samples  from the core support assembl � . 1nstrument structures. and RV l ower 

head. 

The other samples have lower pr1or 1 ty .  for examp l e .  v1 sual 

1nspect1ons completed so far 1nd1cate that the core former wa l l  1n the 
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rtg\on of the core cav1ty has not been s 1 gn1f1cantly  da�ged. I f ,  however , 

s 1 gn1f \ cant da�ge t s  found dur1ng defuel1ng, then acqu1r1ng a sa�le from 

the da.age zone would have h\gher pr\or 1 ty .  The fuel asse�ly upper gr \d 

and end bo•es and fuel rod sev-ents fr� the upper core have low pr\or \ t y ,  

pr\.ar \ ly because data obta\ned from e•a•1nat1on of these samples cannot be 

related to a spec \ f 1 c  core locat\on, a c r \ ter 1 a  necessary to d\rec t lJ 

quant1fJ  the core da.age progress\ on .  

A var\ety o f  saMples , \ . e .  core bores, par t \ a l  length fuel ass� l \e s ,  

e t c  . .  are requ\red t o  obta\n the range o f  data necessarf to descr\be the 

phen�na of 1nteres t .  for tns tance, acqu1 s \ t 1on of core bores and 

�ta l lurg1cal e•aM1 nat1on of phys \cal  samples prov1de 1nformat1on on core 

da .. ge. Add\ t \ ona l l y ,  par t \ a l  length fuel ass.-b l \ es fr� the � 1 - 2  core 

are pr 1 .. ry sources of 1nfor .. t \ on on the effec t s  on core daMage frOM 

control rods and burnable po\son rods . I t  \ s  necessarJ to deter•1ne the 

type, e•ttnt , and spa t \ a l  d1str1but1on of da.age, \nc lud\ng the rad1al 

da .. ge grad\ent wh\ch e•1sted dur \ng the acc1dent as h\gh te.peratures 

progressed fro. the center of the core toward the core per \ pherf. Th1 s 

\nfor.at \on .ay be •frozen• 1nto the per1pheral  ass�l \ es r�\n\ng a f ter 

the acc\dent. Therefore, the d\f ferent types of fuel ass� 1 1es , \ . e . , 

control rod, burnable po\son rod, and non-control .. ter \ a l  fuel asseMb l \es , 

should be saMpled. The core bores should be rad1 a l l y  and az1mutha l ly 

d\str \buted throughout the core, and the core bores should e•tend to the 

l ower head. 

s..ples fro. the core support  ass�ly, \nstru�nt s t ructures,  and the 

lower head should be sufftc\ently d1str1buted to descr\be the spa t 1 a l  

d \ s t r \ but\on o f  the d ... ge, \ . e .  \nteract\on between .o l ten core and 

s tructural Nater 1 a l s .  Acqu \ s \ t \ on of these sa�les \ s  not feas 1 b le unt \ 1  

af ter the core volu� has been defueled. "uch 1nfor Na t \ on per t \nent to  the 

spec 1 f \cat1on of these saMples w\ 1 1  be ga\ned fr� the defueltng 

operat \ons, core bores, and eng\neer\ng ana lys \s  of the \nteract\on of 

.u l ten core .ater \ a l s  w\th these struc tures.  Therefore, spec \ f \ c a t \on of 

sa�l\ng requ\r�nts for these struc tures w \ 1 1  be deferred unt \ 1  th\s  

\nfor .. t \ on \ s  ava\ lable for  cons\derat \on \n  estab l \ sh , ng t�ese 
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requ \ r ement s .  (Note:  Acqu 1 s 1 t1on of these samples 1 s  con s 1 dered to be a 
med\um pr1or1 ty 1 n  Table 5 . )  These spec 1 f 1 cat 1ons w\ 1 1  be set for th 1n an 

addendum or rev 1 s 1 on to th 1 s  documen t .  

The pr1mary areas where s1gn 1 f 1cant quan t 1 t 1 es of f 1 s s 1on products ( 1 n  

add 1 t 1on t o  those a l r eady measured) are expected to be found are 1 n  core 

mater 1 a l s  below the hard crus t ,  1n the per1pheral fuel  as semb l 1 e s ,  and 1n  

the s l udge and concrete wa l l s  o f  the conta1 nment basement .  These samp l es , 

1 . e .  samples 3 . 1 ,  3 . 2 .  3 . 3 ,  3 . 6  and 3 . 7  1n  Table 5 ,  have the h 1 ghes t 

p r 1 o r 1 t y  for acqu 1 s 1 t 1 on and exam1 nat1on w1 th respect to f 1 ss 1 on product 

d 1 s tr 1 but1 on .  The sampl 1ng requ1rements d1scussed above for  the requ 1 s 1 te 

core damage 1 nformat1on are appl \cab l e  and compa t1ble  w1th f 1 s s1on product 

behav\or samp l \ ng requ1 rement s .  The ava1 lable data 1nd1cate that f 1 s s 1on 

products were not reta1ned 1n s 1 gn 1 f 1 cant quant1 t1es on RCS surfaces e1 ther 

because they were not depos1 ted there to beg1n w1th or were depos1 ted 

dur1ng the core heatup and subsequen t l y  washed off dur1ng reflood . 

However , the samp l 1 ng s 1 ze was sma l l ;  and steam generator surfaces were not 

1 n c l uded. Steam generator surfaces w1 1 1  be exam\ned. but the1r pr1or1ty 1 s  

Judged to be only moderate because the ant1c1pated retent1on \s low. 

Add \ t 1 onal sampl \ng of p 1 p 1 ng and system components  from the conta1nment 

and aux1 1 1ary bu1 ld1ng has low pr1or 1 t y .  These systems have been sampled 

exten s 1 ve l y ;  and, based on the exam1 nat1on res u l t s ,  the retent1on of 

f 1 s s 1on produc ts  on these surfaces 1 s  Judged to be 1 n s 1 gn1 f 1 can t .  

A s 1 mp l 1 f1ed,  pr1or 1 t 1 zed 1 1 s t  of the samp l 1 ng requ1 rements  1 s  

prov1ded 1 n  Table 6 .  Spec1 f 1cat 1on of 1nd1 v1dual samp l es and exam1nat1on s ,  

prov1ded 1 n  Sect1on 4 . 2 .  and the Sampl e  Acqu 1 s 1 t1on and Exam1nat1on 

P l an
23 1s based upon t h 1 s  pr1or 1 t1 zed 1 1 s t  and the acqu 1 s 1 t 1 on 

requ1 rements d1 scussed above. A d1scuss1on of the work scope and tasks 

requ1red to complete the acc\dent scenar 1o  fol l ows 1n Sect1on 4 .  
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1 .  V1dto tnspect\on of cort - core bores ind dtfutl\ng optrit1on. 

2 .  Acoust t c  topography of cort cav1tr after r.-ovil of loose dtbr ts ind 
f.,l rod seo--nts.  

3. Acqu\s1on of cort bores. 

4 .  Oocu.ent1t1on of core defue11ng operattons. 

S. Core bore sa.plts. 

�. Large-volu.e sa.p1es of dtbr ts fro. tht core and the lower plenu.. 

J .  Parttal length fuel lsse.b1\es fro. control rod, po\son rod, ind 
non-control .. ttr\11 1ocat1on s .  

a .  lls.-ent s ludge sa�les .b 

t.  Concrete sa�les from conti1nNrnt bistnent vil l s .b 

10. �les of the \nterat t1on zone betveen the core Nater1als and lower 
tore suppor t ass..C1J. 

1 1 .  �1es fro. tht tnterac t1on zone bttvttn the \nstrY�ent gu\de tubt 
struc tures and core .. ter11 1 .  

1 2 .  �1es fro. the 1nteract1on zone between the reactor vessel lower 
held surflct and the lower core debr t s  .. ter 1 1 1 s .  

1 3 .  �les fro. the tnttractton zone bttwttn the core for�r v1ll ind 
core. 

1 4 .  Pr1 .. r r  coo11ng srst.- surfice ind sedt .. nt s.-ples f r �  A •nd 8 loop 
ste.- generitors, pressur1zer, hot 1e2 RTO ther� l l s ,  and s tea• 
generator .. nway and hlndholt cover s .  

1 5 .  f t s s\on product retent1on surfices \ n  upper plen�. b 

16. Upper plenu. ltldscrevs.b 

l J .  Upper end boxes.  control rod sp\ders ,  and spr1ng fr� top of core. b 

11. fuel rod sev-ents fr� debr1s bed. 

•· Thts table l t s t s  the data •cqu1s1 t1on tasks 1n order of descend\ng 
ttchntcal pr1or1tr.  Actu•l icqu1s1t1on of  these d1t1 v1 1 1  1n add\tton 
dtptnd on sa.p1t •vatlab1 lt tr, d1ff1cu1tr of acqu1s1 t1on, v1ndovs of 
oppor tunttr, and al locat1on of resources . 

b. The usefulness of the dati fra. these sa�les 1 s  dependent on the 
avl1 1ab1 11tr of , .... scin wh1ch v \ 1 1  a l low extrlpolat1on to the total 
f 1 s s1on product d1s tr1but1on fr� local concentr1t1ons. 
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4 .  PROGRAM ORGANIZATION AND WORK SCOPE 

TO COMPLETE ACCIDENT UNDERSTANDING 

The TMI-2 Acc1dent Evaluat\on Program objec t \ ves were d\ scussed 

prev\ously 1n the Introduc t\on.  Ach1 evement of these object1ves w\ 1 1  

ensure a n  adequate understand\ng of the phys \cal  mechan1sms contro 1 1 1ng the 

progress\on of core damage and resul t1ng f \ s s \ on product behav1or . Th1s  

understand1ng of the acc1dent scenar\o w\ 1 1  prov1de the bas 1 s  for apply\ng 

our understand1ng of the TMI-2 acc 1 dent towards resol v 1 ng those techn\cal 

1 ssues summar 1 zed 1n Table 4 .  

Many quest\ons regard1ng the complex thermal-hydraul \ c  1nteract1ons 

that 1 n f l uenced the core degradat\on and subsequent f 1 ss\on product 

behav\or dur 1 ng the acc\dent rema1n to be resolved pr\or to u t 1 1 1 z 1 ng the 

TMI-2 acc\dent 1n a mean\ngful way to  resolve these techn\cal \ ssues.  

These quest1ons were br1efly  d\ scussed \ n  Sect\on 2 and are  summar1zed 1 n  

Table 3. The scope of the TMI-2 Acc 1 dent Evaluat\on Program to  be 

d\ scussed \ n  th\s  sec t1on w\ 1 1  prov\de the add 1 t \ona1 \nformat\on necessary 

to resolve the quest1ons summar\ zed 1n Table 3 to the extent poss1ble and 

a l s o  prov\de the basel 1 ne for def\ n \ ng a cons 1 s tent acc\ dent scenar \ o .  

The research approach t o  ach\eve the program object\ves a s  d \ scussed 

1n the lntroduc t 1on cons\sts  of the f o l l ow\ng steps:  

1 .  Iden t \ f y  the data needs to charac ter1ze the damage extent to the 

core,  l ower core support assembly, \nstrument structures,  and the 

reactor vessel l ower head. 

2 .  Prov\de the eng1neer1ng support for acqu1r\ng the necessary 

phys1ca1 samples and exam1nat1on of the samp les to determ\ne 

the\r end-state cond 1 t1on,  reta\ned f1ss1on produc t s ,  and , to the 

extent pos s \ b l e ,  the mechan\sms lead\ng to the end-state 

cond 1 t 1 on.  
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3 .  Qua l \ f y  the on- 1 \ nt ther�l-hydraul\c  �asure�nts rtcorded 

dur\ng the acc \ dent that art necessary to def\ne the RCS \ n \ t 1 a l  

and boundary cond \ t \ ons a s  we l l  a s  ther.al -hydrau l tc response 

dur\ng the acc\den t ,  

4 .  Develop a co.prthens\ve,  bts t -es t \  .. t t  acc \dent scenar \ o  that \ s  

cons\stent w \ t h  the T"l -2 data fr� the on- 1 \ne \ns tru�ntat\on 

and end-state sa�le exa�\na t \ons. ana l ysts  to tntegrate the 

on-1\ne and end-state TMI-2 data. and the results  of s� l l -scalt 

separate- and \ n tt;ra l -effec t s  severe fuel da.agt e•ptr \�n t s .  

5 .  Develop a TMI -2 data bast wh\ch tnc ludes the �asured on- 1 1 ne and 

end-s tate plant charac ter \ zat 1on data ,  together w\th  the 

suppor t \ng ana l y s t s  resu l t s ,  

6 .  Otf \ nt and conduct a TMI-2 s tandard proble. to bench.ark current 

severe acc \dent analysts  codes and .ethodolog\ es , 

1 .  Perfor• the necessary s tudtes to relate the maJor TMI -2 research 

results towards resolv\ng the severe acc\dent and source ter• 

techn\cal  1ssuts as d1 scussed 1n Sec t \on 3. and 

8.  Coord1nate a strong \ndustry \nvolv�nt \n the acqu \ s t t \on , 

\nterpretat\on. and ana l y s t s  of the TMI -2 AEP research resu l t s .  

Th\s approach prov\des a balanced effor t tnco.pa s s \ ng evaluat\on of 

on-11nt \nstru�ntat \on, acqu t s \ t \ on and exa�\na t1on of plant phys t c a l  

sa�lts. and ana l ys t s  and evaluat\on o f  a l l  ava \ lable TMI-2 dat a .  

The structure of the TMI � 2 AEP to suppor t t h \ s  research approach \ s  

shown \ n  f \ gure 5 and cons t s t s  o f  four �lor e le�nts:  ( a )  E xa•\na t \on 

Requ \r..ents and Syst� Evaluat ton. ( b )  Sa�le Acqu \ s \ t \ on and Exa�\na t ton,  

( c )  Data Reduc t 1 on and Qua l 1 f 1catton, and ( d )  lnformat\on and Industry 

Coord\na t \on.  
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4 . 1  fxam1 nat1on Regu 1 r ements and Sys tem 
Evaluat1on Work Scope 

The Exam1nat1on Requ1rement and Sys tem Evaluat1on program e l ement 1s  

t h e  centra l ,  1 n tegrat1ng el ement of  the program w1th  respons1b1 1 1 ty to 

(a ) def1ne the program goa l s  and object 1ves,  (b) 1 n tegrate and evaluate the 

TMI-2 data (as 1 t  becomes avai lable)  w1th  results  from 1ndependent severe 

acc1dent research programs to complete our under s tand1ng of the acc1dent 

and to converge on a cons1stent and comprehens i ve acc1dent scenar 1 o ,  

(c ) prepare and conduct a THI-2 standard problem, and (d ) ut1 1 1 ze the TMI-2 

research res u l t s  toward resolut1on of the severe acc1dent and source term 

techn1ca1 1 s sues 1dent 1 f i ed 1n Sec t1on 3. f 1 gure 6 dep 1 c t s  the central 

role of the Exam1 nat1on Requ1rements and Sys tem Evaluat1on program e l emen t .  

The deta 1 l ed tasks assoc1ated w1th  def1n1ng the program, comp l e t 1 ng 

our understand1ng of the acc 1dent,  and develop1ng a con s 1 s tent acc1dent 

scenar1o and def 1 n 1 t 1 on of the TMI-2 s tandard problem are d1scussed 1n the 

fol low1ng sec t1o ns .  Ut 1 1 1 zat1on of  the TMI-2 research to  help  resolve the 

severe acc1dent and source term techn1cal 1 ssues 1s d1scussed 1n Sec t1on 5 .  

4 . 1 . 1  Program Goa l s  and Oblec t 1 ves 

A major respon s 1b 1 1 1 ty of the Exam1nat1on Requ1rements and System 

Evaluat1on program element 1 s  to develop the program goals and objec t 1 ves 

based upon the relevant severe acc1dent and source term techn1ca1 1 s s ues 

and the techn1ca1 needs of the nuclear power 1ndustry.  Estab11sh1ng the 

program goals and objec t 1 ves has been evolv1ng s 1 nce the 1ncept1on of the 

program. The TMI-2 Techn1 c a l  Evaluat1on Group (TE G ) ,  TMI-2 Indus try Rev1ew 

Group (IRG ) ,  and f 1 na l ly the TMI-2 Acc1dent fvaluat1on Adv1sory Group 

(AEAG) were each convened dur1ng the course of the program to prov1de 

techn1cal 1nput and rev1ew. The1r pu�pose was to assure that the program 

goa l s ,  objec t1 ves , and scope were properly  focused. The program, as 

def1ned here 1 n ,  represents the 1ntegrated effor t and 1 nput from each of 

these consu l t 1ng groups. 
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Sample Acquisition and 
Examtnatlon Program Element 

Examination Requirements and 
System Evaluation Program Element 
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Research Findings to 
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Technical Issues 

(Consistent 
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f \ Qure 6.  Centr• t role of tht l x••\nal\on Requ\rfftenl\ •nd Sysl� E va luil\on �roqra� t l�nl . 



The TMI-2 AEP 1s  a dynam1c program \ n  that research res u l t s  w1 1 1  

1 1 ke ly  d 1ct ate  changes 1 n  sample exam1 nat1ons and/or anal ys 1 s  and 

eva luat1on scope and d \ r e c t \ o n .  The Exam1 n a t 1 on Requ1rements and Sys tem 

E va l ua t 1 on program element w1 1 1  annua l l y rev1ew and eva l uate the program 

based on the major TMl-2 research res u l t s .  However, the TMI-2 AEP has 

rece 1 ved extens1ve rev\ew. both 1 n terna l to EG&G and externa l ly through the 

aforemen t \ oned adv1sory groups . Therefore. subsequent changes \n the 

program scope and d \ r e c t \ on w1 1 1  only be made based upon we l l  def1ned, and 

agreed upon, techn 1 c a l  requ1rements to assure that the programma t 1 c  

objec t 1 ve s ,  as  s tated \n  the Introduc t\on ,  a r e  ach1eved. 

4 . 1 . 2  Acc1dent Scenar 1o  Development 

Devel opment of a scenar1o that expla1ns  the TMI-2 core damage 

progress1on and resul t \ ng f 1 ss 1 on product behav1or 1 s  the pr1mary objec t 1 ve 

of the TMI-2 AEP .  The acc1dent scenar1o must be cons \ s tent w\ th the 

measured RCS thermal-hydr a u l 1 c  response, end-state core damage da t a ,  

observed end-state f \ s s \ on product 1nventory and chem1stry,  and the results  

f r om the sma l l -sca l e ,  separate- and 1 n tegral-effects exper 1ment s .  

The current understand\ng o f  the core damage progress 1 on up to the 

t \ me of the pump trans\ent  ( 1 74 m \ n )  appears to be con s 1 stent based on the 

TMI-2 data and our understand1ng of the separa te-effects severe fuel damage 

exper1ments . However , our under s tand1ng of the acc1dent progress1on af ter 

1 74 m1n,  par t 1c u l a r l y  the deta 1 l s  of the l a t ter stages of core fa1 lure and 

fuel m1 grat1on  1 n to the lower plenum, \ s  s t 1 1 1  specu l a t 1 ve 1n nature.  

Important que s t 1 ons rema \ n  to be answered rela ted to the reactor vessel 

1 1qu1d level and \ nventory versus t\me and the 1ntera c t 1 on between the 

degraded core mater 1 a l  and the vessel coolant,  core support s tructures,  and 

the reactor vesse l .  These ques t 1 ons have been noted ear 1 1er 1 n  Sect1on 2 

( Table 3 ) .  The next three sect1ons d1scuss the 1mpor tant quest1ons r e l a ted 

to the RCS therma l -hydr a u l \ c s ,  core degrada t1on,  and f 1 s s 1on products 

beha v 1 or . I nc l uded are 1 n s 1 ghts  from recent eng1neer 1ng calcula t\ons to 

study the ava1 1able TMl-2 data and a summary of add1 t1ona1 data and 

ana l y s t s  requ \ r ements to complete our understand1ng of the acc \ dent 

progress1on scena r \ o .  
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!ttctor Coo 1 1 na Sx1te� Thtr .. l-Hydrtu l \ c s .  There are severa l  .. )or 

sourc•s of unc•rta\nty related to the RCS ther�l ·hydraul \ c s .  Perhaps the 

.ast 1�or tant \s the reactor vessel 1 1qu\d level h \ s tory dur\ng the 
24 , 25 

\ n 1 t 1 a l  core heatup and degrada t \on per\od ( 100-174 m\ n ) .  

Add \ t \onal ther .. l-hydrau l \c uncer ta\nt \es \nc l ude the \nterac t \ ons between 

the relocated core -.ter \ a l s  and the coolant w\th\n the reactor vessel 

dur \ ng the \ n \ t \ a l  core degradat \on per \od between lS0-174 •\n ,  the per1od 

dur1ng and af ter the PUMP trans1ent between 1 74 -225 m \ n ,  and, f \ na l ly ,  

af ter the core relocat1on event between 227-400 •1n.  

The 1MPortance of  the core 1 1qu\d level versus t \me on the pred\ c t td 

core heatup \ s  \ l l ustrated \ n  f \gure 7 .  Two cases art presented : Case 1 

represents the bes t-es t 1  .. te reactor vessel 1 \ qu\d level h\ s tory based on 

the best-es t1-.te plant boundary  cond \ t 1ons coupled w\th eng\neer \ng 
26 

est1-.tes of the core bo\ l dovn. These es t \.ates were co.pared to 

\ ndependent prtd\ct \ons of the core l \ qu1d level versus t \Mt based on 
27 

\nterpretat\on of the source range MOn\tor data and found to be 

genera l l y cons \ s tent .  Case 2 represents the core 1 \ qu\d  level h \ s tory that 
16 

resu l t s  \n the SCOAP-pred\cted core heatup and degrada t \on to be �st 

cons\stent w\th the T"l-2 Neasur�nts of core heatup and core 

degrada t \on . Not\ce that the ear l \er core uncovery case resu l t s  \n  a �re 

rap\d core heatup, reach\ng peak core t�eratures exceed\ng 2200 K near l y  

1 0  •'n ear l \er than Case 1 .  Th\s �re rap1d core heatup and degrada t \on 

would .,ke a s\gn\ f \ cant d \ f ference \n the t�eratures of the relocated 

core .,ter \ a l  \n the lower reg\ons of the core at the t \Ne of the pUlp 

trans\ent wh\ch, tn  tur n ,  wou ld affec t the coolab \ 1 \ ty of the degraded core 

reg\on and the u l t \.,te fa\ lure Mtchan1s• of the core. Thus, any 

add \ t \ ona l \nfor.at\on to 1MProve our est \.ate of the \ n \ t \ a l  core coolant 

\nventory at the beg\nn\ng of the core heatup trans\ent ( 1 00 •tn )  and the 

subsequent core 1 \qu\d level h�story w\ 1 1  be \�ortant \n develop\ng the 

acc \dent progress \on scena r \ o .  

Another source o f  uncerta\nty rela ted t o  the reactor vessel 

ther.,l-hydrau l \ c s  dur\ng the 100- 1 74 •tn per \od \s  the extent of the 
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fuel/coolant \nttract\on as the .o l ten core -.ter1a1s  relocated 1nto the 

lower reg\ ons of the core and the resu l t \ ng core f low blockage. The core 

f low blockage would  resu l t  \n reduced and h\gh1y � l t \ d\Ntns1onal core 

f lows wh\ch,  \n turn, would affec t the z \ r ca loy ox\da t \ on and hydrogen 

product\on. 0\fferences \n op1n1on curren t l y  ex \st  between the MRC and 

IDCOA for pred\c t \ng the hydrogen produc t 1on af ter core d 1 srup t 1 on .  

Estab1 1sh1ng an under stand\ng o f  the 1 n 1 t \ a 1  phases of the core degrada t \ on 

( 100-174 -1 n )  would prov\de a valuable base l \ ne for address1ng the bas\c 

ass�t1ons related to the � l t 1d1�ns1ona l 1 ty of core d\srupt \ on .  core 

coolant f l ows , and subsequent hydrogen produc t 1on . 

The uncer ta\nty regard\ng the effec t \ veness of the pump trans1ent t o  

cool the severely degraded core � s t  be addressed. Our current 

understand1ng of the acc\dent sugges ts that the p� trans\ent most 1 \kely  

resul ted \n  shatter1ng of the h\ghly ox\d\zed fuel \n the upper reg\ons of  

the core, thus for•1ng the upper fuel debr 1 s  bed. In add 1 t 1 on .  the affec t 

of the pu.p trans\ent on the upper plen� t.-perature 1 s  not under stood. 

I t  \s  a l so l \kely that enhanced hydrogen generat\on and f 1 s s \ on product 

release .. Y have resul ted when the upper debr \s  bed vas for�d. The 

coolant behav\or dur1ng the p� trans1ent per \od a l so wou ld have had a 

large \�act on the state of the released f 1 ss1on produc ts  and the\r 

d1str 1but1on w1th1n the reactor vessel and pr \�ry coolant syst�. 

The last �lor area of uncerta\nty rela ted to the RCS 

ther .. l -hydrau l 1 cs 1 s  the 1nteract\on between the �l ten core � ter\als  and 

the l ower plenuN coolant as the mo l ten core �ter \ a l s  N\gra ted fro. the 

core rtg\on \nto the lower plen� reg\ons . The resu l t s  of the core 

d\srupt\on and core �ter 1al  •1gra t1on have yet to be stud\ed \n deta1 l .  

I t  w\ 1 1  be \�ortant to under s tand the lover plenu. fuel/coolant 

\nteract 1ons and the\r relat1onsh\p to the u l t 1�te coolab\ 1 \ t y  of the core 

.. ter 1 a l  and cha l lenge to the reactor vessel 1 n tegr \ ty .  

Recent exper 1-.ntal and ana l yt\cal  work t o  \nterpret the T"l-2 data 

has prov\ded add1t1onal \ns\ght 1nto the reactor vessel ther .. l -hydrau 1 1 c  

features dur1ng the 1 n \ t 1 a l  heatup per1od of the acc\den t .  These \ nc l ude: 
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1 .  Tes t 1 ng of TMI-2-type self-powered neutron detectors ( SPNOs ) 1 n  

the recent OECO LOFT LP-fD-02 severe core damage exper1ment was 

successfu l  1 n  dupl 1cat1ng both the 1n1 t1al  nega t1ve currents  and 

the large pos 1 t 1 ve currents that were observed dur1ng the TMI-2 
1 7  

acc1den t .  These large, pos 1 t 1 ve currents were 1 n 1 t 1ated near 

1360 K and support the 1nterpretat1on that severe core damage and 

core reloc a t 1 on d1d 1n fact occur 1n TMI-2 dur1ng the 1 50- to 

165-m1n t 1me 1 n terva l .  Th1s 1nformat1on, together w1th the SCOAP 

pred1 c t 1ons,  supports a more rap1d loss of core 1 1 qu1d than 

proposed 1n Reference 26.  

2 .  Deta1 1ed mapp1ng of the core upper gr1d  plate damage, as shown 1 n  

f 1 gure 3,  1nd1cates two d 1 s t 1 n c t ,  symmetr1c  reg1ons of ox1dat1on 

and/or mel t  ablat1on.  These data conf1rm that the reactor vessel 

f l ows and core heatup were h1ghly loca l 1 zed dur1ng the 1 n 1 t 1 a l  

heatup per1od. 

3 .  Recent ana l y s 1 s  o f  the source range detector response between 1 7 4  

and 225 m1n 1nd1cates core relocat1on may have occurred pr1or to 

174 m1nutes . 28 

4 .  SCOAP calculat1ons 1 6  have prov1ded 1ns 1ght 1 n t o  the extent o f  

core damage versus reactor vessel 1 1qu1d 1nventory. 

5 .  Analyses were comp leted that evaluate the TMI-2 pressur1 zer level 
29 

response dur 1ng the f 1 r s t  1 6  h of the acc1den t .  The results  

1nd1cated that the pressur1zer level measurements are va l 1 d  and 

cons 1 s tent w1 th the over a l l  therma1-hydraul 1c  response of the 

pr1mary cool 1 ng system. Th1s study va11dates the use of the 

measured pressur1zer 1 1 qu1d level as an 1mpor tant code benchmark 

parameter . 

6 .  Ana lys 1 s  recently completed by Fauske and Assoc 1ates . Inc.
30 

has prov1ded 1ns 1ght 1 n to the reactor system response dur1ng the 

acc1den t .  MAAP calculat1ons s1mu l a t 1 nq the f 1 r s t  1 7 4  m1n 
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\nd\cate that core f low b l ockage s \ gn\ f \ cant ly  1 \•tts  the 

�ydr ogen produc t\on and that tht hydr ogen s \ gn \ f \cant l y  

\nfluences the reactor syst� pressur \ zat \on rate.  Evaluat \on of  

syst� pressur \ zat\on response dur\ng tht 180- to  220-�\n t \.e 

per\od suggests that the s low syst.- prrssur \ zat \on \ s  1 \ kely due 

to •ge�try-1 \�\ted• heat transfer f r �  the cor e .  

The above stud\es have provtded \ns\ght t o  tnterpret core danage 

progress\on and suggest that severe core da-.ge and fuel relocat\on leadtng 

to at least �rt\al  core noncoolab \ 1 \ t y  occurred by as ear ly as 1 7 4  �tn.  

Interpretatton of the core relocat\on event ( 227 N\n) has not yet been 

stud\ed suff\c tently to relate the reactor coo l tng systtN �asur�nts t o  

hypothes\ ztd core ta\ l ure �chan\ s�s and/or core coolant tnterac t t ons a s  

the fuel •\gra ted \nto the lower plen� reg\on s .  

Add \ t \onal engtneer\ng stud\es and end-s tate charac ter \ zat \on data 

w\ 1 1  prov\de a bas \ s  for co.plet\ng our unders tand\ng of the RCS 

ther .. l-hydraul \ c s  that control led the core daMage progress \on .  These 

add\ t \onal data needs and stud\es to tnterpret the data are suNna r t zed 

�lw. 

Add\ t tonal end-state data needs : 

1 .  An \�ortant data source for assess\ng the reactor vessel 1 \qu\d 

level \s the v\ sual and/or acous t \ c  charac ter \ zat \on of the core 

da .. ge tn  the lower core and plenu� reg\on s .  These data. 

together w\ th the core saMple acqu\s \ t \ on and exaM\nat\on 

resu l t s .  w\ 1 1  a l l ow  est\ .. tes of the vessel l \qu\d level by 

\dent\fy\ng the \ n \ t \ a l  freez\ng locat\ons of the core Nater \ a l  

a s  the fuel and z\r�a loy relocated downward .  

2 .  Peak te�eratures of the upper reg\ons of the fuel rods and fuel 

ass�ly end -f \ t t\ngs w\ 1 1  al low ver \ f \ cat \on of the core heatup 

and heat transfer ca lculat \on s .  Because of the large t.-perature 
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grad\ents across the top of the core,  1 t  1 s  1mportant to obta1n 
samples that can be c lear ly  1den t 1 f 1 ed as to the1r or 1 g1 nal  

locat1o n .  

3 .  'The spa t 1 a l  temperature d 1 s t r 1 but1on of the upper plenum 

s tructures 1 s  necessary to evaluate code pred\ct1ons of vessel 

natural c 1 rculat1on patterns and the pred1cted upper plenum 

temperatures . 

4 .  The 1 n 1 t 1 a l  plant operat 1 ng cond1 t 1 o n s ,  reactor coo1 1 ng sys tem 

boundary cond 1 t 1 ons dur \ng the trans1ent,  and on- 1 1ne data 

recorded dur1ng the acc 1dent must be carefu l l y  character1 zed. 

These data requ1rements are d\ scussed 1n det a 1 1  \n Sect1on 4 . 3 .  

The plant data prov1de the 1nformat1on necessary to benchmark 

eng1neer1ng calculat 1ons to 1nvest1gate the effec t of var\ous 

core degradat1on schemes and the 1nteract\ons between the 

degraded core and the coolant 1 n  the reactor vesse l .  

Uncer ta1nt 1es 1 n  the plant cond1 t1ons that s 1gn \ f 1cantly affect 

the acc \ dent progress1on must be 1den t 1 f 1ed and bounded to the 

extent pos s 1 b l e ;  uncerta1nt1es 1n the recorded t1me ser1es data 

( react 1meter data ) must be quant 1 f\ed. These uncerta1nt\es w1 l l  

prov1de a bas \ s  for def 1 n 1 ng and assess1ng bound\ng reactor 

systems c a l c u l a t 1 ons . The 1 n-core 1ns truments w1 1 1  a l s o  requ1re 

extens\ve eng\neer1ng evaluat\on to relate the measurements ,  

wh\ch are gener a l l y  outs1de the\r normal operat\ng envelope, to 

the core damage progress\on,  other on- 1 1 ne data, and the reactor 

�ystem end-state charac ter 1 za t 1 on data . 

Add1t1ona1 analyt\cal  stud\es : 

1 .  Add\t1onal stud\es are necessary to evaluate the measured source 

range detector response dur \ng the 1 50- to 225-m\n t \me per1od. 

Add1 t\onal neutron\c calculat1ons w\ 1 1  1nvest1gate the effec ts  of 

core mater \ a l  relocat1on and core and downcomer 1 1 qu1d levels on 

the source range mon1tor response. These calculat1ons  w\ 1 1  
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prov\dt a bas \ s  tor 1nttrpret1ng the anOMalous source range 

.anttor response result\ng fr� the pUMp trans1ent and relat 1ng 

the an�lous output to potent\al  core da .. ve . 

2 .  Oeta\ led reactor syst� calculat 1ons w\ 1 1  be requ\red t o  evaluate 

the effects of core relocat \on and core f low blockage on reactor 

vessel coolant f lows , core ox1dat1on rates (hydrogen produc t ton ) .  

core upper gr 1d  teMPerature, and upper plenum s tructure 

t�eratures . These calculat1ons wt l l  requtre a reactor sys t�s 

-odel that \nc ludes � l t t d \�nstonal core degrada t 1 on and vessel 

ther .. l-hydrau l \ c s  to conpare the predtcted RCS ther�l-hydrau 1 1 c  

response for ass�d core �\gratton scenar\os w\th the �asured 

plant ther .. l -hydraultc  data. 

3. Three tndependent .ethods can be used to est \.ate the 1nt t t a l  

reac tor vessel 1 \qu\d level a t  100 m\n (pu.p shutdown ) .  These 

1nc lude ( a )  core bo\ l down calculat \ons to c�are wt th the 

.easured hot leg steaM teMPeratures.  ( b )  source range �nttor 

response versus core 1 \ qu\d leve l s .  and ( c )  correlatton of the 

reactor syst� votd fractton w\th .easured changes \n the reactor 

syst� f lows when the pu�s were turned off . Ca.par\son of these 

three �thods to esttMate the t n t t tal  reactor vessel l t qutd level 

at 100 M\n wt l l  provtde a bas t s  for \den t t fy\ng the uncer ta\nty 

enveloped tn the tntttal  reactor vessel tnventory at 100 M1n.  

Add \ t \onal core heatup calcula t \ ons are a l so neces sar y .  ustng the 

uncer ta1nty 1n  the core 1 \qutd level and net coolant �keup to 

estab l t sh bounds on the core heatup rates. These calculat 1ons 

w\ 1 1  be ut\ l t zed to bound the core temperatures for pos t - 1 7 4  •tn 

degraded core heatup calculat tons (as dtscussed \n the next 

sec t ton ) .  

' ·  Add \ t \onal reactor systeM calculattons are neces sary to s tudy 

heat transfer fr� var t ous degraded core reg\ons to  help to 
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deduce a bes t-est1mate degraded core geometry dur 1ng the per1od 

between pump trans1ent and the core relocat1on event ( 1 74 to 
225 m1 n ) .  

5 .  Ca lculat 1ons are necessary t o  1nvest1gate potent1al  core f a 1 1 ure 

mechan1sms and the resultant m1grat1on of molten core ma t e r 1 a l s  

1 n to the lower pl enum reg1ons. These stud1es w1 1 1  1nvest1gate 

core steam generat1on and condensat1on rates. debr 1 s  bed 

coolab1 1 1 t y .  and core mater1al 1nteract1ons w1 th the core support 

s tructure s .  

Core Degradat1on. The core degradat1on 1n TMI-2 was very severe. as 

was d \ s cu s sed 1n Sect1on 2.  The core temperatures and damage 1 n  TMI-2 go 

beyond the current data base from separate-effec ts severe fuel damage 

exper\ment s .  thus prov1d\ng a un1que oppor tun \ ty to 1�rove our 

unde r s tand\ng of mater 1al  \nterac t 1 ons . In add1 t1on. the TMl-2 data offer 

a un1que resource to evaluate mu l t1 d1mens1onal core degradat 1on, the 

mechan1sms affec t 1 ng the core fa1 1ure,  and 1 n teract1ons of the molten 

mater 1 a l s  w1 th  the lower plenum coolant and struc tures . 

Our understand1ng of the core damage progress1on 1 s  far from 

complete.  The 1 n 1 t 1 a l  core degradat1on phenomena ( z 1rcaloy ox1dat1on. fuel 

1 1 quefac t 1 on.  fuel relocat1on , and molten fuel freez1ng) are becom1ng 

better unders tood based on separate-effec ts exper1men t s .  However. the 

1mportance of control rod fa1 1ure on core degrada t1on 1 s  not wel l  

unders tood. The format1on of large molten reg1ons of fuel mater 1al  a s  the 

fuel and c ladd1ng relocate downward has not been stud1ed prev1ously and 1 s  

1 1kely dependent on the phys 1cal  s 1 ze of the cor e .  In  add1 t \ on .  the 

phenomena contro1 1 1 ng the ul t1mate core fa1 1 ure mechan1 sms, �1grat1on of 

mol ten core mater 1 a l s ,  and 1nteract1on of the mol ten core mater1als  w1 th  

the lower plenum s tructures and the reactor vessel are  not we l l  quan t 1 f 1ed.  

Several eng1neer1ng stud1es have recently been performed to evaluate 

certa1n  aspects of these ques t1ons . The resu l t s  have prov1ded valuable 

1 n s 1 gh t  1 n to the mechan1sms that affect core degrada t1on,  damage to the 
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lover plenu. structures, 1nd therMil cha l ltnQt to the reactor vessel and 

1ns tru.ent Qu\dt tubes . These s tud\ts and 1MPortant resu l t s  are s � r t zed 

Mlw. 

1 .  The SCDAP analys1s  prev\ous ly  d\scussed hds prov\ded 1ns1ght 1nto 

the extent of fuel relocat1on dur\ng the \n1 t \ a l  heatup per \ods 

( 1 00 to 1 7 4  •1 n ) .  The pred\c ted extent of core �ter \al  

rtlocat\on, together w\th  the known core damage. prov\des a bas \ s  

for def \n\ng the conf\gurat\on of the reQ\ons contatn\ng 

relocated core .ater \ a l s  that for.ed \n the l ower reg\ons of the 

core. 

2 .  31 
A recent study has prov\dtd an \�roved under stand\ng of the 

ther .. l response of large reg\ons of relocated core �ter t a l .  

The conf\guratton was assUMed to be \ n  the for• of a 

one-d\Mtns\onal sol\d  bed, cons \ s l\ng of the fol low1ng layers: 

a .  A bottON layer ( 0 . 4-• th\ck) of fused �ta l l \c �ss of 

relocated z \ rcaloy w\th the or\g1na l  unox1d1zed fuel rod 

stubs ; 

b.  A •tddle layer ( 0 . 5� th\ck ) of cera•1c mater \al  co.pr\sed 

of ox\d\ zed z\ rcaloy and 1 \quef\td fue l ,  relocated frON 

above as we l l  as or\g1na l l y  \n place; and 

c .  A top layer (0.8-• th\ck)  of rubble .. de of uo
2 

and Zr0
2

. 

The d\.ens\ons and the co.pos \ t \on of the d\f ferent layers were 

based on ex�\na t\ons of the �1-2 debr \s  bed and so.e assu.ed 

behav\or of fuel 1 \qu,fac t\on and relocat\on s1•\ lar to what has 

been observed \n severe fuel da�ge exper \�n t s .  

A trans\ent ther .. l conduc t\on calculit\on was car r \ ed out ustng 

the above conf\gurat\on, assu.\ng that SOX of the MOrt vola t 1 1e 

f \ s s \ on produc t s  had been released frOM the fue l .  The \ n \ t \ a l  
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3 .  

temperature pro flle  ln the debr \ s  b�d was based o n  a SCDAP 
calculat\on at the t 1me 1mmed1 ately after the pr1mary coolant 

pump trans \ent at 1 74 m1n .  (Average debr 1 s  temperature was about 

1 500 K . )  The upper and lower surfaces of the d�br 1 s  bed were 

assumed to rad1ate to heat s1nks representat1ve of the steel 

masses 1 n  the upper and lower pl enums , 1 n 1 t 1 a l l y  at  1 200 and 

750 K respec t 1 vely.  No  water was assumed to  be  present 1 n  the 
cor e .  

I n  about 50 m1n,  wh1ch corresponds t o  the t1me of the core 

relocat\on event a t  226 m1n,  the calcul at\on showed that the 

temperatures of both the lower and upper heat s 1 nks approached 

1400 K .  The surface temperatures were about 100 K h1ghe r .  Most 

of the lower metal 1 1c  layer (about 0 . 2-m th1ck)  rema1ned below 

the me l t 1 ng po1nt of z1rcaloy.  The ceram\c reg1on, however , was 

mos t l y  molten ( temperature about 2800 K ) .  The average 

te�perature 1 n  the rubble reg1on was about 2600 K ,  much below the 

me l t 1 ng po1nt of e1 ther Zro2 or uo2 . 

Based on the above calculat1on, 1 t  appears un 1 1 kely  that the 

noncoolable core could have melted through and relocated to the 

lower plenum s1mply from decay heat by 226 m1n \nto the 

acc1den t .  I f  the lower surface of the debr 1 s  bed were 1ndeed 

r 1 c h  1 n  z 1rcaloy,  the calculat1on shows that the temperature by 

226 m1n was h1gh enough for rap\d ox1dat1on; thus , a me l t- t hrough 

from the outs1de due to the heat of ox1dat1on \ s  a d 1 s t1nct  

pos s 1 b 1 1 1 ty .  Of course ,  mechan1cal fa\ l ure of  the lower crust  1 s  

a l so a poss 1 b l e  fa\ lure mode. The core exam1nat1on as ou t l \ned 

\n th\s document should prov1de a def 1 n 1 te answer 1n th1s  �t ter . 

32 £ng1neer1ng calculat1ons by Fauske and Assoc\ates ,  Inc . have 

1nves t 1gated the convec t 1 ve heat transfer w1 th1n a mol ten uo
2 

poo l .  The resu l ts suggest that a mo l ten uo2 pool would not 

have produced an upper core •crus t • ,  because natural convec t 1 on 

w\th\n  the pool wou ld resu l t  1 n  energy transfer mos t l y  upward 

50 



throu�h tht poo l .  However , \ f  MOl ten U02 were to  \nterac l wtth  

the prtv1ous l y  � l ten z \ rcaloy \n the bot tOM crus t ,  the pool heat 

trtnsfer wou ld bt pred�\nan t l y  downward as a result  of den s t t y  

dtf ftrences bttween the U02 and z \ rciloy.  Th1s  sctna r \o wou ld 

be .are cons \ s tent w\ th the upper core c r u s t  and the � l t - thr ough 

scenir \o  iS proposed. 

4 .  A s tudy his been c�leted t o  rev\� the poten t \ a l  for ch�tca1 

a t tack of the lower sta tnless s teel core support s tructures and 
33 

reactor vessel by the relocated core Nater \ a l s .  The core 

.. tertals cons tdered were the fuel and z \ rca loy ox\des 

(U02, lr02 ) ,  control rod �ter \ a l s  ( s \ lver , tnd\uM, cadM\ � ) .  

and .etall \c  z \rcaloy.  Conc lus\ons o f  the s tudy tnd\cate the 

fol lov\ng: 

a .  Ceraatc ae l t  Nater\als  w\ 1 1  not ch�tc a l l y  react w \ th 

s tatn less s tee l ,  

b.  S \ l ver w\ 1 1  not che�\ c a l l y  reac t w\th sta\nless steel but 

w\ 1 1  d\sso lve approx\ .. tely tw\ce \ t s  we\ght \n z \ r c a loy at 

lSOO IC ,  

c .  Neta l l \ c  z \ rconh• w\ 1 1  d\ssolve -1/4 \ ts w\ght 1 n  

sta \nless s tee 1 at  1400 IC and seven U��es Hs w\ght of 

s ta \ nless steel at  1600 IC .  

These resu l t s  suggest that for a h\gher temperature � l t  

a\gr a t \ on scena r \ o  the z \ rcon\ URVsta \nless s teel ch�\ca l 

reac t \ on .. Y be an \�ortant .. chan\s� affect tng the �\grat\on of 

the core �ter \ a l s  w\ th\n the l ower plenum reg\ons . Add \ t \onal 

sa�les of the lower plenuM core �ter \ a l  and s t ruc tures are 

needed to charac ter \ ze the daMage extent and mdter \ a l  

\nteract \ons and t o  correlate structural  damage t o  the ox\da t \ on 

extent of the cort .. ter \ a l s .  
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5 .  Calc u l a t 1 ons have been completed to evaluate the poten t 1 a l  

thermal a t tack of the debr 1 s  on the 1 nstrument pene trat1on tubes 
34 

and the reactor vessel wa l l .  The phys 1 ca l  and therma l 

character 1 s t 1 c s  of the debr 1 s  par t 1 c les were 1nferred from the 

fol low1ng TMI-2 data ser 1 es :  

a .  

b .  

c .  

d .  

e .  

f .  

35 
Ex-core neutron f l ux prof 1 1e s ,  

36 
Lower head v1deo 1nspec t 1 o n ,  

7 
W1re prob1ng of the 1nstrument penetrat1on tubes , 

37 
Ga� scann1ng of the lower plenum, 

Hydrau11c  d 1 s t urbance of the debr 1 s  bed, 38 

Debr 1 s  sample r e t r 1 eva1 .
39 

Malor conc l u s 1 ons  from the thermal calcula t1ons to e s t 1mate poten t \ a l  

fa1 lure o f  the 1nstrument gu1de tubes and reactor vessel 1nd1cate the 

fo l low1ng: 

1 .  Mel t  f a 1 1 ure of the Inconel penetrat1on nozzles 1 s  poss1ble  by 

e 1 ther s o l 1 d  heat-generat1ng ceram1c or molten meta l l 1 c  debr 1 s .  

2 .  Stable p l ugg1ng of the fa1 1ed (melted) penetrat1on tubes by 

refreez1ng 1 s  pred 1 c ted.  

3 .  The sta1n less steel reactor vessel 1 1 ner may have exper1enced 

eutec t 1 c  mel t 1ng by z 1 rcon1um-bea r 1 ng me l t  debr 1 s .  

4 .  Me l t  fa 1 l ure o f  the l ower head 1 s  not pred1cted. 

These calculat 1 ons 1 nd1cate that a w1de range of poten t 1 a l  damage to 

the 1 ns tr ument tubes 1s poss 1 b l e ,  depend1ng on the debr 1 s  character 1 s t 1 c s .  
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S..,1ts of tht dtbr \s  and v1sua1  \nsptc t \ on of the \ns truMfnt tubes and the 

vtsst1 � 1 1  v\ 1 1  bt cruc \ 1 1  to conf1r• our unders tand1ng of the fue l 

•1grlt1on, �Qt txtent to the 1nstr�nt tube, and vessel va l l  1ntegr 1 t r . 

Thtse stud\es have 1ncreased our understand\nQ of the .echan1 s•s 

1\kelr to have control led the core heatup lead1ng to core f a \ lure and fuel 

•1grat1on \nto the lover plen� reg\ons. The for.at\on of the noncoolable 

core conf \gurat1on and subsequent heatup rates and peak core t�ratures 

Ire dependent on tht core bo1ldovn scenar 1o 1nd the related uncer ta1nt1es 

\n  the ther .. l -hydrau1 1 c  aspec ts  of the acc \ dent d1scussed \n the prevtous 

sec t 1on . 

Add \ t \o�1 end-state charac ter1zat1on data and stud\es to \nterpret 

the data art s�r t ztd btlov and v\ 1 1  prov\de the bas 1 s  for c o.p l e t 1 ng our 

under stand\ng of tht .. ttr \al  1nterac t 1 ons that controlled the core da .. ge 

progress1on . 

1 .  Spat111 character1zatton of the da .. ge to  the lover regtons of 

the core. core for�r va l l s .  lover core support struc tures , 

1nstru.entat1on gutde tubes. and the lover reactor vessel head 

vt l l  be necessarr to evaluate the da .. ge extent and provtde a 

bis1s for 1dtn t t fy\ng spec 1f1c  sa�1es for deta 1 1 td phys tcal  

exa•tnat\ons. Reca..ended .easur�nts tnc lude v1 deo and/or 

acous ttc  data of the 1�r core and p1en� cav 1 t 1 e s .  

2. Phys 1ca1 �asur..ents are requ\red to charac ter \ze each un1que 

core d�ge zone. s..ptes v\ 1 1  bt nttdtd fro. each of the 

fol lov\ng un1que core . d.-.ge zones : 

a .  Upper fuel debr 1 s  

b .  Intact fuel ass� l \ es ( upper core)  
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c .  Intact fuel assemb l 1 e s  ( l ower cor e )  

d .  Centra l ,  mol ten , noncoolable reg1ons 

e .  lower core support s tructures 

f.  fuel debr 1 s  1 n  the lower pl enum 

g .  lower reactor vessel wal l  

h .  Instrument tubes 

Requ1red phys 1cal  measurements 1 n c l ude, 

a .  Metal lograph1c exam1 nat1on to est1mate peak temperatures 

and , 1f poss 1 b l e ,  t1me at temperature s .  

b .  Chem\cal exam\na t 1 on to 1den t 1 fy mater\al  1nteract1ons and 

core mater1al  ox1dat1on.  

c .  Rad1olog1cal charac ter1 zat1on ,  as d1 scussed 1n the next 

sec t1o n .  

d .  Phys1cal character 1 s t 1 c s ,  1 n c l ud 1 ng par t 1 c l e  s 1 ze 

d 1 s t r 1 but1on,  v1 sual records (photographs ) ,  den s 1 t y ,  

hardness , and elemental compos 1 t 1on . 

3 .  I n  add1t1on to the end-state phys 1cal  data summar1zed above, the 

RCS therma l -hydrau l 1 c  data descr 1 bed 1n the prev1ous sect1on are 

necessary to correlate var1ous assumed core degradat 1 on scenar1os 

to the measured reactor system response. The data/calculat1ona l 

compar 1 sons w1 1 1  prov1de a basel\ne for est1mat1ng the most 

1 \ kely fuel m\grat1on and long-term coolab1 1 1 ty scenar \ o s .  

Add 1 t 1 onal eng1neer1ng s tud1es:  
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l .  Calculat\ons are necessary to  further quant\fy  the 1nterac t 1 on 

bttween the dtgradtd core -.ttr \ a l s  and the l over core support 

s tructurts and lower plen� coolant. These ta lcu lat 1ons v\ 1 1  

pro�1de \ns\ght regard\ng core hea t transfer and f a \ lure 

�chan1 s•s af ter the 227�\n core relocat\on event. 

2. £valuat\on of potent\ a l  core .. ter \al  ch�\ca1 at tack on the 

lower core crus t ,  lo�r core support s truc tures , \nstr�nt gu1de 

tubes, and reactor vessel wa l ls w\ 1 1  \dent \fy  poten t \ a l  c h  .. \cal  

react \ons that -.y \nf luence core Mater \ a 1  •1grat\on. 

3. longtr -ter• ana l y t \ ca l  effor ts  w\ 1 1  be requ\red to \ntegrate the 

results of the RCS ther.al-hydrau l \ c s  stud\es w\th the end-s tate 

fiNI-2 data to \dent \fy  the acc \ dent scenar \o that \s NOSt 

cons \ s tent w\ th the end-state core and lower plen� da .. ge. 

Develo�nt of a .ast 1 \ ke l y  acc \dent progress\on scenar \o  v\ 1 1  

prov\de the bas\s for est1  .. t 1 ng f \ s • \ on-product release and 

transport dur\ng the acc\dent. 

f \ s s \on-Product Behav\or . The .. lor quest\ons relat\ng to f 1 ss1on 

product behav\or can be grouped \n two ca tegor 1es :  category one \ncl udes 

those quest\ons assoc \ated v\th the trans\ent release dur\ng the 

h\gh-t�erature core degradat\on per \od that can be rela ted to severe 

acc \dent and source ter• \ s sues; category two \nc 1udes those quest1ons 

related to the 1onger- ter• f \ ss\on product behav\or . 1nc l ud1ng the 

end-s tate f \ ss 1on product d\str1but1on and total env\ronMtntal releases. 

Ouest 1ons related to each of these categor \es.  together w\ th a br \ef 

descr \pt \on of the work necessary to address each of these ques t \ons. are 

d1 scussed \n the fol lov\ng tvo �ec t \ ons .  

Trans\ent f \ ss \ on Product Behav\or (100-400 "\n). The .. lor 

techn\ca l \ s sues related to the \n-vessel f 1 s s 1 on product behav\or and 

severe acc\dent and source ter• evaluat\on vert \den t 1 f 1ed 1n Table 1 .  
unfor tunately.  d\rec t data relat\ng to MOst of these \ s s ues are not 
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ava1 1 a b l e ,  due to the complex  RCS hydraul 1 c  behav\or wh\ch tended to 
confound the deta 1 1 s  of the f 1 s s 1on product release from the fuel and 

subsequent transport w1th1n the reactor system. However . even 1n 1 1ght of 

th1s 1 1�\ tat\on,  the s c 1 en t 1 f 1 c  commun1 ty recogn\zes that the TMI-2 

acc1 dent offers a un1que source of data to 1mprove our understand1ng of the 
40-42 

spec 1 f 1 c  phenomena related to 1n-vessel f \ s s \ on product behav\ or .  

The TMI - 2  spec 1 f 1 c  \ ssues related to f 1 s s 1on product behav\or were 

d\ s cu s sed 1n Sect\on 3 and are summar\ zed 1n Table 4 .  

Development of the acc \ dent scenar\o w1 1 1  be an \ mpor tant part of 

complet1ng  our under stand\ng of the reta\ned f \ s s1on produc ts  and chem1cal 

forms of these f 1 s s 1 on produc ts  1n the core mater \al  and on surfaces of the 

pr \mary coo1 1ng system. The end-state TMI - 2  data w\ 1 1  be compared to 

separate-effects  exper1ments through the best-est1mate acc1dent scenar\o 

and nodel calculat1ons . 

f 1 ss1on produc t release and transport calculat\ons for the ent\re 

trans\ent have not been performed, pr 1mar 1 1 y  because the l a t ter stages of 

core heatup lead1ng to core f a 1 l ure and fuel m\grat1on are not wel l  
1 6  30 

def1ned. The SCDAP and MAAP calculat \ons do prov1de est\mates of 

f 1 s s 1on product release from the fuel up to 1 74 m1n and show general 

cons \ s tency, a l though the core degrada t1on and f 1 s s 1 on product release 

models d\ffer s \ gn \ f \ can t l y  \ n  deta1 1 .  

Add1 t 1 onal c a l c u l a t \ ons w1 1 1  be necessary to evaluate the f 1 s s 1 on 

product behav1or w1th1n large reg1ons of molten core mater\al  and dur1ng 

the fuel �1grat\on 1nto the lower p lenum reg1ons. These f 1 s s 1on product 

s tud1es w1 1 1  requ\re the core damage progress1on to be better def\ned. 

End-state f \ s s \ on Product D 1 s t r 1but1on.  The most recent rev1 ews 

of the end-state f \ s s \ on product d 1 s t r 1but1on at TMI-2 are those of 
1 2  1 4  43 Owen, Langer et a l ,  and Dav1s et  a l .  Table 2 (presented 

ear 1 1er ) summar1zes the e s t \ ma ted end-state f 1 s s \ on product d \ s t r \ but\on 

w\ th\n the TMI-2 reactor system, and the fol low\ng conclus\ons can be made 

based on TMI-2 work comp leted to date: 
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1 .  For a l l  of tht tl..ents txa•1ntd txctpt tht noble gases , ces\u�. 

and 1od1ne, a very largt frac t \ on of tht rad\onuc l \ des appear to 

be rtta\ned \n the cort .attr \ a l ,  desp\te frag�ntat\on of �st 

of tht fuel rods and the apP�rtnt presence of a large quan t t t y  of 

onc e-.olten core �ter \ a l s .  

2.  Per .. nent depos\t \on of rad\onuc l \ des on \rternal s teel 

co.ponents (reactor \nternals and pr1.ary system p\p\ng) ts  s� l l  

and dots not appear to  s 1 gn\f \can t l y  \�edt rad\ onuc l t de release 

fr� the pr\  .. ry syste.. Th\s conc lus\on \s based on analyses of 

co.pontnts  that vere f l ushed wtth coolant for �ny .onths pr1or 

to  ea.-tni t\on.  H\Qh rad\at\on levels preventtd ear l y  access to  

these ca.ponents tn order to conf1r• the \ r  behav1or \ n  the f t r s t  

hours and days after the acc\den t .  W1 thout these ear l y  data,  \ t  

t s  \�os s \ b le to deter•\ne whether these co.ponents reta\ntd 

s\gn\ f \ cant rad\onuc l tdes pr\or to  coolant f l ush\ng. 

3 .  The reactor coolant reta\ns a s t gn\f\cant quan t \ t y  of the ces\ws 

and \od1ne released fr� the fue l .  Even \f  the coolant escapes 

the pressur\zed pr \ .. ry syst� p\p1ng and enters tanks or open 

su.ps, ces\u. and \od\ne rttent\on 1n Wiler r �\ns h\gh .  

• ·  Even though the reactor bu1 1d1ng conta\ns a vtry largt surfact 

area that \s cold ( r t l a t \ ve to the core and coolant ttNPtratures)  

and cons \ s ts of a var1ety of ma ter\als  (carbon sttel , sta1nless 

stee l ,  concrete, plast \ cs ) ,  only s.all  a�unt s  of rad\onuc l \des 

have been found on these surfaces . The h\gh huN\d\ty  cond \ t \ ons 

\ns\de the rtactor bu\ld\ng afttr the acc \dtnt and the rtsu l t \ ng 

tvaporat 1on and condensat\on probably r�ved so.e surface 

depos Hs . 

S .  The reactor contatn.ent bu11d1ng at.osphere rtta tned about SOl of 

the total core \nventory of the noble gases . They wre 

effec t \ vely reta tned for over one year , un t \ 1  they wre 

del\btrattly vented to tht env\ron�nt .  
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6 .  Rad1onuc l 1 de releases t o  the env\ronment dur\ng the TMI-2 
acc\dent were extremely s ma l l  and w1thout measurable rad 1 o l og1ca1  

hea l t h  effec t s .
1 1 • 44 

From the above d1 scus s 1 ons of the trans1ent f 1 s s 1 on product behav\or 

and end-state f 1 s s 1 on product d 1 s tr 1 bu t 1 on (as su�r1 zed 1 n  Table 2 ) ,  1 t  

1 s  c lear that add1t1onal work 1 s  necessary to complete our under s tand1ng 1 n  

each o f  these area s .  Add\t\onal data w1 1 1  be necessary t o  complete our 

understand1ng of the end-state f 1 s s 1 on product d1 s tr 1 but1on.  The work 

des cr 1bed 1 n  the two prev1ous sect1ons to complete our understand1ng of the 

RCS thermal-hydrau l 1 c s  and core damage progress1on w1 1 1  be necessary to  

prov1de a bas 1 s  for  evaluat1ng the cons 1 s tency of  the TMI-2 end-state 

f 1 ss 1 on product behav1or data w1th other severe acc\dent research resul t s .  

These add1t1onal data needs and analyt\cal tasks are summar\ zed below. 

Add 1 t 1 onal data requ1rements:  

1 .  Add\t\onal core mater\al samples are cruc1al  \n determ1n1ng the 

end-state f 1 s s 1 on product 1nventory and d 1 s tr 1 but1on.  Reta1ned 

f 1 s s 1 on product concen trat1on and chem\cal form data w1 1 1  be 

requ1red for samples from each un1que core damage zone, as 

1dent 1 f 1 ed \n the prev1ous sect1on and 1n Table 6. Spec 1 f 1 c  data 

requ\rements from each sample 1 n c l ude: 

a .  Relat1ve act1v1ty  (ga� scans ) ,  

b .  E lemental compos 1 t1on. 

c .  Reta1ned f\ss\on product concentrat1ons for \ sotopes 

summar1 zed 1n Table 7 ,  

d .  Chem1c a l  forms o f  elements  summar1 zed 1 n  Table 7 .  

S1nce the core temperatures may have reached values above 2600 K 
for several tens of m\nutes . charac ter 1 za t 1 on of the 
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TABlE l.  SU""ARY Of LIKElY F ISSION PRODUCT CHEMICAL F OAMS REMAINING IN  
TH£ TMl-2 CORE �TER IAl 

Ces ,.,,. Stron t 1 um , 

cs�o4 SrO 
Cs2U04 
cs2s140, Ruthen1um 
cs2o 
Cs�03 Ru 

Ru02 
T!l lur1utt Ru02 

Ru04 
Te l lur 1des of : 
Sn, Sb, AQ, Molybdenum 
Fe, N 1 ,  Cr , Zr 
Teo2 Mo 

Mo02 
Ant1110n_x 

Lanthanua 
Sb203 

la�03 
8ar 1 u.  L a  

a.o Cer\ua 

S1 her Ce�03 
Ce 

Agl Ce02 

Noblr &ases Europ11M1 

Iod1ne Eu203 

Csl 
I 

sg 
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low-vola t 1 1 1 ty f 1 s s 1 on produc t s .  par t 1cularly  stront1um, bar1um. 

lan thanum. and a c t 1 n1de s .  1s more 1mpor tant than prev1ou s l y  
est1ma ted . 

I t  1 s  presently des1red to obta1n c l osure
a 

on the end-state 

f 1 ss1on product d1str 1but1on to w1th1n 10% for 1 sotopes of 

c e s 1 um. 1od1ne . t e l l u r 1 um. ant1mony. bar1um, s t ront1um. 

ruthen1um .  lanthanum. cer1um, and europ1um. S1nce exam1nat1on of 

core mater1al samples w1 l l  be 1 1m1ted , extens1ve v1deo data w1 l l  

be requ1red to correlate and/or extrapolate the exam1nat1on 

resu l t s  to the var1ous core damage zones . Th1s w1 l l  requ1re 

extens1ve v1deo data from a global perspec t1ve and c loseup v1deo 

data to character1ze each un1que damage zone 1n the lower core 

and plenum reg1ons . 

2.  Add1 t1onal samples o f  the concrete wa l l s  and rema1n1ng s l udge 1 n  

the reactor bu1 l d 1 ng basement are necessary t o  resolve 

uncer ta1 nty 1n the concentrat1on of reta1 ned f 1 ss1on produc ts  1 n  

the basement .  Even though the basement water was removed and 

processed ( 1 n  late 1981 ) .  leav1ng only a few 1nches of res\dual 

water and s l udge. rad1at1on levels 1n the basement rema1n qu1te 

h1gh.  Al though personnel have yet to enter the basement because 

of the h1gh rad1at1on. a robot veh1cle has surveyed the basement 

and photographed the sed1ment depos1 ted on the wal l s .  Based on 

e s t 1 ma tes of the a c t 1 vated wa l l  surface area and the poss 1ble  

ces1um penetrat1on 1nto concrete. the basement concrete surfaces 

could hold several percent of the total core 1nventory of 

ces1um. Retent1on of th1s  much ces\um--and perhaps other f 1 s s 1on 

produc ts--suggests that the basement 1 s  a s 1gn 1 f 1cant repos1 tory 

of f 1 s s 1on produc ts and requ1res deta11ed charac ter 1 zat1on.  

a .  Closure 1 n  the sense that the best-est1mate masse s .  as measured 1 n  the 
major f 1 s s 1on product repos 1 tor 1 e s .  add up to 100% of the est1mated total 
core 1nventory. 
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3 .  Add \ t \onal datd to character\zt the pr\�ry coo l \ng systeM 

surface dtpo s \ t \on and core d�br 1 s  par t \ c u lates d 1 s t r 1 buttd 

w\th1n  tht p r t  .. ry cool\ng syst� w\ 1 1  be usef u l  \n evaluat1ng 

the ch  .. 1cal for�s of the depos \ t�d f\ss 1on product spec \es . 

S\nct \nterpretat\on of th� f \ s s \on product depos \ t \on on the 

reactor syst.- surfaces w\ 1 1  largely be qua l \ ta t 1 ve 1n nature and 

the known concentrat \on of th� surface d�pos \ t s are low. these 

sa�les are of �ch lower pr \or 1 t y than �\ ther the core � ter1a l  

or bas�nt sa�les. Thus, on ly read \ l y  ava 1 lable sa�les of 

pr \ .. ry coo1\ng syst.- surfaces and debr \ s  are rec�nded. 

Add \ t \onal ana1yt 1cal  stud1es requ\red are desc r 1 bed below: 

Trans\ent Release Stud\es 

1 .  Oevelopnent of the best-est\.ate acc 1dent scenar1o  1 s  

necessary for basel\ne calcu lat \ons t o  pred\ct f 1 s s 1 on 

product release and transpor t dur\ng the core heatup 

per\od. The work descr1bed \n the prev\ous two sec t 1 ons 

rela ted to RCS ther.al -hydrau l \ c s  and core degradat \ on w1 1 l  

be requ1red to co.plete developMent of the acc \ dent 

scenar 1o. Analys1s  to deter•1ne the �st probable f \ ss1on 

product ch.-1cal for•s of \od\ne, ces\u., and tel lur\� w\ 1 1  

be u t \ 1 \ zed \n the f 1 ss\on product behav1or calcula t,ons . 

In add1t1on. sens, t \ v \ t y  stud\es w\ 1 1  necessary to  assess 

the effects of 

o The PUMP trans\ent on f \s s \ on-product behav\or 

o The behav\or of f \ s s \on produc ts \n noncoolablt � l ttn 

reg1ons of core Mater \ a l s  

o The release of f \ ss \on produc ts  dur\ng the fuel 

•1gr a t 1 on \nto the lower pl enu� rtg\ons. 
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2 .  Stud1es w1 1 1  be necessary t o  relate the est1mated T"I-2 

control rod behav1 o r .  based on the end-state core 

exam1 nat1ons.  to 1ndependent control rod f a 1 1 ure exper1ments 

and assess the 1mportance of the control rods on the T"I-2 

core damage and f 1 s s 1 on product behav 1 or . 

Stud1es to  £s t1mate Trans1ent vs Long-Term f 1 s s 1 on Product 
Release. As d1 scussed ear l 1 e r .  the trans1ent f 1 s s 1 on product behav1or 

dur1ng the core heatup per1od was not d 1 r ec t ly measurable 1n TMI-2 and was 

confounded 1 n  the longer t1me release measurements as the reactor sys tem 

was recovered. The longer-term measurements may prov1de 1mportant 1ns 1ght 

1nto  the releases pr1or to 400 m1n .  The f o l l ow1ng stud1es w1 1 1  prov1de a 

bas 1 s  for evaluat1ng the 1 n 1 t 1 a l  trans1ent release. based on the ava 1 l ab l e  

longer-term rad1 olog1cal measurements .  

1 .  A deta1 led chronology of long-term (>400 m1n )  reactor 

system 1nlet  and outlet  f lows and def1 n 1 t 1 on of the reactor 

system conf1gurat1on are necessary to determ1ne the 

long-term release from the reactor system. 

2 .  Eng1neer1ng stud1es are requ1red t o  1den t 1 f y  the 

relat 1onsh1p between the end-state f 1 s s 1 on product chem1 stry  

and the f 1 s s 1 on product chem1 s try dur 1 ng the trans1ent ( 1 00 
to 400 m1n ) .  These stud1es w1 1 1  1den t 1 fy the long-term 

chem1 stry between the reta1 ned f 1 s s 1 on products 1n the fuel 

and the reactor vessel water . 

Stud\es to Interpret End-State f 1 ss1on Product Data 

1.  The end-state charac ter 1 za t 1 on data must be 1 ntegrated to 

determ1ne the best-est1mate f 1 s s1on product d 1 s t r 1but1on and 

1 nventory. Th1s work 1 s  curren t l y  on-go1ng and w1 1 1  be 

updated each year to reflect  recently completed data 

acqu 1 s 1 t1on and reduc t1on work. A f1nal  report w1 1 1  be 
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ca.pletrd at the end of the progr•• that relates the known 

f\ss \on product \nvtntory and d \ s t r \ but \on to  our 

under stand\n� of the core daMage progress1on.  

2 .  Work w\ 1 1  be necessary to evaluate the chem, s t r y  and 

behav\or of f 1 ss\on produc ts transported out of the reactor 

core and RCS dur\ng the f 1 r s t  days after the acc\den t .  Th\s 

work v1 1 1  \ntegrate the data obta, ned to charac ter \ ze the 

vlr\ous release pathways , the quan t \ t \es of f \ s s \on produc ts 

that have been depos\ ted at var1ous locat\ons tn the RCS and 

aux\ 1 \ary bu\ ld\ngs, and the reta \ned f \ s s\on produc ts  

w\th\n the core .ater \ a l s .  Th\s work wou ld  focus on the 

\�ortant f \ sston product transport Mechan\sas, the 

ch .. \stry  of the TMI-2 rnv\ro�n t ,  and ca.par\ sons w\th 

expected f \ sston product behav1or under s\a\ lar cond 1 t 1 ons 

as deter•'ned froa separate-effects severe fuel daaage 

exper \.en t s .  

• . 1 . 3 TMI-2 Standard Problem 

The NRC. JOCOR, and other s .  both fore\�n and d�s t \ c ,  have developed 

and asseabled su\tes of c�uter codes for severe acc \ dent ana l y s \ s .  These 

codes have, \n genera l ,  been developed fro. 1\a\ted data obta\ned fro. 

s.al l -scale.  separate- and \ntegra l-effects exper,aents . Data frOM 

large-scale,  \nte�ral-effects exper\.ents are needed to benchMark and 

assess both the co.puter codes and separate-effects exper\ment s .  The TM I - 2  

acc\dent \s the on l y  source o f  such data, even though the acc 1dent vas 

pr\.ar \ l y  conf\ned to the RCS and the pr \ .. r y  pu� trans\ent was anOMilous 

w\th respect to aost severe acc \ denl sequences cons1dered for 1 \cens\ng 

purposes. The conf\dence and cred\b\ 1 \ t y  of the severe acc\drnt code 

su\ tes v \ 1 1  be �rea l l y  enhanced \ f  they can sat1sfac tof\ l y  ca lculate the 

TMI-2 acc \dent us\ng qua l \ f \ed boundary cond \ t \ons and system conf \gurat\on.  

The TMI-2 standard probl .. v\ 1 1  prov\de all  of the necessary data to  

set up  and perfor• an  analys , s  of the TMl-2 acc\dent, \nclud1ng plant 
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conf1gurat1on and geometry,  operator a c t 1 ons and sequence of even t s ,  and 
the approp r 1 a te boundary cond 1 t 1 on s .  The s tandard problem w1 1 1  also 

1 n cl ude a bes t-es t 1mate 1nterpretat1on of the acc1dent based on the results  

from the core mater1al  exam1na t 1ons , evaluat1ons of  on-1 1ne 1ns t rumen t s ,  

and eng1neer1ng sens1 t 1 v1 ty calculat 1ons for compar1 son w1 th the code 

pred1 c t1ons . 

The THI-2 plan t  boundary cond1 t1ons are perhaps the largest source of 

uncerta1nty 1 n  mode 1 1 ng the acc1den t .  These data have been extens1vely 

rev1ewed 1 n  prev1ous wor k . 24 • 25 • 45 Th1 s  work w1 l l  prov1de the base 1 1 ne 

for def 1 n1 ng the reactor system boundary cond1 t1ons;  however ,  these 

boundary cond 1 t 1 ons w1 1 1  be carefu l l y  evaluated. An 1 n 1 t 1 a l  boundary 
25 

cond1 t1on report has been publ1 shed for 1ndustry rev1ew and w1 1 1  be 

updated as part of the standard problem package. 

A best-est1mate reactor systems model of the THI-2 plant and acc1dent 

1 s  be1ng developed for the s tandard problem u t 1 1 1 z1ng the RELAPS/SCDAP/ 

TRAPHELT code. Calculat1ons us1ng th1s  model w1 1 1  be 1 n c l uded w1th  the 

package. 

46 
The s tandard problem w1 1 1  be def1ned and conducted us1ng the CSNI 

procedures for conduct1ng a standard problem. 

1 n 1 t 1 a l  document def 1 n 1 ng the problem, w1 th a 

analysts  conduc t 1 ng the ana l y s 1 s .  After the 

Th1s procedure requ1res an 

fol l owup workshop for 

calculat1ons are subm1 t ted, a 

compa r 1 son report w1 1 1  be 1 s sued documen t1ng the calculat 1onal resul t s .  

The standard problem w1 1 1  be conducted 1 n  at  least two phases. The 

f 1 r s t  phase of the s tandard problem w1 1 1  1 n c l ude a l l  aspects of the 

acc1dent up to 1 n 1 t 1 a t 1 on of the pump trans1ent at 1 74 m1 n .  The cond1t1ons 

necessary to def1ne the standard problem from 1 74 to the t1me of forced RCS 

cool1ng ( -1 5 . 5  h )  are much less certa1n.  Th1s per1od of the acc1dent 

w1 1 1  not be 1 n c l uded 1n the 1 n 1 t 1 a l  s tandard problem. If the necessary 

reactor systems boundary cond 1 t 1 ons can be def1ned suff 1 c 1 en l l y  wel l ,  the 

second phase of the standard problem w1 1 1  be conducted to cover the core 

relocat 1on and RCS recovery per1od, from 1 74 m1n to 1 5 . 5  h .  
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Tht sa� lt acqu \ s \ t \on and exa•1 nat\on task� are \n tended to prov\de 

tht data nectssarJ for under stand\ng the end-slate  cond \ t \on of the core 

and l ower plenu., the \�ortant phys \cal  1nteract 1ons between the core 

.. ter1als and reactor vessel s tructures , and the d1str 1but1on and ch�\cal  

for• of  tht f \ s s \ on produc ts  w\ th \n  the RCS, conta\nmen t ,  and aux 1 1 \ary 

bu1 1d\ng syst�s . These data w\ 1 1  be \ntegrated w\ th the on-1\ne '"1-2 

da ta.  eng\neer \ng calculat\ons , and \ndependent severe acc\dent research 

resu l t s  to \dent\fy  and quan t \ f y  the .echan\s�s control l \n� core damage 

progress\on and resu l t 1ng f \ s s \on product release, transpor t ,  and 

retent\on. As noted ear l \er , th\s  process \s shown \n f \ gure 6 .  

The bls\c data needs �re developed and d\scussed \ n  Sec t \ ons 2 .  3, 

and 4 . 1 ;  the sa�le acqu\ s \ t \on tasks to prov\de the data �re \den t \ f \ed 

and pr\or \ t \ zed \n Table 6 .  The fol low\ng sec t \ ons d\ scuss each of the 

sa�le acqu \ s \ t \on ac t \ v \ t \es to \den t \ f y  spec \ f \ c  data requ\r�n t s .  

These .ore deta\led data requ\r�n t s  for• the bas\s for spec \ f y\ng 

exa.\ nat \ on requ\re�nts for each acqu\ s \ t \on task.  The exaM\na t \on 

requ\r�nts are docu.ented \n the �1-2 Acc\dent Evaluat\on Program SaNPle 

Acqu\s \ t\on and E xa•\na t \ on Plan .
23 

4 . 2 .  1 Core Bore S!!ples and V\deo Inspec t , on of the Core (Table 6, 

Tasks 1. 3 and Sl 

The pr\nc\pal \nfor .. t \on necessary to \Mprove our under stand\n9 of 

the T " l - 2  core da .. ge progress\on and reactor vessel damage \ s  the 

end-state charac ter\zat \on of the core and lower plenuM struc t ures , 

\nc lud\ng spa t \ a l  charac ter \ za t t on of da�ge extent and phys\cal  

character \ s t \ cs  of the end-s ta�e core .. ter \ a l s .  Because the core bores 

w\ 1 1  prov\de spa t \ a l  charac ter \zat \on data and access for v\deo equ\p�nt 

\nto the l ower core and plenu� reg\ons , the \ n \ t \al core bores are the 

h\ghest pr \ or \ ty saNP1es.  
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The core bore samples w1 1 1  prov1de core mater1als  from three d 1 s t 1 n c t  

ax1al  reg\on s :  ( a )  the l ower core reg\ons ; ( b )  reg\ons between the bottom 

of the core and l ower e1 1 1 pt1cal  f low d 1 s t r 1 butor plate;  and ( c )  the core 

mater \ a l  r e s t 1 ng on the reactor vessel bottom head. Because of hardware 

1 1m1 ta t 1 ons , separate core bores w1 1 1  be requ1red for each d1s t1nct  a x 1 a l  
reg\ o n .  

N\ n e  core bore locat\ons have been chosen and pr1or 1 t 1 zed, as shown 1n 

F 1 gure 8.  P r1or 1 t 1 za t 1 on of the sampl e  1ocat1ons prov1des a tentat\ve 

gu1de \n case dr1 1 1 1 ng d 1 f f 1 c u l t 1es 1 1m1 t the number of samp les 

obta1nab l e .  Pr 1 or 1 t 1 za t 1 on 1s based on the fol l ow1ng c r 1 te r 1 a :  

1 .  Samples are requ1red at  d1 fferent rad\al  and az\muthal pos 1 t 1ons 

to character1ze spa t 1 a l  d1fferences 1n the core damage ,  mater \ a l s  

1ntera c t 1 on s .  and reta1ned f 1 s s 1 on produc t s .  

2 .  Samples are requ1red from a t  least one control rod fuel assembly 

and one burnable po1son fuel assemb l y .  

3 .  U t 1 1 1zat 1on o f  the un1que fuel assembly pos 1 t 1ons 1n wh1ch the 

f l ow holes 1 n  the lower plenum structures a l 1gn .  

4 .  Samp les are obta1nable only from un\nstrumented fuel assembl 1es . 

As the v1deo data are obta\ned, the core bore locat1ons may be changed 

to opt1m1ze the spa t 1 a l  character1zat1on data pos s1ble  w1th1n  the 1 1m1ted 

n1ne locat1on s .  

Data requ1 remen ts for each core bore sa�ple cons 1 s t  of the fol low1ng: 

o Ax1a1  gamma scans and gamma spectrometry to quan t 1 f y  reta1 ned 

rad1o1 sotopes and locat1on.  
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o Correlat1on of the acqu 1 s 1 t1on chron 1 c l e  data ( see Sec t1ons 3 . 4  
and 4 . 2 .  12 ) w1th the re lat\ve gamma scan, spec trometer,  and 

phys1cal prope r t 1 es data to charac ter 1 ze the core mater 1 a 1  versus 

ax1al pos1 t1o n .  

o Rad1ochem1cal measuremen ts  of reta1ned f 1 s s 1 on produc ts and 

chem1ca1 forms versus ax1al  pos1 t1on and mater \al  zone for those 
elements and compounds summar1 zed 1n Table 7 .  

o Measurements to character1ze each mater 1 a l  zone . 

Phys1ca1 appearance, 

Hardness ,  

E lemental and chem1ca1 compos1 t1on,  

Chem1 cal 1 n terac t1on s ,  

Par t 1 c l e  s 1 ze d 1 s t r 1 but1ons,  dens 1 ty ,  surface texture, 

poros 1 t y ,  duc t 1 1 1 t y ,  gra\n s \ ze ,  

Peak temperatures, and 

Ox1dat1on sta te--fuel , z \ rcaloy and other mater 1 a l  

As the 1 n 1 t 1 a 1  core bores a r e  removed, v1deo equ\pment w\ 1 1  be 

u t 1 1 1 zed to v1sua l ly character1ze the damage 1 n  each d 1 s t 1nct  reg1on.  

Global v1ews of  the damage w1 1 1  help correlate the core mater 1 a l  

1 n teract1ons and reta1ned f 1 s s 1 on produc ts t o  larger reg1ons o f  the cor e .  

In  add1 t 1 o n ,  deta\led v1 deo data w1 1 1  help character1ze the deta 1 l s  o f  each 

un1que damage zone. The v1deo data are cruc \ a l  for extrapolat\ng the 

1 \ m\ ted sample exam1nat1on resu l t s  to larger reg\ons of the cor e .  
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4 . 2 . 2  Acous t \c TopoartRhx of the Crust Be low the Upper Debr1s Bed 

(Ttble 6, Ttsk 21 

Topography d•ta fro. acous t \ c  scans art requ\red to .. P the hdrd c rust  

below the upper fuel debr 1 s  bed. 

4 . 2 . 3  Large Vol� SI!Dles of Oebr 1 s  f r o.  the Core and the l�r f lenu• 

tTablt 6, Ttsk 61 

Grab sa�les fro. the upper core debr \ s  have been obta\ ned and 

ana1yzed. 8
•9 These s .. 1 1  sa�les have prov\ded s\gn1f 1cant 

phys 1 och .. \cal data to evaluate � ter tal  tnterac t \ons and f \ s s \on produc t 

bthav\or . E leven sa�les �re retr 1eved, represen t \ n� only about O . OOS� of 

the es t \  .. ted debr \ s  vo l�. The relat \vely smd l l  concentrat \on of s �  

f \ ss t on produc t s  (par t icular ly  tel lur \u.) has resul ted \n large 

uncer ta\nt 1es \n the .easured c oncen trat \ons frOM the grab samples. 

Add 1 t \ona1 larger -voluNe sa�les are requtred fro. the upper core debr\s 

reg\on to quant\fy  the reta\ned f 1 ss1on produc t s .  

4 . 2 . 4  Par t t a l  length fuel Ass�l\es fro. Control Rod. Potson Rod. and 

•on-Control Rod Ass�l \es {Table 6, Task 7} 

E xAa1Bit\on of fuel rod se�nts fro. par t \ a l  length, re lat \vely 

\ntac t fuel ass.-bl \es fro. the lo�r core per i phery w\ 1 1  prov\de 

\nfor .. t \ on on the ax\al  and rad\a l progression of core da�ge as � 1 1  as 

f \ ss \on produc t retent\on over a w\de range of fuel rod da.age. Ass�l\es 

fr� control rod, po\son rod.  and non-control  �ter tal  pos \ t \ ons are 

requ\red for ex .. \nat1on. Intac t rod se�nts w\ 1 1  be ettrac ted froa the 

retr1eved asse.bl \ts for detailed exa�\nat\on. These exa�\na t \ ons are 

tntended to prov\de \nfor .. t \o� on peak fuel rod t�erature, .. ter \als  

tnterac t \ons,  reta\ned f \ s s ton produc t s ,  and f \ s s \on product che.\cal 

for•. Deta\led rod sev-ents and exa•1nat1on requ\r�nts w\ 1 1  be spec 1 f \ ed 

b•sed on v\sua l  \nspec t \on of each fuel asse.bly. The exaM\nat\on w\ 1 1  

.-pha s 1 ze changes I n  the relat\ve da .. ge across each fuel ass�ly and 

1den l 1 f J  d1fferences \n .. ter \11  \nterlct \ons aMOng the fuel ass.-bly types . 
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4 . 2 . 5  Reactor Bu1 1d1ng Basement Sampl es from Sludge and Concrete Wa l l s  
{Tabl e  6, Task 8 and 9} 

The pr\mary repos 1 to r 1 es for f 1 s s \ on produc ts  are thought to  be the 

reactor vessel (pr \mar \ l y  core mater \ a l s )  and the conta\nment basement ,  

par t 1cularly  the s l udge and the concrete wa l l s  1 n  add1t1on to  base�nt 

water wh1ch has already been processed. The current a c t 1 v 1 t y  \n the 

basement wa l l s  and s ludge samples suggests s \ gn 1 f 1cant retent\on ( for 

examp l e ,  several percent of the total core c es \ um ) .  Independent 

exper\men ts  have conf1 rmed that the concrete 1 s  an eff\c \ent absorber of 

ces \ um. Suf f 1 c 1ent samples of the basement f loor concrete wa l l s  are 

necessary to est\mate total f 1 s s 1 on product retent\on 1n the basement 

wa l l s .  Suf f 1 c 1ent samples of the basement s ludge are requ\red to est\mate 

the total  \nventory 1n the s l udge and to charac ter\ze the f 1 s s 1 on product 

concentrat\ons . locat 1 ons . and assoc\ated mater\a l s .  

4 . 2 . 6  P r \mary Coo l \ ng Sys tem Surface and Sed1ment Samples (Table  6, 

Task 1 4} 

A l l  present exper1ence \ n  charac ter 1 z 1ng the plant 1nd1cates 

relat1vely  sma l l  f 1 s s 1 on product depo s 1 t 1 on on the reactor system surfaces 

external to the reactor vessel . However , the pr1mary cool1ng system 

surface depos1 t1on may prov1de the only benchmark for the f 1 s s \ on product 

transport dur\ng the core degrada t 1 on phase of the acc\den t .  In  

par t 1 cular . the reta\ned f \ s s \ on product chem1cal forms may be  related to  

the f 1 s s \ on product chem\ s try dur\ng the trans\ent and the reactor vessel 

chem\cal env1 r onment dur1ng the acc1den t .  Analys\s  of the core mater1a1  

debr 1 s  depos \ ted \ n  the PCS w\ 1 1  be  conducted to enhance our  understand\ng 

of the plant hydrau11c  cond1t1ons dur\ng or shor tly  after the atc1den t .  

To prov1de these data. add 1 t 1 onal samples from read 1 l y  access \ b l e  

loca t 1 ons w 1 t h 1 n  the pr1mary cool 1 ng system should \nc lude: 

1 .  Surface depos 1 t s  from the A-loop steam generator handhole cover 

1 \ ner . 
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2.  Surface depos t t s  fr011 the B · loop RTO ther IIIOWt 1 1 .  

3.  Surface depos \ t s  f r 011 the B · loop stu• gt>ntrator t�.�nway c o,er 

baclt\ng plate.  

4 .  Surface depos \ t s  fr011 the pressur\zer Minway cover back\ng plate.  

5 .  Std\��tnt Ull!p 1 fS fr011 the stea� venerator tube sheet top loose 

dtbr \ s .  

6 .  Std\•nt sa..,les fro. the s tea• generator lower head loose debr \ s .  

for each sa��Ple,  the fol low\nQ character \ s t \ c s  should be deter•1ned: 

o ( l�ntal and che��\cal  c Q��pos\ t\on,  

o Par t \ c l e  s \ re d \ s t r \but\ons, dens\ ty ,  and surface texture. 

In  add \ t \on to the phys\ca1  character 1 s t t c s ,  rad\och�\cal 

.easur.-ents of reta\ned f \ ss \on product concen trat \ons and ch�\cal for•s 

are requ\red for those el�nts and che��\cal for•s su�r\ zed \n Tab l e  7 .  

4 . 2 . 7  Core Suppor t Ass�ly Sa!p1es {Tab le 6, Task 10} 

The extent of core suppor t ass.-bly (CSA) d.-.ge w\ 1 1  be deter•\ned 

fr011 v\sua1 \nspec t \ on of the lower plenu. and core suppor t asse�ly 

reg\ons through the core bore channe l s .  as wt l l  as frOM se1ecttd sa��Plts of 

the CSA obta\ ned dur\ng defue1 1ng. Sa��Plts of the CSA are requ\red to 

deter•1ne peak te.peratures and the phys \cal  and ch�\ca1 \nteract\ons 

between 110lten core .. ter \als  and s ta\nless  s tee l struc tures . SaMple 

select\on w\ 1 1  be bastd on knowledoe ga\ned fr011 the core bores and the 

fol low-up v \ deo exa•\na t \on da ta . 
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4 . 2 . 8  Reactor Vessel Sampl es (Table 6, Tasks 1 1, 1 2) 

The current understand\ng of the 1nteract1ons between mol ten core 

mater\als  and the reactor vesse l ,  as d \ scussed tn Sectton 4 . 1 ,  suggests 

that the most probable mode of vessel fa1 1ure woul d  be me l t tng of the 

\ n s trument penetrat1on nozzles . Samples of the \nstrument penetratton 

nozzles are requ\red to determ\ne the extent of damage to these s tructures 

and to e s t \ ma te the marg\n to fa\ l ure of the vessel . Suf f 1 c 1ent v\deo 

\nspect1on data w\ 1 1  be requ1red to spec 1 f y  sampl e  locat1ons to map the 

damage extent to the \nstrument gu1de tubes. 

The cond1t1on of the reactor vessel \s not known , and our 

understandtng of the deta 1 l s  of the core melt progresston and 

thermal/chemt cal  at tack on the vessel wa l l s  t s  not complete. However , 

current engtneertng est\mates 1nd1cate only surface damage to the vessel 

wal l .  I f  these s tud1es are correct ,  surface samples of the vessel wal l  may 

be s u f f 1 c 1 ent to conf1rm our understand1ng of vessel da�ge. f 1 nal vessel 

wal l  sampl e  requ\remen t s ,  1 n c l ud1ng samples  for meta l l urg1cal exam1 nat1on 

1 f  needed, w1 1 1  be spec 1 f 1ed as more 1nformat1on \s obta1ned dur\ng 

defue l 1ng.  

4 . 2 . 9  Core former Wa l l  (Table 6, Task 1 3} 

The core former wa l l  appears to be bas 1 c a l l y  \ntac t 1n  the upper 

reg\ons of the cor e .  However ,  below the core m1dplane. the extent of 

damage 1 s  not known . If  severe damage to the core former wa l l  becomes 

ev\dent durtng core defue l t ng ,  detat led v1deo data of the damage zones wt l l  

be necessary and selected samples of the wa l l s  w1 1 1  be requ1red to 

determ1ne the mode and extent of damage, temperatures . and the dom1 nant 

mater 1 a l  1nterac t1ons . Sample locat1ons w\ 1 1  be spec 1f 1ed as requ\red 

durtng the core defue l 1 ng. 
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4 . 2. 1 0  UDDtr Pltny! Surftce Tt!Peratures and Oepost t 1on (Table 6, 

Ttsks lS tnd ltl 

Upper pltnu. surface te.peratures are necessary to assess the r e l a t \ ve 

\�ortance and effect of natural convect\on and � l t 1d1�ns\onal f l ow  

ptt terns w\ th1n the reactor vessel on core heatup and f \ sston product 

transpor t/retent \on w\th\n the RCS. Ex .. \nattons of two c ontrol  rod 
1 0  

ltadscrevt \nd\cate upper plenUM a x \ a l  t�erature d \ fferences of 

approx\ .. tely SOO K ( top to bott�) and rad\al  te�erature d \ fferences 

( \ . e . •  core center to pertphery) of approx1.ately 250 K .  These data w\ 1 1  

bt used to address the techn\cal  \ssues assoc\a ted w\th RV natural 

c 1 rcu lat \on. H�ver . add \ t \ onal saMPles of structural surfaces ( e . g  • •  

core upper gr \d  plate)  are requ\red to co.plete charac ter \ za t \ on of the 

reta\ned f \ ss \ on products and upper plenu. t�erature d\str \but 1 on .  

Based on our current knowledge of the upper plen� d�ge and 

t�rature d \ s t r 1 bu t\on. the fol lov1ng add \ t 1onal data and saMples are 

requ\rtd to charac ter \ze the upper plenUM t�erature and f \ ss \on product 

d \str \but\on: 

1 .  Rel a t \ ve acttv\ ty .app\ng of the upper p lenu• v\a  

ther.alu.\nescent detectors ( TLDs ) .  

2 .  Add \ t 1 onal v\deo data t o  charac ter 1 ze the a x \ a l  da�qe extent 

above the core upper gr \d  plate.  

3. Add \ t 1onal control rod leadscrews for poten t 1 a l  metal lurgtcal and 

f \ s s 1 on produc t ana l ys t s .  

£xa•1 nat \ on requtr�nts fo! the control rod leadscrews w\ 1 1  be 

developed bised on the results  of relat \ve ac t \ v \ ty .app\ng of the upper 

plen�. ror ex�le,  \ f  the relat\ve act \vt ty  �pp\ng shows �ch larger 

spattal var \ a t \on \n the upper plenu. ac t \ v \ t y  than expected fro. the 

t•1st 1ng ltadscrev data , add \ t \onal leadscrews and other upper p l enUN 

surfaces should be exaM\ned to dettr�\ne f \ ss \ on product depos \ t \on and 

t.-perature grad\ents . 
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4 . 2 . 1 1  Upper Core Sampl es (Table 6. Tasks 1 7  and 1 8} 

Data are requ1red to charac ter 1 ze the peak temperatures (and to the 

extent pos s 1 b 1 e ,  the temperature h 1 s tory ) of the upper reg1ons of the cor e ,  

core upper gr1d p l a t e ,  and the lower structures located 1n the upper 

p l enum. Th1s  1nformat1on 1 s  necessary to evaluate our under stand1ng of the 

mul t 1 d1mens 1 ona1 reactor vessel f l ow patterns dur1ng the 1 n 1 t 1 a l  core 

heatup phase of the acc 1 den t .  These data, along w1th eng1neer1ng 

sens1 t 1 v 1 ty calculat \ons to s tudy the mu l t 1d1mens1onal core degrada t1on and 

reactor vessel flows, w1 1 1  1ncrease our understand1ng of the 1 n 1 t 1 a l  core 

degradat1on , core flow blockage, and hydrogen produc t1on.  

Selected samples of the upper fuel assembly s tructures w1 1 1  prov1de 

t h \s  1nforma t 1 on .  Care must be taken to ensure that the or1g1nal locat1on 

of each sample  can be c learly 1den t 1 f 1ed . l t  w1 1 1  be necessary to c l osely 

fo l l ow the defuel1ng operat1ons to ensure that un\que mater 1 a l  

conf1gurat1ons are sampled and evaluated. 

for non-fuel samp l e s ,  the charac ter1zat1on should 1nc lude the damage 

extent and est\mate of the peak temperature (and t1me a t  temperature to the 

extent poss 1ble ) .  

for samples conta1n1ng fuel mater \ a l ,  the f o l l ow1ng data are requ1red: 

o Phys1cal measurements to charac ter \ ze 

Appearance, 

E lemen tal  and chem\c a l  compos 1 t 1on, 

Chem\cal  1nterac t1on s ,  

Mechan\cal proper t 1 e s ,  den s 1 t y .  surface texture, poros 1 t y ,  

gra1n s 1 z e ,  
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T.-perltures 1nd t�frature h\ story ( to the e•tent  

poss 1ble ) .  

o Rad\och .. tcal  �asure.ents of rtta\ned f 1 s s 1on product 

c oncentrattons for \ sotopes su� r t zed \n lable 1 .  

4 . 2 . 1 2  Ooc u�ntatton of the Core Defue 1 1 ng Oper d t ���� {Tib1e 6, Task 4} 

Tbe core dtfue 1 1 ng operat1on provtdes a one-t tme oppor tun1 ty to  

docunent the global core cond\t 1on and relate that to the general 

.. ch1ntcal cond\tton of the core .ater t a l s  as they are re�ved. Th1s  

\nfor .. t 1 on w\ 1 1  be valuable 1 n  develop1ng the acc 1dent scena r \ o .  To 

ensure thlt core dtfue l \ng data 1re ava \ lable .  the fo l low\ng requ \ r �n t s  

are \dtnt \ f 1ed: 

1 .  A chronology of the defuel\ng act \v \ t \es ,  the equ\p�nt ut\ 1 \ zed. 

and the results of each defue l \ ng oper a t \ on should be kept . 

2.  In-vessel v\deo data to \dent\fy  global d ... ge extent and 

consequences of the dtfue 1 1 ng operat \on should be taken. 

3 .  The acqu \ s \ t \on o f  targets of oppor tun \ t y  for un\que core 

.. ter \ a l s  w\ 1 1  be cons\ dered on a case-by-case basts dur\ng the 

defuel \ ng oper a t \ on s .  

A su�ry of defuel\ng ac t \ v \ t \es w\ 1 1  be pub l 1 shed a t  the end o f  each 

f \ sc a 1  year relat 1ng the defue l \ng 1nfor .. t1on to our unders tand\ng of the 

acc 1den t .  

4 . 3  Oata Redwc t \on dnd Qua 1 \ f \cat \on 

S\nct the T"J-2 acc\dent. s \gn\f\cant resources have been expended to 

tnterpret the operator ac t 1 ons,  the plant sequence-of-events dur\ng the 

acc\den t ,  and the data fr� selec ted on- 1 \ne \nstruNen t s .  I n  add\ t \ on ,  the 

end-s late reactor syst� charac ter \ za t \on data are extens\ve and w\ 1 1  
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1ncrease drama t 1 c a l l y  as the core mater 1 a l s  are removed from the reactor 
vessel . The TMI-2 data, however , have never been f u l l y  col l ec ted and made 

ava1lable through a central ly located data base. Nor have many of the data 

been subjected to a c r 1 t1cal  rev1ew, us1ng a def1ned methodology to ass1gn 

mean1ngful qua l 1 fy1ng remarks and assoc1ated uncer ta1nt1es .  Also,  

1 ncons 1 s tenc1es s t 1 1 1  ex1 s t  1 n  some of the data that could have a 

s 1 g n 1 f 1cant 1mpact 1 n  develop1ng a cons1 stent understand1ng of the acc1dent 

progres s 1 o n .  

The Data Reduc t1on and Qua l 1 f1ca t1on program element has the 

respons1b1 1 1 ty to evaluate, qua l 1 fy, and centra l 1 ze the TMI-2 data . Th1s 

sec t1 on des c r 1 bes the approach 1n develop1ng a centr a l 1 zed data base, 

d 1 scusses the types of data wh1ch w1 1 1  be 1ncorporated 1nto the data base, 

and 1den t 1 f 1es the data qua 1 1 f 1 cat1on requ1rements . 

4 . 3 .  1 Data Base Over v1ew 

The data base w1 1 1  be a centra1 1 zed data storage locat1on for the 

fol low1ng major data sources : 

o Plant conf1gurat1on data, 

o Plant sequence of events and operator act1on s ,  

o l n 1 t 1 a l  plant boundary cond1 t1on s .  

o Trans1ent plant  boundary cond1 t1on s ,  

o On-1 1 ne plant  1nstrumentat1on data, 

o f 1 s s 1on product data 

o End-state exam1 nat1on data, 
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o Results fro. the bes t-estt  .. te TM I - 2  standard probl� 

calcula t \ ons p•rfor.,d by EG&G Idaho, 

o Cor� dtfu� l tng ac t t v t t \es .  

In add1t\on to data storage, the data base � \ 1 1  have the capab\ 1 \ t y  to  

�n1pulate selected data and s� 1 \M\ted graph\c and sor t \ ng 

cap�b \ 1 \ t \ es . A sch�ttc of the data base capab \ 1 \ t y  \ s  shown \n 

f \gure 9 .  The data base ts be\ng des\gned for use on 18" Personal C�uter 

syst.-s. Oeta t l s  of  the data base conftgurat\on and capab \ 1 \ t \es are 

docu.ented \n Reference 47 .  

4 . 3 . 2  Data Qual \ f \cat \on 

The pr \ .. r y  purposes for rev1�\ng and qua l \ f y\ng the data are ( a )  to 

\dent\fy the uncer ta\nt\es ,n operator act \on s ,  the sequence of events , and 

.. asured on-1\ne data for deftn\ng the T"I - 2  standard probl�. and ( b )  to 

provtde t nfor�t\on to \�rove our under stand\ng of the acc\dent 

pr09resston and the 1nterac t 1 ons between the degraded cor e ,  RCS 

ther .. l-hydrau l ,c s  response, and f \ ss1on product behav\or . 

The baste data requ1red to  qual1fy  for the T"I - 2  standard probleM are  

1 \ s ted below: 

o RCS pressure 

o Reactor pr\  .. ry sys teM te�eratures 

o Reactor coolant \nventory and f l ow  r a te 

o l \ qu\d leve l s  ( r eactor vesse l ,  pressur \zer , p\p\ng syst�s . steaM 

genera tor s )  

0 RCS .. keup and letdown f low rates 

0 Operat1on per1ods of ECC 1nlec t\on 

0 Operat,on per\ods of PORY and block valve 
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TMI Data 
- Time series (plant measurements) 
- Initial and plant conditions 
- Transient plant boundary conditions 
- Sequence of events (including operator actions) 
- Plant configuration 
- End-state core and reactor exams 
- Fission product inventory 
- Analysis summaries 
- Standard problem calculations 
- Core defueling activities and results 

I Software Interface I 

I I 
Graphics Data Uncertainty 
- Data manipulation - Functions uncertainty 

Users Applications 
- Special programs 

- Plotting 
- Visual displays 

Standard Problems(s) 
- Data retrieval 

Report Generator 
- Tables 
- Sorting routines 

f 1 gure 9 .  TMI-2 data base capab 1 1 1 t y .  

7 8  

8 0497 



o ln-cort neutron detector and thernocouple data for tst 1� t,ng 

core da .. ge progrtss1on and RY 1 1qu1d level 

o Conta\n.ent rad\at\on levels 

o Source and 1nter.ed1ate-range detector data and suppor t \ng 

analys 1 s  to est \  .. te reactor ves�tl 1 1qu1d level$ 

o RCS coolant vo1d frac t\on ( fro. the Ventur'  meter ) 

These data are needed frOM acc\dent 1 n 1 t 1 at 1on unt 1 1  stable core 

cool\ng was reestab 1 1shed at about 16 h .  After s table core coo1 1ng was 

reestlbl\ shed, the event s  and �asur�nts needed are those related to  

chintts 1 n  the plant coolant \nventory and f 1 s s 1on produc t vtnt1ng, 1 . e  . •  

vent 1 ng of noble gases approx1 .. tely one year a f ter the acc 1 den t .  

Tht tt.e ser\es ( reac t 1  .. ter ) data �st  be qua 1 1 f 1ed to the extent 

that eng1neer1ng uncerta\nt \es are es tabl\ shtd before u t 1 1 1 zat \on for the 

standard probl� or resolv1ng uncer ta1nt 1es \ n  the acc\dent progress1on.  

The boundary cond1t1on data �st be evaluated to the extent tha t 

uncer ta1nt1es that havt a s1gn1f \cant \Mpac t on the .adel pred1 c t 1 ons of 

core d,..ge are 1dtn t 1 f 1 td .  

A for .. l syst.- has been adopted for determ1n\ng and c lass1fy1ng 

.. asure.ent data qua l \ ty .  Th\ �  syst� cons \ � t s  o f  analyz1ng the 

�asur.-.n t s ,  rev1ew\ng the resu l t s  \n to.N1t tee, and ass 1gn1ng 

qua 1 1 f 1cat 1on levels and stal�nts to each �asure�n t .  

In analyz1ng the �asur.-en t s ,  answers to the fol low\ng quest \ons are 

sought : ( a )  are tht data cons \ s tent w\th  respect to s 1 ngle channel 

ana l y s \ s  c r \ ter\a ( range. notse 1 1M1 t s .  t 1� response. and correlat1on w1 th 

s 1 gn 1 f 1cant plant event s  and pr\or h \ s tory ) ? ,  ( b )  do the data agree w1 th  

other . redundant,  1nfor�t1on7, and ( c )  do lhe data agree w1th  

ther .. 1-hydrau 11c  theory? In the neat s tep, a Data lntegr 1 ty Rev1ew 

Ca..1 t tee (OlRC ) rev1ews a l l  ana l ys 1 s ,  evaluat1ons , and cOMpar1sons 

perfor .. d 1n response to the above quesl 1ons . ( Tht D I RC w1 1 1  be cOMposed 

of a panel of eaptr1enctd persons, knowltdgeabl e  1n T"l - 2  data analys t s . )  

f tna l ly,  the OlRC w1 1 1  asstgn qua l \ f 1cat 1on ltvels to each �asur �nt . 
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Only  the t1me ser1es data w1 l l  be forma l ly qua 1 1 f1ed;  th1s  1nc ludes 

the reac t1meter dat a ,  s t r 1 p  char t data ,  and the ut1 1 1 ty and a l arm pr1nter 

data .  To prevent dup1 1cat1on of  prev1ous data qua 1 1 f 1 ca t 1 on work, the 

\ndustry 1 s  be1ng asked to supply 1nforma t 1 on related to qua 1 1 f 1cat1on of 

any TMI-2 data.  Where 1ndependent qua 1 1 f 1c a t 1 on has been completed and 

documented for the above data sources, the qua l 1 f 1 ed data w1 l l  be entered 

1nto the data base w1 th no add1t1onal eva l ua t 1on.  

Qua 1 1 f 1cat1on of the 1n-core 1ns trumentat1on da ta ,  source range 
mon1 tor outp ut ,  rad1 a t 1 on mon1 tor data ,  and some of the RCSs 

therma l -hydrau l 1 c  data w1 l l  requ1re spec 1 a l  techn1ques . for most of these 

cases , the 1ns trumen tat1on was operat1ng outs1de 1 t s  normal ranges and must 

be exten s 1 vely evaluated pr1or to relat1ng the data to the core damage 

progress1on. The fol low1ng data w1 l l  requ1re spec 1 a l  1nterpretat1on and 

qua 1 1 f 1ca t1 on :  

Self  Powered Neutron Detectors (SPNOs): The SPNOs norma l ly prov1de 

measurements of the spa t 1 a l  d 1 s t r 1but1on of power . The SPNO output went to 

zero when the reactor was scrammed at the start  of the acc1dent .  However ,  

dur1ng the acc1den t ,  many of the SPNOs a l armed because the output went 

off-scale negat 1 v e ,  then later came back on-scale and then went off-scale 

pos 1 t 1 v e .  The 1 n 1 t 1 a l  negat1ve behav1or has been 1nterpreted (and 

substant1ated v1a 1ndependent exper1ment s )  to 1nd1cate that the detector 

temperature was approx1mately  

81 1  k ( l Ooo• f )  a t  the 1 n 1 t 1 a l  alarm. The subsequent pos 1 t 1ve output from th  

e SPNOs 1s  judged to  be a resul t  of loc a l 1 zed severe core damage near the det 

ec tor . 

Work 1 s  underway to determ1ne a correlat1on between both pos1 t1 ve and 

negat1ve SPNO output and the surround1ng core temperatures and damage. 

Th 1 s  correlat 1on would a l low est1mates of core damage as a funct1on of t1me 

and core damage as a funct1on of ax1al  core pos 1 t 1on.  Th1 s  conf1rmat1on 1 n  

1n terpret1ng the SPNO data would have 1mpor tant 1mpl1cat1ons 1 n  

1 n terpret1ng the core 1 1 qu1d level versus t1me and core damage versus t1me. 
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Sourct Rtnat !Qn1tors: The two source range �n \ tors nor� l l y  prov1de 

�lsur ... nt of the core gross pOV!r leve l .  The output fr� one of the 

MOn\ tor s his bttn eviluated and 1nttrpreted to prov,de core 1 \ qu \ d  leve l ,  

ass�\ng thit the core veo-etry d\d not chanqe s \ Qn\ f \can t l y .  The va1 1 d 1 t y  

of these core 1 \qu\d est1  .. tes \ s  ques t \ onab le ,  because \ t  1 s  now known the 

core veo.etry d\d chanve s \ Qn\f \can t l y .  The postulated acc\dent scenar\o  

prov\des a descr1pt \on of core relocaton that can be used for e s t 1 -. t \ ng 

the \�act of core relocat1on on calcu lated source range .on\tor response. 

Also,  the behav\or of the second source range �n\tor has )ust  recently  

been obta\ ned and \s  be1ng evaluated. Ca.par\son and correlat \ on of the 

behav\or of both .on1 tors,  coupled w1 th the data frOM the 

1nter .. d\ite-ranv• neutron �n\tors and the postuli ted acc \ dent scenar1o,  

v\ 1 1  prov\de add \ t 1 ona1 \nfor .. t\on on reactor vessel coolant 'nventory and 

the t1Ne and extent of core veo.etry changes . 

Res\s tance T�rature Detectors {RTOs) and Core Ther�coupl e s :  RCS 

t.-peratures dur1ng the acc \dent are 1 nd\cat1ve of the extent of core 

d�ve and the -.gn\ tude of heat transfer fr� the core to the RCS. RCS 

coolant t.-peratures were �asured w\ th RTOs \ n  the hot legs of pr \Nary 

c oo l \ ng loops and w\ th ther�couples at the top of the core. "'asured 

hot-lev s t ea� tPMperatures dur\ng the acc1dent should be reasonably 

accurate prov\ded that rad1 a t \ on effects were not s 1 gn 1 f 1cant.  However , 

the core ther.ocouple output vas out of range of the �asur�nt syst� 

when the te.peratures exceeded about 640 K. As the core da.age progressed, 

new ther�couple )unct \ons were for�d when the ther.ac ouple leads � l ted . 

( xper1ence frOM the PBf Severe fuel  oa .. ve tes ts  \nd\cates that the new 

Junct \ons prov\de reasonably accurate t.-perature Mtasur�n t s ,  but the 

locat \ons of the n.vly for�d ther�couple )unct \ons are not known . The 

response of these �asure.ent dev\ces v\ 1 1  be rev\ewed to ver \ f y  the 

ex1st 1ng data and \nterpretat1on5 . 

Yentur\ "'ter s :  The pr \ .. r y  syst� Ventur1 Ntters nor� l l y  prov\de 

.. asur ... nt of s1ngle-phase coolant f low rate.  Two-phase coolant f low 

cond 1 t 1 ons were establ\ shtd \n the RCS before the pr\�ry coolant pu.ps 

were turned of f .  The output of the Yentur \ �ters dur \nv th\s  t \ me  May be 
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propor t 1 onal to coolant vo1d frac t 1 on ,  wh1ch 1 ncreased as coolant escaped 

through the p 1 l o t-operated r e l 1 e f  valve ( PORV) .  The data from the Ventur 1 

meters w1 1 1  be evaluated, u s 1ng methods developed from the LOFT OECO 

Program. to determ1ne coolant vo1d frac t 1on .  I f  coolant vo1d  frac t 1 on can 

be determ1ned dur 1 ng t h 1 s  phase of the acc1 den t ,  then the reactor vessel 

coolant 1 nventory can be more accurately est1mated as a funct1on of t 1 me ,  

but par t 1 cularly  at  1 00 m 1 n  when the pumps were shut off and the reactor 

vessel coolant bo1 1  down began. The uncerta1nty assoc1ated w1th  the 

coolant 1 nventory dur 1 ng the acc 1 dent p r 1 or to pr1mary coolant pump 

shutdown has had a s 1g n 1 f 1cant 1mpact on the c a l c u l a ted core heatup.  
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S. ROlf Of �1-2 ACCIO£NT EVALUATION PROGR� 

IN R£SOlVlNG T£CHNlCAl ISSU[S 

Tht role of the TMI-2 Acc \ dent [valua t \ on PrograM \ncludes u t 1 1 \ z \ ng 

the � 1 -2 research f \ nd1ngs \n  resolv\ng severe acc \dent and source tera 

ttchn\cal \ ssues that could not prev\ous ly  be resol�ed due to \nsuf f 1 c 1ent 

or nonex\s tent data. The �1-2 acc \dent resulted \n  relocat\on of .a l ten 

core -.ter\als  through the core boundar\es and the lower core s uppor t 

ass.-bly, the \nterac t \on of .ol ten core Nater \ a l s  w\ th the reactor vessel 

lower head, and the retent \on of f \ s s \ on produc ts w1th1n  the RCS and the 

conta \n.en t .  Thus, the acc\dent offers the poten t \ a l  for ( a )  s tudy\ng the 

phys \cal �chan\s•s that control core da-.ge progress 1 on and relocat\on, 

( b )  eva l�t\ng the effec t 1 veness of var\ous f 1 ss 1on product barr \ers ,  and 

( c )  prov\d\ng \nfor.a t \ on for develop\ng and assess1ng the reactor syst� 

co.puter .ade l s .  Unfortunately, the 1 1•\ted TMI-2 data recorded dur\ng the 

acc \dent and end-state charac ter \ zat \on of the reactor sys te� c�leted to 

date are not adequate for estab l 1 sh1ng a ca.plete understand1ng of the core 

da .. ge progress\on and res u l t \ng f \ ss \ on produc t behav\or . Therefore, the 

.. lor goal of the A(P as d1scussed prev\ously \s to co.plete our 

understand\ng of the acc \dent and develop a cons 1 s tent acc \ dent scena r \ o .  

Th\s work \ s  d\ scussed \n  Sec t \on 4 .  A cons\s tent unders tand\ng o f  the 

TMI-2 acc \dent w \ 1 1  prov\de the techn\cal bas \ s  for u t \ 1 \ z \ng the TMI - 2  

research towards resolut\on o f  ,_,ortant techn\cal \ ssues . 

The baste approach to severe acc \dent and source term research \ s  

shown \ n  f \ gure 1 0  and \ s  presented to show the 1Mportance of the 

unresol ved techn\cal \ ssues re lat \ve to ach\ev\ng the research goal of 

acceptable stvere acc \dent and source ter• ca.puter MOde l s .  As shown \ n  

f\gure 1 0 .  the techn\cal \ ssues. \ f  not resolved, .a y  s \gn\ f \cant ly  \MPac t 

the acceptab\ 1 \ ty of and conf\dence \n the reactor syste. .odels and the 

degree of conser va t \ sa requ\red for the r \ sk consequence aode l s .  

The research approach cons \ s ts of two .. lor effor t s .  The f \ r s t  \ s  to 

\den t \ f y .  charac ter \ze,  and develop co.puter MOde l s  desc r \ b \ng the .. ny 

\nd\v\du.l phys \cal  para�ter s and processes that affec t the core 
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dtgradl t \ on and resu l t \ ng f \ ss \ on product release and tr anspor t .  Th\s 

process of character \ z \ng the 1MPor tant \nd1v\dud1 MtChdn\ s•s ent d 1 1 s  

conduc t \ ng and tvaluat\ng s� l l - s , a l t ,  separate-ef fec ts  exper \�nt s .  The 

second effor t \n the over a l l  research approach \nvolves the develo�nt of 

rtactor syst� MOdel s  that \ntegrate the \nd\v\dual processes and 

-.chan \ s t \ c  �de ls \nto a c�rehens 1ve reactor syst .. �del that s \.ulates 

a l l  the 1MPor tant phys\cal 1nterac t \ ons that occur dur\ng a severe acc1dent 

\n a large reactor syst... Oevelo�nt and assess�nt of the reactor 

syste. �del necess\ tates conduc t\ng and evaluat\ng large-scale ,  

\ ntegral-reactor s1MUlat1on exper \.ents to  study and conf1r• the 1MPortant 

1nttrac t 1 ons a�ng the \nd\v\dual Mtchan1s•s and to prov\dt data for 

assess \ ng the capab\ 1 \ ty and/or conser vat 1 s•s of the reactor syst .. MOde l s .  

The T"l-2 acc \ dent \ s  un1que \n  that \ t  prov\dts severe acc1dent data 

not ava1lablt e l s.where. As noted above, the core daMage was .ore severe 

and extens\ve than that observed \n the sMa l l -scale severe fuel da�gt 

exper\.ents that have been perfor.ed. The data fro. the end-state reactor 

syste. and core .. ter \ a l  ex .. \ na t \ ons , coupled w\th the development of a 

cons\s tent undtrs tand\ng of the acc \dent scena r \ o ,  represent a un\que 

research resource to extend our under stand\ng of \�rtant techn\cal  \ s sues 

assoc1ated w1th the \n-vessel core d,..ge progress\on and the resul t 1 ng 

f \ ss1on produc t release and transpor t .  

The �1-2 acc\dent, of course, represents only one, successful ly 

•1t \gated, severe acc\dent;  therefore, the TNI - 2  reaearch resu l t s  art not 

a l l - \nc lus \ve but .ust bt \ntegrated w1 th the research resu l t s  fro. other 

sevtrt acc \ dent rese1rch progra•s to address and resolve the techn1cal  

\ssues . Th1s process \s  shown 1n f \ gure 1 1  and w\ 1 1  prov\dt a sound bas \ s  

for brOid techn1ca1  agre..ent to 1ssue resol ut\on .  The T"l-2 Acc1dent 

Evaluat 1on Progr .. w\ 1 1  relate the T"l - 2  research resu l t s  to each of the 

\ ssues 1n Table 4; however, an extens\ve 1ntegrat1on of a l l  ava\lable 

severe acc 1 dtnt research resu l t s  related to each of the 1 s sues \ s  out s \ de 

the scope of th\s  progra•. 
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Specific 
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f 1gure 1 1 .  Data 1ntegrat1on necessary for reso l u t \on of severe acc 1 dent and source term techn \ r a l  \ ssues . 
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The techn1cil 1s suts rela ted to RCS ther� l -hydrau l 1 c s .  core 

dttrldat , on .  and f 1 s s 1on produc t behav\or for vh\ch T"l-2 data w\ 1 1  prov1de 

l�rt1nt add1t 1onal \ns\vhts were \dent\f \ed and br 1tf ly dl scus$ed \ n  

Stct,on 3 (Tablt 4 ) .  In the sec t,ons below, each of the \ssues 1den t \ f \ed 

\n Table 4 \ s  descr ,bed \n .ore deta 1 l .  fol lOWfd by 1 s�r y  of our 

current unders tand\n; of the \ ssue and the role of the TMI-2 Atc\dent 

(vlluat\on Pro;r .. \n help\n; to resolve the \ssue. 

The RCS ther .. l-hydrau l \ c s .  \ . e . ,  the t 1�-dependent changes 1n the 

re1ctor syst .. 1 1 qu1d \nventory ,  cool1nt .. ss f l ow  rates and veloc 1 t 1es . 

and syst .. pressures and t.-peratures. are key 1 n 1 t 1 a l  and boundary 

cond1 t \ ons contro l l 1 n; core d._.ge progress \on. hydrogen produc t 1 on. and 

f \ s s 1 on product reltlst fro. the fuel and a l so transport and retent\on 

v\th1n the RCS. The s tea• f lovs w1th1n the RY control the heat transfer 

fr� the core, affec t the ox1dat1on potent \ a l .  and prov\de the -.d\u. for 

transpor t \ng the released f\ ss,on produc t s  fro. the RCS to  the 

conta\ n.ent . Rea l 1 s t 1 c  est1  .. tes of core da .. ge. hydrogen produc t \ on.  and 

f 1 ss \ on produc t behav\or requ1re knowledge of t h e s e  para� ters w\ th 

reasonable accuracy. The syst� gas co.pos 1 t \on and ox1dat \on poten t \ a l  

and the for .. t \ on.  transpor t ,  and retent\on o f  aerosols are a l so s trongly 

dependent upon RCS ther .. l -hydrlul\c s .  

The necessary under stand1ng of the phys \cil  processes and the 

capab\ 1 \ ty to perfor• the appropr 11te MU 1 t 1d\�ns \ ona l hydrau l \ c  

calculit \ons bas 1c a 1 1 y  e•\ s t .  The sc \ence upon vhlch the therma l -hydrau l \ c  

.ode l s  are blstd 1 s  � turt and based upon a broad and extens1ve 

exper 1-.ntal dita base. The two pr\ .. ry \ s sues need\n; resolut \on that 

'"1-2 dita c1n address are the for .. t \on of natural convec t lon heat 

transfer c e l l s  w\th\n the reactor pressure vessel and \ntegrited RCS 

ther .. 1 -hydrau11c response . These \ssues w\ 1 1  be cons l dered separately .  
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5 . 1 . 1  Reactor Vessel Natural Convec t 1 on 

I ssue Oescr 1ption.  Some calcula t i ons \nd\cate that natural 

c i r c u l a t 1 on steam f l ows in the RCS can s 1 gn 1 f 1 cant ly  1 n f l uence core heatup 

ra t e s ,  energy transfer from the core to the upper p lenum, aerosol and 

f i s s i on product transport from the core , the retent1on of f i ss i on produc t s ,  

and the temperatures and fai l ure t 1 mes o f  components 1 n  the RCS. However , 

the changing core geometry as  core damage progresses can result  1 n  f l ow 

red1 s tr 1 bu t 1 on and/or f l ow res t r 1 c t 1 ons w1 thin the core which cannot be 

c a l c u l a ted w1th  certa1 n ty by ex1 s t 1 ng code s .  

Current Status.  The effects o f  reactor vessel natural c 1 rc u l at1on  

f l ow red1 s t r 1 but1on on  core damage progression and f 1 ss 1 on product 

transport and retent1on are not curren t l y  f u l l y  understood. For examp l e ,  

the IOCOR 1 n terpretat1on 1 s  that large f l ow blockages 1 n  the core reg1on 

w1 1 1  occur and effec tively 1 1m1 t natural c 1 rculat1on,  thereby reduc1ng 

hydrogen product1on and 1 1mi t 1 ng the heat transfer and aerosol and f 1 s s 1 on 

product transport from the reactor vessel reg i o n .  However , t h i s  1 s s ue 

rema1ns unresolved between IOCOR and the NRC. 

Relevant TMI-2 Behavior . Fuel me l t1 ng d1d occur dur1ng the TMI-2 

accident,  yet damage to the upper p l enum was essen t 1 a l l y  l \m1 ted to the 

bottom of the upper core support plate.  Th1s very 11m1ted damage to the 

upper pl enum or , conver sely,  e x 1 s tence of the h1gh core temperatures 
. 

without extens1ve damage to upper p lenum structures would be unexpected 

based upon the res u l t s  of calculat1ons performed shor tly  after the 

acc \ dent .  Obv1ous l y ,  mechanisms and/or processes occurred dur 1ng the 

a c c 1 dent wh1ch effec t1vely 1 1m1ted heat transfer from the core to the upper 

plenum. 

AEP Contribut1on.  The princ1pa l  data from the TMI-2 exam1 nation . ' 

coupled w1 th ana l ys i s ,  wh1ch w1 l l  help resolve th1s  1 s s ue are reactor 

coolant 1nventory versus t1me, core temperature d 1 s tr 1but1ons,  and deta 1 led 

charac ter 1 za t i on of the core geometry,  i . e . ,  1den t 1 f 1 ca t 1 on of f low 

channel s  w1th1n  the debr 1 s  bed, cracks or f l ow channels through the s o l ' d  
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pr\or � l ttn rt�\on near the bottOM of the core, and the extent of f l �  

bypass 1round th1s zone of relat\vely sol\d  �ter \ a l .  These w\ l l  be 

\dtnt\f \fd through v\dto data and core bore exa•1nat\ons . E xaM\ nat\on of 

upper plen� vessel \nternal surfaces to  estab l \ sh teMperature 

d1str \but\ons w\ 1 1  also ass\st  \n  resolv\ng the \ssue . 

S . 1 . 2 Jntegrtted Reac tor Sxs t� Response 

Issue Oescr \pt\on.  The progress\on of a severe reactor acc\dent 

\nvolves a co.plex \nterac t \ on of Many phys\cal  and cheM\cal  processes. 

Wh \ l t  ana lyt\cal  �de l s  have been for�lated to descr\be most of these 

processes, there \ s  a need to 1 \nk these MOde l s  together to produce an 
\ntegrated ana l y t \c a l  packa�e wh\ch can accurate l y  descr\be the cOMPos1 te 

acc\dent behav\or . Work \s  currently underway to 1 \ nk these MOde l s ;  

however , there \ s  a requ\re�nt t o  test the \ntegrated ana l ys\s  aga \ n s t  

data representat\ve of a severe acc \ dent progress\on w \ th the \MPortant 

\nteract\ve processes and appropr \ate Mater \ a l s  presen t .  

Current Status . I n tegrated code packages wh\ch can MOdel the ent \ r e  

severe acc \dent process are near\ng co.plet\on.  These \nc lude MAAP 

( IOCOR ) ,  and "[LCOR (NRC ) .  In  add\ t \ on ,  the NRC \ s  develop\n� MOrt 

deta\ ltd .echan\st\c  codes ( TRAC, "ELPROG, SCOAP , VICTORI A .  CORCOM, 

CONTAIN,  etc . ) ;  and EPRI \s develop\ng PSCAC/CORM(lT wh\ch .. y beco.e 

\ntegrated \nto a cont\nuous MOde l .  

Relevant �1-2 8ehav1or . The '"1-2 acc \dent was a severe acc\dent \n  

whtch cond \ t\ons representat\ve of  Many postula ted severe acc\dents 

occurred \n a ful l -scale systeM cQ�posed of typ\c a l  RCS mdler \ a 1 s .  

A[P Contr\but\on. A .aJor objec t \ ve \ s  to obta\n \nfor.at\on wh\ch 

w\ 1 1  a l l ow  a co.plete desc r\pt \on of the relevant deta\ l s of the acc\dent 

progress\on. Th\s w\ 1 1  be acco.pl\ shed by exaM\nat\on of ex\s t\ng plant 

records, as we l l  as prob\ng and sa.,l\n� of RCS cOMponent s  and debr \ s .  A 

.. Jor ob)ec t \ve of the AEP progra• \ s  to \ntegratt a l l  TMI-2 txa•tnat\on 
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resu l t s  1 n to a s tandard problem wh1ch can then be used to benchmark these 
codes . A deta 1 l ed descr1pt1on of th1s  process 1s  g1ven 1n Sect1on 4 of 
th1 s  repor t .  

5 . 2  Core Damage Progress1on and RPV fa1 1ure 

The core degradat1on processes dur1ng a severe acc1dent 1nvolve 

complex therma l .  hydrau 1 1 c .  mechan 1ca l .  and chem1 cal 1nteract1ons among the 

mater 1 a l s  w1th1n  the reactor vessel .  A large number of 1n-p1 1e and 

out-of-p1 l e  exper1men ts  have 1den t 1 f 1 ed the processes that are 1mportan t .  

In  add1 t1on.  computer mode l s  are becom1ng 1ncreas1ng more able to correc t l y  

model these proces ses.  

Outstand1ng techn1cal 1 ssues related to core and RV damage 1 nc l ude the 

character 1 zat1on of core damage mechan1sms , mechan1cs of core s l ump and 

c o l l apse,  RV 1n tegr 1 t y ,  and 1n-vessel hydrogen generat1on.  These 1ssues 

are cons1dered separately 1n the fol low1ng subsec t1on s .  

5 . 2 . 1  Damage Progress1on In-Core 

I s sue Oescr1pt1on.  The 1n1 t1al  stage of damage progress1on 1 n  the 

core 1nvolves numerous complex phys1 c a l ,  mechan1cal , and che�1cal  

1 n terac t1ons,  many of wh1ch are not f u l l y  understood. The relat1ve 

1 n f l uence of these 1nteract1ons on the mode and extent of core damage 

progress1on 1 n  a large-scale sys tem conta1n1ng representat1ve core 

mater1als  1 s  uncer ta1n  and can have a s 1 gn1f 1cant 1nf l uence on the 

subsequent progress1on of the acc1den t .  These 1 n 1 t 1 a l  core damage 

progress1on parameters can 1 n f l uence the extent of c ladd1ng ox1dat1on later 

1n the acc1dent ( see 5 . 2 . 4 ) .  the potent1al  for natural c 1 rculat 1on cool1ng,  

f 1 ss1on product sweepout from the core reg1on, and the poten t1al  for 

format1on of 1mperv1ous crusts  at the core boundar1es wh1ch could affect 

coolab1 1 1 ty of the core.  

Current Status. The core heatup and 1 n 1 t 1 a l  loss of core geometry are 

s trongly 1nf luenced by ox1dat1on of the z 1 rcaloy c ladd1ng. Because of th1s  
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h\ghly exothtr•'c rtlc t\on, the rate of core heitup qrei t l y  accelerates at 
h'Oh t.-ptraturts. M�rous txptrt .. n t s ,  1nc lud1ng ou t - of-p1 1e  exper1�nts 

\n Gtr .. ny and \n-p1 lt txptr1 .. nts tn  tht PBr, LOr T ,  MAU, and ACAA 

flc 1 1 \ t \ es , have conf\r�ed the txponen t 1 a l  r 1 se  1n t�erature of fuel 

rods , c ontrol  rod s ,  and other s tructural c o.pontn ts due to c ladd\nq 

ox\dat\on. These exper\ .. nts have also character\ zed the \nf luence of the 

ox\da t \ on of core .. ter \als  on the subsequent loss of core geometr y .  ror 

syst .. cond\ t tons w\ th onl y  a l \M1ted degree of ox\da t \on , the � l t \ng of  

cort �tertals  1 s  a rela t 1 vely  smooth, cand le- 1 \ke proces s .  On  the other 
txtr.-e, exttnstve ox\dat\on for•s protect\ve ox\de layers on fuel rod 

sur faces , rtsu l t 1 ng tn on l y  a 1 1m1 ted change \n geOMt try up to the � l t \ ng 

potnt of the ox\de layer but w1th tlect\on of MO l ten mater t a l s  1 n to the 

cool1nt subchanne ls through p\n-hole fa1 1ures \n the protec t \ ve ox\de 

layer . St•t lar ly ,  the degrtt of ox1da t 1 on \nf luences the fra9Nfntat,on and 

.. chan\cal col lapse of the cor e ,  w\th extens\ve ox1da t 1 on lead\ng to the 

for .. t \ on of .-br \ t t led .ater\als  that read \ l y  shatter upon quench .  

The fuel 1 \qutflc t\on process and resu l t \ng change \ n  core geOMetry 

depend on the degree of c ladd\ng ox\dat\on, .e l t \ng of the �ta l l \c 

z \ rcaloy,  d\ ssolut \on Of the U02 by the NO l ten z t rcaloy,  the fat lure Of 

tht ox\de she l l  vhtch for•s on the c ladd\ng outs\de surface, and the f low 

and freez\ng of the U-0-Zr ternary •1xture as \ t  MOves downward a long the 

rod . A large var\ab\ 1 \ t y  has been seen \n the relocat\on of 1 \qu\d U-0-Zr 

•1xture, rang\ng fro. s.a l l  NO l ten droplets to substant\al � l t 1 ng of the 

z \ rcaloy thlt near l y  f 1 l l s the ent\re coolant channe l .  Th\s var1ab1 1 1 t y  

apptlrs t o  be a strong func t\on o f  the fa\ lure t\� and c ladd\ng 

t.-perature. 

The process contr o 1 1 1ng the loss of Ag-ln-Cd control  rod geo.etry 

after the 1 \quefact \on of the control �ter \al  \ s  not ful ly  under s tood. and 

there are very few data for a4ctA12o3 burnable po\son r od s .  I t  

appear s ,  however , that the 1 , quefac t1on and relocat\on o f  control  rod 

.. t.r\•1  .. Y be c ontrol l•d by s� of th• sd� proctsses ( e . 9 .  rap,d. 

••othtr•1c ox�dl t � on of the c lldd\ng 1n  tht presence of s tea� at h\gh 

t.-perature)  that control the fuel rod dt9rada tton.  Co�\na t 1 ons of 
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v 1 gorous elect1on and r 1 vu l e t  f l ow of Ag-In-Cd and adlacent fuel rods have 

been noted, apparen t l y  due to the decrease 1 n  the d1 fference between the 

sys tem pressure and the cadm\um vapor pressure. After 1 ts release from the 

control rod s .  the Ag-In-Cd may form aerosols wh1ch would affec t the 

transport and chem\ stry of the f 1 s s 1 on produ c t s .  The role of the 

B
4

CIA1
2

o
3 

po\son rods on fuel degrada t\on 1 s  not known but may play a 

s\m\ lar  role;  as ment\ oned prev\ou s l y ,  very few data ex\ s t  on \ ts 

s \ gn\ f\cance \n  a severe acc1den t .  

Relevant TMI-2 Behav\or . The TMI-2 core expe r 1 enced the 1 n 1 t 1 a l  

progress1on of core damage 1 n  a manner s 1m1 lar t o  what would be expected 

under many postulated severe acc1dent scenar \os .  The 1nteract1ng processes 

control l 1 ng the progress1on of \ n \ t \ a l  core damage \n TMI-2 are expected to 

be s1m1 lar to those expected for other PWRs under comparable acc1dent 

cond 1 t1 on s .  

AEP Contr1but1on. TMI-2 data w1 1 1  b e  obta1ned to character\ze the 

chem1cal and phys\cal features of the rema1n1ng core debr1s as a funct\on 

of locat\on, both w1th1n the severely damaged core reg1on as wel l  as \n the 

cooler outer reg1ons . Th\ s  w\ 1 1  prov\de a spectrum of data as a funct1on 

of \ncreas1ng temperature and should produce an \nd\cat1on of how the core 

damage processes progressed and \nteracted. 

5 . 2 . 2  Core Sl ump and Col l apse 

�sue Oescr\pt 1 on .  As the core degrades beyond the 1 n 1 t \ a l  da�ge 

s t a te (cons\dered 1 n  Sec t1on 5 . 2 . 1 ) ,  several phenomena become 1mpor tant 

wh1ch 1 n f l uence the progress1on of the acc\dent and for wh\ch large 

uncer ta1nt1es ex1 s t .  These 1 ssues 1 n c l ude the mechan1cs and extent of 

crust  format\on and fa1 lure, the format1on and behav\or of 1 1 quef1ed fuel 

( pa r t 1 c u l a r l y  w1th respect to 1 n teract1ons w\ th core support structures,  

and r e l ocat1on 1nto the lower plenum ) ,  the coolab1 1 1 ty of core debr \ s ,  and 

the rate and extent of c ladd\ng ox\dat1on as core geometry changes become 

extens \ve.  
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Cyrrtnt StttuJ. Dttt on the loss of core ge�t r J  due to 

frt,..nttt\on or .echtn\ctl  col ltpse under severe tcc \dent cond \ t \ons are 

1 \a\ttd. rra�nttt\on c r \ ter \t  for z \ rctlOJ c ltdd\ng have been 

tstab l \ shed \n  out-of -p\ l e  exptr \Nents. Ho�ver , these exper \.ents prov1de 

1 1 t t 1t \ns\ght \nto the breakup of other core IUter \ t l s  or the 

chtrtcttr \ s t tc s  of the resulttnt debr \ s .  fur therNOre, the core ge�trJ 

resu l t\ng froa both c ladd1ng �lt \ng w1th fuel 1 \quefac t\on and/or fuel rod 

fragaentat\on .u s t  be cons\dered when deter�\n\ng subsequent core col ltpse 

\nto the lover plenua. I t  \ s  not c lear at present under what cond \ t \ ons 

the core debr \ s  �Y r�\n cooltble. If  ltrge �sses of the core r�\n 

noncooltb le,  they w\ 1 1  cont\nue to heat up and eventua l ly r � l t  \n  thetr 

\nter\or; tnd the resu l t \ ng .ol ten core .ater\als  would relocate downw.rd 

once the\r suppor t\ng crusts ft\ 1 .  Th\s process could repett unt \ 1  a 

coolable ge�try t s  ttta\ned or unt \ 1  the RV lower head 1 s  penetrtted. 

S\a\ ltrlJ, loose debr \ s  beds ctn dry out ,  heat up, and � l t .  The c r 1 ter1a 

for \n\t \al  dr1-out tre co.pl\ctted but have been chartc ter\zed through 

nuaerous exper \.ents ts 1 func t \ on of bed character \ s t \ c s  and the requ \ s \ te 

ther.al -hydra u l \ c  cond1t \ons . If  the reloctt\ng .alten .. ter \ a l  fr� 

e\ther the cohes\ve .. sses or  loose debr 1 s  cannot a t ta1n a coolable 

geoaetry w1 th\n the conftnes of the core, the .ater \ a l  would move downward 

\nto the lover plen� through the core support structure; or \ t  could cause 

the col lapse of par ts  of the core by the ablat\on and wtaken\ng of the core 

support struc ture . 

The �a l th of data acqu\red for core heatup and \n\t \a l  loss of 

geoaetry \ n  the \ntegral exper \ .. nts \n LOf T .  PBf , and el sewhere stop short 

of th\s  trans 1 t 1on. Separate-effec ts  exper\.ents have been perfor�d to 

evaluate the .ov�nt of NO l ten �ter \al  w\th\n loose debr\s  beds 

( pr 1  .. r \ l y  for 1 \qu\d-�ta l fas t breeder reactor (l"fBR) Naltr\als and 

condH\ons ) .  the ablat\on of struc .. turtl IUter \als  by 110 1 ten cor ti n. and 

debr\ s-cooltnt tnterac t\ons . for debr\ s-coolant \nterac t \ ons , the 

theoret\ctl  and exper\aen tal data base \s extens \ve.  However . data tre 

curren t l J  1 \a\ ted that descr\be the trans\ t \ on fr� the \ n \ t \a l  loss of 

core geoaetr1 to • f\nal cooltble ge� try,  \nc l ud\ng the 1 \a\ted 

•dr\pptno• of � l ten .. ter \al  \nto the lo�r plenu., as we l l  ts gross core 

col lapse \nto the lower pltnua. 
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Relevant TMI-2 Behav1or . The TMI-2 core exper1enced s 1 gn 1 f 1 cant 

relocat1on,  and a large frac t1on of the core mass sl umped and eventua l l y  

relocated 1 n to the lower plenum. Crust  format1on appears extens1ve,  and 

loss  of coolable geometry apparent l y  occurred dur1ng the progress1on of the 

acc 1 dent .  Thus , the TMI-2 core progressed through a l l  of the processes 

assoc1ated w1 t h  t h 1 s  1 s sue, a l t hough the effec t s  of restorat1on of coolant 

f l ow dur1ng the acc\dent may compl1cate 1nterpretat1on of the data. 

AEP Con t r 1 bu t 1 on .  Core bore samples w1 1 1  prov1de data on the phys\cal 

and chem\cal proper t \ es of the core debr 1 s ,  as wel l  as the spat1al locat 1on 

of var1ous forms of core debr \ s  ( 1 . e . ,  c r us t ) .  Data w1 1 1  a l so prov\de the 

extent to wh\ch molten core mater \ a l s  1nteracted w1th  the core support  

assembly. 

5 . 2 . 3  Reactor Vessel Integr 1 ty 

�sue Oescr1pt1on.  The t1m1ng and mode of  RV  fa1 1 ure fol low1ng the  

relocat\on of hot core debr 1 s  to the  lower plenum \s  h1ghly  speculat1ve,  

and models to descr1be such a fa1 1 ure have not been assessed w\ th  

exper1mental data .  These RV fa\lure  parameters affect the rate of  eJect1on 

of core debr \ s  1nto the lower vessel cav1 ty (wh1ch may conta1n water ) ,  and 

subsequen t l y  1 n to the conta\nment proper . fur thermore, the cond1t1ons of 

the core mater1al  (�ss , compos 1 t1on,  and temperature) at the t \ me of 

vessel fa1 1 ure can have a major 1nf luence on the acc\dent progress\on.  The 

vessel fa1 lure mode and cond 1 t 1 ons  of the core mater 1 a l  are thus extremely 

1mpor tant 1n assess1ng conta1 nmen t load1ngs due to d1rect  conta\nment 

heat\ng or ex-vessel 1 n teract1ons between water \n the cav\ty and hot core 

debr 1 s .  

Current Status.  The mode of postulated RV fa1 1ure 1s  s t 1 1 l  

speculat\ve a t  t h 1 s  t1me but may 1nvolve the rap1d fa1 lure of vessel 

1nstrument penetrat \ons through the lower ' head or the s l ower creep-rupture 

fa1 1ure of the lower head or head welds . Analys1s  performed as part of the 

IDCOR program 1nd1cated that fa1 1ure wou ld most l 1 kely occur as a resu l t  of 

molten mater1al  on the l ower head mel t 1 ng the 1ns trument penetrat1on 
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nozzles w\th\n a few stconds to •1nutes . I n  the \ns tance where core 

.. ttr \al  tnttrs tht loWfr plen� as sol\d  debr \ s  or 1s s o l \ d \ f \ed \n the 

lover pltn� pr\or to contact\nv the lover htad,  the fa1 lure could take 

�re t \  .. s\nct the hta t transfer to the lower head wou ld  be less 

tff\c \ent.  The ORNL separate-effec t s  exper \�nts on creep rupture of s� l l  

sta\nltss s tetl vessels tnd\cate that �echan\cal  fat lure near vessel velds 

.. Y occur w1th\n a few hours at te.ptratures elevated but s \ gn 1 f 1 cant ly  

below the Me l t tng t.-perature of the vessel wa l l .  

The txper \.ental data base on the NOde of vessel fa\ lure 1s  1 1�\ ted . 

Sa.e \ nfor .. t \ on has been obta\ned fro. exper \�nts on the abl a t \ on of the 

vessel � 1 1  as .a l ten .ater \al  �s eJected at h\gh pressures . 

Relevant TMl-2 Behav\or . The RV tn TMI-2 d\d not fa\ 1 .  However , 

there \ s  evtdtnce that a subs tant\al  fract\on of the core relocated to the 

lower pltn� and that �ch of th\s  �ter \ a l  vas .a l ten a t  one t \ -. .  Thus , 

nNI-2 conta\ns sa.ples of core .. ter tal  that wou ld  have been elected upon 

vessel fa\ lurt and can a lso  prov\dt deta \ l s  revardtnv the extent of contact 

and \nteract \on of .ol ten debr \ s  vtth the vessel head and \nstrunent 

penetrat\ on s ,  approx\.att t.-perature d \ s tr \but\ons tn the lower head, and 

extent of d.-.ve to tnstr�ntat\on tubes vh\ch penetrate the lover head.  

AEP Contr \but\on. V\sua l observa t \ons can tnd\cate the extent of 

phys \ca l  \nteract \on betWfen Nelten core .ater t a l s  and lower head 

s t ructure. S.� les of the core debr \ s  can prov1de data on �ss and 

c�os \ t \on and est\  .. tes of Me l t 1ng t.-perature . Sa�les of tnstrunent 

tub\ng can prov\dt the extent of phys \cal  daMage , type of .. ter \ a l s  

\nttract\ons, and est \  .. tes of ... ,MUft teMperature.  

5 . 2 . 4  Hydrogen 6tnerat \on After (ore D \ s r upt \on 

I ssue Oesc r \pt \ on .  Subs tant\al  agre�nt e x \ s t s  on z \ rcaloy ox\dat \on 

.adt l s .  However , the MOst s \gn\f \cant pheno.ena affec t \ ng \n-vesstl 

hydrogen generat 1on art those assoc\attd w\ th b lockage forMat\on by 

slu.p\ng fuel or any s t•t lar nechants� that \nh\btts  access of s tea� to  
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unreacted z1rcon1um. These phenomena are not wel l  known and represent a 

s 1 g n 1 f 1 cant unresol ved 1 ssue. E x 1 s t 1 ng models show substant1al 

d1 sagreement 1n the rate, t 1m1ng,  and extent of hydrogen genera t1on.  These 

parameters can have a s \ gn1 f 1 cant 1 n f l uence on conta1 nment load1 ngs and the 

poss 1 b 1 1 1 ty of damage to equ1 pment from hydrogen combus t1on.  Data are 

necessary t o  conf1rm the many separate-effec ts models relat1ng to the core 

degradat1on processes and a l so the coupled 1 n teract1on of cladd1ng 

ox1dat1on and fuel/c ladd1ng d1 ssolut1on and relocat1on. Also of 1mportance 

1 n  substan t 1 at 1 ng deta1 1ed core heatup models 1 s  the pos s 1 b 1 1 1 ty of f lows 

be1ng channeled 1 n  such a way as to cause ch1mneys of hot hydrogen 

emanat 1 ng from the core.  

Current Status.  The 1 1m1ted data ava1 1able to assess the 1nf luence of 

core geometry changes on c l add1ng ox1dat1on are from 1n-p1 1 e  exper1ments 1 n  

PBF and sma l l -scale,  out-of-p1 1 e  exper1ments at  ORNL. Ex1 s t 1 ng models used 

to pred1c t  such ox1dat1on produce markedly d 1 fferent results  due to bas1c 

1nput assumpt1ons regard1ng the 1nf luence of core geometry changes on the 

f l ow of s team to unreacted c ladd1ng. 

Relevant TMI-2 Behav1 o r .  Our1ng the 1n-vessel core damage progress1on 

1n TMI-2, c ladd1ng ox 1da t 1 on occurred under cond1t1ons expected to be 

typ1cal of other severe acc 1 dent cond1t1ons of 1nterest .  S1gn 1 f 1 cant 

hydrogen was produced, as ev1denced by combus t 1 on 1n  the conta1nment and 

nonconden s 1 b l e  gas bu1 1 dup 1n the RCS. 

AEP Contr1but1on.  E xam1 nat1on of the TMI-2 core debr 1 s  and 

deter�1na t 1on of 1 ts compos 1 t1on w1 1 1  prov1de data on the extent of 

c ladd1ng ox1da t 1 on .  Data o n  the extent and locat1on o f  f low blockages w1 1 1  

a l s o  be useful 1 n  est1mat 1ng the extent to wh1ch steam flow m1ght have 

1nh1b1 ted subsequent ox1dat1on of relocated mater1a l s .  

5 . 3  f 1 s s 1 on Product Release and Transport 

The release and transport of f 1 s s 1 on produc ts w1th1n the RCS 1s a 

c r 1 t \cal  area of severe acc 1dent assessmen t .  Th 1 s  phase represents the 
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1 n t t \ a l  rtd\ str \but\on of f t ss ton produc ts  and prov\dts the bas t s  for 

subs,quent source-ter• estt .. tes wh\ch dtc tate acc t dent c onsequence 

calculat tons . Stvtrll unresolved t ssuts t x \ s t  wh,ch are assoc\ated v\ t h  

th\s  phast of the acc\dent and for wh\ch TM I - ?  data can prov\de re levant 

\nfor .. t\on.  These \ ssues are: release of ( lov-vola t \ 1 \ ly )  f \ s s\on 

produc ts  dur\ng core degradat \ on ,  f \ s s \ on product transport and ch�\ c a l  

react\ons w\ th\n the RCS, tellur t �  behav \or ,  and behav\or o f  control rod 

.. ter \ a l s .  Each of these t ssues w\ 1 1  be cons t dertd separately \n the 

fol low\ng subsec t tons . 

5 . 3 . 1  RtleaJe of {low-Volat \ 1 \ ty)  r \ s s t on Products Durtng Core Dearadat\on 

I s sue Descr\pt \on. s� f \ s s \on produc ts  wtth lower vola l \ 1 \ ty ,  

\nc ludtng strontt�. ruthent�. and lanthanu-. can have s t gn \ f tcant 

deleter \ous health effects \f they are released to the env\ron�nt. Thus, 

the re lease of these .. ter \ a l s  fr� the core wh \ le the core rPMatns \n the 

RCS can have a s \ gn\ f \ cant bear tng on the\r u l t\.att d\ spos t t \ on .  I f  

s t gn\f tcant release fro. the fuel occurs durtng th\s  phase of the acc tdent , 

the d\ spos t t \ on of these .. ter \ a l s  \n the RCS \ s  very t�ortant, as \ s  the 

potent tal  for subsequent release froa the RCS due to surfact heat\ng and/or 

sweepout.  If  MOSt of these low volat\ les r.-.tn \n the .e l t ,  the potenttal  

for the\r release dur \ng ex-vessel core concrete \nterac t \ on ( \n the event 

of RV fat lure) bec�s \�ortan t .  

Current Status . Rad\ot sotopes are ca tegor t zed \n  Table 8 accord\ng t o  

the\r vola t \ 1 \ ty .  Th\s group\ng \s  cons\stent wt th the WASH-1 400
48 

charac terhat\on. Poss\ble chetltcal cc:M�pounds of the elelllfnts are a l so 

s�r \ led , and the bot l t ng t�eratures of the eleNents and c �ounds are 

shown. The h\gh-vola t \ l t t y groups ( t . e . ,  ch�\cal groups l ,  I I .  I l l ,  and 

I V . a )  shown \n Table 8 conta\n the noble gases , halogens, alka l \  •ta l s ,  

heavy c ha lcogens , and cadM\� f r ON  the control rods ; they are charac ter\ zed 

by a bo\ l \n9 po\nt less than 1600 K for the e l �ntal for• as we l l  as the 

ox\de co.pounds l t sted. The .ed\u.-vola t \ 1 \ t y  group t s  charac ter \ led by a 

bo \ 1 \ng po\nt less than 3100 K ,  \ . e . ,  uo2 lllf l t \ ng. T h t s  group t nc l udes 

f \ s s t on product e l �nts fro. t�e Group I V . b  .eta l s ,  a lkal tne ear ths , rir! 
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TABLE 8. CORE "ATERlAL ANO rlSSlON PRODUCT VOLATILITY 

WASH-1400 Bot Hngll 8oH1ng• 
Group Tet�Perature Possible Te��per•ture 
Nlllllber Che•lcal Famlh Ll.!!!!!Lt (I() Vola t t 1 1 tx COII!ounds (I() Vola t t l ttx 

Tlsslon Products 
Noble gases Krb 121 High 

Xeb 166 High 

1 1  Halogens Br 332 High CsBr b 1573 Htgh 
I 458 High Cslb 1553 High 

HI 238 High 

I l l  Alkali rwtals Rbb 973 High Rblb 1517 High 
Rb20 
Rb2o2 1213 High 

csb 963 High Csib 1553 H1gh 
CsOH -nso' High 

� cs2o Q) 
Cs2o2 923 High 

b Cs2uo4 

IV.a He•vy chalcogens Seb 958 High Se03 453 High 
Seo2 613 High 

Teb 1235 High Teo2 -1450 H1gh 
Teo2o2 
s i l ver-telluride 
\ r on-telluride 
t1rconlu.-tellurtde 
tin-telluride 
nlcke 1-te llurlde 
chro.e-tellurtde 
antlnony-te l l urtde 

Nonftsslon Products 
Control rod Nler l a l  Cd 1038 High 



-..sM-1400 lol """ loH t"f' 
&rout , .... ,.hlrt Po\llbl�  , .... ,,.u 

.,..., t•tctl [l!!h l!I!!.!U (I) YoltttHb _ -�a.poun<h (l) Yoh_! !_II_IL 

""'on "odu< 1 1  
IY .II tr._ YA •tth s.' 2023 ... d,� Sb20J 1113 ""'• 

y A I U I I M  ttrtll\ Sr ,,�, �di u-. sro
' -3100( lw 

•• " ' l  .... , .. ''"t "" ...,,_ 

hO -:ssoc{ Lw 
e.o, ton .. , ... 

f l ( ••re ur til\ [ II  1110 ..,,, .. b lv2o� 
s. 20S1 ...,, .. 

�
oa .., ,. 1Jll "'d'-..0 �OJ 

Nonr tst1on 'rodvtts 

Act I n  ld•s .. 2880 ...d,� .. ' 2 

Control r� .. ttrlt l lft 23S3 "'d'• 
A; 248S ""11'• A; I 117, ..,.,_ 

S l l Ytr - t t l lur ldt 

Structural .. ,.,,,,, Sft 2543 .... , .. 
Cr 194S ... diu-. 
.. , 300S "'di u-. 

, ,  3023 l'tdl u-. ftO 

f t20 J 
r t3o4 

• 



TABLE 8. (Cont\nued) 

WASH- 1400 Bot 1\nga Bo111nga 
Group Te��perature Poss\b1e TeiiPeuture 
Nulllber Che111ca1 ramllx E 1e��ent (I() Vo1at 1 1 1 ty CO!If!OURCIS IKl Vol a t 1 1 1 ty 

r\ss\on Produc t s  
V I  Noble ��eta1s Pdb 3413 Low PdO 

Rhb 4000 Low Rh02 

Rub 
Rl\203 

4 1 1 3  Low Ruo2 

Mob 4885 Low 
RuO

A Moo2 
Mo2o3 
Moo' 

3 
Mo03 -1300( High 

lcb 5150 Low 
c c 

V l l  Rare earths y 3611 Low b Y203 

La 3730 Low laO Medlu11-High 
b La2o3 4473 Low 

Ce 3530 Low Ceo2 b ce2o3 
Pr 3485 I ow Pr02 b Pr2o3 
Nd 3400 Low Nd203 

Act \nldu Np 4115 Low b Np02 
Pa 3505 low PuO b -3570 low 2 
C111 low ClftO . b 

2 

Tetravalents Zrd 4650 b Low Zro2 5213 Low 
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ear ths,  acttn\des ,  and var\ous control rod (other than cadm\um) and 
s tructural mater t a l s .  The volat1 1 1 ty o f  e lements \ n  th1s c la s s 1 f 1 c a t 1 on 1 s  

s trongly dependent on chem1cal form. for examp l e ,  BaO has low volat1 1 1 ty,  

Bao2 has h1gh vola t 1 1 1 ty ,  and BaH2 has med\um vol a t 1 1 1 ty .  The chem1cal 

form of bar1um w\ 1 1  depend pr 1mar 1 ly on fuel chem1 s tr y ,  the ox1d1 z 1 ng 

poten t 1 a l  \n the RCS, and tempera tur e .  The low-vola t 1 1 1 ty mater 1 a l s  

1 n c l ude f 1 s s 1 on product e l ements from the noble me ta l s ,  rare earths , 

a c t 1 n 1 de s ,  tetrava lents,  ear ly  tran s 1 t1on e lement s ,  and urantum and 

z 1 rcon 1 um from the fuel rod s .  Genera l l y ,  the ox1des of these elemen ts a l so 

have low vol a t 1 1 1 ty;  however , LaO and some of the noble-metal ox1 des are 

s 1 g n 1 f 1 ca nt l y  more vo la t1 1e  than the elemen t .  

f 1 s s 1 on-product volat1 1 1 ty \ s  dependent pr1ma r 1 l y  on the chem1cal 

state of the f 1 s s 1 on produc ts both w1th1n  the fuel before release and 

w1 th1n the pr1mary system after release. The chem\cal state \ s ,  t n  turn,  

governed by the ox1dat1on potent1al 1n  the fuel and reactor coolant 

system. fuel pellets  1 n \ t 1 a l ly have a sto1ch1ometry of about uo2.002. 

As the uran1um 1 s  f 1 ss 1 oned, however, the oxygen becomes par t 1 t 1 oned among 

the f 1 s s 1 on products and fuel cons t1 tuents , form1ng ox1des w1th those 

hav1ng the greatest react1on poten t \ a l .  The ox1des of the rare ear ths , 

yttr 1 um, z 1 rcon1 um, and n1ob1um, as wel l  as some mol ybdenum ox1des w1 1 1  

rema 1 n  1 n  so l 1 d s o l u t 1 on 1 n  the uran1um ox1de. I t  1s obv1ous from Table 8 
that chem1cal  form and changes 1n chem1 cal  compos1 t 1on of the rad1onuc l 1des 

must be cons\dered. for examp l e ,  under strong reduc 1ng cond 1 t 1 ons 1n a 

s team-starved env tronmen t ,  the ox1des of bar1um and stront\um may be 
reduced to the element s ;  and La2o

3 
(and the other rare earth ox1des ) 

may be reduced to LaO, wh1ch s 1 gn 1 f 1 cantly  enhances f 1 s s 1 on product 

vola t 1 1 1 t y .  Much greater releases of the med1um- and low-vola t 1 1 1 ty 

f 1 s s 1 on produc ts are a l so poss1ble  under h1ghly reduc 1ng cond1t1ons at  

temperatures up to fu el  me l t 1 ng ( \ . e . , -3100 K ) .  

I n tegral-effects 1n-p 1 1e exper1ments 1 n  PBr have 1nd1ca ted that fuel 

1 \quefac t \ o n ,  relocat1on and freez1ng of l 1 quef1ed fue l ,  and fuel 

fragmenta t \ on and ox1da t 1 on a l l  have s 1 g n 1 f 1 cant 1 n f l uence on f 1 s s 1 on 

product release from the core.  The LOFT FP-2 exper\ment was des \gned to 
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Measure the r e l ease and transport of f , s s \on produc t s  and aerosols fr� a 

bundle of 100 1 . 7-�lonv fuel rods subjected to a severe acc \dent 

cond \ t\on. Posttest exa•\nat\on of the bund le to charac ter \ ze the daMage 

s t a t e  and correlate daMage w\ th f t s s ton product release \ s  be\ng 

cons\dered. In-p\ l e  da .. ge provresston and f \ ss\on produc t release 

expe r t-.nts are be\ng conducted \n the NRU reactor at Chalk R \ ve r ,  Canada . 

The PBF (32 1 _.  rods ) .  LOFT FP-2 ( 100 1 . 7-• rods ) ,  and NRU ( 1 2  3 . 6-• rods) 

test bundles are. however , a l l  very �ch s�l ler than the TMI-2 core 

( 3 S ,OOO 3 . 6-• rods ) ;  and the effects of scale have to be taken 1nto account 

\n order to extrapolate the resu l t s  to i ful l -scale PWR . 

Rost f \ ss \ on product r e lease �dels (CORSOR, GRAS S .  s t eam ox\dat\on) 

genera l ly c a l c u l a te f \ ss\on product r e l ease us\ng c o r r e l a t \ ons only as a 

func t\on of t\� a t  t�er a t ur e ,  w\th tht except\on that effor ts are be\ng 

�de to \ncorporate the effec t s  of fuel MOrphology and 1 \quefa c t \on \n the 

GlASS code. 

E xper \aents to .easure the r eleases of the low-vola t \ 1 \ ty f \ ss\on 

produc t s  are d \ f f \ c u l t  to perfor� because h\gh teMperatures are needed 

( T  >2400 K ) .  As a consequence, few data perta\n\ng to the 

lower-vola t \ 1 \ ty f \ s s \on produc t s  are ava\ lable. r e s u l t \ng \n a r e la t \ v e l y  

large uncer ta\nty for the release o f  these f \s s \on produc t s .  

Rel evant TMI-2 lehav\or . Por t \ ons of the TMI-2 core ach\eved me l t \ng 

t�eratures, and substant\al relocat \on of 1 \quef \ed � te r \ a l  occurred.  

Thus,  the core ach\eved temperatures s1•1lar to what would be expected \n 

ao s t  severe acc \ denls cons\dered for source-ter� evaluat\ons . The r e l ease 

of the lower-volat \ 1 \ ty f \ ss\on product spec\es f r om  the � 1 - 2  core.  

therefore. shou ld be representat\ve of re leases expected dur\ng many 

pos t u l a ted severe core acc\dents . .  

AEP Contr\but\on. Analyses w\ 1 1  be conducted to detera\ne the 

retent\on and ch�\cal for� of f \ s s\on products \n the var \ ous da .. ged core 

..a t e r \ a l s  ( Hquef\ed fue l .  f r ag��tnted fue l .  \ n t a c t  f ue l .  lft0 1 t en fue l ) .  

Th's should y\eld an ,�ortant contr\but\on to undtrs tand\ng the 

• 103 

• 



re la t t onshtp between fuel damage state and lower-volatt l t t y  f t ss t on product 
release. Th 1 s  1nforma t 1 on ,  a l ong wtth meta l lurg1cal est1mates of 

temperature s ,  should be valuable for model development and va l 1 dat1on and 

wt l l  serve as a benchmark for val1dat1ng the resu l ts of sma l l -scale 

expertments stmulat1ng a f u l l -scale PWR. 

5 . 3 . 2  F 1 s s 1 on Product Transpor t  and Chemtcal  Reac ttons W1th1n  the RCS 

�sue Descrtptton.  There ex1st  substant1al uncerta1nt1es tn the area 

of chem1cal tntera c t t ons among f t s s t on products and among f t s s 1 on products 

and aerosol s .  Transport and depo s t t ton mode l s  whtch account for these 

complex effec ts have not been ver t ft e d ,  and thetr predt c t t ve capab 1 1 1 ty 1 s  

very uncer ta1 n .  

Current Status . The potenttal  to reduce source terms by retentton of 

f t s s t on products t n  the RCS has been recogn1zed to be very 1mpor tant by 

recent studtes . I t  has a l s o  been recogn1zed by APS, DOE , NRC, ANS, and 

IOCOR that there are substan t t a l  uncer ta1nttes 1n th1s  area, espec1 a l ly 

w1t h  respect to chem1cal 1nteract1ons among f 1 s s 1 on produc ts and s tructures 

and among f 1 ss 1 on products and aeroso l s .  TRAP-MELT, RAFT, and other 

transport and d�po s 1 t t on codes have as yet unver 1 f 1 ed mode l s  for 1mpor tant 

c hemtc a l  reac t1ons;  and data relevant to th1s  1 s s ue from exper1ments whtch 

represent the 1mportant parameters are 1 1m1ted. Recen t l y ,  the t n f l uence of 

rad1atton on 1od1ne chemt stry wtthtn the RCS has been 1dent1 f 1 ed as a 

potent t a l l y  s1gn1f 1cant effec t ,  espec 1 a l l y  w1 th respect to the 

d1 sassoc 1 a t 1 on of C s l  leadtng to the formatton of other chemtcal forms of 

1odtne.  

Relevant TMI-2 Behav1or . The TMI-2 acc1dent produced substanttal 

f t s s t on product release under a h1gh rad1at1on f teld  1nto a representattve 

prtmary system. Thus, 1mpor tant chem1cal react1ons and pr1mary sys tem 

retent1on mechantsms occurred wht c h  should provtde add1ttonal 1nformat1on 

on the tmpac t  of radtatton effec t s .  
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A(P tontr 1byt1on .  Tht \nfor .. t \ on on f1ss 1on product ch�1cal  for�s 

and structural �ttr \ a l  t-.ptratures should be useful \n evaluat1n� the 

potent\a l  for f \ ss \on product revapor \ zat \on frOM RCS surfaces. 

�asur ... nts of dtpos \ ted f\ss \on pr oduc t s  wh\ch have r � 1 nfd at tached to 

surfacfs and tht\r relat1onsh\ps to ox\dt layer structures on RCS surfaces 

can contr\bute to the unders tand\ng of the chem\cal env\ronMtnt ( such as 

oxygen potent 1 a l ) dur \n� the acc\dent. 

lssyt Otsc r lpt \on . Th\s 1 ssue \s ac tua l l y  a subset of \ s sue 5 . 3 . 2  

above . However , 1 t  has been 1dent 1 f \ ed separately due t o  the s1gn\f 1cance 

of tel lur 1 �  release on hea l th effec ts  and due to the un\que features of 

ttl lur\� ch�1cal behav\or under the cond 1 t 1ons of \nteres t .  The bas\c 

\ssue \s the extent  to wh1ch t e l l u r 1 �  reacts w1th ,  and \s therefore 

sequestered by, z 1 rcaloy and sta\nless s teel and the re lease and ch�1cal 

for• of tel lur 1 �  whfn these -.tals are subsequently  ox1d1 zed. A second 

\ssue 1 s  the potent\al  for retent\on of tel lur 1 u� through ch�\cal 

\nteract \ons w 1 th the f 1 s s 1 on product �ta l s  to for• tel lur 1 de s .  

Current Status.  Current exper \.ents that address th\ s \ ssue \nc l ude 

both out-of-p\le and \n-p\le tes t s .  The out-of-p\ le work \ s  the 

.,asur�nt of f 1ss 1on product release fro. s\ngle 1r rad1a ted rod seg.ents 

at ORNL ; 1n-p1 1t work \s ongo\ng at TREAT, PBF ( Test  SfD-1 - 4 ) ,  and NRU. 

However ,  on l y  the P8f exper \�nt represents an \ntegral-effects 1n-p1 1e  

tes t up to  the uo2 Mt l t 1 ng polnt u t 1 1 \ z1ng 1rrad1ated fue l ,  

representa t \ ve control .. ter \ a l s ,  or bundle ge�try ox1da t \on poten t 1 a l  

due t o  coolant f low. To date, f 1 s s 1 on product release mode l s  treat 

tel lur \� release us\ng gross .-p\r\cal  express1ons wh\ch have large 

uncer ta1nt\es.  Th\s \ssue has beeft \dent\f \ed by APS, 00£ , and NRC as  

need\ng resolut\on. 

Relevtn t �1-? Behav\or . The behav\or of f \ ss\on product t e l l u r \ �  
dur \ ng the T"l - 2  acc 1 dent should be representa t \ ve of that expected dur \ng 

.. ny postulated severe core acc\den t � .  
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AEP Contr \but\on.  Data from samples obta\ ned from mater\al  \n the 

TMI-2 RV should prov\de \ nformat\on on how much tel lur\um \ s  \n the vessel 

and core debr \ s ,  the locat1on,  and mater1als  w1th wh\ch \ t  \ s  assoc1ated as 

we l l  as pr1nc \pa l  chem1cal compound s .  

5 . 3 . 4  Behav\or o f  Control and Po1son Rod Mater \ a l s  

I s sue Descr1pt1o n .  Aerosol generat\on w1th\n  the RV \ s  1mpor tan t ,  

because f \ s s \ on product vapors may 1nterac t w1 th the aerosols e1 ther 

chem\ca l l y  or phys \ c a l l y  and then be transported (and depos\ ted) w1th  the 

aerosol .  Stud1es by APS, DOE , NRC, IDCOR, and ANS have recogn1zed th\s  

\ ssue. There are  many aerosol sources \ n  the RV (control mater 1 a l s ,  

s tructural mater \ a l s ,  f \ ss \on produc t s ) ;  but the mechan1sms for aerosol 

format1on from these mater\a l s ,  par t1cularly  control rod mater 1 a l ,  are not 

wel l  understood. Spec 1 f 1 c a l l y ,  the fa1 1 ure mode , melt  behav1or,  and 

freez\ng and reme l t \ng character \ s t 1 c s ,  as wel l  as separat\on of an al loy 

1 n to 1 ts cons t 1 tu t 1 ve part and a f f 1 n 1 t y  of each part for f 1 s s 1 on produc t s ,  

a l l  affec t the role o f  control and po\son rod aerosol s .  Understand1ng the 

process of aerosol format1on 1nvolves understand1ng the core and s tructural 

degradat1on processes 1n the RV ( s uch as control rod me l t 1ng and expuls\on 

of control mater 1 a l s  when the c ladd1ng ruptures ) ,  the produc t1on of vapor s ,  

and the mechan\sms and processes wh\ch control the format1on of aeroso l s .  

Current Status . Recent exper\ments have contr\buted to the 

understand\ng of the effec ts  of control rod mater\al  on fuel degradat\on .  

Mechan \ s t \ c  models  for the format\on of aerosols from degrad\ng core 

mater 1 a l s  are ava 1 l able ,  ( e . g . ,  the SCOAP code models control rod mel tdown 

and the RAfT code models aerosol nuc leat\on)  but have not yet been checked 

aga1nst an exper1mental data base. In-p1 l e  exper1ments have recently been 

run w1 th control mater1als  \ncl uded 1 n  the fuel bundles (PBf , TREAT, LOFT) 

to 1nves t \ gate the effec ts of control mater 1 a l  aerosols on f \ s s \ on product 

release and transpor t .  Also,  a few out-of -p\ le exper\ments have been run 

to \ nvest\gate control rod degrada t1on processes , 1nteract1on w1 th fuel 

rod s ,  and aerosol generat\on (KfK,  ORNL ) ;  and more are planned (KfK,  

ORNL ) .  A l l  these exper\ments are,  of  course, sma l l -sca l e ,  w\th  LOfT fP-2  

be\ng the largest ( 1 00 fuel  rods and 1 1  control rod s ) .  
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Rtlevant TMl-2 lehtv\or . Pr\or to the acc\dent, the '"1 - 2  core 

conta\ned t1p\cal  control rods (Ag-In-Cd) and burnlble po\son rods 

( 84
C/Al

2
0

3
) .  Tht acc \ dent produced t�eratures wh,ch 1 \quef\ed 

thtse rods, thus produc\ng an env\ron.ent re levant to severe acc \dent 

behav\or . 

AEP Contr\but\on. lnfor .. t\on fro. the TMI -2 exa�\nat\ons on the 

d\str\but\on of Ag-ln-Cd control  rod �ter\als  and B
4

C/A1
2

o3 burnable 

po\son rods w \ 1 1  be used to help \den t 1f1  ev\dence of f l ow\ng and 

rtsol \d\f\cat \on of control rod .ater \a l s ,  as well as \MPortant aerosol 

release. and thus contr\bute to a better unders tand\ng of aerosol 

for .. t\on.  0\rect .easure.ents of  aerosol generat\on mechan1 s•s are not 

poss\ble and w\ 1 1  have to be \nferred fro. exa.\nat\on of core .ater \a l .  

The data fro. T"l-2 can also be used \n  .odel develo�nt and va l\dat\on 

and as a benc�rk for unders tand \ng the appl\cab\ 1 \ t y  of s-.11-scale 

exper \.ents ( e . g . , b1 �asur\ng the rat\o of Ag-ln-Cd to deter•\ne the 

relat \ve release of eac h ) .  
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6 .  INF ORMATION DISSEMINATIO� AND INDUSTRY COORDINATION 

The fact that a severe acc1dent of a degree prev1ou s l y  cons1dered 

1ncred1ble took place at TMI-2 w1th 1 ns 1 gn 1 f 1cant hea l t h  1mpact could have 

enhanced the pub l 1 c  conf1dence 1n the safety of nuclear power . However , 1 t  

was because th1s  type of acc1dent has been trad 1 t 1ona l l y  cons1dered 

" 1 ncred1ble" and beyond the scope of "des1gn bas 1 s  acc1den ts•  norma l ly 

cons1dered for 11cens1ng purposes that ser1ous quest1ons were ra1sed 

regard1ng the adequacy of the NRC ' s  safety ana l y s 1 s  cr1ter1a .  As  a resu l t ,  

the effect of the acc1dent was prec1sely the oppos 1 te; the pub11c lost  

conf1dence 1 n  the safety record of  the  1ndus try,  and enhanced, expens1ve 

safety features and procedures were 1mposed on new and operat1ng plants .  

The obj ect1ve of the TMI-2 Acc1dent Evaluat1on Program 1 s  to obta1n 

1nformat1on from the plant and from the acc1dent records. that w1 1 1  prov1de 

a comprehens1ve understand1ng of the acc1dent and 1 ts consequences wh1ch 

can then be used w1th the resu l t s  of other worl d-w1de research to address 

some of the 1mpor tant techn1cal 1ssues wh1ch strongly 1mpact nuclear power 

today. 

One of the 1 tems 1n the Informat1on and Industry Coord1nat1on Program 

elemen t ' s  charter 1 s  to ma1nta1n a close relat1onsh1p between the AEP and 

the nuclear 1ndus try .  The work tasks 1n th1s  e lement are a1med at  

obta1n1ng 1ndustry 1nput 1nto the d1rect1on and work of  the program, 

transferr1ng knowledge learned from th1s  research to the 1ndustry,  

coord1nat1ng the efforts of un1vers1 t1es and consu l tants,  and coord1nat1ng 

the standard problem exerc1se and d1ssem1 nat1ng 1 t s  resu l t s .  

A second work task 1 n  the Informat1on and Industry Coord1nat1on 

e l ement 1s to prov1de the pub 1 1 c  w1th 1nformat1ve and factual 1nformat1on 

from the TMI-2 Acc1dent Evaluat1on Program to enhance pub l 1 c  conf1dence 1 n  

the safety o f  nuclear power plants.  One spec1 f 1 c  object1ve 1 s  t o  make the 

pub 1 1 c  aware tha t ,  wh1 1e the acc1dent was very ser1ous from the standpo1nt 

of plant damage, the pub11c hea l t h  and safety were not placed 1n Jeopardy. 

F 1 na l l y ,  the Industry & Informat1on Coord1nat1on task has the 

respons1b 111 ty of recommend1ng to the Exam1nat1on Requ1 rements and System 
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£viluat 1on pro�r•• t l�nt tht add\t\on or expans \on of tf forts  wh\Ch � Y  

bt requ1rtd to \ncrt4St the pub1 \c  crtd\b1 1 \ ty or acceptance of the resu l t s  

of tht Progr .. .  

6 .  I Industry Coord\nat\on 

lndustr1 \nput, fr� vendor s .  ut \ 1 \ t \es ,  dnd cons u l tants.  \s  v \ t a l  to 

ensure that the \ ssues be\ng addressed b1 the AEP are those that are of 

\nterest to the nuc1tar po�r \ndus try .  In prepar\ng th\s  docu�nt,  

\ndustry \nput has been used to \den t \ f y  the \ssues of �)or 1MPortanc e .  

Contact w\th \ndustry for \nput t o  the pro�ra• w\ 1 1 be �\n la \ned 

throughout the pro�rd• to ensure that chang\n� concerns are cons\dtrtd \n  

ongo\ng work . 

Industry coord\nat\on a l so \nc ludes par t \c \pat\on \ n  the a c c \ dent 

evaluat\on and data analys\s  phases of the PrograM. Spec \ f \ c a l 1 y ,  th\s 

wort task should \nc lude \ndustry part\c\pat\on \n:  

o Eva luat \on of on-1\ne plant data dur\ng the acc \dent , 

o Severe acc\dent code calculat \ons us\ng the acc \dent to benchMark 

the codes , 

o Oevelop�ent and .od\ f \ cat\ on of the acc \dent scenar 1 o .  

f \ nal ly ,  \ndustr1 coord\nat\on a l so requ\rts the d \ s s�\nat \on of 

\nfor.a t \ on to the \ndustry .  As \MPortant resu l t s  are deve loped wh\ch 

could 1MPact the \ndus try, the ln�or.at\on and Industry Coord\na t \ on 

el�nt w\ 1 1 transN\t the resu lts  as exped\t\ous l y  as poss\ble  to 

\ndus try .  To ach\eve th\s latter obJec t\ve,  the \nforNat\on task w \ 1 1  
\nc ludt: 
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0 Per1od1c meet\ngs for 1ndustry and the nat\onal labora tor \es to 

report on the current status of the program and to empha s \ z e  

1mpor tant resu l t s ,  

o Encourag\ng spec1al sess1ons and meet1ngs of profess1onal 

soc 1 e t 1 es to prov1de external peer rev1ew of the program resu l t s ,  

o Promo t\ng the prompt pub l 1 cat \on of the resu l t s  of the Program \ n  

techn\cal 1 \ terature. 

6 . 2  Pub l \ c  Informat\on 

The c l eanup, exam1 nat1on.  and analysts  of the TMI-2 acc\dent cont1nues 

to command a great deal of publ1c  1nteres t .  Th1 s  was demons trated when the 

v\deo tapes of the \nspect\on of the lower head became ava\ lable and when 

mol ten fuel was d1 scovered 1 n  the core debr \ s .  The Informat\on and 

Industry Coord1nat\on element 1 s  respons1ble  for the t\mely release of  

1nformat1on from the exam1 nat1ons and analyses of  the acc1dent, u s 1 ng such 

med\a as press release s ,  v1deo tapes , and pub11c -or1ented repo r t s .  The 

pub l \ c  releases of the resu l t s  of the AEP w\ 1 1  be coord\nated w\th  GPU and 

DO£ . 

Two spec \ f \ c  tasks are 1ncluded \ n  the pub l \ c  \nformat\on e l ement : 

o To prepare, for the general pub l \ c ,  an acc\dent scenar1o ,  along 

w1th necessary support1ng data, that c lear ly  descr1bes what 

happened and why \ t  happened , 

o To prov\de a suff1c1en t l y  complete account1ng of the end-state 
f 1 s s 1on product 1nventory. As a goa l ,  these data w1 1 1  support 

the conclus1on, based on mon1 tor1ng data, that the env\ronmental 

releases due to the acc\dent were sma l l .  
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6 . 3  Progr a• Interface 

Severa l  organ \ zat \ons external to the \�d\ate progra• prov\ded 

serv\ces or consu l t \ ng to the progra•. Tht Indus t r \ a l  Rev\ew Group ( IRG) 

and the Techn\cal  Evalua t \ on Group ( T(G)  were two such ent \ t \ e s .  These two 

groups were recently reorgan\zed and reconst\ tuted \nto the Acc1dent 

(va luat\on Adv\sory Group ( AEAG) to prov\de a peer rev\ew of th\s 

doc�n t .  I t  \ s  \ntended that the Group be reasseMbled \n  the future on an 

ad hoc bas \ s .  In add\t\on, several consultants and organ \ za t \ons are  

prov\d\ng exper t \ se \n the exa•\na t \ on and ana l y s t s  tasks . The \nterface 

and coord\nat\on funct\on for a l l  of these organ\zat \ons \s  prov\ded by the 

lnfor .. t \on and Industry Coord\nat \on el�n t .  

6 . 4  Standard Probl .. Exer c \ se 

The conduc t of a s tandard ( benc�rk) proble� exer c \ se enta \ l s  a 

cons\derable effor t both \ n  preparat\on and \n coord\nat1on of the 

exerc\se .  The prt-exer c \ se arrang�nt of par t 1 c 1pan t s ,  coord1nat1on of 

spec 1al \nfor .. t \ on requ\r�nts for each par t \c \pan t ,  publ\sh\ng of the 

s tandard probl�. and col lect\on of the txerc\se resu l t s ,  as  wel l  as 

prov\d\ng feedback to the par t \ c \ pant s ,  w1 1 1  be coord\nated by the 

lnfor.at\on and Industry Coord1na t \ on el�nt. 

1 1 1  

• 



7 .  CONCLUDING REMARKS 

The TMI-2 acc \ dent offers un1que \nformat\on for study\ng the 

1n-vesse1 behav\or of a 1 \ ght-water reactor dur\ng a severe ac c \dent w\th  

extens\ve core me1 t \ng,  fuel m1gra t1on,  and \nteract\on w\th the reactor 

vessel s tructure s .  Extens\ve \ ndus try assessments of the acc\dent have 

reached a consensus: 

Add\ t \ onal end-state charac ter \ za t \ on data and suppor t \ ng ana l y s \ s  

work to  \ n terpret the data w\ 1 1  prov\de a bas \ s  for comp l e t \ ng our 

under s tand\ng of the mechan\sms control l \ ng the core damage 

progress\on,  res u 1 t \ n g  f 1 s s 1on product behav1or . and the end-state 

d \ s t r \ but\on of f \ ss\on produc ts w\th\n the reactor sys te�. 

Comp l e t \ ng our understand\ng of these aspects of the acc\dent \ s  

necessary t o  relate the TMI-2 f 1 nd1ngs towards resolut\on of severe 

acc\dent techn\cal \ ssues . 

The e lements of the TMI-2 Acc1dent Evalua t \ on Program descr\bed 

represent a j o \ n t  DOE/1ndustry-developed approach to prov\de the TMI-2 data 

and the necessary suppor t \ ng ana l y s 1 s  to complete our understand\ng of the 

acc \ dent and to relate the major TMI-2 research f \ nd\ngs to current severe 

acc \ dent techn\cal \ s sue s .  

The E xam\ n a t \ on Requ1rements and System Analys\s  ( E RAS£ ) program 

e l ement \ s  the \ntegra t \ n g  e l ement of the program. Th\s e lement w1 1 1  

\den t\fy  data needs and \ nterpret the data as they become ava 1 1ab1e.  The 

TMI-2 s tandard problem w \ 1 1  be an \mpor tant part of t h \ s  wor k .  The data 

\ n terpretat\on work w\ 1 1  be supported by var\ous \ndustry groups to ensure 

that a l l  v\ewpo\nts are \ n tegrated \nto the acc\dent scenar\o deve lopmen t .  

The Sampl e  Acqu \ s \ t\on and Exam\nat\on ( SA&£ ) program element w\ 1 1  

acqu\re the needed reactor system samples and prov\de the necessary 

exam\ nat \ on work to charac ter \ ze the samples .  The exam1nat1on work w\ 1 1  

a l so be a jo\nt  DOE- and \ndustry-supported a c t \ v \ t y .  
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The O.t1 Reduc t \on 1nd Qua l \ f \cat \on progra• el�nt w \ 1 1  qua 1 1 t y  dnd 

orf1n1ze tht TNI-2 data 1nto 1 centrl l ly located data base. The data ba\e 

v\ 1 1  provtde 1 valulble resource to tht \ndustry for future access\b\ 1 \ t y  

t o  the nNI-2 research resu l t s .  

The lnfor�t\on and Industry Coord\nat\on progra• e1�nt w \ 1 1  ensure 

that tht needs of the techn\cal  c�n\ty are �t tn an effec t 1 ve .anner 

and v1 1 1  prov1de the focal po\nt for 1nfor�t ton d\ss�\nat1on .  

Thus. the nNI-2 Acc\dent fvaluat\on Progra• w\ 1 1  prov1de necessary and 

sufftc \ent end-state charac tertzat \on data and eng\neer\ng support to  

\nterpret and \ntegrate the �ny sources of  nNI-2 data \nto  1 co.prehens1ve 

acc\dent scenar\o wh\ch represents a consensus unders tand1ng of the 

acc \dtn t .  W\thout co.plet \ng th\s wor k .  the nNI - 2  data w\ 1 1  be fra�nted; 

and 1nttrpreta t \ ons of the acctdent progresston v1 1 1  1 \ ke l y  d\ ffer 

s 1gn 1f \can t l y .  thus reductng the effec t 1 veness of the T"l-2 data towards 

reso lv\ng 1�rtant reactor safety tssues. 
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