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ABSTRACT 

The bes t-e s t\ mate con f \ gura t \ on of the TMI -2 l ower p l enum debr \ s  bed 

\ s  d \ s p l ayed based on an ana lys \ s  of  v \ deo data . The data wer e  taken us\ng  

r emo t e l y  control l ed v \ deo cameras \ nser ted \n  the  downcomer \n  f eb r uary , 

Ju l y ,  and December 1 985 , as we l l  as dur \ ng core bore opera t \ on s  \ n  Jul y 

1986 . The v1sua l  compos \ t \ on and extent of the debr \ s  bed a r e  

charac ter i zed , and t h e  mass  of  c o r e  mater \ a l  wh\ ch r e l ocated t o  the l ower 

p l enum dur 1 ng the acc 1 den t 1 s  es t 1mated . 



S�RY 

R.-otely controlled vtdeo ca .. ras vere tnserted tnto access holes at 

vartous azt�thal locattons tn the TN I -2 downca.er tn f ebruary , July , and 

Dec.-ber 1 98S. T hese caneras vere lowered tnto the lower plen� and were 

us� to record vtdeo data of the core .. tertal whtch had relocated fr� the 

core reg\ on dur\ ng the March 1 97 9  acc\ dent, f or•t ng a debr\s bed \n the 

lower plenu.. A dd\ t\onal v\deo data of the lower plenu• debr\ s bed were 

recorded durtng core bortng operat\ons \n July 1 986. 

These vtdeo data were analyzed, and the lower plenu. debr\ s bed has 

been charactertz ed. Large \nha.ogene\t\es ex\ st tn the phys\cal appearance 

of the debr\s bed, rang\ ng fr� a very f \ne, dust- ltke and s.ooth surf ace, 

to a relat\vely f lat but coarse surface wtth large chunks, to an apparently 

soltd •wa1 1 •  of lava-1 \ ke debrts. 

A topography vas der\ved f r� a ser\es of .. asur�nts of the debrts 

bed depth, and th\s topography was used to prov\de an est\ .. te f or the 

debr\s bed volu.e of 4 .85 t 1 .21 •3. Th\ s volu.e was ca.b\ ned w\th 
3 

est\ .. tes of the .. ss dens\ ty of 7 .0 glc• ( obta\ned fr� grab saRPles) 

and poros\ ty of 0. 45 to der\ve the est\.ated total .. ss of cor\u. wh\ch 

relocated to the lower plenu. dur\ng the acc\ dent, 1 5  t 5 .etrtc tons. 

, , ,  
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TMI -2 lOWfR PLENUM VIDEO DA TA SUMMARY 

INTRODUCTION 

S t nc e  the acc t den t a t  the Thr ee Mt le  I s l and Un t t  2 ( TM I -2 ) nuc l ear 
power p lant tn March 1 979 , a great dea l  of ef for t has been expended t n  
under s tand t ng the acc t dent . These  effor ts have \nc l uded deta t l ed 
exa. \ na t t on of the ther.al and hydrau l tc da ta r ec orded dur tng the acc \ dent;  
exa•t na t \ on of sa.ples r..oved fro. the cor e ,  upper p l enu., r eac tor 
but ld t ng ,  etc . ;  and 'n-depth ca l c u l a t \ons of  the acc , dent progres s ton .  
Th t s  r epor t s�r t zes \ nfor.at ton g leaned fro. an add \ t t ona l da ta sourc e: 
v t sua l  da ta taken us tng r .-ote ca .. ras t nser ted \ nto the l ower p l enu. of 
the reac tor ves sel . 

A tota l of f t ve vt sua l  ex .. tna t t ons have been .ade of par t s  of the 
1 2 

l over p l enu.. The f \ r s t  ex .. t na t ton occur r ed t n  f ebruary 1 985 ' when a 
ca  .. ra was sequen t ta l ly tnser ted tnto  two d t f ferent  access  ho l es \ n  the 
dovnco.er . These  hol es are l abel ed 4 and 1 1  on f 1gure 1 ,  wh tch t s  a 
sch.-.t t c  of the reac tor vessel  cross sec t 1on and t l lus tra tes those area s 
of the l ower p l enu. wh\ch  have been v t s ua l l y exa•t ned . Th t s  f \ r s t  
exa.1 na t t on t nc l uded those areas  of the l ower p l enu. around the l and X 
axes. 

3 The second exa• t na t t on took p lace t n  Jul y  1 985; a c aMera was 
t nser ted t nto ho l es 1 and 8 ( near the W ax \ s ) ,  hol e  1 ( near the Y ax t s )  
and hol e  1 1  ( near the X ax t s ) .  Dur t ng th t s tnspec t ton ,  a r..ote sa� l er 
was used to extrac t sa.ples of the rubb l e  near the W and X axes.  The 
res u l t s  of the ex .. t na t t on of these sa�les are repor ted tn Reference 4 .  
Subsequent to the sa.pl t ng ,  a wa ter Jet , wt th an a t tached ca.era , was 
tnser ted t n to ho l e  1 1  and an a t t.-pt was .ade to .ave the debr t s  us tng 

5 h t gh -pressure  wa ter .  The wa ter let was ab le  t o  .ave the f \ne l y  d t v tded 
debr t s ,  tndtcat tng tha t the debr ' s  bed was fa t r l y  loose , rather than a 
s o l t d  .as s .  

1 
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The t h \ r d  v \ sua l  exa•t na t \ on occurred \ n  December 1 98S , 6 when the 
areas  near the Y a x \ s  ( vta  ho l e  1 4 ) ,  W ax \ s  ( hole  7 ) ,  and X-ax \ s  (hole 1 1 )  
were exa•\ ned . Our \ ng t h \ s  v \ s ua l  exa• \ na t t on per \ od ,  a remote man \ pu l a tor 
was a l so \ nser ted through an adJacen t ho l e .  The man \ pu l a tor wa s used to 

pos \ t \ on the c ... ra so tha t  a w\ der area cou ld  be exam\ ned . Th \ s  \ ncl uded 
rou t \ ng the c a.era up through several  f l ow holes  t n  the e l l \ p t \ c a l  f l ow 
d \ s tr t butor head to  exa•\ ne the c ore  suppor t asselbly ( CSA ) reg \ on between 
t he e l l \ p t t ca l  f low d \ s tr tbutor and the \ n s t r umen t suppor t p l a t e .  Th \ s  
reg \ on \ s  \ l l us t ra ted t n  F \ gure 2 .  

The core s t ra ttf \ ca t \ on saMP l \ ng progra• ( core bore ) was conduc ted \ n  
1 

Ju l J  1 986 . As par t of th \ s  progra•,  a camera was \nser ted \n to  holes 
bored through the conso l \ da ted par t  of the core and l owered as  far as 
pos s t b l e  to ex .. tne the l ower CSA . In  three cases , correspond \ ng to fue l  
ass.-b l J  locattons 0-4 , K-9 ,  and N-1 2 ,  the holes extended \ nto  the l ower 
p l enu. reg \ on and the rubble  bed cou l d  be exa•t ned . These three l ocat t ons 

are a l so \ nd \ cated on F \ gure 1 .  

F o l l ow\ng acqut s \ t \ on of the core bore sa.,les , the bor \ng equ \ �n t  
was used t o  dr \ 1 1  .ore than 400 1 1 . 4 -c•-d \ a• ho les \n  the core  crus t \ n an 

8 ef for t to break up the core  for defue l \ng .  Our \ng t h \ s  opera t \ on ,  
approx \ .ate l y  4 . 2  .. t r \ c  tons of add \ t \ ona l core debr \ s  s \ f ted \ n to the 

9 l ower p l enu. and set t led onto the ex \ s t \ ng debr \ s  bed . 

The las t l ower plenu. vt deo \ nspect \ on was c onducted \ n  februa r J ,  
1 0  1 987 , subsequent t o  the core dr \ 1 1 \ ng operat \ on .  S \ nce the topogr aphy 

of t he debr \ s  bed had been s \ gn \ f \ can t l J  al tered bJ the add \ t \ ona l debr \ s  
f r o.  the bor \ ng oper a t t on ,  no add \ t \ ona l \ nfor .. t \ on was ga \ ned regar d \ ng 
the pos tac c \ dent depth or conf \ gura t \ on .  However , a damaged \ n-core 
\ ns trUMen t gu\ de tube wa s exa•\ ned . 

Th \ s  repor t s�r \ zes the v \ deo data wh \ch  were taken dur \ ng these 
f \ ve l ower p l enu. exa•tna t \ ons . f tr s t ,  the topographJ of the l ower p l enum 
r ubble  bed \ s  d t scus sed; and then the phJs \ ca l  appearance of  the r ubb l e  bed 
\ s  t rea ted . Append \ x  A presen t s  a deta \ l ed descr \ pt \ on of the 

3 
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\ ns t r�nta t \ on gu\ d@ tub@ ge01etry \ n  th@ l ower p l enum. lh@Se gu \ de tubes 
were th@ pr \ nc \ pa l  f \duc \ a l  po\ n t s  used \n deter•tn \ng the debr \ s  bed depth 
at  var , ous l oca t \ ons . Append \ x  8 su�r \ Z@S the resu l t s frOM the l ower 
p l en� v \ deo \ nspec t \ on wh \ ch was conduc ted tn Febr uary ,  1981, \nc l ud \ ng 
photographs of the da.aged \ns tru.ent gu \de tube . Wh \ l e much of the v \ sua l 
da ta \ s  of a qua l \ ta t \ ve nature ,  exa•tna t \ on of these da ta has a \ ded \n  

1 1  devel �t and c onf \ r.at \ on of the acc \dent scenar \ o .  



TOPOGRAPHY 

The vol ume and mas s  of the l ower pl enum debr 1 s  bed a r e  der 1 ved 1 n  th1 s 

sect1 on. Th1 s  was done by e s t 1 ma t 1 ng the debr 1 s  bed th 1 ck ne s s  at  var 1 ou s  

l oca t 1 ons ,  extrapol at1 ng the s e  t h1 ckne s s  e s t 1 ma t es to the e nt1 r e  debr 1 s  

bed , and f 1 t t 1 ng contour 11 nes to the bed , thus obta 1 n1 ng an e s t 1 mate of  

the topography of the debr i s  bed . Graph 1 ca l  sect1 ons of the debr 1 s  bed at  

r egular 1 nter va l s  wer e  made ,  and the vo l umes for  the sect1 ons wer e 

c a l c ul ated and s ummed to der 1 ve the tota l  debr 1 s  bed vol ume. f 1 na l l y, the 

tota l mass  was der i ved us 1 ng the debr 1 s  bed vo l ume and es t 1ma tes of the 

debr 1 s  pack 1 ng fract 1 on and dens 1 ty.  

I n  some cases , the v 1 s ua l  data were obs cured , due to turb1 d 1 ty 1 n  the 

water . Because of  th 1 s  tur b 1 d 1 ty, as we l l  as the 1 1 m1 ted extent of  the 

v 1 s ua l  exam1 nat1 ons of the debr 1 s  bed , ther e are  areas  of the bed wher e  no 

depth mea s urements are  pos s i b l e. Th1 s 1 s  par t1 c ul a r l y  t r ue 1 n  the 

southeas t  quadrant of the l ower p l enum. The over a l l topogr aphy of the 

debr 1 s  bed i s  ther efore l es s  cer ta i n  than would  be the cas e  wer e  the total 

debr i s  bed ava i l ab l e  for i nspect1 on. Th1 s  r e s ul ts i n  a concom1 tant 

1 nc r ease  i n  the uncerta 1 nt y  of the t o ta l debr 1 s  bed vol ume and mas s .  Thus , 

the topography shoul d be cons 1 der ed a •bes t  ef for t;• and the e s t1mate of 

tota l mass of  c or 1 um i n  the l ower pl enum s houl d be ver 1 f 1 ed dur 1 ng the cor e  

remova l oper a t i on.  

f i gur e 3 shows the  meas u r ed and es t 1ma ted l ower p l enum debr 1 s  bed 

depth s  as  der 1 ved from the v 1 deo data . The core  gr 1 d  1 s  super 1 mpos ed for  

reference . The debr i s  bed depth data shown 1n  f i gur e 3 wer e  e s t1mated 

us 1 ng two techn1 ques . f or those l ocat1 ons exam1 ned us 1 ng a camera 1 ns er ted 

1 nto the  downcomer a nnul us , the debr 1 s  bed he 1 ght was es t 1 mated by 

compar 1 ng the top surface of the bed to the 1 ns tr ume nt gu 1 de tubes at 

var 1 ous l oca t 1 ons .  The d epth  cou l d  then be e s t1 ma ted us 1 ng the known 

geometr y of these g u1 de tubes .  The deta i l ed geome tr 1 es of a l l  gui de tubes 

used 1 n  t h 1 s s t udy ar e shown 1 n  Append i x  A .  f or the thr ee l ower plenum 

l ocat1 ons exami ned dur 1 ng the c or e-bor i ng operati ons , gr i d  l ocat1 ons K-9, 
D-4 , and N-12 , the camera wa s l ower ed to the top of the debr i s  bed and the n  
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w\thdrawn to the bottom of the ell\pt\cal flow d\str\butor plate, and the 

length of travel of the camera was measured. The debr\s bed depth at these 

three locat\ons was then der1ved from the measured length of travel, us1ng 

the known geometry of the lower head and ell1pt1cal flow d1str1butor. 

The contour 1\nes for the spher1cal lower head of the reactor vessel 

were drawn us1ng the des1gn \nformat1on for th1s component. These contours 

are shown 1n F1gure 4 ,  wh1ch 1s a plane v1ew of the lower head w\th the 

core gr1d super1mposed. The depth of the debr\s bed (at those locat\ons 

shown \n F1gure 3) and the contour of the lower head were comb1ned to 

prov1de est\mates of the debr1s bed he1ght above an arb1trary reference 

plane. The reference plane was chosen to 1ntersect w\th the \ns1de surface 

of the lower head at the reactor vessel centerl1ne, the 290-ft, ll-1n. 

elevat1on. These debr1s bed he1ght est1mates are shown 1n f1gure 5 .  

Contour 11nes were drawn by manually 1nterpolat1ng between the debr1s 

bed he1ght data. The manual contour1ng method 1s commonly used 1n geolog1c 

and topograph1c mapp1ng and cons\sts of the fo11ow1ng. A contour 1nterval 

1s chosen, based on the range of elevat1ons encompassed by the observat1on 

po1nts. In th1s case, the contour 1nterval was approx1mately 10 em 

(4 1n. ). Then, contour 11nes are drawn, us1ng the observat1on po1nts as 

controls on the contour 11ne pos1t1ons and spac1ng. The result1ng 

cont1nuous surface contour 1s str1ctly controlled by the observat1on 

po1nts. The contour of the lower plenum debr1s bed, der1ved us1ng th1s 

method, 1s shown 1n F1gure 6, wh1ch also 1ncludes the debr1s bed he1ght 

est1mates from F1gure 5 for compar1son. 

As shown 1n F1gure 6 ,  the rubble bed extends to near the reactor 

vessel wall along three axes (W, X, and Z) but only to the last row of 

1nstrument gu1de tubes at the Y ax\s. Th1s 1s 111ustrated by f\gures 7 

and 8, wh1ch are photographs of the lower rubble bed at theW and Y axes, 

respect1vely. The abrupt •wall• of debr1s at the Y ax1s 1s ev1dent from 

F1gure 8, wh11e the rubble cont1nues to the downcomer wall at the W ax1s 

shown 1n F1gure 7 .  The top surface of the bed slopes from south to north, 

w1th a rounded depress1on extend1ng from west to east 1n the central zone. 
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F 1 gure  7 .  Photograph of  TMI -2 l ower p l enum rubble bed a t  W a x 1 s .  

f i gure  8. Photograph of  TMI-2 l ower p l enum r ubb le  bed a t  Y a x 1 s .  
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A to ta l  of 1 7  cross  s�c t \ ons of th� debr \ s  b�d were �d�. one f or each  
l e t tered row assoc t a ted w\ th the core gr \ d  p l us one on each s \ de to  accoun t 

f or the debr 1 s  wh \ch extended beyond the gr td . The lat ter sec t t ons are 
l abe l ed •AA• and • s . •  These c ross sec t \ ons were der , ved from c ontour s of 
the debr t s  bed ( f tgure 6)  and the l ower head ( ftgure 3)  and are shown 1n  
f 1 gures 9 through 25. The cros s -sec t \ ona l debr \ s  bed area was .easured for 
each f 1 gure us 1ng a p l an t .. ter and wa s then .ul ttp l t ed by the c r oss -s�c t\on 
t h \ckne s s  (0.22 •) to  d�r t ve the a s soc t a ted vo l u-. .  The area and vo l u.e 

for each  c r os s  sec t \ on are 1 \ s ted tn  Tab le 1 .  

The .. s s  of the debr 1 s  tn  the lower p l enUM has b��n es tt .. ted by 
.ul t \ p l y t ng the debr 1 s  bed vo l u.e  by the debr \ s  bed dens 1 ty and pac k t ng 
frac t 1 on .  The debr 1 s  dens 1 ty used 1 n  t h t s  ana lys \ s  was 

3 1 .00 t 0 . 57 glc• and wa s based on the average of the dens \ t \es of 
1 2  

e 1gh t  sa.ples  taken fro. the debr \ s  bed . I t  was assu-.d t n  thts 
ana lys t s  t ha t  th� averag� d�br \ s  d�ns 1 ty \ n  th� l ower p l �num was equa l to  
t h� av�rage fro. th\ s  v�ry 1 1•1 t �d sa.,l t ng .  Th\ s  ass�t \ on t s ,  of  
cour s e ,  not  ver 1 f \ ed wh\ch adds an  add 1 t 1 ona 1 , unquan t \ f \ ed unc er ta tnty  to  
the debr \ s  bed .. ,, �s t t  .. te . 

Th�r � \ s  no prac t \ cal .. thod for d 1 rec t l y measur tng the pac k t ng 
frac t \ on ( tha t frac t 1 on of th� vo l �  of the debr 1 s  bed tha t  1 s  oc c up \ ed by 
debr \ s ,  as opposed to the frac t \ on occ up 1 ed by wa ter ) of the debr \ s  \ n  the 
l �r p l enw.. Therefor� .  on l y  a rough es t \  .. te can be .ade of th\ s  
quant \ ty .  An ana l ys t s  of the pick t ng frac t \ on of the TMI-2 upper core 

1 3  debr 1 s  bed was .ade by Roore . I n  t h t s  ana l ys t s , a par t \ c le  s t ze 
d t s t r 1 bu t 1 on was a s s �d based on tha t  .easured tn an ou t -of -p\ le  

14 exper \ .. nt per for .. d a t  the K�r for sc hungszen trum Ka r l s ruh�; th�se 
p1r t tc l es were a l l �d to  set t le ,  v 1a  c �ut er s \ �la t \ on, on to  the 
r ... tn tng fue l  rod s t ubs. A few sens 1 t \ v 1 t y ca lcu l a t \ ons w�re �de wh\c h 
es t t  .. ted th� dependenc y of the pack t ng frac t \ on to par t \ c l e s \ ze 
d 1 s tr 1bu t 1on and v 1 br a t tons. The range of pac k t ng frac t\ons c a l c u la ted for 
these cond 1 t 1 ons was 0.3 to 0.5, wt th the upper va l ue c or r espond 1 ng to  
v \ brat \ on-a s s \ s ted setLl \ ng .  Thes� va lu�s wer �  c �ar�d w\ th th� pac k \ ng 
f rac t \ ons assoc 1 a ted w\ th l oos�l y pac ked gr ave l , equa l to 0 .45. Th \ s  

• 
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TABU 1 .  TMI-2 lOWl R PlE NUM DE BR IS  VOLUME 
----

Area Vo l u��e 

S!cUon � (11
3
) 

AA 0 . 1 6 0 . 03 

A 0 . 50 0 . 11 

B 0 . 82 0 . 20 

c 1 . 02 0 . 22 

0 1 . 53 0 . 33 

E 1 . 18 0 .  39 

f 1 . 93 0 . 42 

' 2 . 01 0 . 45 

H 2 . 05 0 . 46 

IC 2 . 1 2 0 . 46 

l 1 . 98 0 . 43 

" 1 . 88 0.41 

• 1 .  58 0 . 35 

0 1 . 30 0 . 28 

p 0 . 88 0 .  1 9  

R 0 . 41 0 . 1 0 

s 0 . 09 0 . 02 

Tota l vo 1u. 4 . 85 

• 
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analys 1 s  does not  app l y  d1 rect l y  to  the l ower p l en um debr 1 s  bed beca u s e  o f  

seve r a l  d1 f ferences between the two debr 1 s  beds , e . g. , d1 f feren t 

temperature  h 1 s tor 1 es l ea d1 ng to  d 1 f ferences  1 n  chem1 ca l and phys 1 ca l  

compos 1 t 1 on ,  f ue l  r od s tubs 1 n  the upper debr 1 s  bed , d1 f fer ences 1 n  the 

effect s of pos tacc1 den t r ea ctor coo l an t  pump opera t 1 on s , e t c. However , the 

s1m1 lar 1 ty of the r es u l t s  to tha t  mea s ur e d  for a l oos e l y  packed grave l  bed 

gave some cr edence to us 1 n g  these res u l t s  as an es t 1 mate for the l ower 

p l enum debr 1 s  bed. Thus , the va l ue of  0 . 45 was used  to es t 1 ma te the mas s 

of  the l ower p l enum debr i s  bed w1 th an uncer ta 1 n ty o f  ±0 . 1 . 

3 3 
Comb 1 n 1 ng these three e s t 1 mates  ( 4 . 85 m for  vo l ume , 7 . 00 g/cm 

for  den s i ty ,  and 0 . 45 for pack 1 ng f r act 1 on ) r e s u l t s 1 n  an es t 1 mat ed mas s  o f  

15 met r 1 c  tons.  Reference 9 s ta tes  that the debr 1 s  bed mas s 1 s  1 9 . 3  metr i c  

tons , ba sed on an ana l ys 1 s  of the response of the sour ce range mon 1 to r .  

A r i gorous  uncer ta 1 n ty ana lys 1 s  h a s  not  been per formed f o r  t h e  mas s o f  

the l ower p l enum debr 1 s  bed . However , i t  i s  judged tha t  t h i s u n cer t a 1 nty 

1 s  of  t he o r der of  34% bas ed on the f o l l ow1 ng. The t o t a l  debr 1 s  bed vo l ume 
3 

1 s  4 . 85 m , based  on the s umma t i on of  the cros s - s ect i on vol umes 1 1 s ted 1 n  

Tab l e  1. The da ta used 1 n  der 1 v 1 ng the topography o f  the l ower p l enum 

debr 1 s  bed were  those cons 1 dered to be r e l 1 ab l e  and have an es t 1 ma t ed 

uncer ta 1 n ty of  1 to 2 1 n .  The except 1 ons  to t h 1 s are the da ta  f r om the 

cor e  bore i nspect 1 ons , wh 1 ch have an uncer ta 1 n ty of  3 t o  5 i n . , and the 

three da ta  po1 n t s  at  gr 1 d  l ocati ons F - 1 3 ,  G-1 3 ,  and H-1 3 ,  wh 1 ch have a 

hi gher , unquant1 f 1 ed uncer t a 1 nty.  Thes e  t h r ee l atter data po1 n t s  wer e  

used,  1 n  s p i te  o f  the 1 r  large uncer ta 1 n t y ,  because  they r epresent  the 

pres ence of a •wa l l •  of  debr 1 s  a t  these l oca t i on s , a s tr uctur e wh 1 ch has  

been conf 1 rmed  by the v 1 deo da ta . An ear l 1 er topograph 1 ca l  ana l ys 1 s  was 

per formed us 1 ng add 1 t 1 ona l , l e s s  r e l 1 ab l e , da ta po 1 n t s  1 n  the sou theas t 

quadran t as  we l l  as  da ta  po1 n t s  wh 1 ch have s 1 nce been de term1 ned t o  be 

1 n co r rect . The debr 1 s  bed vo l ume , as de term1 ned 1n  t h i s  p r e v 1 o u s  
3 

t opograph i ca l  ana l ys 1 s ,  was 4.03 m , or approx 1 mat e l y  1 7% l e s s  than 1 n  

the cur r en t ana l ys 1 s .  Th1 s di f ference 1 n  vol ume es t 1 mates 1 s  a meas ur e ,  

albe 1 t  unr 1 gorous , of the unce r ta 1 n ty 1 n  the topog r aph 1 ca l  ana l ys 1 s  

me thod.  The repor ted uncer ta 1 n ty has been a r b 1 t r ar 1 ly 1 ncr eased to  25% t o  

a l l ow f o r  o ther unquan t 1 f 1 ab l e  uncer ta 1 n t 1 es 1 n  t h e  me thod. 
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The uncer ta\ n t r  \ n  the debr \ s  bed par t \ c l e dens t t r va s es t \.a ted 
3 e�r l \ er to be tO . Sl glc• , or 81. The uncer ta \ n t r \ n  the pac k \ ng 

frac t\on vas chosen to be tO . l ,  or 221, based on the upper debr \ s  bed 
p1ck \ ng frac t \on ana lys \ s  and the pack \ ng frac t \ on of l oos e l r  packed 

grave l .  These unc er ta \ n t \ es - -251 for vol UMe ,  221 for pac k \ ng frac t \ on , and 
81 for dens t ty - -vere c�\ ned to obta\n  an overa l l  uncer ta \nty  \ n  the 
debr t s  bed .. s s  of t341, or 5 �tr \ c  tons . Thus , the debr \ s  bed .a s s  \ s  
es t t  .. t ed to be 15 t 5 .. t r \ c  tons , vh \ c h  agrees v\ th \n  uncer t a \ n ty v\ th 
the debr t s  bed .. ss of 1 9 . 3  .. tr \c  tons der \ ved fr� ana l ys t s  of the source  
range �n \ tor response . 

Dur \ ng the l ower p l enu. \ nspec t \ on , debr \ s  vas observed \ n  some of the 
holes \n the e 11\pt \ca l  f l ow d \ s t r \ butor head . The debr \ s  \ n  th \ s reg \ on 
vas .. \ n l y observed dur t ng the f ebr uary 1985 \nspec t \ on of the Z a x \ s  ( ho l e  
Mo .  4 ) ,  the Dec.-ber 1985 \ ns pec t \ on o f  the Y a x \ s  ( hole  No . 14 ) ,  and the 
Dece.ber 1 985 \ nspec t \ on of the W ax \ s  ( hole  No . 7 ) .  The r eg \ on of 
\ nspec t \ on ( of the e1 1 \ p t \ c a l  f low d \ s tr \butor head ) vas ver r 1 \•t ted , and 
no a t t.-pt has been .. de to .. P the reg\on where debr \ s  has been obser ved . 
Enhanced photographs were .. de fr� the v \ deo tapes to \ 1 1us trate th\ s 
debr \ s .  f t gures 26 through 28 are photographs of the debr \ s  \ n  the f low 
holes at d t fferen t l oca t t ons . I t  shou ld  be .-phas \ zed that on l y  a par t  of 
the f low d \ s tr t butor p late vas exa•t ned due to the lack of a ca  .. ra 
.. ntpu lator dur tng s� of the \nspec t \ on s . A l so ,  s \ nc e  the core vas 
broken up due to the dr \ 1 1 \ ng operat \ ons , caus \ ng addt t \ona l debr \ s  to be 
re located to the CSA, \ t  v\ 11 be d \ f f \c u l t ,  \ f  not ,_,os s \ b 1 e ,  to deter•\ne 
the cond \ t t on of th\ s head a f ter the acc \ dent by add \ t \ ona 1 \ ns pec t \ ons . 
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( a } 

( b )  

F 1 gure  26 . Phot ographs o f  TMI -2 debr , s  ' "  f l ow ho l e  a t  Z ax ,s. 
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( c ) 

f \gur e 16 ( c on t \ nued ) . 
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F 1 gu r e  27 . 

F 1 gure  28 . 

• 

Photograph of  TMI -2 debr 1 s  on  t op of  e l l 1 pt1 c a l  f l ow d 1 s t r 1 bu tor 
p l ate .  

Pho tograph show\ ng prev \ ou s l y  mo l t en c or 1 um \ n  f l ow ho l e  a t  
W ax \ s .  
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RUBBL E B£0 CDMPDS l l lON 

large d t f ferences \ n  phfs \ca l appearance ex t s t  t n  the rubble bed . The 
rubble near the Y ax ts , as tnd t cated ear l t er , has the appearance of a 
large,  lava - l t ke c l t ff vh t ch abuts  the outer.os t row of tns t r u-.n t gut de 
tubes ( see r tgure 8) . The reg \ on \ n  fron t  of the rubb le c l t ff has a l.os t 
no debr t s . In so.e p laces , the lower head can be seen , \ nd t ca t t ng on lf  a 
1 \ ght •dus t t ng •  of debr \ s  at  tht s  locat \ on .  The c l t f f  appears  to be sol t d  
vt t� 1 s.aoth sur face t nter laced v\ th  cracks . There are a l so s o.e  large 
chunks of pr evtou s l y  .ol ten cor tu. vhtch  .. , be loose . 

The r ubb le near the X a x t s  has a large nu.ber of 2- to 5 -c•- s \ zed 
c�unks t nter sper s ed vt th .uch f \ ner .. ter ta l . T�\ s  ts t l lus tra ted bf the 
photograph of th t s area shown tn r t gure 29 . 

The Z axt s  appeared to hive the larges t chunks . At lea s t  one chunk t s  
es t t  .. ted to be 1 5  to 20 c• t n  s t ze .  Severa l  other large ( 7  c• or larger ) 
chunks a l so are presen t . The larger pteces look porous , w\ th s .. 1 1  crac k s  
and s.aoth sur faces . r t gures 30 and 31  t l lustrate  the coar s enes s o f  the 
debr t s  bed t n  tht s regton . 

The W ax t s  debr t s  bed looks 1 \ ke a unt for• bed of f tne to .. d t u•-s t zed 
debr t s  ( see r t gure 1 ) .  A few larger chunks a l so ext s t ,  but the s t zes of 
these c hunks are not deter•\ ned . There \ s  a trans t t \ on zone \n tht s 
r eg \ on ,  v\ th  a sharp trans t t t on between a ver J un\ for• and s.ooth rubb l e  
bed and a bed vt th a large nu.ber o f  .. d t u.-s t zed chunks . The rubble  t s  
eas \ ly d t s lodged bJ the c a  .. ra and l t ght s . r t gures 32 and 33 are 
photographs of each s t de of t h t s  trans t t \on zone . 

The rubb l e  bed at  a l l  three core bore locat t ons t s  verJ  unt for• and 
s.aoth wt th few, t f  anJ , large chunks . The chunks tha t  are there appear to 
be s .. 1 1  ( 1  to 2 . 5  c• tn s t ze )  ca.pared w\ th those at the per \ pherf of t�e 
lower plen�. However , the debr t s  bed sur face was per turbed bf the 
addt t t ona l debr t s  tha t  s t f ted down dur \ ng the bor \ ng opera t \ on . r t gure 34 
t s  a photograph of the rubble bed taken dur t ng the core -bor \ ng oper a t t on a t  
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F i gure  29 . Photograph of  l a r ge TMI -2 debr \ s  chunk a t  � a xi s .  
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f tQure 30 .  Photographs o f  larve TM I - ? debr \ s c hunk s a t  l a x , s  . 

• 
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F 1 gure 31 . Pho tographs show \ ng TMI -2 debr \ s  chunks \ n  r e l a t 1 on to  
\ n s t r umen ta t \ on gu 1 de t ube a t  Z ax 1 s .  
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f 'gure 31 . Photograph showtng s.ooth TMI - 2  debr ' s  sur face a t  W a x , s .  

f ' gure 33 . Photograph show , ng c oar se TMI -1  dtbr ' s  on top of s.ooth sur face 
at w ax h .  

4 1  



• 

f 1 gure 34 . Photograph of TMI - 2  lower p l enum debr 1 s  bed a t  the K-9 loca t \ on .  
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the l -9 l oc a t 1 on and \ nc l udes c ladd \ng shar ds wh1 c h MOs t pr obab l y  re located 
there dur 1 ng the opera t 1 on .  An es t \.ate of the r e la t \ ve s , zes of the 

r ubb l e  can be .. de bJ c�r \ son w\ th the shard wh \ ch 1 \es a top the bed 
( d 1  ... ter approx\  .. telJ  2 . 5  c•) . As WIS the case  a t  the W a x \ s ,  the rubb l e  
appea r s  to be ver , l oose and , s  eas 1 1J d \ s l odged b J  the c a  .. ra . 

• 
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CONCLUS I ONS AND RECOMMENDATI ONS 

In s ummary ,  v i deo data wer e  taken dur \ ng the l ower p l enum e xam1 nat 1 on s  

l n  F ebruar y ,  J u l y ,  and December 1 985 and dur \ ng t h e  c o r e  bor e  oper a t i ons  1 n  

J u l y  1 986 . These da ta have been exam\ ned , and an es t \ ma ted con tour map of  

the lower pl enum r ubb l e  bed has  been genera ted . The r ubbl e  bed 1 s  fa 1 r ly 

f l a t  and ranges f r om a un1 form and smoo th bed to  a bed w1 th many l a r ge 

chunks \ n ter sper sed w\ th  f \ ner debr \ s .  The bed e xtends t o  the downcomer 

wa l l  everywhere except  near the Y a x \ s ,  whe r e  a •c l i f f •  of  prev \ ous ly 

mol ten cor i um extends to the outer  r ow of \ ns t r umen t  g u 1 de tubes and then 

abr up t l y  s tops . 

Samp les have been taken f r om the lower p l enum debr i s  bed dur 1 ng 

l n spec t \ on of the W and X axes . I t  1 s  r ecommended that  add 1 t 1 ona l samp l e s  

be obta \ ned and ana lyzed f r om the Y and Z axes as  we l l  t o  mor e  comp l e te l y  

charac ter 1 ze the lower pl enum debr 1 s  bed . Th1 s  1 s  1 mpor tan t so t ha t  1 t  c an 

be determ1 ned to what extent  the debr 1 s  bed f 1 s s 1 on produc t c oncen t ra t i on 

\ s  homogeneou s . 
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APPE ND I X  A 

TM I -2 l OWl R  Pl E NUM I NSTRUME NTAT I ON GU I O£ TUB£ GE OME TRY 

Th \ s  Append 1 x  s � r \ zes the gea.etry of the \ns t r umenta t \ on gu 1de 
tubes \ n  the TM I -2 l ower p lenu.. In  order to prov \ de a quan t t ta t \ ve 

1 n terpreta t \ on of the lower p l enu. v \ deo da ta , a ser \es  of f \ duc \ a l s  wa s 
r equ \ r ed .  S \ nce the var \ ous \ns t r�ntat \ on gu \de tubes were ,  \ n  .any 
c ases , v \ s ua l lJ acces s \ bl e  us \ ng the v \ deo ca  .. ras , the l oca l dep th of the 
debr \ s  bed cou l d  be .. as ured us \ng the r e la t 1 ve depth of the debr \ s  bed 
cu.pared v\ th the \ n s tr u.en ta t \ on gu \ de tubes as a referenc e .  The geu.e t r y  
o f  t he gu\ de t ubes vas researched 1 n  order to prov \ de the needed 
\ nfor .. t \ on .  and f \gures A- 1 through A - 1 5  show the geo-.try  of eac h  of the 
gu \ de tubes used \ n  de ter•t na t \ on of the lower p l en� debr \ s  bed depth 
prof 1 1 e .  The f 1 gures are not drawn to sca l e ;  the d \nens \ ons on the f 1 gures 

a were prov \ ded bJ Owen and Ra \ n \ s h .  

The g�tr \ es o f  t he gu1 de tubes are az \.utha l l y s � t r \ c . 
Therefore.  gut de tubes vh \ ch are loca ted a t  the sa .. rad \ us f ro. the core 
cen ter l \ ne w\ 1 1  have the sa .. d\ .. ns \ ons . The excep t \ on to  t h \ s  1 s  tha t  
s o-.  gu \ de t ubes do not have gus sets , wherea s  o ther s a t  the sane rad \us  
do .  Tab le A- 1  1 \ s ts a l l the gu 1 de tubes used \ n  de ter•\ n \ ng the l ower 
plen� debr \ s  bed topography and \ nd \ ca tes vh\ch  ones have gus se t s . 

a .  Pr \ vate  c�n \ ca t \ on ,  0 .  ( . Owen , Januar y  9 ,  1 986 ; pr \ va te 
c �n \ c a t \ on ,  R .  Ra \ n \ sh , May 29 , 1 98 7 . 
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In core detector: 115, 117, 119 
Grid position: E-9, E-7, G-5 
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F 1 gure A - 1 . TMI - 2  \ n -core de tec tor No . 5 ,  7 ,  or 9 \ n  gr \ d  pos , t 1 on E -9 ,  
F -7 ,  or G-5 . 
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f t gur• A-2. TNI -2 , n -core detec tor No . 1 0  , n  gr , d  pos , t , on H- 5 .  
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In core detector: 1#21 
Grid position: H-13 
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F \ gure A-3 . TMI -2 \ n -core de tec tor No . 2 1  \ n  gr \ d  pos \ t \ on H - 1 3 .  
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In core detector: 122 or 129 
Grtd position: G-13 or C-9 
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F \tur• A -4 .  �1 -2 ' n -core detec tor No . 22 or 29 ' "  gr \ d  pos , t ,on 6- 1 3 or 
C-9. 
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In core detector: #23, #28, #35, #39,or #47 
Grid position: F-13, C-10, F-3, L-3, or 0-10 

Dimensions in centimeters 
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F 1 gure A-5 . TMI -2 1 n -core det ec tor  No . 23 ,  28 , 35 , 39 , or 4 7  1 n  gr 1 d  
pos 1 t 1 on F - 1 3 ,  C - 1 0 ,  F -3 ,  l - 3 ,  o r  0- 1 0 .  
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In core detector : 126 
Gnd poatlion: E ·11 
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f t gure A -6 .  TMI -2 t n -core de tec tor No . 26 t n  gr ' d  pos , t \ on E- 1 1 .  
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In core detector: #30 
Grid position: B-8 
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f i gure  A-7 . TMI -2 i n-core de tec tor No . 30 i n  gr i d  pos i t i on 8-8 . 
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In core detector: 134 
Grid position: E-4 

DimensiOns In centimeters 
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f tgure A -8 .  TMI-2  t n -core detec tor No . 34 t n  gr t d  pos t t t on ( 4 .  
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In core detector: #36 
Grid position: G-2 

Dimensions in centimeters 

Elliptical 
flow 

- · - · - · - · ...._, · - · 

� 
\ . 

\ • \ . 

\ 0'1 C\i N 

-

· - · - · -

7-1215 

. 
F \ g u r e  A -9 . TM I - 2 ' n -core de tector No . 36 \ n  gr \ d  pos , t \ on G - 2 . 

A - 1 2 
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In core detector: 140 
Grid poaltlon: M-3 

Dtmens6ont In centimeters 

Elliptical 
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f t gure A-1 0 .  TMI -2 t n -core detec tor No . 40 t n  gr , d  pos \ t ,on M -3 .  
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In core detector: #41 
Grid position: N-4 

Dimensions in centimeters 
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F i gure A - 1 1 .  TM I -2 \ n -core det ec t or No . 4 1  \ n  g r i d  pos i t \ on N -4 .  

A - 1 4  
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In core delector: 145 
Gnd poeitton: R-7 

DtrnensJons in centimeters 
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f ,gure A- 1 2 .  TNI -2 tn-core detec tor No . 45 ' " gr ' d  pos ' t ,on R-l . 
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In core detector: 1#46 
Grid position: R-10 

Dimensions in centimeters 

Elliptical 
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f 1 gure A - 1 3 .  TM I - 2  \ n:core detec tor No . 46 1 n gr 1 d  pos 1 t \ on R - 1 0 .  
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In core detector: 148 
Gnd pos•hon: �12 

Dimensions In centimeters 
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f t gure A-1 4 .  TR I -2 , n -core detec tor Mo . 48 t n  gr , d  pos t t , on 0- 1 2 .  
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In core detector: 1149 
Grid position: M-14 

Dimensions in centimeters 
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F i gure  A - 1 5 .  TM I -2 1 n-core de tec tor No . 49 1 n  gr 1 d  pos \ t 1 on M - 1 4 .  

A- 1 8  
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TABU A - 1 . GU I DE TUBES USE D IN  LOWE R  PLEN� DE BR IS  BE D VOL UME DE TE RMI NAT I ON 

6u , de Gr t d  
!U!... Loclt ,on Gusset  ngure 

5 E -9 Yes A - 1  
7 E -7 Yes A - 1  
9 6-5 Yes A - 1  

1 0  H-5 Yes A - 2  

2 1  H - 1 3  Yes A-3  
22 6- 1 3  Yes A -4 
23 r - 1 3  Yes A-5  
26 ( - 1 1  Yes A-6 

28 C - 1 0  Yes A-5  
29 C -9 Yes A - 4  
30 8-8 No A - 7  
34 ( -4 Yes A -8 

35 F -3 Yes A -5  
36 G-2 No A-9  
39 l -3 Yes A - 5  
40 M - 4 No A - 1 0  

41 N -4 No A- 1 1  
45 R- 7 No A- 1 2 
46 R- 1 0  No A- 1 3  
47  0 - 1 0  Yes A -4 

48 0- 1 2  No A - 1 4  
49 M- 1 4  No A - 1 5  

• 

A - 1 9  
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APPE ND I X  8 

RE SUl TS f ROM f [ BRUARY 1 987  V I DE O  I NSPE C T I ON 

An t nspec t t on of the southeas t quadran t of the l ower p l enw. wa s .ade 
on f ebr�ry 2 1 , 1 98 7 .  Th t s  tnspec t t on was .ade by lower tng the v \ deo 
c�ra down tnspec t ton hole  lo. S t n  the downca.er . The c a-.ra WI S  

at tached to a suc t ton devtce  that  was used to  r..ave the f t ne debr t s  fr� 
around gu tde tube •s at gr \ d  l oca t t on R - 7  for be t ter v t .w1 ng .  Much of the 
debr t s  t n  th ' s  area had loca ted there as a resu l t  of the ex tens t ve bor tng 
opera t t on of the hard  c rus t t n  the core regton . ( Severa l hundred holes  
were  bored \ n  t he c rus t  \ n an a t t.-pt to break up  the c rus t  for r..ava l . )  
Thus , the debr \ s  bed had been per turbed and t t  no longer t s  represen ta t t ve 
of tha t  wh \ c h  ex t s ted Just  af ter the acc t den t . Because of th \ s , no 
add t t tona l debr \ s  bed depth or co.pos 1 t , on 1 nfor.a t ton t s  ava t lable frOM 
t h t s  tnspec t ton .  

The c ond t t ton o f  gut de t ube •s was c lear l y  v t s tble  dur ,ng the 
t nspec t \ on .  Th ts  gu t de tube exper \ enced ther .. l a t tack dur tng the 
re loca t \ on of the core \ n to the l ower p l enw.. The resu l t s  of th \ s  ther.a l 
at tack are ev t de n t  on f t gure 8 - 1 , vhtch t s  a ser \es of enhanced photographs 
taken fro. the v t deo da t a .  The edge o f  the gut de tube t s  severe l y  abl a ted ,  
and the tns tr�nt penetra t t on tube .. , a l so have exper \ enced ther .. l 
a t tack ,  t hough t t  t s  d t f f t cu l t  to see the l a t ter t n  these photographs . 

8 - 3  



Remaining guide 

Thermal 
attack 

F 1 gure 8 - 1 . E nhanced pho tograph o f  gu 1 de t ube #4 5 ,  core pos 1 t 1 on R -7 . 

8 - 4 



(f) 

f t gure 8 - 1 . ( c on t \nued ) 

8 - 6 

Region of 
thermal anack 



F 1 gure  8 - 1 . ( con t , nued ) 
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