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ABSTRACT 

A horseshoe-shaped r 1 ng of fused -together core mater 1 a l  was uncovered 

by removal of loose debr 1 s  from the TMI-2 core cav1ty f l oor between 

December 1985 and June 1986 . The horseshoe r 1 ng 1s a poss1 ble source  of 

c l ues to the TMI-2 core relocat 1 on scenar 1 o .  Est1mates of the l oc at1on, 

d 1 mens1ons , and surface appearance character 1 st 1 cs of the horseshoe r 1ng 

were der 1 ved from 11m1ted data from v 1 deo survey r ecor d 1 ngs and mechan1 cal  

prob 1 ng measurements for the sole purpose of furn1sh1ng 1 nformat1on to the 

anal ysts who are r econstr uct1ng the TMI-2 core damage sequence scenar 1 o  

from the ava 1 l ab l e  known data and anal yt1ca l  pred1ct1ons. The horseshoe 

r 1 ng l ocat1on, d 1 mens1 ons, and surface appearance at ac c1dent term1nat 1 on 

are est1 mated to be as fol lows: 

locat1on: 

D1mens1 ons ( average ) :  

Surface Appearance: 

Extended from 50 to 110 1 nches above the fuel 

r od bottoms, and from 120• to 10• a z 1 muth 

98 1 nches 1 ns 1 de d1ameter x 27 1 nches 

h1gh x 8. 5 1 nches th1 ck ( rad1al l y )  

The upper surface contour was 1r r egular  and 

cons1sted of decomposed ( foss111 zed-appear 1 ng )  

rod bund le  remnants. The l ower 1 ns 1 de surface 

resembled cobbl estone, and r eceded , cave-11ke, 

at the 1nterface w1th the upper c r ust of the 

fused-together core reg1on . 
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TMI-2 CORE HORSE SHOE R I NG E XAM I NAT I ONS 

1 .  I NTRODUCTI ON 

The pur pose of th \ s  r epor t \ s  to prov \ de a desc r \ pt \ on of a 

hor seshoe-s haped r \ ng of aggl omerate-appear 1 ng cor e ma ter \ a l  that  was 

unc overed by removal of loose debr \ s  f r om the TMI-2  core cav \ ty f l oor 

between December 1 985 and June 1986 . The \ n format 1 on \ s  \ntended for use  

by  the ana l ys t s  who are r econ s t r uc t\ng t he TMI-2  core damage sequence 

scenar\o f r om the ava \ l ab l e  known data and ana l y t \ ca l  pred \ c t\ons . 

C l osed-c\rcu\t t e l ev\s \ on ( CCTV ) s u r veys \n June 1 986 d \ scovered t he r 1 ng 

of ma ter\a l  ( see F \g. 1) projec t\ng \ nwar ds  f r om the s tand \ ng fuel  rods and 

extend 1 ng upwards f r om  the upper -cr u s t  e l evat \ on ( approx\ma t e l y  60 \ nches 

above the fuel bot ta.s) to appr ox \ ma te l y  90 \ nches above t he f ue l  rod 

bo t toms . The hor seshoe open 1 ng was at the E a s t  s\de . Th \ s  r epor t a l so 

prov\des a s t \ 11-t.age photograph a l bum of v\ews of  the r\ng f r om CCTV 

s urveys made \n June , Oc tober , and Dec ember 1 986 . 

The hor seshoe r\ng conf\gurat \ on was al tered by cor e bor\ng and 

def ue l \ ng act1v 1 t \ e s  and meas urement s  were not at tempted at any t1me . The 

hor seshoe r \ ng conf\gurat\on \ s  a pos s \ b l e  source of c l ues to the TM I -2 

core  r el ocat \ on sc enar\o . Th \ s  repor t prov \ des  an es t \ ma te of the 

hor seshoe r1ng c on f 1 gurat \ on from ava \ l ab l e  ( but  \ mprec \ s e )  \ nforma t \ on .  

1 . 1 Background 

The exam\nat\on of the TMI-2 core cav \ t y  s \ des and f l oor w\ t h  the CCTV 

s y s tem \ s a smal l par t  of a l ar ge and comp lex  e f for t desc r \ bed \n Ref. 1 .  

A l t hough the March 28 , 1 979 , ac c\dent a t  TMI-2 \nvo l ved severe  damage 

to the core of the reac tor , \t had no observab l e  e f f ec t s  on the hea l th and 

safe t y  of t he publ \c \n the ar ea . That such a sever e core-d\s r upt \ on 

acc\dent wou l d  have no consequent hea l th or safety e f f ec t s  has r e s u l ted \ n  

the ques t\on\ng of Par l \ er 1\ght water r eac tor ( LWR ) saf e t y  s tud \ es and 

es t \ ma tes. I n  an ef for t to r e s o l ve the se ques t \ ons , several major research 

progra•s have been \ n\t\ated by a var \ e ty  of organ \ zat \ ons concerned w\ th  

1 
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nuc l ea r  power p l a n t  safety. The U . S. Nuc l ear Regu la tory Comm 1 s s 1 on (NRC ) 

has embar ked on a thor ough rev \ ew of reac tor safety \ s sues, par t \ c u l a r l y  

the causes and ef fec t s  o f  core-damage acc \ den t s. J ndus tr \ a l  organ 1 zat 1 ons 

have c onduc ted the Industry Degraded Core Ru l �k \ ng (IDCOR ) Program. The 

U. S. Depa r tment of Energy (DOE ) ha s e s tab l t shed the TMJ-2  Program to 

deve l op tec hno l ogy f or recovery f r om a ser \ ous reac tor acc \ dent and to 

c onduc t r e l evant research  and deve l opment that  w \ 1 1  s ubs tan t \ a l l y  enhanc e 

nuc l ear power plant safety . 

Soon af ter the TM I -2 acc \ dent , four organ 1 zat 1 ons w \ th \ n teres t s  \ n  

both  p l ant recover y  and acc \ dent da ta ac qu 1 s 1 t 1 on forma l l y  agr eed to 

c ooperate tn these areas. These or gan 1 zat 1 ons , common l y  refer red to as the 

&END Gr oup--§PU Nuc l ear Corporat t on, � l ec tr t c  Power Resear c h  Ins t 1 tute, 

�uc l ear Regu l a tory Comm 1 s s 1 on ,  and �epar t.ent of E nergy--are a c t 1 ve l y  

1 nvo l ved 1 n  reac tor r ecover y and acc 1 dent research. At  present, DOE 1 s  

prov 1 d 1 ng a por t 1 on o f  the f unds for reac tor recover y ( t n  t hose areas where 

acc t dent recover y  know l edge w 1 11 be of gener \ c  benef 1 t  to  the U. S .  LWR 

1 ndus t r y) a s  wel l a s  the preponder anc e of  f unds for severe acc 1 dent 

t ec hn 1 ca l  data acqu 1 s 1 t 1 on (such as the exam 1 na t 1 on of t he damaged core) . 

The EG&G 1 nvo l vement w\ th the TMI-2  acc \ dent has been cont 1nuous, 

1 n 1 t 1 al l y  prov 1 d 1 ng techn1 ca l  suppor t and cons u l tat 1 on f r om the I daho 

Na t 1 onal Eng 1 neer 1 ng labor a tor y (INE L ) .  In 1979 , EG&G rec e \ ved an 

as s 1 gnment f rom DOE to  c o l lec t ,  ana l y ze, d 1 s t r 1 bute, and preserve 

s 1 gn1 f 1 cant techn 1 c a l  1 nformat 1 on ava t l ab l e  f r om  TMI- 2. Th 1 s  as s 1 gnment 

was expanded ( 1 n 1981 and 1984 ) to \ nc l ude: ( a )  conduc t 1 ng resear ch  and 

deve l o�nt ac t 1 v 1 t 1 es 1ntended to e f f ec t 1 ve l y  expl o1 t the gener 1 c  research 

and deve l opment cha l lenges a t  TMI- 2 ,  and (b ) devel op1ng an under s tand 1 ng of  

the ac c 1 dent sequence of  event s  1n  the area of core damage and behav 1 or of 

core r a d 1 onuc11 des (f 1 s s 1 on produc t s ) and mater 1 a l s . 

The TMI - 2  Acc 1 dent E va l uat 1 on Program repor t 2 de f 1 nes t he program 

r equ t r ed to 1 �lement t he DOE a s s t gnmen t s  and c onta \ ns the g u 1 de1 1 nes and 

r equ t re.ents f or TMI-2 samp l e  acqu1 s 1 t 1 on and exam1nat 1 ons. 

3 



The already-completed port1on of the Sample Acqu1s1t1on and Evaluat1on 

( SA&E ) Plan \ncludes \n s\tu measurements and sample ac qu1s1t1on and 

exam\nat\ons \nvolv\ng pr\vate organ1zat1ons and state and federal 

agenc\es. It has prov\ded the postac c\dent core and f1ss\on product 

end-state data that \nd\cate the follow\ng: 

• The current EG&G est\mate of damage and reconf\gurat\on of the 

core \s as follows: 

Core Reg\on 

St\1 1  stand\ng rod bundle geometry 

Loose debr\s ( unmelted and prev\ously molten core 
mater1al m\xture ) below the cav\ty 1n the upper 
core reg\on ( the cav\ty was 2i percent of the 
or\g\nal core volume ) 

Prev\ously molten core mater1al: 
reta\ned \n core boundary 
escaped from core boundary 

• Some uran\um d\ox\de fuel melt1ng occurred 1nd1cat1ng 

temperatures reached at least 31 00 K.  

Percent of 
Core Mater1al 

42 

23 

35: 
1 9  
16 

• Between 1 0  and 20 metr\c tons of core and structural mater\als 

relocated 1nto the space between the reac tor vessel bottom head 

and the Flow D1str1butor . 

• Most f1ss1on products were reta\ned 1n the core. Most of the 

f\ss\on products that escaped from the core were reta1ned \n the 

reactor coolant system water or \n the reactor bu1ld1ng basement 

water and concrete .
3 

S\gn\f\cant consequences result1ng from these f1nd1ngs \nclude: 

( a )  \ncreased techn\cal \nterest 1n the TMI-2 acc\dent because \t 

represents a full-scale severe-core-damage ( SC D )  event , ( b )  a 

recons1derat1on of the plans and equ\pment for defuel\ng the TMI-2 reactor , 

and ( c )  an expans1on 1n the TMI-2 ac c\dent exam\nat1on plan to determ\ne 

4 



the consequences of h 1 gh- temperature 1nteract t ons  between core components 

a nd to determ1ne the amount of relea se from the fuel of the lower 

vola t 1 1 1 ty f 1 s s 1 on pr oducts. 

The CClV exam t na t 1 ons are par t  of the Reactor Vessel Internals 

Docu.en ta t 1 on por t 1 on of Ref . 1 .  lh 1 s  part of the SA&E Plan also 1 ncluded 

ult r a son1 c  scanner surveys
• 

for prec 1 se topograph 1 cal mapp 1 ng of the 

va r 1 ous reg 1 ons that may be encountered dur 1ng the explorat t on of the core 

and s ubcore reg 1 ons . T he SA&E Plan requ 1 rements and/or obj ect 1 ves for the 

CClV and ultrason 1 c  scanner exam1nat 1ons are as follows: 

•tont 1 nued use of these 1n s 1 tu ,  non 1 nt rus 1 ve data-record 1 ng 
tec hn 1 ques at well-planned 1 ntervals dur 1 ng the defuel1 ng pr ogram 
w 1 1 1  prov 1 de data from wh 1 c h: ( a ) core debr t s  volume 
measuremen t s  can be 1 nfer red , ( b )  v 1 sual 1 nd 1 c a t 1 ons of the 
extent of 1 1 quefact1on and core mater t al relocat 1 on to the lower 
plenum can be ob ta 1 ned , ( c ) conf t r mat 1 on of the degree of damage 
to per 1 pheral c ore suppor t structures , 1 nclud 1 ng the reactor 
ves sel , and ( d )  dec 1 s 1onmak 1 ng for fur ther t ncore sampl 1 ng plans 
and bulk defuel1 ng can be c a r r 1ed out . •  

1 . 2  TMI-2  Core H 1 story 

The h 1 story  1 ntervals of 1 nterest for the TMI - 2  core hor seshoe r 1 ng 

c harac ter 1 zat 1 on are: ( a )  the core load 1 ng and operat 1 on before the 

ac c 1 dent , ( b )  the acc 1 dent sequence that damaged the core components and 

c rea ted t he cav 1 t y  1 n  the upper core reg 1 on ,  and ( c ) the pos t -ac c 1 dent 

reac tor ves sel t nterna l s d 1 sas sembly act 1 v 1 t 1 es that have caused fur t her 

r elocat 1 on and separat 1 on of core component s . Append 1 x  8 1 s  a summar y of 

the TMJ core h 1 s to r y  that h 1 gh 1 1 ghts; ( a )  the c ore geome t r y  and mater 1 als 

fro. wh 1 c h  the hor seshoe r 1 ng evolved , and ( b )  the events tha t may have 

affec ted the hor ses hoe r 1 ng c ompos 1 t 1 on and geometr y .  

a. Add 1 t 1 ona1 ultra son 1 c  scanner surveys are no longer t ncluded 1 n  the 
SA&E plan. 
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2 .  EXAMINATION METHODS 

The locat1on , d1mens1ons , and surface appearance charac ter1st1cs of 

the horseshoe r1ng were der1ved from v1deo survey record1ngs and mechan1cal 

prob1ng measurements . A spec1f1c program plan to determ1ne t he horseshoe 

r1ng charac ter\st1cs was not developed . 

2 . 1  V\deo Surveys 

The exam1nat1on method was to ob ta1n a tape record\ng of the s\gnal 

from the GPUN v\deo camera surveys at TMI-2 and genera te s t1ll-1mage 

photographs at INEL from the tape record1ngs us1ng a spec\al elec tron1c 

\mage enhancement and produc t1on system . 

2 . 2  TMI-2 CCTV System 

The CCTV system used by GPUN a t  TMI-2 to exam1ne the reac tor vessel 

1nternals cons1sted of the follow1ng: 

1 An underwater v1deo camera, 

1 A camera man1pulator system to prov1de camera support and 

art1culat1on , 

1 A 6-MHz bandw1dth AMPEX VPR-80 v1deo recorder. Syna1r v1deo 

d1str1but1on system , and Quantex v1deo quant1t1zer , 

1 The TMI-2 defuel1ng platform for support and az1muthal 

pos1t1on1ng of the camera man1pulator system . 

Camera pos1t1on1ng 1s est1ma ted from commentary on the tape record1ngs 

and the oc cas1onal s1ght1ng of known landmarks 1ns1de the reac tor vessel. 

The az1muthal pos1t1on of the \mages 1s probably accurate w\th1n 20• when 

landmarks are not nearby . 
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2 . 3 Mec han\ca l  Prob1 ng 

Mec han\ca l  prob\ngs wer e  conduc ted by GPUN 1 n  March,
4 

J u l y ,
5 

6 7 1 
Nove.ber, and December 1986, and F ebruar y 1987 \n the v 1 c 1 n 1 ty of 

�he hor seshoe r\ng to determ\ne the he 1 ght  of the cor e debr\s . The Mar c h ,  

Dece.ber , and F ebruar y prob\ngs \nc l uded a too l w\th a 20- l b  s l \de-hammer . 

The J u l y  and November pr ob\ngs were made w\th the core bore dr\11 s t r\ng . 

The usua l  procedure w\th the s l\de-hammer too l  was to r ecord the 

e l evat\on o f  the tool l ower extrem\ty at the fo l low 1 ng even t s: 

• When the tool f 1 r s t  touched the debr\s , 

• When the tool s e t t l ed under 1 t s ful l  we\ght, 

• When max\mum pene t rat 1 on was obta\ned by the operator push 1 ng 

downwar d and tw\st\ng the too l , and 

• When maxt mum pene t rat t on was obta 1 ned by the operator pound\ng 

downward w1 t h  the s l\de hammer . 

The March  1986 mec han\ca l  pr ob\ng was conduc ted w t th h\gh water 

tur b t d\ t y  wh\ch probab l y  accounts  for some of the \ncons t s tenc\es 1n data 

fro. the outermos t ( 56-\nch rad\us ) l ocat\ons . The 1 ncons 1 s t enc 1 es \nc l ude 

t nd t cat\ons of the presenc e of s tand\ng f uel  as s emb l \es at known vacant 

l ocat t ons . 

1 



3 .  EXAMINAT I ON RESULTS 

3 . 1 V 1 deo Surveys 

The v 1 deo survey 1 nformat 1 on 1s presented 1 n  the form of e1 ght plates 

of st 1 l l - 1 mage photographs ( see Append 1 x  A ) . The v 1 deo surveys we re made 

1 n  June, October, and December 1986 by GPUN to support defuel1 ng .  

The June survey was conducted to determ1 ne the c ond 1 t 1 ons a t  the 

pl anned core bore dr 1 11 s 1tes. Water turb 1 d 1 t y  was h 1 gh and, for most of 

the tape record1ngs, 1 mage qual1 ty was too poor for st 1 11- 1 mage produc t 1on . 

The October survey was conducted to determ1 ne the cond 1 t1ons of the 

core cav1ty floor and s 1 des before conduc t 1 ng the overl app 1 ng hole dr 1 111ng 

1 nto the reg1 on of fused-together core mater 1 al .  Water tur b 1 d 1 ty was 

1mproved from the June cond 1 t 1 ons . 

The December survey was conducted to determ1 ne the c ond 1 t 1 ons of the 

core cav1 ty  f l oor and s 1 des after complet 1 on of the overlapp 1 ng hole 

dr 1 11 1 ng . Water tur b 1 d 1 ty was 1 mproved st 1 11 further . 

Both the October and December surveys were 1 ncompl ete due to the 

presence of fuel rods 1 n  the core cav 1 ty wh1 ch prevented v 1 deo camera 

access to the west wal l .  

The e1 ght plates of st1 11- 1 mage photographs reveal the foll ow1 ng: 

1 .  In June, a horseshoe-shaped r 1 ng of fused-together c ore mater1 a l  

was observed . I t  proj ected 1 nwards from stand 1 ng rod bund l es 

from 120° to 50° a z 1 muth as shown 1 n  F 1 g. 2 .  The average 1 nward 

proj ect1on of the r 1 ng 1 s  est 1 mated to be 49 1 nc hes from the core 

center l 1 ne .  I n  several l ocat 1 ons, the v 1 s 1 ble bottom edge of the 

r1ng receded, c reat 1 ng a cave-11 ke geometry ( see Plates A-2, A-4, 

A-5, and A-7 ) . 
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2. The top surface of the r 1 ng cons1sted of c l usters of decomposed 

(foss111zed appearance ) rod bundle remnants proj ect 1 ng upwards 

from the fused-together core mater 1 a 1 s  ( see P l ates A-1, A-2, A-3, 

A-6a , A-&b and A-7 ). 

3 .  The 1 ns 1 de wal l of the r 1 ng appeared to have an uneven, 

cobbl estone-l 1 ke surface ( see P l ates A-1, A-2, A-3, A-4, A-5, 

A-&a and A-7 ). After core bor1ng and over l app 1 ng hol e  dr 1 1 1 1 ng 

operat1ons , the 1ns1de wa l l  had a "foss11 1 zed" rod bund l e  

appearance ( see P l ates & a  and &b ) where spa l l 1 ng o r  dr 1 1 1 1 ng tool 

abras 1 on may have occurred . 

4 .  In December, r 1 ng d 1scont 1 nu 1 t 1 es had devel oped between 10• and 

so• az1muth, and 1 n  the northwest, southwest, and south r eg 1 ons. 

3 . 2  Mechan1cal Prob 1 ng Results 

A summary of mechan1 cal  prob 1 ng data 1 s  shown 1 n  F 1 g. 3. F 1 gure 3 

also shows l ocat 1 ons of core bore and over l app1 ng hol e  dr 1 1 1 1 ng wh1 ch may 

have affected the elevat 1 on of the hard stop. There are many c ases of data 

1 ncons1stenc 1 es such as: 

1. lnd1cat 1 ons 1 n  Mar ch 1 986 that (a} a fuel assemb l y  was l ocated at 

known vacant core pos1 t1ons F 1 5 ,  H l , and P l l ,  and (b ) no fuel 

assembl y  was located at known occup 1 ed core pos1 t1ons, Ll and 03. 

2 .  Ind1 cat 1 ons 1 n  Februar y 1 987 that the har d  c r ust l evel has r 1 sen 

from 9 to 23 1nches at core pos 1 t 1 ons C l l ,  H2, Hl4, Ll4, Nl2, N4, 

PlO , and P6 . 

There are spec 1 f 1 c  p 1 ec&s of data from the prob 1 ng that are c ons 1 stent 

w1th the v1deo survey data and are be11 eved to prov 1 de reasonabl e  

approx1 mat1 ons of the locat 1 on and s 1 ze of the horseshoe r 1 ng: 

l .  The Ju l y  core bor 1 ng at core pos 1 t1on 04 where the har d-c r ust was 

f1rst contacted near 84 1nches above the fuel rod bottoms. 
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2 .  The March 1986 �rob 1 ng data at core pos 1 t 1 ons 810, 811, Hl5, Ll, 

M2, 03, and P5 that 1 nd 1 cate a hard stop at 110 to 77 1 nches 

above the fuel rod bottom , wh 1 ch 1 s  cons1stent w 1 th some of the 

v 1 deo survey data both 1n elevat 1 ons and 1rregular 1 ty of the r1ng 

upper surface contour . 

The February 1987 prob 1 ng data at core pos 1 t 1 ons Cll, H2 , N12, and N4 
1 nd 1 cated a hard stop at 70 to 82 1 nches above the fuel rod bottom 

( compared to the December 1986 prob 1 ng 1 nd 1 cat 1 ons that the hard stop was 

at 50 to 59 1 nches above the fuel rod bottom ) .  Th1s data 1ncons 1 stency may 

1 nd 1 cate the horseshoe r1ng 1 ns1 de wall locat1 on at those core pos1t1ons . 
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4 .  D I SCUSS I ON 

lhe l oca t \ on and apparen t compos \ t \ on of the horseshoe r \ ng, \n 

comb \ na t \ on w \ th the observed ex \ s tence of core mater \ a l  ou t s \ de the core 

boundar \ es ,  ha s cau sed some s peculat \ on tha t ( a )  the horseshoe r \ ng upper 

sur fac e  repres en t s  the upper s urface l eve l of the f used- together core 

.. ter \ a l  at sane t \ me  before the escape of mo l ten core mater \ al from the 

c ore boundar \ es ,  and ( b )  the now-enpty reg \ on \ n s \ de the r \ ng and the r \ ng 

d \ sc on t \ nu \ ty on the eas t  s \ de ( between 50 and 1 20• a z \mu th )  may be 

equ \ va l ent to the ma s s  of mo l ten core mater \ a l  tha t re l ocated downward \ n  

t he c ore r eg \ on or e scaped from t he core boundar\ e s . 

lhe average he\ ght of the horseshoe r \ ng \ s  es t \mated to be 24 to 

30 \ nc hes fro. the fol low \ ng obs erva t \ ons and/or meas urement s: 

• The mec han \ c a l  prob \ ng dat a  wh \ch \ nd \ cate ( a )  the upper surface 

of the f u sed -together core mater \ a l  \ n  the cen tral 96 \ nches of 

the core wa s 50 to 70 \ nches above the f uel rod bot toms and the 

upper s urface of the horses hoe r \ ng was 70 to 1 1 0 \ nches above 

the f u e l  rod bo t ta.s . 

• Es t \ mat ed8 s \ zes of three large rock s ,  be l \ eved to be p \ eces of  

the horseshoe r \ ng becau se  of the \ r  s \ ze and surface appearance 

( fos s \ 1 \ zed rod bund l e ) . The rock s \ zes  were 

Rock N�er 

A 
8 
c 

Length 

30 
24 
24 

0 \ mens \ ons 
( \ nches) 

W \ d th He \ght 

1 2  7 
8 5 
7 5 

The w \ d th and he \ ght d \ mens \ ons ( 5  to 1 2  \ nches ) are cons \ s tent 

w \ th the es t \ ma ted w \ d th of the horseshoe r \ ng at 250 to 

2&0• a z \.uthal where the per \ pheral ( core pos \ t \ ons A6 and A7 ) 

rod bundles were \ n tact ( 8 . 5  \ nches w \ de ) ( see F \ g. 2 ) . 
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The mass of molten core material which would have been located in the 

empty region between the horseshoe ring upper and lower surface, 1nc 1 uding 

the 70° horseshoe opening , 1s calc ulated to be approximately 65, 000 lb 

using the following dimensions: 

1 The horseshoe ring d 1 mens1ons are roughly 98 1nches ins1de 

diameter , 1 1 5  inches outside diameter, and 27 1nches h1gh. 

1 The fused-together core material dens1ty is 8. 25 gm/cm
3

. 
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5. CONCLUSIONS 

Est \.ated locat \ on, s \ ze, and surface  appearanc e of the 

hor s e s hoe - s haped r \ ng are  ba sed on \mprec \ se and \ ncompl ete \nformat \ on. 

The \ n for.at\ on used wa s obt a \ ned between Ma rch and November, 1 986; before 

March the r \ ng wa s at l ea st pa r t \ a l l y  covered w \ th l oose debr \ s, and after 

Nove.ber l a r ge p \ ec e s  o f  the r \ ng .ay have been d \ s l odged by defue l \ ng 

act\v \ t \ e s .  frOM th \ s  1 \ m \ ted \ nformat \ on, the hor seshoe r \ ng locat \ on, 

d \ mens \ ons, and sur face appea ranc e at acc \ den t  term1na t \ on a r e  es t \ ma t ed to 

be: 

• 

L oc a t  \ on: E xtended fr011 50 to 1 1 0  \ nches _a bove the f ue l  

rod bo t toms, and f r011 1 20• t o  10• az \ mutha l . 

0 \ mens \ ons ( average ) :  98 \ nches \ns \ de d \ ameter x 27 \ nches 

h\gh x 8. 5 \ nches th\ c k  ( rad \ a l 1 y )  

Sur f a c e  Appearanc e: The upper s ur face contour was \ r regu l a r  and 

cons \ s ted of decomposed ( fos s \ 1\ zed-appear \ ng )  

rod bund l e  r e.nan t s . The l owe r 1ns \ de s u r f ac� 

resemb l ed cobb l e s tone, and r ec eded, cave -1\ ke, 

a t  the \ nter face w \ th the upper c r u s t  of the 

fused - toge ther core r eg \ on . 
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APPE ND I X  8 
!MI - 2  CORE H I STORY 

INlROOUCliON 

·th \ s  append\x pr ov\des a s u�r y of t he TMI - 2  cor e  h \ s tor y that \s of 

'n terest \n the evo l u t,on of the hor s eshoe r \ ng. lhe su�ry \ s  d \ v \ ded 

\ nto three par t s: ( a )  the cor e load \ ng and opera t \ on before the acc\den t, 

( b )  the acc,dent s equence tha t  damaged the cor e component s  and created the 

cav\ty \ n  the upper core reg\on , and ( c )  the pos t - acc t den t r eactor ves sel 

\ nterna ls d\sasseNbl y  act\v \ t \ es that  caused fur ther r e l oca t t on and 

sepa r at t on of  core componen t s . 
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PREACC I DENT OPERATI ONS 

At  acc i den t i n i t i a t i on ,  the TM I-2 core wa s i n  the i n i t i al fuel c yc l e  

a t  95% o f  f u l l power wi th 3 1 7 5  MWD/MTU a verage c o r e  b u r n u p . The c o r e  

load i ng cons i s ted of  1 7 7  f u e l  a s s emb l i e s and 139 r od as s emb l i e s  ar r anged 1 n  

the core pos i t i ons  a s  s hown i n  F i g. B-1 . 

Eac h  of the f ue l  a s s emb l 1 es (see F i g .  B-2) wa s a 15 x 15 ar ray  of  208 

fuel r ods, 16 z 1 r ca l oy gu i de tube s , and 1 cen ter-pos 1 t 1 on z 1 r ca l oy 

i n s t r umen t  tube . The ent i r e a r r ay wa s c onnec ted to  and s uppor ted by e i ght 

I ncone l s pacer gr i d s  and 304L s ta 1 n l e s s  s teel  upper and  l ower end 

f i t t i ngs . An I ncone l , c o i l -type hol ddown s pr i ng wa s l oca ted 1 n  the upper 

end f i t t i ng .  

Al l i nter i or and two o f  the 4 0  per i pher a l  c o r e  pos 1 t i on s  a l s o  had r od 

as semb l i e s  cons 1 s t i ng of  16 r od s  connec ted toge ther  a t  the top by arms 

ex tend i ng from a cen t r a l  hub . The r od s  f i t i n to t he f u e l  a s s emb l y  gu i de 

tubes . The two per i pher a l  f ue l  a s s emb l i e s  (co r e  pos i t i on 812 and P 4 , next 

to the core former wa l l ) conta i ned a s tat i on a r y  o r i f i c e r od a s s emb l y  wi th 

12-i n . -l ong s ta i n l e s s  s teel r od s  ex tend i ng i n to  the gu i de t ubes  to  r e s t r i c t  

coo l a n t  f l ow ,  of  wh i ch one i n  each a s s emb l y  i s  a s s umed to  be mod i f i ed t o  

i nc l ude a neu t r on source rod . I nter i o r  fuel  a s s emb l i es c o n ta i ned one of  

three types of r od a s s emb l i e s  a s  fol l ows : 

1 Bur na b l e  Poi son Rod (BPR) A s s emb l y  (see F i g .  B-3) --The s tat i onary 

bur na b l e  poi son rod a s s emb l i e s we r e  l oc a ted i n  72  core po s i tion s 

a s  show 1 n  F 1 g .  B-1. Eac h  BPR r od con ta i ned a 126 - i n . -l ong  s tack 

of Al
2

o
2 

(0 . 9 5) -B
4

C (0 . 01) - 1 mpur 1 t 1 e s ( 0 . 04) c e r ami c 

pel lets  c l ad i n  z i r c a l oy , except for  c o r e  po s i t i on N l 3 ,  wh i ch i s  

a s s umed to have conta i ned 8 r od s  w i th  bor onated g r a ph i te i n s tead 

of Al
2

o
3

-B
4

C .  

• Con t r o l  Rod (C R) A s s emb l y  ( F 1 g .  B-4) --The C R  a s s emb l i es wer e  

l oca ted 1 n  the 6 1  core  pos i t i on s  s hown 1 n  F 1 g .  8-1. The r od s  

8-4 
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c onta 1 n�d 1 34- 1n. lengths of Ag-In-Cd clad \ n  Type 304L sta\nle s s  

s teel. The C R  a s semb l \es wer� f ully \ nser ted dur 1 ng the acc 1 dent 

s�quence. 

• Axt a l  Power Shaptng Rod ( APSR) As semb l y  ( f t g .  8 - 5 ) - -The APSR 

a s se.b l t e s  wer e  l ocated tn the e \ gh t  s ymmetr t ca l  core pos \ t \ ons 

s hown on F t g. 8 - l .  Each r od conta t ned a 36 -\n . l eng th o f  

Ag - J n -Cd mdterta l  clad t n  sta 1 nle s s  steel . The APSR assembl 1es 

r �\ned w t t hdr awn at 37 \ n. dur 1 ng the acc 1 dent sequence .  

TMI-2 ACCID E NT SEQUENCE 

Ref�r ence B-2 1 nc l ud�s the c ur r ent  theor y of the TMI - 2  core damage 

progr�s s t on. A s u�r y of th t s  theor y t s  as f o l lows: 

•the acc\dent wa s \n\t\ated by ces sat 1 on of secondar y  
f eedwa ter  flow. The steam gener a tor bo t led dr y ,  and the 
r �s u l tant r educt t on of pr 1 ma r y - to-secondary heat exc hange caused 
t he pr t ma r y  c oo l ant to hea t up , s u r ge \ nto the pres s ur\zer , and 
t nc r ea s e  t he pr\mar y sys tem p r e s s ur e .  The p t lo t-operated rel \ ef 
va l ve (PORY ) opened to r e l \eve pres s ure but fa\led to close when 
the pr es s u r e  dec r ea s�d. The ftr s t  100 m\n of the ac c t dent can be 
c harac ter t zed a s  a smal l break los s -of -coolant acc\dent ( lOCA ) 
w t th resultan t l o s s  o f  pr t mar y  coolant and dec reas \ ng pressure .  
It d\f fered f r om  the scenar to expected dur \ng such a LOCA 1n  tha t 
the pres s u r t zer 1 \qu t d  level r ema\ned h \ gh .  Th\s was \ nter preted 
by t he r eac tor operator as 1 nd 1 cat\ng that the r eac tor coo l ant 
s y s t� (RCS ) was f u l l of water when \ n  fact , the RCS was 
con t \ nua l ly vo\d\ng . Up to 100 m \ n ,  the core was covered wtth 
s u f f t c\ent water to be coo l ed . 

The r eac tor cool ant pumps wer e  turned of f at 100 m\n , and 
c o r e  hea tup was t n\t\ated as the water level s t rat \ f\ed and 
dec r ea s ed below the core top . By 1 50 m t n ,  a z \ r caloy-steam 
exo t her•t c r eact \ on was t n t t\ated , dra� t \ c al l y  \nc reastng the 
core  hea t up rate . As a result , z\r caloy melt \ ng temperatures 
were exceeded , r e sult\ng \n r e l oc a t 1 on of the molten z 1 r caloy and 
some l tquef\ed f ue l  to the lower core r eg\ons , so1 1 d 1 f y 1 ng near 
the c oo l an t  t nter face . Th t s  cont t nued unt 1 1  1 74 m1n , when a 
lar ge r eg t on of conso1 1 dated , degraded core mater t al ex t s ted tn 
the lower, cen t r a l  r eg 1 ons o f  the core. Coolant f l ow through 
th t s  c onsol t dated core r eg t on \ nd t c ate that the l ower 0 . 5  m of 
the cor e  r ema\ned cool . 

A r eac tor coo l ant pu� wa s turned on br\efly at 174 m\n , and 
c oolant was pu�ed tnto the reac tor ves sel . The r e sultan t 
thermal�c han t c al forces gener ated f r om the rap \ d  steam 
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F 1 gure B-5. Ax 1 a l -power -shap 1 ng-r od ( APSR) a s s emb l y  ( f r om Ref . B-1). 
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format1on are bel\eved to have shattered the ox\d\zed fuel rod 
remnants \n the upper reg\ons of the core, form\ng a rubble bed 
on top of the consol\dated core mdter\als. The consol\dated core 
.ater\als cont\nued to heatup dur\ng the next 50 m\n (174 to 
224 •tn), even though coolant del\very to the reactor vessel from 
the p� trans\ent and emergency core cool\ng 1nject\on 1s 
est\.ated to have covered the core by approx\mately 210 m\n. By 
224 •1n, �ch of the consol1dated reg1on had reached temperatures 
·suff\c\ent to �lt the U-lr-0 ternary m\xture. 

On-1\ne lMI-2 data recorded dur\ng the acc1dent \nd\cate 
that the crust surround\ng the consol\dated core fa\led and some 
of the .alten core mater\al relocated to the lower plenum between 
224 and 226 •1n. Based on the end-state core and core support 
assembly (CSA) conf\gurat\on and support\ng analys\s of the 
degraded core heatup, \t \s bel\eved that the crust fa\lure 
occurred near the top of the molten core reg\on \n the southeast 
quadrant of the reactor vessel. l\m\ted damage to the CSA 
occurred as the core .ater\al flowed to the lower plenum. 
Est\mates of the max\�m pressure vessel wall temperatures 
1nd\cate that the melt\ng po1nt of sta\nless steel was not 
exceeded, even at the \ns\de surface of the pressure vessel 
1\ner. The \nstrument assenbl1es, however, may have melted 1n 
the lower plenum above the vessel penetratton weld. If th\s 
occurred, freez\ng of the molten mater\al \s pred1cted to have 
plugged any holes \n the tnstrument assembly tubes.• 

S\nce the acc\dent, the core components have rema\ned at amb1ent 

t�rature and pressure and are submerged 1n treated water w1th the 

follow\ng target spec\f\cat\ons: 

• pH: 7.5 to 1 . 1 

• boron: >4350 ppm 

• buffer: NaOH. 

POSlACCIOENl REACTOR VESSEL INTERNALS DISASSEMBLY ACTIVITIES 

A ser\es of d1sassembly act1v1t1es (1nclud1ng precursor exam1nat1ons) 

have been accompl\shed stnce the acc\dent-sequence term1nat1on. No 

acttv\t\es or exam1nat1ons were attempted unt\1 personnel access 1ns1de the 
reactor bu1ld1ng was reestab11shed 1n 1981. A su�ry of s1gn\f\cant 

exa.tnat\on and dtsassembly events that have occurred \s as follows: 

B-11 
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Qutck -Look Vtdeo Sur vey! 

I n  1982 , c on t r o l  rod l ea d s c r ews f r om c o r e  pos 1 t 1 on s  H8, E9 , and 88 

were removed for pos s 1 b l e  CCTV acces s to the c o r e  a r ea .  The C R  s p 1 der  wa s 

s t 1 11 1 n  place  a t  88 , but  wa s m1 s s 1 ng a t  c o r e  pos 1 t 1 on s  H8 and E9. The 

CCTV sur vey d 1 scovered a l ar ge , emp t y  reg1 on ( co r e  c a v 1 ty) 1 n  t he upper 

core reg1 on . 

B-3 
APSR As semb l y  I n ser t 1 on 

I n  the f 1 r s t qua r ter of  CY 1 983 , a n  a t tempt wa s ma de to  1 nser t a l l  

etght APSR Assemb l 1 e s  wh 1 ch , 1 f  s ucces s f u l , wou l d  r e l ocate the APSRs 34 1 n .  

downward  1 nto the core  ca v 1 ty ( s ee F 1 g .  B-1 for  APSR c o r e  pos 1 t 1 on s ) .  

I n ser t 1 on depths a ch 1 eved wer e  a s  fol l ows: 

Core Po sH1 on 

06 
010 
F4 
Fl 2 
L4 
L12 
N& 
Nl O 

Ul t rason 1 c  Scanner Sur vey
8-4 

I n ser t 1 on Dep th  
(1 n . ) 

0 
4 

30 
35  

8 
31 

0 
37 

On Augus t  31 , 1983 , an u l t r a s on 1 c  s c anner s u r vey wa s made to  determ1 ne 

the shape and d 1 mens 1 ons  of the core  c a v 1 t y . F 1 gures 8-6 t h rough 8-9 are 

the re su l t 1 ng topograph 1 ca l  ma ps  of  the c o r e  c a v 1 ty . The c o r e  

topograph 1 cal fea t ures  1 nc l uded t h e  f o l l ow1 ng : 

• The ca v1 t y  extended f r om the bot tom o f  t he upper gr 1 d-p l ate  

downwa rd  to appr ox 1 ma t el y 7 . 5  ft  above  the c o r e  bot tom and 

rad 1 a l l y  to the core ba f f l e  p l a te s  1 n  s ome p l ac e s  

8-1 2 
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• The core cav,ty volume was equ,valent to approx\mdtely 26% of the 
or,g\nal core reg,on 

• Fuel ass�ly remnants appeared to almost completely enc\rcle the 

core cav,ty toward the upper gr,d plate ; the max\mum fuel 

dss�ly damage appeared to be on the core East s'de, dnd the 

least fuel ass�ly damage on the core West s'de 

• The ASPRs that had been 'nserted earl,er proJected from the 

cav,ty ce'l,ng and ,nterfered w'th ultrason1c-scanner measurement 

of topography 'n the cav,ty upper reg1ons. 

Reactor Vessel Head Removal8-5 

In July 1984, the reactor vessel head was removed. Prerequ1s1te work 

1ncluded uncoupl,ng of the leadscrews from the CR assembl,es and ra1s1ng 

the leadscrews ,nto the control rod dr,ve mechan1sm (CROM). The leadscrew 

uncoupl,ng ,nd,cated the follow,ng: 

• Th, rty CR sp\ders were supported by the fuel assembly upper end 

f,tt,ngs, 

• Twenty -three CR sp,ders appeared to be unsupported by the fuel 

ass�ly upper end f\tt\ngs, or were m1ss1ng, and 

• Four CR sp\ders became supported by the fuel assembly upper end 

fttt\ngs when lowered a small d1stance (less than 2 \n. ) .  

Plenu. AsseMbly Removal 

In May 1 98 5, the plenum assembly was removed. Prerequ,s\te work 
8-6 'ncluded d1slodg1ng of fuel assembly upper end f\tt\ngs and water-Jet 

8-1 7 



B - 7  
f l ush 1 ng of loose debr 1 s  f r om hor i zo n t a l  ( upwa r d  fac 1 ng) s u r f a c e s . 

The d i s l odg 1 ng of fuel  a s s emb l y  upper end f i t t 1 ngs 1 nd 1 c a ted the fol l owi ng :  

1 F our upper end f 1 t t 1 ngs ( c ore pos 1 t 1 on s  05 , F 3 ,  Fl 3 ,  a nd K l 4) 

cou l d  not be d 1 s 1odged , 

1 l en upper end f i t t i ngs ( co r e  pos i t 1 ons  E 4 ,  Gl 4 ,  K6 , l 2 ,  l l 3 ,  03 , 

08 , 0 1 1 ,  P8 , and R6) cou l d  on l y  be par t i a l l y  d i s l odged , 

1 Al l other  end f 1 t t 1 ngs we r e  m1 s s 1 ng ,  d 1 s l odged , o r  a t tached to 

the i r  respec t i ve f ue l  bund l es . 

The wa ter -j et  f l us h i ng r emoved l oo s e  debr i s  " r a ng 1 ng i n  s i ze f r om very  

f i ne par t i c l e s to nea r l y  f uel  pel let  s i ze "  ( Ref . B -7) f r om t he p l enum 

a s s emb l y  upwa rd-fac 1 ng ,  hor i zonta l s u r faces . Pos t -f l us h i ng CCTV i n spec t i on 

i nd i ca ted " some of  the debr i s  a c t ua l l y  adhered to  the p l enum a nd c o u l d  not 

be removed " ( Ref . B-7) .  

The CCTV exami na t i on r evea l ed p r oba b l e damage to  the p l enum a s semb l y  

l ower s ur face a s  depi c ted i n  Fi g .  B-1 0 .  

Reac tor Ves sel  lower Head Regi on V i deo Sur veys 

I n  F ebruary and J u l y  1 985 , the r eac tor ve s s el  lower head r e g i on  wa s 

pa r t i a l l y  s u r veyed wi th a CCTV camer a  lowe red t h rough t he downcomer annu l us 

at  1 3° ,  63° , 167 °  and 245°  ( ho l e  number s 1 ,  4 ,  7 ,  and  11 , r e s pec t i ve l y) 

a z 1 muthal  pos i t i on s . Samp l e s of  t he l oo s e  debr i s  depos i ted on  t he reac tor 

ves se l  l ower head were c o l l ec ted w i th  a r emo te ma n i pu la to r  l ower ed thr ough 

ho l e  number s  1 and 1 1 .  The s u r veys  i nd i c a ted the f o l l ow i n g :  

1 Some ten to twen ty  tons  of  c o r e  debr i s  had c o l l ec ted 1 n  the 

reg i on be tween the r eac tor ves s e l  l ower head and the F l ow 

Di s t r i butor , 
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1 The core  ma ter i a l  form ranged f r om c o f f ee-ground-s 1 zed pa r t 1 c l e s 

to a ver t i ca l -c u r ta 1 n -appea r i ng wa l l  ex tend i ng towa r d  the F l ow 

D i s t r i butor and appea r i ng to be l a va-l i ke ( pr e v i ous l y  mo l ten), 

, Prev i ous l y  mo l ten ma ter i a l  wa s ha ng 1 ng or a t tac hed to  t he F l ow 

D i s t r i butor be l ow core  pos i t i ons  l 2 ,  l l 4 ,  and N3 . 

The cen t r a l  and ea s t s i de reg i ons between the r eac tor ve s se l  l ower head and 

the F l ow D i s t r i butor were not s u r veyed . 

F ue l  Remova l 

Core debr i s  remova l commenced on  No vember 12 , 1 985 . I n  CY 1985  and 

1986 , debr i s  r emova l wa s l i mi ted to the core cav 1 ty wa l l s  and f l oor  a nd 

cons i s ted of  upper end f i t t i ngs f r om fuel , c on t r o l  rod , a nd b u r na b l e  p o 1 son 

rod a s sembl i es , par t i a l  fuel  a s semb l i es , and unsegrega ted l oo s e  debr 1 s .  By 

January  1987 , a tota l of 5 1 , 000 pounds o f  the 300 , 000 pound c o r e  had been 

removed . The ear l y  debr 1 s  r emova l i nc l uded toppl i ng s ta nd 1 ng per 1 pher a l  

fuel  a s s emb l i e s  onto the core-c a v i ty  f l oor  t o  prov 1 de c l ea r ance  for the 

fuel  debr i s  ca n i s ter s , occa s i ona l una i ded topp l i ng o f  u n s t a b l e  s ta nd i ng 

per i pheral  fuel  a s semb l i e s  onto the c o r e-c a v i ty  f l oo r , a nd s hear -tool 

sec t i on i ng of some par t i a l  fuel a s s emb l i es l y 1 ng on the f l oo r  of the core  

cav1 ty . 

V 1 deo s ur veys of the core  c a v i t y  wa l l s  and f l oor  we r e  made 1 n  

D 
8-8 8-8 

ecember 1 985 , Januar y  1986 , and June 1986 . S \ x  fuel  r od 

segmen t s  wer e  cut  f r om s tand i ng fuel  r ods  a t  the c o r e  south  ( co r e  

pos i t 1 on l l )  a n d  sou thea s t  ( c ore  pos i t i on s  M2  a n d  N2) s i de s  \ n  

Dec ember 1985 .
8-9 

Debr i s  remova l ac t i v i t i e s i n  CY 1985 and 1986 made the f o l l ow\ ng 

change s to the core  ca v i ty .  

• The f uel  a s s emb l i e s  s t i l l  s ta nd i ng ( June 1 986) a t  t he c o r e  

per i phery  were r educed to  21 ; 15 ( A6 ,  A7 , AS , A9 , A l O ,  84 , C3, 
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02 , 0 1 4 ,  E 2 ,  L l ,  l 15 , Nl4 , 0 1 ? and 0 1 3 )  w \ th upper end f \ t t \ ngs 

and 6 ( 8 1 2 ,  E2, L l ,  N2 . 03  and RlO ) w \ thou t upper end f \ tt \ ngs . 

• Suf f \c t ent  l oose debr \ s  had been removed f r om  the core cav \ ty 

f l oor to e x po s e  ( a )  the har d  c ru s t  near the 70- \ n .  ele vat \ on 

above the or t g \ na l  core bo t tom . and ( b )  the hor ses hoe -shaped r \ ng 

of agg l omer a ted ( cemen ted- toge ther rod bund l e  remnants ) core 

.a ter \ a l  proj ec t \ ng \ nwards from the s tand \ ng fuel rods above the 

ha r d -c r us t  surface . The r \ ng ex tended from the hard crus t  to 

around the 1 00- \ n .  e l eva t \ on above the f uel rod bot toms . The 

r t ng r eceded near the har d  crus t crea t \ ng a cave - 1 \ ke geome t r y . 

• GPUN r epor ted us \ ng ,  for de f ue l \ ng pur poses , an \ mpact ch \ sel 

dur \ ng May , June , Augus t ,  Sep tember , and October 1 986 , and a 

crus t \ mpac t tool dur t ng Augus t ,  Sep tember and Oc tober 1 986 . 
Both too l s  .a y  have been capable of alter \ ng the conf 1gur a t \ on of 

t he hor seshoe r \ ng of agg l ome r a ted cor e  ma ter t al .  

B \ olog\ cal Growth 

Jn Januar y 1 986 , reac tor ves s e l  wa ter turb \ d \ ty began \ ncreas \ ng f r om 

a b t o log t cal ( •1 croorgan 1 sms ) grow th \ n  the water . The source of  the 

•1cr oogant s•s was be l \ eved to be the r \ ver water , wh \ ch became m \ xed dur \ ng 

the ac c t dent  w\ th reactor c oo l an t  \ n  the reactor bu \ ld \ng ba senen t  and was 

subsequentl y \ ntroduced \ n to the RCS af ter the contam\ na ted basemen t water 

had been pur \ f \ ed by the TM I -2 water cleanup s y s tem . The gr owth o f  the 

•\croo r gant s•s was bel \ eved to be caused by ( a )  s p \ llage of def uel \ ng 

too l \ng hydra u l \ c  f l u \ d  \ n to the r eac tor ves sel , and ( b )  o ther sec ondar y 

events such as 1 ncreased 1 \ gh t \ ng ,  aera t \ o n , and ox ygen d \ spers \ on of the 

reac tor ve s s e l  wa ter . Both aerob \ c  and anerob \ c  m \ cr oorgan \ sm types were 

\ den t \ f \ ed t n  the co l ony tha t evo l ved . 

wa t er tur b 1 d 1 ty pr evented 1 dent \ f \ ca t \ on of mo s t  ma ter \ al wh \ ch was 

l oaded \ nto the f uel debr \ s  can \ s ters a f ter January 1 986 . I t  al so 

· pr evented c l ear  v \ deo surveys of surf aces and obj ects exposed by remova l  of 

the loose debr \ s .  

• 
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I n  Apr i l  1 986 , a b 1 o l og 1 c a l -gr owth c l eanup  p r ogram bega n . I t  

cons i s ted of  chemi ca l ( hydr ogen -pe r o x 1 de) add i t i on to  the wa t e r  to k i l l  the 

orga n i sms and wa ter f i l t er i n g and feed -and - b l eed opera t i on to  dec r ea s e  the 

wa ter tur b i d i ty .  The b i o l og 1 ca l -gr owth cond i t i on c on t i nued to be a p r ob l em 

dur i ng the rema i nder o f  the yea r a s  hydrau l i c  f l u i d  s p i l l a ge c on t i n ued . By 

ear l y  1 987 , the add i t i on o f  a pol ymer c oagu l en t  i mp r oved wa ter  c l a r i ty to 

norma l  v i s i b i l i t y l eve l s. 

Core Bor i ng 

I n  J u l y  and Augu s t  1986 , approx i ma t e l y 60 hol e s  wer e  d r i l l ed t h rough 
B - 1 0 

or  i n to the l owe r core  reg i on . 

The J u l y  dr i l l i ng wa s for the pur pose  of  ( a) acq u i r i ng l ower core  and 

reac tor  ves se l  l ower head reg i on core  ma ter i a l  samp l e s  i n  the a s - s t ra t i f i ed 

cond i t i on , and ( b )  ma k i ng v i s ua l  ( CC T V) i n spec t i on s  o f  the exposed l ower 

core and core suppor t a s semb l y  reg i ons and l ower head reg i on c o r e  mater i a l  

upper sur face.  Hol e s o f  3 . 6 5 - i n .  d i ameter wer e  d r 1 l l ed t h r ough t he l ower 

core reg 1 on a t  the 10 core  pos 1 t i on s  ( 04 ,  08 , G8 , 612 , K6 , K9 , N5 , N l 2 ,  07 , 

and 09) shown i n  F i g .  B -11 and 1 . 26 - i n. d i amete r  hol es  we r e  d r i l l ed i n to 

the l ower head core ma ter i a l  to  8 i n .  above t he r eac t or ves se l  l ower head 

be l ow core pos i t 1 on s  04 , K9 , and N l 2 .  Core  pos i t i on 04 wa s t he on l y  

dr i l l i ng l oca t i on where the hor ses hoe r i ng i n te r f e r ed w i th  the d r i l l i ng .  

The dr i l l i ng data  i nd i ca te  tha t  the hor s e s hoe r i ng upper s u r face  wa s a t  

l ea s t  85 i nches above the bo t tom o f  the fuel  r od s . 

The Augu s t  d r i l l i ng cons i s t ed o f  us i ng an  appr o x i ma t e l y 2- i n .  d i ameter 

so l i d - faced b i t  a t  48 l oca t i ons wi t h i n  t he 6 f t ( 7 3 . 2  i n . ) d i ame ter c e n t r a l  

c o r e  regi on to  ma ke the remova l of  f u s ed-tobet her c o r e  ma t e r i a l  i n  t he 

l owe r core regi on ea s i er . 

The core bor i ng p r ogram produced the fo l l ow i ng i n forma t i on about the 

cond i t i on of  the l ower core  regi on , the  c o r e  s uppor t a s s emb l y  r eg i on ,  a nd 

the core  ma ter i a l  depos i t ed on  the r eac tor  ve s s e l  l owe r hea d . 
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1 A reg 1 on of p r e v 1 ous l y  mo l t en core  ma ter 1 a l s  es t 1 ma ted to  be 

approx 1ma te l y 122 f t
3 

( a bout 1 0% of the o r 1 g 1 na l  c o r e  vo l ume) 

wa s c on f 1 rmed to be 1 n  the l ower , c e n tr a l  r eg 1 on o f  the c or e .  

Th 1 s  s o l 1 d  s tr uc t ure  1 s  app r o x 1 ma te l y  4-f t t h 1 c k  1 n  the  c en te r  of  

the core , 1- to  2-f t  t h 1 c k  near the core per 1 pher y ,  a nd 1 s  

r ough l y  shaped l 1 ke a bowl e x tend 1 ng down towa r d  t he bot tom o f  

t h e  core . I n tac t r o d  s t ubs ex 1 s t f r om the bot tom o f  t he c o r e  up  

to the p r e v 1 ous l y  mo l t en ma ter 1 a l . 

• A t  sever a l  core  bor e  l oca t 1 ons , meta l 1 1 c  1 nc l u s 1 on s  a ppea r 1 n  the 

upper por t 1 on of  the s o l 1 d ,  p r ev 1 ous l y  mo l ten ma ter 1 a l , wh 1 1e a t  

other l oca t 1 on s  meta l 11 c  1 nc l us 1 on s  a r e  obser ved near  the cen ter 

and/or bot tom of the prev 1 ou s l y  mo l ten r eg 1 on s . The  shapes of  

the me t a l l 1 c 1 nc l u s 1 ons  va r y  w 1 de l y .  

• The pr 1 ma r y  m 1 gra t 1 on path  of  the p r ev 1 ous l y  mo l ten rna ter 1 a l  1 n to 

the lower p l enum appea r s  to  be l oc a ted on  t he ea s t  s 1 de of the 

core  near the per 1 pher y ,  p r 1 rna r 1 l y at a s s emb l 1 es P - 5  and  P -6 .  

• The CSA a ppea r s  to be undamaged 1 n  those  a r ea s  whe r e  p r e v 1 ous l y  

mo l ten ceram1 c ma ter 1 a l s  have f r ozen 1 n  p l ac e  be tween t he CSA 

s t ruc t u r a l  membe r s . However , one core  1 n s t r umen t  g u 1 de tube 1 s  

damaged nea r the Lower Gr 1 d  0 1 s t r 1 butor  P l a te and  two o ther s wer e  

m 1 s s 1 ng or c overed by s o l 1 d 1 f 1 ed rna ter 1 a l  bel ow the  l ower gr 1 d .  

• The f ue l  debr 1 s  r es t 1 ng on the bot t om ves se l  head near  t he center  

of  the reactor  ve s se l  appear s  to  be l oo s e  and  r e l a t 1 ve l y  f 1 ne a s  

compared w1 th t h e  l a r ge aggl omera ted debr 1 s  e x 1 s t 1 ng nea r the 

edge of the reac tor ve s s e l  1 n  the l ower p l en um. The depth of  

ve s s el  bo ttom head fuel  debr 1 s  wa s es t 1 rna ted to  be as  f o l l ows : 
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Depth a 

Core Pos 1 U on itn..:.L 
04 1 8  
K9 30 
N l 2 12 

1 The cor e bor 1 ng produced c u tt 1 ng debr 1 s  1 nc l ud 1 ng sand - 1 1 k e  

.a t er t a l . sha rd s  of  f ue l  rod ma ter 1 a l . and f u e l  as semb l y  lower 

end f 1 t t 1 ng p l ugs tha t ( a )  s e t t l ed \ n to the s tand \ ng rod bund l es 

a nd on to the hor \ 1onta l  sur faces  of the lower core suppor t 

as s emb l y  and r eac tor ves s e l  l ower head cor e debr \ s .  or 

( b )  obs tr uc ted hol es 1n the core suppor t as s emb l y  p l a tes . F u ture 

acqu 1 s 1 t 1 on o f  core ma te r 1 a l  samp l es f r om be low the cor e mu s t  be 

ac ca.p l t s he d  care f u l l y  to avo 1 d  or segrega te t he cor e mater 1 a l  

wh 1 ch r e l oca t ed dur 1 ng the core bor 1 ng campa \ gn .  

A v 1 deo survey o f  the core cav \ t y wa l l s  and f l oor was conduc ted \ n  

Oc tober 1 986 . The e st 1 ma ted s tate o f  the TMI -2 r eac tor ve s s e l  1 n terna l s  1 n  

Oc tober 1 986 1 s  shown \ n  F 1 g .  1 .  

Core Pu l ve r 1 z 1 ng8 - 1 1 

J n  November 1 98 6 . a f ter  un s ucces s f u l  a ttemp ts to remove the pre v \ ous l y  

� l ten core ma ter 1 a l  f r om  the core cen t r a l  reg 1 on w1 th ava \ lab l e  defue l \ ng 
8 -10 

too l s . GPUN deployed the E G&G - f urn\ shed cor e  bor 1 ng equ 1 pmen t as a 

a1 1 1 1 ng dev 1 ce to l oosen and/or pu l ver 1 1e the fused - together mater \ a l  1 n  

the 8 . 5 - f t  d 1 ame ter central  c o r e  r eg 1 on w 1 th a 4 . 5 - 1 n .  d 1 ame ter sol 1 d - faced 

b t t .  The p lanned m\ 1 1 \ng pat t ern 1 s  shown 1 n  F 1 g .  8 - 1 2 and the actua l 

a1 1 1 1 ng wa s a c c onp l \ shed at 409 of the 421  over lapp 1 ng loca t 1 ons . The 

dr 1 1 1 1 ng da ta 1 nd 1 cate that the hor se shoe r 1 ng was no t encounte red by the 

dr 1 1 1  except pos s 1 b l y  near 25•  az 1 mu th . A cor e cav 1 ty v \ deo survey and 

aechan 1 c a l  prob 1 ng
8 - 1 2  

to determ1 ne t he har d  cr us t e l eva t 1 on were  

conduc ted 1n  DeceMber 1 986 . 

a .  Dep th measur ed af ter bor 1 ng w\ th po s s \ b l e  over lay of  bor \ ng debr \ s . 
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