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DISCLAIMER 
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EXECUT I VE SUMMARY 

The Core Bore data base (CB) has been devel oped to present graph i c  data 
descri b i ng the end - state of the TMI -2  core . I t  i s  a personal computer based 
systa. whose contents are the resu l t s  of research performed wi th i n  the TMI - 2  
Acc i dent Eval uat ion Progra• sponsored by the U .  S .  Department o f  Energy . CB 

.contents represent the best -estimate core end - state configurat i on through 
anal yses of al l data col l ected through the end of 1986 ( through the core bore 
sa.pl i ng operat i on and i n i t i al core defuel 1 ng ) . Updates to these est i mates wi l l  
cont i nue to take pl ace unt i l  al l data on the pl ant have been obtai ned and 
analyzed . 

CB content s  i ncl ude : 

Dri l l i ng parameters (dri l l  speed , energy rate , penetrat i on rate , and 
torque) of the core bore machi ne duri ng sampl e acqu i s i t i on operat i ons  
in  Jul y  and Augus t ,  1986; 

Gross gamma scans of 9 core bore samples  performed at the Idaho 
Nat i onal Eng i neeri ng Laboratory ( INEL ) ; 

Graph i c  summaries of the core bore dri l l i ng operat i on s ; 

Contour •aps of the i nterfaces between the vo i d ,  upper debri s bed , 
previ ous ly  mol ten materi al and standi ng fuel rod as sembly reg i ons  of 
the damaged core (pl us  the surface of the l ower pl enum debr i s  bed) ; 

Cross sect i onal  vi ews of the core end - state confi gurat ion through fuel 
assembly col umns (8, C ,  D, E ,  F ,  G ,  H, K ,  l, M ,  N, 0 ,  and P) and row 6; 

Mi scel l aneous fi gures ( e . g . , fi s s i on product escape paths)  wh i ch 
promote understand i ng of core end - state confi gurat i on ;  and 

Expl anatory notes that provide add i t i onal i ns i ght i nto the graph i cal 
presentat ions . 

Correct ions  to the data base or comments on i ts content or operat i on are 
wel comed . Revi s i ons of th i s  data base product wi l l  be l im i ted to the i ncl u s i on 
of new/revi sed graph i cs wh i ch promote understand i ng of the TM I - 2  core end- state , 
the correct i on of data base errors/probl ems reported by users and rout i ne 
ma i ntenance . 

• 
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1 .0 INTRODUCT ION 

The tore Bore data base (CB) i s  a personal computer ( PC )  based system wh i ch 

has been devel oped by the Three M i l e  I sl and (TMI ) Acc i dent Eval uat i on Program to 

arch i ve graph i c  i nformation dep i ct i ng the end - state conf igurat i on of the damaged 

TMI -2 core . The data base name was deri ved from the very i mportant core bore 

dri l l i ng sampl es col l ected Jul y  and August of 1 986 . The data base i s  i ntended 

sol ely to provi de i nformat i on and the resul ts  of anal yses; i t  does not conta i n  

proces s i ng cap�bi l i ty .  

Vers i on 2 . 0  of C B  conta i ns d i stance funct ion data con s i s t i ng of ( 1 )  

proces sed dri l l i ng parameters from the core bori ng operat i on (dri l l  speed , 

energy rate , penetrat i on rate,  and torque) and ( 2 )  gross gamma scan analyses of 

the core bore sampl es . Graphi cal  data i ncl uded are ( 1 )  dr i l l i ng summari es of 

each core bore operat i on ,  ( 2) contour maps of the major reg i onal i ntersect i ons 

w i th i n  the core , (3)  cross secti onal v iews , through fuel el ement col umns B - P 

and row 6 ,  wh i ch i l l ustrate core composi t i on ,  and (4) fi gures wh i ch i mprove 

understandi ng of the end - state condi t ion of the core. 

Dr i l l i ng data from the core bore dri l l i ng mach i ne ( see reference 1 )  for the 

10 core bore hol es (004, 008, GOB, Gl2, K06 , K09 , NOS, Nl2, 007. and 009) and 

the reference cal i brat i on hol e were pl aced on the I NEL Cyber-176 computers where 

the data wi th a t i me  base were converted to di stance funct ions . A penetrat i on 

rate func t i on ( i n ./sec ) was then cal cul ated by taki ng the d i stance between 

poi nts  and d i v i d i ng by the t i me i ncrement; an energy rate funct ion ( ft-l b/ i n )  

was produced by i ntegrat i ng the product of dri l l  speed ( RPM) and torque ( ft - l b ) 

over t i me  i ncrements and d i v i d i ng by the di stance the dri l l  b i t  moved i n  that 

t i me .  To save space on the PC these funct i ons were 
.
then smoothed by comput i ng a 

20 point  bl ock average . The fi l es were then mod i fi ed to remove those data 

points where the d i stance reversed i t sel f when the dri l l  bi t was stopped , 

withdrawn and then the dri l l i ng operation cont i nued . 

The gross gamma scan data were generated at I NEL i n  the Test Area North hot 

shop fac i l i ty us ing  a gross gamma ray spectrometer . These data were recorded as 

a conti nuous ana l og  s i gnal on a str i p  chart dev tce and l ater d i gi t i zed by the 

TMI Accident Eval uat ion Program staff tn Idaho Fal l s  ( see reference Z).  
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Di stance functi on data have been transformed to  a common set o f  coord i nates 

and are cross- referenced to expl anatory notes . Users may v i ew the data w i t h  

respect to  three references: sea l evel ( ft . } ,  i nches wi th  respect to  the bottom 

of the fuel stack (e l evat i on 298.97 ft . )  and i nches w ith  respect to  the t op of 

the fuel stack (e l evat i on 310.94 ft . ) .  

Data acqu i red from i nvesti gati ons performed duri ng the reactor defuel i ng 

operat i ons hav� provi ded suffi c i ent data to est i mate the end - state core 

confi gurat i on with  reasonabl e certai nty . The core can be depi cted as con s i s t i ng 

of four di st i nct reg i ons : 

a cav i ty at the top of the core wi th a vol ume of  approxi mate l y 9.3 m3; 

a reg i on of l oose debri s rest i ng on a hard crust ; 

a reg i on of prev i ously  mol ten materi al con s i st i ng of ( a )  un i form , 

homogeneous cerami c materi al and ( b) cerami c mater i a l  surround i ng degraded 

fuel pel l ets and/or fuel r�ds (cal l ed agg l omerate materi a l ) ;  and 

stand i ng fuel rods extend i ng from the lower surface of the prev i ous ly  mol ten 

materi al to the bottom of the fuel stack .  (1,3) 

Observat i ons  were made wi th a v i deo camera for each core bore hol e dri l l ed 

and then were summari zed on drawi ngs . CB contai ns these summari es ; i t  has  been 

necessary to i nc l ude most of the observat i on comments as notes wi th cal l out 

l etters on the di agrams denot i ng l ocat i on .  Pri ntouts of  the notes can be 

obtai ned by exerc i s i ng user opt i ons . 

Contour maps of the i ntersect i ons between the maj or core reg i ons  have been 

est imated from anal yses of acousti cal surface data , debri s bed probe data and 

v ideo i nspect i ons . These figures are present i n  CB wi th notes that descri be 

the i r  source and the promi nent features of the four core reg i ons . 

Us i ng the contour map dat a ,  cross sect i onal confi gurat i ons  dep i ct i ng the 

four core regi ons through col umns ( or rows ) of  fuel  as sembl i es were sketched . 

An opt i on i s  ava i l abl e to v i ew the cross  sect i onal data ( and the core bore 

summari es )  in a sequenced operat i on .  
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• 
I nc l uded i n  CB are add i t i onal  figures fel t to be i nformat i ve i n  descr ib ing 

the core end- state confi gurat i on .  

Th i s  data base has been devel oped to operate on an I BM  personal computer 

systee (PC, XT , AT or PS/2) or on a 100% compat i bl e  fac i l i ty .  An EG&G I daho 

sti ent i fic data base product , SAGE , has been chosen as the data base management 

syste.. Appl i cati ons rout i nes are wri tten ( us i ng overl ay segmentat i on )  i n  the 

Modul a-2  structured programmi ng l anguage . Al l graphi cal data was produced fi rst 

on the INEL ma i n  frame computer systems and were then downl oaded onto the 

personal ca.puters i n  a vector format . 

Th i s  report d i scusses user i nteract i on wi th the data base . The fol l ow i ng 

section (2 . 0) i s  concerned wi th how to acqu i re CB and how to i nstal l i t .  CB 

operat i ons requ i res that the PC system on wh i ch i t  i s  i n stal l ed have some 

spec i fi c  hardware features ; these requi rements are l i sted i n  sect i on 2 . 0 .  

Sect ion 3 . 0  i s  a bri ef descri pt i on of the data base structure . User i nteract i on 

wi th the data base to produce outputs of the conta i ned data are d i scussed i n  

Sect ion 4.0. 
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2 . 0  CB INSTALLAT ION 

2 . 1  Data Base Acqu i s i t i on - The TMI - 2 Core Bore data base may be acqu i red free 

of charge to agenc i es connected wi th DOE sponsored TMI - 2 research  by maki ng 

request i n  wri t i ng to : 

J. M .  Broughton 

Manager ,  DOE Severe Acc i dent Rese�rch Programs 

EG&G Idaho , I nc . 

P. 0 .  Box 1 625  

Idaho Fal l s , Idaho , 834 1 5  

2 . 2  Personal Computer Hardware Requ i rements - The personal computer system on 

wh i ch CB Vers i on 2 . 0  i s  to be i n stal l ed must be an I BM system ( PC ,  XT , AT or 

PS/2 )  or 1 00% I BM compat i bl e  system . The host PC system must be operated under 

I BM D i sk  Operat i ng System Vers i on 2 . 1 ( DOS 2 . 1 ) ,  or newer software . I n  

add i t i on ,  the fol l owi ng hardware features are necessary :  

a d i skette dri ve ,  double s i ded ( 320/360KB) or h i gh capac i ty ( 1 . 2MB) 

a d i spl ay wi th graph i cs adapter ( color preferred ) .  Note that use of an I BM 

enhanced graph i cs adapter al so requ i res that the system have a 1 6  col or I BM 

memory expan s i on card ( P/N 1 50 1 20 1 ) 

a 20MB i nternal fi xed ( hard ) d i s k un i t  

640KB memory 

a math co- processor (8087· for PC , XT ; 80287 for AT ) 

The CB  data base produces output s ( e . g. plots ,  report s )  that are hardware 

dependent . The data base support s those devi ces that are i n  common use  at EG&G 

Idaho . I n  part i cu l ar ,  plotted hardcopy output of CB data requ i re s: 

a .  an EPSON FX seri es pl otter (or 1 00% compat i bl e  un i t ) , and/or 
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b. a Hewl ett-Packard pl otter (Model  HP7450 , HP7470, HP7475 or HP7550 ) .  

The data base software rout i nes  for output generat i on requ i re that PC system 

hardware be defi ned i n  a f i l e  ( PCSYS . CFG) l ocated w i th i n  the \DOS d i rectory of 

the system on wh i ch they operate . When a user attempts to perform any output 

opti on , this fi l e  i s  i nterrogated to determi ne i f  the user ' s PC system has an 

acceptabl e output dev i ce .  Appropri ate error i nd i cat i ons  are i ssued i f  the 

operat i on i s  not permi tted . 

The user i s  requi red to generate th i s  fi l e  us i ng two confi gurat i on forms 

pri or to the i r i n i t i al attempt to use a TM I - 2 SAGE data base product . The two 

for.s are shown i n  F i gures 1 and 2 ,  respect i vel y .  Once the fi l e  exi st s ,  i t  need 

not be regenerated for i n stal l at i on of add i t i onal TM I - 2 data base products . 

Should a user ' s hardware change , he may sel ect an opt i on from the ma i n  menu 

wh i ch wi l l  permi t h i m  to change the PCSYS . CFG fi l e .  

Pl ease note that CB 1 . 1  pl ott i ng requ i res  con s i derabl e memory and wi l l  not , 

i n  general , operate on a system wi th the I BM network software runn i ng at the 

same t i lle .  

2 . 3  Data Base Installation - CB 1 . 1  i s  transported on seven doubl e s i ded 

(320/360KB) d i s kettes wi th the fo l l owi ng contents : 

Oi skette 1 :  

I NSTALL BAT I NSTALLX BAT CB BAT 
CB OFL HP7475 EXE COREBOR LOO 

Di skette 2 :  

CBOATA BlK CBOATA OAT CBOATA l OX 
SHOWP I C  LOO REFER lOX REFER OAT 

Di skette 3 :  

H2 EXE CROSS TAB CORE TAB 
�P7550 EXE CUSER OAT CUSER lOX 
FUNCT OAT FUNCT lOX HPPLOT LOO 
DI SKCB lOO ED I TCB LOO CORP LOO 
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Di skette 4 :  

DSUM 
F I G  

Di skette 5 :  

XSEC 
COR PO 

Di skette 6 :  

P I CTUR 

D i skette 7 :  

NOTES 
HALORLM 
HALOMSMI 
MARK 
HALOMSM I 
HALOIBME 
HALOESPN 

OAT 
OAT 

OAT 
LOD 

OAT 

OAT 
EXE 
COM 
COM 
LOC 
DEV 
PRN 

DSUM 
F I G  

XSEC 

PICTUR 

NOTES 
THALO 
HALOKBD I 
RELEASE 
HALOKBD I 
HALO I BM 
HALOLJTP 

lOX 
lOX 

lOX 

lOX 

lOX 
EXE 
COM 
COM 
LOC 
DEV 
PRN 

DSUM 
CO RPM 

XSEC 

P ICTUR 

NOTES 
HALOPLHP 
HALOSDT I 
HALOSDT I 
HAL01 06 
HALO I BMG 

BLK 
LOD 

BLK 

BLK 

BLK 
EXE 
COM 
LOC 
FNT 
DEY 

CB i s  ava i l abl e to users wi th IBM AT systems equ i pped wi th the 1 . 2MB fl oppy 

dri ves on two d i skettes . The fi rst contai ns the . BAT f i l es and the . LOD f i l es ;  

al l other f i l es are on the second . 

Total storage requirement for CB Vers i on 2 . 0  i s  2 . 2  Mbytes .  The ' . OAT' 

fi l es conta i n  the In i t i al and Boundary Cond i t i ons  data ; the ' . lOX' f i l es are 

assoc i ated i nd i ces . M2 . EXE i s  the Modul a-2 executabl e dri ver and the ' . LOD' 

fi les are overl ay rout i nes wh i ch conta i n  the appl i cat i on s  software to operate 

the data base . Those fi l es wi th 'HALO' i n  the f i l ename are for pl ott i ng of  t i me 

ser ies  data . 

The fi le named INSTAL L . BAT on d i s kette 1 i s  used to i n stal l CB  on the user's 

fi xed d i sk  system . To perform th i s  i nstal l at i on ,  i nsert d i skette 1 i nto the 

d i skette dri ve ( hereafter termed dri ve A: i n  th i s report ) and type the command 

'A: INSTALL'. The i nstal l at i on batch f i l e ,  INSTALL , wi l l  create a \CB d i rectory 

on the fi xed dri ve ( hereafter termed dri ve C : }  and wi l l  copy al l f i l es from 

d i skette 1 onto dri ve C : . Fol l owi ng th i s  trans fer from di s kette 1 ,  the u ser 

wil l be i nstructed to remove it and i n sert the second d i s kette for transfer of 

its contents to C : . 
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. • (C) 

The TMI-1 data base products developed by EGIG Idaho, Inc. have 
outputs (e.g., plots. reports,) which art device dependent. Tht 
data bast software routines require that PC syst .. hardware bt 
defined tn 1 file (PCSYS.CFG) located wtthtn the \DOS directory 
of the syst.. on which they operate. Users •ust generate thts 
ftle prior to thetr tntttal att.-pt to use 1 TMI ·Z SAGE data base 
product but not thereafter unless their hardware changes. 

The file ts created through Interaction with 1 fort� produced by 
entering ·c• tn the field at the top of thts fon�. The •atn .. nu 
of each data bast Includes an option to edtt hardware tnfonaatton 
tn PCSYS.CFG. An •R• entry In the above option field generates 1 
copy of the fon� tn 1 file na .. d SCREEN.CPY which will be written 
tn the \CB subdirectory of your syst ... 

Use the AlT-H kty ca-blnatlon to get general help or the ESC key 
to obtain speclftc fttld help whtle COIIPlettng thts procedure. 

F igure 1 .  Instructi ons to Generate the PCSYS . CFG F i l e  

I .  

3. 

SAGE PC SYSTEM HARDWARE CONFIGURATION 
<C>Onttnue I Generate <R>eport I <E>xtt .... [C) 

PRINTER z. DISPLAY 
0 Other (for plotting purposes) 
l Other w/IBM font 0 No graphics capabtltty 
z EPSON printer I Low resolution 
3 EPSON w/IBM font z Enhanced graphics board 

Deftnlt 10n [3) 3 Professional graphics 
Defintt ion [Z) 

PLOnER 
(Hewlett Packard only) 
0 None To obtain help, place the cursor 
I HP74SO 3 HP7475 In 1 field and depress the ESC 
z HP7470 4 HP7550 key; use ENTER to return. 

Definition (21 Serial Port (Z 

F igure 2 .  Ident i fi cat i on of PC Hardware 

The CB data base operates from the PC batch area and wi l l  therefore operate 
when cal l ed  by the command ' CB'  from w i th i n  any d i rectory . Al l f i l es (defaul t 
RPT . RPT or user defi ned) produced by CB wi l l  be l ocated on d i sk i n  the CB 
subdi rectory. Si nce the normal return from CB wi l l  i nvoke the batch menu 
funct i on ,  the user wi l l  be requ i red to change d i rector i es ( CO\CB) to d i rect 
output of CB c reated ft l es .  

• 
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3.0 CB  STRUCTURE 

The SAGE DBMS system i s  rel at i onal ; .that i s , the i nformat i on i s  stored i n  
" fl at" fi l es or tabl es ( known a s  rel at i on s )  o f  row versu s  col umn structure . 
Each rel at i on has a compan i on i ndex fi l e  wh i ch cont a i n s  the sorted i ndexes used 
to rel ate i nformat i on wi th i n  the data base . The CB  data base has  5 pri n c i pal 
data rel at i ons as fol l ows : 

Func t i on - Cont a i n s  parameters , descri pt i ons  o f  d i stance ser i e s  funct i ons  
( e . g . , core bore dri l l i ng parameters , gross  gamma scans o f  core bore 
mater i al s )  stored i n  bl ock form wi th i n  the data base . These i nc l ude 
funct i on i denti f i cat i on ,  acqu i s i t i on date ,  a l ong descri pt i on ,  the phy s i cal 
un i t  code, and funct i on stat i st i cs (mi n and max val ues,  d i stance range and 
number of poi nts ) . The rel ati on al so i nc l udes parameters for the 
quali fi cat i on and uncertai nty assessments o f  the data . 

Graph i cs - Conta i ns i dent i f i cat i ons , descri pt i ons and the d i agrams , stored 
i n  bl ock form , for dri l l  summary , contour map , cross sect i on confi gurat i on ,  
and mi scel l aneous end-state graph i cs .  These data are stored i n  three data 
rel at i ons . 

Notes - Textual data wh i ch perta i n  to one or more records w i th i n  the 
funct i on or graph i c s rel ati ons . 

I n  add i t i on there i s  an i mbedded phys i cal un i t  code tabl e ,  a user rel at i on used 
to provi de data base secur i ty and a ut i li ty rel at i on used by appl i cat i ons 
software . 

User i nterface w i th CB i s  through a h i erarch i cal  system o f  menus  and forms. 
User i nteract i on i s  accompl i shed vi a a fi l l - i n - the - bl ank operati on wh i ch i s  
d i scus sed i n  deta i l  i n  the next sect i on.  
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4.0 USER INTERACT IONS 

Thi s section di scusses each of the menu forms whi ch the user i nteracts wi th 
i n  the Core Bore (CB) data base , expl ai n i ng the opti ons avai l abl e to the user 
and the actions whi ch resul t from each . The f ie lds tn wh i ch the user i nputs h i s 
re�ponse are shown i n  reverse v i deo on a monochrome d i spl ay and i n  a d i fferent 
col or on a col or moni tor . A cursor (bl i nki ng dash) i s  used to identi fy the 
current field pos i t i on wi th i n  the form .  

Move.ent between i nput fi elds i s  accompl i shed by ( 1 )  compl etely fi l l i ng i n  a 
f ie ld  or by depress i ng the <TAB> key wh i ch causes a sequent i al transfer to the 
next f iel d ;  ( 2) by u s i ng the backtab keys <Sh i ft/TAB> to move to the prev i ous 
f ie ld  or , ( 3) by sel ecti ng the <HOME> key to transfer to the form entry fi el d .  
The four cursor control arrows ( up ,  down , l eft , and r ight)  may al so be used to 
.ave about the d i spl ayed for..  A carri age return <Enter> entry causes the user 
suppl i ed i nfor.ati on to be i nterpreted by the data base software and requested 
operati ons  to be performed . 

User entries are processed for l eg i t i mate response . When an error i s  
detected ( such as  an i ncorrect format, an entry out of range , or <Enter> when 
cursor i s  not i n  an entry fie ld ) , a bel l i s  sounded and a bri ef error statement 
i s  d i spl ayed at the botta. of the d i spl ay screen . 

On- l i ne hel p i s  ava i l abl e from the var ious fields  of the forms by stri k i ng 
the <ESC> key . Th i s  causes a bri ef message to be pri nted on one/more overl ay 
screens wh i ch descri be the opt i ons  ava i l abl e/i nformati on to be entered for the 
f ield  i n  wh i ch the cursor i s  current ly  located . An <Enter> i s  used to return 
fro. hel p  messages to the ori g i nal pos i ti on wi th i n  the form ( note that when 
mul ti pl e <ESC> key operat i ons are requ i red to compl ete a u ser hel p request, an 
equ i va l ent number of <Enter> operat i ons are requ i red to return to the form) . 
Some general for. opt i ons provi ded by SAGE are avai l abl e i n  CB ; these opti ons 
can be revi ewed at any t i me by depress i ng the <All> and <H> keys s i mu l taneousl y .  

4.1 Entry Form - Thi s form ( see F i gure 3) permi ts  a user to enter a set of 
i n i ti al s  and a password for entry i nto the data base env i ronment . The data base 
l ogs  the n umber of t i mes each user/password entry pa i r  i s  exerc i sed . Users are 
d i v i ded i nto two c l asses: ' M'aster users who have permi s s i on ( spec i fi c  pas sword 
requ i red) to ed i t  data base rel at i ons and ' R ' egul ar users who cannot ed i t  data 
(pas sword need not be entered ) . Master user status i s  reserved to only those 
i nd i v i dual s respons ibl e  for the update and ma i ntenance of the CB data base i n  
accordance wi th establ i shed pol i cy .  

4 . 2  CB Main Menu - The mai n  menu ( f i gure 4) g i ves tht user opt i on to ed i t  data 
base records , generate functi on pl ots, v i ew end - state core confi gurat i on 
d i agraMs , enter data from d i sk fi l es, and to change the PC system configurat i on 
tabl e .  

4 . 3  Edtt Mlnu - Al l users are permi tted to sel ect the ed i t  opti on and to 
i nspec t ,  but not mod i fy ,  record contents . A ma i n  ed i t  form ( see F i gure 5) 
per.i ts  the user to access the records wi th i n  the di fferent data base 
rel ations . Edtt menu opt i ons are of two general cl asses ; those wh i ch retri eve 
record contents and d i spl ay them on the PC screen and those wh i ch al ter record 
contents . F igures 6 and 7 show two forms produced by sel ect i ng ed i t  opt i on 1 .  
They are used to ed i t  d i stance functi on parameters . The <L>ocate , <N>ext, 
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<P>revi ous and <E>x i t  option s ( i n  the upper box) retr i eve and displ ay record 
contents ; they can be exerc i sed by al l users . 

• 
TMI-2 CB, VERSION 2.0 

THREE MILE ISLAND, UNIT 2 
CORE BORE DATA BASE 

Welcome to the TMI-2 data base system. Please enter your initials 
and your password for entry permission to be granted. If you 
have not yet entered the system, your initials and selected 
password will be recorded. 

Initials [ ANY] 
Password [ USER 

F i gure 3 .  CB Entry Form 

TMI-2 CB 2 . 0  

TMI-2 CORE BORE DATA BASE 

Enter Option . . .  [OJ 

0) Exit 
1) Edit data base records 
2) Plot drilling or gamma scan data 
3) Display End-State Core Configuration Diagrams 
4) Enter data from disk 
5) Change PC system configuration table 

Use ALT-H for SAGE (general) help; Use ESC for CB (field) help 

F i gure 4 .  Ma i n  CB Opt i on Menu 

The <A>dd, <M>odify, and <D>el ete options requ i re master status since they al ter 
contents of the distance funct i on rel at i on .  The <C>ont i nue opt i on i s  used as a 
form control parameter, switch i ng back and forth between the F i gures 6 and 7 
forms . F i gure 7 i l l ustrates appearance of a hel p form ( i nner box) overl ayed on 
the ed i t  form ( i t  was pl aced there by stri ki ng the ESC key) . 

Other ed i t  opt i ons avail abl e are: Ed i t  option 2 - a capabi l i ty to as soc i ate 
notes wi th the core bore or gross gamma funct i ons ; ed i t  opt i on 3 - forms to 
input descri pt i ve notes ; ed i t  opti on 4 - the user speci fi cat i on opt i on onl y  used 
by the data base administrator to defi ne master users. 
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EDIT SELECTION 
TMI-2 CORE DRilliNG AND 
EXAMINATIONS DATA BASE 

Enter option . . .  (1) 

0) Exit 
1) Edit distance function par ... ters 
2) Edit distance functton references 
3) Edit notes 
4) Edit user (Mister user status required) 
5) Edit diagra• para-.ters 

F i gure 5 .  CB Ed i t  Form 

EDIT DISTANCE FUNCTION DATA (1 of 2) 

<l>OCate 1 <N>ext 1 <P>revtous I <A>dd I <M>odlfy I <D>e l ete 
<C>Onttnue I <B>hnk I <E>xlt . . . . . . . . . . . • . . . . . . . . . . • . . .  [ 1 

1. FUNCTION DESCRIPTION: 
Grtd Location (004) Data Type [DISTANCE 
Function Na.. 004DISTANCE 
Dlscrtptlon [OIST CHANNEL CORE BORE 004 DRILLING FUNCTIONS 

( 
Date Obtained [ Unit Code ( 2] ft 

2. EVALUATION Of DISTANCE fUNCTION: 
Qualtf1cation [ I 
Qual Stat.-ent [ 

[ 
Uncertainty ( 
Status ( 

F igure 6 .  D i stance Functi on Ed i t  Form ( 1  of 2 )  

l 

Pl ease note that by convent i on a l l data wi th i n  CB are stored i n  Engl i sh 
un i ts .  Users are g i ven the opti on i n  al l data process i ng or output operati ons 
to sel ect .etric  un i ts .  Th i s  i s  accompl i shed by attr i but i ng a un i t  code to each 
phys i ca l  data record and convers i on us i ng an i nternal  tabl e. 

• 
4.4 Plotttnq Capabilities - Wi th i n  the CB data base users may p l ot any of the 
core bore dri l l i ng functi ons or the gross gamma scans . Pl ot generati on i s  
started by sel ecti ng opt i on 2 from the ma i n  menu ( F i gure 4);  th i s ,  i n  turn , 
produces a pl ot sel ecti on menu as shown i n  F i gure 8 . 

• 
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• 

EDIT DISTANCE FUNCTION DATA (2 of 2) 

<l>ocate 1 <N>ext I <P>revious I <A>dd I <M>odify I <D>elete 
<C>ontinue I <B>lank I <E>xit .......................... [C] 

Function Name D04DISTANCE 

3. DATA BASE STORAGE: 
Relation [CBData ) Data Pointer 150 
Number Pts [ 489] 
Data Minimum [ 6.000E-001] Data Maximum [ 1.202E+002] 
Min Elevation [ 2.97583E+002] Max Elevation [ 3.05702E+002) 

F i gure 7 .  Di stance Funct i on Ed i t  Form (2 of 2) 

Four pl ot formats may be sel ected from the p l ot menu : S i ng l e vari abl e 
d i stance functi on pl ots wi th ( 1 )  l i near or (2) semi - l og ord i nates;  ( 3 )  Mul t i pl e  
( up to 5 )  plots of core bore functi ons of the same phys i cal  type on a common set 
of x, y axes ;  and , ( 4 )  Two functi ons wi th d i s s i mi l ar ord i nates  on a common ti me 
ax i s . C B  plot operati ons wi ll be i l l ustrated u s i ng opt i on 4 and p l ott i ng the 
K09 core bore dri ll energy and gross  gamma funct i ons . 

.· < 

CB PLOT SElECTION 

Select plot type: 
0) Exit 
1) Single variable, linear 
2) Single variable, semi-log 
3) Multiple variables (<•5) 
4) Two dissimilar variables 

[ 4) . . . Enter Option 

Pick Core Elevation Reference 
Choose <E>nglish or <M>etric Units 
Display Grid Spacer locations <Y> 

(2] 
[E) 
[Y) 

I 
Change desired option by using the arrow or tab keys or entering � ��: -���:�� �!

Y
�he option. Execute desired option by depressing '� 

. . . ... .......... ' . : '.< ik.W/0'11%!!!'?"1 ' •>'\l@l,ll'rt1itlt4!@81¥1!!''1!;�li'IWJ 
F i gure 8. CB Plot Selecti on Menu 
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Exerc i s i ng opt i on 4 br i ngs up another menu on wh i ch the user spec i fies  the 
data identi f i cat i on s , t i me  and ampl i tude wi ndow, and l abel l i ng he wants on h i s  
pl ot (see F i gure 9 ) . I f  h e  does not el ect to spec i fy ranges for the axes , the 
progra. defaul ts to the ent i re data set ( note that ordi nate ranges and a 
d i stance range were spec i fied) . Defaul t  l abel s  are al so suppl i ed for the t i me  
and ord i nate axes i f  not spec i fi ed ( note no ordi nate l abel spec i f ied i n  
exa.pl e) . 

At the top of the pl ot setup menus are some opti on s  ava i l abl e to the user i n  
deter.i n i ng what funct i ons  are ava i l abl e i n  the data base . The fi rst ( the 
<F>ind opti on )  produces another for. ( see F igure 10) on wh i ch the user i s  abl e 

TWO PlOT SETUP 
<F>tnd ID I <R>ttrttvt characttrtsttcs 1 <S>crttn I <H>P Plotter 
<P>rtnter (EPSONFX) I <l>tst I <C�nts I <N>ext I <E>xit . • • . . . .  [R) 

Function ID's 
Dlst Axis: Start 
Ordinate: Min 

Max 
Plot labels: 

Nltn Title 
Dhhnce Label 
Ordinate Label 

Pts 
Start 
Stop 
Y•ln 
v .. x 
Units 

1 - (K09GROSS GAif1A 
(--------(----] 
(------t:----1 
( - ----- £----) 

l 
1 - ( 
2 - [ 

Plot 1 - 859 
- 1.59816E+001 

6.75384E+001 
1.600E+000 
6.673E+001 

38 Intensity 

) 2 - [K09ENERGY 
Stop (--------E----) 

2 - (------E----1 
2 - (·····-E····) 

Plot 2 - 176 
-J.59816E+OOI 

6.75384E+001 
2.734[+001 
4.673[+005 

34 ft-lbltn 

F igure 9 .  Opt i on 4 (Two Di ss imi l ar Vari abl es)  Pl ot Setup Screen 

IDENTIFICATION OF CORE DRILLING FUNCTIONS 

list data bast drilling or core bore analysts functions by: 
Core Matrix location (K09); Data Type ( ); All [ ) 

Select 
(--) K09DISTANCE 

(-·) K09DRill SPEED 

( ·· ) K09ENERGY 

( ··) K09GR�IST 

DIST CHANNEL K09 CORE BORE DRILLING FUNCTIONS 

DRill SPEED CORE SORE K09 

DRILL BIT ENERGY CORE SORE K09 

DIST CHANNEL K09 GROSS GAMMA SCAN 

[··) K09GROSS GAMMA GROSS GAMMA SCAN CORE BORE K09 (EG&G Idaho) 
Relative Gam.a Intensity 

(··) K09PENETRATION RATE DRILL PENETRATION RATE CORE BORE K09 

(··) K09TORQUE DRILl BIT TORQUE CORE BORE K09 

<N>ext I <P>revtous I <E>xit ... [F) 

F igure 10. Di spl ay Screen for CB Di stance Funct i ons 
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to l ocate functi ons . When the form i s  i n i t i a l l y  entered , the i dent i fi cat i on and 
descri pt i on f ie lds are bl ank , an ' F '  appears i n  the l ower r i ght fi el d .  The user 
moves to the doubl e l i ned box at the top ( u s i ng the ' Home ' , tab or arrow keys) 
and spec i fi es the data funct i ons  to l i st by enter i ng i nformat i on i n  the fields  
for ( 1) core bore matrix  l ocat i on ,  ( 2 )  the  type of  funct i on ( exampl e - dri l l  
speed) or (3) al l ( any character = the defaul t  cond i t i on ) . NOTE: Refer to the 
hel p messages for these f ie lds  by typi ng ESC when the cursor i s  w i th i n  the 
f iel d .  Ident i fi cat i ons  and descr i pt i ons  are then retr i eved and d i spl ayed ( 7  at 
a t i me )  on the form . The retri eved i nformat i on i s  sent to a report RPT . RPT i n  
the \CB subd i rectory o f  the PC system where i t  may be d i sposed o f  a s  the user 
des i res ( note that RPT . RPT i s  used i n  many data base output s i tuat i on s  and i s  
wri tten over frequentl y ) . The user may page through the screen l i st us i ng 
<N>ext and <P>rev i ous  opt i ons . He may al so sel ect data he wi shes to  p l ot by 
marki ng the sel ect boxes to the l eft of the funct i on I Ds . Up to 10 funct i ons 
may be sel ected at one t i me ;  they must  be numbered 1 - 10 i f  <F> i nd i s  executed 
from the s i ngl e pl ot menus , from 1 - 5 i n  pai rs i f  <F>i nd sel ected from the two 
pl ot menu ( exampl e case ) , or i n  two groups , 1 or 2 for the mul t i pl e  sel ect i on 
form . I n  F i gure 10 , we have sel ected the des i red two funct i on s  and marked them 
wi th a '1' . 

The <R>etrieve ch aracteri st i c s opt i on (defau l t  when enteri ng a p l ot 
generat i on form) causes the named funct i on ( s )  to be acces sed on d i s k to 
determ i ne the t i me and ampl i tude ranges , number of po i nt s  and the un i t  code . 
These data are pl aced i n  the box at the bottom of  the screen ( see F i gure 9) . 

The <S>creen , <D>i sk ,  and <P>ri nter sel ecti ons d i rect the defi ned pl ot  to 
the appropri ate output dev i c e .  Error messages are d i spl ayed at the bottom of 
the screen i f  the user attempts to send a p l ot fi l e  to a dev i ce not spec i fi ed i n  
the PCSYS . CFG fi l e .  Messages are presented a t  the bottom of  the pl ot setup 
screen when the user sends a pl ot to a spec i fi ed dev i ce rem i nd i ng h i m  of  act i ons 
he must perform ( for exampl e ,  i f  h i s  output cho i ce i s  < P>ri nter the message "I s 
pri nter ready ( Y/N}? .. i s  d i spl ayed and the program pauses wa i t i ng for an 
appropri ate response) . The pl ot spec i fied i n  F i gure 9 wh i ch was output to a 
Hewl ett Packard 7475 pl otter i s  reproduced i n  F i gure 11. 

U+5 ., I""""'T--r--r-n,.-�,_,. .. ,, ,. ·r . , r- ' --, ·fT-, 

£+ -20 �......&...t...&.....&�.__._ • .L.-JL. ..._ -L- L. I � 0 20 � � 
IETAta (lmTOU CF ft.n STAO<: N) 

... ..,.,. 

I 

i 
i 
I 

i 
I 
! 
i 
l 
i 

... . . 
., 

F i gure 1 1 .  Pl ot of K09 Core Bore Dri ll Energy and Gross  Gamma Scan Funct i ons 
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The <l>i st data opt i on produces a formatted report of the funct i on data defi ned 
on the pl ot generat i on screen . Th i s  l ist i ng i s  sent to fi l e  RPT . RPT i n  the \CB 
subdi rectory . I n  F igure 1 2  a part i al l i st i ng of the K09 gross gamma funct i on i s  
presented a s  an i l l ustrat i on .  

DlltaKe 

•1.101.01 
•1.471.01 
•1.UI.Ol 
•1.0JM1 
•1.01..00 
-t.tla.ot 
•1.17 .... 
•1 ....... 
•1.411.00 
•I.JJI.OO 
•1.111+00 
•1.UI.OO 
•1.011.00 

I.JSI•OJ 
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1.741.00 
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1.17MS 
J.JII.OI 
I.J?I.ol 
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1.1 .. .04 
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).OU.OI 
J.1tMI 
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F i gure 1 2 .  Part i al l i st i ng o f  Data for K09 Gross Gamma Funct i on 

4.5 Core End-State GraPhics - The reactor defuel i ng work compl eted over the 
past few years and i nspect i on of the l ower core regi ons duri ng the core-bori ng 
operati on have prov i ded suff i c i ent data to est imate the end - state core 
configurat i on wi th reasonabl e certa i nty . These data def i ne four d i st i nct 
reg i ons  wi thi n the ori g i nal core vol ume ,  as shown in F i gure 13 [3] :  

Core Jo i d  - A cav i ty wh i ch ex i sted at  the top of  the core w i th a vol ume of  
9 . 3  m . 

Upper debri s bed - A reg i on of var i ous s i zed , l oose part i c l es ,  rang i ng from 
0 . 6  to 1 . 0 m i n depth , wh i ch rested on a sol id  crust wh i ch wa s l ocated at 
about the core m i d - pl ane . 

Prev i ously  mo l ten materi al - A reg i on conta i n i ng ( 1) rel ocated prev i ous ly  
.al ten •ateri al i n  wh i ch some fuel rod structure i s  d i scern i bl e  (c l add i ng 
and/or fuel  pel l ets ) ; such materi al i s  referred to as " aggl omerate" and ( 2 )  
uni formly .al ten materi al w i th n o  ev ident fuel rod structures a t  the center 
of the previ ous ly  mol ten reg i on ;  th i s  materi al i s  referred to as  "ceramic" . 

Stand i ng fuel rod assembl i e s  - Fuel rod stubs extend the ful l  he i ght of the 
core at i t s per i phery . El sewhere , stubs extend from the bottom of the core 
upward to the prev i ously mol ten core reg i on . 

CB contai ns  graph i c s  data of four types , extracted from the reference 
docu.ents , wh i ch are con s i dered useful i n  the understand i ng of the core 
end-state . These are : 
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End-State Core Configuration· 1987 

Previously 
molten 
material 

Failed Instrument 
structure 

i'"'H--++- Upper debris 
bed 

-\#--++- Crust 

i.m--H-
(agglomerate) 

Prevlously molten 
material 

7-1217 

F i gure 1 3 .  TMI- 2 Known End - state Core Confi gurat i on ( Sept . 1 987 ) 
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Core bore dri l l  summaries  - Summaries of observat i ons made dur i ng the 
dri l l i ng operati ons  for the 10 core bore sa�pl es .  These summari es have been 
extracted fro. reference 1. Many i mportant features are ident i fi ed by 
l etters which refer to textual notes avai l abl e through opt ion sel ect ion . 
Thi s  descr ipt i ve .athod was sel ected s i nce the PC CRT has i nsuffi c i ent  
resol ut i on to cl early present text i n  the smal l s i ze that would be 
necessary .  F igure 14 i s  an exampl e of a core bore summary di agram from a 
central core l ocat i on , K09. 

1
40 

I 1l0 
� 100 
o eo � eo 

I 40 
liO 

I 0 

-lO 

K-Q9 Oril Calfiq.ration 
.. : • G II .. 0 • 

:: I +JH. ·_ 

: I 
• 

J 

I I ...... � • .., 

u """"' ..... 

ll c--
1 J l'" <*nd Ao.tt 

lt ...... Rolla 

F i gure 14. Observat ion Summary From Central Core Bore locat i on ( K09) 

Contour •aps  - Contour maps of the i nterfaces between the four core regions 
have been estt•ated fro. careful analyses of end - state analyses . An exampl e 
of the i nterface between the upper debri s bed and the upper surface of the 
previ ously mol ten core reg i on i s  shown i n  F i gure 15 . 

Cross sect i on configurat i ons  - Based on the i nterface contours , core cross 
section configura t i on d i agrams have been prepared for fuel assembly col umns 
B through P pl us row 6. The cross sect i on through the row 6 fuel assemblies 
i s  shown i n  F i gure 1 6 .  

M i scel l aneous d i agrams - C B  contai ns some mi scel l aneou s d i agrams wh i ch 
pra.ote understand i ng of the acc ident . They i nc l ude a map of the upper gri d  
daaage, a fi ss ion product escape path figure , l ocati ons of i n -core 
ther.ocouple  i nstrumentat ion ,  and l ocat i ons of core bore dri l l  hol es 
i dent i fi ed  together wi th the v i s i bl e  area of the core support assembl y  
noted . 

Appendi x  A conta i ns the names and descri pt i ons of the CB graph i c  data . 
These figures were fi rst  produced on the INEL ma i n  frame computers and have been 
downl oaded to the PC u s i ng ex i st i ng software capabi l i ty .  A vector fi le i s  
produced on the PC requi ri ng that the figures be ' drawn ' on the CRT . Future 
plans wi l l  prov ide a bi t map fi l e  whi ch wt l l  speed the presentat i on of graph i cs ; 
as  th i s  technol ogy wi l l  be i ncorporated i nto CB when ava i l able. 
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F i gure 1 5 .  
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Contour Map of the Upper Surface of the Prev i ous ly  Mol ten Reg i on 
i n  TMI - 2  
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F i gure 16 . TMI - 2  End- state Confi gurat i on Through the 6 Row of Fuel 
Assembl i es · 

The graph i c s data are acces sed through sel ect i on of opt i on 3 from the ma i n  
menu ( see F i gure 4 ) . Th i s  operat i on produces the sel ect i on menu shown i n  F i gure 
1 7 .  Opt i ons are ava i l abl e to d i rect the d i agram , whose i dent i f i c at i on i s  shown 
i n  the fie l d bel ow,  to ( 1) the CRT screen , ( 2 )  an Epson FX ser i es pri nter , ( 3 )  a 
Hewl ett - Packard pl otter (model s 7450 , 7475 ,  7470 or 7550 ) or (4 ) to a 
Hewl ett - Packard LaserJet pri nter ( Pl us or Seri es I I ) .  The bl ank opt i on merel y  
cl ears al l fi el ds  i n  the l ower rectangl e .  The comments opt i on causes a l l notes 
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A. DhgrUI 10 [COL6XSEC 

B. Sequenced Viewing: (5 sec delay between views) 
1) Cross section end-state configuration 
Z) Core bore drill s.-aries 

[·) ... Enter Option 

Added delay (10, 20 sec or P • pause) 

Print dtagr• c�nts (Y • yes) [ ) 

F igure 1 7. CB Di agram Sel ect i on Menu 

assoc i ated w i th the d i agram spec i fi ed to be wri tten to a fi l e  NOTE . RPT i n  the CB 
subdi rectory. Sequenced v i ewi ng of the core bore dri l l  summary data (order i s  
004, 008 ,  GOB, G 1 2, K06 , K09 , NOS ,  N 1 2 ,  007 , and 009) or cross sect i on end - state 
configurati on d i agra•s (order i s  column B, C, D, E, F ,  G, H, K, l, M, N, 0, P, 
row 6 ) . Added t i me  del ays •ay be added to the sequences or a pause between 
diagra. d i spl ays •ay be sel ected wh i ch requi res an <Enter> s i gnal to cont i nue . 
Notes for the figures .ay be produced by entry of ' Y '  i n  the comment fi eld; th i s  
opt i on w i l l  send al l comments to the NOTE . RPT f i l e  i n  the CB subd i rectory . Each 
d i fferent note i s  pri nted only once; thus, i f  a note appli es to more than one 
d i agra., i t  wi l l  be attri buted to the fi rst d i agram presented . Th i s  should  not 
cause confu s i on s i nce the text of the note wi l l  be suffi c i ent to cl ari fy i ts 
applicat i on . 

The <F> i nd opt i on works as i t  does i n  the funct i on pl ott i ng port i on of CB . 
Identi fi cat i on s  and descr ipt i ons of the CB graph i c  d i agrams may be obta i ned by 
spec i fy i ng the type as CORE BORE SUM ( for dri l l  hol e summari es ) , CONTOUR MAP, 
CROSS SECT ION, DRAW I NG ( for mi scel l aneous figures)  or A ( for a l l  wh i ch i s  the 
defaul t  case) . I n  F i gure 18, type • DRAW I NG has been sel ected to produce the 
l i st i ng of four mi scel l aneous CB figures . The d i agram l i sts  are wri tten to the 
RPT . RPT f i l  e .  

Dt agra.s •ay be ident i fi ed on the fi nd menus for d i spl ay and d i stri but i on to 
an output dev i ce by enteri ng a number 1 through 10  i n  the select f i el d  to the 
l eft of the d i agram i dent i fi cat i on. When the ex i t  opt i on i s  exerc i sed , the name 
of the ft rst d i agram sel ected wi l l  appear i n  the ident i fi cat i on f ie ld  of the 
sel ect i on menu ( figure 1 7 )  and t t  can be d i spos i t i oned as the user des i res . I f  
the user now enters a n  ' N ' i n  the opt i on f iel d, the next selected d i agram 
tdent t ft cat t on wi l l  become ava i l abl e t n  the D i agram ID f iel d .  
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IDENTIFICATION OF CB DIAGRAMS 

List CB diagrams by specification of: 
The diagram type [CONTOUR MAP ) or All [ ) 

Select 
[--] LOW. MOLTEN CONT Interface - prev. molten mat. & intact fuel rods 

[--] LP DEBRIS BED Lower plenum debris bed contour 

[--] OVERLAY TE POSIT In-core thermocouple positions 

[--] TOP DEBRIS SURF. Upper core debris top surface contour 

[--] UP. MOLTEN CONT. Previously molten core contour surface 

[--] 

[--] 

<N>ext I <P>revious I <E>xft ... [F) 

F i gure 18 . F i nd Opt i on Di spl ay L i st for CB D i agrams 
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5 . 0  SUMMARY 

The Core Bore data base (CB) has been devel oped to present data descri bi ng 
the end - state of the TMI - 2  core. I ts contents are the resul ts  of research 
perfor.ed wi th i n  the TMI - 2  Acc i dent Eval uati on Program and represent the 
best-estiaate core end - state configuration through analyses of al l data 
col lected through the end of 1986 ( through the core bore sampl i ng operat i on and 
i n i t ia l  core defuel i ng ) . Updates to these est imates wi l l  cont i nue to take pl ace 
unt i l  al l data on the pl ant have been obtai ned and analyzed . 

The data base operates on I BM  PC systa.s ( PC, XT, AT or PS/2) or 1001 
ca.pati bl e  systems . I t  i s  constructed us ing an INEL data base management system 
cal l ed  SAGE and operates froa opt i ons sel ected fr01 a h i erarchi cal system of 
.anus .  User docu.entat i on i s  provided wi th i n  thi s report and through on - l i ne 
hel p .assages (overl ay forms ) avai l abl e i n  the data base . 

The data base product may be acqu i red by any agency connected wi th TMI - 2  
research progra•s sponsored by DOE . Correct i ons to the data base or comments on 
i t s  content or operat i on are wel comed . Rev i s i ons  of thi s data base product wi l l  
be l i•i ted to the i nc l us ion of new/revi sed graphi cs whi ch promote understand i ng 
of the TMI - 2  core end - state , the correct ion of data base errors/probl ems 
reported by users and rout i ne ma i ntenance. 
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APPENDIX A - DESCRIPT ION OF CONTENTS 

Tabl e A- 1 on the fol l owi ng S pages i s  a tabl e of contents for the di stance 
funct i on data conta i ned i n  the CB data base . It has been produced by execut i ng 
the <F> i nd opt i on from one of the CB p lot menus and us ing the defaul t ' al l ' 
sel"ecti on cri teri on .  Note that the l i st i ng coul d have been restricti ve had an 
entry of core .atr i x  l ocat i on or data type been entered ( see page head i ngs ) . 
The report i s  al phanumer i cal ly  sorted and i ncl udes the d i stance ( x - ax i s )  
funct ions associ ated with the vari ous functions . 

Tabl e A-2 ( pages A-9 through A- l l )  i s  a l i st ing of the end - state 
confi gurati on figures conta i ned i n  CB . I t  has been for.ed by exerc i s i ng the 
d i agra. type opti on ( type • CORE BORE SUM, CONTOUR MAP, CROSS SECT ION, AND 
DRAWING ) . 

The CB content l i st i ngs  are sent to the fi l e  RPT . RPT i n  system subdi rectory 
\CB when a <F> i nd opt i on i s  sel ected fro. a plot setup menu (or the d i agram 
sel ec t i on menu ) and a sel ect i on bas i s  i s  spec i fi ed on the funct i on (or di agram) 
i dent i fi cat i on form .  When the <f> i nd opt i on i s  executed from an ident i fi cat i on 
for. wi th an <Enter>, a .essage appears at the bottom of the screen " Report sent 
to defaul t fi l e  RPT . RPT" . NOTE : TMI - 2 data base products use RPT . RPT as  a 
scratch f i l e ;  each t ime an act ion us i ng that fi l e  i s  executed , the fi l e  i s  
erased and rewri tten. For thi s reason , a user wi shi ng to keep the fi l e  for 
other use , should  ex i t  CB after generat i ng the fi l e  and rename or di spos i t i on 
i t .  

Tabl es A- 3 and A-4 contai n  the reference notes assoc i ated wi th the CB 
d i stance funct i on data and the graph i c  data , respecti vel y .  These tabl es were 
generated by sel ect i on of the comments opt i on on the pl ot or d i agram d i spos i t i on 
.anus whi ch sent the text data to fi l e  RPT . RPT . Some man i pul at i on of the 
RPT . RPT fi l es has taken pl ace u s i ng a ful l - screen edi t i ng program . 
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TABLE A- 1 :  IDENT I F I CAT ION OF CB  DATA BASE  FUNCT IONS  

L i st data base dri l l i ng or core bore ana l ys i s  funct i ons  by : 
Core matrix  l ocat i on [ ] ;  Data Type [ ] ;  Al l [A]  

Ident i ficat i on Descri pt i on 

D04DI STANCE D I ST CHANNEL CORE BORE D04 DRI LL I NG FUNCTIONS 

D04DRI LL SPEED DRILL  SPEED CORE BORE D04 

D04ENERGY DRI L L  B IT  ENERGY CORE BORE D04 

D04GRGAMMAD I ST D I ST CHANNEL D04 GROSS GAMMA SCAN 

D04GROSS GAMMA GROSS GAMMA SCAN CORE BORE D04 ( EG&G Idaho ) 
Rel at i ve Gamma I ntens i ty 

D04PENETRAT ION RATE DR I L L  PENETRAT ION RATE CORE BORE D04 

D04TORQUE DRI LL BIT TORQUE CORE BORE D04 

D08D I STANCE D I ST CHANNEL CORE BORE D08 DRI L L I NG FUNCT IONS 

D08DRI L L  SPEED DR I L L  SPEED CORE BORE D08 

D08ENERGY DR I L L  BIT  ENERGY CORE BORE D08 

D08GRGAMMAD I ST D I ST CHANNEL D08 GROSS GAMMA SCAN 

D08GROSS GAMMA GROSS GAMMA SCAN CORE BORE D08 ( EG&G Idaho ) 
Rel at i ve Gamma I ntens i ty 

D08PENETRAT ION RATE DRILL PENETRAT ION RATE CORE BORE D08 

D08TORQUE DRI L L  BIT  TORQUE CORE BORE D08 

G08DI STANCE D I ST CHANNEL CORE BORE G08 DRI LL ING FUNCT IONS 

G08DR I LL SPEED DR ILL  SPEED CORE BORE G08 
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TABL E A- 1 :  IDENT I F ICAT ION OF CB DATA BASE FUNCTIONS 

l i st data base dri l l i ng or core bore anal ys i s  funct i ons  by : 
Core •atri x l ocati on [ ] ;  Data Type [ ] ;  Al l [A]  

ldentt ftcat i on Descri pt i on 

GOSENERGY DR I LL B IT  ENERGY CORE BORE G08 

GOSGRGAMMAOI ST D I ST CHANNEL G08 GROSS GAMMA SCAN 

GOSGROSS GAMMA GROSS GAMMA SCAN CORE BORE G08 ( EG&G Idaho ) 
Rel at i ve Gamma I ntens i ty 

GOSPENETRATION RATE DRi ll PENETRAT ION RATE CORE BORE G08 

GOSTORQUE DR I LL B I T  TORQUE CORE BORE G08 

G 1 2DISTANCE D IST CHANNEL CORE BORE G 1 2  DRI LL ING FUNCTIONS 

G l 2DR ill  SPEED DR I LL SPEED CORE BORE G 12  

G 1 2 ENERGY DR I LL B I T  ENERGY CORE BORE G l 2  

G 1 2GRGAMMAOI ST DIST CHANNEL G 1 2  GROSS GAMMA SCAN 

G 1 2GROSS GAMMA GROSS GAMMA SCAN CORE BORE G l2  ( EG&G Idaho) 
Rel ati ve Gamma I ntens i ty 

G I 2PENETRAT ION RATE DR I LL PENETRAT ION RATE  CORE BORE G l 2  

G l 2TORQUE DR I LL B I T  TORQUE CORE BORE G l 2  

K06DI STANCE D I ST CHANNEL CORE BORE K06 DRI LL ING FUNCTIONS 

K06DR I LL SPEED DR i ll SPEED CORE BORE K06 

K06ENERGY DRI LL B IT  ENERGY CORE BORE K06 

K06PENETRAT ION RATE DR ILL  PENETRAT ION RATE CORE BORE K06 
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TABLE A- 1 :  IDENT I F ICAT ION OF CB  DATA BASE FUNCT I ONS 

L i st data base dri l l i ng or core bore analys i s  funct i ons  by : 
Core matr ix  l ocat i on [ ] ;  Data Type [ ] ;  Al l [A]  

Ident i fi cat i on Descri pt i on 

K06TORQUE DR I L L  B I T  TORQUE CORE BORE K06 

K09DI STANCE D I ST CHANNEL  K09 CORE BORE DR I L L I NG FUNCTIONS 

K09DRI LL SPEED DRI LL SPEED CORE BORE K09 

K09ENERGY DR ILL  BIT  ENERGY CORE BORE K09 

K09GRGAMMAD IST D I ST CHANNEL K09 GROSS GAMMA SCAN 

K09GROSS GAMMA GROSS GAMMA SCAN CORE BORE K09 ( EG&G Idaho)  
Rel ati ve Gamma Intens i ty 

K09PENETRAT ION RATE DR I LL PENETRAT ION RATE CORE BORE K09 

K09TORQUE DR I LL B IT  TORQUE CORE BORE K09 

N05DI STANCE D I ST CHANNEL  CORE BORE NOS DR I L L I NG FUNCT IONS 

N05DR I L L  SPEED DRI L L  SPEED CORE BORE NOS 

NOSENERGY DR I L L  B I T  ENERGY CORE BORE NOS 

NOSGRGAMMAD IST D I ST CHANNEL NOS GROSS GAMMA SCAN 

NOSGROSS GAMMA GROSS GAMMA SCAN CORE BORE NOS ( EG&G Idaho)  
Rel at i ve Gamma I nten s i ty 

NOSPENETRAT ION RATE DR I LL PENETRAT ION RATE CORE BORE NOS 

NOSTORQUE DR I L L  B I T  TORQUE CORE BORE NOS 

N l 2DISTANC E D I ST CHANNEL N l 2  CORE BORE DR I L L I NG FUNCT IONS 
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TABLE A- 1 :  IDENT I F ICAT ION OF CB DATA BASE FUNCT IONS 

L t st data base dri l l i ng or core bore analys i s  funct ions by : 
Core -.tr i x  l ocat i on [ ] ;  Data Type [ ] ;  Al l [A]  

Ident i fi cat i on Descri pt i on 

N l 2DRi l l  SPEED DR i ll SPEED CORE BORE N l 2  

N l2ENERGY DR i ll B I T  ENERGY CORE BORE N l 2  

Nl 2GRGAMMADI ST D I ST CHANNEL  N 12  GROSS GAMMA SCAN 

N l 2GROSS GAMMA GROSS GAMMA SCAN COR£ BORE N 1 2  ( EG&G Idaho) 
Rel at i ve Gamma Inten s i ty 

N 1 2PENETRAT ION RATE DR ill  PENETRAT ION RATE CORE BORE N l 2  

N 1 2TORQUE DRill  B IT  TORQUE CORE BORE N 12  

007DI STANCE D IST CHANNEL 007 CORE BORE DRI LL ING FUNCT IONS 

007DR i ll SPEED DR i ll SPEED CORE BORE 007 

007ENERGY DR i ll BIT  ENERGY CORE BORE 007 

007GRGAMMADI ST DIST CHANNEL 007 GROSS GAMMA SCAN 

007GROSS GAMMA GROSS GAMMA SCAN CORE BORE 007 ( EG&G Idaho) 
Rel at i ve Gamma Intens i ty 

007PENETRAT ION RATE DR i ll PENETRAT ION RATE CORE BORE 007 

007TORQUE DR i ll B I T  TORQUE CORE BORE 007 

009D I STANCE D IST CHANNEL 009 CORE BORE DRI LL ING FUNCT I ONS 

009DR i l l  SPEED DR i ll SPEED CORE BORE 009 

009£N£RGY DR I LL B IT  ENERGY COR£ BORE 009 
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TABLE  A- 1 :  I DENT I F ICAT ION OF CB DATA BASE  FUNCT IONS 

L i st data base dri l l i ng or core bore analys i s  funct i ons  by : 
Core matri x l ocat i on [ ] ;  Data Type [ ] ;  Al l [ ] 

Ident i fi cat i on Descri pt i on 

009GRGAMMAD I ST D I ST CHANNEL  009 GROSS GAMMA SCAN 

009GROSS GAMMA GROSS GAMMA SCAN CORE BORE 009 ( EG&G Idaho) 
Rel ati ve Gamma I ntens i ty 

009PENETRAT ION RATE DRILL PENETRAT ION RATE CORE BORE 009 

009TORQUE DRI LL B IT  TORQUE CORE BORE 009 

REFD I STANCE D I ST CHANNEL CAL I BRATI ON HOLE DRI LL I NG FUNCT IONS 

REFDR I L L  SPEED DRI LL SPEED CAL I BRATION CORE BORE 

REFENERGY DRI L L  BIT ENERGY CAL I BRAT ION CORE BORE 

REFPENETRAT ION RATE DRILL PENETRAT ION RATE CAL I BRAT ION CORE BORE 

REFTORQUE DRILL B IT  TORQUE CAL I BRATION CORE BORE 
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TABLE A-2 : IDENT I F ICAT I ON OF CB D IAGRAMS 

l i st data base dri l l i ng or core bore analys i s  funct i ons by : 
Core •atri x l ocat i on ( ) i  Data Type [ CORE BORE SUM ] ;  Al l 

Ident i fi cati on Descri pt i on 

004SUI'*RY 004 dri l l  confi gurati on and i n spect i on SUIIIIIary 

008SLM4ARY 008 dri l l  configurat i on and i nspect i on SUIIIIIary 

DRI LLBACK Background for dri l l  pi ctures 

GOSSUI'*RY G08 dri l l  configurat i on and i nspect i on SUIIIIIary 

Gl 2Sli4MARY Gl2  dri l l  confi gurat i on and i nspec t i on sunvnary 

K06S�RY K06 dri 1 1  configurat i on and i nspect i on summary 

K09SUfii4ARY K09 dri l l  configurat i on and i nspect i on SUIIIIIary 

NOSSUf'MRY NOS dri l l  configurati on and i nspect i on sunvnary 

N l 2SUfii4ARY N l 2  dri l l  confi gurat i on and i nspect i on sunvnary 

007SUfttARY 007 dri l l  confi gurati on and i nspect i on sunvnary 

009SUfii4ARY 009 dri 1 1  configurati on and i nspect i on sunvnary 

l i st data base dri l l i ng or core bore analys i s  funct i ons by : 
Core matri x l ocat i on [ ] ;  Data Type [ CONTOUR MAP ] ; Al l 

I dent 1 ficat i on Descri pt i on 

[ ] 

[ ] 

LOW . MOL TEN CONT I nterface - prev . mol ten mat . & i ntact fuel rods 

LP DEBR I S  BED lower pl enum debri s bed contour 

OVERLAY TE POS I T  I n - core thermocoupl e po�i t i ons 
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TOP DEBRI S  SURF . 

UP .  MOLTEN CONT . 

TABLE A- 2 :  IDENT I F I CAT ION OF CB  D IAGRAMS 

Upper core debri s top surface contour 

Prev i ous ly  mol ten core contour surface 

L i st data base dri l l i ng or core bore anal ys i s  funct i ons  by : 
Core matr ix  l ocat i on [ ] ;  Data Type [CROSS SECT ION ] ;  Al l [ ] 

I dent i fi cati on Descri pt i on 

COL6XSEC End- state damage confi gurat i on through 6 row 

COLBXSEC End - state damage confi gurat i on through B col umn 

COLCXSEC End - state damage configurat i on through C col umn 

COLDXSEC End- s tate damage confi gurat i on through D col umn 

COLEXSEC End- state damage confi gurat i on through E col umn 

COLFXSEC End - state damage confi gurat i on through F col umn 

COLGXSEC End - state damage confi gurat i on through G col umn 

COLHXSEC End - state damage configurat i on through H col umn 

COLKXSEC End - state damage confi gurat i on through K col umn 

COLLXSEC End - state damage confi gurat i on through L col umn 

COLMXSEC End - state damage confi gurat i on through M col umn 

COLNXSEC End - state damage confi gurat i on through N col umn 

COLOXSEC End - state damage confi gurat i on through 0 col umn 

COLPXSEC End - state damage confi gurat i on through p col umn 
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SMI LE 

TABLE A- 2 :  I DENT I F I CAT I ON OF CB D I AGRAMS 

Cartoon 

l t st data base dri l l i ng or core bore ana l ys i s  funct i ons  by : 
Core •atrix  l ocat i on [ ] ;  Data Type [ DRAW I NG ] ;  Al l [ 1 

Ident i f i cat i on Descr i pt i on 

CB I NSPECT IONS Approx area of CSA v i s i bl e  dur i ng CB i n spec t i ons 

DRi ll LOCAT IONS Ten core bore dri l l i ng l ocat ions  

FP ESCAPE F i s s ion product escape paths 

UP . GR 10 DAMAGE Da.age map of TM I - 2 fuel as sembl y upper grid  pl ate 
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TABLE  A-3 , TMI - 2 CORE BORE DATA BASE NOTES ( Core Bore Dri l l  Hol e s )  

******************************************************************************* 

Tabl e A- 2 conta i n s notes as soc i ated wi th the core bore dr i l l i ng funct i ons . 
These notes were produced by execut i ng the <C>omments opt i on from the s i ngl e 
p l ot setup menu wi th the D04ENERGY , etc . i dent i f i cat i ons . The notes were sent 
to the fi l e  ' NOTE . RPT ' i n  the CB subd i rectory and mod i fi cat i ons  ( th i s  memo pl us 
page numbers , etc . ) wi th a text ed i t i ng program . . NOTE . �PT i s  appen�ed t� �o 
l ong as a user rema i ns i n s i de the CB program and 1 s  ava 1 l abl e for d 1 spos 1 t 1 on 
when l eavi ng the data base ; however,  the fi l e  i s  i n i t i a l i zed each t i me the 
user enters CB . The notes bel ow are t i ed to a l l funct i ons from the same dri l l  
hol e and wou l d  not be dupl i cated i n  NOTE . RPT i f  al ready there . I f ,  for exampl e ,  
one were t o  request the note for 007PENETRAT ION RATE and l ater a s k  for the note 
associ ated wi th 007TORQUE a message woul d  appear at the bottom of the PC d i spl ay 
stat i ng " Note was al ready pri nted " and the text wou l d not be added to NOTE . RPT . 
******************************************************************************* 

Note for D04ENERGY Number 2 

Rel ati onsh i p  to Other Dri l l  Hol es  D04 represents the dr i l l  l ocat i on c l osest to 
the west peri phery of the reactor vessel . The ax i al vari at i on i n  core damage 
suggests  that D04 i s  near the edge of the degraded core zone . 

Core Reg i on Observat i ons - Stand i ng i ntact fuel rods are observed from the l ower 
fuel a ssembly endf i tt i ng to s l i ghtl y above the th i rd spacer gri d .  No prev i ously 
mol ten materi al i s  observed between the l ower rod stubs . 

The degraded core reg i ons are observed to have al ternat i ng ax i a l zones of 
aggl omerate and i ntact but damaged ( oxi d i zed , d i storted ) rod s . A reg i on of 
aggl omerate mater i a l was encountered above the upper core hard stop surface . 
Th i s  prev i ous ly  mol ten materi al was l ocated at the edge of the d r i l l  hol e and 
was encountered i n  two ax i al e l evat i on s . These data suggest  that prev i ou s l y  
mol ten materi al exi sts above the hard stop ( i n  the reg i on of  the debr i s bed ) at 
thi s dr i l l  l ocat i on .  

Core Support Assembly and Lower Pl enum Observat i ons  - The CSA was i nspected down 
to the top of the el l i pt i cal fl ow d i stri butor . A s i ngl e ,  rel at i vely  l arge ( 1/2 
i n .  acro s s )  part i cl e was observed on the gr id  forg i ng .  The part i cl e  i s  thought 
to be e i ther a p i ece of dri l l i ng debri s or prev i ou s l y  mol ten core debri s .  No 
s i g n i fi cant amount of prev i ous ly  mol ten mater i al was observed . 

Inspect i on of the l ower pl enum debr i s wa s general l y  con s i stent wi th 
observat i ons from the other i n spect i on l ocat i ons . The debr i s bed appears to 
cons i st of  l oose , rather fi ne part i c l es .  A few l arger,  sol i d i f i ed p i eces ( 3 - 4  
i n .  acro s s )  were observed o n  the surface . These l arger p i eces of  l ower pl enum 
debri s were not observed i n  the other dri l l  l ocat i ons . The debr i s 
bed hei ght i s  est i mated to be -approx i mately 1 5  i n .  bel ow the el l i pt i ca l  fl ow 
d i stri butor pl ate . 

Dri l l i ng Data - Automat i c  dr i l l i ng started at about 85 i n .  from the rod bottom . 
Three u n i que materi al  reg i ons  are characteri zed by abrupt ch anges i n  dr i l l i ng 
res i stance .  The .

fi rst two are
.
l ocated be�ween the fourth and fi fth spacer gr ids 

( at about 82 -85 1 n .  and 7 2 - 7 5  1 n . ) ,  both 1 n  the reg i on of  the "c l i ff "  materi al 
above the core hard stop . The th i rd i s  l ocated just  above the th i rd s pacer 
gr�d , . very near the fuel /agg � omerate i nterface . The dri l l i ng data suggest that 
th 1 s 1 nterface may have cons 1 derabl e metal content . 

A- 1 2  



TABLE A- 3 ,  TM I - 2  CORE BORE DATA BASE NOTES ( Core Bore Dri l l  Ho l es )  

Note for DOBENERGY Number 3 

Rel at i onshi p  to Other Dri l l  Hol es - Metal l i c segregat i ons were common i n  th i s  
hol e and were al so observed i n  the central core l ocat i ons  (GOB , K09 , K06) and 
the peri pheral l ocat i on (009) . These fuel assembl i es l i e i n  a general eas t 
west band across  the core . 

No .ol ten cerami c  reg i on was observed i n  DOS , cons i stent wi th the other 
peri pheral dr i l l  l ocat i on observat i ons . Thi s  dri l l  l ocat i on had the smal l est 
aggl a.erate thi ckness of any dri l l  l ocat i on .  

Core Reg i on Observati on s  - Stand i ng i ntact fuel rods are observed from the 
l ower fuel assembly endfi tt i ng to above the th i rd spacer gri d .  The upper 6 i n .  
of rods (next to the rod/aggl omerate interface) appeared di scol ored . 

The aggl onerate regi on of fuel pel l ets  and/or rods surrounded by 
prev i ous ly  mo l ten materi al  i s  onl y  about S -6  i n .  thi ck .  The fuel pel l et s  i n  
the aggl omerate reg i on are wel l  defi ned , and i n  some cases the vert i ca l  
structure of  the fuel pel l ets  i s  d i scern i bl e .  At about the axi al mi dpl ane of  
the aggl oaerate reg i on ,  several d i fferent metal l i c - l i ke structures were 
observed , hav i ng vari ous shapes rang i ng from smal l ,  i rregul ar segregat i ons  to 
•ve i n - l i ne•  structures ori ented i n  d i fferent d i rect i ons . 

Core Support Assembly Observat i ons - The CSA wa s i nspected down to the top of 
the el l i pt i ca l  fl ow d i stri butor . F i ne sandy materi al , probably dri l l  cutt i ngs , 
was observed on the fl ow d i stri butor pl ate and the ins i de surface of the 
el l i pt i cal d i st r i butor . No prev i ous ly  mol ten mater ia l  was observed i n  the 
regi ons i nspected . 

Dri l l i ng Data - Automat i c  dri l l i ng started at about 60 i n .  from the rod bottom, 
near the top of the aggl omerate reg i on .  There appear to be s i gn i fi cant 
i ncreases in dri l l  res i stance at about 56- 58 i n .  and aga i n  at 48- 50 i n .  above 
the bottom of the fuel rod . These d i stances are general l y  con s i stent wi th the 
upper and l ower surfaces of the aggl omerate . 

Note for GOBENERGY Number 4 

Rel at i onsh i p  to Other Dri l l  Hol e s  - The observat i ons at GOB are genera l l y  
cons i stent w i th the other central core l ocat i ons (K09 and K06) and show the 
mol ten cera.i c •ateri al to fi l l  the reg i on between the second and fourth grids . 
The cera.i c .ateri a l  at al l three l ocat i ons has metal l i c segregat i ons . GOB 
showed the most •ve i n - l i ke• metal l i c st ructures of any of the central dri l l  
l ocat i ons . The metal l i c structures i n  K06 l ocat i on were i rregul ar ,  "gl ob- l i ke"  
structures . 

Core Reg t on Observat i ons - Stand i ng i ntact fuel rods are observed from the 
l ower fuel as sembl y endfi tt i ng up to the second spacer gri d  and show some 
d i scol orat i on  near the aggl omerate i nterface . Al so , some sol id i fied , 
prev i ously  mol ten mater i a l  i s  observed between rods i n  th i s  reg i on .  

The aggl omerate reg i on was onl y  s l i ght ly  d i scern i bl e  and i s  l i mi ted to the 
very botta. and pos s i bl y  the very top of the dri l l  hol e  . 

• 
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TABLE A-3 , TM I - 2  CORE BORE DATA BASE NOTES ( Core Bore Dri l l  Hol e s )  

Note for GOBENERGY Number 4 

Most of the mater i al above the standi ng fuel rods appear to be uni forml y 
mol ten ceram i c .  Th i s  reg i on appears to be over 40 i n .  th i ck and shows the 
fol l owing evi dences of thorough mel t i ng :  

- The only fuel pel l et remnant i s  wi th i n  an i nch or so of the top of fuel 
rods . 

- Most of the observed metal - l i ke structure i n  the ceram i c  shows evi dence 
of hav i ng been mel ted ; i . e . , ve i n - l i ke structure as i f  the ceram i c  
sol i d i fi ed and fractured , al l owi ng the mol ten metal  t o  fi l l  the 
fractures . The only excepti ons  are ( a )  a metal l i c gr id - l i ke structure 
{ poss i bl y  a spacer grid  remnant ) and {b )  a l arge metal l i c segregat i on 
near the top of the hol e .  

- The bottom 1 2 - 14 i n .  of cerami c i s  free of metal segregat i ons  or ve i n s .  
Core Support Assembl y Observati ons - F i ne mater i al , probabl y dri l l  cutt i ngs , 
was observed on the fl ow d i stri butor pl ate , the gri d forg i ng ,  and the i n stru
ment support pl ate . A cyl i ndri cal metal l i c pl ug was seen l odged i n  a hol e i n  
the gr id  d i stri butor pl ate and i s  l i kely a pi ece o f  the l ower gr id  or  fuel 
assembl y endfi tti ng that was prev i ous ly  dri l l ed and had fal l en to the CSA 
reg i on .  Previ ous ly  mol ten core mater i al was not observed i n  the C SA at th i s  
dri l l  l ocat i on .  

Dri l l i ng Data - Materi a l  i n  the GOB l ocat i on was d i ffi cul t to dri l l  and 
resul ted i n  frequent al i gnment d i ffi cul t i es . As a resul t ,  al most the ent i re 
core bore was dri l l ed i n  the manual dri l l i ng mode . 

Note for G 1 2 ENERGY Number 5 

Rel at i onsh i p  to Other Dri l l  Hol es - Th i s  dri l l  l ocat i on i s  about m i d - core 
rad i u s ,  and the th i ckness  of the aggl omerate/cerami c  reg i on i s  greater { 25 - 30 
i n . ) than observed at the peri pheral l ocati ons { 1 5 - 20 i n . ) .  The d i sori ented 
nature of fuel pel l ets  i n  the upper part of the aggl omerate i n  G 1 2  was s i mi l ar 
to that observed at DOS . 

Core Reg i on Observat i ons  - Stand i ng i ntact fuel rods are observed from the 
l �wer fuel as sembly  endfi tt i ng to the t� i rd spacer gri d .  The rods appeared 
d 1 scol ored next to the aggl omerate/rod 1 nterface . A smal l cav i ty was observed 
at the rod/aggl omerate i nterface and may have been caused by the dri l l i ng 
operat i on .  

I n  the l ower aggl omerate reg i on ,  stand i ng rod remnants were observed 
surrounded by prev i ous ly  mol ten core materi al . I n  the upper reg i on fuel 
pel l ets were al so d i scern i bl e ,  a l though they d i d  not show a vert i ca l structure 
but have a more random ori entat i on .  Near the l ower reg i ons of the aggl omerate 
a gri d - l i ke metal l i c pattern was observed . ' 

The v i deo data are i nadequate to cl earl y d i scern whether or not a mol ten 
cerami c reg i on i n  the m idd l e  of the aggl bmerate reg i on i s  present . 
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TABLE A-3 ,  TMI - 2  CORE BORE DATA BASE NOTES (Core Bore Dri l l  Hol es )  

Note for G 12ENERGY Number 5 

Core Support Assembly  Observat i ons - loose , fi ne debri s (most l i kely dri l l  
cutti ngs )  was observed o n  the fl ow d i stri butor pl ate , grid forg i ng ,  and the 
el l i pt i cal fl ow d i str i butor . No sol i d i fi ed prev i ously mol ten materi al was 
observed i n  the CSA area . 

Dri l l i ng Data - The automat i c  dri l l i ng started at about the rod/aggl omerate 
i nterface , just above the thi rd spacer grid . A s i gn i ficant i ncrease i n  
dri l l i ng res i stance was encountered for 2 -3  i n .  about mid-way between the 
second and th i rd  spacer grids .  However , the change al so i s  coi nc i dent wi th 
dri l l  start -up ; therefore , i t  i s  d i ffi cul t to concl ude that the change in dri l l  
data t s  rel ated to a l ocal i zed change i n  materi al structure . 

Note for K06ENERGY Number 6 

Rel at i onsh i p  to Other Dri l l  Hol es - The observat i ons from K06 and K09 ( central 
core reg i on )  are s i m i l ar rel at i ve to the materi al structures in aggl omerate and 
.al ten cerami c  reg i ons and the ox idat i on of the l ower i ntact rod stubs . The 
rel ocated core materi al s  penetrated to approx i mately the second spacer grid 
( approx i•ately  20 i n .  above the bottom of the fuel rod s )  i n  both these 
l ocati ons . The d i scol orat i on of the l ower fuel rod stubs i nd i cates that the 
reactor vessel cool ant l evel was bel ow the fuel rods duri ng the i n i t i al core 
heatup . 

Core Regi on Observat i ons  - Stand i ng i ntact fuel rods are observed from the 
l ower fuel assembl y  endfi tt i ng  to above the second spacer gri d .  Di scol orat i on 
of the c l addi ng occurs i n  the upper reg i ons of the fuel rod stubs bel ow the 
aggl a.erate i nterface . Prev i ous ly  mol ten materi al i s  observed between the 
l ower rod stubs and appears to be present i n  the l ower fuel as sembly 
endfi tt i ng .  The i nterface between the l ower rod stubs and the aggl omerate i s  
not wel l defi ned but appears to cover an ax i a l reg i on approx i mately  5 - 1 0  i n .  
bel ow  the second spacer gr id  to approx imately 5 - 10 i n .  above the second spacer 
gri d .  

The mol ten ceram i c  reg i on extends from about midway between the second and 
th i rd spacer grids to the fourth spacer gri d ( approxi mately 30-35 i n . ) .  
Rounded , i rregul ar metal l i c segregat i ons occur i n  the upper reg i ons of the 
.al ten cera.i c .  

Core Support Assembl y Observat i ons - loose , gravel -type . debri s ,  most l i kely  
fro. the dri l l i ng ,  was  observed on  the el l i pt i ca l  fl ow d i stri butor . S i mi l ar 
dri l l  cut t i ng s  and a sma l l piece of prev i ous ly  mol ten mater i al was observed on 
the fl ow d i stri butor pl ate ; however , l arge quant i t i es of prev i ous ly  mol ten 
•ater1 al were not observed in the reg ions  i nspected . 

Dr i l l i ng Data - Automat i c  dr i l l i ng started at about 60 i n .  from the rod bot tom , 
several i nches i nto the agg l omerate reg ion .  The data show s i gn i f i cant 
l o,a1 1 zed var i at i ons  t n  the dri l l i ng res i stance between the second the th i rd 
spacer grids . Th i s  i s  cons i stent w i th the tran s i t i on reg i on between the 
agg l OMerate and i ntact rods . 
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TABLE A-3 , TM I - 2 CORE BORE DATA BASE  NOTES ( Core Bore Dri l l  Hol e s )  

Note for K09ENERGY Number 7 

Rel ati onsh i p  to Other Dri l l  Hol es - The observat i on s  i n  t he core regi on at K09 
i nd i cate that the center reg i ons of the core experi enced the most severe 
temperatures and degradat i on .  Th i s  i s  con s i stent wi th the observat i ons  at the 
other dri l l  l ocat i ons near the core center ( K06 and GOB) . The aggl omerate/rod 
i nterface at K09 was at the l owest ax i al el evati on of any of the core bore 
l ocat i ons . 

The reg i on of d i scol ored l ower fuel rod stubs extends farther downward 
than i n  any other dri l l  l ocat i on ,  and the quant i ty of sol i d i f i ed prev i ously  
mol ten materi al between the  l ower rod stubs i s  al so greater than observed at 
any other dri l l  l ocat i on ,  except perhaps K06 . The l ower rod stub d i scol orat i on 
suggests that the reactor ves sel water l evel was bel ow the l ower fuel assembly 
endfi tt i ng dur i ng the i n i t i al core heatup . K09 i s  the only  l ocat i on i n  wh i ch 
sol i d i fi ed mel t was observed i n  and just bel ow the l ower endfi tt i ng .  

Core Reg i on Observati ons - Stand i ng i ntact fuel rods are observed from the 
l ower fuel assembl y endfi tt i ng to the second spacer gri d .  Previ ou s l y  mol ten 
materi al i s  observed between rods near the fi rst spacer gr id  and i s  al so 
observed i n  the spaces around the l ower endfi tt i ng .  

The l ower aggl omerate regi on i s  rel at i vel y thi n ( approx i mately 4 - 6  i n . ) ,  
wi th observabl e stand i ng fuel rod remnants surrounded by prev i ous ly  mol ten 
core materi al . 

The mol ten cerami c zone i s  approxi matel y  50 i n .  t h i c k  and appears for the 
most part homogeneous . Metal  segregati ons and vei n - l i ke structures that appear 
to be ful l y  or part i al l y prev i ousl y mol ten were observed i n  the l ower 20 i n .  of 
the ceramic  mas s .  A l arge metal l i c - l i ke structure that appeared part i al l y or 
perhaps ful l y  mol ten was observed near the top several i nches of the dri l l  
hol e .  

Core Support Assembl y and Lower Pl enum Observati ons - F i n e ,  l oose part i c l es ,  
probably dri l l  cutt i ngs , were observed on the fl ow d i stri butor pl ate . No 
s i gn i fi cant quant i t i es of previ ously  mol ten core materi al were observed . 

The l ower pl enum debri s appears as a bed of l oose pebbl es wi th  d i ameters 
l ess  than 0 . 5  i n . , much the same as observed i n  N1 2 .  Based on the i n spect i on 
data (obtai ned after the l ower pl enum core bore was taken ) , the upper surface 
of the debri s bed i s  esti mated to be about 8 i n .  bel ow the el l i pt i cal fl ow 
d i stri butor . Pi eces of fuel rods were observed on the surface of the debri s 
and most l i kely fel l duri ng the dri l l i ng operat i on .  

Dri l l i ng Data - The automat i c  dri l l i ng started at about 70 i n .  from the rod 
bottom near the top of the mol ten ceramic  reg i on .  There appears to be some 
va�i abi l i ty i n  the mater i al compos i t i on ,  �s i nferred from the changes i n  the 
dr 1 l l i ng parameters between the second/th 1 rd and the thi rd/fourth spacer grids . 
The l ocal i zed changes i n  dri l l  res i stance are cons i stent wi th observed 
metal l i c - l i ke structures i nterl aced wi th the cerami c materi al . 
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TABLE A - 3 , TM I - 2 CORE BORE DATA BASE NOTES (Core Bore Dri l l  Hol es ) 

Note for NOSENERGY Number 8 

Rel it i onsh i p  to Other Dri l l  Hol es - The aggl omerate structure wi th vert i cal 
fuel rod remnants surrounded by resol id i fi ed materi al i s  s imi l ar to that 
observed it other dri l l  hol es near the core peri phery , e . g . , 007 , N 1 2 ,  009 , and 
004 .  

Core Reg i on Observat i ons - Stand i ng rods extend from the l ower fuel assembly 
endft tt i ng to the th i rd spacer grid ( l ocated about 47 i n .  from the bottom of 
the fuel rod ) . The upper 6 i n .  of  the fuel rods appear to have l ocal i zed 
region s  of d i scol orit i on .  However,  the rods do not appear d i storted . The 
thi rd  spacer gri d  ( i n contact wi th the aggl omerate) appears to have undergone 
sa.e .al t i ng on one s i de but appears to be i ntact on the oppos i te s i de . 

The aggl omerite above the th i rd spicer grid extends to at l east 50 i n .  and 
i nc l udes prev i ously  mol ten .ateri il . Above 50 i n . , no useful  v i deo data were 
recorded . The prev i ous ly  mol ten materi al fi l l s  most of the spaces between the 
fuel rods . S i nce some vert i cal  fuel rod structure i s  d i scern ibl e ,  i t  appears 
that the rel ocited core materi al d id  not compl etely mel t the ori g i nal fuel 
rods .  The c l add i ng  materi al surround i ng the i ntact rods i n  many cases i s  
i nd i st i ngu i shabl e froa the surround i ng previ ous ly  mol ten mater i al . Occas i onal 
.. til l i c ( sh i ny )  p i eces  are observed next to the fuel pel l et s  i n  the orignal 
c l add i ng reg i on .  Fuel pel l et boundar i es are commonly d i scern i bl e  where the 
dr i l l  bi t cut i nto the fuel rods .  

Core Support Assembly Observati ons  - The v ideo camera was l owered i nto the CSA 
reg i on but wis bl ocked by l oose debri s at the fl ow d i str i butor pl ate . The 
debr i s ,  .ost l i kely from the dri l l i ng operati on , cons i sts  of i rregul ar s i ze 
dri l l  cutt i ngs , broken and spl i t  fuel rods , and a sol id  cyl i nder about the s i ze 
of the core bore sample  that i s  most l i ke ly  a p i ece of the l ower gri d .  

The smal l er d i a.eter dr i l l i ng hardware was used to dri l l  through the 
debri s ibove the fl ow d i str i butor pl ate i n  an attempt to obta i n  a sample  of any 
previ ous ly  mol ten materi al above the el l i pt i cal fl ow di stri butor . The dri l l i ng 
par�ters i nd i cated no s i gn i f icant dri l l i ng res i stance bel ow the d i str i butor 
pl ate . After CSA dri l l i ng ,  the dri l l  hol e was st i l l  bl ocked wi th dri l l  
cutt i ngs prevent i ng v i sual  characteri zat i on of the CSA bel ow the d i st r i butor 
pl ate . 

Sol i d i f i ed prev i ous ly  mo l ten materi al  nearly f i l l s  the space between the 
l ower gri d  and the fl ow d i str ibutor pl ate . The mater i a l i s  l ocated to the 
north , east ,  and northeast of the dri l l hol e ( i n  the reg i ons of 004 , 005 , 006 , 
and N06 ) . An observabl e i n strument guide tube appears to have some surface 
daige . 

Dri l l i ng Data - The automati c dr i l l i ng started i n  the l ower aggl omerate reg i on 
just  above the th i rd spacer gri d .  The torque and RPM data are un i form bel ow 

the th i rd gri d  (unt t l  the l ower fuel as sembly endfi tt i ngs are encountered ) .  

The penetrat i on rate and energy data show that the mater i a l between the second 

and th i rd spacer grids  has s i gn i fi cant ly l ower dri l l i ng res i stance than the 

.atert al bet_.en the fi rst and second spacer grids . Th i s  data trend suggests 

that the •ater t al s  between the two spacer grids may be d i fferent . One source 

of th i s  d i fference may be ox idat i on of the rods between the second and th i rd 

grid . 
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TABLE  A-3 , TMI - 2  CORE BORE DATA BASE  NOTES ( Core Bore Dri l l  Hol e s )  

Note for N 12ENERGY Number 9 

Rel a t i onsh i p  to Other Dri l l  Hol es - The aggl omerate structure w i th  vert i cal  
fuel rod remnants surrounded by resol i d i fi ed materi al  i s  s i mi l ar to that  
observed at  other dri l l  hol es near the  core peri phery , e . g .  007 , NOS  and  009 . 
The form and pattern of mol ten materi al i n  the CSA i s  s i mi l ar to that observed 
i n  l ocat i ons  NOS , 007 and 009 . However, no s i gn i fi cant amounts of previ ously 
mol ten mater i al were observed on  the upper surface of  the el l i pt i cal  fl ow d i s 
tri butor, suggest i ng that th i s  l ocat i on was not a d i rect fl ow path to t h e  l ower 
pl enum . 

Core Reg i on Observat i ons - Standi ng i ntact fuel rods  are observed from the 
l ower fuel assembl y endfi tt i ng to the th i rd spacer gri d .  D i scol orat i on of the 
standi ng fuel rods i s  observed from bel ow the th i rd spacer g r i d  to the 
rod/aggl omerate i nterface . The d i scol orat i on appears to become more pro
nounced toward the aggl omerate i nterface . 

An aggl omerate reg i on of prev i ously  mol ten materi al surround i ng fuel rod 
remnants i s  observed start i ng above the th i rd spacer grid  and extend i ng to the 
top of the dri l l  hol e .  The cl add i ng i s  general l y  non - d i scern i bl e  from the 
surround i ng prev i ously mol ten materi al . There were a few metal l i c remnants 
observed i n  the reg i on of the cl addi ng ( adjacent to fuel pel l ets ) . The useful 
ness of the v i deo i mages was l i mi ted above about 48 i n .  because of  poor 
l i ghti ng and focus .  

Core Support Assembly and Lower Pl enum Observat i ons  - The l ower pl enum debri s 
appears as a bed of  l oose pebbl es wi th d i ameters l ess  than 0 . 5  i n .  The upper 
surface of the debri s bed i s  est i mated to be about 18 i n .  bel ow the el l i pt i cal 
fl ow d i stri butor . The debri s part i cl es appeared to " bounce " away as the camera 
was l owered and contacted the debri s bed . 

"Cascades " of sol i d i fi ed ,  previ ous ly  mol ten materi al were observed i n  
areas to the northeast of N 1 2  just above and bel ow the l ower gri d fl ow d i s 
tri butor pl ate . The materi al appears to be s i mi l ar i n  texture to the mol ten 
ceramic  materi al  i n  the core reg i on and l ooks l i ke i t  froze i n  the C SA reg i ons 
as i t  fl owed downward , thus resembl i ng a "wal l "  or "curta i n " . 

Dri l l i ng Data - The automat i c  dri l l i ng data for N 1 2  started above the upper 
crust hard stop l ocat i on .  The abrupt change i n  dri l l  res i stance about mi dway 
between the th i rd and fourth grid  spacers l i ke ly  i nd i cates the l ower 
aggl omerate i nterface and may i nd i cate a metal l i c r i ch crust . 

Note for 007ENERGY Number 1 0  

Rel at i onsh i p  t o  Other Dri l l  Hol es - The aggl omerate reg i on i n  the core i s  
s i mi l ar to that i n  other peri pheral dri l l  l ocati ons ( D04 , NOS and N 1 2 ) . The 
form and pattern of mol ten mater i al i n  the CSA are s i mi l ar to that observed i n  
l ocati ons NOS , N 1 2  and 009 . More prev i ously  mol ten mater i al was observed i n  
the CSA reg i on at th i s  l ocat i on than at any other l ocat i on .  The 007 data 
suggest that a core mater i al fl ow path to the l ower pl enum was to the 
southeast , most l i kely in fuel assembl y  P06 and/or P07 . 
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TABLE A-3 ,  TMI - 2  CORE BORE DATA BASE NOTES (Core Bore Dri l l  Hol es )  

Note for 007ENERGY Number 10 

Core Regi on Observ1t i ons - Stand i ng i ntact fuel rods 1re observed from the 
l ower fuel asse.bly endfi tt i ng to the th i rd  sp1cer gri d .  

·The aggl a.er1te regi on cons i sts of fuel pel l ets  and/or rods surrounded by 
prev i ously .ol ten a�tertal  and i s  esti.ated to be 1bout 1 5  i n .  th ick ,  between 
the thi rd  and fourth spacer grids . 

Core Support Asse.bl y and lower Pl enum Observat i ons - The amount of prev i ous ly  
.ol ten core •ater i al  observed in  th i s  l ocat i on i s  greater than at  any other 
l ocat i on .  The .ater i al rese.bl es the mol ten ceram ic  mater i al s observed i n  the 
core regi on and l ooks l i ke i t  froze i n  the CSA reg i ons as i t  fl owed downward , 
thus rese.bl t ng 1 •w11 1 •  or •curtain• . The materi al appears to enc i rc l e  the 
hol e  i n  the grid forgi ng pl ate . 

Based on the CSA observat i ons  fro. NOS and N l 2 ,  i t  was ant i c i pated that 
prev i ous ly  .ol ten core .ateri al  was l i kely i n  the CSA reg i on .  The smal l 
dt a.eter dri l l i ng hardware was used to s ampl e the materi al i n  the CSA regi on 
below 007 . However , the dri l l i ng para .. ters i nd i cated no s i gn i f i cant dri l l i ng 
resi st1nce and no CSA sa.,l e •ater i al was retri eved i n  the sampl e can i ster . 

There appeared to be sa.e damage to a core support post and i n -core 
i nstru.ent gui de tube above the fl ow d i stri butor pl ate . The forg i ng structure 
was d i scol ored i n  pl aces , i nd i cat ing h i gh temperatures . 

Dri l l i ng Data - Auta.at i c  dri l l i ng started at about 60 i n .  from the rod bottom , 
near the top of the aggl a.erate reg ion .  There appear to be s ign i f i cant changes 
i n  dri l l  res i stance ; however ,  because the dri l l  was stopped several t i mes ,  
i nferences rel at i ve to .ater i al compos i t i on are not too meani ngful . 

Note for 009ENERGY Number 1 1  

Rel at i onsh i p  to Other Hol es - 009 i s  s im i l ar to NOS and 007 , showing 
sign i fi cant ..ounts  of prev i ously  .ol ten core mater i a l i n  the CSA reg i on s ,  
part i cu l arly i n  the ' P ' row o f  fuel assembl i es . These data suggest that core 
(crust) fai l ure .ay have occurred exten s i vely i n  the east quadrant of the core . 

Core Reg i on Observat i ons  - Stand i ng i ntact fuel rods are observed from the 
l ower fuel asse.bl y endf i t t i ng to just bel ow the th i rd spacer gri d .  

The aggl a.erate reg i on cons i sts  of fue l pel l ets and/or rods surrounded by 
prev i ous ly  .al ten materi al and i s  est i mated to be about 1 S  i n .  t h i c k  between 
the th i rd  and fourth spacer grids . The rod remnant structure i n  the l ower few 
i nches of the aggl omerate i s  wel l def ined .  Because of poor i mage qual i ty i n  
the upper regi ons , the structure cannot be determi ned ; however ,  metal l i c 
segregat i ons  are observed i n  the upper reg i on s .  

core Support Assembly Observat i ons · The CSA was i nspected down to the top of 

the el l i pt i ca l  fl ow d i stri butor . F i ne ,  sandy mater i a l , probabl y dri l l  

cutt i ngs , wa s observed on the grid d i stri butor pl ate and the i ns ide surface of 

t he el l i pt i cal fl ow d i st r i butor. Al though no phys ica l  damage to the structures 

t s  d i scern i bl e ,  s t gn t fi cant 1mounts of prev i ous ly  mol ten mater ia l  are observed , 

part i cul arly to the east i n  fuel asse�l ies POS , P09 and P l O .  
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TABLE  A-3 , TMI - 2 CORE BORE DATA BASE  NOTES ( Core Bore Dri l l  Hol es ) 

Note for 009ENERGY Number 1 1  

Dri l l i ng Data - Automati c  dri l l i ng started at about 60 i n .  from the rod bottom, 
near the top of the aggl omerate reg i on .  There were several shutdown peri ods , 
so pos s i bl e  d i fferences i n  materi al structure are d i ffi cul t to i dent i fy .  One 
area between the second and th i rd spacer gri d s ,  between approxi mately 8- 1 2  i n . ,  
appears to have a s i gni fi cant i ncrease i n  dri l l i ng res i stance . Thi s  area may 
contai n rel ocated metal l i c materi al . 
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Note for D04SUMHARY 

Note 004 A · Vary i ng damage zone . Agglomerate zones are stand i ng rods wi th 
sol id i fi ed �l t  fi l l i ng spaces . Rods between aggl omerate zones are d i storted , 
dt scol ored and conta i n  vary i ng amounts of sol i d i f ied mel t between them . 

Note for 004SUMHARY 

Note 004 B - No sol i d i f ied mel t i n  open spaces . 

Note for 004SUHHARY 

Note 004 C - Chunk of mater i al · pos s i bly  sol i d i f ied mel t or dri l l i ng debri s .  

Note for 004SUHHARY 

004 Note D - Top of l ower pl enum debr i s  bed 1 5  i nches bel ow EFD; gravel ly 
debri s bed w i th l arger ,  l ava- l i ke chunks on  top . 

Note for DOSSUHHARY 

008 Note A · Agg l omerate w i th fuel pel l ets  preserved and surrounded by pri or 
.ol ten .eter i al . 

Note for OOSSUMMARY 

Note 008 C - Dr i l l  cutt i ngs  or f i ne sandy debr i s .  

Note for GOSSUMMARY 

GOB Note A - large metal l i c segregat i on .  

Note for GOSSUHHARY 

G08 Note B - Nearly vert i cal  network of metal l i c •ve i n s • . 

Note for G08SUMMARY 

G08 Note C · Metal l i c •ve t n • . 

A - 2 1  



TABLE A-4 : NOTES ASSOC IATED W I TH CB  D IAGRAMS 

Note for GOBSUMMARY 

GOB Note D Metal l i c " ve i nsh  or remnants . 

Note for GOBSUMMARY 

GOB Note E - Poss i bl e  remnant of spacer gri d .  

Note for GOBSUMMARY 

GOB Note F - Fuel pel l et remnant . 

Note for GOBSUMMARY 

GOB Note G - Stand i ng fuel rods , pos s i bl e  some sol i d i f i ed mel t between rods . 
Some d i scol orat i on of rods . 

Note for GOBSUMMARY 

GOB Note H - Dri l l  cutti ngs or sandy debri s .  

Note for GOBSUMMARY 

GOB Note I - Large cyl i ndri cal fragment , l i kely  dri l l i ng debri s .  

Note for GOBSUMMARY 

GOB Note J - Camera ' s  descent bl ocked above el l i pt i cal fl ow d i stri butor ( EFD 
not seen ) . 

Note for G l 2SUMMARY 

Note G l 2  A - Fuel remnants seem to be d i sori ented i n  th i s  zone ( i nd i v i dual  
fuel pel l ets ) . 

Note for G l 2SUMMARY 

Note G l 2  B - Pos s i bl e  th i n  zone of homogeneous cerami c .  
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Note for G 12SUMMARY 

Note G 1 2  C - Pos s i bl e  grid  p1ttern of metal i n  1ggl omerate ( spacer grid? ) . 

Note for G l 2SUMMARY 

Note G l 2  D - Smil l cav i ty at top of rod stubs . 

Note for G 1 2SUMMARY 

Note G l 2  E - Rods pirt i al l y  d i scol ored i n  th i s  reg ion .  

Note for G l 2SUMMARY 

Note G l 2  F - Loose f i ne debr i s ,  probabl y dr i l l  cutt i ngs . 

Note for K06SUMMARY 

K06 Note A - Rounded i rregul ar metal l i c segregat i ons i n  th i s  reg i on .  

Note for K06SUMMARY 

K06 Note B - Sol i d i fi ed .el t dropl ets between rods and some remnant rod 
structure i n  aggl oaerate i n  th i s  reg i on .  

Note for K06SUMHARY 

K06 Note C - Pos s i bl e  me l t g l obul e  i n  s l ot i n  end fi tt i ng s .  

Note for K06SUMMARY 

K06 Note D - Pos s i bl e  sol i d i f i ed mel t g l obul e .  

Note for K06SUMHARY 

K06 Note E - Loose debr i s  resembl i ng gravel . 

Note for K09SUHMARY 

K09 Note A - Porous metal l i c segregat i on .  
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Note for K09SUMMARY 

K09 Note B - Several i ntersecti ng i rregul ar " ve i ns "  of metal wi th  
i rregul ar segregat i ons . 

Note for K09SUMMARY 

K09 Note C - Part i al l y  mol ten spacer gri d .  

Note for K09SUMMARY 

K09 Note D - Rod structure v i s i b l e  only for 4 to 6 i nches above i nterface . 

Note for K09SUMMARY 

K09 Note E - Rods are d i scol ored i n  th i s zone . Some sol i d i fi ed mel t 
between rods at l ower spacer gri d .  

Note for K09SUMMARY 

K09 Note F - Sol i d i f ied mel t i n  th i s  space and i n  s l ots  i n  l ower end 
fi tt i ng .  

Note for K09SUMMARY 

K09 Note G - Lower pl enum debri s bed . 

Note for NOSSUMMARY 

NOS Note A - Debri s bed surface determi ned from sonar survey before top of  
fuel as sembl y was removed . 

Note for NOSSUMMARY 

Note NOS B - Debri s bed removed to top of agg l omerate mass before dri l l i ng 
hol e NOS . 

Note for NOSSUMMARY 

NOS Note C - Remnants of fuel rod structure - spaces between fi l l ed wi th 
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Note for NOSSUMMARY 

prev i ou s l y  mo l ten •1teri al . Occas i onal metal l i c remnant s observed near fuel 
pel l ets . 

Note for NOSSUMMARY 

NOS Note D - S l i ght d i scol orat i on of rods here . 

Note for NOSSUMMARY 

NOS Note E - Ca�ra stopped here because of debr i s bl ocki ng hol e i n  pl ate . 

Note for NOSSUMMARY 

NOS Note F - Sol i d i f ied fuel .el t observed east , northeast and north of dri l l  
hol e .  

Note for N l 2 SUMMARY 

Nl2  Note A - Agg l omerate - Vert i cal fuel rod structure with sol id i fi ed pri or 
.al ten �teria l  between . Rods not total l y  ox i d i zed . Fused mater i a l  f i l l s  most 
space between rods . 

Note for N l 2SUHMARY 

Note N l 2  8 - Di scol orat i on occurs i n  some areas . 

Note for N l 2SUMMARY 

Note N l 2  C - Sol i d i fi ed pri or .al ten mater i al i n  area north , northeast and 
south of N l 2 . 

Note for N l 2SUMMARY 

Note N l 2  D - Dri l l  cut t i ng s  or sand s i ze debr i s .  

Note for N l 2SUMMARY 

Note N l 2  E - Top of l ower pl enum debri s bed . 
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Note for N l 2SUMMARY 

Note N l 2  F - Loose pebbl es  ( 1/2 i nch or l es s )  and a fragment of fuel rod 
spri ng . Pebbl es move when camera touches them . Spri ng and rod fragments 
probably fel l from dri l l  stri ng after i t  broke through end fi tt i ng s . 

Note for 007SUMMARY 

007 Note A - Aggl omerate - many rod remnants st i l l  stand i ng wi th most open 
space fi l l ed wi th fused materi al  that ran down rods from above . 

Note for 007SUMMARY 

007 Note B - Cascades , curta i n s ,  p i l es ,  fl ows of mol ten materi a l  congeal ed i n  
process  o f  fl owi ng through hol es i n  fl at pl ate d i stri butor and forg i ng s . 
Large vol umes of  materi a l , espec i al l y to the eas t ,  southeast , and south . 

Note for 007SUMMARY 

007 Note C - Top of l ower debri s bed composed o f  l oose pebbly  materi al . 

Note for 009SUMMARY 

009 Note A - Cav i ty w i th l oose sandy materi al cascad i ng out . 

Note for 009SUMMARY 

009 Note B - Metal l i c chunk or segrat i on .  

Note for 009SUMMARY 

009 Note C - Metal l i c segregat i on makes up one wal l o f  dr i l l  hol e .  

Note for 009SUMMARY 

009 Note D - Remnant rod structure v i s i bl e  i n  aggl omerate ( i mage qual i ty i s  
so poor that remnant rod structure cannot be confi rmed i n  agg l omerate above 
th i s  zone ) . 
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Note for 009SUMMARY 

009 Note E - So.e pos s i b l e  sol i d i f ied mel t  between rods . 

Note for LP DEBR IS  BED 

Dlt a  from the l ower pl enum i nspect i ons have been compi l ed and eval uated to 
construct the contour map . I t  i s  est i mated that the debri s bed conta i ns  between 
1 0  and 20 .etri c  tons of prev i ous ly  mol ten mater i al . Thi s  i s  con s i stent wi th 
previ ou s  est i .ates that were based on neutron measurements made before v i sual 
access was ava i l abl e ,  suggest i ng that between 5 to 24 metr i c  tons of fuel were 
present t n  the l ower pl enum . 

Sel ec�ed debr i s par� i c l es retr i eved from the l ower pl enum have been 
exaai ned w 1 th the fol l ow 1 ng major f i nd i ngs : 

- Oens t ty of the prev i ous ly  mol ten materi al ranged from 6 . 6  to 8 . 1 glee . ( The ori g i nal den s i ty of the fuel pel l et s  was about 10  g/cc . )  
Part i c l e  poros i ty varted from 5 to 401. 

- The materi al i s  composed mostly of U02 and Zr02 w i th smal l metal l i c 
i nc l u s i ons  ca.posed pri mar i l y  of Al 203 , FeO ,  Cr203 , S i02 ,  and N i O .  

- The est i mated peak te.perature reached by the mater i al i s  approx i matel y  
3 100 K ,  wh i ch i s  bas i cal ly equ i va l ent to the mel t i ng poi nt of U02 . 

- Ces i um - 134  was substant i al ly reta i ned ( 10 to 201) i n  the prev i ous ly  
.ol ten •ater i a l ; retent i on of ant imony and ruthen i um was l ess  than lOS; 
and europi um and ceri um were reta i ned at nearly 1 00%. 

Note for OVERLAY TE POS I T  

Cool ant fl ow i nto the reactor vessel at the t i me of the pump tran s i ent was 
substanti ated by both the i n-core thermocoupl e a l arm data and the source range 
.an i tor respon se . The l ocat i ons of those core thermocoupl es that were cool ed 
(al ar.ed on - scal e )  as a resul t of the pump trans i ent are shown i n  the fi gure . 
Al so shown i s  the best -est imate contour map of the end- state of the l ower crust 
( see a l so LOW . MOLTEN CONT ) . Not i ce that onl y  those thermocoupl es genera l l y  on 
the per i phery of the the l ower crust were cool ed .  Thermocoupl es towards the 
center of the core woul d  have been severel y  damaged , probabl y mel ted , and the i r 
rel ocated junc t i ons  l ocated wi thi n the h i gher- temperature reg i ons  of the 
consol i dated core materi a l . The thermocoupl e al arm data suggest that cool ant 
fl ow through the core occurred only at the core peri phery wh i ch i s  cons i stent 
wi th the daaaged core configurat i on shown i n  the end- state d i agrams . Subsequent 
a l ar. data between 1 80 and 200 mi n .  show that al l the peri pheral core 
ther.ocoupl es , i n i t i al ly  cool ed by the pump trans ient , aga i n  al armed off- sca l e  
h igh pri or t o  e.ergency core cool ant i nject ion a t  200 mi n .  

Note for TOP DEBR I S  SURF . 

The_ upper core debr i s  top surface contour marks the boundary between the core 

• 
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Note for TOP DEBR I S  SURF . 

vo i d  reg i on and the debr i s bed . The cav i ty vol ume represents approx i mately 26% 
of the ori g i nal core vol ume and extends nearly across  the ful l d i ameter of the 
upper core reg i on .  The average depth of  the cav i ty i s  approx i matel y 1 . 5  
meters ; i n  pl aces the max i mum depth approaches 2 meters . Stand i ng fuel  rod 
as sembl i es rema i ned only on the core peri phery .  wi th  no more than two of the 
1 77 ori g i nal fuel as sembl i es appeari ng to be total l y  i nt act . Onl y  42 fuel 
assembl i es had ful l - l ength fuel rods i ntact . 

The contour of the upper surface of  the debri s bed was determi ned us i ng 
acoust i c  topography . 

Note for UP . MOLTEN CONT . 

The upper prev i ous ly  mol ten materi al contour map marks the boundary between the 
upper core debri s bed and the prev i ous ly  mol ten materi al . The debr i s materi al 
was exten s i vely probed to determi ne i ts depth and the contour map was deri ved 
from th i s  data . 

The debri s bed was sampl ed i n  el even reg i ons . The part i cl es were anal yzed to 
determ i ne that : 

Most contai ned reg i ons of  U - Zr-0  mel t - - >  temperatures > 2200K . 
Many o f  these were ( U , ZR) 02 - - >  temperatures > 2800 K .  
A few exampl es of U02 were found - - >  temperatures u p  t o  3 1 00K . 
Based on the rel at i vel y unstructured appearance observed for much of the 
fuel , much of the fuel remai ned at <2000 K or was exposed to h i gh temps 
for onl y  a short t i me .  

Note for COL6XSEC 

Fuel assembl i es 0, P and R :  The best - est i mate end - state confi gurat i on o f  the 
degraded core , the rel at i ve t i m i ng of  the i n -core i nstrument al arms , and the 
i n spect i on of the CSA reg i on al l i nd i cate core fa i l ure i n  the southeast 
quadrant of the reactor vessel in the bracketed area shown . 

Note for COL6XSEC 

******************************************************************************* 
* NOTE : The fol l ow i ng note for core cross sect i on confi gurat i ons  appl i es * 
* to al l cross sect i on d i agrams - COLBXSEC , COLCXSEC , COLDXSEC , COLEXSEC , * 
* COLFXSEC , COLGXSEC , COLHXSEC , COLKXSEC , COLLXSEC , COLMXSEC , COLNXSEC , * 
* COLOXSEC , and COL PXSEC . * 
******************************************************************************* 
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CORE CROSS SECT ION CONF IGURAT IONS 

Cross sect i on confi gurat i on d i agrams have been drawn based on contour maps of 
the upper core debr i s  bed , the mol ten core reg i on and the l ower stand i ng fuel 
rod. stubs . These c ross sect ions , for fuel col umns B through P p l us row 6 ,  
dep i ct four d i st i nct  reg i ons  wi th i n  the ori g i nal  core vol ume : 

Core voi d  - A cav i ty wh i ch exi sted at the top of the core wi th a vol ume of 
9 . 3  c ub i c  .eters ; 
Upper debri s  bed - Vari ous s i zed part i c l e s ,  rang i ng from 0 . 6  to 1 . 0 meters 
i n  depth , wh i ch rested on a sol id crust that was l ocated at about the core 
•id-pl ane ; 
Prev i ous ly  mol ten materi al - A reg i on contai n i ng " aggl omerate" and 
• cera.i c"  prev ious ly  .al ten core mater i al s ;  and 
Stand i ng fuel rods assembl ies  - Fuel rod stubs wh i ch extend from the 
bottom of the core upward to the previ ously  mol ten core materi al . 
Refer to data base figures TOP DEBR I S  SURF . ,  UP . MOLTEN CONT . and LOW . 

MOLTEN CONT for the contour maps and to the notes assoc i ated wi th these figures 
for add i t i onal i nformation .  

Note for CB INSPECT IONS 

The core bore v i sual i nspect i ons  prov ided the fi rst opportun i ty for asses sment 
of pos s i bl e  da.age to the core support assembl y .  V i sual i nspect ion of the CSA 
was perfor.ed by l ower i ng a camera i nto each core bore hol e .  Approx imately 
501 of the CSA reg i on was v i s i bl e  from the ten core bore l ocat i ons ; these areas 
are i dent i fi ed  by the c i rc l es on the drawi ng . 

Note for F P  ESCAPE 

The pr i nc i pa l  fi s s i on product repos i tori es are the reactor bu i l d i ng components ; 
they conta i n  approxi mately  9� of the total i nventory of non -gaseous f i s s i on 
products .  About 11 of the rad i oact i ve ces i um and 21 of the rad ioact i ve i od i ne 
were transported from the reactor bu i l d i ng to the aux i l i ary bu i l d i ng ,  ma i n l y  by 
cont i nued operat i on of the l etdown system . Of th i s ,  onl y  very smal l amounts of 
rad i oact i ve i od i ne and ces i um were rel eased to the env i ronment duri ng the 
acc ident ( approx i •ately 1 5  Ci of i od i ne 1 3 1  and l ess than 1 C i  of ces i um,  or 
J0** - 4  and 1 0** - 1 01  of the total core i nventory,  respect i vely) . Approx i mately 
11 of  the rad i oact i ve fi s s i on gases was rel eased to the env i ronment dur i ng the 
acc i dent . The krypton content of  the reactor bu i l d i ng ,  4 51 of the total core 
i nventory ,  was vented to the atmosphere i n  1 980 as a control l ed rel ease . 
Those cOMPonents out s i de of the reactor bui l d i ng that have been sampl ed for 
fi s s t on products are the makeup -pu ri ficat i on ( HUP) demi neral i zers i n  the 
aux i l i ary bu i l d i ng and the submerged demi neral i zer system ( SDS ) compone�ts i n  
the fuel hand l i ng bu i l d i ng .  The MUP system was operated for a t i me dur 1 ng the 
acc ident unt i l  the demi neral i zer became cl ogged . After th i s  t i me , the 
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Note for FP ESCAPE 

MUP system was operated wi th the demi neral i zer bypassed . The total amounts 
of fi s s i on products that were depos i ted in  the MUP were very smal l ,  
typi cal l y  l ess than 1% of the total i nventory of spec i fi c  i sotopes .  The SDS 
was used to remove fi s s i on products from the reactor cool ant . Therefore , 
the rad i oact i v i ty that was depos i ted i n  th i s  system was transported to the 
fuel handl i ng bui l d i ng i n  a control l ed manner and does not represent 
acc i dent rel ease from the reactor bu i l d i ng .  
lhree reactor bui l d i ng components were exami ned that were out s i de of the 
RCS .  The a i r cool ers were expected to conta i n  s i gn i fi cant amounts of 
fi s s i on products s i nce they contai n  l arge surface areas and a l arge vol ume 
of contami nated a i r  fl owed through them dur i ng and fol l owi ng the acci dent . 
Based on the fi s s i on product measurement s ,  i t  was determi ned that l es s  than 
1% of any i sotope was depos i ted on the i r  surfaces . The reactor cool ant 
drai n tank was expected to contai n s i gn i fi cant amounts of fi s s i on products , 
s i nce over hal f of al l reactor cool ant wh i ch fl owed out of the RCS fl owed 
through thi s tan k .  Aga i n ,  l es s  than 1% of any i sotope was found i n  the 
sampl es extracted from thi s tan k .  The reactor bui l d i ng sump was not s ampl ed 
unt i l  after cl eanup operat i on s  of i ts contents (water and s l udge)  u s i ng the 
SDS were compl eted . Thus , the amount of rad i oact i v i ty wh i ch reached the 
sump duri ng the acc i dent has not been determi ned . The current best -est imate 
of the fi s s i on product transport from the reactor bui l d i ng i s  v i a  the 
l etdown system . 
Ana lys i s  of an RCS surface sampl e obtai ned from a res i stance temperature 
detector ( RTD) removed from the hot l eg of the A steam generator has  l ed to 
the concl u s i on that RCS surfaces do not now represent a s i g n i fi cant 
repos i tory for for fi s s i on products .  
Two control rod dri ve l eadscrews have been exami ned for surface depos i ts of 
rad i onucl i des . I f  fi s s i on products had been depo s i ted on these s urfaces 
duri ng the acc i dent , they were l argel y  removed s i nce the acc i dent . I t  i s  
concl uded that surfaces of the reactor vessel represent only a mi nor fi s s i on 
repos i tory . 
The reactor core i s  bel i eved to be a pri nci pal repos i tory for fi s s i on 
products . The anal ys i s  resu l ts from s ampl es taken from the upper debri s bed 
reveal that h i gh - vol ati l i ty products l i ke i od i ne and ces i um were reta i ned to 
a much h i gher degree and the med i um- vol at i l e  fi s s i on products l i ke ruthen i um 
and ant i mony were reta i ned to a l ower degree than expected based on the 
temperatures wh i ch were reached by the core duri ng the acc i dent and the 
vol ati l i t i es of these fi s s i on products .  Low- vol at i l e  fi s s i on products , such 
as europ i um and ceri um ,  were es sent i al l y compl etely reta i ned , as expected , 
wi th i n  the accuracy of the analyses . 

Note for UP . GRID DAMAGE 

Damage to the upper fuel as sembly gri d was determi ned from v i deo i nspect i ons 
performed after removal of the assembly  from the reactor vessel . Two major 
damage zones ex i st and i nd i cate the presence of mul t i d i mens i onal steam/gas 
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TABLE A- 4 :  NOTES ASSOC IATED W ITH CB DIAGRAMS 

Note for UP . GRID  DAMAGE 

fl ow w i th i n  the reactor core dur i ng the peri od of h igh core temperatures . 
W i th i n  each da.age zone . l ocal i zed vari ati ons  i n  damage are ev i dent . For 
exa�l e,  wi thi n  the l i m i ted area above onl y  one fuel assembl y ,  l ocal i zed 
abl at i on of the sta i nl ess  steel structure i s  observed ; however , gri d 
s tructure s  adjacent to the abl ated zone appear to be undamaged . Al so ,  i n  some 
region s ,  the .al ten grid •ateri al appears to have a foa�-l i ke ,  h i gh -poros i ty 
texture wh i ch occurs when sta i nl ess  steel ox i d i zes near the mel t i ng 
te.perature . Prev i ous ly  mol ten materi al w i th i n  a few i nches of the foamy- l i ke 
structure appears essent i al l y unox i d 1 zed , sugges t i ng that some of the hot 
gases exi t i ng the core were oxygen defi c i ent , probably h i gh i n  hydrogen . 
Thus . the upper fuel asse.bly grid damage suggests that h i ghly non - un i form 
fl ow  patterns were present at the t i me  of grid damage ; and l ocal i zed gas 
cond i t i on s  ( ca.pos i t i on ,  fl ow rate and temperature ) var i ed s igni fi cantl y  
wi th i n  the fl ow stream . 

• 
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