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Ytrfffcatfon of Cr1tfca1t tr Ca1cv1atfons 
For 1MJ·I bcovtry Operations through Head ltlllova1 

[xecutf!t SUIIIty 

Data froa recoveey operations through the thfrct video vfewfftl 

fnstde the 1Mt·l r�actor veuel has been used to develop a model of 
f.-1 damage. Thfs .-odt1 was compartd to tht fuel daNgt 110dels used 

for the crftfcal f\1 ca1cu1atfons of the reactor shutdown �rgfns fn 

IAW·1738. 1 Tht results of the compari son verfffed that the crftfca1t" 

calculations art conservative, s fnce they assume �ere fuel damage than 

11 tvfdtnt from tht data. tcnsequently, IAW·1738 fs val id for recovery 

operations through reactor vessel head removal . 

1.0 Introduction and Background 

Tht report IAW-17381 describes the results of crftfcalf \1  
• 

calculations supportinp tht safety analysfa2 for the recovery 

operations through reactor vessel head removal. The calculations 

demonstrated that the reactor was safely shutdown wfltn ass""fng 

tht worst credible �dets of fuel damage. The objectfve of this 

· addtnd&�n to IAW-1738 fs  to verify that these ass&�ned I'Odels art 

conservative based on the data obtained fron axial power shaping 

rod (APSR) fnstrtfon, control rod drfve �chanfsm (CROH) uncoupl ing 

and tht through head fnspectfon of the damaged fuel . 

Section 2.0 descrfbts the assessment of thfs data to product 

what has hen termed the Qufclt Look 110dels of fuel da�n�ge. Sfnce 

the Qufck Look operations were f ntendtd only to provfde an tnftta1 
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•••rvatton of 8Ngt to tM upper fnterna1s of tilt rtactor• 

( a CCIIIIP1ttt •ppfftl of U.t ,..ltd f•l fa ftlt awaf1ab1a. TMttfort. \ 

Ut Qu�cl Loot data on1y Jrowfdts a 1oca1fatd 111111111nt ef 
....... Stctfon J.O dtscrtbls lot a dttatltd fut1 dam�ge 110dt1 
was constructed by btnchlarktng ana1ytfca1 eodt1s of the core 

daNp to tt.t Qufct Loot elate. 
In Stctfon c.o thi·Qufct Loot 110dtl of fut1 damage was compared 

to tt.t cfam�gt au&����d fn tM crtttcalft, ca1cu1atfons. I t  fa 
conc1�cftd that tht calculattons for recovtr.r o�tratfons through 

reactor vtsst1 head rtmova1 rtmaf n  wa1td. 

2.0 nuick look Data Asstss�nt 

The Quick Loolt data fnc1udts: 

( 1)  Tht vfdto tapes obtaintd from fnstrttng a camera fnto 
• 

tht reactor Ytlltl. 

( 
·. 

2 )  Thi NUurtmtnts of the dtpth that tht probt Ptnttrattd 

tht dtbrh btcf. 

3) The rtsults of sptcftr anttnbly movement wfltn uncoupl fng 

tht CRDf1's. 

4) The rtcorcffngs of apparent tnstrtfon dtpth whtn drtvtng 

fn the APSR's.  

5) Dttafltd dtscrfptfons of data evaluations perfor�ed by 

llPtrts associated with the ttsts. 

TMs data wu ""' to dtvt1op t'fO partial 110dtls for tht dalftlgtd 

fuel . TN ftrst I'Odt1 discrfbts tht yofd vol&lftt wtltre the fut1 was 
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afufnt and Ut second aodt1 describes tM dtbrb btd restfftl 

atop tM fuel 1.0 fHt ._,ow tM upper core support plata. 
. 1 • 

De wofd wo1a��� aodll .-s constructed •1 dtte,.fnfng ttl q1fndrtca1 
- -

coordfnates (r,f,l) at three elevaUOM, (1) Ut top of 1M full 
au•ty, (2) JO tnchts �low the top of tht aullftbly, and (3) 10 ' 

fnchts below tht top of the assembly. 

The upper end ffttfng on the fuel a�sllftbly ft ts fnto tiNt 
upper core support plate. It holds tht control rod spfdtr assltnbly 

when the control rods art uncoupled from tht ltadscrtw. From tht 
CRl)f uncoupl ing data f t  can bt inferred wtlethtr the fuel asumbly 

upper end fitting was fn place (the spider assembly dfd not fall 

when unlatched) or had been essentially removed (the spfdtr assembly 

fell ). If the upper tnd ffttfng �as been damaged to the extent that 

the spider asstobly fal l s ,  ft i s  �est l f kety that the fuel 

assttnbly has been extensively dall\lged below the tnd ff.ttfng. Ftgurt 1 

shows tht futl assembly locations whert t� uncoupling indicates 

the upper tnd fittings Ny be damaged. Since tht control rods 

art located fn a checkerboard pattern fn tht central part of tht 

core. the CRCM uncoupl ing can only dtttnnfnt tht damage f n  every 

other assembly. To construct a complete tcdtl of upper end ffttfng 

darnage, a smooth curve was fit around those asstmblfes shown f n  

Ftgurt 1.  Tht resulting void MOdel fs sho� f n  Ffgure 2. The APSR 

fnstrtfon data was fncorpor•ted f n  the upper tnd fitting dam�ge 

110dtl as shown fn Ffgure 3. It fl fntertstfng to ftOtt that 

tt.ose APSR's whfch were apparently fnstrttd art predominantly fn the 
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area contatntnt Ue dlmlgtd upper end ffttings. Thfs would 

M expected . tf Uere wre on11 a vofd "gton below tht rods. -

Tftt_stconcf evaluation for constructing· the vofd 110dtl was JO . 
fnchts ·.,low tM top of tht upper end ffttfngs.  At thfs elevation 

tht •trror on tht camera fn asstmb11 E-t was rotated fn a fu11 

circle. At a distance of approd1111tel1 2 feet towards the 

cort perfphtey an arrl.)' of fuel rods was observed. Thfs dlta, 

along �th data from tht debrfs btd, fndfcates that the vofd at 

thfs tltvatfon fs approxfmatel1 (11fndrfca1 as shown fn Ffgure c. 
The radius of tht t�lfnder was tstfmated directly from the vfdto 

data by using the tnown fftld of vfew of the camera and the 

dimensions of tht fuel rods. 

Tht thfrd tltvatfon fs  the bottom of the vofd, 10 fnchts 

below the top of tht fuel assembly. At thfs tlevatfon three 
• 

sources of data fndfcated the void was tssentfa111 stmrnttrfcal . 

Ffrst, the bottom of the vofd was found to be unffonn at both assembly 

locations H·8 and E·t. Second, the debrfs btd at both these assembly 

locations was found to have the same depth. TMnS, tach time the 

ca�ra was Inverted to view the underside of the upper internals,  

there was no fndfcat1on of fuel around the camera fn  lft¥ dfrectfon 

fn tfthtr location' H·l or [•t. 
Ffgure 5 shows a composite of tht vofd .cdel �th the cyl fndrfcal 

vofd representing tht tlevat1on of 30 fnchts below the top of the 

futl assemblies end the slewed blant re;fon representing the vofd 

at the top of the fuel assemblfts. It t s  interesting to note � 
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c1ost11 tM upper vofd regfon ffu tM contour of the c,1 fndrfca1 

tower void region afnce thl void .odtls at the two tltvatfOftl 

were fndtptndentl1 developed. 
• 

.. ·The Quiet Loot dtbrb btd �nedt1 deten:.intd tfat range of uo1 
dtnsitfts fn tht btd and the thictnen of the bed. (It did not 

dttennint thl vol.n of the bed because there f s  fnsufficfent data). 

The void depth to the dtbrfs at both lssembl1 locations H-1 and E·l 

wu 60 fnches. The probt depth i nto the debris was 14 inches also 

at bOth locations. Consequentl1, tht thickness of the bed seems 

to be a unf fonn 14 inches. Ffgure I shows a TMI·Z fuel assemb11 

and the tlevatfons of the void region and debris btd. The dtbrfa 

i s  resting on the region where the third grid in the active fuel 

was located. There are apparentl1 no fuel rods protruding f,. . 
this grid regfon into the debris. This assessement fs based on 

• 

the fact that the probe was .5  inches in diameter whfch would 

cause f t  to ' stfck between the fuel rods f f  they wert present. 

Esti�tes of the packfng faction of the debrfs ranged from 

10 percent rubble to as percent with prt6omfnant11 U02 particles 

fn sizes of a few m111 fmeters. Tht composf tfon of tht rubble 

was assessed to vary from nearly all uo2 fragments to uo2 fragments 

•faed with the stainless steel components of the upper end ffttin;s 

along wtth some fuel rod components. (The one pellet observed 

on the bed was detennfned by f ts fonm to be tn A12o3-B4C burnable 

poison pellet. ) 
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1M cGIIIbinatfOft of paclfng fractfons and uo1 ccmposftf• 
llvt • range of uo2 •nsftfts frGII 1.1 p/cc to 1.0 Flee. Tllb 
COIIPirll-t.o an undamaged uo1 t.OiftOitnJzed iue1 asslllbl1 *"'t� . 
of J.07 p/cc. Tflt rtsfltanct of thl *brfs hd to the fora 
tatrttd '' tt'l wefght of thl probe indicates that the paclfnt 

fractfon fl near�r 15 percent. Thus, the Mghtr uo2 dtnstt,y ts 

Judged to M thl Nrt probable or.e. 

The two Qufclt Look -.odtls of the void volwne and dtbrb bed 

can be antmble� to product a partfal Quick Look IDOdtl of tN 
dam�gtd fuel. Thts partial 10dt1 of the damaged fuel can bt 

tattnded to a complete dam�gtd fuel .odtl by usfng ft to bench• 

.. rlt analytical �edtls that have prtdfcttd the degree of fuel 

damap. Tht benchmarUng of the ana1¥t fcal 110dtls v1U, the 

Quick Look model i s  discussed in  the following section • 

• . 
3 .0  ltnc��rk ot Safety Models 

There art several analytical IIOdtls that predict the tatent 

of fuel damage fn tht 1Ml·2 core. However. onl1 two of these 110dels 

have been used for tht crftfcal fty safety analysis of the reactor 

following the accident or during tht recover1 operations, the 

NRC i'Odtl (Rtftrtnct 3) and tht GEND 110dtl (Reference 4). Since 

the objective of this assessment fs to -erffy that the cr1t1ca11ty 

safety analysts rtmafn valid for reactor vesse1 head removal , 

tht NRC and GEND 110dels have bttn btnchmlrlttd to the Qufct Look 

dat.a to construct a ccrnp1ete Quiet Loot 110del of fuel diNge. 

\ 
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Tilt IIRC and lEND IIOdlls of fuel damage were derived ,,. 

tf'l ... l·�draulfc fnforNtfon eathtred durfng tht acctdent and 

ou.tr clata following tht coo1dotm perfocl. Dut to unctrtafntfu - -
fn thl .ca1cu1atfons and tfafng of events durfnt tht accfdlnt, 

the predfctfons of damage art not a sfng1t model , tiut rather 

tht predictions art .. xt.- and afnfau�n results as nporttd -

tht NRC or mafiUII, rtftrtnct, and ·afnflft&lft nsulti as shown fn 

tht GEND report. Tht GEND and NRC predfctfons of damage support 

tach other,  and each provides dttafts not provided tiy the other. 

The NRC �del gives dttafltd radial evaluations of dam.ge tiy 

fuel asstobly at tlevatfon increments of a foot throughout the 
, 

portion of the core contafnf�g fuel . Between 12 and 24 fnches fnto 

tht fuel regfon, tht NRC l'fnim"" damage model predicts tht outer 

' 
' 

two rings of fuel assemblies wi ll be essentially fn place and tht 
rtrnafnfn; fnttrfor fuel region �11 be gone, oafdfze4 to embrfttlement. 

Ffgure 4, showfng the �ufck Look data of damage at thfs tlevatfon 

(approafNtely 30 fnchts btlow the top of tht futl assembly), 

dtpfcts tht same degree of damage. Tht Qufct Look data furthermore 

s hows fn  Ffgurt S that the extent of damage to the fuel rods tn 

the core fnterfor (asstmblfes H·l and E·t) ts  complete to tht 
bottor.t of the debrfs btd, 74 fnchts from the top of tht fuel 

assembly. Thfs fs equivalent to 59 fnchts �thfn tht fueled 

rtgfon of thtst usemblfes. Tht NRC's afnfll&r.l damage 110del prtdfcts 

the fueled region for these assemblfes to have bten oxfdfzed to 
I 

tmbrfttlement down to a depth of approxfmttely 5.0 fttt. 

·7-
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Constqutnt1J, tM IIRt's atnfiUI damage 110dtl agrees txtttdfng11 

we11 wfth the wotcf aodt1 of fuel damage dtrhtd fro�� the Quf� 

Loot clata. 
· 11 rtduefng the depth of fuel oxfcffztd to embrfttle�ent 

by 1 fnch, the NRC's etnfm"" damage 1110dtl can be hnct!Nrted to 

agree wfth the Q\lfck Look data. Thfl eodtfftd 110dtl then fo• 

a complete Quick Look model of the vfstbly d�ged fuel , void and 

dtbrfs .  It shows that 351 of the futl was fn these regfons. 

This futl consists of approximatt11 lt.J batch 1 fuil assemblies, 

23. 1  bitch Z fuel assemblies and 18.4 batch 3 fuel asstmbl fts. 

However, thfs fs not considered to bt tht tota' �unt of fuel 

damage. Below the void and dtbrfs bed further damage fl susvecttd 

because the probe fnto the debrfs came to rest at tht t1tvatfon 

of the third grid without apparently contacting any fntac� fuel 
• 

rods. Jf tht tnds of the fuel rods that should have been protruding 

above the grfd are •fising, then ft  h hfghly probable that the 

fnconel grfds have �lttd and fo�d 1 co11tctfon of fused Mlttrfal . 

Therefore, ft fs expected that a regfon of fuel daml;e txhts 

below the bottom of the debrfs bed, not visible with Q\lfck Look 

data. 
.. 

The GEND �edel of the reference damage configuration JIOrt closely 

fits the Quick Look data than tfthtr tht GtND Maxi� or efnf� 

configurations. lenchmlrkfng thfs reference configuration to the 

Quick Look data by reducing the ,stPt" of 100 percent oxidized fuel by 

14 inches shows that the region btlov tht bottcm of the dtbrts 

. 
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bed probably consbts of 1• fnchls of part tally oddbtd and fustd fuel 

(stt Ffgurt 7). tcnbfning the Quick Look 110dtl of tht vbibly dalr.agel, 

fut1 (the 80dtfitd JCRC .odt1 of ainf.,.. cfaNgt) wfth the blnctinantd IDID 
- -

rtftrtnct aodtl of fused fuel fndicatts that· the total fuel dlllllt 

1101t problblt consbts of slfghtl.r less than 50S of tht core. Tldl 
Qufck Look Ndtl of fuel cfamagt wf11 be ccmpared to the au""'d 

dam�gt in tht criticalitt calculations fn the following sectfon. 

•.o Conclusions 

The crfttcal t ty calculations (IAW-1738)1 which support tht 

safety analysisl for tht recovery operations of (1)  APSR insertion, 

(2) CR� uncoupling , (3) through head inspection of tht upper 

fnternals and damaged fuel assemblies, and C•J reactor vessel 

htad removal ,  assumed fuel d&m�ge models based on the worst credible 

scenarios from tht NRCI and GEPfD .. prtdtctior.s. This 
·
addend&�n to 

IAW·1738 hai used th� Quick Look data from the first thrtt of the 

above recovery operations to verify that the assumptions of fuel 

damage are conservative. 

Tht Quick Look data provided a partial �edtl of fuel damage. 

ly benchmlrktng the NRC and GEND calculations to the Quick Look 

data . a complete �del of fuel damage was constructed. 

The fuel damage based on the .Ouick Loot i'Odel fndtcates that tess 

than 5� of the fuel h damaged. Wfthi"n the damaged fuel , 70S 

fs loose debris whflt the rematnfng 301 fs  fn 1 fused l ayer on the 

top of the undamaged futl . Jf the debrfs bed has 1 density of 1.1 tm{cc 

: 

·I· 



( 

. . . 
• 

• • 

of UOz (the Mghest assessed •nsft,r). then 771 of the damaged 

UOz fuel w111 M fn tht core "gfon and IJS fn other parts of . 
tht reactor and reactor coolant syst... If tht dtbrfs bed laas 

a dtnlfi, of 1.0 '14/cc of uo2 (tM lowest assessed densft.r). then .. 

IH of the damaged uo2 fuel w111 1»1 fn the core regfon and 311 
in  other parts of the reactor and reactor coolant S)'lt.l. 

Three damage t:tOde1s were used in  IAW-1738 to demonstrate the 

shutdown eargfn in  the reactor. Tht first was the damaged core 

1110dtl which assa�n�d 501 of the fuel damaged on top of 5M unda�n�ged • . 
The Quick Look �edel shows that �fle 501 of the fuel is  undamaged. 

only 771 of the damaged fuel (3il of the fuel fn the core) could . 
bt atop the undamaged portfon. 

The second critical ity 1110del assumed that. 50S of the core. 

or 1001 of the dama;td fuel . colltcted fn the bottom fn tht reactor 
• 

vessel . Tht Qufck Look model shows that only 381 of the damaged 

fuel or 191 of the core could bt fn the bottom of the reactor vessel . 

The last crfttcal fty 10del assumed that greater than 11 

batch 3 fuel assemblies could be preferentially dfstrubtd and collect 

· in the bottom of t� reactor vessel . The Quick Look �edel contains 

less than 19 damaged batch 3 fuel assembl ies. 

Therefore, the •. Quick Look 11'10de1 of fuel dwge h len severe 

than tht models used for the crftfca1 f� calculations. Consequently, 

IAW-17381 fs  valid for the recovery operations through reactor 

vessel head removal . 
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