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1 . 0 PURPOSE AND SCOPE 

1. I Purpose 

. , I. • 

The purpose of t h i s  Safety Eva l ua t i on Report <SER> I s  to 
demonstrate t h a t  the a c t i v i t i es a s soc i ated � l th removal of t h e  
g u s s e t e d  l ncore gu i de tubes a n d  t h e  e l l i p t i ca l  f l o� d i s t r i butor; 
and defue l l n g  of the l ower head < LH >  I n  the TMI-2 Reac tor Vess e l  
C RV> c a n  b e  accomp l i shed � l thout jeopard i z i ng the hea l th and safety 
of the pub l i c .  

Scooe 

This e v a l u a t ion aodre s se s  the fo l l owi ng a c t i v i t i es: 

• Re::10va l of core debr l ;  from � ! t h i n  the lower Core Support 
Assemb l y  <LCSA > . I n c l ud i ng removal of LCSA s t ruc tura l mater i a l . 

• Removal of the gusse ted i ncore guide tubes ano s e c t i ons of t h e  
e l l i pt i ca l  f l o� d i s t r i butor Inc l ud i ng s e c t ions from �h l ch core 
debr i s  I s  not read i l y  separa b l e  to gain access to debr i s  
depo s i t s  I n  the l o�er head . 

• Removal of core debr i s  from the lo�er head . r�ote that l o�er 
head defue l l ng by vacuum i ng wa s addressed In Reference l. 

��SA" s tructu r a l  mate r i al w i l l  e i ther be p l aced I n  defue l l ng 
c a n i ster s . stored In the RV . stored out of the RV i n  temporary 
con t a i ne r s .  or s tore� In the Rea ctor Buil ding < e. g  . .  Reactor 
Bui l ding Baseme�t . Core � l ood Tanrs>. 

E q u i pment e1pected to be used to support tnese a c t i vi t i e s con s i sts 
of: 

• core bore mach i ne 

• cavi t a t ing water jet 

• Autvma t l c  Cu t t i n g Equipment System < ACES> I n c l u d i ng the p l a sma 
arc torch 

• equl pwen t / too l s  as descr i be d  I n  Reference I 

·�IOTE: T�e e l lipt ica l f l o� d i stri butor I s  con s i dered to be part of the 
LCSA. 

4 . 0  0253P/ Rev . 0 



4 7 1 0-322 1 -88-01 

As the LCSA/LH defuellng operations proceed. the potential ewlsts 
that ac:lvltles or eouio�en: described I n  :his report or 
Ref�r�nce I �ill need to be ��dlfled or new activities and/or 
tooling developed Ant moolflcatlons to eclstlng activities or 
equipment or the I ntroduct i on of ne� acti� l t l es or equipment �111 
be reviewed �no oocur.e�ted In accoroance with TMI-2 admlnistrat1ve 
procedures to ensure that no cotentlal naz�pds or safety concerns. 
not bounoed ,v trls SE� 0r qeference 1 are create� If no such 
hazaros or safety cvncerns are created. LCSAILH oefuellng ma; 
proceed cased en the �e. or modified activities or equ i pment 
-lthout a reoulre�e�t :J revise this SE�: however. such changes 
would becOMe pa rt o• tne annual report reoul�ea by 1 0  CFR 50 . 59 . 
"Changes. iests. ana E•Periments." 

:! . 0  MAJOR �CTI'JI TIES �NO EQUIPME'H 

LCS�/LH defueling will be cerformed In accordance .lth detailed appro�eo 
procedures. Any of the approved �ctlvities performed or tools used 
during I n i tial and /or core region oefuellng ar� considered acceptable 
during LCS�/LH oefuellng unle;s specifically precluded. The Initial and 
core region oefuellng act1�ltles anJ tools are evaluated I n  Reference I .  
I n i tial LCS� dlsassembl; and de�uel lng activities and tools are evaluated 
by GPU Nuclear I n  qeference 2 �nd reviewed by tne NRC I n  Reference 3. 
Ooera :lon s to be P<?rformej during LCS.\/Lrl defuellng Include: 

o Cut:lng the �CS� wl� n l n  the RV 

o Core cebr 1:; dnd struc:urdl mdter Ia! removal from the LCSA 

2 . 1 Act i 1 I t I e $ 

�s o'scussed in Re�!,ence� 2 and 3. the current method of 
dismantling ana defJeling the LCS� will �tlllze a core bore machine 
In conjunction with �he ACES. The dismantling of th� LCSA will 
also orovlde be�ter access to the lower head for defuellng. 

Various cOMbinations of the use of the core bore machine and the 
ACES Mat be uti l i zed to obtain the most effective use of each. 
Howe·1er, operations will most likely be similar to the fo l l owing. 
Use the core bore machine to sever the gusseted incore guide tubes 
from tne LCSA. Tne e(act number, location. and the amount of 
boring to be per for�ed on each piece may vary a s  operations 
progress. After tne;e operations are c�pleted. use the ACES to 
complete se,ering any remaining lncore guide tubes and to cut the 
elliotlcal flow dlstrlcutor and any remaining LCSA sections that 
requ i r e  cutt i ng 

5 . 0  0253P/Qev 0 
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After the respe c t i ve bor i ng and cut t i ng opera t i ons , the severed 
rna t e r  I a 1 w i l l  be f 1 us he'd and removed from the RV. The gusseted 
l ncore gu i de tubes and pos s i b l y  other sma l l p i eces of the LCSA w i l l  
b e  removed from the RV In fue l can i s t e r s  or I n  spec i a l  storage 
con t a i ne r s  based on an Inspec t i on of the mater i a l . The sec t i ons of 
the e l l i pt i ca l  flow d i s t r i butor w i l l  be l i f t e d ,  f l ushed , I n spected 
to ensure no v i sib l e  fuel I s  presen t .  removed from the RV, and 
s t ored I n  a ·s u i tab l e  Reactor Bu i l d i ng loca t i o n .  

T h e  exact seauence o f  ope r a t i ons sha l l  n o t  be l i mi te d  t o  t h a t  
descri bed above . Changes I n  ocera tlon sequence w i l l  not 
necessitate a rev i s ion to t h i s  SER unless safety concerns created 
by the change are not bounded by t h i s  SER or Reference 1. 

2.2 Equi pment 

Descrip t i ons of too l s  requ i red for LCSA/LH defue l l ng Rere provided 
in References I ana:. 

3.0 COMf_ONENTS AND SYSTEMS AFrECTED 

Other c omconents or syste11s i n  add i t ion to those d e s c r i bed I n  Ref�rence I 
may be requ i red to conduc t  the LCSA/LH defue l l ng a c t i v i t i e s . Hhere th i s  
I s  tne case tne use of the component or system w i l l  be e v a l uated to 
ensure that Its use Is tounded by the eva l ua t i ons of th i s  SER or 
Reference I .  

4.1 General 

An evaluation of the act i vit i es assoc i ated w i t h  LCSA/LH defuellng 
I dent i f i ed th� following safety aspec ts: 

o RCS Cr i t i ca l  It} Control 
o Boron D i l u t i on 
o Hydrogen Evo l u tion 
o Pyroohor!clty 
o Submerged Combustion 
o F i re Pro t e c t i on 
o Decay He at Remova l  
o I n s t rument Interference 
o Re l ease of Radioac t i v i ty 
o �V Integr l tJ 
o �eavJ Load Drops 
o Base�ent Cr i t i ca l i ty 

Each of these I s s ues I s  d i scussed b e l ow .  

6.0 0253P/Rev. 0 
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4 . 2  RCS C r i t i ca l i ty Con trol 

The eva l u a t i on s  prov i ded by References 1, 4, 5, and 7 gener a l l y  
bound th i s  concern dur i ng LCSA/LH defue l l n g .  Based on the re s u l ts 
o f  these ana l ys e s. I t  I s  con c l uded that the p l asma a r c  torch, w i th 
a maximum dra l nable cool a n t  system Inventory of three < 3 >  ga l l on s  
o f  unborated wate r ,  can be used t o  d i smant l e  the LCSA , Inc l ud i ng 
the e l l i pt i c a l  f l ow d i st r i butor head , w i thout deve l o p i ng a 
c r i t i cali ty safety concern w i th i n  the RV. 

The above conc l u s i on Is based on the ope r a t i on a l  l i m i t a t ions l i s ted 
I n  References 3 .  6 .  7, and 8 .  

4 . 3  Boron D i l ut i on 

Boron d i l u t i on concerns d u r i n g  LCSA/LH defuell ng are bounded by the 
eva l ua t i ons prov i ded by References I and 9. To prec l ude the 
pos s i b i l it y  of a hydrau l i c  f l u i d  l eak lead i ng to a pos s i b l e  
c r i t i ca l  conf i gu r a t i on o f  fuel and moderator, a l l hydra u l i c  f l u i d  
used w i th LCSA/LH defue l l ng tool s w i th the exception of the core 
bore mach i n e  w i l l  be borated to at l ea s t  4350 ppm boron <added as 
bor i c  a c i d ) .  The hydraul i c  f l u i d  I n  the core bore mac h i ne does not 
need to be borated as ther� Is no poten t i a l  for It to m i x  w i th the 
f u e l  <Reference 10) . 

4 . 4  Hydrogen Evol ution 

Generat i on of sma l l  quant i t i e s  of hydrogen gas < l e s s  than 0 . 1  SCFH> 
w i l l  be a by-product of the p l asma arc c u t t i n g  tool ope r a t i on 
underwater. Th i s  hydrogen w i l l  be d i l uted by the off-gas treatment 
system. as requ i re d .  Thu s , a combu s t i b l e  concentrat ion w i l l  not 
occur w i t h i n  the Reac tor Bu i l d i n g .  Other hydrogen related safety 
I s sues are bounded by the evalua t i on s  prov i ded In Reference I. 

4 . 5  Pyrophor l clty 

Pyropho r l clty concerns dur i ng LCSA/LH defu e l lng are bounded by 
eva l ua t i on s  provided In References I and 11 . 

4 . 6  Submerged Combust ion 

The use of the AC�S p l a sma arc torch creates a heat source wh i ch 
was eva l ua te d  and reviewed I n  References 2 and 3 .  Thi s a dd i t i on a l  
hea t source I s  not e•peLted t o  c r e a t e  a comb� s t l on �onc�rn s i nce 
the p l asma arc torch wi l l  be operated underwater. Additiona l l y ,  
te s t i ng o f  thermi c torch and p l asma arc burning devi c e s  on 
a l umi na-f i l l ed z i rcon i um tubes underwater d i d  not produce any 
s u s ta i ned I gn i t i on <Reference 12 > .  I t  Is con s i dered rea sonab l e  not 
to pos tul ate a combus t i on reac t i on of exposed fue l debr i s  due to 
opera t i on of the ACES p l asma arc torch. 

7 . 0  0253P/Rev. 0 
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The eva l ua t i on prov i ded by Reference 1 bounds th i s  concern dur i ng 
LCSA/LH defue l l ng . 

4 . 8  Decay Heat Removal 

Decay h e a t  removal concerns dur i ng LCSA/LH defue l l ng are genera l ly 
bounded by the eva l ua t i on prov i ded I n  Reference 1 .  The max i mum 
power req u i rements for the p l asma arc torch are 1 000 amps a t  200 
vol t s  DC . Opera t ion of t h e  torch underwater w i l l  prov i de a 
s i gni f i cant heat source: however, con t i nuous opera t i on I s  not 
proba b l e  due to the need to repos i t i on the torc h .  Even I f  the 
torch were to operate con t i nuou s l y  for one hour, I t  wou l d  only 
ra i se the RCS temperature appro x i ma tely 2"F. The RCS tempera ture 
w i l l  be moni tored to prec l ude an un l l �ely uncontrol l ed water 
temperature i ncrea s e .  

4 . 9  Ins trument I n terference 

Opera t i on of the p l a sma arc torch w i t h i n  the R V ,  to date , has not 
resulted In any d i srup t i on of any Techni ca l  Spec i f i ca t i on requ i red 
Instrument a t i on .  

4 . 1 0  R e l e a s e  of Radioact i v i ty 

The central zone of the plasma arc gas reaches tempera tures of 
20 , 000"F to SO , OOO"F and I s  comp l e t e l y  Ion i ze d .  However,  t h i s  h i gh 
temperature I s  q u l c�ly d i s s i pa ted and primar i l y  heats  the 
conduct i v e  meta l . I t  Is expected that fue l on the me t a l  surfaces 
w i l l  a l so be heated to the l i qu i d  or vapor s t a t e .  Most fue l so 
heated w i l l  IITII!le d l a te l y  o�ldlze . transfer I t s heat to the 
surround ing wa ter,  reso l i d i fy ,  and rema i n  w i t h i n  the RV . Soluble 
Isotopes trapped In the f u e l  ma t r i x  may become d i s solved In the 
water. T h i s pos s i b l e  I ncrease · In the concentra t i on of 
radi oact i v i ty Is not e�pected to be proh i b i t i ve or exceed that 
observed I n  the core dri l l ing progra m .  Safety conce rns assoc i a t ed 
w i th the r e l ease of rad i oact i v i ty from the RV to the env i ronment 
are bounded by the evalu a t i ons I n  Reference 1 .  

4 . 1 1  RIJ Integnty 

The fol l ow i ng subsect i ons demon s trate that LCSA/LH defuellng has a 
low probab i l i ty of I mpa i r i ng the I n tegr i ty of the RV . Sect i on 
4 . 1 1 . 1 d i scusses RV l ncore noz z l e  I ntegr i ty based on the therma l 
hydrau l i c eva l ua t i ons performed In References 1 3  and 1 4 .  These 
eva l ua t i ons demons trate that the temperature required for 
deforma t i on of the RV lower head I s  well b e l ow the mel t i ng 
tempera ture for the l ncore nozz l e  we l d s. S i nce no e v i dence of RV 
l eakage has been observed during or after the acc i dent , RV f a i l ure 
d i d  not occur and consequently the I n s i de surface of the lower head 
clad d i d  not reach me l t i ng .  Thus . GPU Nuc l ear concludes tha t there 

8 . 0  0253P/Rev. 0 
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I s  a high probability that the lncore nozzle welds have maintained 
their original Integrity. Sections 4.1 1 . 2  through 4 . 1 1 . 4  further 
discuss the RV lncore nozzle Integrity and demonstrate that based 
on visual examination of lncore nozzles. verification of nozzles 
based on measured thermocouple junction cable lengths, and 
verification of nozzle Integrity based on stub as sembly removal 
that no Information which contradicts the conclusion of Section 
4 . 1 1 . 1  has been Identified. The Information In Sections C.ll.l 
through 4 . 1 1 . 4  Is summarized In Section 4 . 1 1 . 5 .  

It Is noteworthy that none of the evaluations In Sections 4.11 . 1  
through 4. 1 1 . 5 ,  tak.en separato!ly, provide complete confirmation of 
nozzle Integrity because of the Inaccessibility of some of the 
nozzles. However. when taken together. the absence of negative 
findings and the variety of positive Indication provide a 
preponderance of evloence to support· a conclusion that the nozzle 
welds are undamaged and. therefore, the lower RV head Integrity Is 
sufficient to withstand worst case bounded heavy load drops. 

Verification Of Incore Nozzle Integrity Based On Thermal 
Hydraulic Evaluation 

As discussed In Reference 13 Increasing metal temperatures 
will decrease metal strength. At 1 600"F , the ultimate 
strength of the RV lower head carbon steel material Is only 
1 3 , 400 psi. At a 2200 psi, Internal pressure and a metal 
average temperature of 1 600" F ,  the 5-lnch thlc� lower head 
would either rupture or e�perlence significant plastic 
deformation. Pressure transients to approximately 2200 psi 
were experienced In the RV after molten core material 

· 

relocated Into the lower head. Since the RV lower head has 
not eKperlenced post-accident lea�age, it must be concluded 
that the RV lower head carbon steel shell did not creep and. 
therefore, did not at•aln average temperatures of 1600"F. 

The conservative thermal hydraulic evaluation contained in 
Reference 1 3 ,  demonstrated that if the temperature of a 
significant portion of the lower head reached or e.ceeded 
temperatures of 1 600"F , the lncore nozzle welds �ould not have 
reached tnelr melting temperature of 2760"F. It also was 
noted that the upper part of the lncore Instrument nozzle 
could reach temperatures well above Its melting point If 
surrounded by hot corium and with no cooling etcept for 
conduction down the nozzle dnd Into the lower head. However. 
the half-Inch or so of the nozzle above the Inner surface of 
the lower head was close enough to the head that conduction of 
heat Into the head provided sufficient cooling to �eep this 
welded portion of the nozzle from melting. 

Reference 1 4  predicts the temperature history of selected 
locations of the RV lower head for six <6> cases of material 
composition of the core rubble. These cases as sume different 
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thermal r e s ponse character i s t i cs of sol i d  fue l mater i a l , fuel  
debr i s  <fue l and c l ad) and control rod ma t e r i a l  In  the l ower 
hea d .  A por t i on of the conc l u s i on s  are repeated be l ow: 

"The thermal response of the TMI-2 lower RV has been 
a n a l yzed for three a s sumed l ower p l enum degraded core 
mate r i a l  configura t i ons ,  ( I . e . ,  <a> a porous debr i s  bed 
res t i ng on the v e s s e l  head , <b> a debr i s  bed res t i ng on 
top of approx i ma t e l y  e i gh t  <8> I nches of consol i da ted 
molten fuel adjacent to the v e s se l , and <c> a porous 
debr i s  bed r e s t i ng on top of approx i ma t e l y  e i ght <8> 
I nches of a s sumed con trol  rod mater i a l  adjacent to the 
vesse l ) .  For each con f i gura t i on , the v e s s e l  thermal 
response was ca l c u l a ted a s s um i ng the debr i s  was both 
coo l a ble and noncoo l ab l e .  

"The ca l cula t i on s  show a w i d e  range o f  v e s s e l  therma l 
response I s  poss i b l e  based on the debr i s  conf igura t i on 
and debr i s  coo l i ng as sump t i ons . Ves s e l  me l t i ng 
temperatures were pred i cted for two <2> of the cases 
<Cases 3 and 4); however , for the re l a t i ve l y  short 
tran s i e n t  <5400 seconds> very l i t t l e  me l t i ng was 
pred i cted.  The mo s t  rap i d  heatup <re s u l t i ng In the 
h i gh e s t  v e s s e l  wa l l  tempe ratures> occurred for the ca se 
w i th a s sumed conso l i dated fuel  adjacent to the v e s s e l  
wa l l .  For th i s  cas e , tempe rature; I n  excess o f  l l OO"K 
(152 l "F> were achieved In le s s  than 20 mi nutes and thes e  
temperatures a r e  expected to have r e s u l ted I n  creep 
rupture dur i ng the f i rs t  hour after the major core 
r e l oca t i o n .  Coo l i ng of the porous debr i s  res t i ng on top 
of the consoli dated mol ten mater i a l  had l i t t l e  effect on 
the ma�lmum vesse l tempe ratures for th i s  ca s e .  

"The ca l cu l a t i ons show for a porous debr i s  bed tha t 
v e s s e l  wall temperatures wou l d  have been suff i c i ently low 
that creep rupture of the vessel wou l d  not be expected. 
In add i t i on ,  a layer of control rod mate r i a l  adjacent to 
the vessel  wa l l  does prov i de an effec t i ve i ns u l a t i on to 
the wa l l  at locat ions  away from the wa l l /fue l debr i s  
I n terface . "  

A l though the above conc l u s i on s  show that for the two "wor s t  
ca se" a s s ump t i on s  v e s s e l  me l t i ng I s  pred i c t e d ,  the report a l so 
c l ear l y  shows that v e s s e l  rupture due to creep w i l l  occur a t  
v e s s el average wa l l  temperatures we l l  b e l ow me l t i n g .  A s  a n  
e1ample , a t  an average wa l l  temperature o f  1 050"K ( 1 430.F> and 
a pressure of 1 0 . 0  MPA ( 1 450 p s l a> v e s s e l  rupture due to creep 
would occur In appro•lma t e l y  10 m i nute s .  The ana l ys i s  I n  
Refe rence 1 3  predi cted a ma�l mum tempera ture d i fference 
bet�een I n s i de v e s s e l  surface temperature and average wa l l  
temperature of 435"F . Assuming th i s  ana l ys i s  to be correct , ·  
vessel  rupture due to creep f a i l ure shou l d  have occurred a t  RV 
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l ower head surface temperatures of l es s  than 20oo•F; 6so•F 
l es s  than c l ad me l t i ng temperat u r e s . GPU Nuc l ear , therefore . 
con c l udes that s i nc e  no e v i dence of RV leakage has been 
observed duri ng or after the acc iden t ,  RV fai l ure d i d  not 
occur and consequently the I n s i de surface of the lower head 
c l ad d i d  not reach me l t i ng .  

Gamma scan data < Reference 15> Ind i cates the pos s i b l e  presence 
of a non-fuel l ayer of mater i a l  I n  the RV lower head. T h i s  
l ayer I s  expected t o  be approxi ma t e l y  n i ne <9> i nches I n  
h e i gh t  a t  the c e n t e r l i ne of the R V .  T h e  mater i a l  cou l d  b e  
e i ther control rod materi a l  < s i l ver , I nd i um ,  and cad l um >  or 
control rod mater i a l  m i xed w i t h  s t a i n l e s s  stee l .  The presence 
of t h i s  low mel t i ng poi n t  mater i a l  wou l d  have protec ted the 
l ower RV v e s s e l  w e l d s  from me l t i ng from hot corium l ocated 
above the l ayer of me l ted h i gh den s i ty mater i a l . · T h i s I s  a l so 
s tated I n  the conc l u s i on of Reference 1 4. 

Reference 1 6  I n c l udes a s tudy of the l ower head t hermal 
response to contact w i th a j e t  of me l ted core debr i s  fal l i ng 
to the l ower head I n  a per i od of 7 5 seconds <dep l eted by 
n u c l ear I n s trumen ta t i on response dur i ng the TMI-2 acc i dent>. 
The conc l us i on s  rela t i ng to the l ower head anal ys i s  are 
repeated b e l ow :  

" Therma l damage pote n t i a l  to t h e  lower head was a l so 
asses sed for the confi gura t i on of coherent j e t  
I mp i ngement of r e l oca t i ng me l t  debr i s .  For th i s  assumed 
configura t i on ,  the thermal response of the lower head I s  
l arge l y  d i c tated by the contact t i me and heat transfer 
character i s t i c s at the j e t  I m p i ngement surfac e .  A>sumlng 
a jet d i ameter equal to the f l ow area w i t h i n  a s i ng l e  
undegraded fue l assemb l y ,  the t i me for me l t  r e l oca t i on as 
a jet I s  e s t i mated to be about 7 5  seconds . T h i s  e s t i mate 
I s  con s i stent  w i th source-range moni tor data , I nd i cat i ng 
that major core re loca t i on occurred over a one < 1 >  m i nute 
period . 

"Two <2 > l i mi t i ng cond i t i ons were a s s umed w i th respect  to 
j e t - I m p i ngemen t  heat- transfer character i s t i c s .  The f i r s t  
was for a weak j e t  w i th conduc t i on- l i m i ted heat 
transfer. The second was for strong jet forces where 
turbu l en t  m i x i ng and mass transfer effec t s  at the I mpac t  
surface l ead t o  enhanced conv e c t i on-contro l l ed heat 
transfer proc e s s .  For condu c t i on-control l ed heat 
transfer , surface ablat ion of the lower head by d i re c t  
I mp i ngement I s  not I nferred. T h i s I s  due to the rather 
poor conduc t i v i ty of the mo l ten ceram i c  material and the 
h i gh thermal capac i ty of the vessel head. wh i ch serves as 
an eff i c i en t  and qu i ck-response heat s i nk .  However , 
cal cu l a t i onal res u l t s  for convec t i on-contro l l ed heat 
transfer I n d i cate l i m i ted me l t  a b l a t ion at the l i ner 
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surface .  The c a l culated depth of penetra t i on of the me l t  
front I s  on the order of about 0 . 5  I nches <versus a head 
t h i ckness of 5 . 5  I nches> for a j e t  I mp i ngement t i me on 
the order of 75 seconds. A d i re c t  j e t  Impi ngement t i me 
of about 1 5-20 m i nu te s  I s ,  howeve r ,  c a l c u l ated to be 
necessary for me l t  a b l a t ion of the v e s s e l  head 1 /2 
t h i cknes s .  It I s ,  therefore, concluded tha t for a j e t  
I mp i ngement t i me of 1 t o  2 mi nutes < t i me assoc i a ted w i th 
me l t  d r a i nage to the l ower p l enum', l i t t le thermal damage 
to the lower v e s s e l  head wou l d  resJl t . "  

V I s u a l  e x am i n a t i on s  I n  the RV and l ower head I nd i c a t e  t h a t  the 
pos s i b i l i ty of con t i nuous j e t  Impi ngement and consequent 
damage to an l ncore noz z l e  I s  extreme l y  remote s i nce: 

o Each of t h e  1 7 5  fuel  s tub a s s embl es removed from the RV 
had some I n t a c t  z i rcon i um f u e l  t��es s t i l l  a ttached and 
had a semi- I n t a c t  l ower end f l tt �g . On l y  I n  core 
l o ca t i on s  R-6 and R-7 was It evi:ant that s i gn i f i ca n t  
amounts o f  mo l ten cor i um may have passed t hrough the 
space to the lower I nterna l s .  i�; b a l ance of the major 
core rel oca t i on to the l ower l n:ernal area was mo s t  
l i ke l y  out s i de the nozz l e  area . 

o The l a rge hol e  I n  the core baff l e  above gr i d  pos i t i on s  
R-6/R-7 l e nds credence t o  t h e  suspected cor i um f l ow path 
to the lower head t hrough the core formers and, thus , 
outs ide the area of mo s t  of the a c t i ve cor e .  

o The l ncore nozz l e  I n  pos i t i on R-7 . a s s emb l y  No. 4 5 ,  was 
observed to be stand i ng but damaged at I ts upper end.  
T h i s  nozz l e  l o c a t i o n ,  a l ong w i t h  noz z l e  l oc a t i on s  P-6, 
0-5 ,  N-4 , and M-3, are b e l i eved to have been I n  the 
f l owpath of mo l ten cor i um from the l a rge h o l e  I n  the 
b a f f l e  p l a t e s  on the e a s t  s l d� of the RV to the l ower 
head . Reso l i d i f i ed mater i a l  I n  R-6 and R-7 tends to 
confl rrn t h i s  f l ow path . T h u s ,  based on the analys i s  In 
t h i s s e c t ion and Sec t i on 4.  1 1 . 2, GPU Nuc l e a r  be l i eves 
that these nozz l e  we l d s  are I n tac t .  

Based on the above ana l ys i s, I t  can be conc l uded that the 
mo l ten cor i um d i d  not me l t  the lower head even I f  I t  were a 
mo l ten j e t  wh i c h  f l owed I n to the lower head I n  o n l y  one 
location . Therefore , s i nc e  the RV l ower head d i d  not me l t  I t  
I s  reasonab l e  to con c l ude that the l ncore nozz l e  we l d s  have 
ma i n t a i ned the i r  I n tegr i ty .  

V I s u a l  Exam i na t i on o f  Incore Nozz l e s  

GPU Nuc l ear recei ved NRC approval <References 17 and 1 8> to 
d i s a s semb l e  and remove 15 of 52 l ncore I n s t rument g u i de 
tubes . Th i s  approva l was based on the v i deo I nspec t i on of 
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l ncore nozz l es wh i ch reve a l e d  no observab l e  damage of the 
l ncore nozz l e  to RV we l d .  Current l y ,  1 2  nozz l es have been 
v i sua l l y  exam i n e d .  

It has prev ious l y  been evaluated by GPU Nuc l ear <References 1 7  
and 1 9> and revi ewed by the NRC <Reference 20> that 
> l gnlf l cant l ncore no�z l e  we l d  damage would be h i g h l y  u n l i ke l y  
I f  the nozz l e  �x l s t s  above the v e s s e l  w a l l .  I n  the v i deo 
e�am l nat l on I n  the lower head reg i on <Reference 2 1 > .  1 2  
nozz l e s  or por t i on s  o f  nozz l e s  were seen.  These I n c l uded 
K- 1 2 ,  H - 1 3 ,  G- 1 3, F- 1 3, F- 1 2 ,  R-7 ,  R- 1 0 ,  0- 1 2 .  M- 1 4 ,  L-13, 
D- 1 4 ,  and C - 1 3. Other than the l i m i ted damage to the t i p  of 
R-7 a l l  other v i s i b l e  por t i ons of these noz z l e s  were 
undamaged . For f i ve < 5> of these nozz l e s .  por t i on s  of the we l d  
were seen: a l l  these were a l so i n t a c t .  

I n  the same v i deo I nspec t i ons . the l ncore I ns trument g u i de 
tubes were observed at 39 l ocations < I nc l ud i ng 1 2  where the 
noz z l e  was seen>. For a l l of these l oc a t i on s , the v i s i b l e  
port ion of the gu i de tube was undamaged, except for therma l 
damage to the D - 1 0  and R-7 g u i de tube s .  Furthermore . even for 
the loca t i on s  wh i ch show l i m i ted therma l damage. GPU Nuc l ear 
be l i eves that the nozz l e  w e l d s  are I n tac t .  The 
thermohydrau l l c  ana l ys i s  I n  Sec t i on 4 . 1 1 . 1  i nd i cates that even 
I f  the nozz l es were Immersed I n  mo l ten cor i um ,  the or i g i na l  
we l d  I n tegr i ty wou l d  be ma l n t l ned . Accord i ng l y ,  GPU Nuc l ear 
be l i eves tha t the v i deo evi dence I n  the lower head shows no 
I nd i ca t i on tha t any of the noz z l e  w e l d s  have been damaged. 

Eva l u a t i on Of I n core Nozz l e  I n tegr i ty Based On Thermocoup l e  
Junc t i on and Se l f  Powe red Neutron Detec tor T e s t  Data.  

A s tudy performed by EG&G <Reference 22> ob t a i ned accurate 
l oop res i s tance measurement s  of the l ncore thermocoup l e s  
I nc l ud i ng the extension cabl i ng .  H l th these data , I t  was 
pos s i b l e  to determine the a c t u a l  loop re s i s tance of the l ncore 
thermocouples fol l ow i ng the a c c i dent . By compa r i n g  the post 
I ns ta l l a t i on data w i th the present data, I t  was pos s i b l e  to 
I dent i fy changes I n  the l ength of the thermocoup l e s  as a 
res u l t  of the a c c i dent . ;he data shows that of the c l osed 
loops measured , a l l  of these measured l engths of the 
thermocoup l e  j unc t i ons are above or a t  the e l eva t i on of the 
c l ad d i ng of the l ower RV head . The thermocoup l e  l engths I n  
Tab l e  1 were measured from the Tangent o f  the c l add i ng o f  the 
RV l ower head. 

GPU Nuc l ear be l i eves that I f  the thermocoup l e  junc ture I s  
s t i l l  opera t i ve and a t  a l oc a t i on above the I n s i de of the 
v e s s e l  wal l ,  I t  I s  h i gh l y  un l i ke l y  that the e n t i re l ncore 
nozz l e  had m� l ted to a l oc a t i on be l ow the junc ture. As shown 
on Tab l e  I, e l even <11> of the 52 thermocoup l e s  exh i b i te d  a n  
open c i r c u i t and n o  l oca t i on o f  the junc ture w a s  observe d .  
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The junc t i on l oca t i ons of t .he 41 measura b l e  thermocoup l es 
ranged from l oca t i on E- 1 1  which Indi cates a junc t i on a t  the 
c l ad wa l l  e l eva t i on to 0- 1 4  where the junc t i on appeared to be 
4- 1 /2 feet b e l ow I t s ori g i n a l  loca t i on above the top of the 
core. Thu s ,  the I n forma t i on prov i de d  In Reference 22 prov i de s  
add i t i ona l support t o  the conc l u s i on tha t 4 1  l ncore gu i de tube 
noz z l e s  have sound < I . e . ,  undamaged> we l ds j o i n ing them to the 
RV l ower head . 

Reference 22 a l so prov i d e s  resu l t s of I n  s i tu Se l f  Powered 
Neu tron D e tector <SPND> t e s t  d a t a  for the l ncore assemb l i es ,  
I nc l ud i ng the e l even Cl l >  l ncore loca t i ons w i th open 
thermocoup l e  junc t i on data . For three <3> l oca t i ons C l . e  . •  

H- 1 3 ,  0-6, and L-1 3 > .  the I n  s i tu tes t resu l ts I nd i cate tha t 
there was a t  l e a s t  one < 1 > "good" SPND I n  the lower l ev e l  of 
the core. T h i s  I mp l i e s  tha t the l ncore was I n tact up to an 
e l ev a t i on corres pond ing to the lower por t i on of the core . For 
another seven < 7> l ncore gr i d  l oca t i ons < I . e . •  K- 1 2 ,  F- 1 3 ,  
E-4 . F-3 ,  M-3 . P - 6 .  and 0- 1 0 > ,  a l l seven < 7> SPNOs were found 
to have an open c i rcu i t .  S i nce an opera t i ng l ncore de tector 
exh i b i t s  an open c i rcu i t  by des i gn .  the open c i rcu i t  
cond i t i ons are I n d i c a t i v e  of l e s s  severe fa i l ure than are 
shorted cond i t i ons . Therefore , these l oca t i ons a l so represent 
I ntact l ncore s tr i ngs . The rema i n i ng l ncore loca t i on C l . e .  
G - 1 1 >  had both open and shorted SPND s . 

Ver i f i ca t i on Of Incore Nozzle Integr i ty Based On S t u b  Assemb l y  
Removal 

During removal of s tub assemb l i es ,  tra i l ing l ncore s tr i ngs 
were observed In a number of loca t i on s  and In other loca t i ons 
extens i ons of the l ncore s tr i ng were observed above the lower 
gr i d .  These observ a t i ons by thems e l v e s  are not conc l u s i ve 
except I n  I dent i fying the weakest po i n t  In the lncore s tr i n g .  
I f  I t  I s  a s s umed that n o  other damage has occurred to the 
l ncore s tr i ng during hand l ing , and I t  I s  further a s s umed that 
TC j unc t i ons which reformed a t  a l ower e l eva t i on d i d  so  
because of b e i ng In  contact w i th molten cor i um ,  a corre l a tion 
between the I ns trument s t r i ng break l oca t i on and apparent new 
TC junct ion loca t i on would tend to con f i rm the ana l ys i s  of TC 
junct ion data . 

V I deo e x am i na t i ons of 5 1  l ncore Ins trument loca t i ons 
< Reference 23> after fue l a s semb l y  s tub remov a l  revea l e d  that 
the l ncore s tr i ng separated from the removed s tub a s semb l y  at 
3 7 l oca t i ons and was observed to e x tend above the I n s trument 
g u i d e  tube I n  the l ower gr i d .  In 1 4  other loca t i ons , I t  was 
observed tha t the l ncore I ns trument s tr i ng broke w i thin the 
LCSA or the lower head area and was e x tracted with the s tu b  
assemb l y .  
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The break l oca t i on of the I ns trument s tr i ng I s  not a certa i n  
I nd i cator o f  the s t atus of the nozz l e  we l d  I ntegr i ty .  The 
i ns trume n t  s tr i ng break poi n t  cou l d  have resul ted from other 
caus e s .  For examp l e ,  mechan i ca l  damage due to defue l l ng 
opera t i ons or thermal d i s tort i on. However, I t  I s  Important to 
note that there I s  a h i gh degree of corre l a t ion between the 
observed break poi n t s  and t h e  TC data. a s  summarized In Tab l e  
2 .  T h i s  a l so tends t o  support t h e  use of the T C  d a t a  to 
concl ude the noz z l e  w� l ds are undamaged. 

The v i deo e�amlna t l on s  are of spec i a l  Importance w i t h  respect 
to the e l even < 1 1 > l ocat i on s .  par t i cu l ar l y  l ncore noz z l e  
loca t i on G - 1 1 ,  for wh i ch In s i tu tests showed t h e  thermocou p l e  
t o  have a n  open junc t i on <Reference Tab l e  1 > .  s o  t h a t  no 
t hermocou p l e  l ength reduc t i on data ex i s t  S i nce vi deo data 
for a l l  of these l oca t i ons Ind i ca t e  that . s t rument s t r i ng 
separa t i on occurred w l  t h i n  the core area · .• re s e  data l end 
credence t h a t  l ncore damage does not e x tend to the l ower 
head. Furthermore , the l ncore nozz l e s  of the three <3> of the 
e l even < I I> l oca t i on s  wh i ch have an open junct i on < I . e . •  H- 1 3 ,  
F-13, L-1 3> have been v i sual l y  observed < see Sect i o n  4 . 1 1. 2>: 
thus prov i d i ng further credence that the noz z l e  w e l d s  at these 
l oca t i ons have ma i n t a i ned the i r  I n tegr i ty .  

Summary Informa t i on 

The I n forma t i on presented I n  Sec t i ons 4 . 1 1 . 1 t hrough 4 . 1 1 . 4  I s  
summar i zed below: 

a .  Several conserva t i ve thermal a n a l yses of the response of 
the RV lower head to th. mel ted cor i um, both f l ow i n g  and 
s t a t i onary, I nd i cate l i t t l e  or no me l t i n g  of the ve s s e l  
wa l l  wou l d  b e  expected . 

b. Stress ana l ys i s  of the vessel  head I nd i cates that fa i l ure 
due to creep wou l d  occur before temperatures suff i c i en t  
to me l t  l ncore nozz l e  w e l d s  were ach i eved . Because no 
l eakage from the v e s s e l  has been observed ,  vess e l  head 
creep d i d  not occur and . therefore , the surface 
temperature of the v e s s e l  was wel l b e l ow me l t i ng.  

c. Gamma scan data Impl i e s  that a non-fue l e d  l ayer of 
resol i d i f i ed mater i a l  may exi s t on the l ow�r head Ins i de 
surface: th i s  wou l d  have protected the l ower RV nozz l e  
w e l d s  from me l t i ng .  

d. Current vi sual  e�amlnat lons of l ncore nozz l e  w e l d s  a t  t h e  
outer periphery o f  the core have reve a l ed n o  w e l d  damag e .  

e .  Incore I n strument thermocoup l e  r e s i stance data Ind icate 
41  measurab l e  thermocoup l e  j u nc t i on s  a t  or above the RV 
lower head. As I n d i cated I n  Tab l e  2 .  v i sual  I nspect ions 
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d ur i ng fue l a s s emb l y  stub removal I n d i cate a h i g h  degree 
of corre l at i on between l ncore str i n g  l ength and 
thermocoup l e  junction reformat i on measurements . 

f .  V I su a l  I nspections during stub a s s embly removal a l so 
I nd i ca t e  that the detectors for the 1 1  locat ions w i th 
open thermocoup l e  junctions separated above the lower 
core support stru c ture . 

Other RV I ntegr i ty safety concerns < e . g . , a s s e s sment of 
potenti a l  damage to l ncore nozz l e s  from pul l i ng on l ncore 
I nstrument strings> are bounded by the eva luation s  prov i de d  by 
GPU Nucl ear I n  Reference 1 9  as revi ewed by the NRC I n  
Reference 20. 

Based on the above I nformat i on ,  GPU Nuc l ea r  con c l udes that I t  
I s  h i gh l y  un l i k e l y  the l ncore nozz l e  to RV w e l d s  were 
s i g n i f i cantly degraded dur i ng the a c c i dent. Thu s , GPU Nuc l ear 
be l i eves that LCSA/LH defue l i ng can be conducted w i thout 
I mpa i r i ng the I ntegr i ty of the RV. 

Precautions to be E•er c l sed Dur i ng LCSA/LH Defue l l ng 

Dur i ng the removal of fue l debr i s  from the l ower hea d ,  care 
w i l l  be exer c i sed to prevent exces s i ve load i n g  on exposed 
l ncore nozz l e s .  If , dur i ng the proce s s  of removal of fuel  I n  
the v i c i n i ty of an l ncore nozz l e ,  observa t ions I n d i cate that a 
nozzle we l d  has suffered damage du� to exce s s i ve tempera ture s ,  
work w i l l  be ha l ted I n  the v i c i n i ty of that nozz l e  and the 
s i t uation eva l uated to determine I f  act i v i t i e s  can cont i nue 
w i th i n  the s cope of t h i s  SER.  

4 . 1 2  Burn i n g/Cutt i ng Operations 

Operation of burn i n g  dev i ces I n s i de the vessel · has been eva l ua te d  
b y  GPU N u c l ear <References 2 a n d  6 >  and revl e�ed b y  t h e  NRC 
<Reference 3>. Duri n g  I n i t i a l  LCSA d i smant l eme n t , the opera t i on of 
such dev i ces i s  phys i ca l l y  l i m i ted to I n s i de the conf i nes of the 
core support structure and the e l l i p t i c a l  f l ow d i st r i butor where 
the torch I s  more than one-foot away from the RV wa l l .  As 
d i scussed In Reference 2 ,  c u t t i ng opera t i ons are curren t l y  expected 
to beg i n  on the top of the LCSA and sequent i a l ly cut through the 
l ower grid  r i b  a s semb l y ,  lower gr i d  f l ow d i s t r i butor , lower gr i d  
forg i ng, and l n core gu i de support pl ate to the e l l l p t l ca! f l ow 
d i stributor. Thu s ,  cutti ng of the e l l i pt i c a l  f l ow d i s tr i bu tor I s  
pre c l uded by the LCSA s tructure unt i l  the upper l ayers are 
removed. The e l l i pt i ca l  f l ow d i stri butor < wh i ch I s  more than one 
foot from the RV wal l >  w i l l  be cut on l y  after con s i derable 
e(perl ence I s  g a i ned by use of the plasma arc torch e l sewhere I n  
the RV. The arc or f l ame of such burn i ng dev i c e s , opera t i n g  
underwater , w i l l  a l ways b e  operated a t  l e a s t  a foot from the R V  · 
wal l . Because of rap i d  d i s s i pa t ion of the arc �nergy < I . e . , w i th i n  
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a few I nches of water>. propagation of an arc t hrough one-foot of 
water i s  not pos s i b l e .  Thus . aamage to the RV wa l l  due to t h e  
operat i on of burning devices i s  precl uded e v e n  when c u t t i ng the 
e l l i p t i ca l  f l ow d i s tr i butor. 

4 . 13 Heavy Load Drops 

Duri ng LCSA/LH defue l lng , the RV lower head and the l ncore nozzl e s  
w i l l  b e  subj e c t  t o  potent i a l  d i r e c t  l oad drop s .  The RV l ower head 
and l ncore nozz l e s  w i l l  f i r s t  be subj e c t  to a potent i a l  l oad drop 
during sever i ng of the i ncore g u i de tubes . After the g u i de tube 
has been severed. I t  w i l l  be free to fal l and Impact the RV l ower 
head debr i s  bed . an I ntact  l ncore nozz l e ,  or t h e  lower head 
proper. In add i t i on ,  por t i ons of the e l l i p t i c a l  f l ow d i s tri butor 
may fal l on the l ower head. 

After comp l e t i ng core bore opera t i ons . the lncore gu ide tubes may 
be removed from the RV . Th i s  w i l l  create 52 appro( lmate 6 1 /2" 
diameter holes In the LCSA , each centered over an lncore nozz l e .  
These hol e s  w i l l  provide a d i re c t  path for re l a tive l y  sma l l  obj e c t s  
< I . e . •  long-handl ed too l s> t o  I mpac t  a n  l ncore nozz l e .  

A s  men t i oned pre v i ou s l y ,  the rema i n i ng sec t i ons o f  the LCSA w i l l  be 
c u t  I nto p i eces u s i ng the p l asma arc torc h . After the LCSA p i e c e s  
h a v e  been c u t  from t h e  ma i n  LCSA s truc ture . t h e y  w i l l  b e  r i gged and 
l i fted out of the RV.  Eventua l l y, fol l ow i ng c u t t i ng of the 
e l l i p t i ca l  f l ow dis tributor . a hol e  w i l l  be formed I n  the LCSA , 
expos i ng a l arge area of the RV lower head to a variety of 
d i fferent l oad drop s .  

Ca l cu l a tions have demonstrated that a l oad drop on an undarnaged 
lncore nozz l e  w e l d  wou l d  not res u l t  I n  a nozz l e  w e l d  fai lure 
<Reference Append i x  A> . The ana l ys i s  In Sec t i on 4 . 1 1 ,  of t h i s 
repor t ,  demons trates a h i gh probabi l ity that the l ncore nozz l e  
we l ds have maint a i ned t h e i r  original l nteqr l ty .  Addit i ona l l y ,  
there I s  a l o w  probab i l i t y that the conf i gurat i on of a heavy l oad 
drop w i l l  d i re c t l y  I mpac t an l ncore nozz l e  we l d .  There fore . the 
poten t i a l  for RV l eakage due to dropped l oads I s  remot e .  

There have been two I ns tances o f  dropped loads I nvo l v ing the 
can i s ter sleeve dur i ng defue l l ng w i t h i n  the RV. Inve s t i ga t i ons by 
GPU Nuclear as to the cause of these drops have Iden t i f i ed a 
fail ure of the s l eeve lock i ng dr i ve reten t i on spring wh i c h  
mainta i ns the l oc � l ng bar I n  pos i t i on .  In order to e l l � lnate t h i s  
potent i al fa i l ure mechan i sm ,  a new pos i t i v e  a c t ing l oc � l ng bar 
retent i on mechdn l sm w i l l  be des i gned and I n s ta l l ed before the 
e l l i p t i ca l  f l ow d i s tributor I s  c u t . 

The �oten t l a l  for other load drop acc i dent s I nto the RV I s  a l so 
m l n l m1zed by careful control of load hand l i ng ac t i v i t i e s  and the 
use of load hand l i ng equ i pment wh i c h  has been conservativ e l y  
des i gned and tested . Load ha�d l l ng ac t i vit i e s  are performed In 
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accor dance with app•oved procedures for such· activities Including 
4000-PLN-38 91 . 02 . "TMI-2 Lifting and Handling Program. " Each 
specific load handling activity is co ntrolled by a Unit Wor k  
Instructio n  o r  procedur e. Load handling activities will be 
perfor med by personnel who have been trained and qualified for 
these activities. 

4 . 14 Reactor Building Basement 

The potential for a criticality event in the Reactor Building 
basement was pr eviously addressed I n  References 2 and 2 5 .  

The co ntrols discussed I n  Section 4.1 3 of Reference 2 to ensur e 
subcrlticality of potential leakage Into the cavity of the RV will 
continue to be maintained during LCSA/LH defuellng. Therefore. 
criticality is pr ecluded. 

5 . 0  RADIOLOGICAL CONSIDERATIONS 

Based on a co mpariso n of activities associated with Reference 1 to those 
associated with LCSA/LH defueling, It is co ncluded that the radiolo gical 
co nsiderations associated with LCSA/LH defuellng are bo unded by Sectio n  5 
of Reference 1. However special precautions will be ta�en to prevent 
e(posure of ooeratlng personnel during transpo r t  of r adioactive and 
contaminated pieces of the LCSA from the RV to their sto rage lo catio n 
within t�e Reactor Building. Although these pieces of the LCSA will be 
Inspected to ensur e there I s  no visible fuel debr is, all pieces are 
radioactive due to Co -60 activation and surface contamination by soluble 
fission products. 

The sections of the LCSA to be r emo'led under the scope of this SER are 
less radlo actl1e than the lower grid rib assembly. The measured 
r adiatio n le•Jel of a 5'15' section of the lo wer grid rib assembly r emo ved 
fro m the LCSA ..tas 80 r em/hr within one (1 ) foot of the surface. At 
distance of 30 feet. t�e radiation level was less than I r� m/hr following 
r emo·1al. This plate ..tas rigged, moved, and unrlgged remotely. Since the 
sections of the LCSA to be rer. .o·1ed from the RV within the scope of this 
do cument will r epresent less of a radiation ha7ar d,  the adequacy of the 
personnel eiposure control practices have been demonst•ated by the lower 
grid r ib assembly section remo val. 

Reference 1 estimated an occupational ecposure to complete RIJ defuellng 
of appro·l�ately 1 400 person-rem. Currently, this estimate has not been 
e<ceeded. Howe1er. GPU Nuclear eapects that the activities descr ibed In 
this SER and Refefence 2 �111 cause this estimate to be etceeded. Thus, 
GPU N uclear will provide an update to the expected occupational e(posure 
to comple�e R'J defuel ing and the jo bhours and person-fern e1pended to date 
for defueling activities. 
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6 . 0  IMPACT ON PLANT ACTIVITIES 

The major poten t i a l  i mpact of LCSA/LH defue l i ng on p l a n t  act i v i t i es i s  
t h e  effect of fuel �vement I n  Uni t  2 on ope r a t i ons I n  Un i t  1 .  Based on 
the eva l ua t i on provi ded In Reference 1 and the s i m i l ar i ty of the 
act i v i t i e s  cons i dered I n  Reference 1 to  those act i v i t i es w i t h i n  the scope 
of t h i s  S E R .  I t  I s  conc l uded t h a t  the LCSA/LH defuel l n g  opera t i ons I n  
U n l  t 2 w i l l  not affect oersonnel I n  Un i t  1 .  

7 . 0  10 CFR 50.59 EVALUAT IOII 

1 0  CFR SO. Paragraph 50 . 59 .  porm l t s  the h o l der of an opera t i ng l i cense to 
ma�e changes to the fac i l i ty or perform a t e s t  or experi men t .  provided 
the change. tes t .  or exper i ment i s  determ i ned not to be an unrev l ewed 
safety question and does not I nv o l ve a mod i f i ca t ion of the p l ant 
techn i ca l  spec i f i c a t i on s .  

1 0  CFR 50 . Paragraph 50 . 59 .  s t a tes a proposed change Involves an 
unrev l ewed safety ques t i on i f: 

a .  The probab i l i ty o f  occurrence or the conseqJence o f  an acc i de n t  or 
ma l func t i on of equ i pment I mportant to safety prev i ou s l y  evaluated 
In the safety ana l ys i s  report �ay be I ncreased; or 

b .  The poss i b i l i ty for a n  acc i dent o r  ma l func t i on o f  a d i fferent type 
than any eva l ua ted prev ious l y  In the safety ana l ys i s  report may be 
created; or 

c .  T h e  marg i n  o f  safety . a s  def i ned I n  t h e  bas i s  for any techn i ca l  
spec i f i ca t i o n .  I s  reduced. 

A l though there are notable d i fferences between the proposed defue l l ng 
ac t i v i t i es for TMI-2 and routine act i v i t i e s  descri bed I n  the FSAR . the 
consequences of pos tu l a ted accidents are not d i fferen t and as 
demonstrated In Reference 1 .  are s u f f i c i ently s i m i l a r to be comp.Hed. 
Reference 1 compared two < 2 >  poten t i a l  even t s  dur i ng defuel i ng .  a 
can i s ter drop acci dent and a Krypton 85 release . �lth two (2l event s  
des c r i bed I n  the FSAR . a fuel hand l i ng acc i dent and a waste gas deca; 
tank fa i l ure. The compar i son demonstrated t h a t .  on a worst case bas i s .  
the consequences of t h e  FSAR events bound the consequences of any 
defu� l l ng-re l a t ed event. 

A var i ety of pos tu l a ted even ts were ana l yzed In t h i s  SER for LCSA/LH 
defue l i ng . The ana l ys i s  of these even t s  prov i ded I n  Sec t i on 4 resu l ts i n  
t h e  conc l us ion t h a t  the pos t u l a ted events are bounded by previ ous 
eva l ua t i ons and/or do not resu l t  I n  an unana l yzed cond i t i on . 

To determine I f  LCSA/LH defue l l ng ac t i v i t i es i nvol ve an unrevlewed safety 
que> t i on .  the fo l l o w i ng quest ions mu s t  be eva l ua ted . 
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Has the probab l l l tv of occurrence or the consequences of an a c c i dent or 
ma l func t i on of equ ipment I mportant to safety prev i ous ly e v a l uated I n  the 
s a f e ty analys i s  report been I ncreased? 

A v a r i e ty of events were ana l yzed I n  Reference 1 .  I t  was demons tra ted 
that these events were bounded by comparab l e  events analyzed I n  the 
FSAR. It  was s hown that the poten t i a l  consequences fr�� these even t s  
w e r e  substan t i a l l y  l es s  t h a n  the poten t i a l  consequence ; o� comparab l e  
events ana 1 yzed I n  the FSAR . Reference 2 eva 1 ua tes l!'lf' consequences of 
poten t i a l  e�ents dur i ng LCSA/LH d i sassemb l y  and defue l . ng and 
de"¢nstrates  t h a t  LCSA/LH defue l l ng can be performed s�fe l y .  

T h i s  SER demons t r a te s  t h a t  there I s  a h i gh probab i l i t y that the l ncore 
nozz l e s  have ma i n t a i ned the i r  or i g i na l  I ntegr i ty; t hu s ,  the poten t i a l  for 
a l e a k  due to a l oad drop I s  not Increased. Addl t l jna l l y .  because a RV 
l ea� I s  not l i ke l y ,  the poten t i a l  for fue l f i nes f rom the RV to migrate 
to the c a v i ty beneath the RV In the Reactor B u i l d i ng basement due to an 
l ncore noz z l e  fa i l ure I s  remote. furthe r .  Reference 2 demon s t ra tes t h a t  
a basement c r i t i ca l i ty e v e n t  e � terna l t o  the v e s s e l  d u e  to t h e  presence 
of t h i s  fue l I s  prevented because of the boron concentra t i on that w i l l  be 
present I n  the c a v i ty. 

By con s i de r i ng pns t u l a ted event s and r�v l e� l ng var i ou s  safety mechanisms 
< I.e . •  f i re orotectlon and decay heat remova l ) ,  I t  h a s  been demons t r a te d  
that LCSA defue l l ng a c t i v i t i es w i l l  not adve r s e l y  effec t equi pment 
c l a s s i f i ed as I mpor tant to safety < I T S > . Consequen t l y ,  I t  I s  conc l uded 
t h a t  the proba b i l i ty of a mal func t i on of I TS equi pment or the 
cons c �uences of d ma l func t i on of ITS equ i pment has not been Increased . 

There�ore . I t  I s  conc l uded that the proposed ac t i v i t i e s  a s soc i a ted w i t h  
LCSA defue l l ng do not Inc rease the probab i l i ty of occurrence o r  the 
consequences of an a c c i dent or m a l func t i on of equi pment Important to 
safety prev ious l y  eval uated I n  the safety ana l ys i s  repor t .  

Has t.!!LQ_o� I..!?_!_IJ_ty_for an ace i .!fent Q!_ma l function ,.,f _a d.!..(fe r�nt_ t.}'pe 
. than anv eva l ua ted pre•1 l o u s ly I n  the_j_a�na l.Js l s_re_p2! .t.JLeen c � te d ?  

T h e  var i e ty or po� tu l a ted events anal yzed I n  References 1 and 2 
cons i dered a spct trum of event types wh i c h  potent i a l l y  cou l d  occur as a 
r e su l t  of the dP�ue 1 1 ng proces s .  A comp a r i son of those events w i th 
comparab l e  events In the FSAR demons t r a ted that the e•1 e n t  types . 
pos t u l a ted for the defue l l ng proce s s  are s i m i l a r  and bounded by the 
FSAR. In add i t i on .  no n�w event type wa s I dent i f i e d  w h i c h  was d i fferent 
than those pre, ious i J  analyzed In the FSAR or other SERs prev i ou s l y  
approved by the NRC. Sec t i on 4 of t h i s  SER eva l ua te s  events pos t u l a ted 
for LCSA / L H  defue l i ng .  The�e type of events have been p r e v i ou s l y  
e v a l uated and , therefore . d o  not represent a d i fferent type o f  acc i dent 
or ma l func t i on . 
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�as the margi n of safetv, as defined I n  the bas i s  for any techn i c a l  
spec i f i c a t ion, been reduced? 

Techn i ca l  Spe c i f i c a t i on s a f e ty marg i ns at TMI-2 a r e  concerned w i th 
c r i t i ca l i ty con trol  and preve n t i on of further core damage due to 
overhea t i ng .  Techn i ca l  Spec i f i ca t i on safety marg i n s  w i l l  be ma i n t a i ned 
t h roughout the LCSA / L H  defue l l ng proc e s s .  Subc r l t l ca l l ty I s  ensured by 
e s t ab l i s h i ng the RCS boron conce n t r a t i on at greater than 4350 ppm or 
equ i va l en t  and e n su r i ng t h a t  th i s  conce n t r a t i on I s  ma i n t a i ne d  by 
mon i tor i ng the boron conc e n t r a t ion and I nventory l e ve l s  and by I so l a t i ng 
potent i a l  debor a t ion p a t hways . Systems w i l l  rema i n  I n  p l ac e  to add 
borated cool i n g  water to the core I n  the event of an u n l s o l a b l e  l eak. from 
the RV to prevent overhea t i ng and potent i a l  c r i t i ca l i ty .  Add i t iona l 
borated wa t e r  h a s  been added to the c a v i ty benea t h  the RV to b r i ng the 
boron concen tra t i on above 3500 ppm a s  spec i f i e d  I n  Reference 2.  T h i s  
a c t ion ensures t h a t  a c r i t i ca l i ty event e x te r n a l  to the v e s s e l  I s  not 
c re d i b l e .  The I n t roduc t i on of unborated wat e r  from t h e  torch cool i n g  
sys tem w i  I I  n o t  create t h e  potent I a I fo,.. a c r  I t ! ca 1 I t y  because n o  more 
than three < 3 >  g a l lons of unborated water can be I nadverten t l y  dra i ned 
I n to the RV C Reference 6 > . 

No Techn i ca l  Spec i f i ca t ion changes are requi red to conduct the a c t i v i t i e s  
bounded b y  t h i s  S E R .  

I n  conc l us i on ,  t h e  LCSA defue l i ng ac t i v i t i e s do not : 

o I n c rease the probab i l i ty of occurrence or the consequences of an 
a c c ! dP n t  or m a l func t i on of equi pment I mportant to safety pre v i ous l y  
e v a l ��ted I n  the safety ana l y s i s  repor t ,  or 

o Create trP pos s i b i l i ty for an a c c i de n t  or ma l func t i on of a 
d i fferent t ype than any e v a l uated prev ious l y  I n  the safety ana l ys i s  
repor t ,  or 

o Reduce the marg i n  of safety as defi ned I n  the ba; ! s  for any 
Techn i c a l  Spec i f i ca t i on .  

Therefore , the LCSA defue l ! ng ac t i v i t i e s  do not cons t i tute a n  unrev! e�ed 
safety ques t i on . 

8 . 0  ENVIRONMENTAL ASSESSMENT 

Based on Sec t i on 8 . 0  of Reference I and not i n g  the s i m i l a r i t i es between 
the ac t i v i t i e s con s i dered I n  Reference 1 to those ac t i v i t i e s  w i th i n  the 
scope of t h i s  SER , I t  can be con c l uded that the proposed LCSA/LH 
defue l l ng aL t l v i t l e s can be per formed w i th no s i gn i f i ca n t  e n v i ronme n t a l  
I mpa c t .  

9 . 0  CONCLUSIONS 

A c t l v l t i e �  a s soc i a ted w i th LCSA/LH defue l l ng have been desc r i bed and 
eva l uated . lhe eva l u a t i on s  have shown that the rad i oac t i v i ty r e l eases to 
the envi ronmen t  that w i l l  resu l t  from the p l a nned ac t i v i t i e s w i l l  not 
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e � ceed a l l owab l e  l i m i t s .  < Reference 1 prov i de s  the sp·ec i f i c  offs l te dose 
ana l ys i s . >  I t  has been aenon s t ra ted that the consequences of pos t u l ated 
a cc i de n t s  w i t h  respect  to poten t i a l  core d i s t urbances w i l l  not comprom i se 
o l an t  safe t y .  The e v a l u a t i on s  have a l so snown t h a t  the t a s k s  and too l i ng 
emp l oyed fol l ow the con t i nued comm i tment to ma i n t a i n  rad i a t i on e � posure 
l e ve l s  ALARA. Therefor e .  I t  I s  con c l uded that LCSA / L H  defue l l ng 
a c t i v i t i e s c a n  be performed w i thout p re se n t i ng undue r i sk to the hea l th 
and safety of the oub l l c .  
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T.�Bl£ 1 

THERMOCOUPLE LENGTHS 

Ortgtna1 Calcul ated 
Length 

From . 
length Reductton t n  Reactor 

Assemly Grfd fn Reactor length Base 
Hurmer Location lftl lftl lft) • 

1 H8 2 1 . 00  1 7.04 3.96 
2 H9 20.97 6 . 91 14.06 
3 G9 20.93 1 8 . 93 1 . 99 
4 Fa 20.86 1 g .7o 1 . 1 6 
5 E 9  20.64 1 7 . 3 1  3 . 3 3  
6 F 7  20.82 1 9 . 58 1 . 24 
7 E 7  20.64 1 9 . 75 0.88 
8 G6 20.82 20.04 0 . 78 
9 GS 20.64 20.27 0.37 
10 HS 20.68 1 6 . 65 4 . 02 
1 1  KS 20.64 6 .93 1 3 . 7 1  
1 2  l 6  20.71 8 . 95 1 1 .76 
1 3  H7 20.64 10.77 9.87 
1 4  NS 20.4 1  9 . 84  1 0 . 5 7  
1 5  N9 20.37 1 6 .93 3.44 
1 6  H9 20. 64 19.97 0 . 66 
1 7  H10 20.53 18 . 1 3  2 40 
1 8  l 1 1  20. 53 7 . 96  1 2l s6 
1 9  K 1 1  20.64 1 9 . 92 0 . 72 
20 K12 20.37 -- I 
2 1  H 1 3  20.06 
22 G 1 3  20.02 1 3 .49 6 . 53 
23 F 1 3  19.89 
24 F12 20.26 6 . 63 1 3 .63 
25 Gl l 20.64 
26 E l l  20.33 20.33 o.oo 
27 010 20.26 19.20 1 . 06 
28 C 1 0  19.89 10.77 9 . 1 2  
29 C9 20.02 9.46 1 0 . 56 
30 88 1 9 . 59 9 . 52 10.08 
31 87 1 9 . 55 8.07 1 1 . 48 
32 C6 19.89 8.42 1 1 .48 
33 OS 20.06 8.44 1 1 .62 
34 E4 20. 06 
35 F3 19.89 
36 G2 1 9 . 55 8.92 10.63 
37 H 1  19.00 7 . 30 1 1 . 70 
38 L2 19.42 1 0 . 4 1  9.01  
39 L3 19.89 10.48 9.42 
40 HJ 1 9 . 68 
4 1  N4 19.77 7 .81 1 1 .96 
42 OS 1 9 . 68 10. 1 5  · 9 .53 
43 06 19.89 
44 P6 19.42 

'These measurements have a n  unce r t � i n t y  of + 
- - l n d i t l !PS open c i rc u i ts . 

1 . 25 fec• t .  
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TABLE 1 

THERMOCOUPL E  LEIIGTHS 

Original Calcul ated 
length Reductfon 1n 

Asstfltly Grid 1n Reactor Length 
Number location {ftl {ftl 

4 5  R 7  18.95 1 6 . 93 
4 6  RlO 18.80 6 . 58 
4 7  010 19.89 
48 012 1 9 . 37 8 . 4 1  
4 9  H14 1 9 . 1 9  1 3. 7 2 ·  
5 0  l l 3  19.89 
51 014 18.85 4.49 
52 C13 18.95 8 . 37 

•These measurements have a n  uncert,1 i n t y  o f � 1 . 25 feet. 
- - I nd i cates open c i rc u i t s .  

25 . 0  
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Length 
From 

Reactor 
Base 

_ill.)_:_ 
2 . 0 1  

1 2 . 22 

10.96. 
5.47· 

1 4 . 3 5  
1 0 . 58 
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TABLE 2 : 

CATEGORIZATION OF INCORE DETECTOR OBSERVATIONS 

CATE- NUMBER CALCULATED NUMBER & LOCATION OF AGREEMENT BETWEEN 
GORY OF LOCATION OF DETECTOR SEPARATION THERMOCOUPLE 

IN CORES THERMOCOUPLE BASED ON VIDEO DATA REDUCTION DATA A�D 
JUNCTION RELATIVE (ABOVE/BELOW LOWER VIDEO DA:rA 

· TO LOWER GRID GRID RIB SECTION) . . 
l 

RIB SECTION (a) % ! 

. 
A 23 ABOVE LOWER GRID 20-ABOVE LOWER GRID 87% I 

. 
2-BELOW LOWER GRID 

; 1 -UNKNOWN 
: 

B 1 6  BELOW LOWER GRID 1 1 -BELOW LOWER GRID 69% 
5-ABOVE LOWER GRID 

c 2 AT LOWER GRID(b) 2-ABOVE LOWER GRID 1 00% 
I 

- 4 1  SUBTOTAL 33 0UTOF41 AGREE 80% 

D 1 1  OPEN JUNCTION 1 1 -ABOVE LOWER GRID N/A . 

ALL .52 OVERALL 38-ABOVE LOWER GRID 80% 
I 

13-BELOW LOWER GRID (33 out of 41)  J 

1 -UNKNOWN : 

(a) BASED ON GEND-INF-031 Vol.ll ,  April-84. 
(b) MEASUREMENTS INCORPORATE AN UNCERTAINTY OF +1- 1 .25 ft • 

• 
2 6 . 0  Rev . 0/0253P 
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APPEND I X  A 

EVALUAT IONS OF LOAD DROPS OVER THE REACTOR VESSEL 

Dur i ng core support a s s emb l y  and l ower head defue l l ng ,  the lower core support 
a s semb l y  < LCSA> w i l l  have p i e c e s  cut from I t  and removed to ga i n  a c c e s s  to 
core debr i s .  Eventua l l y .  a hol e  w i l l  be created through the LCSA . e � pos l ng a 
l a rge area of the RV lower head to d i re c t  I mpact from heavy loads . Ana l y s e s  
have been p e r formed to bet ter determi ne t h e  poten t i a l  damage wh i ch cou l d  be 
I ncurred by the l ncore nozz l e s  due to dropped l oads .  To prov i de the ana l ys e s  
reported here i n ,  s i mp l e  c a l c u l a t i on s  w e r e  emp l oyed I n  order to a s c e r t a i n  i f  
fur the r ,  more comp l e x  a n a l yses were warranted . 

The fol l ow i ng obj e c t s  were con s i dered as poten t i a l  a c c i dents l oads :  

TABLE A 

Ha • l mum Ach i evab l e  Drop H e igh t s  F o r  Con s i dered Obje c t s  

DROP D I S TANCE 
OBJECT IN A I R " "  

A .  L i gh t  Duty Po l e  sz · -o·· 

B .  End Effec tor Hand l i n g  Tool 5 6 ' -0" 

c .  Loaded Defue l l ng Can i s t e r  5 ' -6 "  

D .  Loaded Defue l l ng Can i s t e r  I n  S l eeve N/A 

• D i s tance to bottom, I ns i de surface of RV l ower head . 
• •Drops are sequen t i a l  - f i r s t  a i r  then wa ter . 

DROP D I STANCE 
I N  WATER• 

36 ' -7 "  

36 ' -7 " 

36 ' -7 " 

2 4 ' -0" 

I n  order to ma i n t a i n  a s i mp l i s t i c  approa c h ,  the a n a l yses made the fol l ow i n g  
major a s sump t i on s :  

1 .  Upon I mpa c t ,  a l l k i n e t i c  energy of the f a l l i ng object I s  transm i t ted to 
the I ns t rumen tat ion noz z l e  and resu l t s  I n  s t ra i n .  T h i s  a s sump t i on I s  
conserva t i ve s i nce some of the energy wou l d  a l so be converted to s t ra i n  
I n  the dropped object and the RV lower hea d .  

2 .  The compress i ve s t ress-stra i n  curve for a short col umn o f  I nconel . ,  
I den t i ca l  t o  the tens i l e s t r e s s - s t r a i n  curve . Th i s  assump t i on i s  
conse rva t i ve s i nce duc t i l e  meta l s  w i l l  fa l l  I n  ten s i on before fa l l i ng I n  
cc pres s i on w i thout buck l i ng . 

3 .  The s t a t i c  s t r e s s - s t ra i n  curve for I nconel I s  appropri a t e  for dynamic 
l oad i ng s .  Thi s assump t ion may b e  s l i ght l y  unconserva t l ve a s  some meta l s  
e x h i b i t  h i gher s trength but lower duct i l i t y w i th I nc r ea s i ng l oad 
app l i c a t ion speeds . 
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4 .  The s t r a i n  I s  u n i form over the ent i re nozz l e .  T h i s  a s sump t ion does not 
account for the pos s i b i l i ty of the nozz l e  bend i n g .  <See page A-3 . 0  for 
bend i ng cons i de r a t i ons . >  U s e  of t h i s  a s sump t i o n  g i ve s  an upper bound on 
the permi s s i b l e  drop he i g h t s .  

5 .  As-con s truc ted mate r i a l  prope r t i e s  were used for the noz z l e  and we l d  
mater i a l s .  Howeve r .  nozz l e  mate r i a l  proper t i es may have been degraded 
due to e l evated temperatures d u r i n g  the course of the a c c i d e n t .  

The obj e c t s  under con s i de ra t i o n ,  when dropped through wa t e r ,  w i l l  b e  subj e c t  
t o  drag wh i ch cou l d  vary s i gn i f i c a n t l y ,  depend i ng o n  the o r i entat ion o f  the 
f a l l i ng obj e c t  r e l a t i ve to the d i re c t i on of moveme n t .  An e � a m l n a t lon of the 
poten t i a l  coeff i c i en t s  of drag for v a r i ou s  sharp edged bod i e s  I n d i ca te s  drag 
coeff i c i en t s  varyi ng from 0 . 5  to 1 . 5 .  T h i s I nd i cates that the drag 
coef f i c i e n t  w i l l  have a s i gn i f i cant effe c t  on the c a l c u l ated I mp a c t  v e l o c i ty 
for a water drop h e i g h t  of 30 feet or mo r e .  In l i eu of a c t ua l l y  c a l c u l a t i ng 
drag coeff i c i e n t s  for a l l  dropped obj e c t s .  a range of drag coeff i c i en t s  from 
0 . 5  to 1 . 5  wa s used . 

A s s um i ng that the I mpact load i s  e n t i r e l y  I n  the a x i a l  d i r e c t i on and a l ong the 
center l i ne of the nozz l e ,  an upper bound on the permi s s i b l e  drop h e i g h t s  c a n  
b e  e s t ab l i shed . 

I t  I s  conserv a t i ve to a s sume that a l l  the k i ne t i c  energy of the Impa c t i ng 
obj e c t  mu s t  be ab�orbed I n  the nozz l e .  S i nc e  the nozz l e ' s  s t ress-stra i n  curve 
I s  known, the l i m i t i ng I mpact v e l oc i ty can be determi ned . Know i n g  the I mpact 
v e l oc i ty a l l ows the determ i na t i on of the drop h e i g h t s  by I te r a t i on . 

The fol lowi ng drop h e i gh t s  were c a l c u l ated . 

Cross 
He i gh t  S e c t ional  

Q.Qj_e.£1 .J.Q.L_ area- i n . 2  

A 1 50 2 . 8  

B 500 9 . 6  

c 3350 1 54 

D . 5 1 00 254 

·-Drag Coeff i c i en t  

TABLU 

A l l owab l e  Drop H e i gh t s  

Ma < I  mum A i r  Drop 
S t r i ke h e l ght-ft 

Ve 1 2..U!.J- IBLsec �-·_1_:.5_" _ 

2 1 20 >52 . 0  >52 . 0  

1 1 60 >56 . 0 >56 . 0  

449 ) 5 . 5  

364 

A-2 . 0  

Hater Drop 
h e l ght-ft 

_Q.. 5 •  1 .  5 •  

36 . 6  36 . 6  

3 6 . 6  3 6 . 6  

34 . 1  36 . 6  

1 9 . 6  >24 
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A comp a r i son of t h e  c a l c u l a ted a l lowab l e  drop h e i g h t s  In Tab l e  B v e r s u s  the 
m a , l mur poten t i a l  he i g h t s  p r e v i ou s l y  g i ven I n  Tab l e  A shows tha t even for t h e  
very l ow drag coeff i c i e n t  < O . S >  for obj e c t s  A a n d  8 < I . e .  t h e  L i gh t  Du t y  Po l e  
and the End Eff1 c tor Hand l i ng Tool > .  t h e  po::en t l a l  d rop he i g h t s  do not e x ceed 
the a l lowa b l e  drop he i gh t s . The loaded defue l l ng c a n i s t e r  w i th t h e  m i n i mum 
d r a g  coeff i c i en t  e • c e e d s  t h e  a l lowa b l e  water drop h e i gh t  by about two < 2 >  feet 
< 34 . 1 '  v s .  36 . 6 ' > and the l oaded defue l i ng c a n i s t er � i t h s l eeve e • ceed the 
a l lowa b l e  h e i g h t  by about four < � >  feet < 1 9 5'  v s .  2 4 ' > .  Uot e :  B a s e d  on the 
ma ( l mum d r a g  coeff i c i en t  of 1 . 5 .  ooth obj e c t s  na;e �oten t l a l  droo h e i g h t s  l e s s  
than a l lowa b l e  drop he i gh t s .  

A more r e a l i s t i c  e v a l ua t i on of the c r i te r i a  ""or the drooped fue l c a n i s t e r  
I nd i c a t e s  t h a t  t h e  loaded c an i s te r .  when I n  a "droppab l e "  pos i t i on . i s  a >  
w i t h i n  the Can i s te r  Pos i t i on i ng System < CP S >  s l ee 1 e  or b )  w i t h i n  the port of 
the s h i e l ded wor� p l a tform or c >  over the port I n  the s h i e l ded work p l a tfor m .  
For e a c h  of the pos i t ions from wh i c h  I t  m i g h t  droo . I t  wou l o  s t r i h e  t h e  �PS 
enroute thereby d e c r e a s i n g  i t s ve l oc i t v .  F u r t he r . the a s sump t ion that a l l  of 
the i mp a c t  energy w i l l  be t r an s m i t te d  to t h e  i ncore noz z l e  i s  h i g h l y  
conser va t i ve re l a t i ve t o  t h e  r u e l  c an i s t e r ;  a v e s s e l  � i t h  a l /4 p  t h i ck she l l .  
I n  a l l  l i k e l i hood . drop p i n g  t h e  fue l c an i s te r  on end onto the i ncore noz z l e  
w i l l  re s u l t I n  s i gn i f i c a n t  bend i ng and pos s i b l y  puncture o f  t h e  bot tom head of 
the defue l l n g  c an i s te r  and l i t t l e  or no def l ec t i on of the i ncore nozz l e .  
Consequen t l y .  on l y  t h e  loaded c a n i s te r  I n  s l eeve does not s a t i s f y  t h e  drop 
c r i t e r i a .  The c a n i s t er s l ee v e  h a nd l i ng tool and t h e  CPS both h a •1e l oc'. i ng 
dev i ce s  to prevent dropp i ng of a l oaded can i s t e r  and s l eeve . T h e  l oc k i ng 
dev i ce on the c a n i s t e r  s l eeve hand l i n g  tool i s  v e r i f i e d  to be engaged p r i or to 
l i f t i ng the c an i s ter and s l ee v e . The l oc � l ng dev i ce on the CPS I s  v e r i f i ed to 
be engaged a f t e r  t h e  c a n i s t e r  s l ee v e  I s  pos i t ioned on t h e  CPS . Unfortund t e l J ,  
I n  s p i t e  of t h i s  v e r i f i ca t i on .  c an i s te r s  and s l eeves have been dropped t w i c e .  
I n ve s t i ga t ions a s  t o  t h e  c a u s e  o f  t h e s e  drops have I n d i c a t e d  h a :  the l e a f  
s p r i n g  w h i ch ho l d s  t h e  l ock i n g  d e 1 l ce i n  p l ace h a s  fa i l e d .  < No t e :  I t  I s  
d i ff i cu l t  to de t e c t  t h i s  hard�are fa i l ur e  from the s h l e l �ed wor � p l a t form w i t h  
t h e  naked eye . >  I n  order to orec l ude f u t u re drops to the f u e l  c an i s ter and 
s l eeve comb i na t ion ,  a new pos i t i v e  a c t i ng l oc� i ng bar r e t e n t ion me c ha n i sm I s  
be i n g  de s i gned . t e , t e d .  and I n s ta l l ed or lor to c u t t i ng the e l l i p t i c a l  f l ow 
d i s t r i butor . I n  the f u t u re . t h e  pos i t ion of t h i s  r e t e n t ion �echan ' sm w i l l  be 
observed to I n sur e t h a t the l �c �  i n'J c.:, i ce rer.1a l n s  In t h e  locl(ed pos i t i on . 
Cons e o Je n t l y .  t h e  drop of a loadeJ c an i s ter and � l ee v e  ihou l d  have a low 
proba b i l i ty of occu• • ence . 

A l l  of the a bove ana l ys e >  cons l de • ed tha t the d• opped tool s t rucl the e , pose1 
l ncore nozz l e  on c e n t e r l i ne . Rea l l s t l . a l ly .  the I mpa c t i n g  obj e c t  cou l d  s tr i ,e 
t h e  noz z l e  off- c e P • " r  c r ea t i ng bo · h  a n  a d a !  load and a bend i ng mome n t . An 
i mp d c t  l oad on the nozz l e  tJpe•  wou l d  produce a i a te r ,d l oa-J and an add i t iona l 
moment wou l d  be crea ted 

·he magn i tudes of tne l a tera l lcJd and bend i ng rr.oment are d i f f i cu l t  to 
e s t ab l i sh .  Ho�e�er . by u s i ng the energy a o p r o a c h  and s l • p l e  i ne l a s t i c  
equa t i ons for the de f l ec t ion of a n  end- i oadeJ on t i l ev e •  beam. the ma d mt.m 
energy absorbed con be comp.: H ed � i tt1 t h a t  for the " a o i a l  load on l y "  cond i t i on .  
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Ana l ys i s  has determi ned t h a t  the nozz l e  i s  capa b l e  of absorb i ng a s i de t oad of 
about 6� o f  that wh i c h  I t  can absorb a s  an a x i a l  l oad . If a s u b s t an t i a l  p a r t  
o f  t h e  pos t u l a t ed I m p a c t  energy i s  a pp l i ed hor i zonta l l y ,  t h e  nozz l e  I s  l i k e l y  
to fa l l . However . s u c h  fa i l ure wou l d  be e ' pec ted to be above and para l l e l  to 
the I n s i de surface of t h e  RV l cwer head . Therefore , nozz l e  fa i l ure due to 
off-center load i ng cou l d  fa l l  t h e  noz z l e  b u t  not c a u s e  s i g n i f i ca n t  l eakage 
s i nce the i n-ves s e l  segment of the 3 / 4 "  5chedu l e  1 60 I nconel p i pe and I t s we l d  
•au l d  l i ke l y  rema i n .  

The g r ea t e s t  l oad transm i t ted to t h e  v e s s e l  wou l d  be for a n  a • l a t  imoa c t  l oad 
on the i ntore I n s trume n t  nozz l e .  S i nce the noz z l e  o u t e r  d i ame t e r  Jbove t h e  
v e s s e l  wa l l  < I . e . •  2 I nc he s >  I s  g r e a t e r  than the RV penetra t i on d i ameter 
< a pproc l ma t e l y  I I nch > .  the nozl l e  wou l d  have to shear through the v e s s e l  wa l l  
I n  order to punch a hol e through the l ower head . The u l t i ma t e  a x i a l  s tr e s s  
capab i l i ty of t h e  noz z l e  I s  we l l  b e l ow t h e  u l t i m a t e  s t rength of t h e  v e s s e l  
wa l l  s o  that the noz z l e  w i l l  fa i l  before t h e  l ower head I s  pene t r a ted. An 
undamaged nozz l e ,  therefor£, cannot te pushed through the v e s s e l  wa l l . 

Of t h e  poten t i a l  f a i l ure mecha n i s m s ,  I t  I s  con c l uded t h a t  t h e  wor s t  c a s e  
an t i c i pa t ed l ncore nozz l e  f a i l ure mechan i sm I s  shear i ng a t  t h e  I ns i de s u r face 
of the RV lower head . 

A s  prev i ou s l y  noted . t h e  3/4" schedu l e  1 60 por t i on of t h e  I n s t rument tube 
w h i ch pene t r a t e s  the v e s s e l  wa l l  I s  we l ded d i rec t l y  to the v e s s e l wa l l .  The 
2" 0 . 0 .  l ncore I n s t rume n t  nozz l e  I s  we l ded separa t e l y  to t h e  v e s s e l  wa l t  and 
t h e  3/4" p i pe. F a i l u re of the noz z l e  i s  u n l i ke l y  to fa l l  the 3/4''  p i pe to 
v e s s e l  we l d  wh i c h  prov i de s  the pene t ra t i on sea l .  For conserva t i sm ,  howev e r ,  
I t  I s  a s s umed t h a t  t h i s  we l d  fa l l s  a s  a resu l t  o f  t h e  pos t u l a t e d  load drop 
ace I den t . 

Fa i l u r e  of t h e  t u b e - to-ve s se l -wa l l  we l d  w i l l  not re s u l t  i n  the t u b e s  be i ng 
forced o u t  of the l o�er head by t h e  head of water i n  the v e s se l . The t u b e s  
cons i s t  of s c h ed u l e  8 0  s t a i n l e s s  s t e e l  p i pe a n d  are supported a t  t h e  f l oor 
b e l ow the v e s se l . The ma x i mum c l earance . tak i n g  I n to account wanufac t u r l ng 
t o l e r a nc e ,  between the 00 of the tube and the 1 0  of the bore I n  the ve s s e l  
�a i r  I s  0 . 005 i nche s .  There l s  I n s u ff i c i e n t  f l e. i b l l l ty I n  the t ubes to a l low 
the� to drop t h e  5 - 1 /2 I nches requ i r ed to fa l l  free of the bot tom of t h e  
·;e s s e l  head. 

I ncor e t u b e  fa i l ure out s i de of the ves s e l  I s  not con s i dered c r ed i b l e .  
Consequen t l y ,  tne on l y  c r ed i b l e  l eakage path fran t h e  v e s s e l  fo l l ow i ng a heavy 
l oad drop i s  through t h e  annu l us around the tube pen e t r a t ions through the 
v e s s e l  w a l l .  T h l s  l ear.age has prev i ou s l y  been c a l c u l a t ed to be a p pr·o. d ma t e l y  
0 . 40 gpm per nozz l e  pen e t ra t i on .  Capab i l i ty has been demons t r d ted < Re f e r e n c e  
G P U  � u c l ear l e t ter 4 4 1 0-84-L-0 1 54 dated �ovember 6 .  1 984 , " Te c hn i ca l  
Spec i f i ca t i on Change Requ e s t  46" ) t o  prov i de ma�e-up I n  e • c e s s  o f  1 7  gpm even 
i n  the event of a loss of off-� i te powe r .  
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