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ABSTRACT 

The p urpose of the  insert i on of a c amera i nto  the reactor vesse l t h rough  a 

l eadsc rew open i n g , known as  t he Q u i c k  Look, was to v i s ua l iy i n spect  a port i o n  

o f  t he p l e n um and  fue l i n s i de the  TMI - 2  reactor v e s s e l  i n  order t o  make an  

a s s e s sment  o f  t he;r c o ndi ti o n .  T h i s  was accomp l i s hed by u n c o up l i ng the  center  

co ntro l rod  dri ve mec h an i sm ( CRDM) l eads c rew from t he contro l  rod  as s emb l y  a nd 

remov i ng the  l eadsc rew from the  C RDM , res u l t i ng i n  a n  a c c e s s  path to a p l enum  

g u i de tube  and  to the core reg i o n .  Th i s  report d�s c ribes the  preparat i on s  and  

p l a n t  modi f i c a t i o n s  requ i red to  accomp l i s h t h i s  Q u i c k  Loo k .  Addi t i o na l l y, the  

report s umma r i zes  the  conta i nmen t  e n t r i e s , dat a  c o l l ected ,  and  the o b s e rva t i o n s  

f rom t h e  c amera i ns pectio n s . As a res u l t o f  t h e  Q u i c k  Loo k , two genera l con

c l u s i o n s  c a n  be  made: ( a )  a l though  a s i gn i f i ca n t  amo u n t  o f  deb r i s was observed , 

p l e n um di s tort i o n  was not  appare n t , a nd ( b )  the  top c e nter o f  the core was ob

s e rved i n  the form of a l oo s e  rubb l e  bed approxi mate l y  5 feet be l ow the des i gn 

l ocat i o n .  
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1. INTRODUCTION 

1. 1 Object i ve o f  the Quick Loo k  I n s pect i o n  

The o bject i ve o f  the Qu i ck Loo k  I n s pectio n wa s t o  i n s pect contro l rod 

gu i d e tub e s. a port i o n  of the upper g r i d ,  the tops o f  fuel a s s em bl i e s, a n d , i f  

uppe r end f i tt i ngs were  m i s s ing , the re actor  core . Th i s i n s pect i on provi ded  

the first visual information on the condition of the core a nd upper internals 

and was of s i gn i f i ca nt i nte rest to b oth resea rche r s  a nd recove ry planne r s . A 

significant b e nchm a r k  wa s establ i she d f rom wh i ch the project e d  r a nge o f  core 

condition and accident s equenc e estimates can b e  na r rowed ( se e  F i gure 1-1). 

The method for obta i ning th i s  informat i on was to ins e rt a rad i at i on

tole rant, underwater close d-ciruit televis i on ( CCTV) ca mera  through an openi ng 

created by the removal of a leadscrew from a control rod drive mechan i sm ( CRDM) 

(se e  Figure l-2). T�e cam e ra was manipu l ate d us i ng the came ra power cable and 

a sepa rate artiCLJlating cable lo � bta i n access to the desired inspection a r e as 

T h e  ba�ic approac � was to l owe r the TV camera from the top of a control 

rod dr i.e mec hani srn. dov1n t11rough the 1 eadscrew hole to the reg1 on of the tenth 

spacer plate of a guide tuDe in t�e uppe r plenum assembly (se e  Figu re 1-3). 
The main inspec t i on was to start 1n the general reg i on o f  the tenth spacer 

p late (�ee F igure l-4) and then, depending on the con d i t i o ns found , attempt the 

f o l 1 n w i :< q i n s p e c t i c 11 s : 

l. General area inspect:on of the tenth s pacer pl ate and uppe r end 

fi tt i ng of the fuel �ss�mbly (see Figure 1-5) d i re ctly below 

·_he opened  le a dsc•ew ho l e .  

2. I nspect i on nf the uppe·· E·ncJ fittings cf th e four adjacent fuel 

assemblies by manip�.latinq the 1'J cam e ra out the flm·/ ho l es i n  

t h e s i d e  o f t. he g u i de t u t' e . 

1-1 



I 
3. Following the inspection of each �djacent fuel assembly end 

fitting, inspect the next outer fuel assembly which has a 

control rod assembly (see Figure 1-6), in an attempt to determine 

the status of its end fittings. 

4. A detailed inspection of the end fitting directly below the 

opened leadscrew hole, followed by a detailed inspection of the 

tenth spacer plate and its guide tubes. If the inspection of 

this region indicated that it has seen higher temperatures, the 

eighth and ninth spacer castings were also to be inspected. 

If, during the above examination, end fittings were found to be missing, 

the general intent was to continue the inspection along the pattern described 

above without lowering the camera into the fuel region. If an end fitting was 

found to be missing from its normal position and the above ir1spections had been 

basically completed, the lV camera was to be lowered through the opening to 

determine where the top of the core was generally located, and a general 

inspection made to determine conditions in that region. 

As a follow-up to the core inspections, leadscrew uncoupling was attempted 

on all the leadscrews not uncoupled tor the camera inspections. Information 

gained from this activity will be used to determine what cuntingency tooling 

will be required to support reactor vessel head removal. 

1.2 Establishea Schedule 

The Leadscrew Quick Look Schedule No. S-1, Figure 1-7, reflects the 

originally scheduled activities with a second line showing actual or forecast 

dates for progress and performance rletermination. Key milestones for the task 

included: 

1. Safety evaluation approval 

2. Lowering of the primary system water level 

1-2 



3 .  Remova l  and cutting of the l eadscrew 

4. V i deo i nspect i on 

The Q u i ck Look I camera i nspect i on was or i g i nally sche d u l e d  for the week 

ending J uly 23. 1982, and was ir fact pe r formed on July 2 1 , 1982. After the 

Q uick Look I ca mera in�pection, Q uick Look I I, Q u i ck Look I I I, and leadscrew 

uncoup l i ng act i v i t i es we re sched uled a s  follows: 

o Quic� �ook II - August 5, 1932 
o Q� i ck Loo� Ill - August 12, 1982 
u Lea csu e w Uncoup 1 i ''CJ - Au ,� us t 23 a n d /5, 1982 

1 ') , .J  Sequence of QJick Look Cam e r a  Inspections 

Tne Ci3fl121 viaS lower-e. : .;:tu t_·-,e CRDH quide 1_ti!Je at [1(J'�ition 8H (see Figure 

l - � \ '-· ' •- " r t he : n s , ; L' �· .- t r e y u i de t u t) e ,., a � e ,· am i ned to t he l e ; e l o r t11 e t ; p 

I' e f e I' en c e p ) i n t s . t iJ e n e �'' 
lr1 U1is position. a� ir· ros i tion 8H, 

::w camer·a wClS the:·· 'f:'U'lcled intc, t:H" 211 QUlde tube and lowered into the 

.�c;re ·-eqlon. Nothing wa� ob:oe•"ved ,mtil the camerCJ encountered a rubble bed, 

a prJ l �� x i •r a t ;o S t e e t be l o v. the top o f the co r· e reg i on . Aft e r s c a r1 n i n g the 

debri=. tne cCJmerCJ wac rotated upward into a vertical position and raised to a 

, , ;nt f·-om v1h i ch the unders�rJe of U1e upper plenum assembly v1as viewed. 

t : , ' � ;J o ; i t i on . +" he came r a Yl a s rot a ted t h rough 

?SC! cJegr-ees at a point l1: ··c·�"'S "111o ve t11e :·ubble bed vJithrJut obstr·uct i on .  The 

swee�. of the camer-a was 2l '· �'•t::s i ·1 diameter·, w h i ch i n d i ca t e d  that thf;' void at 
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the center of the core encompassed at least the nine fuel elements surrounding 

position 8H. 

1.3.2 Quick Look II - August 6 ,  1982 

The leadscrews at the 8B and 9E positions were removed in preparation for 

this camera inspection. An auxiliary light was lowered into the void through 

the 8H guide tube. The first insertion of the camera took place on the core 

periphery through 8B. Ouring the inspection of the control spider, which was 

in its normal position, the light on the camera failed. When the camera was 

replaced, the �nspection of the spider continued. 

The camera was raised and maneuvered into an adjacent location where a 

burnable polson rod assembly (BPRA) was located. From this position, the BPRA 

retainer with the spider hub inside was visib1e. Since this spider and the one 

at 8B were still in their normal locations, the camera could not be lowered 

further. 

After the camera was withdrawn from BB, it was lowered into the core 

region through the 9E guide tube. Nothing was encountered until the camera 

reached the rubble bed, approximately 5 feet below the top of the core region. 

The examination of the debris in the rubble bed was extensive, since much of 

the debris was identifiable. 

Attempts were made to rotate the camera around a vertical axis, as was 

done in the first Quick Look ; however, the camera and cable were repeatedly 

obstructed. The camera was then pointed upward and raised until it came into 

contact with the underside of the plenum. The junction of four upper end 

fittings without fuel bundles attached, but still suspended from the underside 

of the plenum, was observed. 
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1.3.3 Quick Look I I I  - August 12 , 1982 

ln this final camera inspection, the camera was inserted through the 9E 
guide tube with the auxiliary light ir.serted through 8H. The inside of the 

guide tube was reexamined, as were the underside of the plenum and the rubble. 

A stainless steel rod was used to probe the rubble at positions 8H and 9E. In 

both places, the rod appeared to penetrate 14 inches into the rubble bed (see 

Section 3.4) .  

The first camera was removed and a second camera, fitted with a right

angle viewing lens, was inserted at 9E to perform a detailed examination of the 

CRDM guide tube. When the examination had been performed, a panoramic scan 

was made 2 feet 6 inches below the top of the core region. 

1-5 
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Figure 1-1. Cutaway view of the reactor vessel . 

Postulated core damage is shown. which is basod on camera inspections and core probes 

in locations SH and 9E. 
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2 .  METHODS AND A P PROACH 

2 . 1  S upp o r t i ng S t ud i e s  a n d  L i c e n s i ng Doc ume n t s  

2 . 1 . 1  C r i t i c a l i ty A n aly s i s  

T h e  B a b co c k  a n d  W i l c o x  ( B&W ) report, " Me t h o d s  a n d  P r o c e d u r e s  of Ana l ys i s  

f o r  TM I - 2  C r i t i ca l i ty C a l c u l at i on s  to Support  R e c o v e ry Act i v i ties T h ro ugh  Head 

Remo v a l ,"1 wa s pr epa r ed  to  d o c ument  c rit i c a l i ty s afety r e s u l t s  o b t a i ned  from 

the a n a l y s e s  of  v a r i o u s  geome tr i c a l  c o n f i g u ra t i on s  of moderato r ,  ref l e c to r , a n d  

f ue l .  T h e s e  c o nf i  g u r' a t  i o ns rep r e s e nted both c re d i b l e  a n d  hypo t he tic a l  fue l  

a r ra ngeme n ts  wh i c h c o u l d  exis t o r  co u l d  o c c u r  i n  the  reactor c o o l a n t  sy s tem 

( R C S ) as  a re s u l t o f  a c t i v i t i e s re l a t i ng to th rough-head  i n s p ec t i o n s  and  

r e a c t o r  v e s s el c l o s ure  hea d  remov a l . 

E x amp l e s o f  s o�e o f  t he  propos e d  a c t i v i t i e s  t h a t  c o u l d  p ro d u c e  f u e l  

l·e a r ra ngeme n ts  Ol' o t h e rw i s e  a f f e c t  t h e  s ub c r i t i c al i ty of t h e  fu e l  sys tem we re : 

o I n s e rt i o n o f  the  a x i a l  p owe r s h ap i ng rods  ( AP S R s ) 

o C RDM u n c o up l i ng a ttempts 

o I n s e rt i o n of i nspec t i o n and s amp l i ng e q u i pme n t  i n to the  

reac t o r  v e s s el t h r o u g h  pe netra t i on s  i n  t h e  head  

o Remova 1 o f  the  reac tor· vess el head  

T he purp o s e  of  the  a n a l yt i ca l  a s s e s sment  was  to demon s trate  t h a t  d u r i ng 

a l l o f  t h e s e  p ro p o s e d  a c t i v i t i es ,  the  TM I - 2  rea c t o r  wo u l d b e  ma i n t a i ned  i n  a 

2-1 



s a fe s h utdown con d i t i on con s i de r i ng a ny credible f u e l  con f i gu r at i on a n d  con

s i d e r i ng the e f fects of pos t u l a ted f u e l  d i s t u rba nce s a n d  change s i n  phys i ca l  

con d i t i on s . The spec i f i c  object i ve s  were: 

o To eva l uate  the  reactiv i ty of pos tu l ated  TMI-2  core con f i gu r

a t i on s . 

o To eva l uate  the react i vi ty of pote n t i a l  f u e l accumu l at i on s  

outs i de the core regi on . 

o To eva l uate  t h e  pote�t i a l react i v i ty e ff ects of va r i ou s  

pe rturb a t i on s  re s u l t i ng f rom the  propo s e d  act i v i t i es.  

o To ve r i fy that  a boron conce ntra t i on o f  3 500 ppm wou l d  ma i nta i n  

a n  a d e q u ate marg i n of s u bcr i t i ca l i ty u n d e r  a l l  pos tu l ated  

cred i b l e  con d i t i on s. 

2 . 1.2 Decay Heat  Removct l Ana l ysis 

The B&W r eport , "TM I -2 Decay Heat Remova l Ana l y s i s , "2 a s s e s s e d  the therma l 

s ta t u s  o f  t h e  core a n d  pre d i cted t�e therma l respon s e  of the  sys tem to part i a l  

d r a i n down o f  t h e  RCS .  

T h e  cr i te r i on used i 11 this s tu dy wa s b a s e d  on TMI- 2 ope ra t i ng proce d u res 

for n a t u ral coo l 1ng , wh i ch re s t rict the  ave rage i ncore cool a n t  tempe ratu re to 

l e s s  t h a n  170 F. T h i s cr i te r i on was adopted a s  a con s e rvative va l ue for t h e  

recove ry program t o  ma i n ta i n a posit i ve margi n t o  bo i l i ng. 

The a n a l ys e s  were d i rected a t  eva l u a t i ng two conce r n s: ( a) sys tem ef f ects 

of l owe r i ng the RC S l evel , and (b) cool a n t  tempe ratures  wi th  l owe red water 

leve l . In order to pe rform th i s  evaluation i t  was f i r s t  n ece s s a ry to a s s e s s  

t h e  ctJrrcnt  me thod of heat  remova l ,  thereby e s tab l i s h i ng a b a sis for the  



predicted response to a lowered water level. This analysis was based on an R C S  

water level 1 foot above the plenum covPr (elevation of the plenum cover is 

3 2 2 ' - 6" ) . 

The results of the analysis showed that: 

l. There appeared to be sow: migration of water through the 

loops, with the result that the heat rejectiO!l mode prior to 

l o�o1eri ng the RCS watet' level included sys tern components beyond 

the reactor vessel and head. 

Lower'incJ the t·eactor water level and isolating the system 
compor1ents might cause an increase in reactor' v1ater equi

librium temperature. 

1. The reactor temperature increase to achieve equilibrium 

conditions was dependent upon the heat sink temperatut·e (i.e., 

containment temperature). 

4 .  The ar•licipated heJtup rate, after' dt'alndown to elevation 

323'-6". was exp ecte d  to be less than 5 F per day in mid-1982 

at. 100 F contai nment temperature. Thus, ample time was 

available t o  monitor the actua 1 heatup rate and detet'mi r1e if 
enhanced heat removal would be required. 

J. ThP enha nced heat removal, if required, would have been 

accommodated by exist�ng systems such as: 

Feed ar1 cJ bleed tht'ough letdown and the standby pt'essure 

control sys tern 

Refill of the RCS 

Mini-decay heat removal system 
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2 . 1 . 3 G aseo us Re l e ase Ana l ys i s  

P r i o r  to v e n t i ng  t h e  RCS , � nalyses were p e r fo rmed to determ i ne the  

q u a n t i t i es of  hyd rogen  a n d  k ryp ton-85 ( Kr - 8 5 ) i n  the  RC S wl i · �h we re ava i lable 

for  re l e ase to the c o n ta i nme nt  a n d  the e n v i ronme n t .  

T h e  c o nseq u e n c es o f  re l e as i ng  the Kr-85 f i rst t o  t h e  c o n t a i nme nt  ;:> ; ,j then  

to  the  e n v i ronment  m i g h t  have  resulted i n  a n  i nc rease i n  rad i olog i c al e n v i ron

ment al releases d u e  to  the  re l ease o f  V r-85 from the RCS . Thi s pote n t i a l  

re l ease was e v a l uated us i ng  t h e  followi ng assumpt i o ns: ( a )  the e n t i re RC S 

i nv e n to ry o f  d i sso l ve d  a n d  free Kr-85 was release d i n  1 ho u r  i n to the  c o n 

ta i nme n t  p u rge  e x h a ust , (b) the K r-85 0as d i luted  b y  a p l a n t  v e n t  stac k flow 

rate o f  100 , 000  c fm ,  a n d  ( c )  no c red i t  was t a ke n  fo r Kr-85 d i lut i o n i n  the 

c o n t a i nme n t . 

The to tal q u a n t i ty o f  i< r-85  i n  the RCS ava i l able fo r rele ase was calc ulated 

to b e  app rox i mately 30  C i . Usi ng th i s  result a n d  the  g u i dance  p rov i de d  i n  

Regulatory G u i de 1 . 109 , :he i nc re ased dose a t  the nea rest res i d e nce  was c a l c u-
_ s  

la ted  to b e  2 . 1 x 1 0  mrem ( to tal body dose ) .  fhe release rate o f  Kr- 85  from 

the conta i nment result i ng from the Qu i c k Loo k was c alc ulated  to be well w i thi n 

the l i m i ts o f  the  TM I - 2  T echn i c al Spec i fi c a t i o ns .  

In  e va l u at i ng t h e  c o nse quences o f  r e l e as i ng the hyd rogen  to t h e  c o n ta i n

ment , the gas v e n te d  from the R C S  was assumed to be 100 pe rcent  hyd rogen . I t  

was disc harged  i n to a d i lu t i o n  f � ow stream w i th a m i n i mum d i lut i on fa ctor  

of  2 5 . T h i s  preve nted the d i sc ha rge  o f  a flammable hyd rogen  m i x t u re to the 

c o n ta i nme nt  a tmosphe re . The d i scharge was d i rected away from perso n nel a reas .  

D u r i ng l eadsc rew w i thd rawal � n d  c u t t i ng ope r a t i o ns the R C S  was a t  atmo

sphe r i c pressu re . The RCS surface  area e xposed to the atmosphere v i a the ope n 

CRDM motor  tube  was less than  4 s q u a r e  i n ches . Hydrogen  o f fgass i ng v i a  thi s  

s ma l l su r face  a l'ea ha d been  calc u l ated to b e  appro x i ma tely 0 . 0 3 sc fm . S u ch a 

l nw release rate d i d not  p rese n t  a hyd roge n flammab i l i ty haz a rd when  v e nted  

d i rectly to the c o nta i nment . 
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2 . l . 4 S a f e ty E va l ua t i o n  

T he report  e n t i t l ed ' ' S a f e ty E v a l ua t i o n  f o r  I n s e rt i o n o f  a Camera  i n t o  the  

R e a c t o r  Ve s s e l  T h ro u g t1 a L eacl s c r'" '" Ope n i ng ' ' � ( Q u i c k  Look  S a f e ty E va l ua t i o n )  v1a s  

p re p a re d  i n  a c c o rd a n c e  w i th Ci P U N  P t·o c e d u r e  E P - 0 16 , R ev i s i on 1 .  

the  f o l l ow i ng  c o nc e r n s : 

I t  eva l uated  

o T h e po te n t i a l  re l e a s e s  o f  rad 1 o ac t i v i ty to the  c o n ta i nme nt 

o T h e  p o te n t i a l  re l e a �. e s  o f  rad i o ac t i v i ty t o  the  e n v i ro nme nt  

o T h e  e f fec t s  o n  rea c t i v i ty a s  a re s J l t  o f  p o t e nt i a l  d i s tur

bances  o f  t h e  f u e l  

o f he  e f f ec t s  o f R C S  d ra i ndown o n  decay h e a t  remo v a l c a p ab i l i t i e s 

o T h e  p o t e r·, t_ i a 1  f o t· i f lad v e r le n l  b o r 0 n  d i ; c1 l i 0 n  

o T n e  re l e a s e  o f  g a s e s  f rom  the  R C S  to t h e  c o n ta i nme n t  a tm o s p h e re 

o O c c up a t i o n a 1 e x o o s u r � 

u T h o  e f f e c t c  iY' C: C:, c h e m � s t •  '/ J '- <3 r· e s u l t. o f  b r e a c t1 i ng the 

:-e,:;c t o t · c u c:J 1 <3 r� L  ; . u• . s , J : f:' c u u nd a r·y ( RO · B ) 

B a s e d  c r: t he a n a ' } c '" "  · J p c. c r � t J e d  n: � ec t i o n s  2 . 1 . 1 ,  2 . 1 . 2 ,  a n d  2 . 1 . 3 ,  a nd 

1 n  t he O u i c k  L 0 o �  ' a ! e t . ' t  "H ' s h m·m t h a t t. ne  .=J c t i ·J i t i e s a s s oc i a t ed  

t� i l h  t h e  Q u i c k  L O G �  wo u • : c ·� i l c1 V f ·  u, r , � t · L u LPd 2 11 LHo r e v i ewed s a f e ty q u e s t i o n 

• l l! rJ LJ P  ,. i s  1< to t h e  p u b l i c  h ea l th and  



2 . 2 Lea d s c rew U n c o up l i ng P l a n  and  T o o l  D e ve l opm e n t  

T o  g a i n  a c ce s s  to t h e  reac t o r  v e s s e l  for  the  Q u i c k  Look  c am e ra , a l ead

s c rew u n c o up l i ng a n d  remo v a l  p l a n was e s tab l i s hed , a n d  the  t o o l i ng req t 1 i re d  f o r  

t h i s  p l an w a s  d e v e l oped . 

2 . 2 . 1 Leadsc rew U r c o up l i ng and  Remo v a l  P l an 

T h e  b a s i c  app roac h f o r  u n c o up l i ng a n d  remo v i ng a l ea d s c rew wa s to f i r s t  

u n c o up l e  a c e n t r� l l ea d s c rew u s i ng e i t h e r  o f  two no rma l u n c o up l i ng tec hn i q ues . 

T h e  f i r s t  tec h n i que  to be  u s ed wa s the  l ea d s c rew n u t  method  o f  u n c o up l i ng ;  i f  

t h i s wa s u n s uc c es s fu l , the  torque  tube method  o f  u n c o up l i ng wo u l d  be a t tempted . 

A f t e r  s uc c e s s f u l  u n c o up l i ng ,  the  l ea d s c rew wa s to be  l i fted  to the " p a r ked"  

p o s i t i o n .  Lea d s c rew c u tt i ng too l s  we re to be s taged  n e x t .  The  24- foot  l o ng  

l ea d s c rew had  to be  cut  to  remove  i t ,  s i nce  the c l earance  under  the m i s s i l e  

s h i e l d s i s  o n l y  a b o u t  20 fee t .  T he l ea d s c rew was then  to be l i fted o u t  o f  the 

C RDM and c u t .  

T h e  deta i l ed l ea d s c rew u n c o up l i ng p l a n dev e l oped  i s  i l l u s t r a ted  1 n  

F i g u re 2 - 1 .  

2 . 2 . 2 T o o l  D e v e l opme n t  

T o  p e r f o rm l ea d s c rew u n c n up l i ng a nd remova l a n d  the  s ub s eq u e n t  camera  

i n s p e c t i on w i th  the  m i s s i l e  s h i e l d s i n sta l l ed ,  e x i s t i ng too l s  had  to be 

m o d i f i ed a nd n ew too l s  dev e l ope d .  

T h e  f o l l ow i ng  c r i te r i a we re e s tab l i s hed  f o r  t h e  Q u i c k L o o k  t o o l  d e v e l op

ment e f fo r t :  

o Too l s  we re to be capab l e  o f  be i ng  ma n ua l l y  t r a n s p o rted  through  

the personne l  a i r  l oc k  a nd to the s e rv i c e s t ru c t u re p l a t f o rm .  

2- 6 



S i n c e  b o t h  a i r  l oc k  d o o r s  were  p e rm i t t e d  t o  be  open  s i mu l t a n e o u s l y ,  

t h e  p e r s o n n e l a i r l o c k  wou l d  n o t  h a v e  b e e n  a c o n s t ra i n t  o n  

too l de s i gn .  

o L e a d s c rew u n c o up l i ng a nd p a r k i ng f o r  t h e  Q u i c k  L o o k  we re  to  

a c c e s s  C RDM s h i m  s a f e ty d r i v e l oc a t i o n s  i n  rows  7, 8 ,  a n d  9 .  

o Lead s c rew up/down  moveme n t  a n d / o r  s p i d e r  d i s e n gagement  f rom 

p l e n um b ra z ement  C- t u b e s  wa s a c c eptab l e  p r i o r  to  u n c o up l i ng .  

o C o re d i s tu rb a n c e s  we re to be  m i n i m i z ed . 

o L e a d s c rews were  ro tated  40 to 5 5  d e g r e e s  and  t h e r e  wa s to b e  

i nd i ca t i o n  o f  l o a d  r e d uc t i o n p r i o r to a t temp t i n g  l ea d s c rew 

p a r k i ng .  

o A n  u n s u c c e s s f u l  u n c o up l i ng wou l d  e nd w i th  re f u rb i s hme n t  a nd 

i n s t a l l a t i o n o f  t h e  e x i s t i ng m o t o r  t u b e  c l o s u re .  

o T h e  p o t e n t i a l  e x i s t e d  t ha t ,  w i t h o u t  s p e c i a l rad i a t i o n p ro tec

t i o n p rov i s i o n s , i t  m i g h t  not  h a v e  b e e n  f e a s i b l e  to l ea v e  a 

h i g h l y  c o n t am i n a t e d  l ea d s c rew i n  the  pa r ke d  p o s i t i o n wh i l e  

o t h e r  n e c e s s a ry o p e ra t i o n s  were  p e r f o rmed  o n  the  s e rv i ce 

s t r u c t u re . I n  t h a t  e v e n t , t he  l ea d s c rew wou l d  be  l owered  

u n t i l p t'epa t'a t i o n s  for  remo v a l a nd c u t t i n g  we re  c omp l e ted . 

o A s u c c e s s f u l  u n c o up l i ng wou l d  e nd w i t h the  l ea d s c rew p a r ke d  i n  

the  too  o f  t h e  d r ; v e  u s i n g  a l e a d s c rew p a r k i nq too l ( ( - wa s h e r ) .  

o S p ec i f i c  de s i qn f cJ rl c t i ona l n i t e t' i a  were  e s t a b l i s he d  f o t' a l l 

n ew o r  mo d i f i e d too l s  ( s e e  App e nd i x  A f o r  de s i gn f un c t i o n a l  

c r i te r i a ) .  
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The  f o l l owi ng  n ew a nd modi f i ed too l s were deve l oped to perform l eadsc rew 

u n c o up l i ng ,  remova l , a nd c amera i n spec t i o n  operat i on s  ( see Appendi x A for  new 

and mod i f i ed too l  drawi n gs ) :  

o Mod i f i ed l i ghtwe i g h t  l eadsc rew l i ft i ng  too l - T � i s too l i s  

s i m i l ar to  the  ex i s t i ng D i amond Powe r Spec i a l ty Compa ny ( DPSC )  

l i g h twe i g h t  l eadsc rew l i ft i ng  too l . The too l was modi f i ed to 

reduc e  the  overa l l l ength , e n ab l i ng manub l opera t i on  u nder the  

TMI - 2  m i s s i l e  s h i e l ds .  The too l a l so accommodated the  u s e  o f  

a l eadsc rew n u t  runne r .  

o Nut  runner  - Th i s  too l i s  s i m i l ar to the nut runner  s l eeve on  

the  ex i s t i ng DPSC  l eads c rew i n s t a l l at i on/remo v a l  tool , a nd 

operates w i t h  the modi f i ed l i g h twe i g h t  l eads c rew l i ft i ng  too l . 

o Band s aw - Th i s  i s  a po rtab l e  band s aw ,  de i gn�d to ope rate 

wi th  the  wo rker a di s tance  of 3 feet from the  l eads c rew . 

o Band s aw mount i ng f i xture - T h i s i s  a dev i ce  to fac i l i tate 

mec h a n i ca l  s upport  of  the band s aw dur i ng  l eadsc rew remova l 

a nd c utti ng  operat i o n s . 

o Leadsc rew l i ft i ng a nd c u tt i ng c l amp s - T h e s e  c l amps were 

des i g ned to l i ft the l owe r port i o n o f  a l eads c rew after i t  had 

b e e n  c ut a nd to s tab i l i ze the upp e r  port i on o f  the  l eadsc rew 

duri n g  c u tt i ng operat i o n s . 

o C h i p  def l e c to r - Th i s  i s  a dev i ce wh i ch prov i ded a pos i t i ve 

mea n s  o f  preven t i ng  c u tt i ng c h i p s  from f a l l i ng i nto the  moto r 

t u b e . 
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o Mo d i f i e d j ump i n g j a c k - T h i s t o o l i s  s i m i l a r t o  t h e  s t a n d a r d  

o n s c  a i r - o p e r a t e d  j ump i n g j a c k .  T h e  t o o l  w a s  mo d i f i e d f o r  

hyd r a u l i c o p e ra t i o n a n d  t o  p r'o v i d e l o a d  i n d i c a t i o n .  T h i s t o o l 

w a s  u s e d  w i t h  t n e  a l t e r n a t e  u n c o u p l i ng t0 o l . 

o L e a d s c rew c l o s u r e  c l amp a n d  s u p p o r t  r i n g  - T h i s  c l amp a n d  

suppor t ring were de signed to  s u p p o r t  a c u t  l e a d s c rew u n d e r a 

c l o s u re .  T h e  s u p p o r t  r i n g wa s to b e  u s e d  o n l y  a s  a c o n t i n 

g e n cy l e a d s c r·ev1 p a r k i n g t e o ! .  

o Mo t o r  t u b e  c o n t i n g e n cy c l o s u r e - T h i s  c l u s u r e  wa s to b e  u s e d  

t o  s e c u r e t h e  R C S  � f  a l e a d s c rew b e c ame s t u c k i n  t h e  p a r ke d  

p o s i t i o n ,  o r  i f  a r e a cJ s c.: rew b e c a m e  s t u c k  i n  a tJ O S i t � o n p a r t i a l l y 

o u t  o f  a mo t o r  t u b e . 

u v i d e o  c a m e r a  - T h i s  i s  t h e  EG&G/T I O  T a s k  O r d e r  No . P ,  We s t i n g 

h o u s ?  �0�0 1 E T V  1 ? 5 0  c am e r a , mo d i f i e d by r e mo v i n g  t h e  c a m e r a  

s c r e e 11 a n c ' 11 s t a l l i ng a n  a r' t i c u l a t i ng c a b l e .  I n c l u d e d  w i th  

t h e  c a m e r a  we r e  a c o n t r o l u n i t ,  t a p e  r e c o rd e r· , a n d  T V  m o n i t o r .  

T o  e n s u r e  s a f e  a n d  p r o p e r  o p e r a t i o n , p r o o f - o f - p r i nc i p l e  t e s t i n g wa s  

p e r f o rmed o n  a l l n e w  o r  m o d i f i e d t o o l i n g .  T h e  c r i t e r i a f o - t h e  p r o o f - o f 

p r i nc i p l e  t e s t i n g w e r e : 

l .  A l l t o o l c  � a d  t o  b e  t e s t e d  a ga i n s t  t h e i r  r e s p e c t i v e  t o o l 

i n s t r J c t i o n s . P r o p e r  t o o l o p e ra t i o n ,  p e r f o rm e d  a c c o rd i n g t o  

t h e  i n s t r u c t i o n s , h a d  to b e  v e r i f i e d .  

' L. .  T h e  t e s t s  p e r f o rm e d  h a d  t o  v e r i fy a l l d e s i g n f u n c t i o n a l  

c r i t e r i a  r e q u i r e me n t s .  

3. E q u i p me n t  a n d to o l i n g o p e r a t � o n s  had t o  be t e s t e d  on moc k - u rY 

s i m u l a t i n g ,  t c- ' f' "'  max i fll um e x t e r·, t p ra c t i c a l , t h e  s p a c e  c o n

s t ra i n t s  a t  � h e  s e r v i c e s t r u c t u re .  



4. T h e  te s t s  p e r f o rmed had to fo l l ow a n d  v e r i fy the p rog ram p l a n 

f o r  u n c o up l i ng a n d  p a r k i ng .  

5 .  The  t e s t s  p e r f o �med had  to demo n s t rate  that  too l i ng a n d  sys tem 

d e s i g n had i n c l uded  c o n s i d e ra t i o n  for " a s  l ow as rea s o n a b l y  

a c h i e v a b l e " ( A LARA ) c r i te r i a ( i . e . , m i n i mum t i me t o  p e r f o rm 

o p e ra t i o n s , max i mum p e r s o n n e l  d i s ta n c e  f rom rad i a t i o n  s o u , - e s ) .  

6 .  The  t e s t s  had  t o  e s t ab l i s h e s t i mated opera t i n g  t i me s  a n d  the 

i n- co nta i nme nt  man- h o u r  req u i reme n t s  for e a c h  operat i o n to b e  

p e r f o rmed w i th  e a c h  p i ece  o f  e q u i pme n t .  

T h e  f o l l ow i n g  e x i s t i ng too l s were a l s o to  b e  u s e d  to  p e r fo rm l e a d s c rew u n 

c o u p l i ng a s s o c i ated  operat i o n s : a l ternate u n c o up l i ng too l , l e a d s c rew l i ft i ng 

too l . v e nt i ng to o l , a n d  l e a d s c rew park i ng too l . 

2 . 3 P l a n t  Mod i f i c a t i o n  a n d  Add i t i o n s  

2 . 3 . 1 Vent i ng a n d  D ra i n i ng 

To  p e rm i t open i ng a C RDM to a tmo s p h e re f o r  l e a d s c rew remo v a l ,  i t  wa s 

n ec e s s a ry t o  d e p re s s u r· i z e a n d  l owe r the  R C S  wa ter  l e v e l . To ac h i e v e  th i s  Q u i c k 

Loo k p re req u i s i te ,  i t  was n ec e s s a ry to vent  the RCS , p a rt i a l l y  d ra i n  i t ,  a n d  

p ro v i de a n i trogen  c o v e r  gas  to p re v e n t  corro s i o n o f  the  RCS . T h e  v a r i o u s  

o p e ra t i o n s /c h a n g e s  req u i red a re d e s c r i bed  be l ow .  T h e  v e nt i ng ,  d r a i n i ng ,  a n d  

n i t r o g e n  c o v e r  p ro v i s i o n s  a re s hown i n  F i g u re 2- 2 .  

T h e  RCS  was  t o  be v e n te d  to the  reac tor  b u i l d i ng e n v i ro nme n t .  An  e v a l u

a t i o n o f  the  R C S  v e n t i ng operat i o n w i t h  resp e c t  to hyd rogen  and  Kr-85  c o n c e r n s  

wa s p e r f o rme d . Th i s  ev a l u a t i o n  i s  d i s c u s s e d  i n  S e c t i o n 2 . 1 . 3 .  B a s e d  o n  t h e  

e v a l u a t i o n , c e rta i n p rec a u t i o n s  were t a ke n .  T h e s e  were ne c e s s a ry t o  p r e v e n t  a 

s o u r·ce  o f  i gn i t i o n from b e i ng  near  the  d i s c ha rge  po i n t a nd to m i n i m i z e o c c u p a 

t i o n a l  e xp o s u re f rom Kr-85  d u r i n g  the  ve n t i n g  opera t i ng .  T h e  p r e c a u t i o n s  ta ken  
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d u r i n g  i n i t i a l  v e n t i n g  w e r e  t o  c o n n e c t  e a c h  RCS v e n t p o i r1 t  t o  a h o s e  w h i c h  w a s  

t' o u t e d  t o  a d u c t  o n  t h e  d i s c h a r'ge s i d e o f  a 1 7 5 0  c f m b l owe r t o  p ro v i de i mm e -

d i a t e d i l u t i o n  o f  t h �  v � n t e d  g a s .  T h e  d u c t  wa s r u n  down i n s i d e o f  t h e  U - r i n g s , 

t h u s  d i r 'ec t i n g t h e  d i l u t e d  v e n t  g a s  a\"ay f r'om p e r' s o n n e l . 

To l owe r t h e  RCS wa t e r  l e v e l  t o  t h e  Q u i c k. L o o k  e l e v a t i o n o f  3 3 3 ' - 2 " , a b o u t  

2 1 , 0 0 0  g a l l o n s  o f  r e a c t o r  c o o l a n t  h � d  t o  b e  d r a i n e d .  T h e  p r i ma ry s i d e w a s  

d r a i n e d  v i a  t h e  l e t down l i n e t o  r e a c t 0 r  c o o l a n t  b l e e d  h o l d u p  t a n k  WD L - T - 9C .  A n  

a v e r a g e  f l ow r a t e  o f  5 g p m  w a s  o u t a i ned  J u r i n g d ra i n i ng op e ra t i o n s . I t  w a s  n o t 

n e c e s s a ry t o  p r e s s u t· i z e t h e  p r i ma ry s i d e i n  o rd e r· to d ra i n  i t . 

A p t· e s s u r e - r e �J u l a t � :l q  s t a t � o n  t�J s  i r· c: t a l l e d i n  t h e  a u x i l i a ry b u i l d i n g o n  

t h e  n i t r·og e n  s u p p l y  p 1 p 1 n g t 0  t h e  r· e a c to t ·  L u i l d i n g .  T h e  s t a t i o n w a s  a d d e d  

s i n c e  t h e  t' e g u l a t o r i n  t h e  1 ·e a c t o r  b u i l d i n g v1a s p t' e s umed f a u l ty .  T h e  ma j o r i ty 

o f th e n i U o CJ e n p i p i n g i n t he r' e a c to r tJ u i l d i n g w a s no t us e rJ . T h e  p 1 p 1 n g w a s 

i s o l a t e d  a t  · . .  'J � . e s Nr� - v 2 r ·  -1 r • ci NH- �1 21 8 .  T h e  n i t ro g e n s t p J! : y l i n e i n  t h e  

r e a c t o :  o u l ! cl i 'H.; c u n s i :o t C: . :  o f  a h o s e  r· o u t e c� f r'om a n  e x i •, h ;1 q  t e :. t  c o n n e c t i o n a t  

f:' 1 e . a t i o :o _; J •j · - 6 " . u p s t •· e arn o f  -; a l v e s  N1� - V 2 rJ 7  a n cJ NH- 0/ 2 1 8 . t o  a p i p i n g ma n i f o l d  

a t  e l e v a t i o n . ' - 2 "  0 1 1  t u p  o f  t h e  D - r· i ng . 
u ' • iTH  f · · f h . f l d u u : . 3 l'U 1 ! l e: ·· u p s t r - e a m  o ,  t e ma n 1  o . 

T h e  s u p p l y  l i n e c o n t a i n e d  a 

F r om t h e  ma n i f o l d ,  s e p a ra te n i t ro -
g e n  � u p p l ;  h o s e ;  w e r e  r o J t e u  to v P n t i n g/ n ; t r o g e n  b l a n k e t i n g l i n e s  a t  t h e  

f o l l ow i ·1 q  R C S  ; vc a t i o1 1s : 

o S t e a rn  g e n e r a t o r  " A "  h o t  l e g 

o P r' e s s u r i  z e r· 

''t' '? C S  b o Lm d a i''/ f :'Ofl' H1e s t e a m  q e n e r· a t o r' " B "  h o t  l e g v e n t i n g / n i t r o g e n 

.� 1 ,:, - - , e t  - " Cj >1 e wa s e ,, t e ' 1 cJ e cJ rJ e; o n cJ u·, e h o s e  t.o a d o u b l e  v a l v e d  p i p i n g a s s emb l y ,  
; h i s  e x t e n -

c ;  ,va s m a cJ E· d u e  t o  hi g h · a . ;  :1 t- ' 0 11 1 e v e i s  a t  t. h e  ' S ' h o t  1 e q ,  a n cJ p e rm i t t e d  
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workers  to  vent  a n d  n i trogen  b l a n ke t  the  s team generato r " B "  h o t  l eg from 

o u t s i de t he D- r i ngs . 

The  genera l s equence  u s e d  to  v e n �  a nd d ra i n the  RCS  f o l l ows : 

1 .  The  RCS  was depre s s u r i zed t o  about  3 0  p s i g  a t  the  top  o f  the  

h o t  l eg s  by reduc i ng s t a n dby p re s s ure cont ro l r s PC ) sys tem 

p re s s u re .  

2 .  E a c h  h o t  l eg and  t h e  p re s s u r i zer  we re vente d .  

3. The S P C  sys tem was i so l ated . 

4 .  RCS p re s s ure  was reduced to about  0 p s i g ( o r  s l i gh t l y  negat i ve )  

a t  t h e  top  o f  t h e  hot  l egs  by l et t i ng  down reactor  c oo l a n t . 

5 .  A 1- p s i g  n i trogen  b l a n ket  was added to t h e  hot  l egs , w i th  a n  

i n i t i a l n i trogen  p r e s s ure  o f  10 ps i g  to c l ea r  p i p i ng/hose  l oop  

s e a l  a r ra ngements  of  a ny s tand i ng l i qu i d .  

6 .  RCS  p re s s ure was reduced to about  0 p s i g  ( o r s l i gh t l y  negat i ve )  

i n  the  p re s s u r i zer  by l et t i ng down reactor  coo l a n t .  

7. A 1 - p s i g  n i trogen  b l a n ket  was added to the p re s s u r i zer  w i t h  an  

i n i t i a l  n i trogen  p re s s ure o f  10 ps i q  to  c l ear  t h e  p i p i ng/hose  

l oop  sea l  arrangeme nt  of  a ny stand i ng wat e r .  

8. C RDM 8H was v e n ted  and s amp l ed .  

9 .  RCS  l ev e l  was reduced t o  e l evat i o n 333 ' - 2 " by l et t i ng down 

reactor  c o o l  a n t .  
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10 . N i t r o g e n  p r e s s u re w a s  d e c r e a s e d  t o  0 p s i g by i s o l a t i n g  L h e  R C S  

f ro m  t h e  n i t ro g e n  s u p p l y  s y s t e m  a n d  v e n t i n g t h e  n i t ro g e n  

s u p p l y  l i n e s . 

T h ro u g h o u t  t h e  Q u i c k L o o k  t h e  w a t e r  l e v e l i n  t h e  s e c o n d a ry s i d e o f  t h e  

s t e a m  g e n e r a t o r s  wa s m a i n t a i n e d  a t  a •1 e l e v a t i o n b e l ow t h a t  o f  t h e  R C S  w a t e r  

l e v e l , a s  r e q u i t' e d  by A p p e n d i x  C o f  R e f e r e n c e  3 .  T h i s p r e v e n te d  a s e c o n d a ry 

t o - p r i m a ry l e a k , wh i c h c o u l d  h a v e  c a u s e d  a b o r o n  d i l u t i o n  e v e n t . I t  a l s o 

e n s u r e d  t h a t  a ny a c c um u l a t i o n  o f  f u e l  1 n  t h e  s t e am g e n e r a t o r s  w o u l d  r e ma i n 

s u b c r i t i c a l  w h i l e  t h e  R C S  wa s d r a i n e d  t o  t h e  l e v e l re q u i r e d  f o r  t h e  Q u i c k L o o k .  

T h e  s e c o n d a ry s i d e w a s  d r a i n e d  i n  two p h a s e s . F i r s t , t h e  m a i n s te a m  l i n e s  

we re d r a i n e d . T h e n  a n i t r o g e n  b l a n k e t  w a s  p l a c e d  o n  t h e  s e c o n d a ry s i d e v i a  

c o n n e c t i o n s  o n  t h e  m a i n  s te a m  l i n e s . F i n a l d r a i n i n g o f  t h e  s e c o n d a ry s i d e t o  

t h e l e v e l r e q u i r e d  f o r  t h e  Q u i c k  L o o k ( t h e  b o t tom o f  t h e  m a i n  s t e a m  n o z z l e s )  

wa s t h r o u g h  t h e  m a i , ; f e e dw a t e r  l i n e s .  

2 . 3 . 2  W a t e r  L e v e l M o n i t o r i ng 

T o  d e t e rm i n e w h e �  t h e  R C 5  l e v e l s we re a t  t h e  e l e v a t i o n �  r e q u i r e d  f o r  
v e n t i n g ,  C R DM u n c o u p l i n g .  R C S  s am p l i n q ,  a n d  v i d e o  i n s p e c t i o n ,  a h i q h l y  a c c u r a t e  

wa t e r  l e v e l  mo n i t o r i n g  sy s t em w a s  p r o v i d e d . T h i s  s ; s t e m  c o n s i s t e d  o f  two 

d i v e r s e  p r i m a ry s e n s i n g d e v i c e s : l e v e l  t r a n s m i t t e r  R C - LT - 1 0 0  a n d  l e v e l i n d i 

c a t o r  R C - L l - 1 0 1  l o c a t e d  e n  i n s t nr m e r �  " 'c c: n t  F 9  a t  e l e v a t i o n 284 ' - 6 "  o f  t h e  f u e l 

h a n d l i n g b u i l d i n g .  B o t h  d e v i c e '; .  wh i c h 'ti e r e  c o n n e c t e d  t o  t h e  n o rm a l d e c ay h e a t  

l i n e , we r e  p r o v i d e d  w i t h a n  e l e v a t e d  z e ro t o  s e n s e  t h e  h e a d  o f  w a t e r  i n  t h e  R C S  

b e tw e e n  t h e  c e n t e r' t i r• e  o f  t h e  rE' a c t o r  .; e s s e l h o t  l e q n o z z l e  ( e l e v a t i o n 3 1 5 ' - 6 " ) 

a n d  t h e  t o p  o f t h e  h o t  l e q ( e 1 e v a  t i o 11 ? 6 2 ' - d "  ) . A l' a n  g e o f  0 t o  6 0 0 i n c tl e s o f 

wa t e r  wa s s e l e c t e d  t o  c o v e •  t h i s  e l e v a t i o n J i f f e r e n c e .  

T h e  t r a n s m i t t e r  w a s w ; r e d  t o  a n a l o g i n d i c a t o r R C - L I - 1 0 0  o n  p a n e l S P C - P N L - 1 

1 11 t h e  f u e l  h a n d l i n q t) Li i 1 cJ i r> g . d :l rl to ::; �; i t a l  i n d i c a t o r  R C - L I - l O O A  a <  - - • r i  

c ha r t  r e c o rcl e l' R C - L R - l u O  o n  p a n e l S P C - f-- U L - 3  ' 11 the  m a i n  c o 1� t : o l r o o m .  � h e  
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a c c u r a cy o f  t h i s l oo p  was ±5 i nc h e s  o f  wate r a n d  the  a c c u ra cy o f  the  l oc a l  

i nd i c a t o r  w a s  ±6 i nc h e s  o f  wate r .  

T o  e n s u re that  th i s  sys tem wa s not  a f fe c ted by R C S  n i trogen  o v e r p re s s u re , 

a c ompe n s at i n g l i ne wa s i n s ta l l e d to the l ow p re s s u re c o n n e c t i o n s  o n  the  t r a n s 

m i tte r a n d  l oc a l  i nd i c a t o r  f rom t h e  n i trogen  sys tem . T h i s l i ne a l s o se rved  to 

c omp e n s ate  the  l e ve l i nd i ca t i o n  for a ny d i f f e re n t i a l  p r e s s ure  be twe e n  the  f u e l  

h a nd l i ng b u i l d i ng a n d  reacto r b u i l d i ng when  t h e  n i trogen  wa s v e n te d  i n  t h e  con

t a i nment  p r i o r  to  ope n i ng  the  R C S .  

2 . 3 . 3 L e a d s c rew R i gg i ng a n d  H a nd l i ng 

T h e  r i g g i ng  a n d  h a nd l i ng dev i c e s  d e s c r i t � d  be l ow were u s e d  to remo ve  the 

l e a d s c rew f rom C RDM 8H , pos i t i o n the  l ea d s c rew f J r  c u t t i ng ,  and  p l a c e  the  c u t  

l e a d s c rew s e c t i o n s  i n to c o n ta i n e r s . 

A h o i s t/t r o l l ey a s semb l y  wa s i n s ta l l e d o n  reactor  p re s s ure  v e s s e l  ( R PV ) 

m i s s i l e  s h i e l d s R2  a n d  R 3 , a n d  wa s u s e d  to remove  a n d  po s i t i o n the l ea d s c rew.  

T h e  a s s emb l y  c o n s i s ted of a t ro l l ey wh i c h trave r s e d  a c r o s s  the  top of the 

m i s s i l e  s h i e l d s , a c o nne c t i ng  l o a d  s up p o r t  pene trat i n g the gap betwe e n  the 

m i s s i l e  s h i e l d s , and a h o i s t attac hed  to the  l owe r end of  the  l o a d  s upport  

b e l ow t h e  m i s s i l e  s h i e l d s .  T h i s  d e s i g n l i m i te d  the  h o i s t to l e a d s c rews i n  

C RDMs i n  rows s e v e n , e i gh t , a n d  n i ne .  Both  the  h o i s t  a n d  the  tro l l ey were 

m a n ua l l y  o p e r a te d .  The t ro l l ey was ope rated f rom the  e a s t  s i de of the  s e rv i c e 

s t r u c t u re u s i n g  a rope/pu l l ey c o n t r o l  a r r a ngeme n t . T h e  ho i s t was a h a n d 

o p e r a t e d  c ha i n type . The  h o i s t/ t ro l l ey a s s emb l y  was  r a t e d  f o r  a l oa d  o f  1 to n .  

A 5 0 0 - p o u n d  s p r i ng s c a l e wa s u s e d  to p rov i de i nd i c a t i o n o f  a ny b i nd i ng 

t h a t  d e v e l oped  d u r i n g  l e a d s c rew remo v a l  f rom the d r i v e  mechan i s m .  T h e  s p r i ng 

s c a l e  a l s o prov i de d  f l e x i b i l i ty i n  the  r i gg i ng w h i l e  ma n i p u l a t i ng  the  l e ad

s c rew .  T h e  s r r i ng  s c a l e  wa s i n s ta l l ed b e tween the  c h a i n  h o i s t  h o o k  a n d  the  

l e a d s c rew l i f t i n g  too l . 
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The  l ea d s c rew was  c u t  i n t o  two s e c t i o n s  a n d  e a c h s e c t i o n was  p l a c e d  i nt o  

s e p a r a te l ea d s c rew s t o rage  c o n ta i ne r s  u s i ng  t h e  h o i s t/ t ro l l ey .  The  c o nta i n e r s  

b a s i ca l l y  c o n s i s ted  o f  4 - i n c h , s c he d u l e  4 0  po l yv i ny l  c h l o r i de ( PVC ) p i pe 

s ec t i o n s  w i t h  e n d  c a p s  a n d  r o p e  a t t a c h e d  to  e a c h  e n d  o f  e a c h  c o n ta i n e r  f o r  

r i gg i ng a n d  t ra n s f e r  p u rp o s e s . O n c e  l o aded , b o t h  c o n t a i n e r s  w e r e  s e c ured  t o  

the  s e rv i ce s t ruc t u re h a r d ra i l ,  a n d  w e r e  s u s pe n d e d  v e rt i c a l l y  i nt o  t h e  r e f ue l 

i n g c a n a l  f o r  temp o ra l'Y s t o l- a cJ e . 

2 . 3 . 4 C o mm u n i c a t i o n s  Sys t em s 

A ud i o  c ommu n i c a t i o n s c o n s i s t e d  o f  two s e p a r a t e  sy s tem s . T h e  f i r s t  p ro v i de d  

c o mmu n i c a t i o n s 1 O l' t h e  i n s p e c t i o n t e a m  a n d t h e  s e c o n d  e s ta b l i s he d  c ommu m 

c a t i o n s  b e t we e n  t h e i n s pe r t i o n team  and  t h e  c omma nd  c e n t e r  ( See  F i g u r e  2 - 3 ) .  

T h e  i n s p e c t i o n t e a m  s y s t e m  wa s a h a rrl - w i re d  sys tem wh i c h p e rm i t te d  the  

t h r- e e  membe r s  o f  t h e i n s p e c t i o r. t e J m  ( T V c o n t r o l u n i t  o p e r a t o r , tec h n i c a l  
d i rer tn r . a n d T V  c ame r a man i p u l a t o r )  t o  c o n v e r s e . E a c h  i nd i v i dua l w a s  prov i de d  

w i t h  a h e a d s e t  wh i c h  w a s  � ; r e d  t o  a n a ud i o  m i x e r . T h e  a ud i o  m i x e r , i n  a d d i t i o n  

to  p l' o v i d i n g t a ' k - a T'o u n d  u o a b i 1 i ty .  p r od i J c e d  a c omp o s i te a u d i o  s i gn a l  wh i c h 

wa s w i t· e d  t o  t h w  cw d e l·wa t e t- i r • s p e c t i o 1 1  c a ;ne r a  v i de o t a p P r- e c o rd e r- ( VT R )  tt l .  
T h u s . a t a p e  wa o, ; n· o d l i C e d  wf · i c h c nmb i ne d  t 11 e  v i deo  s i g n a l a r1 d  t h e r e a l - t i me 

c o n v e r s a t i o n s  o f  t h e  i n s p e c t i o n t ea m . 

1 t1 e  :c :,· s L e 'P ,.,.h i c h  f n· o ·. i d e cl c omrn L n i c a t i o n s  b e t w e e n  t h e c o n t a i nrne 1 r t and  t h e  
rn:� '! ; ·, ,j c e r 1 t e r  w a � a two - way c: u p ' e x ·- a d � ( ) c y s tern \oih i c h i rJ C l u cJ e c! t h e  f o l l ovl i n g 

Two 3 n t e n n a s ( o n e  e a c h  f o r  r e c l l v e and  t r a n s m i t )  we re l o c a t e d  

1 r1 t r-. e c o n t a i nrne • 1 t ', o p t -o v i de c o v e r' a ge f o r  t h e i 1 1 s p e c t i o n t eam 
o n  t h e  s e . v i c e s L �- u c t u :  e . T h e  r' e c e 1 v e a 11 d t r a n  s m i t a n t e n n a s 

we r- e  l o c a t e d  a t  e l h a t i o n s  3 4 7 ' - 6 ' a n cJ 3 0 5 ' - 0 " , l' e s p e c t i v e l y .  

il n  a d d i t i o n a l l' P Cf' ; _ ,, =J 1 1 t e r1 11 a wa s > J c: cl t e d :3 t  e l e ·; a t i o n  3 0 5 ' - 0 " . 
l h e s e  a n t e n n a s \·lt::<e " · ·· e el t o  t h e  t:> "i s e  s ta t i o n i n  t h e  c o rnrna n cl 

c e n t e r  v i a  RG58  c o a x i a l c a b l e s t h r o u g h p e n e t r a t i o n R 5 0 7 . : \-/0 



add i t i o n a l  a n t e n n a s  ( rec e i ve and  t r a n sm i t )  were l ocated  i n  t h e  

a n t e room to  p e rm i t c h e c k o u t  o f  the  sys tem p r i o r  to e n te r i ng  

the  c o n t a i nme n t .  

o T he s i gn a l  f rom the  c o nta i nme n t  was gene rated  by transm i tter 

T24 . T h i s  t ra n s m i tter wa s w i red to VT R # 1  to t r a n s m i t the 

c ompo s i te a ud i o  s i g na l produced  by the i n spec t i o n  team sys tem . 

The  s i g n a l  wa s rece i v ed at  the b a s e  s ta t i u n by rece i ve r  R24 

v i a  the  c o n ta i nme nt  rec e i v e  a n te n n a . 

o From the  b a s e  s ta t i o n  i n  the c omma nd c e n te r ,  the  a ud i o  s i gn a l  

w a s  f e d  t o  V T R  # 2 , s pe a ke r s  i n  t h e  c omma nd c e n te r , a n d  s pe a ke rs 

i n  the  new c omma nd  c e n te r .  T h e  s pe a ke r s  i n  the  new comma nd 

c e n t e r  s up p l eme nted the  1 1 V I P 1 1  v i de o  mo n i tors . 

o To  a l l ow the  comma nd c e 1 1ter  to ta l k  to the  i n spec t i o n  team , 

tran s m i tter T28 was prov i ded i n  the b a s e  s ta t i o n to trans m i t ,  

v i a  the  transm i t  antenna , the o u tput f rom a m i c rophone  l o cated  

i n  the  c omma nd c e nter  to the  R28 rece i v e r  i n  the c o n ta i nme n t .  

( T he m i c rophone  o utput i s  a l s o f e d  t o  the s pea kers  a n d  VTR 

de s c r i bed  i n  the p rev i o u s  paragraph . )  An  R28 rece i ve r  wa s 

w i red to the head set  o f  the i n s p e c t i o n team tec h n i c a l  d i rector  

to  p e rm i t d i rect c ommu n i c a t i o n s  wi t h  the c omma nd  c e n te r .  

V i deo  c ommu n i ca t i o n s  i n s i de the co n ta i nment c o n s i s ted  o f  the T a s k  No . 8 

u n d e rwater i n s p ec t i o n  camera a n d  c amera c o n t r o l  u r i t ,  VTR  # 1 , a nd a v i deo 

mo n i t o r . The  camera c o n t ro l u n i t ,  v i deotape  rec o rd� r , a n d  v i deo mo n i to r  were 

l oc ated on the  s e r v i c e s t ructure . The  o utput  f rom the u nderwa ter  c amera was 

w i red to VTR #1 v i a  tne  c amera c o ntro l u n i t .  The v i deo o u tput o f  VTR # 1  

p rov i ded  the i np u t  t o  the v i deo mo n i to r  f o r  t h e  i n s p e c t i o n team . T h e  v i de o  

o u tput f rom the  v i de o  mo n i to r  wa s w i red to the  c omma nd c e n t e r  C CTV c o n s o l e  v i a  

the  e x i s t i ng  CCTV system ( C CTV  c ame ra # 5  c i r c u i t ) .  ( Note : VT R # 1  i s  the  s ame 

VTR  that  i s  record i ng the  i n s pec t i o n  te am ' s d i a l og u e . ) 
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A t  the  c omma n d  c e n t e r , the  s i g n a l  wa s d i s p l ayed  o n  the  CCTV c o n s o l e  and  

wa s recorded  o n  VTR # 2 , wh i c h wa s p ro v i de d  w i t h  a d e d i cated  mo n i to r .  The  

s i g n a l  was a l s o f e d  to " V I P " v i deo mo n i tors  l oc a te d  i n  t h e  new c ommand  c e n te r .  

2 . 4  Ope rator  T r a i n i ng 

Operator  tra i n i n g o n  the  u s e  o f  the C RDM too l s was comp l eted at  the  

D i amo nd Powe r Spec i a l ty Comp a ny fac i l i ty i n  La n c a s te r ,  O h i o .  T h e  tra i n i ng 

c o v e r e d  the  fo l l ow i ng  top i c s :  

o C RDM c o n s truc t i o n 

o C R DM v e n t i ng  

o L e a d s c rew u n c o up l i n g a n d  p a r k i n g proc e d u re 

o L e a d s c rew remo v a l  and  cutt i n g p ro c e d u re 

o C R DM c o n t i nge ncy c l o s u r e  

T h e  came ra i n s p e c t i o n team c o n s i s t ed  o f  p e r s n n n e l expe r i e n c e d  1 n  t h i s 

a rea . Team  t r a i n i n g i n c l u d e d  a demo n s t rat i o n o f  the  came ra at  TMI  U n i t 1 a n d 
t r a i n i n g a t  B&W i n  Ly n c hb u r g , V i rg i n i a .  

A s i te moc k - up o f  t h e  s e r v 1 c e s t r uc t u r · e wa s c o n s t r u c t e d  and wa s a v a i l a b l e 

f o r  t ra i n i n g o n  J u l y 2 .  1 982 . T h e  moc k - u p w a s f u l l s c a l e  and  i n c l uded  a C RDM , 

t h e  h o i s t i n g mec h a n i s m . a n d  t h e  s p a c e  c o r1 s t r a i n t s  p r e s e n t e d  by t h e  m i s s i l e  

s h i e l d s .  T h e  mo c k - u p wa s u s e cJ f o r· wa l k t h r o u g h s  o f  a l l p l a n , , e d  i n - c o n t a i nm e n t  

a c t i v i t i e s .  Wo r k  p a c k a � e s  we r e  m o d i f i e d a s  a c t i v i t i e s we re f i n e - t u n e d  a s  a 

r e s u l t o f  the  wa l k - t h ro u g h s . 
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A d re s s  r e h e a rs a l  was  c o n d u c te d , �ev i ewed , a n d  approved  by GPUN  R ad i o 

l og i c a l  E n g i n e e r i ng  a n d  t h e  N R C .  T h e  d re s s  rehea r s a l  i n c l uded the  wo r k  pac k

a g e s  f o r  l ea d s c rew u n c o up l i ng a n d  p a r k i ng ,  a n d  l e a d s c rew remo v a l and  c u tt i ng .  

2 . 5 P ro c e d u re P repara t i o n  

A tota l o f  1 1  p ro c e d u re s  we re �r i tten  a n d  s 1 x  p ro c e d u r e s  rev i sed  to 

p re p a r e  and ma i nta i n  the  p r i mary sy5 tem i n  the  c o nd i c i o n  req u i red for the Q u i c k  

L oo k .  

A n  a dd i t i o r a l  f i ve p ro c e d u r e s  were wr i tten  t o  c o v e r  the  Q u i c k  L o o k  i t s e l f .  

T h e s e  p ro c e d u re s  a�u  a b r i e f  d e s c r i p t i on o f  the  s u b j e c t  cove red fo l l ow :  

0 2 104- 10 . 3 

0 2 104- 1 0 . 4  

0 2 10 4- 10 . 5 

0 2 104- 1 0 . 6 

0 2 104- lO . 7 

T h e  C RDM U n c o up l i ng P roced ure p ro v i ded i n s t r uc t i o n s  

f o r  t h e  n o rma l a n d  a l ternate  methods  to  u n c o up l e  

a n d  p a r k  t h e  de s i q n a ted  l e a d s c rew.  

The Leadsc rew Remova l P roced u re p r o v i ded i n s t ruc

t i o n s  for  the  �ethod  u s e d  to remove  a nd c u t  a 

p a r ke d  l ea d s c rew .  

T h e  U n i t  I I  C o re Camera I n s p e c t i o n  P rocedure  

d e f i ned  the  e q u i pment to be u s ed a n d  the  p o rt i o n s  

o f  t h e  reactor  i nt e r na l s  t o  be i n s pected  d u r i n g  

the  camera i n s p e c t i o n .  

T h e  C RDM C l o s u re Procedure  p r o v i ded i n s t ruc t i o n s  

to  remov e  o r  i n s ta l l t h e  C RDM n o rma l c l o s u re and  

to  i n s ta l l o r  remove a c o n t i nge ncy c l o s u re .  

T h e  C RDM a nd S amp l e  H a n d l i ng P ro c e d u r e  
. ' ' p r O V i O P O  

i n s tr u c t i o n s  f o r  oota i n i ng a C RDM v e n t  gas  samp l e  

a n d  J c o re wa t e r  s amp l e .  
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A 1 i s t i n g o f  t h e  p r o c e o u r e s  u s e d  t o  s u p p o r t  t h e  Q u i c k L o o k  1 s  i n c l u d e d  i n  

T a b l e  2 - 1 .  

l AB l E 2 - 1 .  P R O C E D U R E  WO R K  S U P PO R T I NG Q U I C K  L O O K  

I .  N E W  P R O C E D U R E S  G E N E RA T � O  

Opc r' a t i ng P r o c e d u r e s  

2 1 04 - 1 0 . U 

2 H J4 - 1 0 .  1 

2 1 04 - 1 0 . 2  

2 1 04 - 1 0 .  � 
2 1 0 4 - 1 0 . 4  

2 l (J4 - 1 0 .  s 
2 1 (J4 - 1 CJ .  6 
2 1 04 - l(J .  7 
2 1 04 - 1 0 . 8  

S e q u e n c i n g a n d  Adm i n i s t r a t i o n D o c ume n t 
S e c o n d a ry P l a n t  P r o c e d u r· e  
P r i m a r·y P l a n t  P r o c e d u r e 
C ROf·; U nc o u p 1 i ng P r·o c e d u r· e  
L e a d s c r e·,; Remova 1 P r·ocedu r·e 
U n i t  I I  C o r e C a me r a I n s p e c t i o n P ro c e d u re 
C R O t� C 1 o s u r e  P l' o c e d u  r e  
C R DH a r1 cJ S a mp l e  H a n d 1 i l l Cj  fJ r u c: e d u r e  
P r i m a r / r' I a n l  F i n a l 0 p e ,. a l i n g P r 0 c e d u r· e 

C h a ng i nq R C  \.Ja t e 1· L e ·.' e l b e y o n r J  N o r·ma l  '� D d 'l f o r  C R DH 
C a me r' a  I r ·, s p e c t i o n 
C h a n g i n lj (' 1 ::,G �/a L e r  L e ., e 1 B E:c _. o n rJ N o r'ma l S p a n  f e r  C R DH 
C a me r a  I :1 ·-J p e c  t i o n 
L. o ; ;  c 1  �· · . L E' ·J e l ; r . d i r a t  i o n 

[J ., '  

, ; ' 1 

I .> o'/ () • " ) i !: t h e � (; f ) l CJ i fl ffi E' Il l  B 1 1 i  l d i n g 
· ·1 q ' h ," � J L �_, i c r_; : � I  t ) ' I�Jrn c o r 

. , '1 r • cJ ," r-: ' t i 11  r� r� u ,. f:' F ] ; , r, CJ r 3 • ' � c 

. ... r _ . ; ,-� '? ·- ' 1 _ _  t! t' C � u T ·_ ' r J !" t : u n S · _. 7 l : ' f� N 
� ; 1 _ i ; � ;_., fJ -:1 _ �- 1 J ; �-, . ! i I d i n q 

N i t 1- (_1 ( _� �-· · · 
> e e rJ\., . ,  :� P · 

r ' J  l ;  I--! i ! j : I ( J p j ( j VI •3 :; t f: ') . / S t e m  
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TAB LE 2- l .  ( Co n t i n ued ) 

Emergency P rocedures  

2202-4 . 18 
2202- 5 . 2 
2202- l .  2 
2202- 2 . 6  

RCS  Leak  and  Sma l l Break  LOCA 
L o s :  of RCS P r e s s u re I nd i ca t i o n  
Unant i c i pated C r i t i ca l i ty 
OTSG T�be R upture 

I n  s upport  o f  Q u i c k Look  tas ks s ubsequent  to the i n i t i a l  i n s p e c t i on ,  

s e v e ra 1 Tempo rary C hange  No t i ce s  ( TCNs )  to the  p rocedures  were requ i red . T h e s e  

c h a n g e s  i nc l ude d :  

1 .  R e v i sed  techn i que f o r  obta i n i ng RCS  l i q u i d  samp l e s 

2 .  Add i t i ona l i n- ve s s e l  v i deo  i n spect i o n s  

3 .  Core  p rob i ng 

4 .  I n s t a l l a t i on o f  i n- ve s s e l  acou s t i ca l mon i to r  

5 .  C RDM uncoup l i ng 

I n  a d d i t i o n , two Spec i a l  Operat i ng P rocedures  ( SO P s ) were w r i tten  to 

mea s u re the gas b u i l dup i n  the  rea c t o r  v e s s e l  and  to samp l e  the gas  f rom the RCS  

system h i gh po i nts : 

1 .  SOP- R- 2 - 8 2 - 5 3  Gas  Samp l i ng Core  Locat i on H8 

2 .  SOP- R - 2 - 8 2 - 5 6  R C S  H i gh Po i nt Vents  Gas  Samp l i ng 
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2 . 6 R ad i o l ogi c a l  Co n s i d e ra t i o n s  

2 . 6 . 1 R ad i o l og i c a l  P r ed i c t i o n s  

2 . 6 . 1 . 1 Ma n- R e m  Pre d i c t i o n .  App rox i ma t e l y  5 0  to  1 5 0  man- rem o f  expo s u re 

were  e s t i ma te d  for t he  pe r f o rma n c e  of  the  Qu i c k  Loo k .  T h e s e  n um b e r s  were  b a s ed 

o n t h e  Q u i c k  L oo k  requ i r i 119  a n  e �t i mate d 30 0 man- hours  i n  rad i a t i o n  f i e l d s o f  

0 . 15  t o  3 0  r e m/ h o u r .  

2 . 6 .  1 . 2  D o s e  R a t e  f rom  L e ad s c rew . T o  e s t i ma t e  t h e  d o s e  rate  ; �om  t h e  

r e m o v e d  l e a d s c r ew ,  two a p p roa c h s we re L1 ke n .  T he f i rs t  app roac h  wa s to re l ate  

t h e  c ha nge  i n  g a mma dose  rate o u � s i de the  C �DM t o  t h e  gamma dose  rate  f rom t h e  

l e a d s c rew o n c e  i t  s remo v e d . T h e  s e c o n d  a p p ro a c h  a ttemp ted  t o  e s tab l i s h a n  

up pe r b o u nd f o r  t he  gamma d o s e  r a t e  f rom  t h e  remov e d  l e a d s c rew b y  a s s um i ng 

wo r s t - c a s e  p l a t e o LJ t  c o n d i t i o n s  a n d  p hys i c a l  r e s tr i c t i on s . S p e c i f i c  a s s ump t i o n s  

a n d r·e s u l t s f o r  e a c h  a p p ro a c h  a re g i ve n  b e l o� .  

2 . 6 . 1 . 2 1 P �' ed i c t i o n  o f  L e a d s c rew Ac t i J i ty by Do s e Rate  Me ?. s u reme n t s - 

T h e  b a c k g r o u nd ra d i a t i o n  wa s e s t a b l i s h e d  a t  a s p ec i f i ed po s i t i o n o u t s i de t h e  

C R DM m o t o r  t u b e  p r i o r  to  p a r k i n g t h e  l e a d s c rew . The  detec t o r  po s i t i o n c h o s e n  

wa s s u f f i c i e n t l y  d i s t� n t  f r om t h e  in s e r t ed  l ea d s c rew t h a t  t h e  l e a d s c rew s u r f a c e  

a c t i v i ty had  m i n i ma l  e f f e c t o n  t h e  me a s ured  bac k g r o u n d  l eve l . T h e  l ea d s c rew 

wa s t h e n  mo v e d f rom t h e  f u l l y i n s e r ted  p o s i t i o n to  the  p a r k e d  p o s i t i o n .  T he 

c h a ng e  i n  bac k g ro u n d  r a d i a t i o n l e v e l  a t  t h e p o i n t o f  mea s u reme n t  wa s t h e n  

d i rec t l y  a tt r i b u tab l e  t o  t h e  p a r k e d  l e a d s c rew .  

An  a n a l y s i s  wa s p e r f o rmed  to  de t e rm i n e t h e s h i e l d i n g e f fec t i v e ne s s  o f  the  

C RDM mo to r t u b e  a nd t o r q u e  tube . I t  wa s a s s ume d  t h a t  C s - 1 3 7  wa s t h e  s o u r c e  

,,; i t r- 2 g ' :- "1 .;> " � r> rgy o f  0 . 6 6 1  MeV .  T l e  re s u l t o f  t h e  ana l y si s wa s :  

G amma d o s e  r a t e  f o r  l e a d s c r ew 

remo v e d  f rom t h e  C RDM ( de t e c to r 

a t  s a m e  d i s ta n c e  f r om l e a d s c r ew 

a s  w h e n  l oc a te d  o u t s i de C R O M  
mo t o r  t u b e ) 

= 1 . 2 5 x ( i n c r e a s e  i n  gamma d o s e  

r a t e  d u e  to p a r k i n g  t h e  

l ea d s c rew ) 
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T h e  e f f e c t  o f  d i f fe re n t  i sotopes  w i th  d i f fe re n t  gamma energ i e s 0 1 1  the  

above  re l at i o n s h i p  i s :  

o F o r  h i gher  e n e rg i e s the re l a t i o ns h i p  i s  c o n s e rvat i ve ( i . e . , 

o v e r- p red i ct s  d o s e  rate ) 

o F o r  l owe r e n e rg i e s the  re l at i on s h i p  i s  non- c o n s e rvat i ve ( i . e . , 

u nder- p red i c ts  d o s e  rate ) 

2 . 6 . 1 . 2 . 2 Pred i c t i o n  o f  Lead s c rew Act i v i ty by E s t i ma t i o n  o f  P l ate o u t - 

To  prov i de a " fe e l ' '  f o r  w h a t  c ou l d  be expected , i t  Wd S nec e s s ary t o  perform a 

c a l c u l at i o n wh i c h scoped  a b road range o f  po s s i b l e  s o u rce  a c t i v i t i es .  The  

p hy s i ca l  q u a n t i ty of  mate r i a l  req u i red to atta i n  the  g i v e n  l ev e l  o f  a c t i v i ty 

a n d  i t s correspo n d i ng dose  rate was o f  part i c u l a r i n tere s t .  T h i s  phys i ca l  

q u a n t i ty w a s  u s ed to determ i ne a rea l i s t i c  upper bound  f o r  t h e  d o s e  rate f rom 

the l ead s c rew .  

To p e r fo rm the  ana l ys i s ,  several  s i mp l i fy i ng a s s umpt i o n s  were made . The  

maj o r  a s s umpt i on s  w e re : 

1 .  Source  c o u l d  be mode l ed as  a l i ne s o u rc e  10 feet  l o n g .  

2 .  No cred i t  wa s ta ke n  for  the l ea d s c rew a c t i ng a s  a s h i e l d i ng 

mate r i a l  f o r  the  a c t i v i ty o n  the  backs i de o f  the  l ea d s c rew . 

3 .  T h e  rad i at i o n  s o u rce  was C s - 13 7 . The  s o u rc e  s t rength  ( C i /cm3 ) 

was  b a s e d  o n  the  i n i t i a l core  s hu tdown i nventory decayed to 

J u l y  1982 , d i v i de d  by the tota l v o l ume o f  the f u e l . The  

d e n s i ty o f  the mate r i a l  o n  t h e  l ea d s c rew was  a s s u�ed to be  the  

s ame as  t h a t  of  fue l  p r i o r  to the acc i de n t  ( i . e . , � 10 . 15 gm/cm3 ) .  

4 .  T h i c k ne s s  o f  s o u rc e  o n  l ea d s c rew was a s s umed to be  �1/16  o f  a n  

i nc h .  
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T h e  o v e ra l l e f fe c t  o f  t h e  g i v e n  a s s um p t i o n s  p ro d u c e d  c o n s e rv a t i ve re s u l t s . 

N e v e rthe l e s s , t he  re s u l ts  p ro v i de d  a " fee l " fo r the  m<>CJ n i tude  o f  the  d o s e  rate  

f ro m  a remo v e d  l ea d � c rew . 

T h e  r e s u l t s o f  t he a na l y s i s  p r e d i c te d  a c o n s e r va t i v e u p p e r  b o u n d  o f  � 46 

re m/ h o u r  at 1 f o o t  f rom  the  l ea d s c rew .  I n  a dd i t i on to the  upper  bound  g amma 

do s e  rate , a more rea l i s t i c  gamma d o s e  rate range  o f  0 . 5 to 10 rem/ h r  at 1 f o o t  

wa s e s t i ma te d . T h i s wa s d o n e  u s i ng the  s ame  mode l b u t  a m o re rea l i s t i c  p l a t�

o u t  s o u rc e  on the  l e a d s c rew .  

2 . 6 . 2 A LA RA P r o v i s i o n s  

A L A R A  p ro v i s i o n s  were  i mp l emented  i n  p ro c e d u r e s  a n d  too l d e s i g n f o r  t h e  

Q u i c k  Loo k .  P ro v i s i o n s  f o r  A LARA a re s umma r i z e d  be l ow .  

2 . 6 . 2 . 1 P ro c e d u r'e s .  

l .  A t temp t to u n t h read  l e a d s c rew n u t  f i r s t .  

By f i r s t  a t tempt i ng to r o t a t e the  l ea d s c rew n u t , t h e  

o p e ra to r obta i n ed  a n  e a r l y  i nd i ca t i o n o f  w h e t h e r' t h e  

l e a cJ s c r'ew c o u l d be  r 'emov e d . I f  the  l ea d s c rew n u t  

w a s damaged  a nd c o u l d  n o t  be  u n t h re a d e d , t h e  l ead

·; c r,ew c o u l cJ n o t  be r'emo v e d  f r'om t he d r i ve even  

t h o u q h  i t  m i g h t  be  u n c o up l ed a nd p a r ke : .  B e c a u s e  

l ea d s c rew remo v a l wa s a key p re requ i s i te to t h e  

Q u i c k L o o k ,  e a r l y  d e t e rm i na t i on o f  n u t  f u nc t i o n a l i ty 

wo u l d r e d u c e  the  m a n - rem expended  o n  damaged  d r i v e  

l oc at i o n s . 

2 .  L ea v e  t h e  tc rque  t a k e r' l f1 a l ovle r' ed  [' O S i t i o n u n l e s s  

r a i s i ng i s  r e c e � s a ry .  
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I f  t h e  l ea d s c rew cou l d  be l owered 3/8 i nc h  after  

u nt h read i ng the l ea d s c rew n u t , the  l ea d s c rew c ou l d  

be  uncoup l ed ,  p a r ke d , and  removed  w i t h o u t  r a i s i ng 

t h e  torque t a ke r .  I n  n o rma l opera t i ng  p l ants , the 

torque t a ke r  i s  a s i gn i f i c a n t  rad i a t i o n  s ourc e  

b e c a u s e  i ts magnet t e n d s  t o  co l l ec t  rad i oac t i ve  

c r u d .  

3 .  Mon i tor  the  u n c o up l i ng operat i o n s  c l o s e l y  for  

i nd i ca t � o n s  o f  i nte rfe renc e .  

C r i t i ca l  s teps  ( e . g . , l ea d s c rew l i ft i ng  a n d  remova l )  

were c l o s e l y  mon i tored i n  a n  attempt to avo i d  

j amm i n g  a l ea d s c rew i n s i de the  d r i v e .  I f  i nc reased  

l oad  i nd i cat i o n s  we re noted  d u r i ng  l eadsc rew w i th

drawa l , operat i on s  wou l d  be  termi nated at  that  dr i ve  

l oc at i on and  uncoup l i ng and  remo v a l  opera t i o n s  wo u l d  

p roceed to the next sequent i a l  d r i ve  l oc at i o n .  T h i s  

act i on  wou l d  avo i d ,  to the extent p ract i ca l , the  

need for  i nv o k i ng  c o n t i ngency c l o s u re i n s ta l l at i o n  

operat i on s . 

4 .  P ro v : de for a l ea d s crew l ower i ng  c o n t i ngency . 

Wh i l e  t he l eaJsc rew was b e i ng  l i fted  and  p a r ked , the 

rad i a t i o n  l ev e l  was mon i to red . I f  the l eve l s rose  

above a predeterm i ned l i m i t ,  the  l eadscrew co u l d  be 

l owe red b a c k  i n to the d r i ve  unt i l remo v a l  and  

c u tt i ng e q u i pmen t  was  s e t  up . 
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5 .  D i s c on n e c t  p o s i t i o n i nd i c a t o r  ( P I ) c ab l e s .  

T he P I  c a b l e s were d i s c o n nec ted f rom the  P i s  and  

remo ved  f rom the  s e rv i ce s tr u c t u r e  to reduce  rad i a t i o n 

e x p o s u re s  f rom  the  c a b l e s a n d  to i mprove  wo r k e r  

a c c e s s , a s  a p rerequ i s i te to  C RDM l ea d s c rew u n c o up l i ng 

a n d  remo v a l  ope rat i o n s . 

6 .  I n s t a l  l p l a t f  o rm s . 

P l a t fo rms  to fac i l i tate  p e r s o n ne l a c c e s s a n d  equ i � 

m�nt  l aydown we re  i n s t a l l ed .  

7 .  P r o v i de b o ra ted  wate r .  

B o rated  f l u s h  wa te r wa s p ro v i ded  t o  f l u s h  c o n t am i 

n a ted  equ i pme n t  i f  nec e s s a ry .  

8 .  P ro v i de a n  e l e c tr i ca l l y  d r i v e n  hydrau l i c p ump . 

The  e l ec t r i c a l l y  d r i ven  hydrau l i c pump wa s u s e d  w i th  

the  m o d i f i ed j ump i ng j a c k  for  l e a d s c rew u n c o up l i ng 

ac t i v i t i e s .  A m a n u a l hyd r a u l i c p ump wa s u s e d  for  

remov i n g the l eads c rews for  the  c amera i n spec t i o n s . 

T h e  e l ec t r i c a l l y d r i v e n  p ump reduced  the  t i me 

t'eq u i red  f o r  l e a d s c rew uncoup l i ng .  
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2 . 6 . 2 . 2 T o o l 

1 .  

2 .  

De s i gn .  

Lo ng- han d l ed c l amp 

B e c a u s e  the  l e a d s c rew c o u l d  be a s o u rc e  of h i gh 

rad i a t i on l e v e l s ,  t h e  l e a d s c rew c l amp wa s d e s i g n e d  

t o  be  t i g h t e n e d  b y  a n  o p e r a t o r  l oc a ted  3 f e e t  away 

f ro m  t h e  l ea d s c rew . 

Saw s ta n d  

The  b a n d  s aw c u tt i ng f i xture  wa s d e s i g n e d  f o r  q u i c k  

i n s ta l l a t i o n ( i . e . , g rav i ty m o u n t  o n to a d j a c e n t  

moto r t u b e s ) ,  q u i c k s aw c ha n g e o u t  ( i . e . , s aw f i xed  

to  mo u n t i ng p l � te ;  a s s emb l y  c o u l d  h a v e  been  c ha n g e d  

o u t  i n  a m a t t e r  o f  s e c o n d s ) ,  a n d  q u i c k  b l ad e  c hange

o u t  ( i . e . , i f  a b l ade  b r o ke , t h e  second  s aw a nd 

m o u nt i ng p l ate  a s s emb l y  c o u l d h a v e  b e e n  i n s ta l l ed 

an d  t h e  damaged  b l a d e  rep l ac e d  i n  a reduced  rad i 

at i o n expo s u re a r e a ) .  I n  a dd i t i o n ,  t h e  b a nd s aw h a d  

a 5- f o o t  T - h a nd l e  wh i c h a l l owed t h e  o p e r a t o r  t o  

s ta n d  a s  f a r  a s  6 f e e t  away f rom  the  l ea d s c rew 

d u r i n g  c utt i ng o p e r a t i o n s . 

3 .  E q u i pme n t  ma n e u v e rab i l i ty 

A l l too l s were  d e s i g n e d  to  m i n i m i ze t h e  a m o u n t  o f  

i n - c o n t a i nmen t  a s s emb l y  and  m a te r i a l  t r a n s p o r t  

p ro b l em s . The  h e a v i e s t  p i e c e  o f  e q u i pme n t  was  t h e  

ban d  s aw s up p o r t  b a s e  ( we i g h t - 30  l b s .  ) ,  wh i c h w a s  

eas i l y c a r r i ed b y  o n e  ma n .  T h e re we re two l o ng

han d l ed to o l s ( approx i mate l y  14 feet  l o ng ) ; h owe ve r , 

the two too l s t o g e t h e r  were  l e s s  t h a n  30  p o u nd s . 
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4 .  Moc k - u p t e s t i ng 

Moc k - up te s t i ng o f  too l de s i gn s  i nc l uded  t h e  re

s t ra i n t s  a n d  re s t r i c t i o n s  i mp o s e d  by c o ntam i n a t i o n 

c o n t r o l e q u i pme n t ,  e . g . , amo u n t  o f  a n t i - co n t am i n a t i o n 

g e a r  worn , types  o f  g l o v e s , a n d  typ e s  a n d  s i z e s  o f  

c o n tam i na t i on c o nt r o l e n c l o s u re s . 

5 .  C h i p  c o l 1 ec to r  

P l a s t i c  s l ee v i ng a nd a c h i p  c o l l e c t o r  were p r o v i de d  

f o r  c o n t am i na t i o n  c o n t ro l d u r i ng l ea d s c rew c u t t i ng  

o p e ra t i o n s .  

6 .  B e ta s h i e l d s 

B e t a  s h i e l d s we re p ro v i ded  to  s h i e l d  aga i n s t  b e t a  

ra d i a t i o n f rom  t h e  l ea d s c rew d u r i ng l ea d s c rew 

c u t t i ng opera t i o n s  a n d  w h i l e  t r a n s po r t i ng t he 

l ea d s c rew to  t h e  d i spo s a l  c o n ta i ne r .  

2 . 6 . 3 Ope r a t i o na l R a d i o l og i c a l  C o n t ro l s  

E a r l y  i n  t h e  dev e l opme n t  o f  t h e  p ro c ed u r e s  f o r  the  Q u i c k  L oo k ,  i t  w a s  

d e c i d e d  t h a t  de ta i l e d ra d i o l og i c a l  c o n t r o l  me a s u re s  wou l d  be m o re a p p rop r i a t e l y  

i r1 c ! u d e d  � n  the  WO I' k pa c kages  t h a n  t h e  p ro c e d u t'e s .  G e n e ra l l y ,  s p ec i f i c  i n s t r u c 

t i on s  w e r e  w r i t te n  i n to the  wo r k  p a c k a g e s  a t  po i n t �  where  t h e  p o t e n t i a l  ex i s t ed  

f o r  s i g n i f i ca n t  c ha ng e s  i n  the  ra d i o l og i ca l  c o nd i t i o n s . A t  t h e s e  po i n t s  t h e  

r a d i o l o g i c a l  c o n t ro l s  t e c h n i c i a n mo n i tored  rad i a t i on l e v e l s  a n d repo r t e d  to  t h e  

c ommand  c e n te r .  Approp r i a te s tay t i me s  o r  i n s truc t i o n s  we re w r i t t e n  i n t o  t h e  

wo r k  p a c k a g e s  b a s e d  o n  a r1 t i c i pa t e d  ra d i o l og i c a l  c o nd i t 1 o ns . T h i s wa s d o n e  to  

a l l ow f l e x i b i l i ty i n  a l l ow i ng wo r k  t o  c o n t i nue  i f  s i g n i f i c a n t  c ha ng e s  i n  

ra d i at i o n l e v e l s  were  e n c o u n t er ed . 
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I n i t i a l  s u rvey s  we re  t a ke n  o n  the  head  s e rv i ce s tructure  p r � " r to  i n i t i 

a t i n g  a wo r k  p a c kage ; s tay t i me s  f o r  the j o b  we re  b a s e d  o n  t h i s s u rv ey .  I f  the  

g e n e r a l  area  gamma expo s u re rates  exceeded  1 R / h o u r  d u r i ng  the  exec u t i o n of  t h e  

wo r k  pac kage , t h e  t e a m  was  to s e c u re the  j ob , s i nc e  the  p e r f o rmance  o f  the  wo rk  

a s  p l a n n e d  wou l d  have  re s u l ted i n  pe r s o n ne l excee d i ng  the i r a u t h o r i z e d  

expo s u re . 

Duri ng l e a d s c rew remova l a n d  c u tt i ng  the  rad i o l og i ca l  c o n t r o l s  tec h n i c i an 

m o n i t o r e d  t h e  beta  a n d  gamma d o s e  rate s . I f  the s e  d o s e  rate s me a s u re d  at  

1 f o o t  exceeded  10 R/hour  gamma or  300 rad/ h o u r  b e ta , the  team was to  s e c u re 

t h e  wo r k  a n d  awa i t  i n s t ruc t i o n s  f rom the  c ommand  c e n te r .  

R ad i at i on dete c t o r s  we re l oc a te d  o n  t h e  s e rv i c e s t r u c t u re t o  c o nt i nuo u s l y  

m on i to r  rad i at i o n l e v e l s .  T h e  opera t i o n o f  t h e s e  mo n i tors  wa s w r i tten  i nto the  

wo r k  pac kage s as  a p re requ i s i te s tep . T h e s e  mon i t o r s  c o n s i s ted  of  t h e  f o l l ow

i n g detecto r s  c o n n e c te d  to E b e r l i ne RM- 16
™ 

mete r s , wh i c h we re l ocated  on a 

c a rd tab l e  p l a c e d  o n  the  p o s i t i o n i nd i c a t o r  c ab l e  s upport  p l a t f o rm :  

1 .  A n e u t r o n  detector  p l aced  o n  the  c a rd tab l e  b e h i nd  t h e  mete r ; 

i t  was  s e t  to  a l a rm a t  10  mrem/ h o u r  

2 .  A gamma detecto r p l aced  o n  the  card  tab l e  o n  top o f  t h e  mete r ;  

i t  was  s e t  t o  a l a rm a t  2 R / h o u r  

3 .  A gamma detecto r p l aced  a l o n g s i de the  C RDM motor  tube  f rom  

wh i c h t h e  l ea d s c rew wa s b e i ng remov e d ; t h e  detec t o r  was  s u s 

p e n d e d  1 2  f e e t  be l ow t h e  top o f  t h e  motor  tube  w i t h  t h e  meter  

set  to a l a rm at  80  R/ho u r .  

C o ntam i n at i o n c ontro l wa s p ro v i ded by ra i s i ng t h e  l ea d s c rew i nt o  a 10- i nc h  

d i amete r p l a s t i c s l e e v e . T h i s p re v e n ted  l o o s e  c o n tam i n a � i o n  o n  the  l e a d s c rew 

f rom  s p read i ng o r  b e c om i ng a i rbo rne . T h e  a rea  where  the l ea d s c rew was to be 

c ut was t i g h t l y  wrapped  w i th c l o t h  tape a b o u t  6 i nc h e s  a b o v e  a n d  be l ow the c u t  

l i ne .  C o nta i nment  o f  t h e  c h i p s  f rom  t he l ea d s c rew c ut t i ng  o p e ra t i on was  n o t  
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r o n s i de red  to be e s s e n t i a l  due  to t he  fac t that  the  l oo s e  s u r face  c o n t a m i n a t i on 

l ev e l s o n  the  head  s e rv i c e s tr u c t u re e xceedeu  101  dpm/ 100 cm2 . T h e  l ea d s c rew 

c h i p s we re n o t  expected  to  i nc re a s e  t h e s e  l e ve l s s i gn i f i ca n t l y .  

P r o te c t i o n from b e ta r ad i at i on w� s p rov i de d  by the  u s e  o f  s h i e l d i ng a nd 

c l o t h i ng req u i reme n t s a s  nece s s a ry .  A s h i e l d  was  c o n s tructed  o f  1/4- i nc h  

P l e x i g l a s s
™ 

a n d  wa s des i gned  t o  s h i e l d  wo rkers o n  t h e  wo r k i ng p l a t f o rm a s  the  

l ea d s c rew was  b e i n g  ra i sed . An add i t i o n a l  s h i e l d  wa s c o n s tructed  of  a 10 - fo o t  

l e n g t h  o f  P V C  p i pe approx i ma t e l y  3/8- i nc h  t h i c k ,  s p l i t  l engthw i s e  i nto  two 

h a l v e s  a n d  h i nged by a l e ngth  o f  c l o t h  tape . T � e  s h i e l d  was  p l aced  a n d  taped  

a round  the  uppe r a n d  l owe r s e c t i o ns of  the  l e a d s c rew a ft e r  each  had  been  ra i sed  

o u t  o f  the  mo tor  tub e .  T h i s e f fect i ve l y  e n c a s ed the  l ea d s c rew and  e l i m i na te d  

t h e  b e ta ra d i at i on .  

P ro tec t i o n f rom b e ta r ad i a t i on was  p ro v i ded  by eye p ro te c t i on a n d  p rotec

t i ve c l o th i ng ,  e spec i a l l y  the  i ce vests  u s e d  f o r  body c oo l i ng .  D u r i ng  

evo l u t i o n s  wne re the  s k i n o f  the  e x t rem i t i e s was  expected  t0 be  e x p o s e d  to  beta  

d o s e  rate s h i g h enough  to  approach  t h e  q u a r te r l y  a d m i n i s t r a t i ve  1 i m i t  ( 6  rem ) 

o r  when  p u l l i ng i tems  o u t  o f  the  mo t o r  tube , the  o p e r a t o r s  were  i n s tructed  to  

wea r  l i neman ' s  g l ov es . 

A l l too l s a n d  equ i pme n t  t h a t came i n to c o n t a c t  w i t h  re a c t o r  c oo l a n t  we re 

w i p e d  down to remov e  c o n t am i na t i o n .  I f  deemed nece s s a ry by m o n i to r i ng ,  borated 

wa t e r  wa s a v a i l ab l e  to  f l u s h  a n  i tem as  i t  was  b e i ng r a i sed  out  of  the  motor 

tube  i n  a n  e f fort  to remo v e  c o n t am i na t i o n .  
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3 .  E X E C U T I O N  

3 . 1 C o n t a i nme n t  E n t r i e s 

T a b l e  3 - l d e s c r i b e s  t h e  a c c omp l i s hm e n t s  o f  e a c h c o n ta i nme n t  e n t ry 

a s s oc i a t ed w i t h  t h e  Q u i c k Loo k .  M a n - h o u r s  a nd m a n - rem a s s o c i a t e d  w i t h  e a c h  

t a s k  a re a l s o g i v e n .  

TAB L E  3 - 1 .  Q U I C K  LOO K CONTA I NM E N T  ENTR I E S 

E n t ry E n t ry 
N u m b e r  D a te A c c om[2 l i s hm e n t s M a n - H o u r s  

a 
M a n - Rem 

62 5 / 1 3/82 Mea s u r e d  m i s s i l e  s h i e l d  g a p  2 . 1 0 . 3 5 4  

62 5 / 1 3/82 Ra d i o l o g i c a l  s u rv ey o f  s e rv i c e 2 . 4  0 . 4 
s t r u c t u r e  

62 5 / 1 3 /8 2  Remo t e  s u r v ey o f  " B "  D - r i n g  1 .  4 3  0 . 3 1 6  

6 3  5 / 2 6 /8 2  R e m o t e  s u r v ey o f  " B" D - r i n g 2 .  7 6  0 . 6 3 4  

6 3  5 / 2 6 /82 S u r vey of " A "  D - r i n g 1 .  34 1 .  5 7 3  

6 3  5/26/82 Wa l kdown o f  n i t ro g e n  sy s tem 1.  46 0 . 1 7 1  

6 4  6 / 3 /8 2  I n v e n t o ry o f  C R DM t o o l s 1 .  14 0 . 1 6 5  

64 6 / 3 /82 Re l o c a t e d  CCTV N o s .  7 a n d  8 t o  5 . 1 9 0 . 5 3 3  
D - r i n g  c a t1va l ks 

6 5  6 / 10/82 P e r f o rmed o p e ra t i o n a l c h e c k 3 . 2 6 0 . 462 
o f  t h e  n i t ro g e n  sy s tem 

65 6 / 10/82 I n s ta l l e d e m e r g e n c y  l i g h t s  o n  2 . 3 9 0 . 298 
t h e  s e r v i c e s t r u c t u r e ; T e s ted 
1 1 0/480 V r e c e p t a c l e s o n  e l e v a -
t i o n 3 4 7 ' 

6 6  6 / 1 7 / 8 2  S ta g e d  l e a d  tJ l a n k e t s  o n  3 . 0 5 0 .  7 89 
e l e v a t i o n  3 <'! 7 '  

3 - 1 

b 



E n t ry 
Numbe r 

6 7  

69 

69 

6 9  

69 

7 0  

7 0  

7 1  

7 2  

7 2  

72  

7 2  

7 2  

E nt ry 
Date 

6/22/82 

7 /1/82 

7/ 1/82 

7 /1/82 

7/1/82 

7/8/82 

7/8/82 

7 / 12/82 

7/ 14/82 

7 / 14/82 

7 /14/82 

7/14/82 

7/14/82 

TAB L E  3 - 1 .  ( Co n t i nue d )  

Accompl i s hments 

I n s ta l l ed portab l e  powe r 
d i s t r i buti on center on 
e l evat i o n 34 7 ' ; I n s ta l l ed 
portab l e  l i ght i ng on D - r i ng 
catwa l ks 

I ns ta l l ed C RDM wo r k  p l atforms 

I ns ta l l ed ho i s t/tro l l ey on the 
m i s s i l e  s h i e l d s 

P e rfo rmed a h i gh pre� s u re f l u s h  
o f  the " B " D - r i ng 

Remote s u rvey o f  "B"  D - r i ng 

I n s ta l l ed temporary n i trogen 
sys tem ma n i fo l d s and  hoses  

Remote s u rvey o f  " B "  D- r i ng 

Low press ure f l u s h  of  " A "  and 
"B"  D- r i ngs 

Su rveyed SV-V- 25A and SV- V- 26A 

I n s ta l l ed compound pres s ure gauge 
o n  the " A" l oop ; Co nnected the 
" B "  l oop to the vent man i fo l d  

Ma n - Hours  a 

2 . 94 

1 .  lll 

3 . 0 3  

4 . 35 

1 .  26 

4 .  71 

2 . 06 

4 . 57  

1 .  14 

2 . 85 

Comp l eted i n s ta l l at i o n  of  s e rv i ce 2 . 26 
s tructure emerge ncy l i g h t i ng and  
exte ns i o n cords ;

T
�ttempted to  

re l ocate E armark  rece i ve antenna 

Depres s u r i zed secondary s i de - 3 . 06 
n i t rogen b l a n ket and  ve nted 
the "A" l oop 

Vented the " B" l oop and  the 2 . 67 
press u r i zer  

3 - 2  

b t�an- Rem 

0 .  411  

0 . 251  

0 . 502 

0 .  7 3 1  

0 . 215  

1 . 0 

0 . 34 

0 .  967 

0 . 232  

0 . 963  

0 . 322 

0 . 6 

0 .  707  



TAB LE 3 - 1 .  ( C o n t i nued ) 

E n t ry E n t ry a b 
N umb e r  D a t e  Accomp l i s hme n t s  Ma n-Hours  Man- Rem 
----

7 2  7 / 14/82 N i trogen b l a n keted "A"  and " B "  1 . 0 0 . 2 2 5  
l oops  

7 3  7 / 1 5 /82 N i t rogen  b l a n keted t h e  p res s u r i zer  0 . 6 0 . 1 8 7  
a nd c l o s e d  s e c o nc l a ry s i de v a l ves  

7 3  7 / 1 5 /8 2  I n s ta l l ed rad i a t i o n  detectors  1 .  0 6  0 . 1 7 4  

7 3  7 / 1 5/82 Obta i ned C RDM gas  s amp l e s a n d  4 . 1 5  0 . 5 2 5  
i n i t i a ted  vent i ng 

7 3  7 / 1 5 /82 Comp l eted  v e n t i ng and obta i ned  5 . 5 1  0 .  7 19 
C RDM l i qu i d  samp l e  

7 4  7 / 1 4 /82 Depre s s u r· i  zed  RCS n i trogen  b l a n ket  0 . 8 6 0 . 1 8 

7 4  7 / 1 9 / 8 2  I n s ta l l ed PVC l eadsc rew s l eeves  4 . 85 0 .  7 5 3  
a n d  s tageo  C RDM too l s  

74 7 1 1 9 /8 2  Vented , uncoup l ed ,  a n d  p a r ked 7 . 6 1  1 . 1 9 3  
l e adsc rew ( f i r s t  team)  

7 4  7 / 19/82 Vented , uncoup l ed ,  a n d  p a r·ked 4 . 54 0 . 5 9 4  
1 eadsc rew ( s econd  team ) 

7 5  7 / 2 1/82 Remo ved , c u t , a n d  r i gged l ea d s c rew 6 .  7 1 .  4 0 9  
("J f f se r•; i  ce s t ructure 

7 5  7 / 2 1 /82 R e p l aced ?�d re l oca ted the 2 . 9 0 0 . 502  
E a rma r k '  rece i v e a n tenna  

7 5  7 / 2 1 /8 2  O b ta i ned a n  R C S  l i q u i d s amp l e  4 . 2 3 0 . 582 

7 5  7 / 2 1 /8 2  I n s t a l l e d camera , v i deo , a n d  3 . 2 1  0 . 34 
record i ng e q u i pme n t  

7 5  7 / 2 1/82 P e r f o r·mecl Q u i c k  Loo k c ame ra 5 . 66 1 .  2 0 3  
i n spect i o n 

7 6  7 / 2 8 / 8 2  R a d i o l o g i c a l  s u rvey o f  s e r· v i  ce 0 . 5 7  0 . 1 0 5  
s t n1 c t u r e  

7 6  7 / 28/82 Obta i ned  three  RCS  l i qu i d  s amp l e s 3 . 54 0 . 546 

7 7  8/4/82 Obta i ne d  an  R C S  l i qu i d  samp l e 2 .  1 5  0 . 2 6 8  



TAB LE 3- 1 .  ( Conti nued ) 

E ntry E ntry 
a b Number Date Accom[!l i s hments Ha n - Hours  Man- Rem 

77  8/4/82 D i s connected and removed the rod 4 . 5 0 . 612  
pos i t i on i nd i ca t i on cab l i ng 

7 7  8/4/82 P repa red s i x  CRDMs for Q u i c k  1 . 6 0 . 19 
Look I I  

7 7  8/4/82 R e l ocated rad i at i o n  detector 1 . 5 0 . 178 
on serv i ce s tructure 

7 7  8/4/82 Staged camera and v i deo equ i pment 1 .  05  0 . 148 

7 7  8/4/82 R e l ocated l eadscrew sec t i ons  that 3 . 15 0 .  397 
were prev i o u s l y  cut and  removed 

7 7  8/4/82 Ve r i f i ed ope rab i l i ty of EarmarkTM 0 . 86 0 . 15  
commun i ca t i ons  sys tem 

78 8/5/82 Obta i ned an RCS l i qu i d  s amp l e  0 . 99 0 . 25 

78 8/5/82 Vented , uncoup l ed ,  and parked 8 . 3 0 . 95 
l eadsc rew 8B 

78 8/5/82 Vented , uncoup l ed ,  and parked 6 . 92 0 .  7 1 9  
l eadscrew 9 E  

78 8/5/82 Removed , cut , and r i gged l eadsc rew 5 . 06 2 . 3 16 
9 E  o f f  s e rv i ce s tructure 

7 9  8/6/82 Removed cut , and r i gged l eadscrew 6 . 5 1 .  933  
88 o f f  s e rv i ce s tructure 

79  8/6/82 I n s ta l l ed c amera , v i deo , and 2 . 79 0 . 481 
record i ng equ i pment 

79 8/6/82 Performed Q u i c k  Look I I 10 . 07 1 . 5  
came ra i n spect i o n  

7 9  8/6/82 Removed v i deo equ i pment and  3 . 0 0 . 358 
c l eaned s e rv i c e s tructu re 

80 8/ 12/82 Obta i ned an  RCS l i qu i d  samp l e  3 . 66 0 . 493  

80  8/12/82 I ns ta l l ed camera , v i deo , and 1 .  39  0 . 163 
reco rd i ng equ i pment , a n d  p robe 
too l on s e rv i c e s tructure 



TAB L E  3 - 1 .  ( C o n t i n u e d ) 

E n t ry E n t t'Y 
a b N u m b e r  D a t e  A c c o mp l i s hm e n t s M a n - H o u r s  M a n - R e m  

80 8 / 1 2 /82 C u t  a n d  removed a b o u t  two- th i rds 4 . 16 0 . 487 
o f  t h e  C R DM l oc kw i r e s  

80 8/12/82 P e r f o rmed Q u i c k  Loo k I I I  c a m e r a  1 3 . 8 7  1 .  487 
i n s p e c t i o n  and c o re p ro b e  

8 1  8 / 1 3 /82 O b ta i n e d  g a s  s a m p l e s f rom 2 . 4 3 0 . 2 7 3  

t h r e e  C R D M s  

8 3  8 / 18/82 O b t a i n ed an R C S  l i q u i d s amp l e  2 . 0 0 . 2 4 3  

83 8/ 18/ 82 C u t  a n d  remo v e d  rema 1 n 1 ng 2 . 0 0 . 2 4 2  

C R DM l o c kw i r e s  

8 5  8 / 2 3 /82 Remo v e d  about o n e - h a l f  o f  t h e  4 . 0  0 . 448 

C R D M  c l o s u t' e s  

8S 8 / 2 3 /82 I n s ta l l e d a c o u s t i c a l  mo n i t o r  i n  0 . 66 0 . 09 

C R DM 9 E  

8 5  8 / 2 3 / 8 2  U n c o u p l e d a b o u t  o n e - h a l f o f  the 4 . 6 1  0 . 628 

CRDMs 

86 8/25/82 O b t a i n ed an R C S  l i q u i d s a m p l e  2 . 0 0 . 244 

8 6  8/2 5 /82 Removed rema i n i ng C R D M  c l o s u r e s  5 . 28 0 . 644 

86 8 / 2 5 /82 U n c o u p l e d rema i n i n g C RDf� s  5 . 68 0 .  783 

( e x c e p t  f o r  t h ree ) 

8 9  9 / li82 O b ta i n e d  a n  R C S  1 i q u i d  s amp l e  1 .  98 0 . 2 9 9  

9 0  9 / 3/82 I n s ta l l e d m a n o m e t e r  o n  C R DM 8H 4 . 1 0  0 . 6 2 9  

a n d o b t 3 i n ed g a s  s amp l e  

9 1  9/8/82 O b t a i n ed an R C S  l i q u i d  s a m p l e  0 . 9 0 . 1 3 4  

9 1  9/8/82 O b ta i n e d  a C R DH g a s  s a m p l e  0 . 9 0 . 1 3 3  

9 2  9 / 1 0 / 8 2  O b t a i n e d  a C R DH g a s  s a m p l e  1 .  4 2  0 . 1 8  



E n t ry 
N umber 

9 3  

9 3  

E n t ry 
Date 

9/ 15/82 

9/15/82 

TAB L E  3- 1 .  ( Co n t i nued ) 

Accompl i s hments 

Obta i ned a n  RCS  l i q u i d samp l e  

Obta i ned a C RDM g a s  s amp l e  

TOTA LS 

Man- Hours 
a 

1 . 1 

2 . 0 

24 3 . 2 

b Man- Rem 

0 . 174  

0 . 287 

4 0 . 684 

a Ma n-hours  we re c a l c u l a ted based  on the s um of the i nd i v i dua l team membe r ' s 
man- hou rs . 

b Man- rem we re c a l c u l ated based  on the s um o f  the i nd i v i d u a l  dos i meter read i nc 
reco rded o n  each  rad i a t i on wo r k  perm i t  ( RWP ) .  These  read i ng s  w i l l  not  neces
s a r i l y  co i nc i de wi th the T LD read i ng s . 

3 - 6  



3 . 2 P re l i m i n a ry D a t a  C o l l e c te d  

3 . 2 .  1 G a s  a n d L i qu i d  Samp l e s 

T h re e  C R DM s amp l e s w e r e  o b t a i n e d  d u r i ng e n t ry 7 3  o n  J u l y  1 5 , 1 98 2 .  T h e s e  
s a mp l e s c o n s i s t e d  o f  two g a s  s a mp l e s ( o n e  l i n e p u rge s amp l e  a n d  o n e  s y s tem 
s a mp l e )  and one l i q u i d  s a mp l e . n J !  C R OM s a mp l e s we r e  o b t a i n e d  u s i ng e v a c u a t e d , 
1 5 0  m l  s amp l e  h o m b s  a t t a c h e d  t J  t h e  C R D M  v e n t i n g t o o l b a c k- u p  v a l v e .  A f t e r  
o b t a i n i n g t h e  C R O M  p u rg e  a n d g a s  s a m p l e s ,  t h e  C R DM v e n t i ng t o o l w a s  c o n n e c t e d  
to t h e  b l owe r a n d d u c two r k  a s s emb l y  t o  d i l u te t h e  rema i n d e r  o f  t h e  g a s  f rom t h e  
C R OM . F o l l ow i n g  t h e  c omp l e t e  v e n t i n g  o f  t h e  C R DM , a C RD M  l i q u i d  s amp l e  wa s 
o b ta i n e d  by c o n n e c t i n g a n  e v a c u a t e d  1 5 0 m l  s amp l e  b omb t o  t h e  i s o l a t i o n v a l v e 
o f  t h e  v e n t i n g t o o l . T a b l e s 3 - 2 .  3 - 3 ,  a n d  3 - 4  p r e s e n t  t h e  a n a l y s i s  re s u l t s f o r  
t h e s e  s a mp l e s .  

A n a l :is i s  

K r - 8 5  

C s - 1 3 7  

0 2  
N 2 

H 2 
O t h e r' 

TAB L E  3 - 2 .  C R DM P U R G E  SAM P L E  F ROM 1 0 H C R DM V E N T  
( J u l y  1 5 , 1 9 8 2  - Samp l e  N o . 8 6 54 8 )  

R e s u l t s U n i t s U n c e t' t a i n t� 

l .  l E O  ].I C i / c c  l .  2 E - 2  

3 .  5 E - 5 p C i / c c  5 . 2 E - 6  

4 % 

2 1  % 

5 7  o. 'o 

18 % 

U n i t s  

11 C i / c c  

11 C i /c c  

N O T E : P o s i t i v e p a r t i c u l a t e  re s u l t s o n  M a r i n e ]  l i  b e a k e r s  s h o u l d  c n l y  b e  
c o n s i d e r e d  a s  q u a l i t a t i v e .  

3 - 7 



Ana l ys i s  

Kr-85 

0
2 

N2 

H
2 

O t h e r  

TAB LE 3 - 3 .  C RDM G A S  SAMP LE F ROM l O H  C RDM V E N T  
( J u l y  15 , 1982 - Samp l e  No . 8654 7 )  

R e s u l t s U n i ts U n c e r t a i nty 

l . l E O  p C i /c c  1 . 2E- 2 

2 % 
14 % 
63 % 
2 1  % 

3-8  

U n i t s 

p C i /cc 



A n a lys i s  

B 

C 1  

N a  

pH 

H - 3 

S r - 9 0  

T u rb i d i ty 
( b e f o r e  

f i l t l '  a t  i o n )  

T u rb i d i ty 
( a f t e r  

f i l tr a t i o n )  

C s - 1 3 4  

C s - 1 3 7  

C o - 58 

C o - 6 0  

R u - 1 0 6  

S b - 1 2 5  

C e - 1 4 4  

M n - 54 

G ro s s  a l p ha 

G ro s s  b e ta 

T A B L E  3- 4 .  C RDM L I Q U I D  SAM P L E  F ROM 10H C RDM V E N T  
( J u l y  1 5 , 1 9 82 - S a mp l e  N o .  86 546 ) 

R e s u l t s L L D U n i t s  Unce r t a i n ty 

3820 ppm 

2 . 5 ppm 

780 p p m  

7 .  7 2  

4 . 6 E - 2  p C i /m l  7 

9 . 5E O p C i l m l  35 

200 N T U
a 

2 0  

1 80 N T U
a 

2 0  

2 . 2 E - l p C i /m l  l . O E - 3  

2 . 6 E O  p C i /m l  3 . 1 E - 3  

7 . 0 E - 4  p C i / m l  

9 . 6 E - 3  p C i /m l  2 . 9 E - 4  

1 .  8 E - 2 ]J C i /m 1 3 . 3 E - 3  

5 . 5 [ - 2  p C i /m l  1 .  9 E - 3 

2 . 0 [ - 1 p C i /m l  2 . 1 E - 3  

8 . 6 E - 4  p C i /m l  . ' . l E - 4  

8 . 9 [ - 3  p C i /m l  l . S E - 3  

1 . 4 7 [ + 1  ] J C i /m l 6 . 24 E - 2  

a .  N T U  n o nna l t u rb i d i :.y u n i t � . 

3 - 9  

U n i t s  

% 
% 

NTU a 

NTU
a 

]J C i /m l 

p C i /m l  

p C i /m l  

p C i /m l  

p C i /m l  

p C i /m l  

p C i / m l  

]J C i / m l  

p C i /m l  



C o n t a c t  R 0 - 2A r e a d i ng s  o n  t h e  g a s  a n d  l i q u i d  s a mp l e s  c o l l e c ted were a s  

f o l l ows : 

o C R DM g a s  s a mp l e s :  

L i ne p u rge : 1 5 0  m R / h o u r  gamma a n d  4 0 0  m ra d / h o tJ r b e t a 

Sys tem v e n t :  1 5 0  m R / h o u r  gamma a n d  5 2 0  m r a d/ h o u r  b e t a  

o C RDM l i q u i d  s a mp l e :  1 5 0  m R / h o u r  gamma a n d  4 0 0  m r a d / h o u r  b e t a  

O n e  R C S  l i q u i d  s a mp l e  w a s  o b ta i n e d  d u r i ng e n t ry 7 5  o n  J u l y  2 1 ,  1982 . T h e  

s amp l e  wa s o b ta i n e d  u s i n g a s o l e n o i d  a c t u a te d , 1 5 0  m l  s a mp l e  b o m b  wh i c h was 

l owe r e d  i n to the 1 ·e a c t o r  v e s s e l t h r o u g h  the C R D M , to  a depth 28 feet b e l ow the 

t o p  of the motor t u b e . T h e  s a mp l e  bomb was l owered i n t o  t h e  m o t o r  t u b e  u s i n g 

f o u r  1 0 - f o o t  a l u m i n u m  s up p o r t  tub e s . S u p p o r t t u b e s  were c o n n e c t e d  a s  r e q u i r e d  

t o  r e a c h  t h e  p re s c r i bed d e p t h  a n d  s up p o rted a t  t h a t  d e p t h  u s i ng a t r i p o d  

a s s emo l y .  T h e  s a mp l e  s o l e n o i d  w a s  e n e rg i z e d  by a powe r s up p l y  b ro u g h t  i n t o  t h e  

c o nta i n m e n t  b y  t h e  e n t ry t e a m .  T ab l e  3 - 5  p re s e n t s  t h e  a na l y s i s  re s u l ts f o r  

t h i s  R C S  s a mp l e .  

R C S  l i q u i d  s a mp l e s we re t a k e n  e a c h  we e k  t h e r e a f t e r  a n d  s i m i l a r a n a l y s e s  

we re c o n d u c t e d . A f t e r  u s i ng e v a c ua ted s a mp l e  bomb s s e v e ra l t i me s , t h e  s a mp l i ng 

t e c h n i q u e  w a s  c h a ng e d  to the u s e  o f  a m a n u a l l y  o p e r a ted p ump t h a t  wou l d  d raw 

R C S  l i q u i d  up a s uc t i o n  h o s e  i n s i d e the C RDM a n d  d i s c h a rge i n to a s a mp l e  

c o n ta i ne r .  

D u r i n g  t a s k s  i nv o l v i ng the remo v a l  o f  C R DM c l o s u r e s , i t  b e c am e  ev i d e n t  

t h a t  ga s wa s b e i n g  g e n e rated u n d e r  t h e  r e a c t o r  v e s s e l h e a d  a t  u n e x p e c ted r a t e s . 

G a s  s amp l e s we re o b t a i n e d  f rom t h e  t o p s  o f  C R DMs a t  p o s i t i o n s  2 H , ?G , a n d  7 K .  

A n a l y s i s  o f  t h e  s a mp l e s i n d i c a ted t h a t  whe n a C RDM c l o s u r e  wa s o p e n e d , the g a s  

m i x t u re i n  t h e  m o t o r  t u b e  c h a n g e d  f rom hyd ro g e n  w i th a n  oxyg e n  d e f i c i e n cy to a 

m i x t u r e  t h a t  h a d  h i g h e r  oxygen a n d  n i t r o g e n  c o n c e n t ra t i o n s  a n d  a l owe r hyd rn g e n  

c o n c e n t ra t i o n .  
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TAB L E  3 - 5 .  R C S  L I QU I D  SAM P L E  ANAL Y S I S  F ROM R EA C T O R  V E S S E L  
( J u l y  2 1 , 1 982 - S a m p l e  N o . 8 6 7 9 8 )  

A n a l ,is i s  R e s u l t s  

C s - 1 3 4  1 .  9 E  - 1  

C s - 1 37 2 . 3 E O  

t: o - �•8 

C o - 6 0 1 .  1 E - 3 

R u - 1 0 6  

S b - 12 5  

C e - 1 4 4  

G ro s s  b e :a 9 . 9 4 E O  

G r o s s  a l p h a 6 . 2 5 E - 5 

p H  7 .  7 1  

B 3 9 2 2  

C l  1 . 9  

N a  7 9 0  

H - 3 4 . 2 E - 2  

S r - 9 0 7 . 4 E O  

T u t'b i d i ty 14 

a .  N T U  n o rma l t u rb i d i ty u n i t s  

L LD U n i t s U n c e r ta i n t,i U n i t s 

JJ C i /m l  9 . 3 E - 4  iJ C i /m l  

JJ C i /m l  2 . 9 E - 3  p C i /m l  

5 . 6 E - 4  p C i /m l  

p C i /m l  l . O E - 4  p C i /m l  

1 .  O E - 2 p C i /m l  

5 . 4 E - 3  p C i /m l  

4 . 5 E - 3  iJ C i /rn l 

,_� c i /m l 5 . 1 7 E - 2  ,_� c i /m l 

p C i /m l  4 . 3 3 E - 5  p C i /m l  

p pm 

p p m  

p p m  

,_� c i /m l 6 . 9 % 
p C i / m l 3 5  0' 

/0 

N T U
a 

0 . 3 N T U
a 

3 - 1 1  



A f te r the C RDM u n c o up l i ng a t tempt s  were c omp l e ted , a m�n0meter  was 

c o n n e c te d  to the  C RDM vent too l  ( s e e  F i g u r e  3 - 1 )  that was i n s ta l l ed o n  the 

c e n t ra l C RrM ( 8H )  ( s e e  � i gure  3 - 2 ) .  The  g a s e s  gene rated u n d e r  the  reactor  

v e s s e l  head c o l l ec ted i n  the c e n tra l C RDM , where  · � gac  b u 1 l d u p  c o u l d  be  

mea s u re d  w i th the  manomete r .  The  C R DM a r , d  manome t e r  we re i n t i a l l y  p u rged w i th  

n i t ro g e n  a n d  g a s  s amp l e s were taken  p e r i o d i c a l l y .  T h e  ana l ys i s  r e s u l ts  o f  

t h e s e  C R DM p a s  s amp l e s a re p r e s e rtect i n  Tao l e  3- 6 .  O b s e r v a t i o n s  o f  the 

manome te r i nd i cated  tha t gas b u i l d up was app rox i mate l y  0 . 04 to 0 . 0 5  c ub i c  foot  

per  day . 

C 0 n s t i tuent  

N2 

H2 

0 2 

O t h e r s  

TAB L E  3 - 6 . C RDM 8H GAS SAM P L E  ANA L Y S E S  

Samp l e Samp l e  Samp l e  Samp l e  

9/3/82 9/8/82 9/10/82 9/15/62 

(% ) (% ) (% ) (% )  

9 5 . 5 8 7 . 4 9 1 .  9 89 . 3 

< 0 . 1 6 . 3 8 . 0 11 . 8  

4 . 3 4 . 3 1 . 6 1 . 7 

2 . 0 

3- 1 2  

Samp l e 

9/15/82 

(% ) 

86 . 8  

12 . 5  

1 . 0 



C o n t a c t R 0 - 2A r e a d i n g s  o n  t h e  R C S  l i q u i d  s amp l e  bomb we r e  100 m R / h o J r  

gamma a n d  240 m r a d/ h o u r  b e ta . 

3 . 2 . 2 L e a d s c rew I n f o rm a t i o n  

D u r i n g r e m o v a l o f  t h e  l e a d s c rews , no a p p a r e n t  wa r p a g E  o r  d e f o r� � t i e s w e r e  

o b s e rv e d .  E x c e p t  f o r  the l e a d s c rew b ay o n e t  c o u p l i n g s  a n d  t h e  l e a d � ·  . 2w a t  

p o s i t i o n 88 , t h e  l e a d s c r ew s u r f a c e s  we r e  c l e a n . T h e  b ay o n e t  c o up l i n g s  a n d  t h e  

l e a d � c rew a t  p o s i t i o n 8B we r e  c o v e re d  w i t h  a b l a c k  powde ry s ub s tance . 

D o s e  r a t e  p r o f i l e s  o f  t h e  t h re e  l e a d s c rews t h a t  w e r e  remo v e d  a re p r e s e n t e d  

i n  F i g u r e s  3 - 3 , 3 - 4 , a n d  3 - 5 .  

T h re e  l e a d s c rew- re l a te d  s a m p l e s w e r e  r e m o v e d  f ro m  t h e  r e a c t o r  b u i l d i n g f o r  

a n a l y s i s .  T h e s e  s am p l e s w e r e : 

o A s c r a p 1 n g s a mp l e  o f f  t h e  i n s i d e o f  C R DM GB ( #88905 ) 

o A s m a l l f l e c k  o b s e rv e d  o n  t h e  s e r v i c e s t r u c t u r e  a f t e r  r e mo v i n g  l e a d 

s c rew 88 ( #88906 ) 

0 A s am p l e  o f  t h e  c u tt ' , , g r e m n a n t s ( s h a v i n g )  o f  t h e  l e a d s c rews ( mo s t l y  

p o s i t i o n BB ) ( #o8904 ) .  

T h e  r, L r a p i n rJ s a m9 l e  o n l y  c o n s i s t e d  o f  s e v e r a l  s ma l l f l e c k s . T he 88 

l P J J s c rew s a m p l e  wa s a s i n g l e  f l e c k  a p p r o x i ma t e l y  1/8 i nc h  i n  d i a m e t e r ,  w h i l e  

t h e  s h a v i n g s  s am p l e  c o n s i s te d  o f  s e v e r d l g r a m s  o f  m i s c e l l � n e o u s  s h a v i n g s . F o u r  

s u b - s am p l e s o f  e a c h  ty p e  o f  m a t e r i a l  we re r e mo v e d  f r om t h e  c u tt i n g s  a n d  p l a c e d  

i n  s e p a ra t e  � 2 t r i  d i s h e s . M i c r o s c o p i c  e x am i n a t i o n s  s h owed t h a t  p o r t i o n s  o f  t h e  

c u t t i n g s  s amp l e  h a d  t h e  s a m e  g e n e ra l a p p e a r a n c e  a s  t h e  s c r a p i n g a n d  l e a d s c rew 

s amp l e s . 

A p p r o x i ma t e l y  100 mg o f  t h e  c u t t i n g s  s a mp l e  we r e  t e s t e d  f o r  py r o p h o r i c  

c h a r a c t e r i s t i c s .  F i r s t ,  t h e  s a m p l e  wa s h e a te d  o n  a h o t  p l a t e  t o  a p p r o x i ma te l y  

15 0  C f o r  1 0  m i n u t e s  i n  a i r .  N o  s p o n t a n e o u s  i g n i t i o n  was o b s e rv e d .  H ow e v e r ,  

w h i l e  t h e  s am p l e  i n i t i a l l y  c o n t a i n e d  f l e c k s o f  v a r i o u s  s i z e s  a n d  c o l o r s , a l l 

t h e  m a t e r i a l  c h a n g e d  to a u r1 i f o rm d a r k  g r ay to b l a c k  c o l o r  a f t e r  h e a t i n g .  
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T h e  heated  s amp l e  wa s then  exposed  to a f l i nt/ s t e e l  s p a r k  s o u rc e  w i t h  1 10 
s p o n ta n e o u s  i g n i t i o n o b s e rved a f t e r  s e v e ra l d i rPc t s t r i ke s .  Approx i ma te l y  

1 0  m g  o f  the  heated  s amp l e  we re t h e n  d i rec l l y heated  w i t h  a n  a l c o h o l f l ame f o r  

s e v e ra l m i n u t e s . T h e r e  wa s no  e v i �ence  o f  spo n taneou s  i g n i t i o n .  A m a x i mum 

tempe r a t u r e  of  1000 C wa s e � t i ma te d .  

A sma l l por t i o n  o f  t h e  150  C heated  s amp l e  wa s t h e n  p l aced  i n  a p e t r i  d i s h  

a n d  a smJ l 1 p o rt i on o f  t h e  f l amed samp l e  wa s p l aced  i n  a n o t h e r  p e t r i  d i s h ,  f o r  

v i 5 u a l  compa r i s o n  w i t h  the  u n heated  s amp l es .  A l l e i g h t  o f  t h e s e  p e t r i  d i s he s  

we re  t h e n  exam i ned  w i th  a 60  powe r m i c ro scope  p r i o r  to  quant i ta t i ve a s s ay .  

Al l samp l e s we re c o u n ted  f o r  gamma and  beta  a c t i v i t i e s .  T h e  re s u l ts a re 

s umma r i z e d  o n  T ab l e  3- 7 .  T h e  d a ta i nd i cate  a w i de  range  o f  a c t i v i t i e s f o r  

t h e s e  samp l e s .  T h e  C R DM s c rape s amp l e  had  the  l owe s t  C s - 13 7  to S r - 90 ra t i o ,  

w h i l e  t h e  c rud samp l e  that  f e l l o f f  d ur i ng  the  8B l ea d s c rew remo v a l had  the  

h i g h e s t  rat i o .  F o r  reference , the  C s - 137  to S r - 9 0 rat i o  f o r  a v a r i e ty o f  

s a mp l es i s  a l s o g i ve n  i n  t h i s tab l e .  G e n e r a l  conc l u s i o n s  are  d i f f i c u l t  t o  d raw 

f rom  t h e s e  d a ta . 

3 . 2 . 3 Lead s c rew Uncoup l i ng De s c r i pt i o n s  f o r  D r i ve  Loca t i o n s  8H and  7 K  

D u r i n g  t h e  f i rs t  a ttempt t o  uncoup l e  t h e  l ea d s c rew o n  d r i ve  8H , t h e re we re  

i nd i c at i o n s  of  i n terfer en c es  o r  damage  b e c a u s e  the  i n i t i a l  l oad  read i ng wa s 350  

p o u nd s . The  l ea d s c rew n u t  rotated f ree l y .  I n i t i a l l y  the  l ea d s c rew d i d  not  

l owe r ;  t h e r e f o r e , the  l ea d s c rew wou l d  n o t  rotate . After  tapp i ng o n  the  l i g ht

we i gh t  l ea d s c rew l i f t i ng too l , the  l ea d s c rew l owe red  e n o u g h  to a l l ow i t  to  

r o t a t e  4 5  degrees  to the  uncoup l ed po s i t i o n .  

A t  t h i s po i nt the  l e adsc rew and  t o o l  we i gh t  s ho u l d  have  been  170 p o u n d s ; 

however ,  t h e  l e a d s c rew wo u l d  not  l i f t above  1 i nc h  w i t h o u t  e x c e ed i ng the  

a dm i n i s tr at i ve  l oad  l i m i t o f  350  pounds . 
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TAB L E  3- 7 .  RAD I OAC T I V I TY ANA L Y S E S  O F  L EA D S C R EW SAMP L E S  

Tota l A c t i v i ty ( C i ) S amp l e  
N umbe r  C s - 13 7  C s - 134 S r - 90  C s - 13 7  / S r- 9 0  

88905 a 
4 6 E - 2  3 . 6 E- 3  8 . 9 E - 3  

88906 6 . 2 E - 1 4 . 8 E - 2  2 . 4 E - 3  

88904- 1 l .  3 E - 1 l . l E - 2  7 . 4 E - 4  

88904 - 2  2 . 9 E - 3  l .  7 E - 4  ' 2 E -4  

88904 - 3  l .  3 E ·- 1  l .  1 E - 2  l .  2 E - 3 

88904 - 4  4 . 2 E - 1 3 . 8 E - 2  5 .  7 E - 3  

38904 - h e a t  3 . l E - 2  2 . 4 E - 3  < 5 .  5 E - 4  

88904- f l ame 2 . 4 E - 1  2 . 2 E - 2  7 . 4 E - 4  

a .  O t h e l' a c t i v i t i e s detected  1 n  th i s  s amp l e  o n l y :  

5 . 2 

2 58 

1 7 6  

108 

74 

324  

C o -60  = 2 . 8 E - 4 , R u - 106 = 3 . 9 E - 3 , Sb- 1 2 5  = 3 . 7 E - 2 , C e - 144 1 . 5 E - 3  

F o r  R e f e re n c e  C s - 1 3 7 / S r - 9 0  

R B  s ump - typ i ca l  range  

RCS  p r i o r  to p r o c e s s i ng 

R C S  p r i o r to Q u i c k  L o o k  

A i r i n  c o n t a i nmen t  

Smea r s  i n  c o n ta i nme nt  

F i  l te l'ab l e  R CS  

� i l te ra b l e  RB  s ump 

C RDM p u rge  f i l te r  samp l e  

0 •• 

3- 1 5  

0 • -
. � � . 

-
:-

10 to 20  

0 . 8 

0 . 3 

"-20  

10 to  20  

0 . 00 1  to 0 . 5 

0 . 5 to 1 
0 . 1 



T h e  l ea d s c rew was  ra i s e d , l m te red , a n d  rotated for  s e v e r a l  m i n u t e s  u nt i l 

t h e  d ec i s i o n was made to go  to the  next  d r i ve .  D u r i ng  t h e s e  moveme n t s  o f  the  

l ea d s c rew i t  wa s rotated b eyond  the  4 5 - d e g re e  p o i n t ;  l a ter  a na l ys i s  i nd i cat2d 

that  i t  was l i ke l y  + hat  the  s p i de r  h a d  f a l l e n o f f .  Howe v e r , the  i n terference  

s t i l l  e x i s t e d  a n d  the  l ea d s c rew co u l d  n o t  be remo v e d .  

A f t e r  a n  u n s uc c e s s f u l  a ttempt t o  u n c o up l e t h e  l ea d s c rew a t  C RDM 7 K ,  

a n o t h e r  a ttempt was made a t  C RDM BH . T h e  n u t  wa s rotated c l o c kw i s e  to the hard 

s to p  i n  o r d e r  to return  the d r i v e  to i ts o r i g i n a l  p o s i t i o n .  T h e  n u t  rotated 20  

t i me s  i n  l i e u of  the  4 to 7 expecte d . T h i s gave  a p o s i t i ve i nd i c at i o n  that  t h e  

l ea d s c rew w a s  i n  a n  u n c o u p l ed p o s i t i o n a n d  the  n u t  w a s  bo ttomed o n  t he l ea d 

s c rew e ngagement  p i n s .  

When  t h e  l ea d s c rew was l oa d e d  i t  s t i l l  d i d  not  move b eyond  the  l- i n c h  mark  

w i t h o u t  e x c e e d i ng the  350- p o u n d  a dm i n i s t r at i v e  l o ad l i m i t .  I n  l i ght  o f  the  

p o s i t i ve i nd i c at i o n u f  u n c o up l i ng ,  the  o p e rator  was i n s t ructed  to jar  t h e  too l 

i n  a n  attempt to d e t e rm i n e  where t h e  p rob l em wa s .  D u r i ng  th i s  s te p  the l ead

s c rew b r o k e  l oo s e  a n d  the  l oa d  read i ng was 170  p o u n d s . T h e  rema i n d e r  of  t h e  

l e a d s c rew p a r k i n g  a n d  remo v a l  p roc e s s  i nd i cated  that  there  w a s  n o  detec tab l e  

d amage to  t h e  l ea d s c rew.  

A s  p re v i o u s l y  noted , a f t e r  the  f i r s t  attempt to remove the  l e adsc rew at 

C RDM 8H wa s u n s u c c e s s f u l , an a ttempt was made to  remove the l ea d s c rew a t  C RDM 

7 K .  T h i s l ea d s c rew a l s o had i nd i c a t i o n s  that there were i nt e r f e r e n c e s  o r  

damage b e c a u s e  o f  t h e  i n i t i a l l oad read i ng o f  3 5 0  p o u n d s . A l t h o u g h  the  l ea d 

s c rew n u t  rotated free l y ,  i n i t i a l l y  t h e  l e a d s c rew d i d  n o t  m o v e  up o r  down ; 

h owe ve r , a s  w i t h  p o s i t i o n 8H , a f t e r  tapp i ng o n  the  l ea d s c rew l i ft i n g  too l , the  

l ea d s c rew moved  u p , down , a n d  rota te d .  The  l ea d s c rew was l i fted  after  rotat i ng 

i t  4 5  d e g re e s , a l though  i t  wo u l d  not  move  more t h a n  1 i nc h  w i t h o u t  e x c ee d i ng  

t h e  3 5 0 - p o u nd l oa d  l i m i t .  

A f t e r  s e v e r a l  u p  a n d  down moveme n t s  a n d  s e v e r a l  rotat i o n s  ( 0  degrees  t o  

4 5  d e g r e e s  t o  0 d e g r ee s ) o f  t h e  l e a d s c rew l i ft i ng too l , t h e  l ea d s c rew was i n  a 

c o nd i t i o n  where i t  c o u l d  n o t  b e  rotated w i th  t h e  l i g h twe i gh t  l ea d s c rew l i ft i ng  

to o l . A t  th i s  p o i nt the  l i ft i n g  too l  a n d  n u t  runner  were remov e d  a n d  t h e  

a l ternate  u n c o up l i ng too l ( s e e  F i g u r e  3 - 6 ) wa s t r i ed .  
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When  the  j ump i ng j a c k  and  a l ternate  uncoup l i ng too l were engaged , the j a c k  

w a s  act u a ted  a n d  t h e  torque tube ( see  F i g u re s  3 - 7  a n d  3 - 8 )  was r a i sed  a nd 

l owe red n orma l l y .  T h e  torque tub E� rotated o n l y  30 to 35 degrees . I n  an  

a ttemp t to ga i n  a f u l l  45 - degree  rotat i on ,  the  to rque tube  was  rotated b a c k  and  

forth  s e v e ra l t i me s .  Du r i ng t h e s e  rotat i o ns  i t  was  o b s e rved  t h a t  the  reve rse  

h a rd s top was  approx i ma te l y  25  degrees  b e h i nd the  norma l uncoup l ed pos i t i on .  

N o  c l e a r  c onc l u s i on c o u l d  b e  drawn f rom these  o b s e r vat i o ns . A f te r s ev e ra l 

uns ucce s s f u l  a t tempts  to ga i n  the 45- deg ree rota t i on f o r  uncoup l i ng ,  t he  torque 

t t Jbe wa s retu rned  to  the  coup l e d pos i t i o n and recoup l ed i n s i de the motor  tube . 

At t h i s  p o i n t o p e ra t i o n s  o n  d r i ve  ? K  were t e rm i n a t e d . 

3 . 3 O b s e r v a t i ons  f rom the Camera I n spect i o ns  

T he  Q u i c k  Loo k c amera i n spec t i ons  we re p e r f o rmed i n s i de o f  the  TMI - 2  

reactor  ve s s e l  o n  J u l y  2 1 , Aug u s t  6 ,  and  August  12 , 1982 . T h e  c amera revea l ed 

that  the  uppe r centra l port i o n o f  the  reactor  f u e l  ha s  c o l l ap s ed 2nd  f o rms a 

l oo s e  bed  o f  rub b l e ,  who se  upper  s u r face  i s  abo u t  5 feet be l ow the  norma l top  

o f  t h e  c o re .  T h i s appears  to s uppo r t  e a r l i e r stud i e s o f  the  acc i dent  that  

theo r i z e d  s ev ere damage i n  the  upper  c e n t r a l  port i on o f  the  c o re where  the  

temperatures  were  the h i g h e s t .  

T h e  f i r s t  l o o k  i nv o l ved  i n s e r t i ng t h e  camera down t h e  s p a c e  vacated  by the 

remov a l  of  the  l ea d s c rew d r i ve  f rom the  c e n t r a l  C RDM . The  c amera s howed no 

v i s i b l e  damage to the  p l en um a s semb l y  above  the core . However , when the  camera 

was  l owe red  to the  po i nt  where the contro l rod and  fue l  a s s emb l y  s ho u l d  have  

b ee n , i t  was  found  that  the  c o re had  s l umped away f rom the  p l e n um . The  camera 

was  then l owered  an a dd i t i o n a l  5 feet  where the top of the  bed of rubb l e  wa s 

o b s e rved . On l y  a v e ry l i m i ted  p a r t  o f  t h e  core c ou l d  be obs e rved d u r i ng th i s  

i n s p ec t i o n  due  to water  c l a r i ty and  l i gh t i ng cond i t i o ns . 

A , t e r  remov 1 ng two more  contro l rod l ea d s c rew d r i ves  a t  the  edge o f  the 

c o re and at  a po i nt 1 n i dway betwe e n  the o u t e r  edge and  the cente r , the seconrl  

i n s p ec t i on was  c o :  'i uc + ed .  -:- ; : .� p i c tures  a t  the  edge revea l ed t h a t  the  co ntro l 

t'o d  a n d  the  f t , e l a s s emb ! y  i n  th i s  po s i t i on were s t i l l  i n  p l ace . I n  the  p i c

t u r e s  ta ken  a t  th� m i dpo i n t betwee n the  edge and  the  cente r , more e v i dence  o f  
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t h e  bed  o f  rubb l e  c ou l d  be seen . T he  top o f  t he  rubb l e  a t  t h i s po i nt was  a l so 

o b s e rved  to be  5 feet  be l ow the  p l e num a s s emb l y ,  a s  was  the  c a s e  a t  t h e  c e n t e r  

p o s i t i o n .  T h e s e  p i c t u re s  revea l e d s e v e ra l Y'ecogn i z a b l e  components  i n  t h e  CO l'e , 

i n c l ud i ng fue l rod s p r i ngs , i ntac t o r  p a rt i a l l y  i nt a c t  n o n f ue l beM i ng tubes , 

a n d  s e vera l p a l't i a l  fue l a s s emb l i e s hang i ng f rom t he i r po s i t i o n i n  the  p l e n um 

a s s e mb l y .  The  qua l i ty o f  the  p i c tu r e s  was  i mp roved  due  to the  i n s ta l l a t i on o f  

a s up p l eme n t a ry l i gh t  i n to the  c e n te r p o s i t i o n ( u s e d  f o r  t h e  f i rs t  i n s p e c t i o n )  

a nd p o s s i b l y  due to i mp roved  wate r c l a r i ty .  

T h e  t h i rd i n s p e c t i on i nc l uded  p rob i ng the  rubb l e  bed  t o  determ i ne i t s 

c o n s t i t u ency . A s tee l rod wa s i n s e rtP� down the s ame po s i t i o n betwee n  the edge 

and  t h e  c e n t e r  of  t h e  c o re a s  wa s used  fo r t h e  s e c o nd i n s p ec t i o n . T h e  rod was  

l owered  u n t i l i t  re s ted  on  the  top of  the  rubb l e .  I t  was  then  p u s he d  i n to the  

rubb l e  w i th  re l a t i v e l y  l i tt l e force  for  a d i s ta n c e  of  14 i n c h e s , i nd i c a t i ng 

t h a t  at l ea s t  the top l ay e r  a t  t h i s  po i nt i s  l oo s e  rubb l e .  The p robe  te s t  was  

then  conducted  at  t h e  c e n t e r  o f  the  c o r e , whe re i t  wa s a l s o found that the  

upper 14 i nc h e s  of  the  rubb l e  bed  i s  l oo s e  mate r i a l . 

S e v e ra l p re l i m i n a ry c o nc l us i o n s  h2ve  been  made b a s ed o n  a rev i ew o f  the  came ra 

i n s p ec t i o n s . The i n i t i a l  c o nc l u s i o n s  a re l i m i ted  o n l y  to a re a s  exp l o red  by the  

c a me ra :  

o A s i gn i f i ca n t  p o rt i o n o f  the  U n i t 2 f u e l a s semb l � e s wa s s e v e re l y  

damaged d u r i ng  the  1 9 7 9  a c c i de n t , w . th the  re s u l t t h a t  some o f  them 

a re i n  a bed  o f  rubb l e . 

o A n  approx i ma te � y  5 - f oo t - deep v o i d ex i s t s  i n  the  uppe r p o rt i o n o f  the  

c o re , extend i ng f rom the  c o re ' s  c e n t e r  l i ne about  ha l fway to i t s edge . 

o N o  e v i dence  o f  me l ted f u e l pe l l et s  was  f o u n d ; howe ve r ,  no  genera l i zed  

c o nc l u s i o n s  have  been  made o n  whether  o r  n o t  a ny of  the  f u e l  pe l l ets  

w i t h i n the  c o re had  me l te d .  

o A t  two po i nts , one  a t  tne c e n t e r  a n d  the  o t h e r  m i dway to t h e  edge , t h e  

rubb l e  a t  the  bo ttom o f  t h e  vo i d  i s  comp o s ed o f  l o o s e  mater i a l to a 
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dep t h  o f  a t  l e a s t  14 i n c h e s , a n d  1 n  t h o s e  two a r· eas  t h e  rubb l e  i s  n o t  

a f u s e d ma s s .  

o As  expec ted , t here  appeared  to  be  e v i d e n c e  o f  p a r t i a l me l t i ng o f  

r1 o rl f u e l  ma t e t' i a l , s u c h  a s  me ta l comp o n e n t s  t h a t  have  me l t i ng po i n t s  

m u c h  l owe r than  uran i um ox i de f ue l . 

o T h e  p l e n um , a maJ O t' r ·e a c t o t' c ompo n e n t  j u s t  above  t h e  c o re , appeared  t o  

be s ub s tan t i a l l y  u ndamaged . A t  a po i n t b e tween t h e  c e n t e r  and  t he 

p e r i p h e ry o f  t h e  c o re , p a r t s  o f  f u e l a s s emb l i e s we re s e e n  hang i ng f rom  

the  l owe r p l a te o f  t he  p l e n um .  

A c omm i t tee , the Q 1 r i c k L o o k  T ape R e v i ew G ro up , wh i c h wa s composed  o f  

i nd i v i d ua l s  i'Jho l·ie t'e f a m i l i a r· w i th  t he  d e ta i l c. o f  t he  c o n s t r uc t i o n o f  f u e l  and  

c o t'e  i n t e r· n a l s ,  and  w i t lr v i rJe o  t e c trno l o gy , rev i ewed t h e  v i d e o t a p e s . The  

d e ta i l s  o f  t h e  Q u i c k l.o o k  Tape  Rev i ew G t' uup  c o n c l u s i on s  c an  be f ound  i n  t he i r 

t'e p o t' t , D a ta f<epo t' L - Qu i c k  L oo k�e c t i o n R e s u l t s ( r PO; T t� I - 02 6 ) ,  f)e cember  1982 , 

G PU N u c l e a r T e c h n i c a l  P l a n n i ng D e p a r tme n t .  l he f o l l ow i ng  s e c t i o n s  a re a b r i e f  

s unma ry o f  s ume o f  t h e  o b s e r · v a t i o r1 s f t'Om the  r·e p 0 t' t .  

3 . 3 . 1 Ob s e t' V e <� C o n d i l i o r1 o f the  P l e n um 

The i n t e r i o t · S lr r  l a c e s  o f  t h e  C R Dt� g u i de t ubes  ( 88 ,  2 H , and 9 E )  w e r e  

t ll O t' O li CJ h l y  ex am i n e d a n d  a p p ;· c� r · e ll to b e  i r 1 CJooj  c o nd i t i o n .  N e a t' l y  a l l o f  t he  

:. e t " c r· e w s , v1 h i c h f a s t e n  tl w  LJ u i rl e  t u b e s  to  t h e  tJ r · a z e rn e n t  s uppo r t  p ·l a te s , w e t' e  

i o c a t e> cl .  A l l s c r· e w s  h a d  c l e a l ] _;  v i :. i b l e , i n t a c t  t h r e a d s .  V a r'y i ng amo u n t s  o f  

f i n e :, u rf a c e  depo s i t c . .  a s  ,•/P l 1  a s  some sma l l f l a k e s , v. e t'e o !J s e r v e cl o n  the  top 

s u d a c e  o T  t lt e  s c r · e v; s . A l l s u ppo t' t  p l a t e s i n s pec ted v1e r·e u n iH' o k e n , f ree  o f  

cJ i s t o r· t i o rl , a llCI g e n e r a l l y u ndarnaqecl ,  a l t ho u q h  t h e  top s u d a c e s  we re c o v e red 

1·1 i t h  l ay e r· s  o f  f l a k e , 3 L  e v e r·y l o c a l i o r1 i r b p e c L e d . T he j unc t i o n s  o f  t he  

s up p o r t  p l a t e s  w i t h  t h e  C -· t u iJ e s  a nd s p l i t t u b e s  a p p e a r e d  t o  be no rma l w i t h  no  

e v i d e n c e  o f  me l t i n �J .  T lw l>o l torrr end  o f  o r1 e  o f  the  s p l i t t u b e s  a t  the  9 E  

i o c <1 t i o n s howed e v i dence  o f  m i n e , · wa s ta cJe  o f  me ta l . Some o f  t h e  nea rby C - t u b e s  

a l s o s h owed s i �J il S  o f  rn e l t i n cJ i J E- i ow t ir e  t e n t h  s up p o r t . O t h e r  C - t ub e s  on l y  

c e n t i me te r s  away a t  9 E  we t·e u ;H.lc:maCJecl . 
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S i nc e  ma r k i ngs  on  t h e  camera cab l e  a l l owed t h e  dep t h  o f  t h e  came ra l e n s  t o  

be known t o  w i th i n  1 i nc h ,  i t  wa s po s s i b l e  to  d e t e rm i ne t h a t  the  g r i d p l a t e  h a d  

n o t  sagged  a t  a ny of  the  t h ree  l oc a t i ons  exam i n e d .  T he  b r a z ement  s uppo rt  

p l a te s , e n d s  o f  the  C - tubes  and  s p l i t  tube s , g r i d p l ate  s u rfac e s , a 11d p re s s u re 

pads  were a l l found  i n  t he i r  norma l l o ca t i o n s . 

A t  l oc a t i o n  9 E , the  fue l e l eme n t  upper e nd f i t t i ng a 11d  the  t h ree a d j a c e n t  

uppe r end  f i tt i ng s  ( 8D , 8 E , and  9D ) were s uspended f r o m  t h e  unders i de o f  t he 

g r i d  p l a t e .  T h e  g r i l l a ge wa s comp l ete l y  m i s s i ng o n  t h e  9 E  upper  e n d  f i t t i ng .  

T h e  s p i de r , s p r i ng , and  s p r i ng  reta i ne r  we re a l s o m i s s i ng .  The  g r i l l a ge on  

t h e  o t h e r  t h ree  v i s i b l e  uppe r e nd f i t t i ngs  wa s p r e s e n t , but  p a r t i a l l y  damaged . 

One  o f  t h e  upper  end  f i t t i :1 gs  had o t h e r  i den t i f i ab l e  compon e n t s  s uspended f rom 

i t . A spacer  g r i d ,  s tubs  of c o n t ro l e l eme n t s , and  part i a l  fue l p i n s were 

v i s i b l e .  

The  9 E  upper  end  f i t t i ng wa s s c anned  f rom  i n s i de w i t h  t h e  r i g h t  a ng l e  l en s  

and  appeared  t o  be  i n  i t s norma l pos i t i on w i t h  r e s p e c t  to  t h e  g r i d s tr u c t u re . 

Me t a l c h i p s a nd deb r i s we re found  i n  t h e  t i gh t  space  b e twee n  t h e  c e n t e r  tabs  o n  

t h e  e nd f i t t i ng and  t h e  g r i d .  T h i s deb r i s may be what i s  h o l d i n g t h e  end  

f i tt i ng i n  p l ace , a l though  the rema i nder  o f  t h e  fue l e l eme n t  wa s m i s s i ng .  Some 

a r e a s  o f  the 9 E  uppe r end  f i t t i ng l oo k  l i ke me t a l t h a t  has been c u t  by a t o rc h , 

wh i l e  a d j ac e n t  areas  appear  t o  be i n  the a s - ma n u fa c t u red  c o n d i t i o n .  

3 . 3 . 2 D i s tr i b u t i o n o f  C o re Deb r i s  

F l a ke s  o f  debr i s 1/8 i nc h  i n  d i amet e r  o r  l e s s  were o b s e rved  on  nea r l y  

e v e ry h o r i zonta l s u rfac e .  T h e  t h i c ke s t  l ayer  o f  f l a ke s  seen  wa s n o t  mo re than  

1/16  i n c h  i n  dep t h .  T h e s e  l aye rs  we re l oo s e l y  depo s i ted , s i nc e  t h e  mot i o n o f  

t h e  camera  i n  t h e  wa t e r  o ften  d i s t urbed t h e  f l a ke s . 

E a c h  s uppor t  p l a t e  o b s e rved  i n  the  C RDM gu i de tube  a t  l oc a t i o n 9 E  had a 

l ayer  o f  f l a ke s , whose  t l 1 i c kn e s s  i nc reased  w i t h  d e p t h , on  the  top  s u r f ac e .  The  

unders i de s  of  t h e  h o r i z o n t a l s u r fa c e s  were  c l ea n  and  free  of  l oo s e  d e b r i s .  

Vert i c a l  s u r f a c e s  were c l ea n  and  f ree  o f  l oo s e  d e b r i s .  Ver t i c a l  s u r f a c e s  o f  

t h e  C RDM gu i de t ubes  a n d  C - tube s were re l a t i ve l y  f ree o f  debr i s n e a r  t h e  top  o f  
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t h e  p l e n um , a l t h o u g h  s o m e  s l i g h t d e p o s i t  o f  ma t � r i a l  wa s e v i de n t  a s  t h e  c � m e •·a 

was l ow e r e d . 

D e b •· i s o f  l a •·g e r  c h a •·a c t e r i s t i c  :, i z e w a s  l o d g e d  1 11 t h e  n a 1TOW s p a c e 

b e twe e n  t h e  u p p e • ·  e n d  f i t t i n cJ c e n t e 1· i n q t a b s  a n d  t h e  p l e n um CJ r i d  p l a t e .  T h i s  

d e b •· i s a p p e a •· e cJ t o  b e  m e t a l c h i p s O l' f 1·a grne n t s ,  •·a t h e r  t h a n  t i ny f l a k e s . O n e  

p i e c e o f  d e b r· i s l o o ke d  l i k e a f u e l p e l l e t  f •·a gme n t . 

\1h e n e v e •· t h e  c a m e r a  i mp a c t e d t h e  r u b b l e  b e d , a c l o u d  o f  v e 1·y f i n e p ro r' t i -

c l e s ,  wh i c h s e t t l e d o r  d i s p e r s e d  q u i c k l y , w a s  g e n e r a t e d .  T h e t u •·b i cl i ty o f  t h e 

1·1a t e r  v a 1· i e d f r om o n e  c a m e r a  i n s p e c t i o n to t h e  n e x t .  D u r i n �J t h e  f i r s t c a me ra 

i n s p e c t i o n , t h e wa t e r  w a s q u i t e  c l o u dy w i t h  v i s i b i l i ty l i m i t e d  to 3 i n c h e s  

tJ ey o n d  t h e  c a m e r·a a t  m o s t .  T h e  v i s i b i  l i ly i n c re a s e d t o  a b o u t  9 i n c h e s b ey o n d  

t h e  l e n s  cl u •· i r l �J t h e s e c u :1 cl c a n1 e 1·a i n s p e c t i o n ;  h owe v e r . i t  a p p e a r· e cJ  t h a t  v 1 s 1 -

t h i r cJ c a me ,. a i n s p e c  t i u 1 1  , a v a i l a b l e l i g h L a I s o  -3 p p e a 1 e d t o  b e  t h e  f a c t o r  l i m i t 

i r l lJ •: i s i b i l i ty ,  c a u s i n q o b j e c t s  t o  b e  i ll CJ i s t i rl C t ,  a l t h o U CJ h  d i s c e r· r� i b i e ,  f ro m  1 
0 1· 2 f e e t b ey o n d  L11e  c a rne • · a . 

3 . 3 . 3 � x t e n l o f  C o re Da ma ge 

A v o i d e x i s t s  i n  t11 e u p p e r c e n t r a l p o • · t i o n  o f  t h e  C O T ' (' . A t  p o s i t i o n 8H , 
t h e  c e n t e r· o f  t h e  c o 1· e , t h e v " i d e x t e n d s  t r· o rn t h e  b o t t o m  o f  t h e  p l e n um t o  a 

r u b b l e  b e u , t h e  t . u p  c· Ll l' t a c P  o f  v1h i c l1 i s  �J f e e l  be l uv' t h e  b o t t o m  o f  t h e p l e n um .  

T h i s  v o i cJ i 1 1 c l u d e s  a t  1 t' a s l  t h e  c e n t r a l n 1 n e f u e l l o c a t i o n s . A t  t h e  9 E  l o c a 

t i o n ,  t h e  . er i c! .'J h •: t' .d e l l li c  �. t e e t  tJ e l uvl t h e  l owe r· s u d a c e  o t  U 1 e  p l e n u m .  I t  

vn s n o t p v s i tJ l '='  t u  ; · u t a t e  U1 1::- ·. J ill l::' r 'c1 � 6 0  cl e g r e e s ,  To v1a s  cl o n e a t  u o s i t i o n 8 H . 

s i n c e  t h e  C. d llii::' I ' CJ  W·'l :C  p , · e v e •, t. r l i  l r o rn t u 1· 1 i i n cJ on e v e ry a t t e mp t . S t t 1 b s  o f  l'O d s  

we 1 · e  s e e 11 e x t e n cl i n q  u , )vla J ' CJ f r o m L h e  t ' U IJ b l e  a t  p v s i t i o n 9 E . R u cJ s t u b s  vle r'e  a l s o 

o b s e 1 ,  'J e � ;  1 1 a n CJ i n tJ d o  w r1 �-. a 1 d a i c. 1 1 q t h e  '-'" -' ·; t e cl CJ e o f U1 P c_ o 1 · e a t t lw 8 0 I o c d t i o n  . 
f h ey •·1 e 1 ·e  s u s p e nd e d J , u m t i l e  r ema i n s u l  t h e  u p p e 1  e n d f i t t i n c; ,  ,., l , i c h v1a s  s t i l l  

i n  p l d C E' . 

A t  p o s i t i o n 8H t lw e 1 1 l i r t� u p p e 1 ' e n d  f i t t i n q wa s m i s s i n g ,  a s  \va s  a n  a d j a c e n t 

o n e . A t  p o s i t i o n s  c G , 8 E , 9 C , a n d 9 E , t h e  u p p e r· e n d  f i t t i n g s  we r e  s t i l l  

s u s p e n cJ e d  f r·om t h e  p l e n um CJ r· i c, p l a t e .  1 h e s1J i cJ e r' a s s emb l i e s we r e  e n c o u n t e r' e d  
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i n  t he i t· n o rma l p o s i t i o n s  at  l o c a t i o n 88 a n d  o n e  adj a c e n t  l oc a t i o n ,  wh i c h 

i nd i c a te s  that  the  fue l b u nd l e s i n  the s e  l oc a t i o n s  we t ·e s u f f i c i e n t l y  i n tac t to  

s up p o r t  th e  s p i de r s . 

3. 4 C o r·e  P t·obe 

The r·ubb l e  be d  wa s probed  by i n s e r t i ng  a l/2- i nc h - d i arne te t· s te e l 1 ·od i n to  

t h e  reac t o r  v e s s e l  t h r· ough  t h e  8H C RDM g u i de tube  u n t. i  1 i t  t o u c h e d  t h e  1· ubb l e .  

I t  wa s t h e n  rotated  a n d  a l l owed t o  pene t ra te the  deb r i s by the  f o rc e  o f  i t s own 

1ve i gh t  ( ab o u t  30 pounds ) .  The p robe  ea s i l y p e n e t. t· a ted  the d e b t· i s  to  a d e p t h  o f  

14 i nc h e s , whe re i t  1va s  s topped by a n  u ny i e l d i ng o b s truc t i on .  T h e  1 ·od p e n e t r·a t. ed  

the  d eb r i s to the  s ame depth  a t. l o c a t i o n  9 E . 

3 . 5 . 1 D e sc r i pt i o n 

C R DM u n c o up l i nq a n d  co t·e rnapp i n�J v1e 1 ·e p l a n n ed  to o t) ta i n  t h e  e a t· l i e s t  

p o s s i b l e  d a t a  o n  th e  c o nd i t i on o f  t h e  C RDMs . T h e  u n c o up l i nq c o n s i s ted  o f  a 

s e r i e s o f  o p e t·a t. i o n s  t h a t.  a t temp ted  to d i s c o n n e c t  d t· i v e m e c h a n i sm  l e a d s c t ·ews 

f t·om  c o re c o n t ro l  e l eme n t s . The goa l s  o f  t h e s e  o p e r·a t i o n s  we t·e to : 

o O b ta i n  da ta that. c a n  b e  u s e d  t.c a s s e s s  the  c o nd i t i o n o f  the  c o re 

o Uncoup l e  C RD r� l ea d s c t·e 1vs  f 1·om c o n t 1· o l r·od  a s s emb l i e s t o  p e nn i t l ead

s uew p a r· k i ng a n d  C RDM 1·emova l ( i f  1·eq u i r · ed ) 

o O b ta i n data o n  the  c o nd i t i on o f  i nd i v i d ua l C ROHs i n  0 1'de 1· t o  d e v e l op 

t h e  mo s t. e f f i c i en t.  p l a n f o r  c o n t i nqe ncy u n c o up l i ng a ll CI p a 1· k i ng .  

T h e  u n c o up l i ng s e q ue n c e  was  s e t  u p  t o  o b ta i n  s 1 x ma j o r· data i tems  a nd a ny 

a s s o c i a t e d  d a t a  t h a t  may be  p e r·t i n e n t  to  the  d a ta e va l ua t i o n  p 1·oce ::. s . T h e s e  

d a t a  c o n s i s te d  c f  f o u r  p r e s s u re g a u g e  read i ng s  t a k e n  f rom 3 hyd ra u l i c  p re s s u re 

g a u g e  o n  the j ump i ng j ac k  too l , the e- x t e n t  o f  l e a d s uew r · ota t. i o n ,  and w h e t h e r  

o r  n o t  t h e  h a rd s to p s  were  f e l t  b y  t h e  o p e r·a to r . O t h e r  i n f o rmat i on ,  s uc h  a s  
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t h e o p e t' a l o t' ' s f e e l  t o t' t h e  r o t a t i o n ,  t h e  i n a b i l i ty t o  t 'o t a t e b a c k  t o  t h e  

c o u p l t:> d p o s i t i o n ,  O t ' lv h e l i' e t' t h e cl t 'OP o f  t h e  s p i d e t '  w a s  f e l t ,  wa s a l s o r e c o t'd e d . 

il i l. e t ' rl a t e u r 1 c o t: p l i n q  o f  t h e  C RDH i s  p e d o rrne d by t'o t a t i n g t h e  rna j o n ty o f  

t h e d r i \ e ' :o i n l e t' r l a l s .  \'/ h e n  l e a c! s c t 'ew t 'Prno v a l i s  n o t  r e q u i t' e d  ( e . g . , h e a d  

t ' e rn o v a l .  n twrna l p l a : ,, t o u t a q e s , e t c . ) .  a l t e n1 a t e u n c o u p l i n cJ i s  u s e d  t o  r e d u c e  

t h e  t i me 1 n tl rn a w r •J rn  a s s c, c i 3 t e c w i t h C R Of� u n c o u p l i n g a n d p a t' k i r l �J .  T h e  cJ i f f e r·-

t• n c P  l 1 t' t \v e e n  t h e  i 1 0 l 'llld l ,r r • c o u p l i n q ( u s e d  cl u r· i n g t h e Q u i c k  L o o k  l e a cf s C l'ew 

u n c o u p : 1 1q a 11 l i  , ·emo v rl l ) J I I Cl t lw J l t e r r 1 a t e u rl c o u p l i rHJ  i s :  

u N u n11 a l , ; , Jc , , L , ! ; ' 1 " ' 1  , l f l l t' ' · e a cJ s t h e  l e a d s c t'e\'1 rHr L ( s e e  F i �J ll l'e 3 - 9 )  a n d 

t h •· r 1  1 1 : , . > � r p i e ·. t t · "'  l e a cl s c t'el� ! r em L i l t=  s p i d e t' a n d t o r q u e  t a k e r  s i rn u l 

t.:J n e o u s r .. . L il li "  d i ! ovl i llLJ  t h e l t:> a Ll s c re1v t o  b e  t 'emo v e u  f t 'O ID t h e  cJ t· ; ve 

· t ; t. J \ t• :o  t l t t' e r t l i l f' i n t e t · n a h a c, c. e rnl! l :- ( i . e . , t O l ' CJ l l <: t u b e , to r'q u e 

\ a k e r . l i ' tl l e a ch c r e v. ) ,  L h u o u r1 c u u p l i n q  L !l e  l e a d s C t' e vl f t·orn t h e  s p i d e r  

" tlw u t  t l i t . r r iJ i n q t h t:' l e a cl s c t ·ew l o r q u e  L1 k e r· c o n n e c t i o n .  T h e l e a cJ -

, . t' '' C d 'l t h e n IJ e p a t· k e d  by h a n q  i n q  t h e  l O l ' LJ U e  t a k e t · i 1 1 s  i d e L h e t o rq u e 

' t. , :  , ,. ;ti i t 1 ' '  ' d  · ,  u t, s f> q L .  ,,. 1 t t. u p  e r a t i Cl l t  c, ( i . e . . u n  t il l' e a d  i n CJ o f t h e  I e a d -

. c r t:' •·· ' H r t l .  � ! i e  i e a cJ s c , · elv c a n n u l tw 1 e mo v e d  l t'O ill L if e  d 1· i v e u s i n g t h i s  

rn e  U w l! . 

i 1 ! C'  d i t e r n a t �::- c � r< :1 Li l ' ' i • 1 1 i  t u u l  h l h J t'm a l l y  u s e d  i n  c u n j u c t i o n w i t h  a n  

, - , . J i f::- '  1 l P r !  _; , J I1 1 1 J i : : ci i . H � p e t · t r_• l lll tl i f' 1 i f t i n q a n d 1 0\'le r i n q .  l r 1 o r d e r  t o  

· 1 ' '' >·il:. ; , i ll "lli ' '  P rl • i ... ,. c u 11 r p o n e : : t s  d t  v a r i o u s  i n t e r- v a l �  i r1 t h e u n c o u p l i l l CJ  
, . , . .  , .. _ ,. · ' , ._ . '· ' ' l l i  : " '- r  : H f w1 ; ·n u d  i t i ed t o  !1 1_' !i y r l : · :1 u !  i c a 1 I �.: o p e  1 · a  t e d . T h e t o o  1 

,., . ,  t ! : � · ·  , ' � i : ·a t e d 1 ,  .·J> · ; h i r , ; .  D l l l i l l CJ c a i i i) l ' a t i � · r ·, , i t  wrJ S r! e t e t· m i n e c! t h a t  

t :w t > ' .·d ,  . , t  ' ' · �  : - 1 ; " : : ' · : 1  , . , · , , � , - i n  t. l i f-' w P i q h t  c o n v e r c. i o r ·� : t h e  c o n v e r s i o n 

' . < f ,  ; � (- . ) ' j ! o • e ,  a rnp  l e .  1J 3 p s  1 e q u a  1 s ,l rj Q  p o u n d s . I n  

, : .t i t. 1 rl' 1 " t ! ,_. 1 1 • - 1 1 ,  L , r  1 d : , " ::; t -"· ' 1  L ..• e 1 q h L e 1 T '' 1,  • t h e  a c t u a 1 JE 1 q a u CJ e r e a  cJ i n CJ s 
, , , L : i c! ; n ! .  tJ e t · e c: o , · u e ti L • )  p � i .  1 11 i s  3 d cl e cl a cJ c! i t i o n a l u n c e r t a i r1 t i e s i n t o  t h e  

.; c.. \LJ a : we i q t1 t  i n d i (. ,, t i • · l . ! ·, ;.J\'IF· v e t , l !w vn? i q l l i n cJ c a , . a t, i l i t i e s \·le t -e  s u f f i c i e 1 1 t 

' 'A  lf e t E' J'Ili i 'l i i l CJ t t' O i l li "  ; r : t i < e  < i iJ L a  a c c urnu l a t e c! .  T h i s d a t a a n a l y s i s  i s  d i s -

c t ; s s e li i r 1 d e t a i l l a t e r .  
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Another  ma j o r  po r· t i o n o f  data acc umu l a ted re l ates  Lo the  rota t i o n  o f  the 

l ea d s c rew.  T h e s e  data were determ i ned  b a s e d  on the  des i gn of the  bayo net  

c o n n ec t i o n  betwee n  the  l ea d s c rew and  s p i d e r .  T h i s  c o n ne c t i on  i s  a f l a t bayo net  

w i t h  n o  J - s l o t s . There  a re f o u r  ma l e  tabs  en  the  l ea d s c rew and  f o u r  fema l e  

s l ot s  i n  the  s p i de r ' s  c oup l i ng .  There i s  a 2 - i nc h  e ngagement l e ngth  between 

the  tabs  and s l ot s  wh i c h ,  when  mated , a l l ows very l i tt l e  ( l e s s  than  5 degre e s ) 

re l at i ve rotat i o n .  T h e  c harac te r i s t i c s o f  the rota t i on  o f  t h i s coup l i ng are  

d i s c u s s e d  i n  d e t a i l l a te r .  

A P S R s  were a l s o  uncoup l ed u s i ng t h e  a l ternate u n c o up l i ng method . Because  

t he  l ea d s c rew ' s we i g ht  i s  s upported by  the  A P S R  ro l l e r n u t s , the  we i ght i nd i ca

t i o n s  t h roughout  w i l l  be  d i f f e r e n t  than s h i m  s a f e ty d r i v e s . T he  ma j o r· d i f f erence  

b e twee n  A P S R  and  s h i m  s a fety d r i v e s  s tems  f rom the i r  f u nc t i on i n  the  reacto r .  

B e c a u s e  t h e  A PSRs  n e v e r  s c r·am , th e i r  torque  tubes  d o  n o t  have  be l l e v i l l e 

s p r i ngs  and  the i r  ro l l e r  nuts  and  l ea d s c rew are  a l way s e ngage d .  D i f ferent  

b o t tomed o n  the  torque  tube  du r i n g i n s e rt i o n  te s t s . F or  the  rema i n i ng seven  

A P S R s , t h e re wa s s u f f i c i e n t  c l e a rance  b e twe e n  the  torque tube  a n d  torque  ta ke � 

to a l l ow the  torque  tube  to b e  l i f ted  a n d  a l t�rnate uncoup l i n g to be  p e r f o rmed .  

F o r  A P S R  l e a d s c rew par k i ng ,  the  s ta to r s  � i l l  have  to be  e n e rg i zed  to 

� i thdraw the l ea d s c rew f rom the c o n s t ra i nts  o f  the s p i de r ' s c o up l i ng ( approx i 

mate l y  2 i nc h e s ) .  Once  t h i s h a s  been  pe r· formed , the  APSR  l e adsc rews c a n  be 

p a r ked  ma n ua l l y  by rotat i n g the  torque  tube  �nd l ea d s c rew u s i ng the  a l ternate 

u n c o up l i ng too l . T h i s  method  requ i res  168 revo l ut i o n s  o f  the  torque  tube  ( fo r· 

d r i v e s  w i t h  the  A P S R s  i n  the  f u l l y  i n s e rted  po s i t i o n ) .  S tators  cou l d  b e  u s e d  

t o  p a r k  t h e  l ea d s c rews ; howeve r , w i thout  s ta to r  coG ' i ng w a t e r  the  r i s k  o f  

o v e rheat i ng i s  pos s i b l e .  I n  run  speed , i t  takes  44 m i nutes  to d r i ve the  

l e a d s c rew to the  park  pos i t i o n .  D u r i ng the  APSR  i n s e rt i o n  tes ts . coo l i ng water  

wa s n o t  u s e d .  To  par t  the  s h i m  s a f e ty d r i v e s , the  l eadsc rew i s  e ngaged u s i �g a 

l ea d s c rew l i f t i n g too l and  the  l eadsc rew i s  l i f ted through  the  ro l l e r  n u t s . 

Add i t i o n a l  i n f o rma t i o n  c o n c e r n i ng l ea d s c �ew pa r k i ng w i l l  b e  d i s c u s s e d  l a te r .  
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3 . 5 . 2 D a t a  E xp l a n a t i o n 

T h e  f i r' S t  q a u g e  r·e a d i n q wa s t a ke n  a f te r  t h e  l i f t o f  t h e  e n t i re a s s e mb l y .  

f h i s i n c l u d e d  t h e  c o n t ro l rod a s s emb l y ,  l e a d s c rew , t o rque t u b e , t o rque t a ke r , 

a n d  Lr n c o u p l i n q t o o l . T h e i r c omb i n e d  we i q h t  was  390 p o u nd s . F o r  a no rma l d r i v e  

( t h e  a s s emb l y  mov e d  u p  f re e l y  a n d  t h e  e n t i r'e  c o n t r o l r·od a s s emb l y  wa ; p r'e s e n t ) , 
t h i s  p r·e s s u re r e a cl i n g s h o u l d  h a v e  b e e n  a pprox i ma t e l y  7 5  p s i .  S i n c e  c omb i na 
t i o n s  o f  c nr d  l� u i l cl up a n d  m i �. s i ng c n n t r o l e l eme n t s  c o u l d  a l s o c a u s e  a n o r'ma l 

r'e a d i n cJ ( 7 5 p s i ) ,  t!' e  C llmb i rl <r t i o n o f  ,1 1 1  r e a d i n q s  a m; r o t a t i o n s  was  t h e  o n l y  

way o f  d e t e nn i :1 i mJ a t r· u l y  n o r·ma l a s s emb l y u n c o u p l i n g .  It s h o u l d a l s o b e  n o t e d  

t h a t  i f  l h e  f i r· s t CJZ! U CJ e  r'e a d ; n CJ e x c e e d e d  a b o u t  90  p s 1 ,  i t  i n d i c a t e d  t h a t t h e  

b e l l e v i l l e s p r i n g s  were  b e i n cJ comp r e s s e d  i n  o nl e r t o  g a i n  t h e u p w a r d  t o r q u e  

t u b e  mo t i o n requ i re d .  

i ' ' · i o r t o  r ·c t a t i on o f  t h e  a s s emb l y .  T h e  v e rt i c a l  po s i t i o n o f  t h e  t o r q u e  t u b e  

wa s j u s t b e l ow i t s s e a t e d  � L � i t i o n f o r  t h i s  r e a d i n g .  Ag a i n ,  for  a n o rma l 

a s s e rn iJ i \  L h i , re a d i r ' CJ  s h o u l d  h a .' e  b e e n  a b o u t  7 r_) p s i .  H o we v e r , i f  t h e l e a d s c rev1 

•J l' s p i ci e r  w :1 s  s t u c k ( a n d  t h u s  t h e i r  we i q h t wa s b e r n CJ s u p p cv l e d  i n  the  d r i v e O l' 
t > y  t h e  c o r1 L r o l  l'O d  p i n  d a m a g e ) ,  t h e  s e c o n d  r' e a cl i r l g  s h o u l d  h a v e  b e e n  a b o u t  

2 8 p s i . T h i s c: o rT e s p o ncl e c l  t o  t h e  \"1 e i CJ h t o f t h e  a l t e r n  a t e u n c o  up 1 i n g to o l a ' l  d 

t h • ·  t t , r q u P  l u b e . I f  t h e  l e a d s c rel<� ��a s  s t u c k  i t  wa s s t i l l  p o s s i b l e  f o r  t b e  

t o r' que  L u b e  l o  s l i cl e  cl own t il e  l e a d s c rev1 .  

' 11 e  l h i , · cJ q a u g e , · e a cl i n g wa s t a k e r1 a f t e r  1 · o t a t i o n o f  t h e  a s s emb l y .  T h e 

v e ,· t i c a l  : , ch i t i o l l  o f  t h e  t o r q u e  l u b e  1, a c,  U 1 e  s a me a s  f o r  t h e  s e c o n d r e a d i n g .  

1 h i s  '' e 'l cl i n g cl e t e rrn i n e cl i f  t il e  c o n t r· o l r' D d  a s s emb l y O t' a ny we i g h t  d ropped o f f  

t h e  l e a ct c c ,·Pw . ;., , w r m a l u n c n u p l i r 1 lJ w o u � c1 h a v e  a q a u g e  r e a d i n g o f  a b o u t  5 2  p s i 
a t  t h i s  po i n t . l 11 t:Cl · E' '='  w l , e •· e  U ' '  1 ,  t h e  s p i  cl e r  a s s emb l y  may h o •; e  b e e fl p r e s e n t , 

Uw \I I ' I T o f  l i '  t o  l S  i i O L J il cl s  ( e q u i ;_ ,l l e n l  t c, �- t. o 3 p s 1 0 11 t il e  nyd r a u l i c ga u g e ) 

wa s u n d e t e c l a t J l e ,  ·:J u e  t L' t il e  -! i. C l ' i ii l ,�  ' "  t ll P  i c a cl m e a s u r · i ll g  d e v i c e .  

T h e  f o u r t h  g a u q P  r ·e a cl i n q w a s  � a b' 'l a f t e r  t h e l e a d s c r ew a n d  t o r· q o., e t t r hP  

w e !'e  l i f l e cl  a rlC l  p n o r  t o  r e c u u p l i n q t h e  t < > r q u e l u b e  to  the  mo t o r  t u b e . F o r a 
n o r'ma l d r' i v e u n c o u p l i n q ,  t h i ·; r e .3 cl ' rH] s ll o u l cl a l s o h a v e  b e e n  5 3  p s i . T h e t' e  w!::' r e  

s e v e r' a l d r · i v n c. wh i c h  u n c o u jJ l e d ( a c, i n cl i c a l e d  b y  t h e  l e a cl s c r ew ro t- a t i o n a n d / o t' a 
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d t'OP i n  lve i gh t  i n d i c a t i o n )  b u t  r e q u i t'e d  mo re t h a n  53  p s i to l i f t t h e  a s s e mb l y .  

T h i s i nc re a s e  i n  l oad  s e ems to b e  a r e s u l t  o f  t h e  s a m e  typ e s  o f  i n te r f e re n c e s  

t h a t  1ve t'e  detec ted  cl ll l' i ng Q u i c k  L o o k  I and  P u n c o •.J p l i n g a n d  p M k i n g .  T h e s e  

h i g h e r  read i ng s  a re u s ed t o  i de n t i fy potent i a l  p a r k i ng p r o b l e m s  a t  C R OM l oca

t i o n s .  

I t  s h o u l d be noted  t h a t  v e r t i c a l  d ownwa t ·d  m o v eme n t- o f  t h e t o 1· q u e  t u b e  was  

l i m it e d  to 5/8 i n c h  d u r i ng  t h e u n c o u p  l i n �J a tt em p t .  

T h e re we re f o u r  d i f fe re n t  ro t a t i o na l c o n d i t i o n s  t h a t we re ob s e rv e d  d u r i n g 
C RD�1 u n c o u p l i ng : ( a )  no t'o l a t i o rl ,  ( b )  t· o t a t i o n b a c k  a n d  f o d h  w i t h  h a n! s t op s  

a t  a p p  "'"' i ma�e l y  - 1 0 a n d  + 5 5  d e g t·e e s , ( c )  t'O t 2 t i o n t o  t h e  u n c o u p l e d p o s i t i o n 

w i t h  n o  f u rther  rd a t i o n b a c k o r  f o t· t h , and  ( J )  360- degree  r o ta t i o n .  

o The  t h ree d r i v e s  t h a t  d i d  n o t u n c o u p l e  fa l l  i n to t h e  c a t e g , ry o f n o  

ro t a t i o n ;  h owe v e r ,  t h i s  i s  r e p r e s e n t a t i v e o f  t h e  c l e a r a n c e s  b u i l t  i n to 

t h e  torque  t u b e , t o rq u e  ta k e r ,  a n d  l e a d s c t·ew i n te r f 3 c e . 

o A c o n t i n ued  ro ta t i o n b a c k a n d f o r t h  w i t h  h a l'd s t o p s  i n d i c a t e s  t h a t  U; e 

s p i de r  ( a n d  p o s s i b l y t h e  c o n t ro l r o d s ) d i d  n o t  m o v e  down a f t e r  u n c o u

p l i ng . 

o R o t a t i o n to t h e  u n c o u p l e d p o s i t i o n w i t b  n o  f u d h e 1· r o t a t i o n bac k O l' 
f o t' t h  i n d i r -: te d  t h a t  t h e  s p i d e t' ( a n d  p o s s i lJ i y t h e c o n t t' o l l ' O d s ) m o v e d  

d own g r e a t e r  t h a n  0 i n c he s  a n d  l e s s  t h a n  2 i n c h e s . T h e i n a b i l i ty t o  

t' o ta te b a c k  a n d  f o r t h  wa s l i ke l y r a u s e d  b y  the i n t e d e r'e n c e  o f  l r e  
ma l e  t a b s o f  t h e  l e a d s c re w  bayo n e t  a n d t he f e m a l e  s l o t s  o f  t h e  s p i d e t· 

hub . i'. n o t'ma l u n c u cr p l i n g wo u l d  q i v e t '1 i s  i n d i c a t i o n ,  i) e c a u s e  t h e  

s p i d e r  wo u l d  f a l l  a n d b e  s uppo t·tec! b y  t h e  e ll C! f i tt i nq .  Howe v e r , t h i s  
t' o t a t i o n a l i n d i c a t i o n .  i r1 ac! ci i t i o !l t o  t h e  n o t·ma l 1 u c; cl r e a cl i r· q s . vlo ' : ": 

b e  t · e q u i r e c! to c l e a 1 · l y  i d e n t i fy a n  u n c! a rn a cj e t! C R Df·L 

o F i na l l y ,  t h e 3 6 0 - d e w e e  l'o t a t i o r' i nd i c a ted  t hat  t he s p i d e r� d l' oppecl  

we a le r· t h a n  2 i nc he s .  T h i s i nd i c a t i o n  w a s  v e r i f i ed by  t h e u n c o u p l i n q  

o f  t h e  8H a n d 9 E  l e a d s c r ews d u r i n g  Q tr i c k  L o o k  1 a n d I I  f o l l ow e d  by t he 
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s ub se q u e n t  camera i n s p e c t i ons . T h i s  i nd i ca t i o n  does  not  v e r i fy t h a t  

the  s p i de r  d ropped i n to the  c o re , o n l y  t h a t  i t  d ropped  g re a t e r  t h a n  

the  2 i nc he s  req u i red to  c l ea r  the  tabs  o f  the  l ea d s c rew a n d  s p i d e r  

hub . 

The  rema r k s  s e c t i on o f  the  d a ta s heet  wa s u s e d  to report  u n u s u a l  type s  o f  

i n fo rma t i o n , s uc h  a s  a s tuc k torque  tube s upport  r i ng ,  t he  operato r ' s  op i n i on 

o f  h ow t h e  r o ta t i o n o f  t h e  l ea d s c rew fe l t  ( compa red  t o  o t h e r  B&W p l a n t s  and  

t ra i n i ng  fac i l i t i e s ) , a nd c l ues  a s  to  w�at may have  c a u s e d  the  i nd i c a t i o n s  t h a t  

we re r e c o r rl e d . I n  mo s t  c a s e s , t h e s e  c ommen t s  we re rea l  t i me a s s e s sme n t s  o f  

v1ha t  the  data i nd i cated . 

3 . 5 . ' Re s u l ts  o f  Leadsc rew Uncoup l i ng Ac t i v i t i e s 

T h e  f ol l ow i ng s umma ry o f  re s u l t s  c a tego r i z e s  the  data i n to more u s ab l e  

i n f o l'ma t i o n  

B a s e d  o n  a n a l y s i s o f  t he data  obta i ned  d u r i ng  l ea d s c rew uncoup l i ng ,  t here  

a r e s e v e r a l c a te g o r i e s i n to wh i c h  the  l ea d s c rews c a n  be  g l'OUped  ( t . 1e catego r i e s  

a r e  n o t mutua l l y  exc l u s i ve ) .  

o L o c a t i o n s  whe re the  c o n t ro l rod  s p i ders  never  moved  up  o r  down ( s ee 

F i g u re 3 - 1 0 ) .  

o L o c a t i o n s  w h e r e  the sp i d e r s  moved  down l e s s  t h a n  2 i nc h e s  a f t e r  

u n c o up l ' ng ( s ee F i g u l'e 3 - 1 1 ) .  

o Locat i o n s  where  t he  s p i de r s moved  up when  l i f ted , but  d i d  not  move  

down a fte l' l • n coup l i ng ( s ee  F i g u re 3 - 1 2 ) .  

o L o c a t i o n s  whe re t h e  s p i d e r s  dropped  g r e a t e r  t h a n  2 i n c h e s  a f t e r  

u n c o u p l i n g ( s ee  F i g u r e  3 - 1 3 ) .  

o L o c a t i o n s  whe re t h e  l e a d s c rew h a s  b e e n  u ncoup l e d b u t  pa r k i ng the  

l e a d s c rew may b e  d i f f i c u l t  ( s e e  F i g u r e  3 - 1 4 ) .  
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o Locat i ons  w:1ere the l eadscrew and  torque taker are not bottomed o n  the 

torque taker  b e l l ev i l l e  spr i ngs  ( see F i gure 3 - 15 ) .  

o Loca t i o n s  where l ac k  o f  l eadscrew movement  wi l l  not a l l ow a poten

t i a l l y  s t u c k  l eadscrew to be i dent i f i ed ( see F i gure 3 - 16 ) .  

F o l l owi n g  i s  a n  exp l a n at i on o f  how each  o f  these  cond i t i ons  was i de n t i f i ed .  

3 . 5 . 3 . 1 Spi ders  D i d  Not  Move Up or  Down . Locat i on s  whe re the s p i ders 

never moved up  or  down ( see  F i gure 3 - 10 )  were i dent i f i ed based on  the 

f o l l owi n g :  

1 .  The f i rs t  gauge read i ng was g reater than 9 0  p s i , i nd i ca t i ng that 

the  l eadscrew was stuc k i n  the dr i ve or that the s p i der was 

ho l d i ng i t  down . I n  these  cases  the be l l ev i l l e spr i ngs we re 

compressed  to ga i n  the upward movement o f  the torque tube . 

2 .  The  second  gauge read i ng was app rox i mate l y  28 p s i , wh i c h i nd i cated 

that o n l y  the torque tube was l owered and not the l eadsc rew and 

s p i de r .  

3 .  Dur i ng rotat i on , the l eadscrew moved bac k and forth between hard 

s tops repeated l y , wh i c h i nd i cated that the s p i der was not mov i ng 

down when the l eadsc rew wa s i n  the uncoup l ed pos i t i o n .  I n  t h i s 

pos i t i on there was no mec ha n i sm i n  the dr i ve to s upport the 

s p i der , and i t  shou l d  have fa l l en .  

4 .  The  th i rd gauge read i ng rema i ned near 28 p s i , wh i ch i nd i cated that 

the l eadsc rew was st i l l  s upporte d .  T h i s s upport cou l d  have been 

from the s p i der or  i nterferences  i n  the d r i v e .  

5 .  T h e  fourth gauge read i ng wa s l e s s  than  the f i rs t  read i ng ,  wh i ch 

i nd i cated  that the major  i nterferences  ( s tuc k l eadscrew) i n  the 

f i rs t  read i ng were caused  by the e ngagement  of  the l eadscrew wi th  

the frozen  sp i der  as semb l y .  
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3 . 5 . 3 . 2  Sp i de r s  Moved Down Le s s  T h a n  2 I nc he s .  Loc a t i ons  where the  

s p i ders  moved down l e s s  than  2 i nc h e s  after  uncoup l i ng ( s ee  F i g u re 3 - 1 1 )  

were i de nt i f i ed b a s e d  on  t h e  f o l l ow i n g :  

1 .  T h e  f i r s t  gauge read i ng wa s l e s s  than  9 0  p s i  ( 75 p s i  i s  n o rma l ) ,  

wh i c h i nd i cated  that  there we re no  s i gn i f i c ant  i n te r f e rences  and  

the l ea d s c rew wa s mov i ng up . 

2 .  The  second  gauge read i ng wa s about  the  s ame a s  the  f i rs t ,  wh i ch 

i nd i cated  aga i n  that  the  a s s emb l y  was  mov i ng 1 1p and  down w i thout  

i n te r f e rence  fr om  be l ow .  As  t h i s read i ng approached 53 ps i  i t  

co u l d be  a s s umed t h a t  l a rge port i ons  o f  the  contro l rod a s s emb l y  

were m i s s i ng ;  howeve r ,  t h i s dete rm i na t i on was not  a s  pos i t i ve a s  

other s  bec ause  o f  i na c c u rac i e s i n  the  we i g h i ng sys tem . 

3 .  D u r i ng rotat i o n ,  the l ea d s c rew rotated to the  uncoup l ed pos i t i on 

and  c o u l d  n o t  be rota ted bac k o r  forth , wh i c h i nd i cated that  when 

the  l eads c rew wa s rotated  to the uncoup l e d pos i t i on the  s p i der  

d ropped off  the l ea d s c rew a nd wa s s u pported 0 to  2 i nc h e s  be l ow 

the l ea d s c rew rota t i ng pos i t i on .  I n  th i s  pos i t i on the sp i de r  

c o up l i ng and  l e a cl s C I'ew were i n te r l oc ked a nd t h e  s p i de r  wa s s upported 

by s ometh i ng ( e . g . , the end f i tt i ng ) .  I f  a n  undama�ed dr ; ve wa s 

uncoup l ed w i t h t h i s equ i pme nt  and  procedure , t h i s cond i t i o n wou l d  

be expecte d .  

4 .  The  t h i l'd g a uqe 1 · e a d i n cJ s h o u l d  have  been  i n  the t'a nge o f 5 3  p s i , 

wh i c h wo u l d  i nd i c a te t h a t  the l e a d s c rew wa s not  s upported from the 

s p i de r  ( o t' d r i ve ) .  

5 .  T h e  f o u d h  ga uge read i nu s h o u l d  have  been  the  s ame . I f  the 

re a d i ncJ v1a s h i g h e l' , l h i :> co u l d  have been att l' i b u tec! to i n terfer

e nc e s  i n s i de t he  d i' i v e mecha n i sm s i nc e  the s p i d e 1 ·  d ropped down 

when uncoup l ed .  
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3 . 5 . 3 . 3 Spi d e r  Moved  Up When L i fted b u t  D i d  Not  Move  D own When U n c o up l ed .  

L o c at i o n s  where  the  s p i d e r s  moved  u p  whe n  l i fted , b u t  d i d  not  move  down 

a f t e r  u n c o up l i ng ( se e  F i g u re 3 - 12 ) , we re  i de n t i f i ed b a s e d  on the fo l l ow i n g :  

1 .  T h e  f i r s t  gauge  read i ng was g reater  than  6 0  p s i  a nd l e s s  than  

90 p s i , i nd i c a t i ng that  the  l ea d s c rew wa s l i fted  b u t  the  b e l l ev i l l e 

s p r i ngs  we r e  c ompre s s e d .  

2 .  T h e  s e c o n d  gauge read i ng ( a l though  n o t  i mpo rtant f o r  t h e  o v e ra l l 

c o nc l u s i o n )  gave  add i t i o n a l  i n f ormat i o n .  I f  the  read i ng �as 

g reate r than 53 p s i , the  e n t i re  a s s emb l y  was  l owe r i ng . I f  the 

read i ng was about 28  p s i , aga i n  t h i s i nd i cated  s ometh i ng ( e . g . , 

the  s p i de r )  wa s s up p o rt i ng the  l 2a d s c rew we i ght . 

3 .  D u r i n g  rotat i o n ,  the  l ea d s c rew rotated  b a c k  and  f o rt h  betwe e n  t h e  

h ard s tops  repeated l y ,  wh i c h i n d i cated  t h a t  t he s p i d e r  d i d  n o t  

d rop  w h e n  the l eadsc rew wa s i n  t h e  uncoup l ed pos i t i on .  

4 .  The  t h i rd gauge read i ng wa s the s ame  a s  the  s e c o n d , wh i c h i nd i 

c ated  that n oth i ng had  c h a nged due  to rotat i o n .  

5 .  T h e  f o u rth  gauge read i ng was the s ame a s  the  f i rs t ,  wh i c h  i nd i cated  

that  the i n terferences  were  i n  the  d r i ve ; or  the  gauge  read i ng was  

l e s s  than  the  f i rs t , wh i c h  i nd i cated  that s ome i n te rferences  we re 

l o s t  when  the  l ea d s c rew wa s uncoup l ed from the s p i de r .  

3 . 5 . 3 . 4  Sp i de r s  D ropped More T�an  2 I nc he s . Loc a t i o n s  whe re  the  s p i d e r s  

d r o � � a d  mo re  than  2 i nc h e s  after  uncoup l i ng ( s ee F i g u re 3 - 13 )  we re  i de nt i 

f i ed b a s e d  o n  the  fo l l owi ng : d u r i ng rota t i o n  the l ea d s c rew rotated  

greater  than  55 degree s , wh i c h  i nd i cated that  the  s p i de r  had  f a l l e n  away 

a n d  th e re f o re the re were no hard  s top s .  T h i s i nd i c a t i o n  was  ve r i f i ed at  

l o c a t i o n s  8H  a n d  9 E  d u r i ng the  Qu i c k L o o k  C RDM l ea d s c rew u n c o up l i n g and  

remov a l .  
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3 . 5 . 3 . 5 U n c o up l e d b u t  L e a d s c rew M ay b e  S t i c k i ng .  L oc a t i o n s  whe�e t h e  

l ea d s c rew h a s  b e e n  u n c o u p l ed b u t  f u t u r e  p a r k i n g  o f  t h e  l ea d s c rew may b e  

d i f f i c u l t  ( s e e  F i g u r e  3 - 14 )  we re i de n t i f i e d b y  t h e  f o l l ow i n g :  

1 .  T he t : r s t  g a ug e  read i ng w a s  g r e a t e r  t h a n  7 5  p s i , wh i c h i nd i c a te d  

t h a t  s ome i nt e r f e re n c e s  e x i s te d  o r  the  s p i d e r  w a s  s t u c k .  

2 .  T h e  s e c o nd g a uge read i ng was  a ro u nd 28 p s i , wh i c h i nd i c a t e d  t h a t  

the  l ea d s c rew was  n o t  l owe r e d . 

3 .  D u r i ng r o ta t i o n the l e a d s c r ew was  rotated  t o  the  u n c o u p l e d p o s i 

t i o n ,  wh i c h i nd i c a t e d  that  i t  was  u n c o u p l ed f rom  the  s p i de r .  

4 .  T h e  t h i rd g a u g e  read i ng was  a ro u n d  28 p s i , wh i c h  i nd i c a t e d  t h a t  

the  l ea d s c rew wa s s t i l l  s up p o r te d .  

5 .  The  f o u rth  g a u g e  re a d i ng  wa s g r e a t e r  t h a n  60  p s i , wh i c h i nd i c a te d  

t ha t  t h e  f o rc e  re q u i red  t o  move  the l e a d s c rew up was  g r e a t e r  t h a n  

3 5 0  p o u n d s  ( t he  d e s i g n c a p a c i ty o f  t h e  l e a d s c rew I i f t i ng  t o o l ) .  

3 . 5 . 3 . 6 T o rgue T a k e r' N o t  B o t tomed on Sp r i ngs .  L o c a t i o n s  where  t h e  

l e a d s c rew a nd t o r q u e  t a k e r  w e r e  n o t  bo t tomed o n  t h e  torque  t u b e  b e l l e v i l l e 

s p r i ngs  ( s e e  F i q u re 3 - 1 5 ) we re i de n t i f i e d by t h e  f o l l ow i n g :  a l l f o u r  

g a u g e  r e a d i ng s  we re a p p rox i ma t e l y  2 8  p s i , wh i c h  i n d i c a t e d  t h a t  t h e  bot tom 

o f  the  t o r q u e  t a k e r  wa s a m i n i mum of  3/8 i nc h  above t h e  top of  the be l l e 

v i l l e s p r i n g s .  T h i s  i n d i c a t i o n �a s v e r i f i e d by t h e  ga uge  read i n g s  o f  A P S R  

u n c o u p l i ng s . I n  t h e  c a s e  o f  A P S R s  t h e  l e a d s c rews w e r e  he l d  i n  t h i s 

p a s  i t  i o n by t h e  C R D�1 ro 1 1  e r  n u t s  a n d t h e  o n l y  compo n e r1 t  l i f ted a nd l owe red  

wa s t h e  t o rq u e  tube  ( i . e  . .  28  p s i ) .  Be c a u s e  the  l e a d s c rew r o t a t i o n on  

t h e s e  d r· i ·J e s  i n d i c a t e d  tha t t h e  s p i de r  wa s s t i l l  p r e s e n t ,  i t  was  c o nc l uded  

t h a t  s ome t h i n q wa s ho l d i n9 t h e  s p i de r· ( a n d  c o r r t ro l r·od  a s s e mb l y )  g r e a te r  

t h a n  3 / 8  i nc h  h i g h e r  t h a n  t h e  C RDM s c ram  p o s i t i o n .  T h e  e x a c t  h e i g h t  o f  

t h e  l e a d s c r ew wa s n o t  k nowrr , a l t h o u g h  i t  c o u l d  be d e t e rm i ned  by p l a c i ng a 
d i p s t i c k  i n  t h e  t o p  o f  t h e  m o t o r  t u b e  a nd me a s u r i ng the  d i s ta n c e  f rom t h e  

t o p  o f  t h e  l e a d s c rew t o  t h e  top o f  t h e  motor  t u b e . 
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3 . 5 . 3 . 7 Locat i o n s  Where  Potent i a l l y  S t u c k  L e a d s c rews C a n n o t  B e  I de nt i 

f i ed .  Locat i o n s  where  a l ac k  o f  l ea d s c rew moveme n t  w i  1 1  n o t  a l l ow a 

p o t e nt i a l l y  s t u c k  l ea d s c rew to be  i de n t i f i ed ( s e e  F i g u r e  3 - 1 6 )  c a n  be 

d i v i de d  i nto  two cntego r i e s : 

1 .  A P S R  l ea d s c rews a r e  s up p o rted throughout  the  u n c o up l i ng s eq ue nc e  

b y  t h e  ro l l e r n ut s ; the re fo re , moveme n t  o f  the  t o r q u e  tube  d o e s  

n o t  p e rm i t d i rect  we i gh i n g o f  the  l e a d s c rew a nd / o r  i ts atta c hme nts  

o r  i n t e r f e r e nc e s . B ec a u s e  the  APSR  l ea d s c rews were n o t  moved o r  

we i gh e d  d u r i n g  u n c o up l i ng o p e ra t i o n s , p o te n t i a l  p rob l ems have  n o t  

b e e n  i de n t i f i ed ;  howeve r , they may ex i s t .  

2 .  Locat i o n s  where  t h e  torque  t a k e r  was nut  bottomed o n  t h e  be l l e 

v i l l e s p r i n g s  ( s e e  Sect i o n  3 . 5 . 3 . 6 ) because  t � � s e  l ea d s c rews were 

s upported  d u r i ng the  u n c o up l i ng o p e ra t i o n s  and were n o t  moved o r  

we i gh e d  d u r i ng the  u n c o up l i ng operat i o n s . A l though  p a r k i ng 

p rob l ems have  n o t  been i de nt i f i ed ( d ue to l ac k  of  s u f f i c i e nt  

d a ta ) ,  p rob l ems may e x i s t .  

3 . 5 . 4 E xp l a n a t i o n  o f  Each  U n c o up l i ng ( s e e  F i g u re 1- 8 )  

lOP  B e l l e v i l l e s p r i n g s  c omp res s ed ( 165 p s i ) 

- Leadsc rew d i d  not  l ower ( 30 p s i ) 

- Rota t i o n  fe l t  smooth  

- Hard  s to p s  were  fe l t  s e v e r a l  t i me s  

- Pa r k i ng p rob l ems a r e  a n t i c i pated  

- L e a d s c rew wa s uncoup l ed from s p i de r  

1 10 - L e a d s c rew u n c o up l i ng attempted f o u r  t i me s  

- U n c o up l i ng wa s s ucc e s s f u l  o n  t h e  f o u r t h  a ttempt 

- We i g hts  i nd i cated  l ea d s c rew wa s s tu c k  two out of f o u r  attempts 

- H a rd stops  were fe l t  s ev e ra l t i me s  

- Rota t i o n  fe l t  s t i f f  a n d  s t i c ky 

- P a r k i ng p rob l ems a r e  a nt i c i pated  

- Leadsc rew wa s uncoup l ed f rom s p i de r  
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12N - Leadsc rew uncoup l i ng a ttempted  four  t i me s  

- Be l l e v i l l e s p r i ngs  comp r e s s e d  four  t i me s  ( 168 p s i  average ) 

- Lea d s c rew d i d  not  l owe r f o u r  t i me s  ( 3 1 p s i  average ) 

- Lead s c rew d i d not  rotate 

- Lea d s c rew was not  uncoup l ed 

- P a r k i ng p rob l ems c a n not  be  i dent i f i ed due  to l ac k  o f  data  

- Damage c ou l d  be  betwee n  CRDM and  l ea d s c rew or  betwee n  the  

l e a d s crew and  s p i d e r  

1 3 M  Be l l ev i l l e s p r i ngs  we re comp re s s ed ( 190  p s i ) 

- Lea d s c rew d i d  not  l owe r ( 3 7  p s i )  

- Hard  s tops  fe l t  s eve ra l t i me s  

- Rotat i o n fe l t  smooth 

- P a r k i n g  p r o b l ems are  ant i c i pated  

- Leadsc rew wa s uncoup l ed f rom s p i de r  

14 L Be l l e v i l l e s p r i ngs  we re compres s e d  ( 190 ps i )  

- Leadsc rew d i d  not  l owe r ( 29 p s i ) 

- Hard s tops  fe l t  s eve ra l t i mes  

- Rota t i o n  fe l t  smooth  

- P a r k i ng p rob l ems a re a n t i c i pated  

- Leadsc rew wa s uncoup l ed from  s p i de r  

14H - To rque tube a n d  l ea d s c rew we re mov i ng u p  a n d  down 

- C o nt ro l a s s emb l y  we i g ht  l e s s  than  norma l 

- Sp i de r  d i d  not  move down when uncoup l ed 

- Rota t i o n  f e l t  smooth  

- No  p a r k i ng prob l ems a re a n t i c i pa ted 

- �eadsc rew was uncoup l e d f rom s p i de r  

1 3 K  - T o t'que  tube a n c! l e a d s c rew we t'e  mov i ng u p  a n d  dOWi i  

- C o n tro l a s s emb l y  we i g h t  l e s s  than no rma l 

- S p i d e r  f e l l l e s s  than  2 i nc h e s  when uncoup l ed 

- No  p a r k i n g p rob l ems a • ·e  a n t i c i pated  

- Leadsc rew wa s u n c o u p l e d f rom s p i der  
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12L  - APSR ( 4  percent w i thdrawn dur i n g  i n s e rt i o n  tests ) 

- Torque tube we i ght  i nd i c at i o n s  norma l 

- Sp i der fe l l l e s s  than  2 i nc h e s  

Park i ng p rob l ems cannot  b e  i de n t i f i ed d u e  to l ac k  o f  data 

Stator must ra i se l ea d s c rew a m i n i mu n  of 2 i nc h e s  i n  order to p a r k  

- Lea d s c rew w a s  uncoup l ed from s p i der 

11M Torque tube and  l eadscrew we re mov i ng up a nd down 

- Control  rod a s semb l y  we i ght  l e s s  than norma l 

- Sp i der f e l l greater than  2 i nches  

- No park i ng  prob l ems are ant i c i p ated 

- Leadsc rew was uncoup l ed from s p i der 

lON - APSR ( 0  percent wi thdrawn dur i ng i n sert i on tes t s ) 

- Torque taker bottom on  torque tube 

- F i r s t  a ttempt , torque tube cou l d  not be l i f ted 

- Leadscrew nut bac ked o f f  three turn s , c reat i ng c l earance to l i ft 

torque tube 

- Sec o nd attempt , torque tube was uncoup l ed 

- H i gh f i rst  read i ng i nd i cated that c l earances between  ro l l e r nuts  

a nd l eadsc rew had to be used to c reate the c l earance needed to 

uncoup l e  the torque tube from the motor tube 

- O nce torque tube was uncoup l ed ,  read i ngs  we re norma l 

- Sp i der d i d not  drop 

- Stator must ra i se l eadscrew a m i n i mum of 2 i nches  i n  order to p a r k  

- Park i ng  p ro b l ems cannot  b e  i dent i f i ed d u e  to l ac k  o f  data 

- Lead s c rew was uncoup l ed from sp i der 

90 - F i r s t  read i ng was l e s s  than norma l ( 6 5 p s i ) 

- Second  a nd th i rd read i ngs i nd i cated s t u c k  l eadsc rew ( 35 p s i ) 

- Rotat i on fe l t  smooth 

- S p i der d i d  not drop 

- P a r k i ng  prob l ems are ant i c i pated ( 65 p s i ) 

- Leadsc rew was uncoup l ed f rom sp i der  
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................ -------------------------

8 P  - D r i v e wa s u ncoup l ed d u r i ng Q u i c k  L o o k  I I  

- Leadsc rew c o u l d  not  be  p a r ked  w i t h  350 p o u n d s  

- Leadsc rew l i fted , i nd i c at i ng a s tuc k l ea d s c rew ; d i d  n o t  i nd i c a t e  

compre s s i ng o f  b e l l ev i l l e s ( 75 p s i ) 

- Second  an d  th i rd read i � gs  i nd i cated  s t uc k  l ea d s c rew 

- H a rd s t o p s  we re  fe l t  

- Sp i der  d i d  not  d rop 

P a r k i n g p rob l ems a re a n t i c i pated  ( a nd  proven  v i a  Q u i c k  L o o k  I I  

a c t i v i t i e s )  

- Leadsc rew wa s uncoup l e d f rom s p i de r  

6 P  - Be l l e v i l l e s p r i ngs  we re c omp re s s ed  

- Leadsc rew � uppo rted ( 30 p s i ) 

- Rota t i o n n ev e r  moved  

- P a r k i ng p rob l ems  a re a n t i c i pated  ( 6 0 p s i ) 

- Leadsc rew wa s uncoup l ed f rom  s p i d e r  

70  B e l l e v i l l e s p r i n g s  we re compre s sed  ( 140 p s i ) 

- Leadsc rew s uppo r ted ( 30 p s i ) 

- S p i d e r  neve r moved 

- R o ta t i o n f e l t  smooth  

- P a r k i ng pro b l ems a re an t i c i pated  ( 7 5 p s i ) 

- L e � d s c rew wa s uncoup l ed f r om s p i der  

8 N  - B e l l ev i l l e s p r i ngs  we re c ompre s sed  ( 1 7 0  ps i )  

- L e a d s c rew s u p p o r t e d  ( 30 p s i ) 

- R o ta t i o n fe l t s m o o t h  

- Sp i de r  n e v e r  m o v e d  

- Pa r k i ng p r o b l e m s  a r e  a n t i c i p a te d  ( 90 p s i ) 

- L e a d s c rew wa s u n c o u p l e d f r om s p i d e r  

9M - B e l l e v i l l e s p r 1 ngs  were c omp r e s s e d  ( 2 2 5  p s i )  

- L e a d  s c rew s upp m - t e d  ( 3 0  p s i ) 

- R o t a t i o n fe l +  smoo t h  

- S p i der  n e v e r  m o v e d  
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9M - Park i ng  p ro b l ems a re ant i c i pated ( 60 p s i ) 

( Ca n t )  - Lead s c rew was uncoup l ed from s p i der 

lOL Leadscrew and  torque tube mov i ng up and  down 

- Contro l rod a s semb l y  we i ght  l e s s  than �o rma l 

- S p i der  d ropped g reater than 2 i nches  

- Park i ng prob l ems are ant i c i pated 

- Leadscrew was uncoup l ed from s p i der  

llK  Leadscrew and  torque tube  mov i ng up and down 

- Contro l rod a s s emb l y  we i ght l e s s  than normal  

- Sp i der  dropped l e s s  than 2 i nches  a fter two hard stops  we re f e l t 

- No  park i ng  prob l ems  are ant i c i pated ( 55 p s i ) 

- Leadsc rew was uncouo l ed from s p i der  

12H  - Lead s c rew and  torque tube  mov i ng up and  down 

- Contro l rod as s emb l y  we i ght l e s s  than norma l 

- Sp i der  dropped greate r than 2 i nches  

- Park i ng prob l ems  are ant i c i pated ( 60 p s i )  

- Leads c rew was uncoup l ed from s p i der 

13G - Lead s c rew and torque tube mov i ng up and down 

- Contro l rod as semb l y  we i ght l e s s  than  norma l 

- Sp i der dropped l e s s  than  2 i nches  

- Park i ng prob l ems  are ant i c i pated ( 60 p s i ) 

- Leadsc rew was uncoup l ed from sp i de r  

14F B e l l ev i l l e  spr i ngs were compressed  ( 125 p s i ) 

- Leads c rew was s upported pr i or  to rotat i o n  

- Sp i der  never moved 

- Park i ng p rob l ems are ant i c i pated 

- Leadsc rew was uncoup l ed from s p i der  

13E - F i rs t  attempt , the torque  tube  s upport r i ng was  s tuc k to the 

torque tube 
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1 3 E  - Tapp i ng w i th  the  rubber  ma l l e t  f reed ti�� b i nd i ng 

( Co n t ) - Second  attemp t , comp r e s s e d  b e l l e v i l l e s p r i ngs  ( 24 5  ps i )  

- Lead s c rew s eemed to move  down ( 60 p s i ) 

- Leadsc rew was s upported a fter  rotat i on ( 30 p s i ) 

- Sp i der  d i d  not  mo ve  down �hen uncoup l ed 

- P a r k i ng p ro b l em s  a re a n t i c i pated  ( 6 5  p s i ) 

- Lea d s c rew wa s uncoup l ed f rom s p i de r  

12F  - A P S R  ( 1  percent  w i thdrawn d u r i ng i n s e rt i o n  t e s t s ) 

- We i ght  i nd i c a t i o n  norma l 

- Rotat i o n f e l t hard  ( c o u l d  be  due to l e adsc rew rota t i ng t�rough  

ro l l e r  r.u ts ) 

- Sp i der  d i d  not  d ; op  

- Stator  m u s t  ra i s e l eads c rew a m i n i mum o f  2 i nc h e s  p r i o r  to park  

- P a r k i ng p rob l ems cannot  be i de n t i f i ed due to l ac k  of  data 

- Lead s c rew wa s uncoup l ed f rom s p i der  

l lG - L e a d s c rew a nd torque  tube move� up  and  down 

- C o n t ro l rod a s s emb l y  we i ght  l e s s  than  norma l 

- R o ta t i o n fe l t  smooth  

- S p i der  d ropped  grea t e r  than  2 i nc h e s  

- No p a r k i ng p rob l ems a re a n t i c i pated  

- L e a d s c rew was uncoup l ed f rom s p i de r  

lOH - L e a d s c rew a nd torque t u b e  moved u p  a nd down 

- C o n t ro l  rod a s s emb l y  we i g h t  l e s s  than  norma l 

- S p i de r  dropped  l e s s  t h a n  2 i nc he s  

- No  p a r k i nq p ro b l ems a re an t i c i pa ted 

- Leadsc rew wa s uncoup l Ad f rom s p i de r  

9 K  - Lead s c rew a nd t o r q u e  tube  moved up  and down 

- C o n t ro l rod a s semb l y  we i g h t  l e s s  t h a n  norma l 

- S p 1 de r  dropped  l e s s  t han  2 i nc h e s  

- No  p a r k i ng p rob : ems a re an t i c i pa ted 

- Lea dsc rew v1a s  u r 1 c o u p ! e cl r r om s p i de r  
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8 L  B e l l ev i l l e s p r i ngs  we re c omp r e s s e d  ( 165 p s i )  

- Leadsc rew s upported b e f o re and  a fter  rotat i on 

- S p i der  never  moved  

- Rota t i on  f e l t  smooth 

- Park i ng  prob l ems are ant i c i pated  ( 72 p s i ) 

- Lea d 3 c rew wa s uncoup l ed from s p i der  

7}1 - Leads c rew and  torque tube moved up a nd down 

- Contro l rod a s s emb l y  we i ght  l e s s  than  norma l 

- S p i de r  d i d  not drop a f t e r  uncoup l i ng 

- Rota t i o n  f e l t smooth 

- No  park i ng prob l ems a re ant i c i pated 

- Leadsc rew was uncoup l ed f rom sp i de r  

6N - APSR ( 25 percent  wi thdrawn d u r i ng i n s e rt i o n  te s t s ) 

- We i ght  i nd i cat i o n s  were norma l 

Rotat i on fe l t  rough ( p robab l y  due  to rotat i on o f  l ea d s c rew i n  

ro l l e r nuts ) 

- Sp i de r  d i d  not  drop a fter  uncoup l i ng 

- Stator must  ra i se l eadsc rew a m i n i mum o f  2 i nc h e s  i n  o rder  to p a r k  

- Park i ng prob l ems cannot be i de nt i f i ed d u e  t o  l ac k  0 f  data 

- Leadsc rew was uncoup l ed f rom s p i der  

50 - Leadsc rew we i ghts  we re l ow t h roughout , i nd i cat i r.g that the 

l eadsc rew and torque take r were not bottomed on the be l l e v i l l e 

s p r i ngs  

- S p i der  d i d  not drop  after  uncoup l i ng 

- P a r k i ng prob l ems cannot be  i de nt i f i ed due to l ac k  o f  data 

- Leadsc rew was uncoup l ed f rom s p i der  

4N - Leadsc rew we i gh t  l owe r than norma l ( 6 5 p s i ) 

- Leadsc rew s upported p r i o r  to rotat i on  ( 30 p s i )  

- Rotat i on fe l t  rought ( l i tt l e i nterfere nce ) 

- Sp i der  d i d  not drop a fter  uncoup l i ng 

- Lead s c rew not s upported after  rotat i o n ( 5 5 p s i ) 
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4 N  - P a r k i ng  pro b l ems a re a n t i c i pated  ( 66 p s i ) 

( Co n t )  - Lea dsc rew wa s uncoup l ed f rom  s p i dP r  

5M - l _ ead s c rew we i g h t s  we re l ow t h r o u g ho u t , i nd i c a t i ng t h a t  the  

l ea d s c rew a n d  t o rque t a k e r  we re not  bottomed o n  the be l l e v i l l e 

s p r i ngs  

- R o ta t i o n was  rough  

- Sp i d e r  d i d  n o t  d rop a f t e r  uncoup l i ng 
- P a r k i ng prob l ems  c a n n o t  be  i de n t i f i ed due  t o  l ac k  of d a t a  

- L e a d s c rew was  u n c o up l ed f rom sp i de r  

6 L  Be l l e v i l l e s p r i ngs  were c ompre s sed  

- Lead s c rew wa s s upported  ( 3 5 p s i ) 

- R o t a t i o n smooth  

- Sp i d e r  n e v e r  moved 

- P a : k i ng  prob l ems  a re a n t i c i pa ted  ( 80 p s i ) 

- Le? J � c rew wa s u n c o u p l ed f rom s p i d e r  

7 f' - u r J C G u p ! i n g  wa s a tt empted d u r i ng  Q u i c k  Loo k I 

- S e c o nd a ttemp t , l ea d s c �ew we i g h t  i nd i c a t i o n wa s l ow ,  i nd i ca t i ng 

nu c c � l 1 u !  e l eme n t s  p re s e n t  ( v e r i f i e d by Q u i c k  Loo k i n spe c t i o n )  

- Approx i ma te l y  20- degree r � ta t i o n 

- P a r k i ng prob l ems  c a n n o t  be  l de n t i f i ed due  to l a c k  o f  data  

- Lea cl s c t'ew YJ-3 5 n o t  uncoup l ed f rom s p i de r  

BH - Uncou p l ed a nd remo v e d  d u r i ng  Q u i c k  L o o k  I ( s ee  Sec t i o n 3 . 2 . 3 )  

9 G  - L e a d s c rew and t o rq 1 r e  tube moved  up and down 

- C o n t 1·o l rod we i g h t  l e s s  t ha n  nO J'ma l 

- R o t a t i o n f e l l  smoo:h  

- S p i el e r  d i d  n o t  mov r� down  a f te r  u n c o u p l i ng 

- P a r k i r1 q  p 1·ob l em s  a •"e  a n t i c i p a t e d  

- L e a d s c rew was  u n c o u p l e d f rom s p i d e r  

l O F  - L e a d c c r ·ew a nd t o t' q u e  t u b e  m o v e d  up  a n d  down  
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10F - Contro l rod we i ght  1 e s s  than normal  

( Ca n t )  - Rotat i on fe l t  s t i c ky at  180- degree rotat i on  

- Sp i der  d ropped greater than  2 i nches  

- No parki ng prob l ems  are anti c i pated 

- Lea d s c rew was uncoup l ed from s p i de r  

11E - Leadscrew a nd torque tube moved u p  a n d  down 

- Contro l rod a s s emb l y  we i ght l e s s  than norma l  

- Rotat i on was  s t i c ky at  180 degrees 

- S p i der  dropped greater than 2 i nches  

- No parki ng  probl ems can  be a n t i c i pated  

- Leadsc rew was uncoup l ed from s p i der 

120 - Leads c rew we i ght  greater than no rma l ( 85 ps i )  

Leadsc rew was s upported pr i or  to rotat i on  

- Rotat i on  smooth 

- S p i der d i d  not move down a fter uncoup l i ng 

- Park i ng prob l ems are ant i c i pated 

- Leadscrew was uncoup l ed from sp i der  

11C  B e l l ev i l l e s p r i ngs  were compre s s ed 

- Leadscrew was s upported before and  after rotat i on 

- Sp i der never moved 

- Rotat i on fe l t  smooth 

- Par k i ng prob l ems are a n t i c i pated 

- Leads c rew was uncoup l ed f rom s p i der  

100  - APSR (23  percent  wi thdrawn d u r i ng i n sert i o n tests ) 

- We i ghts  norma l 

- Rotat i on s t i c ky c l o c kwi se  ( p robab l y  because  of  i nte�face between 

l eadsc rew and ro l l e r nuts ) 

- Sp i der d i d  not move down after  uncoup l i ng 

- Stator must  ra i se l eadscrew a m i n i mum of  2 i nches  i n  order to park  

- Park i ng prob l ems cannot  be  i dent i f i ed due to l ac k  of data 

Leadsc rew was uncoup l ed from s p i der  
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10F - Contro l rod we i gh t  l e s s  than  normal  

( Co n t )  - Rotat i on f e l t s t i c ky at 180-degree rotat i on 

- Sp i der  dropped greater than 2 i nc h e s  

- N o  parki ng prob l ems  a r e  ant i c i pated 

- Leads c rew was uncoup l ed f rom s p i der 

11E - Leadscrew and torque tube moved up and down 

- Contro l rod a s s emb l y  we i ght  l e s s  than  norma l 

- Rotat i o n  was s t i c ky at 180 degrees 

- S p i der dropped g reater than 2 i nc he s  

- N o  park i ng prob l ems  can  be ant i c i pated 

- Leadscrew was uncoup l ed f rom s p i de r  

120 - Lead s c rew we i ght  greater than  normal  ( 85 p s i )  

- Leadsc rew was s upported p r i o r  to rotat i on  

- Rotat i on smooth 

- Sp i der  d i d  not move down a fter  uncoup l i ng 

- Park i r , g  prob l ems are ant i c i pated 

- Leadscrew was u ncoup l ed f rom s p i der 

11C  B e l l ev i l l e spr i ngs  were compre s sed 

- Lead s c rew was s upported before and a fter  rotat i on 

- Sp i der never moved 

- Rotat i o n  fe l t  smooth 

- Park i ng  prob l ems are ant i c i pated 

- Leadsc rew was u ncoup l ed from s p i der 

100  - APSR (23 percent wi thdrawn dur i ng i n s e rt i on t e s t s ) 

- We i gh t s  norma l 

- Rota t i o n  s t i c ky c l o c kwi se  ( proba b l y  because  o f  i nterface between  

l eadsc rew and  ro l l e r nuts ) 

- S p i der d i d  not  move down a fter uncoup l i ng 

- Stator m u s t  ra i s e l eadsc rew a mi n i mum o f  2 i nc h e s  i n  order to park  

- Park i ng  prob l ems  cannot  be i dent i f i ed due to l ac k  o f  data 

- Leadscrew was uncoup l ed from s p i der  

3-40 



9E - Leadscrew uncoup l ed and  removed duri ng  Qu i c k  Loo k  I I  

BF - Leadscrew we i ghts  were l ow throug h , i nd i cat i ng that the l eadsc rew 

and torque taker were not bottomed on the be l l ev i l l e spr i ngs  

- Rotat i on rough and  got  eas i er wi th  add i t i o n a l  rotat i ons  

- Sp i der d i d  not drop after  uncoup l i ng 

- Parki n g  prob l ems cannot  be i de nt i f i ed due to l ac k  of  data 

- Leadscrew was uncoup l ed from s p i der 

7G - Leadsc rew and torque tube moved up and down 

- Contro l rod as semb l y  we i ght  l e s s  than  norma l 

- Rotat i on was rough , then  s topped , then  free 

- Sp i de r  dropped greater than  2 i nches  

- Parki ng  p ro b l ems are ant i c i pated 

- Leadscrew was uncoup l ed from s p i der 

6H - Leadscrew and  torque tube moved up and down 

- Contro l rod as semb l y  we i ght  l e s s  than  normal  

- Rotat i on fe l t smooth 

- Sp i de r  dropped greater  than 2 i nches  

- No park i ng prob l ems a re ant i c i pated 

- Leadsc rew was uncoup l ed from s p i der 

5K - Lead s c rew and torque tube moved up and down 

- Contro l rod a s s emb l y  we i gh t  l e s s  than  norma l  

- Rota t i o n  was  rough  at  180  degrees 

- S p i der dropped grea ter than 2 i nches  

- No parki ng  prob l ems are ant i c i pated 

- Leads c rew was uncoup l ed from s p i de r  

4 L  - A P S R  ( 19 percent  wi thdrawn dur i ng  i n sert i on tests ) 

- We i ght  i nd i c at i o n s  norma l 

- S p i der  d i d  not drop a fter uncoup l i ng 

- Stator must  ra i s e l eadscrew a m i n i mum o f  2 i nches  i n  orde r to park  

- Park i ng  prob l ems  cannot  be i de nt i f i ed �Je to l ac k  o f  data 

- Lead s c rew was uncoup l ed f rom s p i der 
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3M - Leads c rew d i d  not  unc o up l e  dur i ng f i rst  attempt 

- Leadscrew and torque tube moved up and down dur i ng both attempts 

- F i rst  attemp t ,  no rotat i on 

- Second attempt , s t i ff  rota t i o n  

- Sp i der dropped greater than 2 i nches  

- No  park i ng  p rob l ems  ant i c i pated 

- Leadscrew was uncoup l ed from s p i de r  

2 L  B e l l ev i l l e spr i ngs were compre s s ed ( 1 70  p s i ) 

- Leadscrew was s upported before and after rotat i on 

- Rotat i o n  was rough wi th  l i tt l e c hange 

- S p i de l' never moved 

- Park i ng prob l ems are ant i c i pated  ( 125 ps i )  

- Lead s c rew was uncoup l ed from s p i de r  

3 K  - Leads c rew and torque tube moved u p  and down 

- Contro l  rod as semb l y  we i ght  l e s s  than n o rma l 

- Rotat i o n  was smooth 

- S p i der  dropped greate r than 2 i nches  

- No park i ng prob l ems are anti c i pated 

- Lea d s c rew was uncoup l ed from s p i der  

4H - Leads c rew we i ght  no rma l 

- A s s emb l y  s eemed to  move up and down 

- Contro l a s semb l y  we i ght  may be  l ow 

- Rotati on  a l i tt l e  rough 

- S p i der  dropped g reater than 2 i nches  

- Park i ng prob l ems are anti c i pated 

- Leadsc rew was uncoup l ed from sp i de r  

5G - Leadsc  , ,ew and torque tube moved up and down 

Some i nterferences  not i ceab l e  

- Rotat i o n fe l t  smooth 

- S p i der  dropped greater than 2 i nches  

- Park i ng prob l ems are ant i c i pated 

- Lead s c rew was uncoup l ed f rom s p i de r  
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6 F  - Lea d s c rew and  torque tube moved u p  a nd down 

- Contro l rod as semb l y  we i ght  l e s s  than  norma l 

- Rotat i on fe l t  smooth 

- Sp i der d ropped g reater than 2 i nches  

- No park i ng prob l ems a re ant i c i pated 

- Leadsc rew wa� uncoup l ed from s p i der 

7 E  - Lead s c rew and  torque tube moved u p  a n d  down 

- Contro l  rod a s semb l y  we i ght  seemed norma l for f i rst  read i ng 

- Sp i der d i d  not drop a fter uncoup l i ng 

- Rotat i on fe l t  smooth 

- No  park i ng prob l ems are ant i c i pated 

- Leadsc rew wa s uncoup l ed from sp i de r  

80 - Leadsc rew we i ghts  were l ow throughout , i nd i cat i ng that the 

l ea d s c rew and  torque ta ker were not  bottomed on  the be l l ev i l l e  

s p r i ngs  

- Rotat i o n  fe l t  smooth 

- Sp i der d i d  not drop a fter uncoup l i ng 

- Par k i ng  prob l ems cannot  be  i de n t i f i ed due to l ac k  o f  data 

- Leadsc rew was uncoup l ed from s p i der 

9C - B e l l ev i l l e s p r i ngs  we re compres sed  

- Leadsc rew was s upported before and  aft€ , rotat i on 

- Rotat i on fe l t  a l i tt l e rough  

- Sp i der never moved 

- Park i ng  p ro b l ems are ant i c i pated 

- Leadscrew was u ncoup l ed from s p i der  

lOB  - Lea d s c rew we i ghts  were l ow througho u t , i nd i c at i ng  that the  

l eads c rew and torque taker  were not  bottomed o n  the b e l l ev i l l e  

s p r i ngs  

- S p i der d i d  not drop  after uncoup l i ng 

- Rotat i on fe l t  smooth 

- Park i ng  prob l ems cannot be i dent i f i ed due to l ac k  o f  data 

- Leadsc rew was uncoup l ed  from s p i der 
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88 - Uncoup l ed and removed duri ny Qu i c k  Look  I I  

7C - Leadsc rew and torque tube moved up and down 

- Some i nterferences detected 

- Rotat i on  fe l t  a l i tt l e  rough 

- Sp i der d ropped greater than  2 i nc hes  

- No park i ng prob l ems are a nt i c i pated 

- Leads crew was uncoup l ed f rom s p i der 

60 - APSR ( 26 percent wi thdrawn duri ng i nsert i o n  tests ) 

- We i gh t  i nd i cat i ons  norma l 

- Rota t i o n  a l i tt l e rough ( due to l eadscrew ro l l e r nut  i nter face ) 

- Sp i de r  d i d  not drop after uncoup l i ng 

- Stator must  ra i se the l eadscr�w a m i n i mum of  2 i nches  i n  order  

to park  

- Parki ng  prob l ems cannot  be i dent i f i ed due to l ac k  o f  data 

- Leadsc rew was uncoup l ed from s p i de r  

SE  - Leadscrew and torque tube  moved up  and  down 

- Contro l  rod a s semb l y  we i ght l e s s  than  norma l 

- Sp i der  dropped l e s s  than  2 i nches  after  uncoup l i ng 

- No park i ng pro b l ems are ant i c i pated 

- Leadsc rew was uncoup l ed from s p i de r  

4 F  - A P S R  ( 5  percent wi thdrawn d u r i ng i n sert i on tes t s )  

- We i ght  i nd i cat i ons  norma l 

� S p i de r dropped l e s s  than  2 i nches  a fter  uncoup l i ng 

- Stator m u s t  r a i se the l eadsc rew a m i n i mum of  2 i nc hes  p r i o r  to p a r k  

- P a rki ng  prob l ems cannot  b e  i dent i f i ed d u e  t o  l ac k  of  data 

- Lead s c rew was uncoup l ed f rom sp i de r  

3G - Leadsc rew and torque tube moved up and down 

- Contro l rod a s s emb l y  we i yht  l e s s  than  norma l 

- Sp i der  dropped l e s s  L i 1 a n  2 i nches  a fter  two hard str  � were fe l t  

- No  par k i ng  p ro b l ems a re a n t i c i pa ted  

- Leadsc rew was unc o up l ed from sp i de r  
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2H Leadscrew we i ghts  were l ow throughout , i nd i cat i ng that the 

l eadscrew and torque taker were not bottomed on  the b e l l ev i l l e 

spr i ngs  

- Rotat i on fe l t  spongy 

- Sp i de r  d i d  not d rop a f ter  uncoup l i ng 

- Par k i ng  prob l ems cannot  be i dent i f i ed due to l ac k  of  data 

- Leadsc rew was uncoup l ed f rom sp i der  

2F Leadsc rew we i ghts  were l ow throughout , i nd i cat i ng that the 

l eadscrew and  torque taker were not bottomed on  the b e l l ev i l l e 

s p r i ngs 

- Exce s s ' ve amount  of  torque was app l i ed to the too l and the 

l eadsc rew wou l d  not rotate 

- Rota t i o n  attempt s  may have i nc reased i nterferences 

- Leadsc rew was not uncoup l ed from the sp i der 

3E  B e l l ev i l l e s p r i ngs  were compre s s ed 

- Leadsc rew s upported before and a fter rotat i on 

- Rota t i o n  fe l t  smooth 

- Sp i der never moved 

- No park i ng prob l ems are ant i c i pated 

- Lead s c rew was uncoup l ed from sp i der 

40 - B e l l ev i l l e s p r i ngs  were comp res sed 

- Leadsc rew s uppo rted b e fore and a fter rotat i on 

- Sp i der  never moved 

- Rotat i on fe l t smnoth 

- No park i ng prob l ems are ant i c i pated 

- Leadscrew was uncoup l ed from s p � der 

SC  - B e l l ev i l l e s p r i ngs  were compre s sed  

- Leadsc rew s upported be fore and  a fter rotati on  

- Sp i der  never  moved 

- Rotat i on fe l t  smooth 

- No park i ng  prob l ems are ant i c i pated 

- Lead s c rew was u ncoup l ed f rom s p i de r  
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68 - Leads c rew we i ghts  were l ow throughout , i nd i c a t i ng  that  the 

l eadscrew and torque taker were not  bottomed o n  the b e l l ev i l l e  

spr i ngs  

- Rotat i on fe l t  smooth 

- S p i der d i d  not drop  a fter uncoup l i ng 

- Parki ng  prob l ems cannot be i de n t i f i ed due to l ac k  of  data 

- Leadscrew was uncoup l ed from s p i de r  

3 . 6 Des c r i pt i ons  of  Photographs  

F i g u re 3- 17  - T h i s  photograph s hows the cutti ng  of  the l eadsc rew by band saw .  

The  band s aw i s  mounted to  three  C RDM motor tubes  and i s  be i ng  operated from 

3 feet away . 

The l ea d s c rew i s  wrapped i n  Herc u l i te for c ontam i nat i on contro l . I n  add i t i on , a 

c h i p  d e f l ector  i s  mounted over  the motor tube s o  that f i l i ng s  from the cut  do 

not f a l l i n to the motor tube dur i ng c u tt i n g .  

T h e  c u t  was comp l eted 1 n  l e s s  than 1 mi n u te . 

F i g u re 3 - 18 - T h i s photograph s hows the operators  transport i ng the wrapped 

l ea d s c rew from the CRDM motor  tube to a s torage p i pe at the s i de of the serv i ce 

s t ructure . The l eadsc rew i s  hang i ng from an overhead ho i s t and i s  be i ng 

d i rec ted i nto the s torage tube by a l ong- hand l ed too l to keep d i s tance between  

the  operator  and the l eadscrew. 

F i gure  3- 19 - T h i s  photograph s hows the c amera be i ng l owered i nto the CRDM 

motor  tube . Wo rk  p l a tforms  are pro v i ded for  ease  o f  acc e s s  around  the array o f  

motor  tube s .  

F i g u r e  3 - 20 - T h i s photograph s hows e i ther  a contro l rod s p r i ng o r  a f u e l  rod 

s p r i ng  l y i ng i n  the core debr i s bed . More spec i f i c  i dent i f i ca t i on  o f  the 

s p r i n g  c ou l d  not be made because the o n l y  d i f ference  between  the two s pr i ngs  i s  

the  l e ngth , wh i c h c ou l d  not be determ i ned . 
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F i gure 3-21 - Th i s  p hotograph s hows a port i on o f  the sp i de r  found  d ur i ng the 

i n i t i a l  i n spect i o n  at  l oc at i on 8H . Th i s  port i o n  o f  the sp i de r  i s  a n  extreme 

c l o s e - up of the ' web , "  i . e . , the connect i on of two of the s p i de r  a rms  ( see 

F i gure 1-6 ) .  

F i g u re 3-22  - T h i s  i s  a photograph o f  the deb r i s o r  rubb l e  bed found  -5 ' be l ow 

the  norma l t op of  the core . Materi a l  o f  th i s type was found at  both  the  8H and  

9E  l oc a t i o n s . 

F i g u re 3-23  - The  r i ght-ang l e  v i ewi ng  attachment  u s e d  wi th  the camera d u r i ng  

Qu i c k  Loo k I I I  a l l owed for i n spect i on o f  debri s depos i ted  o n  the hor i zonta l  

s urfaces  i n  the g u i de tubes  a t  l oc at i on 9 E .  

F i g u re 3-24 - T h i s  photograph  s hows a bro ken f u e l  rod among an  array o f  other

w i s e  i ntact  rods . 

F i gure 3 - 2 5 - Th i s  photograph  s hows a burnab l e  po i s on  rod p e l l et .  I t  i s  not  a 

f u e l  p e l l et ,  s i nce f u e l  p e l l ets  are manufactured  wi th  d i s h�d ends . 

F i gure  3-26  - The  top o f  a spr i ng  reta i n e r  p l ug ( F i gu re 3 - 2 9 )  i s  v i s i b l e  i n  the  

far  r i ght  c e n ter  o f  the  p i cture . Debr i s i s  l odged betwee n  the ears  o f  a n  upper  

e nd f i t t i ng , above  the spr i ng reta i ner  p l ug ,  and  aga i n s t  the  p l e n um g r i d p a d .  

F i gure 3 - 2 7  - Th i s  photograph s hows a c o r n e r  betwee n  f o u r  end  f i tt i ngs . T h e  

fourth  end f i tt i ng i s  bare l y  v i s i b l e  i n  t h e  l ower l e ft  c e n t e r  v f  the  p i c ture . 

F i g u re 3 - 28 - T h i s  photograph i s  a v i ew up from t h e  vo i d  a rea at  a s p l i t  tube 

i n  the  l a s t  ( te n t h )  brazen1e n t .  T h e  tube p rov i de s  g u i dance f o r  t h e  i nner  

contro l rods  and  i s  fabri c ated from 304  s t a i n l e s s  stee l . 

F i gure  3-29  - T h i s photograph  s hows a n  end  f i tt i ng  spri ng  reta i ner  p l ug ( l oca

t i o n  9E ) .  The  debr i s  s hown i n  F i gu re 3-26 i s  bare l y  v i s i b l e .  A sma l l gas  

b u bb l e  i s  trapped between  the spr i ng  reta i ner  p l ug a nd end  f i tt i ng c a r .  
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INSTALLED 
BACK-UP VALVE 
C SHOWN so• our 
OF ROTATION FOR 
CLARITY ). 

/KNURLED LOCKING / SCREW 

DISENGAGE D  POSITION 

/VENT CAP 

PUSH OOWN TO HARD· 
STO� ROTATE CLOCK· 
WISE TO HAR DSTOP 
E NGAG ING TOOL S T E M  
W I T H  THE .Y E N T  VALVE. 

- VENT HOUSING 

CRD VENT VALVE 

Figure 3- 1 .  CRDM venting t o o l .  



F i g u re 3-2. CRDM top closure parts. 

SQUARE HEAD 
SCREW 

VENT VALVE 
ASSE MBLY 

CLOS URE INS E RT 
ASSEM BLY 



Top 7 R ; hr 

3 R i h r  

5 R / h r  

Middle 
1 0  R i hr 

6 R i hr 

at 1 foot 

2 R ' hr 

at 1 foot 

1 R : hr 

at 1 foot 

Bottom 
5 R ! hr 

Note: U n less noted otherwise, a l l  dose rates are contact dose rates. 

Fig u re 3<1. Leadsc rew 8H dose rates . 



Top 

Middle 

Bottom 

1 00 m R / h �  

400 m R 1 h r  

a t  1 foot 

< 5 0  R / h r  contact 

1 0 R 1 h r  

at 1 foot 

20 R i hr 

at 1 foot 

20 R / h r  

Note: Un less noted :>therwise, a l l  d o s e  rates a r e  contact d o s e  rates. 

Fig u re 3-4. Leadscrew 9E dose ratE..; . 



Top 2 R/hr 

2.3 R / hr 

50 R/hr 

7 1  R ' hr 

1 1  A /hr 

at 1 foot 

1 09 R / hr contact 

with chip deflector 

Middle 7 2  R / hr 

2 8  R /hr 

22 R / hr 

3 . 4  R hr 
Bottom 

Note: U n l ess noted otherwise, a l l  d ose rates are contact dose rates. 

Fi g u re 3-5. Lead sc rew 88 dose rates. 

4 .. � - : 
• 

c; • :- ---.- -
• 



INDICATOR BUTTON 

LOCKING 
HANDLE 

HOIST RING 

T - HANOLE 

SHA F T  

I N DEX I NG 
SLEEVE 

PIN 

������·· 
TI APPROXIMATE TOTAL LENGTH 29 ' 

Fig u re 3-6. A lternate u n c o u p l i n g  t o o l .  



TORQUE TUBE TANG 

T O R Q U E  T U B E  CAP 

r-----""-- LOC K I N G  K E Y  

TORQUE TUBE 

KEY 

L E A D S C R E' W  N U T  

TOR Q U E  TA K E R  

_.- C Y L I N D E R ,  H A R DSTOP 

Fig u re 3-7. C R D M  torque tube a ssembly. 



TORQUE TUBE 
KEY " PARK SLOT-" ---�::-1.....-t' 

LE ADSCREW ASSEMBLY 

TORQUE TAKER 
ASSEMBLY 

KEY SLOT 

PARKING SLOT 

F i g u re 3-8. Torque taker i nsta l l a t i o n  on leadscrew. 
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SPLINES 

TOOL 
SHOULDER 

LE ADSCRE W 
COUPLING 
TOOL 

LEAOSC R E W  
N U T  

LOC KING 
SPRING 

LEADS C R E W  
COUPLING 
TOOL 

Fi g u re 3-9.  leadscrew n u t  asse m b l y .  



1 2 3 4 5 6 7 8 9 10 1 1  12 13  14 15 

X 

A 

E c X c 
c X c X 

D A X c 
E X c X c X 

F c X A X c X c X c X 

G X c X c X c X t,; X c X X 

H w c X c X c X c X c X c X c y 

K X c X c X c X c X c X c X 

L X A X 

M c X c 

N X c X 

0 X c 

p p 

R 

z 

D C O NTA I NS NO CONTROL CO M PO N E NT 

@] CONTRO L  R O D  J�SS E M B U E S 

0 AX IAL POW E R  SHA P I N G  R O D  ASS E M B LI ES 

0 B U R NA B LE PO I S O N  R O D  ASS E M B LI ES 

G P R I M ARY N E UTiR O N  SOU R C E S  

LOCATI O N S  W H E R E  S P I D E R S  N EV E R  M OVED U P  O R  DOWN 

Fig ure 3-10 .  Locations where the control r o d  spiders never m oved u p  or down. 



1 2 3 4 5 6 7 8 9 1 0  1 1  12 13 1 4  1 5  

X 

A 
B c X c X c p 
c X c X c X c X c X 

D c X A X c X A X c X 

E X c X c X c X c 

F c c X c c X c 

G X X c X X 

H w c X X c X c c y 

K X c X c X c X X 

L c X A X c X c c 

M c X c X c X 
,... 

X X \, 

N X c X A X c X .A. X c X 

0 X c X c X c X c X 

p p c X c X c 
R 

z 

D C O N TA I NS N O  CO NTR OL COM PON E NT 

@] C O NTROL R O D  ASS E M B LI ES 

0 A X I A L  POWE R S H A P I N G  R O D  ASS E M B LI ES 

0 B U R NA B LE P O I S O N  R O D  ASS E M B LI ES 

0 P R I M A RY N E UT R O N  SO U R CES 

LOCAT I O N S  WH E R E  TH E S P I D E R S M OV E D  DOWN LESS 

THAN 2 I N C H ES A FTE R U N C O U PLI N G  

F i g u re 3-1 1 .  Locations where the spcders m oved down less t h a n  2 i n c h es after u n c o u pli n g .  



A 
B 

c 

D 

E 

F 

G 

H W 

K 

L 

M 

N 

0 
p 
R 

1 2 3 4 5 6 7 8 9 10  1 1  12 13 14  1 5  

X 

c c p 

X C C X 

X C X X C X 

C X C c 

C X A X X C 

X C X C X C 

C X C X C X 
�4--+�--+-�-+--�4-�-4--�4--

X C X C C C X C X C X 
r-+-��--�+-��--��-+� 

C X C X A X C 

C C X C 

X C X 

X 

c 

z D CONTA I N S  N O  CONTROL C O M PON E NT 

@] CONTR O L  R O D  ASS E M B LI ES 

0 AXIAL POWE R S H A P I N G  R O D  ASSE M B LI ES 

0 B U R NA B LE PO I S O N  R O D  ASSE M B LI ES 

0 P R I M A RY N E UTRON SO U R C ES 

y 

LOCAT I O N S  W H E I� E  T H E  S P I D E RS M OV E D  U P  W H E N  L I FTE D ,  

B UT D I D  N OT M O V E  DOWN AFT E R  U N C O U PLI N G  

F i g u re 3- 12.  Locatio n s  w h e re tho s p i ders moved up w h e n  lifted, but did not m ove d o w n  after 

u n c o u p l i n g .  



A 
B 

c 

D 

E 

F 
G 

H W 

K 

L 

M 

N 

0 
p 
R 

1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 

X 

c 

1---+-·-

c x c x c p 
...--+----1---+-

x C C X C X 

X C X C X 

C X c 

X C 

C X 

X C 

C X 

X A X C 
--+----+-----4-+--+---

x C X X C 
X X A X C X A X C X 

x c x c x c x c x  

p c x c x c  

z D C O NTA I NS  N O  CO NTR OL COM PON E NT 

@] CONTR OL R O D  ASSI: M B LI ES 

0 AX I A L  POW E R  S H A P I N G  R O D  ASS E M B LI ES 

0 B U R NA B LE PO I S O N  R O D  ASSE M B LI ES 

0 P R I M A R Y  N E UTR ON! SOU RCES 

y 

LOCATIONS W H E R E  TH E S P I D E RS D R O P P E D  G R EATE R  

THAN 2 I N C H ES AFTE R U NCOU PLI NG 

F i g u re 3 - 1 3 .  Locat i o n s  where t h e  s p i d ers d ropped g reater than 2 i n c hes after u n c o u p l i n g .  



1 2 3 4 s & 1 a g 10 1 1  12 13  14  1 5  

X 

A 
B 

c 
D 

C X 

X C X C 

X C X A X 

E C X X C X C X 

F C X 

G X C 

H W C X 
1---+-----+---

K X C 
-+---+---' 

L X A 

M C 

N X 

0 

p 

R 

p 

C O NTAI NS N O  CONTROL 
C O M P O N E NT 

C O NTROL R O D  
ASS E M B LI ES 

AX I AL POW E R  S HAPI I'� G  
R O D  ASS E M B LI ES 

B U R NA B LE POISON R O D  
ASS E M B LI ES 

P R I MARY N E UTRON 
S O U R C ES 

z 

y 

X 

LOCATI O N S  WH E R E  T H E  
LEADSCREWS HAVE B E E N  

U N COU PLE D ,  B UT PA R K I NG 

MAY B E  D I FFI C U LT 

F i g u re 3- 14.  Locations where the leadscrews have been u n c o u p led,  but parking the lead sc rews 

may be d iffi c u l t .  



1 2 3 4 5 6 7 8 9 10  1 1  12 1 3  14  1 5  

X 

A 
B • X X • c p 

c X c X c X c X c X 

D X c X A X X A X c 

E c X c X c X c X c X 

F c X A X c X X c X A 

G 

H w 
X G X c X c X c X c X 

=- )( c X c X c X c X c 
K X c X c X c X c X c X 

L c )( A X c X c X c X A 

M G X X c X c X c X 

N )( c X A X c X A X c 
0 X X c X c X c X 

p p c X c X c 
R 

z D C O NTA I N S  N O  C O NT R O L  CO M PO N E NT 

[£] C O NT R O L  R O D  A SS E M B LI E S 

0 A X I A L  PO'W E R  S H A P I N G  R O D  ASS E M B LI ES 

0 B U R N A B L E P O I S O N  R O D  ASS E M B L I E S  

0 P R I M A R Y  N E U T R O N  S O U R C ES 

X 

c 

X c 
c X 

X c y 
c X 

X c 
c 
X 

LOCAT I O N S  W H E R E  T H E  L E A D S C R EWS A N D  TO R Q U E 

TA K E R S A R E  N OT B OTTO M E D O N  T H E  TO R Q U E T U B E  

B E LLEVI LLE S P R I N G S  

F i g u re 3- 1 5 .  Loca t i o n s  where t h e  leadsc rews a n d  t o r q u e  takers are not bottom e d  o n  t h e  torq u e  

tube bellev i l l e  s p r i n g s .  



A 
B 
c 
D 
E 

F 

G 

1 2 3 4 5 6 7 8 9 10 1 1  12 13 14  15  

X 

X C 

X C 

C X 

p 
C X 

X C X 

C X C 

X X C 
-....---+---+-

X C X C X 

H W 

K X C 

X C X C X C y 
C X C X C X 

L 

M 

N 

0 
p 
R 

C X X X C 
���--+-4--+-4� 

c 
X 

X C C 

C X X 
-t--+-----+-

x C X C X 

X C X C 

C O NTA I N S  NO CONTROL 
CO M PO N E NT 

CONTROL R O D  
ASS E M B LI ES 

AXIAL POW E R  S H A P I N G  
R O D  ASS E M B LI E S  

B U R NA B LE POISON R O D  

ASS E M B LI ES 

P R I M A RY N E UTRON 
S O U R C ES 

z 

LOCATI O N S  W H E R E  

PA R K I N G  P RO B ! .E M S 

CAN N OT B E  I D E NTIFI E D  

D U E  TO LAC K  O F  DATA 

F i g u re 3- 1 6 .  Locations w h e r e  p a r k i r, g  p r o b l e m s  c a n n ot be i d entified d u e  to lack of d a ta . 





Fig u re 3-18. Removing the wrapped leadscrew from tne service structure to a storag e  tube at the siid12 � � the 
<:l'!rvice structure. 
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4 .  SUMMARY 

4 . 1 Qu i c k Loo k  Object i ves  and Sch�du l e  

The Q u i c k  Loo k  was des i gned to prov i de the f i rst  v 1 s u a l  i nformat i on  o n  the 

c o nd i t i on of the core and  upper i rterna l s  by i nspect i ng the contro l rod gu i de 

tubes , a port i o n  o f  the upper gri d ,  the tops of fue l a s s emb l i es , and , i n  the 

event that the upper end- f i tt i ngs were m i s s i ng ,  the reactor core . Th i s i nfor

mat i on was to  be obta i ned by i nsert i ng a rad i at i on-to l erant underwater CCTV 

c amera through an  ope n i ng c reated by the remova l  o f  a l eadscrew from a CRDM . 

The i n i t i a l i nspect i o n  was conducted o n  J u l y  2 1 , 1982 , as o r i g i na l l y  sc hedu l ed .  

Add i t i o n a l  i n spec t i o n s  were conducted o n  Augus t  5 a n d  12 , 1982 . 

As  a f o l l ow- up to the core i nspect i o n s , l eadscrew u ncoup l i ng was comp l eted 

on August  23  and 25 , 1982 . 

4 . 2 Methods and Approach  

P reparati ons  had to  be made i n  the f o l l owi ng areas : 

o Support i ng stud i es and l i ce n s i ng documents deve l opment  

o Uncoup l i ng and  remova l  too l des i gn and methods p l a nn i ng 

o P l ant  modi f i cat i ons  and add i t i o n s  

o Operator trai n i ng 

o P ro cedure p reparati o n  

o Radi o l og i ca l  pred i ct i o n s  and  ALARA prov i s i on s  

F o r  t h e  mos t  part , these act i v i t i es too k p l ace concurrent l y .  
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4 . 2 . 1 �upporti ng Stud i es and L i cens i ng Documents 

Severa l stud i es were performed whose  res u l ts  we re app l i cab l e  to the s a fety 

concerns  o f  t h i s act i v i ty .  The B&W report , 1 1 Methods and  P rocedures of  Ana l ys i s  

for  TMI - 2 C r i t i ca l i ty Ca l c u l at i ons  to Support Recove ry Acti v i t i es  Through Head 

Remova l , 1 1 wa s p repa red to document c r i t i ca l i ty s a fety res u l ts  from the ana l y s e s  

of  v a r i �us  geometr i ca l  conf i gurat i o ns of  moderator ,  re f l ec to r ,  and  f u e l . T h e  

a s s e s sment  demo n s t rated that , dur i ng a l l of t h e  proposed act i v i t i es t h a t  cou l d  

p roduce f u e l  rearrangeme nts o r  otherwi se  a ffect the s ubcri t i c a l i ty of  the fue l  

sys tem , the TMI - 2  reactor wo u l d  be ma i nta i ned i n  a s afe s hutdown cond i t i on .  

The therma l s tatus  o f  the core and pred i ct i ons  o f  the thermal  response of  

the  sys tem to  part i a l  dra i ndown of  the  RCS  were d i s c u s s e d  i n  the  B&W report , 

1 1 TM I - 2  Decay Heat Remova l Ana l ys i s . 1 1 T h e  r�:: s u l ts  of the ana l ys i s  showed that 

l owe ri ng the reactor water l ev e l  and i s o l ati ng the sys tem components  m i ght 

cause  an  i nc rease i n  reactor water equ i l i b r i um temperature at a rate of l e s s  

than  5 F per  day i n  m i d- 1982 . Th i s i nc rease  wa s dependent upon the contai nme nt  

a i r  temp e rature . I f  enhanced heat remova l wa s req u i red , i t  cou l d  be accomp

l i s hed by ex i s t i ng  systems . 

An  ana l y s i s  was performed to determi ne the quant i t i e s  of  hyd rogen and  

Kr-85  i n  the  RCS ava i l ab l e  for re l ease  to the contai nment and  the env i ronment .  

The tota l amount  o f  Kr- 85 avai l ab l e  for re l ease  was conservat i ve l y  c a l c u l ated 

to b e  approx i mate ly  30 C i , wh i c h wo u l d  res u l t i n  an  i nc reased dose rate at the 

neare s t  res i dence of  2 . 1 x 10  5 mrem ( tota l  body dose ) .  I t  was conc l uded that 

a l l rad i oact i ve re l eases  from the contai nme nt  as a re s u l t of  the Q u i c k  Loo k 

wou l d be  we l l  w i th i n the l i m i ts of  the TM I - 2  Techn i ca l  Spec i f i cat i ons . The gas 

vented f rom the RCS was as s umed to be 100 percent hydroge n .  To prevent the 

d i s c h a rge of a f l ammab l e  hyd rogen mi xture to the conta i nment atmosphere , the 

RCS  was vented i nto a d i l ut i o n a i r  s tream . 

The rate o f  hyd rogen o ffgas s i ng v i a  the open CRDM moto r tube was conser

v a t i ve l y  ca l cu l ated at approx i mate l y  0 . 0 3 s c fm .  A l though approp r i ate p recau

t i o n s  were t a ken , i t  was determ i ned that such a l ow re l ease  rate wo u l d  not have 
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presented a hydrogen f l ammab i l i ty hazard when vented d i rect l y  to the conta i n

me nt . 

The res u l ts o f  ana l yses  i dent i f i Pd above were used i n  the 1 1 Safety Eva l u

ati o n  for  I nsert i o n  o f  a Camera i nto the Reactor Ve s s e l  Through a Leadscrew 

Open i ng 1 1 (Qu i c k  Loo k Safety Eva l uati o n ) , wh i ch was the p r i mary l i cens i ng 

document for th i s  acti v i ty .  The report a l s o eva l uated the potent i a l  for 

i nadvertent boron d i l ut i on , occupat i ona l exp o s u re , and the e f fects on  RCS 

c hem i s t ry a s  a res u l t  of  b reach i ng the RCPB . The conc l u s i o n s  o f  th i s  report , 

wh i ch were accepted by the NRC , were that the act i v i t i e s a s s o c i ated wi th  the 

Q u i c k  Look wou l d  not p resent an  unrev i ewed ,-; iJ fety i s s ue , nor wo u l d  they p resent  

u ndue r i s k  t o  the  hea l th and  s a fety o f  the  pub l i c .  

4 . 2 . 2 Leadscrew Uncoup l i ng P l an and Too l Deve l opment 

The bas i c  approach wa s to uncoup l e  a ce ntra l l eads crew u s i ng one o f  two 

norma l uncoup l i ng techn i ques : the l eadscrew nut method , or  i f  that was u n s uc

ces s fu l , the torque tube method . After s ucces s fu l  u ncoup l i ng ,  the l eadscrew 

was to be l i fted i nto the parked pos i t i o n .  Once the cutt i r :g  too l s  were s taged , 

the  l eadscrew wo u l d  be cut to remove i t ,  s i nce i t  was too l o ng to be  comp l ete l y  

wi thdrawn unde r the mi s s i l e  s h i e l d s .  

T o  perform l eads c rew uncoup l i ng ,  remova l ,  and s ub s equent came ra i nspect i o n 

wi th  the m i s s i l e  s h i e l ds i n  p l ace , ex i st i ng too l s had to be  mod i f i ed and new 

too l s deve l oped . C r i ter i a ref l ecti ng  s uch  concerns  a s  A LARA , space and mate

r i a l  constra i nts , and man u a l  transportati o n  of too l s  were e stab l i s hed faY' the 

devel opment effort . To e n s ure s a fe and proper operat i on ,  p roof-of-p r i nc i p l e  

tes t i ng wa s performed o n  a l l new or modi f i ed too l s .  

4 . 2 . 3 P l ant Mod i f i cat i o n s  and Add i t i o n s  

Mod i f i cat i ons  or add i t i ons  were made to ex i st i ng  systems f o r  venti ng  a n d  

dra i n i ng ,  w3ter l ev e l  mo n i to r i ng , l eadsc rew ri gg i ng and  hand l i ng ,  and com

muni cati on s .  O n l y  those modi fi cati o n s  or addi t i o n s  nec e s sary for  the Qu i c k 
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Look were made , s o  a s  to m i n i m i ze the man- rem and man- hours expended on  th i s  

tas k .  

4 . 2 . 4 Ope rator Tra i n i ng and P rocedure P reparati on 

Operators were tra i ned i n  the use  o f  the CRDM too l s and i n  the operat i on 

of  the spec i a l  v i deo came ra . Th i s tra i n i ng i nc l uded a l l aspects of  the equ i p

me n t ,  acti v i t i es to be  performed wi th the equ i pment , and the i nterfac i ng 

sys tems . I n  add i t i on to th i s  equ i pment- spec i f i c  tra i n i ng ,  dre s s  rehears a l s 

were performed on a f u l l - s ca l e  moc k- up of  the serv i ce s tructure . The moc k- up 

i nc l uded a CRDM , the m i s s i l e  s h i e l ds , and the ho i st i ng mechan i sm .  

S i xteen new operati ng and emergency procedures we re gene rated and s i x  

p rocedures were mod i f i ed for the Qu i c k  Loo k .  Subsequent to Qu i c k Loo k I ,  f i ve 

Temporary Change Not i ces  to p rocedures were requ i red , and two spec i a l  operat i ng 

procedures were wri tte n .  

4 . 2 . 5 Rad i o l og i c a l  P red i ct i ons  and ALARA Con s i derat i ons  

App rox i mate l y  50  to 150  man- rem we re e s t i mated for  the Q u i c k  Loo k .  These  

f i gures  were arri ved at by e s t i mati ng the i n- contai nment man- hours that wr u l d 

be requ i red  for the tas k  and a s s umi ng general  area dose rates . I t  was a l so  

nec e s s a ry to dete rm i ne the  dose  rate from the  l eadscrew so  that adequate 

s h i e l d i ng for th2 l eadsc rew co u l d  be prov i ded  once i t  was removed to p revent 

u n necce s s a ry personne l exp o s u re . 

A LARA prov 1 s 1 o ns  were i mp l eme nted i n  procedures anc too l des i gn .  These 

p rov i s i ons  i nc l uded l o ng- hand l ed too l s ,  moc k- up tes t i ng , con t i ngency p rocedures ,  

i nc reas i ng eq u i pme nt ma neuverab i l i ty ,  and t i me- sav i ng dev i ces . 

Deta i l ed rad i o l og i ca l  con tro l meas ures we re i nc l uded i n  the work pac kages 

rather than the p rocedures . App ropri ate s tay � 1 111e s or  spec i a l i n struct i ons  
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were wri tten i nto the work  pac kage based on  ant i c i pated rad i o l og i c a l  cond i 

t i ons . T h i s was done t o  perm i t f l ex i b i l i ty i n  a l l ow i ng work to cont i nue i f  

s i gn i f i cant  changes i n  rad i at i o n l eve l s  we re encountered .  

Dur i ng l eads c rew removal  and c utti ng the  rad i o l og i ca l  contro l s  techn i c i an 

mon i tored the beta and  gamma dose rate s .  Rad i ati on detectors were a l s o l ocated 

o n  the serv i ce s tructure to cont i nuou s l y  mon i tor rad i at i on l eve l s .  

P rotec t i on from beta rad i at i on was provi ced by the use  of s h i e l d i ng and 

c l othi ng req u i rements , as neces s ary .  Addi t i ona l  protect i on from beta rad i at i on 

was p ro v i ded by the i ce vests  used  for body cool i ng ,  l i neman ' s  g l oves , and eye 

protect i on .  

4 . 3 Execut i on 

4 . 3 . 1 Conta i nment Entr i e s  and Data Co l l ec t i on 

A tota l o f  27 contai nment entr i e s  and 243 i n- conta i nment man- hours were 

requ i red to p repare for and perform the Q u i c k  Loo k .  The accomp l i s hments of  

these  entr i es i nc l uded pr i mary and secondary s i de vent i ng and drai n i ng ,  gas  and  

l i qu i d  � �mp l e  c o l l ec t i on , l eadscrew remova l ,  performance of the  Q u i c k  Loo k 

c ame ra i nspect i ons , and l eadscrew uncoup l i ng .  

D u r i ng entry 73 , two gas samp l e s ( one l i ne purge samp l e  and one system 

samp l e )  and one  l i qu i d  samp l e  were obta� ned zrom the CRDM . Contact R0-2A 

read i ngs  on the gas  samp l es we re 150 mR/hou �  gamma from both , and 400 mrad/hour 

beta from the l i ne purge and 520 mrad/hour  beta from the sys tem vent .  The 

contact read i ng o� the l i qu i d  samp l e  was  150 mR/hour  gamma and 400 mrad/hour 

beta . 

One RCS l i qu i d  s amp l e  wa s obta i ned dur i ng entry 7 5 .  The s amp l e  was 

obta i ned by l owe r i ng a 150 ml s amp l e  bomb i nto the ;eactor v e s s e l  through the 
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C RDM to a depth 28 feet be l ow the top of  the motor tube . Contact R0- 2A read

i ng s  on the RCS l i qu i d  s amp l e  bomb we re 100 mR/hou r  gamma and 240 mrad/hour 

beta . 

When the l eadsc rew wa s removed no warpage or  other deformi ty was note d .  

The  h i ghest  rad i at i on read i ng from t h e  l eadscrew was 6 . 0 R/ hour gamma at a 

d i s tance of  1 foot from the second ha l f  of  the l eadsc rew . 

4 . 3 . 2 Leadsc rew Uncoup l i ng De s c r i pt i ons  for  D r i ve Locat i ons  7 K  and 8H 

Dur i ng the f i rst  attempt to uncoup l e  the l eadsc rew 0n CRC� BH , there were 

i nd i cat i ons  of i nterfe rence or  damage because the i r � t i a l  l oad read i ng of 350 

pounds exceeded the ant i c i pated l oad read i ng .  A l though the l eadsc rew nut 

rotated free l y ,  the l eadscrew wou l d  not l ower or  rotate . F i na l l y ,  the l ead

s c rew was tapped down far enough to a l l ow rotat i on through app rox i mate l y  45 

degree s .  The l eads c rew s t i l l  co u l d  not b e  l i fted wi thout exceed i ng the admi n i s 

tra t i ve l o ad l i m i t of  350 pounds . I n  the cont i n u i ng attempts  to uncoup l e  the 

l e adscrew i t  was rotated beyond the 45-degree po i nt , whi c h , accord i ng to l ater 

ana l ys i s ,  i nd i cated that  the sp i de r  had p robab l y  fa l l en o f f .  

S i nce n o  apparent p rogre s s  was be i ng made , t h e  uncoup l i ng of t h e  l eadsc rew 

at CRDM 7K wa s attempted ; howeve r , these attempts  we re a l so  uns ucce s s fu l  and 

e fforts  were res umed on  the l eadscrew at  CRDM B H .  T h e  l eadscrew nut  was 

rotated c l o c kwi se  i n  order to return the d r i ve to i t s or i g i na l  pos i t i on .  When 

the  nut rotated 20 t i mes  i n s tead of the expected 4 to 7 t i mes , i t  was taken as 

a n  i nd i c at ; 0 r. that the l eadscrew was i n  fact uncoup l ed and  the nut was bottomed 

o n  t h e  l ea d s c rew engagement p i n s .  

The l ea d s c rew wou l d  s t i l l  not move when l oaded to the adm i n i s trat i ve l i m i t  

o f  350  pound s , s o  the operator was i n s tructed to j ar the ton l i n  a n  attempt to 

determ i ne the l ocat i on of  the hang- up . At th i s  p o i nt the l eadscrew bro ke free 

and th� l oad  read i ng was 1 7 0  pounds  as expected . The remov a l  p roces s  then 

c o n t i nued  a s  p l anned . 

4- 6 



4 . 3 . 3 Observat i on s  from the Camera I n spec t i ons  

The Q u i c k  Loo k camera i n spect i ons  were perfo rmed i n s i de the  TMI - 2  reactor  

ves s e l  o n  J u l y  2 1 , August  6 ,  and August  1 2 , 198 2 .  The camera revea l ed that 

the  upper central  port i on of  the reactor fue l has c o l l apsed and forms a l oose  

bed o f  rubb l e ,  whose upper s urface i s  about  5 feet be l ow the  norma l  top  o f  the 

core . 

The  Q u i c k  Look Tape Rev i ew Group repo rt , Data Repo rt - Qu i c k Loo k I n spec

t i on Res u l ts ( TOP/TM I -026 ) , December 1982 , GPU  N u c l ear P l a n n i ng Department , 

documents the rev i ew group ' s  obs ervat i on s  from the i r  rev i ew of  the v i deotapes 

of  the  camera i n s pec t i o n s . 

4 . 3 . 4  Core P robe Expe r i ment  

The core p robe exper i ment wa s conducted concurre n t l y  wi th the  Q u i c k  

Loo k I I I  camera i n spect i o n .  The core probe was i n se rted i nto the 8 H  and 9E 

po s i t i on s . At both pos i t i o ns , the p robe wa s i n s e rted about 14 i nches  i nto the 

rubb l e  bed . 

4 . 3 . 5 Leadscrew Uncoup l i ng Acti v i t i e s 

The uncoup l i ng o f  each l eadsc rew i s  descr i bed i n  Sect i o n 3 . 5 .  Based  o n  

a n a l y s i s  o f  t h e  data obta i ned d u r i ng uncoup l i ng ,  the l e adscrews can  be grouped 

i nto the fo l l owi ng catego r i es , wh i c h  are not mutua l l y  exc l u s i ve :  

1 .  Locat i o n s  where the contro l rod s p i ders never moved u p  o r  down . 

2 .  Loca t i o n s  where the s p i ders moved down l e s s  than  2 i nches  after 

uncoup l i ng .  

3 .  Locat i o ns  where the s p i ders  moved up  when l i fted b u t  d i d  not move down 

a fter uncoup l i ng .  
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4 .  Locat i ons  where the s p i ders dropped greater than 2 i nches  after 

uncoup 1 i ng .  

5 .  Locat i on s  where the l eadscrew has been uncoup l ed but l eadscrew parki ng 

may be  d i f f i c u l t .  

6 .  Locat i on s  where the l eadscrew and torque taker are not bottomed o n  the 

torque taker b e l l ev i l l e s p r i ngs . 

7 .  Locat i o ns  where l ac k  of  l eadscrew movement  wi l l  not a l l ow a potent i a l 

l y  s tuc k l eadscrew to be i dent i f i ed .  
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DES IGN FUNCTIONAL C R I TE R I A  

MODI F I ED L IGHTWE IGHT LEADSCREW L I FT I NG TOO L  

1 .  P i c k  u p  l eadscrew by engag i ng l eadsc rew nut . 

2 .  Rotate l eadscrew wh i l e  l i ft i ng i n  order to uncoup l e  from sp i de r  and 
torque take r .  

3 .  P u l l tes t to m i n i mum o f  tw i ce l eadscrew we i ght , 350 pounds mi n i mum . 

4 .  Wo rk  wi t h i n geomet r i c  constra i nts o f  C RDM , i . e . , f i t  i n  torque tube . 

5 .  Des i gned to b e  hand carr i ed to the serv i ce s tructUt·e . 

6 .  Mate r i a l  c ompat i b l e  wi th RCS . 

7 .  Wor k  i n  conjunct i on wi th l eads crew nut  runner too l , i . e . , f i t 
through the nut runner and the l eadscrew j ac k i ng dev i ce s i mu l taneous l y .  

8 .  A l l potent i a l  l oose  parts capture d .  

9 .  Equ i pme nt s ha l l be des i gned to fac i l i tate i n s t a l l at i o n and operat i o n 
by personne l perform i ng under the constra i nts i mposed by protecti ve 
c l o t h i ng .  

10 . Max i m i ze use  of  des i g n features of  the ex i st i ng DPSC l i ghtwe i ght 
l eadsc rew l i ft i ng too l . 

1 1 .  No  pa i nted parts . 

12 . Smooth  s urfaces whe rever pract i ca l  for ease of  decontam i nat i o n .  

13 . B urr- free wi th  no s harp edges . 

14 . Ba l l l oc k  mec ha n i sm does  not re l ease  upon l o s s  of  a i r .  

15 .  Capab l e  o f  engag i ng a l eadscrew i n  the  f u l l up  or  down pos i t i on wi th 
nut  runner i ns ta l l ed .  

16 . Compat i b l e  wi th  C-wa s hers . 

1 7 .  Des i gned t o  l i ft and ho l d  the l eadscrew d u r i ng n u t  unthread i ng 
operat i ons . 

18 . Too l des i gn s ha l l addre s s  A LARA . 
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Spec i f i c  de s i gn funct i ona l  cr i te r i a were estab l i s hed for each new or 
mod i f i ed too l . These cr i ter i a  and drawi ngs for these too l s are i nc l uded 
i n  th i s  append i x .  



DES IGN  FUNCT IONAL C R I T E R I A  

LEADSCREW NUT RUNNER  

1 .  Engage and turn  l eadscrew nut  i n  both  d i rect i ons . 

2 .  Capab l e  o f  exerti ng a mi n i mum o f  5 0  foot- pounds  torque o n  l eadscrew 
nut .  

3 .  Work  wi t h i n geometri c constra i nts  o f  C RDM , i . e . , f i t  i n  torque  tube . 

4 .  Break down a s  nece s s a ry to f i t  through personne l hatc h , i f  e as i l y 
ach i evab l e .  

5 .  Be des i gned to b e  hand carri ed  t o  the serv i ce s tructure . 

6 .  Mate r i a l  compat i b l e  wi th  RCS . 

7 .  Wor k  i n  conjunc t i o n  wi t h  mod i f i ed l i ghtwe i ght l eadscrew l i ft i ng 
too l , i . e . , I .  D .  greater than O . D .  o f  s ame . 

8 .  A l l potent i a l l oo s e  parts captured . 

9 .  Equ i pment s h a l l be des i gned to fac i l i tate i ns t a l l at i on and operat i on 
by personne l perform i ng under the constra i nts  i mposed  by protect i ve  
c l ot h i n g .  

10 . No pa i nted parts . 

1 1 .  Smooth s urfaces wherever prac t i ca l  f o r  ease  o f  decontami nat i o n .  

1 2 .  Burr- f ree wi t h  n o  s harp edges . 

13 . Too l des i gn s ha l l addre s s  A LARA . 

14 . Capab l e  o f  engag i ng a l eadsc rew i n  the f u l l up o r  down pos i t i on .  

1 5 .  Des i gned t o  work  wi th  j ac k i ng dev i ce i n  p l ac e .  
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DES IGN FUNCTIONAL CRITERIA  

LEADSCREW CUTTI NG EQUI PMENT 

1 .  E q u i pment s ha l l enab l e  a n  operator to perform cutt i ng operati o n s  
u n d e r  man ua l control  at a d i s tance of not l e s s  than , and pre ferab l y  
greater than , 3 feet from the l eadscrew . 

2 .  E q u i pment  des i gn wi l l  be such  that i t  s ha l l be pos s i b l e  to acce s s  
and  cut  any s e l ected l eadscrew by chang i ng t h e  s tand l ocat i on .  

3 .  Saw mount construct i on wi l l  i ncorpo rate qu i c k  change features to 
perm i t  rap i d  remova l and i r s ta l l at i o n of saw un i ts ( l es s  than 
60 seconds ) wh i l e u s i ng no  too l s .  

4 .  Rap i d  b l ade changes s ha l l be po s s i b l e  o n  the saw u n i ts and wi l l  
req u i re no too l  usage .  

5 .  The s aw stand wi l l  b e  de s i gned to mount o n  adjacen� motor tubes . I t  
s h a l l mount  wi thout u s i ng too l s and s ha l l i ncorporate qu i c k  cha nge 
features . 

6 .  A l l cutti ng equ i pment  compo nents  wi l l  be des i gned to be hand carri ed 
to the s e rv i ce structure and wi l l  use  l i ghtwe i ght mate ri a l s of  construc
t i o n as  much as  i s  co n s i s tent wi th req u i red c haracter i s t i c s  of 
du rab i l i ty and s trength . 

7 .  The cutt i ng eq u i pment must  be des i gned such  a s  not to i nterfere wi th 
the ho l d i ng/ l i ft i ng c l amp s that wi l l  be i n sta l l ed dur i ng cutt i , �g 
operat i ons . 

8 .  The saw b l a�e must  not req u i re l ubr i cat i o n pr i or t o  o r  duri ng 
cu tt i ng .  

9 .  B reak  down a s  nece s s a ry to f i t  through the personne l hatch , i f  
eas i l y  ac h i evab l e .  

10 . Equ i pment s h a l l be des i gned to faci l i tate i n s ta l l at i on  and operati on  
by personne l performi ng ���er  the constra i nts i mposed  by protect i ve 
c l oth i ng .  

1 1 .  No s upport s e rv i c es other than  a so urce of  120 V ,  60 Hz e l ectri c i ty 
wi l l  be requ i re d .  

1 2 .  A l l pote n t i a l  l oose  parts captured . 

1 3 . M u s t  be de s i gned to work  wi th j ac k i ng dev i ce and j ac k i ng c l amps .  

1 4 . M u s t  cut through the l eadsc rew i n  l e s s  than 2 mi nutes . 

1 5 .  No p a i nted parts . 

1 6 .  Smooth s urfaces wherever pract i ca l  fo r ease o f  decontam i nat i o n .  
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LEADSCREW CUTT-I NG EQU I PMENT ( Ca n t  i nued ) 

17 . Burr� f ree w i th no s harp edges . 

18. Too l des i gn s ha l l addres s  ALARA . 
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DESIGN  FUNCT10NAL CR ITERIA  

LEADSCREW L I FTING C LAMP 

1 .  M u s t  be capab l e  o f  b e i ng  i n s t a l l ed from a t  l ea s t  3 feet away . 

2 .  Ab i l i ty to u e  i n s ta l l ed w i t h  saw and s tand i n  operat i ng pos i t i on .  

3 .  Conta i n i ntegra l  l i ft i ng ba i l w i th  500 pounds  m i n i mum l oad carry i ng 
capab i l i ty .  

4 .  C l amp bo �h threaded o r  unthreaded port i ons  o f  l eadsc rew. 

5 .  Mate r i a l  c ompat i b l e w i th  RCS . 

6 .  A l l potent i a l  l oo s e  parts capture d .  

7 .  C l amp i ng force s u ff i c i e n t  to prov i de l i ft i ng capab i l i ty o f  500 pounds  
m i n i mum . 

8 .  E q u i pment  s ha l l b e  des i gned t o  fac i l i tate i n s t a l l at i o n  and operat i on 
by personne l perform i ng  under the c o n s t ra i nts  i mposed by p rotect i ve 
c l oth i ng .  

9 .  M u s t  f i t  wi t h i n 5- i nch  I . D . p i pe after i n s t a l l at i on o n  l eadsc rew . 

10 . Remote c l amp i ng capab i l i t i es ( at l ea s t  3 feet away ) m u s t  be  deve l oped 
as  c o n t i ngency . 

1 1 .  No  p a i nted part s . 

12 . Smoo t h  s urfaces wherever pract i ca l  for ease  o f  decontam i nat i o n .  

13 . B urr- f ree  w i th no s harp edge s . 

14 . C l amp s s ha l l p revent  l eadscrew f rom f a l l i ng i n s i de motor tube . 

1 5 .  Too l des ; ,n s ha l l addres s  ALARA . 
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DES I GN FUNCTIONAL C R I TE R I A  

MOD I F I ED JUMP I �G JACK FOR UNCOUP L I NG 

1 .  Work  i n  conj unct i o n  wi t h  a l ternate u n c o up l i ng too l . 

2 .  Capab l e  o f  exert i ng l i ft i ng  force o f  3000 pounds  m i n i mum wi t h  d i rect 
l oad readout accurate to wi t h i n I5 perc e n t .  

3 .  Wor k  wi t h i n geometri c constra i nts  o f  CRDM. 

� D e s i gned to be hand carri ed  to the serv i ce s tructure . 

5 .  A l l hydrau l i c connec t i ons  des i gned for q u i c k  as semb l y  and l ea k- free 
opera t i o n .  

6 .  Hand pump to b e  o f  s u ff i c i ent  capac i ty t o  a l l ow f u l l exte ns i on o f  
cyl i nders wi th  adequate res e rve . 

7 .  Hose  t o  b e  l ong enough  t o  a l l ow operat i o n  a t  a reas onab l e  d i s tance 
f rom C RDM , 5 feet m i n i mum . 

8 .  A l l poten t i a l l oose  parts captured.  

9 .  E � u i pment s h a l l b e  des i gned to fac i l i tate i n s ta l l at i on  and operat i o n  
by personne l  perform i ng under the constra i nts  i mposed by protect i ve 
c l ot h i n g .  

10 . Hydra u l i c  f l u i d  to be compat i b l e  wi t h  RCS . 

1 1 �  No pa i nted parts . 

12 . Smooth s urfaces whereve:· p rac t i c a l  for ease  o f  decontam i nati o n . 

13 . Burr- free wi th  no s harp edge s . 

14 . Too l des i gn s h a l l addre s s  ALARA . 



DES IGN  FUNCTIONAL CR ITERIA  

QUICK  LOOK CHI P  DEFLECTOR 

1 .  S h a l l be des i gned for rap i d  i n s ta l l at i o n  around the l eadsc rew to 
perm i t  i n s ta l l at i o n  whi l e  the l eadscrew i s  s u s pended by a ho i st .  

2 .  The i nterface between  thP � h i p def l ector and the l eadscrew wi l l  be 
des i gned to accommodate the vari ati ons  present  i n  l eadscrew geometry 
dur i ng i ts wi thdrawa l f rom the motor tube . 

3 .  A l l c h i p  def l ector parts are to b e  captured o r  fastened to prevent 
entry i nto the motor tube . 

4 .  Des i gn s ha l l cons i de r  the constra i nts i mposed  by protecti ve c l ot h i ng  
and wi l l  a l l ow i n sta l l at i o n  and remova l  wi thout the use  of  too l s .  

5 .  S h a l l be cons tructed o f  l i ghtwe i ght  mater i a l s for  ease o f  transport.  

6 .  Too l des i gn s ha l l addre s s  ALARA . 

7 .  Smooth s urfaces wherever p o s s i b l e  for ease o f  decontam i nat i on .  

8 .  Burr- free wi th  n o  s harp edges . 

9 .  N o  pa i nted parts . 

10 . Mater i a l  c ompat i b l e wi th  the RCS . 
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