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SYNOPSIS 

The first water reactor fuel bundle (SGHWR) was delivered to the 
PIE Caves at Ninfrith in 1968. Since that date PWR and BWR bundles have 
also been received. 

This note describes the methods for horizontally transferring the 
bundles into the cave without damage. The techniques for stripping the 
bundles are also described, including pin handling methods. 

The note also includes information on pond examination of bundles 
prior to moving them to the Caves. The problems of crud are discussed 
and details are given of its removal in a special rig. 
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1 Introduction 

The first water reactor fuel bundle (SGHWR) was delivered to the PIE 

Caves at Winfrith in 1968. Since that date, over sixty bundles have been 

examined and dismantled, ranging from 1 metre length to 4.0 metres and from 

130 mm diameter to 200 mm square section and containing as many as 179 

fuel pins. During the same period 160 bundles of up to I metre long have 

been examined and 315 have received pondside examination at the reactor. 

The extent of the PIE work carried out varies with the needs of the 

reactor operators and fuel bundle designers but may be limited by the equip- 

ment available. In the very early examinations emphasis was more on finding 

the cause of fuel pin failures and evaluating crud deposition. In later 

examinations the use of NDT equipment gave more information and more effort 

was available to monitor the performance of standard fuel bundles and 

evaluate the behaviour of experimental fuel. 

2 Description of Hot Cell and Equipment 

The hot cell referred to in this note was initially constructed for use 

in the examination of metre long fuel bundles, and comprised two units 

separated by a sliding shielding door. One with a single operating station 

(Zn Br window and two manipulators) and the other with two operating stations. 

The inner sliding shielding door and its two guide walls were removed, 

thus producing an open cell 10.0 metres long by 3.7 metres deep and 4.3 metres 

high, with three main opcrnting stations. The cell contains benching over 

the full operating area :md i s  wrved by Lwo in-cell hoists and a power manip- 

ulator. 



The need f o r  a  f l e x i b l e  f a c i l i t y  f o r  f u e l  bundle examination a rose  

from the  i n t e r e s t  shown i n  s u b s t a n t i a l l y  d i f f e r e n t  types  of f u e l  assemblies .  

A l l  equipment, t he re fo re ,  i s  s imple,  adaptable ,  and modular, r a t h e r  being 

purpose b u i l t  t o  perform one func t ion  only. Consequently, a l l  u n i t s  tend 

t o  be small i n  s i z e  o r  b u i l t  up from small components so t h a t  they can be 

posted out  of  t h e  c e l l  f o r  c leaning ,  modif ica t ion ,  s torage  o r  d i s p o s a l .  

A l l  t h e  bundle handling equipment can be f i t t e d  onto one of t h e  two 

channels running t h e  f u l l  l ength  of the  c e l l .  One channel i s  i n  l i n e  with 

the end door pos t ing  f e a t u r e  and the o the r  g ives  easy access  of t h e  ope ra t ing  

s t a t i o n s .  Fuel p ins  a r e  examined by NDT techniques,  using a  s i n g l e  p i n  d r i v e  

u n i t  i n  l i n e  with support r o l l e r s  (Figure 1 ) .  

Flask Handling 

The c e l l  has provis ion  f o r  through-roof pos t ing  but  it was much e a s i e r  

t o  t r a n s f e r  bundles from the f l a s k s  ho r i zon ta l ly  through the  pos t ing  hole  i n  

the  end door. The roof post ing f a c i l i t y  i s  used f o r  t h e  pos t ing  i n  of cons- 

umable items and t r a n s f e r  of a c t i v e  waste i n t o  smaller  f l a s k s .  

In  the  t r a n s f e r  of l a rge  bundles from f l a s k s  t o  cave i t  i s  necessary t o  

ensure t h a t  the f l a s k s  have provis ion  f o r  push rods ,  d r a i n  valves,  and a  

shielded shu t t e r  a t  the  end connected t o  t h e  c e l l  wall .  It i s  important t o  

ensure t h a t  the f l a s k  i s  secure ly  f ixed  before  any fo rce  i s  applied t o  t h e  

push rods f o r  s l i d i n g  the bundle through the  wal l .  I t  i s  a l s o  important t o  

put  the  f u e l  bundle i n  a  c a r r i e r  f o r  p ro tec t ion  during t r a n s i t  from t h e  

r e a c t o r  pond t o  t h e  cave. This c a r r i e r  a l s o  serves  a s  a  secondary containment 

to  p ro tec t  the f l a s k  i n t e r n a l  su r faces  from contamination; it a l s o  a c t s  as  a  

sledge and makes t r a n s f e r s  i n  and out of the  f l a s k  e a s i e r .  

Large, square sec t ion ,  PWR bundles have been t r a n s f e r r e d  from l a r g e  mult i -  

ba r re l  f l a s k s ,  which do not  incorporate  a  shielded s h u t t e r ,  but some s p e c i a l  

equipment and sh ie ld ing  had to  be b u i l t .  



In-ce l l  c u t t i n g  

In order  to  expose the ends of the  f u e l  p ins  i n  a  bundle i t  i s  o f t e n  

necessary t o  cu t  through the  end l i f t i n g  f e a t u r e  so t h a t  s e l e c t e d  f u e l  

p i n s  can be withdrawn, and i n  the  SGHWR bundles handled t h i s  i s  s o l i d  

s t a i n l e s s  s t e e l  130 mm diameter.  A r ec ip roca t ing  power hacksaw i s  used. 

It has  a  hydraul ic  power down feed on the  c u t t i n g  s t roke  and a means of 

l i f t i n g  the  blade c l e a r  on t h e  r e t u r n  s t roke .  The machine c u t s  i n  an a r c  

motion with a  continuous cu t  which e l iminates  the  work-hardening t h a t  so 

o f t e n  occurs when machining s t a i n l e s s  s t e e l .  No coolant o r  c u t t i n g  f l u i d  

i s  used. A previous des ign  of power hacksaw had a " f l a t "  c u t t i n g  s t r o k e  

and remained i n  contac t  with the workpiece on t h e  r e t u r n  s t roke .  This  

allowed the  ma te r i a l  t o  work-harden. The c u t t i n g  time f o r  the new machine 

i s  t e n  minutes,  wh i l s t  the previous one took f i v e  hours. Blades a r e  

replaced a f t e r  completion of the c u t t i n g  operat ion on each bundle. 

For c u t t i n g  f u e l  pin specimens a  130 mm diameter f i n e  g r i t  diamond 

impregnated s l i t t i n g  wheel, has proved t o  be the  most e f f i c i e n t .  A t o t a l  

l o s s  d r i p  feed using inh ib i t ed  t r i ch lo re thy lene  he lps  t o  extend c u t t e r  

l i f e ,  s top  the  r e l e a s e  of airborne p a r t i c u l a t e  contamination, and produce a  

good sur face  f i n i s h .  Subsequent gr inding  and pol i sh ing  p r i o r  t o  metallog- 

graphic examination i s  minimal. The s l i t t i n g  wheel runs a t  300 r evs  per 

minute, and has a  fo rce  feed. 

In  machining g raph i t e  specimen a s imi l a r  s l i t t i n g  wheel i s  used. It 

has a  coarse g r i t  and i s  dr iven a t  750 revs  per minute by an a i r  motor 

without coolant  o r  c u t t i n g  f l u i d .  Dust c o l l e c t i o n  i s  achieved by conta in ing  

the  s l i t t i n g  wheel i n  a  shroud connected t o  a  suc t ion  device and d isposable  

c o l l e c t i n g  bag. 

P in  removal and bundle dismantle 

A s e r i e s  of wire pu l l ing  g r ips  with d i f f e r i n g  diameters ,  o r  a d j u s t a b l e  

c o l l e t s  a r e  used t o  draw pins  out  of the  bundles, but  care  has t o  be taken 

when drawing pins with "spacer pads" through the loca t ing  g r i d s .  Pu l l ing  

loads up t o  3 7 i  Kg have been needed t o  overcome the  i n i t i a l  pin t o  g r i d  

r eac t ion ,  although loads a r e  more genera l ly  18 - 24Y.g . 



I n  a l l  cases  the p ins  a r e  withdrawn on t o  guide r o l l e r s ,  and g r e a t  

ca re  i s  taken because of the  weakness of s lender  p ins  o r  the  b r i t t l e n e s s  

of Zi rca ioy  clad p ins  which have been subjec t  t o  hydriding.  

P ins  await ing NDT a r e  stacked on racks s u i t a b l y  pos i t ioned  on t h e  

c e l l  bench, t o  reduce r a d i a t i o n  damage t o  the  Zn B r  window, and t o  

con t ro l  t h e  poss ib l e  r a d i a t i o n  exposure which may be r e f l e c t e d  through 

t h e  unshielded MSM p o r t s .  

Return of p ins  t o  t h e  Reactor pond 

I n  some designs of bundles the  end l i f t i n g  f e a t u r e  can be c u t  o f f ,  

the  few chosen p ins  removed, and a  spec ia l  l i f t i n g  f e a t u r e  f ixed  t o  the  

bundle, t o  enable i t  t o  be handled f o r  t r a n s f e r  back t o  the  r e a c t o r  pond. 

Thus, e l iminat ing  the need to  completely dismantle the  bundle and there-  

f o r e  increase  the  t o t a l  c e l l  through-put. 

When f u e l  bundles have been f u l l y  dismantled, t h e  examined and 

surp lus  p ins  a r e  packed i n t o  a  s t a i n l e s s  conta jner  whose dimensions and 

f ea tu res  a re  s imi l a r  t o  those of t h e  o r i g i n a l  bundle. It can then be 

handled i n  a  s imi l a r  way t o  t h e  f u e l  bundle and returned t o  the  r e a c t o r  

pond. 

Decontamination of Fuel Bundles 

Af ter  i r r a d i a t i o n  i n  the  Winfr i th  SGHWR t h e  cladding of the  f u e l  

elements a r e  seen t o  be coated with ' c rud ' .  The crud i s  usua l ly  50 

th i ck ,  o r  l e s s ,  and c o n s i s t s  mainly of cor ros ion  products from t h e  

primary c i r c u i t  which have co l l ec t ed  on the  clad sur faces .  Normal crud 

depos i t s  do not cause any d e t e r i o r a t i o n  i n  the performance of the  f u e l  

elements but do have consequential  e f f e c t s  when the  f u e l  bundles a r e  removed 

from the  r e a c t o r .  The problem i s  due t o  the  i r r a d i a t i o n  of the cor ros ion  

products i n  the core  of the  r e a c t o r ;  amongst other  rad io iso topes ,  Cobalt-60 

i s  produced. 

I f  a  f u e l  bundle, coated with crud depos i t s ,  i s  taken i n t o  a  hot -ce l l  

the  coa t ing  r ap id ly  becomes dry .  The res idue  tends t o  be powdery and i s  

e a s i l y  scraped-off by anything t h a t  comes i n t o  c lose  contac t  with i t .  

Thus, the  very r ad ioac t ive  crud can be a  major source of contamination i n  a  



hot -ce l l  and on a l l  handling gear.  

To remove t h i s  problem of contamination i t  was decided t o  bu i ld  a  

s p e c i a l  loop, c l o s e  t o  t h e  ho t - ce l l s ,  which would decrud the  f u e l  bundles 

p r i o r  t o  post i r r a d i a t i o n  examination. 

The loop i s  shown diagrammatically i n  Figure 2 .  It i s  cons t ruc ted  

from s t a i n l e s s  s t e e l .  The sec t ion ,  i n t o  which f u e l  bundles a r e  loaded,  

i s  s i t u a t e d  wi th ina300mmdiame te rvc r t i ca l  hole i n  the  f l o o r  i n  an a rea  

near  t o  the  hot -ce l l s .  The decontamination f l u i d  (usual ly  Turco 4521) i s  

s tored  and heated i n  a  shielded tank. The hot f l u i d  can be pumped around 
0 the loop a t  temperatures up t o  90 C and a t  a  r a t e  of 3 m per sec  p a s t  t h e  

f u e l  bundle. There i s  a  by-pass system which enables  the f l u i d  t o  be c i r c -  

u l a t e d ,  and checked, p r i o r  t o  i t  being employed on the f u e l  bundle. 

For the opera t ion  a  f u e l  bundle (4  metres long) i s  loaded, from a  f l a s k ,  

v e r t i c a l l y  i n t o  the  hole.  Everything i s  mounted wi th in  a s p i l l a g e  t r a y  which 

could accommodate a l l  the  f l u i d  i n  the  system. Di f f e ren t  decontaminating 

f l u i d s  may be used i n  the loop. Because of t h i s  t h e r e  i s  a  t e s t  s e c t i o n  i n  

which corrosion r eac t ions  between the f l u i d  and var ious  ma te r i a l s  may be 

inves t iga ted .  The progress  of the de-crudding opera t ion  i s  measured by monit- 

or ing  the r i s e  i n  a c t i v i t y  i n  the c i r c u l a t i n g  f l u i d .  The cleaning i s  f in i shed  

when t h i s  a c t i v i t y  ceases to  r i s e .  

The loop has a l s o  been used f o r  the  decontamination of t h e  i n s i d e  of 

l a r g e  f l a s k s .  

Pond examination 

The f u e l  element handling route  a t  the  SGHW r e a c t o r  s t a r t s  and f i n i s h e s  

i n  the f u e l  s torage  pond s i t u a t e d  within the  secondary containment of t h e  

r eac to r  bui lding.  New elements a re  coupled t o  hangerbars t o  form f u e l  s t r i n g e r s  

(Figure 3 )  and passed along a  fue l  t r a n s f e r  tunnel t o  the  r e f u e l l i n g  machine. 

Spent f u e l  i s  discharged i n  the  reverse mode, the  i r r a d i a t e d  elements being 

decoupled and s tored  i n  racks fo r  a  minimum period of severa l  months before 

t r a n s i t  t o  Windscale. A pond t ranspor ter  br idge i s  used For the movement of 

complete s t r i n g e r s  and componenLs throughout the pond. 



The dimensions of the f u e l  pond a r e  23.8 m length  X 4.9 m width X 

10.7 m depth and i t  conta ins  1240 m3 of demineralised water when a t  t h i s  

depth. In  order  t o  provide s u f f i c i e n t  water sh ie ld ing ,  the i r r a d i a t e d  

f u e l  i s  submerged approximately 5 m below the  sur face  of the  pond, and 

i t  i s  the re fo re  e s s e n t i a l  f o r  underwaterviewing purposes, t h a t  a  high 

degree of c l a r i t y  be maintained. 

A t  every annual shutdown of the  r e a c t o r  between 15 and 25 f u e l  elements 

a r e  unloaded from t h e  core and viewed i n  t h e  pond. Indiv idual  f u e l  elements 

a re  examined f o r  a  v a r i e t y  of reasons.  For example, lead burn-up f u e l  i s  

checked to  a s c e r t a i n  i f  s i g n i f i c a n t  spacer g r i d l f u e l  channel i n t e r a c t i o n  has 

occurred during i r r a d i a t i o n ,  o ther  f u e l  elements a r e  examined to  determine 

t h e i r  s u i t a b i l i t y  f o r  r e t u r n  t o  the  core f o r  f u r t h e r  i r r a d i a t i o n .  Fuel 

elements dest ined f o r  post  i r r a d i a t i o n  examination i n  t h e  cave l i n e s  a t  

Winfrith a r e  given a  d e t a i l e d  examination to  check on t h e i r  condi t ion  p r i o r  

t o  shipment. 

Two methods of v i s u a l  examination a re  used:- 

(a)  a  por tab le  system employing an underwater mir ror  ( thus  allowing 

viewing and photography from a pos i t i on  above the  pond su r face ) ;  

(b) a  dry-tube periscope f ixed  t o  one end of the  pond. 

Mobile Pond Mirror Rig with In t eg ra l  Light ing (Figure 4) 

Or ig ina l ly  designed a s  a  general  v i s u a l  inspec t ion  too l  f o r  f u e l  

elements s i t ua t ed  i n  pond s torage  racks  o r  suspended from the  pond bridge 

grab.  The assembly c o n s i s t s  of a  f r o n t  s i l ve red  mir ror  1OOOmmlong X 

200 mm wide located i n  a  frame and f ixed  45' length-wise t o  the  pond sur face .  

4 KW of halogen lamp l i g h t i n g  a r e  at tached t o  the frame and the assembly 

suspended by s t a i n l e s s  s t e e l  cables  from a po r t ab le  winch bracket .  The 

system i s  normally used cl ipped to  the  s ide  of the  pond bridge and t h e  image 

viewed through cave b inoculars .  A 35 mm camera f i t t e d  with an 800 mm t e l e -  

photo l ens  i s  used t o  obta in  colour t ransparencies  of t h e  f u e l  element, the  

l e n s  being f i t t e d  i n t o  a  cy l inder  with a  p l a t e  g l a s s  window a t  the  bottom 

end. Some typ ica l  examples of fue l  elements viewed i n  t h i s  manner a r e  shown 

i n  Figure 5 ,  eg, crud depos i t s ,  i n t e r p e l l e t  r idging  and nodular oxida t ion  

on z i r ca loy  cladding adjacent  t o  s t a i n l e s s  s t e e l  spacer g r i d s .  The e f f ec t iveness  



of in-core chemical decontamination i s  a l s o  shown, 

The pond mirror  technique i s  found t o  be most s u i t a b l e  f o r  r ap id  

cu r so ry  examinations of l a r g e  numbers of f u e l  elements.  Since 1968, more 

than  300 have been examined by t h i s  method. 

Dry Tube Periscope 

The SGHm pond periscope i s  t e l e scop ic  i n  opera t ion  with an open 

l e n g t h  of 13 m and a  closed length  of 9 m. The lower sec t ion  conta in ing  

t h e  periscope ob jec t ives  i s  housed i n  a  220 m bore aluminium tube; an 

ope ra t iona l  v e r t i c a l  movement of 4 m i s  imparted t o  t h i s  lower s e c t i o n  

by a motor dr iven bal lscrew, the tube being designed t o  telescope over 

i ts  upper sec t ion  i n  order  t o  scan the  f u l l  f u e l  element length .  An 

opera tor  s i t ua t ed  a t  a  con t ro l  console can thus  view and photograph t h e  

f u e l  element a t  any pos i t i on .  
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FIG. 3. FUEL PLUG STRINGER 



FIG. 4 .  POND EXAMINATION OF SGHWR FUEL ELEMENTS USING AN UNDERWATER 
MIRROR RIG 



FIG 5 TYPICAL APPEARANCE OF SCHWR FUEL ELEMENTS BEFORE AND AFTER 
IN-CORE CHEMICAL DECONTAMINATION 
(MEAN CHANNEL AVERAGE BURNUP = 20,000 M W D / T ~ U )  
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