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One cave-line at Berkeley Nuclear L a l ~ o r a t o r i e s  has been r e fu rb i shed  and 

approximately 2 yea r s  ope ra t iona l  experience has demonstrated the e f f e c t i v e n e s s  

of  t h e  system adopted. 4 s e c o n d c s v e - l i n e i s  now i n  t h e  process  of being 

r e fu rb i shed  and t h e  work i s  being undertaken while  maintaining P I E  ope ra t ions  

i n  t h e s e  caves.  The proposa ls  f o r  t h i s  scheme a r e  descr ibed  and d e t a i l s  a r e  

a l s o  given of some of  t h e  ope ra t iona l  and maintenance procedures which have 

been c a r r i e d  o u t  i n  t h e  l: yea r s  s ince  t h e  f i r s t  cave-linewas r e fu rb i shed .  

* 
Berkeley Nuclear Labora tor ies  



INTRODUCTION 

The r e f u r b i s h i n g  of t h e  t h r e e  cave- l ine  a t  B% was descr ibed  i n  a  paper 

presented  a t  t h e  BNES PIE Conference of 1980. A second l i n e  of caves  (caves 

4 t o  6, s e e  F igure  1 , )  which were commissioned i n  1967 now r e q u i r e s  up-dating 

w i t h  new mechanical and e l e c t r i c a l  s e r v i c e s .  The approach t o  t h i s  r e f u r b i s h i n g ,  

a l though s i m i l a r  i n  concept t o  t h a t  followed wi th  t h e  t h r e e  cave-l ine,  i s  

d i f f e r e n t  i n  d e t a i l  because it i s  e s s e n t i a l  t h a t  i n t e r r u p t i o n s  t o  t h e  PIE 

programme which i s  c u r r e n t l y  being car r ied-out  i n  these  caves,are kept  t o  a  

minimum. The proposa ls  f o r  r e f u r b i s h i n g  t h e  second cave-l ine a r e  descr ibed  and 

t h e  2 yea r s  o p e r a t i o n a l  exper ience  w i t h  t h e  r e fu rb i shed  t h r e e  cave-l ine i s  

d i scussed .  

DETAILS OF THE CAVE-LINE TO BE REFURBISHED 

The cave-l ine t o  be  re furb ished  was commissioned i n  1967 and b u i l t  a t  

r i g h t  angles  and a t  one end of the  t h r e e  cave-line; a  t r a n s f e r  e l e v a t o r  from t h e  

f u e l  s to rage  pond t e rmina te s  a t  t h i s  p o i n t ,  s ee  Figure 1. 

The c i v i l  cons t ruc t ion  i s  e s s e n t i a l l y  t h e  same a s  t h e  t h r e e  cave-l ine but  

i s  arranged wi th  2windows between each d iv id ing  s h i e l d  door t o  g ive  a  s i x  

window cave-l ine w i t h  a  p a i r  of No. 9 manipulat.ors f i t t e d  over each window. A 

power manipulator and t r a v e l l i n g  crane i s  i n s t a l l e d  t o  cover t h e  cave-line. and 

two h o i s t s  w i th  a r t i c u l a t e d  arms a r e  f i t t e d  t o  t h e  r e a r  wal l  of t h e  ~1iddl.e cave.  

A mcintenance bay w i t h  a  ha1.f s u i t  c u b i c l e  i s  s i t e d  a t  t h e  end of t h e  l i n e ,  

The shielding roof over t h e  major p a r t  of t h e  l i n e  i s  made-up of removable and 

in terchangeable  concre te  beans some of which a r e  f i t t e d  wi th  pos t  p o r t s .  

Continuous benching, generous s e r v i c e s  and f ree-s tanding  equipment were 

f e a t u r e s  of t h e  o r i g i n a l  des ign  wh?ch provided f l e x i b i l i t y  i n  use and t h e s e  

f e a t u r e s  were subsequently incorpora ted  i n  t h e  r e fu rb i sh ing  of t h e  t h r e e  cave-l ine.  

I n  t h e  c a s e ' o f  t h e  s e r v i c e s  however, t h e  o r i g i n a l  des ign  provided many spa re  

s e r v i c e  o u t l e t s  which could be  used a s  and when a s e r v i c e  f a i l e d  and f o r  t h i s  

reason t h e  s e r v i c e  u n i t s  were f ixed .  Three p i eces  of equipment were a l s o  t r e a t e d  

a s  f i x e d  u n i t s  e s s e n t i a l l y  because of t h e i r  s i z e .  These u n i t s  were a  large. waste  

b a l e r ,  t h e  bed of t h e  X-ray u n i t  and a  l a r g e  ram used f o r  t r a n s f e r r i n g  t h e  

e l e v a t o r  sk ip  t o  and from t h e  e l eva to r  and cave-l ine.  

During t h e  13 yea r s  ope ra t ion  of t h i s  cave-l ine i t  has  been p o s s i b l e  t o  

respond t o  t h e  changes i n  t h e  PIE requirements  by r ep lac ing  and exchanging t h e  

f r e e  s tanding  equipment and t h i s  has g r e a t l y  reduced man e n t r i e s ;  a  small  number 

of e n t r i e s  have been nade t o  s e r v i c e  t h e  X-ray u n i t .  Unfortunately over  t h e  l a s t  



two years it has become evident that the electrical services are deteriorating 

due to the breakdown of insulation. Similarly the hydraulic services are also 

suspect due to the deterioration of the seals; the baler no longer functions and 

the seals of the transfer ram are leaking. As the magnox PIE programme is a 

continuous commitment the feasibility of replacing the fixed equipment and the 

mechanical and electrical services, while still maintaining continuity of the 

PIE, was studied. Any man entry, by the nature of the operation, would introduce 

significant interference to the PIE operations so it was essential to find ways 

of refurbishing these caves without man access. 

THE PROPOSALS FOR REFURBISHING 

As the work benching, general handling, viewing and lighting were quite 

adequate it required only new services and alternatives to the suspect fixed 

equipment to bring the caves up to standard. It.was decided that any new service 

must be capable of being withdrawn and this requires penetration of the shield 

walls. The rear wall was not acceptable because the existing service consoies 

cover the length of the rear interior wall and it would be technically and 

ergonomically unsatisfactory. Fortunately there are two existing 115 mm 

(% 4.5 inches) dia holes in each cave at an ideal height through the wall of the 

operating face, see Figure 1, and by careful design it hms possible to produce 

a service plug for the mechanical services (hydraulic/pneumatic) and a similar 

plug for the electrical services which would fit into these holes. These plugs 

project out into the cave to give sufficient viewing and handling cover for 

connecting and dj.sconnecting the services by manipulator. The service plugs 

are fully shielded and incorporate a sealing gaiter for use when the pl-ug is 

withdrawn from the cave. Each service terminates with a connector on the 

operating face and from this connector the hoses or cab]-es are routed to control 

consoles which fit under the windows. To allow continuity of services with the 

minimum interference to the operations it.is proposed that these consoles should 

be free-standing in the initial stages and positioned nominally at right angles 

to the cave face. Only when the services to the in-cave equipment have been 

transferred from the existing services to the new service plugs will the old 

consoles be disconnected and removed and the new consoles positioned in their 

place. 

The fixed waste baler which has failed will be disconnected and covered 

to provide a useful storage space; a new free-standing baler has already been 

provided. In the case of the existing ram for transferring the skip from the 

pond elevator, this will be replaced by a new removable ram fitted into the hole 



to be drilled through the opposite shielding wall in-line with the existing 

ram, see Figure 1. 

All of these proposals essentially overcome the immediate problems of 

bringing the services and equipment into working order. Man entries will be 

unnecessary and interference to the PIE programme will be reduced to a minimum 

and should be measured in days rather than weeks. Subsequent maintenance 

work will be greatly facilitated and man entries will be unnecessary. 

OPERATIONAL EXPERIENCE OF THE REFURBISHED THREE CAVE LINE 

The refurbished three cave-line, which was reported at the 1980 BNES 

PIE Conference has been in constant use for approximately 2 years. The 

operations include visual and photographic examination,mensuratio~,dismantl.ing 

and machining. This experience has highlighted a number of aspects. For 

instance, changing technology, particularly in the field of mensuration, has 

shown the need for special electrical connectors which were not provided in the 

refurbishing scheme. It was also found that because of the more effective 

bench space and the conscious policy of reducing the size of in-cave equipment, 

more equipment can be installed and this has lead to an inadequate number of 

services. Rather than changing the existing service units to provide the special. 

connections and the additional out]-ets, it was decided to drill additional holes 

through the operating face wall for removable service plugs. No difficulties 

were experienced during these drilling operations. 

The effectiveness of the smooth uncluttered work benches, combined with the 

readily removable free-standing equipment, was demonstrated when it became 

necessary for man entries to repair the elevator in the tunnel adjacent to cave l, 

see Figure 1. The entry was made via cave 1 which had been used for dry drilling 

and abrasive cutting of highly irradiated stainless steel and nimonic alloys and 

was therefore highly contaminated. It was possible to transfer all of the 

radioactive sources and the free standing equipment into the next cave within 

hours.. The decontamination of the worktop and adjacentwalls, down to residual. 

radiation levels in the order of 3R/hr y, was possible within 2 days by using the 

manipulators, carbon tetrachloride and a window cleaning squeegee. While the 

decontamination of mixed fission products may be more difficult the benefits of 

equipment-free smooth benching were clearly demonstrated. 

Although a power-manipulator was installed when the caves were built it 

was decided it would not be included in the refurbishing concept as it was thought 

it would be more advantageous if relatively heavy handling could be carried our: 

simultaneously throughout the cave-line as this should lead to a more efficient 



use of t h e  f a c i l i t y .  To make t h i s  p o s s i b l e  wal l  h o i s t s  were i n s t a l l e d  i n  each 

cave f o r  t h e  'heavy' handling and t h e s e  have been ex tens ive ly  used. The lack  

of a  power manipulator i s  not  obvious, the  e f f i c i e n c y  of t h e  l i n e  i s  h igh  and 

t h e  breakages r a t e  of t h e  No. 9 manipulator  has  n o t  increased .  

CONCLUSIONS 

The experience gained i n  r e f u r b i s h i n g  t h e  f i r s t  cave-l ine a t  BNL, t h e  

ope ra t ion  of t h i s  l i n e  and t h e  concept proposed f o r  t h e  r e f u r b i s h i n g  of next  

cave- l ine ,  sugges ts  t h a t  t h e  m a j o r i t y o f c a v e - l i n e s  a r e  p o t e n t i a l l y  capable of 

evolv ing ,  by r e f u r b i s h i n g ,  t o  meet new ope ra t iona l  requirements .  Such an 

approach should reduce t h e  need f o r  new remote f a c i l i t i e s  w i th  consequent 

savings i n  c o s t s  and time. The cons iderable  problems of d e c o m i s s i o n i n g  o l d e r  

f a c i l i t i e s  and t h e  a t t endan t  d i sposa l  of waste  a r i s i n g  can be postponed 

i n d e f i n i t e l y .  
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