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DEVELOPPENT AND T E S T I N G  OF A CONNECTOR 
FOR REMOTE HANDLING OF HIGH-LEVEL FIASTX CONTAINERS 

Ab s t r ac t 

The des ign  fo r  a connector t h a t  can be used i n  the 
remote hand l ing  of h i g h - l e v e l  waste c o n t a i n e r s  a t  spent -  
f u e l  r ep rocess ing  p l a n t s  and a r e p o s i t o r y  was developed 
a t  Oak Ridge Nat ional  Laboratory.  A prototype connector 
was f a b r i c a t e d  and has  been sub jec t ed  t o  p re l imina ry  cy- 
c l i c  and s t r e n g t h  t e s t s .  These tests were conducted f o r  
4000 c y c l e s  with no load and approximately 16,00Q cyc le s  
w i t h  load ,  and the r e s u l t s  i n d i c a t e  t h a t  the connector 
exceeds the b a s i c  safet-y and load c r i t e r i a .  Future t es t -  
i ng  o f  the  connector i s  planned t o  f u r t h e r  e v a l u a t e  i t s  
remote o p e r a t i n g  c a p a b i l i t i e s  
and the e f f e c t s  of h e a t  on i t s  performance. 

i t s  underwater o p e r a t i o n ,  

1 - INTRODUCTION 

Current plans for  the  d i s p o s a l  a €  s o l i d i f i e d  radioact i -ve was te  from 
s p e n t - f u e l  r ep rocess ing  p l a n t s  c a l l  €or  the t r a n s p o r t  of  t h i s  mater: al t o  

e i t h e r  an engineered su r face  s t o r a g e  f a c i l i t y  o r  t o  a f e d e r a l  r e p o s i t o r y  

i n  a s a l t  mine f o r  s t o r a g e .  The h i g h - l e v e l  r a d i o a c t i v e  waste will ’ne 

t r anspor t ed  i n  c o n t a i n e r s  w i t h i n  s h i e l d e d  casks .  Of n e c e s s i t y ,  a l l  ’han- 

d l i n g  of  i n d i v i d u a l  waste c o n t a i n e r s  must be performed remotely. Typicdl 

of t hese  hand l ing  ope ra t ions  a r e  those envis ioned f o r  the proposed p i 3 f ? t -  

p l a n t  r e p o s i t o r y  i n  a s a l t  mine where the waste c o n t a i n e r s  w i l l  be r_aken 

ou t  of a shipping cask and placed i n  a mine s h a f t  cage,  transferrPd f rom 

t.he cage t o  a s h i e l d e d  cask f o r  t r a n s p o r t  i n t o  the mined arca, removetl 

from the cask and l o w ~ r e d  i n t o  a p rev ious ly  prepared hole  i n  the mitae 

f l o o r .  To f a c i l i t a t e  such t y p i c a l  remote hand1 ing o p ~ r a t i o n s  a t  a reyos- 

i t o r y  o r  an engineered sur face  s to rage  facility as  w e l l  as a rcpmcessi . r tg  

p l a n t ,  a program w a s  undertaken a t  Oak Ridge Nat ional  Lahoratory (Oi”,N1 ) 

t o  develop and t e s t  ii s u i t a b l e  hooking device o r  connector f o r  II [ring 

and moving i n d i v i d u a l  h i g h - l e v e l  w a s t c  con ta ine r s  
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The c r i t e r i a  e s t a b l i s h e d  f o r  t he  remote connector a t  the beginning 

o€ the development program a r e  o u t l i n e d  j-n Sec t lon  3 O F  t h i s  document. 

The design f o r  the connector t h a t  w a s  developed t o  meet the c r i t e r i a  and 

the f a b r i c a t i o n  o f  the prototype connector a r e  discussed i n  S e c t i o n  4 .  

The i n i t i a l  t e s t s  performed on t h i s  prototype included bot11 no-load and 

load t e s t s ,  and these a r e  descr ibed i n  Sec t ion  5.  The r e s u l t s  of t hese  

tcsts r epor t ed  h e r e i n  r e f l e c t  work done through April. 1972.  Future t e s t s  

are planned t o  f u r t h e r  e v a l u a t e  va r ious  performance a spec t s  of the con- 

n e c t o r ,  and these t es t s  a r e  d i scussed  in Sec t ion  6 .  The information 

contained i n  these s e c t i o n s  i s  summarized i n  Sec t ion  2 .  
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2. SUMMARY 

The c r i t e r i a  e s t a b l i s h e d  f o r  the connector included r e l i a b l e  

o p e r a t i o n  wi th  the c a p a b i l i t y  f o r  remote i n s t a l l a t i o n  and removal, an 

i n i t i a l  load hand l ing  c a p a c i t y  of 4000 l b  and an u l t i m a t e  c a p a c i t y  o f  
8000 l b ,  phys i ca l  s i z e  l i m i t a t i o n s ,  t he  a b i l i t y  to  w i ths t and  exposure t o  

thermal h e a t  and n u c l e a r  r a d i a t i o n ,  and the c a p a b i l i t y  f o r  underwater 

ope ra t ion .  The connector i s  designed to  be ope ra t ed  w i t h  compressed air 

o r  o t h e r  gases ,  and i t  employs a d e t e n t  coupl ing device which locks onto 

a stepped l i f t i n g  p i n  a t t a c h e d  t o  the top o f  the waste c o n t a i n e r .  Some 

simple tools and a ho ld ing  f i x t u r e  were a l s o  designed and f a b r i c a t e d  t o  

f a c i l i t a t e  disassembly and reassembly of t he  connector.  These acces- 

s o r i e s  a r e  r e a d i l y  adaptable  f o r  use i n  a glove box should t h i s  becom 

des i  rab l e .  

A tes t  s t a n d  was b u i l t  and c o n t r o l s  were devised t o  cyc le  t h e  con- 

n e c t o r  au tomat i ca l ly  through s e q u e n t i a l  o p e r a t i o n a l  s t e p s .  The tes t  s t and  

and c o n t r o l s  w e r e  used t o  tes t  the connector f o r  ove r  20,000 c y c l e s  of 

o p e r a t i o n  wi th  loads varying from zero to  6000 l b .  The connector was 

disassembled f o r  i n s p e c t i o n  at var ious  i n t e r v a l s  during the t e s t i n g .  

Minor m d i f i c a t i o n s  t o  the  locking p ins  of the d e t e n t  device w e r e  made 

a s  a r e s u l t  o f  some s i g n s  of wear observed during the no-load phase of 

the t e s t i n g .  No o t h e r  d i f f i c u l t i e s  w e r e  observed du r ing  the remainder 

of  t he  no-load tes ts  o r  throughout t he  load tes ts .  The r e s u l t s  o f  these 

t e s t s  i n d i c a t e  t h a t  t he  connector exceeds the b a s i c  c r i t e r i a  f o r  s a f e t y  

and load c a p a c i t y .  

Add i t iona l  t e s t i n g  of  the connector i s  planned t o  f u r t h e r  denon- 

s t r a t e  and eva lua te  i t s  remote o p e r a t i o n a l  c a p a b i l i t i e s ,  determine i t s  

underwater o p e r a b i l i  t y s  and determine the e f f e c t s  of  high temperature 

on i t s  performance. 
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3 .  C R I T E R I A  

The waste con ta ine r  connector  was designed t o  meet c r i . t e r i a  

e s t a b l i s h e d  at: the  beginning of  the devel.opment program. 1Aese c r i t e r L a  

were based on. a v a i l a b l e  informat ion  on a proposed r e p o s i t o r y  and on 

exper ience  gained dur ing  the  P r o j e c t  S a l t  Vault  (PSV) experiment.' The 

c r i t e r i a  were a l s o  e s t a b l i s h e d  so t h a t  the  connector  developed would be 

compatible wi th  the  e x i s t i n g  PSV transporlier. The c r i t - e r i a  e s t a b l i s h e d  

f o r  the connector a r e  o u t l i n e d  a s  fo l lows .  

1. The connector  must have the  c a p a b i l i t y  f o r  remote at tachment  t o  

and removal from c e l l  c ranes  and t r a n s p o r t e r  cab le ,  

2. The connector  must have the c a p a b i l i t y  t o  be remotely a t t ached  

t o  o r  r e l eased  from a waste con ta ine r  without  r a d i a l  o r i e n t a t i o n .  

3. The connector must be capable  of  handl ing  a load o f  4000 l b  when 

used wi th  the  PSV t r a n s p o r t e r  and a load of  8000 l b  when used wi th  Euture 

t r a n s p o r t e r s .  

4 .  The load must be t r ansmi t t ed  from the p i n  on the  waste con- 

t a i n e r  t o  the  l i f t i n g  hook wi thout  beCng t ransmi t ted  through any addi -  

t i o n a l  c l e v i s e s ,  threaded j o i n t s ,  o r  b o l t e d  assemblies  w i t h i n  the 

connector .  

5. The a c t u a t i n g  power of  t he  connector  may be suppl ied  by e l e c -  

t r i c a l  c u r r e n t  o r  by hydrau l i c  o r  gas p re s su re .  

6 .  The waste con ta ine r  itlust no t  be r e l eased  upon inadvertent:  l o s s  

05 power o r  inadve r t en t  hang-up of the con ta ine r  dur ing  placement i n  o r  

removal from var ious  t r a n s f e r  devices  a t  e i t h e r  a fue l  r ep rocess ing  p l a n t  

o r  a r e p o s i t o r y .  

7 .  The connector  must be compact and smal l .  1 % ~  o u t s i d e  diameter  

of  the connector must no t  exceed 6 i n .  ( t he  o u t s i d e  diameter  of t he  

sma l l e s t  proposed waste c o n t a i n e r ) ,  and the heiglie: o f  the  connector from 

i t s  base t o  the c e n t e r  l i n e  of  the cable  attachment m u s t  no t  exceed 10 i n .  

' R .  L .  Hradshaw and W. C .  McClain, "Project  S a l t  V a u l t :  A Demon- 
s t r a t i o n  o f  t h r  Disposal  of  High-Activi ty  S o l i d i f i e d  Waskc; i n  Under- 
ground S a l t  Mines ," USAEC Report ORNL-4555, Osk Ridge National Laboratory,  
A p r i l  1.971. 
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This l a t t e r  r e s t r i c t i o n  is d i c t a t e d  by t he  e x i s t i n g  PSV t r a n s p o r t e r ,  and 

i t  may be r e l axed  somewhat f o r  fut:ure t r a n s p o r t e r s .  

8 .  The connector must be capable of withstanding damage from the 

nuclear r a d i a t i o n  and thermal h e a t  of waste containers f o r  a r e a w n a b l e  

length of time o r  number of o p e r a t i o n a l  cyc le s .  

9. The connector must be e a s i l y  maintained and repa i red ,  p o s s i b l y  

from w i t h i n  a glove box. 
10. The c m n e c r o r  must be capable of underwater ope ra t ion .  
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4. DESIGN AND FABKICATLON 

'fie connector  f o r  h igh - l eve l  waste con ta ine r s  t h a t  bras designed t o  

meet the c r i t e r i a  o u t l i n e d  i n  Sec t ion  3 i s  i l l u s t r a t e d  i n  k ' ig .  4 , l .  

connector  i s  comprised of  an a i r -ope ra t ed  s p r i n g - r e t u r n  c y l i n d e r  which 

a c t u a t e s  a d e t e n t  coupl ing device t h a t  locks on to  the  s tepped l i f t i n g  p i n  

i l l u s t r a t e d  i n  F i g .  4 . 2 .  It i s  proposed t h a t  t h i s  p i n  be used on tlic t o p  

This  

LI FP ING POSl TI girl 

a LIFTINS Y O K E  @ O-RIMG 
@ O - R I N G  @ BlSTBH 
@ O - R I N G  @ COMPRESSION SPRINGS 
@ TOP NUT @ SPRING PLATE 

@) N I C K  SOCKET 
@ P I S T O N  WETAlHEb 

@ CYLINDER 

(l$ LOCKING P I N S  
@ P I N  BUSHIkBES 

0 O-RING @ BnTTO8 W T  

F i g .  4.1. 
Lif Ling P o s i t i o n s .  

Connector f o r  High-Level Waste Containers  i n  Jaading and 



7 

-- 

Fig .  4 . 2 .  Proposed L i f t i n g  Pin f o r  High-Level Waste Containers .  

of  a l l  the h i g h - l e v e l  waste c o n t a i n e r s .  

onto the p i n  i s  mechanical, and r e l e a s e  o f  the d e t e n t  device i s  ac tua ted  

by a i r  p r e s s u r e .  Therefore ,  a loss of e l c c t r i c a l  power, a r u p t u r e d  a i r  

l i n e ,  o r  a hang-up o f  t he  waste con ta ine r  during the time the  con ta ine r  

i s  being l i f t e d ,  t r a n s p o r t e d ,  o r  lowered w i l l  n o t  cause the connector 

d e t e n t  device t o  r e l e a s e  the con ta ine r  - Howi?ver, i nadve r t en t  a p p l i c a t i o n  

o f  a i r  p re s su re  t o  the connector c y l i n d e r  wou1tl cause release of  the con- 

t a i n e r ,  and the a i r  c o n t r o l  system will be designed t o  render  t h i s  

impossible. 

Locking o f  the d e t e n t  device 

Equipment used i n  h o t  c e l l s ,  contaminated areas,  o r  i n  r e a c t o r  s t a r -  

age pools  i s  normally f a b r i c a t e d  from s t a i n l e 6 s  s teel  t o  mi i i i n l j ze  cor ro-  

s i o n  and perrni L: decontamination wi th  a c i d  so lu t ions  a However, t o  ~ P ~ I I C E  



t he  c o s t  of f a b r i c a t i o n ,  the  s e l e c t i o n  of t he  materi .als of  construct i .on 

f o r  t he  pro to type  c.onnector w a s  based on a v a i - l a b i l i t y  i n  OWL S t o r e s ,  

ea se  of machining, and h e a t  t reatment  capabi l . i ty  t o  achieve the su r face  

toughness and s t r e n g t h  r equ i r ed  f o r  the a n t i c i p a t e d  loads .  P a r t s  I, 4 ,  

6 ,  10, and 15 ( i l l u s t r a t e d  i n  F ig .  4 .1)  were f a b r i c a t e d  from ASTM A-108, 

Grade 1020, c o l d - r o l l e d  m i l d - s t e e l  b a r  with diameters  of  5 and 6 l / 2  i n .  

Gcneral-purpose t o o l  s t e e l ,  SAE Class  01, was used to  f a b r i c a t e  the p i n  

bushings ( p a r t  14).  Since they  would no t  require hea t  t reatment  o r  g r ind -  

i n g ,  co rmerc i a l ly  a v a i l a b l e  dowel p ins  were used f o r  the  locking p i n s  

( p a r t  13) .  The f o u r  compression s p r i n g s  ( p a r t  7 )  w e ~ e  f a b r i c a t e d  from 

music w i r e ,  and the f o u r  O-rings ( p a s t s  2 ,  3 ,  5 ,  and 11) used i n i t i a l l y  

were neoprene, a v a i l a h l e  from ORNL S t o r e s  s tock .  Vikon O-rings , wlnich 

had t o  be purchased,  w e r e  used l a t e r .  

The pro to type  connector  was f a b r i c a t e d  wi.thout. d i f f i c u l t y  i n  the  

ORNL shops dur ing  September and e a r l y  October o f  1971.  Soiiie minor des ign  

changes were made dur ing  f a b r i c a t i o n  t o  f a c i l i t a t e  and expedi te  t he  work. 

The must s i g n i f i c a n t  change was one involv ing  the  f a b r i c a t i o n  o f  hardened 

p i n  bushings ( p a r t  14) t o  be  shrunk i n t o  the l i f t i n g  yoke i n  l i e u  05 case  

hardening o f  the  ho le s  i n  which the d e t e n t  locking p i n s  ( p a r t  1 3 )  w c r k .  

The compression sp r ings  ( p a r t  7 )  were f a b r i c a t e d  f r o m  a h e a v i e r  gauge 

wire than was o r i g i n . a l l y  s e l e c t e d ,  and a b l a c k  oxide f i n i s h  w a s  pu t  on 

a l l  p a r t s  t o  p r o t e c t  them from r u s t .  

F u ~ ~ J K ~  connectors  t o  be Eabri-cated f o r  development and t e s t i n g  o r  

for u s e  a t  a f u e l  reprocess ing  p l a n t ,  r e p o s i t o r y ,  o r  an engineered SUT- 

face  s t o r a g e  f a c i - l i t y  w i l l  be f a b r i c a t e d  from s t a i n l e s s  s t ee l  whose com- 

p l e t e  phys i ca l  and chemical p r o p e r t i e s  w i l l  be recorded as  p a s t  of  the 

q u a l i t y  assurance program. The s t r e n g t h  o f  the base  metal  s e l e c t e d  w i l l  

be equal  t o  o r  g r e a t e r  than t h a t  of  the m a t e r i a l  used f o r  t he  pro to type  

u n i t  now be ing  t e s t i n g .  The l i f t i n g  p i n s  f o r  product ion w a s t e  con ta ine r s  

wj.J.1 be f a b r i c a t e d  from a m a t e r i a l  coinpatib1.e with t h a t  o f  the  eontai-ners 

t o  whic.h they w i l l  be secured and wi th  the co r ros ive  environment a n t i c i -  

p a t x d  i n  t h e i r  use. The material .  w i l l  a l s o  have s t rength p r o p e r t i e s  a t  

l e a s t  equal  t o  Chose o f  the  SAE 1020 carbon s t e e l  froin which the tes t  

model. was f a b r i c a t e d .  
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54 I N I T I A L  TESTING 

Tests were conducted under no-load and L - V I L U L L L I I L ~ ~  LCI c r n e c : ~  me 

The t e s t  s t and  devised f o r  o p e r a b i l i t y  and performance of  the connector.  

t hese  t e s t s ,  i l l u s t r a t e d  i n  F ig .  5.1, c o n s i s t e d  o f  a s t r u c t u r a l  s t e e l  

Fig. 5.1. 
f o r  No-Load T e s t s .  

Schematic Diagram of Connector T e s t  S t a n d  and Controls  

frame and a 16-ton double-act ing h y d r a u l i c  c y l i n d e r  powered by an elec- 

t r i c a l l y  d r iven  pimp wi th  a c a p a c i t y  o f  10,000 p s i .  Two separa te  electric 

c o n t r o l  u n i t s  were assembled t o  p e r m i t  automatic cyc l ing  of  the connector 

through sequent i -a l  o p e r a t i o n a l  s t e p s  without  r e q u i r i n g  the cons t an t  a t t en -  

t i o n  of an i n d i v i d u a l .  
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5 . 1  No-Load Tests 

The no-load t e s t i n g  of the connector involved cyc l ing  o f  the  a i r  

c y l i n d e r  t h a t ,  i n  t u r n ,  r e t r a c t e d  and extended the four  locking p i n s  

( p a r t  13 i n  F i g .  4 .1  on page 6 )  of  the d e t e n t  device.  This t e s t  was per-  

formed t o  assu re  t h a t  the moving p a r t s ,  ad j acen t  s u r f a c e s ,  and O-rings i n  

the connector funct ioned as intended and to determine whether t he re  w e r e  

any p o i n t s  o f  wear when the connector w a s  operated without  a load.  

The c o n t r o l s  f o r  t h i s  test: cons i s t ed  o f  the a i r  panel i l l u s t r a t e d  

i n  Fig.  5 .1  and two time-delay r e l a y s  t o  a c t u a t e  the three-way solenoid 

va lve .  

a c t u a t i o n  of the connector ,  b u t  p l a n t  a i r  was  no t  a v a i l a b l e  a t  t he  test 

s i t e  and bot t l . ed  N2 was subs t i . t u t ed .  

me cyc le  se t  up f o r  this t e s t  cons i s t ed  o f  p re s su re  on f o r  15 s e c  

'fie! connector c y l i n d e r  was cycled i n  t h i s  

An a i r  supply wi th  a maximum pres su re  o f  1-60 p s i g  was r equ i r ed  -for 

and p res su re  o f f  f o r  15 sec .  

manner f o r  an accumulated t o t a l  o f  approximately 4000 cyc le s .  During 

t h i s  pe r iod ,  the connector W ~ S  disassembled and in spec ted  s i x  times. 

The i n s p e c t i o n s  performed during the no-load t e s t i n g  i n d i c a t e d  two 

a r e a s  of wear. These w e r e  between the f o u r  locking p i n s  of  the d e t e n t  

device ( p a r t  13 i n  F i g .  4.1) and the 45"  sloped s u r f a c e s  of  the c y l i n d e r  

( p a s t  12) and the sloped s u r f a c e s  of the bottom nut (pari: 1 5 ) .  The fou r  

locking p ins  were o r i g i n a l l y  designed wi th  f l a t  ends,  and the wear 

observed during t h i s  phase of the t e s t i n g  w a s  caused by the f l a t  end meet- 

i ng  the sloped su r face  i n  a p o i n t  contract. llrps edges o f  the p ins  c u t  

i n t o  the sloped su r faces  during a c t u a t i o n .  Wear was a l s o  observed OR 

the b r a s s  s p r i n g  p l a t e  ( p a r t  8 ) .  T h i s  was caused by the s p r i n g s  d u r i n g  

assembly and disassembly ope ra t ions  but t h i s  wear was expected and w a s  

the  reason the p l a t e  w a s  i n s t a l l e d .  A l l  o t h e r  part:s performed s a t i s f a c -  

t o r i l y .  The fou r  neoprene O- r ings  had a t o t a l  l eak  r a t e  o f  only 0.G 

- +- 0.1 s c f h ,  snd t h i s  r a t e  did n o t  change during the no-load t e s t i n g  o f  

the connector.  The O-rings e x h i b i t e d  no s i g n s  o f  wear o r  damage. 

Modificsti.o.ns t o  some pt3Tts o f  rhe connector were r equ i r ed  a s  a 

r e s u l t  of the wear observed dur ing  the no-load t e s t i n g .  To e l i m i n a t e  

gougifig of  the sloped su r faces  oE the bot:tom nu t  ( p a r t  15 i n  P i g .  4 * 1 )  



and the  c y l i n d e r  { p a r t  1 2 1 ,  the  locking p i n s  of the d e t e n t  device ( p a r t  

13)  were modified by g r ind ing  the ends to a 1. 112-in.  s p h e r i c a l  radixis. 

This pe rmi t t ed  smoother t r a v e l  of the radiused ends of the p i n s  over  the 

s loped s u r f a c e s .  More t r a v e l  of t he  connector over  the l i f t i n g  p i n  on 

top of t he  w a s t e  c o n t a i n e r  was a l s o  provided by i n c r e a s i n g  the depth of 

the r e c e s s  i n  the l i f t i n g  yoke ( p a r t  1 )  3/16 i n .  

During the no-load t e s t i n g  pe r iod ,  t h r e e  t o o l s  were f a b r i c a t e d  to  

a i d  i n  the disassembly and reassembly of  the connector a f t e r  each po r t ion  

of  the t e s t i n g .  These included a ho ld ing  and t u r n i n g  f i x t u r e  and two 

spanner wrenches. The connector ho ld ing  and tu rn ing  f i x t u r e  i s  clamped 

around the  5 1 /4 - in .  square s e c t i o n  o f  t h e  c y l i n d e r  ( p a r t  1 2  i n  Fig.  4.1)  

to provide convenient working access  t o  e i t h e r  end of the  connector by 

p e r m i t t i n g  the e n t i r e  asseinbly t o  be inve r t ed .  One spanner wrench was 

designed t o  remove the top nu t  ( p a r t  4 )  and the bottom nu t  ( p a r t  151, 

and the o t h e r  was designed to  remove the p i s t o n  r e t a i n e r  ( p a r t  IO). 

These t o o l s  w i l l  be s u i t a b l e  f o r  use i n  a glove box maintenance s t a t i o n  

wi th  some minor mod i f i ca t ions .  These mod i f i ca t ions  include b o l t i n g  o f  

the ho ld ing  and t u r n i n g  f i x t u r e  t o  the  f loor  of t he  glove box and removal 

o f  any s h a r t  edges on the t o o l s  t h a t  might r i p  o r  c u t  a glove.  

5 . 2  Load Tests 

To test  the performance o f  the connector under load ,  a series of 

t e s t s  was set up to  s imulate  a l i f t i n g  o p e r a t i o n  i n  a r e p o s i t o r y  t r a n s f e r  

c e l l .  The t e s t  s t and  i l l u s t r a t e d  i n  F ig .  5 .1  and the  e l e c t r i c a l  c o n t r o l s  

s chemat i ca l ly  i l l u s t r a t e d  i n  F ig .  5.2 were used f o r  the load tests.  

For  t h e  load t e s t i n g ,  a tes t  cyc le  i s  begun wi th  the connector in 

t he  up p o s i t i o n  and the  l i m i t  switch s t r i k e r  p l a t e  c o n t a c t i n g  l i m i t  switch 

N o .  1 ~ which a p p l i e s  p re s su re  t o  the connector a i r  c y l i n d e r .  The hydrari- 

l i c  c y l i n d e r  on the tes t  s t and  lowers the connector ove r  the waste con- 

t a i n e r  l i f t i n g  p i n  (secured t o  the  bottom o f  the tes t  s t a n d )  u n t i l  l i m i t  

switch No. 2 is ac tua t ed .  Actuat ion o f  limit switch No, 2 s tops  the low- 

e r i n g  a c t i o n  o f  the h y d r a u l i c  c y l i n d e r  and releases the a i r  p re s su re  on 

the connector ,  whereupon the  connector de ten t  device i s  locked t o  the 
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F i g .  5 .2 .  Schematic Magi-an: of  E l e c t r i c a l  Cont ro ls  f o r  Load Tests. 

conta.i.ner l i f t i n g  p i n  and the coiinettor i s  i n  the lifting inode. 'The 

hydrax l i c  c y l i n d e r  raises t-1-w c o m e r t o r  a g a t n s t  the shoulder  o f  the con- 

t a i n e r  l i f t i n g  p i n ,  a p p l y i n g  a preset load  t o  the connector for 15 sec.  

'IIic: hydrau l i c  c y l i n d e r  then  1.owers the cDnnec.tor unci1 l i m i t  swttch No. 

2 i s  aga in  contac ted  t o  s t o p  the a c t i o n  of  the cy l inde r  and pressilrize 

the c.onncctor a i r  cyl . indsr ,  r e l e a s i n g  the d e t e n t  device locking p ins  _From 
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the c o n t a i n e r  l i f t i n g  p i n .  The connector i s  then r a i s e d  by the  h y d r a u l i c  

c y l i n d e r  un t i l .  l i m i t  switch N o .  1 i s  con tac t ed .  Actuat ion of l i m i t  

sw i t ch  No. 1 s t o p s  the l i f t i n g  a c t i o n  o f  the c y l i n d e r  and s t a r t s  the tes t  

cyc le  over  aga in .  The completion of one complete t es t  cyc le  r e q u i r e s  

approximately 3Q sec 

The load t e s t i n g  was performed i n  two phases.  During the f i r s t  

phase,  the load was inc reased  from 500 t o  6000 lb  i n  500-lb increments 

and the test  was conducted fo r  approximately 500 cyc le s  f o r  each i n c r e -  

ment of load. The connector was disassembled and a l l  p a r t s  were cleaned 

and in spec ted  f o r  wear o r  damage a f t e r  each load increment s t a g e  of  test- 

ing. The second phase of t he  load t e s t i n g  c o n s i s t e d  of two u n h t e r r v p t e d  

tes ts  conducted w i t h  a load of  4000 l b  f o r  approximately 5000 c y c l e s .  

The f i r s t  5000 cycles o f  t e s t i n g  were conducted wi th  the same neoprene 

O-rings i n  the connector t h a t  had been used s i n c e  the beginning of the 

no-load tests,  wh i l e  t he  second 5000 cyc le s  of  t e s t i n g  were conducted 

wi th  V i t o n  O-rings i n  the connector.  Viton i s  the  m a t e r i a l  t h a t  w i l l  be  

used for the r e p o s i t o r y  connector because of  i t s  g r e a t e r  r e s i s t a n c e  t o  

r a d i a t i o n  damage and h igh  temperature (500°F). Cycl ic  and load d a t a  f o r  

both the no-load and the load tes ts  performed on the connector a r e  sum- 

marized i n  Table 5.1. 

?%e r e s u l t s  o f  t h e  load tests were very f avorab le .  Approximately 

17,000 cycles ( inc lud ing  1000 with no load) w e r e  run a f t e r  t he  modifica- 

t i o n s  to  the connector (discussed i n  Subsect ion 5.1) were made, and none 

of the components showed any signs o f  wear, s u r f a c e  f a t i g u e ,  O K  damage. 

ahe same four  s p r i n g s  were used throughout a11 of  the t e s t s ,  and their 

s p r i n g  r a t e  decreased from 2 1  to 19 Ib / in .  This decreased value i s  

h i g h e r  than the o r i g i n a l  design load of  the connector ,  
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Table 5 . 1 .  D a t a  on  N o - h a d  and Load T e s t s  Conducted on Connector 
---___ ,._-- __ _I___c_ .... -._ f o r  Xigh-Level Waste Containers  .._ l___.--____ll 

Number Accumu 1 a t ed  
Te s t O f  Number o f  Load 

Re ma r k s Number Cyc 1.e s Cycles (1h) 

l b  260 1,000 0 
I C  600 1,600 0 
Id 500 2 2 1.00 0 

_l___l__l_ --_- _________.-l___...--^_- 
l a  748 740 0 Disassembled f o r  inspectioi? 

i 
le 900 3,000 0 H i n o r  modi f ica t ions  made 
I f  1000 4 9 000 0 D i. 5 as s cmb 1 e d f o r  i n s  pe c t ion 

2a 5 14 4,514 5 00 Disassembled f o r  i n s p e c t i o n  
2b 
2c 

2e 
2 f  

2h 
2 i  

2k 

2a 

2g 

2j 

5 54 
5 10 
5 20 
585 
560 
555 
534  
500 
600 
5 10 

5,068 
5,578 
6 , C98 
6 , 683 
7 , 243 
7 , 798 
8,332 

9 ,43  2 
9 , 9 4 2  

8,832 

1000 
1500 
2000 
2500 
3000 
35013 
4000 
4500 
5000 
5500 

2 1  5 15 10,457 6000 Disassembled foi- i n s p e c t i o n  

3a 5050 15 507 4000 Disassembled f o r  i n s p e c t i o n  
3b 5225 O-rings changed t o  V i t n a  ."..._ ..-.- 4.000 

--_.- 
2 0 , 7 3 2  -. -.._I 



6. FUTURE TESTS 

Add i t iona l  t e s t s  a r e  planned t o  f u r t h e r  eva lua te  the performance of  

the connector €o r  h i g h - l e v e l  waste c o n t a i n e r s .  These include remote 

t e s t i n g ,  b l i n d  g rapp l ing ,  pool t e s t i n g ,  and h e a t  t e s t i n g .  

Remote t e s t s  of  the connector w i l l  be conducted i n  an e x i s t i n g  ORNL 

h o t  c e l l ,  and the e x i s t i n g  c e l l  c r ane ,  manipulators ,  and viewing f a c i l -  

i t i e s  w i l l  be  used i n  these t es t s .  The t e s t s  w i l l  be conducted t o  check 

o u t  the remote o p e r a t i o n  o f  the connector ,  at tachment and removal o f  the 

connector to  and from the  c e l l  c r ane ,  conf igu ra t ion  o f  the a i r  l i n e ,  

removal of the connector from a waste c o n t a i n e r  when the a i r  l i n e  i s  dam- 

aged, and the gene ra l  handl ing of  a waste c o n t a i n e r  mock-up f r o m  a cask 

t o  a h o i s t  cage. Performance of these  tes ts  w i l l  r e q u i r e  t h a t  the e x i s t -  

i n g  h o t  c e l l  he mocked up t o  c l o s e l y  resemble the t r a n s f e r  c e l l  now 

envis ioned €or  a r e p o s i t o r y  and a mock-up of  a waste con ta ine r  w i th  the 

d e s i r e d  weight.  Designs w i l l  be developed f o r  attachment of the connec- 

t o r  and a i r  supply l i n e  to  the c e l l  cram? and f o r  removal of  a connector 

w i th  a damaged a i r  l i n e .  

Blind g rapp l ing  t e s t s  w i l l  be conducted t o  develop procedures and 

check o u t  concepts f o r  waste r e t r i e v a l .  Operation o f  the  connector w i l l  

be evaluated f o r  removal of the waste con ta ine r  mock-up from a hole 7 t o  

8 f t  deep. These t e s t s  w i l l  probably be performed i n  the e x i s t i n g  h o t  

c e l l  used f o r  the remote t e s t s  i n  o rde r  to  have access  t o  the h o i s t .  

Pool t e s t s  will be performed on the connector to  e v a l u a t e  i t s  under- 

water  o p e r a b i l i t y  i n  s p e n t - f u e l  r ep rocess ing  p l a n t s .  Heat t z s t s  s ~ i  11 

a l s o  be performed on the connector to  determine the e f f e c t s  o f  h e a t  r a d i -  

a t ed  and t r ansmi t t ed  from h i g h - l e v e l  waste con ta ine r s  to  the connector .  

These t c e t s  w i l l  be performed by a t t a c h i n g  the connector t o  the l i f t i n g  

p in  of  a w a s t e  con ta ine r  mock-up t h a t  ContaLns a h e a t  s o ~ ~ r c e .  


