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ABSTRACT 

The Livermore neutron cave f a c i l i t y  has been modified t o  accept extended-reach , 

master-slave manipulators. Two addi t iona l  process boxes t h a t  a r e  f u l l y  interchange- 
C- 

able  with the  o r ig ina l  enclosure have been constructed t o  accommodate special ized 

I ' equipment necessary t o  remotely perform transcurium element chemistry. Some of t he  L 

items included i n  these enclosures a re :  high geometry fast-neutron de tec tors  f o r  

I ,  the  determination of spontaneous f i s s i o n  content of process solut ions,  e lec t ro-  

mechanical devices t o  count and co l l ec t  a predetermined number of drops of ion-exchange 

e lua t e  per  tube, b u i l t - i n  console-operated chemical process system, and an  ultramicro 

remote p ipe t t ing  system f o r  t he  radioanalysis of very alpha ac t ive  solut ions.  

INTRODUCTION 
. . 

The bas ic  configuration of t he  Livermore neutron c e l l  A s  reported a t  t he  1961 

Chicago meeting. (2) This un i t ,  which is  a water-shielded cave, can be equipped with 

severa l  d i f f e r en t  containment enclosures. The o r ig ina l  c e l l  box i s  o u t f i t t e d  with 
. . 

e l e c t r i c a l l y  driven polar  manipulators. The b io log ica l  sh i e ld  has recent ly been 

modified t o  . a c c m d d a t e  a spec ia l  Gersion of extended reach-master-slave manipulators 

a s  well; these un i t s  a r e  used t o  perform chemical separations i n  the  high alpha 

enclosures.  he most recent ly constructed boxes include cons ole-operated . . process 

systems t o  reduce the  amount of manual manipulation required of t he  operator.  These 

* 
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systems, which a r e  described elsewhere,(2) have been i n  use a t  Livermore f o r  same 

time. 

One of the  major d i f f i c u l t i e s  i n  t h e  i so l a t ion  of transcurium elements i s  t he  

necessi ty  of working with very small v o l k e s  of solut ion.  For example, t h e  ion- 

exchange columns used t o  f r ac t iona te  t he  pur i f ied  ac t in ide  f r ac t ions  frequent ly a r e  

l e s s  than 10 inches high and 114 of an  inch i n  diameter. Other severe requirements 

a r e  t h a t  equipment used t o  pe r fom t h i s  work must be capable of operation i n  high 

concentrations of hydrochloric ac id  fumes, be r e s i s t a n t  t o  organic solvents,  and 

operate rout inely i n  severe rad ia t ion  f i e l d s .  S t i l l  other requirements a r e  t h a t  

theequipment must be simple t o  operate, and have minimum serv ice  requirements. 

For these reasons, t he  major port ion of t he  equipment i s  designed t o  be e a s i l y  

replaced and t o  funct ion with the  a i d  of master-slave manipulators. 

.- Manipulator System. It i s  e s s e n t i a l  t o  be ab l e  t o  reach a s  much within the  

enclosure with the  s lave f ingers  a s  possible  so a s  t o  reduce th-::momt of shielded 

I space required f o r  performance of chemical operations. A t  $he same time, the  contam- 

ina t ion  l e v e l s  encountered i n  these  operations demand a i r  t i g h t  s ea l s  throughout t he  

ent2ce system. 

Fig. 1 indica tes  t he  scheme u t i l i z e d  t o  accomplish the  above requir.ements. The 

manipulator through-tubes, which a r e  f i l l e d  with maximum possible  polyethylene shield- 

i n g ,  penetrate  the b io logica l  sh i e ld  88 1/2 inches above f l o o r  l eve l .  This places 

the  master hand controls  a t  &bout 3 f e e t  e leva t ion  - or about 6 inches above the  

cont ro l  console. ('This c e l l  i s  designed f o r  s i t  down operat ion) .  The hand pos i t ion  

can be varied f o r  operator camf o r t  by use of t he  X-Y-Z e l e c t r i c a l  extension controls .  

  he switch f o r  operation of t he  X-Y controls  is  located near the  viewing window, 

the  Z cont ro l  i s  on the  master hand.] 



The containment box i s  constructed with two la rge  bag po r t s  mounted a t  a low 

. a 
angle t o  allow the  manipulator extension tubes t o  en ter  the booting horizontal ly .  

" . 
. . AS' the  s lave end en ters  t he  boot t he  arm is  swung downward by use of the  e l e c t r i c a l  Y 

I control  ( t h e  Z motion i s  kept f u l l y  r e t r ac t ed ) .  This process i s  continued u n t i l  t h e  

extension tube i s  i n  the  v e r t i c a l  pos i t ion  and the  master end of t he  manipulator i s  

i n  i t s  proper horizontal  locat ion.  Fig. 2 i l l u s t r a t e s  the  method of i n s e r t i o n  i n t o  

the  manipulator boot. Note t h a t  i n se r t i on  i n t o  the  boots can be performed e i t h e r  by 

moving the  manipulators with respect t o  the  w a l l ,  with the  box i n  normal posi t ion,  

or  by moving the  box with respect t o  the  manipulators which a r e  l e f t  i n  a s ta t ionary  

pos i t ion  i n  t h e  wall. Both methods can be performed with ease. The former inethod 

i s  used when extract ing manipulators f o r  r epa i r  during a process operation; t h e  

l a t t e r  used when c e l l  boxes a r e  exchanged between operations. 

Manipulator Booting. The booting i s  fabricatkd f r a n  v iny l  sheeting and u t i l i z e s  

a method of folding t o  obtain the  bellows configuration r a the r  than by welding. The 

method of f ab r i ca t ion  i s  described elsewhere. (3) As i s  shown i n  Fig. 1, the boot 

contains two separate bellows sect ions;  t he  f i r s t  accommodates t he  power extension 

sect ion and the  second "the manual extension tube." The upper bellows i s  much l a rge r  

i n  diameter a s  it must c l ea r  the  azimuth ro t a t ion  pulleys and extension.cables;  t he  

lower i s  only la rge  enough t o  c l e a r  the  manual extensi'on tube. The upper bellok-s 

r ides  over, and i s  supported by, a mylar telescoping sleeve. The lower end of t h i s  

bellows joins an aluminum d i sc  t h a t  connects t o  the  manipulator body'above the  manual 

extension. This connection i s  formed by th ree  snap-action t e e t h  t h a t  engage mating 

flange at tached t o  the  power extension tube below the pul leys.  This coupling car1 

eas i ly  be made or  broken remotely by the  use of only one manipulator. 

Booting Supports. The boots a r e  supported by a gimbal-type device made such 

t h a t  the  outer r ing ro t a t e s  f r e e l y  about t he  v e r t i c a l  ax i s .  Tn e f f ec t ,  this ,  i s  a 

la rge  b a l l  bearing t h a t  i s  suspended external ly  by a universa l  jo in t  of t he  type 
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commonly used t o  support gyroscopes. or  compasses. The manipulator extends through 

the  hollow center  of t he  device and the  upper bellows sec t ion  a f  the  boot a t taches  

t o  the  inner b a l l  bearing race. This device allows the  boot t o  t u r n  f r ee ly  around. 

t he  manipulator, with t h e  t r a n s i t i o n  piece between the  enclosure por t  and the  bellows 

absorbing the  c i r c u l a r  motion by a wrapping ac t ion .  This ac t ion  does not i n t e r f e r e .  

with t he  freedam of motion of t he  manipulator. 

Fig. 1 i l l u s t r a t e s  t he  method of support f o r  t he  manipulator boots.  The f loa t ing  

gimbal i s  suspended by twin 1/16 inch diameter cables t h a t  a r e  control led from the  

cave face.  To remove the  manipulator f rom.the boot, these cables a r e  lowered thereby 

allowing the  f u l l  weight of the  boot t o  be taken by the  snap-lock f lange.  This 

weight disconnects t he  f lange and the  boot slumps down u n t i l  the  t r a n s i t i o n  sec t ion  
./' 

i s  f u l l y  extended. The manipulator i s  then withdrawn a s  indicated i n  Fig.  2. 

Fract ion Collector Device. Fig. 3 i s  a photograph of t he  remote end of t he  

electromechanical device t h a t  i s  used t o  count individual  l i qu id  drops and t o  co l l ec t  

them i n  g l a s s  tubes.  

The drops from the  g l a s s  t i p  of t he  ion-exchange column pass through a de tec tor  

0 
head which contains a small l i g h t  bulb oriented a t  120 t o  a s o l i d  s t a t e  @hoto-diode. 

As the  drop f a l l s ,  t he  l i g h t  re f lec ted  f r . m  t h e  inner surface of t he  drop passes 

across  t h e  photo-diode; t he  output pulse i s  amplified and used t o  dr ive  a mechznical 

sca le r .  The sca l e r  can be preset  t o  t r i p  a t  any number of events f r m  1 t o  400, and 

advances the  turn tab le  when i t s  p rese t  value is reached. Tkie s ca l e r  is  then autm-at- 

i c a l l y  r e se t .  The cont ro l  c i r c u i t  a l s o  ac tua tes  a second s e t  of two r eg i s t e r s  t h a t  

indicate:  ( 1 )  the  t o t a l  number of drops t h a t  have f a l l e n  and (2)  the  t o t a l  number of 

drops t h a t  have been col lected i n  t he  tube under t he  detector .   he second r e g i s t e r  

i s  r e s e t  t o  zero each time the  tube is  changed). (4) 

Ei ther  of t h e  tim turn tab les  mounted on the  "lazy susanl' can be used with e i t h e r  
fl' 

detectok head. The main tab le ,  which supports the two smaller tab les ,  can be remotely.. 

positioned i n  any one of 6 pos i t ions  t h a t  l i n e  tubes up under the column t i p s .  
:.' , 



... 
Fas t  Neutron Detector. Each box contains a corrosion-proBf tube t h a t  extends 

through the  f l o o r  of t he  c e l l  box i n t o  a water f i l l e d  sh ie ld .  ( s ee  Fig. 1.) 1 - .  

Surrounding the ' t ube  a t  i t s  lower extremity i s  a multi-ring f i s s i o n  de tec tor .  Each 

of the opposi te ly.polar ized r ings  i s  e lec t ropla ted  with approximately 500 y gm/cm 2 

of very highly enriched $38. Thas isotope f i s s i o n s  only when the  incident  neutron 

i s  g rea t e r  than 700 keV energy. As the  average energy of neutrons f r m  spontaneous 

f i s s i o n  i s  abous 1 MeV, only those neutrons w i l l  cause f i s s i o n  t h a t  have not encountered 

. . an e l a s t i c  c o l l i s i o n  with the  surrounding hydrogen atms i n  the  sh ie ld .  Although t h e  

cross-section f o r  f a s t  f i s s i o n  i s  low, t h i s  b u i l t  i n  discrimination allows the  detec- 

t i o n  of primary spontaneous-fission neutrons with high r e l i a b i l i t y .  This i n -ce l l  

counter has about a 1 x percent overa l l  eff ic iency f o r  t he  de tec t ion  of f a s t  

neutrons with a negl igible  background couht. r a t e .  The usefu l  range of t he  de tec tor  

corresponds t o  1/10 microgram ~f~~~ a t  a lower l i m i t  with the  upper l i m i t  somewhat 

above 100 milligrams. The l a t t e r  value is  equivalent t o  about 3 x 1011 n/sec., the  

a design l i m i t  f o r  t h e  neutron c e l l  i t s e l f .  No data  has been obtained i n  t he  upper 

detect ion range a s  the  l a rges t  ~f~~~ source' ava i lab le  a t  t he  time i s  somewhat 

l e s s  than 100 micrograms. 
1. 

Ultramicro Remote P ipe t tor .  I n  order t o  determine ,the concentrations of t he  

highly ac t ive  so lu t ions , .a  servodrive p ipe t to r  has been i n s t a l l e d  i n  t he  enclosure. 

This u n i t  i s  used with replaceable micropipetts and has been used successful ly  t o  

measure one lambda volumes of solut ion (one-thousandth of a m i l l i l i t e r ) .  This device 

has a.:. reproducib i l i ty  of a two percent on t h i s  s i z e  of sample; l a rge r  volumes have 

correspondingly increased accuracy. This u n i t  i s  servodriven through a s e r i e s  of 

i n t e r n a l  hydraulic pis tons which allow an accurate sca le  reduction of dr iving f l u i d  

volume t o  p ipe t ted  volbne. The f i n a l  dr iving pis ton i s  a very accurately machined 

platinum sha f t  t h a t  displaces t he  same volume of hexane a s  t he  volume of t he  process 

sample being measured out. More recent versions of t h i s  u n i t  have been constructed 



: 
by use of a different ial ly- threaded screw t h a t  is  servo-motor driven i n  place of t he  

more camplex hydraulic linkage. Absolute read out has been included by use of a n  , 
. . 

e l e c t r i c a l  da ta  loop. As t h i s  u n i t  i s  s t i l l  i n  i t s  l a s t  s tages of development it t r i l l  

be reported on more thoroughly i n  fu tu re  papers. 

Special  Purpose Equipment. One device t h a t  has been used successfully during 

recent operations i s  a l igh t -sens i t ive  phot o-diode mounted below t h e  ion-exchange 

columns. This device monitors t he  l i g h t  given off by ac t ive  solut ions passing 

through the  detector .  The luminescence associated with h igh ly ' ac t ive  solut ions 

va r i e s  t h e  res i s tance  of the  photo-diode and allows a s t r i p  recorder t o  p lo t  the  I .  
shape of t h e  e lu t ion  curve a s  a funct ion of time. The p lo t s  made i n  t h i s  manner 

1.. closely represent those'made by radioassay. The device i s  not sens i t ive  t o  c e l l  

l igh t ing ,  and can be used without turning off t he  normal c e l l  i?lumination. It 

appears t o  be more sens i t i ve  t o  alpha ac t ive  species than f o r  be ta  emit ters ,  and 

should prove t o  be a usefu l  radiochemical t o o l .  More work w i l l  be  done on t h e  

: 
development of t h i s  device i n  t h e  near fu ture .  
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Figure 1. Line 'diagram i l l u s t r a t i n g  r e l a t i on  of containment box t o  c e l l  and 

manipulators, including manipulator s lave booting method. 

. . 
. . Figure 2. Diagram showing method of i n se r t i on  ( dr removal) of manipulator i n t o  

booting, indicat ing r e l a t i v e  pos i t ion  of s lave t o  box during inser t ion  

sequence. 

Figure 3. Photograph of remote port ion of drop counter and f r a c t i o n  co l l ec to r  
I device. 
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