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ABSTRACT 

I r r ad i a t i ons  of t e s t  f u e l  specimens and experimental f u e l  elements 
a re  conducted both i n  capsules and i n  forced-convection-cooled loops. 
The design of equipment su i tab le  f o r  i r r ad i a t i on  t e s t s  per t inent  t o  t he  
development of boi l ing-  and pressurized-water, gas-cooled, sodium-cooled, 
and molten-salt reactors  i s  described b r i e f l y ,  with pa r t i cu l a r  emphasis 
on t e s t  capab i l i ty .  

The capsules u t i l i z e  thermal conduction through sodium 'or NaX, gas- 
f i l l e d  annuli ,  and graphite f o r  heat  removal from the  f u e l  element sur-  
face .  S i x  bas ic  designs have been employed, with many var ia t ions ,  i n  
conducting over 125' separate i r r ad i a t i on  experiments. Capsule f ea tu r e s  
include external  pressur izat ion t o  900 psia ,  sweep gas f o r  f iss ion-gas  
removal, f i ss ion-gas  sampling and daughter-trap co l lec t ion  f o r  gamma-ray 
spectrometer analysis ,  continuous f l u x  monitoring and control ,  and meas- 
urement of temperatures up t o  4000°F. 

The loop f a c i l i t i e s  described a r e :  (1) a pressurized-water loop f o r  
operation up t o  2500 p s i a  and 625°F with heat  removal up t o  300 kw; close  
control  i s  provided over water chemistry; ( 2 )  two helium-cooled loops - 

capable of operation up t o  a gas temperature of 1500°F, a system pressure 
of 300 psia ,  and f i s s i o n  and gamma heating of 60 kw; other  coolants can 
be accommodated, and t h e  loops a r e  designed t o  operate with f i s s i on -  
product contamination when necessary; ( 3 )  a compact loop design f o r  r e -  
c i rcu la t ing  molten-salt f u e l s  at  high temperatures. 

Design fea tures  t o  meet safe ty  requirements, a l t e r a t i o n  of equipment 
t o  accommodate'changing program needs, and f ac to r s  a f fec t ing  the  economics 
of operation a r e  discussed b r i e f l y .  The c lose  re la t ionsh ip  needed be- 
tween  t he  i r r ad i a t i on  t e s t  laboratory and f u e l  development programs i s  
indicated.  The usefulness of ass is tance from other  r e l a t ed  groups i n  a 
la rge  laboratory complex i s  mentioned. Final ly ,  shop f a c i l i t i e s  a r e  de- 
scribed f o r  meeting the  exacting needs of i r r a d i a t i o n  capsule assembly. 



SOME MAJOR FUEL-IRRADIATION TEST FACILITIES OF THE 
OAK RIDGE NATIONAL LABORClTORY 

D.  B. Trauger 

INTRODUCTION 

The Oak Ridge National Laboratory from i t s  inception has been en- 
gaged i n  the  development of reac tors  and reac tor  f ue l s .  Important t o  
t h i s  phase of ORNL work i s  t he  t e s t i n g  of f u e l s  under conditions which 
simulate the  intended service i n  a power-producing reac tor .  Achievement 
of appropriate t e s t  conditions was f i r s t  made possible by the  development 
of t e s t  r eac tors  which produce high neutron f luxes .  Early t e s t s  were con- 
ducted i n  t h e  LITR' and t he  MTR; l a t e r  experiments were designed t o  
u t i l i z e  t he  0RR3 and t h e  ETR, which a f ford  more ve r sa t i l e  arrangements 
f o r  engineering-scale t e s t s .  ORNL i r r a d i a t i o n  t e s t  r i g s  a re  now concen- 
t r a t e d  i n  the  ORR and LITR, where various t e s t  posi t ions  a r e  u t i l i z ed ,  
including in-core, poolside, and beam-hole f a c i l i t i e s .  Other reac tor  
space i s  used as required t o  obtain addi t ional  space o r  pa r t i cu l a r  fea-  
t u r e  s . 

The t e x t  of t h i s  repor t  i s  intended t o  provide a b r i e f  but  bas ic  
descr ipt ion of t he  i r r a d i a t i o n  f a c i l i t i e s .  It i s  hoped t h a t  it w i l l  be 
pa r t i cu l a r l y  useful  t o  those engaged i n  r e l a t ed  f i e l d s ,  such as f u e l  
development, and f o r  program planning. This repor t  a l s o  i l l u s t r a t e s  t he  
diverse equipment which i s  avai lable  and ind ica tes  the  capab i l i t y  of a 
nat ional  laboratory t o  conduct the  i r r ad i a t i on - t e  s t ing  phase of reac tor  
development programs. For those d i r e c t l y  i n t e r e s t ed  i n  i r r ad i a t i on  t e s t  
work, t h i s  repor t  w i l l  serve only f o r  reference purposes; it i s  not i n -  
tended t o  provide the  d e t a i l  necessary f o r  improvement o r  dupl icat ion of 
t e s t  equipment. 

The fue l - i r r ad i a t i on  t e s t  f a c i l i t i e s  described have been t he  respon- 
s i b i l i t y  of t.be 1rra.d.iation Engineering Department of t he  Reactor Division.  
They were designed t o  provide appropriate environments f o r  several  power- 
producing reactor  systems, and t h e i r  primary appl icat ion has been t o  
evaluate f u e l  and f u e l  element concepts which a r e  advanced beyond proven 
prac t ice .  'Experiments a r e  conducted i n  these f a c i l i t i e s  t o  determine t he  
e f f e c t s  of nuclear processes, including rad ia t ion  damage, f ission-product 
generation, and transmutation, pa r t i cu l a r l y  a s  r e l a t ed  t o  other var iab les  . 
Important nonnuclear f ac to r s  include temperature, thermal s t r e s s ,  pressure 
s t r e s s ,  d i f f e r e n t i a l  thermal expansion, and chemical'and metal lurgical  
proper t ies .  Speci'fic proh3ems i.nvolve changes i n  metal lurgical  s t ructure ,  
in te rac t ions  between f u e l  and i t s  cladding o r  container, buildup of pres-  
sure by v o l a t i l e  f i s s i o n  products, and t he  movement o r  r ed i s t r i bu t i on  of 
radioactive mater ia ls  within the  f u e l  system. The equipment described 
i n  t h i s  repor t  has been used f o r  the  invest igat ion of var iab les  a f fec t ing  



f u e l  element design, f o r  proof t e s t i n g  of prototype f u e l  assemblies, and 
f o r  s tud ies  involving reactor  coolants.  Reference i s  made i n  t h e  t e x t  
t o  documents which describe t he  program requirements and f u e l  development 
work f o r  which t h e  i r r a d i a t i o n  f a c i l i t i e s  were designed. 

Equipment i s  ava i lab le  f o r  t e s t s  of both t he  so l i d  and t h e  l i qu id  
f u e l s  under development f o r  use i n  thermal and f a s t  reac tors .  Both 
l i q u i d  and gas coolants  can be employed. Most of t he  i r r a d i a t i o n  r i g s  
have been u t i l i z e d  r epe t i t i ve ly ,  with both major and minor revis ion t o  
accommodate changing program needs. I n  each revision,  capab i l i ty  f o r  
t h e  e a r l i e r  purpose w a s  re ta ined where possible, and thus  highly versa- 
t i l e  equipment has been developed. A l i s t  of t he  i r r a d i a t i o n  f a c i l i t i e s ,  
i d e n t i f i e d  by t h e  t e s t  reactor ,  and t h e  number of experiment s t a t i ons  i s  
given i n  Table 1. The ETR and MTR capsules a r e  i n  t he  reac tors  of cor- 
responding t i t l e  , which a r e  located at t h e  National Reactor Testing Sta- 
t i o n  i n  Idaho; t h e  o thers  a r e  located at ORNL. 

Varied techn ica l  s k i l l s  a r e  requircd t o  e f f ec t i ve ly  glan i-r"r'itrl i ~.l;i nn 
t e s t  work. Designers, experienced analysts ,  project  engineers, and t ra ined  
operating crews comprise the  team f o r  conducting experiments. Extensive 
ass i s tance  from o ther  groups a t  ORNL i s  used t o  complement t he  e f f o r t  of 
t h e  I r r a d i a t i o n  Engineering Department and provide strong support.  This 
includes work i n  reac tor  analysis ,  r ad ia t ion  shielding,  metallurgy and 
ceramics, welding and brazing, inspection, ana ly t i c a l  chemistry, i n s t ru -  
mentation, hea l t h  physics, and reac tor  operations. Related t e s t s  f r e -  
quently a r e  conducted by other  groups and coordinated with t he  i r r a d i a t i o n  
s tud ies .  Shop f a c i l i t i e s  and other  services  from the  Y-12 and ORGDP 
p l an t s  a r e  a l s o  used extensively.  Test  programs may be i n i t i a t e d  and 
d i rec ted  e i t h e r  by t h e  I r r ad i a t i on  Engineering Department or,  more f r e -  
quently, by o ther  ORNL groups engaged i n  reac tor  o r  f u e l  development. 

Considerable a t t en t i on  i s  given t o  r e l i a b i l i t y  of equipment and 
s a f e ty .  The p r inc ip l e  of double conta.i.nment by use of independent vcs- 
s e l s  or  s t r uc tu r e s  i s  followed t o  ensure t h a t  rad ioac t iv i ty  i s  not r e -  
leased i n  the  event of accident o r  malfunction of equipment. Very few 
deviat ions  from t h i s  p r inc ip le  a re  permitted, and monitoring normally 
i s  provided t o  show t h a t  both  the  primary and secondary vessels  a r e  i n -  
t a c t .  Most experiments utj.l . ize the  reac tor  sa fe ty  ~ y c t e m  t o  prevent. , 

ser ious  accident condit ions i n  the  event of equipment malfunction, but  
ult imate s a f e ty  i s  provided by containment. Vessels a r e  b u i l t  and in -  
spected according t o  t h e  standards of applicable 

I r r a d i a t i o n  t e s t  equipment i n  general i s  d.i f f i  r.111 t. or, i n  many cases, 
impossible t o  a l t e r  o r  r epa i r  during o r  following operation.  Out-of-pile 
t e s t s  of both equipment and experimedtal elements a r e  theref  ore conducted 
whenever p r a c t i c a l  and where s i gn i f i c an t  condit ions can be a t t a ined .  
Thorough checking and evaluation of in -p i le  equipment contr ibute  g r ea t l y  
t o  reduction of cos t s  by assurance of successful  experiments through 
s a t i s f a c t o r y  operation.  Despite precautions, many d i f f i c u l t i e s  have been 
encountered i n  conducting the  i r r a d i a t i o n  experiments described. It may 
be s t a t ed  conservatively, however, t h a t  t h i s  equipment has performed wel l  
and, i n  general,, has met i t s  t e s t  req11.i.rement.s s a t i s f a c t o r i l y .  



Table 1. Capabilkties of I r rad ia t ion  Test Fac i l i t i e sa  

Maximum Fuel Maximum Tempersture Maximum Dimensions ( i n . )  (OF) Maximum Nauber Sta t ion 

of Number of Thermal 
T a c i l i t y  Maximum 

Test Stations Neutron F l u  Power 
Elements Diameter Length b Coolant (neutrons/cm2 . sec ) (kw) Surface 

LITR capsules 7 28 0.375 3 1300' 400 2 x 1013 1 

ORR p o ~ ~ l s i d e  capsules 8 8 3 12 1 6 0 0 ~  1600e 7 x l 0 l 3  20 

ETR capsules 14 14 0.75 18 1600 161)Oe 8 x l 0 l 3  30 

ORR e ight-bal l  f a -  1 1 1.5 16 2500 2500e 1 x l 0 l 4  20 
c i l i t y  

ORR helium loop No. 1 1 1 0.875 18 1 6 0 0 ~  1400 8 x l 0 l 3  60 

ORR helium loop No. 2 1 1 2.75 9 25008 1500 I x 1013 20 

ORR pressurized-water 2 33 1 . 5  19 700 625h 7 x l 0 l 3  150h w 
loop 

MTR ca2sules and loop 1 6 3 6 2500g , 1600e 1 x l 0 l 4  30 

%ot all maximum 1imit.s a re  a t ta inable  simultaneously. 

b ~ u e l  cen t ra l  temperatures can be measured i n  a l l  f a c i l i t i e s  except 
the  ElIlR capsules; maximum temperature measured t o  date i s  4200°F. 

C Capsde temperature; f u e l  outer surface may be much higher, -3000°F 
maxinium t o  l a t e  . 

d- Limited by cladding material; value given i s  f o r  s t a in less  s t ee l ;  
2500°F can be achieved f o r  graphite-matrix fue l s .  

e S t a t i c  gas i n  t h i n  arnulus. 
f - ~ i m i t s d  by cladding material; value given i s  f o r  s t a in less  s t e e l .  

'gZ,imit determined by riature of f u e l  under t e s t ;  value given i s  
nominal f o r  graphite-matrix f u e l s  . 

%oop designed f o r  650°F and 2500 psi ;  present in-pi le  tube i s  l imited 
t o  625°F a d  2250 ps i ;  *ot&l loop capacity i s  300 kw. 



The design, and therefore  description,  of i r r a d i a t i o n  equipment 
necessa r i ly  includes consideration of ho t -ce l l  f a c i l i t i e s  and techniques. 
Although some reference i s  made t o  ho t -ce l l  requirements, de ta i l ed  d i s -  
cussion of pos t i r rad ia t ion  examinations i s ,  outside the  scope of t h i s  r e -  
p o r t .  However, f o r  completeness, references a r e  l i s t e d  which describe 
ORNL ho t - ce l l  equipment and t he  f a c i l i t i e s  used with t h i s  i r r ad i a t i on  
equipment. The ORR hot c e l l  t o  which experimental equipment from the  re -  
a c t o r  core o r  poolside can be removed d i r e c t l y  through t he  pool without 
t h e  use of casks o r  shielding other  than t he  pool water i s  described i n  
r e f .  9. This c e l l  loca t ion  provides convenient means f o r  e a r ly  inspec- 
t i o n  of i r r a d i a t e d  equipment. A large  c e l l  has been provided f o r  handling 
beam hole and other  major assemblies and f o r  temporary operation of radio- 
a c t i ve  equipment of s m a l l  p i l o t  -plant  sca le .  lo Specialized equipment f o r  
sect ioning mate r ia l s  and de t a i l ed  examination has been provided i n  c e l l  
No. 6, which can accommodate alpha contamination.'' Smaller c e l l s  a r e  
ava i lab le  f o r  radiography and other  ana ly t ica l  work. A new f a c i l i t y  i s  
nearing completion which w i l l  accommodate a large  volume of work, i n -  
cluding c lose  inspection,, specia l ized disassembly, and de t a i l ed  examina- 
t i o n .  l2 

I n i t i a l  dismantling of equipment i r r ad i a t ed  at t h e  KCR i s  handled i n  
c e l l s  a t  NRTS. Many of t he  experimental assemblies l i s t e d  i n  t h i s  re -  
por t  were examined i n  hot c e l l s  a t  GEVAL (General E l ec t r i c  Val lec i tos  
Atomic Laboratory) and a t  BMI ( ~ a t t e l l e  Memorial I n s t i t u t e ) .  



DESCRIFTION OF FACILITIES 

The two c l a s s i f i c a t i ons ,  capsules and loops, employed i n  describing 
i r r a d i a t i o n  t e s t  equipment a r e  dist inguished by the.  method of heat t r ans -  
f e r  from the  f u e l  surface. I n  capsules, heat t r ans f e r  i s  p r inc ipa l ly  by 
conduction, whereas loops employ convection cooling, usually by a r e c i r -  
cula t ing coolant forced by pumps o r  compressors. By t h e i r  simplici ty,  
capsule f a c i l i t i e s  a re  l e s s  cos t ly  t o  construct  and operate, but  they do 
not simulate t he  reac tor  service as r e a l i s t i c a l l y  a s  loops. Various ar- 
rangements f o r  both types of equipment a r e  employed at  ORNL. Each f a c i l i t y  
has been somewhat special ized t o  provide f o r  spec i f i c  t e s t  needs. The 
various u n i t s  a re  complementary so that a major f u e l  development program 
can be conducted quickly with adequate i r r ad i a t i on  t e s t  support. Repli-  
ca t ion of the  simpler f a c i l i t i e s  provides capacity f o r  handling several  
programs simultaneously. 

The LITR capsules a r e  small t e s t  systems designed pa r t i cu l a r l y  f o r  
accelera ted experiments or  f o r  screening of mater ia ls .  Although cooled 
by forced convection, the  compressed a i r  i s  used only f o r  convenience. 
Seven s t a t i ons  a r e  avai lable ,  and each i s  capable of containcng a s  many 
as four  encapsulations of fue l s ,  including metals, a l loys ,  ceramics, such 
as U02, UC, and UN, and coated p a r t i c l e s .  

The ORR capsules a r e  highly v e r s a t i l e  u n i t s  i n  which many d i f f e r en t  
kinds of f u e l  can be i r r ad i a t ed  under more complex t e s t  conditions. A 
wide range of environments can be provided f o r  f u e l  elements, including 
gases and l i qu id  metals, high external  pressures, and thermal cycling. 
Fu l l - s ize  f u e l  sect ions  (except a s  l imi ted i n  some cases by leng th)  can 
be accommodated so t h a t  highly de f in i t i ve  t e s t s  a re  possible.  The ORR 
e igh t -ba l l  and t h e  E!I'R capsule u n i t s  have similar capab i l i t i e s  but a r e  
l imi ted i n  s ize  and i n  neutron f l u x  control  by t h e i r  locat ions  i n  reac tor  
core and r e f l ec to r  posit ions,  respect ively .  However, these  loca t ions  
provide higher neutron f l u x  l eve l s  and excel lent  heat-removal capabi l i -  
t i e s  f o r  conducting t e s t s  at high power dens i t i e s .  

The f a c i l i t y  now at t h e  MTR was developed f o r  a complex loop opera- 
t i o n  before the  ORR w a s  avai lable  and has since been a l t e r ed  t o  provide 
diverse capabf l i t y  t o  meet many f u e l  t e s t  requirements. Both package 
loops and capsules can be accommodated at  t h e  MTR. The HB-3 beam hole 
has been used f o r  the  experiments; however, the  out-of-pile equipment 
could be used with other t e s t  posi t ions .  

The ORR loops afford more complete simulation of reac tor  conditions, 
since dynamic forces,  nonuniformity of cooling, and t h e  e f f e c t  of ex- 
pected impurit ies i n  reac tor  coolants 'can be included. The two gas loops 
complement each other  i n  providing a considerable range of neutron f l u x  
in tens i ty ,  specimen s ize ,  heat  removal, gas coolant chemistry, and simu- 
l a t i o n  of reac tor  system fea tures .  The pressurized-water loop provides 
many fea tures  of both pressurized- and boiling-water reac tors  and can 
handle elements having large  heat-generation ra t ings .  Operation of the  



three loops i n  common e f fec t s  considerable savings i n  operator and main- 
tenance costs .  Furthermore, the three loops and, t o  some extent, the 
capsules a l so  u t i l i z e  common equipment and services. When savings are 
accomplished i n  t h i s  manner, long-range planning i s  desirable because 
each f a c i l i t y  i s  affected by the  program f o r  the others. Important ad- 
vantages, however, a re  the jus t i f ica t ion  of greater  service f a c i l i t i e s  
and pooling of technical t a l e n t .  Experiences gained by one task engineer 
i n  a closely kn i t  group d i r ec t ly  strengthens the work of others. 

Figures 1 through 4, respectively, show plan views of the ORR, LITR, 
MTR, and ITCR reactors  and the locations of equipment described. The com- 
plexi ty of an actual  i n s t a l l a t ion  i s  i l l u s t r a t e d  i n  the photographs of 
the  O R '  pool i n  Figs. 5 and 6. 

Capability now ex i s t s  f o r  conducting approximately 50 simultaneous 
engineering-scale i r rad ia t ions  of experirnerr1;al nuclear 1.eacto1- fue ls .  
Each may be conducted under a unique se t  of conditions, although several 
may a r b i t r a r i l y  be made essent ia l ly  ident ical  f o r  replication or f o r  com- 
parative experiments. The heat-removal capabi l i t ies  of individual f a c i l i -  
t i e s  and the  avai lable  neutron fluxes are given i n  Table 1. 

Tests may be conducted with various coolants i n  contact with fue l  
o r  cladding, including a i r ,  argon, C02, He, N2,  Na, NaK,  and water. ORR 
loop No. 1 i s  adaptable t o  hydrogen cooling, although i r rad ia t ion  t e s t s  
with t h i s  gas have not been conducted t o  date .  Instrumentation i s  avai l -  
able t o  measure f u e l  temperatures re l iab ly  up t o  3000°F and with l e s s  
cer ta in ty  t o  4000°F. Independent control of both neutron f lux  and tem- 
perature has been achieved f o r  some of the f a c i l i t i e s ,  including both 
capsules and loops. The general capabi l i t ies  a re  given i n  Table 1. The 
equipment described i n  t h i s  report has been u t i l ized  f o r  the i r rad ia t ion  
of more than 300 separate f u e l  capsules during the past f ive  years. 

I n  addition t o  the specialized f a c i l i t i e s ,  hydraulic rabbit  tubes 
and nonins tmented  capsules i n  t e s t  reactor core positions may be used 
f o r  i r rad ia t ions .  Rabbit f a c i l i t i e s  are  sat isfactory f o r  many i rradia-  
t i ons  and are u t i l i zed  when possible because re la t ive ly  l i t t l e  cost i s  
involved. l3 However, the l imited range of  condition^ achievable and the 
obvious simplicity of the noninstrumented assemblies place them outside 
the scope of t h i s  report .  Tests a l so  may be conducted .by placing experi- 
mental elements d i r ec t ly  i n  the core of a reactor t e s t  f a c i l i t y  or i n  
a power reactor.  Such t e s t s  are  l imited t o  re la t ive ly  well-proven de- 
vices, since a large ins t a l l a t ion  might be adversely affected by f a i lu re  
of the element. Also, it i s  not possible t o  vary t e s t  conditions i n  a 
power reactor adequately f o r  many needs of development programs. 

Not a l l  i r rad ia t ion  equipment of ORNL has been included i n  t h i s  re- 
por t .  I n  general, the la rger  equipment currently u t i l ized  i n  d i rec t  sup- 
port  of Reactor Division programs i s  described. Many other f a c i l i t i e s  
a re  available f o r  materials studies and f o r  tes t ing  specific properties 
of fuels .  l3 



Fig. 1. Plan View of ORR Showing Locstion of Irradiation Equipment 
and Fuel LoadTng on June 30, 1963. 
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ORR Poolside Capsule Facil i ty 

The ORR has a large high-flux irradiation f ac i l i t y  outside the re- 
actor tank. This was achieved by providing a flattened and indented 
section of the reactor tank adjacent t o  one side of the core. Since the 
ORR tank i s  immrsed in  a large pool of water, direct access i s  available 
t o  a large volume having a high neutron f lux density. The water shield- 
ing pool provides v i s ib i l i ty  and space for  movement of equipment without 
restr ict ion.  This arrangement has proved most useful f o r  conducting cap- 
sule -t;ests. 

The poolside capsule irradiation f ac i l i t y  i s  shown diagramtically 
i n  Fig. 7. It was developed for  the EGCR fuel-irradiation pr~@;ra3n14, 

but has since been extended for  test ing several configurations and sizes 
of both clad and all-ceramic fuel   element^.'^'^^ A s  many as  eight sepa- 
rate fuel  assemblies can be accommodated simultaneously i n  separate con- 
tainers; however, when the fuel  specimens exceed 1 in.  i n  diameter, the i r  
number must be reduced. 

Basically, the irradiation capsules are of concentric double-wall 
metal construction and u t i l i ze  ei ther  NaX or graphite t o  conduct heat 
from the fuel  specimen t o  the inner container. A thermal barrier  i n  the 
form of a gas gap between the inner and outer containers provides the 
resistance necessary t o  achieve high temperatures during irradiation. 
The heat energy i s  rejected from the outer w a l l  t o  the reactor pool. 
Measurement of gas pressure i n  the annulus i s  a means for  monitoring the 
integri ty of the vessels, which also serve a s  containment fo r  safety re- 
quirements. Fuel element cladding surf'ace temperatures up t o  1600°F can 
be attained i n  present capsules with the specimen immersed i n  NaK, as  
shown i n  Fig. 8. Higher surface temperatures can be achieved a t  the t e s t  
fuel  element surface by using other materials of construction or by placing 
the element inside a second gas-filled annulus. Temperatures are measured 
by thermocouples inserted i n  the NaK or  the graphite inner structure. 

lrradiettiono of fu~el in a graphite matrix have been conducted a t  sur- 
face temperatures up t o  2500°F. A capsule for irradiating fueled-graphite 
spheres i s  shown i n  Fig. 9. The basic design features of this capsule 
are similar t o  those fo r  the eight-ball capsule described i n  a l a t e r  sec- 
t ion of this report. Heat ratings of 70,000 t o  150,000 ~ t u / h r * l i n  f t ,  
depending on the capsule diameter, can be accommodated. Thermal- and 
fas t  -neutron fluxes, of 7 x 1013 and 5 x 1013 neutrons/cm2 sec respec- 
tively, are available. 

For clad fuel  elements, application of the external collapsing forces 
t o  be experienced i n  gas-cooled reactor atznosphelas kao been provided by 
pressurizing the helium over the NaK surface. Pressures as hi& as 850 
psi  have been used. For temperature measurement i n  hollow cylindrical 
fuel  pellets,  molybdenum thermocouple wells brazed in to  the elenaent end 
cap extend t o  the midplane elevation. Tungsten-rhenium thermocouples 
have been uaed i n  these wells t o  measure U02 fue l  central temperatures 
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Fig. 7. Experimental F a c i l i t i e s  fo r  I r rad ia t ion  of Full-Diameter 
Prot.3Sype Fuel Capsules i n  the ORR. 
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Fig. 9. Capsule f o r  Irradiat ing Spherical Fuel Elements. 



up t o  3700°F. It i s  also possible t o  measure fuel  central temperatures 
of graphite-matrix pellets  and of fueled inserts  witbin spheres a t  tem- 
peratures up t o  2500°F. Pressure transducers instal led t o  measure the 
equilibrium pressure inside clad fue l  elements during irradiation have 
functioned well, but the lifetimes have been limited, possibly by radia- 
t ion danage t o  components. 

Helium sweep-gas f ac i l i t i e s  have been provided for  ei ther  continuous 
or intermittent determination of fission-gas release. A schematic flow 
diagram of the sweep capsule control and sampling system i s  shown i n  
Fig. 10. Gas samples are removed for  gamma-ray spectrometer analysis 
with the equipment s h m  i n  Fig. 11. The rat ios of gaseous fission- 
product-release rate t o  b i r th  rate, R/B, measured t o  date have varied be- 
tween 10'~ and 10'~ f o r  different fuels. Daughter t raps that use charged 
wires t o  collect solid decay products from noble gases i n  the sweep c i r -  
cuit, as shown i n  Fig. 12, provide a means for  quantitative measurement 
of the short half - l i fe  noble gases .20 

The thermal-neutron flux a t  each station i n  the irradiation f ac i l i t y  
can be monitored by argon a ~ t i v a t i o n , ~ ~  using the gamma-ray spectrometer 
for  analysis. Movement of the capsules within the f lux gradient of the 
f ac i l i t y  can be accomplished during irradiation by means of a gear-driven 
mechanism operable from the pool surface using tools  with extended handles. 
Manual control has been used with t h i s  equipment t o  maintain nearly con- 
stant f lux during irradiation, as  evidenced by temperature measurement s ; 
fo r  example, capsules operated a t  1600°F have been held within +30°F f o r  
extended periods. 

The t e s t  systems described i n  Table 2 and shown as  irradiated i n  the 
Om, except the l a s t  one, were tested i n  t h i s  poolside fac i l i ty .  Fi f ty -  
s ix  capsules have been irradiated since April 1958. No leakage of f ission 
gases t o  thc reactor room or fai lure of primary components, except instru- 
mentation, has occurred. The f ac i l i t y  has been uti l ized pri~lcipally fo r  
Gas-Cooled Reactor Program irradiations, but it has f lex ib i l i ty  t o  pro- 
vide useful t e s t  information for  m y  reactor programs. Additional draw- 
i n g s  and photographs describing the equipment used are presented i n  Figs. 
13 through I"/. 

E;TR NaX-Cooled Capsules 

Equipment instal led i n  the ETR was designed t o  accommodate 14 cap- 
sules simultaneously for  comparison of pro osed fuel  pel le ts  having d i f -  
ferent configurations fo r  use i n  the EGCB.P4 The irradiations programmed 
fo r  these units involve& lung t e s t  periods of LIP t o  three and four years, 
so revisions i n  equipment have not been necessary, and the present capa- 
b i l i t y  i s  essentially Lhat fo r  EG€R capsules. Very l i t t l e  modification 
would be necessary t o  accomtpodate other cagsules; f o r  example, the eight- 
ba l l  capsule (see next section) could be accommodated by preparation of 
a new reactor core piece and revision of the lead tubes. By redesign 



Table 2. Gas-Cooled Reactor Program Capsule Irradiation Tests, 
July 1958 Through September 1963 

Cladding Test 
Condition Number 

of Reactor 
Application 

Test 
Reactor 

Test Item 
Temperature Pressure Tests 

(OF) (psis) 

Short, prototype-diameter, stainless 
steel-clad, UO2 elements 

Short, B;CR prototype, instnuaented 
fuel  assembly 

Vendor fuel for  X K X  

Vendor fuel for  EWR 
Miniaturized pellets;  fission-GS-re- 

lease testa  

Capsule instrumentation developnent 

BeO-U02 -Tho2 

BeO-UO2 

High-temperat ure U02 

Be-clad U02 (two capsules by UKAEA) 

Be-clad U@ (four capsules by CEA) 

om 
ORR 

ma 

LITR~ 

LITRa 

LITRa 

LC* 

ORR 

om 
300 3 

300, 4.50, 5 
and 725 

850 2 Thin, stainless steel-clad UO2 (cap- 
sules by CEA) 

ORR 

ORR 

ORR 

AGCR 

AGCR 

AGCR 

Swaged stainless steel-clad U02 

Tamp-packed UO2 i n  stainless s teel  

Vibratory-packed U02 -Tho2 i n  stainless 
steel 

BeO-UQa 21oob 

1'700 and 
2400b 

AGCR 

Pyrol y-bic -carbon-coated UC2 p&icles 
i n  graphite matrix 

Fueled graph- 
i t e  

Fueled graph- 
i t e  

Fueled graph- 
i t e  

UC fuel 

Pyrolytic-carbon-coated UC2 particles 
i n  graphite sphere 

Fueled graph- 
i t e  

Fueled matrix insert i n  graphite sphere Fueled graph- 
i t e  

Fueled graph- 
i t e  

Pyrolytic-carban-coated UC2 particles 
i n  6-cm-dim graphite sphere with a 
molded shell 

Eight-ball t es t  of manufacturing vari- 
ables and mechanical s tabi l i ty  

Fueled graph- 
i t e  

LITR capsule had two separate c o ~ ~ n t s  containing l ike fuel. 

b~emperature measuremnt a t  fuel  centerline, 

'sweep-type capsules with provision for  gas sampling. 

'ORR capmiles fo r  irradiation of graphite spheres had two separate compartments, each con- 
taining two similar fuel bal ls  of variable ~ u f a c t u r e .  



Fig. 10. OBR Poolside Capsule Gas Control and Sampling Systems for 
Fuel Irradiations. 
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Fig. 11. Swees Capsule Sampling Station. 
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Fig.  12. Daughter-Trap Sasnrpling Wire and Housing for  ORR Poolside Capsules. 
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Fig. 13. 
c a l  Fuel meme1 
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Fig. 15. CXLWup Underwater V i e w  09 ORR Poolside Capsules. Three 
r e c t z t n ~ r  boxes a% center are for other experimnts. 



Fig. 16. Instrumen% Control P a e l  f o r  Ow Poclside and Eighk-Ball 
Experiments . 





fo r  the use of core positions instead of the reflector locations now oc- 
cupied, the high fluxes fo r  both f a s t  and thermal neutrons of the EI'R 
could be utilized. I n  particular, t e s t s  of sodium-cooled or gas-cooled 
fast-reactor fuels  could be accomplished with very l i t t l e  alteration. 

The capsule used is shown i n  Fig. 8, and the t e s t s  conducted a t  the 
EI'R are l i s t ed  i n  Tables 1 and 2. Work on the EI'R capsules fo r  the EX*rCR 
irradiation program was conducted jointly with the Phil l ips Petroleum 

ORR Eight -Ball Capsule 

A capsule was needed i n  which several spherical graphite elements 
containing coated-particle fuels could be irradiated simultaneously under 
similar conditions for  comparative evaluation. The fabrication variables 
t o  be studied included (1) methods fo r  preparing fue l  part icles and the i r  
coatings and (2) the type of graphite mix and techniques used i n  forming 
matrices and unfueled shells, that  is, blending procedures, molding proc- 
esses, heating rates, f i na l  treatment temperatures, and impregnation 
processes. A relatively high fast-neutron f lux was desired t o  accumdate 
radiation damage in the graphite comparable t o  that expected fo r  the fue l  
lifetime i n  a power reactor. Important considerations i n  design were 
measurement of temperature and simplicity in construction t o  minimize 
cost. 

The capsule i s  located i n  core position F-1 of the ORR, which has 
the advantages of a relatively high fast-neutron flux, 1.3 x lo1" neu- 
trons/cm2~sec, a uniform thermal f lux over a considerable ver t ica l  length 
(peak value, 7.. 5 x 1014 neutrons/cm2 sec ), and adequate cooling capacity 
fo r  the spherical elements i n  a compact arrangement. The f ac i l i t y  af -  
fords sufficient space t o  accammodate 1 1/2-in. - d im  fuel  elements. Based 
on this diameter and the ORR vert ical  f lux profile, it was determined 
that suitable irradiation conditions could be achieved for  eight spheres - 
hence, t , h ~  t,it,le eight-h~,l.1. 

The basic configuration chosen for  the experimental assembly i s  
shown in  Figs. 18 and 19. The graphite parts are carefully machined and 
close f i t t ing .  Small spheroiaal coke part icles are used i n  a loose bed 
t o  enhance the heat transfer from the fue l  spheres t o  the graphite struc- 
ture without restraint  on the surfaces of the spheres. The fuel  spheres 
are centered i n  the cavities by small pins inserted i n  the graphite. Tem- 
peratures are measured by thermocouples inserted in  the graphite structure 
and, when appropriate, inside the fuel  spheres. A thermocouple can be 
installed conveniently i n  the top Rzel sphere. Although the capsule was 
designed for  spherical fuel  elements, it could easi ly be redesigned for  
other configurations. 

The gas gap between the graphite sleeve and the inner wall of the 
p r i w y  stainless s tee l  containment vessel determines the operating 
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temperatures of the graphite and the fuel  relative t o  the primary con- 
tainment structure. A second gas gap between the primary container and 
a secondary stainless s tee l  container (not shown i n  Fig. 18 but arranged 
similarly t o  the configuration of the four-ball capsule shown i n  Fig. 9 )  
was dimensioned t o  produce a temperature difference of several hundred 
degrees Fahrenheit when f i l l e d  with a helium-nitrogen mixture. The gas 
mixture i s  varied t o  provide temperature control. 

The experiments are operated f ram ORR poolside capsule instrument 
panel position No. 7 and share the same shielded valve-control box, samp- 

. l ing  station, and gas supply, as shown in  the schematic diagram of Fig. 
10; thus a l l  variables achievable i n  the poolside faci l i ty ,  except neu- 
tron f lux adjustment, are available. The sharing of f ac i l i t i e s  provides 
the advantage of economical operation fo r  t h i s  experiment, since very 

) l i t t l e  additional operator coverage i s  required. 

I 
The overall perfoYmance of the capsule has been quite satisfactory. 

Temperatures i n  the graphite a t  the midplanes of fuel  spheres have varied d- no more than i50°F, with an approximately s m e t r i c a l  pattern about the 

C ver t ica l  center. The experiments that  have been conducted i n  this f a c i l i  
a re  l i s t ed  i n  Table 2. 

.-air cool 
-he c a ~ s u l e  .14, l5 Two of the desians e m l o ~ e d  are shown in  Fig. 20. One 

assembly accommodates a small specimen of solid fuel, such a s  UOp, UC, 
o r  UN, which may be surrounded by a ceramic insulating sleeve t o  obtain 
higher temperatures, as  shown in  the parts  display of Fig. 21. A third 

C design provides small cans of noble or refractory metal t o  contain coated 
part icle or granular fuels23 (shown i n  Fig. 22). A gas annulus between 
the  fuel or i t s  container and the outer w a l l  of the capsule permits op- 
eration a t  considerably higher temperatures than are possible for  the 
capsule container. Two or more separately enclosed fue l  containers can 
be accommodated i n  each half of the capsule. Containers made of graphite 
or  of ceramics can be used where metals are not compatible with the fuels 
t o  be tested. The outer container fo r  these capsules i s  designed only 
f o r  convenience of the fuel  irradiation, with no attempt t o  obtain in- 
formation relative t o  encapsulation techniques. Figures 23 and 24, re- 
spectively, show the f a c i l i t y  tube that directs  the a i r  flow over the 
capsules and a schematic diagram of the system and controls. 

An important and common feature of most LITR capsule designs i s  the 
thermocouple fo r  measuring the central temperature of the hollow fuel  
specimens. Tungsten vs rhenium or tungsten vs rhenium alloy thermocouple 
are normally employed with tantalum or a refractory metal sheath t o  pre- 
vent direct contact of the thermocouple junction with the fuel .  Irradia- 
tions of UOz have been conducted a t  temperatures giving an indicated out- 
put of 37 mv with W-5% Re vs W-25% Re themnocou~les. The temmerature 
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Fig. 21. LITR Capsule Par ts  Prior  t o  Assembly. Thermocouples, hol- 
low cylindrical fue l  pel iets ,  ceramic insulators, and the capsule container, 
respectively, are  shown from bottom t o  top. 
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Fig. 24. Flow Dhagram f o r  LITR-GCR Experiments. 



corresponding t o  this emf, as obtained by extrapolation of a calibration 
curve above i t s  4200°F l i m i t ,  24 i s  approximately &$oO°F. A t  these tem- 
peratures, a rapid downward d r i f t  i n  emf occurs ear ly  i n  the i r radia t ion  
period, but the  cause cannot be determined precisely from these experi- 
ments. Changes i n  the  f u e l  structure and thermal conductivity could be 
contributing factors ,  as  well  a s  thermocouple i n s t a b i l i t y  and insulation 
breakdown. Below 3200°F, the indicated temperatures a re  consistently 
qui te  stable,  and s table  operation i s  a lso  observed i n  some instances at 
higher temperatures. Closure of the  capsule i s  achieved with a commer- 
c i a l l y  avai lable  metal-to-ceramic hermetic insulating sea l  through which 
the  thermocouple lead wires pass. 

Control i s  based on temperatures measured on the lower capsule wall, 
which operates at the  higher equilibrium temperature, and i s  effected by 
varying the air  velocity and corresponding heat t ransfer  coefficient. 
Measurements of the air f l o w  and i t s  temperature above and below the cap- 
sule provide f o r  determination of the t o t a l  power generation. 

These capsules have the  advantage of simplicity and economy i n  con- 
s t ruct ion.  The small size permits operation at very high power densities,  
and thus high burnup i s  achieved i n  re la t ive ly  short eqosure  times. The 
capsule control i s  automatic and requires l i t t l e  operator at tent ion.  Seven 
double capsules can be operated simultaneously with equipment presently 
available at  the  LITR. The thermal-neutron f lux  i n  the assigned LITR 
core position (shown i n  Fig. 2 )  varies  between 5 x 1012 and 2 X 1013 
neutrons/cm2 -set; other capabi l i t ies  are given i n  Table 1. Irradiat ions 
conducted i n  WTR capsules a re  l i s t e d  i n  Table 2. 

ORR Gas-Cooled Loop No. 1 

Gas-cooled loop No. 1,25 which i s  equipped t o  recirculate helium gas, 
w a s  designed t o  t e s t  clad f u e l  elements appropriate t o  the  EGCR or  similar 
reactors  of more advanced concept .26 It also i s  quite suitable f o r  t e s t s  
of fue l  elements f o r  f a s t  gas-cooled reactors.  The overal l  capabili ty of 
the  loop i s  described i n  'l'able 3.  Although designed f o r  operation with 
helium, the  loop can be used with several gas coolants. The principal 
components and t h e i r  location i n  the ORR f a c i l i t y  are  shown i n  Fig. 25. 
Most of the  loop i s  located within the ORR pool t o  u t i l i z e  the shielding 
afforded by the  water. The compressors, primary instrumentation, and 
some auxil iary equipment a re  located i n  a shielded cubicle on the lower 
balcony t o  provide access f o r  maintenance. 

The interrelat ionships of the main loop components are  shown i n  the 
schematic flow diagram of Fig. 26. Helium coolant at  flow ra tes  up t o  
400 lb/hr i s  circsilated through the loop at  a nominal pressure of 300 
ps ia  by two turbine compressors, of the type shown i n  Fig. 27, piped i n  
ser ies .  A typica l  loop temperature profi le  f o r  operation with a f u e l  
element having a heat rat ing of 35,000 ~ t u / h r . f t  i s  shown i n  Fig. 28. 
Illhe maximum allowable temperatures at c r i t i c a l  points a re  1400°F f o r  



Fig. 25. GCR-ORR Loop No. 1 Principal Components and Their Relation- 
ship t o  the ORR Facil i ty .  
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Table 3. Capacity of Om Gas-Cooled In-Pile Loops 

Loop om-1 Loop om-2 

Primary usage 

Startup date 

Thermal-neutron flux, 
neutrons/cm2 sec 

Fast -neutron (X) .1 ~ e v )  flux, 
neutrons/cm2 sec 

Specimen size (max), in. 

Out side diameter 
Length 

Pressure (helium), psi  

Fuel element temperature (max 
measured), OF 

Coolant exi t  temperature 
(=I, OF 

Coolant in le t  temperature 
(max), OF 

Flow rate (max), lb/hr 

Heat removal l i m i t ,  kw 

Activity limitation, curies 

Testing clad fuela Testing unclad fue l  

July 1961 January 1963 

5 x l0l3 8 x 1012 

-- - 

?Goop can also accommodate unclad ceramic, ventilated clad, or 
metal matrix elements . 

b ~ e a t  generation i s  limited t o  20 kw by present in-pile tube design; 
the loop has capability f o r  rcmovd of 60 kw. 

'with revision of equipment fo r  fuel-element removal, operation 
could be permitted with 1000 curies of mixed fission-product ac t iv i ty  i n  
the coolant. 

s tress l imits  of the in-pile structure of the primary containment vessel 
and 600 t o  800°F at the compressor inlet ,  as limited by the turbine wheel 
design and motor windings. Heat losses t o  the pool and i n  the cwqressor 
cubicle are made up by a 60-kw heater. Primary heat removal from the loop 
i s  accomplished by a bayonet type of cooler ut i l izing an a i r  and water 
mixture, with the primary temperature control provided by varying the 
amount of water introduced in to  the air. Regenerative heat t ransfer  i n  
the annular piping system i s  ut i l ized t o  conserve energy while maintain- 
ing the in le t  gas temperature t o  the fuel  element as  high as 1350°F. The 
piping i s  essentially an all-welded system except a t  the loading station, 



heater  cover, and the  cooler bulJshead joint, which are flanged assemblies. 
The loop i s  doubly contained i n  i t s  ent i re ty  t o  permit the  tes t ing  of fue l  
elements under severe conditions without hazard. Loop instrumentation 
provides fo r  continuous monitoring of important variables, including fuel,  
gas and loop structure temperatures, radiation levels,  and all other 
parameters essent ia l  t o  safe operation. Helium released from the loop 
through normal venting or  by overpressure r e l i e f  valves passes through 
water-cooled activated-charcoal t raps  before being discharged t o  the ORR 
offgas system. 

Gas-sampling provisions are  adequate f o r  determination of both chemi- 
c a l  and radioactive noble gas impurities at  very low levels .  The conduit 
support f o r  the  f u e l  elements affords considerable surface area t o  col- 
l e c t  f i s s ion  or  gaseous corrosion products and considerable space i s  avai l -  
able  there f o r  insert ion of corrosion specimens and other experimental 
devices . 

The loop operates nearly automatically but i s  manned with technicians 
t o  provide close adherence t o  the design t e s t  conditions, t o  ensure cor- 
rect ive act ion i n  the  event of trouble, and t o  compensate f o r  off-design 
reactor operation resul t ing from control action by other experiments. 
During two years of operation, the loop has caused a reactor shutdown on 
only one occasion. This shutdown was  necessitated by serious f a i lu re  of 
a fue l  element under t e s t .  Operation has been continuous throughout a l l  
other reactor operating periods. 

Detai ls  of a typica l  f u e l  element f o r  i r radiat ion,  equipment f o r  
ins t a l l a t ion  and removal of hot elements, and sectional views of the in- 
p i l e  position of the  loop a re  shown i n  Figs. 29 through 32 .  Figure 33 
shows the  loop and other equipment i n  the ORR pool, and Fig. 34 shows 
the  instrument control panel. 

Recent studies have shown the fast-neutron f lux  (E  > 0.1 ~ e v )  t o  be 
about 5 x 1013 neutrons/cm2 . sec i n  the .ORR B-1 core posi t  ion of loop 1. 
Thus the f a c i l i t y  i s  of in t e res t  f o r  f u e l  studies of gas-cooled reactors 
operating i n  the  e p i t h e m l  f lux region. A f u e l  element t e s t  has demon- 
s t ra ted  capabil i ty  of the loop f o r  operation with unclad fuql  elements. 
Approximately 1 curie of noble-gas f i s s ion  products released from a de- 
l ibe ra te ly  vented clad element was  circulated i n  the loop f o r  an extended 
period.2 Following t h i s  operation, the  loop was opened both f o r  change- 
out of f u e l  and replacement of both compressors. No spread of contamina- 
t i o n  was experienced, and t he  changeout was completed eas i ly  within a 
n o m l  ORR shutdown period. 

The fue l  t e s t  program f o r  the loop has been intensive. During a 
l i t t l e  more than two years of operation, the  loop has i r radiated a t o t a l  
of 14 t e s t  specimens. With one exception, each t e s t  was conducted with 
quite sa t i s fac tory  loop operation, although some tes-t;s resulted i n  f a i lu re  
of the specimen. A l i s t  of the  experiments, t h e i r  nature, and the op- 
erat ing conditions i s  given i n  Table 4. 
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Fig. 34. GCR-ORR Loop No. 1 I n s t m e n t  Panel. 



Table 4. Tests Conduc-ted i n  Loop No. 1 

Test 
Number Sample 

Maximum Fuel 
Power Cladding Central 

( ~ t u / h r .  f t  ) Temperature Temperature 
(OF (OF) 

Pressure vessel s tee l  

Pressure vessel steel.  

IGCR type fuel  element 

EGCR type fuel  element 

EGCR type fuel element 

EGCR type fuel  element 

EGCR type fuel  element 

EGCR type fuel  element 

Fuel element with trans- 
verse f i n s  

Fuel element with trans- 
verse f i n s  

Fuel element with trans- 
verse f i n s  

Fuel element with trans- 
verse f ins  

Ventilated fuel  element 

Fuel element with trans- 
verse f i n s  

ORR Gas-Cooled Loop No. 2 

This f ac i l i t y  yravides for  the irradiation of unclad fuel  elements 
t h a t  m y  release f ission products direct ly t o  the gas stream and for  
&,~~di.es of fission-product behavior i n  a complex heat transfer system. 
A recirculating high-temperature helium loop is uti l ized fo r  cooling the 
fuel  and t o  simulate reactor systems.28 The irradiation t e s t  region lo-  
cated i n  the south beam hole of the ORR wi l l  accommodate fuel  specimens 
up t o  2 3/4  in. i n  diameter and 9 in .  long. The piping immdia'tely be- 
hind the fuel  t e s t  region i s  arranged t o  accommodate various separately 
cooled or heated surfaces fo r  studies of fission-product degosition. 
These surfaces are bui l t  integrally with the fuel  t e s t  assembly and are 



removed with the  fue l  fo r  postirradiation examination. Sectional views 
of the loop t e s t  region are shown i n  Figs. 35 and 36.  A heavily shielded 
carr ier  i s  provided for  transfer of the irradiated specimen fromthe loop 
c e l l  t o  a dismantling hot c e l l  where c r i t i c a l  parts are removed for  ex- 
amination i n  smaller cel ls .  

The loop consists of 2 1/2-in.-dia, sched.40, 300-series stainless 
s tee l  pipe, compressors, an 80-kw elect r ic  heater, an evaporative cooler, 
a regenerative heat exchanger, a f i l t e r ,  the t e s t  section, and appropriate 
gas cleanup equipment. Instrumentation i s  provided t o  measure flows, 
pressures, temperatures, and radiation levels. Conversion of a l l  gas- 
pressure signals t o  e lect r ic  output i s  provided consistent with the de- 
sign of the loop containment. Loop controls are automatic t o  the extent 
possible and provision i s  made fo r  reactor shutdown prior t o  development 
of abnormal conditions which would jeopardize the experiment, the loop, 
or  i t s  containment. An overall flow diagram of the loop i s  shown i n  Fig. 
37. 

A shielded full-flow f i l t e r  i s  provided fo r  general. cleanup of the 
loop gas and, particularly, t o  collect fragments of unclad fuel  elements 
which might be circulated i n  the loop. A side-stream purification system 
removes chemical and radioactive contaminants from the helium during nor- 
m a l  operation and, by proper valve settings, can be used t o  clean loop 
gas fo r  discharge t o  the disposal stack. The design of the purification 
system i s  based on a limited flow of gas through a copper oxide bed, 
molecular sieve, and carbon trap. The carbon t rap  reduces act iv i ty  by 
absorbing iodine and by delaying the noble f ission gases fo r  several half- 
l ives  of radioactive decay. Krypton holdup i s  approximately 40 hr. 

A sampling system is provided t o  remove helium coolant fo r  quantita- 
t ive  analysis of noble f ission gases and corrosion impurities, such as  
CO, GOz, Hz, H20, and CHq . Radioactive components are analyzed with a 
sc int i l la t ion detector and a multichannel analyzer, which are also used 
f o r  fission-gas-release measurements i n  the OPiR poolside capsules. A 
gas chromatograph i s  provided for  on-line determination of chemical im-  
purities.  Impurity levels are easily maintained below 10 ppm during loop 
operation. The concentration of CO and C02 can be held below 1 ppm or 
increased (by additions) t o  very high values, i f  desired, fo r  studies of 
carbon transport effects.  

A l l  prlmary system components, including compressors and heat trans- 
f e r  and gas cleanup equipment, are located i n  a shielded ce l l  adjacent 
t o  the ORR reactor pool wall. The arrangements of equipment and the  ce l l  
design are shown i n  Figs. 38 and 39. The instrument panel i s  shown in  
Fig. 40. A hot-cell window and an omniscope provide fo r  observation of 
the loop equipment during operation. Certain remote operations can be 
handled by a manipulator and a c e l l  crane, which are controlled a t  the 
c e l l  window. Individual components, i n  addition t o  being located i n  the 
cel l ,  are shielded t o  permit operation with heavily contaminated gas 
streams without buildup of ac t iv i ty  t o  levels that would prevent access 
by operators and maintenance personnel during reactor shutdown periods. 
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Fig. 40. Instrument Control Panel for Loop No. 2. 



Three experiments have been conducted i n  the loop, as l i s ted  i n  
Table 5. The f i r s t  ut i l ized a small quantity of UO2 as  a calibration 
t e s t  sample for  radioactivity release and for  determining the operability 
of the loop equipment fo r  handling and detecting f ission products. The 
second and third t es t s  involved spherical elements containing pyrolytic- 
carbon-coated UC2 fuel i n  a graphite matrix s t r ~ c t u r e . ' ~ ? ~ *  Each t e s t  
has proceeded smoothly during operation. Removal of the irradiated pieces 
following the first two t e s t s  has been accomplished routinely, and the 
third t e s t  i s  i n  progress. 

Table 5. Fuel Tests Conducted i n  Loop No. 2 

Type of 
Test Fuel Element 

Fuel 
Power Central 
(kw)  Temperature 

( O F )  

Shakedown UO2 film Negligible 1100 

Fuel s tab i l i ty  Four spheres, 1 1/2 in. i n  di-  4 1400 
meter,  consisting of pyro- 
lytic-carbon-coated particles 
i n  a graphite matrix 

Fuel s tab i l i ty  Three spheres, 2.38 in. i n  d i -  5 
meter,  consisting of pyro- 
lytic-carbon-coated particles 
i n  a graphite matrix 

ORR Pressurized-Water Loop 

This t e s t  fac i l i ty ,  i n  which fuel  and other materials can be sub- 
jected t o  radiation and other enviromn%sl conditions simulating a 
pressurized-water reactor system, has been operated i n  the Oak Ridge Re- 
search Reactor since Deceniber 1959. It was designed for  t e s t s  of stain- 
l ess  steel-clad fue l  elements containing U02 or other ceramic fuels.  The 
i n i t i a l  t e s t s  i n  the loop were conducted t o  evaluate fuel  elements fo r  
N. S . SAVANNAH replacement cores. 9 ,  Pellets, swaged-powder, and vibra- 
tion-compacted bulk fuels  i n  cylindrical elements and dispersion fuels  
i n  f l a t  coupons and hollow cylinders have been.irradiated. The A-1  and 
A-2 core positions of the ORR are ut i l ized t o  accommodate multiple ele- 
ment assemblies. The t e s t  loop i s  designed t o  recirculate water at 2500 
psig, 650°F, and 80 gpm with a heat removal capacity of 300 kw.31 The 
piping within the reactor i s  arranged as  a U tube w'ith straight vert ical  
access through the reactor vessel cover. An isome%ric view of the loop 
as instal led a t  the ORR i s  shown i n  Fig. 41, and a schematic flow diagram 



Fig. 41. Pressurieed-Water Loop in the ORR. 



i s  presented i n  Fig. 42. The in-pile piping i s  type 316 stainless steel ;  
elsewhere, type 347 stainless s tee l  was used. The maximum perturbed 
thermal-neutron f lux i s  7 x 1013 neutrons/cm2 sec, and the peak gamma 
heat is  approximately 5 w/g. 

The legs of the U tube w e  encased i n  stainless s tee l  vacuum jackets, 
which provide thermal insulation and secondary containment. The assembly 
f i t s  into two mcdified ORR experiment core-pieces, as shown i n  Fig. 43. 
Each i s  sealed with an O-ring gasket i n  a "breachlock" flange closure 
above the reactor vessel, which i s  opened f o r  insertion and removal of 
t e s t  ansemblles. Above this point, 11 f t  of pool water serves a s  a shield 
during the removal operation. The arrangement of the ORR pool and hot 
c e l l  i s  convenient and safe for  test-specimen remuval, storage, inspec- 
tion, and preparation fo r  shipment. A special containment vessel and 
equipment for  removal of ruptured fuel  specimens i s  available; however, 
no serious fuel fai lures have occurred. Photographs of typical t e s t  fuel  
element assemblies are shown i n  Figs. 4.4 and 45. 

In  order t o  ensure re l i ab i l i ty  of cooling fo r  fuel  elements, the 
three main loop pumps are arranged i n  paral lel  with check valves and an 
electr ical  control system that  w i l l  start another pump automatically i f  
the operating u n i t  f a i l s .  A dc-ac motor-generator se t  with rect if ier .  
and batteries operates continuously and i s  available t o  provide the power 
needs for  loop cooling. It also serves a s  a second power source fo r  GCR- 
ORR loops 1 and 2. An isolated water system separates the loop primary 
system from the reactor pool cooling water system t o  which the heat gen- 
erated i n  the loop i s  dissipated. The loop i s  pressurized from a sepa- 
rately heated tank equipped with vapor f lash  nozzles and vents fo r  de- 
gassing. The loop i s  well equipped with f i l l ,  vent, and drain l ines  that  
terminate a t  the sampling station. I n  Fig. 46, the sampling stat ion is  
in  the background with the loop control panel on the right and the c e l l  
shielding w a l l  wlth loop valve extension lu,nUes a t  tlxe l e f t .  

An out-of-pile t e s t  section i s  located with the auxiliary equipment 
i n  a shielded c e l l  i n  the basement of the ORR building. T h i s  provides 
convenient access fo r  insertion of nonnuclear experimental equipment, such 
as electr ical ly heated surfaces and special f i l t e r s .  Water samples can 
be removed a t  loop operating temperatures. Ion exchangers are provided 
i n  the loop f i l l  system and i n  a bypass stream t o  maintain the necessary 
water purity and pH. Hydrogen additions can be made t o  scavenge oxygen 
and reduce radiolytic decomposition. A sma.l.1 high-temperature bypass 
stream makes possible t e s t s  of small f i l t r a t i on  devices located at the 
nmple station. 

A l l  loop components have operated satisfactorily. Leakage has been 
negligible, with makeup required only fo r  replacement of the water removed- -, 
by sampling. Oxygen concentrations are consistently below 0.020 ppm with 
addition of hydrogen. Particulate matter i s  also found t o  be a t  low 

1 
levels of concentration: -1 t o  4 ppm. This has resulted i n  low c o n t d -  
nation i n  the equipment room; the act ivi ty i s  usually below personnel 
tolerance levels. Direct radiation levels i n  the equipment room are near 
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Fig. 42. Simplified Flow Diagram of Pressurized-Water Loop. 
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Fig. 43, In-Pile U-Tube Assembly f o r  Pressurized-Water Loop. Te 
:ction a t  the top  i s  welded t o  loop. Modified ORR core pieces f o r  po 
.ons A-1 and A-2 are  i n  the  foreground. The experiment assembly and 
1r-t tube f o r  one l e g  are  shown at the l e f t .  
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Fig. 4.4, fiio Three-Pin Assemblies for Irradiation in the Pressurized- 
Water Loop. 
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Fig. 46. Operating Area f o r  ORR Pressurized-Water Loop. Control 
valve handles a t  l e f t ,  instrument panel at  r ight ,  and water sampling 
s ta t ion  i n  background. 



working tolerance levels a t  s h u t d m  and have not exceeded 75 mr/hr during 
operation. The sample station area also i s  kept free from contamination 
by good sampling techniques. 

Low leakage ra tes  and excellent performance of the loop make possible 
carefully controlled water-chemi s t ry  experiments of long duration. Several 
experiments with water purification have been conducted, particularly 
with Magnetite f i l t e r s  f o r  removing crud, and iqroved analytical tech- 
niques fo r  water-chemistry measurements have been developed. The water 
chemistry program objective i s  development of improved equipment fo r  the 
removal of impurities at concentratirms l e s s  than 1 ppm, 

A f ixture has been provided in which a fue l  specimen assembly ir- 
radiated i n  the loop can be removed from i t s  support conduit f o r  exaaina- 
tion. The element can be rotated in two planes while i n  .the fixture t o  
provide for  viewing and photographing of exposed surfaces through a peri- 
scope. Following examtnation, the assembly can be reattached t o  the sup- 
port and reinserted i n  the loop fo r  further irradiation. Should the ele- 
ment condition have deteriorated so that  further irradiation is not de- 
sirable, it can be transferred from the f ixture t o  the ORR hot ce l l .  A 
photograph of the device is  shown i n  Fig. 47. 

Fuel t e s t s  presently under way are i n  support of the standard pack- 
age, PM, Army reactor development with fuel  specimens provided by the 
Martin Company Nuclear ~ i v i s i o n . ~ ~  A summary of fuel  elements and t e s t  
conditions for  experiments conducted i n  the loop i s  given i n  Table 6. 

MI3 Capsules and Loop Equipment 

The MIS fue l  irradiation t e s t  f ac i l i t y  was originally developed t o  
operate molten-salt loops fo r  the Aircraft Nuclear Propulsion Program 
and l a t e r  fo r  the Molten-Salt Reactor Program, 33 and it has since been 
modified t o  accommodate irradiation capsules of various types. 4 ,  The 
6-in. beam hole a t  the NIX provides considerable volume a t  a rather high 
thermal-neutron flux, -1 X 10'" neutrons/cm2 ~ s e c .  The high f lux and the 
conveniences offered by the equipment instal led fac i l i t a te  test ing a wide 
variety of fuel  types and configurations. 

MI3 Loops 

11 , I 1 .  ..-= 
The loops as i n i t i d l y  installed were compact forced-circulation - - 

units fo r  obtaining corrosion data applicable t o  naolten-salt remt,ors. 
They were designed t o  operate in  the MCR (HB-3) beam hole. Severd t e s t s  
were conducted with two fused-salt mixtures ( N ~ J ? - Z ~ F ~ - U F ~  and ~i~ - B ~ F ~  -W4 ) 
i n  loops constructed, respectively, of Inconel and INOR-18 (nominal com- 
position: 70s N i ,  168 Mo, 78 Co, 5s Fe, 2s other alloying elements). 
The conditions fo r  t&se t e s t s  are presented i n  Table 7. Ehch loop con- 
tained a pump t o  circulate the molten s a l t  through a hairpin-shaped length 



Z i g .  47. Fixture f o r  Underwater E x a m i n a t i o ~  of Fuel Elenents from 
the Pressurized-iJater LCOT:. 



Table 6. Ekperiments Conducted i n  the ORR Pressurized-Water Loop 

Number -mum Loop 
Test Water Water 

Fuel Element Description of Power No. Temperature Pressure 
mement s ( ~ t u / h r  f t 2  ) Powera 

(OF) ( p s i 4  

Swaged U02, stainless s tee l  clad 

Swaged U02, stainless s tee l  clad 

Swaged U02, stainless s tee l  clad 

S w e d  and vibration-compacted UO2, 
stainless s tee l  clad 

m e d  and vibration-compacted U02, 
stainless s tee l  clad 

Vibrat ion-compacted U02, stainless 
s tee l  clad 

Vibration-compacted U02, stainless 
s tee l  clad 

Vibrat ion-compacted UO2, stainless 
&eel clad 

U Q  pellets  i n  thin stainless s tee l  
cladding (collapsing) 

Vibration-compacted Tho2 -UO2, stain- 
l e s s  s tee l  clad 

Stainless steel-U02 dispersion tubes 
and coupons 

Stainless steel-U02 dispersion tubes 

40 

40 

40 

110 

l l o  

130 

110 

l l o  

110 

k ~ m  t c ~ t a l  heat removed by 1002 during irradiation of fuel  element. 



Table 7. In-Pile Loop Tests of Circulating-Molten-Salt Fuel 

Average Maximum Total 
Fused 

Loop 'Ontainer Sal t  Fuel Temperature 
Power Fission 

No. Designation (OF) 
Densit? Power 
(w/cm3 (-1 

3 Incone 1 44b 1500 200 27 
4 Inconel 44 1500 232 31 
6 Inconel 44 1600 250 34 
7 INOR-8 13Oc 1300 66 9 
8 INOR -8 130 1300 66 9 

% ? o t a l  loop heat generation divided by t o t a l  circulating fuel  
inventory . 

b~used  sa l t  44 was NaF-ZrFq-UF4 (53.5-40-6.5 mole $; m.p., 
1000°F ) . 

C Fused salt 130 was L ~ ~ F - B ~ F ~  -UF4 (62-37-1 mole $; m.p., 
860°F). 

of 118-in. sched. -40 pipe, as  shown i n  the isometric drawing of Fig. 48. 
The pipe w a s  coiled at the forward high-flux end t o  increase the inte- 
grated neutron exposure. A schematic flow diagram f o r  one of the loops 
i s  given i n  Fig. 49. The regenerative turbine-type pump shown i n  Fig. 
50 was developed specifically fo r  t h i s  loop. The swnp behind the impel- 
l e r  accommoclated leakage along the shaft, provided a f lu id  expansion 
volme, and afforded the f ree  surface from which f ission gases were re- 
leased t o  the purge system. A special heat exchanger and other items 
of equipment were also designed for  use i n  these loops. An overall view 
of the t e s t  f a c i l i t y  as used for  loops i s  shown i n  Fig. 51. 

Although the equipment fo r  loop operation i s  no longer intact,  m y  
of the components have been retained. The f ac i l i t y  presently affords 
e lect r ica l  heating for  capsules, gas purging, water cooling, monitoring 
of effluent l ines  f o r  radioactivity, large charcoal t raps fo r  accumula- 
t ion of f ission gases, sampling stations, and extensive instrumentation. 
Convenient mechanisms have been provided fo r  instal lat ion of t e s t  assem- 
b l ies  i n  the beam hole and f o r  mechanical adjustment of the specimen 
position i n  the "beam hole during reactor operation t o  obtain the desisred 
flux f o r  the e-rimental fuel within the gradient available. 

Photographs showing loops i n  various stages of construction are pre- 
sented i n  Figs. 52 through 56. Equipment for removing large volumes of 
helium purge gas fo r  analysis of chemical inrgurities and fission-product 
gases i s  shown i n  Fig. 57. The instmunent panel used for  both loop and 
capsule t e s t s  i s  shown i n  Fig. 58. 
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Fig. 48. Diagram of Circulating-Fused-Salt Fuel Irradiation Test 
Lo3p. 
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Fig. 49. Flow Diagram for ORNL-MTB-4.4 Circulating-Fused-Salt Fuel 
Irradiation Test Loop. 
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Fig. 50. Fuel Pump fo r  Fused-Salt In-Pile Loop. 





Fig. 52. 0 - ~ e r a l l  View of Molten-Salt Loop with Shielaing Plug A t  - 
tached. 
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Fig. 53. Closeup of Molten-Salt Loop Nose Coil %ith Heaters Ins ta l led  
an3 Thermocoufl=s Att,ached. 



F 5 Forward End of ,Wten-Salt Loop as Assembled Without Vater 
Jacket . 



Fig. 55. Overall View of Molten-Salt Loop Assembly Without Water 
JacBe t . 



Fig. 56. Cmpleted Yblten-Salt Loep on Assenibly Hxture . The ou-ar surf ace 
configurations of beam b l e  irradiation assemblies for molten-ealt capsules and 
fueled-gmphlte capsules sre idea2ical except for-details of cc-olan~ an3 instra- 
ment lines at the rear. 



Fig. 57. Sampling Station fo r  Removal of Large Bottles of Radio- 
active Gas f o r  Chemical Analysis. 



Zig,  58. Instrument Panel. fox $TI'R,Fa:ility. 



Molten-Salt Capsules 

Recently the M'I'R f ac i l i t y  has been used for  irradiation of molten- 
salt capsules t o  determine the chemical compatibility of graphite with 
the s a l t  i n  INOR-8 containers. From four t o  s ix  capsules, each 1/2 t o  
1 in .  i n  diameter, can be irradiated i n  a vessel that i s  sodium-filled 
f o r  convenience i n  heat removal. The sodium also affords temperature 
s t ab i l i t y  and a bath i n  which temperature measurements can be made using 
thermocouples without attachment t o  the capsule. One capsule assembly 
i s  shown i n  the photograph of Fig. 59. The sectional view of Fig. 60 
shows a capsule i n  which graphite i s  kept irmnersed i n  liquid fue l  during 
irradiation. Provision i s  made f o r  purging the capsules with helium t o  
carry gaseous products t o  a sampling station, where they can be removed 
f o r  analysis. 

Temperature control i s  achieved by changing the thermal resistance 
between the axial ly movable sodium tank and the beam-hole water-jacket 
l iner ,  which have sl ightly tapering concentric surfaces, t o  form a gas 
gap of variable thickness. The overall assembly, shown i n  Fig. 61, i s  
movable i n  the beam hole t o  u t i l i ze  the f lux gradien-t; fo r  control of the 
irradiat ion exposure. 

Studies of chemical reactions, such a s  the formation of small quan- 
t i t i e s  of CF4, as  well as  released f ission gases, have been made both 
during irradiat ion and i n  postirradiation examination. Molten-salt- 
fueled capsule irradiations conducted i n  the M!I'R f a c i l i t y  and described 
i n  Table 8 have shown the combinations of sa l t ,  fuel, and graphite fo r  
the MSRS6 t o  be compatible a t  the reactor design conditions. 

A capsule design now under development w i l l  provide fo r  recircula- 
t i on  of the purge gas t o  determine equilibrium concentrations of reaction 
products . Copper blocks that  f i t  closely around the fuel  container re- 
place the NaK vessel. Electrical heaters imbedded i n  the copper w i l l  
keep the s a l t  molten during reactor shutdown periods. 

A second modification of the f ac i l i t y  has been made in  order t o  ir- 
radiate relatively large specimens of fueled graphite. It was desired 
t o  determine the s tab i l i ty  of UC2 fuel  i n  a graphite operating a t  
high temperatures and high power densities.  Also studied was the perfor- 
mance of sealed low-permeability cans as devices fo r  retaining f ission 
gases. 

An overall view of the assembly for  these experiments i s  shown in  
Fig. 62. The r i g  containing the graphite specimen i s  separate from the 
beam-hole shield axil cooling jacket, so only a relatively simple struc- 
ture  needs t o  be fabricated fo r  each irradiation. One typical assembly 
i s  shown in  Fig. 63. Neutron f lux control i s  by movemnt of the assembly 
i n  the beam hole. Independent temperature variation and control are not 



?able 8. Molten-Salt -Fuel Irradiation Tests 

Test 
Humber Capsule Description 

Power Total 
Number Temperature 

of Density 
Fission 

Capsules (OF) Power 

47-1 Inconel bellows; graphite submerged i n  fuel  4 1300 
under 100 psi  

47-2 INOR-8 bellows; graphite submerged i n  fuel  4 
under 100 psi  

47-3 Graphite crucible containing fuel  and ma- 4 
t e r i d s  specimens 

47-4 Submerged graphite cylinder 

Small graphite crucible containing fuel  

47-5 Subaerged graphite cylinder (two capsules 4 
pwgea > 

Graphite specimens irrrpregnated with fuel  2 
- -  

&Power density i n  w/cm3 of impregnated graphite. 



Fig. 59. Assembled Molten-Salt-Fueled Cayules  Pr ior  t o  Ins ta l la t ion  
i n  Sodium-Filled Can. 
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provided, although pmer adjustmnt made through variation of f l u  can 
be used t o  establish the desired temperature. The fuel  chamber can be 
purged with helium t o  remove released f ission products t o  a sampling 
station where small via ls  of gas can be removed f o r  analysis by @;am- 
ray spectrometry. 

Graphite-matrix fuel  elements containing ei ther  pyrolytic-carbon- 
coated or uncoated uranium carbide particles have been irradiated. Several 
specimens, including containers of loose coated particles, have been ir- 
radiated simultaaeously i n  some assemblies. Limited provision has been 
made for  studies of fission-product deposition as it i s  affected by sur- 
face roughness and chemistry. The t e s t s  that  have been campleted are 
described in  Table 9. 

Shop Faci l i t ies  fo r  Capsule and Loop Assembly 

The degree of success of any reactor fuel  irradiation program i s  
determined i n  large masure by the capability fo r  fabrication of' t e s t  as- 
semblies. The equipment must meet very high standards of re l i ab i l i ty  t o  
achieve safety i n  t e s t  reactor operation and t o  ensure useful results  
commensurate with the high costs of the materials irradiated and of the 
neutrons utilized. Furthermore, close tolerances frequently are neces- 
sary t o  achieve the required precision i n  temperature measurement and 
control, i n  heat removal, determination of flow rates, and other t e s t  
conditions. 

A special shop equipped for  assembling capsules and for  loop con- 
struction i s  available. T h i s  shop i s  arranged as shown i n  Fig. &. It 
provides fo r  independent assembly of each ty-pe of capsule or loop so that 
several may be i n  construction simultaneously. Test assemblies manufac- 
tured i n  the shop have varied i n  size from the small LITR capsules of 
Fig. 21 t o  the EOCR instrumented fuel  assemblies of Fig. 65, which when 
completed w i l l  be 45 f t  long. * 

Specid work areas have been provided that  are each designed fo r  
c r i t i c a l  s7t;eps or  technique s, such a s  the preparation of thermocouples, 
welding, cleaning assemblies, evacuating, and dry box work. Much of the 
work i s  highly specialized; for  example, welding small tungsten vs rhenium 
thermocouple junctions, f i l l i n g  capsules with liquid metals, and assem- 
bling structures i n  contact with fuel  element materials. 

Since thermocouples are used as  the primary sensors fo r  most irradia- 
t ion elrgeriments, considerable attention has been paid t o  techniques f o r  
thei r  manufacture. In  general, metallic-sPleathed swage8 thermocouples 
have been used. For service up t o  1700°F, Chromel-P vs Alumel wires and 
junctions with MgO insulation and stainless s tee l  sheathing are standard, 
and the technology is well known. A t  higher teqperatures, tungsten and 
rhenium, or alloys of these metals, i n  particular, W-58 Re vs W-268 Re, 
have been used. 4~ 40 Beryllium oxide insulation sheathed with tantalum 



Table 9. Fueled-Graphite Capsules Irradiated in the 

Ekperiment 
Number 

Number Surface Central Power Total 
of Temperature Temperature Density Power 

Elements (OF) (OF) (w/cm3) (-1 
Description 

48-1 UC2 in graphite matrix encapsulated in 2 1600 3500" 280 10 
permeable graphi~e 

48-2 UC2 in graphite matrix encapsulated in 
low-permeability graphiteb 

48-3 UC2 in graphite matrix encapsulated in 
low-permeability graphiteb 

48-4 UC2 in graphite matrix encapsulated in 
low-permeability graphiteb 

Pyrolytic-earbon-coated UC2 particles 1 
in graphite encagsulated in permeable 
graphiteb 

Pyrolytic-carbon-coated UC2 particles 1 
in graphice encapsvlated in permeable 
graphit eb 

Loose p~crolytic-carbon-coated UC2 par- 4 
ticles in stainless steel tubes 

a Calculated. 

b~urged for f ission-gas-release measurement. 
C 
Central temper~tture was measured using an Inconel-sheathed Pt  vs 

Pt-Rh thermocouple. The Inconel was plated with copper to provide a dif- 
fusion barrier to prevent carburization. 



UNCLASSIFIED 
ORNL OWG.  63-4555 

Fig. 64. Plan View of Shop and Assembly Area. 



B i g .  65, Ln&mn%ed Fuel Assealy for EECR. F b i s  unit (shown 
-16 ft i n  lea-@k) is -;he largest; a~semiled i n  the shop. Its overall length, 
including hstmmewt leads and shield, is  45 ft . 



has been used extensively a t  temperatures between 2000 and 4400°F.* For 
the higher temperature service, insulation with loose f i t t i n g  b e d s  i s  
preferred. Frequently, the sheath and swaged insulation are removed near 
the junction and are specially formed for  the intended service. Assem- 
b l ies  l ike that shown in  Fig. 66 have given satisfactory service when 
used with Be0 beads and i n  molybdenum wells fo r  capsule* a.nd loop experi- 
ments.*% The junctions are made by inert-arc welding using a miniature 
torch with semiautomatic equipment azld with magnifying optical systems 
for  viewing. 

Cleaning equipment fo r  irradiation equipment parts  and assemblies 
includes tools fo r  a i r  blasting with abrasives, an ultrasonic cleaning 
bath, high-vacuum pumps, and high-temperature furnaces, Conventional 
solvents and abrasives are also used. Hydrogen furnaces and specialized 
metallurgical f ac i l i t i e s  are available but are not part of the assembly 
shop. 

Rigid assembly benches with clamping jigs and f ixtures are used t o  
establish the outer configuration of each asserribly t o  ensure a suitable 
f i t  i n  the reactor faci l i ty .  This i s  highly important, since t e s t  reac- 
t o r  structures are relatively l ight ,  and impairment of reactor func-tions, 
including control rod action, can result  from poor f i t  up. Separate jigs 
are provided t o  check the alignment of e q u i p n t ,  especially where several 
pieces are t o  be installed i n  sequence. Optical tooling i s  employed t o  
establish the alignment of jigs and fixtures and, at  times, t o  inspect 
finished parts. 

Inspection services u t i l i ze  dye penetrants, helium leak testing, 
commerciaL x-ray, 1,000,000-volt x-ray, x-ray equipment with closed csr- 
cuit  television, isotope i r r ad i a t im  sources, dimensioning tools, inc&ud- 
ing a large surface plate, optical equipment, gas flow metering, and t e s t  
furnaces, Thermocouple calibration furnaces and associated readout equip- 
ment have been provided. 

Photographs of specialized shop equipment are shown i n  Figs. 67 
through 74. A highly trained staff 09 technicians and craftsmen i s  super- 
vised by a mechanical engineer. Each assembly i s  bu i l t  t o  drawings and 
specifications following detailed assembly procedures. 

Relatively low costs f o r  capsule assemblies are achieved through the 
use of special tools, careful scheduling of work, including simultaneous 
construction of several assem33lies where possible t o  bet ter  u t i l i z e  
special crafts, and through close supervision of work t o  minimize rejects .  
The task engineer fo r  each experfmental t e s t  r i g  works closely with the 
shop supervisor during the assembly of his equipment t o  ensure i t s  sa t is -  
Iactory per£+owlance i n  the test reactor. 

*See section on "LL'IW Air-Cooled Capsules. " 
WSee section on "QRR Poolside Capsule Facil i ty.  " 

*%See section on "ORR Gas-Cooled Loop No. 1 ." 
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Fig. 66. Tungsten vs Rhenium Thermocouple Assembly with Be0 Insula- 
t ion .  





Fig. 68. Welder Wing Themacouple Junctiora with Semiautomatf c Weld- 
ing Equipment. 



I -  . 
PEg. 69. Closeup af Binocular H.crosooge arzd B U S T %  Vfa;ed to 

Pregare Sheathed TZlemacouples for Welding U~u3.ated J m o % f ~ s .  



F 0 .  Belim Leak Checking a Container with Mass Spectrometer- 
Type Leak Detector. 



Unclassified 
Photo 39615 

Fig. n. B m s o n  OpticaL Tooling Equipnen-t. 





Fig. 73- CH(R Poolside Facilfty Mockup 3kwing QZQR Capsule fa Position- 
i ng  Mechanisn WhZch Duplicates In s t a lk t i on  a t  the Reactor. 



Fig. ?A. I3lickm.n Weldlng Chamber in Ass~mbly  Area. 
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