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THORI WI-URAJ’IIUM FLECY C I.E FACILITY 

John M. Chandler’ 

ABSTRACT 

A Thorium-Uir.anium Recycle F a c i l i t y  (TURF) P i l o t  Plant 
w a s  constructed a t  ORNL t o  provide the  shielded and s a f e l y  
contained space i n  which t o  denlonstrate processes and provide 
economic information f o r  remote f u e l  cycle technology. The 
bui lding i s  a three-s tory  masonry s t ruc tu re  and provides work 
areas  and containment for four  heavi ly  shielded process c e l l s ,  
two shielded service c e l l s ,  and an unshielded gloved maintenance 
a rea  with at tendant  air  lock. Special  provisions were made f o r  
fu ture  conversion of these c e l l s  t o  i n e r t  atmosphere and f o r  
edutinguishing c e l l  fires. A spec ia l  remote crane and rnanipu- 
l a t o r  system i s  provided f o r  operation and maintenamce. 

INTBODUC T I O N  

The Thorium Ut i l i za t ion  Program at; t h e  Oak Ridge National Laboratory 

(OIWL) i s  d i rec ted  toward the  prudent and economical explo i ta t ion  of 

thorium, e spec ia l ly  through the  development of su i tab le  f u e l  cycle 

technology f o r  thorium fueled reac tors .  A p i l o t  p lan t  t o  provide the  

sh ie lded  and s a f e l y  contained space i n  which t o  demonstrate processes 

anti provide economic information fo r  a l l  phases of remote f u e l  cycle 
technology was  authorized by Ribl ic  Law 88-42, dated J u l y  22, 1963, i n  

the  requested amount of $7.275 million. 
Development F a c i l i t y  ( ‘KJFCDF), now rianied ‘Thorium-Uranium Hecycle F a c i l i t y  
(TURF‘), was intended t o  be used i n i t i a l l y  t o  demonstrate t he  f e a s i b i l i t y  

of  remotely fabr ica t ing  metal-clad f u e l  elements f o r  water-cooled reac tors ,  
with € l e x i b i l i t y  t o  accommodate a remote f ab r i ca t ion  l i n e  f o r  graphi te  f u e l  

‘me Thorium-Uranium Fuel Cycle 

‘On loan from the  Chemical Technology Division. 
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f o r  gas-CoQled reac.Lors, i f  t h i s  proved desirable .  Subsequently, it w a s  

planned t o  use the f a c i l i t y  f o r  the  development of recycle methods for 

other f u e l  types,  

most desirable  a t  t h i s  time; i t s  need i s  indeed a r e a l i t y ,  and it is the  
front-running fuel. recycle pro jec t  t o  be demonstrated i n  the 'TURF. 

A graphite f u e l  development program i s  not only 

PIiOGRAM OBJECTIVES 

We plan t o  conduct i n  TURF t he  tasks  speclified i n  the  Natfonal HTGR Fuel 
Recycle Development Program Plan2 prepared by Oak Ridge National Laboratory 

and Gulf General Atomic Company under the  d i r ec t ion  of the  Division of 

Reactor Development and Technology, United S ta t e s  Atomic Energy Commission. 

The Program Plan object ives  include the  development, testn'hg, and demon- 

s t r a t i o n  of conceptual processes. 

inforulat5on e s s e n t i a l  t o  process evaluation and design, leading t o  the 

construct ion and operation of commercial p lan ts  f o r  recycle of spent 
HTGR fue ls .  

A t  TURF we plan t o  c onduc-1; el-gineering-sca1.e demonstratn'-on of chemical 

This provides technology arid cos t  

processing flowsheets and equipiiient u se fu l  f o r  recons t i tu t ing  IITGR fue l .  

Spent Fort S t .  Vrai.n Reac-tor f u e l  w i l l  be used t o  provide realism i n  our 

work. YXis demonstrakion work w i l l  include a head-end. process i n  which 

the  massive carbonaceous f u e l  blocks will be s ize  reduced and bumed t o  
i s o h t e  the  f i s sT le  235U-~ontaaining p a r t i c l e s  and the  f e r t i l e  p a r t i c l e s  

containing 2 3 3 U  arid .thoi-iim from the  massive carbonaceous block. 
the  fissile and f e r t i l e  p a r t i c l e s  a re  separated from each other  t o  allow 

subsequent recovery and pu r i f i ca t ion  of the  bred 233U by solvent extract ion.  

Tnen 

The solvent ex t rac t ion  work w i l l  be conducted i n  the Buildi-ng 3019 
Acid Thorex P i l o t  Plant.  This demonstration process w i l l  receive uranium 

and thorium feed mater ia l  from the TURF burning operations. Purif ied 

233U n i t r a t e  product w i l l  be t ransported t o  TURF and t ransfer red  t o  the  

Refabricakion P i l o t  Plant.  Here the  uranium solut ion i s  t r ea t ed  .bo 

2National HTGR mie l  Recycle Tjevelopiuent Program Plan, ORNL-4702 
( i n  press ) .  
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produce ceramic oxide microspheres containing "[J and thorium. These 

oxide microspheres are coated wibh multiple layers  of pyroly t ic  carbon 

and poss ib ly  an intermediate layer of s i l i c o n  carbide ( S i c ) .  

coated p a r t i c l e s  a r e  bonded together  i n  the  form of fue l  s t icks ,  which axe 
then carbonized and inser ted  i n t o  pre-dr i l led holes i n  precision-machined 

h e x s o n a l  graphi te  blocks t o  complete t h e  production of recycle RTGN 

fuel elements. 

These 

The recycle  2 3  'U contains chemically inseparable 2321J, a, contaminant 

produced pr imar i ly  i n  the  reac tor  by nuclear reac t ions  of  232Th. 
2 1 2  

The 
IJ daughter products 20a,I'l and 'I2 Bi a re  s t rongly  radioact ive amd emit 

gamma rays with energies of 2.62 and 2 .2  MeV,  respect ively.  So, for 

r ad ia t ion  sa fe ty  i n  handling 1'kJ-2 U with the at tendant  high-energy 
gamma rad ia t ion ,  t h e  process demonstration work i s  done remotely j n  the  

shielded c e l l s  of  TURF. 

thor tun  p a r t i c l e s  do not requi-re heavy b io log ica l  sl i ieldirg,  only alpha 

a c t i v i t y  containment, and a re  prepared 'by ex i s t ing  conunercial methods 

and charged t o  the  i n - c e l l  processing equipment a s  f in i shed  coated 
microspheres o r  f in i shed  Yue1 sticks. 

Makeup f u e l  containir,g 235U p a r t i c l e s  and f e r t i l e  

FACILITY DESCRTPTTCIN 

Work t h a t  begun i n  1960 l e d  t o  t h e  design and construct ion i n  1967 

of the  TURF, as  it i s  now known. I n  Narch X962, c r i t e r i a  f o r  the  design 
of t he  ThoI.ium Fuel Cycle Development F a c i l i t y ?  were published. T i t l e  I 

design w a s  completed i n  1'363 by  Giffels  and Rosset t i ,  Inc. ,  b e t r o i t ,  
Michigan, and by January 1'305 they  had completed T i t l e  'PI design work. 

Rlount Brothers Corporation won the  b id  f o r  $3,379,219 on Apr i l  13, 1965, 

t o  construct  the f a c i l i t y ,  and by February 9, 1:36'7, the  'YUEW building 

w a s  94% complete. 

and took occupancy. 

The f o l l o w i n g  f a l l  (196'1) ORNL accepted the  work  

The Thorium-IJranimk liecycle F a c i l i t y  is shown i n  Figm 1. Nearby 

f a c i l i t i e s  are the  High Flux Isotope Reactor ( W T R ) ,  t he  H F I R  o f f i c e  arid 

'A. R. Trvine and A. 1,. Lotts,  2 
P'uel Cycle Development Faci-i i ty,  ORNL-TF.2-14-9 (March 2, 1902). 
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maintenance building, and the  Transuranium Processing Plant  (TRU). 

TURF bui lding i s  a three-s tory  concrete block s t ruc tu re  with p a r t i a l  

basement. 

124 ft, an o v e r a l l  length of about 162 ft, and a gross  f l o o r  a rea  of 

32,950 f t2 ,  exclusive of hot c e l l s .  

The 

The bui lding has an i r r e g u l a r  shape, with an o v e r a l l  width of 

Figure 2 i s  a f i r s t - f l o o r  plan view of t he  f a c i l i t y ,  showing the  
layout and major dimensions of t he  c e l l  area.  The customary services  

and operating spaces a re  provided, plus  some add i t iona l  fea tures .  O f  

i n t e r e s t  among these  fea tures  a re  an enclosed receiving area f o r  

incoming equipment and casks, a f u e l  storage bas in  a t  t he  f i r s t  f l o o r  
leve l ,  and a 50-ton bui lding crane t h a t  can ca r ry  heavy loads from the  

receiving a rea  t o  any point on t h e  t o p  of t he  c e l l  bank a s  wel l  as 
t o  the  f u e l  storage basin.  

Hot C e l l  Description 

The c e l l  bank i s  pictured i n  Fig. 3 and cons i s t s  of four  process 

c e l l s ,  heavi ly  shielded with 5 1/2 f t  of normal concrete,  two shielded 

service c e l l s ,  and an unshielded c e l l  and a i r  lock. The design of the  

ind iv idua l  process c e l l  was  determined by the  nature of the  operation 
t o  be performed i n  it. 
c e l l  G, whereas chemical and mechanical operations a re  planned f o r  

c e l l s  C and D. The operations i n  c e l l  C will include sol-gel  processes 

f o r  s o l  forming, microsphere forming, drying, and f i r i n g  t o  produce 

oxide microspheres. I n  c e l l  D, mechanical operations w i l l  be conducted 

f o r  coating the  microspheres with multiple layers  of pyro ly t ic  carbon and 

possibly a s i l i c o n  carbide intermediate layer. These coated microspheres 

w i l l  be examined, sorted,  and character ized before they  are bonded together  
with a carbonaceous binder and formed i n t o  c y l i n d r i c a l  s t i c k s ,  which then 
a re  carbonized and in se r t ed  i n t o  pre-dr i l led  holes  i n  p rec i se ly  machined 
f u e l  blocks of the  HTGR type. Also, i n  c e l l  D these f u e l  elements w i l l  

be assembled and t r ans fe r r ed  t o  c e l l  E f o r  f i n a l  inspect ion and canning, 
preparatory t o  t r a n s f e r  t o  storage a t  TURF o r  t o  casks f o r  shipment t o  

t h e  reac tor .  

Chemical or  burning operations a re  planned f o r  
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Figure 4 shows the length and elevat ion of the fou r  process c e l l s .  
l'liey a re  arranged i n  a l i n e  and have a common width of 20 f t .  

a,nd G are  16 f t  long X 30 f t  high. 

of 24 ft and lengths of 33 and 4 1  f k ,  respectively.  

X 23-ft 4-in. -long X 19-ft 1-in. -high decontamination c e l l ,  i s  located 
behind the  two 12-in.-thick s t e e l  shielded doors and provides a rad ia t ion  
lock fo r  large items t h a t  a r e  being taken i n t o  o r  removed from c e l l s  C 

and D. 

X 37 f t  long x 13 f t  1 in.  high and i s  located i n  the basenent area with 
access through a hatch i n  the  f l o o r  of c e l l  R .  Cell A, the  gloved 

inaintenance area,  i s  unshielded and w i l l  be used f o r  contact maintenance 

of equipment. t h a t  has been p a r t i a l l y  decontaminated i n  c e l l  B t o  reduce 

the penetrating gamma rad ia t ion  t o  working levels .  C e l l  A i s  8 ft wide X 

20 ft long and i s  located on the  opposite side of c e l l  B from c e l l s  C and 

D, as shown i n  Fig. 3, and i s  shielded from c e l l  B by a 15-in.-thick 

s t e e l  shielded door. The a i r  lock w i l l  allow t r a n s f e r  of moderately 

large ('7 f t 3 )  items, weighing as much as 50 tons,  i n t o  and from c e l l  A 

without v io la t ing  the  hot c e l l  containment. 

Cel ls  E 

Cel ls  C and I) have a common height 

C e l l  B, the  16-f%-wide 

C e l l  F, a l i g h t l y  shielded (2-f t - thick)  c e l l ,  i s  15 f t  6 i n .  wide 

A l l  the  shielded c e l l s  have s t a i n l e s s  s t e e l  l i ne r s  except c e l l s  E 

and F, which have epoxy coatings. 

nance area, has epoxy coatings on the surfaces. 

C e l l  A, the  unshielded gloved mainte- 

Operations and, generally,  maintenance will be done by remote 
methods i n  a l l  the shielded c e l l s  except E and G. Some personnel 

access f o r  maintenance will be possible i n  c e l l s  B and F, where i n t e r -  

mittent and lower leve ls  of r a d i o a c t i v i t y  are expected. This 

philosophy of remote operation demands simple, carefu l ,  and clever  

design of i n - c e l l  equipment i f  anything approaching trouble -free 

performance i s  t o  be expected. 

C e l l  Services 

I d e n t i c a l  services are general ly  provided a t  8 - Y t  i n t e r v a l s  around 

the perimeter of the c e l l  bank. These services include a viewing 

window o r  a plugged opening i n t o  which a viewing window can Later be 
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i n s t a l l e d ,  master-slave manipulator sleeves, t e n  4-in. -di.am bent 

service sleeves, and f i v e  1-in. -ci iam pipes embedded i n  the walls. 
The l a t t e r  terminate a top the  c e l l  i n  a controlled a rea  where connections 

can be made t o  u t i l i t i e s ,  reagent dispensers, or other i n - c e l l  services.  

I n  addition, each 8-ft c e l l  module has three 6-in, X 8-in.-diam stepped 

sleeves through the shield w a l l  f o r  e l e c t r i c a l  service connections frola 

the  operating area,  and there  5.s one )+-in. X 6-in.-diam stepped plug 

f o r  wiring t o  the two 1500-W i n - c e l l  l igh t ing  f i x t u r e s  above each 

window. 

In-Cell Crane and Manipulator Systems 

The TITRF has c o s t l y  and complex in-cell.  handling equipment f o r  

carrying out the remote operation and mai.ntenance. The crane system, 
as shown i n  Fig.  5 ,  cons is t s  of two bridges, each having a, net  load 

capaci ty  of 10 tons,  two single-speed 5-ton-capacity hois t s ,  and such 
other  t r a n s f e r  bridges, and t r a c t i o n  r e t r i e v a l  units as a re  necessary 

t o  move a crane bridge o r  h o i s t  from c e l l  A i n t o  c e l l s  €3, C, and D and 

re turn  without the  necessi ty  of personnel e n t r y  i n t o  the processing 

c e l l s .  Normally, one crane bridge with h o i s t  will be located i n  cel.1. C 

and another i n  c e l l  D. 
i n  a s ingle  c e l l .  

However, both bridges and h o i s t s  could be used 

An electromechanical ma.nipu.lator system i s  provided t o  operate i.n 

c e l l s  A, B, C ,  a,nd D on a s e t  of rails  i n s t a l l e d  about 9 f t  below the 
i n - c e l l  crane system described above - Other electromechanical mnj.puJators 

are located s imi la r ly  i n  ce1l.s G and E. Cell. F has only a crane r a i l  
and hois t ,  which operate only i n  t h a t  ce l l .  

Other Features of TUHF 

Many other i n t e r e s t i n g  and iinique featu-res of the TURF a re  described 

i n  the Safety Analysis.& A few examples am?: 

4 J .  W. Anderson, S .  E.  Bolt, and J. M. Chandler, Safety Analysis f o r  
the Thorium-Uranium Recycle F a c i l i t y ,  OlW-L-42'78 (May 1969) . 
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1. The viewing windows are  copper tanks wi-th glass ends, f i l l e d  

with zinc bromi.de solut ion.  

2. The i n - c e l l  f i r e  protect ion system uses gaseous carbon dioxide 

a s  the  extinguisher.  This system i s  qui te  unique, and much e f f o r t  w a s  

expended perfect ing it. 
3. The vesse l  off-gas, the  cell. f l o o r  drainage, and other  i n - c e l l  

l iqu id  wastes flow co-currently i n  cornon piping, which conveys these 

f l u i d s  t o  the underground p i t s  housing t h e  waste tanks and orf-gas 

f i l t e r s .  

A. The c e l l  ven t i l a t ion  system draws f i l t e r e d  a i r  through d i f fuse r s  
located i n  the  c e l l  ce i l ing ,  down through the  c e l l ,  and out through i n -  

c e l l  roughing f i l t e r s ,  which remove drople t s  of d i o c t y l  phthalate with 

an e f f i c i ency  of 95$. 

banks of "abso1u.te" f i l t e r s  and then i s  exhausted t o  -the atmosphere 
through a 2 5 0 4  -high stack. 

The air then passes through large ducts t o  two 

I n i t i a l l y ,  the  c e l l s  w i l l  operate with an a i r  atmosphere. Provisions 

a re  made f o r  fu ture  addi t ion  of an i n e r t  gas cleanup and cooling system 

f o r  all c e l l s  except c e l l  E. 

c a r e f u l  design of sea l s  on the openings. This provides confinement of 
r ad ioac t iv i ty  as w?11 a s  enabling fu ture  c e l l  operat ion under a n  i n e r t  

atmosphere. 

A i r  inleakage t o  the  c e l l s  i s  minimized by 

TURF USAGE 

One of the  heavi2.y shielded TURF c e l l s  now houses equipment to 

purify 2 5 2 C f  by removing the  l a s t  t r aces  of 24L+Cm by ion exchange, 

i s o l a t e  t he  252Cf, and package it f o r  shipment. 

well a s  some 253Es, has been prepared i n  TURF c e l l  G by members of t he  

Chemical Technology Divisi-on working on the Transuranium Program. 

Very pure 248Cm, as 

I n  t'ne simier of 1968 cell G was used t o  prepare a charge consis t ing 

of 233UF4 and 7 L i F  f o r  fueli.ng 'the Molten S a l t  Reactor Experiment. 

was prepared5 by reducing U03 conta.ining 39 kg U (35 .6  kg 233U) .to U02 by 

T'nis 

5J. M, C'flandler and S. E. Bol t ,  Preparation of Enriching S a l t  7 L i F -  
233UF4 f o r  Refueling the  Molten S a l t  Heaxtor, ORNL-4371 (March 1969). 
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treatment with hydrogen, converting the  "UO 2 t o  233TJ~/, by hydrofluori-  

nat ion,  and fusing the  233UF4 with 71;iF. A 500-g can of the  233U0 3 

( w i t h  222 ppm 232U i n  t he  uranium) presented an exposure dose r a t e  of 

about 300 R / h r  a t  a dis tance of  2 f t .  

containers  of assor ted s i zes  su i tab le  for  conducting tile i n i t i a l  c r i t i c a l  

experiment and l a t e r  fue l ing  the  Molten S a l t  Reactor Experiment.' 

'This s a l t  was packaged i n  

During the  above work i n  TURF, very high l eve l s  of  alpha a c t i v i t y  

and very high gamma and neutron r ad ia t ion  l eve l s  were processed and 

handled without incident .  This confirms t h e  high degree of r e l i a b i l i t y  

and s a f e t y  provided by  the  TU", as expected. from the  design c r i t e r i a .  

S W R Y  

The 'Thorium-Uranium Recycle F a c i l i t y  ( TURF) provides shielded and 
s a f e l y  contained space i n  which t o  demonstrate the  processes and provide 

economic information fo r  a l l  phases of remote f u e l  cycle techn.ology. 

I n i t i a l l y ,  thorium-containing r eac to r  f u e l  w i l l  be studied as we conduct 

o w  pa r t  of the National HTGR Recycle Development Program Plan. 

The th ree  - s tory  masonry s t ruc ture  with a basement provides c0ntai.n- 

ment f o r  four  heavi ly  shielded process c e l l s ,  two shielded service c e l l s ,  
and an unshielded maintenance and a i r  lock c e l l .  The s t a in l e s s - s t ee l -  
l ined  process c e l l s  have a l l  the  usua l  bot c e l l  fea tures  plus  some unique 

ones, such as the  gaseous C 0 2  f i re -pro tec t ion  system, provision f o r  i n e r t  

gas atmosphere, an in tegra ted  system f o r  hot off-gas and hot l iqu id  wastes, 
tanks f i l l e d  with zinc bromide so lu t ion  f o r  viewing windows, and an up-to- 

date  and. e -hbora te  i n - c e l l  crane and manipulator system. 

The TURF i s  ava i lab le  now and ready for  i n s t a l l a t i o n  of process 

equipment t h a t  i s  t o  be t e s t e d  and  demonstrated i n  the  HTGR f u e l  recycle 

program. 

'M. W. Rosenthal, H. B. Briggs, and P. R. Kasten, MSR Program Semisnn, 
Progr. Rept. Feb. 28, 1969, ORNL-4396. 
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