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'I-Tigh-Temperature Cas-Cooled Reactors (TTGR) have the poten-Lial 01: lowering 

power cos ts  and. improving fuel. u t i l i z a t i o n  i f  :bel. recyc1.e capab i l i t y  i s  estab-  

1.fshed. The objec t ive  of t h e  hTational HTGR Fuel. Recyc1.e Ilevelopment Program i s  

t o  develop recycle  t;ectmol.ogy such t h a t  commercia 3. p:l.ants f o r  reprocess i.ng and 

rerabricat  ion  of' IiTGR rluels can be bu.j.l.1~ and operated. economical1.y. 1'0 accom- 

p l i s h  this object ive,  it i s  necessary f;o perform process and eqcitpoieni; devel-op- 

ment, j.r!voIving engineering desiqn and t e s t i n g  . The operati.ons considered. take 

place bei;ween t h e  discharge ot' spent f u e l  elements from the  reac tor  and the  

r e t u r n  of refabricated f b l .  elements t o  the  reac tor ;  these  include fix]. shS.ppj.ng, 

hand-ling, storage,  Lk.el- p u r i f i c a t i o n  anti recovery, re fabr ica t ion ,  z3n.d waste man- 

agement. 'This repor t  descr ibes  a p1an for accomplishing the  program obJect ive 

arid out;l.ines a sys temt i .e ,  order]-y, and. timely eff'or-t;. T'ne Work is del ineated 

into four speci : f ic  -task areas, designate4 a s  :Riel. Reprocessing Development, Fuel 

Re fabr  i. CB i; Lon Development, Recyc 1e Fuel I r r ad ia t ions ,  and 17ome:r.s: :i.a 1. Pie cycl e 

Plant  S!;urlies. This program plan represents  t h e  s t a t u s  of  p lan  on 
December 31, 197C arid c l o e e ;  not  necessa r i ly  represen-i; the  f i n a l  3 o s i t i o n  of' tine 

rmm:. 

2 ,  PROGRAM BUDGET AIW SCIIEDTJLE 

A graphical. schedule su-mmarizeil 9 .n  Ta'a1.e I. t r a c e s  t h e  program. - f r o m  develop- 

ment ~ m r k  i n  fi.scal- year 197U throiigh demonstrated operation oC i a  recycle-fuel  

p i l o t  p l i j n i ;  and conceptual tjksign of' a (comercia.l p l an t  i n  1980. t c t a l  o f  

7, COO i n  operatirig expense i s  associated w i-t;h the program plan tb . ro i~& 

!;he c s p i t a l  costs assoc ja ted  w j t l i  eqili.prnerit i i  [id f a c l l i t y  incdi:F:i.ca.t;.ions 

~ q i ~ . % r e C  for p i l o t  plan!; operat ions t o t a l  $7, 831. 000 

fkfiction of task srea and year a r e  siiniu~irizc:d. i n  '!labI.e 2, and Table 3 sunmarizes 
c a p i t a l  - cns ts  associated with :t'ueL re-processing and. r e f ab r i ca t io r i  devel.opment. 

']'he program cost : :  as a 
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Table 3 .  Summary o f  Capital Expenditures f o r  &el 
Reprocess i n s  and Re fabr  i c a t  ion  Development 

Task Area cos t s  
'$Is i n  Thousands! 

Fdel Reprocessing Developrnen'c 
Head-End ?i . lot  Plant  5, ,703 

Acid Thorex P i l o t  Plant  1,15C 

981 Fuel Fabricat ion Development I_.I.-.̂  

TOTAL 7,831 

a 

a 

....___... 

The equipment cos ts  f o r  refsbi- icat ion demonstration were 
included i n  t he  o r i g i n a l  Thorium-1Jrani.m Fuel Cycle Ilevelopinen'i. 
Fac i l i t y ,  and t h i s  amount represents  the  remainder of  those 
flJ.nds. 

g raphi te  blocks t o  form rU.01. elements. 'These elements, approxiaiate1.y 31.. i n .  

long by lh i n .  across  the flaLs,  aye stacked i n  the  reac tor  w i t h  no added sup- 

por t ing  struei;u-re. Af te r  a four-year cxposure, the spent, f i e1  elements are 

removed. from the  reac tor  and reprocessed foi- file1 recovery and f i s s i o n  product 

reriioval. During reprocessing, t he  el-ements a r e  mechanically rcduced. to  r e l ease  

the  fbcl. p a r t i c l e s .  'The pai- t ic les  a re  burned t o  el imiiza'ce t h e i r  ou te r  carbon 

coat i~ngs and then screened t o  separa te  the p a r t i c l e s  t h a t  o r i g i n a l l y  conta i.ned 

235U from those containing thorium or o the r  mater ia l s .  

limits the  buildup of 236U i n  subsequent reac tor  cyclcs i f  t h e  spent, 235U par- 

t i c l e s  a re  removed i n  Lhe rcgrocessing s tep .  Pari;icl.e c l -ass i f ica t ion  accom- 

p l i shes  t h i s  separa t ion  because par t i . c les  containing '' 5U have a s i l l c o n  carbide 

coating, which remains i n t a c t  during burning aad gives  these  p a r t i c l e s  a l a r g e r  

s i z e  than the  oxide ash from the  thorium EISO-coated p a r t i c l e s .  

T h i s  separa t ion  s t e p  

The spent f i e 1  i s  dissol.veil and t r e a t e d  by solvnn-t ext.t-action t o  remove 

f i s s i o n  products and. t o  separa te  t h e  '"U from t h e  -thorium. The 233U i s  fab- 

r i ca t ed  i n t o  coa.ted p a r t i c l e s .  The par. t i  cLes a re  fabr ica ted  i n t o  f'uel. s t i c k s  

and then i n t o  f i e 1  elements, whrich a r e  re turned t o  thc  resctor.  

The recycle  f i e1  must be handled i n  heavi ly  shiel-ded f a c i l i t i e s  because of  

iij.gh concentrat ion of 23'U, which has dzughter products t h a t  emit high-energy 

gamma rad ia t ion .  Thus, about one-half t h e  f'uel elements w i l l  be fabYic&ed i n  

a shie2.ded recyc1.e f a c i l i t y ;  t hc  o the r  f'uel. el.emeiits containing '' 5U may be fab- 

ri caked i i i  nonshielded f a c i l i t j - e s .  in addi t ion,  only f'uel- p a r t i c l e s  containj.ng 

233U w i l l  be ma& i n  ,the recycle  f a c i l i t y :  t h e  thoyiucn-containing f e r t i l e  par-  

tiel-es useil . i n  the recycle  elements wi.1.J- be made i n  another faci.? i t y .  
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Estimates of s t a r t -up  schedules for commercial lOOO-Md(e: H'I'GR's l ead  t o  the  

conclusion t h a t  coumercial fuel recycl e f'acil i t i e s  a r e  need-ed i n  194/, ; tne  

prescrlt prograrx D l a n  i s  cons is ten t  with t h a t  need. 

The f i e 1  reprocessimg development t a sk  has th ree  major subtr3.sl.s : Read.-End. 

Reprocessing Development (Subtask ll!)), Head-End. P i l o t  P lamt  Derrioristra1;ion 

(Sw.btas1.c 1-20 j 9  and Acid Thorex P i l o t  Plant  Demonstration (Subtaslr 130). Each 

i.s sched.uI.etJ. i;o give ari orderly development t h a t  f i t s  t h e  o-feml.1. sc:heclv:Le of 

t he  program, and each i s  siibd.ivided flirttier i n t o  spec ia l ized  siibtasks . The 

plan presents  t he  need., ex i s t ing  tec:hnoI.ogy, and plan  of accomplishment :Cor 

each subtask.  

Subtask 110 i s  divi.cled :i.ni;o burner feed preparat:ion, i n  which t h e  graphi te  

flleI e:lements a r e  t r e a t e d  t o  minimize t h e  burning need-ed t o  remwc: car'bon f r c m  
t he  fi lel;  burner t;echnologJ, 9.n which carboll i s  bluned -fk'Offl h e ] -  and S O I W  rf-tCl.eI- 
i s  converted t o  oxides;  buwner ash handling, i n  which 235U and '23'L ,are separated 

by utiI.i.zing s i z e  differences,  if' possible ,  taking advantage of unburned. Si!: 

coat ings;  treahment of c h s s i f i e d  bu.rner ash, i n  which Sic-coated. p a r t j c l e s  a r e  

f'urther t r ea t ed  as  neetled t o  p r e p r e  f'or f'uurth.er processiag;  ~31. 

f o r  maintaining separat;ion of 27'1.J and 2'5r1; scrap recycle;  off-gas hand-ling and 

decontamination; and waste treatment and disposal. 

u- t i l i ze s  the  inforrrmt ion generated i n  Subtask l1.C :>rid tle-nori- 

s t r a t e s  t h a t  t h e  processes and ec~uipment; a r e  sati.::f'actory f o r  p)repa.r.i.ng irm- 
d ia t e3  fbel. elements for  sol-vent ex t r ac t ion .  Since a l l  the  spent fi iel~ from the  

reac tor  passes through head-end processing, the head.-end p i l o t  p l an t  throughput 

dominates the  sca l e  o f  t he  fhel  recycle  pia-nt. &sed on experience i n  t he  chem- 

ical .  process industry,  p i l o t  p l an t s  genera l ly  need t o  have thro-ugt1pu.t rates about 

10% o r  more o f  a f i i ture conirnerciol. fac:i . l i ty t o  provide meani.ngi?J.:L. :;c:al e-up data  

on pmcesses  and equipment. Further, t o  develop the  b e s t  processes and e q u i p  

men-ti, pi..l.ot p l an t s  a r e  usua l ly  opemted f o r  severa l  years,  and hardly ever l e s s  

than s i x  months. 3sing these  ,gu.ideSi.nes, the  Head-End. ?%lo t  PLant W i l S  scaled 

f o r  a throiighput r a t e  o f  aboirt t e n  Fort  S t .  Vrairr Reactor. (FSVRj f'mel.. e1.erneri-t;s 
per day. Rnd considered t o  operate  f o r  a time equ.ival.ent t o  s ix  months a t  the 

design throughput r a t e .  Since the  p i l o t  plamt may not opera.te a.lways a s  planned, 

the  program considers th8t an e~pi.v~~l..en-t six-!nionth r u n  may OCCLW over several. 

years .  
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Subtask 120 (Head-Snd 51.01; PI-ant Demonstration‘ i s  divid-ed i ~ r t t o  equipment 

design, eqiiipment procurement and t e s t ing ,  n(~pLpment i n s t a l l a t i  011, cold opera- 

tional. t e s t ing  of  t h e  pil.ot p lan t ,  hot operat ional  t e s t i u g  of  t he  p i l o t  p lan t ,  

-treatment and d isposa l  of  assoc ia ted  wastes, material. handling, and process 

developmerit support .  The pr i i lc ipa l  operat  ions involve sawing aiid crushing the  

spent fuel element, separat ing moderator- graphi te  from t h e  f i e 1  materh l .  by 

screening, fol.Lowed by burning tihe f u e l  i n  a flui .dized bed. The r e s u l t i n g  

mater ia l s  a r e  separated by s iev ing  i n t o  “bur-net3 f i s s i l e “  and ” f e r t i l e ”  p a r t i c l e s .  

A t  t h i s  point ,  f’uels init ial .]-y having BISO coat ings can be leached and prepared 

f o r  solvent  ex t r ac t ion  processing.  A f t e r  crushing and burning s teps ,  TRISO- 

coated f’ue1.s a r e  a l so  leached and prepared fo r  solvent  extrac1;ion processing.  

The pl-ai1ned loca t ion  of the Head-End Pi.l.ot; Plant  is  the  Thorium-TJranium Recyc1.e 

Facj.l<,ty (WRF), ORNL Bailding 7330, wiij.ch i s  a remotely maintained and operated 

hot; c e l l  faci1i:ty b u i l t  especial-ly for demonstra-tion and development of thorium 

fuel  cycle  technology. 

Subtask 130 demonstrates appl ica t ion  of t h e  ac id  thorex solvent  ex t r ac t ion  

process t o  the separa t ion  and p u r i f i c a t i o n  of 23’U from the  thorium and. f i s s i o n  

products. It i s  a l s o  subdivided i n t o  design, procurement and tes i i .ng of  equip- 

ment, ins-Lal la t ion of equipment, cold opera t iona l  tes-Ling, hot  demonstration, 
waste treatment and. d.isposal-, mater ia l  hand]-ing, and process development suppork. 

The ac id  thorex pi1.o.t pl-ant w i l l  be a modification of t he  preexis- t ing remotely 

operated but, d i r e c t l y  maintained Thorex P i l o t  Plant  i n  Omd Bui-l.ding 3319. 
capaci.t;y of t he  p1a.n.t i.s about 6 kg ‘3?LJ/day, whi.ch exceeds t h e  reqii.remeni;s 

assoc ia ted  with the  Head-End Processing P i l o t  P lan t .  The prin.ci.pa1. operat ions 

involve separa t ion  of t he  uranium and thorium from the  f i s s i o n  products i n  an 

ex t rac t i~on  column, followed by s e p r a t i o n  of uranium from t h e  thorium i n  a 

par - t i t ion ing  column. The uranium i s  then sepsra-tetl from the  organic sol..vent 

i n  a s t r i p p i n g  colufflrl and, a f t e r  evaporation, i s  t r ans fe r r ed  t o  the re fabr ica-  

t i o n  p i l o t  p l a n t .  

The 

5. TASK 200 - HEFABRICATION DEVfCOPMEN’T 

The r e fab r i ca t ion  devel opient i a s k  has two major subtasks : Refabric-lt ion 

Process Development (Subtask 213) and Refabricat ion P’f lot  P lan t  Denonstration 

(Subtask 229’. 

snd i s  subdivided i n t o  spec ia l ized  subiasks.  The p l an  presents  t he  need, 

ex i s t ing  technology, and work p l an  for. each subtask.  

Each is scheduled t o  f i t  t h e  ove ra l l  schedul P o f  the program 



Subtask 210 i s  divi.ded Tnto s o l  preparat ion,  i n  which the  thorium and 
uranilim n i t r a t e s  fron reprocessing a r e  converted t o  oxide s o l  by ?amine extrac-  

t i o n  i.n ?;he solex process;  microsphere preparat ion,  i n  which the  s o l  i s  d.ehy- 

drated. t o  form small spher ica l  p a r t i c l e s  of  oxide; microsphere eoati.ng, 7.n whj.ch 

l aye r s  of py ro ly t i c  carbon arid p0ssibl.y S i c  are deposited on the  f u e l  p a r t i c l e s ;  
part;.j.cle kiand7.ing and inspec t ion ;  f i e 1  s t5ck  f ab r i ca t ion  i n  which coated. fiiel 

p a r t i c l e s  are blended i n  mold.s,  i n j ec t ed  with b indsr ,  anti cured. i n t o  c:.yl.indri- 

ca.1. rods; R i e l  element f ab r i ca t ion ,  I n  which the  fue l  sticks a r e  inserteed in to  

graphi te  blocks; an6 recycle  of o f f - spec i f i ca t ion  material.. 

Subtask 2?.0 u t i l i z e s  t h e  information obtained from Subtask 210, arid demon- 

s t r a t e s  t h a t  the  processes and equipment a r e  s a t i s f a c t o r y  . F o r  r e f ab r i ca t ion  of 
f i e 1  elements. A s  i n  t h e  o ther  p i l o t  pLan-t; subtasks,  t he  work i s  divid-ed i n t o  

process and equipment design, procun-ement and testi-ng o f  equipment, fnstal.la!;i.on 

of equipment, cold opera t iona l  t e s t i n g  of  pi1.ot plant, tio-t, demnnstrati.on, waste 

treatment and disposal ,  materia1.s handl.ing, and process development support ~ The 

principa.1 operat  ions involve converti-ng ?;he 

P i l o t  Plant! i n t o  a sol. l ~ y  solvent  ex t r ac t ion  d iges t ion ;  using the sol-gel  pro- 

cess  t o  consrert thoria and urania  so ls  i n t o  calcined. microspheres; coating the  

microspheres with various I.ilyers o f  py ro ly t i c  carbon and. S i c ;  bl.end.inc< coaked 

fuel. p a r t i c l e s  ; combininq fuel. pnrtic:l.es, g raphi te  f i l l e r  and binder materials  

t;o form f i e 1  s t i c k s ,  whi.ch are !;hen carbonized; and. assernbl.,l.i.rig i;he f i n a l  fue l  

element. The sca1.e of  operat ions permits about two recyc1.e elements to be 
fabr ica ted  per  day; thi.s throughput is about 5 f  of t h a t  env.ikioned for 
a 1 arge commercial fzci.lii;y-. The pl..anned location of t he  Fuel Refabricat ion 

P i l o t  i;l.anl; -is the  Thorium-Uranium Recycle Fac:i.li.ty (rLTJRF) . 

'UOz (NO: ? 2 (from the  Acid Thorex 

The i r r a d i a t i o n  t a sk  has four su-btasks : Ca-psuie Trrarlia1;ion Tests 

(Subtask 391 ', Peach Bottom I r r a d i a t i o n  Tests  'Subtask :302), Large-Scale Proof 

'rests (Subtask 303 1, and. Refabricated- Diel Irrati.ia:tj.ori Tests (Subtask 3 0 4 ) .  The 

schedul.ing and. needs o f  the  i r radLat ion program a r e  followed by- preser1tai;ions of 

t h e  requirements, technology, and p l an  of  each subtask.  Suk tiask 30:L. inell-ides 

s-mall-scale t e s t s  i.n test ,  reac tors  of deveI.opmenta1. f'uel p a r t i c l e s  antl. fuel. 

stl.cks ~ Sub-task 302 covers i r r a d i a t i o n  i.n t h e  Peach Bottom Reactor o f  spec ia l  

f'uel. elements simula.ting ns f a r  as  poss ib le  the  fabr.i.cation methods and operat ing 

conditions ant ic i -pated for H'TGR recycle  f l~e l . .  Both subtasks w i l l  provi de .i.nfor- 

mat ion on i r r a t l i a t ion  performance as well. a s  i r r a d i a t e d  materia.1 for L:ibora.Lory 

and eng inee rhg  t e s t s  o f  reprocessing methods ~ I n  Subtask 303 two fuiLl-size 
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RTGR el.ernents, made by recycle  f ab r i ca t ion  methods but  containing 2i 5U r a the r  
i;hail 2 3 ? T  J, w i l l  be t e s t e d  to v e r i f y  the  caps-bi~lity of tiict refabricat; ion methods 

f o r  producing f u e l  with s a t i s f a c t o r y  pe r  fbrrnarice. Fi.nall.y, Subtask 3834 w i l l  

t e s t  fliel. el.ernen-is produced i n  {;he cold s t a r t -up  and hot operat ion of t he  

Refabricat ion P i l o t  Plant .  I r r a d i a t i o n  t e s t i n g  of  recycle  fuel. fabr ica ted  during 

t%e p i l o t  p l an t  hot demonstration runs provLdes the  final. proof and performance 

tes t s  of  t he  recycle  technology devel.oped i n  : ;his  program. 

7. TASK 400 -- COPMLRCIAL RECYCLE PLATTT STUDIES 

The primary. aim of the  commercial. s tud ie s  t a sk  :is bo ens1i.i-e t h a t  t h e  tech-  

tiol.og:y developed i n  t h i s  program i s  memi.ngAi1. t o  a cormercial f i e 1  recyc le  

p l a n t .  Thus, an impoytan'i considerat ion i s  feedback t o  t h e  development tasks  of 

t h e  needs of a commercial pl-ant, and t h i s  feedback is  t h e  aim of Subtask 413, 

Engineeri-ng and Economic Studies .  The subtask i.s subdivi.ded i n t o  pi-ocess evalua- 

tion, which guides the  development and evaluates  deve1.opment data  f o r  design 

needs; f ie1  shipping mei;hods and cos t s ;  i r r ad ia t ed  f'uel stoyage, which considers 

t h e  optimum timing, s ize:  and 1.ocation of s torage  s i tes ;  and waste minagenrent; 

and by-product recovery. The engineering s tud ie s  should be compl.eted i n  l",%. 

Subtask Q3 concerns the conceptual design of  a commei-ci.al recycle  p lan t ,  and 

t r a n s l a t e s  t he  resiul-ts o f  the  development program i n t o  a mec.,ningfil document for 

fbture use.  The conceptual design a c t i v i t i e s  incl1.id.e p l an t  l~ayouts ,  equtpment 

and systems designs, and t h e  prepara t ion  of a conceptual- design r3por t .  
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1.. INTTOIJJCTION 

The Iiigh-Temperature Gas-Cooled Reactor ‘YT’GR) system using the Th-23 ’U 

?Jel cycle  has t h e  po ten t i a l  of both lowering power production c~ ) s t s  and 

improving t h e  i i t i l i z a t i o n  of our thorium and uranium resoiurces. Stiirlies af 

HTGR fliel cycle  economics have shown t h a t  r 3 3 U  has a r e l a t i v e l y  high value i n  

HTGR’s. As a r e s u l t ,  it is economically important, Lo develop IiTGR file1 recycle  

technology. This repor t  summarizes a plan for developing thst terhnology i n  a 

log ica l  arid economical manner, and. i s  based on 5nr’ormtion developed in (JSfGC- 

sponsoreci programs a t  o-ilf General .titomic (EA) anct 0t3k Ridge iba Sional ,_ 

Laboratory f OXU, j . 
Toe recyc le  development program is t o  be ca r r i ed  out largely si, OElr’Sc,, 

raking u s e  of ava i lab le  f a c i l i t i e s  such as  TURF (Thorium Uranium Fecyc1.e 

l%aeil5 ty) and the  Thorex P i l o t  Tlant .  The recycle  p i l  ot p lan t  ilemonstration 

also considers use  of khese f a c i l i t i e s ,  and. cons t i t u t e s  p a r t  of’ i,he develop- 

ment and proof‘ t e s t i n g  of processes an& eqiuipment. However, t h e  Idaho pro- 

cessing plant i s  also available to t,he IJSAEC for carrying out t h e  head-end 

processing p a r t  of t he  recycle  demonstration. Thus, while  t h i s  repor t  con- 

sider:; the e n t i r e  D i e l  recycle  demonstration i,o be cxr.ried au t  a t  QNTL, 

perrriit,ting the program plan  t o  be out l ined  i n  a spec i f ic  arid thorough manner, 
i t  does not necessar j ly  represent  t h e  pos i t i on  of  the USAEC concerning the  

i ocati.on of t h e  head-end processing p-ilot plant. 

I. 1 OBJTXT I ‘JF: 

The primary objec t ive  of t h i s  program is  he devclopmenr, of fuel recycle  

technology thar, is requtred t o  ps tab l i sh  and siipport cormercial  HTGK f’uel recy- 
c l e  operat ions.  Toe intermediate  objec t ives  o f  t he  propram a r e  the  devel opmeni, 

of reprocessTng and r e fab r i ca t ion  processes, eqiiTpment, p rac t ices ,  an(! procedures 

and dwionr: traLion ,If pi lo t - sca le  reprocessing and r e t ab r i ca t ion  o p e ~ ~ t , i  ons. 

concep-r,uai (1,s igri o!‘ i i  la-rge-scale recyc1.e Dlant, will he uroduced. during the  

developmeat pr~)gram, t,o be followed by ?les ign and corstruct ior i  01’ a c o m r c i s l  

p l a d  by p r lva t e  Ladustry. This program i s  inwiitletl i u  intepr:it,r, ?,he c C P o r t s  

of uoLh ttie Arc and priv,z’bo irldiia1,ry i n  meeting t n e  object ives .  

4 

l l i 3  G program plan 01 t t l i n e s  the tlPveloprnent ar d dmor i :> t r a t ioo  work, pro- 
vides t3 svhedule For an order ly  a n d  e f f i c i e n t  apprutch L o  comnerc’i a l ly  wcepz- 

a:ble f o e 1  recyel-  procedures, %rid es tab l i shes  the  associated p r i o r i t  i cas, ’c5u6iLg, 

and bud& es t imates .  ‘I’he probyam pltan dQes nor, necessar i ly  represent, t h o  final. 
poei1,jon of the USAEC. 
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1.2 SCOPE 

The scope of t h e  Nat ional  HTGR &el Recycle Development Program includes 

spent f u e l  reprocessing, recyc le  f'uel. fabr ica t ion ,  s torage  and shipping where 

concerned with recycle  fiie19 waste management, recycle  fue l s  irrad7.a t ion ,  concep- 

t u . a l  design of a commercial recyc1.e p l imt ,  and. 1i.aison with p r iva t e  i n t e r e s t s  

i n  t h e  design a i d  construct ion of a cormei-cia1 recycle  p lan t .  Yhis program is 

intended t o  develop recyc le  technology f o r  a reference f u e l  elemeni; containing 
f u e l  s t icks  of coa-t;ed ceramic fuel. p a r t i c l e s .  Al te rna t ive  fiels wj.l.1. be 

inves t iga ted  on1.y t o  t he  ex ten t  of determining their r e l a t i v e  mertts. Non- 

recycle  f'uel. design or f ab r i ca t ion  technology wi1.l. not be developed i n  t h i s  
program. The technol.ogy of nonrecycle f u e l s  w i l l  be adapted t o  recycle  

f u e l s  wherever possj-ble. 
The National HTGH Fuel.. Recycle Development Program Pl.an 5.s d i rec t ed  toward: 

1. siriimarizing a s  of December 1970 t h e  d,evelopment work and t h e  work schedule 
requi-red .to develop a commercial fh.el- recyc le  indus t ry  f o r  t h e  HTGR i n  a 

weI-2. ordered, economic manner, and 

2. supplying budge!; es t imates  and documenting j u s t i f i c a t i o n s  f o r  :;he develop- 

men-t iTork. 

The National HTGR Fuel Recycle Development, Program Plan j.s composed of  four  
s p e c i f i c  a reas  of  a c t i v i t y .  

1.2.1 Ta.sk 10C; - .... Reprocessing _._. Development 

This t a s k  i s  t h e  development of processes a.nd equipment required t o  rermve 

i n t a c t  spent f u e l  p a r t i c l e s  from t h e  speiit f u e l  elements, to separa te  t h e  

recycle  ( f e r t i l e )  fue1.. pari; icles from the  f i s s i l e  f i e 1  par t ie l -es ,  and 

t o  recover and decontaminate t'ne 233U from t h e  recyc le  fuel. p a r - t i c k s .  

1.2.2 Task 230 - _I_-II Rcfabricat ion ~ .--. kveloprnent ~ -.- 

This task j s t h e  devel opinent of remotely operable processes and equipment, 

for making f u e l  p a r t i c l e s  containing recycled 233U and f o r  assembling thcsc 

fuel p a r t i c l e s  i n t o  IiY'GK f u e l  elements. 

1 . 2 . 3  Task 300 - Recycle Fuel  1rradiati .ons 

This t a s k  i s  t h e  proof t e s t i n g  and qu.alif ication of f u e l  p a r t i c l e s  and 

f u e l  elements made with -Lhe processes wid equipmen.{; developed f o r  r e f a b r i c a t i  on 

and provid-ing suf f ic ien- t  i r r a d i a t e d  fuel t o  tesi; ,. on a. s i g n i f i c a n t  scale, t h e  

pmcesses and eqilipment developed for reprocessing. 
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l . ' ) . L  Task .'rO') - Commercial Pecyclc Plant Studies 

This t a s k  j s t he  s tudy of deve lopn~i i t ,~  i n  the reprocesfiing arid reT'dstiica- 

t i o n  a reas  and their impact 011 t h e  t iming, ope rab i l i t y ,  ma.intainability, and 

economics of t h e  commercial recycle p l an t ,  a n d  t h e  use of' tktese s tud ie s  t o  

assist i n  quidinc development program tasks. 

.In the execution of t h i s  program, ava i l ab le  ar-d applicable engineering 

standards and q u a l i t y  assur?xice p rac t i ces  f o r  designiag, consi;ructirig, and 

operat ing t h e  pilot-plant equipment will be utilized. Concurrenl, w i t h  process 

and equipfilerit development, standards and proctdilres w i l l  be developed where 

t h e y  a r e  r o t  ava i lab le  o r  are iriadecimte t o  de t ine  che technologjj  reciuired t o  

support commercial f u e l  recycle .  



Information on t h e  f m d t n g  and overs1.l scheduling needed for t imely  

completion of the program i s  co l lec ted  j n  l;his sec t ion .  

2 . 1  T J M l N G  AND SCHEDULE 

The timing o f  tile program js cont ro l led  by two considerat ions : -the most 

propi t ious date  t o  s tar t  commercial recycle  operat ions a r i d  t h e  bes t  u t i l i z a t i o n  

of research and. development resources - funds, manpower, am3 E a c i l i t i e s .  A 

s tudy of t h e  economics of HIL'GK f ie].  recycle anti the development required (see 

Chapter 3) ind ica tes  1984 as t h e  i d e a l  date  f o r  the  s ta r t  of connnereial. recycle  

operat ions.  The schedule of l;iie development program t h a t  must be fol.1owed. t o  

achi-eve t h i s  ob jec t ive  i s  shown i n  Fig. 2.1. The schedules f o r  t h e  four  t a sks  

a r e  broken down f u r t h e r  i n  t h e  chapters on these  t a sks .  

2 . 2  EUDGEr 

m e  t o t a l  cos-t OP t'ne pi-ograin -to t'ne REC i.s somewhat over $53 rnj-llion, 

with the bulk o f  -the money being spent a t  a r a t e  of $5 mrilli.on t o  $5 rnj.llion 

per  year during 1972 through 1978. 

which shows t h e  d i s t r i b u t i o n  of operat ing cos'cs with  ti.me and among the  prrinci- 

p a l  t a sks  and subtasks. The c a p i t a l  requi:rements a r e  f o r  equipping and r o d i -  

fying p i l o t  p lan t  f a c i l i t i e s  a t  ORNL and will be needed p r inc ipa l ly  during 1973 

through 1.975. These expenses a r e  i.temized f o r  the th ree  pilo-t p l an t s  i n  

Tab]-es 2 .2 ,  2 .3 ,  and 2.1. 

1983 i s  expec-Led f o r  t h e  construct ion of l;he commercial recycle  p lan t .  However, 

t h i s  w i l l  be  p r iva t e  flu1d.s of t h e  comiiercial reprocessor  and hence i s  no-t shown 

i n  the  t ab le s  of AEC expenditure, and t h i s  -bask i s  not incl.ud.ed i n  t h i s  piwgram. 

%ne t o t a l  j.s bl-oken down in Table 2.1, 

An expenditure of about $80 mill-ion from 1'378 t o  

2 . 3  KEY PROGRAM MiLESTOIWS 

Key mil cs tones of t h e  progyam plan a r e  given i n  Table 2. . These mile- 

s tones have been ind ica ted  on t h e  program schedule, Fig.  2 .1 ,  arid a l s o  on 

ind iv idua l  schedules of t h e  tasks given i n  subsequent chapters of t h i s  plan. 



ORNL-DWG 71-7672 

REPROCESSING DEVELOPMENT 

Process Development 

Head-End Pilot Plant Design 

Head-End Pilot Plant Eqpt Fab & Install 

Head-End Pilot Plant Cold Opn'l Testing 

Head-End Hot Demonstration 

Acid Thorex Pilot Plant Design 

Acid Thorex Pilot Plant Eqpt Fab & Install 

Acid Thorex Pilot Plant Cold Opn't Testing 

Acid Thorex PIlot Plant Hot Eemnstratlon 

REFABRICATION DEVELOPMENT 
Process Development 

Refab Pilot Plant Design 

Refab Pilot Plant Eqpt Fab b Install 
k f a b  Pilot Plant Cold Op"'1 Testing 

Refab Pilot Plant Hot Oeiwnstration 

RECYCLE FUEL 1RRADIATIUNS 

Capsule Irradiation Tests 

Peach Bottom Irradiation Tests (RTE) 

Proof Tests (FSV PTE! 



Table 2.1. Summary of Costs of  HTGR Fuel Recycle Development Program 

Cost, $ l , O O \ l ,  f o r  Each F i s c a l  Year Total  
Task Task T i t l e  Manpower and 

1970 1'271 1772 1071 i374 1975 1976 1377 19'78 197r> 1980 1281 After Material  

1115 Head-end reprocessing 24'1 

122 Read-end p i l o t  plant c 

13Q Acid %orex p i l o t  p lan t  0 

210 Refabrication process 4 x  

deve lopmen-: 

demonstrat i on  

demonstration 

deveiopment 

22:) Refabrication p i l o t  200 
plant demons-;rat ion 

333 Recycle f u e l  i r r a d i a t i o n s  120 

I r rad ia t ion  uni tsa  (1 

1.3'3 Comerciai  recycle  plant  5 
stLities - 

Total operating bueget 1,049 

Tosal c a p i t a l  budget 

Total  A E C  bu%get 

63: 1,112 1,104 797 40. 0 r, n n 4,542 

536 772 1,704 1,365 '7% 728 '7,068 I 

3 0 272 c7% 672 57% 572 C r  e, i, :no 

590 1 , 1: 8 1,814 1,38.7 678 542 D r? 0 

1,194 3,182 ?,,108 2,424 1,4'?! 2, :,Yt 2,666 21,783 

160 

(200) 

04 

1 5 2  

0 

320 

85 
0 

524 

113 

6C'J 

103 15 

0 

226 -.'\. r n  

n 

-- 
3,75C 3,165 

256 

C 

I; 

%,32'? 4,465 i! ,718 4,312 4 ,6 !, 6 256 

~ ~- 

aMoi included i n  t o t a l s .  
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Table 2.3. Surnriiary of Capi ta l  Expenditlire f o r  Xeprocessing CevelopIKeent - 
Head-End P i l o t  Ylant 

It ern Appr o x i m t  e 
Co:;t 

Process Equipment 

Burner reed preparaiiori  eguipmen’c $ ?I n,coo 
R u r r i e r  and ash handling equipnient 330, ocr) 
Classified burrier ash  t r e a t i n g  equipment 3-7 5 ,  oco 
Off -gas hamil i n g  and decontarniiiation equipmenl; LOO, 900 

Subto ta l  process equipment 1,205, GOO 

Eng i.nc er  irig 

Total process equipment 

Naske Treatmeat and Gisposal 

Solid waste disposal equipment 
Gaseous was te  disposal equipment 

Cubtota3 waste treatment and disposal 

Lngineering 

Total  waste treatment and d isposa l  

Material Handling 

Spent f u e l  receiving and. storage a rea  
Cool i ng t mer  

Subtotal  m t e r i a l  handling 

Engineering 

Total rnateri 3.3. handling 

3,030,000 

$3,f!150,000 

420,000 
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'Table 2.3. Summary of Capi ta l  Expenditures f o r  Reprocessing Vevelopment - 
Acid Thorex Pilob Plant 

_lll_l_ 

Appr oxirnat e 
Cost It em 

- - . ~  ~ ---.. 
Proc es s Equipment 

Leacher 
Extract.ioa column madif icabions 
Boron-containing Raschig r ings  
Centrifuge for so l id s  rermval 
Pa r t i t i on ing  column pulser  
Off-gas handling and decorkamination equipment 

Subto ta l  process equipment 

Engineering 

500,030 

250,000 

Total  process equipment 

Waste Treatment and Disposal 

So1i.d waste d isposa l  equipitient 
Gaseous waste d isposa l  equipment, 

5 750,000 

Subto ta l  was-Le treatment and disposal 

Engineering 

190,000 

93,000 

To'ial waste t reatment  and di-sposal 

Ma-Lei-ial Handling 

Feed-charging mechanism 
233U withdrawal system 

i$ 280,003 

5 50,000 
30,000 

Subto ta l  tilaterial handling 

Engineering 

80, GOC 

40,000 

Total pa te r ia l -  handling $ 120,000 

Total Acid Thorex P i l o t  Plant Modifications $1,150,000 
. .. . 
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Table 5. d .  Surmwy of Capital  Expendit ares for Refabrication Cevelopment - 
Refabrication E’Tl0-t  Plant,” 

1i;ern 

Microsphere coat ing equipment 

F u e l  s t i c k  fabrication equipment 

2C7,CJiX) 

102, :lo::) 

Fue l  element assemb1.y equipment; %, [ )iJ(j 

Cont ingericy 3 . 1 2  r;2 5 



rq l a o l e  - 2.5. -<TG3 Fuel Recycle Developmedc I rogram vilestones 

ri lestone" Tas k Event Date 

1 200 

2 300 

3 200 

r, 100 

5 100 

6 2LO 

7 2cio 

8 100 

3 101) 

10 300 

11 10: 

12 102 

13 200 

14 100 

15 l o o  
16 200 

17 120 

18 3 30 

13 100 

Establ ish f a e l  s t i c k  f ab r i ca t ion  technology January 1972 

Cwqle te  hot  c e l l  studies with f i r s t  Peech Sottom t e s t  elexent Z-aniary lU72 

Estzkl ish microsphere coat izg technology March 197% 

Establ ish method f o r  Surner feed pregaret.ton j ~ 1 y  1972 

Establ ish leacher technology duly 19'72 

Establ ish f u e l  element assembly technology July 1972 

Issue p l l o t  plan-'; conceptual deslgn r epor t  (Relabrication P i l o t  Sep";miser 1'372 

Establ ish p a r t l c i e  separation method January 1973 

Establ ish o f f  -gas h m d l i s g  method Jaquary 1973 

I rxe r t ion  ol large-scale -proof t e s t  elements irito FSVR January 1973 

p l an t  ) 

Conplete cosstruct ion OP f u e l  hasdling f a c i l i t y  2-u1y 1973 

Iss &e p i l o t  plant  cor,ceptual design report  (:lead-End P i l o t  Plant ) 
Issue p i l o t  plant  preliminary design report  (Refa3ricatlon P i l o t  March 1974 

Issue p i l o t  piant  conceptual desigil r t?port  (Acid Thorex P i l o t  P l a n t )  January 1'?7r+ 

Issue p i l o t  plant  preliminary design report  (Head-End P i lo t  Plmt ) July 1 9 7 i  

Issue p i l o t  plant f i n a l  design report  (Refabrication P i lo t  P l an~ t )  September 1974 

I s sae  p i l o t  plan-: preliminary design report  (Acld Thorex P i lo t  Jenuery 19'7 5 

Coxplete capsule i r r a d i a t i o n  tes t s  J a n u r y  1975 

Complete constr;ction of p i l o t  p l an t s  (Head-End and Acid Thorex ZanLiary 1976 

Complete construction of p i l o t  p l an t  (ReSa5rication ;3ilot Plant 1 January 1976 

J a n a r y  1974 

PlarLt ) 

P l a n t  ) 

.D.. _. LO-,: Plants 1) 
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22 

I n i t i a t e  hot demonstrati";on of pilot plants  (Head-znd arid Acid 

I n i t i a t e  hot demo:istrstioil of' p i l o t  plant (Refabrication P i l o t  

Iilsei-tlon of  refakricated test e i e m n t s  i n t o  FCVR 

Sei-ect ion ut' reprocessing process [coiniiercial plact  st-adies ) 
Selecti un of ref'abrication process (coimiercial plant studies) 
E:xawination of proof tes-t elenefits 

Examination of proof test elements 

C o ~ p l e t  e r e pr o ce s s ing demms t r at i on  

Tnorex Pilot P1ar:'is) 

P l a n t  ,) 

C G i ; p k % e  re fabr i eat ion  demons t,rat i 01: 

Issue comxercial recycle pl imt  eor,ceptual desigc report 

Issue reprocessiag demonstrat ion f i n a l  report 

Is sue r e fab r i ca t ion  denons t ra t ion  f i n a l  ~ i t p o ~ t  

a Milestbones a r e  inciicaied by these namkers in Fig. 2.1 aiic i n  developwnt schedules i n  later 
cZapt ers . 
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3. TECHNICAL ANI) ECONOMIC BACKGROUND 

To gjve sound bas i s  f o r  understanding t h e  iaskj: discussed i n  t h e  m i n  body 

of t h i s  document, ihe iechiiology and economics of the f u e l  recycle  are reviewed 

i n  t h i s  chapi,er. 

3 .1  FUEL CYCLE 

The KTGR's being developed i n  t h e  United S ta t e s  will use t h e  Th-233U cycle.  

The iiiiti.al core w i l l  be fileled witln '121-'~~U ( the  235U from 93$-enriched 

uranium), wi th  increas ing  amounts of 233U usnd a s  i t  i.s produced and recovered. 

Since t h e  conversion r a t i o  of t h e  type HTGR under considerat,i.on i.s about 0.8 
with a f u e l  exposure time of four years ,  makeup 235U will have t o  be used 

throughout t h e  ]Life of t h e  r eac to r .  These conversion r a t i o s  a r e  valid. only i f  

ths spent 235U, whi-ch contains  23'U, i s  not recycled wi th  t h e  233U. Techniques 

have been proposed i;o keep t h e  spent 235U sepayate from t h e  2333; t hese  w i l l  be 

explained i r r  subsequent sec t ions .  'The peilalty f o r  recycl ing v a ~ i o u s  amounts of 

uranium containing t h e  s teady-s ta te  amount of 2 3  'U i s  descri-bed i n  Appendix A. 

The f u e l  element fo r  t h e  reference HTGR is a hexagonal block of graphi-ke 

approximately 31. in. long and 14 i n .  across  the fl-ats, as shown i n  Fig. 3.1. 1% 

both t h e  reference 1000-M4(e) HTGR and the For t  S t .  Vrain H E R  (FSVR) cu r ren t ly  

being constructed,  t hese  fuel elements w i l l  be stacked. i n  a close-packed a r m y .  

No supporting st,r?icture o r  add i t iona l  m d e r a t  or mater ia l  i s  needed. The 'iypica,l 

f u e l  element coiltains 102 helium coolant hol.es arid 210 f u e l  ho les .  A s l i gh - t ly  

modified. f u e l  element , shown i n  Fig. 3 .2 ,  contains la rge  holes  for t h e  cont ro l  

rods.  Trie FSVR f u e l  elements a r e  d.escribed i n  Appendix B. 

The f u e l  used i n  t h e  H ' E R  i s  i n  t h e  form of  ceramic kernels  (microspheres), 

coated w i t h  pyrol jkic  carbon and sj.l.i.con carbitle and bonded i n t o  sJG.i.i;ks t h a t  f i t  

i n t o  the  f u e l  hol-zs i n  t h e  graphi te  blocks. The coatings on t h e  kernels  pre- 

vent t h e  r ap id  spread of f i s s i o n  products i n  t h e  r eac to r  system. 
of low-deiisity pp -o ly t i c  carbon is appl ied t o  all kernels t o  prov.it3.e voids f o r  

t h e  f i s s i o n  products and t o  p ro tec t  the outer  coat ing from f i - s s ion  r e c o i l  

damage. Tne outer  l aye r s ,  which may be e i t h e r  a s ing le  l aye r  of high-densi ty  

py ro ly t i c  carbon o r  a layer  of  s i l i c o n  carbide San&hTiChed between two l ayers  of 

An iiiiier layer  
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4 4.1 

ORNL-DWG 70- 10233 

( 0 )  r--.- 8.4 82 in.--------- ,,AA 

. ..-. \ "  
\, 

\ L a  
0.740-i n. PITCH -I 

COOLANT HOLE 
0.500-in. dia (6) ty COOLANT HOLE 

87---0.625-in dio (t02) 

e#\\- BURNABLE POISON 
Fy,i HOLE 0.500-in dia (6) 

Qo&FFUEL HOLE 
OXYJ-in. dio (210) 

CEMENTEG GRAPHITE 
PLUG (tup) 

FUEL HAN DLlNG 
PICKUP HOLE 



ORN L- DiYG 70- IO23il - ............... 9.72 in, RES E R V  E SHUTDOWN 

COOLANT HOLE 
O.5QO-in. diu (5) 

F U E L  HOLE 
0.500-in. dia (420) 

CONTROL ROD 
CHANNEL (2) 

COOLANT HOLE 
O.625-in. dia (52) 

BURNABLE WlSON 
HOLE 0.500-in. dio (4) 

CEMENTED GRAPI-I l iE 

0.740-in. PITCH --\ 
L.: 

i in. 7- 
CLEARANCE 

SECTIOP 

FlJEL HANDLING 
PICKUP HOI E 

Fig. 3.2.  Typical 1000-h%J(e) Modified Fuel. Element with ContTol Rod 
Passage. 
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hj.gh-derts:i.i;y py ro ly t i c  carbon, a c t  as a pressure vessel .  -to corit;ai t i  the f i s s i o n  

products. 

r eac to r  i s  to keep the  par t j .c le  irit:ac:!; during ear ly  s tages  of reprocessing s o  
it C a r l  be c l a s s i f i e d  by s i ze from other  p a r t i c l e s  ~ a1i;hough t h e  s i l i c o n  c:aJ;n.icJc: 

is also a more ei'f'ective diff'usiun b a r r i e r  t o  some fiss:i.on pr.otJ.ii.c:-t;s. 

'l'he p r i n c i p a l  reason f o r  t h e  s L l i c o n  c:u%ide coa-ti.ng :in tbe 1COO-NW (e) 

Four  t-ypes of  p a r t i c l e s  a r e  used. .t;o a7.l.m~ f o r  rr;xin!;aining separat ion of 

spent " j 5 T J  (coritairij.ng ;'"'U) from 2 3 3 U  and t o  miniinize line f ab r i ca t ion  costs.  
The 1.atf;er :i.s poss.i.ble 'oecailse p a r t i c l e s  containirlg o r i l y  thoriism or '' [J can be 

fa's~:i.cai;ed a t  considerably lower cost, i n  a separate f ' w i l i t y  f rom the 2'3[J par- 
tic1.w s ince  sh ie ld ing  i s  not necessary. The four yar:-t:i.c:l.e types are m e  

f e r t i l e  p a r t i c l e  and th ree  fissi1.e pari;icles : a f iss  i.12 p a r t i . d e  containing 

2 3 5 r ~  w i . t i i  a py ro ly t i c  carbon eoat tng,  c a ~ e d  t he  T-IISO rissile p a r t i c l e ;  a 

f i s s i l e  p a r t i c l e  containi.rtg "'U coat t? t? .  with 110th py-rolflic carbon arid. s i l icor i  

carrbid.e, ca l l ed  the "RISO f.i.ssile p a r t i c l e ;  and a f i s s i l e  p a r t i c l e  cmtaini1ig 

2331J with ~3 pyroL.yt,:i.c carbon coating, ca l l ed  t h e  recycle  p a r t i c l e .  O n l g  orie 

type of' f i s s i l e  p a r t i c l e  i s  used i n  any orie f u e l  element. Fi.ssile par-bicles 

a r e  mixed with f e r t j - k  p w t i c 1 . e ~  'oei"ore t h e  fuel stick i s  formed. 

Two t y p e s  of' c-:l~etrienf..s a r e  used a t  one time i n  t h e  core : e7.enierri; R arid 

element X.. Every element contains the ThC2 f'ert: i.7.e pa.:r'c:i.cle. The 'IIK:[.SO f i s s i l e  

p a r t i c l e  :is contained i n  e1.emmt B. 

separated from t h e  o ther  pari;icl.es by s i z e  c l a s s i f i c a t j o n  because of t h e  SFC 

coat ing.  

si1.e pa.:r.t:i cle. Alt,houg'n t h i s  p a r t i c l e  cannot be s i z e  cl.assiEieci from 'che 

:f'erf;i.le p a r t i c l e ,  nlos'r, of these el.eme:n%s w i l l  be removed before  full bumup is 

achieved (€our years f o r  the refererice fuel design). Thus s i g n i f t c a n t  yuanti- 

t i e s  of '" 'TJ wi.3.1 rem:i.n, ant1 i-t i.s eeonornically warranted to reprocess tliese 

el.eiiierits witho1.rt separa t ion  o f  the  p a r t i c l e s ,  Die penal-ty associ.:i.ted wi.th 

iiei~tr.or1 absorptions in ""17 bred from 235 U becomes large only w:hen {;his nucl ide 

%iii.ltls up 1;s la rge  concentratioris d i~e  .to i t s  coiii;i.nuetl prod?ict,ioli f T o m  '' 5U 

makeup f u e l .  I n  l a t e r  core  Ioadirigs, <he same elexent  B as i n  t h e  i n i % i a l  

t he l ing  i s  used, ant? the recycle p a r t i c l e  i s  used i n  element A. Si.cce t h i s  

pay t i c l e  COrXtiXlnS only 233Lr and. thorium no separation of paz%icl.i?:; L:: required.  

?pri-i.s parti.cLe cont;ains 23'!T and can be 

Irtif;ia3.ly, uot i l  233U is  ava i l ab le ,  element A coti tains -the B I S O  f i s -  

The coated particle:3 Stre described i n  Table 3.1. Carbide kerrie:l.s iriere 

choselz for  t h e  init ia:L loadings and f o r  the fertj.1.e particles 'because t h e  

manufacturing capabi . l i ty  t o  produce these  p a r t i c l e s  in l a rge  q u a a t i t i e s  already 
exi-sts. 
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a Table 3.1. HTGH Reference Fuel P a r t i c l e  Descriptions 

Property 

P a r t i c l e s  Common t o  B IS 0' 
Roth I n i t i a l  and F i s s i l e  

Recycle Fuel  P a r t i c l e  Recycle 
for Part  i c l e  

I n i t i a l  TRISOb E'ert i1.e P'is s i.1.e P a r t i c l e  Fue 1 P a r t i c l e  

P a r t i c l e  number 

Kernel coirrposition 

1 

Thc 2 
Kernel diameter, pm 4 c 0 
Coating th ickness ,  Iim 

Buffer carbon 
Inner dense carbon 
Si l icon  carbide 
Outer carbon 

5 0 

7 3 

Total  p a r t i c l e  diamete r , .a 640 

Ratio of coating thickness  t o  0 .33 
kerciel diametei- 

50 5 0 83 
23 
20 
3 0 7 0 121: 

340 340 75c 

1 . 2  1 .20  0. 5Ti 

a Pa r t i c l e s  w i l l  be bonded i n t o  fuel. st j-cks f o r  i n s e r t i o n  j.nto hexagonal 
St icks  containing about 15% B/+C i n  R graphil;e graphi te  block fuel elements. 

matri.x w i l l  be used i n  t h e  corner ho les  of t h e  f u e l  eleirients as a burnable 
poison. 

bTRISO designates th ree  types of coat ings of t h e  kerne l :  bu f fe r ,  s i l i c o n  
caYoitle, and dense py ro ly t i c  carbon. 

C BISO designates  two types of coatings of t h e  kernel: buf fe r  and dense 
py ro ly t i c  carbon. 

3.4  REACTORS 

A t  present  t h e  onlg operat ing HTGK iii the United S ta t e s  i s  t h e  Peacii 

Bottom Nuclear Generating Si;ation loca ted  near  Delta, Pennsylvania. This 

r eac to r  uses a hot-pressed f u e l  compact r a t h e r  than t h e  bonded f u e l  p a r t i c l e s  

of fu ture  H E R ' S .  However, f u e l  elements similar t o  those for fu tu re  TS'i'GR's 

have been in se r t ed  i n  t h e  Peach Bottom Reactor. These f v e l  el.emen-tis w i l l  

provide a t e s t  of t h e  reference fuel. a.nd seve ra l  advanced fuels and w i l l  provide 

a reasonably .large quant i ty  of i r rad ia ted .  mater ia l  for reprocessing development. 

The F o r t  S'G. Vrain Reactor3 i s  scheduled t o  be i n  operat ion i n  1.971. 

reac tor  i s  a 3Si3-IWJ(e) HTGR beiiig b u i l t  f o r  t h e  Fublic Service Company of 

Colorado. 

t u r e s  of t h e  -two r eac to r  -'iypes similar. O f  impoytance t o  t h i s  program i s  t h a t  

Ibis 

'This yeactor i s  a prototype of -the 1Ci3C-MW(e) ETGR's, with  mamy fe s -  
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t h e  b a s i c  f u e l  arid f u e l  elelnent type (coated p a r t i c l e s  bonded together  i n to  E1ie.Z 

s t i c k s  and in se r t ed  i n t o  large graphi te  bloc-ks) are ider r t ica l .  

3. ', FUEL IIECYCLE OPEEUlTIGNS 

F u e l  recyc le4  f o r  HTGF's is  diagrammed i n  Fig .  3. 3. AT f u e l  cycle eyui- 

l ibr ium, spent f u e l  i n  the  form of elements A and B i s  removcd  YOI IT^ i,hc- r eac tor  

and a f t e r  short- term storage sent  t o  lie reprocessed. 'he  repmcessing operations 

include head-end arid s o l v e n t  eictract,i on reprocessing. In head-end reprocessing 

The p a r t i c l e s  a r e  removed fkom t h e  elements, c l a s s i f i e d  i n t o  p a r t i c l e  tTypes 

3nd prepared l'or solverit, ex t rac t ion .  

Jri solvent, ex t r ac t ion  reprocesszng, t h e  Puel is t r ea t ed  by {,he Aci d ihorex 

Process t o  remove f i s s i o n  produczs and separa te  Lhe uraniuni from the thorium. 

'lke t ' n o r i i l m  will be stored For 15 years to a l l 0 7 7  its a c t i v i t y  t o  decay to a 

l e v e l  approxi nmLely  {;hat of m i r r a d i a t e d  thorium. 

quan t i t i e s  of '"11. 

high-energy gnmm a c t i v i t y  of i t s  decay products, heavi ly  sh ie lded  f a c i l i t i e s  

~ 5 1 3  be needed not only For  - the reprocessing f a c i l i t y  but f o r  t h e  r e fab r i ca t ion  
f ac l l  it,y i3s wel l .  

The uranium coni 

Because of t h e  sho r t  h a l f - l i f e  of  737U (7L: years) ant3 t h e  

The pur i f ied  "'TJ i s  t r a a s f e r r e d  from t h e  reprocessing fac t  LkLy t o  the 

refabricatiorl  f a c i l i t y ,  where it is  f ab r i ca t ed  i n t o  oxide k e r n e b  by the so l -  

g e  1 technique for producing microspheres. 

t h e  Suel. X 'The oxide microspheres w e  coated wi th  Wzo1;rtic carbon and, aDter 
nirxiiig wi th  The coated zlnC;- par t  i c l e s  (produced i n  another f a r i l i t j r )  

i n t o  f u e l  s t i c k s "  The i ' u e l  s t i c k s  a r e  loaded i n t o  flzel elemrlts, ayld th~sc are 
canned a n d  shipped i o  the reac tor .  Since the  HTGR corlversion r a t io  is  less 

thrr. 1, r resh f u e l  i s  a l s o  siupplied to Lhc r eac to r  irr  the  Yorrn o r '  type 1.3 ele- 

ment:; i 'ahr tcated i n  mshie lded  f a c i l i t i e s .  

In ' chis  process,  f,hor.Lurfl is added t o  

bon4ed 

All of Lhe processing f a c i l i t i e s  - f r e sh  f u e l  f ab r i ca t ion ,  fi*c?1 reproces- 

sjng, and r e fab r i ca t ion  - voiild he designed t o  tiar-dle a riuruber 01' large dTGR's 
to take advwlTage of t h e  erf 'ect  of' s ca l e  on costs. 

3. C SPENT WFL U),4Db 

m1.e Quant i ty  of spent f i x 1  avai1.abl.e for  reprocessing is  not easy t o  

preil.j.c.t since t h e  schedule of HTGR construct ion i s  not  well  es-tiz"Dl.is?ietl. 

eve r ,  suf'fLcient information is  ava i l ab le  to d.ei;ermi.tic? a range of possible  f w l  

ikm~- 

-%- 
Vie addi~t ion  of t h o r i u n  i s  currently specified. 1)ec:silse the? .t;echr,ology of 

:FzbrrIccct; i r ig  1;hj.s 171 d oxide p a r t i c l e  is  f u r t h e r  advance<.. 
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WASTE DISPOSA 

STO R AG E 
F ig .  3.3. HTGR Fuel  RecycLe. 



q u a n t i t i e s ,  sho7m i n  Table 3.2. 

1 Sf!!/., the  projected starkup date for commercial YJTGR fbel recycle  ooera t iom,  t h e  

quant i ty  3f ava i l ab le  fuel frorn several sources can be predicted.  

w i l l  have riischarqed approximately 30 metric  tons o f  metal (U $. Tn 
products ) i n  spent f u e l  elements. 

r eac to r  vi11 e; 3 i n t o  commercial operat ion i n  13'/'?. 
and furYner assuming that; the schrdulc of reac tors  consmucted i s  as pos tu la ied  

Considering the spent f u e l  avai l a b j  1 i i;y i n  

I I i e  FSVE 

f j s s i o n  
Tt i s  estirratztl t h a t  the first l')~)[J-bP/ ( e )  

Rccepi,iag i b i s  assumption, 

i n  the consesvative growth rate depicted in  case 1 of Table 3 . 2 ,  abo1:i;t 330 metric 

t o m  of metal w i l l  be ava i lab le  for reprocessing i n  l W + ,  witin 11 I metr ic  tons 

or" the ava i l ab le  m e t a l  being discharged f r o m  a l l  U.S. BTI;Rrs (FSVH included) i n  

t h a t  year. This 33rJ metric  tons  includes roughly 11 metr ic  tons of  f i s s i l e  

n a t e r f a l  ( 2 3 3 ~  i ' 3 5 ~ ) .  
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ready f o r  reprocessing i n  1984 when t h e  f i rs t  commercial p lan t  becomes 

operal, ional .  

3. '7 ECONOMIC C O N S I D E R h T I O N S  

The value of a n  II'TGH fuel. recyc le  program can be gaged with accuracy s ince  

HIL'GR s can be operated without recyc le?  and the re fo re  t h e  diffe.rence i n  p ~ w e ~  
cost  of recycle  and nonrecycle operat ion can be calculated.  

tha-t  operat ion of ; ? E X ' S  without bene f i t  of recyc le  increases  f u e l  cycle cos ts  

0.2 to 0.3 m i l l / ~ j ~ ~ .  m e  important aspect  i n  determining tlie value o f  recycle  

i s  t h a t  t h i s  0 . 2  t o  0.3 mill/kWh i-ncrease resii1t;s i n  a 5.3 t o  8.0$ i-ncrease i n  

power cost .  To put t h e  potent ia l .  cos t  savings of f u e l  recyc le  i n t o  perspect ive,  

t h e  real. savings accrued t o  t h e  economy by  t h e  year 2000 i.s $1.048 b i l l i o n ,  

assuming constructi.on of reac-tors as out l ined  i n  case 1 of Table 3.2 (a to ta l .  of 

32 r eac to r s  b u i l t  by 1985) and using 3 .25  mil~l/kWh as t h e  power cost  savings of 

recyc le  operat ions.  

allloilfits t o  $262 inil l ion.  

t'nis program, which djscounts on t h e  same basris to $40.7 mil.l.ion, t h i s  savings 

t r a n s l a t e s  t o  a cost  b e n e f i t  f a c t o r  of about 6 .  

%A has ca lcu la ted6  

Discounted t o  1970 at  an annual r a t e  o f  7 $ ,  t h i s  savings 

Compared wi.th the  $56.8 million expenditure out l ined  i n  

In  addi t ion  to decreasing t h e  cost  of e l e c t r i c  pmwer, recycle  of HTGR fuel. 

w i l l .  save a considerable por t ion  of t h e  uranium reserves .  The nonrecycle mode 

of  HTGR operat ion uses about twice as rnuch 235U.  By t h e  year  2000, t he  HTGK 

system described by case 1 without recycle  would use 30,000 mel;yic tons U3Og 

more than  t h e  system using recycle .  

3.6 T I M I N G  

An overal.1 s tudy i n  t h e  economics of an HTGR economy w a s  performed t o  

provide a,n umderstanding G f  t h e  ecoriorflic problem.; involved i n  the timing of t h e  

IITGR Fuel Recycle Development The r e s u l t s  of this s tudy  are shown i n  
Fig.  ~ . L L  and axe based upon t h e  :reactor scheclules s h a m  iil Table 3.2.  %ne 

ordina te  i n  Fig. 3.4 i s  t h e  d i f fe rence  i n  t o t a l  fue l ing  expenditures (discountied 

at *7$ t o  1977) between t h e  optimum recycle  in t roduct ion  d.ate and any other  j n t ro -  

d-uction date  f o r  t he  th ree  d i f f e ren t  r eac to r  i n s t a l l a t i o n  schedules. 

The un i t  cost  of f u e l  recyc le  has been shown consistently-8"-.10 t o  decrease 

markedly as the  throughput of t h e  spent fuel. processing and recycle  f u e l  fabri.- 

ca t ion  F a c i l i t i e s  i-ncreases. Therefore ? it does not appear t o  be economically 
sound t o  b u i l d  a successlon of s m a 7 . 1  recycle  f a c i l i t i e s  AS t h e  fuel. recycle  
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r eac to r  i n s t a l l a t i o n  given i n  Table 3 ,  ;I. 

load increases. Rather, sperit Pile1 should  be s tored  arid the  c.oristructiori of 

recyc le  f a c i l i t i e s  be delayed u n t i l  the  sum of t h e  s to red  f u e l  and the  current  

reprocessing requirements has bui  li; up to an economically adeqiake s ize .  
on these  considerations , t h e  optimum date  for s t a r t  of  recycle  opcrakj ons w a s  

f'oiind to be about seven years  af'ter. the s t a r t u p  of the first lOVI-IW~?) HTGK, 

o r  19% i P  the  f i rs t  such r eac to r  begins operat ion i n  1977. in all cases, t h e  

economic penal ty  i o r  being a year e a r l y  i n  s ta r t l ip  i s  about halE t i a t  oC being 

a year  late.  These results p e r s i s t  throughout all of' Lhe g r w t h  patterns t h a t  

w e r e  considered. 

as t h e  s tandard '7%; again,  the opi,imiini r ecyc le  s t a r t u p  date  of' 1984 per s i s t ed ,  

iiidi ca t  irig a, c lose balance between t h e  cost  of t he  add i t iona l  'j5TJ t h a t  m u s t  be 

purchased before s t a r t i n g  recycle  and the cost  of having a l a rpe  recycle f a c i l -  

i t y  Defore the re  i s  enough f u e l  to j u s t i f y  it. 

Eased 

The study a l s o  cotisjdered discount mtss of 0 and li+:< as w e l l  
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One can determine t h e  schedu1.e of t h e  recycle  development program by 

deducliing from t h e  optimum date  :?or introducing cormercial fuel- recycle  t h e  sum 

of t h e  mini.mum times required for design and construct ion of t h e  commercial 

p l an t ,  f o r  design, construct ion,  and demonstration of operat ion of t he  p i l o t  

p l an t s ,  and f o r  process and equipment development. A schedule determined i n  

t h i s  wa,y i s  shown i n  Fj~g. 2.1,  page 5. It i s  very t i g h t  anti ind ica tes  t h a t  

t h e  recyc le  program plan must be implemented at t h e  fimding levels shown i n  

Table 2 .1 ,  page 6, as soon as poss ib le  if t h e  g rea t e s t  economic b e n e f i t s  aye t o  

be rea l ized .  This schedule j.s based on receiving i r r a d i a t e d  fuel. from t h e  FSVR 

i n  s u f f i c i e n t  quan t t ty  t o  perform t h e  hot demonstration deveLoprnent work begin- 

ning i.n 1.976. 

3 . 9  EXISTING TECHNOLOGY 

Only a l imi t ed  amount of technol.ogy i s  p resen t ly  ava i lab le  f o r  reprocessing 
of graphi te  maLrix fuels. Commnrci.a.1 f a c i l i t i e s  such as t h e  Nuclear Fuel 

Services, Inc . ,  a subsidi.ary of Getty O i l  Company, Midwest Fuel. Recovery P lan t ,  
which i s  being b u i l t  by  General E lec t r i c  Company, and t h e  Nuclear Fuel  P1.aat to 

be b.di1.t by Alli-ed-Gu.lf Nuclear SerQlce are pr imar i ly  concerned wi th  the  pro- 

cessing of metal.-clad U 0 2  fue ls .  Al.so, t h e  government-owned p lan t s  at Hanford 

and Savannah River a r e  not present ly  concerned with reprocessing graphi te  matrix 

fue1.s. Some work has been done a t  t h e  Idaho Chemical Processj~ng Plant  (ICPP) on 

graphiLe rratrix f u e l  t h a t  does not requi re  r a in t a in ing  separat:ion of 233U from 

235U. 

progx+am wherever appl icable .  

demonstrated i n  t h e  Thorex P i h t  Plant a t  OHBL i n  1956. This p i l o t  plant; :i.s 

e s s e n t i a l l y  i.ntac-1; and w i l l  be con-verted t o  t h e  Acid Tilorex Pil-ot Plan:; as a 

p a r t  o f  -the recycle  development program. Thorium oxide f u e l  rods have been 

reprocessed on a production s c a l e  a t  t h e  Hanford. and Savannah River p lan ts  t o  

recop-ei- 233U, wit11 r e l a t i v e l y  l i t t l e  2 3 2 U ,  f o r  experimental purposes. Metal.- 

c l ad  ( T ' n , 7 3 3 ~ ) ~ 2  was remotely fabricated.  at  ORN'L i n  t h e  Kilorod'-' f a c i l i t y  and 

semiremotely refabricatec? a t  t h e  Qynchburg f a c i l i t y  of the Babcock & Wilcox 

Company. l2 

t o  t h i s  program. 

a t  ORNL f o r  use i n  High-Temperature I a t t i c e  T e s t  Reactor physics experiments, l3 

and p a r t i c l e s  of ( ! d i , U ) 0 2 ,  Tho2, and U02 were prepared, coated, a.nd rrade i n t o  

f u e l  sticks f o r  use i n  t h e  Recycle Test Elements ( R  7s) for i r r a d i a t i o n  i n  tine 

Peach Bottom Reactor. 

'me informat?-on developed a t  ICPP w i l l  be  used by  t h e  -recycle development 

Reprocessing of i r r a d i a t e d  thorium meta.1 was 

Li t t7~e  of t h i s  experi-ence on meta,l.-cla.d. f u e l  elements i.s appl icable  

About 32 kg of ( ' ~ Y I , ~ ~ ~ U ) O ~  microspheres w a s  m d e  and. coated 
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3.13 FAG CLITIES rnXDEI) 

To implement t h i s  development program plan ,  f a c i l i t i e s  a r e  required for 

head-end reprocessing demonstration, solvent  ex t rac t ion  reprocess in.& demon- 

s t r a t i o n s ,  f i e 1  re l ' abr ica t i  on demonstration, prool' t e s t  i r rad ia t ior i s  , and the 

laboratory develop1nen.r; work preceding these  demonstration a c t i v i t i e s .  Biis 

1-a.borator~r development work includes both process development and engineering- 

s c a l e  eyiillpmerit development. Laboratory development work will be done i n  

avai l a b l e  chemical arid engineering l abora to r i e s  and h o t - c e l l  f a c i l i t i e s  a t  ONiL 

arid CCA. 

The head-end reprocessing demonstration m d  t he  fuel reYabr i cati on dcmon- 

s t, r a t  ion will be performed i n  p j  l o t  p l an t s  locaLed i n  the Thor i um-TJranium 

Recycle Zl'acility ('I'rJRk ) a t  OHT~JL. '' 
mechanical processing c e l l s ,  a decontamination c e l l ,  an equipment s torage  c e l l ,  

a f u e l  receivinn; s t a t i o n ,  a f u e l  s torage  bas in ,  arid gaseous and l i q u i d  waste 

d isposa l  systems. Since t h e  'TURF was designed t o  handle IWR-Lype i'7~el elements, 

t h e  receiving and s torage  a reas  w i l l  r equi re  some inodifications and addi%ions 

t o  provide t h e  f u l l  requirements of this procram. 

"his f a c i l i t y  has shielded chemital  a n d  

Solverit ext;raction rcprocessirlg will be clemonstrated j n r,Le ex i s t ing  DRDL 

R, j I.ding 301'3 f'ac i l i t y  u i t h  t h e  l'horex P i l o t  ?La& equipmen-f, motlir'ied f o r  HY'GR 

rue  I. 

The irradiatj ms w i l l  be done i n  t h e  Peach Bottom Heactor,  t h e  Engineering 

Test Heactor, and. t he  Fort  St. Vrain Rcaxtor. 

3 .  I. 1. CIRNT, PROGRESS REPORTS 

Tn addi t ion  to t h e  t o p i c a l  rei'erences c i t ed  i n  t h i s  antl other  pa r t s  of 

t h i s  document, two s e r i e s  of progress r epor t s  doclment OWU, research and 

ds-rielopment work per t inent  t o  HTG% developmen%. These a r e  t h e  s e r i e s  S ta tus  

aiid h o g r e s s  Report for Thorium Fuel  Cycle kvelopment and Gas-Cooled Reactor 

Program Semiannual. &ogress Report. Recent repor t s  in these  s e r i e s  are l i s t e d  

i r i  Table %.3. 

Progress repor t  s e r i e s  by Gulf General Atonic a r e  referenced i n  Chapter 6, 
page 99. 
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Table 3.3. Recent ORNT, Progress Reports Containing HTGH Developmenk 

Report Number Period or Period Ending 

ORITL-4629 

O R N L - 4 2 . 9  

ORNL- L275 

ORIVL-4001 

ORNL-3G31 

ORNL-4589 

ORNL-L508 

ORNL-442L 

ORNL-A.353 

ORNL-4 266 

OHNL- 4 2 00 

ORIVL-41.33 

ORNL- A 03 6 

ORNL-3951 

ORNL-3 885 

ORNL- 3 807 

ORNL- 373 1 

Thorium Fuel Cycle Tkvelopment 
Jan. I, 196?-4arch 3.1, 1970 

1967 and 1968 

Year ending Dee. 31, 1366 

Year ending Eec. 31, 1365 

Year eniii.ng Dee. 31, 1.964 

-..I- Gas-Cool.ed Reactor Prpgram Semia.nmLaL& 
March 319 1970 

Sept. 30, 1969 

March 31, 1369 

Sept. 30, 1968 

March 31, 1968 

Sept. 30, 196'7 

Parch 31, 196'7 

Sept. 30, 1966 

%rch 31, 1966 

Sept.  30, 1945 

March 31, 1965 

Sept. 30, 1964 
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4.1 INTRODUCTTON 

Fuel reprocessing, one of t h e  key s teps  j.n .the I-ITGR f u e l  cycle ,  recovers 

and p i n i f i e s  233U f o r  fuel r e fab r i ca t ion  and r e 'm~s  t o  the  r eac to r .  

cesstng developrneiit work done thus  far has shown t h a t  several. process a . l ter-  

na t ives  may, with f u r t h e r  development, be p r a c t i c a l  methods of reprocessing.  

Repro- 

?'he goa l  of t h i s  task i.s t o  develop and demonstra'ie fuel. reprocessing 

methods f o r  t he  reference lOOO-P4W( e )  HTGR f u e l  2nd t o  provide technology f o r  

commercial reprocessing p l an t  de si-gn, construct ion,  and operat ton.  'The 

separat ion and rec0ver.y of 2 3 3 U  present  i n  the  thoriu.m-bearing p a r t i c l e s  a re  

t h e  primary t echn ica l  goa l  of t h i s  development -task. Although somc a t t e n t i o n  

w i l l  be given t o  maintaining the highly  burned-up "U-containing p a r t i c  l.es 

a s  a recoverable process s t r e a m ,  'chis aspect  of t h e  process wi3.J. be of less 

importance than  233U recovery. 

St. Vrain Reactor (FSVR) makes it e s s e n t i a l  a l s o  t o  be a,ble Lo reprocess  t h a t  

f u e l  i n  the  reprocessing p i l o t  plaii ts  t o  g e t  t imely  inforna t ion  f o r  t he  

reprocessing technology necessary f o r  commercrial p lan t  appl ica t ion .  The iiiost 

si.gr1j.f i.cant d i f fe rence  now between -the reference lOOO-I@T( e )  HTGR fue l  and the 

PSVH f u e l  i s  t h a t  curreiri; plans c a l l  f o r  only the  "'U-containing p a r t i c l o  

t o  be coated w i l h  s?.licon carbide i n  t h e  former r eac to r ,  whereas a l l  the 

p a r t i c l e s  a re  coa1;ed wi.Lh Sic i n  t he  FSVR. 

'The e a r l y  avaiI .a,hil j ty of fuel froin t h e  Fort  

The th ree  major p a r t s  of t h i s  t a s k  are: (1) Read-End Reprocessing 

Developmetit (Subtask 110), ( 2 )  :iead-End P i l o t  Plant  Demonstration (Subtask 120), 

and ( 3 )  Acid Thorex P i l o t  Plant  Derrionstration (Subtask 130). The p i l o t  p lan t  

demonstrat ions w i l l  be complete when tlie equipment and the  operat ions ca r r i ed  

out i n  t h e  equipment have been pi-oven t o  be r e l i a b l e ,  pract-i.ca1, and capable 

of economical. sca.1.e -up i t 1  a commercial reprocessing p.hiit; I This demonstration 
wi1.L require t he  reprocessing of uni.rradiated developmental fiie1- elements, 
i r r a d i a t e d  mater ia l s  provided by Task 300, and a number of spent f u e l  elements 

froin the  E'SVR. Head-end reprocessing begins with r ece ip t  of  t h e  f u e l  elements 

i n  a shiel-ded shipping cask and ends with the shipment of  the recovered fuel 

values, as uranyl  n i t r s t e ,  i n  a shielded shi.ppj.ng c a r r i e r .  An essent i -a1 p a r t  
of  the reprocessing scheme is the handl ing of a l l  waste streams (gaseous, 

L i q u i d ,  and s o l i d )  i n  whatever manner i s  required f o r  t h e i r  d i sposa l .  

Head-End Reprocessing Develapment ( 110) wi1.I cons i s t  o f :  ( 1) develop- 

ment of u n i t  processes on a p r a c t i c a l  engineering sca le  wi:th un i r rad ia ted  

fuel., ( 2 )  t e s t s  of u n i t  processes w i t h  i r r a d i a t e d  f u e l  samples i.n smal l - scak  
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fuel. valiws as oxides or so lu t ion  from the Head.-End P i l o t  P lan t  and ends with 

t r a n s f e r  o f  the recovered f u e l  val-i.ies, as uranyl n i t r a t e .  

The Acid Thorex P i l o t  Plant  Demonstration (DO) s teps  a re :  (1) Design 

( 131), ( 2 )  Pmcurement ead Testing of Zquipment ( 3.32) ~ ( ? )  I n s t a l l a t i o n  o f  

Equipment (133), (4) C01.d Operat ional  Testing of t he  Acid "horex P i l o t  Pl-ant, 

( 1 3 4 ) ,  ( 5 )  Hot Eemons-Lration of the  Acrid 'i'horex P i l o t  P lan t  (1.35), ( 6 )  Waste 
Treatinent and Disposal (136), ( 7 )  Mater ia ls  HandI.i.ng ( 337), and ( 8 )  Process 

Development Support ( 134) .  

The following de f in i t i ons  a,ro givoti t o  assure  a cormoli understanding. 

f u e l  element --- t he  loaded graphi te  bl-ock cor1tain:Lng coated pai- t ic lcs ,  f u e l  

s t i c k s ,  and r e t a in ing  plugs, 

f u e l  b h c k  - the empty gra,phite i tem containing coolant and Tue1. hoJ.es, 

f u e l  s t i c k s  - r i g h t  c i r c u l a r  cy l inders  made of p a r t i c l e s  bound -i,ogei;her i n  a 

carbonaceous matrix. These ar2 inse r t ed  i .nto t he  f u e l  holes  of t he  fuel. 

b lock, 

fuel. pa,r{;icl-es - coated kernels  of f i s s i l e  and fer-Li1.e materials o r  t h e i r  

c ombl na-t;i.ons , 
poison p a r t i c l e s  - coated kernels  of neutron absorbing mater ia l s ,  

keme1.s - uiieoated, f i s s i l e ,  f e ~ t i l - e ,  or neutron absoybiiig mater ia l s ,  

rnicrosxpheres - kernels  made by  the  Sol-GeI Process, 

RT p a r t i c l e s  - burned TKISO pa,rt,icl.es t h a t  have an exposed S i c  coai;i.ng. 

The schedule foi- performing the  s teps  of t h i s  major task  of t he  develop- 

m e i i t  program i s  shown i n  Fi-g, 4.1. 

The purpose of t h i s  subtask i s  'io ob ta in  the  information needed t o  c a r r y  

out Siibtask 120, Head-End P i l o t  Plant  Demonstrdtion. The f a c t  t h a t  a l l  fu.el 
p a r t i c l e s  w i l l  have TRTSO coa ts  Ln the  FSVK, whereas il; j s  c u r r e n t l y  planned 

t h a t  on ly  !;he "'U-containing p a r t i c l e  will have TRISO coa ts  i n  the  lOOO-MV( e )  

HTGR reference f u e l ,  i s  important 'LO t h e  plans f o r  reprocessing work. As 

mentioned e a r l i e r ;  t he  f i r s t  s ign i f i can t  amounts of i - r radiated f u e l  ava i lab le  

f o r  head-end reprocessing i n  the  p i l o t  p l an t  will be fi-om t h e  FSVR. 
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4.3.2 Requirement 

ThI?I-is subtask requi res  the  development of processes and equipment f o r  

recoveri~llg the  f u e l  values from spent H'I'GR f u e l  elements. Recovery of f u e l  

values from HTGR graphi te  f u e l  elements has not been demonstratxd, a,lthough 

some crushing, tuni??I.ing, burning, and gr inding s tudies  have been ca r r i ed  out 

both i n  cold engineering equipment and i n  small-scale hot-cell.  s tud ies .  

Uranium-233 i s  added t o  or generated i n  the  l000-MW(e) H'TGR f u e l  element 

The reference reprocessing i n  p a r t i c l e s  separate  from those containing 235U. 

process assumes t h a t  the s i l i c o n  carbide coat ings on the 'owned TRISO parti.cI.ec 

( B T  p a r t i c l e s )  remain s u f f i c i e n t l y  i n t a c t  durjhg reprocessing t h a t  t hey  can be 

separated by screening. P s r t i c l c  breakage oi" i n su f f i c i en t  p a r t i c l e  separat-ion 

can cause crossover.  For example, tile p a r t i c l e s  cannot be sepa-ralied by 

screeriing i f  they  s t i c k  together. i n  small agglomzrates a f t e r  burning. 

pena,lt;y of about 0.015 rnill/kWh ha.s been ca lcu la ted  for a loss of 5$ of the 

233U t o  the  235U f rac t ion .  
the 235U (and at tendant  236U) by  the  233U recycle  f r a c t i o n  when r eac to r  

equi l ibr ium condj-tions a re  assumed (which takes  1.00 years)  and f o r  25$ r e t en -  
t i o n  when a 30-year reac tor  E f e t i r w  i s  assumed. It appears t o  ?)e reasonable 

t o  expect t o  hold these percentages t o  such values as those above, OY" lower. 

A cos t  

The same cos t  penal.{;y occurs f o r  10% r e t en t ion  of 

The bulk of the  i r r ad ia t ed  2 3 5 U  must be mzintai.ned separate  from the  233U 

(which i s  t o  be recycl.ed). 

the  t w o  f u e l  componen-ts a re  apparent ly  qui te  sound, the prac t ice  i s  not deve1.- 

oped on any meaningful sca le .  Po ten t i a l  problems, such a s  s t ick ing  of t he  

ah1nins powder t o  Sic coat ings,  must be s tudied t o  determine tkieir  sever i ty ,  
and so lu t ions  found wherever required.  Consequently, it i s  necessary t o  

cs-t;abI.i.sh equipment requirenients, evaluate and t e s t  t he  vari.ous equipment 

types,  and i n  some cases  perhaps develop new devices r a t h e r  than modify 

conventional systems 

While the  concepts f o r  recovery and separat ion of 

Laboratory development of a3.3. the  s ign i f i can t  engineering u n i t  processes 

must be car r ied  out with im<.rradia.t,ed p ro to tme  f u e l .  Cold f u e l  elements must 

be crushed and the crushed product i ;uli led and screened t o  determine Llie 

prac.iic:ability of removing the  bulk of t he  carbon from the  fuel. and poison 

p a r t i c l e s  i n  t h i s  way. Several  s i ze s  and types of burners and off-gas f i l t e r s  

must be evaluated. P a r t i c l e  separat ion devices and  breakage must be s tudied.  

Additional i r r a d i a t e d  fu.el conipacts and capsu3.e~ must be taken through the  
proposed reprocessing s teps  i.n hot c e l l  st idi .es.  Rea l i s t i c  pan t i c l e  breakage, 

f i s s i o n  product re lease ,  and f u e l  reprocessing performance information must 

be obtained i n  these s tud ies .  
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A prelimi.nary heasl-end process chemical flowsheet i s  greseni;cd i.n F ig ,  .il-.2. 

The yisxriLi-ties :;how i.n the :tTowsheet a r e  based 011 processing :ic)out !;en e1eInen.t:; 

per day; t h i s  rate corresponds t o  a ~ne:~nirigful p i l o t  plant sca le .  E'lirtlier, {;?le 

2 3 3 U  reclaimed da i ly  frnrtr theije PSVH f u e l  elernetltx i r r a d i a t e d  for two years  

perm.i.t:: p r epa ra t ion  of 13 kg of  recycle  miemspheres h:~vir lq  a i;hori.~m-to- 
U Y ' ~  i u m  :r;3,!;io of 4 .: A. geriersl.ized diagram of a c t i v i t i e s  in rep  rci,:esz;ing 
development, emphasizing &he head-ent? s teps ,  is pre:si?tlted. in Yig. L .I?, 

4.3.3 

The various ste_os ot' reprocessing deve lopen t  describes i n  Line Yellowing 

s u b t a s k s  w i l l  be ca r r i ed  on more o r  less coccurrcntiy and w i l l  continue 

thro-iiph 1;ne m-Ld-19'/0* s .  The timing of t h o  su'~t3,sk i s  ::hotm relative t o  the  

o the r  subtasks i n  
page 5 .  

L ~ 3.A F l ?  

The required funding f o r  t h i s  subtask i s  given i _ r l  Table 2,1, page 6. 

No new f a c i l i t i e s  ( v i  the Eorni of buildings 01- other items tnvokJing 

m j o r  c a p i t a l  iaivestinent) w i l l  be required.  

w i l l  be car r ied  out i n  ava i lab le  chemical and engineering laboratories and 

hot c e l l  f a c i l i t i e s  a t  ORWL. Prototype oquiperii, wil i Le reyui  red f'or 

d 2 ve lopme n t  of p i  l o t  -plant  -scale e quipme nt . 

Laboratory rlevzloprwrt work 

4.3.0.1 Requirerrlent 

A process and its equipment must be developed f o r  preparing thc  spent 

f u e l  element fo r  burnirg. The process must h a v e  a m i x i i m r n  of' par-tic le b r e a k -  

sge so t h s t  mixing of the T35Tj  arid IJ can be reduced Lo 'z minimum. 

"he pixpose o!' this subtask i s  Lo develop processes and eyuipiuie!it t h a t  

remo-rle t h e  n z t r i x  carDon from the coated p a r t i c l e s  i n  s1.1ch a way t h a t  the  
ini.vll;ey;rity of' i;he s i l i c o n  car'oide coat ing i s  not compromised. J%is j.3 c r u c i a l  

because it i s  tlirougb the dimensional ck iarac te r i s t ics  and yesis t,-mce t o  
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Fig. &. 2. Pre l iminary  !-Iead-End Pmccss Chem:ical Flowsheel; Rased on 
Processing 9.7 First; Core YSVR F k l  Elenier?.ts I r r a d i a k d  Two Years. 
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oxidat ive a t t a c k  of t he  silicori-carbide-coated and recycle  p a r t i c l e s  t h a t  

p a r t i c l e s  having var ious compositions a re  t o  be kepi separa te .  

4.3.6.2 Sta tus  of Technology 

Fuel  partic]-es cons t i t u t e  '3 small  f ract i -on of t he  t o t a l  ma te r i a l  i.n a 

f u e l  element, the major porti.on being grapht te .  Further ,  t he  f u e l  element i s  

la rge  ( a  hexagonal parallelep-iped a'oout 14 in .  across  f l a t s  and about 31 in .  
loilg) and 1msuited f o r  burrii-ng i n  a fluidLzed-bed busner (and perhaps i n  a 

f ixed  bed a l s o )  withou-t; breakdown i n t o  smaller pieces .  
st-icks or preferab ly  the  f w l  p a r t i c l e s  froiii the bulk of t he  graphi te  would 

m t e r i a . l l y  reduce the  problems inherent  i n  burning carbon t h a t  i.s coiitarninatcd 

with f i -ss ion products and which produces a Lzrge volume of gaseous waste t o  
be t r e a t e d  and. di.sposed of .  

Separatlioii of th.e f u e l  

Preliminary t e s t s  of sj-mple ways of crushing a graphi-te f u e l  element have 

been a.ccomplished,' bu t  it cannot yet be sa id  t h a t  a s a t i s f a c t o r y  system has 

been developed. 'This i s  due, i n  p a r t  a t  least ,  t o  t he  lack  of t y p i c a l  f u e l  

elements. Five approaches t h a t  could f ree  the  f u e l  p a r t i c l e s  from the  bulk of 

t he  graphi te  have been considered and have uiidergone prelim5 nary inves t iga t ion .  

These a re :  (1) water j e t  e ros ion  of  tile fuel s t i c k s ,  ( 2 )  core d r i l l i q  around 

the  s,t;icks, (3 )  pushing the  s t i c k s  from the  fii.el elements, ( 4 )  oxygen lance 

burning, and ( 5 )  crushing of t h e  f u e l  element fo1l.owed by  tiimbling. The 

ava i lab le  infomnation regarding t h e  f i r s t  four approaches i s  e i t h e r  inadequate 

o r  discouraging. 

Recent laboratory-scale  research2 on head-end processes has shown f o r  

un i r rad ia ted  prototype f u e l  materi .al ,  one - and 12-fuel-hole cyl.j.ndrica1 
graphi te  blocks, tha-t cru.shing of t he  f u e l  element followed by  screen-tmb1in.g 

of t h e  crushed material. r e s u l t s  j.n p a r t i c l e s  separated from graphi te  with minor 

p a r t i c l e  breakage. However, work with f u l l - s i z e  f u e l  elements i s  required t o  

e s t a b l i s h  equipment design parameters, and eventual ly  the  r e s u l t s  of un i r rad i -  

atnd f u e l  t es t s  must be v e r i f k d  with i r r a d i a t e d  f u e l .  

4.3.6.3 Work Plan 

?"ne primary e f f o r t  w i l l  be d i r ec t ed  toward de'cermining the  optimum method 

of element comminution t o  reduce the  graphi te  t o  a s i ze  and conf igmat io i l  such 

t h a t  screening and tum'ol.ii?g w i l l  separate  p a r t i c l e s  from t h e  buJh graphi te  and 

produce ma te r i a l  of  a s i ze  Chat can be accepted by  a flui-dized-bed burner. 

Techniques t o  be studied i n  developing reprocessinc of reference H ' E R  f u e l  
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elements iric:~.ilde: 

m i l l i n g  into sinall pieces, (2) screening particleas from the broken graph:ite, 

and (? )  t umi j l i ng  the broken graphi te  t o  Tree the particles. 

rrtetbods of  f ree ing  the  fue:L I'rorn t he  block, such a,s pushi.ng tkie f u e l  sti.cks 

f rom the  f i ~ l  ho-les, should be investigated Piirrtber beca.use of' the  advantages 

of o,voj.dLng tihe dii ' f iculty of crushfng and bumiing tons of contaminated 

gra:phi.te. A f u e l  p a r t i c l e  detector will 'ue considesed to se:pa:ra.l;e broken 

.p:i.eces of t he  fuel block., wMch conta in  no I"u.el_ va,l.ues atid need not be pro- 

cessed f ixthcir ,  Prom broken pieces of t h e  fuel- sticks. 

( 1) sawing i n t o  segrrieii-ts :rollowed by- jaw crushing or Insinrner 

81ternative 

E:ssent:l.ally a l l  of t h i s  wo:rli ~ i l 3 . .  be w:i.th unirradiatsd.  fuel. e le~f ied ;~  

prototypical of the reference :f7].eI element. Hot-cel l  t e s t s  wf1.1 be ;xrf'orrr;ed 

ver i fy  process :mtl  eyuiprcent 

:Por I:urn:ing the graphi te  contained 

be removed before amy f'issi le and 

Cer+,ile ma te r i a l  separation Fascd on  pa.ri;icle 3ize can be mot3.i. 
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k.3.7.3 Work P l ~ n  

1. 

2. 
3.  

A .  

5. 

0. 

‘7. 

8. 
9. 

10. 

n, 

Conduct small-scale ho t - ce l l  t e s t s  to fi.nd the e f fecks  of i r r a k k . t % a n  

on p a r t i c l e  breakage and the  nature  and amounts of f:i.ssion products i n  t he  

o f f  -gas, 

determine suitable fuel. chunk s i z e  f o r  burner feed, 

determi-ne the  packing of fuel. chunks am t h e y  are  f ed  t o  t h e  burner ,  

f j.nd t h e  be’iter heat  t r a n s f e r  medium: 

determine sui-table burner confj-gumtion t o  avojd chan-ne7.ing and t;o 

promote he a t  reniova 1, 

develop equipment and techniques f o r  produe-t removal ~~ithoUi)L coat ing 

breakage, 
detei-mine the  effect ,  of BLC and f i s s i o n  products such a s  mo1ybdenu.m i n  

t h e  f u e l  elements on the  burning opei-a.l;i.on and devise so lu t ions  t o  probib- 

l e m s  as reyiiired, 

develop equipment scale-up da ta  and design cri teri .at ,  

develop requirenieiit s f o r  operational.  i.nsf;sum?nt,a’iion, 

de-t;e riniiie c r i t i c a l i t y  problems , 
develop me-thods of  off-gas f i l t i - a t i o n  and f i l t e r  blnwback fo:t7 re turn ing  

so l id s  t o  the burner. 

Al.203 o r  fii.eJ.. p a r t i c k s  +,hemsel..ves, 

Success i n  one of t h e  met’riods Eor removing f u e l  s t i c k s  or f u e l  partricles 

from the  graphi te  fuel block could v a s t l y  reduce the  sca le  of equipment 

needed f o r  tliris subtask. 

4.3.7.)k Ailalysis of  Alternate  Approaches 

Fi-xed-bed burning of e n t i r e  elements i s  an aI- ternat ive t o  fluidized-bed 

burning. It was discarded enr1.y i n  the  developmenl; of t he  process f o r  recover‘y 

of uranium from Rover file1 because of d i f f i c u l t i e s  i n  temperature control and 

hea t  d i ss ipa t ion .  

oxygen with C O 2 )  might elimj.nate t h i s  problem. 

sca le  i s  3. well developed i n d u s t r i a l  ar t .  Eevelopment of sui-table equipment 

f o r  feeding .the fuel. elements t o  the  burner and withdrawaL of t he  ash  (product)  

would be required.  

si.ze yeduction of  t h e  f u e l  element. 

It appears t h a t  a dFfferenk approach ( d i l u t i o n  of  t h e  

Eurning graphi te  on il l a rge  

Use of fixed-bed biuni.ng could el iminate  the  need f o r  
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L-. 3.17.1 :equ.iremnt 

Means mu.st bte tle.ve1oW.d and dem~iori:;-t;rated t o  sepa,ra.-!;e f u e l  materials from 

poi.son mater ia l s  and i n e r t  material-s and f i x t h e r  t o  c:l.as;::i.fy !he fissile and 

feri; j.le mater ia l s  i n t o  v s r i o u  s i z e  components. '7'n.i:; aeparati o r 3  j.s necessary 

t o  r ea l i ze  t k t e  f u l l  ecortorriic advantage of the  H'l.'!XR concept * 

Ti must 'be borrle -in mind t h a t  the i n i t i a l  deiuonstrstion o f  head-end 

reprocessing will ije c s r r i e d  out to R l a rge  exterrt wi.th j.rrad:i.akd :fuel e1.e- 

r e n t s  f ' ro ) .~  the  FSW' s f i r s t  core. These e3.emerit:; ctori'cairi I'l?ISO-coa.-i;ed 

( U , " n ) C ; !  and ThCz p a r t i c l e s .  

capa,-t>:l.e o : ~  lia.ridliAw the i'uel from tile Yeference ~OW-MW( e j 
Eilemnts, s ince these  are the  ones f o r  ~8~hich the  processes are really 

i)ei.ng developed aad demonstrated. 

However, the  process equ:i.pnienrt r~lusi; a l so  be 

rue1 

I n  the case of the  re.ference fix? 1, both the  Pl' f i s s 5 l e  partic I-e atid 

the  recycle  ke rne l  ( w h i c h  i:; oxide) wi 11 reniain :i.nt;set, i n  t h e  .burner ash. 

These rue 1- raa-t;eria:!.:; mnus1; be separated from the A120 r l u . i d i z i n g  media and  

any po:i.son mterj . .%l.  'The separated f'uel mater ia l s  nvst  he classified t o  

separate  r'i3iJ from. 

t h a t  ha,d their Sic coat ings broken, w i l l .  be changed from c:a.rb-i.df:s .to f i n e l y  

divided oxides in t;he 1,u:rner. If .the fines conta in  a signj.f<.canf, quantity 

23 ' :  U. Other kerne ls  t h a t  were not costed wi th  S i c ,  or 

23 3 
along with - U  a process inay be recpired to keep thi3,;e isotopes of 23%, 

apa r t .  
I r i  t he  case of t h e  FSVX fuel., t he  ET particles (cmdxiin!.rq 'both f i s s i l e  

a,nd f e r t i l e  material.:;) wi 1.1 rerriairi i.nt;act i n  t he  .i-)urner ash. 

separated f'rom the  A 1 2 0 3  f lu id . i . z ing  medi1.m arid any poison mater ia l .  Any 

h r o k n  f i ~ l  parti.c:I.es w : i . l I  be coriverted to fines ( a s  oxides) f o r  t h e  same 

reasoii as s-tated a'oove, and t hey  t o o  niust be separated i f  recovery is 

necessary. 

They m u t  be 

No signiiicarA e f f o r t  has bceu expcrided f,owurd re lec  t i o n  a d  tlei~e LoprLerit 

tcs t ing of equipment approp-rLate t'or reparat ion arid cL .c s i f iC .~ t ion  O P  i r rd i -  

a ted  i'iiel p a r t i c l c r .  FresurraL1.y Lhe same genera l  type t h a t  ts suLt3,ble for 

a i z z  c k b s  If ' ics t ion in the f u e l  r e fab r i ca t ion  processes (Task %O!j oY t h i s  plan) 

would be su i t ab le  hcre. 



The success of p a r t i c l e  c l a s s i f i c a t i o n  based on s i ze  w i l l  depend d i r e c t l y  

on whether t h e  Sic coat ings a re  mptui-ed. This coat ing could rupture  i n  any 

one 01- more of  s eve ra l  operat ions:  d m i n g  fue l  f ab r i ca t ion ,  during r eac to r  

operat ion,  as a r e s u l t  of mechanical operat ion during s i z e  reducti.on of t he  

fuel. el.ement, by  thermal  shock during b u m h g ,  o r  by  mechanical. shock d u i n g  

flu.idi .zation, 
break f o r  a substan2;:ial f r a c t i o n  of t h e  f u e l  parti.cI.es, c l a s s i f i c a t i o n  of t he  

fuel. pa-cticles t o  adequaliely se'parate 233U from 235U w i l l .  be inipossible. 

However, separa t ion  of t h e  235U from the  233U may be possi'ule by  an a l t e r n a t e  

method (see Subtask 115). 

Ii' t h i s  coat ing (no t  t o  say  Yne enti.re f u e l  p a r t i c l e )  shou1.d 

4.3.8.3 Work Plan 

Cold and. i r r a d i ~ a t e d  specimens w i l l  be s tudied i n  the  hot  cell. to de te r -  

mine the  f r a c t i o n  of broken p a r t i c l e  coat ings and kernels  t h a t  can be 

an t i c ipa t ed  i n  the  burner ash mater ia l .  

Equipment su i t ab le  for pilot ,  pl.an.i; operat ion w i l l  be developed -to handle 

the  burner ash. Equipment currently used f o r  similar rad ioac t ive  operat ions 

w i l l  be reviewed and employed i f  p rad t i ca l .  

devices with modl:.ficatihns a s  required f o r  hot-cell-  operat ion w i l l  be empha- 

si.zed, 

Use of comit:rcially ava i lab le  

4.3.9 Subtask 11.4 - Treatxnent of Class i f i ed  Burner Ash 

I . ,  3.9.1 Be quirement 

'The fue l  particles in t h e  burner ash must be crushed, reburned, and 

dissolved,  and the  solut;i.on must be made suitab1.e f o r  recovery of  t he  f u e l  

values  by  solvent  ext;raci;ion. 

i~. 3.9.2 Sta tus  of Technology 

Fuel  p a r t i c l e s  from t h e  f i r s t  core of t he  FSVR can be crushed t o  expose 

the  f i s s i l e  and f e r t i l e  ma te r i a l  t o  a t t a c k  by  n i t r i c  ac id  or Thorex d i s so l -  
vent .  Under these  condi t ions only r e l a t i v e l y  small quant,j.tizs of  carbon and 

S i c  w i l l -  be present .  The operat ion t o  be accomplished -is s imi l a r  i n  many 

respec ts  t o  the t e s t s  involving recovery of t h o r i a  from carbon coated sol-gel. 
mj.crospheres by  a grind-leach technique aly 1-1-l3 

The m t e r k l  t o  be recovered after head-end treatment o f  the reference 

f u e l  elements w i l l  be powdered oxides of po-ison, f i s s i l e ,  and  fErti1.e materials, 



tine ri-ntact i3'1 fi:;eii.~e p a r t t c l e s ,  t h e  ( ~ 1 1 ,  
the fuel ii-alues from t h e  recycle  p a r t i c l e s  w i l l  be prepared for recovery by 

dissol-ution with T ~ O R S :  dit;sol.ven.t. l ike 13'Y fi.:;sile p a r t i c l e s  fail be crushed 

arid t1 i i ; so l~ed  as rrtent:i oned a!)ove for the  F'S.\IR f ' i x l .  

'-'u)o, recyc3.e par t ic les ,  ariti ~1203. 
1 1  

4 ~ 3 .  9 . 3  Work PL2n 

Laboratory developnieni; -!;ests wiL1.1. be performed wi.tii bo th  m i r r a d i a t e d  and 

i r:ratlria-tcd coa-te!j carbide and oxide p a r t i c l e s  to oktain d a t a  Tor the  fol.low-irig: 

11.. an  appropriate  equ-ipment design f o r  crushing the Sic coati.ngs, 

2.  an :zppropri.ake e ~ p ~ i p e i i l ;  design f o r  burnirg the  cru.shed p a r t i c l e s ,  

3.  an appropriate  equ-iprnent design f o r  disso1.u-tion (an e:;t;erit:ial pari; of ttiis 
is the separa t ion  of the C.iC h u l l s  arid m y  other residue Proin the 

dissolver product) ,  

t h e  degree of i'u.el value recovery possible f r o m  i imidiated fue ls  (:X 
excessive f i s s i l e  ma te r i a l  is emk,edded :i.n l;he inner  gyrocarbon shell, 

an a l t e r n a t e  approach -wi.J.:I. be s tudied)  . 

Lt. 

Some fissi.or: prod-ixt gases w i l l  be e&rapped in tI-,e so:l.f~ds -i,hat reach t,he 

dissolver, and a p a r t  of the h o t - c e l l  tests I s  t;o determi-ne -!;he exten t  of 

t h i s  problem. Methods of' harx3l.ing t h i s  radioact ive of f  -gas : m s t e  must be 

developed. ':[h?'.s i s  discussed in Subtask 13.7. 

i .  3.  LO. l Re quirerrient 

If SiC 'creaka.ge should be ?-xcessi~e in the  T S W  fuel. or if' the  S i c  

roating on the " ' U  pr t jc3 .e  should break t?xcessLvely and the recycle pcLrt jc le  
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becomes broken, then  a method o ther  tlnan s i ze  c l a s s i f i c a t i o n  w i l l  he requjred 

f o r  ma-intajning separat ion of 2 3 3 ~  and '"u, 

L.3.10.2 Sta tus  of TechnoI.ogy 

Alternat ive methods of maintaining sepai-ation of 2 3  5U a.nd 'U have recei-ved 

l imi ted  considerat ion.  A p o s s i b i l i t y  for t h e  reference fuel follows. 

Apply no s i l i con -  carbide c o a t b g  to any of the  p a r t i c l e s .  A l l  233U could be 

rinilorporated wit'n thorium t o  make T h 0 2 - U O 2  par - t ic les ,  and t'ne 235U p a r t i c l e s  could 

be formed "undiluted" from e i t h e r  the  oxide or carbide kernels .  After  the pyro- 

l y t i c  carbon coat ings a re  burned of f  from a l l  p a r t i c l e s ,  t he  235U kerne1.s should 

be r ead i ly  d i  ssolved i n  di . lute n i t r i c  acid,  whereas the  ThO2-containi~ng p a r t i c l e s  

w i l l  d issolve more slowly. 

poss ib ly  be carr-ied out of the combustion chamber with the combustion products. 

Xemoval of 235U oxides from combustion gases has a k e a d y  been demonstrated by 

Idaho Nuclear Corporation during development of  the  process f o r  recovering 

wanium from Hover f u e l s ,  

If the  235U kernels  a re  carbides ,  the  235U coii.ld 

Tests have shown t h a t  l;hor:iurn and uranium carbides  a re  r ap id ly  oxidized to 

oxide powders i f  they  become exposed t o  an o x i d i z h g  atmosphere. I n  the  f l u i d -  

ized bed burner these oxidized powders would be ca r r i ed  ouf; with the  off-gas.  

If a s ign i f i can t  nmiber of p a r t i c l e s  break i.n the FSVH f u e l  during i r r a d i a t i o n  

or  during burner feed preparat ion,  an a1:terna-tt? head-end method must be developed 

to assist  i n  maintaining separat ion of the 235U and the  233U. 

4.3.10 3 Work Plan 

If the  technLque of s ize  c l a s s i f i c a t i o n  proves unsa.f; iLsfactoi-y for maintaining 

Iabora tory  devzlopment 2 3  5U and * 33U separate ,  a l t e r n a t e  msthods w i l l  be sl;udi.ed. 

t e s t s  w i l l  be performed with i r r a d i a t e d  and  unirradi.a,ted f u e l  specimens to 

e s t a b l i s h  chemical and mechanical feasibj . l . i ty  of processes and equipment f o r  

keep.iLng '"LJ and 235U p a r t i c l e s  separated,  

made t o  determine the  relaki.ve meri ts  of the  ava i lab le  approaches. The eval-uations 

w i l l  take i n t o  considerat ton the  following: 

1. ef fec t iveness  of maintaining separatj-on, 
2. o v e r a l l  cost; of process equipment, 

3. r e l a t i v e  ease of f u e l  r e fab r i ca t ion ,  

4. 

5. d e s i r a b i l i  i;y from standpoint of f i s s i o n  product re lease .  

Engineering evaluat ions w i l l  then  be 

d e s i r a b i l i t y  from standpoint of r eac to r  physics,  
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.?;. 3.11 Subtask 116 - Scrap Recycle 

L.3.11.1 Requirement 

Uridetermjned but s ign i f i can t  arnounts of scrap w i l l  be produced i n  almost 
every  st%e of f u e l  reprocessing and r e fab r i ca t ion .  A satisTactory,  simple 

method of re turn ing  -these scrsp  mzte.ria1s t o  ac t ive  use or disposing of them 

i s  required f o r  ecorioiny o f  f u e l  recycle  opemtions.  Pert of tlii s scrap w i l l .  

come from tbc  r e fab r i c s t ion  ope I a t ions .  For exarqle ,  r e j e c t  microsphel-os 

containing " 'U t3,nd highly rad ioac t ive  232U t n u s t  be recycled. 

L.3.11.2 Sta tus  of Technology 

The :jtzitiis of technology of scrap r e c y c k  and the  problems t o  be 

emountered are i~oiighly the  same as for fiorrna.1. f ' ue l  reprocessing, w i i h  t he  

exception tha t  g ross  amounts oJ-' radioactive C i s e i o n  products w i l l  riot be 
present .  It i s  e.:pected t h a t  recycle scrap w i i l  'oe, insofay 5,s poss ib le ,  

reprocessed by the  smne equipment as t ha t  used ?'or main Line reprocessirg of  

i m a d i a t e d  fuel. 'The ma,jor pmblem t o  be considered i s  tha t  of' YLssi l e  

nial;er:i.al accountabi l i ty .  Guidance as t o  t h e  amoimi; o:f sc rap  to be expected 

f:r.orn the sol-gel opera.Lj.ons may b e  obtained from iz process demonstration rim'." 

c orid-ucte d previous ly at ORNL. 

The pro'ol-em:; o f  recycle  of scrap w j l l  be studied.  Steps to 05 teken in 
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l1.3.12.2 Sta tus  of Technology 

Processes and equipment exisl; €or removal of I, b, Ku, and 'H from the 

gases  re leased fi-om disso lvers ,  but none have been developed s p e c i f i c a l l y  f o r  

treat.iLng gases  r e k a s e d  during combus-Lion of carbon. Likewise, a process 

e x i s t s  for removing ruthenium from waste ca l c ina t ion  off-gas streams. 13--16 

The composition of t he  gas t o  be t r e a t e d  wi3.3. depend upon a number of 

f ac to r s ,  including (1) amount of' atmosphere inl.eakage, ( 2 )  di7u.c:it u.sed with 

oxygen t o  maintain t e q e r a t w e  control, ( 3 )  corrqosition of combus-ti.on r eac t ion  

products, and ( 4 )  ternperatu-e of the  burner bed. 

The nethud of head-end processing w i l l  have an important e f f e c t  on the 

point  i n  the  process at  which specif5.c f i s s i o n  produ-cts a r e  re leased  and, 

therefore ,  on the  method. of t,rcutment of the f i  ssi-on-product-containing o f f  - 
gases. About one-third of t he  t r i t i u m  but, very  l i t t l e  of t he  obiier rad io-  

ac t ive  gases snd v o k t i l e  f i s s i o n  products i s  expectcd t o  a.ppe3.r i n  the  gases  

produced i n  burning the  graphi te  from i n t a c t  Sic-coated part: icles.  Only gases 

from part,i.clks havihig broken coat ings a.re expected. I f  f u e l  values  can be 

s a t i s f a c t o r i . 1 ~  dissolved i n  ni~L1-j.c ac id  without t h e  need f o r  b-wning, the 

off-gas w i l l  be qui te  s imi l s r  i.n composition t o  those prev ious ly  t r e a t e d ,  even 

i f  t h e  f u e l  material. i s  carbide.17 If b u r n k g  of t he  crushed pa.rti.cles before  

leaching i s  requtred,  or, more importaiitly, i f  s ign i f i can t  quan-i, i t i e s  of 

v o l a t i l e  fissj.011 products a re  rektased duri.ng crushing and burning the  fuel. 

element, o r  i f  t he  p a r t i c l e s  are not Sj.C-coated, t he  gases to be t r e a t e d  w i l l .  

consis-t l a r g e l y  of carbon dioxide. This i s ,  of course, exac t ly  what w i l l  

happen t o  a l l  but t he  23'UC2 pa.rti.c:J.es when reference 1000-hTd(e) f u e l  is 

repmcessed,  

Cesium, ruthenium, and c e r t a i n  o ther  fission products v o l a t i l i z e  at high 

temperature under ox:idiz.i.ng condi t ions,  These mater ia l s  may be most complete3.y 

removed by  f i l t i - a t i o n  a t  reduced temperature. Carbon f i n e s  over t he  f i l t e r  

medium appear t o  be b e n e f i c i a l  i n  - that  t hey  seem t o  a c t  as 2 f i l t e r  a id .  I. 

Tlie major component i-n the  burner off-ga.s s-tyearn w i l l  be carbon dioxide. 

Processes f o r  removing t h i s  gas from gaseous streams have exlstetl  Cui- many 

y e u s .  Thesc processes raiige from 1ow-tefiiperaI;ure f reez ing  t o  tile use of 

sorbents .  Common1.y used sorbents for carbon dioxide removal a re  potassium 

hydroxide and alka.nolamines. I t  i s ,  however, by  no means c e r t a i n  t h a t  chnrn.j.ca,l~ 

sorp-tion i.s the  a i i s w e r .  Condensation should be se r ious ly  s tudied.  

T t  i s  an t i c ipa t ed  t h a t  t r i t i u m  wi1.l have t o  be removed from the  off-gas 

stream before the  carbon dioxide. T r i t i u r n  should be removable from the  

combilstion gases  as L r i t i a t e d  w a t e r  by  any process su i t ab le  f o r  e f f ic ien- t  
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removal of water from carbon dioxide gas;  such processes include (I) sorption 

on ac t iva t ed  charcoa,l, ( 2 )  sorp t ion  on molecular s ieves ,  ( 3) sorp t ion  on soda 

ash, and ( 4 )  f reez ing .  
Iodjne w i l l  be present  a t  such small a c t i v i t y  levels a f t e r  t he  an t i c ipa t ed  

150 or more days of decay tha t  i t s  removal w i l l  pose a problem similar to 

those experienced ir? p r o c e s s i ~ ~  p1uf;onium prodvetion r eac to r  and l igh t  wit,er 

power reac tor  fuels. However, one dif'f'erencc e x i s t s  between t h i s  situation 

and that corriionly encountered; namely, rsemova;L o f  carbon dioxS de from the  

off-gas stream i s  required before  Ternoval of' k rypton .  This  w i l l .  l ike l j r  remove 

'che b u l k  o f  the iodine.  

After remova I o t' carbon dioxide a.nd any o ther  in te r l ' e r i rg  go w f : ,  krypton 

(and xenoo) can be tr3pped by .low-terrirJcra.turcs sorp t ion  on cjn;irco.l or m0.1.e~i11a.r 

sieves, cryogenic d i s t i l l a t i o r , ,  or perhaps sorp t ion  i n  PTeVIl. lij 

4.3.  I%. 3 Nork Plan 

The work required for t h i s  subtask i s  a strong f w x - t i o r 1  of point of re-  
lease  of f i s s i o n  gases. Hence, er-bertsive pf'fort camox begin u n t j l  t h i s  5s 

determined. Early jrlL'ormatLon i s  ava i l ab le  from t e s t s  wtt,l- i r rnci ia ted Dragon 

ke ix tor  compacts, and more w i l l  come f'rom h o t - c e l l  studies > ~ i t l i  Lrra.disAJ i on 

capsules and recycle test. elemexits ( R Y E '  7 )  that w i l l  be provided by Task 30'3. 

Af'ta~ t 2 i i  s determination i s  made, engtne2ritig stindies and s t -ou t jng  t c s t s  will 

be perforrced t o  uetermine tlie b e s t  solut ioa.  

a l s o  be ca r r i ed  out  t o  determirix~ thc an t i c ipa t cd  qu3n-t uf'  a t,mospLere i nl.t?t3krltTc 

-. 

L a o o r d o r y  rleveloprnerit t c s t s  w i l l  
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2 p a r t i c l e s .  Other waste d isposa l  problem a.re e s s e n t i a l l y  the  same as 

C r i t e r i a  f o r  ul-tinlate d i sposa l  

2 3 5uc 

those with t he  2.ign-t  water r eac to r s  ( LWH' s )  . 
w:i.11 be simi.1a.r t o  those f o r  LWH wastes; Uius, LWR experience can be used and 

the  procedui-es and techniques c u r r e n t l y  wider development f o r  LNR's w i l l  be 

adopted. 

Concepts are svaj-lable 19-24 and labora tory  da ta  are now bei.ng derived 

f o r  t he  treatment and u l t i imte  d i sposa l  of t he  Ii ish-level radioac-tive so l id  

rcsidiies from the  fl.iii.dized bed-bu.riiing s t e p  and of t he  kryp'ioil a n d  t r i t i u m  
contained i n  t h e  off-gases. Disposa?. of spent f i s s i l e  pa.rtj.cles by  s torage 

has been previously s tudied,  '' 

The plans for development of tzeatment, processes f o r  gases  cons is t ihg  

primarrily of C02 a re  discussed under Subtask 1.1.7. Burner technology develop- 

lileni; (Subtask 1.1.2) w i l l  determine the  quantiby of A 1 2 0 3  - to be s tored  and i t s  

contamination leve l .  Engineering eva1ua.tions of t h e  var ious a l t e r n a t i v e s  f o r  
trea-tment and smaU-scale cold 1.aboratory deve1.opiiient t e s t s  w : i l l  seek the  

b e s t  method.. 

Waste treatment and d i  sDosal methods developed f o r  wastes from coinmercial 

reprocessing g l an t s  f o r  reference rccycle  f u e l s  must b e  dist inguished from 

the  methods developed s p e c i f i c a l l y  €or the  p i l o t  p lan t  demonstrations. Whi l e  

t he  ult i iuate object ive i s  t o  develop processes f o r  t he  commercial reprocessing 

p lan t ,  a t t e n t i o n  must be paid -to t h e  spec i f i c  problems t h a t  a r i s e  i n  the p i l o t  

pl-ant .I 

4.4 SUTBTASK 120 - HEAD-Eii '  P I iQT PT.ANT DEMONSTHATION 

4.4~. 1 Purpose 

'The purpose of t h i s  subtask i s  t o  develop and deiilonstrate, on an engineer- 

ing sca le ,  processes and equipment f o r  head-end reprocessing of HTGR recycle  

fue l s .  ?"ne Head-End P i l o t  Plant  demonstration w i l l  be ca r r i ed  out a t  t he  TUKF. 

Equipment must be developed, designed, and b u i l t  t o  demonstrate t he  following 

operat ions:  (1) receive,  s to re ,  and prepare f u e l  elements f o r  reprocessihg; 

( 2 )  c r w h  t h e  f u e l  el-ements; (3)  burn the  graphi te  i n  a. fl.uidized bed; 

( L )  screen the  r e s u l t a n t  di-scre'ie f u e l  pa.ri;icles from f i a e  f u e l  p a r t i c l e  
oxldes, B203 ,  and A1203 and c l a s s i f y  them i h t o  t h e i r  respect ive s i ze  f r ac t ions ;  

( 5 )  i n  the  case of ( T h , U ) C 2  from FSVR f u e l ,  crush the pro tec t ive  Si.C coakiilgs 
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from t h e  I!T p a r t i c l e s  and burn t h e  py ro ly t i c  carbon iiiner buf~'er. coat ings 

(if' necessary) ;  ( b )  packa,ge t h e  product for shipment t o  t h e  Acid Thorex Pilot 

Plan t ;  and (7) dispose o r  s o l i d ,  l i q u i d ,  2nd gaseous w a s t e s  from Lkie head-end 

reproce s r ing  step;. 

i,. 4.2 l&eyuireineni, 

'l'h'ls subtask r equ i r e s  that  a sufficient,  number of recycle t'ue1 eknients  be 

taken through the h?ad-er,d operation:: t o  ( I) denionstrate t h s t  t h e  head-end 

processes ch0se.n and the equipment designed will perform adequa,S;eIy sod 

(2) o b h i n  sufficient data  on b o t h  proc5sses and equipmerit t o  provide the b a s i s  
f o r  desig.ii of head-end repro(:essi.n.g equipmerit fcr a commercial recycle pluni;. 

The sca l e  of  t h i s  rlernoristra,tion must he such as to show that full .reference- 

s i z ?  fuel. elerrents p ro to typ ica l  of  the re-ference fuel design i n  e s sen t i ; t l  

feature:: can be prepared f o r  separat ion a i d  p u r i f i c a t i o n  of t!ie fuel val!re:i by 

solvent  e x t  rikctior:. This involves n deinonatratiori o f  element handling, carbori  

burning, p a r t i e l k  s i z e  classifii.:ai;i.on, and. off-gas treatment using f l re l  elements 

i r r a d i a t e d  i n  the FSVH. 'This subtask w i l l  be su(:c:essf'ully i ~ C ~ ~ 0 ~ I p : l . i  :;ned when 

the  RTE'S (Suhtask 30;!j, PTE'S (Subtask 313), and a nurri i~r of spent FSVR : ~ u e ~ .  

elements h a ~ e  beeri reprocessed. This demonstration shouId result; i.n. at; l e a s t  

s i x  months of  acci.iuul.ated opemtii ig time of  t he  Heatl-End P i l o t  P l e r  t a t  a r a t e  

o f  nine t;o ken FSVR fuel elements per- 24-tir day. This S C R ~ ,  which is  of  the 

order required to process f u e l  from an HTGE economy t o t a l i n g  3500 &lW(e) oper- 

ating on z .four-year F u e l  cycle, produces 16 kg/day o.f recycle particles. 

A s  indicated i r i  Su.ktask 110, some head-end eq.uipinent for. operations sueti 

as cru-shing, tumbling, gr inding,  and k i i r t i i r g  bas been cold t e s t e d .  However, 

no s i g n i f i c a n t  work has  been c a r r i e d  out on t h e  head-end demons-lxra,tion of 

p r o t o - t ~ p e  pilot p l a n t  equipment on h:i.ghly 5.rradiated graphi te  file Is of m y  

kind, and i r r a d i a t i o n  of' recyc3.e f u e l s  of the kind described jn t h i s  program 

ha,s only Just begun. Thus, e s s e n t i a l l y  no t r u l y  pert.i.!ient p i l o t  p l a n t  demon- 

s t r a t i o n  ~f head-end processes arid equipment f o r  recycle  of  HTGR f u e l s  has 

been c a r r i e d  ou t .  
During this Head-Cnd Pi  l o t  Plaiit demonsiration it w i l l  be neces:;arji to 

determine f ' i ~ ~ l  l o s ses ,  r e a l i s t i c  rou t ine  equipaent clown-time f o r  neces;-:ar:f 
periodic (: leanout 8 nd mintenance  of various equipnlent pieces ,  eq1Jipnteflt 

re li 3.b i I it y and r n a i  n t  a i n a h  .i L i t  y , and pe r s onrie 1 rad l a t  i on e q o  sure 6 o1rLa.i ne Cl 

timing rout ine  operation. 



4.4.3 Timing 

The ear1:lest  possible  s t a r t i n g  date  f o r  t h e  %ad-End P i l o t  Plant  demon- 

s t r a t i o n  i s  s e t  by  the date  a t  which Sub-Lask 110, t h e  head-end r e p r o c e s s h g  

s-Ludies and equipment devel-opment, provider; the  necessary information t o  s ta r t ,  

t h e  Head-End P i l o t  Plant  equipment design. The development i-terns t h a t  are 

c r i t i c a l ,  because of e i t h e r  long equipment procurement times o r  t h e  necess i ty  

f o r  considerable process deveI.opment, a r e :  element crushing, fluidized-bed 

burning, S i c  coating removal ( f o r  FSVR fuel), and gaseous and s o l i d  radioact ive 

waste disposal.. 'The operating period of t h e  Head-End P i l o t  Plant  demonstration 

i s  set by t h e  a v a i l a b l l i t y  of  su- f f ic ien t  i r r a d i a t e d  f u e l  from t h e  PSVR a.nd t h e  

need f o r  t he  proven techilology f o r  t h e  design of a commercial recycle p l a n t .  

Eecause t h e  commercial recycle  p l an t  desi.gn aad consti-uction w i l l  requ.j.:re about 

5.5 years,  Lhe p i l o t  p l an t  development and denionstration phase of  t h i s  program 

w i l l  overlap the commercial p l a n t  design. The reprocessing development schedule 

( F i g .  4.1, page 30) shows t h e  i n t e r r e l a t i o n  of the various p a r t s  of t h e  Head- 
End P i l o t  Plant demonstra-t5.m subtask, and F i g .  2.1,  page 5,  r e l a t e s  L1i.i.s 

t a s k  t o  the o v e r a l l  recycle  development program. It; would be desirabJ.e 'LO 

perform a s ingle ,  successful  campaign of  six-month durat ion f o r  the  hot dernon- 

s t r a t i o n ,  however, expei-ience has snoTnrn t h a t  t h i s  i s  very unl ikely.  'Therefore, 

the demonstration has been shown t o  span seve ra l  years,  r e f l e c t i n g  t h a t  process 

and equipment development work i s  associated w i t h  t h i s  e f f o r t .  I t  i s  also 

des i r ab le  t o  have the Head-End P i l o t  Plant  operating during s t a r t u p  of the 

commercial pl.a,nt t o  provide a f a c i l i t y  f o r  development support should any 

unforeseen problems a r i s e .  

&.4.4 Funding 

An annual breakdown of  t h e  operating c o s t s  f o r  t h e  &ad-End P i l o t  Plant  

demonstration i.s shown i n  Table 2.1, page 6. 'The e s t t m t e d  c a p i t a l  expendi- 
-Lme requi.red t o  a,ccoinplish thj.s subtask i s  itemi-zed i n  Tab1.e 2.2,  page '1. 

4.4.5 h c i l i t i e s  

Construction of TURF w a s  complekd a t  ORNL i n  1968- The f a c i l j . t y ' s  major 

f ea tu res  a.nd c a p a b i l i t i e s  include provisions f o r  r e c e i p t ,  processing, and 

refabricati .on o f  oxide f u e l  asseinblies 11p t o  10 in .  i n  rectangular  cross sect ion 

and 10 f t  i n  lengt'n, Major c a p a b i l i t i e s  t h a t  a r e  avai1abI.e 5n 'TURF and 

required f o r  the subtask are as  follows: 
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1. 

2 .  

3 .  

4 .  

11 . 

6, 

’7 .  

6. 

shiel6iv.g l,o provide h io log - i c s l  p ro tec t ion  Y r o m  fissi.oci product rsdia,t ion 

of sources as la rge  as 35 kg of‘ 23’U i r radiat ,ed to 25,090 fWd/r,or! and  

decayTd l’or 30 days; ( A 3  1.0wxb le exposure i n  routine 147 occwpied ai’eas i s 

l imi ted  t o  0.25 mH/hr.) 

a shielded c e l l  foi- chemical process equipment development; 

a c e l l  f o r  mechanical operat ions on i r r a d i a t e d  f u e l  assemblies, such as 

d i  s sa8 semb Ly , inc  i de n t  t o  re  pr oce 2 s irig ; 
a c e l l  t o  serve as a r ad ia t ion  Lock and as 2 decontamination =ea; 

connected l,o t h i s  cell i.s a glove maintenance roov f o r  the  r e p a i r  and 

maintenance of‘ decontaminated equipment ; 
a l i g h t l y  shielded equipment s torage cell t o  fiirrction 8 s  a stand-by s torage 

a rea  f o r  contaniin:ted equj  ptnent ; 
a l i qu id  waste d i sposa l  sjTsi,wn €or interniediate l e v e l  aqueous wastes,  such 

as those f rom equipment decontamination operat ions arid h ’bore to ry  wastes; 
a gascous waste disposal  sgs1;em for  radioact ive p a r t i c u l a t e s  t h a t  accimulste 

i n  process vessel-s, and a gaseous waste disposal syst,em You the ee.l.1-s 

l i s t e d  above; (These wste disposal systems a re  not adequate -to nandle the  

radioactivtr! ga:;eou:; waste:; expected t o  be evolved from the burned graphi te  

fuel or the  o ther  f i s s i o n  product wastes t h a t  will be present .  j 
a f‘uel. receiving s t a t i o n  and s torage ba.sin o f  l imi ted  capac i ty  for 

i r r a d i a t e d  f u e l  asseniulics; i c c h d e d  are the  enclosing s t r u ~ t l u - e  and 

b r i d g e  with h o i s t  for handling shipping contairters.  TI, should be 
noted t h a t  these  f’aci l i t  ies cannot accommoda%e c a r r j e r s  t ha t  a r e  

more Than 12 fi long arid 6 ft i n  diameter :iithoui, addi t ion  o f  s p e c j a l  

r igg ing  ( see  Sihtask i?7) ,  and they  are not adequate f o r  the hot 
demonstration dcscribed i n  Subtask 125. 

A6ditional file1 receiving, s torage,  and handliflg r ac i l i t i d?s  m i s t  be pro- 

vlded t o  meet t he  requirements of  tne Head-End P i l o t  Plant dernoristral,ion. 

A ncw file1 receiving s t a t i o n  i s  required t o  handle the  i’1~e.l shipping cask from 

the FEVK. A shielded s torage vau l t  5s required with sxece suff‘jcie?lt to s to re  

rpproximazely 1000 spent fw i .  e lenents .  

trrtnsf’er ;pent Yuel elements from the  r e o e l v i r y  r j t s t io r~  5 rho s torage aad 

subseqixnt ly  t o  t he  burner feed preparat ion equipmerit. 

Handl.ing f x i l j t  ies a r e  r e y u i r e l  t o  

4.)+.6 Su’stask 1 2 1  - Cesign 

) ~ . & + 6 . 1  Requirement 

T’be iiead-Enr3 P i l o t  Plant  t r i i x t  be designed. Yhis design must convert  the  

technology obtained from the  i erd-End Peprocessing Levelopmeot 3ibta:;k ( l.10) 
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i n t o  draw:~ngs and spec i f i ca t ions  delineatLng equipment and systems of t h e  p i l o t  

p lan t .  A s a f e t y  ana lys i s  of  t h e  He8.d-End P i . l o t  Plaut; must be prepared t o  

serve a s  t h e  b a s i s  f o r  hazards eva.l.uation t o  assure a c a p a b i l i t y  f o r  safe  and 
re 1.iab l e  operation . 

i : - . k , .6 .2  Sta tus  of Technology 

The design, construct ion,  and operat;ion of a p i l o t  p lan t  f o r  t h e  head-end 

reprocessing of un i r rad ia ted  nuclear  rocket (Rover) f u e l s  have been corfiple1;ed 

by  the  Idaho Nuclear Corporation. Further ,  t he  cos t  of bujl-ding 3, plant  t o  

process about 1. .t;on/day of heavy metal from HT‘GR’ s has  been estimated on t h e  

bas i s  of a conceptual equipment design. 2 6  

a l l  the Head-End P i l o t  Plant  design has yet t o  be developed. 

However, t he  techno]-ogy Tor nez r ly  

4.4.6.3 Work P h n  

Col lec t ion  of information a l ready  i n  exis tence and preparat ion of  chemical 

and equipment flowsheets w i l l  be the  f i r s t  s tep .  Problem areas  will be 

derined and so lu t ions  found with necessary support by t h e  persons engaged i n  

the head-end reprocessing development ( Subtask 110).  

t he  development subtasks, equipment; and systems w i l l  be designed. F a c i l i t y  

modifications and addi t ions  w t l l  make up a la rge  por t ion  of t he  design t o  be 

accompli she d unde r !;hi s sub t a s k . Drawing s , spec i. f i e  3.t i. on s , and pi- oc e dure s 

w i l l  be prepared from which to  cons t ruc t  t he  liead-Eild P i l o t  P lan t .  Codes and 

standards appl icable  t o  t h e  work w - e l l  be u t i l i z e d .  Where standards ai-e 

unavailahle or insuf€j.cient t o  supply t h e  needs f o r  fu tu re  comwrcia l  recycle  

p l an t  design, t hey  w i l l  be prepared a s  a p a r t  of  t h e  Head-End P i l o t  Plant  

design. 

Using the  r e s u l t s  of 

The desi.gn wi.11. be prepared i n  th ree  phases: conceptual, pre1:iminary 

( T i t l e  I ) ,  and f i n a l  ( T i t l e  11). 

phases w i l l  be coordinated with development subtasks t o  ga in  maximum bene f i t  

from a l l  e f f o r t s .  

A s  sho>m on the schedule, these  design 

It i s  possible ,  but not probable, t h a t  mechanical means will be found t o  

f r e e  Yne f u e l  p a r t i c l e s  from the  elements and the  f u e l  s t i c k s .  I n  t h i s  case,  
a I-arge burner design would not he necessary. However, it seems most I.i.knly 

t h a t  element burning w i l l  he requi-red, and design o f  t h e  burner a.na r e l a t e d  

equipment, such as f o r  off-gas handling, wi1.1. c o n s t i t u t e  a s i -gnif icant  design 

e f f o r t  i n  t h i s  subtask. 
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d . L k . 7  Subtask 122 - Procurement and Testing of Equipment 

4 .Iv.7. 1 Requirement 

Special ized processing equipment and equipment h a v i w  long de i ivery  times 

must be procured early enoqtn to permit development t e s t i n g  before i n s t a l l a t i o n .  

r i g w e  4.1, page 30, s e m e s  as a gene ra l  guide for. procurement, bu t  cletailed 

c r i t i c a l  path plar~.r~ing and scheduling s tud ie s  T w i l l  have t o  be made when 

s u f f i c i e n t  information i s  avai lab le  from the  development subtasks t o  make tkem 

meaningful. 

Since all m j o r  operati.ons x i i l  tie ca r r i ed  o l ~ t  f o r  t h e  f i r s t  time on a 

s i g n i f i c a n t  sca le  with i r r a d i a t e d  WGR f u e l s  i n  ?,his pil-ot plant ,  it i s  essen- 

t i a l  t h a t  development t e s t i n g  be ca r r i ed  t o  the  point  of confidence jn al:L 

aspects  of  the  head-end reprocessing. S o w  of t h e  equ'pment can be t e s t ed  

cold before in s t a l l a t io i i ;  o ther  equipment, by i t s  nature ,  must be t e s t e d  i n  

the Xead-Zrrd P i l o t  P l a n t  i t s e l f .  Pn outstanding e;<:ample i s  the  gaseous waste 
d i sposa l  system, which rrrust demonstrate the c a p a b i i t y  of separa-t:ing smll 
amounts of hydrogen (s tanding  i n  for t r i t i u m )  anr? i n e r t  gas ( f o r  'kr) from 

laxge volumcs of cwbon  diox:ide and oxygen. 

L.4.7.2 Sta tus  of Technology 

Consi6era.ble experience i n  the  procurement and t e s t i n g  of prototype head- 

end equj pitient w i  .!!I Le available through the head-end reprocessing development 

work by t he  time t h i s  t s k  i s  t o  be ca r r i ed  out.  

cxperience i s  t h a t  given under varioiis i t ; c ~ i ~ s  i r i  Suotasli L l l j .  

At the  pmsen t  t i m e ,  t he  

L,-4.r/a3 Xork Plan  

Equipment wS 11 Se procured according t o  the  program's c r i t i c a l  pai;h sched- 

u1e Appropriate procurement documents and methods w i l l  'oe cleveloped to 

secli_re eqlripment, oi' adequat,e yi*a.lity to per.f'orrn the  rzquired t2sks  and t o  

provide a bas i s  f'or procmwnent of' equvi priernit, for the comiierci.aL recyqie p l - ax t .  

As J,n i n t c g y a l  pa r t  of procucement a c t i v i t i e s ,  each plece of eguipment w i  Ll 
be t e s t e d  appropr ia te ly  t o  deinons-r,rate and v e r i f y  its clhimed _uer.forrmiice 

c apiib i L i t  y . 
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L .  4.8 -_.__._ Subtask 7.23 - 1nstal.l.at;:i.oil o f  Equi-pment 

4.4.8.1 Re qui-rement 

Modlfricat;ions and add:i.'iions to T W '  must be constructed arid the equipment 

must be i n s t a l l e d  i n  the  Head-End P i l o t  Plant .  This instaJ.Ja.tion must he 

performed w i t ' ?  t h e  remote handling equipmeilt f o r  j.n-cell- work t o  demonstrate 

t h e  a p p l i c a b i l i t y  of t h e  remot;e maintenance philosophy and techniques proposed 

for. p j ~ l o t  p lan t  operat ions,  The equipment handling procedures developed during 

i n s t a l l a t , i o n  must be recorded t o  f a c i l i t a t e  eventxa l  removal of equipment. 

L.4.g.2 Sta tus  of Technology 

TURF provides shielded space and bas i c  f a c i l i t i e s  for handling, i n s t a l l i n g ,  

and operat ing most of the  Hea.d-End P i l o t  Plant equipment i1;ems. The phi loso-  

phy of hot -cel.l operat ion and maintenance of complex equi.pinent has  been highly 
developed in connection with tihe 'l'rr,nsu:r.aniuiri Process Plaxt  27  and the V o l a t i l i t y  

P i l o t  Plant ,  as w e l l  as ot'nei- remotely maintained f a c i l i t i e s  a t  0rn-L. This 

experience and knowledge w i l l  be brought t o  bear  on t h e  problems of equipment 

handlim; and ins ta l la , t ion .  

4.4.8.3 Work P l a n  

New f a c i l i t i e s  and niodfLfications t o  ex i s t ing  f a c i l i t i e s  required for 

receiving and s to r ing  spent f u e l  elerneilts must ,  be construc'ied t o  achieve the  

demonstration i n  t h i s  plan.  Equi.pient f o r  handling spent f u e l  elements w i l l  

be i n s t a l l e d  i n  these new f a c i l i t i e s .  These f a c i l i t i e s  iflust be completed i n  

t i h e  to receive f u e l  from ?;'ne f i r s t  discharge of t he  FSVK core.  

I n s t a l l a t i o n  of  t h e  process equipment requi res  advanced planning of 
equipment layout for ease of i n s t a l l a t i o n  and removal. In some cases  this w i l l  

require  mockup s-lxdies. These s tud ie s  wL11 be defined a s  t he  design proceeds 

and equ.ipmen1; dimensions and f ea tu res  becorm b e t t e r  known. Spec i f ica t ions  

and procedures w i l l  be developed as necessary t o  guide t h e  i n s t a l l a t i o n .  

I n - c e l l  equipment w i l l  be moved into pos i t ion ,  anchored, connected t o  

servi-ces, and joined t o  adjacent  processing equipment by  USE of the in-ce1.1. 

crane and manipulator systems. 0u.t-of -cell. equipment, including control panels, 

w i l l  be e i t h e r  constructed i n  place or prefabr ica ted  and ins-t;alled I) 
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L"L .7  

1 k .  4 . '2 .1 

Subtask 121~ - Cold Operat ional  Testing of the  Head-End P i l o t  Plant 

Xe quircment 

The remote opesab i l i t y  of t h e  Head-End PSlot Plant ,  i t s  material-handling 

ca .pabi l i t i es ,  and the  adequacy of operational. procedures and runsheets must 

be t e s t e d  with uni r rad ia ted  prototype feed mater ia l s .  

An e s s e n t i a l  p a r t  of opera t iona l  cold t e s t i n g  any radiochemical processing 
p lan t  i s  the  t r a i n i n g  of Flant  operators .  Information gained i n  the operation 

of t he  iiead-End P i l o t  P lan t ,  both cold and hot,  w i l l  be of d i r e c t  i ~ s e  in 

es t ab l i sh ing  l icensing procedures f o r  t he  commercial recycle  p lan t .  One of the  

reciuirerrients of' co ld  operat ion w i l l  be t o  t r a i n  the p i l o t  p l an t  operzit,ors and 

to e s t a b l i s h  t r a i n i n g  c r i te r ia . .  

4 .  L -  9.2 L%atus of Technology 

Over the  pas t  2G years t he  cold. t e s t i n g  phase of p i l o t  pl.emting a rad io-  

actiire reprocessing f a c i l i t y  has  evolved and t e e n  proven. 

A. I+. 9.3 \Jerk Plan 

Each piece of equipment w i l l  be t e s t e d  in p h c e  l;o v e r i f y  i t s  opera t iona l  

capabi l i ty .  Ind iv idua l  systems w i l l  be t e s t e d  f o r  leaaktiightress mid Yunctional 

capa,bil i ty,  arid the a b i l i t y  of' the  systems t o  operate  as an  in tegra ted  pi lo^ 

plant  w i l l  be establ jshed.  Prototype Fuel element:; wjll be handled I n  the  f'uel 
receiving s t a t i o n  at TURF. These elements t r i l l  have t,he same e x t e r n a l  

diirierisions as the  ac tua l  j%el elements. Pro to type  €uel w i l l  L e  processed by 

the  SBIE procedures that w i l l  be foliowed witn acr,ual vadioactivc t w - L .  

EQuipmed will 'ue modified where necessary. 

Irie l_u?ed j n t h i s  sihtask k v i  11 be plan5 Dperating procedure development 

and -personnel tra, ining and indoctr inat ion.  S p e c i f i c s l l g  t h i s  wi.13 5 nc.lu.de 

the  I"olZoi,iirip items : ( 1) programmed ins t ruc t lon  nanzml:; wil I h e  y e p s r e d  TO 

aid the pl,zrtt opel7artors; ( 2 )  forvial l e c t l v e s  w i l l  be gi-vin by  t h e  designers of 

the  equipnent and by e q e r i c n c e d  rzdiochemical op2rat ion supervisors; 

( 3 )  detaiIed operat ional  procedures w i l l  be wr5tteri arid demxistratcd; and 

(4) r a d i o l o g i c a l  and co r iven t iona~  s a f e t y  i n s t r m t i o n  be pro-JideCi Q;/ 

appropriate  eupe:r.ts. 
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4.4.10 Subtask 125 - :rot Denionstration of t he  Head-End P i l o t  Plant  

The Head-End P i l o t  Plant  must be operated on hot  rriaterial u.ntj.1 reasonable 
assurance i s  gained t h a t  a l l  s ign i f i can t  problems have beeii encountered and 
solved. To assure  .f;hris, t h e  p i l o t  p l an t  must process h ighly  i r r a d i a t e d  fu.el. 

elements so as t o  encounter s u f f i c i e n t l y  severe manifestat ions of var ious 

5 . r radht j .m e f f e c t s .  These e f f e c t s  inchide cracki .w of Sic and pyro ly t ic  

carbon coat ings;  pene t ra t ion  of  fuel. i n t o  t h e  pyroIy-t ic  carbon bu f fe r  

laycr; f i s s i o n  produci-i; forrnatioii, migrati~on, and segregation; and dipLensiona.l 

changes i n  the  graphite element * 

‘The overr iding requirement of t he  Head-End Pi-lot, Plant  hot demonstration 

i s  t h a t  possible  p a r t i c l e  s i ze  c l a s s i f i c a t i o n  ’ne demonstra-ted with acceptably 

low 2 3 3 U  losses  t o  nonrecycle streams and acceptab3.y low 235U back-mixing j.nto 

the  fuel. recycle stream. Although exact  nuibers cannot be assigned because of 

t he  somewhat a r b i t r a y y  nature of t h e  acceptable economic penal-ty, it seems 
c l e a r  t h a t  up t o  5% 233U loss and 103 235U back-mixing a re  to1ernbl.e. 

of these  leads t o  an economical pena l ty  less than  0.015 rntll/kWh.) 

(E i the r  

An important requirement i s  t h a t  t h e  alumina used i.n t he  f lu id i zed  bed be 

reeycled and t h a t  it no-t; r eac t  with o r  sti.ck t o  the f u e l  p a r t i c l e s .  

4.4.10.2 Status  of Technology 

The head-end t reatment  of i r r a d i a t e d  HTGR recycle  f u e l s  has not yet  been 

demonstrated. Graphite f u e l  burn:i.ng with nonradioactive Rover f u e l  has  been 

done successfu l ly  and reported.  I r r ad ia t ed  1)ragon f u e l  compacts have been 

handled on a small. scale i n  a seri.es of h o t - c e l l  experirr?c:nts aimed a t  deter- 
mi-ning the  off-gas  coirlpositioii a t  each s t e p  of the process, p a r t i c l e  crushing 

behavior, e f f e c t i v e  p a r t i c l e  separa t ion  and s i ze  reduct ion procedures, and 

dissoluL:i.on methods. 

core p r o t o t m e  f u e l )  have a l s o  been s tudied i n  h o t - c e l l  t e s t s .  

exception of t he  sma1.l. samples of Dragon f u e l ,  the  above f u e l s  d i d  not con- 

t a i n  Sic b a r r i e r  coat ings.  Since p a r t i c l e  separat ion i s  a key sl;en i n  t h e  
HTGK f u e l  recycle  pl.an, i-t .is apparent t h a t  t h e  c r u c i a l  experiments f o r  t h i s  

sub-bask h m e  only begun. 

The G A I L  3 A  a.nd 3 B  fuelsl’y 26 (Peach B o L t c m  Heactor f i r s t  
With t h e  

2 9  

Tne only fue l  elements wit‘n i r r a d i a t i o n  exposu.re equ-ivalent t o  f u l l y  

i r r a d i a t e d  HER fuel. t h a t  w i l l  be ava i l ab le  before  the f a l l  of 1978 are 

seve ra l  of t he  t e s t  elements now i n  the  Peach Bot1;om Reactor, which contain 
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particles with a thorillm-to-enriched-irrhniinm r a t i o  of 2. Ynese pal-tlcles x f i l l  

close'Ly simulate normal six-year burnup condi t ions a f t e r  t h ree  yesrs of 

i r rad ja t ior i .  O f  t h e  t e s t  elements in the  Peack Bottom Peaetor,  s i x  are t he  

XTE's ( sae  Subtask 392), which w i l l  be avaiJ:able f o r  hot-ce1.1 t e s t s  and I'or 
preliminary work i n  t h e  Head-Ed P i l o t  Plant  as soon as the  p!:~nt i s  ready t o  

receive i r r a d i a t e d  elements. 
tom Zeactor by e a r l y  1971. No o the r  HTGR fuel suLtable for ilse i n  tl-ie head- 

end process demonstration of f u l l y  i r r a d i a t e d  f u e l  w i l l  be avEilable  1:mtil the  

first core of t h e  P'SVH reaches full burnup i n  the  fsll o f  1974. 

Two addi t iona l  RTE's s h m l d  be i n  t h e  ?each Bot- 

k.A.lO.3 Work Plan 

The Head-End PTlot Tlant hot, denionstra,tion w i l l  cons i s t  of t h ree  major 

pa r t s :  (1) studies  using pa r t  of t he  P'l'E's contaiiiing thor.ium-235?J f i s s i l e  

par-t-t,icles, which will have been i r r a d i a t e d  in the  Peach bottom Reactor, and 

( 2 )  s tud ie s  using the PTE' s, part; of which w i l l  have t a e n  i r r a d i a t e d  i n  the 
FSVR t o  full exposirre ( t h e  equivalent  of s i x  years '  exposure xt f u l l  r eac to r  

pover),  and ( 3 )  t'ne reprocessirig of 1030 spent FSVR f u e l  eletrents.  

r]lurlber o f  clem,?nl;s 1 , r i l l  provide an aggregate of' four t o  P i x  moriths O t  rffeC'tiVP 

p i l o r ,  p lan t  operat ion and w i l l  y i e l d  s u f f i c i e n t  233U t o  f ab r i ca t e  about 1.50 

recycle  elements. 

j-nvolve seve ra l  years, r e f l e c t i n g  the deveLo;me!i1, crlaracter of  the demonStYatiOn. 

ThLs 

'Phe aet1ia.t t,irrie 01' p i l e t  p l a n t  operat ion w i l l  prokably 

Parts of the  RTE's vjll be avaiWo1e for head-end s tudies  by the  t i ne  they  

a r e  needed, and t hey  will be the  f i r s t  hot  iuater ja ls  processed through the 

Head-Fnd P i l o t  ?lafit. LJith the  exception of possible  d i f fe rences  r e l a t ed  Lo 

t k e  e f f e c t s  of t h e i r  d i f f e r e n t  i r r a d i a t i o n  h i s t o r y  ( and ai;teridEtnt possible  

d i f fe rences  i n  element crushing behavior) ,  these elements will be :<oL>d stand- 

in,; f o r  %he re€'erence recycle  elements. Their use will enable an c a r l y  t e s t  

of t he  head-end equipment and processes.  

w i l l  be made 9,s d ic t a t ed  by these results before the  first, elements from the  

FSV2 a r e  reprocessed. 

Dsocess and equipner:t adjustn:ents 

The i r r a d i a t e d  f u e l  elements w i l l  be crushed, some prel imjnary separat ion 

will be ca r r i ed  out,  a,qd the  crushed mater ia l s  wLl1 he burned i n  a f.!.uidized 

bed of A1203 p a r t i c l e s .  '['he ef'€'iciency of  u t i l i z a t i o n  of the  oxygen fed t o  

the  system {luring t h i s  s t e p  i s  expected t o  be g rea t e r  than 9G$ f o r  operat ion 

a t  750 t o  800°C. Control of the  oxygeri feed r a t e  w i l l  con t ro l  tj.e temperature. 

Because r e l ease  of 'IS20, "FX, and o ther  fission products i s  expected 

during these  head-end operat ions,  off-gases from the  var iow steps will be 
t r ea t ed  t o  remove these  isotopes.  

future  exzerinients w i l l  he used. The burner ash will -!E separated and 

Exis t ing  technology3" o r  t h a t  deve lqxd  i n  
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c la s s i f i ed .  The A1203 wi1.l. he routed hack t o  the burner f o r  reuse whenever 

poss ib le .  
ing leaching l;o remove f u e l  values  on thei.r surfaces ,  i f  necessary) .  

f e r t i l e  par t i -c les  coated with S i c  (from the FSVR) w i l l  be crushed t o  remove the 

S ic  coat ing and t r e a t e d  by an add i t iona l  burning s t ep .  The c lass i f ied .  f r ac t ions  

from the burner ash w i l l  be .accumulated and dissolved.  

P a r t i c l e s  of Sic-coated 235UC;! w i l l  be processed f o r  s torage  (follow- 

'The 

It j.s assuaed t h a t  t h e  leacher  and d isso lver  w i . 1 1  be p a r t  of t he  Head- 

End P i l o t  Pl.ant. Whether t h e y - w i l l  be located i n  the  Head-End P i l o t  Plant  o r  

t he  Acid Thorex P i l o t  Plant  (Building 3019) w i l l  not be f i -na l ly  decided u n t i l  

add i t iona l  flowsheet and ope ra t iona l  f e a s i b i l i t y  s tud ie s  have been nlade e 

4.4.11 Subtask 126 Waste 'Treatmen+ and Disposal 

4.4.11.1 Requi-rement 

The natures  and quan t i t i e s  of wastes an t ic ipa ted  i.n the Head-End P i l o t  

Plant are estirnated i n  Appendix C .  An idea  of  the s i z e  of the waste streams 
and of the magnitude of the problems may be obtained from Fig.  d- .Z  (page 3 3 ) ,  

whi.ch i.s based on pu t t ing  ahout 10 FSVR f u e l  elements per  day through head- 

end reprocessing. 

prepare 10 kg of recycle  p a r t i c l e s  with a thorium-to-uranium at;o111 r a t i o  o f  1! .25 .  

Gaseous wastes containing C02 and v o l a t i l e  f i s s i o n  products must be made safe  

before  r e l ease  t o  t h e  environment. 

The 233U contained wilihin these elements i s  s u f f i c i e n t  to 

Liqu:id waste must be co l l ec t ed  snd disposed of according t o  i t s  a c t i v i t y  

l e v e l  and type of  contamination. F i s s i l e  umnium m u s t  be d i lu t ed  with depleted 

o r  n a t u r a l  uranium before discharge t o  t h e  Melton Val ley waste system.. TI-?-- 

t i a t e d  water  w i l l  require  spec ia l  ha.ndI.-i.ng f o r  waste s toragea  

So1i.d waste containing rad ioac t i .v i ty  m u s t  be contained and disposed o f  

i n  cont ro l led  a reas  s p e c i f i c a l l y  designated f o r  such wastes. They must be 
co l lec ted ,  packaged, and i d e n t i f i e d  f o r  s torage (. 

4.4.11.2 S ta tus  of Technology 

The technol.ogy of waste t reatKent ,  d i sposa l ,  and s torage i s  undergoing 

an extensive revamping i n  the  United S ta t e s .  We must be s u f f i c i e n t l y  f l e x i b l e  

i n  0u.r p lan t o  accommoda,te revised c r i t e r i a  t h a t  may derLve from t h i s  s i t ua t ion .  

'The technology f o r  handling off-gas i s  discussed under Subtask 3.3.7. The 

TURF of f  -gas system ?'_s su i t ab le  f o r  removj-ng p a r t h x l a t e  mater ia l s  from the  

c e l l  and v e s s e l  vent gases  b y  f i l t r a t i o n .  No gas scriibhing equipment -is 

provided. 
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Liqiiid waste c.ol-lection and s torage systems e x i s t  i n  TRF. They a r e  

adequate I'or handlirq{ high-level  wastes t h a t  have been rnade corrtptLt,ible with 

t P i s  t n e  304L s t a i n l e s s  s t e e l  l i l i es  and tanks t h a t  make up the waste system. 
L t  i s  assumed t h a t  provis ions wil l  'be ava i l ab le  f o r  permanent d i sposa l  of a l l  

rad ioac t ive  wastes , Writteri procedures and regula t ions  €or l i qu id  waste 

handling a re  part of' the  03NL standard p rac t i ce  procedwes.  

Sol id  wastes w i l l  be derived from process waste, salvage? equipnient, and 

contaminated clothing.  Procedures e x i s t  for handling such wastes. 

L.Lb.lL.3 Work Plan 

Cell v e n t i l a t i o n  a i r ,  process vesse l  off-gas venting, and incidcntal .  

waste gases w i l l  be disposed of  by d i r e c t  re lease  t o  the  TTJRF off-gas system, 

rvhich ha:; a minimiim of LO,(?CC f t / m i n  o f  a i r  <!.owing t o  a l % - f t - t a l l  s t3 i . k  

with an average atmospheric dispers ion f 'artor of 0.32 i< l G e 5  SEC: per clibic 

meter rcl eased. (;aseous pro?uci,s t'ro:n th;: burner containing CO;!, CO, and 

v o k t i l e  and gaseous f i s s i o n  products w i l l  be t r e a t c d  i n  speei t t l  cleanup 

equipment before  r e l ease  t o  t h e  TTiKE' off-gas stre2m. 

Nonradioactive l i qu id  waste w i l l  be handled i n  the e u i s t i i q  TUKF process 

waste system, cdiich is monitored before c o l l e c t  ion i n  temporary s torage tanks. 
Such process waste when found t o  be contaminated can be diver ted t o  ponds t h a t  

can be drained i n t o  the  Melton Valley waste d i sposa l  system. 

T r i t i a t e d  water w i l l  be e i thcr  packaged f o r  b u r i a l  o r  d i lu t ed  with m t e r  

t o  required l imits and released t o  the rad ioac t ive  hot  dra in  i n  'YLiKl". 

Contaminated c lo th ing ,  such as shoe covers and gloves,  will be bagged f o r  

disposal .  

Onljr the  radioactiTre s o l i d  process waste w i l l  r equi rs  s p e c i a l  equipment 

for handling and disposal .  Doubly enclosed containers  f o r  so l id  waste d i sposa l  

w i l l .  be provided. The f i l l e d  containers  x i11  be co l lec ted  i n  the  shielded 

processing Te l l s  and loaded i n t o  a heavi ly  shielded cask f o r  t r anspor t  to 

so l id  waste d i sposa l  area,s. An e x i s t i n g  cask w i l l  be modified for solid. waste 

handling. A l l  r ad ioac t ive  waste t h a t  requi res  permanorit d i sposa l  w i l l  be 
del ivered t o  a cerLt ra l  rad ioac t ive  waste d i sposa l  f a c i l i t y  a t  ORPJ'L. It i s  

assumed t h a t  t h i s  f a c i l i t y ,  provided by other AEC programs, w i l l  be avaLZable t o  
support t h i s  program. 

s torage ,  and shipping c a p a b i l i t i e s  of TURF w i l l  be u t i l i z e d  in t h e  t'Low of' 

do l id  wastes,  

4pproxirnately E$, of the present  receiving,  handling, 
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4.4.12 Subtask 127 - Mater ia l  Handling 

4,L,, 12.1  Requirement 

Mater ia ls  required t o  sus t a in  operat ion of the Head-End P i l o t  Pla,nt must 
These mater ia ls  will i-nclude be handled both en ter ing  and leaving the  plaint. 

both feed and support inater ia ls  t o  the process,  scrap and o f f - spec i f i ca t ion  

ma te r i a l  generated by the process,  and the  products coming from the process.  

These mater ia ls  rnust be received, handled, stored, o r  shipped a s  appropriate .  

The present  !CLEF capac i ty  i s  i n s u f f i c i e n t  t o  accommodate the  operat ions of 

t h i s  subtask necessary t o  ca.rry out t h e  planned demonstration. 
Test f u e l  e l e m n t s  must be secured f o r  use i n  development and cold opera- 

About 40 unirradhtted FSVK f u e l  e lanents  w i l l  be requ-ired f o r  t i o n a l  t e s t ing .  

development tes t i .ng of t he  Head-End P i l o t  Plant equipment-. P u t  of these  

sliould be shipped i n  t h e  FSVR Fuel  Shipping Cask t o  simulate hol; f u e l  handling. 

About ha l f  these elementis w i l l  be needed by January 13’74 and the  remainder by 

J u l y  1.9‘15. 

I n  addi t ion  t o  these  f u e l  requ5.rements f o r  Head-End T i lo t  Plant equipixent 

t e s t i n g ,  t e s t  fuel elements w i l l  be required f o r  cold s tudies  of  c a p a b i l i t y  

and rei-iability o f  prototype equipment. Five t o  -ten reference prototype fuel. 

elements w i l l  be required each year i n  1971 and 1972 and 10 t o  20 i n  1973. 

Spent f u e l  mater ia l s  t h a t  niiis1; be handled from the  recycJ-e fuel- i r r a d i a -  

t i o n s  Task 300 include RTErs, PTE’s, and re fabr ica ted  t e s t  elements containing 

235U and 233U. 

must be received, s tored ,  and handled t o  supply -the planned hot  demonstration 

operat ions.  

I n  tzddi-tion approximately 1000 i r radi-ated FSVW f u e l  e lenents  

Products from -the Head-End P i l o t  Plant  musl; ’ne packaged, t r ans fe r r ed  Trom 

the  head-end processing c e l l  or Tbipped from the plant;. 

Process sampks and support rmte r i a l s  must a l s o  be rece?’.ved, s to red ,  

handkd,  and shipped Lo support t he  demonstration. 

4.  4 .12.2 StadGus of Technology 

Experience e x i s t s  i n  handling spent f u e l  el.ements. ‘The f u e l  cask and 

ca.rri.ers €‘or handling i r r a d i a t e d  FSVR m.aterials e x i s t ,  arid operat ing pro- 

cedures have been es tab l i shed  for t h e i r  use. However, it may be necessary t o  

develop c e r t a i n  modi.ficatLons t o  existj-ng procedures or, i n  som cases ,  t o  

er;tabl.i.sh new handling techniques through rnockuy, t e s t s .  Experience also e x i s t s  

f o r  handling the  flow of suppor’i mater ia l s  and product from t h i s  type of p i l o t  

p l an t .  



used f o r  

hot - c e l l  

event ua 1 

The 

elements 

shipping 
s ix  a t  s 
diarnete I* 

57 

4.4.12.3 Work Plan 

The 60 t o  80 FSVR f u e l  elements -required for development t e s t ing  and co ld  

operat ions w i l l  be rabricated from standard FSVX fuel blocks and loaded with 
f u e l  mater ia l s  prepared duying development a c t i v i t i e s  of Subtask 21C). 

The RTE' s  w i l l  be del ivered t o  ORNL i n  the  Peach Rottom shipping cask. 

will be unloaded, -the elements w i l l  be segmented, and cer ta j r i  p a r t s  vi11 be 
Jt 

p o s t i r r a i i s t i o n  examination (PIE) .  

developmcnt and t k e  r e m i n d e r  will be shipped t o  'YUX' for storage and 

reprocessinp. 

PTE's ,  t h e  1090 FSVR spent f u e l  elements, and the  rc fabr ica ted  t e s t  
contain+-ng 2''U acd Li3.11 will L e  del ivered t o  ORTJL i n  tine b ' 8 ' ~ ~  R l e 1  

cask. 
time ins ide  t h e  f u e l  shipping cask, vlirich measwes z'oout 3(J in .  i n  
i 10.5 ft long. 

Some specimens w i  II be k;pt f o r  

These clements, each weighing zpproximately 300 l b ,  wi 11 be shipped 

i'he cask is  hauled on a t r a c t o r  t r a i l e r  with o v p r a l l  

dimensions 50 ft long A 3 ft wide 

can be collapsed t o  30 f't when parked, 

14 f t  high. The t r a i l e r  i s  '10 ft long but 

The shippirig a.rrange!rlent and the  s i z e  of  the cask make spec ia l  cask 
harit31Lng eqilaipmerit arid f:icil.j.t:ies necessary at; 01' riear the TTJRI' s i k .  Tkiesi? 

s p e c i a l  f ' a c i l i t i e s  incli ide the  u t i l i z a t i o n  of  space i n  ORNL Bu- i ld ing  '75Oi f o r  

inter im spent  f u e l  :;torage arid the  cons truc:l;ion of  a spent fuel.  ~ ' e c e  i.virig, 

storage,  and handling faci l . i ty ,  idlxich i.s 1;o be located near [;he TIJRF head-end 

i . r i g  c e l l .  These f a c i l i t i e s  can receive and ha.ndle f h e l  a t  a r a t e  

siij.i'icient t o  sus t a in  the head-end processing capacftjr. They would. have dry 

s torage space for s t o r i n g  up l;o 1.C)OO spent fuel. el.etnerit,s i n  cans 1.'7..5 i n .  in 

diameter.  A t o t a l  of 2.1 f t 2  O:P f ' l o o ~  space (at f ~ ~ $  I-oatiingj is requimci tm 

s to re  a col~.mui of these cans.  

.F3rocess supporL mater ia ls  such as A l $ O ; j ,  :process gas, paclraging cnnl;ainer.s, 

:;pn-re par t s  I and he.rdw:me will. be kimdled .kkisough t?:tis.t?.ng f 'aci7.ities at 'TTJXF. 

r?. ~ r o c e s s  samples -vi11 tils0 be  hxnc?leid through these  f a c i l i t i e s .  'The f'low of 

sample s, support me.t;erials and produc-t, exc1us:i-ve of' spent fuel. e Lements , 
w i l l  require  about 25% of  the  present  receiving,  hand.ling, s torage,  and 

sI3.pping c: a.pab'ui.lit i.e s o 1' 'I'UW. 
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4.4.13 Subtask 128 - Process Developme~t Support 

4.4.13.1 Requi-relent 

A s  i s  the  case with any p i l o t  pla.n-t, unforeseen problems w i l l  arise and 

require  rapid solut ions.  Laboratory and h o t - c e l l  t e s t s  on a c t u a l  iiiateria.ls 

a re  necessary t o  gi-ve t h e  p l a n t ' s  operators  guidance i n  sol-ving t h e  probleiiis. 

4.ir.W.2 Work Plan 

A process chemist and supporting hot  c k l l  f a c j l i - t i e s  w i l l .  be iiiade a v a i l -  

able  t o  accomplish t h e  requirement given above. It w i l l  be 1;hi.s chem?:.st's and 

the  ho-t c e l l  ope ra to r ' s  funct ion t o  perform the  t e s t s  reqQired t o  provide he lp  

t o  solve t h e  problems. I n  addi t ion,  equipment changes and head-end work on 

un i r r ad ia t ed  elements w i l l  be c a r r i e d  o u t  a s  necessary a s  a r e s u l t  of d e f i -  

c i enc ie s  found a f t e r  preliminary hot operations with tihe RTE's o r  during t h e  

o the r  hot operat ions,  

4.5 SIIB'XASK 130 - A C i D  THOREX PLW'J PLANT DEMONSTXATION 

4.5.1 Purpose 

The object ive of t h e  Acid Thorex P i l o t  Plant demonstration i s  t o  prove 
th3.t t h e  Acid Thorex Process i s  adequate t o  reprocess t h e  uraniim-thorium 

mixture r e s u l t i n g  from t h e  head-end reprocessing nf i r r a d i a t e d  HTGK recycle  f u e l .  

The present  plan i s  t o  process t h i s  ma te r i a l  a t  OWL i n  Building 1019 (Thorex 

P i l o t  P l a n t )  with e x i s  t i ~ n g  equipment, modified and supplemented 3s  necessary 

f o r  BTGX Recycle fuel. reprocessing. 

t h i s  subtask w i l l  then be shipped t o  the  TUB3 f o r  feed t o  the Refabrication 
P i l o t  P l an t .  I n  addi t ion t o  the primary object ive,  the  secondary object ives  

of e s t ab l i sh ing  the nuiliberer of p u r i f i c a t i o n  cycles required f o r  adeaxate decon- 
tamination from radionuclides and chemical impuri t ies  and e s t ab l i sh ing  feed 

c l a r i f i c a t i o n  e f f i c i ency  inust be met. 

The uranyl  n i t r a t e  sol .ut ion r e s u l t i n g  from 

h.  5.2 Requirement 

Recycle 233U must be separated from f i s s i o n  products and from thorium 

and oi;her contamLnants such a s  f luo r ide  and boron. The 233U must be recovered 



with acceptably low losses (usua l ly  l e s s  than  0.2%) and 'oe su i t ab le  Tor recycle  
t o  the  Pefabricat,ion Pilot, Plant. 

The required a c t j v i t i e s  of t h i s  subtask include modifications and addi t ions 

t o  the  ex i s t ing  ?"norex P i l o t  P lan t .  When these modifications a re  made it w i l l  

be r e fe r r ed  t o  as the  Acid Thorex P i l o t  P lan t .  A s  p resent ly  i n s t a l l e d ,  the  

p lan t  i s  used as the  NJational 2'31U IJispcnsing F a c i l i t y  and i s  equipped with 

two complete solvent  ex%raction cycles .  Some rerout ing of piping i s  necessary 

t o  pa r t ik ion  the  uranium stream from the  thorium and waste streams. 

Becaiise of t he  probable presence of '3, iir, I, Ru, Mo, Te, C s ,  and R'o i n  

the  recycle  Fuel, t h e i r  re lease  from process s t r e a m  may require  off-gas 

treatmpnt system modifications.  i??i s poss iL i l i t y  i s  being b e t t e r  defined by 

the ho t -ce l l  s tud ie s  now i n  progress,  and e a r l y  ind ica t ions  a re  t h a t  sorce 'ti 

and "Kr r e l ease  i s  to be expected. 

necessary f o r  handling "'L and 2'5U , borated-glass Raschj g r i n g s  r n u s  t he 

i r i s t s l l ed  i n  expanded column sec t ions .  

To maintain the c r i t i c a l i t y  con t ro l  

Tnis demonstration must be on a scale s u f f i c i e n t  t o  show t h a t  feecl mater ia l  

coming from the  Head-End P i l o t  Plant  a t  t he  design capac i ty  c&n be successfu l ly  

pu r i f i ed .  
231TJ. 

r a t io  of about 39 according to present floTdsheets. Jecycle r u e 1  p f t i c l e s  f o r  
about f ive  lO0O-IW(  e )  reference JTGR f u e l  elements caii be i'aLr.Lcatet3 from 

6 gg of ' j3u. 
v i r 1 5  recycle  c a p a b i l i t y  ( ' j 3 U  only)  fou a n  ITTGF economy o f  l i ) , i ) O 0  VW(e), 
i s  an t i c ipa t ed  that the  Acid Thore.. P i l o t  D l a n t  w t l l  be capaLLe of' the  same 

capac i ty  when placed into opera t ion .  

The present  capac i ty  of the  Thorex P i l o t  Plant  i s  dm1d 6 k&-/day of  

The feed to t he  Acid 'Chorex Pilot Plant  w i l l  have a thoriiun-to-ixranium 

Operating a t  present capac i ty  the  ThorPx I J ~ ~ O I ,  Plani, w i l l  p ~ o -  

Tt 

k small part of the material f r o m  head-wid reproressing o f  1503 FSVR 

element:; w i l l  have a t t a ined  f u l l  i r r a d i a t i o n  ~ L P ~ S ~ J T Y  in FSVR, Tri ia  w i L l  bp 

enc~ugi-1 t,o *3deqiiately dwrmr,strztc the pu r i f i ca t ion  p r o r ~ s s .  T t  is ~"pps rcn t  That 

t n e  Acid i'horex P i h G  rlant, will Lo be op'rated Gn a s c h ~ d i i l i  1,h:tt 11 

match the schedule of the :€?ad-P:n? arid i h c ,  Refabr ica t ion  P i lo r ,  Plari Ls during 

t , r i < i i r  opf-1-ation. 

The reprocessing development sched.u.le (F ig .  Lv. 1, page 30 ) sho~ws the  i n t e r -  

relatiton o.f the  -various parts of the  k i d  Tl.io:rex P i l o t  Flant  demonstration sub- 

task,  and YLg. 3.1, page 5, re lates  t,his t;ask t o  the  o v e r a l l  recycle  development 

program. 
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The estimated annual. operat ing expenses f o r  t h e  Acid Thorex P i l o t  Plant  

are sumnarized i n  Tab3.e 2.1, page 6. The estimated c a p i t a l  expenditure 

required f o r  modifying the  Thorex P i l o t  Plant  i s  itemized i n  Table 2.3, page 8. 

4.5 .5  F a c i l i t i e s  

KO new f a c i l i t i e s  w i l l  be required t o  acconiplish t h i s  subtask. However, 
some modifications : . r i l l  b e  required 'io Building 3C19. 

4.5.6 Subtask 131. - ..-_ Design 

4.5.6.1. Requirement 

AlLhuugh the  technology of t he  Acid Thorex Process i s  es tab l i shed ,  s eve ra l  

equipment modifications and addi t ions  must be made t o  the  ex i s t ing  T'horex 

P i l o t  Plant  f o r  it t o  process XTGR recycle  fue l s .  The equipment requi r ing  

s ign i f i can t  design effort includes equipment f o r  handling car r i . e rs ,  t h e  feed 

charging device, and t h e  off-gas hand]-ing systems. l n  ad-dition t o  the  prepa- 

r a t i o n  of de t a i l ed  component designs and f a c i l i t y  modification, c r t t i c a l i t y  

ca l cu la t ions  must be made and the  r e s u l t s  in tegra ted  in-io a safeliy ana lys i s  

of t he  Acid Thorex Pi1.o-t; Plant .  

One of t he  primary concerns i n  handling HTGR f u e l s  i n  the  p u r i f i c a t i o n  
system i s  t h a t  of  nuclear  sa fe ty .  The concentrat ion of uranium i n  the  solvent  

ex t r ac t ion  feed i.s such (35 g / l i t e r )  t h a t  t he  c r i . t i c a l i t y  coiicentra,t;ion lh i t  

of the p re sen t ly  insta . l .kd equipmen-t i s  exceeded. For t h i s  reason, r e l i ance  on 

soluble  and f ixed  poisons, system geometry, and mass l i m i t  c o n t r o l  w i l l  be 

required t o  keep t h e  system s u b c r i t i c a l .  I n  addi-ti-on t o  t h e  equipment and 

procedure changes necessary to con t ro l  c r i t i ca . l i . ty ,  boron and thorium i n  

the  Acid 'l'horex P i l o t  Plant  feed a c t  as soluble neutron poisons. 

A. 5.6.2 Sta tus  of Techrtology 

Ykwoughoiit t he  years, t he  Building 3019 F a c i l i t y  has undergone several 

design and equipment; changes required by  the  pilot plaii t ing of the Purex, 

Thorex, Redox, and Interim-23 solvent e,xtraction p u r i f i c a t i o n  processes. 

Thus, design of solvent  ex t r ac t ion  p l an t s  i s  a subtask f o r  which the  technology 

i s  ve ry  h ighly  developed. 



Pvai lzble  information,  e spec ia l ly  from the  h o t - c e l l  s tud ies ,  appl icable  

to the  feed preparat ion amd t o  off-gas t rcatmcnt ,  W i l l  tie co l lec ted  and 

evaluated. Flowsheets wi 11 be prepared arid key n e 2 s  demonstratcd. Specif’i c 

corriponents (feed prepaxation system, of f  -gas handling system) wi I1 be designed, 

procured, and t e s t ed .  ii t le ta i led c r i t i c a l i t y  evall lation w i l l  ve inad”, and a 

pre l iminax?  safety analysis of the  p i l o t  plant w i l l  be p e w i r e d  arid revierred 

by the  necessary q u a l i t y  assurance sild sa€cty committees. E ina l  design of 

t he  required Thorex P i l o t  Plant  modifications and addi t ions  w i l i  be prepared. 

byawings, spec i f ica t ions ,  5nd procedures w i l l  be prepared cuf‘fj c Lent t o  modify 

the ex i s t ing  p lan t  and t o  i n s t a l l  new equipment. 

cable  t o  the  work w i l l  be u t i l i z e d .  The design will be prepared in t h ree  

phases, conceptual, preliminary ( ‘Ti t le  I ) ,  am3 f i n a l  ( T i t l e  11) 

Codes and standards s p p l i -  

1.5.7 

4.5.7.1 Requirement 

Subtask 132 - Frocurement and Testing of Equipment 

Several  neTw components of  process equipment will be required t o  transform 

the  Thorei P i l o t  Plznt i n t o  t h e  Acid Ihorex P-;lot P l an t  with qapabLlity to 

perform t h i s  demnst ra t io i i  task. 

4.5 .7.2 Sta tus  0.t‘ ‘Cechnology 

Nothing i n  t h i s  subtask requi res  development of new technology sxcept the 

off-gas system. I n  the  case of t‘nis system, the  ba,sic tt?chnoIogy w i l l  be 

developed m d e r  Subtask Ut?, and w i l l  be adopted. with the  chmqes necessary. 

i,. 5.7.3 Work Plan 

Equipraent will be procured as d i c t a t ed  by t he  program’s c r i t i c a l  path 

:;Clried1J:Le. Appropr:iate procurerfient documents and methods w i l i  be applied t o  

secure equipment with adequate q u a l i t y  t o  perform the  required o-perations. 
A s  an i n t e g r a l  p a r t  of  procurement a c t i v i t i e s ,  appropriate  t e s t s  w i l l  %e run 
on each j tem of equipment t o  demonstrate and ve r i fy  i t s  performmce czpab i l i t y .  
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&. 5.8 Subtask 1.33 - I n s t a l l a t i o n  of Equipment 

4.5.8.1 R9qiuirement 

New componen-ts aiid equipment must be i n s t a l l e d  and f a c i l i t i e s  modified 

concurrent ly  with rout ine  processing of 233U. 

Building 3019 F a c i l i t y  a l s o  serves the  AEC a s  the  National 233U Dispensing 

F a c i l i t y .  

As s t a t ed  previously,  t he  

4.5.8.2 Sta tus  of Technology 

The extensive experience of changi-ng flowsheet s ,  equipment and programs 

i n  Building 3019 i s  d i r e c t l y  appl icable  t o  t h i s  program subtask. 

4.5.8.3 Work Plan 

After t he  equipment has been procured and proof t e s t e d ,  new components 

will be i a s t a l l e d  i n  the p i l o t  p l an t ,  Exis t ing s t ruc tu res ,  e q u i p e n t ,  and 

systems of t he  f a c i l i t y  wi1.1 be modified by procedures and techniques lAat 

are es tab l i shed  .Cor work of t h i s  type &t O W L  and under ORNL quali.ty assurance 

and s a f e t y  controls .  

4.5.9 Subtask 1-31? - Cold Operational TesJC-ing of t he  Acid Thorex P i l o t  P l a i t  

4.5 .9 .1  Keqirirement 

To demonstrate the  adequacy of the  new components as pa r t  of the  overal.1 

p l an t ,  cold t e s t i n g  w i l l  be required.  Specifi-c requirements of cold tes t i r ig  

a c t i v i t i e s  include : 

1.. evaluat ing the  remote operahi . l i ty  and the  mintainahj . l r i ty  of  t'ne p lan t  

and i t s  components. It should be noted t h a t  t he  ii?-cell equipment i n  - the  

Acid Thorex P i l o t  Plant  i s  maintained di-yectly, while th&.t used i n  t h e  

Head-End P i l o t  Plant  i s  rmi,ntained remotely. 
es tab l i sh ing  the  a c t u a l  r rax imum and minimum plant, capaci- t ies ,  2. 

3.  determining the  e f fec t iveness  of  t he  operator  t r a i n k g  program, 

4.  

5. providing a period of opemtion t o  v e r i f y  process con-trol.. 
va l ida t  i.ng of the  spec i f ic  opera t iona l  procedures aiid hazards evalu&ion, 



Each piece of equipment w i l l  be t e s t e d  t o  v e r i f y  i t s  operationzL c a p a -  

bi l i t y .  Tndividual systems w i l l  be t e s t e d  for leakt ightness  and func t iona l  

c a p a b i l i t y ,  and f i n a l l y  the  complete Acid Thorex Pilot Plant w i l l  be t e s t ed  

to v e r i f y  i t s  opera t iona l  readiness .  Mater ia l  t h a t  simulates the product 

from the  Head-End P i l o t  Plant  w i l l  be pu r i f i ed  i n  the  solver?-t extraci,ion 

system. Product from t h e  c o l d  t e s t i n g  operat ions a t  the  Head-End P i l o t  Plant 

w i l l  be processed. Mater ia l  handling methods w i l l  be s tudied amd optimized 

to -prevent overexposure of personnel when i r r ad ia t ed  ma te r i a l  i s  handled. 

Inclilded i n  t h i s  subtask w i l l  be operat ing procedure deve Iopment and 

personnel traj  fling and indoct r ina t ion .  

4.5. LO Subtask 135 - Hot ikmonstration of  t he  Acid Thorex Pi. Lot Plant  - 
6.5 .lo. 1 Re quire  me n t  s 

The Acid %norex Filot Plant must process hot ma te r i a l  t o  e s t a b l i s h  

requirenients of the  solvent e:&raction s t e p  for r e p r o c e s s i q  IISGR fuels on a 
c o m e r c i a i  sca le .  Several  spec i f j  c pieces  of i nforrmtiori  must be obtained 

from t he  p i l o t  p l a n t ' s  hot  demonstration. These include:  

1. es t zb i i sh jng  t h e  number of  solvent ex t r ac t ion  cycles  needed f o r  yadio- 

chemic a1 and chemic a1 de c ont aminat ion,  

e s t ab l i sh ing  t'ne process losses  of f ' i ss ionable  mater ia l ,  

assess ing  the  a c t u a l  amount of process downtime, 

obtaining adequate personriel r ad ia t ion  exposure records.  

2. 

3. 

L. 

4.5.113.2 S t a t u s  of Technology 

Tne Acid 'Thorex Process being considered for HTGR fue l  reprocessing was 

developed a t  ORNL. During the  demonstration of the  Acid 'l'hore Process, 

considerable expe-r..ience b r a s  gained 3,s a total o f  40 metric tons  of i r r a d i a t e d  

thorium n e t a l  and oztde were processed. Some O S  the  processing involved 
short-decay f u e l  ( 28 'flays) wri th LOO0 g 

f a c t o r s  were demonstrated. 

'U/ton Th. Adequate decontamination 

Recently, both the  Hanford and Savannah Xiver s i t e s "  have employcd the  

'Thorex technology t o  process ton  qGanti t ies  of l i g h t l y  i r r a d i a t e d  TI102 t o  

supply the  Cornmiss-ion w i t h  23'IJ. Iq addi t ion  t o  this experience, a report  has 

been prepared32 wherein the  same information has been appl ied i n  a proposal to 



reprocess HTGR fu.el i n  t he  Nuclear Fuel Services pla,n.t. 'Thus, Acid Thorex 

techno]-ogy i s  developed t o  a point t h a t  scale-up t o  HTGH f u e l  reproeessing 

i s  f eas ib l e .  

Si.nce the  conclusi.on o f  the Thorex p'ogra,m, the  equipment and f a c i l i t i e s  

a t  ORNL have been used as the  National. 233U Dispensing F a c i l i t y .  Considera-ble 
information on shielding requirements and operat ing experience has been gained 

during t h i s  per iod,  The f a c i l i t i e s  include shielded wel l s  f o r  s tor ing  up to 

168 kg of 233U i n  so l id  form and tanks .that can s to re  500 kg of 233U i.n 

u.rany1 nitra-tie so lu t ions  a t  233U concentrations up t o  250 g / l i t e r .  Also, a 
shielded. in te r im storage vau l t  (Build:.% 3100) can hold up t o  70 kg of 233U 

or 239Pu i n  shipping containers .  A t  present ,  nine vrel.ls f o r  so l id  s torage alld 
f i v e  tanks fo r  so lu t ion  sto-rage a r e  being added t o  increase the  capac i ty  by  80% 

f o r  so l id s  and by 100% f o r  solut ions.  

4.5.1.0.3 Work P l a n  

The work plan begins with a s tudy of r ece ip t  of t he  product from the  
Head-End P i l o t  Plant . 

After r ece ip t  a t  the  Acid Thorex P i l o t  P lan t ,  the  product wi7.l. be 
ad just,ed Lo flowsheet condi t i~ons by steam styipping.  Extraneous so l id s ,  such 

as s j - l ica  and carbonaceous mater ia l s ,  may he i n  the  feed so lu t ion  and cause 

emulsion problems i n  l i-quid-liquid ex-i;ra,cf;ion systems; therefore ,  a, c l a r i f i -  

ca t ion  system may be required.  

The adjusted feed so lu t ion  w i l l  be pumped t o  a n  extracti.on-scrub column 

where the  uranium and tlnoriwn a re  separated from the  fission products. 

column r a f f i n a t e ,  which contains the f i s s i o n  pi*oducts, w i l l  probably be 
t ra ,nsferred t o  the O W L  high-level  waste evaporator f o r  volume reduction. 'The 

method chosen f o r  storage of t he  high-level  waste i s  not yet es tab l i shed  amd 

depends on a number of f a c t o r s  cu r ren t ly  under study. 

The uranium and thorium i n  the  organic phase w i l l  be par t i t ioned  by 

ad jus t ing  the  aci.d i n  the  second cohmn.  Thorium contained i n  the  aqueous 

phase flowing from t h i s  colnmn w i l l  be analyzed and rou1;ed t o  metal  waste 

storage.  'The uranium w i l l  be s t r ipped  from the  organic stream with deminera- 

l i zed  water i n  a t h i r d  column, After  concentrat ion of the  uranium product 

by evaporation, the solu-tion may be recycled t o  t he  solvent extrac.Li.on cycle 

f o r  ad.di.tiona1 pu r i f i ca t ion .  Ample c r i t i c a l l y  safe  storage capac i ty  present ly  

e x i s t s  f o r  the  uranium. This subtask ends with t r a w f e r  of t he  233U as  uranyl  

nitra. te so lu t ion  t o  the  Refabricat ion P i l o t  P lan t .  
The chemical flowsheet i s  presen-ted i n  Fig. 4 .4 .  
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4.5.11 Subtask 135 Waste Treatment and Di sposa,!, 

4.5.11.1 Requirement 

The natures  and q imnt i t ies  of wastes an t i c ipa t ed  i n  the Acid Thorex P i l o t  

Plant  a re  estimated i n  Appendix C.  

Gaseous waste conLaining v o l a t i l e  f i s s i o n  products from the Process 

Equipment must be made safe before  r e l ease  t o  t h e  envlroiment. 

Liquid waste must be co l lec ted  and disposed of according t o  i t s  ac - t iv i ty  

l e v e l  and t y p e .  

uranium before di.scharge t o  the  ORNT, h igh- leve l  waste system. 

w i l l  r equi re  spec5.al. handling f o r  waste s torage.  

Ftssj.J-e uranium must be d i lu t ed  wit'n depleted or' n a t u r a l  
T r i t i a t e d  water 

Sol id  waste containing radioac-Livity inust be contained and disposed of i n  

control.l-ed areas s p e c i f i c a l l y  designated f o r  such wastes. They must be 

co l lec ted ,  packaged, and i d e n t i f i e d  f o r  stora-ge. 

4.5.11.2 Sta tus  of Technology 

The technology f o r  handling off-gas i s  discussed under Subtask 117, The 

Building 3019 off.-gas sys-tiern i s  su i t ab le  f o r  f i . l t e r i n g  particul.ate inaterials 
from the  c e l l  and v e s s e l  exhaust gases ,  Some gas scrubbing equi-pment 

i s  provided. The TTRF does not include gas  f i I : t?at ion equipLnent. 

Liquid w s s t e  collect:i.oa and s torage systems e x i s t  a , t  ORNL. They are  

adequate f o r  handling high-level  wastes t h a t  have been made compatible with 
the type 30AL s t a i n l e s s  s t e e l  l i n e s  and tanks t h a t  make up the  system. Also 

avai lab le  w i l l  be provisi-ons for permanent disposal.  o f  a l l  l e v e l s  of rad io-  

ac t ive  wastes. Written procedures and yegulations f o r  l:i.quid waste handling 

a re  part of t he  OFWL standard p rac t i ce  procedures. 

Sol id  wastes w i l l  be derived from process waste, salvaged equ.i.pinefi-t, and 

contaminated clothing.  

4.5.1.1.3 Work Plan 

Cell. v e n t i l a t i o n  ail. w i l l  be disposed of  by  d i r e c t  re lease  to t he  3020 
s tack ,  Tdhich ha.s a minimum of 38,000 f L / i n i r i  of a i r  flowing t o  a 250-Pt - ta l l  
s tack  with an average atmospheric d i spers ion  f a c t o r  of 1.0 X l o m 7  see per  
cubic meter  re leased.  

disposed of as a s o l i d  waste. 
The krypton and xenon wi1.1. be coll.ected, packaged, and 

Liqu.id waste not suspected t o  conta in  ra,dioa.ctj.v:i.ty w i l l  be handled i n  

the  ex i s t ing  ORNL intermediate - leve l  waste system, which i s  monitored before 
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col l .ect ion i n  temporary- s torage tanks.  Contaminated process waste i s  diver ted 

to t.he ORNL high-level  waste d i sposa l  syskem. Tri t ia - ted  water w i l l  ?E e i t h e r  

packaged f o r  b u r i a l  o r  d i lu t ed  with water t o  required l i m i - t s  and released to 

t he  rad ioac t ive  hot  d ra in ,  

Contaminated c lo th ing ,  such a s  shoe covers and gloves, w i l l  be bagged 

for b u r i a l .  

Only the  rad ioac t ive  so l id  process waste (mainly A1203) will -require 

specia.1 equipment f o r  handling and disposal .  Doubly enclosed containers  f o r  

so:l.ids wa:;te d i sposa l  w i l l  be provided. %ne f i l l e d  containers  w i l l  be co l lec ted  

and loaded i n t o  a heavily shielded cask through the  c a r r i e r  charging mechanism 

f'oj? t r anspor t  t o  so l id  waste disposal. a reas .  An ex i s t ing  cask w i l l  be 

mod:i.fied :for so l id  waste handling. 

All radioa,c-tive waste:; that require  perrmnent d i sposa l  w i l l  be del ivered 

to a c e n t r a l  radioact ive :Taste r1i.sposa.L facLl.ity at O R N L .  It i s  assiuned t h a t  

t h i s  f a c i l i t y ,  provided b y  ot?ner AEC programs, will be a,va:i.ltible t o  $:upport 

t h i s  program. 

4.5.12 Subtask 137 - Yateri a l  Handling 

4.5.12.1 Requirement 

Mater ia ls  required t o  sus t a in  operat ion o f  the Acid 'I'horex P i l o t  P h n t  

m u s t  be handled both en ter ing  and leaving t h e  plant .  These materials w i l l  

include feed and support mater ia l s  t o  t,i?e process and scrap and the  prod.ucts 

coming f-om the  process.  These mater ia l s  muwt  'oe received, handled, s tored,  

o r  shippet?. as appropriate .  
Trantjfers of 237TJ n i t r a t e  so lu t ion  from the  Acid Thorex P i l o t  Plant  

wi11.1. cor1t;ai.n up t o  25 kg of 2 3 3 ~  a t  250 g / l i t e r .  

Process samples and support ntzter ia ls  rriust a lso be received, s to re  

handled, and shi-pped t o  support t h e  demonstriztion. 

4.5.12.2 S t a t 1 x  of Technology 

Experience e x i s t s  i n  handling irr*ad:iated fue l  ole.ter:i.:z~~, the 1'u.ei 

Task and carr- ierr  fc.r h:uidLi.ng %'h is  m-i r * i a l .  e x i s t ,  a,nd t h e i r  opterating 
procedures have been est?-blished. HGwever, it may 'he necesss.ry Lo mnod:i.:t'y 

ex i s t ing  procedures o r ,  Ln som? cases ,  to est~b1Li.sh new hai1dl.i.n.g techniques 

thrtoogh mockup t e s t s .  Experience a l so  exI'~s-f;s f o r  handling t'lie f lox ~ : t '  t;.uppor"i 

Im!;er.ials a n t 3  product from t h i s  pil.ot, plant ~ 
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L.5.12.3 Work Flan 

The ex i s t ing  c a r r i e r s  w:i.11 be modified t o  meet the  spec i f i c  requirements 

Dummy runs w i l l  be of t he  handling equj.pitieiit a t  t h e  Acid Thorex P i l o t  P lan t .  

made with ex i s t ing  casks t o  t e s t  t he  feed charging mechanism. Prac t ice  

runs wi1.1. a3.so be made with empty so lu t ion  c a r r i e r s  t o  t e s t  t he  233U with-  
drawal equipment and t o  develop handling procedures. 

4.5.W Subtask W8 - Process Development Support 

4.5 .  W ,I. Requirement 

Previous p i l o t  p l an t  opera t iona l  experience ixid:i.cat;es t h a t  unforeseen 

I n  t h e  case o f  processing problems w i l l  a r i s e  and require  rapid solxhion. 

i r r a d i a t e d  HTGR fu-els, the  r e f in ing  of procedures concerned wi.th feed c l a r i -  

f i ca t ion ,  decontamination, and product pur:ity and losses may yequire labora-  

t o r y  and ho t - ce l l  t e s t s  t o  ass i s t  the  p l a n t ' s  opera.t,or rin solving problems. 

4.5.13 2 Work Plan 

A pi'ocess chemist arid supporting hot-cel l  f a c i l i t i e s  T w i l l  be inade 

ava i lab le  as needed t o  fol low a p a r t i c u l a r  process and t o  provide the  required 

support. Thi s i nd iv idua l  w i l l  be responsible  f o r  following the  day-to-day 

operat ion of t h e  p l an t  arid working toward optimizing i t s  operat ion.  
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5 .  L INTXClDI.JCTION 

T h i s  t a sk  includes t h e  development and dmons t r a t ion  of processes and 

equi.pmen.t f o r  f ab r i ca t ing  HTGX recycle  fuel. el.ements from Lhorium arid 'I3'TJ 

n i t r a t e  so lu t ions .  The reference rei:ycle element contains two particl-e types 

as described j.n detai l .  i.n Chapter 3 .  The ThCz part3.cl.e i s  availab1.e corrtmer- 

c i a l l y ;  no development o f  processes or equipment, f'or t h e  refabricatl.on. o f  t,his 

parel-cle i s  planned. 

E eve I.opment of pro e e s s e s and. e quipmen% f o r  remotely f a b r i c  a t  ing  recycle  

: b e l  i s  necessary because oE t he  high r a d i o a c t i v i t y  associate? with t h i s  file1 

mater ia l .  After  repeated recycle, t h e  urani im extracted.  f o r  recyc1.e from t h e  

spefit fuel  elements w i l l  contain about 5CO ppm 232LJ, .which d l s in t eg ra t e s  i n  a 

shor t  t:im:: t o  isotopes o f  bismith ant?. thal l ium t h a t  emit very penetrati-ng gamma 

mdia t ion .  l--? 

refabrica-Lion p l an t  rrom excessive radiat:i.on exposure. The r e su l t an t  need for 

remote operat ion demands t h a t  81.1. eqxipment mu& be autonlatic and high1.y r e l i -  

able .  

tion f i e l d .  A t  p resent  very l i t t l e  experience e x i s t s  .in remote f ab r i ca t ion  o f  

l a rge  numbers of f u e l  el.ements. 

Thu-s, sh ie ld ing  i s  needed t o  p ro tec t  t he  operators  o f  an HTGR 

Provis ion i s  req?i.ired. for m2i.ntaining the  equipment i n  the  high rad ia-  

The Hefabrication Development t a sk  i s  organized i n t o  R e  f ab r i ca t ion  Process 

Development !S-&task 210) and Hefabrication P i l o t  Plant  Demonstration 

(Su'otask ; X ? O ) .  

flo.is diagram (Fig. 5 .1)  i-ncludes Sol  Preparation (23-1-), Microaphere Preparat ion 

(2121, Microsphere Coating (213 ), Fuel S t i c k  Fabricat ion (?I.&), Fuel ElLement 

Assembly j m j ,  anci Recycle o f  0ff-Speci.ficatiori p h t e r i a l  (21.6). 

The R e  fabr ica t ion  Process Development (219) del inea ted  on the  

The Refabricat ion Pilot Plant  Demonstration (229) h c l u d e s  Design (221 ), 
Procurement arid Testing of' Equipment (222), T i ~ s t a l l a t i o n  of  Eqilipment ( 2 2 3 ) ,  

C o l c i  0perati.onai Testing o f  the Refabricat ion Pi.lot Plant  (2241, Hot Demon- 

stration of t;he Refabricat ion Pil .ot  Plant  (2.25), Waste Treatment and 1Xs:posal 

( ~ h ) ,  &terial .s  1lancili.ng (zY), and Process Development; support  (222) 

addi t ion,  process specifi .cations,  qua l i t y  cont ro l  procedures, and techniques 

and. proceclures f o r  fi.el handling will be developed where appl icable  I 

1x1 

The r e fab r i ca t ion  scheme begins wi th  r ece ip t  n:C t h e  reclaj.me(3. 233TJ, a s  
ura.ny1 n i t r a t e  so lu t ion ,  and ends with the shipment OP a refabricated.  f'wi e l e -  

rnent i n  a sh ie lded  c a r r i e r  t o  the  r eac to r .  Materials band-ling i s  x i .  e s s e n t i a l  
part, of the  refabrica-Lion ,theme, tncluding the  l.nput of n i t r a t e  solut'lons, 
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Fig. 5.1. H'I'GR N e 1  Refabrication 



f e r t i l e  p a r t i c l e s ,  and graphi te  blocks as  well a s  adequate preparat ion o f  a l l  
waste streams (gaseous, l.Lqu.id, and so1.j.d) f o r  ultima-t;e d isposa l .  

The equipment will. be i n s t a l l e d ,  t e s t e d  i n  cold operation, and demon- 

s t r a t e d  i.n the r e f a b r i c a t i o n  processes i n  TJRE'. The j.n-cell equipment of  t h e  

Refabricat ion P i l o t  Plant  is  t o  be maintained by remote motiular replacement or 

repa i r ,  aLthough o ther  methods sl-cch as decontamination and 5irec.t maintenance 

w i l l  be invest igated t o  develop information t h a t  m a y  he o f  value t o  the design 

or" a commercial r%eL recycle  p l a n t .  Remote modu-lar replacement i s  part:icula.rly 

s u i t e d  t o  'I'IIRF with i t s  l a r g e  hot  cel-ls  and separate  d.econtamina.tion and r e p a i r  

areas .  All equipment for  t h e  Refabricat ion P j lo t  Plant  wil.1 he designed so  

t h a t  the e n t i r e  apparatus or, where p r a c t i c a l ,  subsections of' the apgaratus 

can be reinoveri by manipu1ai;ors and a t r a v e l i n g  crane l;o be reslaced or  repaired 

and returned. 

The schefiule f o r  performing t h e  s t e p s  of t h i s  major t a s k  of t h e  1)evel.opment 

Program is shown i n  Fig.  5 .2 .  

5 .3 .1  Furpose 

The purpose of  this subtask is t o  develop the processes and equipirient 

need-ed t o  remokely r e f a b r i c a t e  H E R  recyc1.e :€bel and ke l .  elements, s tar t  Lng 

- w i t h  t h e  aqueous nitrate so lu t ions  of' uranium and thorium from t;he Act4 ?borex 

Pi.l.ot Plant and ending wi.t;h elements ready t o  be shipped. t o  t h e  retietor. 

5 . 3  2 Requirement 

Pi-act;-i.i:a? processes and reliab1.e eq.Li.pment must be developed t o  ccnvert  

so lu t ions  frmi t h e  Acid Thorex Pi:Lot Pl.ant t o  s o l s ,  oxide microspheres, coated 

p a r t i c l e s ,  1fue.I. s t i c k s ,  and h.el  elements as  discussed i n  t h e  f'n3 1.owi.ng 

set:.i;inns. Inspect ion i;ectiniqiie:; and process control.:; t o  ensure qpa l i ty  nf 

prod.u.ct r m s t  also be deveLoped. The yisallty rey-xired ~ ~ 1 . 1 .  be pr'o-vei? by t he  

rad.?lation t e s t s  outlined. i n .  'l'ask 7 3 3  
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and i n s t a l l  the necessary equipment and cons t m c t  mod.il'ications t o  f a c i l i t i e s  

i n  'RJXF before  the  s t a r t  o f  c01.d operat ional  t e s t i n g  of the  RefaSri-cation PL1.o-t 

Plant i n  Janu.ary 1976. 

5.3.4 Furding 

The r e fab r i ca t ion  processing devel-oprneiit will r e g l i r e  operat ing fiintls as 

shown i n  Table 2.1,  page 6.  

5 .3 . 5  Fa c 3 lit i es 

The f a c i l i t i e s  t h a t  will be used i n  the  'laboratory development a r c  pri- 

mari ly  the  ex i s t inq  chemical an? engineering l abora to r i e s  and hot, ec'll- 

f a e L l i t i e s  a t  ORNL. The ava i lab le  l abora to r i e s  and f a c i l i b i  es provide t h e  

servLces and, i n  sorne cases, t h e  c a p a b i l i t y  for providing sol-s, oxide micro- 

spheres,  coated p a r t i c l e s ,  and fuel  s t i c k s  needed f o r  var ious developmeiit 

aspects  of  thc r e fab r i c s t ion  process and equipment development. 

5 .3  . G Subtaslr 211 - Sol Preparat ion 

5.3.6 1 Requirement 

A. stable s o l  of 'ThO;!-TJ03 s u i t a b l e  f o r  use i n  forming mieros:pheri?:; mist be 

produced from aqueous n i t r a t e  solwtions of  u.ranium and. thorium. 

can be renote1.y operated and maintahed  must he developed. l;o ca r ry  oi.it t h i s  

:;n.bt;aslic ai; about LO lig/day. 

Eyuf.piiien.t; t h a t  

5.3 6.2 S ta tus  of Technology 

An amine ex t r ac t ion  process (Solex Process ) :Tor p:repar.i.rig ThOz -UC? so ls  is 

i n  an aclvanced s tage  of development . L-G 
cIpera'Ler3 on a sca1.e a t  l e a s t  ecpal t o  the  approx.jrnal;el.y 12 k.g/day capaci tyG 

recpirement . Figure 5.3 i s  a chemical l?lm-sheet i;hat i s  representa t ive  o f  the: 

process t h a t  w i l l  be used Yor s o l  preparat ion.  The work retriniming .to be done 

i s  establisliLng long-term r e ] - i n b i l i t y  of key equipment pi..:?cc?s and adaptat ion 

of t h e  process t o  remote o-peration and ma.inteuance. 

Ecpipment has been clesigned' and. 

.'5. 3 .Q.3 Work Plan 

Devel.opnieirt; equipment will he fabr ica ted  Tor remote operat ion and- main- 

tenance, and sols w i l l  he prepawed. The s t eps  i n  performing thLs xork include 

t h e  following: 
w L l l  be ad.apt:etl for remote operat ion and nlaintenauic;., 

etianqea wKL1. be made as necessary t o  d.evc:l.op rel.:iabI.e, inrtegra.ted, remotely 

( L )  u .ni ts  o:t' equ.iprrient ttiat, perform indjvidu.aL process steps 

( 2 )  equ:i.prrient and process 
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Fig. 5.3. Proposed Solex Process Chemical Flowsheet for the  Prepara t ion  
of Sol for 10 kg/Day of Microsplleres w i t h  a 'l'horiwn-ta-Lhranium Rat io  of 4.25. 
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operable components and. produce SOLS fo r  use i n  subsequ.ent operations,  

i.ntegrated. sol-mzking complex w i l l  be operated. and maintained re1noteJ.y over a 

surf ' icient per iod of time t o  prove r e l i a b i l i t y ,  

w i l l  be prepared. as needed i.n mi-crosphere- 1brrning labora tory  development 
s tud ie s  (see Subtask 212), and (5)  rn-ethods and procedures for eva1uaf;ing s01.s 

will.  be  developed. 

( 3 )  the  

( 4 )  l a rge  quan t i t i e s  of  sol 

5.3.7 Subtask 212 - Mi-crosphere Preparat ion 

2.3.7.1 Requirement 

The reference recycle  file1 requi res  remote prepara t ion  of a ThQ~- i JO:  

microsphere having a thori i~- l ,o-f issf le-urani iun r a t i o  of 4.25 and a 

3%- T ?'?-ism diameter.  

dens j t y  and must, be strow enough t o  survive a l l  subsequent fabr i  Pa5f on s t eps .  

Processes and equipment must be developcrl 1,o reuse 2-et,hyl-I -hexaaol, t o  form 

g e l  microspheres, to  dry and f j r e  t he  gel t o  dense microspheres, and t o  handle 

microspheres and  t r a n s f e r  them to siribsequent r^abrication steps. 
opcrat-ions mst be ca r r i ed  owt remotely i n  eqiiiprflent tha t  can be remnotely 

maintained and replaced. 

The microsphere must exceed 05% of the  t h e o r e t i c a l  

All. oP these 

5 . 3 . 7 . 2  Status of Technology 

About 150 b.g of Z"n02-iJO3 a s  s o l  and 100 Irg o:C 'llh02-TJOa as microspheres of 

t h e  compositions of  i n t e r e s t  have been protl-uced :in pi.l.o!;-p:L.ant-sca1.e equipment 

&wing e s s e n t i a l l y  continiotls operation. ' 
for addi t , ional  1.aboratory t e s t s  t o  develop methods and equipment f o r  renio1;e 

operat ion and. -to provide t h e  technology necessary .to desi,gn and construct  t he  

mi-crosphere ecpnipnient f o r  t h e  Refabricat ion Pilot; Plank. 

chemical flowsheet fo r  mjcrosphere preparat ion.  Remote microsphere t r a n s f e r  

from the  microsphere-forming co1um.n t o  the  dryer,  and from t he  dryer  i.nl;o and 

out  of a closeti ca lc in ing  furnace has been demonstrated. 

Th02-233UOa, f'or use i n  the High-Temperature La t t i ce  %::I; Reac:to:r, 

prepared semiremotely, as has Th02-23 5UO;? o f  several. tho:r.iiim-to-u.rani~~m ;rat ios  

'Phis experience provides th.e 'oasi.s 

Figure 5.L i s  a 

(her  30 kg of 

has been 

235u02 microspheres, " 9 3  for use  i.n f ab r i ca t ing  the  eight, RY'E's f o r  i r r ad ia -  
t.ion i n  the Pi?ac:lri Bottom Reactor. The microsphere-forming eolnrrm ant3 associ- 

ii!;ed equipment t o  recycle  the ;!-etiiyl-I-l.iexttrloi have no1; been operated 

completeIjr remotely. 

A major redesign of t h e  dryer t h a t  has been under development was shown 
t o  be necessary during the  prepara t ion  of the I.% kg of 'PhOz-UO;, microspheres. 

Since then a new dryer  has been designed, b u i l t ,  i n s t a l l e d  tn t he  laboratory,  
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Fig. 5.4. Proposed Chemical FJ-owsheet for Microsphere Forming for the  
Preparation of 10 kg,/Day of  Microspheres with a Thorium-to-Uranium R a t  i o  of  
L . 2 5 .  The abbreviat ion 2-EH represents  2-ethyl-l-hexanol . 



arid- sho~m t o  be s a t i s f a c t o r y  .for use  wi th  20-kg batches o f  microspheres on a 

48-hr cycle.  !Phis i s  equival.ent i n  s i z e  t o  the production r a t e s  planned. f o r  

t h e  Re:tBbrication P i l o t  P lan t .  A design f o r  a f i r i .ng  t’urnace has not been 

d-evelopetl; however Laboratory t e s t s  hal~e shown t h a t  no major problems exist, 

i n  t he  la rge-sca le  f i r i n g  o f  Tho2 -U02 rnicrospheres. Techniques for the  remote 

inspec t ion  o f  sol. drople ts  and gel. microspheres have yet  t o  be developed. 
Methods of pu-rifying the  2-ethyl-1-hexanol Tor recycle  t o  t h e  sphere-forming 

column have been s tudied  i n  t h e  laboratory and on an eiigineeriiig s ca l e .  

i s i n g  processes a r e  being t e s t e d  on a sca l e  comrnensurate wi th  d i r e c t  appl ica-  
t i o n  t o  the  Refabricat ion P i l o t  Plant  Equ-ipment. 

Prom- 

5.3.7.3 Work Plan 

The e n t i r e  microsphere-forming cc~liimn operation, from sol feeding t o  pro- 
duct microsphere removal., w i l l  be  demonstrated as a remote operat ion.  Coth 

drying and f i r i n g  gperat ions w i l l  be carr ie t l  out  remotely. Aciditional f i r i n g  

furnace des ign, fabr ica t ion ,  and t e s t i n g  will be performed. 

A periscope fo r  remotely viewing s o l  drople t  formation and I oarled colwiln 

bed behavior w i l l  be i n s t a l l e d  i n  the laboratory,  snd its u t i l i t y  w i l l  be 

denionstrated on thz  ex3 s t i n g  microsphere forming column. Laboratory equlpment 

for  microsphere sampling and s ingular iz ing  w i l l  be instal l -ed and t e s t ed ,  and 
i t s  u t i1  i t y  will be determjnetl. 

developed arid demonstrated f o r  remobe operat ion.  

Sol  handling and feeding equipmrnt w i l l  be 

Microspheres oP ThOL-UO2 w i l l  be prepare3 as  a support a c t j v i t y  as needed 

for o ther  su’wtasks. 

5.3.8 Sul~taslr 213 - Microsphere Coating 

is. 3.8.1. Requirement 

P a r t i c l e s  mu-st  be remotely t r ans fe r r ed  between processing s t a t iona  i n  the 

Refabricat,ion P i l o t  I’1.aril; both before  and a f t e r  c o a t h g s  a r e  appl.ied. 
t r a n s f e r  method must not damage the  p a r t i c l e s  and mist require only 1.imi.ted 

remote maintenance. The p a r t i c l e s  must, be inspected., both before  and aftley 

coating, t o  v e r i %  compliance w i t h  spec5 f i -cat ions.  

Ttle 

Microspheres o f  t h e  reference recycle  fue l  r m s t  be  coated w i t b  a law- 
dens i ty  bu f fe r  1.ayer and a high-density i so t rop ic  s e a l e r  1.ayer o f  py ro ly t i c  

ca-rbon. Ylie coat ing thicknesses  a r e  spec i f i ed  i n  Table 3.1, page 16. The 

coat ing i n t e g r i t y  on recyc1.e p a r t i c l e s  must be cquivaI.erit wi th  t h a t  on f r e sh  



p a r t i c l e s .  The processes arid equipment to  produce the  required coated par-  

t i c l e s  must be developed along with inspect ion methods and procedures t o  ensure 
the  qualit,y of t he  coatings.  Because s a f e t y  r e s t r i c t i o n s  may require  si I i r o n  

carbide coatings on f i e 1  p a r t i c l e s ,  tcchnol ogy f o r  appl yi.ng them t o  recycle  
f i e 1  must a l so  be developrd. 

5.3.8.2 S ta tus  of Technology 

Considerable progress has been made on the  developmerit of equipment and 

processes f o r  p a r t i c l e  handling and inspeci;ion. '' 
ara- t ion s tep ,  t he  d.ried and sint;ered microspheres must be fed i n t o  a hopper. 

Development hoppers and feed-control valves have been designed and t e s t ed ;  hov- 
ever, some addi t iona l  work i s  needed t o  improve these i tems. Microspheres and 

p a r t i c l e s  a r e  t ransported by g rav i ty  feeding and pressurf.zed pneumaI;ic feeding. 

Tests made a t  ORN, ind5.ca.k t h a t  pneumatic feeding can be used t o  t r a n s f e r  par- 

t i c l e s  over di-stances of more than 50 f t  with 5.ncreases i n  e leva t ion  up t o  

15 f t  . NegSigible abrasion occurs even on t'ne low-d.ensity acetylene-derived 

p a r t i c l e  coatings.  

Af te r  t h e  microsphere prep- 

To f a c i l i t a t e  these  var ious t r ans fe r s ,  d i v e r t e r  valves  have been developed 

Material  en t e r s  these  d i v e r t e r  t o  be used i ~ n  conjunc.t:i.on with s torage hoppers. 
valves  a t  t'ne top and. t r a v e l s  through a f l e x i b l e  tube, which i s  then cotmected 

t o  one of two e x i t  tubes by a pneumatic cyl-inder and cam device. Thik device 

has been bui.lt, and t e s t ed .  
Before being coated, microspheres must be shape-separated t o  e l iminate  

any microspheres with a maximum-to-minim diameter r a t  i.0 g rea t e r  than 1.3. 

The shape sepmator developed a t  OH!K i s  a f l a t  p l a t e  t h a t  i s  t j l t e d  and 

v ibra ted ;  upon it t'ne nonspherical  microspheres a r e  separated from the  spheri-  

c a l  ones. The spher ica l  microspheres then must be fed  t o  a s i z e  c l a s s i f i e r ,  

which, as  presenfily conceived, cons is t s  of two screens t o  e l iminate  the over- 

s i z e  and undersize microspheres i n  one operation. Next, the a c c e p k b l e  

mater ia l  must be weighed and then  dispensed i n t o  a sampler. 

a r e  t o  take about a 0 . 5 q  sample in-cel.1. and t r a n s f e r  t h i s  sample t o  an aiial.yti- 

c a l  glove box f a c i l i t y  for analys is  of s i z e  d i s t r i b u t i o n  and i f  necessary f o r  

p a r t i c l e  sphe r i c i ty  and dens i ty .  

Present pl.ans 

The microspheres to be inspected for s i z e  distr5.bution a r e  t ransfer red  

t o  the  part:i.cl-e s i z e  analyzer.  I n  t h i s  L n s t m e n t ,  a l i g h t  shines across  the  

path of inicrospheres passing one a t  a time through a rectangular  tube. A s  a 
microsphere passes  through the  chasnel, a photodetector experiences a cJ5-jp i n  
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a r r e n t  proport ional  t o  the  s i z e  o f  the microsphere; t h i s  dip i s  then recorded 

by :I pu-1-se-height analyzer.  Presently,  a 1OC)O-microspl-iere sample can be 

recorded i n  about 3 min. 

hence, co1isid.erabl.y f a s t e r  counting r a t e s  may be possible .  
N o  r e a l  ePfor t  has been made t o  speed t h e  operation; 

If dens i ty  musk be measured, a mercury pycnometer can be used.. Th.i.s 

apparatus measures t'ne volwine of t he  microspheres by measuring the amoumt of 
mercury displaced by them. 

accurate  d.eterniina-t;ion of dens i ty .  
blend-ed and. weighed i n t o  batches of  t h e  proper s i z e  f o r  coat;-jng. 

Then -!;he microspheres can bs weighed to give an 

Ttle acceptable  microspk,eres -t;hpn mllst, be 

A 5-in.-diam f'lui.dj.zed.-bed. coat ing fixmace, s f m i l a r  -to t he  coating f'urnace 
pl.:~nned. f o r  t h e  Re:fabricntion Pilot Pla.nt ,  has been extensively utsed f o r  pyro- 

p&ic carbon coa.ting. lo, Coatings of the required. txypes have been produced 

on a semiprodu.c:tion s c a l e .  A remote coat ing Furnace simil.ar ?;o t h a t  required 

f o r  the p i l o t  p l an t  has been con:;t;ructed~ a i d  I s  curren:t'l.y being t e s t e d  i.n t h e  

labora-Lory. 

The bu f fe r  coat ing i s appl ied with n mixtiire of  acetylene and inert gas. 

']?he is0tropl.c coating i s  p resen t ly  appl ied with propylene but can be appl ied 

wi th  propane or methane. 

coatings produced. by these dftfferent gases. 

propane o r  propylene i n  t h e  range ?%OO to 1..50O''C. 

t o  use beta-use of f;he higher temperature reqc i red  (above l8l?o"C) I 
more data  a r e  needed on the  i r r a t l i a t ion  perfoymance o:C propylene-derived 

coatings before t h e  coati-ng gas can be spec i f ied .  The coat ing equipment i s  
being developed t o  use e i t h e r  gas. 

No signi:t'icant d i f fe rences  have been foiund in 

Coatings can be d-eposlted from 
Methaiie i s  more dj.:Pficu.:L't 

However, 

"he FSVF, most I.ike1.y w i l l  be t h e  on1.y s u i t a b l e  r eac to r  -with which to 

demonstrate HTGIi :t'uel. recycle .  

on a.lL p a r t i c l e s  to l i m i t ,  t he  r e l ease  of f i s s i o n  proclixts t;hat dif1"use r ap id ly  

through pi-rolytic carbon coatings,  su.ch as  strontium and barium. Hence, t o  

ensure that performance of' remotely fabr ica ted  l;horium-2 3TJ rr"ue1 can be denion- 

:;trated, t he  processes and ecpipment t o  app:Ly Sic' coatings are beins d.eve:Loped.. 

'rhese coatings are cur ren t ly  applied. from mixtures of metbyl t r icb loros i lane  

a i i l  hydrogen, although o the r  s i l a n e s  can be used. The d i E f i c u l t i e s  involved 

wikh Sic  c o a t h g  include t he  inJec t ion  of  methyl t r ich loros i lane  i n t o  t he  coa ter  

(L'nis s i l a n e  i s  a l i q u i d  ai; room .temperature) and the  hant3.l.ing of the H C l  pro- 

duced by t h e  decornposj.ti.on of methyl t r ichiorosi lane.  At ORNL, s i l i c o n  carbide 

coat ings have been appl ied i n  r"urna.ces u.p to 3 i n .  i n  diameter,12 and. proto-tly-pe 

equipment f o r  Sic cos-ting ha.s been adtled to t h e  prototype 5-in. -&tam remote 

coat ing f'iirna.ce. 

T h i s  reactor  requires R silicon carbide coat ing 
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A l l  coat ing operat ions involve t h e  production of l a rge  volumes of off'-gas. 

This off-gas cons is t s  of hydrogen, 01" hydrogen and. HC1, depending on which 

coat ing i s  being appl ied.  I n  addi t ion,  a l l  oCf-gas must be f i l t e r e d  t o  remove 

any rad ioac t ive  mater ia l .  Hydrogen cbl.ori.de i s  removed. by con-tiact wi th  caiistlic 

sol-ution. Du.ri.ng coat ing with carbon, no HC1 w i l l  be i n  the  off-gas, bin-t J.ai*ge 

quan t i t i e s  OP soot  may be present .  Hence, the  off-gas f i r s t  passes  through a 
bag tyye roughing f i l - te r  where t h e  soot i s  removed. For e i t h e r  coat ing process 

the  waste gas i s  passed through absolute  f i l t e r s  before  being e jec ted  i n t o  the  

atmosphere. Special  precaut ions a r e  used t o  prevent nx-gl. osive mixtures of  

hy-drogen and oxygen from occurring i n  t h e  off-gas  equipment. 

Both GGAl3 and have considerab1.e experience i n  appl-y-ing both pyro-  

l y t i c  carbon and s i l i c o n  carbide coatings. b7ork has begun af; OlV& on adaptirig 

tile coat ing process t o  remote operat ion.  
After  each coat ing operation, t he  coat tng thi-ckness has t o  be measured 

with the  p a r t i c l e  s i z e  analyzer, and i n  conjunction with a weight measurement 

etle, dens i ty  i s  determined. Other inspect ions needed a r e :  (1) anisotropy, 

(2) gas conten.t, ( 3 )  2 3 3 U  content,  ( 4 )  carbon content,  ( 5 )  thorium content, 

(6) sur face  contamination, (7) crushing s t rength ,  and. (8) uranium content of 

t h e  coat ing soo t .  

P a r t i c l e s  from -the coat ing furnace a r e  t r ans fe r r ed  by g rav i ty  t o  receiving 

hoppers f o r  cooling. After cool.ing, t h e  coated p a r t i c l e s  a re  weighed and 

sampled. After ana lys i s ,  i f  t he  par t ie l -es  a r e  acceptable, they a r e  e i t h e r  

returned t o  the  mailing f i r n a c e s  f o r  f 'urther coat ing or a r e  sen t  on t o  the  next 

s t e p  i f  t he  coat ing operaLions a r e  complete. Rejected material- w i l l  be t r ans -  

fe r red  t o  r e j e c t  s torage  hoppers. 

Af te r  t he  coat ing operations, t he  coated. p a r t i c l e s  must be sent  t o  another 

shape separa tor  and cl .ass i f ier .  Again a1.1.. products have t o  be weighed, and any 

r e j e c t  mater ia l  is  sa.mpled t o  determine t h e  cause of r e j e c t i o n .  A t  t h i s  po in t  
i n  the  operation, many batches of p a r t i c l e s  a r e  accwiulated and then  blended t o  

produce l a rge  homogeneous batches of  partic:l.es needed f o r  the  succeeding s teps .  

The batch blender  has been conceptually designed. 

5.3.8.3 Work Plan 

Laboratory development of t he  p a r t i c l e  handling equipment w i l l  be com- 

p le ted .  Tflis development includes refinerneat of t he  p a r t i c l e  c l a s s i f j  er Lo 

minimize '01 inding and long-term t e s t i n g  o f  partic1.e feeding devices .  
rpfflote sampler w i l l  be developed. 

A 0.5" 

'See l i s t  of progress repor t s  i n  Table 3.3, p .  2 4 .  
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The rinspection techniques a r e  to be re f ined  u n t i l  the  proper t ies  OIL' the  

-par-ti.cles can be determined without delaying t h e  r e fab r i ca t ion  operat ion.  

mrther development work w i l l  be performed on the  feed mechanism for  the  par-  

t i c l e  s i z e  ana.lyzer arid a l so  OE improving the  c a l i b r a t i o n  method for t he  par-  

t i c l e  sjze analyzer .  The  Lechniques f o r  determining antsotropy w i l l .  be re:t'ined, 

and a proeeclure f o r  crushing s t rength  determination must be ileveloped.. 

a procedu-re for determining c rys t a l l i . t e  s i z e  w i l l  be tieveloped f o r  p a r t i c l e s  

containjng "'si. 
wi1.l be developed. 

Also, 

I n  addi t ion,  8 means o:P tletermining par t j -c le  gas content 

A remotely operable coat ing Purnace has been constructed and i s  cix-rently 

beling t e s t ed  i n  the  clevelopment laboratory.  The e f:fect of operat ing var iab les  

on the  coat ing p rope r t i e s  1w.s t; be d.e-i;erminetl. These var iab les  incl1.id.e batch 

s ize ,  coat ing gas composi.i;:ion, f low ra t e ,  i'urnace p res swe ,  and temperature. 

'i%ese var iab les  a f f e c t  coati.ng r a t e ,  spher ic i ty ,  densi ty ,  a.nlsotropy, imd, in 

t he  case of s - i l i con  carbide coatings,  stoichiometry.  P a r t i c l e s  a r e  being 

coated. by prokotype methods f o r  t h e  i r rad ia- t ion  capsiiles (Xubtasli: 301~), f o r  the 

RTE's (Subtask 30%), For the  PTE's (Subtask 3C)3), and t o  provide m t e r i a l  for 

o t h e r  development subtasks . 

5 . 3 . 9  - Subtask 214 - Eke1 St i ck  Fabricat ion 

5.3. '? .I.. Requirement 

In t he  p a r t i c l e  blending s tep of t he  refa .br icat ion process, t he  T~O,-"'UO;I 

pa.rl;icles must be blended with the T!X2 p a r t i c l e s  to produce s t i c k s  with l e s s  
than 1.0 w t  $ variance of urnniurn and thorium i n  any I.-:in. length of  .the f'uel 

s t i c k  and l e s s  t han  5 w t  $ 11 and 6 wt ?!. Tri var iance from the  des i red  loaciing i n  

the  e n t i r e  Fuel el-ement . 'The operat ion must have s u f f i c i e n t  loading aceinracy so  

that t he  uranium and thori im loail:i.ng of  the e n t i r e  core w i l l  vary no iiiore than 1% 
The proper weights of p a r t i c l e s  m u x t  be  blendeci and bonded. i n  a f b e l  s t i c k  

of speci.:Fi.ed rl.imensions so a s  t o  adequately fill a :Riel hole i n  the  0x1 ele- 

ment. Tlie :[bel p a r t i c l e s  i n  t he  recycle  h e l  w i l l  be bonded t o  the  same extent  

t h a t  the p a r t i c l e s  a r e  bonded i n  the  f r e sh  i'ue:l. That is, the  same rriatr5.x 

formulation and carbonizat ion cycle w i l . 1  he  used except for such mocii:fi.oa-tions 

as  may be required. for remote f ab r i ca t ion .  The bonding process for the  recycle  

f b e l  must not increase  the f r a c t i o n  of broken par t ie l -es  nor contaminate the  

niatrix beyond the  l e v e l  spec i f ied  For t h e  fresh Fuel. 



5.3.9.2 S'ia Lus of  Technology 

Conceptual destgn of a prototype partic1.e Loader-blender i s  conpl-ete. 
This device w i l l  blend up t o  th ree  types of p a r t i c l e s  by  concurrent ly  pouring 

i n t o  a fliel s t i c k  mold. measured. amounts o f  t he  p a r t i c l e s  from separa te  hoppers 
w i t h  adjustab1.e o r i f i c e s .  

methods t o  ensure homogeneity of  t h e  fbel.. 

DeveLopmenf; work wL1.l he requuj.red. on adjustment 

Fuel s t i c k s  have been made a t  both GC;AI5 and ORNL.16 Sowever, only 
l imi ted  informatl-on i s  ava i l ab le  on the e f f e c t  of irradi.a.tion on the Ri.el stick 

matrix mater ia l .  Also the e f f e c t s  of carbonizat ion and. aruiealing cvnili-ti.ons 

have not been defined. To combat ma t:r*-ix shrinkage durj.ng irr.adi.ation, which 

may lead t o  cracking of  Yhe inatrix, a bonding agent with g rea t e r  amounts o f  
carbon can be used. However, when more carbon i s  added t h e  bonding agent 

becomes more viscous, thereby increas ing  the  d i f f i . cu1 . t~  of i .n ject ion.  

The fuel. matr ix  formulation, p a r t i c l e  blending, carbonization, and fuel 

s t i c k  inspect ion techniques a r e  being developed under t h e  Rib l ic  S~3-mi.c~: of  

Colorado (PSC) p ro jec t  f o r  the FSVSl's f i r s t  core.  Th:i.s core i s  t o  be made 

3uring 1970 and 1971. Tt t s  pl.aiined that  t he  -recycle program w i l l  use  t h e  

u s e h l .  tech-nj ques and forrmlat ions t o  the  rnaxirmun exten t ;  however, adoption of 
t he  process t o  remote operat ions w i l l  requi~re considerab1.e devel.oprflent. Present 

plans a r e  t o  do the  carbonizat ion and axine:3l.ing of  t h e  fie1 s t i c k s  before  

placing them i n t o  the  R i e l  bl-ock during element assembly. 

Only a I-i-mited amount of work has been done on f%el s t i c k  inspect ion.  A 

combination of a t tenuat ion  (gamma or x-ray)  and. gamma emi.ssion will be used t o  

determine the  r e l a t i v e  amounts of  233U and thoriuni present  a s  a f i n c t i o n  of  

pos i t i on  along t h e  fuel sticks. Ultrasonic  examinat,i.on oP bond int;egrii;y w i l l  

al~so be considered. 

5.3.9.3 Work Plan 

A f i e1  s t i c k  mold f i l l e r -b l ende r  device i s  t o  be f ab r i ca t ed  and t e s t e d  i i i  

t h e  development labora tory .  If possib1.e t h e  s t i c k  bonding method developed f o r  

t he  FSVR's f i r s t  core wj.1-l be modified for  use i n  a remotely opei-ated production 

f ac i l i t 2y .  Development cai-bonizat ion and annealing ?urnaces will be constructed 

and t e s t ed .  Inspect ion methods w i l l  be developed t o  tiondestructively t e s t  for 

t h e  requujred. 1-oadiiig tolerances,  matr ix  in t eg r i ty ,  matr ix  contaiflination, and 

dimensional accuracy of  t he  fuel. s t i c k s .  F h l .  s t- icks f o r  capsule i r r a d i a t i o n  

w i l l  be prepared by prototype processes. :I:n eai-ly 1970 f u e l  s t i c k s  were pre- 

pared wi-th r e c y c l e - t n e  p a r t i c l e s  f o r  use i n  e igh t  RTE's f o r  i r r a d i a t i o n  i n  t h e  

Peach Bot;i;om Reactor. 
for i r r a d i a t i o n  i n  the  FSVR. 

f i e 1  s t i c k s  w i l l  al.so be prepared f o r  use i n  two PTE's 
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5.3.13 Subtask 215 - Fuel- Element Asseinbly 

Each graphi te  bLock contains  some 201 fuel holes t h a t  rmst be loaded w i t h  

r lLe~  s t i c k s  fiiiriiig fueL e l  enient Cabricat ion.  By t he  nrescnt  filcl block design 

at l e a s t  t w o  lengths  of firel boles  must be f i l l e d .  Graphite plugs must be 

placed i n  e-ich hole and cemented i n  p lace  a s  dosu res .  The Ibel ~lcmnent m u s t  

be inspected f o r  t r ans fe rab le  contarnination t o  l i m i t  buildup o f  contamination 

jn  t h e  r eac to r -  

5 .3 .  1.0.2 Sta t u x  of' Techno1.ogy 

Some development of processes  and equ:i;pment for f'uel. stj.ck 1. oaciing, e1.e- 

ment t r ans fe r ,  and. el.etnerit inspec t ion  has been done ~ 

The s.ti.ck I.oad.er rfiL1. use a n1merj.cally controI . led pos i t i one r  t o  a l i g n  the  

bl.ocli under it. It i s  planned t h a t  t h e  loaded fue l  element will be t r ans fe r r ed  

between ce l l s  i n  t h e  Refabricat ion F i l o t  P l an t ,  During tliis trans:f'er, t h e  

su-rfaces of t h e  element a r e  inspected i'or contnmina.tion. If' any i s  prssent ,  

t h e  coo'Li.ng holes  a re  inspected f u r t h e r  to assess  the level of  contamination, 

and t h e  element i s  e i t h e r  cleaned. or x'eproeessed. Af te r  inspect ion,  t h e  e le -  

ments w i l l  be cannetl and prepared. f.'or st;ornge or shipment. 

5.3.3-0.3 Work Plan 

Varinus approaches used i n  indus t ry  f o r  sirni-lar processes w i l l  be 

invest iga.ted. 

13;3sic tecinniq1.ies f o r  haiidli.ng Lhe fuel. s1;iclis and loading them l n t o  t h e  
A prototype mchine for graphi te  block w i l l  be tl.eveloped :i.n t h e  1a.boratory. 

performing the element 1-oading operat  ions w i l l  he desi.gned, fabr ica ted ,  and 

t e s t ed .  
t i o n  or1 the loaded elements e i t h e r  during in t ;e rce l l  t r a n s f e r  or following 

t r a n s f e r .  Devices f o r  cannjhg a fuel.. e!.ernent or el.ements will. be designed 

ai-ong with t r ans  fer mechanisms :?or 1.oadi.ng the  new elenients i n t o  the  produ-et, 
skiipp:ing carrier. 

r e l . i a b i l i t y  of  these  element canning and hand.l.ing methods. 

Inspect ion methods w i l l  'be developed f'or de?;ecting surface contamina- 

-4 mockup test w i l l  be devisetj. to prove t h e  :feasibi.li.i;y and 

Of t h e  e igh t  RTE's f o r  i r rad . ia t ion  j.n t h e  Peiich Bottoiii E?eac:tor, six have 

The two PTE's f o r  irradia!;ion i n  t h e  FSV3 w i l l  be pre-  been prepared. by GG.A. 

pared by GGA under t h i s  subtask t o  support o t h e r  development siibt;ask::. SIJ.:~- 

f i -c ien t  quan t i t i e s  of Lest elerncnts w f ~ l l .  be fabr ica te?  a s  need.& by o t h e r  

succ-tasks . 



5.3.10.4 Analysis of Alternate  Approaches 

It would be advantageous from the standpoint of remote operation t o  carbon- 

i z e  the  fuel s t i c k s  i n  the  r U ~ l  blocks a f t e r  loading. This may be poss ib l e  i f  

a bonding agent can be developed which does not d i sp l ay  excessive sh-cinkage and 

gas re lease  during carbonization and annealing. This change would el iminate  

hand1 ing of the  f r a g i l e  carbonized s t i c k s .  

5.3.11 Subtask 216 - Recycle 6 f  Off-Specification Material  

5.3.11.1 Requirement 

Fuel ma te r i a l s  t h a t  do 1x01, conform t o  spec j f ica t ion  as determined by 

vartoiis inspections o r  t e s t s  must be disposed o r  i n  t h e  most cconomic manner. 

These mater ia ls  may include microspheres, coated p a r t i c l e s ,  f'uel s t icks ,  and 

fuel. elements. 

5.3.1.l.2 Status  of' Technology 

P a r t i c l e s  t h a t  have unacceptable pyrolyt i  (3 caybon coatings a r e  p re sen t ly  

put  tinrough a fliii.d.ized-bed burner for removal of t h e  coating. Other aspects  

o f  recycling o f f - spec i f i ca t ion  material. have received no s i g n i f i c a n t  study as 

y e t .  

5.3.11.3 Work Plan 

Only the  coated p a r t i c l e s  Lhat a r e  o f f - spec i f i ca t ion  could be reworked. i.n 

t h e  Refabrication P i l o t  Pl-ant . Since t h i s  skep would include addi t iona l  equip- 

ment, and only a m k o r  amouiit o f  such mater.i.al. i s  expected, it may be b e t t e r  t o  

send a l l  such mater ia l  back t o  t h e  Head-End PKLot Plant f o r  reprr:)ceasiiig. 'ilhe 

f e a s i b i l i t y  of material. recycle and t h e  coiiti~a1.s and techniques to be used w i l l  
be s tudied when some y i e l d  informaI;j.on i s  ava i lab le  from other subtasks.  

5.4  SIJBTASK 220 - REFABRICAT'ION PILOT PLANT IIEMONSTRATION 

5.4.1.. hi-pose 

The p i l o t  p l a n t  demonstration w i l l  prove Lhe technical  feasi .bil . i ty 

of Lhe processes and equipment, prov5.de a t e s t  of t h e  maintenance method, and 

provide economic: information concerning r e fab r i ca t ion  of HTGR fhe ls .  
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5.4.. 2 Requi.renen-t; 

The 1ie:Cabrieai;:ion P i l o t  Pl.ant m u s t  be designed, constructed,  and. operated. 

1;o tkmonstrate the  equipment and processes recpiretl  t o  fabr ica te  HTGR :€bel. 

elements . The demonstration miJ . s t  l a s t  Ilong enough to determi.ne I.ong-.i;erm 

rriaintenance reyliirements C o r  equ.ipment and. f a c i l i t i e s .  ']lo obtain t h i s  in for -  

mrxatf~on, 150 reactor-qu.al.ity recyc1.e elements mumt be f ab r i ca t ed  and shipped 

:Yrom t h e  pl.ani; . !fie 

m.dioact . ivi ty  ( "  ' "J) t o  a n t i c i p a t e  the  problems ericoumteretj. w i - th  level.:; expected. 
IJ t h a t  i s  processed w i l l  be contaminated with iUleqUZLe 

Equiyment design bas already begm and .wil-1 coutinue u n t i l  mid-l.'374. 

cold opera t iona l  t e s t i n g  o r  t he  Re:Pabrication P i l o t  Plant  w i l l  begin i n  e a r l y  

lWh,  and hot dernonstratiori wil.1. b e g h  in mid-1976. 

t inlie unt i l .  -i"lic?I. refabri.ca-tj.on t;echnology h a s  been developed su.ff ic ier i t ly  t o  

al.l.ow prel.iminary design of la rge-sca le  commercial re:f'abrj.cal;j.on p3.arit:;. Thts 

resu-lt  i s  expected t o  be a t t a ined  by 3-'?83. 

The 

The demonstration wi1.l con- 

Two PTE's with "'TJ a s  R rep1.acement i'or '-'%J w i 1 . l  be fabr ica ted  by (XA 

and. insta.LLec1 int;o FSJR by 1.3'72 ( ~ u ~ a s k  1303 j . Recycle  el elements corita.inirig 

T.J wi1.3. be fabr ica ted  beginning i n  l'.37G. The .fj.rst of 1;iiese e1.e~en. i ;~ wi1.1. be 2 :3 :i 

l.oec?.ed :i.nto t h e  F'SVR i n  l a t e  19'76 for proof t e s t s  (S1~hl;ask 304) .  

recycle  fuel elements will be fa.bricatecl cIiiri.ng t h e  pi.l.ot plant  demons kration, 

which w i l l -  con.t i m e  throu.gh 1.979. The Refabri.cation PiI.ot P l an t  w i l l  be kept 

avai1:lble af'ter 1.37r> for d.evel.opmeni; support  f o r  t h e  i n i t i a . l  conunercial re.t'l3.b- 

r ica t l .on  plant o r  w i l l  be disassembled. 

Another 1-50 

'["ne estimated. c a p i t a l  expendj.tures requj.red t o  accomplish t;iij.s su.'r)t;ask a r e  
T'he operat ing cost  for .the Refabrication P i l o t  presented. i n  Table 2 .4 ,  page 9. 

P1.a~-t demonstration i s  surrinarizetl. i n  Table 2.1,  page 6. These cos-ts (lo not 
inclv.d.e such fie1 element input; mater ia l s  as coated. thorium carbide Fun1 par-  

ticles or the machlned h e r 1  blocks .  

5.4.5 F a c i l i t j e s  

The 'TTJliF172 I-' w i l l  be u.ti.l .ized for t h e  hot demonstrat lon of t h e  Ref'abrica- 

t;ion P i l o t  P l an t .  Some modif icat ion and. add5.t:i.ons t o  (;he f ' a c i l i t y  will be 

required to permit all t h e  a c t i v i t i e s  of t;he Refabricat ion P i l o t  PLanl; 

Deslonstration t o  be performed.. These modifications antl. addi t ions w i l l .  include 
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addi t iona l  Puel- element handling, storage,  and shipping facl.ll.f;ies a i d  process 

gas handling f ac il.  it .i es . 

5.4.6 Subtask 221. - Design 

5.4.5.1 Requul.rment 

The Refabricat ion P i l o t  Plant must be designed. This design must convert; 

t he  technology obtaj-ned. from t he  r e fab r i ca t ion  process and equipment develop- 

ment sub-task (210 ) i n t o  drawings and spec i f i ca t ions  d-efining equipment and 

systems of t he  Refabricat ion P i l o t  P lan t .  A safe-'cy ana lys i s  of t h e  pil-ot  p l a n t  

must be prepared. t o  sen-e  a s  t he  b a s i s  f o r  hazards evaluat ion to assure achi-eve- 

ment o f  s a fe  and re7.i.abJ-e operat ion.  

5.4.6.2 Sta tus  o f  'l?echnology 

Arrangement draT?iilgS of t he  Refabricat ion P i l o t  Plant  ecliii.prnent i n  the  

TlTRF have been prepared. Some components of the y a r t i c l e  hartdl-ing equipment 

have been conceptually designed. A feed s torage tank has a l ready been designed 

and fabr ica ted .  Laboratory devel.opment of  o ther  microsphere prepara t ion  and. 

coating equj.pment has reached. a s tage  s u f f i c i e n t  t o  allow coi~ceptual. dksign o E 

these p i l o t  pl.an?; equipment items t o  s t a r t  any time. 

Some operat?.ons, such as  s t i c k  making, w i l l  be on a sma1.l.er sca1.e i n  the  

Refabricat ion PiI.ot Plant Ynan i n  f'uture comxx-cial pl.ani; requiremeilts, whi le  

others wil.1 approach commercial p l an t  sca le .  A s  iiiuch as possible ,  automatic 

eqilipment w i l l  be used i n  the Refabricat ion PLLol; Plant  t o  permit real.l.stic: 

scale-up. The Refabricat ion P i l o t  Plant  s ca l e  of other eyuj.pmerit, such as  

t h e  coating f'uriiace, may be a t  a m a x i m  c r i t i c a l l y  sa fe  s i z e  f o r  recycle Puel 

fabr5.c:ation. Iience, commercial recycle  p l an t s  would use  a I.arger number of  

pieces  of t h e  same s i z e  equipment. 

Because of t h e  extensive use of automatic equipment and the  requirements 

f o r  constant makerial. cont ro l  for accountabi l i ty  and c r i t i c a l i t y ,  a computer- 

based ds t a  handling system must be used. T'nis system, t i e d  t o  the  opt3rai;.i.onal. 

control. of the  p lan t ,  w i l l  ensure t h a t  f i s s ionable  material- does no i; accumulate 

t o  unsafe amounlx i n  any area and will provide a f i s s i . l e  inventory check a t  any 

recpui.red time. 

5.L.6.3 Work Plan 

The co l l ec t ion  of i n fomat lon  a1read.y i n  exis tence and t h e  prepara t ion  of 

process and equipment flowsheets w5.l.l- be the f i r s t  s t eps .  Conceptual designs 

w i l l  be prepared for each u n i t  of Refabricat ion P i l o t  Plant  equipment as  each 



development subtask provides s u f f i c i e n t  i n f o r m t i o n .  
wi1.l. be developed s u f f i c i e n t l y  t o  allow proel-irement and . tes t iag  o:? prototype 

ecpipment,. Based. Upon results i'rm devel.opment slJ.btasks, equipment and systems 

o f  t he  fieprocessing P i l o t  P lan t  >Til.:!. be clesigned. .Drawings, specif ier i t ions and. 
procedures w i l l  be prepared su-fficierlt t o  c o m t r u c t  the Refabri-cation Pilot 

PI-ant. Codes and s-tardards applicab1.e t o  t h e  work w i l l .  be util.j.zed.. .'rilnere 

s tandards a r e  unavai lable  o r  a r e  i n s u f f i c i e n t  t o  su-pply t h e  neecis for fu tu re  

commercial r e fab r i ca t ion  p l an t  design, they  w i l l  be prepared a s  a p a r t  o f  Vile 

Ref'abri ca t ion  P i l o t  Plani; &sign. 

'These conc:eptual- designs 

The o v e r a l l  Refabricat ion P i l o t  :Pla .nt  design w i l l .  be prepared i n  t;hree 
phases: conceptual, p re l ih ina ry  ( T i t l e  I>, and- :t'i.nal ( 'Ti t le  11). A s  shown on 
the rei'abrtcation development subtask schetiule (Fj.g. 5 .%, page 1791, these  
phases w i l l  be coordinated wi th  the cJ.evelopiiient subtasks t o  pmvide  i ,hm g i t h  

maxinun support  and t o  uti!.ize maxirm resu.l.ts from those activi . l ; ies.  

3.4.7 Subtask X',) - Procurement and Testing of' FquiprneiiC 

Befabricat ion P i l o t  PLant equipment must be procured. and prno? tes ted  

before 7.t:; i n s t a l  l a t i on .  

development t e s t i n q  may be adaptable tbr ac tua l  i n s t a l  l a t i o n  i n  the Refabri-  

ca t ion  P i l o t  P lan t .  %Ten such i s  t h e  case,  t he  ecpLipment rmxt be modified as 
necessary and. proof lzs ted to v e r i f y  t h a t  a f t e r  moJ.ir"ication it complies w i t h  

i?!!nctional reqnirements. 

i n  some cases prototy-pe equipment procured f o r  

5.4 (. ' 7 .  Z Sta tus  o f  i'ecbnoloqy 

Several items of  tl evelopment ecp ipment, have been prociured and a r e  cu r ren t ly  

bajng tested. Some of t h e  inspection equipment may be modified ft ir  Refabrica- 

c ion  Z i lo t  Plant use. By t h e  time the  major p a r t  of t h i s  siibtask is TO b e  

car r ied  out  cons iderab le  experienctl w i l l  have been es tab l i shed  i n  the procure- 

ment, and t e s t i n g  of  protot-ype equipnient - 

5.L.7.3 Work_ Plan 

Detai led c r i t i c a l  path plans and sched.ul.es w i l l .  be prepared :for procure- 

ment o f  Re f ab r i ca t ion  P-i lot  P l an t  equipment. Eqi.j.prnent w i l l  be procured 

according t o  these schedul es ,  wi th  emphasj-s given Lo special ized cquipmenk 

o r  long-tle!.ivery items. Appropriate procurement fiocwients and methods w i l l  be 

appl-ied, not only t o  secure equipment of adequate qua l i t y  but a l s o  t o  develop 
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i n d u s t r i a l  capab i l i t y  s u f f i c i e n t  to support the  design and construcLion of  com- 

mercial  r e f ab r i ca t ?  on plant s .  

i t i e s  appropriate  t e s t s  w i l l  be  run on each p iece  of eqiiipment Lo dcmonstrat,e 

and v e r i f y  i t s  performance capabi l i ty .  

A s  an ini,egral- p a r t  of these procurement ac t iv -  

5.4.8 Subtask 223 -. Instal  l a t i o n  of Equipment 

5.4.8.1 Requirement 

Modifications and addi t ions t o  :CUR% m u s t  be constructed and t h e  equipment 

must be i n s t a l l e d  i n  tile f a c i l i t i e s  designated t o  house the  Refabri-cation P i l o t  

P lan t .  

i n - c e l l  work t o  demonstrate -the applica.t ion and. techniques of remote mainte- 

nance. The equipmeilk handling methods and procedures developed during instal .-  

l a t i o n  must be recorded. -to f a c i l i t a t e  eventual renote removal o r  rqpl.acement 

o f  equipment. 

The equipment must be instal . led with the  remote handling equipment f o r  

5.4.8.2 Sta tus  of  Technology 

The TURF provides space and bas i c  f a c i - l i t i e s  foi- handling, i n s t a l l i n g ,  and 

operat ing t h e  var ious Refabricat ion P i l o t  Plant  equipment; i teim. The mthods  

of hot-cel.1 operat ion and mainterlance of s imi l a r  complex equipment have been 

developed t o  a high l e v e l  of prof ic iency  a t  ORNL i n  conilectjon wiLh the  High 

Radiation Level Examinatjbn Laboratory, the  Iiigh Badiation Level. Analyt ical  

Laboratory, and previous operat ions i n  TUFT and o ther  remotely maintained 

f a c i l i t i e s .  This experience and knowledge w i l l  be u t i l i z e d  t o  e s t a b l i s h  t h e  

Refabrication Piloi; Plant  maintenance program and therefore  will guide t h e  

equipment in s  t a l l a t  ion proc L .  -.A u.res . 
5.4.8.3 Woork Plan 

Advanced planning w i l l  begin during the  prepara t i o n  of concepi;ual d-esigns . 
Equipment layoilks will be developed f o r  ease o f  i n s t a l l a t i o n  and rernoval.. 

Methods w i l l  be estabLished f o r  anchoring and jo in ing  equipment, and i n  some 

cases  inockup t e s t s  w i l l  be conductied t o  establi-sh space I.imi-Ls, configurat ion 

res t i*a in ts ,  and handling proced-ures . The required mockup s tud ie s  w i l l  be 

defined and executed as the  design progresses and equipment drimansions and 

fea tures  a.re b e t t e r  known. Specif icat ions and. procedures t o  guide the  i.ns t a l -  

l a t i o n  wi1 . l  be prepared as  .necessary. These w i l l  s t r e s s  the preserva t ion  of  

t h e  qual-ity designed and fabr ica ted  i n t o  the  equi.pment and systems. 

In-cell. equipiiient wiJ.1~ be invved i n k  pos i  Lion, anchored, connec’ced t o  

services,  and joined t o  adjacent processins  equipment; with the  use of the  
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i.n-ce1.l. crane and maniplilator systems. Out-of-cell eqnipment, including con- 

trol panels,  w i l l  e i t h e r  be constructed i n  p l ace  o r  p re fab r i ca t ed  and installetl. .  

New f a c i l i t i e s  and. modi.ficat:ions t o  ex is t ing  f a c i l i t i e s  required for 

storage and shipment o f  new Pael elements w i l l  be constulJ.eterl. 

handling new fie1 elenents  w i l l  be ins ta l led .  i n  these new i 'aci ' l- i t ies 

id2qxLpment f o r  

5.4.5 Su'btask 22)+ - Cold !7rgerational Testi-ng of t h e  Refabrica-tion f j j l o t  P l a n t  

' 3 . 4 .  " .1. Requirement 

The e n t i r e  R e  E'abri-cation F i l o t  Plant  must be pet'formance t e s t e d  with pro- 

totype feed ma te r i a l  before  opern t  ion w i t h  i r r a d i a t e d  ma te r i a l  begins s 

t e s t s  a r e  t o  demons-crate the remote o p e r a b i l i i y  and r m t e r i a l  handling capa- 

b i l i t i e s  of  t h e  p l a n t  as well  as i;he adequacy of operat ional  orocedures and 

mnsheets .  

These 

P i l o t  p l a n t  (Jperators must be t r a i n e d  i n  equipment operat ion and s a f e t y  

procedures. Their pyof'ici ency i n  carrying out operat  iorzs ant3 controls  must be 

?enionstrated. From t h i s  information c r i t e r j a  must be e s t a b l i s h d -  for operator  
qualif . ication and t r a i n i n g  to be used i n  1 icensing procedures f o r  cormerc ial 

r e f ab r i ca t ion  p l a n t s .  

5.4.9.2 Sta tus  o f  Technology 

The methods and Lechniques o f  preoperat ional  t e s t i n g  and s t a r i x p  of fuel 

r e f a b r i c a t i o n  f a c i l i t i e s  hsve been developed a t  ORNT, over the past several  

years.  This technology has been developed and proven i n  the  Kjlorocl 

F a c i l i i y ,  I '  Yne Transuranium Processing PI ant,  2 ' '  and previous operation i n  
TURF with molten-salt  me1.21  

5. i t .  9.3  Work Plan 

Each piece o f  equipment w i l l  be t e s t e d  t o  v e r i f y  i t s  operat ional  capa- 

b i l i t y .  Individual  systems w i l l  be tes ted  for leakt iphtness  and r2nctionaL 

capabi l i ty ,  and f i n a l l y  t h e  complete Refabri ca t ion  P i l o t  Plant will be t e s t e d  
t o  v e r i f y  its operatiolza'l readiness.  

Prototype feed mater is l  will be  handled i n  the  f u e l  receiving, handling, 

s tor ing ,  and shipping f a c i l i t i e s  of TURF. Prototype f b e l  w i l l  be f ab r i ca t ed  

by the  same procedures t o  be fol3.owetJ with recycle  radioact ive nlater ia l .  Durjne 

these  operations t e s t  Puel elements w i l l  be produced i n  support of Task 301) for 

i r r s d i a t i o n  s tudies .  Poten t ia l  problem areas  i n  the  P e f a b r i c a t i o n  P i l o t  P l m t  

w i J  1 be i d e n t i f j e d  and corrected t,o minimize i"ail.ure or malf inc t ion  of equip- 

ment and procedures. 
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Included. 5.n l;h i.s subtask a r e  operat ing procedure d-evel~opinent and personnel 

t r a in ing  and. indoc:i;rinatioii. Spec i f i ca l ly  t h i s  w i l l  incl.ude Yne preparat ion of 

programmed instru.c.tioi1 manuals t o  a i d  p l a n t  operators,  formal. l ec tu re s  by the 

des5 gners  of equ5.pinent and by ex-perknced hot-cel.1 f a c i l i t y  supervisors ,  radio-  

I.ogica1 and conventional s a f e t y  in s t ruc t ion  by appropriate  au tho r i t i e s ,  and the  
preparat ion and t r i a l  use of operaLing procedures. 

5.4.10 Subtask 225 - Hot Deinonstrat;ion of t he  Refabrication Pi.1 o t  Plant  

5.4.10.1 Requirement 

The Refabricat ion P i l o t  Plant niusi; be operated wi th  hot material- to 

decionstrate the equipment and. processes required t o  f ab r i ca t e  HTGR f u e l  el e- 

meiits. Yhe demonstration mst be 0 . C  su f f i c i en t  durat ion t o  de-Lermine long- 

term maintenance, mater ia ls  handling, and waste disposal- requirements. The 

demonstration i s  estimated t o  require  hot, operai;j.cm o f  the  Refabrication Pi I.0.i 

PIan-t; through 1979, with possiblI.e I.ater. use f o r  development support f o r  the 

f i rs t  commercial. p l an t .  

5.4.1.0.2 Sta tus  of Technologg 

The t,echnol.ogy f o r  the refab.brca-t.i.on of i r r a d i a t e d  HTGR recycl-e fuels  i s  

not ye-t d.evelopeil. Only technology foi- f ab r i ca t ion  o f  I-ITGX f'uels containing 

235U cur ren t ly  ex i s t s ,  and. it i s  being appl ied in. unshielcied f a c i l i t i e s  by GGA 

t o  f ab r i ca t e  the  FSVR core. 

requi~re heavi ly  shielded re fabr imt i -on  f a c i l i t i e s  with remote opera-Lion and 

mai-nteiiance. 

The large cpanti.ties of '"U i n  recycle  Eue1.s w i l l  

For physics pararnet;er measurements i n  the High-Temperature La t t i ce  'Test 

Reactor 32 kg of 233U containing less than 5 ppni 232U has been formed in to  

microspheres and coated with npol_yi ; ic  carbon. Consj.derab1.e experience e x i s t s  

in Lhe handling of 233U n i t r a t e  so lu t ions  a t  the  National Uranium-233 Disperrsing 

F a c i l i t y  located i n  ORN, m i l d i n g  3019. 

Approximately 30 kg of '33U containing about 200 ppm 212U ( t h i s  i s  com- 

parable  t o  tile f i r s t  HTGR recycle  i%eJ.s) was fabr ica ted  i n t o  niol.i;en-salt fie1 

j.n the  

( T ' h , U ) 0 2  me1 f o r  a core loadi.ng of t he  Shippingport Reactor as R p a r t  of t'ne 

LWBR Program by 1975. 

appl ied t o  t h i s  demonstration subtask.  

Approximately 603 kg of 233U w i l l  have been fabr ica ted  ixitm 

App1icabl.e 'iechnology from these  programs w i l l  be 
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After  succes:;~%l. completion of  cold operati 'onal t e s t i n g  of' the  Refabr:i.ca- 
t i o n  Pil-ot Pbant, feed. materlinl containing 233U w i l l .  be introduced t o  s t a r t  

Lhe h o t  d.emonsi;rat,ion. 

t h a t  iill. s i g n i f i c a n t  problems have been enconnteretl and solved. In  mid-13'76 

the p i l o t  pPant w i l l  begin f ab r i ca t ion  of fuel. elements contain5.ng 2 3 3 ~  . 
demonstration w i l l  incl-ude the r e fab r i ca t ion  of 1513 reference recycle file1 
elements c o n t a i n h g  t h e  reference fb.el. These elements must be produ.ced t o  

v e r i  fjr a de qua cy of op era  t ing  pro c e du.r e s , a c c o m t  ah il it y pro c edur es , r elm t e 

equipment maintenance methods and techniqiuzs, sh%el.ding, and r ad ia t ion  a.nd 

con i;<an:ina.t ion cont;rol. requirernents . 
After  3.979, t h e  Refabricat ion P i l o t  Plant  may be used for  development 

This wil.l continue un t i l .  reasonab1.e assura.nce i s  ga.ined 

Rile 

su.pport for t he  f i rs t  cormercial  ref 'abrication pl-ant, or it ~ ~ 1 . 1  be ciis- 

assembled. so the hot c e l l s  in 'TURF can be prepared for a new (k-velopmeni 

progrcatn. 

5.2 .L1 Subtask 226 - Waste Treatment and Dispos31 

5.4.J-I.. 1 Requirement 

Wastes ant ic ipated-  i n  the Re f ab r i ca t ion  Pilot Plant  a r e  estimated. i n  

Appendix C.  

Gaseous waste containing h;irclrocarbons and radionuclides mu:;-k be made sa fe  

'before r e l ease  t o  t h e  environment. 

made s a f e  ibr handling and disposal.. 

Hydrogen from t h e  coat ing f i rnace  must be 

Liqpid waste nnis'r, be co l l ec t ed  and disposed of  accordimg t o  the tyye and 

1.evel o f  contamination. F i s s j l e  u-ranium misl; be d i lu t ed  with depl.etecl or 

naS,ixjal. umniixn before  d-ischarge t o  the  Meelton VaLley waste system. A1 1 I.i.qu i d  

waste mist be neiit:r*alized. t o  be hand.l.ed i n  t h e  TiJTiF s t a i n l e s s  stc?eL s y s t m  and. 

sii.bsequ.ently i n  the  Melton Valley hot-waste handling system. HaI.ogen cornpnund.s, 

such a s  chlor ides  and f luor ides ,  a r e  t o  be avoided where possible .  Hal.ogen:; i n  

t he  :l.iqLiid-waste system must be comp!.exed with a metal. to prevent corrosion; 

for example allmininm ions i n  al_uminwn n i t ra . te  complex f1imr.i.d.e 

Sol id  wasbe coni;a:i.nLng r a d i o a c t i v i t y  irrust be  contained and disposed of i n  

cont ro l led  areas s p e c i f i c a l l y  designated for su.c'ri wa.stes. It r u s t  be col lected,  

packaged, and i d e n t i f i e d  for stora-ge. 

5.4.1l.2 Status ~ f '  Technology 

The UJXF off-gas sys-bem i s  m i t a b l e  f o r  f i l t e r i n g  parti.cul.ate materia1.s 

froin the  c e l l  arid. ves se l  vent gases.  No (;as sc-rubbing equiyaieiit .is .provided. 
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Liquid waste col.lection and s torage systems e x i s t  i n  t h e  WRF. They a r e  

adequate f o r  handling high-l.evel wastes . that  have been macle compatible with 

the  type 304L s t a i n l e s s  steel .  l i n e s  and tanks t h a t  make up the system. 

ava i lab le  will. be provisions f o r  permanent disposal  of a l l  l e v e l s  of l i q u i d  

wastes.  Written procedures and regulat ions f o r  I . i q u i d .  waste handling a.re p a r t  

of the  OKNL standard p r a c t i c e  procedures. 

Also 

Sol-id wastes w i l l  be derived from process waste, salvaged equi-pment, and 

contaminated clothing.  

5.4.11.3 Work Plan 

Cell  v e n t i l a t i o n  a i r ,  process  vessel^ off-gas veniiing, and inc identa l  waste 

gases w i l l  be disposed of  by d i r e c t  re lease  t o  t h e  'TURF off-yas system, which 

has a minimum of  10,C)OO scfIm of a3.r flowing t o  a 2 5 0 - f t - t a l l  s tack  wi th  an 

avei-age atmospheric dispers ion fackor of  0.92 X sec/m3 released.  

Gaseous products from dryers and furnaces wj.lJ. be t r e a t e d  i n  spec ia l  

cleanup equipment before re lease  t o  the  TURF gaseous waste d-isposal system. 

The off-gas from t h e  coater  w i l l  be t rea ted  i n  equipment designed f o r  handling 

and disposing o f  gases containing hydrogen and halogens. 

LiqiuLd waste not suspected t o  contaln radioac.t.j.vi.ty w i l l  be handled i n  

the  exis Ling 'TURF process waste system, w'ti5ch i s  monitored. before co l lec t ion  

i n  t e m p r a r y  s torage tanks.  Contam3.nai;ed process waste i s  d ive r t ed  t o  ponds 

t h a t  can be drained t o  t h e  Melton Val.ley waste disposal system. 

Special  equipment f o r  handling and disposal  of bokh s o l i d  and lliquid 

wastes wi-1-1. be provi.d.ed. Contaminated equ j-prnent and clothing, such as  shoe 

covers and gloves, w i l l  be bagged f o r  b u r i a l .  

Encl.osed containers f o r  both so1.i-d and 1iquj.d wastes w i l l  be provided. 

The f i l l e d  containers w i l l  be col.l.ected i n  t'ne shielded. processing c e l l s  and 

loaded i n t o  a heavi ly  shielded. cask f o r  t ranspor t  .to solid-waste disposal  areas .  

An exisl;j.ng cask w i l l  be modified f o r  t h i s  purpose. 

A1 1~ radioact ive waste {;hat requires  permanent disposal. w i l l  be delivered 

t o  a c e n t r a l  radioact?-ve waste disposal  f a c i l i t y  a t  O m .  It i s  assumed thai; 

t h i s  f a c i l i t y ,  provi.tied by other  AEC programs, w i l l -  be ava i lab le  t o  suppol't 

t h i s  program. 
It i s  estimated Lhat about 205 of t h e  present  receiving, handl~ing, stor3ge, 

and sh2ppli.ng capabi l - i t ies  of TURF w2.l.l. be u t i l i z e d  i n  the  flow of s o l i d  wastes 

from i;iiis p i l o t  p l a n t .  
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5 . / + . l 2  Subtask 227 - B t e r i a l  Handling 

' 5 . 4 . G .  L Requirement 

Mater ia ls  required t o  suatai.n operat ion of' the Refabricat ion P j l o t  P:l.ant 

must be 'riantll.ed both enteri-ng and leaving the p lan t .  

inc1u.de bo-th feed and. support mater ia l s  -Lo the process,  scrap and off- 

speci.!'?'.cation material generated by t he  process ,  amd the products corning from 

These mater ia l s  w i l l -  

t he  process. These mater ia l s  inust be received, handled, stored, or shipped a s  

appropriate  - 
Coated f e r t i l e  p a r t i c l e s  and f u e l  blocks must be secumed for d.ev'elopment, 

cold-operational t e s t ing ,  and t h e  hot d.emonstration of the  Refabioricriti.on P i l o t  

Plant .  

c:~.es. 

Thor:ium must be secured .for the fer1;il.e component of t h e  recyc1.e p a r t i -  

A l l  m e  ' 3 3 U protliict from t h e  Acid.  Thorex Pi l .o t  Plant  mwt be receiverl. 

of I;EIC:SC? feed mater ia l s  m u s t  be recehecl ,  stored., and handl.ec? in the EJW. 
The product from t he  Refa-brication Pii.ot Plant  must be 'packaged, -L:rans- 

Cerred from the r e fab r i ca t fon  cells, stored,  md.  shipped from {;he p lan t .  'These 

protlu.ct, shipmenix w f ~ 1 - l  be hand.1-etl 5 . n  the same c a r r i e r  w e d  t o  t r a n s f e r  the 

spent 0 . ~ 1 -  elements from the FSVI? to the TURF. 

Test fixel. elements prepared f o r  use i n  :It?.velopment ard cold-operat ional  

t e s t i n g  must be stored and tianr:il.et?. 

F'SW :€bel elements w i l l  be recpi red  f o r  development t e s t ing  o f  t h e  Head-End 

Pi_:tot :C-'lan.t equipment. Pa r t  of t hese  shou1.d. be shipped from the  Refabri ca t ion  

Pilot P1.an.t i n  the recyc1.e el.ement shippi.ng carrier t o  simlnl.ate ho t  fuel. 

handling. Iialf o f  these  elernents w i l l  have t o  be handled by Janw-ary l97A, and 

t h e  remainder by Jvly 1975. Process samples and support materj.al.:; must a l s o  

be received, si;oret?., hand-led, and shi.pped t o  slupport the demonstration. 

A t  t h e  present  t i m e  about 40 unirradj.ated 

.S. 4.12.2 Sta tus  of' Technology 

i i  Iechrioiogy and equipmerrt exist f o r  handl.i.ng thori1.m as coated. particl .es 

and. as thorium nitrate t e t rn t iydmte  and. f o r  hancl1in.g " T j  n i t r a t e  so lu t ions .  

Fiowever, mod,ifi.cai; ions t o  both t'ne equ.ipmer?t and. the  handling procedure:; may 

'oe needed t o  accompl.ish t h i s  subtask. Experience also ex5.sts -Eor hancll.:i.ng the 

flow of' - tes t  file1 elements, support mat.erial.s, and s imi l a r  -items t h a t  w-i.11- be 

assoc ia ted  with this pflot plant;. 

Experience tloes not presen t ly  e x i s t  f o r  stiipp.i.ng recycle  fidel. ekrnents . 
Lnese eI.e!fients w ? l l .  be too rad ioac t ive  to sh ip  without shield-ing b!it w i l l  be 

I - ~ ~ s s  r ad ioac t ive  i n  spent el. ements - Technol.ogy does exkl ;  .for shippimg unirra-  
t3.5.ated. Tnitia!. FSYR :€'uel eI.ements, and appLicab1.e p a r t s  of' this technology wi.l.1- 

be stpplied. to t he  tiandling and s h i p p b g  0.C recy-c1.e Aiel. elem-ents . 

,--,, 
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5.4.. 12 .3  Work Plan 

T"ne handl-ing of . t es t  mater ia l s  w i l l  be planned and scheduled as  required 

Procedures and work instruc.tI.ons w i l l  be prepared. t o  support o ther  subtasks. 

for  handling these items. Th.e -feed ma.teris1.s for the  Kefabrication P i l o t  Plant  

w i l l  be  planned and schedul.ed, handling procedures w i l l  be  prepared, and eqlip- 
ment w i l l  be provided. The equipment and handling procedures w i l l  be tes-Led t o  
prove t h e i r  adequacy. 

Operating procedures and. handling techniques wi.11 be es tab l i shed  for t he  

recycle  i%el shipping c a r r i e r ,  and i t s  perfoymance capab i l i t y  w i l l  be proven. 

Process support inater ia ls  such as  process gas, packaging containers,  spare 

pa r t s ,  and hardware w i l l  be handled Ynrougli ex i s t ing  f a c i l i t i e s  a t  TURF. Pro- 

cess samples w i l l  a l s o  be handled through these f a c i l i t i e s .  

The f l o w  of samples and support; materia1.s should requi re  about 30% of t h e  

present  receiving, haidl ing,  storage,  and shipping capabi l . i t ies  o f  'TURF. This 

does not inc1ii.d.e handling the  recycle  f'uel. elements proriizced. 

5.4..13 Subtask 228 - Process Development Support 

5.4.13.1 Requirement 

A s  i s  the  case with any p i lob  p lan t ,  unforeseen probl e i i ~  w i l l  a r i s e  and 

requi re  rap id  sol-ution. Laboratory and hot -ce l l  t e s t s  on ac tua l  mater ia l s  a r e  

necessary t o  guide the  p l an t  operators  i n  solving the problems. 

5.4.13.2 Work Plan 

De-relopment; engineers and laboratory f a c i l i - t i e s  w i l l  be  ava i lab le  t o  

accomplish the  requirement given above. 

the t e s t s  required t o  provide help t o  solve t h e  problems. I n  addi t ion,  equip- 

ment changes may be necessary as  the resu1.t of def ic ienc ies  found a f t e r  pre-  

l iminary hot  operations with the  RTE's or during the  o ther  hot  operat ions.  

Their fui ic t ion w i l l  be t o  perform 
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T h i s  sect5on of t he  progrnrr- p1.m descr ibes  t'ne type and scb-edule of irra- 

diation t e s t s  requj-red. t o  develop and demonstrate a s a t i s f ac to ry  reegcle f u e l .  

These tests a r e  ess&nti.:3L in t he  National PT!X Recycle Developmeti!; :Program t o  

accomplish two  major objec t ives  : (1) t o  provide j.rrad.iated f u e l  for develop- 
ment and demonstration of reprocessing and (2) t o  ver'l.i'y t h e  performance capa- 

bil.i.ty of  the  recyc le  I f e l  devel.oped and produced tn other tasks of t h i s  program. 

Lne accomplishment of .these t-wo objec t ives  requi res  a s e r i e s  of t r r sd inkion  

tests ranging from very small. quani;ities (grams) i n  capsiilc t e s t s  t o  reference 
1063-MW(e) HTGR fue l  elements irradi:~t;eil under reference condi1;ioris of t h e ,  

temperature, and fluence. Ea.ch i r radio t i o n  test cont r ibu tes  t o  .\)o't;h obj ectivives, 

s ince  a po r t ion  of th.e i r r a d i a t e d  f u e l  i s  subjec1;ed t o  p o s t i r r a d i a t i o n  p.val.iia- 

t i o n  of i t s  perfor.raance, anti t h e  remainder of t h e  irri3.tliated Ole1 is provided 

f o r  reprocessing deve 1.opmen.i; or demons t r a t  ion"  

r? 

Because oI" t he  time rewired .  f o r  i r r a d i a t i o n  t e s t s  (ranging from one t o  

six years ) ,  e a r l y  scheduling and iinplemen.tation of these  t e s t s  a r e  v i t a l  t o  
tihe ~u.c:cess of t h e  recycle  development program. >The scheduling of fhel i r r a -  

d i a t ions  must a l s o  take csgnizance of  (1) t h e  refinements of f u e l  element 

design, 

cessing and r e fab r i ca t ion  processes ,  and (3  ) t h e  schedn1.e arid avaiLa'bi.lity o f  
r eac to r  t e s t  spa.ee. Accelerated -testing of f i ~ l  can be accorrrplished by capsule 

I.rrad:i.ations i n  E'm. and ATR. Prototype Puel elements will be i r r a d i a t e d  i n  {;lie 

Peach .Eottom Reactor and f 'ull-sLze f b e l  elements i n  t h e  FWK. 

(2) changes f.n t h e  h e 1  clement ar is i .ng from developments on repro- 

'Ihe cnpsu1.e i r r a d i a t i o n s  a r e  designed t o  accel.erate t h e  burnup r a t e  of t h e  

rfuel and the f a s t  Pluence exposure o f  t h e  coat ing :mtl. stl.ck bond-iw. Tnese 

acce lera ted  conditions expedite -the deter.mFnation of file1 perform3 nce wpa-  

h i l i t y  as wel.1. as provide s E a l l  quan t i t i e s  of i r r a d i a t e d  &.el f o r  :l.aboratory- 

s c a l e  reprocessing development. The capsu1.e i.rradi.ai;ions a r e  e spec ia l ly  u.sefI1.1. 

in evalu.ating small  quant i--ti es of materi.aL produced i n  labora tory  d.e?relo:pment 

e qui.pmen t . 
"lie fi.rst s e r i e s  o f  these capsu'1.e t e s t s  wil.1 contain f i e 1  used t n  Peach 

Bottom i r r a d i a t i o n  t e s t s  and w i l l  provide fbel. f o r  e a r l y  reprocessing s t u d i e s .  

The second s e r i e s  w i l l .  g ive an acce lera ted  t e s t  of t h e  fbe l  produced f o r  t h e  
proof t e s t  elements. 



100 

The r e s u l t s  of these t e s t s  can be ava i lab le  i n  tirne t o  guide - W e  se l ec t lon  

of reprocessing and r e fab r i ca t ion  processes and equipment f o r  i n s t a l l a t i o n  i n  
the  reprocessing pi.J-ot p l a n t s .  

The Peach Bottom Reactor i s  being used t o  i r r a d i a t e  engi-neering-scal-e 

quan t i t i e s  of recycle  f u e l  f o r  evaluat ion of performance caps-bilities and f o r  

devel-opment of processes and equipment t o  be demonstrated i n  the  reprocessing 

p i l o t  p l an t s .  

The i n s t a l l a t i ~ o n  of t h e  second core of t he  Peach Bo.t;.t;om Reactor was completed 

i n  June 1970, and the  r eac to r  was avatl-able f o r  fill power i r rad ia t i -on  s t a r t i n e  

i n  Ju ly  1373. 

1972 an8 w i l l  be used i n  support of development subtasks of t h i s  program. 

These t e s t s  are designated as  the  RecycJ-e Test Elements ( R T E ' s ) .  

Pos t i r rad?a t ion  resuJ:ts of t h e  RYE f i e 1  w i l l  be  avai.l.able i n  

The Proof Test El-ement (PTE) i r r ad ia t ions  i n  Lhe FSVT w i l l  determine the  

performarice capabili:i,y of l a rge  quan t i t i e s  of reference recycle  f i e l .  By USE 

of the  i.nforination gained from capsule and engineering-scale t e s t s  of  recycle  

fue l  p a r t i c l e s  and recycle  f u e l  s t i cks ,  t he  PTE's w i l l  be designed and schedul-ed 

f o r  i n se r t ion  with the  E i . r s t  reloadi-ng of the  E'SVTR; t h i s  reloading should occur 

l a t e  i n  19'72. Sta r t ing  i n  the Yourth quar te r  of 1974 and annually the rea f t e r ,  

some of these elements can be uilloaded f o r  p o s t i r r a d i a t i o n  examination and sub- 

sequent use as feed mater ia l  t o  the  reprocessing p i l o t  p1.aiits. 

-iruri.ng p i l o t  p l an t  demonstration a riiimber of  el elements containing 2 3  5~ 

and 233U f i s s i l e  p a r t i c l e s  t h a t  meet FSVH fbel spec i f ica t ions  w i l l  be produced. 

Some or  all of these elements wil-l be loaded fo r  irradia-Lion tes t i -ng i n  the  

FSVK during the  normal r e f i e l i n g  operat  ions.  These fu l l - sca l e  yecycle demon- 

s t r a t i o n  fbel elements w i l l  be i r r a d i a t e d  from 4 t o  6 years i n  the FSVR and 

w i l l  se-me as  proof t e s t s  of t h e  r e fab r i ca t ion  Lechnology. 

6.2 RECYCLE FUEL iRRADIATTON SCIIFDULE AND T I M I N G  

The schedule f o r  performing the  s t eps  of t h i s  t a s k  of t he  development 

program i s  shown i n  F ig .  6 .1 .  These i r r ad ia t ions  w i l l  be car r ied  on con- 

cur ren t ly  wtth the  reprocessing and r e fab r i ca t ion  development e f f o r t  a s  shown 

i n  Fig. 2 .1 ,  page 5. 

6.3 FUNDING 

We required funding f o r  t h i s  t a s k  i s  given i n  Table 2. I, page 6. 
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6.4 SURTASK 301. - CAPSULE S K M I A T I O N  TES'I'S 

6. l+.  1 Requirement 

'1Te purpose of t h i s  subtask i s  t o  conduct t he  i n i t i a l .  i r r a d i a t i o n  t e s t i n g  

of coated par t tc l -es  and f i e 1  s t i c k s  prepared by processes intended for  use i n  

the  recycle  pi1 o t  p l an t s .  

required f o r  head-end process development and ho t - ce l l  t e s t s .  The capsule 

i r r a d i a t i o n s  a r e  intended. t o  t e s t  r e f ab r i ca t ion  processes,  qua l i fy  h e 1  f o r  
t he  proof t e s t  elements t o  be in se r t ed  i n  the  FSVR, and provide mater ia l  f o r  

1 aboratory-s cnle  development on head-end plpocesses and equipment. 

Gram quan t i t i e s  of  i r r a d i a t e d  recyc1.e f u e l  a r e  

Two sets  o f  capsu1.e~ shall. be i r r a d i a t e d  to de-Leimine the  behavior of  tihe 

reference recyc1.e coated p a r t i c l e s  and bonded beds o r  f'ml sti-cks prepared by 

recycle  processes and equtpment. Process and equipment changes w i l l  occur as  

work progresses on t h e  recycle  development program, and capsule i r r a d i a t i o n  

t e s t s  prov7.de the  quickest  and most d i r e c t  means of' determining the  e f f e c t s  of  

these changes on the  behavior o f  t he  r e su l t an t  coatEd p a r t i c l e  Px1.s and fuel 

s t i c k s .  

must be conducted t o  exposures t h a t  include 20% FiMA burnup> Lk t o  

E; x lo2'- neutrons/cm2 f a s t  neutron fluence,  and temperatures ranging Prom 

750 t o  1303°C. 

To s a t i s f y  the  requirements of  l a rge  HTGR's  Ynese i r r a d i a t i o n  t e s t s  

6.4.2 Sta tus  of Technolog2 

Extensive capsule i r r a d i a t i o n  t e s t i n g  o f  var ious types o f  coated p a r t i c l e  

f u e l  has been conducted duri-ng the  pas t  severa l  years by both ORNL1-6 and 

Gulf General A t o m i ~ . ~ - l ~  

years have been t o  develop and proof t e s t  coated parb ic le  fue l s  ii1t;ended. f o r  

t he  FSVR and l a rge r  I i T G R ' s .  

f be l  have been conducted t o  high temperature, high burnup, and high f l u x  expo- 
sures  under c lose ly  control.l.ed and monitored condi t ions.  Excellent c a p a b i l i t i e s  

f o r  the  pos t i r r ad ia t ion  examination of the  f u e l  mater ia ls  i n  these capsuLes a l so  

e x i s t  a t  both s i - tes .  

The objec t ives  of these  i r r a d i a t i o n  t e s t s  i n  recent  

These highly sophisticat ,ed tes-Ls of coated p a r t i c l e  

The r e s u l t s  of these  i r r a d i a t i o n  tesi;s t o  d-ate have demonstrated t h a t  

pz.operl~y designed and prepared coated par - t ic les  of boi% the  BISO (two-layer 

py ro ly t i c  carbon coat ing)  and TRZSO (multi layered py'rolytic carbon and Sic 

coat ing)  v a r i e t i e s  have excel l.ent i r r a d i a t i o n  s t a b i l i t y  under the operat ing 

conditions of HTGR's. Both carbide and oxide kernels  have been found s u i t a b l e  
as  the  subs t r a t e s  f o r  these coated p a r t i c l e s .  The performance of RISO coated 

p a r t i c l e s  has been demonstrated t o  t h e  f i1 .1  m a x i m  desi~gn operat ing conditions 
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of t h e  FSVR - namely, g rea t e r  than  20% ETPIA burnup, e X l3" neutrons/cm' fast 

(> 0. I.[< MeV) neutron fluence, and- temperatures t o  1.30Q"C. 

RISO coated p a r t i c l e s  has a l s o  been demonstrated t o  g rea t e r  -than 50% FIivii!, a t  

high temperature bit a t  1-ower f3st neutron fluences . ?TIS0 coated partic!.es 

have been si-1ccessfZI1.l.y demonstrated t o  burnups of g rea t e r  than 2!1$ FIMA and 

t o  f a s t  neutron f luences of g r e a t e r  than 4 2: 1.02' neutrons/crn*. 

The performa.nce o f  

Mathematical mod.els have been developed"--'/' f o r  cal.culat;ing the stresses 

Tnd1ic:e:J. In t he  coa t i r ig  of BISO and T R I S O  coated p a r t i c l e s  du.ring i r r a d i q t i o n .  

Good co r re l a t ions  'nave been obta-i.ned between i r r a i i a t i o n  t e s t  r e s u l t s  axid t h e  

s t r e s s  l eve l s  pred ic ted  by the  models. These mode1.s a r e  now rou.t inely appl ied 

t o  the  design of coated-partic1.e fL?el. for EiTSR's and. used in oonjiinction wi th  

all. capsule i r r a d i a t i o n  t e s t s .  

Limfted i r rndia t i .on  t e s t s  of f'uel s t i c k s  containing coated p a r t i c l e s  have 

been conducted dur.urtlng t h e  past year or b o .  The res i i l t s  o f  these  t e s t s  have 

shown t h a t  t h e  f i e 1  s t i c k s  r e t a i n  t h e i r  i n t e g r i t y  t o  high bu.rnuj) (approximately 

z 2 ~ ~ * ?  FIMA) a t  fast neutron :t'lu.ences of about L x I?' neiutrons/cin2. b\el stj.c!l<s 

c:orii;a:i.ning s imulatet l  (un:k.eletl) coated p a r t i c l e s  have also been su.ccessthlly 

t e s t e d  t o  flu.ences of 4 t o  b X :l.92' neutrons/cm2 in the  IIFIR. 1 5 7  '' 
t i o n a l  i r r a d i a t i o n  t e s t s ' "  of var ious types o f  fuel. s t i c k s  t o  both high fast 

neutron flilience and. high burnup a r e  i n  progress a s  part o f  t h e  F'SW? and I.arge 

ii;Ti;H research and development programs. These tests w i l l .  provide an  exce l len t  

foundation i n  both materia1.s behavior and capsul e i r r a d i a t i o n  c a p a b i l t t i e s  

before  the s t a r t  o f  t h i s  program's capsule i r r a d i a t i o n s .  

VJO i r r a d i a t e d  reference recycle  f'uel samples Por head-end process ?eve].op- 

Mmy addi- 

ment has  been made ava i l ab le ;  however, man; i r rad- ia t ions  o f  a s imi l a r  nat;ure 
have been ant3 a r e  being performed i n  t h e  IISAEC's and CC:A's programs f o r  HTGR 

fbe!- c?.evel.oprnent - T h i s  technologjr and smal.1 mounts o.F i r radiated.  material  are 

avai lhble  .!io t h e  recyc1.e development program, but; no samples of  i r rad- ia ted 
recycle-type fue l  a r e  m a i l a b l e .  Some head-end t e s k s  of c:nlshin,<, burning, 

s ieving,  grinding, and I.eaching have been performed a!; ORJUT, on i r r ad ia t ed  

I)Y'i)g<jYl compacts. The results have been general1.y favorsble  i n  shocving tile 

f ' e a s i b i l i t y  of  the reference head-end process, but; again -they do n o t  include 
the  reference recyicle f'uel~. 

6 . 4 . 3  Work Plan 

Each capsule i r r a d i a t i o n  experiment requi res  about 1. t o  1.. 5 years t o  com- 

p le t e ,  including capsu-le design, preparat ion,  p r e i r r a d i a t  ion evaluation, capsule 

construct ion,  i r r a d i a t i o n ,  and p o s t i r r a d i a t i o n  examination. Ia each s e r i e s  two 
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essen-t ia l ly  i d e n t i c a l  capsules w i l l  be prepared containing both f b e l  p a r t i c l e s  

and f u e l  s t i cks ,  and the  first s e r i e s  of  these  capsul-es w i l l  t e s t  four  parti.cl.e 

combinations a t  fou r  temperatures t o  f a s t  fl.uenc:es of  8 X LO2 

These capsules w i l l  be i r r a d i a t e d  i n  the  ETR. The second s e r i e s  of  t e s t s  w i l l  

be s imi l a r  t o  the  first.  

neutrons/cm2. 

Fuel s t i c k s  containing recycle  coated p a r t i c l e s  w i l l  be prepared by the  

candi-date processes and evaluabed i n  these capsule i r r a d i a t i o n  t e s t s .  The 

fie1 s t i c k s  f o r  Ynese i r r a d i a t i o n  experiments w i l l  be  shor t  (ab0u.t 2- in .  -long) 

segments of f i l l . - sca le  (nominally 0.5-in. - d i m )  fhel s t i c k s .  The file1 s t i c k s  

w i l l  be contained i n  graphi te  holders during i.rrad.iatioi1 so t h a t  t he  sample 

environment i s  rep.re:;entative o f  that  of an HTGR f u e l  element. “ne tempera- 

t u r e  and tiemperature gradients  in the  f u e l  skick samples w i l l  be representa-  

t i v e  o f  those expected i n  the  commercial reac tor .  

‘i’he normal. pre- and p o s t i r r a d i a t i o n  examinations w i l l  be conducted on the  

f i e 1  t o  assess  the  e f f e c t s  of i r r a d i a t i o n  on i t s  behavior and to  evaluate i t s  
capab i l i t y  f o r  s a t i s f a c t o r y  performance i n  an HTGR. T”nese tes - t s  w i l l  include 

microrad.iography, metall.ography, and such o ther  - tes t s  as may be warranted. 

The f u e l  par t ie l . es  and s t i c k s  r e su l t i ng  -from the  capsule i r r a d i a t i o n  t e s t s  

wi1J. be avai1abl.e as  t e s t  material. f o r  head-end process development following 

the post  i r rsdia’ i  ion examination. 

6.4. A F a c i l i t i e s  

The capsules w i l l  be prepared a t  ORNL and i r r a d i a t e d  i n  the ETR or ATR, 

depending on a v a i l a b i l i t y .  

t i o n  w i l l  be conducted i n  ex i s t ing  f a c i l i t i e s  a t  OKNI,. 

The capsule preparat ion and pos t i r r ad j  a t i o n  exam5 na-  

6.5 SUBTASK 302 - PEACH BOTTOiv; IRRRDIATION TESTS 

6 . 5 . 1  Requirement 

The RTE i r r ad ia t ions  wil.1. provide kilogram qua.ntitLes of  i r r ad ia t ed  fuel., 

sj.mil.ar t o  t h e  reference recyc1.e fue l ,  for performance evaluat ion and head-end 

process and equi.pment development. Various f u e l  elements must be operated fo r  
one, Lvo, and th ree  yea.rs t o  provide file]. p a r t i c l e s  with the  required burnups 

ant3 f a s t  f l u x  exposures. ‘These i-rradi-ations a r e  being conducted i n  the  Peach 

Rottoin Reactor ’io provide f’uels t e s t ed  i n  an HTGR environment a t  t‘ne e a r l i e s t  

poss ib le  poin t  i n  the  propam.  The range o f  bumups and fliiences t o  be obtained 

w i l l  penni t  the examination of t he  e f f e c t s  of these parameters on both t he  per- 

fomance of recyc1.e fue l  p a r t i c l e s  produced i n  labora tory  equi.pmen’c and on the  

recyc le  processes under devel..opment . 
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6.5.2 S t a t u  of 'rechnology 

No la rge-sca le  i.rradiati.ons of HTGR Pdels 'nave been carried.  out  t o  provide 

mater ia l  i n  quanti t ies a.dequ.ai;e f o r  engineering-scale development t e s t i n g .  

addi t ion,  no recycle-type f'uels prepared i n  pro to typic  equipment h a m  been 

t;e:;ted i n  a t r u e  HTGR environment. (3nl.y l imi t ed  i r rad ia t ior r  t e s t s  of f'uel. 

s t i c k s  have been conducted to da te  (see discussion under Subtask 3OL) I How- 
ever, i1uMerou.s t e s t s  o f  fuel st:i.cks a r e  i n  progress  at, both OK@X and GGA, so 

In 

t h a t  The procedures and techniqges for f ab r i ca t ion  arid post i r radiaL ion evalua- 

t ion will be developed before s imi l a r  work 5s required by the  9TGR Recycle 

DeveLopment Program. 'Techni qiLes for disassembly o e graphi te  el errients have 

been developed :ind used i n  t he  [each Bottom pos tcons t ruc t ion  research and 

tJ ev-eloprne?lt program . 

i.5 . 4 .  I? Work PLan 

Eight fuel. recycle  t e s t  elements simil-ar i;o th.e FSW. elements w i l l  be i .rra- 

ciiatec'l i n  the Peneb Bottom Reac-tor ~ C J  t h e  requi-red burnup and fast :Pluence by 

n!:id-1.'3'74. 

r i ca t ed  with 2 3 5 T I .  A t  l e a s t  e ight  p a r t i c l e  tTypes wF1-I- be t e s t e d  i n  nj~ne d i f -  

f e r en t  two-part ic le  combinations t o  evaluate  a l l  o f  those :fl~.eI.s of' primnry 

i n t e r e s t  for l a rge  IITGR's.  Under the HTGR Base Program design a l ~ a l y s i s  on tile 
fuel. el errient, fie1 s t i c k  compositions have been specj.:fied., core locations have 

been se l ec t ed ,  arid. inI"ormai;?.cn has been provid.et3. f'or t h e  s a f e t y  ana lys i s .  

These e'1.ernents a r e  designed t o  shu1 ,a te  recycle  and makeq  fixel fab- 

The normal pre- and p o s t i r r a d i a t i o n  examination of the p a r t i c l e s  and bonded 
fuel. s t i c k s  w i l l .  be performed t o  provide information on f'uel performance and 

c! iaracter izat ion o f  t he  fliel subseqiien!;ly fbrnished for laboratory-  and 

engi neering-s ca l e  reprocess ing  develop-writ . 

U. 3.4 F a c i l i t i e s  

'The f ie1 p a r t i c l e s  and bonded Ihel sticks have been prepared a t  1GGA 

(c i rb ide  p a r t j c l e s )  and a t  OPNL (oxide recycle-Type p m t i c l  es) .  The D i e l  

elements were assembleit at IXA and shipped from the re  t o  the  Peach Zotzom 

Reactor f o r  i r r a d i a t i o n .  The elements w i l l  be returned t o  OHNI, i ' G r  pos-cirra- 

d i a t  ion examination ( P I E )  nnd u t i 1  i z a t i o n  i n  head-end devel opment. No new 

f a c i l i t i e s  :3re required t o  perform t h i s  subtask.  iiowever, some npw disassembLy 

and handling equipment w i l l  be required a t  ORIV, Yor t he  P I E .  
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6.5 STJSTASK 303 - LmGE-SCALE PROOF I'ESTS 

5.5.1- Requirement 

The i r r a d i a t i o n  of these FSVK Proof Test Elanents (P 'TE's)  w i l l  d.emonstratc 

the  performa~ice cha rac t e r i s t i c s  of kilogram quan t i t i e s  of recycle-type HTGZ 

fiels prepared i n  recycle  processes and equFpment and i r r a d i a t e d  under typi-cal  

HTGR condi t ions.  

'TWO PTE's s h a l l  be produced and i r r a d i a t e d  i n  t'ne PSVTI. 'These elements 

s h a l l  he produced by processes and equipment si.mil.ar t o  those t h a t  a r e  intend-ed 

foy demonstration. i n  the  Refabricat ion P i l o t  P lan t .  Tl-le elements s h a l l  be 

pos t i r r ad ia t ion  examined t o  evaluate the performance o f  the f i e 1  and v e r i f y  

the  adequacy of the  process and equipment pl.anned f o r  reprocess<-ng operaLi ons. 

6 .6 .2  S ta tus  of Technology 

No large-scale  i r r ad ia t ions  of recycle  fuel have been conducted. Srnal l e r  

quan t i t i e s  w i l l  have been i r r a d i a t e d  under Subtasks 331 and 302. 

6.6.3 Work Plan 

'The PTE's w i l l  be ident ical .  i n  design t o  tile FSVR f'uel. elements except 

t h a t  recycle-type f i e 1  ( fabr ica ted  wi th  235U ins tead  of  "?U) p r i l l  be used. 

The p r inc ipa l  e f fo r '  of th7.s subtask w i l l  be t o  perform an ana lys i s  on the  f u e l  

element, spec i fy  the  f i e 1  composi-tions, s e l e c t  the  core locatiotis ,  and provide 

information f o r  the  s a f e t y  ana lys i s .  

After  i r r a d i a t i c n  t'ne fuel. elements w i l l  be examined 'io determine the 

dimelisions and i n t e g r i t y  of t h e  graphi te  el-ement and the  fuel s t i c k s  the re in .  

Xemoval of some f'uel s t i c k s  from t he  f i e 1  elemcn'is wil.1. probably be attmpi:<ed 

by d r i l l i n g  out the  top plugs and slidiizg the  s t i c k s  out of the  element. 
t h i s  f a i l s  the graphi te  below the  fue l  s t i c k  w i l l .  be d r i l l e d  out  and attempts 

w i l l  be  n-lde to push the  fidel. s t i c k  from the  element. Detailed exailzination of 

the Fuel s t i c k s  w i l l  supply the reqlnired informatioii on i n t e g r i t y  t o  guide the  
r e fab r i c s t ion  and head-end reprocessing sub tasks.  

I f  

6.6.4 F a c i l i t i e s  

The ex i s t ing  f h l  f a c i l i t i e s  a-t ORNi arid GGA will be u t i l i z e d  i n  t'ne fah- 

r i c a t i o n  of these ~"uel elements. The fhel. handling a.nd s torage f a c i l i t i e s  

required by o ther  subtasks of the program w i l l  also be u t i l i . zed  by t h i s  subtask.  



107 

6.7 WJB'TASK ,304 - REFABRICATED FIJEI, IRF3DLA-TION TESTS 

6.7.1 gequirement 

Tnese i r r a d i a t i o n s  tsi1.l. proof t e s t  t h e  -fuel. elements proiluced i n  t h e  

Refabrication P i l o t  Plant during both cold and hot operations,  and will deter-  

mine t h e  adequacy of t h e  processes and ecpipment f o r  production of i3 cceptable 

recycle fuel.. el.etnt?nts. 

A- proor" t e s t  of the  ""IJ-base the1 produced in the  cold s t a r t u p  operat ion 

of t h e  Refabrication P i l o t  Plant  is  required as a p a r t  o f  t h e  reprocessjng 
demonstmi; Lon. 

demonstration i s  reqiiired t o  e s t a b l i s h  t h e  performance r e l i a b i l i t y  of' the  u l . t i -  

mate product of t h e  recycle  f ac i l . i t y .  Pos t i r r ad ia t ion  examinations s h a l l  be 

performed t o  v e r i f y  perfo:rma.nce o f  these mater ia l s .  

I r r a d i a t i o n  tes t t r ig  of t h e  ""LJ-base : h e 1  produced :i.n the  hot 

6.7.2 Sta tus  o f  Technology 

These w i l l  be t h e  f irst  f i l l - s i z e  fhel.. elements produced i n  the  p i l o t  ?].ant 

equipment, although s.imilar m e 1  p a r t i c l e s  and f'uel s t i c k s  w i l . 1  have been pro- 

duced i n  developmental ecpipment and t e s t e d  i n  ear l . i e r  t e s t s .  Only Limited 

pos t i r rad- ia t ion  evaluat ion of fiLL-size FSVR f i e 1  elenients w i l l  have been con- 

ducted. Peach Bottom f i r s t  core elements will have been exami.ned a t  GGA, and 

numerous evaluations of f i e 1  elements : * r i l l  have been performed a s  p a r t  of this 

t a s k  a t  born OR_NL ant?. G ( . X .  The procedures and techniques for the  postirradia- 

t i o n  examination of IheI. elements will be well. developed before  si.mil-ar work 

i s  required. by this subtask.  

6 .'I, 3 Work Plan 

A number of fuel  elements w i l 1  be produced during t h e  cold operational 

t e s t i n g  and hot demonstration of t h e  Refabrication P i l o t  Plant .  Thosc e l e -  

ments t h a t  meet t h e  FSVR specif ' icat  ion w j l l  be loaded i n t o  t h e  r e a c t o r  t'or 
i r r a d i a t i o n  t e s t i n g  for one t o  five years .  Each o f  t h e  fuel elements w i l l  

receive p o s t i r r a d i a t i o n  examination t o  evaluate  i t s  performance. 

Test f i e 1  elements containing 'j 'TJ will be f ab r i ca t ed  d i l r h g  hot demon- 

s t r a t i o n  operations.  Tneir j r ra t l ia t ion  w i l l  e s t a b l i s h  t h e  performince capa- 
' O i l i L y  of recycle f i e 1  developed in thfs program. 'These elements w i l l  be 

i r r a d i a t e d  f o r  t h r e e  and fqur years i n  t h e  FSVII, p o s t i r r a 4 i a t i o n  examined, 

and reprocessed. 



6.7.4 F a c i l i t i e s  

The pi. lot  p l a n t s  wi1.S be u t i l i z e d  f o r  t h e  produ.ction of these t e s t  e le -  

ments; therefore ,  no addi t ional  facil i t ; j .es a r e  needed f o r  t h i s  subtask. 
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7. 'TASK 400 - COPVIERCIAL RECYCLE PLANT STUDIES 

7 . 1  INTRODUCTION 

The goal of thi.s Lask i s  t o  prepare a conceptual design f o r  a commercial 

recyc1.e p1.ant such tha t  the  p l an t  m y  be designed, constructed,  and placed 

i n t o  operat ion by 1.984. 

program tasks  and w i l l  both u t i l i z e  the  r e s u l t s  of o ther  t a sk  e f f o r t s  and 

guide the  performance of the  o ther  i;asks i n  ordei- t h a t  8,I.J. e f f o r t s  will be 

d i rec ted  toward the  achievement of program objec t ives .  Tine work performed 

under thi-s Lask w i l l  cons is t  primari3.y of co l l ec t ing  and coordinatlng the  data  

from the  o-ther tasks  and providing the  body of defined technology recpired t o  
e s t ab l i sh  the  base f o r  commercial recyc1.e operat ions.  The t a sk  of a c t u a l l y  

designing, construct ing,  and operat ing a commercial. recycle  p l an t  i.s, of course, 

a follow on t o  t h i s  deveLopment program and will. be  ca r r i ed  on by p r i v a t e  

industry.  

This t a sk  w i l l  be  performed concurrently wi th  o ther  

'The s tud ie s  performed under t h i s  t a s k  d i f f e r  from the  e f f o r t  of tasks 

100 and 200 pr imar i ly  a s  t o  emphasis. Tasks 100 and 200 cons is t  of operat ion 

of laboratory and p i l o t  p l an t  equjpment; t o  ob ta in  data on the  process variabl-es 

and equipment performance. The pi1.ot pl-ants a r e  not expected bo be optimized 

systems; ra ther ,  they a r e  used t o  obtain information needed :€or design, con- 

s t r u c  t;.i.on, and operat ion of a commercial p l an t .  

Tnis t a sk  i s  organized i n t o  Engineering and Economic Studies (Subtask L l 3 )  

and Conceptual Design of a. Colmercial Recycle Plant (Subtask tt20). The Engi- 

neering and Economic Studies include Process Evaluations (411 ), Fuel Shipping 

Methods and. Costs (4121, i r r a d i a t e d  E'uel Storage (1+13), and Waste Management 

and By-product Recovery (414) .  

l.ayouts, equipment and systems designs, and the  prepara t ion  of a conceptual 

design repor t .  

The conceptual design a c t i v i t i e s  include p l an t  

The s tudies  of  thi .s  t a sk  wil-3. be performed t o  coordinate a l l .  aspects  of 

t'ne recycle  research and development e f f o r t  i n t o  t h e  most economical p l an t  f o r  

t he  se lec ted  processes and equipment f o r  t h e  ove ra l l  file1 recycle  system. The 

program w i l l  emphasize (1) t he  review of  t h e  prefer red  schemes t o  see  i f  

a l ternat i -ves  a r e  needkd f o r  t he  1-arge p lan t ,  

research and devel.opment establishments involved i n  the  research program, 

(3) co r re l a t ion  of operat ing and equipment data  for -the commercial p l an t  design, 

()+) conparison of t h e  e f f e c t  of ecpi.pi.nent scale-up versus dupl icat ion on 

(2) 1.iaison among the  var ious 
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economies arid ma Tntenance, 

a n d  s torage,  and (6) study of the waste d isposa l  problems of the  HTCR recycle  

pl an t .  

(5) s tudy  of spent and re fabr ica ted  fbel shipping 

'The schetlu1.e f o r  performing the s t eps  of t h i s  m3,jor task of the  develop- 

ment program is  s h m  i.n Fig.  7.1.. 

'7.3.1 Purpose 

The purpose o f  t h e  commercial recycle  p l a n t  engineering and. economic 

stu-dies i s  t o  ,guide the  development program from the  vimpoi.nt of  overall. 

ree;ycle needs and thus (1) obta in  8n economic:ial. HTGR fbel. recyc1.e method for 

e a r l y  recovery and use of bred 213TJ, (2) assure t h a t  t he  information rcqinired 

for conceptual p l a n t  design (Siibtask 420) i s  obtained, and ( 3 )  provide II f i r m  

basis f o r  p r i v a t e  indus t ry  t o  make decisi.ons on bu5.lding R commercial. p l an t .  

7.3. ? Requi rement 

It, i s  v i t a l  t h a t  processes and eqiitpment be developed ror t he  economic 

reprocessinq a n d  r e fab r j  ca t ion  of Il'l'GR Lbel with a minimum expenditure o f  

development resources.  It i s  required, therefore ,  t h a t  t he  development e f f o r t  

c a n d  i t s  r e s u l t s  be continuously evaluated with respec t  t o  t h e  scale-lap and 

o the r  needs o f  commercial plant design, cons tmct ion ,  and opera1,ion. Con- 
tininllous in t e rac t ion  of  t h e  devel opnent and evt31uaLion el ' for ts  i s  expected, 

w i t h  p a r t i c u l a r  emuhasis nn revi i?w of t h e  preferred reprocessing o r  r e fab r i -  

ca t ion  schemes to  determine i f  process s l t e r n n t i v e s  should be subs t i t u t ed  f o r  

those giving t roub le  o r  found t o  be uneconomical. 

'7.3.3 Timing 

The engineering and economic s tud ie s  wj.1.1. be ca r r i ed  on concurrent ly  with 

t h e  reprocessing and re-'?a'oricntion development e f f o r t  as shown i n  Fig.  2 .  I, 

page 5, and with commercial. p l a n t  conceptu.al design as shown i n  Fig. 7 . 1 . .  

7 .3.  A Funding 

The required f ixd ing  f o r  t h i s  subtask is included i n  Table 2.1,  page 6. 
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'7.3.5 Fae i l - i t i es  

Wo addi t iona l  fac i l . i t i es  w i l l  be required t o  perform. t h i s  si-ibtask. 

7 I 3.6 Subtask 411 - Process h?aluation 

7.3 I 6.1 Requirement, 

To guide the  devel.opment e f f o r t  and t o  a id  i n  s e l e c t i n g  economical pro- 

cesses f o r  t h e  comiercial recycle  p lan t ,  reprocess jng arid r e  f ab r i ca t ion  methods 

srid combinations of methods develqm3 in. t he  1.aboratory and p i l o t  p l a n t  s tud ie s  
must be evalu.atet3.. Liaison m~.st; be es tab l i shed  wi th  var ious demdo-pmerit groups 

and s i t e s  performing rei-ated s tud ie s  t o  gain maximm bene:fi.l; from the  e f f o r t s  

being expended. 

eorrel.ated t o  def ine a reas  where ft ir ther research and development a r e  needed.. 

Cornpter codes mumt be prepared f o r  rap id  evaluat?on of commercial p l an t  desi.gn 

changes evolving from va r i a t ions  of  process and business  condi t ions.  

Data needed f o r  commercial pl-ant design r rus t  be co l l ec t ed  and 

'7.3. i s .  '2 Sta tus  of Techno1 ogy 

Eased on work of t h e  National- T,sboritories and C::2l., a nlunber of s tud ies  o f  

the costs of reprocessing and r e fab r i ca t  ing recycle  f i e 1  have been or are  bejnp; 

performed. Head-end. reprocessing at the  r eac to r  s i t e  has been in-vestig~lt,etl. 

~osts OP cen t r a l  p l an t s  for HTGR f i e 1  reprocessinq2-6 anti r e f a ~ i r i c n t i o n ~ - ~  have 

been estimated. f i l l  of these cost  studjes have been performed under the  irTGR 

Ease Program. 

' 7 .3 .6 .3  Work Ilar!  

Data from the  clevelopment tasks  w i l l  be evaluated and correl-atetl t;o deter -  

rnirie i t s  ad-equacy i n  support of commercial. p l ~ x i t  app!.i.ca Lions. Cnanges th8.t 

a r e  determined a s  need-ed i n  the development task will be formulated. and fed 

7mc:k t o  the development e f f o r t s  - 'The design and demonstration e f f o r t s  wi.1.1 be 

monitored t o  determine t h a t  f a c t o r s  such as scale-up a re  glven appropriate  con- 

s ?.deration during development efforts. 

7.3 .7  Subtask 4-12 - Fuel Shipping Methods antJ Costs 

7.13 .'7.1 Reqiiirement 

The methods and ecpipment used i n  shipping both spent r2e l  t o  tile repro- 
cessing p l a n t  and re fabr ica ted  f b e l  from the  refabric.ation p l a n t  inus'c be Fnte- 

grated i n t o  the design of both the  commercial. recycle  pl aot  and the  yeactor .  

In  gencral ,  spent, I?lel shipping has  received more previous a t t e n t i  on; hLmever, 



t h e  conmercial. recycle  p l a n t  must a l so  consider t h e  problems o f  bo-tin sh ie ld ing  

recycle  fuel. and assur ing  i n t a c t  t r a n s i t  o f  r e f ab r i ca t ed  niel el.ernevits. Shipping 

containers ,  loading and un! oadi.ng f a c i l i t i e s ,  and cask a l l  reyui.re more s tudy  t o  

determine an economical shi.pp:i.ng technique t h a t  meets AEC and DO'Y licensri-ng 

requirements. 

7 .3 .7 .2  S ta tus  of Technology 

Under t h e  IJTGl Base Program, r&A has determined pre!.irninacy spent f i e 1  

shipping cos ts  f o r  s eve ra l  conibfLnat;ions of  cask s ize ,  shipping d is tance ,  and 

shi.pp-ing media. Shipping re fabr tca ted  HTGR fuel. has received l i t t l e  a t t e n -  

ti.on thus f a r .  

7.3.7.3 Work Plan 

Methods f o r  shipping both i r r ad ia t ed  and recycle  f'uel. wi1.l. be s tudied.  

Parameters s tud ied  w i l l .  include se l ec t ion  of shi.eJ.di.ng mater ia l s ,  economic 

shipment s i z e ,  packaging r e  qui.rement s , a 1 t e  rna t  ive modes of  t r anspi) r t  a t  ion, 

s e p a m t e  shipment of  ref]-ectors  ani3 spent  fbel, and. comwn cask usage f o r  both 

i r r a d i a t e d  and recyc1.e fuel .  Available conyuter codes w i l l  be u t i l i zed .  or 

improved as necessa.ry f o r  rap id  evaluat ions of t he  parameters. PeriodLc cos t  

evaluat ions of spent f i e 1  and r e fab r i ca t ed  f'uel shipping Teyuirernents w i l l  be 

made, and p lan t  cos t  estimates w i l l  be updated as  necessary. 

7 .3 .8  Subtask 213 - I r r ad ia t ed  b%.eI. S to rap .  

7 . 3 . 8 . 1  Requiremerrt 

'The o-ptimum timing and s i z e  o f  both s torage  f a c i l i t i e s  2nd recycle  p l an t s  

musk be determined from a projecl;j.on of t'ne W G R  economy. U s e  of s torage  a s  a 

~%c:l. management method a s  opposed l;o early- construct ion of recyc1.e p l an t s  must 

be evaluated and reevaluated as reprocessing d.evel.opment information becomes 

avai.l.ab1-e and p l a n t  da ta  a r e  b e h g  developed. Methods and cos t s  for- s torage  

must be developed. 

7.3.8.2 Statum of Technology 

On-site fliel s torage  has been s tudied brief1.y by GGA under the  HTGR Base 

Program. Storage a t  t h e  reprocessing p l an t  s i t e  has been included. i n  'ihe 

reprocessing p l an t  cos t  stud-ies. *-' Inter im s torage  of  spent  f'uel. has been 

s tudied  brief1.y. '* Alterna t ives  have ye t  t o  be s tud ied  t o  any ex ten t .  
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AI-ternative methods o f  tb.el s torage  w i l l  be examined, including s torage  

a t  the  r eac to r  s i t e ,  s torage  independent of the  recycle  p lan t ,  :,rid s to ra se  

desj,o;ned f o r  l a t e r  use as p a r t  o f  t he  reprocessiqy plant. The methods :,nd 

prac t j ees  o f  each type of  s torage  will be s tudied  from viewpoint; of both 

s a f e t y  and economics. 

7 . 3  .Q I Subtask d l 4  - Waste Management and By-Product Recovery 

'7.3.9.1. Requirement 

Disposal methods t'or gaseous, sol id ,  and l i q u i d  rad ioac t ive  wastes Prom 

the  commercial recycle  p l an t  must be revieweal t o  determine the  a p p l i c a b i l j t y  

of s tandard methods and t o  determine i f  problems unique t o  the  IIiCR f u e l  w i l l  

a r i s e .  

By-products such a s  neptunium, pl.utonim, and tritium my become more i n  

demand. The techniques and. cos t s  of  recovery and  concentrat ion of by-products 

should be considered i n  the  prepara t ion  of t he  commercial p l an t  design. Inves- 

t i g a t i o n  of %he l imi t a t ions  on d isposa l  of krypton and '"C t o  t he  atmosphere i s  

required t o  determine t h e i r  e f f e c t s  on processing techniques, p l a n t  s i ze ,  and 

p l an t  loca t ion .  

7,3.9. .? Status  of  Technol-ogy 

The problems of disposal o f  wastes from reprocessing p l an t s  f'or water 

reac tors  have been s tudied  and reported extensively.  By-produ c2; recovery 

from these  pLants has a l s o  been s tudied.  The technology of water reac tor  waste 

d isposa l  snd by-product recovery can without doubt be applied t o  the  wastes 

from reprocessing IH'I'M? fhe l .  ifowever, before appl.icat;ion t o  design of recycle  

p l an t s  for HTGR fbe l ,  much review and evnl-uation a r e  reqwired.. 

7 .3 .9 .3  Work Plan 

The waste disposal problems unique t b  HTGR fuel- reprocessing and r e fab r i -  

ca t ion  w i l l  be emphasized. The f i r s t  e f f o r t s  w i l l  be d i r ec t ed  toward t h e  

treatment of off-gas der-ivetl from burning the  graphi te  and t h e  carbon coatings 

on p a r t i c l e s .  Secondary e f f o r t s  will be d i r ec t ed  toward the  disposa'l o f  the  

solid residues from t he  head-end operations. Liquid waste disposal problems 

Will- be r e l a t ed  t o  those from water reac tor  %el reprocessing. T)iSpC)Si3.1 methods 
w i l l  be analyzed for economics on the  b a s i s  of  r e s u l t s  of t h e  development program 
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and r e l a t ed  techniques f o r  water r eac to r  fi~e1.s. Results o f  t h e  anal-yses w i l l  
be  used t o  guide the  development program and the  coriceptual design of t he  com- 

mercial recycle  p l an t .  

7.4  SUBTASK 420 - CONCEPri'LJAL DESIGN OF A COI'@EHCIAL RECYCTJ EJLAT'T 

7 .4 .1  Purpose 

The purpose of  preparing a conceptual design Is pr imar i ly  t o  p.;lni.de t h e  

devel-opment tasks ,  evaluate t h e i r  resixl.ts f o r  commercial p l an t  ap-pl~ication, 

and determine economic processes and equipment f o r  t he  commercial recycle  

p l a n t .  The conceptiial. design provides t h e  bas i s  for devel-oping est imates  of 

t h e  capital .  and operat ing cos ts  of  commercial recycle  pl.ants. During the  con- 

ceptual. design, data  will be co l lec ted  and cor re la ted ,  needed mj.ssing data  

iden t i f i ed ,  and. t he  r e s u l t s  and conclusi.ons derived from the  destgn and cos!; 

esti.mates fed back t o  guide the  developrnea-i; t asks  toward the  most e f f i c i e n t  

use of the  ava i l ab le  deveLoprent time and money. 

7.4.2 Requirements 

A conceptual p l an t  design mst be prepared based wpon the  reprocessing 

and re fabr ica t ing  processes and equipment t h a t  a r e  developed under o ther  tasks  

of t h i s  program. Tne completed conceptua.1 design mist include the  e f f e c t s  of 

f i e 1  management, mater ia l s  hand]-ing, and waste treatmeni; and disposal. methods 

on the  commercial recycle  cos ts .  'The conceptual p la  t k  design i s  required t o  

guide decis ions on investment i n  a commercial recycle  p l an t  and is  required t o  

provide the  bas i s  f o r  Lhe prel iminary design. 

7 .4 .3  Timing 

The conceptual design w i l l  be prepai*ed concurrently w i t h  reprocessing 

and r e fab r i ca t ion  p i l o t  p l an t  design, construction, and operat ion as  shown i n  

Fig. 2 . 1 ,  page 5, and with the  engineering and economic s tudies  a s  shown i n  

Fig. 7 .1 .  

7 .  L. L 3'unding 

'The required fundf-ng f o r  t h i s  subtask i s  included i n  Table 2.1, page 6 .  

N o  addi t iona l  f a c i l i t i e s  w i l l  be required t o  perlrorm t h i s  subtask.  
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7 . L . 6  Work Plan 

The first s t e p  i n  t h e  prepara t ion  of  a concepcual design w i l l  be  develop- 

nent  o f  process flowsheets and ecpipment layouts .  'These w i l l  be based upon 

t h e  HTSR economy pro jec t ions  and use  of  t he  reference fixel describetl i n  

ChaPter 3. The p r i o r i t i e s  and emphasis i n  preparing the  conceptual design 

w i l l  depend on the  time of  f i r s t  discharge of spent f i e 1  from t h e  firsc large 

HTGR. However, t h e  eapficity of t h e  f i r s t  commercial p l an t  i s  jetermined by 

r,he nwliber of HTCR's on l ine ,  i n  construct ion,  and mpected to be bui7 t .  A 

decis ion on t h e  capaci ty  w i l l  be deferred as l a t e  as p r i c t i c a l  and u n t i l  oeeded 

in the prel iminary p l an t  design. Eased on s a l e s  pred ic t ions  and r eac to r  loca- 

t i ons  ( two s m a l l e r  commerci?l pl.ants might be more economical than one l a r g e  

p l a n t ) ,  s i z e  and. s i t j n g  w i l l  be  s tud ied  as p a n  o r  t h e  conceptual design. 
Planf, sa fe ty ,  r e l i a b i l i t y  and ma? ntenance considerat ions w i l l  be a p a r t  

of each s t ep  i n  the conceptual p l a n t  design e f f o r t .  Information on eqiiiprnent 

cpiality, operat5on, performance, and rnainten:lnce requirements, 3s obtained from 

t h e  cold snd hot p i l o t  p lan ts ,  will be incorporated i n t o  the  conceptcxal p l an t  

design. 

The prepara t ion  of +,he ~ o n e e p t u a l  destgn w i l l  include def j  ning +,he design 

i n  descr ip t jons ,  ov drawings, m d  i n  saec i f i ca t ions  arid procedures .  Tke design 

w i l l  include the i f t en t i f i ea t ion  of na t iona l ly  aecepi,ed codes and standapds t h a t  

a r e  appropriate  for appl ica t ion  t o  the  design, construct ion,  and operat ion of 

commercial p l an t s .  The design will 2 1 5 0  include the  i d e n t i f i c a t i o n  r ~ f  m e a s  

where A.ECC-3DT o r  other govermnetiz codes and standards should be appl ied or where 

additional. standards shoiil tl be  developed t o  def ine the  technica l  and qua1 i t y  
.~ssurance  requirements t h s t  must be s a t i s f i e d  t o  a t t a i n  p r a c t i c a l ,  r e l i a b l e ,  

and economical HTCR f i e 1  recycle  on a commercial bas i s .  
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Basis for Fuel Cyc:l.e Comparisons 

The neui ronics  and ecoriomi cs of t h e  H E R  wi th  a l t e r n a t i v e  f u e l  cycles have 

been stcdied'-' by s e v e r a l  groups, arid some 3f Ghe r e su l t s  ase compared below. 

Economic facf;ors important i n  eva lua t ing  f u e l  cycle c o s t s  a r e  the  u n i t  

covts fo r  fi-iel element f ab r i ca t ion ,  recovery or s torage  o.f spent  f u e l ,  urmiium 
ore  and enrichment, arid t h e  va1u.e of' f i s s i l e  ma te r i a l  rernoved from thEi :;:[stem. 

I n  the ITTGH, t h e  fuel . fabr icat ion cost  can be divided i r i to  a p a r t i c l e  

produci;i.on cornponelit, which j.s proportional t o  t'ne f i s s i l e  and fertile metal 

loading,  arid a second component assoc ia ted  -w.i-t;h such i t a i l s  as graphi te  cos t ,  

g raphi te  mch.i.ning cost, and f u e l  rod produc'cion cost , which a r e  kidependent of 

1oadi.uig. Each s t e p  has i t s  associa.ted inspec t ion  and q u a l i t y  assurance aspects .  

ithe i'uel cycle  cost :Cor the second cornponerit i s  insens i t i -ve  t o  t h e  par t ic -u la r  

f'u-el cyc1.e arid depends nlainly 0.n t h e  f u e l  res idence time f o r  a given power 

dens i ty  and Fuel ra t ing .  I t ;  i.s important to t r e a t  t h e  f ab r i ca t ion  i n  t h i s  

fashion, 8s t h e  a.Lternative fluel cycles result i n  l a rge  va r i a t ions  in f iss i1 .e  

and. f e r t i l e  l~oadings.  

Recovery torts include t h e  cost  of shipping t h e  spent f u e l  t o  n reprocessing 

f a c i l i t y  am1 {;he cost of recovering the f u e l  val.1.ies. If shipping and. reproces- 

:;%rig t h e  Fuel i s  too e-xpensive relat-ive to t he  value o f  t he  recovered :fuel, t h e  

spent  f u e l  can simply be s to red  e i t h e r  f o r  :future recovery or f o r  perrranent 

d i sposa l .  'The shippi-ng cost; to a recycle  y l a n t  asslimes a 100~l-mi~le distance 

and arcourits t o  about Q27O-x per f u e l  element. 

shi~pping 'Lhe spent h e 1  t o  a s torage  f a c i l i t y  as well  as t h e  appropri-ate storage 

cos t .  As t h e  stiorage f a c i l i t y  can be qu i t e  near  t h e  reac-tor, t h e  coinbiried c o s t s  

(,:f' s to rage  and shipping are taken as equal  Lo -the shipping cost f o r  a reproces- 

s ing  cycI.e. 

a l l  the f u e l  cycl.e::. %ne cos t  f a c t o r s  used in t h i s  study adre slwmxizecl :'in 

Ta-ole A-1.. 

Storage cos t s  incllude t h e  cost of 

E q u a l  reprocessing costs* of $~65/Q, ('llh+U+h.) have beeri -taken f o r  

"'These costs and other cos t s  i n  this apperdix a.r(? co:;:;:istent wi th  each ot,her 
'out may change with f u r t h e r  study. 
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Table A - l .  Summary of Cost Rases fo r  BTGR Fuel  Cycle Assessments 

I t e m  Value 

u308 C O S t ,  $/lb 8 
Separative work cosi,, $ / k g  U 

* 3 3 ~ ~ / ~ ~ 5 ~  value rat,j o 

26 

14 /12 

F i s s i l e  value r a t i o  10/12 

Pinj  shed graphi te  c o s t ?  $/blocka 1303 

60 b Par'cicle f ab r i ca t ion  c o s t ,  Q/kp; 

Fuel shipping cos t ,  $/block 233 

Reprocessing c o s t ?  $/kg 65 

Storage cos t ,  $/block 23 C 

a About 3.6 blocks per  megawatt ( e l ec t r i ca l ) .  Finished cos t  

'Vallue i s  a weighted average f o r  thorium a n d  235U p a r t i c l e s  

includes machining, assembly, and inspect ion.  

f o r  t h e  thorium cyc1.e or 235U/238U p a r t i c l e s  f o r  t h e  uranium cycle;  
handl.ing cos ts  o f  recyc le  fuel increase t h i s  about $I-O/kg. 

A meaningful corrlparison of a l t e r n s t i  ve fuel cycles  requires tha-t  'ihe sane 

physical- l imi t a t ions  (i. e. , maximum teiriperature, r eac to r  cha rac t e r i s t i c s ,  and 

cost  ?nformation) apply t o  a l l  designs. The temperature c r i t e r i a  include f u e l  

p a r t i c l e  temperatures, s t r u c t u r a l  g raphi te  Leniperatures I and o u t l e t  coolant, 

temperatures. One way t o  ensure a r e l i a b l e  comparison, i n  t h i s  regard,  i n  the 

HTGR i s  t o  requi re  t h a t  all ca7.culations he l imi ted  t o  t h e  same age-peaking 

f a c t o r  ( the  puwrr-peaking e f f e c t  a r i s i n g  from di f fe rences  i n  power densi-k j es 

i n  adjacent fuel elements exposed t o  t h e  same neutron f l u x  where t h e  f i s s i l e  

material concentration of ol.der f u e l  i s  low r e l a t i v e  t o  that i n  new f u e l ) .  

Fur ther ,  one should use tihe same pressure drop and thermal e f f i c i ency  since a l l  

file1 cycles gain i n  a similar w a y  from improved cooli.ng. 'l'hese c r i t e r i a  have 

been appl ied i n  t h e  cos t  comparisons p-resent;ed below. 

Al te rna t ive  Fuel  Cycles 

The payt icu lar  HTGK f i x 1  cycles  t h a t  have received s ign i f i can t  a1,tention 
a r e  discussed below. I n  a l l  cases  equi l ibr ium f i e l i n g  conditions a r e  assumed. 
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I.. 8e:t'erence t t ior : i .u rn  cyc1.e w j . tk i  s e 1.ect i v e  re cycle ( " 3 u -1- :' ~ / ' 3  ' ~n / 2  3 3 0') -* 
7 7 1  Here the  ~' ---TU produced by capture  i n  thorium i s  nrocessed separa te ly  

from the  235U, '36U and used. as recycle  feed irmter5a.l. 

r e t i r e s  t he  "bu rnetl" '' 51J, which  i s  d.iLutet3. vi th 236U an.d ' ' "U i n  about 

t h e  r a t io  1 :2 :(I. 3 (i.. e. , a,n eriri chrrient of  about; 30$) . 
uraniixn f rom t h e  sperit fissi.J.e partficle uses processes s imi l a r  t o  those  used 

fo r  t h e  recovery of '33LJ .from t h e  recyc le  and f e r t i l e  p a r t i c l e s .  

recovery of {(his ma te r i a l  should not add s i g n i f i c a n t l y  t o  t h e  cost  o:F t h e  

recyc le  prograin. 

contains considerable quan t i t i e s  07 

be blended wi th  about 1 2  t imes as much na tura1  uranium t o  make 3fhwi.chet3. 

uranium for l i g h t  water r eac to r  f'lnel.. i f  t h e  blended f u e l  were assigned. f u l l  

value,  t h e  discharge 235U .would be wori;h $9.6O/g as coinpared t o  t he  scheciuled 

value of $1.0.70/g a35U for 3!)$-em.iched material. 

small d i f fe rence  i.n p o t e n t i a l  values ,  t h e  small quant i ty  of mater ia l  t o  be sold 

( i . e . ,  about lo$ of t h e  i n i t i a l  makeup '33U), and t h e  poteritia,l value of  t h e  

contained 23 'Pu and 2157Np, tak ing  full c r e d ~ i t  for t h i s  r e t i r e d  uranium seems 

reasonable. Further ,  t h e  a c t u a l  value has on:Ly a r e l a t i v e l y  smal.1 impact; on 

t h e  total .  fuel. recycle  cos t .  

The reference cycle 

The recovery of t he  

Thus, t h e  

'I'he r e t i r e d  mater ia l  should be worth recovering since i.t; 

3'7YLrp a r i l  '?38Ri; f u r t h e r ,  the urani urn can 

Considering t h i s  r e l a t i v e l y  

3 .  '[koriiim cycle with nonselect ive recyc le  ( '3'TJ -t ' ? % /  232m/?3 3[,) 

Here t h e  discharged 1 3 3 U  arid i35U toge ther  with tkic parasi t lc  absorber ' J are reprocessed togei,her a n d  fed back iri to {,he reactor. 

Here t h e  sperit f u e l  i s  di.:;carded zt end of l i f e  w i t h  zero .value. A r e a l i s -  

t i c  evalilation catiriot t a k e  t'ul.1 credit; over t h e  long term f'o'~' t h e  discharged 

''331J :i.f it i.s no-t recycled -back t o  t h e  r eac to r .  

cos t  i s  ymi-Le s e n s i t i v e  t o  t h e  a c t u a l  value of t h e  materi.al t o  be sold. 
Further ,  t h e  t o t a l  f u e l  cycle 

4. Plutonium makeup cycle (Po. -i- :'331J/232'l'h/2331T) 

TLie plutonium makeup cycle ,  i n  which t h e  2351J feed rrmkerial. i s  replaced by 

2ni'h, i s  cu r ren t ly  bei.ag investligated -i.n depth a t  GGA under an EEI/CrGA. coop- 

e r a t i v e  program. Results t o  da te  ind-icate an ind i f fe rence  value of $3 t o  $lQ/g 



of f i s s i l e  plutonium f o r  iiiis use of plutonium. However, ihe  plutonium makeup 

cycle requi res  t h e  use of 233U recycle  and nBkes many of t h e  same demands 

(exccpt f o r  p a r t i c l e  separa t ion  i n  t h e  head end) a s  t h e  reference cycle. 

I.__...-_- 5. Uranium c y c l e L " 5 ~ / ~ 3  % / ' 3  9 ~ 1 )  

This i s  a low-enrichment cycle.  It can be used wi th  or witnout reproces- 

s ing  dppending on the value of t h e  recovered plutonium and t h e  cost  of i t s  

recovery. It does not requi re  parLjcle  separa t ion  iii t he  head-end s t e p  of t h e  

reprocessing or j n  re fabr ica t ion .  

Comparison of Fuel Cycles 

The f u e l  cycle cos ts  f o r  t h e  reference -thorium cycle (cycle 1) i n  a 

lO~:O-Md(e) HTGK, and. for t h e  thorium cycle without recyc le  (cycle  31, a re  shown 

i n  Figs.  A-1 and A-2, r espec t ive ly ,  as funct ions of carbon-to-thorium r a t i o  and 

f u e l  res idence time. The fuel. cycle cos ts  f o r  the low-enrichment cycle ( c y c k  5) 

i n  a l O O O - b l W ~ e )  HTGK, wi th  and. without spent rue1  recovery, a r e  shown i n  Fig. A-3 

as a funct ion of c a r b o n - t 0 - ~ ~ ~ 1 1  r a t i o  and. f u e l  res idence t ime, 

cos ts  are appropriate  t o  a six-month re fue l ing  i n t e r v a l ,  as such da ta  were 

readi.1.y ava i l ab le  for this summary. The var ious f u e l  cycles gain from shor t e r  

r e f u e l ?  ng i n t e r v a l s ,  bu-i; s tud ie s  t o  date  ind ica t e  they  a l l  rimprove by simi.1.a.r 

amounts. The f u e l  cycle cos ts  fo r  t h e  thorium cycle without s e l e c t i v e  recycle  

(cycle  2 )  a r e  not sho7vrn i n  detail- ,  bu'i e a r l y  i n  t h e  HTGR Base Program, s tud ies"  

ind ica ted  t h a t  the long-term recycle  of a l l  t h e  discharged uranium was (?isad.- 

vantageoils because of t h e  continued bi;ildup of 23i'U and 237~~p. 

determined t h a t  t h e  fuel. could be s e l e c t i v e l y  recycled by pl.s.cjng t h e  var ious 

cons t i tuents  (thorium, recycle  233U, arid makeup 2 3 5 U )  i n  fuel. p a r t i c l e s  tba.t 

could be separated from each o ther  i n  t h e  head-end por-kioii of t he  reprocessing 

p1a.n.i. niese s tud ie s  have been and some of the r e s u l t s  are surnrmrized 

A l l  of t hese  

However, it was 

below. 

The age-peaking fac tors  fo r  t h e  var ious f u e l  cycles a r e  s h a m  i n  Fig.  A-4.. 

The l a rge  HTGR, unl ike t h e  Port S i .  Vrain, does not use var iab le  o r i f i c e s  t o  

d i s t r i b u t e  the  coolant and thus  must; make more s t r ingen t  limi~ts on t h e  peak -to 
average power densit;y (PP). 

l i m i t  i s  1 -83 ) ,  which limits t h e  age peaking t o  about laL; the  relmining margin 

i n  t h e  peaking f ac to r  m i s t  cover tile cross radial .  parer  d- is i r ibut ion and any 

f l u x  til-i;ing from asymmetrics and in se r t ed  con t ro l  rods. 

A A 

Current ly ,  P F  has been s e t  a t  l.,6 (FSVR design 

In  e f f e c t ,  t h i s  l i m i t  
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Fig. A-1. Equilibrlwn FUel Cycle Costs for the  Reference Thorii.zm Cycle. 
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Pig. A-2. Eqiuilibrium Fuel Cycle Cost for t h e  T h o r i m  Cycle Wjthout 
Recycle. 
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nlakes mriy of th.e lowest cost  rue1 cycles unavailable.  Within t h i s  r ! ? s t r i c t ion  

on age-peakFrig : factor ,  t he  mini.rriura p r a c t i c a l  equilibrium. f u e l  cycle costs ror 

t h e  a l t e r n a t i v e  cycles are:  
Reference thor:i.urn cycle with select- ive recycle  

Thariurn cycle  w i t h ~ u t ;  r ecyc le  

rJra;nium cycle with reprocess trig 

Uranj:um cycle without reproees s ing 

I.. 0'1 rnills/ki,/li 

1.. :3& mills /blh 

1. -20 mil1.i; /ictrn 
1.34 ~ l l s  / k T J h  

The minimum f h e l  cycle  cost  differerices for equ i l ib r i  um conditions as a 

fi'unction of Conversion r a t i o  for yarioiis form; of recycle  a r e  sllo>jn i n  Fig. .A-:). 

%le see  t h a t  if t h e  r e t i r e d  fuel. ca r r i e s  zero .value, fu.11 recycle  i s  ad-vantageous 
over no recyc.7.e but  i s  i t s e l f  0.19 mill/ lddh more expensive than s e l e c t i v e  recycle .  

The eqixilibriuin fuel cycle cost  advau-Lage of the  reference thorium cycle 

with s e l e c t i v e  recycle  over the  thorium cycle  wi thout  recycle  i s  a-t I.i?ast 

0. 26 mi-lI./WtRi. 

reference cycle exkii'r, jits s i g n i f i c a n t  pol;enti.al savings i n  both fue l  cost i i n d  

ilrmiiurn o re  r eq ,u i r ewnt s .  A recent  evaluatioxi' ind ica ted  tha t  the mid-1 

light water reac tors  w i l l  o'otairl !he1 cycle costs  of 1.3 t o  I./+ mi.lls/I&%. 
of  the  fiLel cycle  charac te r i s t i -cs  of t he  a l t e r n a t i v e  flLel cycles,  base? on 

d-esigns which have age peaking f ac to r s  within 1.0% of -the design va.lue, a r e  
shown i n  Table A-2. 

Further ,  by comnpuison wi th  t h e  l i-ght water r eac to r ,  only -the 

Some 

A11 of the  above comparisons a r e  based on fuel. cyc1.e cos ts  ca lcu la ted  a t  
equi l ibr ium cond.i-t;:i.ons. Al.i;hough previous s tud ie s  ha-ve shown t h a t  e:cj.%ililibrium 

;'vel cos ts  a r e  i.nd.icative of t he  r e l a t i v e  value of various .fuel cycles ,  one 

should a l s o  consider the  r e l a t i v e  cost  advantage of t h e  reference ::ycl.i? re la t ive  

t o  t h e  nonselect ive recyc le  case &:iring approach t o  equilibrium. S!~ch a com- 
par ison i s  necessary because equi l ibr ium i.:; n o t  axhieved i n  t h e  nonseI.ec-tive 

recycle  f u e l  cycle i n  a s i n g l e  !O-year r eac to r  l i f e t ime ,  and t echn ica l  :t'orecasl;s 

beyond. t h i s  time period a r e  open t o  q!les-ti.i>n. 

Recent ca lcu la t ions  by GGA i nd ica t e  that  the cost  advaritage of the reference 

tkorium cycle over t h e  thorium cycle with nonselkctive recycle  averaged over t he  

f i r s t  30 years  of reactor operat ion i s  about C. (16 mill/kiqli. 

of operat ion the nonseI.ecti.ve cycle wi.11. have generated a'oout two-thirds o f  'ihe 

equilih:r:i.imi cpan t i ty  of p a r a s i t i c  z 3 G i l ,  and t h e  cost  advaritage of t h e  s e l e c t i v e  

recycle  system f'or f;hat year will be about ( 2 .  1 5  r~Lll/Hdh- 

~.n !;be -~iri.a.l year 

&i ad-d i t iona l  complication i n  'ihe conipw:i.son of t h e  two recycle  schenx~s :Ls 

tha-t , i.n a mn1.tipl.e-reactor economy based on nonseI.ect;j.ve recyc le ,  a new reac to r  

mi.gh!; we l l  rece ive  reprocessed. f u e l  from an older and hence Inore heavl ly  poi-  

soned system. 'The e f f e c t s  of such cross  contarninination have not been ca lcu la ted  

i n  detai. i, but it; should make t h e  nonselect ive recycle  process l e s s  s-t;tracti.ve. 
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Fig. A-5. MinLmum Fuel Cycle Cost Difference as a Function of Conversion 
Kat io  for Various Forms o f  Recycle. 

Tah1.e A-2. Fuel Cycle Character i -s t ics  f o r  Al te rna t ive  Fuel Cycles 

-~ 
Reference Thoi-iixn Uranium 

Fuel  Cycle Thorium Cycle Without Cycle Cycle Xecycle 

Carbon-to-tlioriuin r a t i o  (carbon-to- 225 
2 3 8 ~  r a t i o )  

200 (325) 

T, ‘years 

Conversion ratio 

F i+ i 3 

0.7L 0.69 0.53 

Average s p e c i f i c  power, M / k g  f i s s i l e  1.9 

Fissions per  i n i t i a l  f i s s i l e  atom 1.. 5 

1.6 2.7 

7.” 5 1.2 

Age-peaki-ng f a c t o r  

‘Thorium charged, kglyear 

1 .41  1.” 4,-7 1.. 42 

3130 8200 

Uranium makeup, &/year 2‘13 557 8929 

Makeup enrichment, $ 
Uranium recycle ,  kg/year 

93.5 93.5’ 6.95 

3 88 

Recycle enrichment, $ 64 

Thorium r e t i r e d ,  %/yeax 8550 

uranium rehired, &/year 71  
Ret i red uranium enrichment, % 
P1u”ionium r e t i r e d ,  &/year 

Re-Lired pl.uf;oniurn enrichmtxit , $ 

29 

7600 

3 74 

62 

803 C 

9.90 

60 

55.4 

Fuel  cycle cost ,  mills/kWh 

With rsprocessi  ng 1.05 1.30 
Without reprocessi  rig 1.32 1.34 

- -..1- 
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If t h e  reference cycle is atloptetl, then in tine head-end. process one can 

expect some mixing of the urar1iu.m scheduled for recycle with  t h a t  sched-uled for 

reLi rement, as a r e s u l t  of imperfections i n  ej.-ther .the process or the particles. 

'132 contents of  broken- particles can be collec-Led by leaching -t;he prodilci;s of' 

the  fuel. block burner. If t'ne r e s u l t a r b  sol-uution i s  mixed. with i;he uranium 

schediiletl f o r  recycle, no 2 3 3 r J  w. i -11 be  l o s t  from t h e  sys1 ;em to wi.thin t h e  

captibil i t ies of the screening process. Figure A 4  shows the increase in ]%el 

cycle costs, agah at equilibrium condii;i.orts, -that result from mixing ei-t;her 

stream -into the o ther .  If the screerij.ng process i s  at least ciffeC.t;ive, the 

l o s s  of recyc1.e ur,?;nium f r o m  the system w L 1 1  add less than 9. 005 Inill/kWh to 

the equi lj.'w:i u r n  fuel cost. Piixifig re-bired uranium with the :recycle uranium 

results in even smaller cost, irtcrease, and breakage O:E e-veri IO$ of t;he uranium 

p a r t i c l e s  adcls only 0. 016 mill./kWh t o  .t;he equ i l ib r iuh  finel. c;yc.Le c o s t s .  

ORNL-DWG 70-44885R 

FRACTION MIXED 

Fig .  A-6. C o s t  Penalty f o r  Mixing Recycled. 23sU and 2 3 3 U  i n  H T W .  
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Con c ius i on s 

These r e s u l t s  i nd ica t e  t h a t  while s e l e c t i v e  recyclc  i s  arivantapous t o  HTGR 

nuclear performance, a 10" crossover oT "burned" f iss j  1 E i n t o  "bred" P i  s s i l e  does 
rick add a sip;nifi  cant cost  pensltty even under equi l ibr ium f i e l i n g  condi t ions.  

Taking time dependence i n t o  account would increase t h e  permissible  crossover 

s i g n i f i c a n t l y .  
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HTGR FUEL DESIGN 

R .  F. T u r n e r  
W.  V .  Goeddel 
E .  0 .  Winkler  

ABSTRACT 

The hexagona l  b l o c k  f u e l  e l emen t  h a s  been e s t a b l i s h e d  
as t h e  d e s i g n  concep t  f o r  l a r g e  HTGR power p l a n t s  in t h e  
I Jn i ted  S t a t e s .  Summary d e s c r i p t i o n s  of t h i s  f u e l  e l emen t  
and t y p i c a l  r e a c t o r  c o r e  a s s e m b l i e s  are  p r e s e n t e d .  The 
e l emen t  c o n t a i n s  s p h e r i c a l  f u e l  p a r t i c l e s  which a r e  v e r y  
amenable t o  f a b r i c a t i o n  by t h e  s o l - g e l  p r o c e s s .  E x t e n s i v e  
i r r a d i a t i o n  test d a t a  t o  h i g h  burnups and t o  h i g h  f a s t  
f l u e n c e s  conf i rm t h e  good i n t e g r i t y  of r e f e r e n c e  f u e l  
materials f o r  t h e  HTGR. 
most f a v o r a b l e  economica l ly  f o r  t h e  HTGR. F u e l  p a r t i c l e s  
are f a b r i c a t e d  i n  s u c h  a way t h a t  r e c y c l e d  U233 can  b e  k e p t  
s e g r e g a t e d  from make-up U235 i n  o r d e r  t o  a v o i d  thP  b u i l d u p  
o f  p a r a s i t i c  ~ 7 - 3 6 .  

The Th-U233 i u e l  c y c l e  a p p e a r s  

INTRODUCTION 

The f u e l  e l emen t  f o r  l a r g e  HTGR r e a c t o r s  i s  a hexagona l  g r a p h i t e  

b l o c k  c o n t a i n i n g  r o d s  of c o a t e d  f u e l  p a r t i c l e s .  Helium c o o l a n t  f l o w s  

through ver t ical  c y l i n d r i c a l  h o l e s  w i t h i n  t h e  b l o c k .  T h i s  f u e l  e l emen t  

d e s i g n  w a s  e v o l v e d  from t h e  l o n g  c y l i n d r i c a l  g r a p h i t e  e l emen t  used i n  

Peach Bottom. The hex  b l o c k  e l e m e n t  i s  t h e  d e s i g n  used f o r  t h e  F o r t  S t .  

V r a i n  N u c l e a r  Power S t a t i o n '  and i s  the r e f e r e n c e  d e s i g n  f o r  l a r g e r  HTGR 

power p l a n t s .  

The f u e l  p a r t i c l e s  are in t h e  form of uranium-thorium c a r b i d e  o r  

oxide k e r n e l s  c o a t e d  w i t h  p y r o l y t i c  ca rbon  and  w i t h  s i l i c o n  carbide l a y e r s  

i n c l u d e d  on some p a r t i c l e  t y p e s .  Because t h e s e  k e r n e l s  are small and 

s p h e r i c a l  i n  shape ,  t h e y  are very amenable to f a b r i c a t i o n  by t h e  sol-gel.  

p r o c e s s e s .  
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DESCRIPTION OF CORE DESIGNS 

Summary d e s c r i p t i o n s  of i m p o r t a n t  c o r e  parameters are shown i n  

Tab le  1. f o r  two l a r g e  HTGR p l a n t s ,  t h e  330 MWe F o r t  S t .  V r a i n  and an 

1100 MWe d e s i g n .  I n  each  case t h e  a c t i v e  c o r e  i s  approx ima te ly  a r i g h t  

c i r c u l a r  cy l - inder  made up of a r r a y s  of t h e  hex b l o c k  f u e l  e l emen t s .  A 

p l a n  v i e w  of t h e  FSV c o r e  assembly i s  shown i n  F i g .  1, whi1.e a v e r t i c a l  

view of a s e c t i o n  of t h e  c o r e  assembly i s  shown i n  F i g .  2 .  The a c t i v e  

c o r e  i s  su r rounded  by g r a p h i t e  r e F l . e c t o r s  which have  e f f e c t i v e  t h i c k n e s s  

of 3.3  f t  a t  t h e  t o p  and 3.8 f t  a t  t h e  bo t tom and a l o n g  t h e  s i d e s .  The 

c o r e  i s  c o n t a i n e d  i n  a s t ee l  c o r e  b a r r e l  which p r o v i d e s  l a t e ra l  r e s t r a i n t  

and s u p p o r t  f o r  the f u e l  and r e f l e c t o r  colunms. The f u e l  and r e f l e c t o r  

e l emen t  columns are l a t e r a l l y  p o s i t i o n e d  a t  t h e  top and bo t tom p l a n e s  of 

t h e  c o r e  by r a d i a l  k e y s .  The t o p  keys and keyways are  d e s i g n e d  t o  a l l o w  

a x i a l .  movement of i n d i v i d u a l  columns t o  p r o v i d e  f o r  r e l a t ive  d i m e n s i o n a l  

changes a r i s i n g  from t h e r m a l  expans ion  o r  i r r a d i a t i o n  induced  c o n t r a c t i o n  

of t h e  g r a p h i t e  fuel .  e l e m e n t s .  

Each of t h e  hexagona l  f u e l  e l emen t s  i s  14.2 i n .  a c r o s s  f l a t s  and 

abou t  31 i n .  l ong .  The s t a n d a r d  f u e l  e l e m e n t  assembly i s  shown i n  F i g .  3. 

The fue l  columns a r e  grouped i n t o  f u e l  r e g i o n s ,  each c o n t a i n i n g  seven  

colunms, e x c e p t  f o r  some r e g i o n s  a t  t h e  c o r e  p e r i p h e r y  wliich c o n t a i n  f i v e  

columns. The minimum nominal  gap between i n d i v i d u a l  columns i s  0.040 i n .  

when t h e  r e a c t o r  i s  s h u t  down € o r  r e f u e l i n g .  

Each f u e l  r e g i o n  i s  l o c a t e d  d i r e c t l y  below a re fue l . ing  p e n e t r a t i o n  

i n  t h e  p r e s t r e s s e d  c o n c r e t e  p r e s s u r e  vessel. During r e a c t o r  o p e r a t i o n  

each  of t h e s e  p e n e t r a t i o n s  houses  a c o n t r o l  r o d  d r i v e  and o r i f i c i n g  

assenibly.  The c e n t r a l  column of f u e l  e l emen t s  i n  each  re.gi.on h a s  t h r e e  

para]-].el c h a n n e l s  t h rough  the t o p  r e f  l e c t o r  and t h e  a c t i v e  f u e l  zones , 
as shown i n  F i g .  2 .  Two of t h e  c h a n n e l s  are  occup ied  by c o n t r o l  r o d s  

t h a t  move as a u n i t .  The t h i r d  c h a n n e l  i s  a v a i l a b l e  f o r  t h e  i n s e r t i o n  

of boron c a r b i d e  reserve shutdown material. The c e n t r a l  f u e l  column i n  

each  r e g i o n  i s  d isp l -aced  a x i a l l y  downward a b o u t  7.5 i n .  re la t ive t o  t h e  

f u e l  e l e m e n t s  i n  t h e  s u r r o u n d i n g  s i x  columns, t h e r e b y  p r e v e n t i n g  r h e  

p o s s i b i l i t y  of s h e a r  iuotion across f u e l  e l emen t  i n t e r f a c e s  i.n t h e  c o r e ,  
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T a b l e  1. Summary Descr ip t i .ons :  
F o r t  S t .  V r a i n  and 1100 We HTGR's 

F o r t  S t .  Vra in  1100 We 

Thermal power, Md(t) 

E f f e c t i v e  c o r e  d i a m e t e r ,  f t  

A c t i v e  c o r e  h e i g h t ,  f t  

Number of f u e l  elements 

Number of f u e l  columns 

R e f l e c t o r  t h i c k n e s s  ( a v g . ) ,  f t  

Number of r e f u e l i n g  r e g i o n s  

Number of c o n t r o l  r o d s ,  pa i r s  

F u e l  l i f e t i m e ,  y e a r s  

F r a c t i o n  of c o r e  r e p l a c e d  each y e a r  

Fuel c y c l e  

I n i t i a l  l o a d i n g s :  

T h o r  i um, k g 

U-2 35, kg 

Average power densi-y, w a  t s / c c  

Average o u t l e t  g a s  t e m p e r a t u r e ,  "F 

Average i n l e t  g a s  t e m p e r a t u r e ,  "F  

Core p r e s s u r e  d r o p ,  p s i  

Maximum f u e l  t e m p e r a t u r e ,  OF 

Volume median f u e l  t e m p e r a t u r e ,  "F  

Volume median modera tor  t e m p e r a t u r e ,  O F  

Maximum f a s t  f l uence  (E . I  8 mev) , n v t  

Average f a s t  f l u e n c e  (E . I 8  mev), n v t  

Maximum burnup,  MWd/tonne 

Average burnup,  MWd/tonne 

842 

19.5 

15.6 

1482 

247 

3.8 

37 

37 

4 

116 
U r an i um / T ho r i um 

19,500 

870 

6.3 

1440 (770'C) 

760 (400°C) 

8.4 

2300 (1260°C) 

1500 (830°C) 

1350 (750°C) 

8 x 1.021 

5 x 1021 

200,000 

100,000 

2804 

27.15 

20.8 

3800 

475 

4.2 

73 

73 

4 

114 

U r  a n  i urn /'I% o r :i urn 

40,700 

2,000 

8.2 

1398 ( 7 6 0 O C )  

630 (330°C) 

7.4 

2380 (1300°C) 

1440 (780°C) 

1300 (700°C) 

8 x 1021 

5 x l.O2I 

180,000 

92,000 
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R A D I A L  F U E L  Z O N E  1 2 .  F U E L  R t G l O N  B O U N D A R I E S  
I 

3. C O N T R O L  ROD COLUMN @) 
R A D I A L  F U E L  Z O N E  I I  

R A D I A L  F U E L  ZONE I I I 

\ S T E E L  CORE 
B A R R E L  

, - -  f i ig .  1, Core p l a n  view - F o r t  St. Vrain BTGR. 
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KEYED 
PLENUM SIDE REFLECTOR 
ELEMENT, BLOCK KEY. 

TYPICAL COLUMN 
LOCATING DOWEL 

Fig. 2. Core arrangement - F o r t  S t .  Vrain HTGR. 

...... .i. i.. . . . . . . . . .- 
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COOLANT H O L E  

-.--BURNABLE 
HOLE 

“FUEL H O L E  

GRAPH I T E  .FUE 

PO I SON 

:L HANDLING 
PLUG( T Y P )  / P I C K U P  HOLE 

\ ’ DO WE L 
P I N  

HEI. I IJM 
FLOW ( T Y P )  

‘DOWEL 
SOCKET 

S E C  A - A  

Fig. 3 .  Standa rd  hex block f u e l  e l emen t  f o r  l a r g e  HTGR’s. 
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Three dowels a t  t h e  end o f  each  f u e l  e l e m e n t  engage w i t h  a d j a c e n t  

e l e m e n t s ,  t h e r e b y  m a i n t a i n i n g  a l i g n m e n t  of t h e  cool a n t  h o l e s .  

The f u e l  i s  c o n t a i n e d  i n  t h e  g r a p h i t e  b l o c k s  as bonded rods of 

c o a t e d  f u e l  p a r t i c l e s  i n  a carbonaceous m a t r i x .  The re  are 210 f u e l  h o l e s  

and 108 c o o l a n t  h o l e s  i n  each s t a n d a r d  e l emen t .  A c r i t e r i o n  of t h e  d e s i g n  

i s  t h a t  re la t ive  changes i n  d imens ions  of t h e  f u e l  rod  and t h e  g r a p h i t e  

b l o c k  due t o  i r r a d i a t i o n  e f f e c t s  w i l l  n o t  r e s u l t  i n  any unusual stresses 

on t h e  c o a t e d  f u e l  p a r t i c l e s .  T h i s  s i m p l e  f u e l  e l emen t  d e s i g n  l e n d s  

i t s e l f  t o  ease o f  f a b r i c a t i o n  and assembly.  

C o n v e n t i o n a l  n u c l e a r  g r a d e  e x t r u d e d  n e e d l e  coke g r a p h i t e  i s  b e i n g  

used  f o r  t h e  f u e l  and r e f l e c t o r  b l o c k s .  'The g r a p h i t e  h a s  a n i s o t r o p i c  

characterist ics i n  d i r e c t i o n s  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  e x t r u s i o n  

a x i s .  Mechanical  p r o p e r t i e s  of t h e  p r o d u c t i o n  m a t e r i a l ,  shown in  T a b l e  2 ,  

exceed d e s i g n  r e q u i r e m e n t s .  F a s t  n e u t r o n  f l u e n c e  c a u s e s  c o n t r a c t i o n  i n  

b o t h  t h e  pa ra l l e l  and t h e  p e r p e n d i c u l a r  d i r e c t i o n s  over the  f u l l  r a n g e  

of c o r e  t e m p e r a t u r e  and exposure  c o n d i t i o n s .  The maximum s h r i n k a g e  i n  

anv f u e l  e l e m e n t  i s  e x p e c t e d  t o  be a p p r o x i m a t e l y  3% i n  t h e  p a r a l l e l  ( a x i a l )  

d i r e c t i o n  and 1% i n  t h e  p e r p e n d i c u l a r  ( r a d i a l )  d i r e c t i o n .  Expansion of 

t h e  g r a p h i t e  i n  t h e  p e r p e n d i c u l a r  d i r e c t i o n  is n o t  e x p e c t e d  unde r  HTGR 

o p e r a t i n g  c o n d i t i o n s .  

Temperature  and f l u x  g r a d i e n t s  a c r o s s  t h e  b l o c k s ,  p a r t i c u l a r l y  a t  

t h e  c o r e  edge,  can cause  some small  amount o f  bowing of t h e  b l o c k s .  

L o c a l  t e m p e r a t u r e  g r a d i e n t s  around the f u e l  and c o o l a n t  h o l e s  can i n d u c e  

l o c a l  stresses i n  t h e  g r a p h i t e  b l o c k s  because  of the t e m p e r a t u r e  dependence 

of t h e  i r r a d i a t i o n  c o n t r a c t i o n .  These l i g a m e n t  stresses are g e n e r a l l y  

t e n s i l e  a d j a c e n t  t o  t h e  f u e l  h o l e s  and compress ive  a d j a c e n t  t o  t h e  c o o l a n t  

h o l e s .  Tbe stress i s  h i g h e r  a t  shutdown than  d u r i n g  o p e r a t i o n  because  a 

t h e r m a l  stress component becomes a d d i t i v e  t o  t h e  c o n t r a c t i o n  stress a t  

t h a t  t i m e .  However, t h e  peak c a l c u l a t e d  stresses are a t  most one-half  

t h e  measured t e n s i l e  s t r e n g t h  of t h e  g r a p h i t e  material .  



Table 2 .  P r o p e r t i e s  of Production G r a p h i t e  
U t i l i z e d  f o r  the F o r t  St. V r a i n  Fuel  Blocks 

_._I___ ____ ._. ... . - 
Average 

Des i. g t i  Measured 
Cr i te r ia  Value 

_____...I. 

Dens i. t y  , g/ cin 1 .70  min. 1 . 7 7  

T e n s i l e  strengl:li,  p s i  

L o n g i t u d i n a l  mean 1500 19  20 

L o n g i t u d i n a l  minimum 1000 1690a 

T r a n s v e r s e  mean 

T r a n s v e r s e  minimum 

1000 

600 

1160 

1010 

Compressive s t r e n g t h ,  p s i  

L o n g i t u d i n a l  3000 4400 

T r a n s v e r s e  3000 4 700 
_. .- 

a Based on 100% t e s t i n g  of 752  logs ;  t he  CT v a l u e  i s  360 p s i .  



COATED PARTICLES 

The c o a t e d  p a r t i c l e  f u e l ,  c a l l e d  t h e  TRISO and BLSO t y p e s ,  i s  a 

dominant f e a t u r e  of  t h e  f u e l  e l e m e n t .  Two t y p e s  of TRISO p a r t i c l e s  are 

used i n  t h e  F o r t  S t .  V r a i n  r e a c t o r ,  as shown s c h e m a t i c a l l y  i n  F ig .  4 .  

F i s s i l e  p a r t i c l e s  c o n t a i n  a m i x t u r e  of t ho r ium and uranium c a r b i d e  i n  t h e  

k e r n e l ,  w h i l e  l a r g e r  f e r t i l e  p a r t i c l e s  c o n t a i n  o n l y  tho r ium c a r b i d e .  

T h e  TRISO pa r t i c l e  h a s  a f o u r  l a y e r  c o a t i n g .  The i n n e r  l aye r  is a porous 

p y r o l y t i c  ca rbon  which i s  used t o  a b s o r b  fission r e c o i l s  and to p r o v i d e  

s p a c e  f o r  t h e  holdup of gaseous  fission p r o d u c t s .  T h i s  l a y e r  i s  r e f e r r e d  

t o  as a " b u f f e r  l a y e r . "  The n e x t  l a y e r  i s  a h i g h  d e n s i t y  i s o t r o p i c  pyro- 

ca rbon  which i s  su r rounded  by a t h i n  l a y e r  of  s i l i c o n  c a r b i d e .  The s i l i -  

con c a r b i d e  i s  h i g h l y  imperv ious  t o  metall ic F i s s i o n  p r o d u c t s .  The o u t e r -  

most l a y e r  i s  a s t r o n g  i s o t r o p i c  py roca rbon  l a y e r  t h a t  s u p p l i e s  s t r e n g t h  

t o  t h e  composi te  c o a t i n g .  T h e  R I S O  partic1.e is s i m i l a r  t o  t h e  TRISO, 

e x c e p t  t h e  S ic  l a y e r  i s  n o t  p r e s e n t  ( s e e  F i g .  5 ) .  T y p i c a l  dimensions 

f o r  t h e  F o r t  St. V r a i n  TRISO c o a t e d  p a r t i c l e s  a r e  shown on F i g .  4 .  

Manufac tu r ing  e x p e r i e n c e  h a s  shown t h a t  less t h a n  0.1% of t h e  

p a r t i c l e  c o a t i n g s  have  d e f e c t s  f o l l o w i n g  f a b r i c a t i o n .  Fu r the rmore ,  

i r r a d i a t i o n  t es t  d a t a  i n d i c a t e  t h a t  less t h a n  1% of t h e  p a r t i c l e s  s h o u l d  

l o s e  t h e i r  c o a t i n g  i n t e g r i t y  d u r i n g  o p e r a t i o n .  The pr imary c o o l a n t  c l eanup  

sys t em is d e s i g n e d  t o  accommodate t h e  f i s s i o n  p r o d u c t  a c t i v i t y  a s s o c i a t e d  

w i t h  a f a i l u r e  of 5% of t h e  p a r t i c l e s  i n  t h e  complete  core ,  w i t h  a maximum 

of 1.0% f a i l e d  i n  t h e  o l d e s t  f u e l  r e g i o n s .  

REQUIREMENT FOR PARTICLE SEPARATION 

The f u e l  c y c l e  f o r  HTGR's is based  upon t h e  uranium-235 tho r ium 

f u e l  c y c l e  w i t h  r e c y c l e  of b r e d  uranium-233. 

t h e  f u e l  l i f e t i m e  is from 4 t o  6 y e a r s  and one - fou r th  o r  o n e - s i x t h  of t h e  

c o r e  is r e p l a c e d  each  y e a r ,  r e s p e c t i v e l y .  T h i s  f u e l  c y c l e  w i l l  i n v o l v e  

a t  least two modes of o p e r a t i o n  o v e r  t h e  l i f e t i m e  of t h e  p l a n t ,  as i l l u s -  

t r a t e d  i n  F i g .  6. 

Graded r e f u e l i n g  i s  used;  



140 

TICLES PSC REF 

FISSILE FERTILE 

(Th,U)C2 

4.25 

6 YEARS 

1260'C 

2 0 %  FlMA 

8.0 X 10'' N/CM2 

200 f 75p 

5% 

20P 

2% 

3OP 

120p 

FORM 

Th:U RATIO 

LIFETIME 

TEMPERATURE [ M A X )  

BWRNUP (MA40 

FAST FLUX EXPOSURE ( M A X )  

PARTICLE SIZE 

BUFFER COATiTIMG 

ISOTROPIC PyC COATING 

S i c  COATING 

ISOTROPIC PyC COATING 

TOTAL COATING 

F i g .  4 .  F i s s i l e  and f e r t i l e  T K I S O  coated p a r t i c l e s  f o r  
t he  F o r t  St. V r a i n  HTGR. 
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1. Non-recycle o p e r a t i o n ,  i n  which f u e l  removed from t h e  c o r e  i s  

p l a c e d  i n  s t o r a g e  a w a i t i n g  r e p r o c e s s i n g  and  r e c y c l e .  

o p e r a t i o n  i s  s u s t a i n e d  by t h e  i n t r o d u c t i o n  of a d d i t i o n a l  f r e s h  

f u l l y  e n r i c h e d  f u e l .  

Core 

2 .  Recyc le  o p e r a t i o n  i n  which t h e  f u e l  removed from t h e  c o r e  i s  

r e p r o c e s s e d  and t h e  U233 i s  f e d  back  i n t o  t h e  c o r e  a l o n g  w i t h  

s u f f i c i e n t  makeup U2 35 ,  
2 3 5  

It i s  d e s i r a b l e  t h a t  t h e  U f u e l  p a r t i c l e s  be s e g r e g a t e d  from t h e  
2 3 6  237  

U233 b e a r i n g  p a r t i c l e s  p r i m a r i l y  b e c u a s e  the b u i l d u p  of U and Np 

would impose a n e u t r o n  p e n a l t y  s i n c e  t h e s e  n u c l i d e s  are u n d e s i r a b l e  

n e u t r o n  p o i s o n s .  

power p l a n t s  by u s i n g  three t y p e s  of  c o a t e d  p a r t i c l e s :  

T h i s  s e g r e g a t i o n  w i l l  b e  accomplished i n  t h e  l a r g e  HTGR 

1. F i s s i l e  p a r t i c l e s  c o n t a i n i n g  o n l y  U2 35. 

2 e 

3 .  

F e r t i l e  p a r t i c l e s  c o n t a i n i n g  o n l y  Th2 3 2 .  

Mixed p a r t i c l e s  c o n t a i n i n g  U233 p l u s  Th232.  

The f i s s i l e  p a r t i c l e s  w i l l  b e  p h y s i c a l l y  s e p a r a t e d  from t h e  f e r t i l e  and 

mixed p a r t i c l e s  p r i o r  t o  p r o c e s s i n g  t o  r e c o v e r  t h e  U233. 

The f u e l  p a r t i c l e  t y p e  most d e s i r a b l e  f o r  so l -ge l  f a b r i c a t i o n  i s  

Because of t h e  p r e s e n c e  o f  some U 2 3 7  in t h e  mixed U233-Th232 p a r t i c l e .  

t h e  r e c y c l e d  U 2 3 3 ,  t h i s  f u e l  must b e  f a b r i c a t e d  r emote ly .  

s i m p l e  s o l - g e l  p r o c e s s  a p p e a r s  f a v o r a b l e  f o r  f a b r i c a t i o n  i n  r e m o t e l y  

o p e r a t e d  f a c i l i t i e s .  

The r e l a t i v e l y  

IRRADIATION TEST RESULTS 

A g r e a t  many i r r a d i a t i o n  tests conduc ted  o v e r  t h e  p a s t  several 

y e a r s  have confirmed t h e  f e a s i b i l i t y  and s t a b i l i t y  of  t h e  HTGR f u e l  

materials and components unde r  t h e  most severe d e s i g n  o p e r a t i n g  c o n d i t i o n s  

e n v i s i o n e d  f o r  I-ITGR p l a n t s .  Over 175 samples  o f  B I S O  c o a t e d  p a r t i c l e s  

have  been  i r r a d i a t e d  i n  Gulf G e n e r a l  Atomic c a p s u l e  e x p e r i m e n t s .  (Fach 

samplc c o n t a i n s  a p p r o x i m a t e l y  2000 t o  3000 c o a t e d  p a r t i c l e s ,  all of which 

are examLned b e f o r e  and a f t e r  i r r a d i a t i o n .  ) I n  t h e s e  t e s t s ,  K I S O  c o a t e d  

p a r t i c l e s  have s u r v i v e d  burnups u p  t o  59% FIMA, f a s t  f l u e n c e s  up t o  
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8.4 x l o 2 '  n/cm2, and t e m p e r a t u r e s  up t o  1450°C.  

110 sampl-es of TRISO c o a t e d  p a r t i c l e s  have demons t r a t ed  t h e  s t a b i l i t y  of  

t h i s  d e s i g n  t o  burnups up t o  -27% FPK4, f a s t  f l u e n c e s  up t o  8.7 x l o 2 '  
n/cm2, arid t e m p e r a t u r e s  up t o  1300°C. These test r e s u l t s  on B I S O  and 

TRISO c o a t e d  p a r t i c l e s  i n c l u d e  many samples  p r e p a r e d  i n  f u l l - s c a l e  pro-  

d u c t i o n  equipment .  Photomicrographs of TRISO and B I S O  c o a t e d  p a r t i c l e s  

t e s t e d  unde r  c o n d i t i o n s  more s e v e r e  t h a n  t h e  peak d e s i g n  o p e r a t i n g  condi-  

t i o n s  e n v i s i o n e d  f o r  HTGR p l a n t s  are  shown i n  F i g .  7. The e x t e n t  of t h e  

s u c c e s s f u l  d e m o n s t r a t i o n  of  Gul f  General. Atomic c o a t e d  p a r t i c l e  perform- 

ance i s  g iven  i n  T a b l e  3 .  

S i m i l a r  tests of o v e r  

The f u e l  r o d s  c o n s i s t  o f  c lose-packed beds  of c o a t e d  p a r t i c l e s  

bonded t o g e t h e r  w i t h  a carbonaceous m a t r i x .  Th i~s  m a t r l x  h a s  been d e s i g n e d  

f o r  s t a b i l i t y  under i r r a d i a t i o n  i n  o r d e r  t o  a v o i d  t h e  d e l e t e r i o u s  e f f e c t s  

t h a t  have b e e n  obse rved  w i t h  less s t a b l e  f u e l  body matrices. Design 

f e a t u r e s  o f  t h e  fuel. r o d s  i n c l u d e  use o f  g r a p h i t i z i n g  b i n d e r  i n  c o n j u n c t i o n  

w i t h  1ii.gh h e a t  t r e a t m e n t  t e m p e r a t v r e s  and i r r a d i a t  i on - s  t a b l e  g r a p h i t i c  

f i l l e r  material. 

f u e l  r o d s  have excel.l.ent s tabi1.i.r.y under  i r r a d i a t i o n .  No e v i d e n c e  of 

coa t ing  b r e a k a g e  o r  of d e l e t e r i o u s  i n t e r a c t i o n  between the matrlx and 

t h e  p a r t i c l e  c o a t i n g s  h a s  been obse rved .  Pho tos  and photorni.crographs of 

i r r a d i a t e d  f u e l  rods are shown i n  F i g s .  8 and 9.  

Tests t o  6 x 1021 n/cm2 a t  1250°C have shown t h a t  t h e s e  

The hexagonal  b l o c k  f u e l  el.ement w i t h  c o a t e d  f u e l  p a r t i c l e s  i s  t h e  

concept  p l anned  f o r  f u t u r e  l a r g e  HTGR p l a n t s .  T h i s  i s  e s s e n t i a l l y  t h e  

s a m e  f u e l  e l emen t  as used  i n  the F o r t  S t .  Vrai.n I-ITGR. T h e  f u e l  e l e m e n t  

i s  s imple  and promi-ses t o  be economic t o  f a b r i c a t e  and r e p r o c e s s .  The 

s o l - g e l  p r o c e s s  may b e  an i m p o r t a n t  s t e p  i n  t h e  r e m o t e l y  o p e r a t e d  f a b r i -  

c a t i o n  l ines  f o r  r e c y c l e  f u e l .  
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7 TRISO 

BISO 

27% F I M A  

130OOC ( M A X )  
I 

1 

M251-94 (P2O)  

8 . 7  x 10'' NVT 

1 7 5 x  

22% FIMA 

13OO0C (MAX) 

8 . 4  x 1021  NVT 

M275 -48 (P18) 2 0 0 x  

Fig. 7. I r r a d i a t e d  c o a t e d  p a r t i c l e s  t e s t e d  t o  g r e a t e r  
t h a n  HTGR maximum exposures .  
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Before --.. . /" 

After 

F i g .  9. N o  d e l e t e r i o u s  e f f e c t s  w e r e  n o t e d  i n  t h e  c o a t e d  
p a r t i c l e s  i n  t h i s  f u e l  rod  a f t e r  i r r a d i a t i o n  t o  5 .7  x IO2' 
n/cm2 and 18% FIMA burnup a t  125OOC. 
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T a b l e  3. Number of  Coated P a r t i c l e  Samples 
S u c c e s s f u l l y  T e s t e d  t o  I n d i c a t e d  Exposure 

F a s t  F l u e n c e  ( x  n/cm2) 

1 2 3 4 5 6 7 8 

B I S O  samples* 31 18 31 16  1 3  9 2 9 

TRISO samples* 2 1  2 1  1 9  22 3 5 5 
1. 

FSV max 

Burnup (% FIMA) 

- <2 4 6 8 1 0  1 2  1 4  16  18 20 > 2 0  

BISO 9 11 22 9 2 8 9 5 1 2  5 37 

TRISO 11 2 8 7 8 1 9  9 6 8 1 1 7  

I. 
FSV max 

Temperature  ("C) 

500 600 700 800 900 1000 1100 1200 - >1300 

B I  SO 1 3 3 9 11 1 1 4  90 

TRISO 6 3 3 1 9  14  6 9 36 
I. 

FSV max 

*In a l l  cases, each  sample c o n s i s t e d  of  2000-3000 c o a t e d  p a r t i c l e s .  
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APPIRNDIX C 
ESTIMATT3D WASTXS YHOM THE FUEL RECYCIR PILOT PUNTS 

Table C-I.. EstLmated Wastes from t h e  Head-E:nd P i l o t  Plant 

Quanti t y Generah  ri Compos i t ion  T i t l e  
.- (pel* day) 

Kr - Xe 

Fi s s  i 3.e p a r t i c l e s  

High- Jxve 1 Was t 2s 
I 

Krypton 
Xenon 

Graph it e 
si]  icon carbide 
Uranium 
Thorium 
F i  s s ion  products 

1 . 3  f t 3  

Low- and ktermedLate-Jl,evel Wastes 
.-I_ -- 

Carbon 62it kg Barren graphi te  

Dust collectoi-  off-gas Oxygen 500 f t 3  

C 0 2  removal off-gas Carbon dioxide 
T r i t i a t e d  water 

Nitrogen 

21 f t 3  

Water 17 C i  

Nitrogen 

Iodine 1.. 2 C i  

Dust collect or off -gas Oxygen 1'3 f t  

iodfne to s torage  

18 Q ( to ta l . )  
I 

II-.. 

_I 
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Table C-2. Estimated Wastes from the Acid Thorex P i l o t  Plant  

T i t l e  Corfrposit i on  Quantity Generated 
(per day) 

Raf f i n a t e  I-AI4 

Thorium+ o lu t  ion I- BT 

FiI-ter cake 

High-Level Wastes 

Uranium (trace ) 653 l i t e r a  
Thor i iim (trace ) 
Fiss ion  prodiict;~ (2.5 &/day) 

Aluminum (8.18 M )  
Blunricie (0.02 Z) - 
HXO? (1 .5  M) 

Urar i i i i rn  (trace ) 
Thorium (99.6 ke;/day) 
F iss ion  products ( t r a c e )  
NiLrate (1.29 - M) 
Acid (0.3 I M) 

Uranium (trace ) 
'moriun ( t r a c e )  
F iss ion  products ( t r a c e )  
S i l i con  carbide h u l l s  

Alumina (92 & / d a y )  
(25 k / d % Y )  

1720 l i t e r s  

117 kg 

Low- anti Intermediaie- Jnvel Wastes 

Empty cans Alurni r u m  14 kg 

Condeusate Ni t r ic  ac id  (3.5 - M) 1030 l i t e r s  
Condensat e N i t r i c  a c j d  (0.086 - M) 1370 liters 

Ma?C03 t o  waste Sodium carbonate / n i t r a t e  286 l i t e rs  

HNO3 to waste N i t r i c  a c i d  (0.1 M )  I 2860 l i t e rs  

(1 - M N a )  
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Table C-3. Estimated Wastes from the Refabricat ion P i l o t  P l a n t a  

T i t  1.e Compos it ion Quant i ty  Generated 
( p a  day) 

Spent carbonate 

Sol Forma1,ion 

(2 .6  - M Na) 

-I_- 

Sodium carbonat e / n i t r a t e  

M i  cr os phe r e  Ir)r epar a t  ion 

Alcohol waste  from I X  column 2- e thy l -  1-he xanol 
Ethyl  a lcohol  
Surfactants 

NHj,OH waste from IX coluim Ammonium hydroxide (1.0 I M )  

Wash water  from IX column Water 
Vapori-zer waste s t ream Z-ethyl.-l-hexanoL 

Waste water  from s t i l l  Water ( t r ace  a lcohol )  

Surf a c t  ants 

Condensate Water 
Alcohol (tirace su- r fac tan ts )  

Microsmhere Coating 

Coating furnace off-gas Hydrogen, H C l  

Used r eac t ion  cones from Graphite 
coating furnace 

Fuel. S t i c k  Fabr ica t ion  

Solvent with p i t c h  and 
graphi Le f l o u r  

106 l i t e r s  

1 .7  ].item 

4 ].item 

36 li’ ters 

72 l i t e r s  

2t3 l i t e r s  

25 l i t e r s  

2.5 l i t e r s  

a No h igh- leve l  wastes a r e  produced i n  t h e  Refabricat ion P i l o t  Pla.nt. 
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