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FOREGJOHD 

Eight tasks  under t h e  LMR Fuel Reprocessing and Recycle Program have 

been assigned t o  TJCC-NE with major c f f o r t s  centered at the  Oak Hidge 

National Laboratory. Because of t h e  c lose  re la t ionship  of t h e  reprocessing 

a c t i v i t i e s  with t h e  on-going LMF'BR Fuel Reprocessing Program at OF'JTL, those 

tasks . d i l l  be managed within a combtned LWR/LbFBR Fuel Reprocessing Program 

under. t h e  d i rec t ion  of W. D. Burch, Program Director. B. 1;. Vondra, as 

LWR Program Manager, will coordinate all a c t i v i t i e s  reported here. Eespon- 

s i b i l i t y  for t'ne coordination and c o l l a t i o n  of repor t s  of a l l  work at 

Oak Ridge was assigned t o  OEJL by SRO/SRL, who i s  designated as the lead 

organization f o r  t h e  LWR Fuel Recycle Program 

Projects  f o r  which budget and TI JOY^ plans 'nave been establ ished axe 

as fol lows:  

F-OR-02-001 SROILWR: Assistance i n  Shem Development and Related Problems 

F-OR-02-002 SRO/LWR: Head-End Studies : Voloxidation and Dissolution 

F - O R - 0 2 - 0 0 3  SRO/LWK : O f f  -Gases Fliiorocaxbon Absorption Studies 

F-OR-02-004 SROILWK: P u r a  Process Studies (Solvent Extract ion)  

F-OR-02-00?  SRO/LWR : Finishing Processes - MOX Fuel Fabricatiorl 

~ - 0 ~ - 0 2 - 0 0 6  SRO/LFTR : Uranium I-Iaaji'luoride Conversion 

F-OR-02-00'7 SRO/LWR: Economic Studies 

F - O R - 0 2 - 0 0 8  SRO/LwH : Radiological Techniques f o r  Environmental Assess- 

ments of  t h e  LWK Fuel Cycle 
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This i s  the  t h i r d  quar te r ly  repor t  issued on the  LWR Fuel Reprocessing 

,and Recycle Program at  ORNL as pa r t  of  t he  na t iona l  program administered 

by Savannah Kiver Opera-Lions - Savannah River Laboi-atory. 

Two additi.onal d i sso l~ut ions  were made w i n g  i r r ad ia t ed  f"uel. f o r  t h e  

H, B. Robinson T I  reactor .  Characterization of t h e  so l id s  has been con- 

tinued, a a d  r e s u l t s  to date  m e  reported. 

A n  exterision of time was given f o r  the preparation of b id  proposals 

f o r  t h e  design and fabr ica t jon  of a model l/2'-ton/da,y voloxidizer. 

extended due date  i s  October 15, 1976. 

The 

Preliminary heat  t r ans fe r  t e s t s  of a ro t a ry  k i l n  voloxidizer were 

completed. These t e s t s ,  along with ad.ditional planned. investigations,  

should serve as a basis for e v d u a t i n g  mathematical models f o r  t h e  opera- 

t t o n  of t h e  kiln and help e s t ab l i sh  t h e  r e l a t i v e  importance of va:rio'us 

possible  heat t r a r s f e r  mechanisms. 

Tests of t h e  residence -time d i s t r i b u t i o n  of mater ia l  i n  various 

d-iameter kilns were i n i t i a t e d  by mea,s.uring residence times i n  a, 6-in.-diam 

tube; the r e s u l t s  were 5.n agrement  with those obtained in a previous t es t  

with a commercial ki ln .  

The remaining fluorocaxbon absorption process p i lo t -p lan t  t e s t s  

At1aLysi.s of the  da,Qa scheduled mder  cmpaig-ri 3 have been completed, 

show t h a t  g rea te r  than 99.3% of t'ne carbon dioxide and xenon impuri t ies  

were removed. Process modeling s tudies  we continuing. 

Chenlj.cal s tudies  of s t a i n l e s s  s t e e l  corrosion by R-12 solut ions iil 

t h e  presence of iodine and water are continuing, Methyl iodide 'C\TELS found 

t o  be miscible i n  E-12, 
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The f i n a l  repor t  by Kman Sciences on process r e l i a b i l i t y  has beell 

issued. 

An OHIL/SRL s i m e y  s tudy was made of commercial. and potent ia l  spent 

l ight-water reac tor  (LWR) f u e l  reprocessors t o  i d e n t i e -  unresolved s h e a -  

ing  and r e l a t e d  head-end problems. 

broadly by four  groupings: (A)  mechanical technology, (E) safe ty  technology, 

( C )  waste disposal, and ( D )  a pressing rieed for an I,WE f u e l  Reference 

Information Center. 

S t a t e s  indicated t h a t  a new ho t - ce l l  domestic shearing system mutt be 

developed, and that remote ope rab i l i t y  and maintenance must be demonstrated 

a t  high throughputs. A s  a r e s u l t  of t h e  study, severa l  research and 

development program tasks to solve t h e  p r inc ipa l  problems w i l l  be prepared 

f o r  consideration and review eaxly i n  FY 1977. 

Areas of d i f f i c u l t y  were categorized 

Past reprocessing head-end experience i n  tile United 
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1. ASSISTANCE IN SHEAR DEX'FJOPMENT A;rJD REWlITED PROBLEMS 

C. D. Watson (Chemical Tec'hnology DLvision, OWL) and 
S. Dyer H a r r i s  (Savannah River Laboratory) 

1.1 Introduction 

An OKNL/SRL study was made to i den t i fy  problems associated with t h e  

head-end processing of LWR k e l s  and t o  provide a basis f o r  t h e  necessary 

reseaxch and development programs t o  solve them. The primary method of 

inquiry was by d i r e c t  contact with commercial reprocessors o r  po ten t i a l  

reprocessors so t h a t  t h e i r  thoughts and experience on head-end problems 

could receive appropriate a t t en t ion  i n  t h e  scoping of fu tu re  research and 

development programs. 

I n  general., experience i n  the  United S ta t e s  with the  reprocessing of 

spent LWR f u e l s  i s  I.imited t o  that o f  Nuclear FUel Services, Inc. 

West Valley, new York. Contact with reprocessors abroad, notably l icensees  

of St .  Gobain Nucleaire, was not successrul. owing t o  propr ie ta ry  r e s t r i c -  

t i o n s  and l imitat ions.  However, t h e  experience of ORNL with shear deu-elop- 

ment,' t h e  current, r e l a t e d  e f f o r t s  at OWL i n  f a s t  breeder reac tor  Fuel 

( W R R )  reprocessing, and t h e  will ingness of other domestic reprocessing 

i n t e r e s t s  t o  disciiss t h e i r  problems allow a candid view of  t he  status of 

shewing and r e l a t e d  head-end technology problems t o  be establ ished,  The 

inquiry included all aspects of head-end operations between t'ne intro&uction 

of spent i%el assemblies i n to  the rwchanical processing c e l l  and their 

delivery as slnea*ed segments t o  -the downstream voloxidation or dissol'ution 

step. 

(PITS), 
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The need for new and advanced developmental. work i n  severa l  head-End 

axeas was recognized by a l l  ind iv idua ls  interviewed. 

agreed t h a t  a new head-end s h e w  system should be developed. 

thought i n  all the discussions included the basic theme t h a t  t h e  Shear 

D e w l o p e n t  and Related Problems Yesearch and development programs should 

be s t ruc tured  i n  such a manner thak the  r e su l t i ng  technology would provide 

the appropriate necessary proof a d  support f o r  t h e  ready l icens ing  of 

l a t e r  commercial equipment and attendant f a c i l i t i e s .  Differences of 

opiriion were ch ie f ly  concerned wits? t h e  l e v e l  of Federal  support and 

pa r t i c ipa t ion  i n  solving problems and demonstrating concepts, 

t a t i o n  purposes, some common problem areas i n  the head-end- processing of 

LWR md D@BR f u e l s  m e  summarized i n  Table 1. 

Everyone basics1l;r 

The pazamount 

For orien- 

Tne spec i f i c  LWR problem areas  t h a t  were i d e n t i f i e d  e m  be grouped 

broadly i n t o  f o w  headings: (A)  mechanical technology, ( B )  s a fe ty  tech- 

nology, ( C )  waste disposal,  and ( D )  information needs, Under each of 

these  citn be l i s t e d  more spec i f i c  items, some of which w e  generic t o  

head-end processing, and some of which may be p e c u l i a  to spec i f i c  head- 

end designs. 

1.3 Discussion 

A b r i e f  discussion of each of i he  four  categories  of LWR probl-em areas 

i s  given below. This information will be expanded ‘upon and included b a 

t o p i c a l  report on the  shear p r o g a n  which i s  scheduled for r e l ease  i n  the 

first half’ of  FY 1977. 
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A. Mechanical Technology 

1. Demonstrate ho t -ce l l  shearing device at high -throughput 

Kxisting sheaxs i n  t h i s  cumtry are based on ORNL developments ' that  

were e s s e n t i d l y  discontinued i n  l g 6 k  

France), based on t h e  U.S. shear, aqpeasn t o  operate as in-knded, but  the 

technology- i s  not available.  

Shears developed $broad (England, 

I n  smnaxy, there i s  no extensive, sustained experience in Ynis 

country on wiiich t o  base an extrapolat ion of shew opez-a-bion t o  demonsti-ated 

comerc is l  r a t e s  of' tip t o  10 metric tons of spent f u e l  per day. 

so ln t io i i  i s  to operate one or more ;;hems of t h e  ORTL type in para l le l .  

One possible  

At "ais tbe, no complete chaxacter lzs t ions e x i s t  of a shear feeder, 8% 

shape, gag pressures, blade shapes, blade weax, chute and stacking c h z a c -  

t e r i s t i c s ,  powder flow, ? a r t i c l e  an& dus t  production, o r  t h e  adaptation 

or  dj ustments required f o r  d u c t i l e  or  b r i t t l e  fuels .  

bo th  d u c t i l e  md b r i t t l e ,  must be character ized to enswe desired repro- 

Shezed  product, 

ducible  proper t ies  f o r  subsequent voloxidation d isso lu t ion  steps.  S tand- in  

mater ia l s  were t e s t e d  at ORNL t o  mockup both short- and long-exposure fuels .  

Tt w a s  found that b r i t t l e  mater ia l  sheared i n t o  su i t ab le  smU pieces -for 

s a t i s f ac to ry  processing. 

shear cleanly, paztiaLly closing the ends of t h e  sheaxed pieces. 

closed ends i n h i b i t  evolution of tritium mid other  v o l a t i l e  f i s s i o n  products  

Duct i le  mater ia l s  tended t o  deform r a the r  than 

P a r t i d l y  

and r e t a d  dissolut ion.  Development and demonstration of a production-type 

shew incorporating improvements ruggected above would be the most posibive 

way of preventing problems with this  c r i t i c a l  i tem.  Programs at OPJTL and 

elsewhere t o  discover a l t e rna t ives  t o  shea - l each  f o r  penetrating o r  seg- 

menting cladding should a lso  be encouraged and pursued intensively.  
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2. Dry lubr ica t ion  fo-r i n - c e l l  mechanical components 

Commercial spent fie1 reprocessing experience .using organic greases 

f o r  lubr ica t ion  of mechanl.ca1 i n - c e l l  movri.ng parts was poor. 

ionizing rad.iati.on czused ea1.y breakdown of t h e  l_ubri.cating qualli-ties of 

greases. 

Ekcessive greasing of bearing s 'wfaces  i n  t h e  shear head tended t o  cxuse 

chemical contamination of t h e  subsequeni; P u r a  solvent extract ion processing 

steps. Major adnmces i n  dry lubr ica t ion  have been m d e  i n  both dry 

makerial lubr icants  and gas lubr ica t ion  techniques. Winere possible, t h i s  

'~echnology should be t r ans fe r r ed  t o  head-end machinery t o  a l l e v i a t e  t h e  

problem l i s t e d  ahme. 

I n  t h e  shear, 

Remote addi'cioil of Lubrication was time-consuming and d i f f i c u l t .  

3. Material balance methods and instrlxnentatioa f o r  interrogat ion 

and cont ro l  

Reliable in- l ine  instrumentation f o r  interi*ogation and cont ro l  of 

process streavris i s  e s s e n t i a l  f o r  safe operation, mater ia l  accountabiEtjr, 

and conformance t o  regulations.  

should be 'utilized t o  provide control. and real-t ime analysis  of process 

v ax iab l e  s . 
4. 

Computer m a l y s i s  and microprocessors 

I.-. Seals for c e l l  w a l l  penetrations and process equipment connections 

The penetrat ion o f  hot -ce l l  w d l s  'up t o  6 f t  t h i ck  by rotating or  

reciprocat ing shaSt s ,  proce s s l i qu ids  and. gas eous l ines ,  instrument at ion 

l ines ,  and other transmission devices, etc. ,  present ser ious confinanent 

design problems. 

radionuclides t o  t h e  environment i s  reduced by factor(s) of 10 or  more, 

t h e  penetrat ion and seal ing of sh ie ld  w a l l s  technology must be upda-ted, 

As t h e  enviromentsl .  to lerance r e l ease  l e v e l  f o r  var ious 

e v d u a t  ed, and r ee st a b l i  shed accord.ingI-y. 
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5. Control of c e l l  atmosphere 

As t h e  burnup of' LWR f u e l s  increases,  t h e  decay heat  along with heat  

from l i gh t s ,  creme motors, processing vessels ,  etc., must  be removed t o  

maintain the  c e l l  a t  some predetermined des i rab le  operating l e v e l  (100 to 

120 "F ). 

The hwnidity, oxygen content, and v o l a t i l e  f i s s i o n  products w i l l  

r equi re  c lose control,  removal, and disposal. Fire-f ight ing measures 

fu r the r  c o rq l i ca t e  e e l l  atm sph er e contr 01. 

B. Xaf'ety Technology 

As mentioned e a l i e r  i n  t h e  summary, a study group should be estab- 

l i shed  t o  determine t h e  type and extent  of containment s t ruc tu re  required 

for t'ne head-end p lan t  as wel l  as t h e  dis tance it should extend downstream. 

1. F i r e  control methods 

Tne pyrophoricity of Zircaloy and uranium metal  f i n e s  presents  opera- 

t i o n a l  problems i n  t h e  rnechanical head-end and d isso lu t ion  operations. 

b i s t i n g  and proposed shear-leach processes should be examined very 

closely t o  i d e n t i f y  poin ts  where ppophor i c  hazards exist. Typically, 

these conditions might cons is t  of f r i c t i o n  heat ing between shear blades, 

"wiping" of Zircaloy between t h e  blades, accumulations of fines, wet-dry 

cycling of Sines, or exposure t o  excess oxygen and decay heating. Results 

from experiments t h a t  simulate these  hazards, along with various f i r e  

cont ro l  devices, would be general ly  useful i n  designing o r  updating head- 

end i'ac-ilities. 

2* Confiriement and co l lec t ion  of v o l a t i l e  f i s s i o n  products 

Noxious components must be i s o l a t e d  frm t h e  shear c e l l  ven t i l a t ion  

off-gas before it i s  released t o  the  environment. The primary gases of 
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concern axe I, %, 85K, and 14C. 

removed i n  ex is t ing  p lan ts  by caus t ic  scrub, f i l t r a t i o n ,  o r  a combination 

of these operations. 

Generally, iodine and pa r t i cu la t e s  are 

3. C r i t i c a l i t y  and rad ia t ion  hazards 

These hazaxds are normally pec,u.lixr t o  t h e  spec i f i c  design of a 

Two areas t h a t  may be common t o  aU- proposed reprocessing f a c i l j t y .  

f a c i l i t i e s  and would, therefore,  bene f i t  from a bas ic  study are: 

(1) c r i t i c a l i t y  of a fuel assembly i n  tihe shear, and  ( 2 )  c r i - t i c a l i t y  of 

sheared fragments i n  discharge chutes and dissolver  buckets. 

4. Decay heat removal from fie1 

St at e-of -the- a r t  informat ion ava i lab le  f o r  heat  t r a n s f e r  f roin i r r ad i -  

a ted  LWK rod bundles i n  air o r  he ld  i n  clamping devices and other meehmical 

processing equipment i s  incomplete. A t  ORNL, devdopnient was begull, b u t  

soon discontinued, of a computer code t o  ca lcu la te  heat transfer Prom the  

var ious spent LWR f k e l  ca i f igu ra t ions  i n  air. 

5. Faul t - t ree  analysis  

A f a u l t - t r e e  analysis  of a mechanical head-end f a c i l i t y  containing a 

shear and other cropping/disassembly equipment has not been made i n  t h e  

past. 

new head-ends i n  that a s e r i e s  of events, possibly including a f i r e ,  could 

t r i g g e r  an ,unexpected phenomenon t h a t  would endanger t h e  operators, f a r t l i t y ,  

and b io log ica l  surroundi-ngs . 
C. Waste Disposal 

This type of analysis  i s  e s s e n t i a l  i n  t h e  d-esign a n d  operakion of 

A head-end f a c i l i t y  i n  which spent LWR f’uel- i s  cropped (os disassembled) 

and sheared w i l l  generate s ign i f i can t  quan t i t i e s  of unfueled metal waste. 
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For each metric t o n  of fuel processed, appraximately 0.4 of a metric ton 

of metal  (Zircaloy, Inconel, s t a i n l e s s  s t ee l ,  etc.  ), including the cladding 

hulls f r o m t h e  dissolver,  w i l l  have t o  be processed and stored. 

no work has been done iq t h i s  field, and cornmerciaL spokesmen recommend 

that such a problem be pursued i n  a separate, aggressive type of resewch 

and development p r o p a n ,  

Essent ia l ly  

D. Information Needs 

It i s  very d i f f l c u l t  t o  obtain drawings and r e l i a b l e  physical  da ta  on 

t h e  various sizes, configurations, etc., of PWR and BIJR fuels. O u r  study 

was handicapped by t h e  pauci ty  of dxawings md t he  avai lable  information. 

It i s  appaxent now t h a t  t h e  LWR shearing development and r e l a t e d  head-end 

program must have a constant ly  updated infomat ion  center  from which da ta  

generated by both ERDA a d  commercial sources can be dispensed. 

center  must be operated so that prograwnatic needs can be met without 

compromising pr  opr i e  t a;ry information, 

Such a 

1.4 Recommendations 

Based upon the above summary, it was concluded that addi t iona l  work 

i s  required as out l ined below. 

A. Mechanical Technology 

i, Demonstrate remote operabi l i t -y  and maintenance of a new ho t -ce l l  

shea  system at high throughputs. 

e a l u a t e  and develop dry lub r i ca t ion  methods f o r  i n -ce l l  mechanical. 

e omponent s. 

2. 

3. Develop ma te r i a l  balance and in te r roga t ion  methods. 
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4. Evaluate d t e r n a t i v e  means for acceptable c e l l  w a l l  penetrations 

f o r  t ransmit t ing power (both mechanical and e l e c t r i c a l ) .  

Develop aid evaluate methods for Yne control  of the shear system 

environment and t h e  c e l l  atmosphere. 

5. 

€3. Safety Technology 

I, 

2, 

Study and evaluate i n - c e l l  f i r e  contTo1 methods, 

Eval:ua;te conf inenent and collecLion techniques f o r  v o l a t i l e  f i s s i o n  

pyoducts, off-gases, and. par t icu la tes .  

Analyze c r i t i c a l i t y  and rad ia t ion  haza-as. 

Analyze decay-hezt removal from spent f u e l  'under normal. and 

abortjve processing conditions. 

Perform a, f a u l t - t r e e  analysis  of head.-end systems. 

3. 

4. 

5. 

C. Waste Disposal 

1. Study- densif icat ion of hulls and end adapters, f la t tening,  

briquett ing,  and melting. 

Evalmte the needs r e l a t i v e  t o  the shipping of densif ied pro&uct. 2. 

D. Infomiation Needs 

1. Collect, at one center, avai lable  information on shear systems 

technology. 

2. Collect, at one center, physical descr ipt ions of ex is t ing  and 

planned boiling water reactor  m-d pressurized water reactor  h e 1  

assemblies. 



2. HlUD-EXC STUDIES VOLOXIDATION AI!D DISSOLUTION 

2 .1  Volaxidation 

D. C. Hmpson and M. E. Whatley (Chemical Technology Division, OrWL) 

The voloxidation process i s  cur ren t ly  being developed as a head-end 

method f o r  removing tritium from t h e  f u e l  p r i o r  t o  aqueous processing. 

Eased 011 experimental work, it appears t h a t  tb is  object ive can be met by 

heating Yne oxide f u e l  to about 450'12 i r? .  flowing oxygen or air. 

za t ion  of tritium and, t o  a l e s s e r  extent, some of t h e  other f i s s i o n  products 

i s  e f fec ted  as t h e  U02 becomes res t ruc tured  during oxidation t o  U 0 E a l y  

remmval of tritium from the  f u e l  i n t o  a r e l a t i v e l y  s m a l l  volume i s  des i rab le  

to avoid extensive d i l u t i o n  of the tritium with water i n  the  subsequent 

Vo la t i l i -  

3 8' 

f u e l  d i sso lu t ion  step. 

D u r i n g  t h i s  r epor t  period, t h e  inves t iga t ion  of t h e  app l i cab i l i t y  of 

rotaxy k i l n s  for t h e  volaxidation process w a s  continued by i n i t i a t i n g  t e s t s  

that w i l l  extend residence time d i s t r i b u t i o n  s tudies  t o  include k i l n  tubes 

of vaxious diameter, and by the per fommce of preliminary heat t r ans fe r  

t e s t s  using a commercial ki ln .  

2.1.1 Studies  of heat  t r a n s f e r  i n  t h e  rotaxy k i l n  

W. S. Groenier, C. H. Brown, and M. E. Whatley (Chemical Technology Division, 
O m L )  

The type of equipment being considered for t he  volaxidation process 

i s  a r o t a r y  k i l n  t o  which t h e  shewed f u e l  i s  f e d  cont,inuously and oxidized 

from U02 t o  U 0 

by pulverization, a l a rge  f r a c t i o n  of t h e  tritium should be re leased  to a 

During t h e  oxidation, which i s  general ly  accompanied 
3 8' 

f i l t e r e d  off-gas system. 



1.4 

Although ro t a ry  k i ln s  have been used commercially f o r  many years, 

t h e  l i t e r a t u r e  contains very l i t t l e  d e f i n i t i v e  da ta  t h a t  can be 'used f o r  

d-esign purposes. 

k i l n s  t h a t  should descryoe, through Lhe appl icat ion of previously developed 

heat  t r ans fe r  da ta  cor re la t ing  methods, t h e  flmdanental modes of heat 

t r ans fe r  and the  influence of p a r t i c l e  residence time dis t r ib 'ut ion,  or 

dispersion, on these  phenomena. Applications of t h e  study r e s u l t s  may 

s t rongly influence k i l n  design i n  such important areas as lengths a n d  

separation o f  heating and cooling zones. I n i t i a l  inves t iga t ions  a r e  

described below. Ad(Iitiona1 tes ts  a re  planned for  t'ne n e a  future.  The 

da ta  col lected will serve as a basis f o r  evaluating mathematical models 

of the  operation of t he  k i l n  and. w i l l  help es tab l i sh  the  r e l a t i v e  impor- 

tance of t he  various heat t r m s f e r  mechanisms. 

We have i n i t i a t e d  a study of he& t r ans fe r  i n  r o t w y  

Heat t r ans fe r  i n  rotary k i l n s  can proceed by severa l  mechanisms, 

t he  most important of which include conduction between t h e  charge and t h e  

k i l n  w a l l ,  r ad ia t ion  from (or t o )  the k i l n  w a l l ,  convective or dispersive 

movement of -the charge, and conduction and convection by the  gas phase. 

The various mechanisms assume d i f f e r e n t  degrees of imp mtance, d-epending 

on the  l o c a l  conditions within t h e  ki ln .  

a s ign i f icant  temperature difference exists between the  chazge and t h e  

wall. Radiation i s  important only i n  areas  where temperatures are f a h l y  

high (grea te r  than - It80 K) ,  such as in t h e  heating zone. I n  cases where 

a steep axial temperature gradient i s  imposed, t h e  analysis  of hea t  'cram- 

f e r  d a t a  becomes more coniplicated. It i s  here  t'nat t h e  charge at one 

point  i n  t h e  k i l n  can "see" a range of k i l n  w a l l  t emperahres  and. that 

convective t ransport ,  caused by t h e  dispers ion of mater ia l  r e su l t i ng  froin 

Conduction i s  important whenever 

4 



t h e  tumbling ( r o t a t i n g )  ac t ion  of t h e  kiln,  becomes important. 

heat  t ranspor t  i s  manifest i n  t h e  form of an e f f ec t ive  a x i a l  thermal 

conductivity and may comprise t h e  predominant mode of heat t r ans fe r .  

t r a n s f e r  via t h e  gas phase i s  general ly  tko'ught t o  be of secmdaxy impor- 

tance when ne t  flow r a t e s  of gas u e  small; however, it could a l so  have a 

Cohvective 

Heat 

s ign i f i can t  effect  i n  a high axial temperature gradient. 

The recent  preliminary hea t  t r a n s f e r  t e s t s  were conducted mainly t o  

study t h e  cooling zone s ince it may be des i rab le  f o r  t he  volaxidizer  t o  

feed t h e  f u e l  charge d i r e c t l y  to a dissolver .  

measured i n  t h e  heat ing zone. 

(O.l7-m)-diam x 7.5-ft (2,29-m)-long ro t a ry  k i l n  manufactured by t h e  

C. E. B w t l e t t  and Snow Company. T h i s  expe rhen td .  apparatus has been 

described i n  an e a r l i e r  report .  

Temperatures were a lso  

These t e s t s  were .performed i n  a 6.5-in. 

5 

Experimentd procedure. Steady-state  heat t r a n s f e r  r a t e s  were 

measured i n  t h e  kiln f o r  severa l  ci2mbinations of kiln s l o p ,  so l ids  flow 

ra te ,  furnace temperature, and cooling water flow rate .  No gas w a s  passed 

thro,ugh t h e  kiln during any of t h e  t e s t s .  

measurements were made during each t e s t :  

surface of t h e  k i l n  at f i v e  pos i t ions  i n  t h e  Purnace zone and th ree  

The following temperature 

(1) temperature of the  outer 

pos i t ions  i n  t h e  cooling zone, ( 2 )  temperature of t h e  cooling water i n  and 

out of t he  water-spray cooler, and (3)  average temperature of t h e  so l id s  

bed at severa l  pos i t ions  along t h e  ax is  of t h e  kiln Prom near t h e  feed 

entrance t o  near the product e x i t  point. 

were monitored via a movable cup containing a thermocouple which could 

be posit ioned at any point  along t h e  ax i s  of  t h e  kiln.  

turned i n  such a way that a batch of solids was held and t h e  temperature 

The solids-bed temperatures 

The cup was 
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was monitored on a recorder. 

a steady temperat'ure was observed. 

and the water flow r a t e  t o  t h e  wa.ter-spray cooler were also measured. 

Several batches were caught and dumped u n t i l  

The s o l i d s  flow r a t e  through t h e  k i l n  

Essent ia l ly  t h e  same procedme was followed i n  each run. The tempera- 

t u r e  cont ro l le rs  on the  k i ln  furnace were s e t  at t h e  desired levels ,  md.  

t h e  k i l n  tube w a s  allowed t o  reach a steady temperature. 

speed of t h e  k i l n  and the water flow r a t e  t o  t h e  spray cooler were s e t  at 

t h e  desired values, Ma'xrial was fed to t h e  kiLn at the  desired r a t e  until 

a steady flow of material. o,ut of the  k i l n  was  established and the  solids- 

bed temperatures had s tabi l ized.  kt th i s  point, tine temperature and flow 

r a t e  measurements described above were made xad t h e  ecpxi&peiit was shut down. 

Then tlne rotatj.ona,l 

Faurteen heat trarlsfer runs were made using t h i s  technique. The 

prototype f u e l  feed mater ia l  'used i n  each of t h e  t e s t s  was l/4--in- 

(0.00635-m)-diam, 1-in. (0.025h-1)-long porcelain-f i l led s t a i n l e s s  s t e e l  

tubing, An a r a l y s i s  of t h e  feed mater ia l  showed it t o  consis t  of 32 w t  $, 

porcelain cylinders, 6 1  vi $ s t a i n l e s s  s t e e l  tubing, and '7 wt $ porcelain 

fines.  

and 0.22 in. / f t  (0.018 r / m ) ,  th ree  r o t a t i o n a l  speeds from 0.033 t o  0.13 rps, 

so l ids  flow r a t e s  from 1-05 t o  2.55 kg/sec, cooling w a t e r  flow r a t e s  from 

0.022 t o  0.098 kg/sec, and nomind. furnace zone temperat,ures from 798 t o  

958 K. 

Tests weri? made at t w o  di f fe ren t  k i l n  slopes, 0.097 i n . / f t  (0.0081 m/m) 

-Ihperimental remits. A t y p i c a l  temperature p r o f i l e  for -the k i l n  i s  

presented i n  Fig. 1, where t h e  temperatures of the  outer s'urface o f  the 

k i l n  are shorn as a function of t h e  dis tance from t h e  feed point. Tine ki.1.n 

surface temperature in t h e  region between t h e  furnace and t h e  coo.bi.ng zone 

w a s  n o t  meas'ured s ince t h i s  zone was not equipped with thermocouples. 

, 
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Fig. 1. Typical temperature profile in the  kiln. 



A s  expectecl., “i’ne su-face temperature of the k i l n  i n  t h e  furnace zone i s  

not isothwinal because of heat losses  from the ends of the  furnace. Also 

shown a r e  t h e  sol..j_ds-bed temperatures a s  a ff.imction of distance from the 

feed p0in.t. It i s  i-ntel-esting Lo note that  t h e  solids-bed temperature 

decreased. s i g n i f i c a n t l y  i n  the zone between the  f u r n s c e  and the  water.- 

spray cooler where t h e  k i l n  is cooled by external. convection, and possibly 

by conduction to t h e  cooling zone, t o  ambient ’kmperatxre. A detail.ed 

analysis  o f  these, a n d  other,  data w i l l  bz made as t e s t s  continue. 

l..? Studies of  residence _. . time .. d i s t r i b u t i o n  i n  the  rotary kiln ”_ 

W. S. Groenier, ‘l’. D. Welch, and M. E. WhaLley (Chemical Technology Division, 
O I ~ Z )  

The residence -Lime dist:cTbiLtioii (RTD) of process m a k e r i a l  5-n- t h e  k i l n  

ixust be known i n  order t o  accurately predict  k i l n  perfonnmce for design 

purposes, The kLln co?LLd be chazacterized as a p2ug flow system i f  a l l  

p a s t i d - e s  had the  saxe residence time. I n  ac-L,ual practice,  however, 

s ign i f icant  deviations f’rom ideal-ized p lug  flow occur, and. t h e r e  i s  a 

d i s t r i b u t i o n  or range of paxt ic le  residence t h e s e  

pared ko a x i a , l  di-spersion o c c ~ c s i n g  i n  a t’ubuJ..ar gas-liquid o r  l i q u i d . -  

liqii.5.d reactor.  

vol.oxidation process w i l l  -requri:re knowledge of -the HTD i n  t h e  k i k i  as 

wel l  as reac t ion  r a t e  infozmation. 

The RTD can be com- 

The amomit of t r i t i u m  removed rrom sheared f u e l  by the  

The pwposes of  current -Les.Ls a r e  t o  extend. t h e  r e s u l t s  of a previo’us 

study, wilere  the  RTT w a s  m e a s u r e d -  f o r  a coumeixial ki ln ,  and to deterinlne 

t h e  influence of  kiln diameter oil t h e  R’YD ,using several- r o t a t i n g  pipes of 
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d i f f e ren t  diameter. 

(Oe15-m)-dian tube t o  v e r t w  the  p.rev5.0~ r e su l t s .  

t e s t s  w i l l  include the  use o f  a larger ,  18-in. (O.b6-:n)-Ciiarn tu'oe. 

I n i t i a l  work has been ca r r i ed  out i n  a &in. 

AddLtional RTI) 

The experimental equipment cons is t s  of a vibra tory  feeder which 

continuously feeds l - i ne - long  sheared prototype fuel i n t o  a &in. 

(Oe15-m)-diam, 7-ft (2.13-m)-long . rotat ing pipe containing six ec1jual2.y 

spaced 1-in. 

f u e l .  

variable-speed e l e c t r i c  motor. Feed ra te ,  r o t a t i o n a l  speed, and &run 

slope may be varied. 

(0.025-m)-wide axial f l i g h t s  to l i f t  and tumble the she.%red 

The pipe rests on a s e t  of r o l l e r s  Ynat a re  powered by a l/k-hp 

6 
TZ3e stimulus-response procedure used has been described previo~us3.y. 

Basically, t h e  method cons is t s  of introducing a, s t ep  change of t r a c e r  i n  

t h e  feed and measuring t h e  weight f r a c t i o n  of tracer i n  the proa'uct as a 

Function of t b e .  

Six t e s t s  using this G;-iri.-di.m pipe were gerfom-ed. A l l  runs were 

made with a slope of 1/4 i n . / f t  (0.021 m/m). Solids  feed r a t e s  of 1.00 arid 

200 g/min (0.00167 and 0.00333 'kgjsec) and pipe rotational.  speeds of 2, 5, 

and 8 rpm (0.033, 0.083, and 0.133 rps) were used. Table 2 s , m w i z e s  

t h e  experimental conditions f o r  these  t e s t s .  

Since so l id s  are mixed and r ed i s t r ibu ted  several tirnes during t h e i r  

movement through t h e  vessel ,  these  disturbances em be considered t o  'ne 

s t a t i s t i c a l  i n  nature. Thus t h e  mechm-ism f o r  dispersion i n  mied.ogo'us 

t o  molecular diffusion, and similar governing d i f f e r e n t i d  equations 

car1 be writ ten.  If  these equations are  put i n  ClinensionZess form, the 
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T a h l r  2. Experimental condi t ions  f o r  t h e  RTD tesLs 

(6-in. - d i m  pipe) 

Feed ra te  D r n m  r o t a t i o n a l  speed 
Run number g/mrin-kg/sec r Pm r p  S 

100 0. 00167 2 0.033 4 

5 100 O . O O l 6 7  8 0.133 

6 1-00 0.00167 5 0.083 

7 200 0.00j33 5 0.083 

8 200 0.00333 8 0.133 

200 0.00333 2 0.033 
.... 

3 

D r u m  sl-op:? - 0.25 i n . / f t .  
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t 
dimensionless var iab le  9 = -. appears, where 

-f, 
0 = reduced e f f ec t ive  r e s ideme  time, 

t = tinie a f t e r  s t ep  change, SPC, 

t = M/& = mean residence time, sec, 

M = t o t a l  bed mass, kg, 

rn = so l id s  mass flow ra te ,  kg/sec. 

The expected response t o  a s t q  input  i n  a system with dispersioo i s  

an $-shaped curve, t h e  exact shape being determtncd by the  system charac- 

t e r i s t i c s .  

Figure 2 summarizes t h e  data obtained i n  runs It through 9. The liiass 

fracLion of t r a c e r  from t h e  ves se l  e x i t  i s  p lo t t ed  as a function of t h e  

redclced e f f ec t ive  t i m e ,  0. A l l  t he  data can be represented by t h i s  s ing le  

p lo t  s ince t h e  amount of dispers ion d id  not vary s ign i f i can t ly  with tile 

operating var iables .  I n  t h i s  plot ,  t h e  mass fract jon range at 8 = 1 i s  

above 0.5. 

dispersed in s ide  the k i l n  but  not i n  t h e  feed or product. 

This may be due t o  ent:i-ance or e x i t  e f f e c t s ;  tnateria, l  i s  

The r e s u l t s  

reported here  compare favorably wi+;h those obtained in e a r l i e r  work using 

a commercial uni t .  This r ep l i ca t ion  of experiments and r e s u l t s  provides 

a basis f o r  t h e  design of experiments t o  follow, namely, experiments with 

a larger-diameter uni t .  Residence time d i s t r i b u t i o n  s tudies  w i l l  a l so  be 

designed and c w r i e d  out t o  deternine t h e  e f f e c t s  of feed s i z e  d i s t r ibu t ion  

and 1irt ; ing f l i g h t  configuration. T h i s  w i l l  provide design information as 

we l l  as give ins ight  i n t o  i n t e r n a l  flow pat terns .  
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2.1,3 Component devel-opment 

?I. C. Iimpson m d  M. F. Whatley (Chedczil Technology Division, OPNL) 

I ln p u r s u i t  of t h e  procirrrenient of c?. l a rger -sca le  ro t a ry  k i l n  t.oI.oxi- 

d i z e r  for study md. testing, a b i d  package of specifi.cations: and eri ter ' ia 

for design and f d x i c a t i o n  was pxe -p red  md issued to candidate c~l5)pliers. 

This  un i t  will be s ized  to handle l/2 metric ton of fuel per day md will 

be more f lex ib le ,  both i n  heating capab i l i t y  aid i n  instr.imen-t;ation, than 

will b e  required i n  a :g.-oduetion-type l u l i t .  

mission has been a t e n d e d  from mid-Septmber t o  October 12, 1976. 

'RE deadline f o r  b id  sg-b- 

system are not  p a r t  of t he  above p r c h a s e ,  but wj-.U be developed at ORPJL, 

C r i t e r i a  f o r  these  system have been prepared, and design ha:; been stxrted.  

2.2 Wnt,-Ce-Ll Studies 

D. 0. Cm~pbell. (Chemical Tec'mol.op> E)ivi.sion, ORXI,) 

An experimental program centered axowid ho t - ce l l  t e s t s  of f u e l  

reprocessing operations was  i n i t i a t e d  i n  J a n u m y  1976. 

LWR f u e l s  wiU- be .used; however, most work t o  da te  has been done with 

f u l l y  i r r a d i a t e d  PWR f u e l  cooled about 2 y e a s .  

by "cold" experiments with synthetic so lu t ions  sirnilas in chemical corapo- 

s i t i o n  to t r u e  process solutions.  

A v a i e t j r  of 

The voxk i s  supported 

The ORLGEN ca lcu la t ion  w a s  t a i l o r e d  t o  the Iiobinson r eac to r  i r r a d i a -  

t i o n  his tory,  'using the bes t  data WE! could obtain, with t h e  valuable 

ass i s tance  of A. G. Croff. These calculated r e s u l t s  are i n  mmch b e t t e r  

agreement with experimental data, especially plutonium iso topic  eont elit, 

than were e w l i e r  calculations.  
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Two f i id  dissolut ions were completed Ch-rriilg t h i s  quaj-ter (runs 5 and 

Each 6 ) ;  expeririientd- work on t h e  four previous runs was a l so  completed. 

conqlete expeyknent include:; a study of most o r  a l l  of  t he  followri.ng 

operations : f u e l  dissol tdion;  o f f  -gas scrubbing ifi th spec ia l  a t ten t ion  

t o  the  behavior of $3, I; c l a r i f i c a t i o n  o f  t he  dissolver  so lu t icn ;  

r ins ing  of t’ne dissolver,  cladd-ing ( i f  m-y),  and ‘undissolver residues;  

solvent extract ion of uranium and _nl:utoni~m; evaporation of  the  r a f f ina t e  t o  

prod-uce a waste concen’crate; aging of process solut ions t o  study solut ion 

s tabLl i ty ;  chasacteriza-tion of any so l id s  formed; and waste partj-ti-oning 

studies,  w h i c h  a re  reported elsewhere. 

111 129 
C, and 

Analyttca3. r e s u l t s  are essentiaJ.3-y complete f o r  the f i r s t  f i v e  rims, 

but not t h e  sixth, A major e f f o r t  i s  present ly  directed - toward da t a  analysis  

and interpretat ion.  I n  general, t h e  t en ta t ive  conclusions staked i n  t h e  

introduction Lo Sect. Z 2  of  t h e  previo’us quxrterly report have been 

reinforced or  confirmed; none has  been contradicted. I n  many cases, 

quant i ta t ive  da t a  are now avai lable  from more than a single experiment. 

6 

Disso1uti.m of f.ul.7.y i r r ad ia t ed  f u e l  under conditions approximatirg 

projected operations at  AGNS i s  sat isfac- tory except tha t  a somewhat longer 

dissolut ion time w i l l .  be necessary. 

AppraximaLely 0.2 t o  0.3 w t  L;’o of the  i r r ad ia t ed  f u e l  i s  insoliuble 

du.ring dissolut ion i n  IDiO 

the  presence of f i s s i o n  product ruthenium; it may a lso  contain up to a few 

ten ths  percent o f  the  plutonium and t h e  oSler ac-Linides. Leaching tine 

residue wil;h n i t r i c  acid reauces t h e  ac t in ide  content t o  a few thousaridths 

T h i s  res idue i s  extremely radioact ive due t o  
3’ 



percent, although t h e  bulk of t h e  mater ia l  remains insoluble.  I n  f u l l -  

s ca l e  reprocessing, t h i s  insoluble  +Yaction w i l l  r equi re  a t t en t ion  because 

of i t s  heat generation properties.  *--,--., , 

The f r a c t i o n  of 1291 remaining i n  t h e  d isso lver  solx.tion may be 

reduced t o  l e s s  than 1% of t h e  amount present. 

during d isso lu t ion  remove grea te r  than 9% of the iodine, and air sparging 

e i t h e r  during or following d isso lu t ion  w i l l  t r a n s f e r  a d d i t i o n d  iodine 

Nitrogen oxides produced / 
i 

I 

/ 
to t h e  off-gas. ---.-__ i 

14 
Incomplete da t a  for C ind ica t e  that most of t h e  carbon r epor t s  t o  

the first caus t ic  scrubber i n  t h e  off-gas system,. There i s  no evidence f o r  

organic carbon i n  t h e  off-gas. The total amount of l 4 C  found i s  consis tent  

with a ni t rogen content i n  t h e  rue1 of about 10 ppm, Tihich i s  reasonable. 

The d isso lver  solut ion i s  probably stable t o  formation of t h e  insoluble  

Zr-Mo compound f o r  severa l  days, provided t h e  temperature i s  not too high 

or t h e  a c i d i t y  too  low. Th5.s compound would carry a s ign i f i can t  f r ac t ion  

of t h e  plutonium i f  it p rec ip i t a t ed  p r i o r  t o  extraction. 

Sol ids  a re  more r ead i ly  prodxced when t h e  ex t rac t ion  r a f f i n a t e  i s  

aged. r a f f ina t e ,  

and x-ray d i f f r a c t i o n  shows them t o  have t h e  same s t ruc tu re  as t h e  Zr-PIo 

Well-crystall ized so l id s  form slowly from 3 t o  4 M ElpJO - 3  

compound prepared previously i n  cold work. The sol ids ,  which a re  highly 

enriched i n  '*'Sb, cairry severa l  percent of the p lu ton im present i n  t h e  

raff inate.  

No s ign i f i can t  problem has been encountered with regard t o  plutonium 

ex t r ac t ab i l i t y .  Batch ex t rac t ions  m e  ca r r i ed  out  a f e w  days a f t e r  disso- 

l u t i o n  without valence adjustment. The d i s t r i b u t i o n  coef f ic ien t  f o r  plutonium 

did not decrease during ex t rac t ion  of at least 99.% of t h e  plutonium. 
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Evaporation of t h e  ex.l;ra,c‘iion r a f f i n a t e  at 7 t o  10 M EN0 re su l t ed  
- 3  

i n  t‘ne appearance of so l ids  at a waste concentration of about 325 gal  per 

metric t on  of fuel ,  a s ign i f i can t ly  lower concentration than has been 

achieved with synthet ic  waste. The so l id s  a re  not ye t  cbaxacterized. 

The concentra-ted waste supernate 118,s been s t ab le  f o r  mor2 t h a i  one month. 

2 .2 .1  Hot-cell d i sso lu t ion  

D. 0. Campbell, S. R. Buxton, R. L. Beatty, and W. L. Pat t ison (Chemical 
Technology Division, OTWL) 

“wo addi t iona l  experiments have been completed with f u l l y  i r r a d i a t e d  

(31,360 MWd/MT-U*) f u e l  from t h e  Carolina Power and Light €1. B. Robinson II 

reactor ,  discharged on May 6, 1974. Run 5 was  desrigned t o  t e s t  t he  e f f ec t  

of t he  ‘use of recycle n i t r i c  acid f o r  d i sso lu t ion  and of t he  time i n t e r v a l  

was rnade primarily t o  determine more accurateely t h e  rel8,t ive d i s t r ibu t ion  

of radioisotopes i n t o  cladding hul ls .  

In run 5, 364.9 g of unclad U02 fragments from t he  f u l l  b m u p  

region (24.5 t o  121.5 in.  ) of Rod 0-14 of Assembly BO5 was dissolved i n  

MY0 much of which was  recovered by d i s t i l l a t i o n  (waste evaporation) of 

t he  extract ion raf‘finate from run 4, Some new concentrated HNO was used 

t o  provide the  t o t a l  acid requirement. 

3’ 

3 
Dissolution proceeded normally, 

and the re  were no crbvious e f f e c t s   from t h e  ‘use of recycle  acid. The amount 

of insoluble  res idue a f t e r  d i sso lu t ion  was consis tent  with previous 

experiments (Sect. ~ 2 . 3 ) .  

This d isso lu t ion  was made witho,ut an air sparge. A small f r ac t ion  of 

Lhe off-gas w a s  l o s t  when t‘ne evolution of nitrogen oxides exceeded the  

* MTU = metric tons of ,uranium. 



capaci ty  of t h e  off-gas scrubber for a short  time bemuse of a p a r t i a l  

plugging of t h e  first scrubber. Following completion of dissolut ion,  as 

ind ica ted  by a cessat ion of bubbling i n  the  dissolver,  t h e  d isso lver  

solut ion was air sparged f o r  160 min at 0.4 solut ion volume of air per 

minute. Evolution of 1291 i s  discussed i n  Sect. 2.2.2. 

A portion of t h e  dissolver  so1ut;ions w a s  travlsferred t o  M. H. Lloyd 

f o r  de t a i l ed  solvent ex t rac t ion  s tudies  as quickly as possible a f t e r  

dissolut ion.  

compared with severa l  day-s i n  a l l  previous cases. 

Extractions were i n i t i a t e d  l e s s  than 24 lu: a f t e r  dissolution, 

Although the time 

between d isso lu t ion  and ex t rac t ion  i s  not well-defined for an ac tua l  

operation, it would l i k e l y  vary between 1 and 3 days for AGNS. 

of  t h e  study are  described i n  Sect. 2.2.4. 

Results 

Most of t h e  d isso lver  so lu t ion  was batch extracted t o  t h e  extent of 

about 99.8% of t h e  uranium and plutonium, and t h e  r a f f i n a t e  w a s  evaporated 

at an HITO concentration of 7 t o  10 M i n  t h e  s t i l l  pot, t o  the  r a t h e r  high 

f i n a l  concentration o f  about 60 gal /MTU processed. 

described i n  Sect. 2.2.5. 

-- 3 
T h e  results are 

The d isso lu t ion  i n  run 6 w a s  made with a l l  t h e  c lad  f u e l  of full 

burnup t h a t  we have obtained t o  date. We have severa l  clad end-pieces 

such as  were used i n  run 3, but  t h e  e f f ec t ive  burnup for t h i s  mater ia l  

i s  uncertain. 

0.3 t o  2 in. long, dl from the  region of burnup grea te r  than 30,000 MWd/MTU 

The f’uel i n  run 6 consis ted of 14 pieces ranging from 
-. . .. . ” ,._...__. 

i of f u e l  rods H-10, P-4, and P-8 of Assembly BO5. I 

i 
The d isso lu t ion  deviated ser ious ly  from reference conditions, pr imari ly  1 

, 
because t h e  temperature was much higher and s igni f icant  bo i l ing  occurred. 

A much grea te r  volume of condensate was  collected,  

*i 
! 
I 
! 
\ 

with t h e  r e s u l t  that  
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t h e  dissolver  solut ion was  concentrated to a value a,hove t'ne s o l u b i l i t y  of 

uranyl n i t r a t e  at room tmperat 'ure.  Accordingly, l a rge  c rys t a l s  of uranyl 

n i t r a t e  hexahydrate were recovered along with t h e  dissolver  res idue &urin.g 

Fuel c l a r i f i ca t ion .  

In s p i t e  of t h e  departure from reference conditions, no problems were 

enco'uatered which could- not be dea l t  with read-ily i n  a processing plant. 

The d isso lu t ion  w a s  probably more complete than usual. DiLution of t he  

dissolver  solut ion t o  compensate f o r  t he  loss due t o  d i s t i l l a t i o n  appeared 

t o  y i e ld  a normal solution. 

Following dissolution, t h e  cladding was  removed, rcjnsed, weighed, and 

a l l  except t w o  pieces were dissolved i n  an IiF-HNO 

of res iche  which did not dissolve i n  Ynis solut ion was dissolved by N a  CO 

fusion. The quant i ty  of vario'us radioisotopes associa-Led with cladd3ng 

solution. A s m a l l  amount 
3 

2 3  

i s  being determined, but  these r e s u l t s  a r e  not yet available.  Tiiis i s  an 

important f ac to r  r e l a t i v e  t o  h u l l  monitoring f o r  undissolved fuel .  

Analysis of t h e  cladding from run 3 d id  not yield def in i t i ve  results 

because of uncertainty concerning the  ac tua l  burnup, ~&.ic'n varied along 

t h e  length of t h e  f u e l  by as much as a f ac to r  of 11. The data indicated 

t h a t  t'ne cladding con'isined about I t o  2% of t h e  f i s s i o n  products, l e s s  

t'nan 0.01% of t h e  transuranium elements, and less  than 0.001% o f  t h e  uranium, 

These quan t i t i e s  a l l  produced when t h e  product nuclei  r e c o i l  following 

nuclear reaction, e jec t ing  atoms from the  outer f u e l  region i n t o  t h e  

cladding. Since fission fragments have a much grea te r  r e c o i l  energy Ynam 

transuranium elements, more are ejected. The important point i s  t'nat 



monitoring of a gamma-emitting f i s s i o n  proauet would ind ica t e  a much 

higher holdup with t h e  cladding than t h e  a c t u a l  amount of t h e  elements 

of i n t e re s t ,  uranium and plutonium. 

2.2.2 Radioactivity i n  off-gas 

D. 0. Campbell, S. R. Buxton, R. L. Beatty, and W. L. Pa t t i son  (Chemical 
Technology Division, ORNL) 

AdditionaL da ta  have been received f o r  1291 d i s t r i b u t i o n  a w i n g  fuel 

disso lu t ion  (see Table 3). 'The results f o r  rurls 2, 4, 5, and 6, which 

were made with full-burnup Robinson r eac to r  fuel,,'should be fairly similar. 

The ORIGEN ca lcu la t ion  has been made f o r  t h e  i r r a d i a t i o n  h i s to ry  of t h i s  

reactor ,  It i s  c l e w  t h a t  t h e  o v e r a l l  material. ba lmce  i s  reasombly 

good i n  each case except run 3. The ca lcu la ted  1291 values f o r  runs 1 

and 3 w e  less  cer ta in .  

Table 3. 1291 dis t r ibu t ion  during f u e l  d i sso lu t ion  

12'1 found Percent of t o t a l  found i n :  
$ of 

R u n  ORIGE2T Scrub Scmb 
number g / ~  v a u e  Dissolver Condensate 1 2 
___ 

1 118 82 0.52 0.14 99.3 0.08 

2 157 84 0.97 1.08 97.4 0.57 
3 45 41 0.50 0.90 98.3 0. 30 

4 Not complete 

5 169 90 0.22 0.21 99.4 0.18 
: " 8,' I. i f - g )  1 4 1  75 0.93 1.12 96.4 1.53 

k.. 
i" . 

I n  all cases, less than 1% of the l2'I found was i n  t h e  final dissolver  

solution. The f r a c t i o n  found i n  the condensate i n  t h i s  work would probably 



be l a rge ly  t ransported t o  t h e  scrubbers i n  plant  equi.pment because, i n  

our  equipment, t h e  off-gas flow bypassed t h e  condensate and thus could 

not s t r i p  iodine fyom it. 

In  ~"un  4 (with UO, fragments) and run 5 ( w i t h  clad f u e l  and recycle 

acid) ,  t he re  was no a i r  sparge &u%ing d isso lu t ion ;  however, t he  sol'u-tion 

2 

was sparged for severa l  hours a f t e r  dissolut ion.  'The da ta  f o r  12g1 

removal xre summarized i n  Table 4. Although s ign i f i can t ly  more iodine 

-remained in the  dissolver  solut ion a f t e r  run 5, t he  air sparge reduced 

t'ne iodine t o  a few t en ths  of 1% i n  bot'n runs. 

1-29 
Table 4. Effect  of duration of a i r  spwge on I content 

of dissolver  solut ion 

Run 4 Kl-m 5 
Time (min) % W I a  Time (min) % 1291a 

0 1.52 f 0.13 0 5.73 f 0.13 
70 0.42 rf;t 0.09 

200 0.17 f 0.02 

140 0.24 rf;t 0.03 

85 
160 

1-25 f 0.54 
0.29 f 0.09 

a, 
Percent of '*'I remaining i n  d isso lver  solutions,  r e l a t i v e  t o  t o t a l  

amount calculated by ORLGKN. 

\ 
1 -  

These experiments show t h a t  iodine was e f f ec t ive ly  s t r ipped  from t h e  

d isso lver  solution, most of i t  by the  nitrogen oxides evolved i n  t h e  disso- 

l u t ion  reaction. Spxrgi-ng with air fur ther  red'uced t h e  iodine content, 

with no ind ica t ion  of any 1evel.ing off a t  0.2%. The use o f  recycle  acid 

t h a t  could contain some organic mater ia l  had no e f f ec t  on the  f inal  iod-ine 

content. Vola t i le  organic iodides  would not be trapped by caus t ic  scrubbing 



but would be decomposed by t h e  CucV bed and trapped i n  t h e  second scrubber. 

Since the  second scrubber trapped very l i t t l e  iodine, t he  quant i ty  of 

v o l a t i l e  organic iodide present ( i f  any) must be minimal. 

Data f o r  14C f o r  t h e  f i r s t  f o u r  runs are sunmarized in Table 5. The 

major source of l 4 C  is the n,p reac t ion  with nityogen impurity i n  the fuel. 

The tabula t ion  reports  t he  nitrogen content of the fue l ,  back-calculated 

from t h e  amount of “(2 found (neglecting the n,Q reac t ion  on 

Table 5. 1 4 C  d i s t r i b u t i o n  during fuel dissolut ion 

? T i  tr ogen 
content Percent of t o t a l  found i n :  

Scrub Scrub 
l4C! 

RUn found (PPm, 
number (Ci/MTU) calc.) D i  s scdver Condens at e 1 2 

99.5 0.5 
a a 

1 0.14 7.7 
2 0.27 

3 0.15 10. 3 0.65 97.5 1.85 
4 0.24 9.3 0.41 58.7 40.9 

0.44 97.5 2.1 10.4 a 
a 

a 

a Analytical r e s u l t s  w e  not cconplete. 

Information regarding the nit rogen content of t he  Robinson f u e l  

(runs 2, 3, and 4) was requested fran workers at Westin&ouse, who reported 

t h a t  anaJ..yses of several. d i f f e r e n t  batches of UO 

gave nitrogen values of  l e s s  than 10 ppm, t h e  limit of detection. 

to attempt t o  measwe t h e  nitrogen content present ly  i n  t h e  i r r a d i a t e d  

f i e 1  used for these experiments i n  order t o  define the value more accurately. 

Only a very small f’raction of the  ni t rogen was transmuted t o  other  elements; 

therefore,  values determined i n  t h i s  measurement should correspond c lose ly  

t o  t h e  i n i t i d  ni t rogen content of t h e  Robinson f u e l  (excluding elemental 

nitrogen such as that in air). 

p e l l e t s  from t h i s  f u e l  2 

We plan 



32 

We have obtained confl.i.cting Information regarding nitrogen i-n 1;he 

gas that occupies the  f u e l  rod void volume. 

house indicated t h a t  t h e  rods  contai~ned a i r  before welding, but ot'er infor-  

n~ation suggests they were f i l l e d  with helium. 

gas removed f r o a  other rods of t h i s  same assembly showed the  rods were pre- 

dominantly f i l l e d  with hel.Lum, but  sone nitrogen was -present. However, the 

zirconium cladding probably would have reacted wi.th both oxygen avid nitrogen 

during reactoy operation, so  they might not be found a f t e r  i r r ad ia t ion .  

I f  the  f i e 1  rods were h i t i a l l y  f i l l e d  wlth a i r  a t  1 atni pressure, 

nitrogen in t h i s  a i r  woiild contribu'ke about 10 ppm r e l a t i v e  t o  umnium; 

and 'his agrees with the ni t rogen conten-t indicated by I4C analysis .  

Nitrogen impurity i n  the  U02 provides an additional- source of 14C. 

A verba l  repor t  from Westing- 

Pos t i r rad ia t ion  ana lys i s  of 

14 The conclusion i s  t h a t  t h e  amount of C foind i s  i n  reasonable agree- 

ment with t h e  calculated value for this f u e l ;  part of it p r o b b l y  r e s u l t s  

from ni t rogen i n  air  sealed i n  t h e  f u e l  rods. Carbon i s  e f f ec t ive ly  

trapped i n  t h e  caus t ic  scmbbers and i s  presumably released during disso- 

l u t i o n  as Cog. ExperimenLsl evidence ind ica tes  t h a t  CO o r  organic carbon 

compouxls a re  fo-rmed in .  extremely s m a l l  mounts, i f  a t  all.  

Work i s  con t iming  to develop a method t o  analyze for 14C, 1291, and 

$1, which might be p e s e n t  in t h e  d isso lver  solut ion as nonvolat i le  (organic) 

compounds. Laboratory t e s t s  i nd ica t e  that wet oxidation with perchlor ic  

acid- ,under reflux, followed by CuO oxidation of an air  sweep and finally 

caus t ic  scrubbing, w i l l  recover I 4 C  from both aromatic and a.liphat;ic 

hydrocarbons and organic compounds such as a c e t i c  acid, benzoic acid, and 

nitrobenzoic acid. This rnet'nod wi.U be  used. with the disso lver  solut ion as 

a f i n a l  t e s t  f o r  14C and I2'I that mzy not have been fouud so far. 

c 
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No addi t iona l  da ta  a r e  ava i lab le  for tritium. 

2.2.3 Insoluble d isso lu t ion  residue 

D. 0. Campbell, S. R. Bmton, R. L. Beatty, W. 1,. Pattison (Cbwniical 
Technology Division, ORNL) 

The insoluble  resicfue from r u m  5 and 6 cons t i tu ted  0.23 and 0.44%, 

respectively,  of t h e  weight of UO2. 

unusually severe, and a s m a l l e r  f r a c t i o n  of res idue was expected, 

Dissolut ion conditions i n  run 6 were 

Ilowever, 

the l a r g e r  amount may r e s u l t  f r o m  oxide f i l m  removed from t h e  cladding. 

With reasonably complete dissolut ion,  t h e  residue typ ica l ly  comprises 

between 0.2 and 0.3% of t he  weight of U02. 

The reproducib i l i ty  of dissolver  compositions i s  i l l u s t r a t e d  by t h e  

da ta  of Table 6, which s m m i z e s  t h e  t o t a l  quan t i t i e s  of a number of r d i o -  

isotopes found i n  t h e  dissolver  solutions from runs 2, 4, a d  5. A l l  of 

these  runs were made with fu l ly  i r r a d i a t e d  Robinson fue l ;  however, two 

d i f fe ren t  rods were ’used. For reference, t he  corresponding quan t i t i e s  

calculated by t h e  ORIGEN code are given. 

Agreement with t h e  ORIGEN calculat ions i s  r a the r  good i n  many cases. 

However, s ign i f i can t  discrepancies occw f o r  t h e  heavier ac t in ides  (the 

ana ly t i ca l  results f o r  americium a re  subject  t o  e r ro r  because of i n t e r -  

ference from 238F’u, bu t  the values for t h e  other ac t in ides  should be v a l i d ) ,  

f o r  ruthenium (much of which does not dissolve) ,  and for those isotopes 

r e su l t i ng  from a neutron capture r eac t ion  followLng f i s s i o n  (such as 134,8 

and 154Eu). 

mental r e s u l t s  s ince t h e  values for runs 4 and 5 axe about 5 and % higher, 
There i s  a l so  an apparent systematic discrepancy i n  the  experi- 

‘ respectively,  than those for run 2. 



Table 6. Calcula'sed and observed rad io iso tope  concentrations ir, dissolver solu-bions (March 16, 1976) 

Cone. calcul3ted Zkperkental iy  determined cone. 
Sy ORIGEX code ( c i / a T U )  

dis see -1 &-la c i/mU R u n  2 RLJn 4 RLx-l5 I sotope 

7 

7 
6 

2.6 x 10 

1.04 x 10 

6.99 x 10 
5.85 x 10 7 

1.98 x 10 7 

1.90 x 10 9 

1.40 x 10 9 

8.04 lo7  

9 

2.33 x LO' 

8 
8 
6 

1.23 x 10 
a 

1.70 x 10 

8.10 x 10 

7.91 x 10 

< 
5.35 x loo 

3 6.59 x 10 

4.03 x io 
2 

2.11 x 10 3 
2 

2 
8.42 x 10 

5.67 x 10 
3 4.74 x 10 

1.60 x io 3 

1.54 x 10 

1.14 105 
9.99 x 13 
1.39 x 10 5 

6.52 x 10 3 

6.57 x 10 4 

4.35 x lo2  
5.34 x 10-1 

5 

4 

4 1.38 x 10 

2 6.41 x io 

3.27 x 

2.b1 x 10  3 

1.97 x 10 3 

2.67 

2 

2 
8.00 x 10 

3.41 x 10 

4 
4 

4 

5.57 x 10 
6.58 x 10 

8.52 x 10 
1.75 x io 5 

~ 3 . 4 6  x io 3 

~ 3 . 6 2  x io 3 

52.05 x i o  3 

4 5.31 x 10 

2 2.57 x 10 

N. A. 

2.34 x 10-l: 

3 2.83 x 10 

9.73 x 10 
1.54 x 10 

3 2.09 x i o  
3 2.38 x i o  

4 
%.22 x 10 

6.9 x 10'' 
4 

9.05 x 10 
5 

3 

2 

2 

1.83 IO 

55.02 x 10 

N. A. 
IT. -A. 

N. A. 

3.08 x 10 2 

5.22 x 10-5 
N. A 

2.34 103 

2.22 x 103 

2 

2 
8.49 x i o  
3.04 x 10 

3 2.49 x 10 

8.14 x 10' 
4 w  7.17 x 10 JF 

4 9.48 x 10 
5 1.86 x 10 

4.04 x 10 

6.81 x 10 

N. A. 

<3.16 103 
3 
4 

PI. iz. 

N. A. 
4.98 10-5 

?Based oL= 1.4 - M 
bLAssmxing that the  U O ~  kids a n i t rogen  content  of 20 gpm. 

= 333 g of urar,im 2er l i t e r .  

N.A. = no t  available. 

. 
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. 

The d i s t r ibu t ion  of radioisotopes between the dissolver  solut ion and 

t h e  so l id s  res idue i s  summarized in Tables 7 and 8 for runs 2 and 4, 

respect ively,  The column headed "Washes" i s  pr imari ly  a measme of  t h e  

f r ac t ion  of t h e  d isso lver  solut ion l e f t  i n  the  d isso lver  a f t e r  transfer '  

plus t h e  f r ac t ion  associated with centrifuged solids.  The column headed 

"Solids leach" gives t h e  

3 M and 6 M HTSO at 90°C 
- 3  - 

nearly all t h e  residue. 

f r a c t i o n  of vaxious isotopes t h a t  dissolved i n  

f o r  run 2 and i n  12 - M i l C l  f o r  rm 4; HC1 dissolves  

The las t  column i s  the  f r a c t i o n  remaining i n  the 

so l ids  a f t e r  leaching, 

O f  these  isotopes,  only ruthenium i s  present a t  s ign i f i can t  levels i n  

the  so l id s  res idue;  ha l f  o r  more of t h e  ruthenium may remain undissolved 

i n  t h e  HITO Ruthenium i s  a s ign i f i can t  heat source; thus t h e  separation 

and d ispos i t ion  of t h i s  residue must  take heat generation into account. 

A 5-ton/day p lan t  will produce approximately 10  to 15 kg per day of these  

solids, with a hea t  output of 3 to 5 kW. 

3' 

The residue obviously contains other  elements besides ruthtenim, but 

da t a  f o r  t h e  nonradioactive elements are s t i l l  being evaluated. Nolybdenum 

i s  a.n important consti tuent,  and technetium, rhodium, and palladiuni may 

a l so  be present, along with tramp i n a t e r i d  r e l a t e d  to dust and glass.  

composition of t h e  residue will not be reported , u n t i l  more dependable 

ana ly t i ca l  results m e  derived. 

The 

We a r e  using spark-sowrce mass spectrometry (SSMS) f o r  t h e  general  

analysis of s t ab le  isotopes (as w e l l  as rad ioac t ive  isotopes present i n  

reasonable amounts). Considerable work i s  being done t o  improve t h e  

accuracy of t h i s  method. Recently, t h e  sample preparation procedure was 



T & l e  7. Distr-i'b'u-tion of radioisotopes $wing  dissolut ion i n  run 2 (212 g of ,w'aniw!l) 

Qua i t  i t y  Calc. by Percent of  t o t a l  found i n  f r a c t i o n  
So l lds  Leacked 

s o l l d s  leach" 
fomd ORIGEN code 3i ssolver 

I so tope  ( C i / X C U >  (% of I"o,und) s 02d-L i 3n Washes 

3 87 99.96 e. 02 0.011 0.0004 2.41 x 10 23BDU 

241kr1 34s 166 100 - 
239, 24OPu 800 105 99.96 0.02 0.010 0.0003 

3 2b1 99.97 0.02 0. 006 3 . 0 ~ 3  244 
C3l 1.97 x 10 

242Cm 2.67 x 10 3 60 99.97 0.02 0.009 0.0017 

- - 

106R.U 12.2 x 10 4 127 47.53 0.41 8.5 43.56 
13Les 6.58 x IO4 173 99.96 0.02 0.007 0.010 

'37,, 8.52 x l o4  i s 7  99.96 0.02 0.008 0.011 
1 

lb4Ce 17.5 x 10 4 108 99.95 0.02 0.026 0.024 

Sol ids  leached with 3 N asd 6 M EN0 
a 

- 3' - 
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Table 8. D i s t r i b u t i o n  of radioisotopes during dissolution i n  run 4 (314 g of uranium) 

Percent of total found i n  f r a c t i o n  

Found ORIGEU Dissolver Sol ids  Leached 
(% of found) so lu t ion  Washes leach" so l ids  I s o t  ope (Ci/mU) 

238Pu 28.1 103 75 99.66 0.31 0.015 0.019 

244crn 2.10 x 10 3 226 99- 60 0.37 0.008 0.026 

242cm 2.27 x 10  3 71 99.60 0.38 0.007 0.016 

977 86 99.97 0.28 0.009 0.023 

241An1 155 365 99.29 0.58 0.113 0.017 

239, 24OPu 

115 52.17 0.22 37.02 1.59 

16b 99.62 0. Si 0.066 0.002 

"O6RU 13.4 x 10 4 
134cs 6,93 x 10 4 

l37C s 9.08 x i o  4 

144c e 18.4 10 

110 99.63 0.33 0.042 0.003 

1.03 99.58 0. 31 0.100 0.007 
4 

a 
Sol ids  leached with 1 2  M HC1. - 



modified t o  incorporate addi t ional  standard i so topic  spikes, which w i l l  be 

added i n  two d i f f e r e n t  groups. I n  addition, radioisotope analyses axe 

being made t o  provide a check on the SSMS rnethod f o r  ssvera l  elemen-ts. 

More meaningpul comparisons of calculated with experimental. data, 

r e l a t i v e  Lo material  balmces,  axe provided by mass analyses becaxse the  

experimental determina'Gions a re  much l e s s  subject t o  error. Mass analysis 

d a t a  f o r  wanTwfi, pluLoniwn, americium, and curium" recovered from rim 2 

<we reported i n  Table 9. These measured values f o r  ,ur.ankurn and. plutonium 

axe i n  reasonable agreement with the  :results of ORIGEN ca.l.c'ulat-ioas. The 

americium values axe s a t i s f a c t o r y  except f o r  a 3-a;rge error i n  the very low 

y i e l d  mass 21-1-2. Agreement i s  ra ther  poor f o r  curium. Since t h e  discrepancies 

become la rger  f o r  t h e  heavier actinides,  it appears that some refinement may 

he necessn_ry f o r  the  nucl.eax data 'used i n  t h e  ORTGEN code f o r  ac t in ide  

protluct ion. 

2,2.4 PI:u-toLiiutn evtract ion in to  3% TBW 

M. H. Lloyd (Chemical Technology Division, ORNL) 

I n  connection with s tud ies  t o  inves t iga te  t h e  nafxre and behavior of 

"inextractable" plutonium i n  high-level f u e l  reprocessing and waste streams, 

plutonium extract ion behavior was evaluated wi.th radioact ive feeds prepared 

I 

*The isol.aI;ion of americium avld cui.ium w a s  cazried out by t h e  sta , f f  of t h e  
mans  urani.um Reprocessing Plmt ('TRU ) . 

*St,udies car r ied  out as p a r t  of a program on Waste Stream Processing Studies 
Funded by t h e  Molecular Sciences Branch of t h e  Divis ion of Physical 
Research, EKDA, 
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Actinide F o imd ORIGEN 

I )  

Actinide Found OR1 GmJ 

Table 9. Mass anaLysis of actinides from run 2" 

H. B. Robinson Fuel 
Burnup: 31,364 blWd/bl!rTJ 

Reactor shutdown: May 6, Sg7l-r- 
Sepaat ion:  Mach 16, 1976 

234u 
235, 
236, 

*37, 
238, 

23BPJ 

239Pu 
240Pu 

241, 

F U  
242 

0.014 

0.653 
0.347 
b 

98.99 

1.56 
55.79 
2b. 91 

5.45 

12.29 

0.013 

0.615 
0.352 

3 - 9  

99-02? 

1.32 
56.72 
23.87 

12.73 
5.36 

241Alrl 

243, 

242Cm 

243cm 

*44cm 

245c, 
246cm 

247cIn 

24;jh 

248, 

62.4 

0.312 

37.29 

3.28 
1.21 

go. 66 
4.43 
0.453 
0.004 

0.001 

659 95 

34.02 
0.0002 

1.00 

0.14 
97.57 
1.14 
o. 152 

0.002 

0.0002 
II 

a 
Atom '$ of each as OT March 16, 3 - 9 5  

bNot  detected. 



from highly i r r ad ia t ed  UO I n  each experiment, the UO dissolver  solution, 

which had a HITO 

with e q u a l  volumes of 3C% TBP--dodecane. 

s tages  were used. 

2' 2 

concentration of approximately 3 5 was  batch-contacted 
3 

Seven consecutive extract ion 

I n  previously reported a t rac-Lion  experiments, the  feed solut ions 

were aged 2 t o  3 weeks p r io r  t o  extraction, and t h e  plwtonium valence i n  

each was foiund .to be quant i ta t ive ly  i n  t h e  tet;rav.den% state. I n  recent 

work, a U02 feed solut ion extracted 20 hr a l t e r  dissolut ion was found t o  

contain about PO!$ Pu(V1). 

Except f o r  a somewhat lower d i s t r ibu t ion  coeff licient dxe to t h e  Pir(VI) 

content, t h e  plutonium extract,ion behavior f o r  th is  material was qui-Le 

comparable t o  Lhat observed i n  previous rims, i n  which the feeds contained 

only Pu(1V). Tlne extract ion da ta  are compared with res,d.ts from a Pu(IV) 

run i n  Fig. 3, which shows t h e  pl:utoroni~um concentration ( i n  counts rain-' ml-') 

rma in ing  i n  t h e  aqueous raff i -nate  a f t e r  each stage. These data, ind ica te  

tha-t, even tlio'ugh Pu(VI) i s  not  extracted as effect ively,  greater  -khan 

99.99% of Yne plrxtoni'm was extracted i n  seven stages. 

The plutonium concentrations shown f o r  t he  las t  two stages of  t h e  

P u ( V 1 )  ~ u n  were s,ubject t o  a la2-ge correct ion fac tor  due t o  the  growth of' 

238Pu from 242C!m decay, which occurred a f t e r  t h e  extract ions were made but  

before the  sol'utions were analyzed. The ac tua l  values could therefore  he 

somewhat higher o r  lower than the concentrations showfl. 

made t o  minimize this  efPect i n  fut.ure experiments. 

Ef for t s  w i l l  he 

The p1utoni.m behavior i n  t h i s  experiment suggests t h a t  t h e  i n i t i a l  

UO 

w h i x h  sii'osequently reduces t o  Pu(IV) in t h e  highly radioact ive feed 

d.issolver solut ion eontatns si ibstant i .a l  concentrations of Pu(VI), 2 
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solution. 

mate r a t e  at which Pu(V1) is reduced i n  U02 dissolver  solution. 

95% of t h e  plutonium i n  a 3 M HNO 

heating t'ne solut ion at the  boi l ing  point  (-108°C) for several  days. 'jlhe 

solut ion was then cooled t o  4OoC, and t h e  r a t e  of plutonium r d u c t i o n  was 

determ-bed. The percent of t e t r ava len t  pl'utonizun a f t e r  1, 2, a i d -  3 days 

An experiment was therefore  performed -to determine t h e  a,pproxi- 

More than 

feed solut ion was oxid.ized Lo Pu(V1) by 
- 3  

of aging w a s  fo,und t o  be 42, 90, and 100, respectively.  

2. 2e 5 Solution s t a b i l i t y  

D. 0. Campbell, S. R. Bux-ton, R. L, Beatty, and W. L, PztLison (Chemical 
Technology Division, ORNL) 

No addi t iona l  r e s u l t s  have been obtained from solut ion s t a b i l i t y  

t e s t s ,  although severa l  aging experiments a re  s t i l l  ii? progress. A 

d i f f e ren t  s o r t  of ins-Labili ty tha t  has been noted in t'ne di-ssolver solu- 

t i on  i s  receiving increased at-tention. 

We have observed. t h a t  a siuall quavltity of black solids,  similax in 

appearance to the  o r i g i n a l  dissolver  resid'ue, a p p e a s  in the  c l ax i f i ed  

d isso lver  solut ion a f t e r  a few days. The dissolver  solut ions Prom runs 5 

and 6 were centrifuged severa l  times a t  in t e rva l s  of a few days, and 

addi t iona l  'olack so l id s  were recovered i n  every case. The quant i ty  of 

t h i s  mater ia l  i s  s m a l l ;  preliminary measurement ind ica tes  it i s  i n  the  

range of 50 mg per day per kg of fue l  (&5($). 

Samples of these so l ids  have been submitted f o r  scanning electron 

microscope (SEM) and microprobe analyses, and t'ne so l ids  have been dissolved 

and mbmitted for radiochemical and SSMS analyses. No r e s u l t s  have been 

obtained t o  date. 
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Although t h e  q u m t i t y  of solid-s i s  very small, t h e i r  formation appears 

t o  be real. 

recovery during centrifugation, but the  constant production with repeated 

centr i fugat ion cont rad ic t s  that  suggestion. 

almost c e r t a i n l y  co l l ec t  at t h e  solvent i n t e r f ace  and compound the  i n t e r -  

f a c i a l  crud problem, feed c l a r i f i c a t i o n  immediately p r io r  to solvent 

ex t rac t ion  may be a more important consideration thaa previously indicated. 

A port ion of t he  ex t rac t ion  r a f f i n a t e  from run 5 

I n i t i a l l y ,  they were bel ieved t o  r e s u l t  from incomplete so l id s  

Since any such so l id s  w i l l  

Waste concentration. 

was concentrated by d i s t i l l a t i o n  i n  a manner similar t o  that used i n  t h e  

two previous waste evaporation experiments. General behavior was s imilar  

t o  that  observed i n  t h e  eax l i e r  t e s t s ,  with so l id s  first appearing at a 

waste concentration of about 300 t o  350 gal/ldTU and increasing i n  amount as 

evaporation proceeded. The evaporateion was continued t o  a f i n a l  concentra- 

t i o n  of about 60 gal/TJ1Tu. 

per kg of uranium processed, and an appreciable Praction may have been lo s t .  

The t o t a l  mount of so l id s  recovered was 1.8 g 

We. w e  now receiving anaLytical data r e l a t i n g  t o  the  s o l i d s  prod'uced 

during waste evaporation; however, it has not ye t  been correlated.  

l i m i n a y  observation of t h e  data ind ica t e s  tha t  subs t an t i a l  amounts of Bay 

Sr, Mo, and C s  a r e  present, along with tramp ma te r i a l  such as Ca, Mg, X i ,  

Al, and Fe. 

Pre- 

Ef for t s  have continued t o  determine the rate of acid loss in air-spaxged 

solutions,  such as would occur during waste storage. 

more d i f f i c u l t  than expected because of ana ly t i ca l  problems with t h e  

extremely rad ioac t ive  waste concentrates and experimental d i f f i c u l t i e s  

r e l a t i v e  t o  the s m d l  volume of so lu t ion  and possible  evaporation. 

This has proved t o  be 
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Refinement i n  the  acid t i t r a - t i on  proceclure has r e su l t ed  i n  improved 

precision, general ly  k0.L DJ and has eliminated t h e  occasional la rge  

e r ro r s  observed previously. 

t o  some aspect o f  rad ia t ion  damage. 

'The t i t r a t i o n  problems appear t o  be r e l a t ed  

The extract ion r a f f i n a t e  from run 5 (about 800 gal/MTU) w a s  air- 

sparged f o r  10 dags with inconclusive res'ul.ts. 

decrease s l igh t ly ,  but any change was of t h e  sane magnihde as  tZIe analyt- 

i c a l  precision. 

The ac id i ty  appeared t o  

The c l a r i f i e d  waste from run 4 (97 gal/MTUj was air-sparged at the 

r a t e  of about 3 t o  5 cc/min fo r  1-2 days, and eight  samples wjthdrawn over 

t h i s  time period ind ica te  an  acid loss  of about 0.03 mole per l i t e r  per day. 

This i s  not a c l e a r l y  s ign i f i can t  change; on the other hand, there  may have 

been a volume decrease dxe t o  evaporation, i n  which case the  acid l o s s  

co'uld have been much greater.  

The waste from run 5 (about 60 gal/MTU) was s imi la r ly  air-sparged 

over a 14-day period, and t he  decrease i n  acid concentration appeared t o  

be appreciably grea te r  (i. e., ro'ughly 0.1 mole per l i t e r  per day). 

experiment, t h e  volume probably decrease& more than co'uld be accounted 

f o r  by sampling. 

t u r e  r i s e  of  a few degrees 3ue t o  t h e  high concentration of ra.dioactiv%ty. 

Tlne change i n  volume w i l l  be c a k u l a t e d  when radioisotope analyses a re  

obtained, and at t h a t  time t h e  acid lo s s  can be determined more accwa-Lely. 

This experiment w i t h  the highest concentration of waste i s  the  only one 

tha t  has r e su l t ed  .unambiguously i n  an acid loss. 

In t h i s  

'This could r e s u l t  from evaporation eiilianced by a tempera- 

A s ign i f i can t  observation i s  that rutheni'um i s  not volatLilized t o  a 

large extent during these waste evaporation experiments. The n i t r i c  acid 
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concentration i s  i n  t h e  v i c i n i t y  of 9 M throughout t h e  evaporation, and 

ruthenium would be expected to v o l a t i l i z e  as Ru04 t o  a major extent. 

fact, it does v o l a t i l i z e  i n  t h i s  manner when synthe t ic  waste solut ions 

we ca r r i ed  through an i d e n t i c a l  pracess, yielding lwge deposi ts  of Ru02 

i n  t h e  condenser as weU as ruthenium i n  t h e  condensate. 

o f  RuO has occurred during the  evaporation of ac tua l  waste solution, and 

t h e  condensate t y p i c a l l y  contains about 0.2% of t h e  t o t a l  ruthenium present. 

This mount  of ruthenium, although EL f ac to r  of 5 t o  10 higher than other  

f i s s i o n  products, i s  s t i l l  remaxkably low. 

- 
I n  

No deposit ion 

2 

It appeaxs t h a t  a quite s t ab le  

complex i s  formed between ruthenium and some r ad io lys i s  product that inhibi ts  

formation of RW4. 

2.2.6 Characterization methods 

D. 0. Campbell (Chemical Technology Division, 0R;CJL) 

Work continues t o  improve t h e  methods we have been using throughout, 

e s p e c i a l b  SSMS and x-ray fluorescence, to y ie ld  more accurate and meaning- 

f'ul data. The SSMS sample preparation procedure was changed, as described 

i n  Sect. 2.2.3. 

carbon, hydrogen, or iodine which may be present i n  solut ions such as 

dissolver  so lu t ion  ( see  Sect. 2.2.2). 

Equipment was assembled and t e s t e d  to recover any organic 

A d i f f e r e n t  approach i s  being tested f o r  SEM and x-ray fluorescence 

sample preparat ion i n  an attempt t o  avoid the in te r fe rences  t h a t  are 

obscuring t h e  desired data. 

z inc i n  t h e  brass  sample mount, gold rnsed t o  coat the sample, and l e d  

from an undetermined source. Recently-, several samples have been mounted 

In te r fe rences  m i s e  l a r g e l y  from copper and 

on polished beryll ium m e t a l ,  and they Will be coated with vapor-deposited 

caxbon; t h i s  should give no interferences.  
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These specimens w i l l  a l so  be examined for x-ray fluorescence by using 

a c r y s t a l  wavelength dispersion x-ray detector  ins tead  of a sil-icon dispersion 

energy detector.  

from d i r e c t  rad ia t ion  from the sample, which cannot be done with the s i l i c o n  

detector.  

ments from being made on about half the samples analyzed. The djsadvantage 

of t'ne new technique i s  tha t  t h e  measurement i s  much more time-consuming. 

T h i s  provides t h e  p o s s i b i l i t y  of shielding t h e  detector  

Such d i r e c t  rad ia t ion  has prevented x-ray fluorescence measure- 

2.3 Building 4507 Hot-CeU Operations 

(Chemical Technology Division, OHNL) 
J. Ha Goode, R. G. Stacy, V. C,  A. Vaughen, E. C. Hendren, and G. K. Ford 

2.3.1 Development o f  i n - c e l l  equipment 

Testing of i n - c e l l  equipment w a s  delayed i n  favor of using ,dl personnel. 

A l l  of the  equipment, f o r  decommissioning t h e  Curium Recovery F a c i l i t y  (CW). 

however, was put i n  operating condition by the  ORIUL shops and. i s  ready f o r  

fu r the r  cold- tes t ing as manpower becomes availab1.e. 

2.3.2 Decommissioning t h e  CEI1 

Ninety-five ind iv iaua l  en t r i e s  i n  a i r - l i n e  suits were made i n t o  t h e  

cxriu-11-contaminated C W  during t h e  pas t  quarter. The e-tan, 1.3 x 3 x 9 f t  

t a l l  Equ ipen t  Maintenance Glove Box, located above Cel l s  3 and 4 i n  

Bldg. ).t507, was separated from t h e  fl-oor, sealed, crated, and sent  t o  

storage in the  ORNL Sol id  Waste S.torage Facili-Ly. 

Saxdblasting was  used to remove c~uriuni-contaminsted paint  from c e l l  

access holes and t h e  concrete wal l s  of t'ne hot c e l l s  i n  t h e  CKF. On 

comyletion of t h e  sandblasting, the savld was bagged-out of t h e  ce l l s ,  and 

t h e  surfaces weye successively cleaned witin a vacuum cleaner and washed 
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with detergent-water mixtures. 

a few hot spots t h a t  required additi0na.l cleaning, but the c e l l s  were 

general ly  at s u f f i c i e n t l y  low-contamination levels to permit preparations 

f o r  resurfacing and repainting. 

unnecessary glove ports and windows from t he  shee tmetd  alpha b a r r i e r  i n  

t h e  rear of each ce l l ,  cu t t ing  and beveling piping for subsequent welding, 

masking pipe f i t t i n g s  for protect ion from paint,  etc.  Anchor-bolt holes 

were f i l l e d  and t h e  sandblasted concrete w a l l s  of Cell 3 p las te red  with 

stucco. Two coats  of white epoxy pa in t  were sprayed onto each c e l l  and 

t h e i r  access ports.  Af'ter removal of t h e  "vestibule" and " ten t"  used as 

contamination-control zones f o r  personnel working i n  t h e  ce l l s ,  i n s t a l l a -  

t i o n  of fixed equipment i n  t h e  c e l l s  will begin. 

f o r  c e l l  ven t i l a t ion  exhaust f i l te:rs,  f l oo r  pans, work surfaces, etc. 

(Sect. 2.3.3). 

Subsequent Health Physics surveys indicated 

These included removal. and patching of 

These include plenums 

2.3.3 Miscellaneous 

The Gwden Carr ie r  No. 2 (AEC-OR-USA 6 0 8 8 / ~ 1 ; ~ )  cask was returned from 

BatteYe-Columbus Laboratory with t h e  second shipment of i r r a d i a t e d  U02 

from t he  Carolina Power and Light H. B, Robinson I1 reactor .  A port ion of 

t h i s  second shipment was repackaged f o r  another group at ORNL {Sect. 2.2), 

and a port ion of t h e  first shipment was  packaged and sent  t o  t h e  Savannah 

River Laboratory i n  t h e  Garden Carr ie r  No. 2 along with an empty cask 

(D-38, AEC-ON-USA 5787/Br;F) t o  pick up recycled SRP solvent for laboratory 

t e s t s .  

at Idaho National. Engineering Laboratory (IKEL), t o  pick up th ree  complete 

rods from t h e  H. B. Hobinson reactor assembly B05. 

The Garden Carrier was then sen t  t o  the Aerojet Nuclear Company, 
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Fi8n-e  4 shows the assembled working surface and fuel. s torage a r r ay  

ready f o r  i n s t a l l a t i o n  i n  Cel l  3, Rldg. 1+507, where shearing and voloxidati.on 

head-end studi-es w i l l  be performed. The ORML C r i t i c a l i t y  Committee has 

approved tjne storage of 1.6 kg of 

wel ls  and sixteen ].-in. -diam wells. Lead-fil led covers provide shadow- 

sh ie ld ing  overhead. Fi.gure 5 shows the  a l l -bo l ted  construction of the 

support s t ruc ture ,  the  removable storage wells, and the  cell. exhaust p1enu.m 

and a drop-in HEPA fi . l ter .  

239-24'.h i n  t he  seven 7-in. - d i m  U + 
235 

Figure 6 shows the  i -n t e rce l l  (Cel l  2-3) t r a n s f e r  por t  with the doors 

closed and the s l i d i n g  t r a y  centered. Figure 7 shows one of the folding 

doors open and the t r a p  pro jec t ing  i n t o  a "ce l l . "  

Fabricat ion is i.n progress on floor pans f o r  Cell 4 and a new sample 

Design of a replacement Equipment Maintenance Glove Box chute Tor Cell 3. 

and access hole shielding plugs i s  under way. Modification of a cask 

pedes-tal  t o  place above the C e l l  3 sample chute is i n  progress. 
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Fig. 5, P a r t i a l l y  assembled work tray and f u e l  storage wells, showing 
bol ted  construction and c e l l  exhaust plenum and HEPA f i l t e r .  



Fig. 6. Intercell transfer port. 
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3. PURM PROCESS STUDIES (SOLVEPJT MTFWTION) 

B. L. Vondra (Chemical Technology Division, ORNL) 

This program involves t h e  in t eg ra t ion  of laboratory development studies,  

flowsheet t e s t s  employing synthet ic  solut ions,  and confirmatory invest iga-  

t i ons  i n  a ho t - ce l l  system .using i r r a d i a t e d  LWR fuels .  

3.1 Laboratory Studies  

J. C. Mailen (Chemical Technology Division, ORNI,) 

3.1.1 Solvent cleanup 

0. K. Ta l len t  and Karen W i l l i a m s  (Chemical Technology Division, ORNL) 

The solvent from t h e  P u r a  process i s  present ly  t r e a t e d  with N a  CO 
2 3  

and NaOH t o  remove impuri t ies  before  it i s  reused. However, t h e  lack  of 

complete effect iveness  of such caus t i c  wash methods, along with attendant 

reagent recycle  problems, has l e d  'us t o  inves t iga te  a l t e r n a t i v e  solvent 

cleanup methods. 

The object ives  of t h i s  work are t o  evaluate, on a laboratory scale, 

a number of new (or p a r t i a l l y  new) methods f o r  purifying recycle  Pur- 

solvents  and t o  t e s t  t h e  most promising of these  methods on solvents  from 

i r r a d i a t e d  f u e l  ex t rac t ion  experiments. Ultimately, we expect t o  develop 

improved pu r i f i ca t ion  methods t h a t  a r e  compatible with LWR and LMFBR h e 1  

reprocessing flowsheets ,and meet c r i t e r i a  which r e s u l t s  i n :  (1) production 

of a recycle  solvent that i s  at l e a s t  as e f f ec t ive  as new solvent ;  

( 2 )  process s t eps  t h a t  can be incorporated in to  t h e  P u r a  flowsheet with 

no added fore ign  substance [NaOH, N a  CO 

(3)  recovery of plutonium and other  alpha-active ac t in ides  from t h e  solvent 

etc. ) recycle  problems; 
2 3' 
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i n  e a s i l y  accountable and processable form; and (4) i s o l a t i o n  of impuri t ies  

and f i s s i o n  products from t h e  solvent i n  s m a l l  volumes i n  e a s i l y  processable 

f oms. 

Sol id  adsorbent t e s t s .  The use of s o l i d  adsorbents f o r  removing impwi- 

t i e s  shows new promise of success, based on recent  experimental evidence. 

Inorganic, organic, i n e r t  base, coated base, cation, and anion adsorbents 

and combinations thereof a re  being investigated.  New loading and e lu t ing  

techniques axe being invest igated along with new methods f o r  recons t i tu t ing  

t h e  solid adsorbents. 

Ekperimental da ta  have been obtained from t e s t s  using macroreticular 

r e s ins  as t h e  so l id  adsorbent and d ibu ty l  phosphate (DBP) and plutonium as 

solvent impurities. I n  each of t h e  adsorption t e s t s ,  1.00 f 0.01 g of 

moist r e s i n  was equi l ibra ted  with 10 m l  of solvent at 2 5 O C  f o r  1.0 or 

24.0 hr. The composition of t h e  solvent was  3% TBP--0.00011 - M DBP-- 

0.00038 M Pu(TV)--O.O3 t o  0.73 M HNO 

t e s t s ,  plutonium was adsorbed on 1 g of r e s i n  as described above, a f t e r  

which t h e  e f f luent  solvent was  drained from t h e  r e s i n  and t h e  plutonium 

was desorbed by equi l ibra t ing  t h e  r e s i n  with 10 ml of 30% TBP---O.70 M HNO 

i n  dodecane f o r  1 h r  at 25OC. Solvent samples were analyzed f o r  plutonium 

using gross alpha and alpha pulse-height techniques. Effluent samples 

were not analyzed d i r e c t l y  f o r  DBP concentration; however, t h e  plutonium 

re ten t ion  power t h a t  can be used in these  samples t o  approximately estimate 

DBP concentraticn was determined f o r  t h ree  of t h e  e f f luent  samples. The 

t e s t  f o r  plutonium re t en t ion  consis ted of adding 0.0038 millimole of 

Pu(IV) t o  10 m l  of e f f luent  solvent, s t r ipp ing  o r  washing t h e  solvent with 

th ree  10-ml volumes of 0.01 M HNO 

i n  dodecane. For t h e  desorption 
- 3  - 

- 3  

and determining t h e  plutonium concentration - 3' 
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re ta ined  i n  the  solvent. Three of the ad-so?bent materials used i n  these  

testx ,  MP-1, MP-50, and SM-2, were Bio-Xcld yesins, The other two, A-I-5 

md A-26, WER Ro’h~. and HFL;.,~ resins. Th.c W-l> & i ~ h  i.~ a strongl.y basic 

anion r e s i n  in f t i .a .Uy in t h e  C1- form, w&s convert& l;o the  OH- f o m  by 

c8xsti.c and water washes before it was used i n  t h e  adaorpti-on kesta. 

The test results m e  shown i n  Table 10, The d i s t r ibu t ion  coe f f i c i en t s  

l i s t e d  i n  t h e  t ab le  w e m  caleul3;”ed by dividing the concentration of pluto- 

nium a&sorbed. per gmm of resiri by the effllxent pl.:ut,ot:~.ium concentr:.Li;ion 

per m i l l i l i t e r .  Plut,on?.imi arlsorbed well frcsll solvents  %i%i;h low acid 

concentrations on e i t i ne r  iG-50 (cabion), MP-1. (strong1.y hastc wi.o:ti), o r  

A-26 (weak1.y bas ic  anion ) resin.  ‘The respective 1,O-l~ distribut,i.m 

coef f ic ien ts  for these Vmee resins were 1.. 9 x io , 1. ‘7 x 10 , md 3 4 

6.7 x 10 3 , w i t h  t h e  concentrations of plutoniwn re t a ined  in effluents 

being on the  order OS 1. Y lon7 - M, 
ef f luent  samples were a factor of 1000 less t’n3.n the 1 x lom4 ..-. M plutonium 

re ta ined  i n  a sample o f  sol.vent feed which  was washed three tLmes wi th  

equal vol’imies of 0.01 M HNO 

show that the plutmnium adsorption decreases dramatically as the acid 

concentrati. m s  in the feed solvents  increase.  

t es t s  show %ha% 30, ’70, and -g@, respecti.vely, of t he  pliAxmiirn from the 

MP-1, MP-50, and. A-26 re s ins  were eluted i n  one equaJ--vo1ime eqli.ilibration 

with 3C$ TBP--O.70 

The p lu ton ium p n c e n t r a t i m s  i n  these  

The dlstrLbutLon coe f f i c i en t s  (Tab]-e 10) - 3” 

Resu3.Z;~ f r o m  the desorption 

;YrJ03--dodecme for 1 Is, 

The results Piom t h e  plutonium retentLon tests indicated that, DBP 

adsorbed along w i t h  plutonium on t h e  MP-J. resin,  hut no.1; on t h e  MP-5cl resin, 



Table 10. Effectiveness of macroreticulax r e s ins  i n  adsorbing 
p p ~ k o n i i i  from similated ?ma soLver,ta 

4- 
H cone. i n  

E qu i l i b r  at i o 3  feed 
time solvent P l u t  op2a1 Res i n  

@ j  DC Resin Type of r e s i n  f0IT-I (kir)  

MP- 50 Strongly acidic  cat ion 24 0. c3 1.5 x 10 

Strongly acidic  cat ion 1 0.03 1.9 x io 

Strongly ac id ic  cat ion o. 36 1.2 x 10 

Strongly Sas ic  anion OH- 24 0.03 2.5 x 10 

4 
3 
2 

2 

+ H 

H+ 

H+ 

x+ 1 

H+ 1 

93- 1 

O F  i 

NO - 

OH- 1 

OH- 1 

MP- 50 
4.1 x 10 0.17 1 NP-50 Strongly acidic  cat ion 

? - ,-+ h MP- 50 
m-50 28 

3 

0.57 Strongly ac id ic  cat ion 
MP-50 Strongly acidic  cat ion 1 3.59 A 

H' 

28 wl 
4 m  
4 

0.03 a- 15 Cation 

MP-1 
MP-1 Strongly bas ic  anion 

I@-1 Strongly basic  mion  

1.7 x 10 0.03 

3.71 
0.03 

15 

9 

44 
28 

4 

-i 

I 
1 0.03 6.7 x 19 3 

_W-1 Strongly bas ic  anion 3 
OH' A-26 Weakly bas ic  mion  

0.19 A-26 WeakZy basic  anion 
A- 26 WeaXLy bas ic  wCon OH- 1 0.40 

0.73 A-26 Weakly bas ic  anion 
Sm-2 Inert base r e s i n  1 0.03 2.75 - 

10 ~l;i of 3% TBF--O.OO~U M ~ ~ p - - o . o o 3 8  - E pu--0.03 to 0.73 HNI3 i n  dodecme equi l ibra ted  wi th  1 g a - 
of resin 8% 25°C. 

bDC = dist r ib 'ut ion coeff ic ient .  

, 
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The ef f luent  froni t h e  I@-1 r e s i n  had a r e l a t i v e l y  high plutonium re ten t ion  

power, whereas t’ne eff luent  from the MP-50 r e s i n  had. a low plutonium 

re t en t ion  power, 

The following conclusions haye been t e n t a t i v e l y  drawn from t h e  da t a  

i n  Table 10 and from other  inforniation avai lable  at t h i s  time: 

(1) Plutonium can be very e f f ec t ive ly  adsorbed on macroreticular 

r e s i n s  from TBP-DBP-Pu( IV)--rrrjO mdodecane solvent systems. 
3 

DBP adsorbs on some ani.on resins but  not  on t h e  ca t ion  r e s i n  

we tes ted .  

The plutonium adsorption r e a c t i m s  axe reve r s ib l e  - at  least 

f o r  t h e  MP-50 and t h e  A-26 resins .  

by using eluents  with high acid concentrations (0.7 - M).  

work i s  needed t o  pos i t i ve ly  demonstrate t h e  e lu t ion  of t h e  

M1-1 resin. 

Strongly bas ic  anion r e s i n s  would possib1.y need t o  be i n  t h e  

OH- form before they could be e f f ec t ive ly  ,used t o  adsorb 

impuri t ies  from P u r a  solvents. A low plutonium d i s t r i b u t i o n ,  

coe f f i c i en t  (DC) was obtained using MP-1 r e s i n  i n  t h e  NO- form 

(Table 10). 

( 2 )  

The plutonium can be eluted 

M o r e  

( 3 )  

3 

(4.) The k ine t i c s  of plutonium adsorption on MP-1, MP-50, and A-26 

r e s i n  i n  the  TBP-MBP-dodecane solvent s y s t m  needs t o  be 

invest igated,  

f i c a n t l y  grea te r  than a.t 1 hr  (Table 10). 

A n  e f fec t ive  solvent cleanup method using two or more r e s i n  

columns in series i s  indicated--a ca t ion  column t o  Temove 

Dis t r ibu t ion  coe f f i c i en t s  a t  24 hr were signi- 

( 5 )  



plutonium md. other metal  ions and an anion c o l m  and/or m i n e r t  

base r e s i n  column t o  remove orgmic impurities. 

(6) A much more extensive inves t iga t ion  of t h e  use of s o l i d  adsorbents 

f o r  cleanup of recycle  €"ex solvent i s  warranted. 

I r r ad ia t ed  solvent tests. Preparations are under way t o  t e s t  v a i o u s  

A sample of solvent solvent cleanup methods on i r r a d i a t e d  P u r ~ ?  solvents. 

w i t h  a r e l a t i v e l y  long i r r a d i a t i o n  time, about 15 min, has been obtained 

from D. 0. Campbell of t he  ChemicaL Technology Division. A 5 O - a  s m p l e  

of t h i s  solvent which had been used t o  ex t r ac t  i r r a d i a t e d  f u e l  feed samples 

i n  the  hot c e l l s  i n  Bldg. 2026 has a gamma reading of approximately l R/hr  a t  

contact. 

glove box with loca l ized  lead shielding i n  Room 127, Bldg. 4501. 

Experimental t e s t s  with t'ne solvent w i l l  be conilucted i n  an alpha 

3.1.2 Pl'utonium valence adjustment 

M. R. Bennett (Chemistry Division, ORNL) 

F ina l  modifications oT the apparatus t o  be employed i n  evaluating 

t h e  effect iveness  of nitrogen oxide gases (viz., NO, NO2) i n  reducing 

Pu(Vi) to Pu(IV) i n  XNO 

by wet-test  meter of t h e  flowmeters f o r  nitrogen and n i t r i c  oxide gases 

proceeded smoothly; however, i n  t h e  case of nitrogen dioxide (NO2), it was 

necessary t o  modify t h e  ex is t ing  apparatus by subs t i t u t ion  of a d i f f e r e n t i a l  

pressure (DP) cell heated t o  135°C i n  place of t h e  flowmeter t o  sh i f t  t'ne 

equilibrium 2N02 $ N204 t o  grea te r  than 9% monomer. We have experienced 

considerable delays i n  t h e  modifications due t o  t h e  shorta-ge of avai lable  

labor i n  a l l  of t h e  crafis required f o r  t he  in s t a l l a t ion .  

solut ions w e  being completed. The ca l ibra t ion  3 

I n  addition, it 

was  necessary t o  disassemble and move d l  of t h e  apparatus from one laboratory 
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t o  another due t o  -the unava i l ab i l i t y  of 100-psi instrxmen-t ai7 pressure. 

Since these  problems have now been resolved, we ant ic ipa te  no fu r the r  

d i f f i c u l t i e s  i n  completing t h e  remaining i n s t a l l a t i o n  and operation pro- 

cedures. 

3.1.3 Ruthenium chemistry 

L. Maya (Chemistry Division, ORNL) 

A high degree of separat ion of f i s s i o n  products from u r a n i u m  and 

This i s  plutcmim i s  reqmired i n  the processing o f  i r r ad ia t ed  fue ls .  

usually achieved, except i n  the  case of a few elements. Ruthenium, f o r  

example, i s  among t'ne elements l i m i t i n g  t h e  decontamination f ac to r s  (DFS) 

t h a t  can be obtained. Tnis has prmpted an extensive amount; of work i n  

the  past, which has r e su l t ed  i n  th2  charac te r iza t ion  of the  major ruthenium 

species involved i n  t h e  system. These species  are complexes t h a t  have a 

t i g h t l y  bound n i t r o s y l  group and any of a combination of t h e  following 

l igands : 

posi t ions i n  t h e  primary octahedral- coordination sphere mound t'ne m e t a l .  

NO;, NO;, OH-, H20, and IrBP occupying t h e  remaining f i v e  

The d i s t r ibu t ion  charac te r i s t ics ,  as a funct ion of t he  d i f f e ren t  parameters 

of  t h e  system, and t h e  k ine t i c s  of ligand exchange reac t ions  f o r  these  

species a r e  known, thus allowing the predict ion and cont ro l  of t h e  behavior 

of t h e  ruthenium i n  t h e  P u r a  process. However, t he re  i s  a s r n a l l  *action 

(of t h e  order of 1% of t h e  ruthenium) composed of uncharacterized compounds 

which a r e  responsible f o r  t he  contanination of t h e  solvent and product 

streams, These compounds apparently o r ig ina t e  from two sources. One i s  a 

small f r a c t i o n  OP highly ex t rac tab le  species, o r ig ina l ly  present i n  t h e  
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disso lver  solut ion i n  t h e  form of binuclear  o r  polymeric compounds, while 

t h e  other i s  formed i n  tine solvent by t h e  transformation of ruthenium 

species  by complex at ion w i t ' ?  solvent degradation pro ducts . 
The requirements f o r  processing highly i r r ad ia t ed  f u e l s  &wing the  

long-term operation of commercia,l p lan ts  necess i ta te  an improvement i n  t h e  

ruthenium DFs over those which can be achieved with present ly  ava i lab le  

knowledge. A b e t t e r  understanding of t he  nature of  t h e  highly extractable  

species, as wel l  as the development of e f f ec t ive  solvent cleanup procedures, 

i s  needed. Future experimental work will be d i r e c t l y  along these  l ines .  

Preliminary work has been s t a r t e d  with the  preparat ion of t h e  pure 

compounds R u N O C l  RuNO(0H)  and RuNO(N0 ) (H 0 )  The f i r s t  compound 

was  prepared as an intermediate and was not  i so la ted .  Analysis of t h e  

3' 3' 3 3  2 2. 

other  two compomds i s  'under way i n  the  Analyt ical  Chemistry Division. 

The infrased spectrum of RuNO(N0 ) (H 0 )  has been o'otained f o r  f i t u r e  

reference. A d i f f e r e n t i a l  ebullioscopy apparatus i s  being assembled f o r  

t he  determination of molecular weights, t o  be .used along with o ther  methods of  

3 3  2 

analysis  i n  t'ne charac te r iza t ion  of pu r i f i ed  compounds that  might be iso-  

l a t ed  i n  t h e  course of t h i s  work. 

3.1.4. Chemistry of hydroxylamine and hydrazine i n  t h e  reductive s t r ipp ing  
of plutonium 

A. D. Kelmers and D. Y. Valentine (Chemistry Division, O m )  

Reaction of hydroxylamine with n i t r i c  acid. I n  t h e  Purex processing 

of LWK fue l ,  t h e  uranium and plutonium a r e  coextracted i n t o  a t r i b u t y l  

phosphate (TBP)-diluent oi-ganic phase following HNO d i sso lu t ion  and a r e  

then par t i t ioned  by reduct ive s t r ipping.  I n  reduct ive s t r ipping,  t'ne 

3 

3 
plutonium- and uranium-bearing organic phase i s  contacted wit'n d i l u t e  €IN0 



containing a s.iiitable reductant whieh causes t h e  p lu toniw-  t o  be refiuced 

from Pu(sV) t o  Pu(TI1).  Plutonium(l1I) i s  not cornplexed- by TBP and thus 

t r a n s f e r s  t o  the aqueous phase, while t h e  ,uranium remains i n  the  organic 

phas e. Hydrazine- s t ab i l i zed  hydroxylamine n i t r  at e i s 3. pr  ac t i c  a1 r educt ive 

s t r ipp ing  reagent pair .  The hydroxylamine rap id ly  re2uces Pu( IT), although 

excess hydroxylamLne i s  required t o  overcome kinetic: pro’olems. 

zine destroys any n i t rous  acid present i n  the n i t r i c  acid and/or t h e  TBP- 

di luent  organic phase and, consequently, prevents t h e  n i t rous  acid from 

catalyzing the  reoxidation of l?u(III) t o  Pu(TV). 

Tbe hydra- 

The aqueous solut ion from t h e  s t r ipp ing  contactors contains Pu(l1PL) 

and t h e  unreactect excess hydroxylamine. In some Pura processing f l o w -  

sheets, these solut ions are boiled t o  concentrate the pl-utmiwn and t o  

recycle t h e  n i t r i c  acid. 

concentrator axe not known. 

The react ions of hydroxylamine i n  such an acid 

T’ne spontaneous decomposition7 of hydroxylamine 

4NI!i20H 4 NpO + 2NH 3 t- 3H20, (1) 

which would y i e ld  N 0 gas and ammonium n i t r a t e  i n  solution. I n  heated 

n i t r i c  acid, t h e  oxidation react ion 

2 

4NH20H + 2HNO 3 4 3N 2 0 + ‘7H20 (2) 

a 
was proposed, based on a s ingle  experiniental gas analysis. 

A research e f f o r t  has been t n i t i a t e d  to define t h e  react ions of 

hydrroxylamine during solut ion concentration. A glass reac t ion  flash w i t h  

a r e f lux  condenser m d  reagent addi t ion funnel attached was s e t  up so tna t  

it could be heated and the contents s t i r r e d  and per iodica l ly  smpled. A 

, 4 M HNO 

hydroxylamine nitrate--:! M HNO so lu t ion  was added t o  give f i n a l  concentra- 

solut ion was placed i n  t h e  f lask and a suf f ic ien t  volume of l M I 
- 3  

- 3  
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t i o n s  of 0.5 M hydroxylamine n i t r a t e  and 3 M HNO 

i f  no reac t ion  occ,urred. 

i n  a pJ_.utoni.urn concentrator i n  the  P u r a  process. 

solut ion was held at a given temperature and the  hydroxylamine n i t r a t e  w a s  

s1owS.y added over a period of 15 t o  30 min. I n  other  experiments, the 

coiiiponents were mixed cold (10 t o  20°C) and then slowly heated f o r  1 to 

2 hr. The contents were per iodica l ly  sampled and subsequently analyzed 

f o r  hydroxylamine and ammonia. 

i n  t h e  r e su l t i ng  solut ion 
- 3  - 

These approximate t h e  concentrations t o  be fowtd 

I n  some experiments, t h e  

The following r e s u l t s   were^ observed: 

A t  temper a t w e s  below 40 O C ,  solutions containing hydroxylamine 

n i t r a t e  and n i t r i c  ac id  were i n d e f i n i t e l y  s t ab le  (sampled f o r  

periods up t o  2 h r )  and no reac t ion  occurred. 

Hydroxylamine n i t r a t e - - n i t r i c  acid solut ions t h a t  were prepared 

cold. were heated i n  a l l -g l a s s  apparatus t o  90°C and held for 

2 hr without any react ion occurring. Again, t h e  solut ions 

asppeared t o  be i n d e f i n i t e l y  s table .  

Idhen t h e  HNO 

between 40 and 103°C ( re f lux  ta iperzbure)  and the  hydroxylamine 

n i t r a t e  solut ion a t  roan  temperature was added dropwise t o  Lhe 

flask, an i-rrrmediate react ion occwred with t h e  evolution of  

gases and brown fumes. The reac t ion  w a s  always vigorous and 

prompt. The addi t ion of severa l  s t r i p s  of type 302 s t a i n l e s s  

s t e e l  and uranyl n i t r a t e  at a concentration ol” 340 Q of  ,uranium 

per l i t e r  d i d .  not i n h i b i t  t he  reaction. 

I n  one t e s t  with t h e  s t a i n l e s s  steel s t r i p s  a id  ,uranyl n i t r a t e  

(170 g of .uranium per  l i t e r )  present, the hydroxylamine n i t r a t e  

solut ion i n  the  f l a s k  was heated t o  temperatures 
3 



, 

8ancl n i t r i c  acid were mixed cold (lO°C) and- then slowly heated.. 

A t  about 50°C a reaction, as evidenced by t h e  evolution of gas 

bubbles and brown hxes, began on the surface of t h e  s t a i n l e s s  

steel s t r i p s  and r8pidly accelerated,  apparently i n  m auho- 

c af; alyt i c i nam er  . 
The chemical analyses of samples taken were of l imi ted  'use, 

no reac t ion  occurred, the concentration of hydroxyl-mine n i t r a t e  

was not changed. 

0.003 - M hydroxylamine were obtained, which m a y  be cur analybical 

bl-acnk value. N o  evidence f o r  armm:ni.m ions, other  than a small 

value which apparently coxes from m m n i a  i n  the  hydroxylamine 

n i t r a t e  stock. s o h t i o n ,  probably via react ion (1) on exteEded 

storage, was detected a f t e r  m y  of t h e  reactions.  

(5)  If 

if a r eax t ion  occurred, values of 0.001 t o  

Two attempts were made t o  deterinine tine composition of t h e  react ion 

gases. 

with helium. 

or 1.6 - M KON) to rernove NOg, passed %h-rougl? a D r i e r i t e  bed t o  remove 

moisture, and .then sent  t o  a l i q u i d  ni t rogen t r a p  t o  .Preeze a u t  NO aad  

N20. 

acid at 100°C, solids of a b r i l l i a n t  blue col-or (chaxac ter i s t ic  of N 0 ) 

were foimd i n  t h e  l i q u i d  nitrogen t rap.  Appawntly the  caust ic  scrub'uer 

did not remove a l l  of the NO2; therefore,  it combined. with NO by t h e  well- 

known reac t ion  

I n  each case, t h e  vapor space i n  t h e  react ion f l a s k  was swept 

The helium stream w a s  scrubbed by caus-Lic ( e i t h e r  7. 14 NaC)H - 

After completion of t h e  reac t ion  of hydroxylamine n i t r a t e  and n i t r i c  

2 3  

NO&) 1- W g )  * N & ( s ) ,  (3 )  

where ( g )  and ( s )  represent  t he  gaseous and solrid phases, respectively, 



c 

detected by this technique. 

W i t h  regard t o  Purex processing, tine 

d.r am- : 

(1) Hydroxylamine can be completely 

an ursdefined nitrogen oxide gas 

The reac t ion  i s  qu i te  vigorous; 

mine n i t r a t e  i n  HNO sho'uld s o t  

appears t o  be au toca ta ly t ic  and 

(2) 

3 
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The so l id s  were allowed t o  warm and expand i n t o  a gas sanpling bu lb  aid 

were subsequently analyzed by mass spectroscopy. 

t h e  NO and NO, t h a t  must have been present f rom t h e  N 0 

Only N20 was detec.t;ed; 

could not be e 3  

following concTusions can be 

decomposed i n  hot J3NO , yielding 
3 

mixture. 

thus, l a rge  volumes of hydroxyla- 

be heated since t h e  react ion 

the  r a t e  of gas evolution cannot 

be controlled.  

a,ddition of hydroxylamine n i t r a t e  solut ions t o  a la rge  volume 

Safe operating proceaure would d i c t a t e  t h e  s l o w  

of  hot HNO i n  

of gases fo-med. 

a p p a a t u s  which i s  able t o  handle "ne volume 
3 

( 3 )  Since no am.moni'um ion was formed, t h e  destruct ion of hydroxyla- 

mine mriust proceed v i a  an oxid-ation reac t ion  such as reac t ion  (2). 

I n  addi t ion t o  N20, the  reac t ion  gases contained some NO and 

NO2, e i t h e r  from addi t iona l  'undefined hydroxylamine-HbT0 

react ions or react ions of N 2 0  x i th  hot HITO 

3 

3' 
Research e f f o r t s  a r e  now being d i rec ted  toward development of a gas- 

chromatographic method f o r  t h e  quant i ta t ive  analysis  of NO2, NO, H,O, - and 

H gas mixtures. This w i l l  be of value i n  a number of  areas of Pmex 

process research and development. 

2 

Preparation of hydrazoic acid solutions.  During the  reauct ive 

s t r ipp ing  of  plutonium i n  P u r a  processing, hydrazine i s  added t o  t h e  



d i lu t e  KNO 

reoxidation of Pu(lT.1) t o  ??u(IV>.  

processing s ince  Pu(1V) ~ d l l  be reextracted i n t o  b h e  TBP-organic phase; 

t h m  plutonium recycle  o r  third-phase fornat ion c c m  occur i n  t h e  s t r ipp ing  

s t r i p  so lu t ion  as a holding reductant i n  order t o  prevent t h e  
3 

Siich reoxidahion i s  de le te r ious  t o  

contactors.  Hydrazine i s  e f fec t ive  as  a. holding r e d u c t m t  because it 

rap id ly  destroys aay nitro,us acid present, t h e  agent responsible f o r  t h e  

rer3xidation of plutonium, The reaction OS ni t rous  acid w i t h  excess  

hydrazine, t he  condition prevail ing when hydrazine i s  used. as R holding 

reductant, leads almost stoichiometr ical ly  t o  t h e  f'orxnation of hydrazoic 

acid : 9 

WNO2 + N2Xb c+ XiV + 2!120. (4) 
3 

Little information i s  ava i lab le  concerning t h e  chemistry of hydrazoic m i d  

i n  wlrev processing, 

orgmic phase more s t rongly than n i t r i c  acid ,and t o  s t r i p  into the  sodium 

caxbonate scrub as soclitm izzlde. Additional. research i s  needed f o r  t h e  

following purposes : 

Hydrazoic acid is reported'' t o  a t r a c b  i n t o  the  

t o  def ine t h e  hydrazoic acid d i s t r i b u t i o n  coe f f i c i en t s  

as a funct ion of temperature and of TBP and n i t r i c  acid conce-nt,rations; 

t o  study t h e  reac t ion  of Irzydrszoic ,wid and n i t rous  acid i n  the txgmic 

phase; t o  invest igske %he famat ion  of plutonium azi_de complexes; and t o  

study methods for  the des t ruc t ion  of hydrazoic acid.. 

I n i t i a l l y ,  methods fox- t h e  prepa-a,.t;ion and h,s;ndling of s tandmd 

hydrazoic ac id  solut ions must be developed. While d i l u t e  hydrazoic acid 

solut ions w e  s'ca;bl.e, aqueous soluZ;S.oris with a, concentra- t ia~ higher than 

20% m e  unstable and rnny explode unpredicte3ly. 

bo i l i ng  p o b t  ( 3 7 " C ) ,  a portlon of t h e  hydrazoic acid d i s t r i b u t e s  -Lo the 

Because of t h e  low 
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vapor phase; however, it should not be allowed t o  concentrate s ince  gaseous 

HN 5 s  very explosive. 

safe preparation of hydrazoic acid from sodium azide (NaN ), 

Ion exchange techniques have been reported'' f o r  t he  
3 

3 
I n  order t o  prepare solut ions of EN the following t e s t  was c m r i e d  

3' 
out. A py1"ex column 2 cm i n  diameter and about 30 cm long was plugged 

with 5 a n  of g l a s s  wool and f i l l e d  with wet IR-120 Amberlite r e s i n  thak 

htzd been previously equi l ibra ted  with a 1% H2S04 solut ion r insed  with 

d i s t i l l ed .  H20. was passed through t h e  cohm.n over 
3 

about a 5-min period t o  form hydrazoic ac id  by the reac t ion  

About 70 m l  OS NaN 

3' 
NaN i RzS03H i? RzSO N a  + HN 

3 3 
The cslunm was spent when t h e  reddish-brown color of t h e  F e ( l l 1 )  complex 

( 5 )  

[ F e ( I I I )  ion i s  a common impurity i n  NaH ] was detected on t h e  g lass  wool 

plug. 

3 
The col'unln was repeatedly regenerated w i t h  H2S04, and fu r the r  

batches of HN were prepa-ed. The fLnalyticd27. Chemistry Division i s  
3 

developing an ana ly t i ca l  method based on the  i ron  azide colored camplw. 

Analyses of standard solut ions w i l l  permit an inves t iga t ion  of t h e  s t a b i l i t y  

of hydrazoix a c i a  solut ions w i t h  regard t o  oxidation. Once we axe able  t o  

rout ine ly  prepare and analyze s t ab le  solution, work on t h e  chemistry of 

hydrazoic acid i n  t h e  P u r a  process can begin. 

Reaction of mmonium n i t r a t e  and n i t r i c  acid. During -ex processing, 

9 amrrionivm n i t r a t e  may be formed by t h e  self-oxidation-reduction reac t ion  

(6) 3' 
Y2H4 Ng + 4NH 

12 
as a by-product; i n  the reac t ion  of hydrazine wtth n i t rous  acid:  

-+ HNO 3 NH NO -I- HN + 5N2 + 6 ~ ~ 0  + 1 8 ~ ~ 0  
13 

3 4 3  3 
'7N2il4 3- 12mo* 

or  w i t h  n i t r i c  acid: 

( 7 )  
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The presence o f  ammonium ions i n  r e d u t i v e  s t r ipp ing  solut ions containing 

hydrazine has been reported. 
14 Tf mmon.Tum n i t r a t e  i s  formed, i t  may be 

destroyed i n  n i t r i c  acid concentration s teps  by t h e  reported reac t ion  15 

2NH 4 3  NO -+ 2N02 4 3N20 + 4H20 + 2 02, ( 9 )  

where t h e  NO2 comes from t h e  decomposition of n i t r i c  acid. 

A series of experiments was ca r r i ed  out t o  inves t iga te  t h e  s t a b i l i t y  

of mon2um n i t r a t e  in  HNO 

HNO concentration. A g las s  reac t ion  flask was equipped with a g l a s s  

condenser and was s e t  up so the  contents could be s t i r r e d  md heated. 

S t r i p s  of 302 stainless s t e e l  were included i n  t h e  f l a s k  t o  simulate 

process equipment. 

15.5 HN03. 

(98 t o  103°C) over a 2-hr period and refluxed f o r  1/2 t o  2 hr. 

solut ions as a function of temperature and 
3 

3 

Solutions of  0.1 M NN NO were prepared i n  1.0 t o  - 4 3  
The solut ions were heated fram room temperature t o  reflux 

Smples  

were per iodica l ly  taken and: subsequently analyzed f o r  ammonium ion. 

Contrrary t o  the  published15 reac t ion  (g), no decrease i n  t h e  ammonium 

n i t r a t e  concentration was  observed. It m a y  be tha t  t h e  reagent-grade 

n i t r i c  acid used bin these  t e s t s  was t o o  pure t o  dupl icate  the  published 

results a 

15,16 
En the presence of t r aces  of chloride, a fast  reac t ion  i s  reported 

i n  which n i t r o s y l  chlor ide a c t s  as a c a t a l y t i c  intermediate. The o v e r d l  

stoichiometry i s  reported t o  be: 

NH4N03 4 2H 0 f N20. 2 

In one t e s t  with 0,1 M NH NO 

t h e  solut ion was heated t o  reflux. 

i n  15.5 M HN03, 0.05 M IlCZ was added m d  - - - 4 3  
Again, the ammonium ion conceo.tration 

did not decrease. 
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Additional. tmrk i s  needed t o  explain t h e  apparent s tab i l i ' cy  of 

ammonium n i t r a t e  i n  i3NO solut ions containing chloride. OS course, in 

the  3wrex process, chlor ide must, be excluded to protect  t h e  s t a i n l e s s  

s t e e l  containment, Thus, t he  present r e su l t s ,  i f  substantiated,  suggest  

t h a t  ammonium n i t r a t e  may not be destroyed i n  acid concentration steps. 

3 

3. I. 5 Plutonium extract ion s tudies  

H. H. Rainey, 5, H. Paehler, and J. T. Barker (Chemical Technology Division, 
OWL) 

Six jacketed sepwstory  funnels f o r  studying extract ion coef f lc ien ts  

have been made and mounted i n  a rack. The required motors, s t i r r e r s ,  m-d 

controlled-temperature water c i r cu la to r  have been pwrchased md connected. 

IJranyl n i t r a t e  solut ions and pur i f i ed  676 TBP in - n-dodecme (NDD) soluhions 

were prepared; wmim extract ion coe f f i c i en t s  as a f'unc%ion of ~urmi iu rn  

concentration, NNO concentration, and temperature will be made t o  check 

out t he  equipment and techniques. 

3 

Two glove boxes have been cleaned i n  preparation f o r  solvent; extract ion 

work using plutonium. 

3.2 P w e x  Studies d t h  I r r ad ia t ed  Fuels 

V. C. A. Vaughen (Chemical Technology Division, ORNL) 

Current work with i r r a d i a t e d  Fuels i s  described i n  Sect. 2.2, based 

on batch ex t rac t ion  work. The solvent extract ion system f o r  contimo'us 

s tudies  w i l l  be i n s t a l l e d  i n  TRU. The major accomplishments th i s  quarter  

have been i n  the  a rea  of es tab l i sh ing  the  program goals and s t a f f i n g  

rcqirirements and i n  i n i t i a t i n g  t h e  construction of t h e  P u r a  Flowsheet 

Test Fac i l i t y .  



in coli: test;, ORNL units wi l l  be used i f l  the hoZ;-c~?U faci.7it .y- became 
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Table 11. LI4B hot -ce l l  Pwex s o h t i o r i  Slows 

Each mixer-settler stage = 60 ml; m a x h m  throughput = LOO r i L / m i n  Basis: 

Stage Designatiion 

Max i s a m  
Temp. Flow f low rate 

Phase earlposition ("c)  r a t i o  (r~/mi.~) 

Chemical Flowsheet 

1 1CX Aqueous: 0.3 IPSO3 

15 1BSt Aqueous: 7.55 g Pu/ l i te r ,  1.5 R' 

28 lBSc Organic: 3C$ TBP--NDD 

29 L4s Aqueous: 3 , O  r;S HN03 
35 LU Aqueous: 300 g U / l i t e r ,  3. G g P u / l i t e r  

42 LAX Organic : 30% T B T - - T ~ D  

43 6.5 67. o 
43 0. 4 4. 1 
25 0.2 2.1 

25 0.2 4. 1 
1.0 10.3 25 

25 3. 0 
4 3s. 0 P 

0 utput  Streams 
1 ZCW Organic: <G.O1 g U/l i ter ,  C0.01 Q Pul l i t e r ,  0.03 H" 43 3.2 33.0 

I B U  Orgax-ic: 90.5 g U / l i t e r ,  €0.001 g Pu l l i t e r ,  0.1 IT - H 25 3.3 34.0 

28 lBP AC~EOIJS; eo. 01 g U / l i t e r ,  7. k g P u / l i t e r >  1.9 K 25 0.4 4.2 

Organic: 96.5 g U/ l i t e r ,  0.97 g P u l l i t e r ,  0.15 N H; 25 3.1 32. e 
42 U W  Aqueous: <O. 01 g U/l i ter ,  KO. 001 g Pu,/liter, 2.49 N €I+ 25 1.3 13.3 

Aqueous: 45.4 g U/li ter,  40.001 g Pul l i t e r ,  0.32 ?T H* 30 6.5 68. o LCU I 

+ 
14 
15 

29 LAP - 
4- 



Table 12. Tirnes  requi red  to reach 90 ko 99.5% of steady state 
i n  mixer-sektlersa 

-I___-.̂ 

Displacement 
Contactm Section t imea (min ) 

.I I 

5 A Scrub 1.7 1.2 1.~2 1.6 2.3 
1.8 3.9 Extraction 1.4 0.9 1.0 1.2 

13 Scrub 9.5 6.8 7.0 9.2 13.1 28.5 

C Strip 0.6 0. )! 0.4 0.6 0.8 1. a 
Pairt i t  i o n  1. G 0.9 1.2 1.5 2= 2 4.8 

%ased on 60-ml s tage  volures aad a maximum t o t a l  f low of 100 m l / m i n  
( s e e  f l o w r a t e s  i n  Table ll). 
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t 

s tages  w e  located on the  f r o n t  s ide  of the mixer-settLer, providing d i rec t  

v i s u a l  observation of a l l  s e t t l e r s  and eas i e r  access f o r  sampling; and 

(3)  these  'units have been proven i n  extensive ho t - ce l l  operations at ORNL. 

3.2.2 Solvent extract ion flowsheet development 

R. H. Rainey (Chemical Technology Di.vision, O m )  

A new flowsheet based on SEPHIS calculat ions was developed f o r  use 

i n  cold. s tud ie s .  The flow r a t i o s  and concent ra t ims  calculated by SEPHIS 

are shown i n  Table 13. Coextractioa and costr ipping s a t i s f y  the  needs of 

t h e  two mixer-set t ler  banks s ince  no plutonium i s  present ly  being used. 

The main purpose of  the current  s e r i e s  of t e s t  runs i s  t o  determine t h e  

operating cha rac t e r i s t i c s  of t h e  mixer-set t ler  u n i t s  under various condi- 

t i ons  of flow ra tes ,  flow r a t i o s ,  arid impeller speeds. The run conditicns 

and r e s u l t s  obtained thus far w e  de ta i l ed  i n  Sect. 3*3. fin i n t e re s t ing  

f ace t  of th is  work i s  t h a t  when 0.3 M HNO was used as t h e  s t r i p  solut ion 

(to prevent plutonium polymerization i n  an ac tua l  hot run) t h e  flow r a t i o  

- 3  

of  s t r i p  t o  organic (over t h e  r a t i o  f o r  a flowsheet using 0.1 M HNO 

s t r i p )  had. to be increased by near ly  a f a c t o r  of 2 i n  order to a t t a i n  

as 
- 3  

ca lcu la ted  losses  l e s s  than 0.01%. 

Table 13. Flow r a t i o s  and concentrations calculated by SEPHIS 

Stream 
Calculated concentration 

Code Flow r a t i o  u ( g / l i t e r )  m0, (M) - 
Pregnant organic LAP 3.64 82.5 0.24 

S t r i p  1c3( 8.00 0 0.30 

Uranium product 1CP 8.11 36.9 0.39 

Used solvent 1cw 3. 150 €0.01 0.03 
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I n  other work, comparisons between t h e  experimental and calculated 

concentrations of  uranbn and acid i n  counterc.urrent batch extra,ctfon 

experiments ( s e e  Sect. 3.3) were made t o  determine TN-here there  were 

probable ana ly t i ca l  errors.  

ca,lcul.ations t o  estimate the extent of ste.ady s t a t e  a t ta ined  i n  t h e  b a h h  

exp e r  i m  ent s e 

These axe being rechecked. One may 'use t h e  

3.3 Cold Studies 

W. D. Bond, F. A. Kappelmann, and. F. M. Sche i t l in  
(Chemic a1 Technology Division, O W L  ) 

Work performed t h i s  quarter consisted of rnixer-sett ler extract ion 

s tudies  and measurments of t h e  equilibrium d i s t r ibu t ion  of  uraniiun, 

IFp\IO,, and key f i s s i o n  products. 
J 

3. 3.1 

A 

'urarlyl 

of t h e  

Mixer - s e t t l e r  ex t rac t  ion s Luciie s 

12-hr run with a feed solut ion 2. > M i n  H!XO 

n i t r a t e  was made using two &stage mixes-set t ler  banks. 

and containing 306 g of 
3 -- 

The purpose 

run was t o  evaluate t h e  effect iveness  of  t h e  mixer-set t ler  uni.ts i n  

extracting and s t r ipp ing  t h e  waniunl. 

used i n  both t h e  extract ion and s t r ipp ing  hanks. The flowsheet employed 

was 'oased on SEPHIS calculat ions and was  provided by R. 11. kiainey. Flow- 

sheet conditions were as follows : 

A tempwatiuce of 1-Q t o  43°C was 

Extraction Bank - Feed: 306 g of ,uranium per l i t e r  i n  2.5 M HNO a-t 
0.5 liter/hr. - 3  

Solvent: 

Scrub (8 s t ages ) :  3 M HNO a t  0.2 Liter/hr.  

3% TBP--dodecane at 1.75 l i t e r s / h r .  

- 3  
The organic phase from the  ex t rac t ion  bank was s t r ipped  w i t h  0.3 M HNO 

flowing at  4.0 l i . ters /hr .  

- 3  
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To avoid phase disengagement d i f f i c u l t i e s  with t h e  s t r ipp ing  bank, it 

was necessavy t o  use a s p l i t  flow of the s t r ipp ing  solution. 

solutiojn was metered t o  s tage 1 at 0.5 l i t e r l h r  and t o  s tage 5 at 3.5 liters/hr. 

The uranium-laden solvent from t h e  extract ion bank entered s tage  16 of the  

s t r ipFing  bank. 

The s t r ipp ing  

Operations with both mixer-sett l  e r  banks were general ly  sa t i s fac tory .  

Samples of t h e  aqueous and organic streams ex i t ing  t h e  extract ion and s t r i p -  

ping banks were taken f o r  uranium and HNO analyses at 1-hr i n t e r v a l s  during 

t h e  run. 

t i o n  of the run. 

stage a t  t h e  end of t h e  run. 

solut ion were as fol lows:  

&t rac t ion  r a f f i n a t e :  

Stripped organic: 

Aqueous product: 

Percent loss : 0.0066 

Percent recovery: 99.993 

3 
Aqueous and organic sasnples were taken from each s tage on comple- 

Equi l ibrat ion shakeout tests were a l so  performed f o r  each 

Recovery data based on t h e  s t r ipped product 

0.00035 g U l l i t e r  x 10.8 l i t e r s  = 0.0038 g of uranium 

0.0059 g U l l i t e r  x 21.5 liters = O.U.8 g of uranium 

37.5 g U/ l i te r  x 50.8 l i t e r s  = 1905 g of uranium 

Andyses per ta in ing  t o  approach of the banks to steady-state  conditions 

and to t h e  s tage e f f ic iency  of t h e  banks a r e  incomplete at t h i s  time. 

3.3.2 Batch countercurrent ex t rac t ion  s tud ie s  

&t rac t ion  experiments axe being ca r r i ed  out t o  generate equilibrium 

d i s t r i b u t i o n  coe f f i c i en t  data f o r  t h e  ex t rac t ion  of uranium, plutonium, arid 

key f i s s i o n  products i n t o  TBP. 

ca lcu la t ions  made using t h e  SEPHIS code, Work t o  date  has consis ted o f  

experirriiental s tud ies  on t h e  ex t rac t ion  02 uranium, zirconium, ruthenium, 

These da t a  w i l l  increase our confidence i n  
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arid molybdenwi from both IENO and simulated LTm dissolver  solutions.  In- 

s t a l l a t i o n  of equipment i n  a glove box f o r  plutonium extract ion s tudies  i s  

3 

nearly complete. 

Foul- extract ion stages and three  scrubbing stages were employed. i n  

countercurrent f a t r a c t i o n  experiments ; seven s t r ipp ing  s tages  were used i n  

s t r ipp ing  experiments. 

orperiments have been ca.rr*ied o,ut t o  d.etermine the  d i s t r ibu t ion  of' ,uranium 

Five extract ion experiments and two stri-pping 

and I-INO be-tween t h e  aqueous and o r g m i c  phases. The experimental results 

obtained do not agree wi.th SEPHIS calcul-ations, and. t he  discrepancy has been 

3 

t raced t o  f m l t y -  analysis  of KIT0 The experimental r e s u l t s  shown f o r  one 

of the  s t r ipp ing  experiments (Table 14) a re  t y p i c a l  of those obtained thus 

3' 

T a r .  Work on obtaining r e l i a b l e  aial..yses of €€NO i s  cur ren t ly  i n  progress. 

Several experiments have been conaucted t o  determine t h e  d i s t r ibu t ion  

3 

of zirconium, ruthenium, and molybdenum i n  the  extract ion and scrubbing 

stages. I n  the  ea r ly  TUCCIS we used the  SSMS method t o  de tec t  t h e  elemental 

d i s t r ibu t ion .  However, this appyoach was unsuccessful because of t'ne low 

elemental concentrat ion i n  t h e  organic phase, par t icu lax ly  i n  the  scr'ubbing 

stages. 

Radioactive t r a c e r s  axc current ly  being used t o  determine t h e  dis t r i -  

bution of t h e  f i s s i o n  products. 'Two zirconium extract ion runs have been 

made i n  which f i s s i o n  proCtucts were present i n  concentrations expected i n  

the  h igh-ac t iv i ty  solvent extract ion feed. Resul-ts a r e  shown in Table 15, 

The extract ion behavior general ly  agreed with that  expected from l i t e r a t u r e  

data. 17 



Table 14. Comparison of experimental d i s t r ibu t ion  of wanium a d  EiP-0 
with values calculated by t h e  SEPHiS Code 3 

Aqueous s t r i p :  
Organic feed: 

0.126 M HNO3; volume enter ing s tage 7 = 33 m l  
28.8% T@, 87.8 g U/liter--O.066 M mo,; volume entering s tage 1 = 30 r n l  

3 - 

Organic phase Aqueous phase 

U r a n i u m  ( & / l i t e r )  
number Exptl. SEPHIS Exptl. SEPHIS Exptl. SE€!KIS Exptl. SEPf-IIS 

Stage mo3 (J M HNo3 (-1 M Uranium ( g / l i t e r  2 

1 0.14 0.001 74.8 72. a 0.40 0.127 66.9 72.4 

2 0.15 0.009 67. o 60.8 0. 50 0.126 58. b 58.7 

3 0.17 0.01 59.5 50.7 0.32 0.126 49.2 48. 0 
-4 
-2 

4 0.19 0.01 49.8 40.9 0.26 0.125 39.8 39.0 

5 0.21 0.016 38.3 30.5 0.24 0.124 31.6 30.4 

6 0.14 0.016 28.3 18.6 0.22 0.126 23.4 21* 1 

7 0.02 0.009 13.8 6.6 0.19 0.174 13.5 LO. 5 
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Table 1.5. Countercurrent extraction of zfrconium from simulated 
f i s s i o n  products 

Aqueous feed: 

Organic: 30% TBP; volime entering stwe l = 30 m l  
Scrub: 

Simulated f i s s i o n  products i n  2 - M HNO 3; 
volume entering s tage  J C  = 15  ml- 

2 _. M IPTO 3; volume entering s tage  '( = 15 ml 
--.I .̂. -- 

Distr ibut ion coe f f i c t en t  
-_1_-- 

Stage 
n urnb er  2-mi11 contact 10-min contact 

0.030 

0.040 

0.040 

0.035 

0.083 

0.073 

0.7-4 

0.039 

0.046 

0.045 

0.034 

0.076 

0.054 

0.093 
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4. OFF-GASES - FLTJOROCA'BOM ABSORPTION STLDIF,S* 

W. S. Groenier 
(Chemical Technology Division, ORYL) 

This progrm i s  concerned with t h e  development 0% t h e  Krypton Absorp- 

t i o n  process on an accelerated basi.s. 

t h e  p i lo t -p lan t  development, i n i t i a t i o n  o f  p lan t  engineering design c r i t e r i a ,  

Funding i s  provided. for expansion of' 

performance of a proposed system r e l i a b i l i t y  analysis,  and a study of t he  

chariical e f f e c t s  of impuri t ies  i n  t h e  fluorocarbon solvent on the  process 

and equipment. 

4.1 Fluorocaxbon Absorption Process Devel.opment 

M. J. Stephenson (OKGDP) 

4.1.1 Pi lo t -p lan t  operation 

M. J. Stephenson, R. S. Eby, V. C. Huffstetler,  and B. E. Kmak (ORGDP) 

The remaining p i lo t -p lan t  t e s t s  scheduled under campaign 3 have been 

completed. This work was di rec ted  toward fu r the r  def ining t h e  general  

process d ispos i t ion  of t h e  various feed gas components, including carbon 

dioxide, nitrogen dioxide, iodine, methyl iodide, water, and xenon, and 

t h e  e f f ec t s  of these  components on the ope rab i l i t y  and ove ra l l  performance 

of the  process. Test results with nitrogen dioxide, iodine, and methyl 

iodide were reported previously. 6 Work with carbon dioxide and xenon i s  

reported here. P i lo t -p lan t  t e s t s  with water have been rescheduled f o r  

the next experimental campaign because t h e  necessary urialytieal  equipment 

was  not avai lable  during t h i s  operating period. 

"Joint ly  funded by LWR Recycle and LMFBR Reprocessing programs. 



The r e s u l t s  of t h e  carbon dioxide md xenon removal t e s t s  are sunmaxized 

i n  Fig, 9; krypton da tz  w e  included for comparison. The absorption s tep  

was condmted at a pressure of 300 psig and a temperature between -25 and 

0°F i n  these runs. An in f ra red  gas analyzer was ,used t o  es tab l i sh  carbon 

dioxide removals while g<mma s c i n t i l l a t i o n  equipment gave t h e  corresponding 

xenon concentrations. 

'?%e) were used during the  xenon t e s t s .  

Only t r a c e r  leve ls  of a c t i v i t y  (e.g., 1 t o  3 C i  of 

Xenon and carbon d-ioxide absorber 

removals i n  excess of 99.99% were -measured i n  pi lot-plant  t e s t s  t h a t  were 

conducted at the sane absorber conditions of pressure, L/G ra t io ,  and 

temperature t h a t  yielded about 9@ krypton removal. Carbon dioxide 

removals were slight,l.y higher than those measured for xenon, consis tent  

w i t h  t h e  component s o l u b i l i t i e s .  Based on pil.ot-pladc data, II values 

f o r  Xe and CO 

15 psig with vwying L/G ra t ios .  

OG 

were 6 t o  10 in. The f inal  s t r ipper  column was operated at 

Measwa'ole moimnts of carbon dioxide and 

2 

xenon Were found i n  t h e  recycle solvent f o r  those t e s t s  i n  which s t r ipper  

L/G r a t i o s  were greater  than 2.0; however, t h e  absorber performance w a s  

only s l i g h t l y  affected by t h i s  recycle i n  those cases where 'LIE process 

removals exceeded 99.9%. 

t h e  reml. t ing L/G r a t i o  was as high as 3.0), kry-pton was not detected i n  

the recycle solvent. This observation i s  a l so  consis tent  with component 

s o l u b i l i t i e s .  

A t  lower s t r i p p e r  boilup r a t e s  (e. g., even when 

Based on the  r e s u l t s  of the th5.rd pi lot-plant  operating campaign and 

other considerations, several  p i lo t -p lan t  modifications were i d e n t i f i e d  a s  

being des i rab le  t o  improve t h e  eff'iciency and effectiveness of the  process. 

Most of the  flowsheet changes were made this  quarter. Speci.ficall.y, the 

packed height of 'che absorber column was increased from 9 f t  t o  15 f t ,  an 
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Fig. 9. Summary of recent  pilot-plant t e s t s  witti krypton, xenon, and 
carbon dioxide (9.0-foot absorber column, 300 psi& and O'F). 
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absorber feed gas cooler/des.ublimer was b'ui1.t and i n s t a l l e d  i n  the  

absorber feed gas l i ne ,  and so l id-s ta te  r ebo i l e r  heater  c ant ro l le rs  were 

ins'ialled on t'ne f ract ionator ,  s t r ipper ,  and solvent s t i l l  reboi lers .  

Kore contacting stages i n  t h e  absor'oer w i l l .  allow t h e  'use of lower sol.ven-1;- 

to-gas Tl.ow r a t io s ,  which will improve t h e  overall eff ic iency of the process. 

The feed gas cooler/desublimer w i l l  permit evaluation of .Llie effect iveness  

of cold 'trapping feed g a s  cornponen-ts such as nitrogen dioxide, water, and 

iodine. 

determinirig iodine loading p r o f i l e  and has provisions f o r  washout and 

regeneration. 

cont ro l  capabi l i ty;  manual controls were previously ,used, 

of  t h e  frackionator i s  control led by a selected. temperature point on the  

packed column, the  str:i.ppei- by t h e  column AP, and t h e  solvent still by t h e  

reboi ler  l i qu id  level.  'roe zutomatic hea ter  controls  w i l l  allow f o r  b e t t e r  

coriipensation of  process t ransients .  

of 3 1/4% power measurements have been i n s t a l l e d  on a l l  th ree  reboi le rs  t o  

give a be-Lter acco,unt of system energy requirements. Repiping o f  t he  sol- 

vent s t i l l  t o  permit be t te r  refl :m cont ro l  i s  the  only pi lot-plant  modifica- 

t i o n  iden t i f i ed  through the experinienkal program t h a t  remains t o  be accompl.ished.. 

This work i s  i n  progress. 

'The heat exchanger i s  f i t t e d  Fiith an ex terna l  gamma scanner f o r  

The solid-stage re'ooi-ler cont ro l le rs  give automa-tic hea te r  

The b o i l u p  r a t e  

D ig i t a l  outpiit wattmeters capable 

4.1.2 Process appl icat ion 

Process modeling s tudies  a r e  con-Linuing. A t  present, individiual process 

components are being exmined iil the  l i g h t  of present theory and available 

dataa. I-Teat exchanger caku la t ions ,  s,wmau.ized i n  Fig. 10, show 'chat the 

feed gas cooler/des?iblimer will remove high concentrations of wa%ei- amd- 
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OPERATING CONDITIONS 

FEED GAS FLOW 21.6 SCFM 
FEED GAS COMPOSITION 

85.5 MOLE % N2 
5.6 MOLE % 0 2  
6.4 MOLE % R-12 69.5 PPM I 

0.69 MOLE % NO2 
0.35 MOLE % N20 

1.4 MOLE % H20 6.9 PPM C63l  
COLD TRAP PRESSURE 200 PSlG 

TRAP TEMPERATURE, OF 

Fig. 10. Calculated cold t rap  removals of various feed gas components 
as a function of trap temperature. 



84 

iodirie. I n  t h i s  case, the cold. t r a p  pressure was taken as 200 psig and  

the e f fec t  of varioirs operating temperatures investigated.  A t  t h e  nominal 

operating temperature of the  absorber (i.e.,  -25 t o  O’F), water m-d tod ine  

i”emovals a re  predicted t o  be between 99 and 99.9%. 

iodin-e concentrations were assumed t o  be 1.14 mole % and 69 ppm respectively. 

With a, 

quazt i ty  of t h i s  component wov.1.d be condensed. Higher operating pressures 

w i l l  decrease t‘ne equilibrium p a r t i a l  pressures of t h e  individual  feed gas 

components and.  hence inclaease t h e i r  removal. 

The i.nl.et water and. 

nitrogen di-oxide i n l e t  concentration of 0.69 mole $I, only a s m a l l  

I n  view of t h e  r e l a t ive ly  l o w  water s o l u b i l i t y  limit; o f  t he  solvent 

a t  t h e  temperature of t h e  process and t h e  possible corrosion problem that 

could develop i f  la rge  amounts of f ree  water a re  present, ~ r i e  function of 

t he  feed gas cooler/des,ublher might prove necessary t o  ensure t h e  ove ra l l  

plant operation and i n t e g r i t y  by g rea t ly  reducing t h e  amount of water tha t  

might otherwise contact t h e  solvent. Also, khe bulk amomit of t h e  iodine 

fed. t o  the  process wo,uld end up i n  tlne heat  exchanger and thereby m i n h i z e  

t h e  amo,uni; of iodine i n  the  l i qu id  c i r cu i t .  

6 -1.7 

I n  rnoving toward t h e  objectives of ident i fying preferred process equip- 

ment for t h e  demonstration plant, avai lable  gear- and turbine-type solvent 

pmps a r e  being reviewed. Use of this type of pump wo,uld eliminate inherent 

hydraulic problems associated with the  popular liquid-end diaphrapp metering 

chemica,l pump now used i n  the  p i l o t  plant  and s ign i f i can t ly  reauce process 

maintenance requirements. Because of head. l imitat ions,  two or  more of the  

gear or turbine pumps ifill be needed i n  s e r i e s  t o  achieve t h e  absorption 

pressures required by t h e  process. 

selected,  it will be i n s t a l l e d  i n  t h e  p i l o t  plant  for evaluation. 

After t h e  a l t e rna te  pump has been 

AI-so, 



since t h i s  type of pump has no b u i l t - i n  metering capabi l i ty  similar t o  t h a t  

of t h e  diaphragm 'unit, development of a su i t ab le  means of f l o w  cont ro l  w i l l  

be required. 

4.2 Chemical Studies of Contaminants i n  LWH Off-Gas Processing 

L. M. Toth, D. W. Ful ler ,  and J. T. Be11 (Chemistry Division, OENL) 

The chemical research on LWR off-gas components i n  R-12 r e f r ige ran t  

has been concerned with two major t op ic s  during t h i s  quar te r :  (1) t h e  

corrosion of t h e  304 s t a i n l e s s  s t e e l  ves se l  by R-12 solut ions containing 

iodine and water., and ( 2 )  t h e  general  physical  and chemical behavior of 

methyl iodide i n  t h e  R-12 system. 

The corrosion experiments were i n i t i a t e d  during t h e  las t  report ing 

period. 

100 ppm of water was added t o  t'ne I?-12 solutton, and the  r a t e  expression 

A f i r s t a r d e r  r a t e  of I2 loss  at 0°C was observed when 50 t o  

6 

do:, 1 
(1) -- dt - - k ' t  

was proposed because of t h e  l imi ted  s o l u b i l i t y  of water i n  R-12. 

time, we suggested that it might t he re fo re  be possible  t o  obtain usef'ul 

fundamental da t a  on 304 s t a i n l e s s  s t e e l  corrosion i n  the  small-scale 

spectrophotometric system. We attempted t o  demonstrate that t h e  r a t e  of 

I2 loss was independent of  t h e  amount of added water as long as t h e  R-1% 

solut ion remained sa tura ted  with water, bu t  found t h a t  inadeqmte mixing 

i n  our system produced a yeaction mechanism tfhich was apparently d S f u s i o n  

controlled. The work was tempora.ri.ly postponed until a more sophis t icated 

mechanism was constructed. 

corrosion measurements w i l l  be resumed during t h e  forthcoming months. 

A t  t h a t  

'Ch-i s systea has recent ly  been compl.eted, and 
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Attention was directed a.k t h e  general  physical  and chemical behavior 

of CH 1 i n  I?-1.2, MeLhy1 iodide was  foimd t o  be miscible i n  8-12 up t o  a 

concentration of 2.3 moles/l i ter .  I t  forms s t ab le  so lu t ions  i n  I?-12 and 

3 

does not a t t ack  t h e  304 s t a i n l e s s  s-Lee1 con'cainrr. By monitoring tine 

e lec t ronic  absorption band of CH 1 a t  256 nm and 257 nm (molax ex t inc t ion  
3 
-1 -1 coeffri.cient = 230 k 50 l i t e r  iriol..e cm ) i n  t h e  l i q u i d  and vapor. phases, 

respectively,  a mole f r a c t i o n  distrlib'utioiz coef f ic ien t ,  D = x /x for 

t h e  -40 t o  +300°C range w a s  measured. and was  f i t  by leas t  squares to t h e  

R v' 

a p r  es s ion 

log 10 (D) = -1.1 + lL76/T, (2 )  

where T i s  temperdture i n  K, 'These da t a  are preliminary a n d  a r e  thus 

subject t o  revis ion a f t e r  OUT fjna.1 measurernents a re  complete. Because 

CH T shows no s o l u b i l i t y  l i m i t s ,  no sa tu ra t ion  data (as was given f o r  T ) 

are available. 

3- 2 

Design and construction have begun on a simple exhaust sys t s f~  which 

w i l l  sa'Lisfy safety requirements f o r  handling nitrogen dioxide i n  our 

spectrophotometric system. Experiments incorporating nitrogen dioxide i n  

t h e  R-12  system are expected t o  begin during t h e  f a l l  quarter upon completion 

of t h e  i n s t a l l a t i o n  of  s a fe ty  equipment, 

4.3 R e l i a b i l i t y -  Studies 

D. E. Wood* ( K a m a n  Sciences Corporation) 
W. E. Unger (ChemicaJ. Technology Division, OFUT,) and 

Kaman Sciences Corporation has coxnpleted the s'ubcontract (P. 0. OHVL 

11 X 81..721., Reg. UCN-l.l-27) with the issuance of t h e i r  I"i-na,l. report ,  

"Senior Research Sc ien t i s t ,  Nuc:I.ear Services Program, Ka-man Sciences Corp. 



"Avai labi l i ty  An&jsis of the Selec t ive  Absorption P i l o t  Plant,  ' I  KSC-6212-1. 

A swnrnary of this repor t  i s  provided below. 

"Retention of krypton f ' rom nuclear f u e l  reprocessing 
p l an t s  i s  expected to be required by t h e  e a r l y  1980's. A 
p i l o t  plant, based on absorption i n  a fluorocarbon, has 
been constructed at O a k  Ridge to develop and t e s t  methods 
f o r  separat ion of krypton frorr. the off-gas of f u e l  repro- 
cessing plants.  The current  study i s  an analysis of' the 
r e l i a b i l i t y  of t h e  p i l o t  plant,  including modifications 
proposed for use i n  a, f u tu re  demonstration plant. 

Availabil iky was  chosen as t h e  measure of success, 
s ince  t h e  plant  can remove most of the  'Xr'ypton even w i t h  
occasional outages, as long as t h e  outage time i s  short .  
T'nis l e d  t o  the extensive use of standby equipment and 
bypasses ins tead  of f u l l  on-line redundancy. 

The c;O methodolo,y, developed at Kaman Sciences Cor- 
poration, was uspd for modelling and malysis. I n  t h i s  
technique the  system diagram i s  converted to a CXI char t  by 
represent ing each component by an equivalerzt GO symbol. 
Connections a re  represented by logic event numbers and the 
p robab i l i t i e s  axe computed from the probab i l i t i e s  of previous 
events. The computation s t a r t s  with gas a t  t h e  input aid 
proceeds through t h e  system to compute success p robab i l i t i e s  
o€ intermediate and f i n a l  everp_ts. S e n s i t i v i t i e s  and system 
impacts a re  computed f o r  component kinds to proxede a 
ranking of important components, which might need more 
accurate data, b e t t e r  components, or redesign with redundancy 
or bypass. Operator e f f e c t s  can be included. 

The ca lcu la t ions  were mad-e for six var i a t ions  of the  
system model with increasing l e v e l s  of redundancy and bnass. 
The t o t d  system unavailabilit,y, expressed as expected 
average outage time per yew,  was reduced from 139 hours i n  
the  i n i t i a l  model t o  15 hours i n  t h e  final model. 

The bypass model included t h e  efYect of an operator 
performing the  bypass and s t a t i n g  t h e  standby uni t .  The 
bypass has t h e  e f f e c t  of reducing t h e  r epa i r  time of t h e  
system t o  t h e  r e l a t i v e l y  shor t  time required t o  bypass a 
component o r  s t a r t u p  a standby unit. 

Several  conclusions can be drawn from t h e  ove ra l l  
r e su l t s .  

1. The expected outage time of 15 hours will exceed 
t h e  krypton removal requirement (90%) by a la rge  
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enough f ac to r  so -t'na,t more a c c w a h  failure data 
and/or addi t iona l  redundancy sho'uld not be necessary. 

2, Occasional f a i l u r e s  can be t o l e ra t ed  s ince short 
r epa i r  time i s  just  as ircportmt a s  low f a i l u r e  r a t e  
i n  minimizing t o t a l  outage time. Thus s'iandby 
redundancy (with a short  outage f o r  standby 
s t a r t u p )  i s  adequate ins tead  of on-line red.undancy 
or automatic switching t o  eliminate the  system 
f a i l w e .  
Avai lab i l i ty  of standby ,units nearby for quick 
replacement o r  in-place (ready t o  s t a t )  i s  
important t o  reduce outage time. 
Standby ,units need not be as r e l i a b l e  as t h e  primary 
u n i t  s ince t h e  r e l i a b i l i t y  o f  t he  standby system 
depends on cor rec t  operator action. 

w i l l  be one or two orders o r  magnitude b e t t e r  
than t ine component; alone f o r  t h e  normal range of  
operakor r e l i a b i l i t y  of 0.9 t o  0.99. Higher 
a v a i l a b i l i t y  coulrl be achieved with automatic 
switching (31" on-line redundancy, but  t h i s  was  not 
necessary i n  t h e  current st'udy. 

6. Long ou-tages, even though ra re ,  should be avoided 
s ince - h e  krypton r e t en t ion  l imi t  could be exceeded. 
during the  partical-ar year when t h e  outage occurs. 
Thus complex equipmen-t l i k e  t h e  columns should. 
have enough p a t s  avai lable  for fabr ica t ion  and. 
i n s t a l l a t i o n  i n  a few days, al-though a complete 
spare wou.ld not be necessary. 

time. 
Items beyond t h e  s t i l l  outp'ut may need provision 
f o r  purging and recycling t h e  gas, i so l a t ion  of 
sect ions t o  reduce t h e  amount t o  be recycled, 
and access f o r  contact maintenance, i f  possible. 

9. Ero&uc.L storage should be i n  units small enough 
so t h a t  a f a i l u r e  would r e l ease  subs t an t i a l ly  
less than 1% of tine year ' s  prod'uction. " 

3. 

4. 

5. The a v a i l a b i l i t y  of a component and i t s  bypass 

7. Access f o r  r epa i r  i s  important -to minimize outage 

8. 

4.11- Engineering Design C r i t e r i a  Studies 

(No repor t  th is  q u x t e r .  ) 



5. FINISHING PROCESSES - MOX FUEL FABRICATION 

R. B. F i t t s ,  A. R, Olsen, and 5. D. Sease 
(Metals and Ceramics Division, ORNL) 

The object ive of t h i s  program i s  t o  provide technica l  ass is tance t o  

SRL i n  t h e  development of an overall. plan i n  support of LWR-MOX fuel 

f ab r i ca t ion  processes and f a c i l i t i e s ,  

During t h e  quarter,  two review meetings were he ld  a t  OrWL f o r  SRL 

management. On Ju ly  28, R. T. Hmtoon and J. T. Buckner, Jr., reviewed 

t h e  current  status of t h e  program and suggested modifications to t h e  

program. On September 17, t h e  status of t h e  modified program was  reviewed 

with 3. T. Huntoon. 

A t  t h e  request of t h e  Rocky F l a t s  Plant, we provided preliminary 

review of a draft of t h e i r  proposed program on conversion processes. 

While endorsing t h e  method proposed for process evaluation and comparison, 

we d id  o f f e r  some suggestions on ce r t a in  features. 

5.1 MOX Fabrication Processes 

A. R. Olsen (Meta2.s and Ceramics Division, ORNL) 

A draft copy of  a repor t  surveying t h e  present s ta tus  of MOX fabr ica t ion  

processes and ident i@ing areas i n  which r e s e a c h  and engineering development 

e f f o r t s  a re  needed w a s  t ransmit ted i n f o r m d l y  to SRL. 

addi t iona l  e f f o r t  w i l l  be expended on t h i s  g e n e r a  swvey at this time. 

A t  t h e i r  request, no 

1 



5.2 MOX Fabrication F a c i l i t i e s  

5.2.1. Effects of pl-utonium radia t ion  c h a r a c t e r i s t i c s  011 containment c r i b e r i a  

K. A, Wil.limson and J. E. Hushton (Metals and. Ceramics Division, ORNL,) 

An e s s e n t i a l  featu-re of the design c r i t e r i a  f o r  the MOX Commercial 

Demonstration Fabi-lcation F a c i l i t y  (CDFF) i s  es tabl ishing the  requirements 

for protecting operational personnel from penetrating radiation. A draft 

of a prel i rninzy assessment indicat ing t h a t  s ign i f icant  shielding would be 

required for a l l  fabr ica t ion  processes involving plutoniuni with isotopic  

d is t r ibu t ions  t y p i c a l  of high-b,urimp LWR f u e l s  w a s  given to the  SRL repre- 

sentatives.  A morc comprehensive literature search f o r  operating experience 

i s  i n  progress. An annotated bibliography i s  i n  preparation and a prelimi- 

nary report wiU be published next quarter. 

5.2.2 Hernote mani.pula,tor and viewing development 

W. R. Hmel  and R. C. Muller (Metals and Cerrzmics Division, ORTTL) 

,KLtbough a de ta i led  study of the MOX-CDFF requirements f o r  remote 

manipulation and viewbg cannot be 'undertaken 'until process m-d- equipment 

flowsheets =e defkned., there  will be a need t o  develop improved genrzra,l 

manipulation f o r  some process functions and f o r  maintenance a c t i v i t i e s .  

Toward t h i s  end, design has been s t a r t e d  on instrumentation required t o  

prov5d.e posit ion control  t o  replace t h e  a i s t l i n g  r a t e  control  on a 

cormerci.al electromechanical nianip,ulator. This d-esign w i l l  be t e s t e d  on 

an available manipulator located i n  the  exis t ing Thorium Uranimi Eeeycle 

F a c i l i t y  hot c e l l s .  



5.2.3 Development of t h e  powder conveying system 

J. E. Mack (Metals and Ceramics Division, OFJJZ) 

Both t h e  quant i ty  and nature of t h e  oxide powders involved i n  commer- 

c i a l  reprocessing and re fabr ica t ion  of LWR recycle  f u e l s  requi re  es tabl ish-  

ment of an e f f i c i en t  and r e l i a b l e  method of hmclling. A t  the  suggestion of 

t h e  SRL reviewers, a draft of  a program proposal t o  develop such a powder 

handling process w a s  prepaxed. 

t h e  experience accumulated and ecpipment developed i n  t h e  HTGR Recycle 

This development w i l l  take advantage of 

Program (which has been under way fo r  severa l  years) ,  and w i l l  include a l l  

adjunct fea tures  of the conveying system. Pending approval, the de ta i l ed  

experimental program w i l l  be defined next quarter. 



6. URANIUM HEXAFLUORIDE CONVERSIOPJ 

J. H. Pasliley (ORGDP) 

The co l lec t ion  of informatioii r e l a t i n g  the  various conversion 

processes was continued throughout the quarter. 



7 .  ECONOMIC STUDIES 

7.1 LWR Recycle Data 

E. H. G i f t  (ORGDP) 

Calculations have been made t o  provide mass balance data f o r  a four-  

region BWR through successive recycle  of self-generated plutonium 

BWR model se lec ted  was based on the  General Electric-designed Rrown's Ferry 

Plant. Calculations were made usir-g t h e  LJ3OPARD code, a spectrum- 

dependent, nonspat ia l  depletion cod-e. 

The 

18 

Four r e f i e l i n g  regions were assumed t o  be a l l  i n i t i a l l y  loaded at 

2.19 w t  % 235U and were estimated t o  y ie ld  respect ive burnups of 13,520, 

17,570, 21,830, and 27,040 JWd/metric ton. A l l  successive reloads were 

required to match the 27,040-MWd/NT burnup and were loaded t o  2.6 wt; $ 

235U. 

be recycled through four reYueling cycles. 

Plutonium from each of t h e  four i n i t i a l  regions was then assumed t o  

A t  t h e  end of each cycle, 

plutonium from t h e  mixed oxide port ion of t h e  reload batch was recovered 

and mixed with t h e  plutonium *om t h e  2.6 w t  '$ s l i g h t l y  enriched 235tJ 

por t ion of t h e  reload batch. 

and re fabr ica t ion  and decay of 241,u) was then mixed with na tu ra l  uranium 

t o  provide t h e  mixed oxide fuel f o r  t h e  succeeding reload batch. 

r e s u l t s  of these  calculat ions for Yne i n i t i a l  loading and t h e  f i rs t  and 

fou r th  recycle  of plutonium are  shorn i n  Tables 16-19 f o r  each of the four  

reload regions. The required fissi.Le enrichment (235U + 239Pu + 2411?u) of 

t h e  mixed oxide increased from 2.6 wt % f o r  t h e  f i rs t  recycle  of plutonium 

t o  about 2.75 w t  % for the fourth recycle. 

This plutonium ( a f t e r  losses  i n  reprocessing 

The 

This increase i s  pr imari ly  a 



Table 16. BWR fue l  needs for self-generated plutoniun recycle 
of a reload region i n i t i a l l y  discharged a t  13,519 MWd/MT 

Ikg/1000 kg (U + Pu) charged] 

_ _ _  -___ _ _ - _ _ _ - ~ -  . __ 
1st Recycle of P lu toniun:  

~ 

Charged Discharged 
I n i t i a l  Loading 2.6 w t  % 2.6 w t  % 

Mixed S l igh t ly  
Oxide Enriched Total  

1st Cycle Mixed S l igh t ly  
Isotope Charge Discharge Oxide Enriched 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

Total  Uranium 
U-235, W t .  Frac. 
Total Plutonium 
Frac. F iss .  Pu 
Fraction F i s s i i e  
E-236, Wt. Frat. 

21.93 
0 

978.10 
0 
0 
0 
0 

0 

1000 
0.0219 
0 
0 
0.0219 
r? ” 

10.1939 
1.9709 

968.2694 
3.5880 
1.0010 
0.4522 
0.09052 

1 3  , 519 

980.4342 
0.010397 

5.1317 
0.787302 
0.014443 
0.0201023 

1.4411 
0 

201.2403 
3.5521 
0.9910 
0.4076 
0.0896 

0 

202.6814 
0.00711 
5.0403 

0.785608 
0.026000 
0 

23.59924 

771.67906 
0 

0 
0 
0 
0 

0 

792.2783 
0.026 
0 
0 
0.026 
0 

0.59816 
0.15064 

197.58238 
1.56702 
0.95378 
0.66888 
0.38976 

27 , 037 

198.33118 
0.0030l60 

3.57944 
0.62465 
O.Ol4036 

0.30075954 

4.91902 5.51?18 
2.55327 2.70991 

756.24511 953.82750 
3.33731 4.90433 
1.38863 2.34241 
0.78531 1 -45419 -r 
0.33933 0.729096 

w 

27,037 27,037 

763.71740 962.05459 
0.0064409 0.005735 

5.85058 9.  $13002 
0.70465 0.674284 

0.011749 0.0122243 
0.0033432 3.0028168 



Table 16 (continued) 

4th Recvcle of Plutonium 
Charged Discharged 

2.6 wt % 2.6 wt % 
Mixed Slightly Mixed Slightly 

Isotope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.50305 16.51831 1.15958 3.94451 
0 0 0.25839 2.04744 

349.54325 618.80112 343.35959 606.42504 
5 a 48413 0 3.01179 2.67616 
3.03194 0 2.05031 1.11352 
I. 92758 0 I - 62894 0.62973 
2.19062 0 2.55499 0.27211 

5.10409 
2.30583 

949.78463 
5.68795 
3.16383 
2.25847 
2.82710 

Burnup, MWd/MT 0 0 27,037 27,037 27,037 

Total Uranium 352.04630 635.31943 344.77756 612.41699 957.19455 
U-235, Wt. Frac. 0.00711 0.026 0.0033633 0.0064409 0.0053323 
Total Plutonium 12.63427 0 9.24603 4.69152 13.93755 

0.570159 Frac. F i s s .  Pu 0 - 586635 0 
Fraction Fissile 0.0271875 0.026 0.016384 0.011749 0 .Om387 

0 0.00074944 0.0033432 0. GO24089 U-236, Wt. Frac. 0 

0.50192 0.70465 
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Table 17 (continued) 

- 
4th Recycle of Plutonium 

Charged Discharged 
2.6 wt % 2.6 w t  % 

Mixed Slight 1 y Mixed Slightly 
Isotope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.49966 16.52639 1.15935 3.94644 5.10579 
2.30648 0 0 0.25803 2.04845 

349.07004 619.10414 342.88484 606.72199 949.60683 
5.50115 0 3.02098 2.67747 5.69845 
3 3 03306 a 2.00099 1.11407 3.11506 
1.94545 0 1.63462 0.63004 2.26466 
2.32011 0 2.66456 0.27224 2.93680 

Burnup, MWd/MT 0 0 27,037 27,037 27,037 

957.01910 Total Uranium 351.56970 635.63053 344.30222 612.71680 
U-235, Wt. Frac. 0.00711 0.026 0.0033672 0.0064409 0.005335l. 
Total Plutonium 12.79977 0 9.32115 4.69382 14.01497 
Frac. F i s s .  Pu 0.581776 0 0.49947 0.70465 0.568186 
Fraction Fissile 0.02729696 0.026 0.0164439 0.011749 0.0134587 
U-236, Wt. Frac. 0 0 0.00074943 0.0033432 0.00241007 



Table 18. BWR fuel needs for self-generated plutonium recycle 
of a reload! region initially discharged at 21,832 MWd/MT 

[kg/1000 kg (U + Pu) charged] 

~ _ _ _ _ _ _ _ _ _ _  ____-_____ ________ ~ - _ _ _ _ _ _ _ _ _  - _ _ _ _  -____ 
1st Recycle of P l u t o n i u r  

Charged Discharged 
In i t i a 1 Loading 2.6 w t  % 2.6 wt % 

Slightly Mixed Slightly 1st Cycle Mixed 
Isotope Charge Discharge Oxide Enriched Oxide Enriched Total 

U-235 21.90 
3-236 0 

U-238 978.10 
Pu-239 0 
Pu-240 0 
Pu-241 0 
Pu-242 G 

Total Uranium 1000 
U-235 I Wt. Fsac. 0.0219 
T o t a l  Plutonium 0 
Frac. F i s s .  Tu 0 
Fraction Fissile 0.0219 
U-236, Wt. Frac. 0 

5.9991 
2.5911 

961.5779 
3.9902 
1.5912 
0.8427 
0.3187 

21 I 832 

970.15910 
0.0061743 
6.7428 
3.71675 

0.0l10789 
0.00267080 

1.7082 
0 

238.5445 
3.9503 
1.5753 
0.7597 
0.3155 

0 

240-2530 
0.00711 
6.6G080 
0.71355 
0.026 
0 

19.58180 

733.56440 
0 

0 
0 
0 
0 

0 

753. 1462 
0.026 
0 
G 
3.026 
0 

0.73223 
0.18327 

232.22718 
1.90194 
1.22912 
0.99156 
0.68801 

27,037 

233.87451 
0.00313001 
4.72063 
0.59388 
0.014818 

0.00078363 

4.67617 
2.42722 

718.91022 
3.17255 
1.32007 
G. 74654 
3.32258 

27,037 

726.01361 
0.0064408 
5.56174 
0.70465 
9.011749 

0.0033432 

5.40820 
2.61050 

5 -07449 
2.54919 
1. 64811 
1.31059 

27,037 

959.15610 
0.0056386 
10.28224 
0.653807 
0.012513 
0.0027217 

951.1374 



Table 18 (continued) 

- 
4th Recycle of Plutonium 

Charged Discharged 
2.6 wt % 2.6 wt % 

Mixed s 1 ight 1 y Mixed Slightly 
Isotope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.50235 16.51480 1.15929 3.94367 5.1096 
0 0 0.25841 2.04701 2.30542 

349.44599 618.66996 343.25414 606.29650 949.55064 
5.50216 0 3.01986 2.67559 5.69545 
2.98326 0 2.03776 1.11329 3.15105 
1.94151 0 1.62326 0.62959 2.25286 
2.41996 0 2 - 74366 0.27205 3.01571 

Burnup, MWd/MT 0 0 27,037 27,037 27,037 

Total Uranium 351 -94834 635.18477 344.67184 612.28718 956.95902 
U-235, Wt. Frac. 0.00711 0.026 0.0033635 0.0064408 0.00533247 
Total Plutonium 12.86689 0 9.42454 4.69052 14.11507 
Frac. Fiss. Pu 0.5800679 0 0.49266 0.70465 0.5631081 
Fraction Fissile 0.02731761 0.026 0.016387 0.011749 0.01344004 
U-236, Wt. Frac . 0 0 0.000749726 0.0033432 0.00240914. 
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T a b l e  19 (continued) 

-__ 
4th Recycle of Plutonium 

Charged Discharged 
2.6 wt % 2.6 wt % 

Mixed S 1 ightly Mixed Slightly 
Is0 tope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.50381 16.50363 I. 16887 3.94100 5.10987 
0 0 0.25757 2.04562 2.30319 

349.64924 618.25126 343.46758 605.88617 949.35375 
5.55159 0 3.05765 2 -67378 5,73143 
3.06842 0 2.07670 1.11253 3.18923 
I. 97705 0 1.65863 0.62917 2.28'780 
2.49501 0 2.81517 0.27187 3.98704 

Burnup, MWd/MT 0 0 27,037 27,037 27,037 

634.75488 344.89402 611.87279 956.76G81 Total Uranium 352.15305 
0.0064408 0.0053408 U-235, Wt. Frac. 0.00711 0.026 0.00338907 

Total Plutonium 13.09207 0 9.60815 4.98735 14.29550 
Frac. Fiss. Pu 0.5750538 0 0.49086 0.70465 0.560961 
Fraction Fissile 0.0274673 0.026 0.016601 0.011749 0.0135203 
U-236, Wt. Frac. 0 0 0.00074681 0.0033432 0.00240726 



renul-t of t h e  b,uil.dup of higher, nonf i s s i l e  plutonium isotopes. 

oxide i s  seen t o  pravide abo'ut 35% of tine fissi1.e requirements of the 

re load bal; ch. 

Mixed 

7.2 F i n m c i a l  S'iudy 

S. G. T,edford and J. D, McGaugh (OKGDP) 

A s  input t o  t h e  LWR Recycle Project--in particular, the LWR f u e l  

cycle economic s s tud ies  - - some fir1 anti al. c on s i d e r  at5 on s were ex mined. 

One task involves exanination of the capital st r i ic ture  of severa l  l a r g e  

compmi.es i n  various indus t r ies ,  Two of these,  t he  petroleum and nuclear 

supplj.ers i ndus t r i e s  with their respec t ive  cumpanies, are shown i n  

Tables 20 m d .  2L Assets and. stockholders '  equity, as we l l  as debt/equity 

ratios, arc3 shown f o r  ea,cli company included, 

indus-try) long-term dkht  and equity i n  order to show g e n e r a  t rends i n  

t h e  p r iva t e  sector.  Inforination w a s  obtained from Moody's Ha.ndbook of 

Common Stocks, 1976. This work is continuing. Early r e s u l t s  were 

presented 'at a program s t a t u s  meeting at Savannah River Laboratory (SHI,) on 

August 1.8. 

'Table 22 summarizes (by 

7. 3 EVogram Review 

S. Me Morrtson (OHGOP) 

J. T. Bradbury, 3. D. McGa,ingh, and J. M. Molrrison p m t i c i p a t e d  i n  a 

meetirig at SRL on A u g u s t  18 t o  revriew t h e  overall  program of work on the  

LWB Economic Studies. Rec.ults t o  date, as wel l  as t h e  scheaule of planned 

UCC-ND study topics ,  were presented. S i r i l i l a r  presentat ions were made by 

persoonel. from SRL, SRP, HEDL, and PNL, 
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Table 20. Capitalization by companies 

(Petroleum industry) 

Atlantic Richfield 7.4 3.7 0.44 

Continental Oil 5.2 2.1 0.42 

Exxon 22.8 17.0 0.19 

Gulf Oil 12.4 6.4 0.20 

Mobil Oil 15.0 6.8 0.27 

Phillips Petroleum 4.5 2.4 0.37 

Shell 7.0 

Standard Oil (California) 12.9 

(Indiana) 9.8 

( O h i o )  

Texaco 

4.2 

17.3 

3.9 

6.5 

5.6 

0.31 

0.21 

0.31 

1.5 1.35 

8.7 0.26 
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Table 21. Capitalization by companies 

(Nuclear reactor suppliers) 

.... . ................... .__ __..._....I . . . __I ___.. .. 
Stockholder's 

Assets Equity 
( Bi 11 - i o n  II_. ) (Billions) ?E Company ~ 

Aabcock & Failcox 1. 1. 0.37 0.46 

Combustion Engineering 1 . 0  0.36 0.27 

General Electx j-c 9.8 4.1 0.25 

Westinghouse 4.9 2.0 0.32 

I___ - __ ......... - 

Table 2 2 .  Capitalization by industry 

........................ .... - -. ........................ -. .............. .__~__ ................................ 

Long-Term Equity 
D/E .............I__ ....... .... (% 1 Debt (% ) ......... Industry 

II_ 

Petroleum 26.1. 73.9 0.35 

Chemicals 27.9 72.1. 0.39 

Metals and Mining 30.9 69.1 0.45 

Auto/Def O I l S ( 3  I- 30.9 69.1 0.45 

Nuclear Reactor Supp l i e r s  24*2 75.8 O. 32 

Utilities 55.6 44.4 1.25 
................ .................. .... I ............. .................. __.._.....-._.I_ I_~ 

._ __ ................. 
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8. ^KADIOZOGIC.KL TECHNIQUES FOR ENVIRONMENTAL 1PPACT ASSESSMENTS 
OF THE LWH FTEL CYCLE 

D. C. Kocher and P.. E. Moore (Enviromiental Sciences Division, OENL) 

I n  estimating rad ia t ion  doses to t h e  population r e su l t i ng  Prom t h e  

re lease  of  radioact ive mater ia ls  t o  the atmosphere, it i s  ,us.ua.lly- assumed 

t h a t  m m  spends 100'$o of h i s  time located 1. m above a smooth, i n f i n i t e  plane 

so that t he  only protect ion against  airborne and ground-deposited radio- 

nuclides i s  provided by absorption of t h e  rad ia t ions  b y  air. 

The assumption of continuous out-of-doors resid.ence by man i s  cleaxly 

unrea l i s t ic .  

7% of t h e  time in an indoor environment. l9 The l a rge ly  indoor environment 

f o r  t'ne population may r e s u l t  i n  subs t an t i a l  reductions i n  rad ia t ion  doses. 

The purpose of this projec t  is t o  develop a methodology t o  estimate t h e  

rad io logica l  protect ion Etfforded by bui lding s t ruet .ures  ins ide  which t h e  

population spends most of i t s  time. The methodology i s  t o  be applied t o  

radionuclides rout ine ly  released during t h e  LWR f u e l  cycle. 

One study has concluded that t h e  population spends a t  l e a s t  

8.2 Effect  of Building Structures on Radiation Ekposue Pathways 

I n  general, we consider t h e  rac?iation dose to man t o  be divided as 

follows : 

1. I n t e r n a l  dose from inhaled radionuclides 

2. External dose 

(1) Airborne radionuclides 

( 2 )  Surface-deposited radionuclides 
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We do not consider other pathways, such as ingest ion and exposure t o  

contmlnated water, fo r  which t h e  dose t o  man i s  not a f fec ted  by building 

s t ructw.es .  

T'ne internal.  dose from inhaled radioauclides i s  p ropor t load  t o  t h e  

airborne densi ty  of t h e  radionuclides. Therefore, t'ne e f f e c t  of building 

s t r ,uctures  on internal_ dose reauces simply t o  consideration of t h e  e f f e c t  

of bui lding s t ruc tu res  on t h e  concentration of airborne radionuclides. 

For the case of external  dose f r o m  airborne -radi.onuclidcs, a build-ing 

strructure provides two kinds of protection. 

resul.ting from a reduction i n  t h e  airborne densi ty  of radion,uclides inside 

t h e  stru.cture. The other i s  a reduction i n  dose resul-Ling from the at ten-  

uation of g m a  rays or iginat ing from ra,dionuclides 0utsid.e t h e  s t ructure .  

These two types of protection a l so  apply t o  the  case of  a t e r n a l  dose Yrom 

surface-deposited rad-ionuclid.es, where we consider t h e  dose from radio- 

n.uclides deposited on in s ide  surfaces of t h e  sti-uct.ure and t h e  attenuation 

of garma rays or iginat ing from radionuclides deposited on surfaces outside 

t h e  strciictwe. 

One i s  a Yerluction i n  dose 

For each of t he  th ree  pathways considered, t h e  effect; of building 

s t ruc tu res  on t h e  rad ia t ion  dose i s  described quavltitatively by a so-called 

dose-rate protect ion fac tor ,  which i s  t h e  r a t i o  of t h e  dose ra , t e  i n s ide  a 

s t ruc tu re  t o  t'ne corresponding dose r a t e  with no s t ruc tu re  present. 

8.3 Model f o r  I n t e r n a l  Dose FTwtection Factor 

We assume a stead-y-state condition i n  which t h e  airborne densi ty  f o r  

a given radionuclide i s  constant wtth time. The dose-rate protection f a c t o r  



f o r  i n t e r n a l  dose i s  given by t h e  r a t i o  of indoor-to-outdoor a i r  concentra- 

t ion .  Using methods s imi la r  t o  t h e  der iva t ion  of Eq. (7.84) of ref.  20, 

we have derived t h e  following equation f o r  t h e  protect ion f ac to r :  

-hat  
x v ( l  - e 1 

Y 
a PFinternaj'= - x 

where 

X = a i r  ven t i l a t ion  ra te ,  v 

t -  time, 

v + ('df'f ' 'dwSlq + 'dcSc)/'h ' , 
= radioact ive decay constant,  

= deposit ion v e l o c i t i e s  of rad ioac t ive  material on 

f loor ,  waLls ,  and i.eiling, 

'df, 'dw, 'de 

S = surface areas of f loor ,  w a l l s ,  and cei l ing,  

V 7 volume of s t ructure .  

sf' swJ c 

h 

From a survey of avai lable  data ,  recommended a i r  ven t i l a t ion  r a t e s  

-1 
axe i n  t h e  range \ = 0.5 t o  1.5 hr . 
about deposit ion v e l o c i t i e s  of pa r t i cu la t e s  on ins ide  surfaces of buildings,  

Very l i t t l e  appears to be  known 

A general  t h e o r e t i c a l  treatment of dry deposit ion processes combined with 

wind-tunnel experiments 22'23 and experiments f o r  ce r t a in  vapors24 ind ica te  

deposit ion v e l o c i t i e s  i n s ide  a bui lding as la rge  as 0.1 t o  0.25 em-see 

which i s  about a f a c t o r  of 3 t o  10 l e s s  than t y p i c a l  values f o r  outdoor 

-1 , 

ground deposit ion ve loc i t ies .  
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8.4 Model f o r  External Dose Protection Factor 

We consider t h e  external  dose r a t e  from photons only. Exteriial dose 

r a t e s  with and without a building s t ruc tu re  present a e  calculated. using 

the  so-called point-kernel integrat ion met‘nod, We asswi i c  uniformly d i s t r i -  

buted radionuclides j.n t h e  atmosphere and on the  ground. 

of r e f ,  25, we ca l cu la t e  t he  absorbed dose r a t e  i n  air at any point from 

a spec i f ied  volume (v) of airborne radionuclides as : 

Using Eq. (1) 

where 

D = absorbed dose ra te ,  rad/sec, v 
-8 -1 

k = 1.60 x 10 g-rad-MeV , 
1 = l i n e a r  energy-absorption coe f f i c i en t  f o r  i t h  photon i n  air, 
en, i 

p = densi ty  of air ,  g/cm 3 , 

f .  = i i i t cns i ty  of i t h  photon, number per d i s in tegra t ion ,  

S = source strength, dj.s see-’., 

E .  = energy of i t h  pho.ton, MeV, 

1 

v 

1 

r = d-istance, em, 

-1. 
:I- l i n e a r  attenuation coef f ic ien t  f o r  i t h  photon i.n air, ern , ’i 

B = energy-absorption buildup fac tor .  en 

Tne integi-a1 extends over t h e  volume of i n t e r e s t .  The  summation. i s  over 

-the photons emitted. by t h e  radL.onuclide. 
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If we assume a constant r a t e  o f  deposit ion of radionuclides on surfaces, 

we ca lcu la te  t he  absorbed dose r a t e  i n  air a t  any point from a specif ied 

surface ( s )  of deposited radionuclides as : 

1 
-I-L r e i dS , ( 3 )  kFs 

D s ( t )  = - (1 - e 
x i 

where 

L = time, see, 

-1 -2 -1 
F = source s t rength  deposit ion ra te ,  (dis sec )-cm -see 

S 

-1 1 radioact ive decay constant, see . 
The other  quan t i t i e s  =e t he  same RS in Eq. (2). The i n t e g r a l  extends 

over t h e  surface of i n t e re s t .  

E k t e r n d  dose-rate protect ion f a c t o r s  f o r  photon rad ia t ion  from 

airborne and surface-deposited radionuclides aze obtained by evaluating 

Eqs. 

t h e  r a t i o s  of the r e su l t i ng  dose rates. 

( 2 )  and (3)  with and without a building s t ruc tu re  present and taking 

8.5 Zrmplementation of t h e  Models f o r  Dose-Kate Protection Factors 

In t h i s  section, we discuss  t h e  approximations and assumptions used 

i n  applying Eqs. ( l ) - ( 3 )  to spec i f i c  dose-rate protect ion f ac to r  calcula- 

t ions.  

8.5.1 I n t e r n a l  dose 

The i n t e r n a l  dose-rate protect ion f a c t o r  (Eq. (l)] i s  e x p l i c i t l y  time 

dependent. We choose t o  ca lcu la te  a conservative estimate for t h e  protect ion 



f'aci;or by s e t t i n g  (1 - .-'at) 1, which is a good approximation €or 

most racli.onuclide ha l f - l i ves  of i n t e re s t .  Therefore, t h e  protecbion 

f ac to r  becomes 

PFiflternal $/la 7 (4) 

a quantity depending only on the  a i r  ver i t i la t ion ra te ,  radioact ive decay 

constant, building geometry, and deposit ion ve1ocit;ies on ins ide  surfaces 

of the bui.lding s t ruc ture .  

8.5.2 External dose from airborne radionuclides 

W i t h  no buFlding s t ruc tu re  present, we evaluate Eq, ( 2 )  f o r  a uniform 

d i s t r ibu t ion  of radionuclides over a haxispherical  volume of in i ' in i te  

radius, The unprotected dose r a t e  becomes 1 

I n  order t o  evaluate the in tegra l ,  we use the  approxlimate Berger form of 

the  buildup fac tor ,26  xhich i s  given by 

The values of t h e  coe f f i c i en t s  C and D .  which a r e  dependent on Yne 

photon energy E , were obtained by performing a l i r i e u  least-squares f i t  
i 

-to t h e  energy-absorption b u i l h p  factors f o r  a i r  given i n  re f .  27. With 

i l' 

Lhis approximation, t h e  unprotected dose-rate in air becomes: 



The values of t h e  at tenuat ion and absorption coef€ ic ien ts  are obtained by 

in te rpola t ion  of  va lues  given i n  re fs .  28 and 39. 

With a bui lding s t ruc tu re  present, we assume for  s impl ic i ty  t’nat t h e  

s t ruc ture  i s  a hemispherical s h e l l  o f  Yadius a and thickness  T. The 

contr ibut ion t o  t h e  protected dose r a t e  from the  volume ins ide  t h e  s t ruc ture  

i s  obtained from Eqs. (4 ) - (6)  by replacing t h e  outs ide source s t rength S 

by t h e  ins ide  source s t rength Sv (\/la) and changing t h e  upper l i m i t  of 

the i n t e g r a l  t o  t h e  bui lding radius a. Similarly,  the contr ibut ion to t he  

protected dose r a t e  from t h e  volume outs ide the s t ruc tu re  is obtaL.aed f rom 

Fq. (5) by changing t’ne lower limit of the i n k e g r d  t o  a. I n  addition, we 

approximate t h e  buildup f ac to r  f o r  t he  case of a, two-layer mediuni (air  and 

w a l l  ma te r i a l )  by the  Bowman-Trubey forni 

v 

30 
given by: 

where t h e  subscr ip ts  a and w r e f e r  t o  air  and w a l l  material ,  respectively.  

By using Eq. (6 )  f o r  both air and w a l l  material ,  Eq. ( 5 )  can then be 

evaluated. We w e  using buildup f a c t o r s  f o r  concrete, 31 wood, 27 and 

water3‘ t o  approximate w a l l  mater ia ls .  

The evaluation of t h e  two terms f o r  t h e  protected dose r a t e  as des- 

cr ibed above i s  straightforward but somewhat lengthy. The r e s u l t s  are not 

given here but  will be documented i n  a f’uture publication. 

8.5.3 External dose from surface-deposited radionuclides 

With no bui lding s t ruc tu re  present, we evaluate Eq. (3) f o r  a uniform 

If z i s  t h e  d i s t r i b u t i o n  of radionuclides over an i n f i n i t e ,  smooth plane. 
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height  of t h e  reference posi t ion above t lne plane (usualtl-y 1 m for. t h e  

standsrd man out-of-doors ca7 cui-ation), we obtairi the following r e s u l t  

from Eqs. (3 )  and (6): 

@‘S D (t) -: - (1. - e s, 0 2 p 7. i 

The quant i ty  E (11. z) i s  t h e  well-known f i r s t - o r d e r  rxponentj.aJ- in tegra l  1 1  

f o r  which accurate pol-yiorflinal and r a t i o n a l  apprmxixations a re  lillown. 

With a bui lding s t ruc t , ixe  present, we consider protected dose-rate 

contribut;ions from the following sources : (1) radionuclides deposited on 

the j.ns:j.de wa.lls and ce i l i ng  of the structure, 

on the  fl.oor, 

s t - ruc twe ,  and (4 )  rad-ionuclides deposited on t h e  roof of t h e  struct.ure,  

In evaluating terms (1) and ( 2 ) ,  we assume that t h e  s t ruc tu re  i s  a hemi- 

spher ica l  shell; t o  evaluate t e r m  (3)  and ( h ) ,  we assume a r i g h t  c i rc’ular  

cy l ind r i ca l  s h e l l  f o r  t h e  struct,ure.  We ignore possible d.eposi-tioii of 

rad-ionuclides on t h e  outs ide ver t ical .  w a l l s  of t h e  s t ructure .  

( 2 )  radionuclides deposited 

(3)  ra,dtonuclides d-eposited on t h e  grouiid outs ide 

‘i%e f o x r  terms con‘crib.uting t o  t h e  protected dose r a t e  c a n  then be 

evaluated in a tedious b.ut straightforward niitnner ,using Eqs. ( 3 ) ,  (6), and 

(8). The simplifying choice of herfltspherical o r  cy1indl’ica.l b,iiildtng 

geomet-rles permits all in t eg ra l s  -to be evaluated i n  closed form except f o r  

first-order exponential in tegra ls .  For term (1) above, we replace %, in  



Eqe (3)  by "'d (xv/ia), where t h e  deposit ion ve loc i ty  i s  assumed t o  be 

)/2 as defined i n  Eq. (1). I n  t e r m  (P), F i s  replaced by Vd (VdFr i- Vdc S 

S V 

as f o r  t h e  ground. For terms (1) and ( 3 ) ,  t h e  e x p l i c i t  tiine dependence 

i s  re ta ined  as a f r e e  pa-?meter to descr ibe t h e  frequency with which ins ide  

building surfaces  are cleaned. For deposit ion outs ide t h e  building, we 

normally assume t =: 50 years. Again, the formulas  for the  v<wious t c m s  

will be doc.wnented i n  a l a t e r  publication. 

( \ /Aa) .  v df The deposit ion r a t e  f o r  the roof i s  assumed t o  be the sane 

8.6 Limitations of  the  Model 

The calculated dose r a t e s  described i n  the previous sect ion arre 

based on numerous approximations and simplifying assumptions. Among t h e  

most important are :  (1) assuming in-finite,  uniformly d i s t r ibu ted  radio- 

nuclides i n  the  atmosphere and on the ground; ( 2 )  asswiing simple building 

s t ruc tu re  geometries with .uniform wall thickness;  (3) applying buildup 

f a c t o r s  calculated f o r  i n f i n i t e  homogeneous media to f i n i t e ,  nonhomogeneous 

media; and (4)  t h e  use of t h e  Berger and Bowman-TT'ubey approxima-Lions f o r  

buildup factors .  Therefore, we recognize t h a t  the calculat ions of absolute 

dose r a t e s  are inherentLjr l imi ted  i n  t h e i r  accuracy. 

of t h i s  pro jec t  i s  to ca lcu la te  r a t i o s  of dose r a t e s  with and without a 

building s t ruc tu re  present. 

i n  t h e  indivi&ual dose r a t e s  will tend. to cancel. 34- Therefore, we be l ieve  

that t h e  calculated dose-rate pro tec t ion  f a c t o r s  are considerably more 

accurate than the individual  dose ra tes ,  and t h a t  t h e  accuracy of our cal- 

However, t he  essence 

In ca lcu la t ing  such r a t io s ,  many of t h e  e r ro r s  
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culat ions w i l l .  be l imited as much by ,uncertainties i n  input parameters 

such as surface deposition v e l o c i t i e s  and deposit ion r a t e s  as they are  

by t h e  use of many approximations. 

Oiie important type of protection from external  rad ia t ion  i s  not 

includ-ed i n  ow model. It i s  wel l  known t h a t  n a t u r a l  gro,und roughness 

and t e r r a i n  i r r e g u l a r i t i e s  provide considerable protect ion f-rom radio- 

n’ucl-ides deposited on t h e  ground compared wLth t h e  standard smooth surface. 

Values for  the  na-L.ui-a,l protect ion f a c t o r  due t o  ground roughness fo,und i n  

t h e  l i t e ra ture3”  range from 0.5 t o  0.1; thus t h e  e f f e c t  i s  sizable. 

e f f e c t s  can be i.ncCI.uded a f t e r  protection f a c t o r s  &ue t o  hu.ilding s t ructures  

have been calculated. 

These 

8.7 Progress t o  Date and Futuce Plans 

During the  present quarter, we have developed t h e  models f o r  cal.c.ulating 

dose-rate protection factors ,  derived the equations t o  obtain t h e  dose r a t e s  

for t h e  various pathways considered, and wri t ten a computer code t o  perform 

tlie caJxulations. The computer code w r i l l  be ,used t o  perform an analysis of 

tlie s e n s i t i v i t y  of t h e  calc’ulxted p o t  ection f a c t o r s  t o  t h e  var ia t ion  of 

the  many inp,ut parameters involved. Only a few preliminary calculat ions 

have been performed while t h e  computer code i s  being tested. and f inal ized.  

One important resu1.t evident t h u s  far i s  khat  the overal.1. protection fac tor  

for external dose from air’oome p lus  gro,und-deposited radionuclides i s  very 

sensiti.ve t o  the  r a t i o  of the airborne source s t rength S t o  the ground 

deposition r a t e  F 

v 

S’ 
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