


QW the Commission, nor any porrrvl a 



ORNL -233 5 

copy No. 

CHEMTCAL TECHNOLOGY D I V I S I O N  

Contract No. W-7405 -Eng-26 

ORNL METAL RECOTERY PLANT ACTIVITIES 

DURZNG FY 1956 

J. M. Chandler 
W. H. Lewis 

Work Performed by: 

G. D. Davis 
C .  D. Ilylton 
J. F. Lockmiller 
J. L. Matherne 
D. E.  Spangler 
D. H .  Summer6 
W. R. Whitson 

'1 3 : 
Date Issued: 

OAK RIDGE NATIONAL LABORATORY 
Operated by 

UNION CARBIDE NUCLEAR C W ~  
A Division of Union Carbide and Carbon Corporation 

Post Office Box X 

3 445b 0350507 I 



1. 
2.  
3 .  

1+-5. 
6. 

7-11. 
12 
13 e 

14. 
1 5  - 
16. 
17 
18. 

19-20. 
'21. 
22. 
2.3. 
24 e 

25. 
26. 
27 
28. 
29 
30 
31 
32 * 
33 
34 9 

35 
34 
37 
38. 

-ii- ORNL- 2 3 3 5 
Chemistry-Separation Frocesbes 

for Plutonium and Uranium 
M-36'79 (19th ed. ) 

C. E, Center 39. D. E. Ferguson 
Biology Library 40. R. B. TAndauer 
Health Physics Libra 41. H. E. Goeller 
Central  Research L i b  42. R .  A. Charpie 
Reactor Experimental 43. J. A. Lane 
Engine el- i ng Library 44. M. J. Skfnner 
Laboratory Records 45. R. E. Blanco 
Tab oratory R e  c ords 46. G. E. Boyd 
A. M. Weinberg 47. W. E. Unger 
L. B. Emlet (K-25)  48. R.  R. Dickison 
J. P. Murray (Y-12) 49. A. T. Gresky 
J. A. Swaytout $0. E. De Arnold 
E. H. Taylor 51. C. E. Guthrie 
E. D. Shipley 52. J. W. Ullmanni 
F. L. Culler 53. K. B. B m m  
14. L. Nelson 54. K. 0. Johnsson 
W. H. Jordan 55. H. M. McLeod 
C .  P. Keim 56. C .  W. Ilancher 
Je B. F q e ,  Jr. 57. J. C .  Bresee 
s, C.  m a  58* W. W. We-tnrich (cons6l tant)  
A. I I .  Sne l l  59. M. D. Peterson (consul tant)  
A. Hollaender 60. D. L. Katz (consultant)  
K. Z -  Morgan 61. G. T. Seaborg (consultant)  
M. T. Kelley 62* M. Bermedict (consultant)  
T. A. Lincoln 63. C. E. Lamon (consultant)  
R.  S. L-Pvingston 64. L. Squires (consul tant)  
A. S. Householder 63. J. 11. Rushton (consul tant)  
C .  S .  Harrill 66. W. 8 ,  Lewis  
C .  E. FJinters 67. R .  E. Brooksbank 
D. W, Cardwell 68. J. L. Matherne 
D. Ph i l l i p s  69. ORNL - Y-12 Technical Library, 
$1, K. E i s t e r  Document ReTerence Section 
F. R.  Bruce 

70. Dtvision of Resear 

Separation Process 
71-254. Given distrj-button .> under Chemistry- 



-iii- 

COMlEEJTS 

Page 

1 

2 

3 

4 

1,O Abstmet 

2.0 Introduction 

3.0 Process Outline 

4.0 Building Description 

5.0 Program Results Daring F i s c a l  Year 1956 6 

6 

6 
11 

5.1.1 Process Description and Results 
5.1.2 Deeontmimtfon FSC%OP and Produet Pu r i ty  

14- 5.2 Special. Plutonium Separation Programs 

14 5.2,l Feed Preparation 
5,2,2 Solvent Ex-kraction 
5 2 e 3 

Brookhaven National Laboratory Reactor Fuel Processing (BML) 

Plu t  onium Product 
5*2.bl WFXA.UII ~ 1 - o d ~ e . t  

5 3 

15  
16 
16 

16 

16 
21 

5-3.1 PPoeeas Description 
5 3.2 Plutonium Product Pur i ty  

5.4 Chalk River Tank C a r  Program 23 

23 
24 
26 
27 

5 e 4 e 1 
5.4 2 Solvent m r a c t i o n  
5.4.3 Uranium Product 
5 4 L) 4 Neptunium Recovery 

Feed Preparation 

28 5 5 lprgonne National Laboratory Reactor Fuel Processing 

5.5.1 Feed Preparatfon 
5.5.2 Solvent Extrsct ion 
5.5.3 Plutonium PPoduct 

5.5.5 
5.5.4 urehnim PsodhZcL 

Ikrmium Psodvct from AEJL CP-2 Fuel Processing 

6.0 Operational Cost and Man-Paser Requirements 33 

35 7.0 Appendix 

7. l Equipaent Flowsheet 
7.2 Chemical Flowsheet 

7.4 Methods of Counting and Calculatfng Act ivi&ies  
7.3 Column Dzjta 

35 
35 
35 
bo 

7.4.1 Counting Methods 
7.4.2 Method of Calculation 

40 
40 





1.0 ABSTRACT 

During the period JULY 1, 1955 t o  Ju ly  1, 1956 the  Metal Reesvery Plant  was 

engaged in seven programs i n  which four  d i s t f n c t  types of irradiated reac tor  fuels 

were processed by solvent ex t rac t ion  t o  recover 11-5 tons of urmium, 9.8 kg of 

plutonium, am€ 30 g of Np*37e 

99.0 and 98.6 per cent, respect ively.  

BNL, Argonne CP-2 and CP-3, ana the Canadian 

of uranium an& 30 g of ~ p ~ 3 7  m s  recovered from 2.0 M - uranyl n i t r a t e  so lu t ion  re- 

ceived from tk AECL. 

produced purified pmduets, chemical and equipment flawsheets were demonstrated 

for  continuous processing of sbminm-c lad  wanhtn slugs, uranium diox5de Esbpes, 

and plutonium-aluminum a l l o y  slugs, 

slugs and uran ium dioxide shapes were dissolved continurnsly in n i t r i c  s c l d  t o  

produce feed f o r  solvent extraction, 
in batches with 6 M ElBO eonkafning S,05 M Hg(N0 1 
a c t i v i t y  l eve l s  ranged from 10 Lo 10 c/m/ml and gross 7 from 10 t o  5.6xlO 
c/rn/ml. 

gross y from 1x10 

The overall recovery of uranium and plutonfwn was 

Fuels were processed from t h e  QRNL Graphite, 

reac tors .  Approxfmately 19.7 tons 

Simultaneously with the  radiochemical separation whkh 

Alminm-dad irradiated natural urmfwn 

PlutonLm-~%lminm %Iloy slugs were dissolved 

as c a t a l y s t -  Feed gross $ 
4 9 4 9 32" I - 3  

4 
Two-cycle ~ Q E X  f3 decontam%m-bfon f ac to r s  ranged from lo3 t o  5x10 and 

3 5 t o  8x10 I) 

The bas ic  chemical flowsheet Par solvent ex t rac t ton  was a Pupex type, in 

which the  s a t i n g  agent was n8t;l-f~ acid and the solvent was 30 per  cent t r i b u t y l  

phosphate f n  8 kerosene d f luen t ,  

was establ ished whieh gave t he  desired separation and decontamination of uranium 

and plutonium. The nept;unim recovery flowsheet m6 a modified Pwrex type which 

used low urtznium saturation i n  t h e  solvent for neptunium ext rac t ion  and a l o w  acid 

concentration f o r  neptunfurn s t r ipp ing .  Tne aeptunium-uranium pa r t i t i on ing  was by 

solvent extract ion,  and the neptuniiun-plutonfwppartitionSng WBB effectecl by booth 

solvent 'extract ion and ion exchange. 

For- a given feed type t h e  chemical flowsheet 

The spent solvent was continuously regenerated f o r  reuse by washing wfth 

sodium carbonaee and d i l u t e  n i t r i c  acid In pulsed column equipment, 

A waste acid recovery flowsheet was demwnstrated which recovered 70 per cent 

of the  recoverable acid,  recycling Lo the d isso lver  a l l  the uranium and plutonium 

present in the  second cycle ac id  r a f f i n a t e  streams. 
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240 Two l o t s  of h i g h l y i r r a d i a t e d  plutonium containing 14 and 30 per cent Pu 

respeetively,  were processed f o r  the Y-12 Special  Separations Group. 

recovered from NRX-irradiated na tura l  uranium slugs and the  other  from MX-irradiated 

plutonium-aluminum a l l o y  slugs.  

One l o t  was 

The uranyl n f t r a t e  product solut ions containing an average of 410 g of uranium 

per l i t e r  and 0.5 M n i t r i c  acid were shipped t o  Y-12 f o r  conversion t o  UO 

plutonium nitrate produet; solut ions containing an average of 35 g of plutonium per 

l i t e r ,  were shipped t o  Bocky F la t s .  

The 
3 '  - 

The p lan t  was operated a t  an annual cost  of $693,000. This cost  includes 

charges f o r  labor, materials,  and overhead by a11 groups supporting t h e  operation 

of t he  plant. 

2.0 IINTRODUCTION 

The ORNL Metal Recovery Plant  i s  a v e r s a t i l e  solvent ex t rac t ion  radiochemical 

separations plant  whfch has been i n  operation since Apri l ,  1952. 

operated t o  prsduce pur i f ied  uranium and plutonium products simultaneously with 

the development and demonstration of solvent extract ion techniques and engineering 

appl icat ions fo r  processing various types of i r r ad ia t ed  xeactoP fue ls  and f u e l  

cycle wastes. 

It has been 

This report  covers the ORNL Metal Recovery Plant  activ-Lties for the f i s c d  

ye= July 1, 1955 t o  Ju ly  1, 1.956. 
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3.0 PROCESS OUTLINE 

A schematic drawing of the equipment flawsheet is  given i n  Fig. 7-1. Thfs 
flowsheet shows the  continuous dissolving equipment; two cycles of solvent ex- 

t r a c t i o n  equipment w i t h  continuous between-cycle feed adjustment f o r  both the  

plutonium and uranium second cycles;  the continuous r e s in  column i so l a t ion  

equipment for plutonium; the  continuous evaporation of uranium product solut ions;  

and the  equipment f o r  continuous recovery of waste acid and spent solvent.  

For a given type of irradiated f u e l ,  t h e  equipment flawsheet was altered t o  

include any port ion of the above flowsheet, depending on the f u e l  type and 

rad ia t ion  his tory.  

A l l  irradiated feed mater ia ls  were converted t o  a n i t r a t e  so lu t ion  f o r  

processing through the  solvent ext;raction equipment. Pulsed column contactors 

with perforated p l a t e s  were used t o  contact t he  organfc and aqueous phases and 

thus e f f e c t  the radiochemical separations.  The organic solvent contalned 30 
V a l  per  cent t r i b u t y l  phosphate and 70 vo l  per cent Amsco, a kerosene-type 

d i luen t .  

being used. 

m c h  n i t r i c  acid was used 8s t h e  s a l t t n g  agent and t r i v a l e n t  plutonium was 

separated from uranium. 

by evaporation and the  plutonium n i t r a t e  product was concentrated by caf ;bn 

exchange. 

pulsed column and recycled t o  the ex t rac t ion  columns f o r  reuse. 

The aqueous-phase composition was d ic ta ted  by the  chemical flowsheet 

However, t h e  bas ic  chemical flowsheel was of the  Purex %me1 i n  

The uranyl n i t r a t e  product solut ion w a s  concentrat,ed 

Spent 60lVent was continuously washed w i t h  carbonate solut ion i n  a 
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4.0 BUILDING DESCXIFTION 

The Metal R e m e r y  Plant processing c e l l s  are housed i n  a simply constructed 

frame bui lding 91 ft long, 60 f t  wide, and 24 f t  high, 

of the  plant .  

columns and associated equipment, and the  24- by 18- by 22-ft  high c e l l  contains 

two 2400-gal feed tanks and a 2400-gal p l a t  waste tank. The la rge  c e l l  and one of 

the smaller c e l l s  have 2-f t - thick concrete walls f o r  shielding, and the remaining 

five small c e l l s  have 8- inb- th iek  concrete walls surrounding them. 

Figure 4-1 is  f loo r  plan 

The six 8- by 8- by 21-ft  high c e l l s  contain the solvent ex t rac t ion  

The roof i s  made of a t h i n  layer  of metal supporting a 2-in.-thick pad of 

insu la t ion  which is coated w i t h  tar and gravel.  

The nonradioactivr; chemical makeup area, the  uranium product withdrawal and 

packaging area, offices, wash rooms, and control  room occupy about 75 per cent of 

the bui lding floor area and are located adjacent t o  the processing c e l l s .  Radio- 

ac t ive  solut ions are sampled at  s t a t ions  on a sample balcony, which i s  separated 

from the main operating area by the  processing c e l l s .  A 6- by 40- by 10-ft deep 

water f i l l ed  storage canal and a covered 10- by 10- by 10-f t  deep dissolver  p i t  

are located outside and adjacent t o  t h e  main bui lding s t ruc ture .  
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5.0 PROGRAM RESULTS DURING FISCAL YEAR 1956 

5.1 ORNL - Program 

The recovery of 60.25 tons of uranium and 6 ,6  kg of plutonium from i r r ad ia t ed  

slugs discharged from the  CRNL Graphite Xeactor i n  mid 1.952 w a s  begun i n  July, 1955 
and ended i n  Decembey, 1955. 
0 - 300 Mwd per ton and averaged 125 M%d/"cn, 

program were 0.9 and 1,1 per eent,  respectively. 

96 per eent and the  uranium thnnghput  averaged 904 lb per operating day. 

The i r r ad ia t ion  level of t he  uranium slugs ranged from 
Urani~un and plutonium losses  f o r  t h e  

The plant; on-stream eff ic iency w a s  

The following ehemiceal and equipment flowsheel innovations were evaluated 

during t h e  program: 

1. Continuous n i t r i c  acid dlssolukfon of the aluminum-jacketed slugs. 

2. Dissolution of slmigs i n  acid mste, cantainlng ions of sodium, iron, 
and sulfate, from t h e  i x a n l m  and plutonium second-cycle extract ion 
columns. 

3 .  The use of spec i f i c  gravi-ty messwements for automatic adjustment of 
n i t r i c  acid concentzations i n  scrub streams (IAS and InS) and 
plutonium second-cycle feed adjustment (IIAF). 

4. A i r l i f t  pumping of waste aetd and evaporator concentrate, 

5 .1 .1  Process Description an6 R e s w l t g  

A modified Pwex process chemleal flowsheet (Figs. 7-2 through 5) tms used t o  

process the ORNL Graphite Reactor i r r ad ia t ed  f u e l  elements. 

of the  following s teps:  

Th i s  process consisted 

1. Continuous d isso lu t ion  of f u e l  elements i n  recycle waste n i t r i c  
acid (8.5 M HXO ) containing 0.005 M Hg(N0 ) 
n i t r a t e  sarutioa. 

t o  obtain a uranyl 
3 2  - 

2, Decontamination and separation of uranium and plutonium by a 
three-cycle solvent-extraction process, 

3. I so l a t ion  of the plutonium by an ion-exchange process. 

4.  Continuous solvent recovery. 

5. Continuous recovery of n i t r i c  acid from extraction-eolumn 
aqueous ra f f fna te  wastes. 
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Fuel Dissolution and Feed Preparation. The ORKL Grciphite Reactor fue l  

elements, 1- in .  -dia,  cylinders,  4 i n .  long, contained 1166 g of uranium clad with 

27 g of aluminum. Sixteen fuel elements per how were in jec ted  i n t o  the  d isso lver  

from the storage canal by an air-operated r a m .  The slugs were fed t o  the  500-gal 

dissolver ,  containing 250 gal  of solut ion (approximately 2.0 M RNO 

M - A l ,  O " 2  M - Na, 0.08 M - Fe, 0.005 M - Hg)  and about 1100 lb of uranium metal heel. 

Recycle waste acid (containing 8.5 M HMO 

sodium, and sulfate), flowed t o  t h e  dissolves  as demanded by a l i qu id  l e v e l  con- 

t r o l l e r .  

surge tanks.  

1.4 M - U, 0.28 - 3' 

0.005 M - Hg(N03)2, and ions of iron, - 3' 

Dissolver sa lu t ion  was pumped continuously from t h e  d isso lver  t o  feed 

Approximately 4.5 moles of n i t r i c  ac id  was required per mole of uranium 

dissolved. 

900 lb/day. 

rate t o  1400 lb/day. 

Uranium disso lu t ion  r a t e s  varied from 220 t o  1400 lb/day, averaging 

The capacity of the disso lver  off-gas system l imited the  d isso lu t ion  

The average compos;ition of the  solut ion pumped from the  d isso lver  is  pre-  

sented i n  Table 5-1. Compositions of individual batches of feed are given i n  

Table 5-2. I n  most cases no adjustment of feed was required p r io r  t o  solvent 

extract ion.  

Table 5-1. Average Composition of Feed Solution 

.1111....- 

Constituent 

U 

HNO 
AI. 

Fe 

N a  

I33 

.._I- 

3 
8 1 l.lxl0 
6 5 . 5 ~ 1 0  
6 2.gxlO 
4 

6 . 6 ~ 1 0  
7 6.0~10 

8. N O 7  

a 
For 200-250 Mwd/ton feed. See Sec. 7.h f o r  counting methods. 
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Table 5-2. Average Compositions of Feeds According to Irradiation Levels 

Trradiat ion 
Level, 

0-50 339.5 
50-1.00 329.5 
1.00-1.50 

150-200 322.5 

__ ............. __ 

MNO 
M 3  

1-77 

1- 53 

'2.33 
2.28 

1.40 

G r  P 

1 I) 2x10 7 

9 7 . 3 ~ 1 0  

7. 6 a 0 7  
8 

l I 1x10 
8 

3.. I) 4x10 

Activi ty ,  
I 

6 4. -1.07 2 . 6 ~ 1 0  
5.2xl07 6 

2.2XlO 
6 8.1x107 I 2.0x10 
6 1. 1x108 1 2.9~10 3. &lo7 I 5.5~10; I 6.4~10' 

_-- 6.0x1.0 8 . 9 ~ 1 0  7 
I 1 - ............................. 

F i r s t  S o l v e n t a x t r a c t i o n  Cycle. The uranyl n i t r a t e  so lu t ion  from t h e  dissolver -- 
was f ed  t o  t h e  ex t rac t ion  coluswl (SA) o f  t he  first cycle a t  an average rate of 15.1 

gal/hr. 

t o t a l  ve loc i ty  was 365 gal/im/ft2, the  uranium and plutonium were extracted quant i -  

t a t i v e l y  ( U  loss  0.005$p Pu loss O.Ok$) by the  solvent,  and the  bulk of t he  f i s s i o n  

products was  discharged as r a s t e  i n  t he  raffimte stream, 

bearing solvent stream flowed t o  t h e  mid-section of t he  pa r t i t i on ing  column (TB) 

where the uranium-plutonium separation %as &e 

I n  t h i s  column, where t h e  scrublfeedlextractant  ratio was 1/1.5/6 and t h e  

The uranium-plutonium- 

I n  t h e  pa r t i t i on ing  colwnn t h e  plutonium was seduced t o  the  t r i v a l e n t  state 

and s t r ipped from t he  solvent by an aqueous so lu t lon  o f  ferrous ammonium sulfate 

(0.04 M )  and sulfamic aetd (0.08 M ) ,  after which t h e  aqueous plutonium so lu t ion  

ms scrubbed free of uranium with sol-vent i n  t h e  lower sec t ion  of t h e  pa r t i t i on ing  

column. 

volumetric ve loc i ty  in the pa r t i t i on ing  column was 355 gal/hr/ft  . 
t o  t h e  aqueous plutonium stream (IBP) averaged~O.001 per cent and plutonium loss 

t o  t he  organic stream averaged 0.6 per  cent.  

- - 

The volume r a t i o s  of strip/feed/scrub were 1/6,1/1.5, and the  t o t a l  
2 

Uranium l o s s  

The organic uranium e f f luen t  from t he  pa r t i t i on ing  column cascaded t o  the  

s t r i p  column ( I C ) ,  where the  uranium was str ipped from t h e  solvent by demineralized 

water. 

column ( I C )  was 354 gal /hr / f t  . 
averaged( 0.01 per cent;. 

The aqueous/organic r a t i o  was 1.3/1. and the t o t a l  ve loc i ty  i n  the s t r i p  
2 Uranium l o s s  t o  t he  s t r ipped organic stream (ICW) 



Second Uranium Solvent-Extraction Cycle. The f i r s t - cyc le  aqueous uranium 

s t r i p  solution, containing approximately 40 g of uranium per l i t e r ,  w a s  continuously 

j e t t e d  t o  a phase separator ,  which fed the  eontinuous between-cycle uranium evapo- 

r a t o r .  

stream was adjusted w i t h  concentrated n i t r i c  ac id  t o  obtain a second-uranium-cycle 

extraction-column feed (IDF) containing 340 g of uranium per l i t e r  and 2 M - i n  EsfaO 

A 10-fold volume reduction was made i n  the  evaporator, and the product 

3' 
I n  the  second-uranium-cycle ex t rac t ion  column (ID), the  uranium was extracted 

O w &  PI - ferrous ammonium su l f a t e ,  0,08 M - sulfamic i n t o  the  solvent,  using 3 PI HN0 

ac id  as scrub. 

plutonium and f i s s i o n  products, flowed t o  an evaporator f o r  acid recovery which 

w i l l  be discussed l a t e r .  

operated w i t h  an average serub/feed/solvent flow volume r a t i o  of 1 / 1 3 / 5 5  and an  

average ve loc i ty  of 389 gal/ lhr/ft  

r a f f i m t e  was 0.005 per cent.  

- 3, 
The aqueous r a f f i n a t e  from t h i s  column, containing r e s idua l  

The second-uranium-cycle ex t rac t ion  column (ID) was 

2 The average uranium loss  i n  t he  aqueous 

The manium-bearing organic stream from t h e  second-uranium-cycle ex t rac t ion  

column w a s  s t r fpped of tnanfm i n  t h e  s t r ipp ing  column (IE) by demineralized 

water, using an average aqueouslorganis r a t i o  of le3/l and 8 t o t a l  ve loc i ty  of 

377 gal /hr / f t2 .  

cent.  

The ayerage loss  of uranium t o  the  s t r ipped solvent m s  0.07 per 

The r e su l t i ng  aqueous so lu t ion  from the s t r i p  column, containing 45 g of 

uranium per l i t e r ,  was eontPnuously pumped t o  a phase separator?  which fed a 

bubble-cap-column evaporator for stettm s t r ipp ing  of restdual organic and f o r  

concentrating the  uranium. The concentra-ted prcduct was packaged i n  55-gal s t a i n -  

3' 
l e s s  s t e e l  d m s  f o r  shipment t o  Y-12 f o r  conversion t o  UO 

Fiss ion  product a c t i v i t i e s  and chemical composition of the uranium produet 

solut ions are discussed i n  sec t ion  5.1.2. 

Second Plutonium Solvent-Extraction Cycle, Chemical adjustment; of t he  

plutonium-bearing stream (IBP) from the pa r t i t i on ing  column (D) of the  first 

3 
cycle was accomplished by adding concentrated n i t r i c  acid t o  increase the HITO 

from approximately 1.5 t o  6.0 M - and by adding 2 M - NaN02 t o  a concentration of 0.05 

Id, thereby oxidizing the  plutonium from the  t r i m l e n t  t o  the  t e t r ava len t  s t a t e .  

The adjusted stream (IW) was then pumped t o  the second-plhltonium-sy@le ex t rac-  

t i o n  coluwl ( I I A ) ,  where the  plutonium w a ~  extracted i n t o  the  solvent  and scrubbed 



with 0.5 M HN0 

l/7.5/2 and the  t o t a l  v o l m e t r i c  veloci ty  was 279 gal /hr / f t  . 
t o  t h e  aqueous r a f f i n a t e  w a s  0.04 per cent.  

The scrub/feed/solvent volumetric r a t i o  i n  the  ILA column Was 
2 - 3' 

The plutonium loss 

The plutonium-bearing solvent; from t h e  1 I . A  column cascaded t o  the  second 

plutonium s t r ipp ing  column (ILB) where the  plutonium was st r ipped by 0.05 M - hydroxyl- 

amine sulfate so lu t ian ,  The s t r i p  so lu t ion  a l s o  served t o  reduce t h e  plutonium 

t o  the  t r i v a l e n t  state for subsequent i so l a t ion  (see below). 

The s t r ip/organic  volume r a t i o  used i n  the  IIB column averaged 1.5/1 and t h e  
2 t o t a l  ve loc i ty  was 340 ga l /hr / f t  . 

r a f f i n a t e  wezs 0.045 per cent .  

The average plutonium l o s s  In  t h e  organic 

Plutonium Iso la t ion .  I so l a t ion  of t h e  plutonium contained i n  the  aqueous 

stream from the  second plutonium s t r i p  c o l m  (IIB) was accomplished by sorpt ion 

Of plukonium on Dmex-50 resfn,  using one of t h ree  r e s i n  columns operated i n  p a r a l l e l .  

A f t e r  500 to 600 g of plutonium was sorbed on a s ingle  r e s i n  column, t h e  plutonium- 

bearing stream was diver ted t o  an a l t e rna te  c?olumn and t h e  loaded colwnn was 

processed. The plutoniwn-depleted e f f luen t  from the r e s i n  column wits discarded 

as waste. The plutonium loss  i n  the  r e s i n  colusnn was 0.02 per  sen t .  

A three-s tep process was  used t o  remove t h e  plutonium from the res in :  

1. Uranium sorbed on t h e  resin vas f i rs t  removed from the  plutonium stream 
by d a n f l o w  e lu t ion  w i t h  10-14 r e s i n  c o l m  volumes (1.1-0-60 l i t e r s )  of 
solut ion containing 0.25 M - %SO4 and 0.05 M - h-jdroxylamine. 

removed by upflow e lu t ion  w i t h  3 volumes (10 t o  12 l f t e r s )  of so lu t ion  
contezjning 5.7 14 HDO 

2. Approximately 80 t o  90 per  cent o f  the  plutonium on the r e s i n  was then 

and 0.3 M - sulfamic acid.  
- 3  

3. The c o l m  was then reconditioned f o r  reuse by pumping up through it 
30 l i t e r s  of solut ion containing 0.1 M HNO and 0 , l  M - sulfamic acid.  

- 3  
Act iv i ty  l eve l s  and chemical conrpositions of the  plutonium product are pre- 

sented i n  Sec. 5.1.2. 

Solvent Recovery. All spent solvent streams flowed t o  a s ingle  solvent re- 

The spent covery system (Fig. 7-51 for  con-tj.nuous regeneration p r i o r  t o  reuse. 

solvent w a s  first contacted w f t h  0.2 M N a  CO 

organic volume r a t i o  of 1/10 and a t o t a l  ve loc i ty  of 394 ga l /hr / f t  . 
carbonate wash column t h e  solvent flowed t o  a strztic spray column, where it was 

contacted with 0.05 M HNO 

t o t a l  ve loc l ty  of 860 gezl/hr/ft . 
tank f o r  reuse.  

in a pulse coliunn,* using an aqueous/ 
- 2 3  2 from t h e  

using an aqueous/organie volume r a t i o  of 1/20 and $L 

- 3  2 The regenerated solvent then flowed t o  a surge 



Acid Recovery. The aqueous r a f f i n a t e  streams from the  three extract ion 

columns (IA? I D ,  and I I A )  were processed i n  the ac3.d recovery system t o  recover 

n i t r i c  ac id  f o r  reuse i n  the  dissolver  acid feed and i n  the  I A  c o l ~  scrub. 

The acid recovery system consisted of two pot evaporators, one each f o r  the  

wastes from the f irst  and second cycles, and a bubble-cap Pract.iomtion column, 

The r a f f ina t e  from the  f i r s t - cyc le  extract ion column (XAW stream) ( ~ ~ 3  M HNO ) 
- 3  

was concentrated by a fac tor  of 3, and t h e  concentrate (approximately 6 H HMO 

containing a l l  the  waste salts of iron, sodium, and alumina,  wafj t ransferred t o  a 

holdup tank f o r  monitoring and discharge to waste storage. The ac id ic  vapors from 

th i s  evaporator flowed t o  t h e  ac id  fract ionator .  

- 3  

The r a f f i n a t e  streams from the extract ion columns of the second uranium and 

plutonium cycles, containing 72 per cent of the recoverable acid, were combined 

and concentrated t o  8.5 M HNO 

f o r  reuee i n  the  slug dissolver .  

flowed t o  the  bubble-cap f rac t iona tor  f o r  concentration, along with the vapors 

from the first cycle evaporator, t o  8.5 M 3KNO 

t a in ing  no metal l ic  ions, was pumped t o  s surge tank which supplied n i t r i c  ac id  

t o  the  first -cycle extraction-column scrub (US). Fractionator bottoms i n  excess 

pf the U S  requirement overflowed t o  the  recovered ac id  storage tank f o r  reuse i n  

the dissolver.  

The concentrate was a b l i f i e d  t o  8 storage tank - 3" 
A c i d  vapors from the  second cycle acid evaporator 

The f r ac t ions t a r  concentrate, con- - 3" 

The pr inc ipa l  advantage of t h i s  ac id  recovery system is the a b i l i t y  t o  auto- 

matically re turn  t o  the process via the  dissolver  any zls&nium os plutonium l o s t  

t o  the  second-cycle waste streams, The presence af iron, sodim, and su l f a t e  Sons 

i n  the  recovered acid from t he  second-cycle waste dfd not  cause excessive fomfng 

i n  the  dissolver .  Sat isfactory uranium and plutonium losses  (each less than 0.1 
per cent )  and one-cycle gross y decontamination f ac to r s  (7 .3~10 3 1 were obtained; 

however, no comparison was made with the  decontamination obtainable when fresh 

acid was used i n  the dissolver .  

5.1.2 

Uranium Decontamination, 

Decontamlnation Factors and Product Pur i ty  

Two-cycle rzranim decontamination f ac to r s  (Table 5 -3 1 
ranged from 2x10 3 t o  5x104 f o r  gross @ and from 3x10 3 t o  8x10 5 f o r  gross y ac t iv i ty ,  

and increased with increasing a c t i v i t y  i n  the feed solut ion while product l eve ls  

remained e s sen t i a l ly  constant. 
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Table 5-3. '=.iso-Q~le !.kanium Decontamination Factors 
-- 

. Decontamination Factors Prad-alet I 

product s01ixi;ion averaged 420 @;/liter ar;d the FINO averaged 0.9 M; - it met fission 

product and plutonium content specifica%ions AI1 product solutions w e r e  accept- 
3 

able f w  UO produc.tion at Y - l % .  T-vo prodiact shipments contained 23Cr-390 ppm a% 

cdeiumn as a resu l t  of using process water in plaee of demineralized in the 

mt%ni?dm s t r i p  ~ ~ l u m r u ~ .  TWO pspoclrii~t shipments conb,fned 118 and 270 pp" of i r o n  

as 8 result or eamyover from the ID co l rm;  o%hheMse, the t o t a l  metall ic ion 

impurities i n  the uranium p r d u i r t  were of a satisfactory magnitude, 20-100 ppm. 

Fission product a c t i v i t y  levels;, chemical cornposittion and metal3 i c  ion impurities 

of the uranium product solut ton 

3 

- 

presented in Tables 5-4 and 5. 

-. 

1,lxlO 

5.5~10 =I -- 
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Plutonium DeeontaminatLm. Through two cycles of solvent ex t rac t ion  plus ion 
-_1_1_- 

exchange the  plutonium decontamination f ac to r s  (Table 5 -6) ranged from 1 . 5 x l O  5 t40 

4.910 5 f o r  gross 9 and from 7 .3~10 5 t o  4 . 8 ~ 1 0  7 for gross y a c t i v i t y  and increased 

with a c t i v i t y  l e v e l  of t h e  feed solut ion.  

Plutonium Decontamination Factors 
_1 

100-150 

150-200 2 e 3x10 

200-250 1.5~10 

-GE-..7-- 
6 

7 
8 

7 5 . 5 ~ 1 0  

2,OxlO 

1.4~10 

1.2x10 

____ 

i?lutoniwn Product Pur i ty .  The plutonium praduct solut ions contained from 

37.6 t o  46.5 g o f  plutonium per liter and were 3.b-3.9 M i n  f-INQ (Table 5-7). 
3 - 

Plutonium Product Compos it ion 

FLSS: -. . .. . . 

-- ^ 
i Gr 9 I Gr y 
4 .r[x10 5 1.0 6x10 

3.’”. 

3.9 

5.2 Special. Plutoniuii Separation Programs -.- 
Two spec ia l  sepmation programs were conducted for  the  recovery of plutonium 

w i t h  8 high content of Pu240 f o r  the Special  Separations Group a t  Y-12. 

the spec ia l  separations program 160 lb of i r r ad ta t ed  uranium containing 1-62 g of 

plutonium (13.7 per cent PU “’) was recovered f ~ o m  NRX i r r ad ia t ed  na tura l  

uranium fuel. 

29.7 per cent sms recovered from 11 NRX i r r ad ia t ed  plutonium-aluminum a l l o y  

During 

I n  t h e  plutonium-aluminum a l loy  program 171 g of plutonium with 

slugs. 

5.2.1. Feed Prepmat ion  

Feed for  the special separations program was obtained by dissolving the  

cent ra l - th i rd  sect ions of four PIRX rods which ha& been irradiated t o  2025 g of 

plutonium per ton of wanLiun and sawzd t o  8-in. lengths.  

uranium slugs weye dissolved in 8.7 M HEJO containing 0.01 M &(NO ) a t  a 

The aluminum-jacketed 

- 3  3 2  
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dissolver  reflux temperature of l l O ° C .  

159 g of uranium per l i t e r  and 4.3 M HNO 

associated aluminum) dissolved, 5 - 6  moles of n i t r i c  acid was consumed. 

solver solutSon was mixed with approximately 300 gal of 1.75 M - uranyl n i t r a t e  

solut ion and adjusted t o  320 g of uranium per l i t e r  and 2.5 M EINO t o  f a c i l i t a t e  

processing under the same Purex chemical flowsheet used i n  the  ORNL slug program 

(see Section 5.1.2). 

The resu l t ing  dissolver  solution contained 

For each mole of uraniwn (plus - 3' 
This dis- 

- 3  

Feed f o r  the  plutonium-aluminum program was prepared by dissolving eleven 

LO-in.-long plutonium-aluminum slugs which had been i r rad ia ted  i n  the  NRX reactor .  

Dissolution of these slugs i n  5.4 M WNO 

complete after the i n i t i a l  62-h~- digestion. 

required for complete dissolut ion of the Pu-A1 a l l o y  slugs, 

containing 0.05 M &(NO ) was 80 per  cent 3 2  - - 3  
Two addi t ional  44-hr digestions were 

To f a c i l i t a t e  plutonium recovery, the  solut ion from the three  dissolvings, 

containing 171 g of plutonium and 8 lb of aluminum w a s  a.dded t o  1000 g a l  of 1-75 M - 
uranyl n i t r a t e  solution, and a feed containing 320 8 of uranium per l i t e r  and 

2.0 M i n  HNO was prepared for solvent extract ion.  
3 - 

The i n i t i a l  d issolver  solutlon, containing 98 per cent of t he  plutoyliwn 

(162.4 g )  i n  363.4 l i t e r s ,  was analyzed f o r  f i s s ion  product (Table 5-8). 

Table 5-8. Fiss ion Product Distribution i n  Pu-A1 Alloy Dissolver Solution 
I 1 

%he plutonium concentration was O, 447 mg/ml. 

5.2.2 Solvent Extraction 

The chemical flowsheet and solvent extract ion procedure described In See. 5.1.2 

Plutonium were used t o  e f f ec t  uranium and plutonium recovery f o r  both programs. 

recoveries during the  SSP and Pu-A1 a l loy  programs were 99.7 and 99.8 pes: cent, 

respectively . 



5.2.3 Plutonium Product 

Amount, w t  % 
Pu-239 

Pu-240 

PU -241 

Pu-242 

The plutonium product solut ions from the  spec ia l  separations and pu-Al programs 

were t ransfer red  t o  the  Y-12 Special  Separations Group. The isotopic  analyses of 

these plutonium prorlucts are given i n  Table 5-9. 

SSP Pu-A1 Alloy 

84-3 64.9 

13.7 29.7 

1.8 4.5 

0.87 
__._I__ 

0.2 

Table 5-3. 

5.2.4 Uranium -- Product 

During the  spec ia l  separetions and pu-Al plutonium recovery programs, t h e  

one-cycle uranium product solut ion was continuously recycled t o  an a l t e r n a t e  feed 

tank f o r  use i n  recovering the  plutonium. that remained i n  t h e  system during the 

i n i t i a l  proeeaslng pass. 

-6 taken from the system as prcxluct and returned t o  the usual production channel 

When a l l  t h e  plutonium had been recovered, t h e  uranium 

through Y-12 

5.3 Brookhaven National Laboratory Reactor Fuel Processing 

Approxlmately 6.4 ,tons of alumlnum-cld uranium fuel elements i r r ad ia t ed  t o  

$00 Mwd/ton i n  t h e  Brookhaven National Iaboratory Reactor and decayed f o r  approxi- 

mte ly  one year were processed t o  recover 6.4 tons of uranium and 2.7 kg of 

plutonium. 

t i ve ly ,  of t he  feed content. 

Uranium and plutonium recoveries w e r e  97.6 and 98.1 per cent, respec- 

5.3.1 Process Description and Results 

The BNL fuel  elements were very similar t o  the  ORNL Graphite Reactor fue l ;  

therefore ,  t h e  chemical and equipment flowsheets used f o r  the processlng of t h e  

BNL fuel elements were essentia1l.y iden t i ca l  w i t h  those used for the ORNL fuel 

elements (Sec . 5.1). This discussion is  therefore  r e s t r i c t e d  t o  s ign i f fcant  

var ia t ions  and results of the  various s teps  i n  the  process. 
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u, 
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Feed Preparation. The previously described (Sec . 5.1. I) continuous n i t r i c  

acid dissolut ion process was used t o  dissolve the BNL fuel elements. 

average chemical and individual f i s s i o n  product a c t i v i t y  composition of t he  

dissolver  solution are presented i n  Table 5-10. 

The 

____._.__ 

Activity,  c /m/ml  -- 
G r  f3 G r  y Ru y 

l.lxlog 5 . 6 ~ 1 0 ~  8.1~10 7 

Recovered waste ac id  (8.5 M HNO ) was used t o  dissolve BNL slugs during the  
- 3  

f i r s t  half  of t he  program, and f r e s h  n i t r i c  acid was used during t h e  remainder 

of t he  program. The recovered acid contained sodium, iron, and s u l f a t e  ions 

from t he  second-cycle wastes, and t h e  fresh acid was a commercial grade product. 

No difference was noted i n  the dissolving act ion of the  recovered and f r e s h  

ac id .  

before the recovered ac id  could be completely flushed from the  system; therefore 

a d i r e c t  comparison of t h e  r e l a t i v e  e f f e c t  on f i s s i o n  product decontamination 

of t he  use of fresh and recovered ac id  vas not possible.  

I n  the change from recovered t o  f r e s h  acid,  t he  program was terminated 

Solvent Extraction. The average flow rates and chemical composition of t h e  

various streams of t he  modified Purex chemical flowsheet used i n  the  BNL program 

are presented i n  Table 5-11. 
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, Stream 

Table 5-11. Average Composition of Entering Streams 

.I-_ 

Flow Rate 
--. Compos it ions . g a l / h  

I 
i IAF ! 

! IAX 

An unusual aaoun-t; of i n t e r f a c i a l  so l ids  appeared durZng t h e  processing of 

t he  BNL fuel elements. This pa r t i cu la t e  matter col lected rad ioac t iv i ty  at t h e  

organic-aqueous intel-faces and was then red is t r ibu ted ,  pr imari ly  i n  the  solvent 

streams. Some reduction i n  the  so l ids  f o m t i o n  and an increase i n  the gross 7 

decontamination f ac to r  a e ~ o s s  the solvent recovery system from 7 t o  19 was ob- 

ta ined by decreasing the organic/a,qeuous r a t i o  i n  the  carbonate scrub column f rom 

8 / ~  t o  ?/.le Other flowsheet changes Fade t o  improve decontamination included: 

1. F i r s t  -cycle ex t rac t  i o n - c o h m  scrtib -section height increased from 

2. Uranium sa tura t ion  i n  solvent of f i r s t - cyc le  ex t rac t ion  column in-  

3. N i t r i c  acid content of the scrub t o  the f i r s t - c y c l e  ex t rac t ion  

12 f t  io 16 f t  

creased from 60 per cent t o  75 per cent 

c o l m  increased from 3.0 M t o  h.5 M - I 

1’7.4 318 g / l i t e r  u 
1.94 M mo, 
3@ TBP 

...... - .~ 
J 

I 

58.6 
~ ............................. ............ 

.......... ................ ......... - 3 

4 

__I ............... ..... . II3S 3@ TBp 

rex 0.005 M - mo - 
340 g/l.iter U 
2.3  M mo 
3. o PI HIYO 

IDF 
- ........ ....... 

0.02 M - F ~ S O ~  < N H ~  ) 2 ~ ~ 0 4 ,  
1m 0.04: M Id’s0 iX L a .  
I DX 3@ TBP 

.................... 

9.0 

15.3 
102.5 

14.2 

... 

.. 

10 

55.1 
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SO$ u Saturation in ~rganfc, 
12-ft  Scrub Section 

IAX/LBS = 5.8/1 

The combined effect of these flowsheet changes was an %fold increase in ftssion 

prcduct decontamhation. 

factors for two  cycles of uranium extraction under the condltions stated are given 

A comparison of individual f i ss ion  product decontamination 

75% u Saturation in Organic, 
16- r t  Scrub Section 
JAx/IAS = 4.7/11 

in Table 5 -12. 

Table 5-12. 

5.5x1d 

Fission 
Product 

Gross f3 

Gross y 

RTl Y 

7 

TRE B 
cs Y 

Gross f3 
Gross 7 

Y 

Zr y 

N - b Y  

rRE B 
zs y 

4 . 1 ~ 1 0 ~  
2 . 8 ~ 1 0 ~  

640 
1.3~10 

2 8d03 

1.8~10~ 

4 

4 1 .6~10  

4 
2 D Ox10 

4. &io3 
4 6. ox10 
4 

2 * 2x10 
6 1.lxlO 

5. 6d05  

74 
28 

178 
36 
-- 

-.. 

609 

345 
68 

1 a 2x103 

265 
1.2xlo 

1.6~10 

4 

4 



The two-cycle urmiwn product did not meet fission product speeffications 

and was recycled through two addi t ional  solvent-extraction cycles at the end of 

the program for add-ftional decontamination and Tor equipment decontamlnatfon. 

gross y decontmination f a c t o r  of 30 was obtained during the recyele, after which 

the product was acceptable for shipment to Y-12 f o r  rjg 

A 

preparation. 
3 

After two solvent-extraction cycles and one res"m-colwmn isolation, the BNL 
plutonium product was packaged f o r  shipment ., 

The average flowing stream and ~ o m p ~ s i t e  plrant losses (including reprocessing) 

of wanium and plutonium are presented i n  Table 5-13. 

Column Epsets accounted f o r  a major par% of the relatfvely high composite 

losses. 

and second plutonium s t r l p  columris eontrfbuted the major losses. 

During equi lLbrim operation poor organic stripping i n  the first cycle 

Table 5-13" Flowing Stream and Composite Losses 

Total  Flowing 
Stream 

c amp 0 s it e 

&os 

0,115 
2 - 4  

:s, $ 
Plutr on iUm 

0.005 

0.81 
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5.3.2 Product Purity 

Uranium Product Purity. The composition and fission product activity of the BNL 

uranium product are presented in Table 5-14, 

Table 5-14. Uranium Product Composition 

As previously mentioned, the two-cycle uranium product did not meet fission 

product specifications and vas recycled through two additional cycles of solvent 
extraction. 

product specifications, it was of sufficient pur i ty  to be acceptable to Y-12 for 

UO preparation. 

in the uraniwn product. Niobimn, cesim, and zirconium were the other major 

contaminants in the product. 

after the first two-cycle pass. 

While the four-cycle uranium product s t i l l  did not meet S%ss%on 

Ruthenium comprised 80 per cent of the f i s s i o n  product activity 
3 

The uranium met the plutoxdum specification (10 ppb) 

The metallic ion contamination fn the BNL uranium product is presented in 

Table 5-15. 

Table 5-15. Metallic Ion Concentration 
__-lll-- 1___1_ 

Product 

J! 
Metallic ions not listed were present in concentrations below the limit of 

detection by spectrographic analysis. The f i r s t  shipment; was contaminated by 

calcium and magnesium present in the untreated process water, which was used 

instead of demineralized water f o r  uranium st r ipping.  



Plutonium Product Puri ty .  Chemical composition and. f i s s i o n  product a c t i v i t i e s  

of t h e  BNL plutonium product a r e  presented i n  Table 5-16. 

PlwL onium Prod u e t  Solution Concentration --.. - Table 5-16. 

Plutonium decontamination f ac%ws  are given i n  Table 5 -1'7. 

Table 5-17'. P lu t  o n i m  B c  ontaminat ion Fact om 

Two -cycle Plutonium 
-.- Decontamination Factors -_I 

4 1 * 1x10 
5 2.3XlO 

4 + 8x10~ 
5 I. 4x10 
5 2 * 1x10 I 

7.3~10 
3 . 3 ~ 1 0  

......l_l 

Zirconium and nioblwn each contributed 24 per cent of t he  glaoss 7 a c t i v i t y  

i n  t h e  plutonium product, while mthenium contributed only 7 per  cent of t h e  gross y .  

The presence of t he  large percentage of zirconlum and niobium i n  the  plutonium after 

?on exchange i s  a t t r i bu ted  t o  t h e  existence of i n t e r f a c i a l  so l id s  i n  the system 

-which se l ec t ive ly  sorbed these products. The solids, ,containing the  a c t i v i t y  were 

f l l t e red  from the  plutonium-bearing stream as it floved through t h e  r e s i n  bed and 

were then washed froin the res in ,  during thc plutonium elution, i n to  the product. 
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5.4 Chalk Rives Tank Car Program 

During the  CRTC program 19.7 tons of uranium and about 30 g of neptunium were 

recovered from two 5000-gal tank car l o t s  of' uranyl n i t r a t e  solut ion received from 

Atomic Energy of Canada L i m i t e d ,  

pur i f ied i n  the  Chalk River radiochemical separations plant  and was shipped t o  CWNL 

for f i n a l  pur i f ica t ion  and recovery of' the  usmiurn. Because of the s izeable  amount; 

This uranyl n i t r a t e  solut ion had been p a r t i a l l y  

of Np2j7 i n  the  solution, QRNL decided t o  develo? a flowsheet f o r  simultaneous 

recovery of the  neptunium with the uranium. 

A modified -ex chemical flowsheet using 30 per cent TBP i n  kerosene di luent  

and n i t r i c  acid as s a l t i n g  agent was used t o  separate neptunium, plutonium, and 

uranium and t o  produce purif ied uranium and neptun.fum. 

covered. 

The plutonium was not re- 

5.4.1 Feed Preparation 

Concentrated uranyl n i t r a t e  solut ion containing 450 g of uranium per l i t e r  

was transported i n  1500-gal batches $0 the  ORNL Metal Recovery Plant from the  rail- 

road siding a t  K-25. 
the plant feed tanks. 

Each t ruck load was monitored f o r  uranium and t ransferred t o  

A t  t h e  beginning of t he  program the  so lu t ian  was processed wi.th the  chemical 

composition as received. Ifowever, as it became apparent that a higher concentra- 

t i o n  of n i t r i c  acid i n  the feed aided neptunium secovery i n  .the i n i t i a l  ex-braction 

column, the feed acid concentration w s  adjusted to 2.0 M - and t h e  rrranium con- 

centrat ion was adjusted t o  330 gll i ter  , 

were not added t o  the  feed tanks. The average composition of feed solut ion is 

given i n  Table 5-18. 

Additional oxidizing o r  reducing agents 

Tab le  5-18. Feed Composition 

Composition Concentrations - 



5 . 1 ~ 2  Solvent Extract i m  

Two cycles of solvent extract ion were used f o r  recovering uran3.m and neptunium 

from t h e  feed solut;i,ono 

and t o  make a gross separation of neptunium and plutonium from uranium. The second 

cycle im.8 used t o  fu r the r  pur i fy  neptunium of plutonium and other metal l ic  ions. 

The fin& cycle vas  used t o  recover ilranium i n  a usable form 

The chemical flowsheet, incorpoPating neptunium and wraniwn recovery, d i f f e r s  

from the  usual -ex flowsheet f o r  ummium and plutoniwn recovery i n  t h e  following 

points :  (1) equili’lsrim concentration of n i t r i c  ac id  i n  the  pa r t i t i on ing  

column aqueous e f f luent  ( D P )  was min ta ined  at 1.0 M instead of the usual 2.0 5 
(2)  t h e  addi t ion of sd i im  n l t r i t e  vas omitted from t h e  second cycle feed prepara- 

t i o n  s tep ,  and (3 )  flow-rate changes vere a lso  &e t o  e f f ec t  approximately 60 per  

cent uranium sa tu r s t ion  fn the solvent; i n  t h e  first cycle ex t rac t ion  colwm. 

During t h i s  program, the  effects of n i t r i c  acid eoncentration on neptunium extrac-  

t i o n  and par t i t ion ing  were observed. A reducing ageat was added t o  the  ex t rac t ion  

column scrub stream dwfng  a por”,on of the program. The e f f e c t s  of these changes 

a m  discussed later. 

- 

The average chemical flowsheet; conditions are l isted i n  Table 5-19, along 

With with conditions found i n  t h i s  study t o  give t h e  bes t  neptunium recovery. 

t h i s  f l a r shce t ,  n e p t m i m ,  umxium, and plutonium w e r e  extra.c.t;ed i n  t h e  IA colwnn 

and t h e  neptunium m d  pl‘tsrtmaim were pa r t i t i oaed  f r o m  t‘ne uranium i n  the  TB 
column. 

column flowed t o  t he  TIL4 column, where neptunium was separated from plutonium by 

omitting the  oxidation of plutmium with sodium n i t r i t e .  

plutonium vas extracted i n  the I U  colwnn In the organic phase, which flawed to 

the  J I B  colwnn f o r  s t r ipping.  

The neptunium and phtsa iwn i n  the  acpeous phase e f f luen t  from t h e  u3 

T’ne neptunium plus  some 

The s t r i p  solution, containing neptunium plus  

t r aces  of plutonfzun and uranium, flowed tkpmgh EL 7-in. dia by 14-in. high bed of 

Dowex 50  cat ion r e s i n  whleh. sorbed these elements quantitat-ively.  

and uranium were eluted from t h e  resin. with a solut ion containlng 0.2’5 14 %SO4 

acid and 0.05 pll - hydroxylamine sulfate. 

was e lu ted  l a t e r  w i t h  6 M HNQ 

The neptunium 

- 
The plutonium remained on t h e  res in  and 

containing 0.3 M sulfamic acid.  - - 3  
From t he  I B  p a r t i t i o n  column, the  organic phase containing uranium free of 

neptunium TloTIPed t o  the  s t r ipp ing  c o l m  ( I C ) .  

uranium was evaporated t o  )$OO g of tu-anium per l i t e r  and packaged f o r  shipment. 

The s t r l p  so lu t ion  containing the 
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Table 5-19. Neptunium-Uranium Recovery Flowsheet 

Enter - 
ing 

Stream 

Lst 
:ycle 

IAF 

IAX 

U S  

IBX 

IBS 

ICX 
?nd 
:ycle 

IIAF 
IIAX 
I U S  

I I B X  

Flow 
Rate, 
3al/h 

12.5 

58.5 
8 

10.6 

15.2 

110 

17.4 
4.5 

6.1 
2 

Actual Recommended 
-7 

Se Stream Composition 

Others 
I 

- - 
0.08 M NH$O H 

0.04 M - FeS04. (NH4)2S04 
3 10 

- 3@ TBP 15  

- - 

- LOO 
H20 

- 16 
- 3@mp 4.0 
- - 2 
- 0.05 M - (NH20H)2.H2S04 6 

Team Composition 

Others 

- 
0.08 M NH SO H 
0.04 M - Peso4 (NH4 )*SO4 

- 2 3  

- 
H2° 
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The spent solvent from the  I C  and T I 3  s t r i pp ing  columns was continuously 

washed and recycled t o  t he  extract ion.  The solvent was washed w i t h  0,2O M N a  CQ - 2 3* 

The acid recovery unit  mzs not operated. during this progran~, 

5.4.3 Wanium Product 

The 19.7 tons of uranium recovered from the  AECL uranyl n i t r a t e  solution was 

shipped t o  Y-12 f o r  UO 

404 g of uranium per l i t e r  an4 l s . 4  M UNO 

t r a t i o n  was l5O ppm of uranium. 

with 8 t o t a l  of 109 ppm. The averages of Sndividual metallic ion concentrations 

ape given i n  Table 5-20. 

prepayation. The uranyl nitrate product e;olution averaged 

The average total meLetllic ion concen- 
3 

- 3' 
'Iron and silica w e r e  the major contaminants, 

Table 5-20, Concentration of Metallic Ion in Uranium Products 

Fe 

m 
Mn 1 I 

84 

l 

3 4 
The gross gamma a c t i v i t y  i n  %he uranium product ranged from1.6xl0 to 3 x l O  

4 
c/m/ml and averaged 1.2x10 

uranium product i s  given i n  Table 5-21e 

Table 5-21* 

The f9ssion product a c t i v i t y  d i s t r i b u t i o n  i n  t h e .  

Fiss ion Produet Dfstributfon i n  U r a n i u m  Product 

; h fpment 
No. 

1 

2 

3 
4 

5 
6 

7 
Avg . 

______. 

u, 
g/li-ter 

408 
"cog 
412 
408 
'-1.13 

402 
375 
404 

Gross @ - 

6 . 8 ~ 1 0 ~  
4 

3 3x10 
8.0~103 

4 1.3Xlo 
4 

I. 8x10 

8. %io3 
4 2.0x10 
4 I.. 5x10 

Gross y 

4 

4. %lo3 
3 D 2x10 

7. a X d  

I. t j X d  

3. qfio3 

4 
4 

2 " Ox10 

1.2xlO 

c t i v i t v  e /m/d 

Z r  y 

6 LI O x d  

300 

4. 8x103 

146 
191 

3. g ~ l O 3  

1 3x10 3 

2.4xl.o 3 
--- 

I 

Fa2 y 

ll 
1 s 8x10 

3 2 e 3x10 

893 
l o  3x10- 

4 
1 D 2x10 

5 . 6 ~ 1 0 ~  

3 * LxlO 3 

L *io3 

3 



5.4.4 Neptunium Recovery 

It became apparent during the  i n i t i a l  phases of flowsheet development f o r  

neptunium recovery tha t  t he  feed solut ion should conLain at least 2 moles of n f t r f c  

ac id  per liter and t h a t  the  uranium s a t m a t i o n  of t he  solvent should be maintained 

at  about 60 per cent .  

mately 95 per c a t  of t he  neptunium In  the  feed so lu t ion  was recovered i n  the  

ex t rac t ion  column (&A)- 

Under these conaftions and with a 3.0 M HNO scrub, approxi- 
- 3  

On one occas8on, some Preedam was exercised i n  Jmprovising $. flawsheet t o  

provide b e t t e r  decont@lmenation of the uranium from plutonium i n  a s ingle  solvent 

ex t rac t ion  cycle. A reductant was addled t o  t he  scrub so lu t ion  enter ing the ex- 

t r a c t i o n  c o l m  ta reduce t h e  plutonium t o  the less extractable t r i v a l e n t  s t a t e  

md t o  observe the effect on neptunium recovery. efnfortunately, t he  ad.dftion of 

the r educ tmt  was accompanied by $. simultmeous decreaae i n  the n l t r i c  coneen- 

t r a t i o n  from 2.0 M - t o  1.25 M - i n  the  ex t rac t ion  colwru? r s f f f n a t e  [UW).. During 

t h i s  period both p1ut;orrfurn and neptunlm losses t o  the  IAW were high, and the 

neptunium loss remained high even a f t e r  the  addi t ion of reduetant was discontinued. 

Extraction of' the neptunium was resumed when the  acid concentration af the 

r a f f i n a t e  WRS increased t o  about 2.0 kll by increasing the scrub HNO t o  3.0 M, 
The conclusion reached was that tbe e f fec t  of low acid concentration on neptunium 

ext rac t ion  was greater than that of the  neptunium valence s t a t e .  T h i s  con@lu~;Son 

was supported fu r the r  by the  fact t h a t  reduced nepLunim was st r ipped by 1.5 M - 
HEJO 

3 

i n  the partitAoning column (333 1. 
The neptunium and plutonium were separated from the  Ut.tmPurn i n  the p a s t i -  

3 

tfonfng column ( I B ) .  

neptunium from the  ex t rac t ion  column, was contacted w i t h  an aqueous reducing 

solut ion (0.04 M FeSOq.(NH4)2S04, 0.08 M XH SO H) .  The f l a w  r a t e  of t he  reducing 

so lu t ion  was controlled t o  give an aqueous e f f luen t  from t he  par t f t ion ing  column 

The organic stream, whSeh contained upanfum, plutonium, and 

- 2 3  

1.0 M i n  HE0 

was separated from the  uranium, which remained in the  solvent phase. During part 

of the program t h e  n i t r i c  ac id  concentration of the aqueous e f f luen t  s t r e m  (IBP) 

was increased t o  1 . 5  M I without a f f ec t ing  the  uranium-neptunium separation, 

Under these conditions more than 99 per cent of the  neptunium 
3'  - 



The aqueous e f f luent  from the  par t i t ion ing  column was processed through an 

addi t ional  solvent extract ion cycle t o  purify the  neptunium from iron t h a t  was 

added t o  the  payt l t ioning solut ion.  

flowsheet i s  shown i n  Table 5-19. 

glutonium second eyc1.e flowsheet i n  t h a t  t h e  oxidizing agent; (scdium n i t r i t e )  ' x i s  

omitted from the  feed preparation s tep.  

only about 60 p e r  cent of t he  neptunium i n  the  Peed would be recovered i f  an oxidi-  

zing agent tjas used, and, since only et small quantity of plutonium w&s involved i n  

the  feed, the plant  was operated with chemical eonditions favoring neptunium 

recovery. 

recovered i n  the extract ion column. 

counts) i n  the  feed vas 333/1. A f t e r  t he  second cycle solvent extract ion,  the  

r n t i o  of plutonium t o  neptunium decreased t o  3/l .  

t a in ing  neptunium plus  t r aces  of plutoni-ma and uranium flawed through an. ion 

exchange column (Dowex 50) which sorbed these elements quant i ta t ive ly .  

separation of neptunium from plutonium was achieved by elutring the r e s i n  with @t 

solut ion containing 0.25 M - su l fur ic  acid and 0.05 M - hydroxylamine solution. 

neptunium and uranium were removed, leaving t h e  plutonium. The iwptwiium-uranium 

e lua te  was processed by the  Chemistry Division t o  recover approximately 28 g of 

pur i f ied  neptunium.* 

The second solvent extract ion cycle chemical 

It d i f f e r s  s l i g h t l y  from the  usual Pwex 

Prevlous work i n  t h e  p lan t  indicated t h a t  

Approximately 95 per cent of the neptunium i n  the  second cycle feed m s  

The ratio of plutonium t o  neptunium (alpha 

The & r i p  solut ion (TZBP) con- 

A fur ther  

The 

5.5 Argonne - National Laboratory Reactor Fuel Processing 

During the  72-day p e r i d  from Apri l  3 t o  June 14> 1956, 29 tons of uranium wits 

recovered from the Argonne National Laboratory CP-2 and CP-3 reactor  TueI., 

aluminim-clad CP-3 reac tor  f u e l  contained 2.7 tons of uranium and 200 6: of plutonium. 

The uranium oxide fuel from the  CP-2 reac tor  contained 26.5 tons of uranium and. 

trace amounts of plutonium. The aluminum-clad slugs were dissolved continuously 

and processed tlrrough two solvent ex-traetion cycles f o r  uranium and plutonium 

recovery using standard Furex flowsheet conditions. The uranium dioxide was d i s -  

solved continuously and processed through one cycle of solvent extract ion to 

recover uranium only. 

The 

5.5.1 Feed Freparat ion 

The uranium dioxide vas  packaged i n  2,500 ordinary I-gal- paint, cans, each 

containing approximately 12.5 kg of oxide. Single cans were charged manually t o  

t h e  dissolver  through an interlocking system of valves t o  permit continuous d i s -  

solving. The rate of oxide addi t ion t o  the dissolver  was I-i-mited t o  one can at 

* "Chemistry Division Progress Report f o r  I - 'er id  Ending June 20, 1956", 
G. W. Parker, i n  ORNL-2171. 



20-min in t e rva l s  t o  prevent mmloding of the  dissolver  off-gss system, 

acid,  6-7 M,ws - dded t o  t k  disso lver  on li~puid-PeveS demand, and the withdrawal 

r a t e  from the  d isso lver  was tiLd3ustad t o  m i n t s i n  a specffk g ~ a v i % y  of 

106°C. 

l i t e r  and 2 - 3 4  M - i n  nitarfc acid was eon%inus;saly prepared, 

was added and an average of 2,2 moles o f  n i t r i c  acid was consumed gas mole of 

uranium dissolved. 

solved with each 40 males of uranium, 

EL%ric 

at 

Under these conditions a Teed solut ion conts6nfng 342 g 09 urw%m per 

About 6 

A eomeetion WELG made for  the 6 moles of iron from the can dis- 
" 

are given i n  Table 5-23. 
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Table 5-23. Actual Chemical Flowsheet f o r  ANI, C P L ~  Fuel Processing 

i- 

I 
I 

I 
j 

I 
I 
I 

I 
I 
, 
I 
I 

i 
j 
1 

Cons t i tuent  

Gross f3 

Gross 7 

ma! 
U 

HNO - ~ ~ - . - -  

IAF 
U S  

IAX 

XBX 
IBS 

scx 
IDF 

IDS 
I D X  

Em 
IIAF 
I*US 

IIAX 

I I B X  

SRS 

c wc 

_____-- 

Concentration 
-3- 6 . 5 ~ 1 0  c/m/ml 

3x10 c/m/nii. 
4 

2x103 c/m/nii. 

338 m g / d  

2.13 M - 

14.5 
9.6 
58.0 

10.6 

15.3 

105 

11.2 

11.1 

57.5 
60 
20.7 

2.0 

5.0 

6.2 
9.5 

16.0 

Compos it i on 
I_- 

275 g / l i t e r  u, 1.95 M_ IEN0 

3.0 M HNO 

3@ mp 

3046 TBP 

1.61~10' Pu a c/m/ml 
3' 

- 3  

0.04 M-Fe", - 0.08 M - sulfamic acid 

Demineralized water 

355.5 g / l i t e r  U, 2.06 M KNO 
- 3  

2 -5  M HNO 

3 6  TBp 
- 3  

Demfneralized water 

6.0 M HNO 0.1 M - NaN02 - 3' 

- 3  
0.5 M HNO 

3 6  rIV3p 

0.05 14 - (%OH 12. X2SOb 

0.1 M HNO 
- 3  

0.125 M Na CO - 2 2 .  

Feed prepared from the ANL CP-2 reac tor  oxide fuel contained f i s s i o n  product 

a c t i v i t y  and plutonium i n  small amounts, and one cycle of solvent extract ion pro- 

cessing was used t o  recover pur i f ied  uranium. The gross @ and gross y a c t i v i t y  

i n  t he  oxide feed solut ions averaged 6.5xJ-0 and 3x10~ c/m/ml, respectively,  and 

t he  solut ion contained 338 g of uranium per  l i t e r  and was 2.13 PI i n  HNO 

f i s s i o n  product a c t i v i t y  spectrum in  t h e  feed prepared from t he  AllL CP-2 reactor  

f u e l  i s  given i n  Table 5-24. 

4 

The 
3' - 

Table 5-24. Composition of Feed Prepared-from ANL CP-2 Fuel 



A revised chemical f l m h e e t  was wed t o  process the ' 3 - 2  reactor fuel .Re&, 

Ferrous iron WBE: added to the extraction e o l m  semb etrem to remove traces of 

plutonium, and 0,2 M 3HO 

par t i t ion ing  column t o  remove meta l l ie  ton fmpuritfea from the uranium pr io r  t + ~  

stripping. 

solutfon m s  pumped t o  t h e  former plpr"canim-*3~ne~m 
- 3  

Actual flow rates and chemical coqoesitfon of en%ering stream are given 

in Table 5-25. 

Table 5-25 Chemical Flowsheet for ANL CP-2 Fuel. Processlnt; 

Enter in$ 
Stream 

1 IBS 
I I B X  

ICX 
SRS 
cwc 

The 200 g of plutonium recovered from the ATJL CP-3 fuel was isola%cd by restn 
The plu%onfaxm WAS sorbed on column sorptfon in the usual mmer (see See, 5,1E03). 

a resln column the% contained eapproximtely 300 g of plutonium from EL pmv3ous 

program, and then the loaded e o l m  was eluted, 
28.6 g of plutonium per l i t e r  and w&1s 5.3 M c in HHO 

Thfa plutonium eb7wbb.s contained 

3* 
5.5.4 

The 2,7 tons of uranium recovered from the ANL CP-3 reactor fuel was shipped 

Banium product from ANI, ep-3 pael hmxmsin& 

in a single  shipment. 

uranium pes liter and was l,4 p4 f n  BNO 
1 x l O  

concentrations in t h i s  product ss~utfon are gi.ren in ~ d b l e  5-24. 

This two-cycle uranyl nitrate solutPcm contatned 409 g of 

The gross f3 and grass 7 sct iv%%y was 
3' - 4 c/rn/ml and there  were 6 ppb of plzaton%m in  the uranium. The metellic ion 



Table 5-26. Metallic Ion Concentration in Uranium Product, 
from ANL CP-3 Fuel Proeessfng 

Components 

Al 

33 

@a 

CX 

Fe 

rn 
Sf 

-- 
Concentration, 

ppm of W 
2 

2 

2 

.__.I__ 

6 
8-7 
0,l 

0.2 
5.5.5 Uranium Prcuuct from ANL CP-2 Fuel PPocessing - 
The 26.5 tons of ane-cyde uranyl nftxate product solut.ion from %he ANL @P-2 

reactor  fuel was shlpped i n  eight l o t s .  The average concentration was 42~3~5  g of 

uranium per liter and 0,g M ETMO the average gross 7 activity m s  2.6xl.o 3 c/m/niL - 3; 
and the plutonium eontaminatfan averaged 2 ppb of umnfum. The meta l l ic  ion 

concentrations are listed in Table 5-27., 

Table 5-2?* Metallic: Ion Concentrations i n  Uranium Produet 
from ANL CP-2 Fuel Processing 

Cone e n t r a t  ion, 
ppm of U 

9 

16 
2 

1 

3 
10 

2 



The gross operating cos ts  Bok conducting the  Metal Recovery Plant activit5es 

for the  one-year period between July 1, 1955 and ,July E, 1956, wag $693,000. 

cost includes labor, materials, and overhed for all supporbing groups such as 
analy t ica l  ehemistsl-y, beal%h physics, &rid mJ%atenanee. Charges f o r  cap i ta l  invebst- 

ments, depreefatfon of equipment8 taxes2 S.nventories, ete,, are not reflected in 
t h f s  cost report. A b*reakdm of the amwE opara%hg costs fs given i n  Wble 6-2. 

This 

Table 6-1, operational - cost srpnarribs;ry 

D f StP ibut  5 QXl 

Direct labor for plant operatictri 

Engineering and m i n t e m n e e  

Analytical chemfstxy 

Chemfcals, clothing, and mists. supplies 

Worked materiala 

Expense alloca%ion 

Health physics service 

Chemical Technofogy DivisEon rasearch s;nd development 

Research Director’s DeparZ;men% 

Per cent of 
Tota l  Cost 

22*0 

9.0 

12.4 
14.1 
114 

22.2 

4.0 

3.4 
1-0 

a Includes COS% f o r  air, electrlelty, SS rn.%terieal control, stem, water, and waste 
storage, 

Twenty-two men were requfred t o  operate the plant continuously; the  opweatfng 

staff consisted of four shifts of t k e e  operators plus EI foreman, two technicians, 

and four teelznfcal supe rv ’ i~or~  

The analy t ica l  chemistry cost of $85,725 includes %he labor and materials 

used i n  performing 22,793 control analyses. 

29W per month and averaged 1899 per month, 

The s q l e  load ranged from 1400 $0 

Of the  $102,245 spe& for ehemicrzl, clothing,, and ndscel1aneou.s supplies, 

$94,000 was spent prine9pd;lEy for nitric ad., fernom ammonium setlfa%ey s ~ f m i c  

acid,  and sodium hydroxide, 

clothing e 

Approxim&ely $6,m0 was spent ~ Q P  protective 
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CX-Rf t  

P ipef ftt er 

Millwright 

Welder 

Electrician 

Transportation 

Laborer 

Ilnstrwnen-t Mechanic 

Rigger 

The $62,048 spent f o r  engineering and maintenance fneludes costa of equipment 

changes mde t o  aceornodate the processing of Pour d f s l i n c t  types of feed material 

during the seven separate pr~gpms, 

ins t a l l a t lon  of eacperhental equipment, 

e lec t r ic ian ,  mil lmight)  stationed fa the  building on the day s h i f t  t o  perform routine 

maintenance contributed t o  the t o t a l  labor used i n  equipment; changes. 

These cos ts  also Include the fabrfcatAon and 

The Pour craftsmen (pipefftter, welder, 

O f  the t o t a l  waft; labor used, the pipefft;l-,er (24,7$) and millwright  (2106'$) 

were t he  major expense. A b r e w o m  of the usage of c r a f t  labor i s  given i n  

Table 6-2. 

Table 6-2+ Craft Labor Usage 

Per Cent of To ta l  Per Cent o f  Total 
Craft Hou PS Worked Craft Craft Bows Worked - 

22.6 wt f i i t y  2.5 

22.6 Msxhinlst 2.0 

12.0 Carpenter 2.0 

9.0 Leadburner 1.7 

7.7 Sheet Metal 0.6 

5.9 RefrSgeration 0,4 
5.4 Painter  0.3 

97.0 5.3 __-_.__.___ TOTAL 
-_____I 
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7.0 APPENDIX 

7.1 Equipment Flowsheet 

Figure 7-1 shows e2 schematic equipment flowsheet, 

7.2 Chemical Flowsheet 

Figures 7-2, 31  4, and 5 show the chemical flowsheet used t o  process ORNL 
graphite reactor fuel. 

7 .3  C o l m  Dezta 

The column sizes and puse  characteristics were: 

Section 

Extract ion 

Scrub 

Par t i t ion ing  

SCMlb 

S t r ip  

Extraction 

Scrub 

S t r i p  

Extract ion 

Scrub 

Strip 

I Solvent-wash (EINO,) 
J 

Column Dimenaions 

Diameter, 
in. - 
6.625 
6 625 

6.625 
6.625 
9.625 

6 IPS 
6 IPS 
8 IPS 
4 IPS 
4 IPS 
2.5 IPS 

8 

5.5 

Height , 
ft 

20 

16 

15 

15  
22 

12.5 

I 

12 

20 

18 
6 

23.5 

20 

16 

-- Pull 

Amplitude, 
in. 

1.1 

1.1 

0.77 
0.77 
8.85 
1.2 

1.2 

1.1 

1 . 5  

1 . 5  
0.8 

0.7 

not pulsed 

1 t 
Frequency, 

IPS i 
53 

53 ~ 

43 

i 

43 
49 

72 
72 
66 
74 

75 
62 

39 



7.4 Methads ..__ of Counting md Calculating Activlties 

v(.4.1 Counting Methods 
q_b 

Gama Csi-m-ting, A l l  gamma xzetivitfes were de.temined w i t h  R Model SU-1 
2 scintillation counter b u i l t  by the NueXear Measurements Csqora t i sn ,  

lead absorber was  fnsmted between the thallium iodide--activated sodim iodide 

detector and the sample, 

A 5 .O g/cm 

Alpha CoiultPng. Alpha emissions were counted 8% 52 per cent geometry 
41 

by methane gPopoPLfonal counters 0 

7 4 2 Method of Calculation 
____l--l 

v-238 

Alpha : 757 e/m/mg (varies depending on mounts of U-235 and LJ-234 present) 

Pu-239 

7 

4 
4 

Alpha: 7,1xLO e/ul/mg (varies w i t h  irradiation Level)  

Beta t 2,8x10 

2,7xlO 

c/rn/mg (uranium frradiated t o  400-700 g of plutonlzun per t o n )  

c/m/mg (u~anium i r rad ia ted  t o  "/0-1560 g of platonium per %on) 

2 Gamma : Scintf l la t fon,  5 g/cm Pb absorber, l.205 @/m/mg 
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RECOVERED ACID 
!+NO3 3 . O M  ORNL-L R-Dwg 9899 

R-I 
SLUGS 16/hr 

I I I I 

I A  P 
U 76.7mg/ml 
Pu 0.0084 m g m l  
FR 63.4 ga l /hr  

I B U  
U 62.2 mg/ml 
PU io3c/rn/ml 
FR 78.2 gal/hr 

0 I SSOLVER 
U 328 mg/ml 
PU 0.036 mg/ml 
HMO3 2.10M 
A I  0.28g 

Fe 0.08 M 
Hg 0.00ThJ 
F R  15.0gol/hr 

Na 0.20y 

TO 
SOLVENT 
WASH I NG 

f FEED ADJ. 1 
PROCESS H20 

1 TBP 29.2% 
FR 14.8 qoi / hr 

-TO 

SECOND URANIUM 
GYCL E 

LONTI NUOUS 
SECOND 

PLUTON1 U M 
CYCLE 

Pu 0.0535 mg/ml 

FIG. 7-2 

Pu ~0.0001 mg/ml 

Pu -=0.0001 mg/ml  

METAL RECOVERY PLANT 
ACTUAL FIRST CYCLE CHEMICAL FLOWSHEET 

FOR PROCESSING QRNL SLUGS 



46.6 m g h l  Fe SO4 ( M H, I2S 0,O. 3 5 M 

sc 2 . 7 ~  105/m/m1 L FR' 14.4 gol/hr  

Pu u 356  c/m/ml 

0 
H 

PROCESS ti$ 

LFR 1.0 gol/hrl  

111111*5 

CONFIDEN TIA L 
UNDOCUMENTED 
ORNL-LR-Dwg 990( 

R- I 

V 

U IEW 0.03mg/ml 
TBP 30% VOL SOLVENT 
FR 54.4 aal/hr STORAGE 

lFYLl 11.8 gai/hr 

FIG. 7-3 
METAL RECOVERY PLANT 

FOR PROCESSING ORNL SLUGS 

TO ACID STORAG 

ACTUAL SECOND URANIUM CYCLE CHEMJCAL FLOWSHEET 
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