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ABSTRACT 

A modified Purex process  was developed i n  t h e  Savannah River 

Laboratory and i s  now used r o u t i n e l y  a t  t h e  Savannah River P l an t  

t o  recover  enriched uranium (1  t o  >90% 2 3 5 ~ )  and e i t h e r  plutonium 

o r  neptunium from i r r a d i a t e d  f u e l .  Performance i s  improved over  

t h e  previous  process  except f o r  zirconium decontamination. Labora- 

t o r y  t e s t s  a t  lower scrub  a c i d  concen t r a t ions  show t h a t  t h e  z i r -  

conium decontami.na.t.ion can be improved.. Modi f ica t ions  which 

f u r t h e r  improve uranium-neptunium p a r t i t i o n i n g  have been t e s t e d  

i n  t h e  l abo ra to ry ,  bu t  no t  i n  t h e  p l a n t .  

* The information contained i n  t h i s  a r t i c l e  was developed dur ing  
t h e  course of work under Corltract No. AT(07-2)-1 wi th  t h e  U .  S .  
Energy Research and Development Administrat ion.  



INTRODUCTION 

The Savannah River Plant (SRP) recovers actinides from a 

wide variety of irradiated fuels containing * 5~ enrichlilents of 

1 to >90 isotopic percent. The fuels come from a variety of 

sources, including the SRP reactors, government test reactors, 

the nuclear ship Savannah, and the Piqua power reactor. These 

Piel P ,  clad with alui~~iiiur~~, s tafnless steel, or nichrome, could 

be chemically or .electrolytically dissol.ved and processed in 

exi.sting equipment; however, for the lower 3 5 ~  enrichments, the 

previously used solvent extraction flowsheet would not provide 

adequate throughput. A more flexible flowsheet has been devel- 

oped that enables efficient and rapid processing of fuels of a 

wide range of 3 5 ~  enrichments. With this modified flowsheet, 

the ~iranium concentration in the process may be varied to pro- 

vide maximum throughput consistent with * 5~ concentration 

limits required for nuclear safety. 

Solvent extraction separations at SRP are conducted in multi- 

stage mixer-settlers through which organic and aqueous streams 

flow countercurrently. ,The uranium and either neptuniwii or 

plutonium are processed through two successive solvent extraction 

cycles, and the recovered products are also separated from fission 

products and other impurities (decontaminated). 



The f lowsheet  used p rev ious ly  (3.5 vol  % TBP e x t r a c t a n t )  had 

l imi t ed  capac i ty  f o r  uranium and r equ i r ed  1.2M Al (No3)~  a s  a scrub 

s t ream t o  prevent  high l o s s e s  of  uranium t o  t h e  aqueous r a f f i n a t e .  1 

The modified f lowsheet  u t i l i z e s  7.5 volume percent  t r i - n - b u t y l  

phosphate (7.5 vol  % TBP) i n  t h e  n i t r a t e - n i t r i c  a c i d  system. The 

f lowsheet  i nc reases  t h e  f l e x i b i l i t y  of  t h e  sepa ra t ions  equipment 

and lowers t h e  amount of waste generated by about 20%. The 

development and use  of  t h i s  improved so lven t  e x t r a c t i o n  process  

a r e  d i scussed  i n  t h i s  paper .  

PROCESS DESCRIPTION 

In t h e  f i r s t  cyc l e  (Figure l ) ,  uranium and neptunium (o r  

plutonium) a r e  coex, t racted i n t o  t h e  organic  phase i n  t h e  f i r s t  

m i x e r - s e t t l e r  (1A) and p a r t i t i o n e d  (separa ted)  i n  t h e  second 

m i x e r - s e t t l e r  (1B). Uranium i s  s t r i p p e d  i n  t h e  t h i r d  mixer- 

s e t t l e r  (1C). The organic  e x t r a c t a n t  c o n s i s t s  o f  7.5 vol  % TBP 

i n  n -pa ra f f in  hydrocarbon (C-12 t o  C-16). 

Ex t r ac t an t  flow i s  increased  a s  t h e  uranium cirnceritrarion 

i n  t h e  feed  inc reases  (100 grams pe r  l i t e r  maximum) so t h a t  

uranium does no t  r e f l u x  a t  any p o i n t  t o  a concent ra t ion  h ighe r  

than  t h a t  of t h e  feed .  The nominal n i t r i c  a c i d  concent ra t ion  

o f ' t h e  feed and scrub  s t reams i n  t h e  f i r s t  m i x e r - s e t t l e r  i s  4.OM. 

Alu~lli~~um n i t r a t e  can be s u b s t i t u t e d  f o r  n i t r i c  a c i d  i n  t h e  feed ,  

provided t h a t  s u f f i c i e n t  a c i d i t y  (0.5M) i s  maintained t o  prevent  

polymerizat ion of  plutonium. 



When recovery of neptunium from the feed solution is desired, 

a reducing reagent (ferrous sulfamate) is added in the first cycle 

of solvent extraction to maintain plutonium in the nonextractable 

Pu(II1) valence state and neptunium in the readily extractable 

Np(1V) state. Thus, the plutonium present will remain with the 

fission products in the waste streams, and neptunium will be ex- 

tracted. 

When recovery of plutonium is desired and the neptunium may 

be discarded, oxidizing conditions are maintained in the firct 

cycle. Plutonium is extracted in the first mixer-settler as 

Pu(1V) and separated from uranium in the second mixer-settler by 

reducing Pu(1V) to Pu(II1). Neptunium, if present in the feed, 

remains as Np(V) and is rejected to th6 aqueous waste stream. 

In the second uranium cycle with two mixer-settlers, uranium 

is extracted into the organic phase and scrubbed with nitric acid 

in the first mixer-settler (ID). Uranium is stripped in t.he 

second mixer-settler (1E). 

URANIUM RECOVERY 

Using miniature mixer-settlers, laboratory tests were made 

with sol~itions simulating dissolved stainless steel clad fuels 

to determine the best solvent conceritration for the uranium con- 

centrations of int.erest. Boric acid, used in the plant to main- 

tain nuclear safety in dissolving some fuels, was added to the 

test solutions. Test results for the first mixer-settler (Table 1) 

showed uranium losses to be high with 3.5 and 5.0 vol % TBP, 



al though a very high e x t r a c t a n t  flow r a t e  with 5.0 vol  % TBP 

y i e l d s  a margina l ly  acceptab le  l o s s .  Uranium l o s s e s  with 7.5 

vol  % TBP were low a t  f a i r l y  low e x t r a c t a n t  flow r a t e s .  Thus, 

7.5 vo l  % TBP al lows g r e a t e r  f l e x i b i l i t y  f o r  process ing  h igher  

uranium concen t r a t ions .  

The p l a n t  feed  s o l u t i o n  from Piqua f u e l  ( l a s t  t e s t  i n  Table 1)  

contained 5 x l o 9  d i s /  (min) (ml) from gamma-emitting f i s s i o n  prod- 

u c t s  and 4 . 2  x l o 7  alpha d i s /  (min) (ml) from plutonium. The ap- 

parent  uranium l o s s  was h igher  than  expected. Piqua f u e l  con ta ins  

molybdenum which i n t e r f e r e s  with c o l o r i m e t r i c  uraniilm analysss; 

t h e r e f o r e ,  uranium recovery i n  t h e  product  i s  a more accu ra t e  

i n d i c a t o r  of  l o s s  than  uranium i n  t h e  waste.  ' The l o s s e s  observed 

dur ing  p l a n t  ope ra t ion  with t h i s  sol~it,i.on were much lower (0.0196 

uranium l o s s  by i so tope  d i l u t i o n  ana lyses ) .  

PLUTONIUM RECOVERY AND PARTIT IONING 

With t h e  modified f lowsheet ,  plutonium recovery was expected 

t o  be equiva len t  t o  uranium recovery because t h e  d i s t r i b u t i o n  co- 

e f f i c i e n t s  o f  plutonium and uranium a r e  s i m i l a r .  Three t e s t s  

were made t o  determine plutonium recovery (Table 2 ) .  Except f o r  

t h e  t e s t  wi th  t h e  p l a n t  s o l u t i o n  obta ined  from d i s s o l u t i o n  of 

Piqua power r e a c t o r  f u e l ,  plutoriium mass ba lances  were e x c e l l e n t .  

Plutonium l o s s e s  were low i n  a l l  t e s t s .  With p l a n t  f eed ,  neptunium 

s p l i t  approximately 85 t o  15% between product and waste ,  respec-  

t i v e l y ,  i n  t h e  f i r s t  mixer s e t t l e r ,  and 35% of  t h e  neptunium was 

i n  t h e  uranium product  a f t e r  p a r t i t i o n i n g .  S i m i l a r  neptunium be- 

havior  has  been observed i n  p l a n t  ope ra t ion  and i s  due t o  t h e  high 



nitric acid concentrations in plant feeds (4.5 - 6.OM). The ox- 

idation of extractable Np (IV) to inextractable Np(V) is inversely 

dependent on the fourth power of the hydrogen ion activity. 2 

Thus, Np(1V) is stabilized and can be extracted along with uranium 

and plutonium. 

The partitioning mixer-settler must be operated to separate 

uranium and either neptunium or plutonium with no reflux of ura- 

nium above the concentration in the feed to the first mixer-settler. 

Plutonium is partitioned by reducing extractable Pu(IV) t.n inex- 

tractable Pu(II1) with ferrous sulfamate. The acid concentration 

can be high enough to prevent uranium reflux because Pu(II1) is 
. . .  

essentially inextractable. 

Plutonium partitioning was tested in the miniature mixer- 

settlers (Table 3), and results were satisfactory as long as 

Sufficient ferrous sulfamate was present. Nitric acid reacts 

slowly with ferrous sulfamate to destroy sulfamate and oxidize 

ferrous to ferric. Thus, at the higher acid concentration used 
. . . . 

in the tests with plant sollltions, more icrrous sulfamate was 

needed to ensure plutonium reduction. The higher acid was re- 

quired to prevent uranium reflux which occurred in the first two 

tests with low acid. 

During plant operation with the low enrichment uranium flow- 
' /  

sheet, uranium losses have averaged <O.OS% to waste and 0.01% to 

plutonium product stream. Plutonium losses,have averaged <0.05% 

to the waste and uranium streams. Operation at higher than 



predicted extractant flows have been necessary to obtain these 

low product losses. Consequently, the ultimate uranium capacity 

of the process is limited by the equipment in the plant. 

NEPTUNIUM RECOVERY AND PARTITIONING 

With highly enriched uranium feed solutions, neptunium is 

recovered by extraction along with uranium, and plutonium is re- 

jected to the waste. Neptunium and uranium are then partitioned 

in the second mixer-settler by adjusting the acid concentration 

of the strip stream and flows of the aqueous and organic streams. 

Tests were .made to in~c-sti~a~t! recovery and partitioning. Nep- 

tunium losses were low (<0.3%) in all the tests (Table 4). The 

first five tests were made with simulated feeds, and ferrous 

sulfamate was added to the feed immediately before each test. 

The sixth test was made with plant feed in which ferrous sulfamate 

was added 3 to 4 days before the test. .~ibler~ .has shown that the 

ferrous ion is rapidly oxidized by radiolytically produced hydroxyl 

radicals. The ferric ion, thus produced, hindered reduction of 

neptunium in the mixer-settler and resulted in higher than ex- 

pected neptunium losses. The presence of ferric ion also re- 

sults in incomplete reduction of plutonium3 as shown by the 

presence of only 81% of the plutonium in the waste. The apparent 

high uranium losses are probably due to inaccurate colorimetric 

analysis at these very low uranium concentrations, Uraniwr ex- 

tracts better than neptunium; therefore, the actual uranium loss 

is believed to be less than the neptunium loss in all cases. 



For neptunium partitioning, the flows of the various streams 

and the acid concentration of the strip must be carefully con- 

trolled to maintain the neptunium distribution coefficient as 

low as possible while maintaining the uranium distribution co- 

efficient close to one. This condition necessarily requires 

operation with some uranium reflux to ensure low neptunium in 

the uranium product. The conditions necessary to partition nep- 

tunium and prevent reflux of uranium were calculated and confirmed 

by laboratory tests (Table 5). The first three t e s t s  demonstrato 

the effects of the flow ratios on partitioning. To effectively 

strip neptunium, a high strip-to-extractant flow ratio is neces- 

sary. However, a high scrub-to-strip flow ratio is necessary to 

re-extract uranium which is stripped along with neptunium. The 

fourth test illustrates the combined effects'o'f high flow ratios. 

Uranium reflux did not occur in any of these tests. 

In initial plant operation with the new flowsheet, valence 

adjustment of plutonium and neptunium with ferrous sulfamate was 

ineffective. Rej ecti nn of neptunium to the aqueous waste stream 

(1AW) ranged from 5% to 7596, while more than 90% of plutonium 

present was extracted, rather than rejected, in the first cycle. 

Laboratory studies demonstrated that ferrous sulfamate, 

added to both the aqueous feed solution and the aqueous scrub 

stream in the first stage (lAS), was largely destroyed during 

the relatively long time between preparation and use of these 

solutions. Radiolysis destroyed the ferrous ion in the feed 



in a few hours, and nitric acid oxidized much of the ferrous ion 

in the scrub solution. To achieve the desired neptunium-plutonium 

separation in plant operation, the process flowsheet was modified 

as follows: ferrous sulfamate is added to the 1AS stream immedi- 

ately before it enters the mixer-settler, and ferrous sulfamate 

is not added to the feed solution where it would be destroyed by 

radiolysis. 

During subsequent routine plant operation, uranium losses 

have averaged <0.05% to waste and 0.01% to thc n t p l w ~ i u r n  product 

stream. These losses are within the range of expected losses 

based on laboratory tests and computer calculations. Neptunium 

losses have averaged <1% to waste. The losses to waste are con- 

siderably higher than those observed in laboratory tests, but 

better than the 2% obtained with the 3.5 vol % TBP flowsheet. 

Neptunium losses to the uranium stream in the partitioning 

step have averaged 4%, but these losses are lower than those 
. .  . .. . . 

observed in the 3.5 vol % TBP process. Neptunium in the ura- 

nium stream i~ sent to ,tI~e waste in the second uranium cycle 

(1DW) and is recovered in the second neptunium cycle. The large 

volumes and impurities in the recycled waste increase neptunium 

loss and decrease decontamination in the second neptunium cycle. 

If partitioning could be improved so that only 1 to 2% o f  

the neptunium remains with the uranium, neptunium would not have 

to be recovered from the second uranium cycle waste, and second 

neptunium cycle performance would be improved. Neptunium and 



uranium are partitioned by adjusting the acid concentration in 

the 1B mixer-settler so that the extraction factor of uranium is 

greater than one while the extraction factor of neptunium is 

less than one. Computer calculations were made to examine po- 

tential improvement in partitioning obtained by lowering the 

acid concentration in the strip solution (1BX). The calcula- 

tions showed and tests confirmed that changes which decrease 

neptunium losses to the uranium stream increase uranium losses 

to the neptunium stream. 

An alternative method of improving partitioning is to (1) 

lower the acidity of the strip solution (lBX).to ensure strip- 

ping neptunium, and (2) inject a high acid stream in the 1B 

scrub section to recover any uranium stripped with the neptunium. 

The feasibility of a low acid strip stream with a high acid side 

stream was tested (Figure 2). The tests (Table 6) showed that 

neptunium losses to the uranium stream can be reduced below the 

current nominal 4%. Computer calculations were made with a high 

acid stream in Stage 9 at a flow of'O.10 relative tu the feed 

and a strip acid concentration of 1.OM. The results of the cal- 

culations showed that partitioning could be improved with side 

stream acidities of 4 to 8M. The plant will test this flowsheet 

change in the near future. 

DECONTAMINATION 

Decontamination of uranium, plutonium, and neptunium from 

fission products and inorganic ions is of prime importance to 



the separations process. Decontamination of the uranium product 

stream from inorganic ions (except for aluminum, molybdenum, and 

mercury) was better than decontamination of the neptunium or plu- 

tonium stream (Table 7). Decontamination is expected to be higher 

for the uranium stream because the partitioning mixer-settler acts 

as additional scrub stages for the uranium stream. 

Mo1,ybdenum decontamination was studied extensively because 

Piqua fuel solutions contained 0.01M molybdenum. Molybdenum was 

moderately extractable, but did not easily s t r i p  into acid salu- 

tions. Decontamination was improved by addition of 0.05M phos- 

phate ion and 0.5M aluminum ion which reduced molybdenum extract- 

ability by formation of heteropolymolybdates. 

Fission product decontamination was measured with plant 

solutions with low and high 2 3 5 ~  enrichments. The fission product 

activities of these solutions and the decontamination factors are 

shown in Table 8. At higher activities (high 23511 enrichments) 

the fission product decontamination is better. Analyses of the 

product solutions for inorganic ions ai-~d fission products resulted 

in concentrations less than or equal to the detectability limit of 

the method used for analysis. Therefore, as fission product concen- 

tration in the feed increased, the decontamination increased 

because the product concentration remained unchanged. 

In plant operation, the zirconium decontamination factor 

for the neptunium product during highly-enriched uranium process- 

ing with 3.5% TBP varied from 20 to 2600 and averaged '600. 



Since 1974 when processing with 7.5 vol % TBP began, the zirconium 

decontamination factor for neptunium has varied from 10 to 450 and 

averaged 90. The zirconium distribution coefficient (D = [ZrIo/ 
o/a 

[Zr],) increases as nitric acid concentration increases. Therefore, 

the zirconium decontamination should increase if the scrub acidity 

in the 1A mixer-settler is decreased from the present 4.OM HN03. 

Several laboratory tests were made to determine the minimum feasi- 

ble scrub acid concentration (Table 9). If neptunium were not to 

.be recovered, the scrub acid could be the same as in the 5econd 

uranium cycle, i.e., a minimum of 0.8M HNOs. Recovery of neptunium, 

however, prevents use of very low acid scrubs'because the Np(1V) 

distribution coefficient is much lower than uranium, The tests 

(Table 9) show that neptunium loss is unaffected down to 2.OM 

acid in the scrub as long as the extractant flow rate is increased 

when the scrub acidity is below 2.5M. Uranium losses at 2.OM acid 

should not be so high (0.46%) since the uranium distribution co- 

efficient is greater than 1.5 in the scrub section. In these 

tests, the total uranium inventnsy increased, but 110 change was 

observed in the maximum uranium concentration in the 1A bank. 

The maximum uranium concentration in the bank will not change so 

long as the uranium distribution coefficient in the scrub section 

is greater than one. 

Two tests were made using tracer zirconium to illustrate the 

improvement in decontamination obtained by lowering the scrub acid 

concentration. The zirconium decontamination factor increased from 

%200 to >lo00 wheii the scrub acidity was decreased from 4.0 t.o 2.OM. 

- 12 - 



SECOND URANIUM CYCLE 

Increasing the concentration of uranium in the feed to the 

second uranium cycle made it necessary to change the scrub acid 

concentration to prevent reflux of uranium above the feed concen- 

tration. For less than 5 g/l uranium concentrations in the feed, 

a minimum of 0.8M HN03 in the scrub was adequate. Several tests 

were made with high uranium concentrations in the feed, and the 

results were checked with computer calculations. The first four 
. y:." . 
> ?,.. 

tests showed excessive 'ref lux of uranium (Table 10) . The last 

two tests were typical of normal operation except for low acid 

in the feed to one test which resulted in high uranium loss to 

the waste stream. Plutonium was added to the feed of the last 

test to determine the decontamination factor. The decontamina- 

tion factor of 25 found in this test was not sufficient to ensure 

acceptable uranium product. 

Uranium losses to waste have been less than 0.01% during 

plant operation. With ferrous sulfamate added in the scrub sec- 

tion of the mixer-settler, plutonium cnntamination sf the uranium 

product has been about 1000 alpha disintegrations per gram of 

uranium. Fission product decontamination has been sufficient to 

give an acceptable product. 
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TABLE 1 

URANIUM RECOVERY 

Feed 25 g / l  U, 4MHN03, 4 g / l  B, 0 .001M~ l ' ,  0.15M Fe, 

0.16M N1, 0.041M C r ,  0.004M Mn 

Scrub 4M HNOS 

Temperature 45OC 

Flow Rat io  
Extractant, Extractant-  Scrub- 

% TBP To- Feed To-Extractant 
Uranium, % 

I n  Product I n  Waste 

a. P lant  feed so lu t i on  40.2 g / l  U. 

TABLE 2 

PLUTONIUM RECOVERY 

Feed 25 g / l 'U ,  4-5M HNOs, 4 g / l  B, 0.001M Al, 0.15M Fe, 

0.016M Ni,  0.041M C r ,  0.004M Mn 

Scrub 4M HN03 

Extractan t 7.5% TBP 

Temperature 45OC 

Flnw R n t i n  . .-,. ..--.- 
Feed Pu, ' ,Extractant-  ' Scrub- Plutonium, % 

d is/(min) . . ( m l l  To-Feed . To-Extractant I n  Product I n  Waste 

a. Plant  feed s o l u t i o n  40.2 g / l  U.  



TABLE 3 

PLUTONIUM PARTITIONING 

Temperature 30-35OC 

Flow Rat io  
Ext rac tant -  ' S t r  p- Scru - Pu Product % U Product. % 

To-Feed To-Ext r lc tant  To-Stbrip P u - U - Pu 

a. P lant  feed so lu t i on  40.2 g / l  U. 
2 , .  

TABLE 4 

NEPTUNIUM RECOVERY. 

Scrub 4.OM HN03, 0.02-0.04M FS 

Extractant  7.5% TBP 

Feed 6 g / l  U, 0.1 g / l  Np, 1 . l M  A1(N03)s, . . 
0.7M HNO3, 0.02M FS 

Extractan t- to-Feed Waste. % 
Flow Ratio U u - Np P 

a. Run made w i th  p lan t  feed 5.45 /1 U, 2.08 x 10' 
dls/(min)(ml) Pu, 6 x 10' d is / lmln) [ml)  Np 
1.47M A l ,  1.93M HN03, and 8.36 x 10 dis/[min)(ml) 
gross gamna a c t i  v i  t y  . 



TABLE 5 

NEPTUNIUM PARTITIONING 

Ext rac tant  and Scrub 7.5% TBP 

S t r i  p-to- Scrub-to- 
Ext rac tant  s t r i p a  HNOI, S t r i p  Neptunium Product, % Uranium Product, % 
Flow Rat io  

. . 
M Flow Rat io . . * U  N p &  

. . .  
a. S t r i p  a1 so contained 0.02M ferrous sulfamate. 

TABLE 6 

NEPTUNIUM-URANIUM PARTITIONING WITH A LOW ACID STRIP 
STREAM AND A HIGH A C I D  SIDE STREAM 

1BX' - 8.2M HNOs added a t  Stage 9 

1 AS 1 BX Flow Rat ios ~p~ i n  U Ref1 x 
Acid M Acid M lBX1/lBX lBX/lAX lBS/lBX+lBX' U, % Rat io  AL 

I 

a. Current nominal X Np i n  U i s  4%. 

b. Rat io  o f  maximum uranium concentrat ion i n  any stage t o  uranium 
concentrat ion i n  1AF. 



TABLE 7 

INORGANIC ION DECONTAMINATION 

, , 

I o n  o r  Concentration, Feed-to-Product Concentration Rat io  
Element M U Product Np o r  Pu Product 

A1 

B 

Fe 

N i 

C r 

Mr! 
Pol-  

. Hs 
' Mo 

a. Uranium product decontamination increased t o  ~ 3 0 0  by. a d d i t i o n  
o f  PO:- and A1 3 +  t o  the  feed. 

TABLE 8 

FISSION PRODUCT DECONTAMINATION 



TABLE 9 

EFFECT OF SCRUB ACID CONCENTRATION ON 
URANIUM AND NEPTUNIUM RECOVERY AND DECONTAMINATION 

HN03 i n  E x t r a c t a n t  Flow Np Loss U Loss U R e f l u x  
Scrub, M R e l a t i v e  t o  Feed t o  lAW, % t o  IAW, % Rat ioa Zr, D F ~  

4.0 1.6 <O. 66 <0.10 0.68 200 

2.5 1.6 0.15 <0.09 0.70 - 
2.0 2.1 0.22 0.46 0.67 >1000, 

a. R a t i o  o f  maximum uranium c o n c e n t r a t i o n  i n  any s tage t o  uranium 
c o n c e n t r a t i o n  i n  feed. 

b. D e c o n t a m i n a t i ~ n  fact .nr  = a c t i v i t y  i n  1 A r l h ~ L l v i t y  I n  IAP. 

TABLE 10 

MINI-MIXER SETTLER TESTS OF SECOND URANIUM CYCLE 

Extractant  7.5% TBP 

Temperature 45OC 

Feed Extractant-to-Feed Scrub Scrub-to-Extractant % U U Reflux 
U, q/L HN03, M Flow Rat io  HNO,, M Flow Rat io  -- Product Waste Ratioa 

a. Rat io  o f  maximum uranium concentrat ion i n  any stage t o  uranium concentrat ion i n  feed: 



Feed 

Extractant 

Waste J1'i-+~:ftl 
scrub J ~ ~ ~ ; ; ; ~ ~ ~ ~  

Pu or Np 
Product 

Waste 

U Product S t r ip  

FIGURE 1 .  Present First Cycle Operation 

Product 

Acid Adjust1 1 
U Producl 

Scrub Parti  t ion 
16 Sect ion 9 8 Section 

Np Product scrubb Strip 

FIGURE 2.  Proposed Partitioning Bank (1B) Operation 




