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1.0 INTRODUCTION 

OP.HL bas been 8i ""n a program to prepare 1000 rods containing a 
,-- - _.-- ---

mixture of U-233 and thori~ as m~d ~i~es. Preparation of the rods 
includes t~ solvent extraction purification of about 30 kg of U-233. 
A reviev of nuclear safety for this step has been vritten by E. M. Shank 
to the Criti~ali~~V Committee in CF-62-3-93. Since that time, 
aome modifications have been made to the reference flowsheet, and some 
additional information obtained on the fonn of the U-233 metal to be 
used in the process. 

This report is intended as a supplement to the original revlev, 
and deals only vith the changes and additional data. 

-=-
2.0 PROCESS CHANGES 

The revised chemical flowsheet (on dravings D-45609, Rev 3, and 
c-45621) is presented at the end of this report . The changes may be 
summarized as follows: 

(a) ,'low rates, based on the feed flov rate, have been reduced 
to one half those originally propooed. 

(b) The flow ·ratio (organic to aqueous) has been reduced from 2·5 
to 2.0 in the axtraction column and from 5.0 to 4.0 in the scrub column 
and strip column. This results in an organic phase loading of 2 . 5 gil 
compared vith 2.0 gil previously. 

(c) The thorium concentration in the feed has been reduced from 
350 8/1 to 200 gil. No aluminum is present. 

(d) The acid deficient conditions in the feed have been changed 
so that the feed solution is nov 2 M in nitric acid. The scrub sol'ltion 
vill be .0.4 N acid deficient to ensure that no acid is carried into 
the strip column. 

(e) The extraction column vill be operated vith the interface 
controlled in the upper expanded section. 

(f) It should be noted that the dccision has been made to use 
di-secondar;y butyl phen;ylphosphate (OOBPF) as extractant and di ethyl 
be nzene (DEB) as diluent. This alternative extractant vas considered 
in the original reviev. Analytical york is in progress t o ensure that 
the required concentration controls can be maintained during the program . 
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Tile effect of each of these chanses on the nuclear safety controls 
imposed ie given belov . 

(a) Cbe.nps in overall nov rates or throughpllt do not effect 
solution concentrations or hold up. The original criticality safeguards 
are therefore unattected. 

(b) The increased uranium concentrat ion of 2.5 15/1 in the organic 
stream is still well within the imposed lilll1t of 10 15/1 which is alw~s 
safe. (1) This lilll1t is fixed by controlling the extractant concentration 
(OOBPP) at a value less than 3'1> as outlined in CF-62-3-93, and is 
independent of the actual loading. The theoretical loading capacity of 
3'1> I5BPP in DEB is 14 15/1. However, with the system being used, it i s 
impossible that the loading could exceed 10 15/1. 

(c) The U/Th ratio in the teed is 0.025, and the concentration of 
uranium 5 15/1. This is considered to be satisfactory from the stand-
point of nuclear safety, as the thorium addition will be made before 
the uranium addition in the dissolver and volume control will be exer-
c i sed to ensure that the concentration of 10 15/1 U-233 is !lOt exceeded. 

(d) The new feed and aqueous scrub st:-eam concentrations will 
result in a higher uranium concentration in the organic product from 

the extraction column and the scrub rafftnate. The expanded section at 
the base of the scrub column is safe for solutions up to 40 15/1 in 
uranium and sboulCi therefore be limited below 20 15/1. The composition 
of the scrub solution has been selected sO that the concentration of 
uranium in the aqueous scrub ratftnate can never exceed 20 8/1. However, 
should this solution be made up incorrectly such that the add deficiency 
were greater than -0£, H, the uranium concentration in the scrub ratftnate 
could rise to a level greater than 40 15/1 . To guard agatnat such a 
possibility, !IO scrub solution will be sent to the scrub feed tank until 
ana.l.yse& shov that it i& of the correct composition. The solution will 
be made up in a separate tank, and the vahe in the transfer line will 
be locked. The procedure will be outlined in the run sheets. The 
effect of the higher uranium concentration on the top section of the 
extraction column is discussed in (e). For additional safety, the lover 
\l} 

TID 7016 Nuclear Safety Guide. 



expended section ot the ''8'' column will be tined with Pyrex Raschig rings. 
(e) To eneure nuclear ..r.ty when operating with a top intertace, 

the top expanded seetion ot this column will be tilled with one inch 
Pyrex glass Raschig rings. Under these conditions this seetion is 
safe tor all concentrationa ot U1'8I1ium. 

3.0 ADDITIOBAL IITCIEAR SAFmUAlUB 

A possible nuclear hazard baa been reC061li:r.ed in the sumps of cells 
5, 6, and 7, which are not ot sate poIIIBtr,y. TheM will be tilled with 
Pyrex glass Raschig ringe, and the overflow. bloclred ott to prevent 
108s ot any spill which ~ occur. 

A turther hazard baa been recogni:r.ed in the catch tllllks N-7 and 
N-8. It a large quantity ot orp.nic were dumped trom the extraction 
column into B-2 or B-4, jetting this liquid to N-8 ~ result in any 
uranium present being stripped and concentrated into the aqueous 
jetting liquid. 6ince B-7 and N-8 are both geometrically unsafe, it 
baa been decided to till tllese tanks with Raschts rings to guard 
against this possibility. 

Cnld operating experience baa shl:>vn that the ~rature over-
ride on the evaporator ~ not be rel1able, as the te~rature which 
i. _asured i. attected by the steam temperature in the coil and 

jacket. It i. therefore propoMd that the liquid volume acCUllDllation 
in product tank R-25, and the depletion in CU catch tank R-3 be checked 
routinely on a 2 hOlll' basi.. Under DOnD&l. operating conditions ( f eed 

rate 25 l lhr ot 10 gil li-233) even it DO product were obtained over 
the two hour period, the uranium concentration in the evaporator would 
ri.e only trom 100 gil to 133 gil. This is well below the imposed 
limit ot 200 gil. It i8 ot interest to note that the priJDar,y density 
control baa been tested in cold runs, and with a tev moditications 
baa proved to be completely sat lstactor,y. 

4.0 DISSOLUTION OF MASSIVE U-233 METAL 

4 .1 Procedure 
Appropriate quantit ies ot thorium (JlTe f eed) and nitri c acid will 

be charged to the dissolver (6-1) so that the ratio of Th: U-233 will 
be the s ame as that in the teed solution. Dissolution will occur in 



\ 

sufficient volume so tbt a U-233 _t.ratlcm ot 10 &/1 U-233 1a 
ne-rcl' exceeded. Tot.al U-233 1llU8 wU1 not ex.-d 5000 g in ODD 
dissolution and tile- solution vill be analyzed to ensure ~lete 
dissolution before it i~ sent to t.be fMd adJu8tmnt taDIt. 

After dissolution, the teed IIdJuaU8nt vill be ..a. s1mply by 

diluting the dissolver solution nth vater to gift a final uranium 
concentration of 5 gil. 
4.2 Safety 

During dissolution, nuclear safety vill be assured by volume 
(level) control which vill be set to alarm it tile volume 8hould drop 

I 
to such a level that tile concentration could ex-.! 10 &/1 U-233 
with all the uranium d18S01ftd, UId by the presenoe ot the thor1um 
which gives a U-233: 'nl ratio of 0.025. 
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