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Cri t ica l  safety was designed into the equipment of  the uranium isola- 
t ion system, the third u_rmiurn cycle, a d  tae uranium s t o ~ a g e  f ac i l i t y  by 
limitiq the s ize  md.  capacity of the equipment. 
nectiopls between these systems and the large srocess ecpipment which prl-3srnt 
potent ia l  hazards. 

vided on the exit  streams from a l l  geometricaUy safe equipment t u  impede 
t i l e  trarasfer of concentm-ked uranium solution t o  norgeometricsly safe 
equipmen% e 

There we9 howwer9 con- 

To eliminate "c'xlese hazaxds, a lock-out system -was pro- 

The l i m i t f r y 5  concentrations i n  the other process cquipinent cmmot be 

reached except by t h e  direct addition of uranium to the e y u i p ~ n t .  The 
ur;uzim concem%ra%ion in the pulse col~unns could build up t o  18 g/lite:- 
i€ the cohmn :ms c~era ted  with a reduced stris ra%e f o r  I2 t o  24 hr@ 
concentration would. be reduced t o  a safe  level. 'oy dilut ion whcn the 8016ti- 

tions were f o r c e d  out in%o larger equipaent, This wmiun buildup should 
be peveated by periodic checks an flow rates. 

T179s 

A thorough c r i t k a l i t y  s h d y  should be included .in plans for nrodlfi- 

cations o f  the existing plant or the design of other instal la t ions.  

3.1 Large R*O@E'SS Talks 

should be l i rd t ed  to 10 g/liter t~ ensure safety *om a, c r i t i c a l i t y  i n -  
cident. This concentration is l imiting for  uranium i n  bot& aqucous and 
organic (43 5% TBP i n  AXASCO) solutions, as tlie 'w&ogen concentration i s  
agproxirmtely the same for  ba%li, The allowable urtmium cancen'kratioa 
would be increased sligii-bly by t l e  presence of' compounds other %ban ur8- 
ny.1 nitrate i n  %he so1ui;ion or Tor srmller dislmeter t a n k s .  'These effecAs 

were neglected i n  establishing the l i m i t i n g  concentrations, since the 
composition of so lu t inr i  i n  ths process tanks i s  often u&o.sqr~ and salu- 

tion nay be t~msfz r rcd  from one tank t o  ano%her of different dimete-rsg 

T k  uranium* concentration i n  the large process -tanks (Table 3.1) 
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t i on  of thorium i n  the feed solution provides suff ic ient  s&ety i n  the 

feed adjustmnt step, 

In adding recycle materid t o  one of the tanks of' the feed prepara- 
t ion  sys'&ea, t h e  concentration of the solution shouldbe less than 10 
glliter. 

t o  a tank, suff ic ient  volume shouldbe p r e ~ d e d  in the tank pr ior  t u  the 
addition to give a fine2 uranium concentration of" less than 10 g / l i t e r ,  
A h O ,  not more than 300 g of uranium should be added a t  E& timet, a319owlng 
tine betwen additions fo r  the previous batch t o  becom thoroughly mixed 

w i t h  the solution i n  the -lank. 

If i% is  n e c e s q  to add m r e  concen-i;satcd uranium solution 

If S-2 is used for reducing the volme of recycle materia&, the 
amun-t of Uy.aiwn i n  S-2 should be closely controlled t o  prevent the 
uranium-to-thorim ra t io  *om exceeding ~O,OOO g/t. A material 'ts-ce 
i s  kept around X-2 and. the uraaim-to-thorium r a t i o  has been Ximite6 t o  
5,000 g/t, thus al lowing EL safety factor t o  allow f o r  incorrect saqple 
resul ts  or errors isl keeping the inmntory. 

LA- ana 2A-Co~.rlmm Waste Catch Tanks. With i r radiat ion t o  less than 
lO,OOO g/t, the coaibined uranium and protactinium concentration in Yne JA 
OT ~ - e o ~ m  waste C O U L ~  not exceed th lO-g/liter L i m i t ,  
for  A-colwrm wastes (PJ-2, N-59 and P-70) therefore do not present a wit- 
i e d i t y  problem. If the 18-column w a s t e  from processing of short-aecayed 
thorium i s  t o  be stored rin the JAW storage tank: (17-22) for  psotact;il?junn 

decay, emBrat;ion should be cunboUed t o  prevent the corribined waniwn 
and protactinium concen%rations from exceedix XI g/l i ter ,  

lifie ca.%eh ~XIJAGS 

R~wQ& Tanks. The waste header f%om the uranFwrs isolat ion system 
drains t o  one of Yae rewmk tanks (IT-7). 
could get Into t M s  header fmxn the sanplers on the uranium product tank 
and the u r a i u m  product flowing stream, which drain to the waste header, 
and f'romthe resin co3m,  vhich could accidentaE3;y be eluted t o  the 

ConcellCrated uranium solution 
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mste  tank (L-24) x2om which solution could be transferred to  the vaste 
header e 

will be rerouted t o  the waste catch tcznlr o f  the third uranium cycle, 
which is a, getmetricrzl~v safe tank. 
header c m  be rerouted, the product ~amplcrs have beem welded cXosd ;.l;nd- 

fl. Lock-ou'c system 'bas been ins ta l led  on the drain valves f ~ a m  L-24 
high-lzvel a k w m  i s  bcing depended on to prevent the overTlow o f  L-24 
until the w a x b e  header 3.s rerouted.. 

To elizninate these potential h z a r d s ,  the isoln%ion w%s.te header 

To providc safe-by u n t i l  the vaste  

A 

Befol-r solution i s  added, pmsticularly from thc Isolation system, 
t o  the rework %milts, N-7, 11-8 or N-16, the uraniim concentration should 
be known t o  be less than  10 g/ l i ter ,  If i t  is necessmy -to add more con- 
centrated. solution t o .  the rework taxl2rs, sufficien-t volume should be pro- 
vided pr ior  t o  tizetaddition t o  give a final. concen"cr&tion of l e s s  than 
10 g/l i ter .  The wmim should .be added i n  batches of less than 300 e 
with agi ta t ion between additions I 

Thorium Yroduct Starage Tmks. Ten tanks, r q i w  in diameter from 
36 to EO in.,, acre used t o  store tlf?: concentrates %~ioi-ium nitxa,te p ~ o c ~ u c t  
fYom the Tnorex process. 
through P-18, m-d P-20 through. P-24. 
long as these tanks  we used For storage of thorium procluct, 

Included i n  this graup axe I?-3 and &he, P-I6 
No criticali-Ly problem exists as 
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Solvent System Catch T~u-iks. The solvent system catch tanks include 
the 2W catch temk ( ~ - 6 9 ) ~  %he 1CW cat;& tank (T-41, the recovered solvent 
catch tank (T-?), and the *wag%e carbonate catch tank. (T-10). A s  discussed 
previously, it is possible ta build up a uranium concentration of 18 g / L i t e r  
i n  the 1.C- or 2 C - c o l ~  ayld then. dieplace this materid into the l.W or  
2CW catch %m&s, S?&fieient dilu%ion is  provided by s o ~ u t i o n  i n  the en- 
larged sections of t'ne c s l m s  %0 reduce the uranium concentration. below 
10 g/Liter. T a  la-5 catches the recovered solvent from the T-coJtunrm and 
i s  essentiaJJy free from ur@lsp;ium, 

LO g/l i ter .  The cwbom* s t r i p  rate t o  the T-co3wua is one-tenth of that 
of the organic, g i v k g  a concen%ra%Son factor  of 10 i n  the carbonate ~ms te  
stream, 
t ra t ion  i n  T-& mt be below 1. g/ l i te r .  
up for T-10 and 111-4 ta preveat the buildup of uranium In  the solvent re- 
covery system. I@ s m . l e  r e s u l t s  show a. concentration greater than 1. 
g/liteer i n  T-XO or ~ , l  g/lit;er ia ~ - 4 ~  the solvent recovery system is 

shut dom and the SOWCB of the  urmim determined and clrilainated, To 
prevent %he &ccmda%fon of wm9m in a, 100-liter aqueous heel in T-4, 
a l-gdh/hr water pwge has been installed ta T-4. 

IJader no coladitioxls could it exceed 

B order t o  1im;Lt the weaim i n  21-10 to io g/l i ter ,  the concen- 

A sangling schedule has been set 
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2AP Standpipe. 
The 2A€' standpipe (P-ll) is geometrically safe and does not present 

czny criticality problem. 

2BU Standpipe. The limlting uranium concentration of 25 g l l i t e r  in 
the 2BU standpipe (23-59) is greater thm Yne rnax.imunl attainable uy.ax~iuna 
concentration in 2B-colw;  therefore no criticality problem exis ts ,  

4.5 Uraniwn Isolation mstem 
The equipment in the uranium isolation system is. geometrically safe, 

but there a r e  connections between this system and the large process equip- 
ment which Jeopardize the safety of the system. 
the isolation system and the larger equipmeat that were not necessary. 
have been eliminated and a lock-out! system (previously described) has 
been installed on the remaining connections to Fmpede tine transfer of" 
concentrated urmium solution to the large equtpment. 

A l l  connections between 

4.6 Th i rd  U r a n i u m  Cycle and Uranium Storage 
The squipment of t h e  third uranium cycle and the m-tsniwn storage 

facility is designed to be geometricaUy safe, but  %liere arc conncctions 
with t h e  waste tank farm and a solven-k recovery sys"cm tTS'lich present 

potential hazards. 

uranium isolation system, has been i n s w l e d  on azI. process stream ,that 

leave the third uranium cycle and the wmfm storage facility. A -total, 

of six locks will be required .to provide safety. 
out system will be the responsibil i ly of supervisors. 

A lock-out system, s i x t . 1 ~  to that installed In the 

The key to the Lock- 
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5.2 Results 
The results of the cr i t ical i ty-  calculations of this report m e  pre- 

sented i n  Fig. 5.1 where the critical ixaniwa concentration is plotted. 

as a f'unction o f  buckliw, To use Fig. 5.1 for a, specific cylindrical 
geometry, calculate the buckling Prom the equation (8) and read the 
critical concentration from Fig. 5.1. 

Some points determined from eqerSuneaW data* are  d s o  included 
in Fig. 5.1 which indicate the ctzlculated ~alues are conservative in 
Vne range of the uranium concentrations dealt  with in tM.s study. 

5.3 Thorex Equipaent Flowsheets 
The equipment flovshceLs for the Thorex P i lo t  Plant m e  shorn in 

Figs. 5.2 through 5.10, 

*J. K. Fox, I;. W. Gilley, E. R. Rohrer, "CriticKL Mass S%udics V I I L  
Aqueous Solutions of U-233, ' I  0m-21k3 (August 1956). 
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