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I . INi!t-&!DUCTIOI\J 

An experimental survey is being carried out jointly by A.LFL.L 
and D.E.R.3 of the critical parmeters of uranium hydrogen mixtures at 
30 V enrichment, The D.E.R.3. ;shase of this survey is concerned with 
the criticality of aqueous urani& solutions and covex the range in 
H : U235 from about 50 upwards; the A.?di.ii. phase will make use of 
solid compacts of UO2 and paraffin wax at H.: U235 between about 6 md 70. 

In the D.E.R.E. phase of the work measurements are being made of 
the critical volumes and masses g as a function of H : U235, of uranyl 
fluoride (U02F2) solutions contained in stainless steel and / or aluminium 
cylinders ad spheres under various conditions of reflection. ‘Later 
eqeriments will extend the data to include single and interacting slabs. 

* Provisional result- r> are gxen in this &morandurn 0P the first series 
of experiments in which uranyl fluoride solutions were made critical in 
stainless-steel cylinders of 8, 12, and 16 in. dia. The critical dimensions 
are given for two conditions of reflection : 

with an effectively infinite (> 7-h thick) ra6ial water reflector, 
with no reflection o&her tilan that contributed -by the vessel walls. 

2.1 Fissile Solutions --a 

Aqueous urtilyl fluoride (UO2&2), of the concentratioz~and densities 
given -in Tables I - V. 

Isotopic Analysis : 

u-235 30.30 2 0,2$/o 
u-234 0.35 + 0.02$ 
u-236 0.07 +- o.oqi 
u-238 E;al& 

Major impurities in solution : 
Relative aGso@ion 

p.p.m.* c (b=n) (arbitrary units relative to Cd.) 

Cadmium 97 2t50 100 
Iron 1350 2.53 27 
Nickel 240 48 0 0'83 
c;hroxniun~ 320 31 0.83 
Aluminium 1600 0'23 a 0.56 8 

gc (pa-h ?er itillioll U02F2) 

-I- 
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The proportion of thermal neutrons absorbed by the impurities will 
vasy between 0.B and 0.2% as the H : U235 varies between 76 and 600. 

2.2 Reactor Core Vessels -0. .*. "Ys-*A ..Y.'-e-Li*: I-*-- 

The reactor vessels were vertical cylinders rtithout re-entrant tubes 
or other internal perturbations but rvith an exteti projection from the base 
in the form of a dump line in the case of the 12- an& 164~1. dia. cylinders 
and a &in. dia. stainless-steel pipe in the case of the 8-b. dia. cylinder. 
The bases of the tanks were not of simple geometry; these and other tiensions 
of the tanks are shown in Figs. 1, 2, and 3. * The dump lihes of the 120 and 
16~in, dia. tanks were connected via a 24~1. Saunders valve,-type 'A', to a 
IO litre dwq tank. The 0.1.:.5 litre of solution held in the dump line md the 
upper portion of the val?e are not incluiied in the criticLal masses and volumes 
given in Tables I, II, and III, 

2.3 Neutron Reflectors ,I--- --'a -- - . 

(a) Radially Reflected Systems 

Yiater reflector at the sides,< 7 in, (17.8 cm) in thickness, 
of the same height as the fissile solution. The stainless steel 
core vessel base, and to a lesser extent the tank top, act as 
partial end reflectors. I 

(b) Unreflected Systems 

Stainless-steel walls, bottom and top (Ref. 1) act as partial 
reflectors. 
Concrete floor, walls, and roof of cell at a minimum distance 
33 i-n4 
Slight additional reflection fkom the sq;orting structure of a 
rig, fuel and reflector dump tanks (both =Dty 
(30~in. dia., wall thickness O& in. aluminium 
'long' counters (not closer than 4 ft.).' 

(0) Cadmium-Screened systems (120in. dia. tank) 

of 

the 
# reflector tank 
and paraffin- 

Stainless-steel. encased ca&nium cylinder surrounding the curved 
surface of the cylindrical WC (except for the lowest 2 cm of 
the tank). An annular gap of 1.0 cm exists bctweeil the cadmium 
cylinder and the core tank. The cadmium cylinder comprised 
0.09 cm of cadmium sand~bhd. between two sheets of 0,16-~m 
thick stainless steel. 



3. l!lxnRnmAL REsyILrs 

(i) The observed critical heights and the corresponding volumes 
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and masses for cylinders radially reflected by water or 
unreflected are given in Tables I - III. The results for critical 
height and critical mass from Tables I - Iv are shown in Figs, 4 - 8, 

Al.1 the critical heights were f'ound by loading the core tank up to or 
beyond the zoint of criticality unless otherwise stated. These 
heights ha& not been corrected for the effects of the cylinder walls 
and bases, soEion teqerature,im$urities in the solution, solution 

contained in tie dump line, etc, 

The accuracy o? the critical hei@ meastiements is estimated to 
be + O-05 cm. 

(ii). A few measurements ol' critical dimensions in the Ii-in. dia. tank 
were made with the cadmium cylinder surrounding the core tank 
either with or without a materr- reflector, The results are 
tabulated in Table IV along tirith the main series of results of 
Table II ~tiere the solution ooncentration is the sac, 

(iii) The effect of fuel in the dmp line of the 16-k diao t& with 
radial water reflcotion was measured for two values of zi : U235. 
In each case the critical hoi@t was measured with the dump line 
filled with solution and with the line disconnected and the hole 
in the base of the tank plxqged to produce a smooth base profile, 
The results G~'C given in Table V, 

4. DISCUSSIOK 1' CONCLJLUSIORS 

Measurements have been carried otit for reflected and bare tanks of 
1% and ?6-in, dia. For the 8-in. dia. tank it was not possible to achieve 
criticality withou t a water reflector or with a cadmium shield between 
the core tank and the reflector, The critical approach curves obtained 
during the eqeriments suggest that such configurations would remain 
sub-critical to very considerable heights if not to infinite height. 

Some caxe was -k&en durin,~ the experiments to establish the H : .U235 
at which the solution had rzz&-x~ reac'civiv, i+c, minm volume, These 
were : 

Cylinder diameter 8 in. 1 12 iY&. 16 jn 

Cylinder reflected at sides by Toter 1 I 110, 120 130 
- I 

Unreflected cylinder B 
c 

130 i 130 
* L 
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The corresponding H : U235 for W mass were: 

Cylinder diameter 1 8in. 1 12 in, 1 16 in. , 

Un&flec ted cylinder 

Of thti effechjfor which no correction i&s been =de iz~ the auoted 
results (see Section 3.1), that of the fuel in thti dump line canbe 
assessed a*:; not greater than I mm from the results in Table V. The 

I accuracy of these resul1;s CE;YL be assessed f&m the reproducibility of the 
critical hei&t for solution joI" which did not vary outside + 0.025 cm 
in a'repcated series of experime3s over a period of a week. - 

Direct comparison with results for solutions at o-t&r enrichments 
is only possible for the 12-in. dia. core tank as measurements have not 
ken made corresponding to the other two t&s. Table VI presents the 

* more importit critical parameters vhere comparison cm be made directly 
Fritil data at 93 v and u.6 V. 

Figs. 9 and 10 compare the 30 V D.E.R.L. results with the results-of 
O.R.1i.L. emertients (Ref. 2) on unreflected cylinders at 93 V; these ..e --*am-..- 
results are almost directly comptiable, the only significxA difference 
&I the experimental arrangement being the greater thickness am& hence 
greater reflectitity of the D.E.R.E. tank base (1 cm against 0.16 cm). 

In Figs. II and 12, the present measurement on radially reflected 
cylinders are -pared with C.Ze R.E. results for a.6 V material (Ref. 3). 
The M3,R.l3. work; was carried out in the same tank at a time when a hollow 
axial tube (1.6-cm o,d, 0.09 cm 18/8 stainless-steel wall) was fitted and ~3 
solution dw pipe existed. 

z"- full report describing these experiments together C.th later work 
using core tanks of other sizes will be issued in due course. 

I. G. White and A. Grant: Wfect of a Stainless Steel&d Refleator 
on the Critioal HeigM of a CyLinder Radially Rzf'lected by Tr'rater. 
IG biemor&3um &O (D), June 1959. 

2 0 C.K. Beck, et al: Critical I&ass Studies, Part III, ' 
K - 3k3, A@1 1949. 

3, KG. Clarke et al: Critical Ass&blies o'f Aqueous Uranyl Fluoride 
Solutions, Art I - Experimental Techniques and Results. 
ABBE R/k 2051, Sept., 1956, 



soln. IitU235 Urmium u-235 R~&Ially Reflsutcd.by iVat= U.meflected 
I~~~0 . atomic ccmc ' II -- -" 

rrl+-t n Crit Crit Crit 
&UVd.U (ulg/ra) $$3?' ;yf?;;n Hci. t 

VOhAO Xm6Jer 

Crit 1 Crit 1 crzi- 1 Height 
H&.$d Mass HeigM 

(d&J (4 (an) - w' - - 
(kdJ235) (lit-) m I- - 

960 288 1 2.090 - 10.10 6 l 71 + 23.1b 0.45 20.27 

m2 110.4 / 704 211 '4.rn5 17.70 4.83 22.9 0.44 19.62 

P3 173 470 141 1,548 17.95 3.27 23.2 O.lJ& I 19.90 

310 93.0 10.3% 19.25 2.32 24.9 a47 21.40 

193 57.9 1.223 22.60 1.70 29.3 0.56 25.52 

30~6 657 130 39.0 1.149 29.S4 1.49 3L2 oat3 35a72 

x@7 815 105 31.5 1.119 37& 1.52 48.4 0.92 50.10 

91 27.3 1.102 48.70 4.72 43.0 1.20 8P 

Mass vorwne Dim&r 
(kg U235) (litre) 

I 7.55 26.2 0.50 

5.41 25.4 o.r,8 

3.66 25.8 0.49 

2.60 27.7 0.53 

1.92 33110 0.63 

1.82 46.2 O& 

2.05 64.8 0.23 

2.w low 2.02p 

* Estimted by extzapolatim~ of mutim mltipliwticm measuremnts from a height of 67.5 CIII and a IEISS of 2.1~2 kg U-235 

-5- 
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TABLEXII 

CRITICAL PARL~KE~ OF 3% ENRICm l&$JEOtJS UO2F2 fS'WJTIONS 
IN 8-in. (20.3-a) DlXMECZ STAINIESS STEEL CXIJIYIDI%S 

Critimlity could not be achieved in bare cyliders vith thi-; cylinder heights 
available in the experimental rig0 

CRITICAL PLlRAUEm OF JO.% ENRI~,qn> ~QUZCKJS U@F2 SOIXJTIONS 
IX 120in. (30.5 cm.) DIfam STLINIZSS STEEZ CYIJIXDES 

EZ3!ECT 03 REZLEC!I!EEl CONDITIOIYS 
c 0 i 

I 
1 

, I Critical Parameters 
~tu235 
atomic 
ratio 

L40 . 8 

U 
con&3 
k/&j 

/ 192 i 

u-235 
con&n 

57.7 

1.670 

1.258 

1.221 

' Reflector. 
-Conditions 

l (see Sec. 2.3) 

! ‘i!ss 

' mtei? 

,Water+Cadmium 
Cdmiuin only 
Baxe 
Water 

,TTater+Cadmium 
C&xIiuxn on&- 

iBare 

‘cmum only 
Bare 

22.15 I 2.84 
24.2 3*27 
29.8 3@84 
30 
28: 23.40 

2 ! 3@89 
32.2 1.52 

I - 
54.13 2,12 
57.2 2.41 

16.17 
j7.68 
21.75 
22.12 
20.89 
23.46‘ 

33-36 
23'10 0 

31-75 
41 l 75 l 

0.725 
0.795 
0.98 
0.995 

/ 0.94 
t 1.06 
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TABLEG V 

I 
soln. 

+ o* v 

30~26. I 

/ 
Critic&Height ,. Critics1 Hei&t 
3vithDumpLine nithout Dump Line 

. ' 
18.&l cm. I 18,50 cm . 

TLBIZ VI 

. 

H:U-235 Ratio at . / 
3“ l  

zunmura Critical 
.I -lLtinimum Critical ' 

Zxix5chment~Reflector , System 
I 

(@J-235) Conditions Differences Volume Mass Volume Ihss 
. . (See Kotes) (litre)( (k&J-235) 

93*4 1508 17 -50 400 
30.3 22.1 2'23 0 130 - 350 

I 1 

44.6 Infinite ‘. (c) t 1’ 
1.25 a 

- Water I 
500 

(Bad% ' . 
. OdY) 

30.3 InfXnite , (a) 16~ 1.30 120 500 
Water . t 
(R&id 

NOTES : Dissimiliarities Between Critical Systems 
(a) Tank bottom thickness : 0.16 cm (l/l6 inch) (Bef. 2) 

Solution dwp -oipe, 7.6-cm diameter, on centre line. A 

(b) T&k bottom thickness : 1.0 cm average (Ref. 1). 
(c) Solution dump pipe, 5.+cm diameter (see section 2.2 and Fig 2) 

. (d) E01low stainless steel tube, 1.6~cm, o.L~ 0.09~~ 
wall thi&xss, zlon;, &s of core tank (Rd 3). 
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