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INTLCDUCTION

An experimental survey is being carried out jointly by AJiWeRez.
and D.E.R.E of the critical parcmeters of uranium hydrogen mixtures at
30 V enrichment, The D,E.K.£. 7hase of this survey is concerned with
the criticality of aqueous uranium solutions and cove:is the range in
H s U235 from about 50 upwards; the A,V .K.E., phase will make use of
solid compacts of UOs and paraffin wax at H.: U235 between about 6 and 70

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

Provisional results are given in this Memorandum oi the first series
of experiments in which uranyl fluoride solutions were made oritical in
stainless-steel cylinders of 8, 12, and 16 in, dia, The critical dimensions
are given for two conditions of re¢flection

ga with an effectively infinite (> 7-in. thick) radial water reflestor,
b) with no reflection other tanan that contributed by the vessel walls,

EXTERTIMENTAL MATELTATLS _AND ~CONDITIONS

2.1 Fissile Solutions

Aqueous uraayl fluoride (UO2:2), of the concentratioms and densities
given in Tables I -V,

Isotopic Analysis

U235 30,30 X 0¢ 2%
U=-23, 0e35 & 0.02%
U-236 0,07 *  0,02%
U-238 Balancc

Major impurities in solution :
Relative acsorption

DePeme™ o (barn) (arbitrary units relative to Cd.)
a
Cadmiwn 97 2,50 100
Iron 1350 2453 2.7
Nickel 21,0 1.8 0.83
Chromdium 320 3.1 0,83
Aluminium 1600 0,23 0,56

* (parts per million U02F2)
- -
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The proportion of thermal neutrons absorbed by the impurities will
vary between O, ¥ and 0,25k as the H : U235 varies between 76 and 600,

2.2 Reactor Core Vessels

The reactor vessels were vertical cylinders without re-entrant tubes
or other internal perturbations but with an external projection from the base
in the form of a dump line in the case of the 12- and 16-in, dia. cylinders
and & $-in, dis. stainless-steel pipe in the case of the 8-in, dia. cylinder.
The bases of the tanks were not of simple geometry, these and other dimensions
of the tanks are shown in Figs. 1, 2, and 3¢ ' The dump lines of the 12- and
16=in, dia. tanks were connected via a 2-in., Saunders valve, type 'A', to a
10 litre dump tanke The 0./.5 litre of solution held in the dump llne and the
upper portion of the valve are not included in the critical masses and volumes
given in Tables I, II, and III,

243 Neutron Reflectors

(a) Radislly Reflected Systems

Viater 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.

(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 of
33 in.

Sllght additional reflection from the supporting structure of the
rig, fuel and reflector dump tanks (both emoty?, reflector tank
(30-in. diae, wall thickness O.€4 in. aluminium) and paraffin wax
'long' counters (not closer than 4 fta).

(o) Cadmium-Screened Systems (12-in, dia, tank )

Stainless-steel encased cadmium cylinder surrounding the curved
surface of the cylindrical tank (except for the lowest 2 cm of
the tank)., . An annular gap of 1,0 cm exists betweenr the eadmium
cylinder and the core tank, The cadmium cylinder comprised
0,09 cm of cadmium sandwiched between two sheets of 0.16-cm
thick stainless steel,
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3. EXPERIMENTAL RESULTS

be

(i) The observed critical heights and the corresponding volumes
end masses for cylinders radieslly 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 Figse 4 - 8e

All the critical heights were found by loading the core tank up to or

beyond the point of criticelity unless otherwise stateds  These
heights have not becn corrected for the effects of the cylinder walls
and bases, solution temperature,impurities in the solution, solution
contained in the dump line, etceo

The accuracy oif the critical height measurements is cstimated to
be i 0005 cm,

(ii) A few measurements oi' eritical dimcnsions in the 4:-in, dia, tenk
were made with the cadmium cylinder surrounding the core tank
either with or without a water reflector, The results are
tabulated in Table IV along with the main series of results of
Table II where the solution concentration is the same,

(i1i) The effect of fuel in the dump linc of the 16-in, dia, temk with
radial water reflection was measured for two values of H ¢ U235,
In cach case the critical height was measured with the dump line
filled with solution and with the line disconnected and the hole
in the base of the tank plugged to produce & smooth base profile,
The results arc given in Table V,

DISCUSSION AND CONCULUSIONS

Measurenents have been carried out for reflected and bare tenks of
12~ and 16-in, dia. For the 8~in, dia. tznk it was not possible to achieve
criticality without a water reflector or with a cadmium shield between
the core tank and the reflector, The critical approach curves obtained
during the cexperiments suggest that such configurations would remain
sub~-critical to very considerable heights if not to infinite height,

Some care was taken during the experiments to establish the H s U235
at which the solution had meximum reactivity, i.e. minimum volumc, These
were

Cylinder diameter 8 in, 12 i, 16 in
Cylinder reflected at sides by water 110 120 130
Unreflected cylinder - 130 130
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The corresponding H : U235 for minimum mass were:

Cylinder diameter 8 in, 12 in, 16 in.
Cylinder reflected at side by water 200 500 700
Unreflected cylinder - 350 600

Of the effects for which no correction has been made in the quoted
results (sce Scction 3.1), that of the fuel in thc¢ dump line cza be
asscssed at not greater then 1 mm from the results in Table Vo The
. accuracy of thesc results can be assessed from the reproducibility of the
critical height for solution 30F30 which did not very outside + 0,025 cm
in a repcated scries of experime:.ts over a period of a week,

Direct comparison wvith results for solutions at other enrichments
is only possible for the 12-in, diae. core tank as mcasurements have not
- teen made corresponding to the other two tankse Table VI presents the
" more important critical paramcters where comparison can be made directly
with data at 93 V and 4h.6 V.

Figs. 9 and 10 compare the 30 V D,E.R.EZ. results with the results of
O.R.N.L., experizents (Ref, 2) on unreflected cylinders at 93 V; these
results are almost directly compa.rable s the only significent chfference
in the experimental arrangement being the greater thickness and hence
greater ref.ectivity of the D.E.R.E. tank base (1 cm against 0,16 cm).

In Figs. 11 and 12, the present measurement on radially reflected
cylinders are campared w1th A2 R.E. results for 44.6 V material (Ref.3).
The A.ER.E. work, was carried out in the same tarnk at a time when a hollow
axial tube (1. 6—cm 0.d. 0,09 cm 18/8 stainless-steel wall) was fitted and no
solution dump pipe existed.

L full report describing thesc experiments together with later work
using core tanks of other sizes will be issued in duc course,
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CRITICLL PARIMETERS OF 3% KNRICIED AQUEOUS UOZF2 SOLUTIONS IN 4G-in. (),0,6-cm.) DIAVETIR ST/ INTESS STERI, CLLIIDERS
Soln,} U:U235 |Uronium |U-235 Radially Reflected. by water Unreflested
ko, i};g‘f;c ‘(’;"g;l;’l‘) ‘(7;27[;'1‘ Solution Crit Crit Orit Tioight Orit Crit e Toight

Dichaity Height Mass Volume Diamcter Height Mass Volume Diameter
(g/m1) (en) (kgu235) (Litre) (em) (kg U235)| (1itre)

3 767 960 288 2,090 18410 647t 2344 0.45 20,27 Te55 26,2 0050

30F2 § 140.4 70 2414 44805 17470 1e83 | 2249 Oty 19,62 5elyi 2540 0.48

}OFB 175 1&70 11}-1 1 o 5“8 1 70 95 30 27 2302 Oo l:JL 1 9- 90 3. 66 250 8 0010-9

3aFL | 269 310 93,0 | 1.358 19,25 2.32 | 2.9 0.47 21,40 2,60 27.7 0,53

3aF5 | 439 193 579 | 1.223 22,60 1.70 29.3 0.56 25.52 1492 330 0463

3066 | 657 130 39,0 | 1.149 29454 1449 a2 0.73 35,72 1.82 1642 0.86

307 | 815 105 3.5 | 1.419 3742 1652 48,4 0,92 50,10 2,05 64,8 0,23

30F8 | 942 9 27,3 | 14102 18470 1.72 63,0 1420 8o 2,8%* |106*. 2,02¢

* Estimoted by extrapolation of neutron multiplication measuremcnts from a height of 67.5 cm and a mass of 2,),2 kg U~235

5



TABLE I1

CRITICAL PARAMETERS OF 30, ¥> ENRISHED AQUEOUS UOpFp SCLUTIONS IN 12-in, ~-cm) DIAMETER STAINLESS STEEL CYLIMNDERS

B e e Loy |Btten e e T o T

ratio | (me/ond)|(ngjcnd) | (gond) | S3ls, | Orite | Orite | HotRt | piont, | Moss | vorume [HeE
(cine) |(kgU235)|(Litre) (em) | (kg U235 | (Litre)

30F9 81.9 905 272 2,03 22,6 448 | 16,05 0.7

30F10 82414 900 270 2,02 22,55 Ll | 16,42 0e 74 32405 6432 23439 | 1.05

30F11 106 725 218 1.823 || 22,12 3.52 | 16415 0,725 | 30,62 487 22,35 | 1.005

30F12 135 585 176 1,670 || 22,15 2,6, | 16,17 0.725 | 30,3 3.89 22,12 | 0.995

3081 3 167 14,83 145 1554 || 22.5 2,38 | 16442 0.7l 3077 3.26 22,46 § 1,07

30F14 257 523 96.9 1373 2heli5 173 17.85 0,80 34465 2445 2523 1e1h

30E15 378 223 6649 1.258 3 28,62 1,40 | 20,9 0a 91 4L5.7 2,44 3336 | 1.45

30F17 140 192 57.6 1.221 31465 1033 23,10 1,04 57e2 241 K75 1,88

30F16 532 160 48,0 1,186 | 37.42 131 | 2731 1,23 [65*

30F18 622 137 IR 1.158 | 47,0 1,01 3o 3 1454

30F19 651 13 393 1,150 | 51.27 147 | 37.42 1,68

*Multiplication of 2 at height of 65 cm,

-7

No acourate extrapolation to critical height possible
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TABLE ITT

CRITICAL PARAMETERS OF 30% ENRICHED LQUEQUS UO2Fz SCIUTIONS
IN 8-in, (20,3-cm) DIAMETTR ST.INIESS STEEL CYLINDEKS

Radially Reflected by Water

H:U235 U U-235 Soln,. Crit. Crit. Crit.

Soln, | atomic { conc'n | conc'n| density] Height Mass Volume Height

No. ratio |(mg/ml) {(mg/ml)! (g/ml)] (em) | (kgu235)| (1litre) | Diameter
30r20 82.4 905 272 2,033 51¢9 4e 60 ©16.9 2455
3QK23 e 2 €07.5 242 1.924 5065 400 160l 2.48
30F24 105.6 | 73 220 | 1844 . | 50415 3.59 16,3 2447
30r22 1148 676 203 1775 50,22 3. 31 1643 247
30F2L 140.8 565 170 14645 52,03 2.87 1649 2,56
30F25 | 16045 502 | 15 1,576 | 54682 2.69 17.8 2,70
30F26 195 418 125 1,480 63,03 2.56 20.5 3,10

Criticality could not be achieved in bare cylinders with thc cylinder heights
available in the experimental rige

TLBLE IV

CRITIC.L PAR/METERS OF 30, % ENRICHED 4QUEOUS UQpFp SOLUTIONS
IN 12-in, (30.5 em,) DI/METER ST/INLESS STEEL CYLINDEES
EFFECT OF REFLECTER CONDITIONS

o . Critical Parameters

H:U235 U |U=-235 | Soln. | Reflector. lass [Volume | Height

S§h. atomic con;;rjx conc'n |density|l - conditions ?1ght (kg {(litre) |Diameter
Qe |ratio (mg/ ) Bg/cwd)| (g/cm3)| (see Sec. 2.3) U235

30F12 135 585 176 |1.670 |Vater 22,15 { 248 | 16,17 | 0725
Water+Cadmium | 2Le¢2 | 3427} 17.68 | 0795
Cadmium only 29.8 1 3.8, | 21.75 | 0,98

Bare 30. 22 3,89 22,12 { 0,995

3QF15 378 223 67.0 {1.258 |Water 1,40 | 20.89_{ 0.9

Vater+Cadmium 32. 1.52 | 23,48 | 1,06
Cadmium only - - - -

. "1 Bare 45- 7 26 24 33' 36 1e l¥5

07 L50 192 57.7 |1.221 Water 31465 |133 {23,410 | 1.04
- Water+Cadmium - - - -

Cadmium only SLe13 12412 {3175 | 1477

Bare 5702 2.14.1 4.1 075 1 088

=9=
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TLBLE V

EFFECT OF FUEL IN THE DUMP LINE ON CRITICAL HEIGHT

.Soln. H:U=-235 Critical Height ' Critical Height
No. with Dump Line without Dump Line
30F26. 195 18e41 cm. 18,50 cm.
30P30 | L9 33.62 om 33.63 cm
TiBIE VI

CCOMPARISONS BETWEEN CRITICAL PLRAMETERS OF UOoFo SOLUTIONS
IN 12-in (30,5-cm) DIAMETER CYLINDERS 4T VARIOUS ENRTCHMEIVTS.

H:U-235 Ratio at .
Minimum Griticel | Minimum Critical
Enrichment|Reflector | System | |
(%U-235) Conditions }|Differences | Volume | Mass Volume Mass
(See Notes) | (litre) (kgU-235)
93eks Unreflected| (a) 15.8 1.7 ~ 50 400
30,3 Unreflected (b) 22,1 2423 130 " 350
Lhe6 Infinite (c) - 1425 - 500
Water -
(Radial
. only)
304 3 Infinite (a) 16,1 1430 120 500
o Water :
(Radizl
only)
NOTES : Dissimiliarities Between Critical Systems

(a) Tank bottom thickness :

0.16 cm (1/16 inch) (Ref. 2)

Solution dump pipe, 7.6-cm dizmeter, on centre line.

(b) Tank bottom thickness : 1.0 cm average (Ref, 1).

(c) Solution dump pipe, 5..-cm diameter (see section 2.2 and Flg 2)

(@) Hollow stainless steel tube, 1. 6-cme Osde, Oes09=-ciz

wall thickness

>~

along axis of core tank (Ref. 3).
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