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ABSTRACT

-t o pot——————

Using 1108 one-inch cubes of mock-up UF,, containing
54 kg of U=235 made from UF, (95% isotopic concenération of U-235)
and(CF,)n, and similar hydrdgenous cubes of (CH,)n, in various propor-
tions and under various conditions of &ccumulatian (all relevant to
conditions in the K-25 plant), 26 assemblies were built to criticality
and four other assembliea were built whick did not become critical.

From these experiments, at least some information was obtained on the
effect on critical mass of (1) amount of intermixed hydrogen, (2) uniform-
ity of hydrogen-uranium mixing, (3) density, (4) geometry, (5) shielding
or reflector materials around the accumulation,

Method of preparation and properties of the materials used,
description of experimental arrangements znd procedures, and statement
of data obtained, are given in this report.

A brief summary is given here of the pertinent results obtained
in the experiments:

A cubical assembly of 54 kg of U-235, intimately mixed with
fluorire and carbon to simulate UF,C at a density of 4.7 gm/cm”,con-
taining no intermixed hydrogen but completely surrounded by 7 inches of
paraffin, did not become critical. Best estimates from neutron multipli-
cation measurem:=nt.s indicate about 100 kg as the critical mass under these
conditions.

The eritical mass drops sharply as small quantities of hydrogen
are intermixed. A cubical assembly, surriunded by paraffin, having an
H to U-235 atomic ratio of 5 became critical with 26 kg of U-235; one
hav.ng H to U-235 atomic ratio of 10 was critical at 16 kg U-235.

In studying the effect of geometry, it wes found that paraffin
enclosed 6" x 6" rectangular parallelepipeds having H to U-235 atomic
ratios of 10 and 20, could apparently be extended to indefinite lengths
without becoming critical.

By stacking paraffin enclosed cubical assemblies of H to U-235
atomic ratios of 10 and 20 with different sized air gaps between the
cubes, the criticsl mass was found to vary inversely approximately as
the 1.7 power of the overall U-235 density.

The eritical mass of paraffin enclosed cubical assemblies
of H to U-235 atomic ratio of 10, when shielded by cadmiuwm or boron,
was found to be approximately double the critical mass of similar
assemblies having no shielding.
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I. INTRODUCTION

In order to determine and, where necessary,

improve the safety of the K-25 plant froa dangerous accumulations
of fissionable material and to prepare for examination, from the
standpoint of safely, possible proposals for altering the K-25
operating schedule, it wes suggested tha®. a series of experiments
be undertaken for the determination $f critical masses of U-235 under
conditions similating those in the K-25 plant. Tennessee Eastman
Corporation and Monsanto Chemical Compeny of Oak Ridge were invited
to participate in these experiments since the results obtained would
be expected to relate to operations performed by these Companies also.,
TEC wes interested to the extent of sending a man from their organization
to assist in the entire experimental program. Monsanto requested that
they be kept informed on the experimental. progress, and at the conclu-
sion of the work, Dr., E., Greuling of that Company furnished considerable
assistance in calculations and interpretztion of the results.

The Oak Fidge group undertaking the experimental program
had not worked previously with critical mass assemblies. Therefors,
in view of certain hazardous aspééba of these tests, arrangements were
made for the first series of experiments to be performed at Los Alamos
under the supervision of men there who hzd considerable experience in

work of this kind, Thus a doublz objective was achieved:
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(a) Considerabls information or critical masses under
condiftions of interest to K-25 was established.

(b) Experience was gained by the Gak Ridge group, which
could tien continue into further investigations as

necessavy Inr the safely of the plants at Oak Ridge.

ir X-25 PLANT CONDITIONS UNDER INVESTIGATION

| In the X-25 plant, urapium hexafluoride in gaseous form

is circulated through extensive equiprent designed %o separate the
uranium 235 and 233 isotopes by the geseous diffusion method. A
szall percentace of alr is present in the system as the chief impurity,
but small amounts of ciher impurities., including HF, are usually
present also., The lat%er impurity is considered the most hazardous
Qns. With all component:z in gaseous form, there is little danger

of a sustained cmgin—reaciion. But under certain conditions, there
is a possibility of condensing the herafluoride into liquid or solid
form, and of condensing sxell amounts of HF in an intimate mixture
with the uranium mpaterial, The experimental program, therefore,
was designed to investigate oritical nasses of U-235, wnen in & form
aslrulating uranium nexafluoride with rone or only small amounts of
hydrogen intermixed, and under other concitions, (density, reflector,etc.)

at least as hazardauz as souid be expccted to occur in the plant.
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Density is an imporiant factor in the amount of material
rejuired to support a susteined chain-reaction. Under ordinary
condensing conditions, UF6 deposits as a more or less fluffy solid,
havirg overall densities up to aboui 4,5 gm cm3. (The Kellex Data
Book states 2.1 gm/cn.3 as the normal packed density of the solid,
b3 gm/cm? as the maximum liquid density). Under studied conditions,
arranged to gilve maximum density of solid UF6, a value of 5.1 gm/cm3
was achieved, but it seems that these conditions would never inadvertently
occur in the plant. For the present experiments, therefore, a density
of 4.5 tn 5.0 gm/cm3 (in the cbsence of intermixed moderator) would
aimulate worse density conditions, producing lower critical masses,
than would be expected to sccur in plant operation.

It was assumed that no reflector conditions around an
accumulation in the plant would be more effective in causing a sustained
chain-reaction than complete enclosure in seven inches of paraffin.

It is recognized that, for accumulations contalning zero or little
moderater, other materials at corresponding thicknesses are better
reflectore than paraffin, but in the plant, thick layers of these

better reflectors completely cncloeing ar accumulation would not occur.
‘Mast of the experimental assenblies, therefore, were arranged with complete

cesings of paraffin seven inches thick.

At the time these expsriments were inaugurated K-25 wus chiefly

concerned with only partially sepafated isotopes of uranium (up to 30% U-235).
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It was anticipated, however, that operating scnedules might be changed
390 that more nearly pure U-235 would be present at certain points.

Tor these reasons, it was proposed that a serles of investigations be
carried oud on material at 30% U-235 isotopic concentration and at

6% concentration. The 95% material for the experiments ﬁas afailable
immediately, hence experiments on this enriched material were performed

flret,

11X,  EXPERIMENTAL MATERIALS

The toxic and corrosive properties of UF, made it virtually

6
impogsible to perform the desired experiments directly on uranium in

thiy chemical form, It was necessary to use a "mock-up" material having
nuclear properties similar to UF6 but havirg chemical and physicel proper-

ties rendering it amenable to handling and control., The "mock-up" which
sppeared to meet these speciications most exactly was a mixture of UEA

and enough polytetrafluorgethylene* (CFz)n, to simulate UF6 . The ppop-
ecties of‘UFA were acceptable: &olid powder, hlgh density, non-corrosive,
non-hygroscopic, insoluble; %hs poly TFE (abbreviation for polytetrafluorethy-
lens) was similarly inert and wien added to UFiL produced a plastic mixture
which could be formed under pressure at room temperature into solid blocks.
These two components, when mixed together, micropulverized, and pressed in
sultable dies, formed a8 =0lld possessing quite satisfactory physical,

chemical 2nd nuclear propsrties.

*Analysis of the poiyvtetraflucrocthylene showed ¢ flvorine sontent of

76.2% corresponding to a composition CFp g
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Blocks of the UFEepoly TEF mixture, referred to as U-cubes,
contained no hydrogen. In experiments involving hydrogen, it was
necessary to alternate U-cubes with hydrogen-containing vlocks of the
appropriate size, Polyethylere, (Cﬂz)n, was chosen as the material
from which the "hydrogen blocks," referred to as H-cubes, were formed.

Special attention was given to tne procedures by which the
uranium-plastic cubes were prepared. Half-kilogram batches of finely
powdered Uﬁh were received from the stock of Y-12 product stored at
Los Alamos. This material averaged about 95.3% U-235 isotopic concen-
tration. bach batch was carefully weighed, mixed with an amount of
poly TFE sufficient to give a mixture equivalent to UFAC and micro-
pulverized to give a thoroughly mixed, finely ground powder. Appropriate
batches of this powdered mixture were then weighed out, poured into
molding dies, and cold-pressed at 40-50 tons per square inch pressure.
The smooth-surfaced, regular cubes resulting from this operation were
measured, weighed and stored in boroanined buckets for subsequent use,

For the polyeth}lene cube-stock, Bakelite DE-3401 natural
polyethyiene, in the form of 1 1/2" cylindrical rods, was used. The
rods were machined into one-inch rectangular rods and cut into either

one-inch or one-half inch lengths. Analyses* of the polyethylene show

13.86% hydrogen content. Assuming the remainder to be carbon,

*Credit is due Mr, C.Q. Strither of the Linde Air Products Company and

¥r. W.W. Harris of Carbide «nd Carbon Chemicals Corporation for these data.
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one obtains CH1.92 as the éompoaition. Since, in the interpre-
tation of the critical mass data, there is interest only in the
hydrogen content, the validity of this assumption is not important.
It does have a bearing, however, on the calculated critical masses,
Both the polyethylene snd the poly TFE used in the cube
fabrication were critically examined by chemical and spectrographic‘
means for neutron absorbing impurities such as boron and cadmium
which might affect the results of the experiments., In addition,
independent neutron-absorbing tests were performed on samples of
the material by Dr. E.O, Wollan of Monsanto and Dr., J.R. Dunning
of Columbia University. None of these tests indicated the presence
of impurities which would affect the experiments in any way.
Table 1A contains a quantitative description of the U-cubes,
used in the experiments, and Table 1B a description of the two sizes

of Hecubes,
TABLE 1

MATERIALS USED IN CRITICAL ASSEMBLIES

A - Praperties"of Uranium-Plastic Cubes - (U-Cubes)

Dimensions 1.004"
2,550 cm
Volume l.Qléhing
- 16,584 cm
Mass 8.4k pgm
Density 4L.73 gm/cm?
Total U Content 51.16 gm
U-235 Content 48.76 gn
Fluorine Content 2L,.71 gm

Carbon Content 2.57 gu



Page 9

TABLE 1. (Cont.)

B - Properties of Folyethylene Blocke (H-Cubes)

"One-inch V' size "One-~-half inch" size

Dimensions 1.005" cube 1.006" x 1.006" x 0,502"

2,553 ecm cube 2,555 x 2,555 x1.275 em
Volume 1.015 in 0.508 1:%

16.622 cm® 8.32l cm
Masgs 15,11 gnm 7.61 gm
Density 0.91 gm/cm3 0.91 gm/cm3
Hydrogen Content 2.09 @gm 1.05 gm

These data represent average chiaracteristics of a typical
block of the respective materials, The blocks were made with sufficient
" geometrical regularity that overall stacking density of an assembly was

only slightly lower than the absolute weighted density of the components.

IV, BRIEF DISCUSSION CF THEORY

In a recent reporbgl) Beck has given an elementary discussion
of th factors involved in o delermination of ecritical mass by the
method of adding‘small incremenis to a fissionable accumulation while noting
the rise ir neutron flux in the vicinity. The theory and experimental

procedure described therein are applicable to the present case.

(1} Beck, Clifford K., "Preliminary Report on Critical Mass Experiments

at X-10", Decexber 5, 1945,
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(a) - Neutron Density and Approa<h o Criticality

Briefly, the neutron density from background
radiation or from a neutron source is multiplied in the
vieinity of a fissiorable accumulation by the factor 1
where k, the "reproduction factor" relates the average%n;mger
of neutron offspring to the number of parent neutrons in each
generation in the accumulation, The accumulation is sub-critical,
critical or supercritical as k is less than, equal to, or greater
than unity. Vhen k is much less than unity, i.e.,, the accumula-
tion is far less than critical, the neutron density in the vicinity
of the accumulation is essentially equal to background. As small
cuantities of fissionable materlals are added to the sub-critical,
assembly, k increazses slightly, and the neutron density increasee,'
over a short transition period, to a new constant value. If small
increments are added periodically, the neutfon density assumes an
increased equilibrium value after each addition until the total
accumulation reaches criticality. Vhen k = 1, assuming a constant
number, S, of neutrons entering the assembly, the neutron density
from tne accumulation begins to increase at a constant rate, and
continues to increase as laﬁg as conditions remain unchanged.
If k> 1, the density increases exponentially with time, at a

rate dependent nn the amount by which k exceeds unity, (Fig. 1).
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(b) = Delayed Neutrons

It is extremely fortunate that a portion of the
neutrons from fission are delayed., This prevents instantaneous
adjustment of the neutron density in response to a change in k,
and permits work to be done on near-critical assemblies with much
less danger, The existence of delayed neutrons alsd permits use
of the so-called "source-je}k" method of determining qualitative
nearness of approach to criticality: With' a neutron source, S,
nearby, the neutron density from a particular assembly of fission-
able material has a value n = S which is considerably above
background. The response of bhi ;eitron density to a sudden re-
moval of the sourcs indicateé the nearness of the asgembly to

criticality. Immediately after removal of the source, the density

becomes
n
2 1 TEQGST)

S f
l-xX 1 -k(l«r2)

n
°

where f is the fraction of delayed neutrons, If n, is larger than
n, by a factor of 3 or 4, then k is 2f or 3f less than 1. But if

k ¥ 1, then n, and n, are almos® equal, i.e., the neutron density

2
decreases slowly from the value ny when the source is removed. Thus,
the rate at which the nsutron density decreases after the removal of

the source indicates the nearness of the assembly to criticality.
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(¢) - Meutren Multiplication: "Extrapolated" Critical Mass

v -

If circumstances render it impossible or undesirable
to build an accumulation to criticality, it is possible to obtain a
more or less accurate value of the critical mass, deperding on the
nearness of approach to criticality, by the method of neutron multi-
plication, If S neutrons from a source are directed into a fission-
able mess, tney will be multiplied into a density n e S. . Ifa
'neutr$n det: ctor, say a G-¥ counter, arranged to measuie-tﬁis neutron
density (or in practice, to indicate a counting rate proportional to
the density) is used to obtain counting rates, C, for several different
values of k, the data may be used to obtain a value of criticsl mass by
extrapolation. The réciprocal of the counting rate plotted against
the mass in the accumulation gives a more or less linear curve in the
near-critical region, which msy be extrapolated to the intercept corres-
ponding to infinite counting rate for the value of the critical mass.
It is desirable of course, to make the messurements as near critical

as possible, since linear extrapolation is reliable only over relatively

short distances below critical.

V. APFARATUS

In Figure 2 may be seen the table on which all the critical
assemblies were built, and the monitoring instruments and recording
meters. On the floor underneath the table may be seen two cylindrical

blocks of paraffin, each surrounding a boron-lined proportional counter
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{I% is cbviously more hazardous to approzch criticalily by tamping
on top than on the side; if the assembly was not eritical with tne
sides enclosed, it should not become critical with the top covered
instead), With paraffin on top, Lhe operator then proceeded slowly

a

%o enclose the sides o

If eriticaliby was not reached when fully enclosed in

paraffin, or if the assexmbly became eritical before fully enclosed;
the paraffin was repoved and the quantity of active material increased
‘or decrezsed.  The pzraffin was then replaced by the same procedure
ac described sbove, By repeated trials, the quantity of active

material was s0 adjusted that the assembly was just critical when

&

fully encioged in paraffin. The amount of material present then

repregented the critical mass upder the particular conditions exist-

{e) Disessembiy

As soon as the value wes establisned, the paraffin and
part of the active material were removed so that the assembly was
sufficiently sub-critical thalt movement of personnel and material
in the vicinity could pob inaaveriently render the assemdly critical
sgein. This concluded the experimental determinaticn of critical

mass for the particulsr seb of condiiions.

VII, EXPERIMENTAL RESULIS

Following the procedures cutlined sbove, determinations of

critical mass were made for various conditions of accumulation. The one-

inch cubes of mock-up UF 2% $5% U-235 isotopic conzentraiion, were zliernated
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with appropriate numbers of polyvethylene cubes (Cﬂg)n, in regular

-

- S

lzttice structurss (Figs, 13,14, 15, 1é) of cubical or rectangular

3

shape, and the size of the assembly was adjusted to criticality
under various conditions of inberest: no reflector, paraffin

reflector, cadmium or boron shielded, ete. The effect on ceritical

Yy

iffect o concentration of intermixed hydrogen.

Zffect of refiectar or shielding araundlthe accurulation.
Effect of geome uny.v

Effect of density,

Zffect of non-uniform mixing of U and H ,

The pertinent exporimental arrangements and the results

obitained are described in the following sections:

(A) Effect on Critical Mass of Concentration of Intermixed

Hvdrogen

1. ParBgEfin Enclosed

Completely paraffin-encased assemblieg were build
to erifticality with H-cubes intermixed with U~cubes in
various ratios from 1/2 H 8 2 U to 7 H8lU, Extrapolated
values of critical mass were obtained from neutron multiplication

neasurenents at sbtill lower valuss of H-cube, U-cube ratios

H

O

£ 1:7 and C:l.(atomic ratios of 1.4 and O). The data are

contained in Table 2 and Fig. 6.



TABLE 2

EFFECY OF INTLHMIXED HYDROGEN ON CRITICAL MASS

Page 17

(a) Cubical assembly

(b) Completely raraffin enclosed

(e) Stacking lattice configurations

refer to dlagrams in Figs. 13, 14 end 15,

Hocubes: U-cubes 0:1 1:7 Y2:2  J1/2:1 ] Ll 2:1 il 7:).
Lattice configuration A H D ¥ B B G 1
Sizo of assembly (cube unibe)* | (0x10widst |31l o] 1101510+ | 9x9x10« | 9x9x8 | Bx9unt 10x9:194 1L 2le
Overall density, gn/ci b7 k.3 o0 3.5 2.6 2.2 | 17 14
H-cubea 0 158 262.5 63,5 EYIN 396 672 bR IVA
U-tuboa - 1108 1108 970 527 324 198 168 203
tZotal cubes 1108 1266 1218.5 790.5 640 59, 840 1024
Uitoms H/atomn U-23% 0 1ok 2.5 5 10 R0 40 0
Critical mass U, kg 10t 63 *itt 49.6 27.0 16.6 10.2 8.6 10?&
Critlcal magsg U-235. ky 100 % HOHIE h7.3 5.7 15.8 9.7 8.2 9.9

iNot eritical

#These agsembly dimensions are given in the number of cubes (Il and
dlmenelons, in inches, are sllghtly Jarger.
sttixtropolated value from neutron multiplication in 54 kg o U235

U) along an edge.

The actual
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In thi there are three factors
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which varys overall denmsity, uniformity of H-U mixing, and
percentage of contained hydrogen. The effect of overail
densily variztica on eritical mass is ciscussed ssparately
in Ssetion X, 1% may be pointed out here, however, that

L

thiz simulizneous change in density and in concentration of

moderator is a realistic apslogue of the conditioms which
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mixing 9L H and ¥ in the accunulation,

Z. Unenclosed

Thoree cublcal assemblies were built with only air

a5 a reflectcr, These contaiped no interpal hydrogen, equal

nuebers of H and U cubes, and an & cubes U cube rataa of 2,
regpectively. The unzoderated assenbly, containing 1C00
U cubes (48.8 kg of U-235), failsd by 2 wide margin to become

i@a 230, Bonough pmatsrial was avallable 40 make the ather

o
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sembiies crisizel {Pig. 6, Tabl@ 3).
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s

Reference o Fig. & shows the critical mass o be
3tronzly dependent upon the degree of hydrogen moderation ab
values of ine siomic ratio less than 10, It is desirable at this
time Lo point out 2 cause for an error of possibly a8 much as
0% in some of the values of the criticzl aseses under these condi-
tYions which might be read from the cwve. The hydrogen to U-235
ated in every case from the appropriate
cube radtio wilbhin ths bedy of ihe assemblr. What might a2t first
e considered te be minor irregularilies heve arisen in ths cube
stecking at the surfaces of the array because of the inflexibility
57 cube dimensions and shapes. Further, in the case of paraffin
sncased assemblles, there is the question of whebher the paraffin

immediately in contach with a surface U-cube is nob, to some degree,

4]

moderalor and, therelore, siould be considered in the evaluation
of the stomic retis. These small effects, at low dilution, are
belisved sufficient 4o alier the nominal H to U-235 ratio by an

amount which will dispglace the curve, thereby causing srrers of

the above magniiude,

{3} Pfect on Critical Messe of Inhomogeniety of H:iU Bixing

wadsrator im Lhe core of an assembly according to some regular

patiern obher than unilomn mixing, may resuli, according Lo the
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otieing, for thesze circumsianses, whan the total hydrogsn

-

abzorption rate equals the nel produchlon rate of thermal

neutronss ( )
¥ O orMEE) - (BT - B Do ) Gld) 1
Eod 25t Ty U H
Wnere ﬁﬁ, stﬁ EU are respectively the stomic densities of
. _

hydrogen in the reflector and of U=235 ard U in the core, D is the
nuaber of hydrogen atoms displaced by a molecule containing one
vranive atom, The thermel neubtron eross séc‘-:,iams G;J and%“ are

i
respectively those of HOjp/p zbsorpiion and U-235 fission, CTb is the
combined thermal neubtron eross zccbion of a uranium atom and all the
obher stoms associated with it in the active meterial.,  The average
nuzbper of neubrons emilied per fission im Y. H{A) and G{d) are leakage

-

functions rapresenbing respectively (1) the probability tnat s fission
peubron produced in the core, after slowing and diffusing, is absorbed
as 2 thermal meutron in the spherical cors of dlameter ¢, and {2) the
probebility thot a therzellzed nsubrop iz abzorbed In the core after
diffueing ss a thermal nesublron.

When the corwonentes of the spherica’l assesbly zre other than

vranium and water, homogenized UF C and CH for example, squation (1)

6 1.32°
can still be used o cbtain ihe value of critical mass provided appro-
:priat@ pumerical values of the constants are used.

If the core components are arrzoged in 2 lattice configuration
isstéaé of being nomogeneously mixed, equation {1) can be altersd a3

follows to give the velue of eriticsl mass Lo be expected: the left side,

which is a measure of the cbsorption rabes common to core and reflector
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is mulbiplisd by émkjfv”“ and the right side, which is the nst
crodustion rate of thermal pewbtrons in the core, is multiplied by hg.
fere ngand ny are respectively the averags thermal densities in the
uranivm-containing lattice element and in the moderator latiice
element and v is the volume rabio of hydrogen letiice element to
uraniﬁm latbice element. Also the nomegensus (assuming uniforam
distfibu@ian) vranium alomie densibty must be inpcreased by the factor

{14 v) which mekes 3L sgual o the uvranium atomic density in the

The equation for czleulating eritical messes in latticed con-

Tiguration of active eleoment snd mederator element then becomes:

B0y =¥, o pH@) - (5,65 - 1,060 B(a') (2}
— PETH T g I T '

ho 3ifficult operabion iq using thiz equation is the svaluation

1

of the average neubron dengl 1

o mederitor elsment. The evaluation is mede by assuming that the

ez no in the active element and n, in

total core of Lhe assexpbly is comzosed of small cells, each comsistin
o s

’y

2f an sctive elemend surrcunded by concentric moderator shell of
sproropriate thicknese, and epplying standard diffusion equations
to the nzubron benavior in this simplified conception of the lsttice

28nembl 7.



Nore of the above considerzitions includes the effect of
gpi-thermal neutrons on critical mass, Hence for ummoderated
or little moderated assegblles where fzsi neulrons play z ecn-
siderable pari, the calevlations would not give valid results.

Theoretical vélues of eritical mass, computed by Dr.
Grueling from equaticns (1) and {2), for the materials and cordi-

tions used in these experimenis {a) for the experimental lattice

'y

From the data presented in Table 54, it is apparent that
the experimentally measured critical mess at Hecube: U cube ratios
above 121 is considerably lapger than would be cbtasined with uniform
mixing. AV H to U volume ratios of 1/2 : 1 {and lower) the calculated
vaiue is lerger than the experimental. This, one would sxpect, because
at this small degree of modsration, fast neutrons begin to affeckh
aporeciavly the value of the critical mass, hence the experimental
value should be lower than the ealculated value which is based on

<

the effects of thermzl neutrons only. The experimental valiues and

those czlculated for the latticed array are in fair agreement in
the region for which the assumptions in the calculations are valid.
From these considerations 1% iz clecr that the apparent minimum

at ap atomic ratic of 40 in the experimental curve of criticzl mass

o, Fig, 6, is the result of innhcmogeniety

|te

versus £ to U-235 atomic rat



in H and U mixing in the assexbliss. (Both the calculated and

experimental curves are nlotbted in Fig, 12), The calculated

vaiues of the crivical mass for homogeneous mixing of the

cempnnents o not exhibil a minizum at this low value of the
stomlie ratio, and, furthermore, the caloulated values zre in

general compatible with, and may be extrapolated to, the'Water

Boiler” critical masses, which were Obilained for H to U-235 ratics

«
@
0
o
w3
4]
(=0
£
[0}
=3
®
[
=3
®
3
®
.

far larger bthan tho

(=)

(For example at H:U ¥ 500,
e T L kgl., It is to be recalled that there is a real minimum in

the eriticael mass curve 2% an atomic ratio of about 5C0.
TLBLE 5.

CCHPARISON OF EXPERIMMNTAL AND CALCULATED VALUES OF CRITICAL MASS.

A. Variation in Hydrozen Content

Critical mass U=235 keg.

" H-cubes Atoms i Experimental Caleulated
U-cuvez Atoms U-235 Latticed | Homogeneous

o

1/231% | 5 25.7 32.2 30,1
5.8 W | 1

2:3 20 9.7 $.68 | 6.9

2 3.53

2,15

SN
°
-3
[

)
=3
2
s
°
O
}—a
o
Q)
i

% Low B content in this case renders assumption invalid and results
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2. Variaticn in Letbice Arrangezent

ag Atoms H Criticz) mess U-235 kz

Hepube A5
U~cubes Atomes U-235
Experimental Calculated

Latticed
Homogenecus ic ’ — 4.1
1:1 10 15.8 16.4
2:2 :LO 16‘3 l7¢6
Ll 10 17.1 19.2
8:8 10 20.1 22.0

The calculaled and experimental values of crltlcal rass for a
1:1 cube ratio arranged in varicus configurzticons wmhich are listed

in Table 5B differ in scme cases by several percent. The calculated

55_‘:

&

values of the eritical moss for lattice configurations when plotted

on the arbitrary inhomogeniety scale mentionsd above; 8., 0, 1, 2, 4
and § for the homogenscusy l:1, 2:2, 4:k and 8:8 lattice arrangements,
respectively, define s emooth cuxrve. One would expect that experi-
zentally, ihe upsymmeirical arrengements 2:2 and 4:h (latbice configura-

tions L and X, Fig., 15} ive lower values of the criticzl mass

£,
49

than would be oblained with elewents cubical in shape but of the same
volume, Extrapclabion of the experimenial values to the homogenesus
cass gives, systematieally, %too high a value of the critical mass, Hence
the calculmted value of 14.3 kg for critical mass of aniformly mixed
material in 1:1 volume rabic is believed more relisble than the l5kg

value wnich is indicated in Fig. 7 by the exsrapoiation of the

expericmental data to zero inhomogeniety.
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Iin other words, tne experimental walue, 15.8 kg for the

.

cribtical mass of the 1:1 H to U cube array appears o be aboub

&

13% higher than the oritical ma

o

¥z, which would have been

£

(O]

a0
“

[
s
%
v

obteined had the components of the array been intimstely mixed.

% . . ¢
{C} Bffect of s Shieid or Heflector on Criticsl Mass

ssionable material.
In all cases, & 1:1 ratio of H to U cubes wes used, in cublical
surrcunded by ine shielding material being
investigated. Exespt in the "untamped! case, the shielding
material was surrounded in turn by 7" of paraffin,

%)

The detalls of the arrangement and the results cbtained

are presented in Table 6.
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MULTIPLICATION
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FIGURE 9
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affin Enclosed Assembly

ozsn, bul compleie enclosurs in
paraflfin, é cuticzl assexbly of the tctal amount of material
availab@e {34 ke U~a,5} was fer from critica1, Neutron mulsi-
plicatiag mensurements were made on assemblies in which the

U-235 é s w25 faried up Lo Ve maxizmum quantity avsilable, and
an esbimate of eriltleal mass was obtained by extrapolation of the
data, {(Tabls 104, and Eﬁg. }.i}).. The estimate of eritical mass
thus ebiained sbout 100 kg U=-235, Is quite uncertain, Tﬁe true
value may be 10% lower, ar 25% or more higher. It is simply very
clear from ithe low values of neuvitreon multiplication that the
maximum accupulation of 5b g U-235 under these conditions, wa.s far

below eritical.

3. che:at@d Untamped Assegbly

6701,

e oxperiment described above was repeated with

i

Dlv. Tne degree of eriticality

i

n2 paraffin around the sssex

=]
[N

1

th 231 availavle matarial in the assembiy was less than i the
former case, haence the egtimate of CPﬁulCQl mass obtained oy

extrapelation of neutron muilbiplications is even more unrelisble,
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CGRITICAL WASS DETERMINATION FROM EXTRAPOLATION OF

NEUTRON MULTIPLICATION DATA

A. TFully peraffin enclosed

&

wr

{s) ¥o intermixed hydrogen
() Cubiczl assembly

\C; Latlice configuration A

Dimensions {eube uni 8) 10x10:10 9x9x9 - 8x8x8

U-cubes 1000 729 512

Kass U~235, kg 48.8 35.6 25.0

Counts/min 488 506 313

Backeround counts/min 253 245 238

(¥ultiplication) ™ 0.518 0. 603 0.76@

“ritical mess U~235, kg 100 (highly uncertain value obtained

by extrapclation)

3. Air reflsctor only
a)
(b) Cubical assembly

3

‘o intermixed hydrogen

P
4

ez

{¢) Lattice configuration A

Dimensiors {eube unite) 10x10x10 9xGx9 82828
J-cubes 1000 729 512
Lass U-235, kg 48,3 35.6 25.0
Counts/min 5005 5429 3917
Eacgg oungd boz.tS/uﬂh =3 2470 —
-l .
Multiplicaticon)™™ 0. 4% 0.558 «  0Q.€21

Oritical mass h-23§p kg 130 (highiy ¢ncertalzcmalue cbtalned by exirapolation)
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FIGURE 10

APPROXIMATION OF CRITICAL MASS OF
UNMODERATED CUBICAL ASSEMBLY
ENCLOSED IN PARAFFIN

OWG. NO. LD-A-95



MULTIPLICATION

0.6

0.4

P4

50 100
MASS U-235 kg

FIGURE 1!

APPROXIMATION OF CRITICAL MASS OF
UNMODERATED CUBICAL ASSEMBLY
WITH NO REFLECTOR

150

DWG.NO. LD-A-36
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ihe complzte summary of resulis obizined in the experiments
is besi shown By 2 gragh of criticzl mass as a function of the
n Fig. 12, where such a graph is pre-

ossible of ine experimental

ta
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conditions is given beside each plotted point. Curves have been
drawn showing how the critical mazss of bare and paraffin enclosed
latticed assembliss veries with the amount of intermixed hydrogen.

L curve has zlso beecn drawn through the calculated critical mass
vaiues of homogensous, paraffin enclosed arraye. Only two experi-
meatal poindts on the bare asssmbly curve were defipitely established.

- cas A UM . . -
The values of the ceritical mass for moderated zssemblies either with

b
ar withoud reflectsp are h.k,ghlv uncertain,
IH, LORNOULEDBENTS

Dr. N.E. Zradbury, Dr. E.2. Jeite and other members of ths
f 2% Los Alamos were very cooperabive in sebting up thiz program.
Aciknowledgrent is made of the genercug zssistance given by
Dr. Louis Slotin, slse of the Los Alamos Laborztory, ia directing
t“hezre experimenial srocedures and in the training of ithe Ozk Ridge
serzonnel. Ihe preparaticn of the materials for the experiments
and taeir performance was greatly aided by the efforts of Mr, H.F.
Priest, ¥r. Joe 8chaffrer, ¥r, S.D. Sayder and ¥r, W.G. Kirby of

3 >
Carbide and Jarbson Chemicals Corporzbtion, and Mr, James Taub and ¥r,
I 2

s s s _ P - -
JRIELD L2ung 0Y L0g AlLAmOS.



CRITICAL MASS U-235 - kg
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FIGURE 12

SUMMARY OF CRITICAL MASSES OF U-235
OBTAINED UNDER THE CONDITIONS INDICATED




FIGURE 13

LATTICE CONFIGURATIONS OF
H CUBES (WHITE) AND U CUBES (BLACK)



FIGURE 14

LATTICE CONFIGURATIONS OF
H CUBES (WHITE) AND U CUBES (BLACK)
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FIGURE 15

LATTICE CONFIGURATIONS OF
H CUBES (WHITE) AND U GUBES (BLACK)
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FIGURE 16

LATTICE CONFIGURATIONS OF H CUBE
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