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AESTEWT 

Using 1108 one\-inch cubes of mock-up UF containing 
3b kg af U-235 Daade from UP 
and(CF$n, and S&L&W hydr genouls Is 

(93% isotopic concenkti~n of U-235) 
cubes af (CH 

1 
:n, in various propor- 

tions and tier various condgtbns ;rf accxmulat on (all relevant to 
conditions in the K-25 plant), 26 assemblj.es were built to criticality 
and fwr other asswkAies were built whick tid not bscme critical. 
km these experimeni;s, art least same infcmktion ~as obtained an the 
effect on criticalm3sa of (1) amount of intermixed hydrogen, (2) uniform- 
ity of hydrogen-uranium mixing, (3) density, (4) geometry, (5) shielding 
or reflector materials around the ace~ukation. 

Methad of preparati;>n and prqxwties of the mater- used, 
description of experimental arrangments 2nd procedures, and stat~ent 
of data obtained, are given in this report. 

A brief swnm~~y is given here of' the pertinent result8 obtained 
in the experiments: 

A cubical assambly af 54 kg of LW35, intimately mix d with 
fluorine and carbm ho simul.ate UF6C at a density of 4.7 8 g&m ,con- 
taining no h’it8mixed hydrogen but completely surrounded by 7 inches of 
paraffin, did mt become critical. Best estimate8 from neutron multipIlL 
cation measurernaznts indfcata abotat 100 kg as the critical mass under these 
CDnditfoA8. 

The criticslmass drops shargly as ~111 quantities of hydrogen 
are intem~ed. h cubical assembly, surrsunded by paraffin, having an 
H to U-235 atmk ratio of 5 becaene crMea1 with 26 kg af U-235; one 
havhg H to U-233 atomic ratio of 10 ms critical at 16 kg C-235. 

In studying the effect of gsomot,ry, it 1pes found that,Fazxffin 
enclosed 6" x 61' rectangular parallelepLp&s having H ta U-235 ato~~ic 
ratios of 10 and 20, cmld apparwtly be axtended tr, indefinite length8 
wiLhout becominl; critical. 

By stacking paraffin enclosed cubkal assmblies of H to U-235 
atotic ratios of I.0 and 20 with different sised lair gap8 between the 
cubq, the critictil mm was found to vaq- inverses opproximatu as 
the 1.7 powes of the overall U-235 dontPitJ-. . 

The cr2ticol mass of paraffin ~~M&XHSCI cubical assemblies 
of H to U-235 aAkmic ratio of 10, when ah&M& by cadmim or boron, 
wa3 found to be sppr~ximataly double t;he ~i&ical mass of 8-r 
assablies hMng no shielding, 
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x 0 IMmoDuCTXoN 

In order to determine ati, whore necessary, 

TEIC wa8 inter&ted *La the exten% of sendl-ng a man from their oqpntiation 

to esssist in the en&ire mc~wimmtal prq;ran. kmsanto requested that 

Lhey be kept inf'xxsd m the eqmrimenta3. pmgress, and at the cmclu- 





UC cur 21 the plant. br khs prcsenSI experiments, therefax, a density 

than would bo Oxpscbd to mxr in plant operatim. 



kqm&bl.~ to perfctrai. ths desired expsrlments directly on uranium in 

~~c1.e~ properties simihr ta UF 6 . but havicg chemical and physicel propcr- 



Blocks of the UF--ply TIP miacture, referred to as U-cubea, 
4 - 

contained no hydrogen. In expar.Lr;lajta involving hydrogen, it was 

necessary to cPlternate U-cubes w.iC;h hydrogen-cantainig b&xks af the 

Specisl attenthm yeas given to the procedures by which tb 

uranium-phstic cubes wxw prepamd. Half-kihgram batches of finely 

polrwrfer0d frm the st;,c& of x42 product stored at 

trak%im, bath batch wss carefully weighed, mixed vdth an emout of' 

ply TFE sufficient to give a tixtu~e equivalent to UF6C and micro- 

puhwrized to give a thuroughly m!Lmd, firmly ground powder. Appropriate 

measured, w8ighad and stored in &>oron-lined buckets fw mba+quent use. 

For the FQ&I!jlae cube-stack, Bakelite DE++01 n&Ural 

poiycth$u3na, in the fom of 1 1/2l' cylfndsical rods, was used. The 

rads were machined .inta we-inch rectangular rods and cut into either 

wwinch or one4W.f inch lengtier. Anralyses* of the polyethylme shw 

13.86% hydragen content o Assuming the mmainder to be carbm, 

Wredit is due Mr, C.@. Strv,f;her sf the Linda Air Praucts company and 
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one obtiim CH1 92 0 a.8 the compositim. Since, in the interpre- 

tation of the critical mass data, there is interest opLLg in the 

hydrogen content, tha validity of this assumption is not impmknt. 

It dotes have a bearing, hmxmw, m the calculated criticalmwsses, 

Bath tha pol,yethylene and the p0I.y Tl% used in the cube 

faixdcation were critica1l.y uwmineci by chmicol. and spectrogmpkdc 

me;lns for neutmn absorbing tipurities such aa boron and cmQni.un 

which eht affect the re~sult~ of the eqmrtiemts. In addition, 

independent neutron-absorbing tests were perfamed on samples of 

the material by Dr. E. 0. WoUan of Monsanto and Dr, 3.R. Dunning 

of Columbfa Univereity. Kane i>f these tests Wcated the presence 

of impurities which would affect the axperimmta in aqy way. 

Table lA cmtains GI qumtibtiva description of the U-cubes, 

used in the experiments, and Table 1B a description of the two uieas 

of H-cubss. 

MATERliALS USED $I CRITICAL ASSElbBLIES 

A - Fmpertie9*’ of Uranitm4lazM.c Cubes - (U-Cubes) . -. 

Dlmmsions 1.004” 
2.550 cm 

.,r - 
VOlUIIN 1.012 in; 

. 16.584 cm 

Total U Cantent 

u-235 Cantent 

Pluorkm Content 

51.16 gm , 

48.76 &~m 

a.71 grr, 
C-bon Content 2457 eta 



n,oo5'9 
2,533 

15.11 

0.91 

2.09 

cm cube 
? 

id 
CS 3 

em 
3 #p/cm 

1. OOtP 
2.355 

x 1.006~~ x 0.502" 
x 2.555 x 1.273 cm 

0.508 in3 
8.324 cm3 

l*rn &bn 



Page 10 

of the ~ccumukation is essed.allg equal to background. As small 

qcaant;Nies of l%w&xm.bke materials are added to the sub-critical 

wer a short %ran,sition period, to zi new constant value. If snnall 

incmmenta are added parixlicolly, t;he neutron density assumes an 

Xncreesed equ.iMwium wJ.;re after each additisn until the total 

ammtiatim rf33c~m3 cr%ic4&ty. b’ih.en k z 1, assuming 8 cmstant 

number, S, sf nsutmns errbering the atsmmbly, the neutron density 

frm the accu&Lation begFna ta imrease a% ZI constant rate, aszd 

cwhinuetb t;, increese as bmg a3 cmzl.NIans rw~in unchangfsd. 



* Addifion of m&et-iW 

TIME 

FIGURE I 

nWG. NO. LD-A-90 



It is exlmmsly fxbmate that a portian af the 

neutrons from fissim are delayed. Tf1i.s prevents instantaneam 

adjustment af the mutmn density in respmm to a change in k, 

a&l permita wark ta be dme an near-critical assemblies with much 

less dangsr. The e3xj_stence af delayed neutrons alsa permits use 

af the, so-called %mmxz- jerli” methad ;,f determining qualitative 

rb3ameas af: approach La critfcality: With'& neutmn 80~me, S, 

cx?itica1ity. Imnmdhtely after ranam af the mume, the density 

s f 0 c 0 I 
1 - k 1 - k (F) 

where f 1~ the frac$im of delayed neutrws. If nI is larger than 

n2 by ia factor of 3 or l+, then. k is 2f or 3f hem than 1. But ic 
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( ) C’ - Neutrm Multiplic&&m: '%ctrap~kbsd" - Critical kes 

If circ~~stmc~s render it iqwwible w undesir;ibla 

ta build an occumula%inn to criticality, it is pssible to Obtacjg, a 

moxw or less accurate value 09' the critical 31~335, depecdira ;>n the 

n~ta~s?ers ;>f approsrch to criticality, by the methad af neutron multi- 

pl~catiow, If S neutrons fram a source are directed into a fission- 

able mm) they will be miLtiplied into a density A = S . Ifa 
l-k 

neutrm dsttAmr, say a. G-M counter, arranged tc, measure tilis neutrm , 

dmAty (w in practice, ts indimte a cmnting rate pr~pM&mal to 

the density) is used to 3btsI.n zounting m&q C, far several dil"ferent 

vd.usa of k, the data my ba used to &tah a value of crfticalmss by 

It is desirable of COUCS~, to make the m~auraments 83 near critical 

as poasLble, since linear extrapolation is rdiable only aver relatively 

zPhort disixmce;ts belaw critfcal- 

V 0 :pPARATUS 

In Figure 2 may be seen the &Me m which all the critical 

mxxmbLies were built, and tie monitwislg instriaments and recordhg 

metx?m. On the floor undgrneath the liable may be seen two cglindric~l 

blacks of paroffbn, exh suxc3und..ing a boron-lined proportional coun%er 
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VARIATION OF CRITICAL MASS U-235 

WITH CONCENTRATION OF. INTERMIXED HYDROGEI’: 
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EFFECT OF GEOMETRY ON CRITICAL DIMENSIONS * 
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FIGURE 9 . 

INVESTIGATION OF VALIDITY OF MULTIPLICATION 
METHOD OF CRITICAL MASS DETERMINATION 

DWG- NQ LO-A-91: 
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FIGURE IO 

APPROXIMATION OF CRITICAL MASS OF 
UNMODERATED CUBICAL ASSEMBLY 

ENCLOSED IN PARAFFIN 

OWG. NO. LO-A-95 
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FIGURE II 

APPROXIMATION OF CRITICAL MASS OF 
UNMODERATED CUBICAL ASSEMBLY 

WITH NO REFLECTOR 

DWG. NO. LO-A-96 
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FIGURE I2 

SUMMARY OF CRITICAL MASSES OF U-235 
OBTAINED UNDER THE CONDITIONS INDICATED 
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FIGURE I3 

LATTICE CONFIGURATIONS OF 
H CUBES (WHITE) AND U CURES (Bl,.ACit~ 
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FIGURE 14 

LATTICE CONFIGURATIONS OF 
H CUBES (WHITE) AND U W8ES (&LACK) 
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FIGURE 15 
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LATTICE CONFIGURATIONS OF 
H CUBES (WHITE) AND U W8ES (&b~.Cbo 
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FIGURE 16 

LATTICE CONFIGURATIONS OF H CUBES (WHITE), 
u cuEs (BLAGK),AND AIR SPACES (BLANK) 


