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S\ll1MARY OF LOW ... ElffiiCHMENT RESEAR<r.tl 

REACTOR CALCULATIONS 

Cri:tica.~ musses, neutron fluxes, power levels ood fuel eleme11t 

specifications have bE7en estima·t.ed as a function of' uraniU!ll enrichrr.ent 

for the following ·types of' research reactors: 

1. MTR 

2. Swimming Pool 

3. \1ater Boiler 

The critical maases as a function of enrichment are given in 

Figure l. 

1. MTR 

In order to keep the 25/Al ratio and th~ critical mass of a lower 

em·ichment reactor as small as !10eaible1 the sintered uo2~Al fuel eleme~ts 

. should be used in p:t•eference to the u ... Al, al].oy type of elements now :tn 

the M'l'R. Tile core of the s1ntered ·elements can contain a.s much as 5b~ 

uo2 by weight~ which gives a U denai ty of 1. 91 gms/ cm3 as compared lli th 

e. maxitnum of 0.86 gms/cm3 for the u ... Al alloy. Calculations for the u .. Al 

alloy fuel plate c-ore give critical masses 'i·rhich are considerably larger 

than those for the U02 .. Al elements. 

The calculations ue:t.•e made i'or the sintered elements containing ·the 

·maximum allo,.,able U; the clad.ding, spacing bet'tleen plates and the over-all 

dimensions of the element vere kep·t fixed to present MTR specifications. 

The thermal neutron flux wns set equal to the MT.R flux by keeping the 
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a100unt ot 25 per unit are~:1 of f'uel plate the same as for the Ml'R and. 

allo~ing the thickness of the core of the fue1 plate to vary inversely 

wi·th the fuel enrichment. Small differences in the critical· mass can 

be obtained. ·by changing ·t;he amoun·t of 25 per un1 t area of ;fuel pln·te. 

Theoe calculations are, how·ever, preliminary and we have no·t attempted 

to opt:Lmize the varia:bles. · 

The critical maesea were calculated for a 30-cm Be + .2~ H20 

reflector and for 18~ excess. reactivity. 'l'l1e t"esults are su.mmtn•ize(l in· 

Table 1. 

In the t4TR there are 23 fuel elements conta1ning an average of 18'7 

gms 25/element1 which gives a-n aver~e thermal flux in the core of 

1 c IJ. x 1014 n/ cm2 ""sec at 28 Mw. As the enrichment is lowered, the power 

· must, ot course, be increased. to keep the seine flux as shown in Table 1 •. 

The results show tbat fuel enrichments niuch below 20'{o lead to ratt1e1• 

large e:dtical masses a.nd corr~spondingly large· totu powers 1:1:'. one 

,.,ish6-s to maintain the bigh neutron flux of the MM. 

M'!'R Fuel Element t>ata 

Length of fuel bearing region fi) ct .• d (!• •• 24.63 in. 

Total cross sectional .area ····••••••• 68."26 in.2 

SiQ.e pl~rte Cl"Oss sectional ~ea • • • • • • 0.3961 1n.2 

t'Tid·th of fuel plate (along arc) • • • • • • • 

Thickness of cladding •••••···•••••9•• 0.015 in. 

Thickness of fuel plate core •••••••••' 0.020 in. 

ThiclmesG of ~rater . channel. • • • • • • • • • • • O.ll?8 in. 

1. 
J. \v. Webster .. Pr:t vate Communication. 
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10.4 

20.6 

Core Thickness 
of fuel plate 

(inches) 

.03972 

.01998 

.01159 

.0200 

number of 
plo.tes per 

fuel element 

17 

19 

20 

19 

-714 

.549 

.480 

TABLE 1 

Thermal Resonance escape 
u.tilizati.on probability kco 

-7681 ·9-33 L498. 

·)926 ·959 1.589 

·7996 ·9'73 1.626 

.80l~O 1.000 1.680 

CritieaJ. Total 
ma.so of Power 
25" (kg) (Nvr) 

23 151 

6.9 45 

4 • .8 31 
i 

-!="' 

' 4.3 28 
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The fuel eler!lent speci:fica:tions are the sp-,.me ae those for the t4TR 

type :rea~tor. '.t'lle excess t'~a:etj.vity requirement, ho'\.Jever, is onlY 5%, 

resulting in s somewhat J.o'Wer cr:it;Leal :mass. T".ae reflector is 15 em of' 
··~ .................... 

'·-

The crit;ical ~s fo;r ·the s~orimming pool a.t full. enrichment is abput 

1° e 3 kg, which giv~s an average the~al fluz of 0.7 x 10 ~ n/cm ~sec at 

100 kw po!'rer.. The ··total pow·ers required to give the same flux for the 

1.0 

20 

30 

93·5% 

Cri~tical mass of 25 
.(kg) . 

8.4 

4.~ 

Total powe:t" 
.{Jw} I 

140 <:t----­
·113·· 

,100 

'f'be Grltical UaSS o:f the \!Ja.tet> l:~OU~r increases lmlCh leSG With 

2 . 
of' .m .. Greuling's oalcul.atiot;lS ·· :for the minimum mass 6f 25 a$ a tunet~.on 

of U enrichment, total U concerrtrations, powers for a thermal flux of 

1012 n/cm2 .. sec~ and_power densities are given ill Table 3. 
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Tatal power i\:rw.er 
Em."icmu.~nt. ~~5 Diomotew u cone. (Ave.. the:ra!!al flm: De~ity 

(%) (kg) {em) {gmx;i/l)· ot.' 1012 n/c;a!2 .... sGc) (lt't7/l) 
~ 

' ~~90 50 ago 138 2.1 

lQ 1.75 38 610 B3 2.9 

20 l-30 ]l 42{) 62 ~~.o 

93.5 0.98 24 145 lV( 6.5 

u·o2...Al f'uaJ:. ple.t:e:s to a.ecre!~~.e the n1;.:-utron l.o.ss{;!s 1n Al.. 'l'hek~e is, ho'l-zever, 

more leeway in the desian of the 0'£>.-.~ type lr>ec~t~se of the uae of ~20 

moclerator. 

a.nd ar.e clod "t<!ith 0 .. 015 i~cb of P.J,... As in the CF•5t the critical mra·as 

calculations lllll.oM t'Gll."' 111> ex-e~ss reactiVity. The cr:tti.co.l tl&tGs and peYwer 

for, an avero.ge ·tb.ermal nux oif' 2 .. 3 lt 1013 n/cm2•see ~'ll"e g:tvon ·s.n Table 1~. 

TABL.B 4 

h"\u•:tehment I'1r;;.as of 25 ~6Wor 
(}\)) (~} 

l 
(~7) 

. ; -
10 1.84 1630 

20 la3l ll6o 

93·5 l~.l.3 1000 

.! 
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