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BROOK¡I/wEN N,tTIOi\At IIIBORATORY
MEMOR.û,NDUM

The measurements reported 1n this memorandum refer to L"]..l.3î.

uraniu;r rods, 0"38?ir in diameter, formed lntc lattlces r¿"lth unifçrn

and hexagonal geometry, and moderated. by trlght water. The quantity
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measured. is f, and the nethod is the sq¡ne as that reported in our previous

memoranda on this subJect, namely: the determinaiion of the intracell

distribution of therrnal neutrons, þr activation of very srnall foils of

dysprosium oxideo

Ì,le have reported earlier the discovery that this measurement is faÍrly
sensitive to the choice of naterLal which is used to hold the detector folls
1n place in the \nrater. By means of a study of how the experimental results

depend on the thickness of alurninum or luclte used for this purpose, we have

found that any feasible thickness of aluml-num disturbs the measured fh¡x

distrlbution more than r^¡e care to allow, u¡hereas the effect of lucite ,is
relatlvely srnal-I" In partlcular, we have determined a thickness of 0"O15tr

of lucl-te depresses the ther¡nal neutron flLux ln r.¡ater by less Lhan t/"., The

foil holders a-re therefore now rnade of this thl-ckness of this materlal.
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I4perlmeÊtal= Methq*E: The *ysprcsl_um oxlde foils are tft6n in dia¡neter, and

are 0o010rr thicko They are made of a mixture of dysprc,sium exide and

polyethelene povder, hc't-pressed inta ¿ sheet; fron thís the fcíls are

punched, All folls used have now been intercalÍbrated a great many times,

so that thelr lntercalibration.factors are (with a few exceptions) knov¡r

to abou+" A/o aecyracy ot' bet,ber"

Ïn each measurement, nine foil-s were placed 1n nilled depressions in

â. cross-section cut of a fuel rod. Thj-s rod section v¡as then placed in a

flrel rod tube along lrith other fuel- rod pieces, so that the physical

appearance ï¡as that of a complete rod r¿ith the ctretector foils imbedded.

withln it. This rod was then placed in the lattic,e in a ftrel position.

The foils in the water were located in a 0,015trthíek lucite plate

(as mentl-oned earlier), The latter üÉs held fixed just by.the pressure of

the three nelghboring fuel rods r+hich it is placed betueen. Figure 1 shows

a typical amangement of foÍls in the uranium and in the foil holder in the

water. l\s ls apparent in the figure, the measurement of flux in the r¿ater

took place along tr*o radii, one of r¿hich was along the line to a nearest

neighboring rod, and the other of which was along a line to a next nearest

neighbor,

/i11 foils were.counted to $ statistical aecuracy or better in
end.-r^¡indsw g-counters" fn aceordance with our usual counting practice, six

counters r¡ere used, and every foil r,¡as counted .in every counter. Thus the

need for counter íntercallbrations r¿as avoided.

All of the measurements except that with the 3:1 volume ratio u¡ere

done '"rith f\rll-sized exponentS-al experlments. The 3:1 volume ratio result
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r.¡as obtaíned with a small assembl-y ( ^-, 1 føot diameter, 18il high) of rods

exposed in the anírnal tunnel. This u¡e call 
.a 

miniature assembly, to

distinguish it from the standard-sized ones.

Analysis and Resqlts: The values of relative flux r¿ere determined by

applying the proper intercalibration factors to the measured foil activltLes

(after the latter r¡rere corrected for d.ecay, dead time, and counter background) "

All ftux curves were then normalÍzed to the value unity at the center. This

no¡rnalization was baseo on a ieasi squares fitting of the measured flux

values in the rod to the parabolic forn

Ø=t(r+"f)
The results of the measurements for the fl-ve volume ratios studled

are listetl ín tables I-V and are ehor.rr¡ in figures 2-4.

flLr:x averages in the water r^rere obtained þ numerical integration of

the curves. Flux averages 1n the uranlùm were found from analytical

integration of the least squares curves. Flt¡c averages in the aluminum were

found by inspectlon of the curves. These flux averages ulere then inserted

in the expressíon

-uf = à* ø"

{ ø" * r:t ã* + ,:ã,

for evaluation of the therrnal utilization.

The cross-sections used r,¡ere those listed. Ín BNt-325, averaged over

a l'faxwell dlstribution" The atom density of the uranium was found from

Jûeasurements of the speciflc gravity (18.91 + 0"02). The constants used.
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were
atom densrty (crn4)

6.,69 x ro22

6.oj * l:o22

5.53? x 1020

hydrogen

aluminun

vÐ5

u238

Total Uranium

,2,
.oa (cm /

o ".Ð3 x Lo'24

A.2Ol+ x l-0-24

5,.g75 x t0-22

2./,38 x 1O'%

, -1 .

, X* (crn -)

1..957 x 10-2

I.,23O x 10-2

3..3eg x 1o{
I.153 x 10-1

-'ì/o./16l x 1O 
*

4.7n * :ro22

The values of f are shor,nrr in table Vïï and figure ?.

An interesting resul-t of this set of neasurements is the behavior of

the flux dlps observed in the rods. Âs the r¿ater-to-uranium vol-rune ratio
is decreased from 4.:1, the observe<l flux dlp (represented by the quantf.ty

g in the least-squares flt) remaLns apparently constant, except for the 1:1

volume ratj-o lattice. This seems to i:rnply that the neutron temperature

1s nearly the same for all the r"rlder-spaced lattices. ft is unlikely that

the neutron temperature coul-d remain constant over such a large range of

r.rater to uranium ratios unless it ls aetually very near that of the

moderator.

l"Ie do not have arqr reliable rneazurements of neutron temperature yet

for these assenrblies,.but r¿e should have seme soon, after we begÍn critical
experiments r¿tth them.
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Table I

Relatíve Fh:xes, 1:1

Center

Lattíce

Inches f:'oro Rod

0.000

U!U/)

0.151

o=262

a".329

0,,396

a,/+63

o,.2/;l

.t

o.975

i"o2g

L aüú /-

r"267

r..277

1",232

I.223

1"2/+7
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Inches frorr Rod

0".000

Éì.c75

0"151

o.263

o"?30

o",397

o.46/"

o,53L

\)t lÔ)

0J3a

It

1"010

l,ou
1"110

r.263

1..3/+9

1..3'¿ß

L,.30/+

7.287

1 ,)O)

1"286

Tablo fT

Relatí.¿e Ïl-uxes, 1.5:1 Lattice

Center
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fnches from Rod

û,.000

0".o75

U ç -L)I

r\ ,'lL1
Wc é(JI

o,?2g

o".396

o"./+62

o"529

o"26L

o.,328

9"395

É

1.04G

0.014

1"112

1.283

t.?Ir5

l.:33/+

L",35l-

1.310

r,zl+tr.

Lc)Il

L,252

Table fII

Relative f'luxes, 2:J^ Lattice

Center
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Table IV

Relati'"'e Fluxes, 3:1 Lattice

Inches from Rcd

0.000

0 
".o7 5

0.151

0.262

0.329

o..395

o..l*62

o,.529

o.596

o.663

o..261

0.328

A 
"39/+

o./*62

Center ,l

1.O07

r"og

1.105

T.3T9

1..401

7"./+O5

1..4r9

r.387

1./e00

I,/r53

1,298

1..359

r1369

I,lnlz
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Inches from Rod

Table V

Relative Fluxes, /+:1

Center

Lattice

0..000

a".a75

0,151

o.262

o"329

o..395

0 
"./+62

0.530

o..597

a.661+

0.?31

o..260

4..327

a..395

a.462

4,.529

4,597

ø

Õ,999

I.U¿ð

1.109

r.355

L./nI3

I..ln/r7

l..l+65

L"/r38

1,503

I.lo5!

r./*60

r.328

I..lr39

r"uo

r,./8/,

1.359

I.293
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liverage

Voiu¡ne ïIaterñffi; urãffixn

L.5

2

3

L

Table VI

FLuxes in trbel,

l),u

t.069

1.090

1"090

1"086

1.099

Ah:nínurn, and

draI

1,7/+5

1.185

1"190

I -l7q

1.191

l,Iater

ø,

I.,22l-

1.288

1.300

1 ?<?

1,/r18

Volume l,'Iater
%

Volume Uranlum

r.5

2

?/

L

Table VfI

The¡r'nal ütilízati.ons

f

o..9/+/n

o".920

0"898

o.852

0.808
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