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1, INTRODUCTION

et A Swedish report, AEF-6L%, gives the results of &
o number of me&surements of effective reaonance integral for

solld uranium metal rods, solid Uoz rods, annuler uranium

metal rods and multiple an rods, The effective rescnance

integrels for the multiple UOZ rods were measured with air,
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Dzﬁ and Hzo occupying the "coolant" spece, It is the purpcse

f this report to cor.ere these mens.rsments ou the UOZ rods
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with & semi-empiricel method of calculeting effective rescnence
integrals,

Ancther Swedish report, AEFI~SB“, pives & method
for calculeting the effective rescnance integrels. The method

given there is very similer to thet which will be presented
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here, end in fact, thet revort has been I'reely drawn upon.

ety )

] 8 sup-8l "Measurements of the Effective Resonance
- Integral in Uranium Metal &nd Oxide
: (UO2 in Different Geometries,"

by Eric Hellstrand, (June 1957)

[ it AEFI-58 "Serakning ev resonansintegrelen for
., Cylindriske Bransheelement."
[
|

. by 1. Cerlvik, B, Pershagen (March 1957)
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IT. THEORY
(a) Solid UOZ Rods.,

An expression of the form:

2'
S e Cm
R.I. = u—ra'ﬂvo : & + B i [S/H .25 e

fits the measured urenium metel, solid rod resonance integrals
very well for S/M (.25 cmz/g,

with A = 7,5 barns, B = 30.2 barns g/cm® end = 420 em™1,
W I (" ifng
where Go("g(“a) = :jg_ﬁ If*'gg";;
"5{" is the effective inverse diffusion .length for
resonance neutrons in uranium metal in em™1.,
a is the rod radius in cm,
is the surfece area/unit length of rod in cma/cm.

M is the mess/unit length of rod in g/em.

A more peneral form of the above expression:

A S
R.1. = 5 =y - f(a) B W
where f(a) = 2 ;
'} 1/2
[1 + (1 + zﬁ-a;—.—-)
N is the number of atoms /c.c.
op is potentisl scattering crose section.,

fits over a much wider range in S/M,
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A Russian type of expression of the form:
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‘ R.I. = C + D[s/M ,

elso fits over & much wider range in S8/M for sclid rods.

S8ince the renge of practical interest is for S/M<.2% cmz/g..
| end since there is some doubt &s tc how an expression of the
Russien type should be spplied tc multiple rods, we will adopt
an expression of the form first given, and assume that the
oxide experiments for solid rods can be fitted with it,

There are only two oxide solid rod experiments reported
in AEF-8 for which S/M (.25 cmz/g (an additional experiment
falls outside this range). These 2 rods are guite similar
and so there is not really encugh evidence from experiments
on sclid UO2 rods to fit both A and B in the above expression.
Therefore the fellowing procedure was used: A was calculsted
for UO2 on the basls of the experiments with Uranium metal
rods (see Appendix A) and then B was chosen to give a good
fit to the twe Uoz 80lid rod experiments,

The expression which we will adopt for solid 002 rods

is:
N 8
R.I. = F%W . 4 30.0%
o
prei: * where M is the mass of 002 in grams,
e, " = .263 em™ for UO,,
| g The measure of agreement with the twe U0, solid rcd

2
experiments 1s shown in Fig,. 1.
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(b) Multiple Uga,aods with Verious Coolants.

L ——— R

As in CRRP-655, we shall sssume thet the effective
resonance integral for multiple rods with coolant is given

by an expression of the form:

- 8
R.I. g;-?ﬂg'—.-)- + 30.0

{Note that the constants differ from those
given in CRRP=-655),

Sger
N

The only problem remaining is the method of calculating

S and "x "a, The methods presented here are supposed to

efl

be en improvement on the methods given in CRRF-655, and the
| differences become significant if one wishes to extend the
. caleculations to include the possibility of 820 coolant (or
‘ orgenic coolants),

i) Celeulation of seff/n‘

i The relevant experiments were done in three different

U02 rode (7 element, 16 element e&nd 27 element). Cross
sectionel views of these rods are given in figs. 2,3, and L.
The fcllowing discussion will apply to this general type of
geometry.

The rods were converted to "eguivalent™ flat type rods
for the purpose of calculating Sorf/H and 'Af‘.. This wes
. done by taking the ares bounded by the tangents to the outside
y { the sheaths cof the outer elements and assuming that the

equivalent rod hed & circular cross section of the same area,

| The redius of this eguivalent rod is denoted by e,
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The coolant thickness, d, in the equivalent flat type

rod was taken ss:
2vcl
W
i

where V 1 1s the volume of ccolant within the surface formed
by Jeining the centres of adjacent outside elements with
straight 1lines, and S1 is the uranium surface within the
same bounding aurfacefserf wes then sassumed to be given by:

(8; - 81 {12 j(z’é]

Serf o So .4 E 1' 'a

where So = 2re,
Sa is the sctusl uranium oxide surface area,

Zs is the macroscopic scattering cross section of
the cooclant for neutrons in the resonence region,

and the calculation of "){" will be discussed leter,

Partial justificstion of this expression is given in
CRRP-655, The only feature which is different is the inclusion
of Go("ﬁ‘"a). This 18 justified by the following ergument,

It is penerally assumed thet there is e depression of neutrons
in the resonence region as we go from the surface of & rod to
the centre, This is what leads to the G, term in the mass
absorption part of the expression for the effective mescnance
integral, It will also lead to a depression of sources of
..eutrons which can contribute to sn "inner surface™ term since

these sources arise largely from scattering cof neutrons which
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scattered out of the rescnance region,

is thet these neutrons are compensated for by neutrons being '
scattered into

neglect the source inside the rod if we

due to scattering,

It should also be noted that ”){“ depends on R.I. and

therefore an iterative process is to be used to finé R.I.

Only

in most practicel cases the dependsnce of R.I. on ")f' is not

strong,

The values of the constents which will be used for the

meterials in which we are most likely to be interested are

listed below:

the resonsnce region,

RPI-31

The resson for this

Therefore we cen

& very few iteraticns will be required in practice since

also neglect the sink

ELIMENT ozr o:

U. 9.0 barns 9.0 barns.
0. 3.64 barns 3.8 berns,
H. 6,82 barns 20,5 barns,
D. 2.27 barns 3.L barns,
Al. 1.38 barns 1.42 barns,
Zr, 6.15 barns 6.2 Lurns,
MATERIAL 5

U metal ($£=18,9) 128 em™1

U0, (§=10.0) 361 enm”}

E,0 (£=1,00) 579 em™?

D0 (¥=1,105) o271 em”

Al. .083 em™1

Zr. 266 em~1

B e b s L |




1n E2/31 for U0, use 1n E2/31 = 3,5 1
U metel 1n Ez/E1 = 2.6 1

The comperison of "8(" as calculsted for oxide and metal
by the above method and the values suggested in CRRP-655 is

given in Appendix B.

III. COMPARISON WITH EXPERIMENT

The table below summerizes the experimental results
given in AEF-Cl end also the results of the calculations for

these cases on the basis discussed in this report,

"COCLANTY 7-ELEMENT ROD  19-ELEMENT ROD  27-ELEMENT ROD

3 Exp'l Cale, Exp'l Cale. Exp'l Celc,
Roiu R-Io Roio iioi - iioro ,EOIO
v barns barns barns barns barns barns

Alr 13.52.3 13,49 11.8%,3 11.68 11,.,5%.3 11.87
| D0 1L,2%,.3 .16 12,5%.3 12,45 12.2%.3 12,74

It should be noted that the UO2 density was not 1listed for
scme of the experiments &nd has been essumed to be 10.3 g/c.c.
throughout,

The agreement of the calculated velues with messured

velues of the effective resonance integral is satisfactory.
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? NOTE: A letter from Hellstrand to Ward of l, December 1957
!

says that all the experimental results should be increased

by .3 barns due to an error made in the 1/v correction,

.

This will not substentielly chenge the resulte in this

report except to change the formulase for effective resonance

integrals to:

Metal: E"{“%{"' + 30,2 Serf/M berns
c o a)

5 U02 s Gi%ﬁ%(‘;; + 30.0 sorr/n 'arns,

L&)







APPENDIX A {(continued)

s L. 2
: M. + r “30X
S .o/% = 1.13 | °Mox S
. eff v, Jox Go('jx'h)

where
! E%5 1.13

-

‘ox

UO2 density.

For U()2 (Qox = 103/cm3)

R N N N R RN ) R R o R I g A N R = (WIS

13,65 2 + 7.5
R.I. = e + 3L Moy
©
Zaox = .169 cm'1 (best value)
. G 8 S

T RS saNs v am— |

where ")f" is the Inverse diffusion length in U0, « The mass

9,80

(‘
Jo a8

abgorption term 1a then
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APPENDIX B

Values of '}(‘ for U0, and U-metal
Velue of "Af” for U0, of density 10g/c.c

: of

z
" =32 23 1’§ z%

" i 9.8(10"2%) (2,22 x 10%?)

: -~ = 0621 em™}

L = ,0621 + ,361 = 4231 em”}

.'. "3{' = L,26L em™2

This is to be compared with the value ,263 cm’l suggested
in CRRP-655,

Velue of "3{" for U-metel,

o* o (7.5 x 107%4) (1,76 x 10%2) 1074
2.6
1

,1373 em”
I = 5653
"H*= 136 em™2

This 1s to be compared with the value 420 cm’l suggested
in CRRP-655,




EFFECTIVE RESONANCE INTEGRAL IN BARNS.
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EFFECTIVE RESONANCE INTEGRAL FOR SOLID UOZ RODS
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LUMINIUM TUBES

OF ELEMENTS 18.9mm
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SWEDISH 19 - ELEMENT UO, ROD
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UQ, DIAMETER 14.8mm.
OUTER DIAMETER OF ALUMINIUM TUBES 17.0mm.

DISTANCE BETWEEN CENTRES OF ELEMENTS I18.9mm.






