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Avera~e Effectfve Cross Sections for the Fast

JUutonium Reactor %3ectrw

The change of reactivity when foreign material is

introduced Into the center of the reactor has been used as a

measure of the effective cross sections of that material for

the neutron spectrum of the reactor. The present report covers

the first of a planned &eri.esof measurements which will attempt

to explore the dependence of’absorption and scattering ‘processes

upon the energy spectrum and upon the geometry and dilution of

the active material-

I. Experimental Basis

Material introduced into the active region of’a

nuclear reactor will affect the reactivity (effective k) Of

the reactor by reason of additional absorption, altering the

quality of neutrons sustaining the reaction, or by changing

tke fraction of neutrons escaping by leakage. The leakage

factor can be minimized by restricting the samples to a small

volume in the center of the active region. Then, since isotropy

exists throughout the central region, scattering processes whtch

do not alter the neutron energy can be neglected,
_..

–7. Abkotiption of qeutrons by elements introduced can be_~. .. . ..,.,
-N

:[- “’:: ‘ ~ ~~

~~ _ $on.slder’edas eith;?p.produ.ct,iveor destructiv’~ according to
g~cc ,.,.!..,’
===m~—
s~- whether or not a,neutron emerges from the reactions Under this
<Es :-.“ ‘..,”,, “’

● _
8s0 Ldefinition, productive absorption will include (n,f), (n,2n),
3gm ...

‘~~ (n,n), while .des.tructive absc?rptfon,will include (nja )t(n,p)9=

= !

Em’” .,. . ,..,..,,- ,., ‘. :~. ‘“
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. ~.,. . $’ (n,y ) processes. The degree of productivity cun’be descrhbed ‘:.....*‘.%*
. ‘. by a number v .

.
.. ‘

“

,.

..- elastie,...D,-

.+ creasing.-

Scattering of neutrons (n,n), both elastic and,in-

can further be considered as either increasing or de-

the pile r~activity depending on whether ‘~ ~ Ii

For example, elements of low atomic mass, may, through elastic

scattering, cause reduction of neutron energy to regions where

@f of plutonium is increasing rapidly (below 100 kev) and thereby

increase the reactivity. Inelastic scattering i~,elementk of ,

higher atomic weight, however, may eas!ly reduce the neutron ‘“‘
.

energy to the extent that fission in U-238 1S no.longer possible; ““

.
but not f’arenough to

,,

in pi.utoniwn,thereby$.

,. NOW, if the

.,

gain by lncrea~ed fission cross section,,, .,~
,,........... ...

causing ‘anet decrejise ~h ~~ac~~v$~yo” “’”‘.~... .,,. .,,., ..,,
change $n .reactiv”ity’p&~uc&d by u~”element’~”~’

,.

is compared tothe change,’capsed by FU239 or u235, ~ ~at.io~~ “, “
.., .’ .,..

the vqrious cross sections of’the element under te~t tothe well- ~

e,stablisp.edvalues for the fissile ele~en$ ‘is bbtiained.’”

[~k~x (Y P-l) O-W])

~’ k] f
= [ pax

[
(Vp .1-l]up -aa

(1)

f .’,,

where

-productive absorption= u
aP- f’ ‘e.s.’a in,s;n,~n? G ‘

=destructiv~ absorption=a
““a (~,a”)s ?(n,p)s = (n, + )’

,,
/,

I

,,
,.

“,,

.

..

..

. .
,,
..

“P
=effectlve numhpr of’neutrons emerging from procesp ‘p”,v

,. >.’,.
x =element under test ‘

.
{.. :.’,’-,

.. ,.”
f=fissile material

.,...,,
‘..-.,- ... ,:

aiEiiE@’”
. . .. ...
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239For’Pu and U235 . ~ = .
/

fission and } = Yf, then
,7.;“‘

. .. [’ k] ~ [b 1-l)u-..jaxp=.. [1Ak [
\

f f
-I-J 1 f.,.

..-. or
w

[
-( VF,.+)OP 1 [ (Lk!’jf(*)‘a =.}x r- ~-”1“f ~

neutrons produced by a reaction compared to t?.e r:eut.ron ai:scjr~,ed.

pending upon t!.eatomic mass and for (r,,n)
?n.s< VP-I or <1,

a~ain ciependfngupon the atomic mass.

Equatfon (2) can he re-written

If this general relation is considered in terms of

atomic mass of the element the relation can be somewhat simplified.

Low Atomic !/ass

Elements uf low atomic mass will have no J irl*sOterm

(Y ~n,s,+l) and only two elements are known to have low er,ough

(r.,2n)thresholds to be corlsidered: W (1,63 Mev threshold) and

D (2.18 MeV). Other elements have known thresholds which r~.nga

.
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from 5 to 10 Mev but because the neutron enebgy spectrum of

the reactor has only Q percent of the total neutrons above

2.5 Jlevthe (rr,2n)contribution from other elements has ,baen

ignored.

,,

Important because relatively large en~rgy losses.occur In a

single collision, ~ee~c >3 because of’the increase in ( afv )

of plutonium at the reduced energies. Eq. (3) becomes (with the ‘

%xception of Ee and D) for these elem~nta

.

IfOa >( ~e.~O-~)GeO~, the total effect will be to decrease

“ the reactivity and conversely, if 5 a <(v e ~ -1)0 ee~o the total
● e

effect will be to increase the reactivity.

For Be and D

Elements in the middle of the periodic table can be

depending upon the fissile material affected by the degraded

neutrons. Little evidence exists for inelastic scattering in

which the final neutron energy 11ss below 200 kev and in this
*

region the value of ( C:f v) f%r plutonium does not changs rapidly.

Hence, for the reactivity contributed by the Melastlcally

—
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For the r~activity contributed in 28 flss’ion””’y <1 be-,. ,,,, ,.,in.i,. ..,
.

cause the neutrons can b.edeg;qded ,belaw.the,2,~”thre”shol~., , ~ ,... . ,,. : ,
~b Atomic h3q ‘“, ~ ,, .. .... ... .
,.. The sake ar.gtirnent+rnaybe’’u~e,~hePb as “for‘elements ‘,. ....... .,..- ... .. :.”,

... .
,.’ . . . .. . .

?f medty atomic ,ma,ssT ,’,’
.“. . ...

...’.“ .,,, .-. ,.. ,
12quati?n 3 can”be written “forinedl.umand htgh,atomic maas elemapts,, ,. ,.”.,. ,.

... . .

‘[
,. ,.

Fa+(l-Y 1 [ ~~~
sn (;’

i
.l/qa,f:{Ak),x ‘,(6].

tn.s.) “in;s. ~ f.-. U ,,,
mf ‘.,.

..”,. .,

Here’ ~ kill

,.?

effects
.’, .

a~e to dec”rease $he

... .,. ,’..

Xaacthiitij., .,‘, :

8 inc e
..’.

““:<1
y in.$,.,..

upon the consideration of the effect on 28 f~saion.
..

II. Exp~rimentaZ’.Method,,:
., ,.,,,,. ,,’. .’

.,’. ,, ,.,..

‘1’’kiecxrrying case for the samples to be mea~ured is shown in
,,

which could be rnachlned,were shaped tb just “
,’ .

cm by 1.15 cm diaqeter.” stiples “ti~e$ared
.....

,. ‘, ,.”,.’,‘..,,,::’., ..! .$........’...: ..,
and “2i’q~ldswere’enciosed in ‘sp~~~~lu,mintim ..,.., ,. ,..... . ..... .. ...,...-~,,. .... ..’.,,,, ,. .,,,..,. .

Fig.’2. Solid s~ple$

.fil~ the CRvi%y 0S,2.5.“.,..---- ‘.,...
in”the ,f’m~ of’p&d~fis,
., .,“,.. .. ,.......... ,’,,, ..,

“’eup~”’tih,$ch,f-~ttjkd’k+,~eav~ty. - ,,, ~, : :.,.,,.,: ~ ..--,.
..... .’..,. ;.,,:.,,, . !. .”’.,. ...,.:. . “,, ... .. ....,The pr$c~d~ii wt+ first.,t~ ob.+j~’,a.“&a,r~fv~:,ea~ibra~&Qo ..”;I..,. .. .. ,.‘., ,> .,.,.. ........ ..,,’. .....-.’.“,.,.......’-.”.,.:.;...:.,.”:,.’’”....

“for,,~ne“;+rit$oli%”d“+?~~oVej~$,~~ia~t’~~~t~”’””i%t&&,’ of~”*J1.,‘&r~Jj; ‘ ,.:
..........

,.-, .:,..., ..-. ..<,,.... ...’>..,,: ...”A“. .“/0...:............!...,. . . .:.;::>$~.:.’.,...:“.:..-“‘.’,:!;.:
!Uie”’”uni~d’‘u~~d“kii~c;iti~s””(Jj~UO “Ii~..;,’;“~.:j..~~g Q’fqne~i.on””;~’”’~o~i’t!C$Q*... ,., ,,,,,..,.v. , :,:,.:,:,.-.,.,:.,;::;:,:.---,,,,;.;::,:’

,..:%.,~..!.,...’.=.‘..’...,.’.‘.?:,..,.’,
.~&pakih6f,y6&no’rliiQ~i.*nd~rOWt ciltica?.,c?~d~t?,on~,j4?. ~h~ .:e.,.,, , ..,, :..:,... : .. . .. ,.... .. . ........ .:’,.‘....,.’. .,. ,........‘.. .,.:,.:.,‘. .... .,,. ., ,.”,...,,..,? - .,, :..“, ,..-----.... .......“. #

.$. .’ .,. ~,,:

.,. ‘“’’’’’:’’’m”?;””-

.,.,,..,.” ..”’” .,,.,. ....’ .,” ...%” ‘“,. ,’
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plutonlum fast reactor this has

in k.) The calibration’and all
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been measures

measurements.
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?f?ns5 20-18
Fe 38.68
co 33.12

43.56
K 44.13

Ga 7.44
Y203(Y89) 2079

1-

“f3-

Table I .

Zr

.W
AU197
Ffg
Pb
~i209

Th232

u. ~235

I ~u239

I

,.

EsAJwQ
4,27

4.87

7.52

5,48
I*Q3

“m1.98
1*27
13.37

13.1
17e38

8.04
19.29
49.4.5

51,@6
41.74
35.35
8.95

80.99

91.9

87*22
32a02
55,92

47.0

57.28
89.94
21.0

18*23

A C/17101

- “
,

-,
u (mini-barns)’

.

+-23 -kl

-843 25
-145 -t3

- 7(3
- 49

‘-37
-102
- 70

-271
-125
-291.
-171
-259

-131

-208
-103

- 1’3.7 ?1.7

-170 i-z
+ 28 fl

I
Elements hated with atomic number are single fsotopea.

.,
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. .kf
Referred to 25P z/d+= (1.36){1,37)/(218)= 8*57 X 10-3

. Referred to 498 : /h ~ ‘(1.86)(1.95)/(417) =8.72 x 10-3

Average = f3.65X 10-3

The agreeme~t is better than the accuracy assigned
.

to the constants. Note that 3 is the left-hand side of Equations

(4), (5)s (6) and therefor~ includes -Ja ando ~ of the element

measured, and reactivity effects due to degradation.

111. Interpretation

The values of~ obtained in this lnvestlgatlon include

scattering and absorption cross sections in a manner previously

described. Until more information is obtained about the nature

of these specific processes, it is difficult to separate the

individual factors which make up the gross observable. It fs

Interestingt however, to examine the results of a few elements

in the light of the previous discussion,

A. !%ron .4bsorption

Irsingthe spectral distribution of neutron energy as

determined in J..AMSO7%7,and the absorption curve for boron re-

ported by Bailey et, al. (Wall Paper ?300k)or RMP I-9, 265, (1947)

it is posstble to calculate an effectfve absorption cross section

for the reactor,

.

.

“

5
J= nvC3~
. —— =

2

J 156 mb
nv dE

The experimental value, measured as B-10 Is 843 millibars,

w’hich,corrected for isotopic abundance, becomes 155 millibars.
f

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

. . w

“

-1o-

This excellent agreement is certainly fortuitous but

it probably reflects the fact that~a is large and represents the

primary interaction with neutrons.

B. Gold Absorption

The same calcu~ation and comparison can be made in the

case of gold.

.= J nva dE
%? .

/’
= 157 rnba

nV dE

The experimental value Is 204 mb. The discrepancy of 4? mb

possibly m&asures the Inelastic degradation of neutron8 by cold.

C. Positive Reactivity Changes with Light El@ments
\

Several of the’light elements produc6d posi:$Avere-
..

activity chenges which demonstrate the predominance of’the scatter-

ing term ovpr absorption. To examine these cases, On:UCM assume

absorption to be negligible and the u,, s u
t“

Substituting the
r,

proper constantti in Equation (4)? one obtains: .

Ii(inCH2) 13 5b 1s0026.

~ .’ ‘7 3b ‘1.0023

E1-1.l(inB) 9.5 2.5b 1.0038

Averagev =OS* = 1.003

,.,
In the case of beryllium, Equation (5) must be used. Here

there are thr&e terms to separate:

n:n; sssume similar to H, C, 2-11 ( I?t=3.3 b,~ z 1.003)

.
n, ; cal~ulate according to B-10

n,2n; credit with balance’to effect.

?

.

,-.,
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*
-dv-l)a ;0

.
[ =-23mb ‘!.

:... ‘a e-s. 1. z2,2n”

. .:: 0 n,2n =23 - (’0.003)(3.3)
. .

.,. ,
+(, =23 - 10+6
.“

.

=19 mbso n$2n .

... . ,.. ,
::,’. .,

-’ .“ .

.’ .-’: ,
. . .

Further interpretation of the results in terms of ,,, “j’.

the component factors will be postponed untfl addftibnal ~n- : ““”,’.,.. . . ...........

formation is obtained with other fuel rod configurat,ion$ and - ““
.,,..

activation cross section rleasurements. ,..,.:.<.’,. . .
,-

Conversations with Harvey Brooks of the Kqo$ls Ato@c~, “,’,~
... .

“Pow&~ Laboratory, S. Untermeyer of the @onne~,and.Jofih Menkii ‘ .,,;,,.,. ! . . , ..::,’ ;.,,.,. :,,h2~., .,-, -.:’ ,
of’ Clintonj at.the April Information Meeti,~gtat 13zv@&~;&I’~’~’”“,,.;.:,; .,::..‘44,

,, ... ,,?,,.,,,.,.,’:;:.,. ,., .. .!’:,
were very heipful in the prclimlriary ~nterprei~tio~’’.d”~~sese’‘:“, ,.:.. . -.,”...,. ;.’,.e,. ....
data. A prjva$n com~.uni.cation from Wrvey $r~~ks,,poi”;.i~d ~ut’ ~~ ,..”’{

!,. , :’.:

. ,’...+’.;,,, ,,”,. . z ..
the Importance of lnelss~ic scattering $n o~nnql,tlbn,w,~u$a,st,. “,,.

,.. ..... ...(.,. .....’.’.,.’-”2...
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