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Average Effective Cross Sections for the Fast

., Plutonium Reactor Spectrum

~_* The change of reactivity when foreign material is.

. "introduced into the center of the reactor has been used os a

.~ ' measure of the effective cross sections of that material for
et the neutron‘spectrum of the reactor. The present repor£ covers
, the first of a planned series of measurements which will attempt
to explorg the dependence of absorption and scattering brocesses
upon the energy spectrum and upon the geometry and dilution of
the active material.

I. Experimental Paslis

Material intrcduced into the active region of a
nuclear reactor will affect the reactivity (effective k) of
the reactor by reason of additional absorption, altefing the
guality of neutrons sustaining the reaction, or by changing
tre fraction of neutrons eséaping by leakage. The leakage
factor can be minimized by restricting the samples to a small
volume in the center of the active reglon. Then, since isotropy
exists throughout the central region, scattering processes which

do not alter ths neutron energy can be neglected.

]

Absorption of neutrcns by elements introduced can be

V

. consldered as either productive or destructive according to

whetber or not a neutron emerges from the reaction. Under this

“definition, productive absorption will include (n,t), (n,2n),
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Fv(n,n), while destructive absorption will include (n,a ),(n,p)
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‘(n,r ) processes, The'degrQQ of producti#ity can be described
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by a number v ,

Scattering of neutrons (n,n), both elastic and in-.
elastic, can further be considersd aﬁ elther increasing or de~
creasing the plle reactivity depending on whether 'zlié']J'

For example, elements of low atomic ma#s,.may, through elastic
scattering, cause reduction of neutron eneréy to regions wherq
Or of plutonium is increasing rapidly (below lOO.kev) and thereby
incresse the reactivity. Inelastic scatfering iﬁ:elements of
higher atomic ﬁeight, however, may easily reduce the neutron‘
energy to the extent that fission in U-258 1s no - longer possiblég:‘
but not far enough to gain by increased fission crOSS section
in plutonium,.thereby causing a net decrease in reactivity.‘.

v' Now, if the change in reactivity produced by an elementfff’d
is compared to the change caused by Pu23% op U255 a ratio of
the various cross sections or the element under test to’ the woll- .

established Vvalues for the fissile element is obtained.’ : »,"l;

[a k] 4 - [(vp-l)op-,aal.x | |
[e k] [, Do, =], W

where

o p= Productive absorption =o, op,0 g0, o 0o, o

_0. = destructive aBsorption‘:a R ;

a - ‘ (n,a )? ‘(n.p)’ (n, t)
p-effective numner of neutrons emerging from procoss p
X =element under test ' '

f =fissile material
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T /
For Pu209 and U235 =

[A k] X [\\p-l)cp-oa]x

L [

or

Dsa - v, = 1) op] x =" [‘f -1 - '] "o %é“%T;‘ (2)

vo 1s used to measure tre relative effectiveness »f

nevtrons produced by a resction compared to tre neutroen atsorhbed.

For (n,2n) reactions Y o2, for (n,n)

pending upon t'e atomic mass and for (n,n)* v =1 or <1,

R los-.

- o .

V5—~1 or > 1, de-

agaln depending upon the atomic mass.

Equation (2) can %e re-written

N n,2n) + { -1) 3 s
[ & ¢ ]( ’ : *eus. 1) e.sf( 1n.s"l) cin.s.)] %

= — | Voeol-e ) ¢ o -—-—-————(? K s (3)
b k),

If this generual relation is considered in terms of

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

Low Atomic Yass

Elements of low atomic mass will have n0<Jin S term

(

yin s “em 1)} and only two elements are known to have low enough
(n,2n) thresholds to be considered: Be (1,83 Mev threshold) and

D (2.18 Mev). Other elements have known thresholds which rsnge
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from 5 to 10 Nev bﬁt because the neutron enoigy spectrum of
the reactor has only E.percent of the ﬁotal.neutrons above
2.5 Mev the (n,2n) contribution from other eleménts has been
ignbred. | ‘

For elements from 4 = 1 to A “=15 Qhere o 1s

. e.s"
important becanse relatively large ensrgy losses occur in a

‘single collision,j Y >1 because of the increase in ( opv )

8.8,

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

%xcéption of RBe and D) for these elsments
- (a4 k)
["a '(ve.s-.'l)oe.s‘.] x =- [(‘vf -1-a)s . n—m-f:]('&)
Ifog >(ve,g,-1)og,g, the total efféct will be to decrease
the reactivity and converssely, 1f o a'<:(v e.s."1)o e.5. the.total
effect will be to increase the reactiviby. |
For Be and D
[" e P P (n,én)] pe =7 |0 pel o -e) o (8 K)yks)
R UL LR Pt
Medium Atonic Mass

Elements in the middle of the perlodic table can be

considered to have s (n,2n) = 0, v 4 4 ™1 and » ;. .. <1,

depending upon the fissile material affected by the degraded
neutrons. Little evidence exists for inelastic scattering in
which the final neutron energy lies below 200 kev and in this.
reglon the value of ( Vo V) fer plutonium does not change rapidly.

Hence, for the reactivity contributed by the inelastically

scattered neutrons producing fission in plutoniumpm v tn.s. ™ 1.

APPROVED FOR PUBLI.C RELEAS
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For the reactivity'contributéd in 28 fission‘h in ; '4:1'be-“'

causs the neutrons can be degrgded belaw the 28 threshold.,h

v High AtOmic Hass

5734

§3

”qups wbich fitted the cavity.

~Las a function of posltion., The unite used are cents (1/100 k °ﬁj-

_;ispaee between critical and prompt critical conditione, in the

The same arbuments maJ be ueed here a8 ror elements .

. of medium atomic mass.

Equation 5 can be written for medium and high atomic mass elements"

frart-vy B N
[ a in.s._‘ 1n s] [” ff;'f- Ny f .TKTEF; ‘,‘6)

Here, all effects are tc decrease the reactivity ‘aince v in s Q:J. R

upon the consideration of the effect on 28 fission.

II. Experimental,Method_A:'

An experimental thimble of thin walled steel tubing

ewas installed in the center of the active region of the fast

plutonium reaﬂtor.' Sufficient uraniwn and plubonium fuel rods

for operatlon were inserted in the configuratton shown 1n Fig 1.

‘The carrying case for the samplee to be measured is shown in

Fig. 2. Solid samples which could be machined were shaped to just

fill the °3V1t¥ °f 2.5 cm by 1.15 cem diameter.' Samples grepared ':ff

.....
<

The procedure was first to obtain 8 careful calibrat}qn ;.

l

K3 '/:_'.
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olutonium fast reactor this has been measures ‘as 1¢ 5 x 15 5

in k.) The calibration’ and all measurements were done uith piie‘;.:m;

operating at 1 watt. With the sample caae 1n place and the cavity$
empty, the critical position of the oalibratod control rod waai.
determined for a base., The sanple was then 1nserted and tho n5~ i
critical. position measured. From the calibration curve, th@ ;Tf:’*:
change in pile reacttvity produced by the sample was thon inter-f
preted in cents. A base point with empty cavity W8S, takan follow- .
ing two successlve sample measurements to correct for any changas fgﬁé

in reactivity due to tLemperature.

In order to estimate the relative accuracy of the method, “;

gseveral determinations were made on selected elements auch as Fe,

0u and C. The sppead of data 1ndicated that diffaronces 1n re-.7‘

actlvity could be measured with a probable uncertainty or .65#

‘. .

TII. Experimental Results . " ' S ' ! *[1]:}“ ?“~.'i

Table T lists’ the elements measured tagether with the &;“f”

tho constanta for 0255 and P

Element_ N ”"(o'£j7
49 S 1,95
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D

M : o . ‘Pable I
. Element Nass (gms) sc/mol g (milli-barna)
F CHqy 4,87 +3.8 +0.1 +33 +1
o - Be® - 7,52 +2.70£0.07  taz 3
e . BY . 5.8 ' =97,5 0,05 -843  *5
: B ~1,83 16,8 0.3 -145 +3
G 7.98 +0.81%0.08 +7 41
] Na23 1.27 o 0,00 - 0 +ao.8
A127 13,37 - 1.67¥0.11 - 14 *1.0
v51 13.1 - 1.27%0.2 - 11 +o
Ccr 17.38 - 5.35%0.15 - 29  *1,3
¥n°3  ag.18 - 2.25%0.14 < 19.5 1.9
Fe 32.68 - 3.74X0,07 -~ 32.3 0.8
Co 39,12 - 3.24%0.07 - 28.0 0.5
Ni : 43,56 - 5.32%0.06 - 46,0 0.5
Cu 44,13 - 4.83%0,07 - 41.8 0.6
Ga 7.44 - &,1 *o.5 - 70 +4
¥50,(¥89) 2,79 -5.731.6 - 49 *i1g
Zr 8.04 - 4.3 *0,5 T 37 4
cp93 19.29 -11.8 *0.2 -102 +o
Mo 49,45 - 8.1 0.1 - 70 gl
Ag 51.86 -31.310.1 ~271 11
cd 41,74 -14.5*%9.,1 -125 1
In 35.35 -33.6 *0.2 -291 )
Sm 8.95 -19.8 *o.8 ~-171 *7
Ta 80,99 -29.9 10.1 -259 +3
91.9 -15,1 *o0.1 -131 +1
At g7.00 -24,1 20,1 -208 H1
“Hg 32,02 -11.9 *0.3  -103 *3-
Pb 55,92 - 1.86%0.2 - 16,1 *1.7
B1209 47.0 - 2.2810.2 - 19.7 *i.7
Th232 5y 08 -19.58 0.2 -170  *o
U 89.94 +3.2 10.1 + 28 h
335 21.0 218
pu239

18.23 417

Elements listed with atomic number are single fsotopes.

e
—————"M
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s

/a ¢ = (1.36){1,37)/(218) = 8.57'x 1079

(>R ]

Referred to 25,

/n ¢ =(1.86)(1,95)/(417) = 8,72 x 107°

a3

Referred to 49,

Average = B.65 x 10-9
The agresment is better than the accuracy assigned
to the constants. Note that 5 is the left-hand side of Equatlions
(4), (5), (6) and therefore Includes ., ands , of the slement
meésurcd, and reactlivity effects due to degradation.

I1T. Interpretation

The values ofé obtainsd in this investigation Include
ssattering and absorption cross sections in a manner previously
described. Until more Information is obtained about the nature
of these gpecific processes, it is difficult to separate the
Individual factors which make up the gross observabdle., It is
Interesting, however, to examine the results of a few elements
in the light of the previous discussion,

A. PRoron Absaorption

Using the spectral distribution of neutroh ehergy as
determined in LANS-727, and the absorption curve for boron re-
ported by Ralley et. al. (Wall Paper Book) or RMP 19, 265, (1947)
1t 1s possible to calculate an effective absorption cross section

for the reactor,

5 Sova gr

—
- = Sl ~rm— —

2 f 156 mb
nv dE

The experimental value, measured as B-10 1s 843 millibarns,

wnlch, corrected for Isotopic abundance, becomez 155 millibarns.
- {

.
A
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This excellent agreement is certainly fortultous but
it probably reflects the fact thats;, is large and represents the
primary interaction w{th neutrons.

B. Gold AbsorptiOn

The same calculation and comparison can be made in the

0, = “/gvc B ='15§ mb (
"o ¢ .
' ~/,;v dE -

The experimental value 1is 204 mb. The discrepancy of 47 mb

case of gold,

posslbly measures the lnelastlic degradation of neutrons by gold.

Co Positive Reavtivitg Changes with Light Elements

Several or the light elements produced positivc re-
activity changes which demonstrate the predominance of the scatter-
ing term over absorption., To examine theae cases, cne can assume

absorption to be negligible and the 9, =0 . Substituting the

‘proper constants in Egquation (4), one obtains:

Elament s mb o (0.65 Mev) v

. H(in CH,) 13 5b . 1,0026
c : - 7 3b 11,0023

B-11(in B) 9.5 2.5b 1.0038
Avoragev .3, = 1.003

In the case of beryllium, Equation (5) must be used. Here
there are three terms to separate: .
n,n; assume similar to H, G, B-11 { Fy= 3.3 byv = 1.003)
n, ; calculéte according to B-10
- n,2n; credit with balance to effect. .
. R

APPROVED FOR PUBLI C RELEASE
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[%a = {v-1l)o 4 .- “n,zé] == 25 mb

C =23 - (o oos)(s 3) +‘-/‘B¥—‘2—Clﬂ--
: ufgv dE '

o n,2n

=23 ~ 10+6

s n,2n =19 mb. |
' Further interpretation of the results 1in terms of
the component factors will be postponed until additional in-
‘formation 1s obtained with other fuel rod configurations ana
actlivation cross section measurements. | L .
Conversations with Harvey Brooks of the Knolis-Afoﬁici .

" Powar Laboratory, S Untermeyer of the Arbonne. and John Meﬁke g

of 011nton, at. the Aoril Information Meetinv at Brookhaven,

wers very he;pful 1n the preliminary 1nterpretation of thase
data. A private comrunication from Farvey Brodks pointed out'i': s
the 1mportance of inelastic scattering in cennection with fast

f;ssion in U‘68
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