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MASS SPECTROMETRIC MEASUREMENTS OF THE RATIO

OF NEUTRON GAPTURE TO FISSION FOR 227Py AND 2*'Pu,

AND OF THE ABSORPTION AND CAPTURE GCROSS SECTICNS

oF ?py, 9%, anp Z'py. FOR MAXWELLIAN NEUTRONS.
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ABSTRAGT

39

Pu, 2k0

2k

Mixtures of highly-enriched samples of 2 1Pu and 2L*2Pu have been

Pu,
irradiated, with cobalt monitors, for nearly ten months in an almost uncontaminated
Maxwellian neutron spectrum (r = 7.5 x 10'1") with a temperature of 116°. Results

obtained from mass analyses of the samples, both before and after irradietion, and

the 2200 m/scc constants derived from them, were as follows: -

Alphe Absorption | Capture
(ratio of capture | cross section | cross section
to fission) (barns) (barns)
~ 239
Pu 0.1 + 0.022 1201 + 47 367 + 19
For the 240
reactor Pu - - 297 + 15
spectrum
2p1
Pu 0.341 + 0.013 14,82 + 39 377 + 15
v
A
239
Pu 0.377 £+ 0.C23 1012 + 10 275 1+ 15
For 2,40
2200 my sec Pu - - 273 + 14
neutrons
| Ay, 0.356 + 0.017 1367 + 37 359 4+ 16
v

Chemistry Division,

U.XK.A.E.A. Research Group,

Atomic Enexgy Research Establishment,
HARWELL, Berks,

April 13th 1966.
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In an earlier paper(1) the present authors hsve described experiments in which

synthetic mixtures of highly enriched plutonium isotopes were irradiated in the
flux scanning tube of one of the fuel elements of the high-flux reactor PLUTO so

that alpha (the relative probability of an absorbed neu:ron being captured rather

2

than causing fission) could be measured for 1Pu. A knowledge of the neutron

spectra of the irradiation positions was then used to deduce the value of alpha for
2200 m./sec. neutrons (ao) from the measured values (Q).

It was shown that three different mixtures were necessary if this measurement

239

was to be made precisely. The first mixture, which consisted largely of ~““Pu and

2L 241

2
1Pu, was used to measure the rate of formation of “thu from Pu, snd the rate

of destruction of 2u1Pu, both relative to the 239Pu content. The second mixture

congsisted largely of 239Pu and 2b2Pu, and was used to measure the rate of destruct-

9

ion of 239Pu, and the rate of formation of zhoPu from 23 Pu, relative to the

2l 210

2
Pu, The third mixture, which consisted mainly of

2hoPu to 2

comparitively unchanged

2y2

Pu

and Pu, was used to measure the rate of conversion of

242

Pu content. In this way the rates of &ll the relevant trans-

Pu, again
relative to the
formations occurring in the mixtures could be measured, except 1) that at which

2h2Pu was desiroyed by neutron capture, and 2) that at which 2L2Pu was formed

indirectly by the sequence 21""Pu —E:> 2h1Am .13 SN zhngm lﬁ---9-3‘?-9—1553> 2l*zPu. Both
these reactions are relatively slow; their magnitudes can be obtained by
calculation.

Now irradiation positions in the core of a reactor, such as those chosen,
have the virtue that the neutron flux in them is sufficiently high that measurable
changes are produced relatively rapidly. In this instance, for example, an
irrediation of 48 days duration produced neutron doses of up to 5 x 1020 neutrons
per cm2 and, in the spectrum conditions prevailing, this resulted in some 50 per
cent of the initial 21+1Pu being destroyed.

There are, however, certain disadvantages in using this type of irradiation
position. These arise from the high epithermal to thermal flux ratios, and the

high thermal and epithermal flux gradients, associated with them.



Thus, due to the fact that the flux scanmming tube was orly 0.25 in. in
diameter, the samples could not be irrediated along-side each other but had to
be placed in separate irradiation cans which were then strung end to end. As =
- result, in some instances a desired reaétion rate applicable to one sample could
only be obtained by interpolation from the results obtained from samples above
and below it in the string i.e. from positions where the neutron svecirun was
different. The experiments were designed such that uncertainties in this inter-
polation procedure were kept as small as possible, but the necessity for it was
still undesirable.

More important than.this, however, was the facf that the very presence of
epithefma} neutrons made corrections for their effects necessary. In.fable 1 we
have iisted tﬁe recommended neutron cross section date currently availsble for
the plutonium muiclides under consideration. It will be deduced from this Table
that, whenever epithermal neutrons are pfesent, their effects will contribute
appreciably t§ all the relevant reaction rates. When corrections are made for
these contributions, uncertainties in the epithermal index, in the epithermal
cut-off function and in WESTCOTT'S s values will all increass the overall error.

Of great importénce in this respect is the uncertainty introducsd into the
capture cross section of thPu which could only be obiazined by calculation.
Typically this cross section was inecreased from s thermal velue of 19.8 + 1.1
barns to a reactor value of 42 + 21 barns (for r = 0.08).

In the present paper we describe some further measurements of <, for 2h1Pu.
The method employed is similar to that of the earlier measurements, but the
neutron spectrum employed for the irradiations was almost entirely devoid of
epithermal neutrons, and the samples were placed alongside each other so that
they received slmost the same neutron dose each.

EXPERIMENTAL DETAILS

1)  Muss spectrometric measurements

These were made using an A.E.I. Type MS5 mass spectrometer, as already

described (1). At least twenty, and usuelly fifty, consecutive measurements



were made of each isotopic ratio of interest.

2) Target materisls and treatment

The target materials were prepared.and treated as described previously (1).
At least five aliquots from each irradiasted sample, and at least ten aliqucts
ffom each non-irradiated mixture, were taken for seéarate mass anélysis.
3). Monitors

For measurement of neutron dose during the main irradiations, cobalt monitors,
approximately 1 cm long (weight ca.? mg), of 0.005 in. diameter pure metal wire
were used. Cobalt-gluminium alloy wires (1 per cemt cobalt, C.05C in. diameter)
and gold-gluminium wires (0.10 atom per cent gold, 0.018 in. dismeter) were used
for thermal flux gradient and epithermal index‘measurements respectively. The
method employed to count these monitofs, and to interﬁret measurements made with
them, are discussed elsewhere (3).

Fission peutron flux and neutron température datz were oblained for us by
staff of the Research Reactors Division. For the former measurements 5SN:‘L monl tors

were used; for the latier, manganese-lutetium monitors.

&) Irradiations

For the main irradiation, a weighed cobalt moniter was placed alongside each
marked sample ampoule and the two were wrapped iz aluminium foll. ~Ffourteen samplies
(5 of the 259Pu - 2A1Pu mixture, 5 ol the 239Pu - ZAZPU mixture and L of the
240Pu - 2h2Pu mixture) and meviitors were prepared in this way, then tight-pacxed
together, in no particular order, in the bottom I cm. of a 2 cm. diameter aluminium
can. Crumpled aluminium foil was placed over the samples tc hold them in position,
then the 1id of the can was cold-welded on to provide secondary conteinment ol the
activity. The can was then placed in a second can (a standerd Type A, 3 in.
isotope can) for.the irradiation.

The irradiation was in the 10G position of the No.lL Hobsonrﬂoneycowb unit of
the DIDO reactor; this position was at the far end of the unit, nearest the

reactor core. The number L Hobson unit fitted into the SHGR7 hole of the resctor.

This is a circular hole which penetretes the concrete biological shield slmost



redizlly to the reactor tank, and extends to tﬁe inner edge of the graphite
feflector; its axis being 12 in. beiow the reactor. centre line. The irradiation
can was therefore separated from the nearest fuel rod (A1) by a total thickness
of 6 in. aluminiuh elloy and 24 in. heavy water.

The irré&iation was for 295.6 + 0.1 days and was terminated vrematurely by
a mechanical failure in the Hobson unit which necessitated its complete removel
from the reactor. During the irradiation the reactor was at full power for about

82 per cent of the time i.e. for over 97 per cent of that scheduled.

CALCULATICNS AKD RESULTS

1)  Neutron spectrum measurements in the irradiation position

In preliminary experiments using small cadmium boxes of 0.030 in. wall thick-
ness, cadmium ratios were determined for the golid monitors. (RCd}AU was found to
be 61.7 at the end of the irradiation position nearest the reactor and 81.3 at the
other end, gbout 5.5 cm away. These correspond to r\r§7§0 being 9.77 x 107 and
7.38 x 10_A; we have taken the mean value of (8.6 + 1.2) x 107 as applying to
our semples. With a neutron temperature of 116° this corresponds to r = (7.5 + 1.0)
X 10—h.

For measurements of the neutron flux gradients in the irradiation position, =z
thin drilled graphite lirer was machined to fit a Type & Irradiation can. By iis
use cobalt-zluminium monitors could be accurately positioned for irrsdiation. with
this equipment it was found that during irradiation a) the thermal flux fell off
almost linearly from top to bottom along the axis of the can at a rate of L0 per
cent per cm., that b) the thermsl flux gradient was 2.0 per cent per cm across one
(presumed to be the vertical) diameter of the can, and that ¢) the thermal flux
was almost constant (to within + 0.2 per cenit) across the diameter of the can at
right angles to the first. These results lead us to expect that the neutron doses
received by some samples in the main irradiation are likely to differ by at least
) per cent from those.received by others.

By means of simultaneous irradiations of cobalt and 58.Ni monitors, the ratio

of the fission flux density to the thermal Tlux density in the irradiation



position was found to be 7 x 107%,
Measurements were also made with manganese-iutetium monitoré, "since the ratic
of the activities produced by the two components of the mixture is a function of

the neutron temperature of the irradiation. The neutron temperatures at the iwo

o

ends and in the centre of the irradiation iaosition were found to be 1170, 1207 and

o

1127, We have taken the mean value of 116 =+ Lo as veing applicable to our samslies.

2) Mass spectrometri¢ measurements

For the following calculations we use the same symbols and expressions

(1

. Tsotopic ratios azre also defined as

- - _ _ A - - I
before i.e. R, = NO,O/N9’O > R, = NO/N9 , 33 =N, ,0/1‘9,0 » R =NJN, o,

115 = 1\12-’0/1\I9’0 » Rg = 1\12/5\19 s Ry= NO’O/NZ’O s Rg = NO/N2 -
Ry = Ns,o/Nz,o > eand Ry, = N1,0/N2,o

we again use (1.428 + 0.00€) x 107 days - .

(simplified) as in our earlier paper

and for l1,

2L'“OPu - 21LZPI_i mixtures

For the unirradiated mixture R Ry and R, were found to be 13780 + ©.0COL,

779
0.01614 + 0.00004 and 0.01063 + 0.00002 respectively. Results from the irradizted
samples were then fitted to the expression

exp [(5, -o )il = Rg(1+ M/Ry eeereniee e (1)
in which ¥ is a small correction factor common t¢ all such samples. In this way
exp [(.;2 - c}o)i] was deduced, and from this (5‘0 -5:2). Now, from the data of
Table 1 we obtain:-

&2=(19.8i 1.1) 4 (1520 4 250)F  veeverecncncncnacnnn cerrnees (2)
so that, for r = (7.5 + 1.0) x 10_1", we have (;-2 = 21.0 + 1.2 barns. Thus 8—0 can
be o‘otained.

Results for the four irradiated samples are summarised in Table 2. They give
a mean value for ('&-0 - 6-2) of 275.5 + 12.2 barns ( standard error). Wher the error
in R, (+ 0.03 per cent) is accounted for also, this result becomes 275.5 + 12.4

barns. Hence 6‘0 = 296.5 + 1?.5 barns, and this is the value to be used for ail

samples in the irradiation.



Pu -~ Pu mixtures

For the unirradiated mixture R,, R3’ and R5 were found to be 0.005254 +
0.000008, 0.001380 + 0.000010 and 0.26309 + 0.00081 respectively. Resulis fronm
mass analyses of the irrediated samples were fitted to the expression: -

e-x_p ((&2 - Sg)iJ ——~R5 /R6 + N BNessecsrssasscssanssae deecseseaccssne (5)

in which N is a smell correction factor. From exp [( 8‘? - 8,041, (&, - ) ang
hence 59, can be obtained.

The results are set out in Table 3 and give a mean value Tor (§9 - ;-2) of

1180 + 22 barns (standard error), and a value of 1180 + 32 barns when the

uncertainty in R_ is accounted for also. Hence S, = 1201 + 52 barns, and this

5 9

is the value to be used for. &ll samples in the irradiation.

The same samples can also be used for a measurement of §9 /5'9. Here the

expression
Sq /% = (1 = exp ($,0) /(1 + D)@, expl SR, o= 5)) oo )

is employed. The results are listed in Table L4 and give a mean value for §9./ ;-9

~

of 3.270 + 0.063 ( standard error). When uncertzinties in 89(_-&_ 2.7, 5‘0(1 L. 20
and R,‘(_-_i-_ 0.2%) are also considered, §¥8‘9 becomes 3.270 + O.114. Combirning this
result with that for §9, as obtained above, we have 0'9 = 367 + 16 barns, and this

is the value to be used for all samples in the irradiaticn.

239Pu ~ ZL""Pu mixtures

For these R1, R3 and R5 were found to be 0.0463L4 + 0.CC010, 2.9231 + C.00LY
and 0.02275 + 0.00005 respectively. Results from mass analyses of the irradiated

samples were fitted to the expression: -

Ry exp (—§1i - \1t) =R)+ exp (—§9i) e T U ceeeaeaee (5)

in whiqh P is 2 small factor common to all such sampies. Having obtained

exp (-§1i— ?\1t)! §1 can be obtained, since exp (‘Mt) is known to be 1.0431 + 0.CC02.
The various factors are listed in Table 5 and gi\-re a mean value for 51 of 1482 + 11
barns (standard4 error). ’l‘ak.ing uncertainties in §9, RB, P end 2\,t into account

elso, §1 becomes 1482 + 35 barns, and this is the value to be used for all samples.

-6 -



Finglly, the same samples are used to deduce 51 /5‘1*. In this case the
expression used is 4
~ ~ _ ~ . - 4 _* . ~\ 1 ~
8, /614 = [Ry(1 - exp(-5,1))] / [0.9820(1 + E)(R6 exp(-Sg1) Ry exp(-g31)-Q)1...(€]
where ¢ is another small factor common to- all 2395y 2ipy mixtures and 0.9820 is
a factor which corrects the measured amount of 2"“Pu rroduced for the proportiion

. 4 - - -
resulting from the sequence g, B, &l By | 22g,,  k-capture, 2hZ,

[We have obtained this factor from the knowledge that the initiol 2mPu vas
separated from 2“Am 380 days before the commencement of the irradiation, and by

R . . . s e 1 \
assuming the followirg for our irradiation conditions; 2L Am has g neutron

2,

capture cross section of 622 barns, neutron capture by Am produces 16-krour

22"25Am and 152-year 2)"'2mAm in the ratio 5.17 to 1, 2’“"25Am has =g fission cross
section of 2900 barns and decays 16 per cent to 225, (l“)]_

The results are presented in Table 6 and give a mean value for §1 /«-.3i of

-

3.931 + 0.042 (standard ‘error) . Teking uncertainties in §9, ek'p(7‘1t) » Ry, Rg

-

’

and the correction factor into account also, gives §1 /5'1 = 3.931 + 0.111, and

this is our main result.

-

Combining §, /&, = 3.931 4 0.111 and §, = 1482 1 35 barns gives =, = 377 z L
barns, the value appropriate to ocur samples.

; 241
DERIVATICN OF ey FOR Pu

——— R N T

a A& - L - 2i1% . .
S, /9, is related to & for ey by the expression

-

§,/%, = (1 + /&) ceveniiiiiniiiiiiL, ceen (D)
and @ is related to a, by the equation

(1t +a) =(1+ a)s, + 1 sa)/(gf +r sf)
in which g and s etc. have their usual meanings. Using §1 /61

expression (7) gives & = 0.341 + 0.013. Baged on values for g, and g, given by
211

= 3.931 + 0.911

A

WESTCOTT et al. (2,5) , and the resonance integral data for Pu given in Table 1,

we have calculated (ga + T sa)/( Bp+ T S f) to be (0.9886 + 0.0075) for
r=(7.5%1.0) x 107" ang T = 116 + 1°. In consequence, we conciude that @, for
2Tpy 55 0.356 + 0.017.



DERIVATION OF OTHER NUCLEAR CONSTANTS

In the determination of ratios of cross sections (such as §9 /5'9 and §1 / 6'1)
possible systematic, as opposed to random, errors in the measurement of neutron
dose have no effect, since only the products of cross sections and flux terms are
involved, and the former have been determined individually using a set of monitors
whose activities were measured a2t the same t+ime and under the same conditions;
systematic errors in the dose terms therefore cancel out. ﬁowever, when a single
cross section is determined, this source of uncertainty makes a contribution.

This fact has been taken into account in compiling Table 7 in which all the
cross section results are collected together. It has been assumed that possible
systematic errors in neutron dose arise from three sources i.e. 1) uncertainty in
the absolute activities of the cobalt standards used to calibrate the ionization
chamber {(+ 2 per cent), 2) uncertainty in calibrating the ionization chamber with '
 the cobalt standards (+ 1 per cent), and 3) uncertainty in the 2200 m/sec neutron

5%,

capture cross section of (which was teken to be 37.4 + 0.6 barns). Due to
these additional errors, uncertainties in the individual cross sections qﬁoted in
Column 2 of Table 7 differ somewhat from those given previously in this paper.

Table 7 is divided into two parts. In the first part those quantities which
were measured directly are given. In the second part derived quantities are listed;
thus, as examples, 0'9 is derived from S9 and 89 /9., and O‘f’9 (the fissicn cross
section of 239Pu) is given by (S9 -0‘9) etc.

In the second column of the table the experimental values for the reactor
spectrum are given. From these the corresponding 2200 m/sec data have been derived
(column 4) , by the use of the conversion factors given in column 3, which were
obtained by adjusting the g and s factors given by WESTCOTT (5,6) and CRITOFH (7
so that they are compatible with the data of Table 1. Finally, in the last column
of the table, we list, for convenient comparison, the current recommended values

for the various nucleer parameters. Some of these values have already been given

in Table 1; +the rest are taken from the work of WESICOTT et. al. (2)



DISCUSSION
In order to make the interpretation of our results more certain, we have

sought for this work an intense source of thermal neutrons. In this search we
have been successful. In the irrediation position chosen the thermal, fissian
and epithermal flux densities were about 6.4 x 1012 n/om?/sec, heb % 107 n/cmz sec
aﬁd L.8.x 109 n/cmg/sec per 1n E interval, respectively. DMoreover the thermal
neutrons almost certainly followed an unperturbed Maxwell-Boltzmann distribution
pattern since, not only was the position éeparated from the nearest source of
fission neutrons by about two feet of heavy water, but the measured neutron
temperature (116 = Lo) was very close to the temperature of the surrounding
"graphite - a thermocouple embedded in the graphite reflector in a position similer
to that adjacent to the sample, recorded a temperature of 118°,

| The measured neutron doses also showed a diswribution pattern which might have
been predicted from the known flux gradients in the irradiation position. Thus the
largest neutron dose measured differed from the smallest by L.6 per cent. From the
flux chénge from one side of the irradiation can to ancther, =z dit'f'erence of ) per
cent was to be expected; a few millimetres mis-alignment of the monitors in the
can would easily account for the slightly larger difference.

The results we héve obtained are summarised in Table 7 and the 22C0 g/sec

values‘derived from them are compared with the current recommended velues. It will
be observed that there is good agreement between the two sets of data in all cases.

2k

1Pu, which was the main object of these

My

In the particular case of alpha for
measurements (and also in the case of the capture cross section of " Pu), our
figures are, in fact, more precise than those recommen&ed.
' oo 239 211 .
The recommended data for Pu and Pu have been taken from the recent
survey by WESTCOTT et. al. (2> and were obtained, not as the results of individual
measurements, but by a least—squafes fitting procedure, taking into account all

the published data for these nuclides and the relationships between them. It is

therefore more appropriate.to compare our results, not with the final results of



the survey, but with the input data which went into it, and to consider the values
given here és possible additional data to be included when further surveys of this
type are made in the future.

With this eim in view ﬁe have abstracted the data for elpha and for neutron
absorption and capture, considered by‘WESTCOTT et. al. and have listed it, without
cémﬁent, in Table 8. Fuil deféils are given in the original paper.

23%y first, a comparison of the values in Table 8 with the

Considering
present results will show that, although there is general agrsement, the values

reported here are likely to have only a small effect on future welghted means for

S, and O_, and almost no effect in the case of a

9 9 9° 9

is less precisSe than the lower figure given in Table 8 i.e. 0.356 + 0.,0092, which

(The value for a_ given here

is derived from earlier work by one of us (8’9)).

2h 1

For Pu however, the situation is very different. It will be noted that
the valheé reported here for S1 ,‘UH and o, are all more precise than any corres-
ponding figure in Table 8. (The value given to a, in Teble 8 i.e. 0.388 + 0.023,
is derived from earlier work by the present authors which we wouid ncw consider

241

superseded (1)). They will therefore have a very large eifect when Pu data

are surveyed again in the future.

- 10 -
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TABLE 1

2200 mfsec NEUTRON GROSS SECTIONS AND RESONANCE

INTEGRALS (ABOVE 0.45 V) OF PLUTONIUM ISCTOFES (1, 2)
259y 20, Mgy AZpy
2200 mfsec_cross
section (barns) {
for absorption 1008.1 + 4.9 - 1391 + 22 -
for fission Tha.h + 3.5 <0.1 1009 + 9 <0.S !
for capture | 265.7 + 3.7 | 281 + 7 382 + 21 | 19.8 + 1.1 ,
Resonance integral : 2
(above 0.45 eV)(barns) ‘
for absorption 4 519 + 15 - c7 - f
t
for fission 32 + 9 - UK -
for capture 195 + 12 8L53 + 600 ‘ 166 1220 : 20C
1 i




TABLE 2

RESULTS FOR 2%0py - 2p, MIXTURES (EQUATION 1)

(M = 0.0015)
Sample
1 12 13 1
i x 107 0(w/en®) | 133 | 1.335 | 1.355 | 1.310
R8 /R'/ 0.9589 | 0.96L7 | 0.9650 ; 0.9615
exp{( &, —5‘0)1] 0.040L | G.0345 | C.G342 | 0.0378
(c“fo - 6*2} barns 20341 258.1 252 .1 288.6




TABLE 3

RESULTS FOR THE 229py - 2%%py MIXTURES (EQUATICY 3)

(N - 0.0003)
Sample
6 7 8 . 9 10
. o an=20, 4 2 . =
i x 107 (vfen) 1.353  1.315 1.313 1.336 i .358
l
Ry /R6 0.8610 | 0.8583 { 0.854,9 | 0.&491 i 0.8L70
exp[ (3, - 8,)1] 0.8613 | 0.8586 | 0.8552 | 0.8, | 0.6473
7 i
(§9 - 8-2) barns 110} 1160 1191 1221 i 1222




TABLE )

RESULTS FOR 2”sz’u - Pu MIXTURES (EQUATION L)

Semple
6 7 s | o9 ! 10

i x 107 (p/en?) | 1.353 1.315 1.313  {1.336 51.358

R, 0.05818 | 0.05746| 0.05765 0.0581;2% 0.C5848 i
e:"cp(-égi) 0.8588 | 0.8562 | 0.8528 10.8L70 20.8@7 3
e@(-&oi) 0.9607 0.9618 | 0.9618 ]0.9612 2 0.9605

B 0.0206 | 0.0203 | 0.0201 l0.0205 3 0.0209
“39 /§9 3.080 3.193 | 3.272 |3.37% i 331

i




TABIE 5

BESULTS FOR 227Py - 2¥'py MINTURES (EQUATION 5)

(P = 0.0025)
Sample
1 2 3 L 5

i x 107 x/ca®) | 1.308 | 1.301 -] 1.316 | 1.362 | 1.m2

R, 2.6939 { 2.699 | 2.7068 | 2.£989 | 2.7139
exp( -§'9i) 0.85,7 | 0.855, | 0.8539 | 0.81.52 | ©.85%0
exp(-§1i - )\1‘5) 0.7867 | 0.7891 0.;7899 0.7832 | 0.7892

8, { 1511 .97 072 1,85 1417




TARLE 6
DERTVATION OF §, /0, (EQUATIONS 5 and 6)

(¢ = 0.00007)

Sample
1 2 3 L 5
R 0.18385 | 0.17899 | 0.18348 | ©.18868 | 0.18977
exp(-é9i) | 0.85468 | 0.85538 | 0.8538% | 0.&4515 1 0.85100
exp(~,1) 0.99725 | 0.99727 | C.9972k | 0.5571k { 0.99718

(1-exp(-5,1)) | 0.17937 | 0.17694 | 0.17612 | C.i83%7 | 0.17678
4

(14 + E) t5.00446 | 1.00143 | 4.0044% | 1.00151 | 1.004L8

8,79, 3.968 | 4.035 | 3.909 | 3.958 | 3.787

- - —




TABLE 7

SUMMARY OF ALL CROSS SECTICN RESULTS

13
Velue obtained ‘

1105 + 42

o wo..

om0 e § e e e tatraem e Snam bbb e & o

ngsiaiie.ﬁtz;n vi‘%?erz :::?e : CQ?:.iics)ion ! for 2200 m/ sec! i‘egzrm;:iéed
Cross sectiops neutrons neutrons value
iMeasured Diréctiy

Sq (barns) 1201 + 47 ;1.1866 + 0.0061 | 1012 + 4G 1008.1 + L.9 ’
o 0.t + 0,022 11.0460 + 0,0071 1 0.377 + 0.023 | 0.3580 &+ 0.005L |
o barns) 297 + 15 1.0858 + 0.00%0 273 £ 14 281 + 7

g, (barns) 14,82 + 39 ;1.081+1 + 0,000 | 1367 + 37 1391 + 22

d1 0.341 + 0.013 {0.9886 + 0.0075: 0.356 + 0.017 | 0.379 + 0.2
Measured Indirectl

oy (Parms) 367 + 19 1.332 + 0.023 275 = 15 265.7 + 3.7
crf,9 (barns) 82y + 51 1.434 + 0.00%0 735 + 45 2.k + 3.5

& (barns) 377 + 15 1.051 4+ 0.023 359 + 16 382 o+ 21

or,1 (‘barns) 1,0966 + 0.0071| 1008 + 40 1009 + G




TABLE 8

2200 m/sec INPUT DATA USED BY WESTCOTT et. al. (2)

239Pu 224'1Pu
! i
89 0-9 Q'9 . S1 61 (11
(barns) { barns) ( barns) { barns)
1029 + 42 283 + 10 | 0.356 ' 1379 =+ 50 | 37h + 86 0.288
+ 0.0092 + 0.023
1004 + 30 | 265 + 12 | 0.362 , :
, + 0.0092 1372 + 10
100} + 12
1007 + 7.4
Mean [1006.56 275.6 0.3550 1377 37, + 86 | 0.388
Values + 6,02 + 7.7 + 0.0C65 + 3.2 + 0.023
Slgi; 1012 + 40 | 275 4 15 | 0.377 + 0.023 | 1367 = 37 | 359 + 16 | 0.356 + C.047






