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Summary Report

1. Introduction

The meeting of specialists on the value of plutonium alpha was
held at Winfrith in accordance to the recommendation of the.Inter;
national Working Group on Fast Reactors, and in agreement with +the
UK authorities. Participants from six countries and two interna-
tional organizations took part in the meetingy; chaired by Dr. R.D. Smith
of fhe United Kingdoﬁ Atomic knergy Authority. The list of parti-

cipants is found in Attachment 1.

Dr. Fry, Director of the Winfrith Establishment, opened the meeting
and wished it all success. ) !

The Agenda - Attachment 2 - was adopted without any changes.

2. Differential Measurements

A short review on available data for plutonium alpha received
by the IAEA Nuclear Data Unit was prescnted by Dr. Konsh:mo He
referred to three experiments recently known where the measurements
of the alpha-value have been made in the energy range of interest.
These are the experiments by Schomberg, Sowerby and others,(l) by

Ryabov and otheré,(z) an@ by Patrick, Sowerby'and Schombergo(s)

(1) M.G. Schomberg, M.G. Sowerby, F.W. Evans, EANDC(UK)100AL.
(2)  J.V. Ryabov et al, AB, 24, 351 (April 1968).

(3) B.H. Patrick, M.G. Schomberg, M.G. Sowerby, BANDC(UK)96AL.
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The data of Ryabov for the fission cross section are consistently
lower than other measurements in the energy range below 600 eV and
higher than other data above this energy, showing an almost constant
value of alpha of 0.4 ébove 2 KeV. When alphs is close to 1, a
given relative error in fission cross-section produces a double error

in oG

In Ryabov's experiment, the efficiency of detection was low (20%
for fission events and 30% for capture), and there was also probably
a risk of confusion in identifying the nature of the events detected.
Moreover, the background was very high (15 - 50% depending on the

energy, in the case of fission, and 30 - 70% in the case of capture).

Patrick, Sowerby and Schomberg measured the fission and the total
cross-sections of Pu239 by time-of-flight spectrometer, using the same
samples and resolution conditions because of simplicity for multiple
scattering correction. Normaglisation of the data was done through
gta. The values of X were derived. from those results and from the
scattering cross section. The scattering cross sections were calcu-
lated by them with an accuracy as large as 30% in the lower energy

“region and about 20% in the kilovolt region.

The fission cross section observed by Patrick et al in the energy
region 1 - 7 KeV is relatively lower than the other existing data.
In the region from T XKeV to 25 KeV the Patrick's data agree well with

the average values of the fission cross sections.

During this year two more experiments were carried cut, where
alpha was directly measured. These were the experiment of Gwin and
others, and the exveriment of Czirr. A further analysis of the

alpﬁa values by Schomberg and cthers has also been made.

Dr. R. Gwin and others have measured the fission and capture
cross sections of Pu239 with the electron linear accelerator used as
the neutron source. Measurements were carried out with a fission’
chamber and a scintillator a§ a capture detector. Preliminary data
of ™ were obtained in the energy region from 100 eV to about 30 KeV.

A figsion chamber was used up to the energy of 2 KeV to determine
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alpha, and then thick metallic Pu239 foils were used to extend the
alpha measurements over 10 KeV. A combination of high bias (to
detect mostly fission) and low bias (to detect capture and fission)

were used for recording the capture detector data.

The primary normalisation of the fission chamber experiment was
at thermal energy and 0.3 eV using values for oL of 0.357 and 0.65 res—
pectively. They found the figssion chamber efficiency. With this
normalisation they obtained the resonance parameters which were then
used to normalise the metal foil experiments,; to give o¢ in the energy

region about 3 KeV.

There is a rcasonable agrcement between the values vl alpha
obtained by using two different methods, including the points at
0.35 KeV, 0.65 KeV, and 0.95 KeV, where the alpha values coincide
within +the srrors. The combined uncertainties are about 10 — 15%.

39

The direct measurement of alpha for Pu2 s using time—-cf-flight
spectrometer, was made by Schomberg, Sowerby and Evans. The experi-
mental arrangement consists of a fission neutron detector and =z
gamma—ray dectector. The efficiencies of the two deteo%ors for
figsion and capture events were assumed to be independent of inci-
dent neutron energy.  There is some difficulty in evaluating the
efficiencies of the ﬁetector for capture of ¥-rays and for fission

events.

The experiment was normalised by assuming the values of on the
peaks of seventeon woll-resolved resonances in the energy region below
100 eV. The values of o werc obtained from the neasurements of 7

obtained with the same energy resolution.

The normalisation of the Schomberg experiment was derived from .
a series of data which arc in good agrecementy it produces x~values
which agree withih its crrors (say ¥ 0.05) with the data derived from

the Derrien et al pe~values.

The latest data of Schomberg and Sowerby are about 20 - 50%

lower than their previous vaiues, particularly in the energy range



from 2 to 20 KeV. These values on an average are about 15 — 30%
lower than Gwin's and Czirr's data at the energy range from 100 eV
to 4 KeV and about 15 - 20% higher than those at the cnergy from

5 KeV tc 15 KeV, and as much as about 50% higher than those at 17

to 28 KeV.

The third set of ot-values in the energy range of interest has

been obtained by Dr. Czirr of Livermorc.

The capture and fission crose sections and their ratio alpha
have becen measured fcr neutrens in the 100 <7 to 10 KeV range.
The data werc obtained using the same deiector for both capture and
fission c¢vents. This detcector consisted of a deuterated liguid
scintillator. Figsion cross—sections are obtained from the detec—
tion of knock-on deuterons and separated from gamma events by pulse
shape discrimination. Capture cvents are obtained from the detection
of the de-excitation gamma-rays in the same gcintillator. Since
the gamma data consisted of both capture and fission events, it was
necessary to subtract a quantity proporticnal to the fission cross-—
section in order to obtain & capiurc. The fracticn to be subtracted
was determined by normalising the ncutron figsion data at an energy
corrssponding to a very low capture-to-figssion cross-—-scction ratio
(about 16 eV for Pu239), to the Farrell's data obtained from multi-
level analysis of the Pu239 fission cross scetion. Following the
subtraction, the measured capture-to—-fission ratio, X, was normalised

to the wvalue of 0.469 at 0.07 — 0.09 oV,

The effect of variations in the de-excitation gamma spectrum
upon the observed capture crogs scction was estimated by the author.
The true E% is oxpected to diffor by loss than 10% from the measurcd

values dut to effects erising from changes in the spectrum.

The Czirr results are on average 10% lowcr than the Gwin results
up to the cnoergy 5 KeV (oxcept for two points at 0.75 and 0.85 KeV,
which are 30% lower) but they coincide with thosc in the limits of

the errors.
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Mr. Barré observed that the fission cross section of Pu23? was
measured by the time~of-flight method with the Saclay LINAC in the
energy range 16 eV to 35 KeV,

L new gas scintillator containing 1 gramme of fissile material

at ligquid nitrogen temperature was used.

Experimehtal fission cross sections can be c¢btained from the
CCDN centre.

Detailed results (resonance parameters) will be published later.

Reference: J. Blons et al "Measure 4 haute resvlution de la secfion
efficace de fisgion du Pu 239 par des neutbtrons de resonance", Compte

Rendu, Acad. Sc., Paris, T-267, p- 901 — 904 (21 October 1968).

Dr. Schmidt reported on the Karlsruhe Van de Graaff measurements
of =7 (Pu239)/ﬁ} (U235) by Pfletschinger and Kippeler in the energy
range 5 KeV tc 1 MeV, including the final mass dctermination of the
fission foils by BCMN/Geel. The measurements use very thin foils
(100 pg/cm2) and a coincidence detection of both fission fragments.
By this method 92 - 95% of the fissions arc detected, the pulses from
the ¥ background are woll separated from the fission fragment pulses,
& pile-up is kept small and wrong coincidences are almost completely
suppressed. The results will be published shortly.  Below 150 KeV
they are on average siightly higher than the values recommended by
W. Davey; above 150 KeV there are still some corrections to be

applied to the data.

Dr. Trolanov said new differential experiments for measurements

of K for Pu239 bave been carried out in the U3SR. The data obtained
are considered as preliminary. The experiment was carried out at
ﬁhe pulse reactor IBR in the Dubna centre with the time-of-flight
method using a flight path of 250 metrss, Twe sets of measurcments.
used a reactor regime and a microtron regime. In the latter case

the microtron was uscd as a source of noutrons to drive the reactor.

The resolution was 15 nanosec/m and 220 nanosec/m respectively.



4 counting rate in a fission chamber with "thin" layers of &
Pu239 and that of a large liquid scintillator for detection of
from fission and capbture in plutonium sample were comparcd. The
fission chamber contained 120 mg of plutonium 239 and the sample
thickness was 0.7 x 1021 nuclci/cm2, The liquid scintillator was
a 500 litre tank divided into two parts which fed into a coincidence
system,

The background was monitored by resonance filters (Ag, Na, Co,
Mn). Normalisaticn was carried out with well-resolved resonances

in the energy range Irom 8 to 60 eV,

Preliminary data for Pu239 fission cross section and «~ were ob-
tained, The uncertainty in fission cross secticns was as much ag-
f 15%0 Uncertainties in X mecasurements were of thc order of 20 -
50% for the microtron regime and 15 -~ 20% for the reactor regime.
In certain intervals of ncutron energies there was no agrcement be-

tween these two sets of measurements.

Dr, Sowerby presented recent data from the measurcment of = in
the energy range 100 ¢V to 30 KeV obtained using the Harwell Linear
Accelorator time-o0f-flight spectrumeter. The éxperimeﬁf was origi-
nally reported by Schomberg ot al(l) and tho new data replaces the
original results and those reported by Schomberg ot ai(z) and Raen(3)
The detector has recently been rcbuilt to investigate the anomalously
high ratio of efficiencies of the gamma ray detector for fission
and capture events. Yo rcason has been found to doubt the validity
of the dats obtained with tho original systom. The data presented
tended to be lower than the data of Gwin et al below 5 KeV and higher
between 5 and 30 KcV. It was felt that much of the discrepancy was

duc to cerrors in normalisation.

(1)' Schomberg, M.G., Sowerby, Modq, and Evans, F.W., "Fast Reactor
Physics, 1, 289, Ialih, Vienna (1968).

(2) Schomberg, M.G., Sowerby, M.G., and Bvans, F.W., BANDC(UK)1OOAL.

(3) Rae; E.R., prescnted to BANDC Meeting, January 1969.
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Values of evaluated average total CjLT) and {ission Qjaf)
cross-section data were prasonted in the energy range 0.1 to 30 KeV.
These were used to obtain the average capture cross section @958)

and hence & from the relations

P ~N = /{,,\_ _ PEEEN e ~
Chgs T NFars nRs S~

where Oﬂn is scattering cross-section.

These results agreec with the direct measurements particularly

below 1 XeV where comparisons are meaningful.

Dr. Gwin rcported that the ORNL-RPI data on Pu239 relating to

alpha have been rcduced to ncutron cross sections. The values of
obtained from thesc measurements have been compared with the resulis

of other measurcments such as those of M.G. Sowerby of Harwell and
J.B, Uzirr of Livermore. This comparison shows that the results
differ by an amount which is estimated to be of the order of 5 to
10% in g%ﬂgéa An error of 5% in C;ﬂjé is a reasonable estimate
of the uncertainty in the ORNL/RPI data neglecting primary normali-
sation uncertainties at 0.025 eV, The uncertainty of the Livermore
rasults are also about 5% in C%éjéa It is not clear at thce present
time that & significant part of the discrepancy among the various

differential results ig not due to normalisation.

The fissioun cross section for Pu239 ag derived from the ORNL-RPI
data is in good agrecment with the measuremcnts of Jamcs of Harwell,
It is noted that the average cross section from 1 KeV to 25 KeV is
the same for thc James and the ORNL-BPI results while the average

deviations for arbitrary cnergy 1 XeV intervals is about 5%,

3., Integral Experiments

Mr. Bouchard presentod'an outline of analysié and irradiation ,

239

and critical experiments which can give evidence on Pu alpha values.

(1) Statistical analysis of integral experiments (BARRACA method)
The statistical analysis of a large number of integral experi-

ments measured in fast critical assemblies gives tendencies to



modify the cross sections of the initial Cadarache sect. This work
was presented to the BNES London Conferences J.Y. Barrd, M. Heindler,
T. Lacabelle, J. Ravier; Lessons drawn from integral experiments con

a set of multigroup cross gections, BNES Conference, 1/15; London,
June 1969.

(2) 4Analysis of measurements in EBR-I, Mark III
The increasc of 4% above 25 KeV selected in the preceding work
brings a large improvement in the comparison uf measured and calcu-

lated & values. (Reference; BNES Conference, 1/157 London, June 1969.)

(3) Irradiation in OSIRIS

An irradiation of uraniuvm and plutoniun samples is being per-
formed inside a capsule of Boron in the core of the swimming pool
reactor OSIRIS.

The & values will be obtained without using fisgion product
yields - a check of the spectrum has becn made in ISIS which is a
low power exact mock—up of OSIRIS.

The results might be availablc before the end of 1969s J.Y. Barré,
J., Bouchard, M. Darrourct, A. Mcyerheine, R. Vidal, Measurement of
Pu239 N parameter in the 1 — 25 XeV ehergy range by irradiation in
OSIRIS. To be published. '

(4) Measurcments in ERMINE
239

Measurements of Pu x from reactiviity worths of small plutonium
samples are beiné performed in the fast thermal critical assembly
ERMINE with two methods. The first one alrecady applicd is the
Boron calibration and the second one is a new method with use of
a local chamber.

The results must be available in September 1969. J.¥., Barrd,
J. Bouchard, M. Darrouret, R. Vidal, Measurenicnt of Pu239J§‘by Teac-

tivity methods in BERMINE II. To be published.
Dr. Fischer reported on integral information on = from a
Doppler experiment with o Pu sample in SNEAK.

The major contribution to the Doppler effect in a fast roactor

is the energy regidn 0.1 to 10 KeV. Therefore a Doppler experiment



can give information on s or rather on the set of resonance para-
meters used in the interpretation. The expcriment doss not give
reaction rates; but rather an adjoint-weightcd combination of the |

Doppler changes in reaction rates.

The experiments were dcne in SNEAK-33, which has a composition
typical of-a steam-cooled fast reactor. The assembly is described
in morc detail in Referoence (1). Mcasurements werc made in the
normal core, where the fission term and the absorption term almost
cancel to give a small net effsct, and alsoc in a boron-environment,

where the fission term dominates.

Calculations were done: (a) with the low o data of KFK-120j
(bj with the data evaluated by Pitterle(g) which agree well with
Gwin; (c) with the original Schomberg data. The experimental -
results are between the calculatidns with the Pitterle data and
the original -Schomberg data, but closer to Pitterle. The uncer-
tainties in the spectrum and adjoint spectruw are difficult to
assess, s¢ that the distinction between (b) and (c¢) is not com-

pletely conclusive on the basis of this experiment.

Mr. Meister observed preliminary results on a PCTR-type experi-

ment carried out on the SNEAK zero power facility at Karlsruhe.
239 and U235

graphite as a nuclear acting material, The experimental Kqﬁ—value

The test zone contained Pu as main fissile isotopes and

is maintaincd with calculations using the 26-group MOXTOT set which

238 239

is based on recent U capiure data of Moxon and the Pu oé-values

of Gwine. However, large discrepancicg have been observed for some

239 ;235

of the reaction rates, espscially the fission ratio Pu
which is about 12 percent higher than calculated. The final results
will be published in a K¥FK report.

,(l) M. Zdelmamm c¢t al, Paper 1.1l to the BYES Conference, London,
1969.
(2) T.A. Pitterle et al, Second Conference on Neutron Cross
. Section Technology, Weshington, March 1968.
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Dr. Campbell reported on recent integral svidence on Pu239

p-values and data from the UK Zerc Power Xxperiments and on Dounreay

irradiations.

The Zebra experiments which have contributed arce decscribed in
the BNZS Conference Paper by Senders et al and the adjustments to
the nuclear data tc fit thesc experiments are described in the BNES
Conference Paper by Rowlands and Macdougall. The spectrum and more
particularly the reaction rate ratios measured in Zebraﬁlead to the
x-adjustments found; rather than the critical size data used in the
fit.

The trends indicated are that a2t all encrgies belouw about 800 KeV
the o~value for Pu239
FGL4 data set by about 10%° The FGL4 data follow the oi-values of

de Saussure et al at energies above about 20 KeV. Below this energy

sheculd be increased above the value used in the

the x-value, increased over FGL4 by 10% is in close agreemont with
the average of the latest Sowerby and Gwin measurements and the value

derived from total and fission cross sections.

At present no conclusions on Pu239<x—values can be drawn from

the analyses of Pu-irradiations made in the Dounreay fast reactor.

239

In the work done,; fissions in Pu

137

have been dctermined from the

144

radiochemical assay of Ce and Cs mass spectrometer measure—
ments. Whilst the results for in-core irradiations in DFR (where
the spectrum is hard) show that the calculated w-—value is about 10%

235

low, a similar conclusion is obtained for the U *x~value. Further
attention is being given to the calculation and the spectrum in DFR
and further irradietions and analyses covering core and blanket posi-
.tions are being madc. These will chock the fission product yield
data and make use of mass spectrometer measureménts of stable Nd
isotopes as well as radiochemical measuremecnts of Ce and Cs in deter-

mining the number ¢f fissions.

Dr. Chernick referrsd to inferences from BNL Pu-o¢ rod, heavy

water lattice experiments.
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At BTL, a large series cf exponential experiments of 0.600 in.
rods of 10 wi. percent plutoniun in aluninium clad with zirconium
is under way. The spectra range from thermal through intermediate
energies. Completed are experiments at the following mcderator
to fuel wvolume ratios:s 1 3 1, 1.5 31y, 2 s 1, 3 2 1; 43 1, 7T s 1
and 14.5 : 1, both for clean and voron poisonced lattices. By
squeezing out all or most of thc hsavy water from the lattice very

hard spectra can be obtained and such cxperiments are in progress.

Preliminary results show that BENDF-B cross scctions yield a
k pp about 4% too high at the 1 2 1 velume ratic while Schomberg's
(or Gwin‘s) data are in much better agrcemoent with experiment.
The good agreement of the exponential experiments with the latter
data in the wider lattices (about 1% low in keff) indicate that the
latter cross scction data below 5 KeV are in good shape. The D2O
2O= Ong39
also reaches the tentative cenclusion that cross sections for Pu

cross secticn data used agree with the measured age in D

in the resolved resonance range are also in gocd shape.

Fuarther theorcetical work is under way to narrow the estimates
of the material buckling of these lattices obtained with In, Au and
Mn feils and furthor experimental work in much harder spectra is

planned.

Dr. Till reportced on integral experiments which are being carried
out in Argonne National Laboratory.

(a) The Irradiation/Burnup Measurements performed, or in progrcss,
in the U.S.

(i) EBR-2 - Argonne. 1 - 2 mg samples placed throughout core
‘and blanket of EBR-2. Of thc order of a dozen samples of U233, U235,

U238, pu239, pu40 ng pu242,

Mass spectrometcr analyses should
‘be done in a couple of months.

(ii) . EBWR ~ Argonng. 10 Cd—oovered, 14 bare Pu239 samples,
Analyses finished.  Results for & in apparent agrcement with ENDF/B,

but spectrum such that quite insensitive to energies above 1 KeV.
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(iii) ZPR-3 - Argonne. Specially dssigned assembly tc emphasise

kilovolt region. Pu239

sanples, fow p.p. billion 240, Status;
Assembly 57 is on ZPR—3 now. .
22

(iv) HFBR - Brookhaven. Six saaples of Pu®? ana 7232 in boron-
filtered central thimble. Irradiations complsted and samples under-—
going analysis. '
(b) - The Zero Power Measurements performed or'in pregress in

the U.S.

(i) CFRMF — Idaho Nuclear Corp. Reactivity - reaction rate
10 235 ..

and U lined

central section in R.M.F. Spectrum has about 1/3 of fissions below

measurements in a 6 in. x 6 ins depleted U - B

40 KeV. Meésurements completed by end of Junec.

(i1) BNL - D,0 lattices -~ Brookhaven. Exponentials using

10 "o Pu Pu-Al alloy. 12 lattices finished, experiments still

going on. Current results indicate higher wvalucs for . than those

in ENDF/B.
(iii)  Argonne ZPR measurements. Assemblies 24, 244 (ZPR-9)
555 554 (ZPR-3)

) Measurements a2 completed set usings:

(1) Two different methods on Asseably 24 - the U235 fuelled null
composition, The reactivity-recaction rate method and the
null method both gave agreement with ENDF/B and with each
other for ﬁ235, within the * 10% precisions. ‘

(2) The Pu239 reactivity—reaction rate measurcments -on Assembly
24 gave rosﬁlts slightly higher than the Gwin/SowerBy
values; and the small null-zone 24A gave a result slightly
lower than Gwin/Sowcrby, and again the renults of the
two methods werc well within the precisions.

(3)  The large null-zone Pu-? fuclled ZPR-3 Asscmbly 55 which
had a spectrum as similar as possible to Assemblies 24
and 24A; but which was very slightly harder in the final
version, gave a result slightly higher than Gwin andA
about equal to. Sowerby but with a precision that over—

lapped both.
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(4) In sunmary, the set of measurements gave integral X results
By two methodss
on four compositicns,
with reaction-rate mecasuremonts by threc indcpendent
methodsg

2
235 and Pu2j) with the Pu having three isctopic con-

on U
tents,

as a function of sample sizc (three sizes of annulli and
two plate thicknesses), '

in spectra designed tu put -~ 40% of Pu239 capture between

2 and 25 KeV and ~'40% botween 10 &V and 2 KeV,

These resulis will support either Gwin's c¢r Sowerby's results.
They contradict BENDF/B data, and do not agrec as well with the
carly Schomberg results. They are not gufiicicntly sensitive to

distinguish between QGwin's and Sowerby's valucs.

Panel members met together following the meparate meetings of
the two informal specialists groups which had discusseds: (a) the
differential data; and (b) the deductions from integral experiments.

The conclusions reached by the two groups arce surnmarised below.

4. Conclusions of the Discussions on the Differential
Measurcments and on the Bvidencc from Integral Experiments
Relating to Pu<>J Alpha end Data for nigher Plutonium
Isotopes

: 3
4.1 Differcntial measurements of Pu2”9 alpha

The agrecuont between the different sorios of differential
measurementg has improved during the last year and the accuracy is
now about T 5% 1n€;~42 (This is equivalent %o an accuracy of

10% in alpha, whcn albha is equal to unity.) Pogsibly some of
the main remaining discrepancies are duc te differcn.ces in primary
normalisation. It was agrccd that in crder to aid in the solution
of the ngrmallsatlon problem the rcuonancc alpha valuss used for
normalisation should be based on eta and/or alpha measuremnents cx-

tending into the thermal energy range. It 1s suggested that Czirr
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should normalise his alpha measurements in the thermal range and
extract the alpha values for those resonances used for normalisa-
tion in the other experiinents. Aftor having obtained the varicus
sets of the resonance alpha values used for normalisation it is
recommended that the experimentalists involved attempt to get out
a standard set of resonance alpha values and renormalise their
measurements to these. The renormalised average alpha values
should be made available to the specialists attending the meeting
and other interested people. The experts finally recommend to
the IATA to continue through its Nuclear Data Unit, in co-opera-
tion with the other centres,; to help in providing the hecefsary
239

information and data for the comparison of the wvarious Pu alpha

megsurements.

4.2 Integral measurements

(a) ZEnergies from ~ 10 KeV to 1 MeV

The cross section adjustment studies made by Barré (Cadarache)
and Rowlands (Winfrith) show that the value of Pu3? alpha should
be raised above the differential measurements of de Saussure et al
(1966) in the energy range 10 KeV to 1 MeV.

The Winfrith study indicates an increase of 10% (with an

accuracy of f 8% for the spectrum averaged value).

The Cadarache study indicates an increase of 16% for the range
9 to 111 KeV and 40% for the range 111 to 821 KeV.

These adjustments could be dependent on the uncertainties
assumed for other cross section data and the integral experiments

. could perhaps be fitted equally well by variations in other cross

239

sectidns, for example = for Pu Inaccuracies in the integral
measurements and calculation methods would also influence the ad-

Justments.

Irradiation experiments in DFR and EBR-I alsc indicate the need

for higher values of alpha in this energy range. However, the

235

measurements in DFR indicate a similar increase in the U alpha
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value and there is some doubvt whether this change could be justified.

235

The EBR-I -egults do not show any need for ‘s change in U alpha

value,

The evidence fur the increase in alphs in this energy range is
therefore inconclusive and it 1s suggested that further detailed

attention should be paid to the data in this energy range.
(v) Energy range 1 - 10 KeV

\
The Schomberg/Gwin data seems to fit the fast integral data
well. This is confirmed in the lower part of the energy range by

the Brookhaven measurements in D20 lattices.

(¢) Data for higher plutonium isotopes

There is little data from integral experiments relating to the
240
Pu

240

capture cross section. Data sets based on the recent Geel
Pu

ments to'within the experimental error.

capture data give agreement with the Karlsruhe integral measure—

The differential measurers agreed to circulats to the members
of the specialists! meesting the results of the renormalisation

studies and to send the detailed data Tto the nuclear data centres.

5e Intercomparison »f Breeding Gain Calculations

(Dr. A.R. Baker of Winfrith attended the meeting for this item
of the agenda.) . .

The Chairman invited the members of the meeting to consider par-

ticipating in an intercomparisvn of breeding gain calculétionéu The
reason for the interest in plutonium alpha was primarily for breeding
‘gain predictions. A standard calculational model weculd be useful.
when a comparison was being made between design studies made by
different organisations using different methbds and cross section
data. The effects of differences in data and methods could be es-
timated by an intercomparison of predicticons made for the standard
model. Dr. Schmidt said that a standard model would also be useful
for assessing the significance of differences in.alpha measurements

and the changes resulting from a renormalisation of the measurements.
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Dr. Chernick pointed out that significant differences could arise

from differences in calculation methods even when these were nominally
the samse. For oxample, different results had been obtained by

different groups for caiculations of ZPR-III 48 made using MCea

Dr. Baker circulated a draft note in which a proposed standard
model was detailed. This had been chosen from the models uscd in
the 1965 Argonne Conference intercomparison study, but a fixed core
size of 2.5 cubic metres had been chosen whereas in the Argonne
models this had been taken to be a variable (the fuel enrichment
being”fixed)n Dr. Baker proposed that the fuel enrichment should
be chosen to give k effective of unity. A standard method of cal-
culation was specified. The properties to he calculated were

neutron balance; critical mass and breeding gain.

Members.of the meeting agreesd to participate in an intercom-
parigon using tleir currcnt cross section data. Dr., Baker said
that he would like to check the specification given in the notc,
sinee he had produced it only that morning, and that he would cir-
culate the spccification within about a weck. Dr. Smith asked
participants to submit their calculations to Dr. Baker within about
two weeks of recceipt of the specification. Dr. Baker agreed to

edit the results c¢f the calculations.

6. Compilation of Integral Ixperimental Data

- Dr, Chernick said that & compilation of integral experimental

data was being assembled‘by Palmedo at BNL, It wes intended that
this compilation would include data measured outside the USA and

Dr. Chernick asked for the co—operation ol members of the meeting

in the production 6f fhe cimpilation. He considered it particularly
important that thosc intcegral experiments which gave information
about plutonium alpha should be included and askzd the members Qf

the meeting to supply.thosc.

Dr. Barré said that a proposal for a standard description of
critical experiments had been made at Cadarache and this proposal

‘had been given a wide distribution.



I
Sume members of the meeting spoke of the difficulties of giving

a concise specification of integral experiments and the need for a
full description of the cxporiment if an accurate test of cross sec—

tion data was to be obtained.

7. Self-Shielding Lffcots in Puss?

Dr. Troianov waised thc question of resonance shielding in
239

Dr., Chernick described the methods of treatiné shielding adop-

ted in the BUL calculations. These included the use of equivalence
principles; collision probability mcthods and Monte Carlo. The
cross section data were generated from'resonanée paramétersa A
change in alpha was accounted for by changing the resonancc fission
widthsu'

Dr. Tekeda described the methods of treating resonance shielding
in the plutonium oxide sample used in the standard resonance spectrum
pile. Shielding factors were calculated for four regions in the
sample. The shielding factors at 1 XeV varicd from 0.66 to 0.77
for the fission cross scecticn and 0.56 to 0.69 for the capture cross
section. By changing the sample size information would bz obtained

about rescnance shiclding.

Dr, Schmidt described a method which he had developed for ob-
taining average fission widths from the measured alpha curve in the

unresolved resonance regions.

Dr. Gwin drew attention to the Idaho Nuclear Corp. measurements
of plutoniuvum alpha made at 2 KeV using a scandium beam. T™wo sample
thicknesses had been used and so it would be possible to obtain in-

formation about resonance shielding effects from these.

8. Concluding Remarks

The Chairman, in closing the mseting, thanked all the members

of the specialists' meeting for their co—-operation.
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