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INDC(NDS)~44/G

REQUEST LIST OF NUCLEAR DATA FOR SAFECUARDS DEVELCPMENT PURPOSES
AS_SUBMITTED TO THE INTERNATIONAL ATOMIC ENERGY AGENCY
BY MEMBER STATESZ

1. Background

The results of a preliminary survey performed in mid-1970 by the
Nuclear Data Section (NDS) on the role of muclear data in the develop—
ment of non-destructive and destructive safeguards techniques, were
summarized in the draft report INDC(NDS)-21/G and presented to the third
meeting of the International Nuclear Data Committee (INDC). The Committee,
after examining the results of this initial survey, considered that
appropriate steps should be taken in Wember States submitting request
lists for nuclear data needed for aafeguards development so that such
requests ars examined and filtered by both the national safeguards
authorities and the national muclear data authorities, to ensure that
requests are fully justified and officially approved. The official
nature of the finally established international request list, which would
be guaranteed by such procedures, is an 3ssential prerequisite for pro-
viding the necessary motivation required to fulfill those data needs.
Towards these ends, appropriate procedurecs have now been established in
certain Member States, and in the case of the U.S.A. these procedures
were outlined in the repurt INDC(U3SA)-33/G. In accordance with those pro-
cedures the Agency has received officially screoned and sanctioned
requests from the U.S.A,, U.5.5.R. and the Federal Republic of Germany.

2. Pregent Status

The list of nuclear data needs from these three Member States has
been merged on the basis 6f increasing atomic number and are given in
Annex IV of this report. The names and addresses of the requestors are
listed in Annex I, whilst the priority criteria which were used in
assigning priorities to each request are reproduced in Annex II. These
priority criteria were used by all of the requestors in the 3 Member
States in question and were originally developed by the group at Los
Alamos (U.S.A.). The Los Alamos criteria were however modified by an
Ad~Hoc Sub-Committee on Safeguards of the USAEC' s Nuclear Cross Section
Advisory Committee (NCSAC). This Sub-Committee was established after the
USAECYs Office of Safeguards and Materials Management (0SMM) responded
to a request from the USAEC's Division of Research concerning participa-
tion in the nuclear data aspects of safeguards technical development.
These modified criteria (Annex II) were subsequently adopted by the INDC
at its fourth meeting (July 1971) and have therefore formed the basis for
priority assignments in the current request list (Annex IV).

The format of the Tequest list conforms to that used in INDC(NDS)-21/G
and the description of the various items in the list is given in Annex IIT.

3. Summary of the Content of the Request List

The list contains some 23 priority I, 76 priority II and 25 priority II.
requests for muclear data needed for the development of active and passive
non-destructive assay techniques.



In addition, the half-~lives of Zr-95, Ru-106, Cs-134, Cs-137, Ba-140 and
Ce-144 and the thermal neutron capture cross sections of Zr-95, Ru~106,
Cs-133, Cs-134, Cs~137 and Ba~140 are needed. The fission yield per fis-
sion event, resulting from thermal neutron fission of U-235 and Pu-239,
of Cs-137, Cs-133, Ru-106, Zr-95, Ba-140 and Ce-144 are also required to
within a maximum total uncertainty of 1 %.

4. Conclusions

At the fourth meeting of the INDC (Bombay, 12-15 July 1971), the Com-
mittee recommended '"that the Agency take the necessary steps to produce as
soon as practicable an official list of miclear data requnsts for safeguards
development purposes'". The request list given in Annex IV is therefore being
submitted to the Committee for its approval prior to the Secretariat
initiating action to have the list of data needs distributed with the scien-
tific and safeguards communities as recommended by the INDC,

The Nuclear Data Section has solicited the views of the Department of
Safeguards and Inspection (DSI) on the structure and content of Annexes II-IV
of this report and the response of the DSI iz given in Annex V., In particular,
the DSI commented that regarding the question of {erminology it would be better
to use the term "muclear material” rather than "special nuclear material' in
the priority criteria (Anmex II) since the former is defined internationally
whilst the latter is essentially defined by, and used in, the U.S.A. Turning
to more substantive matters, the DSI noted that, though it was somewhat
apprehensive about too wide a circulation, at an early stage, of the finally
approved request list, they had no objection to the distribution of the final
ligt to the parties listed below. However, in such an eventuality it should be
made clear that the list has been drawn-up from requests originating in a few
Member States and that the DST is not, at the present time, sponsoring a world-
wide circulation of nuclear data needs for safeguards. This the DSI considers
important so as to avoid the impression that the DSI are urgently in need of,
for their present purposes, the nuclear data requested in tha list. Bearing
these limitations in mind, it is proposed to have the finally anproved list
digtributed as an INDC document to the following groups:-

1, The requestors themselves, their institutes and the national
miclear data and safeguards authorities in their countries.

2., Other safeguards development groups in Member States and other
relevant international organizations.

‘3. Experimental nuclear physicists and their respective funding
agencies, in a position to perform the required measurements.

4, Bvaluators (both of neutron and non-neutron data) of
experimental nuclear data.

Since some of the specialists in groups 3 and 4 above are unlikely
to have much notion of the various technical aspects of safeguarding
nuclear material, the DSI has agreed to prepare a short introduction to the
final approved request list outlining the role of non-destructive measure-
ments in the accounting function of a safeguards system. This summary will
highlight a few selected applications of non-destructive techniques at spaecific
fuel cycle points and discuss some of the developmental problems.
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Turning to the priority oriteria given in Annex II, tLhe DSI observed
that these criteria continue to present it with some problems. Since for the
time being nuclear data measurements as such have been given a rather low
priority in its (DSI) overall development programme, it is somewhat difficult
for them (DSI), at the present time, to consider the criteria for assigning
priorities to the needed data. This situation may change in the future, when
they (the DSI) may be able to form a clearer picture about the needs for better
miclear data to improve existing non-destructive assay or to develop new tech—
niques for safeguards.

One highly relevani point whicn the DSI recalled was that in most cases
of applying safeguards one only makes relative measurements in the field and
the accuracy of nuclear data doec not malter - unlike the case of reactor core
design calculations where one is seeking to calculate absclutely. A standard
is available for comparison with the sample under interrogation or an item is
chogen ag a standard. These factors therefore indicate that one is more con-
cerned with the reproducibility and precision of ones instrument, stability
of electronics or background counts, etce rather than with the accuracy of
cross sections, yields or half-lives.

The Committee now hag before it an officially screened and sanctioned list
of requesgts from 3 Member States and this, along with the views of the DSI,
should enable the committee to pass its Jjudgement on the content of the request
list, the distribution catemgory of the finally approved list and such other
matters as it may consider to be of relevance.
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A. Bremsstrahlung and Photon Induced Active Technigues

Lists of nuclear data neads have heen formulated by Bramblett (U.S.4.),
Markov (U.S.S5.R.) and Frdhner (F.R.G.). Bramblett's needs relate to the
total neutron yield produced by bremsatrahlung for fertile and fissile
nuclear materials as well as for certain non-nuclear materials. In addition,
the delayed neutron yield and fission product delayed Y-ray yields produced
by bromsstrahlung from fertile and fissile materials are also required.
Markov's needs concern the fission product yield, fission cross section
ani to*tal neutron yield, as functions of the incident Y-ray energy, for
Pu-238, Pu-241 and Am-24lj whilst Fréhner's requests deal with the photo~
neutron (Y,n) spectra, for neutron energies between 0-100 ¢V, for U-235,
U~238 and Pu~239, One of the principal characteristies of these requests
is that in most cases the data simply do not exist and hence an extensive
measurement programme is implied.

Be. Neutron Induced Active Techniques

Data on delayed neutron yields resulting from high energy (Mev) incident
neutrons are needed by Weisbin and Walton (U.S.A.), Markov (U.S5.S.R.) and
Stegemann (F.R.G.). Delayed neutron emission probabilities for Rb-92, 93
and 94 and the half-lives of the delayed neutron precursors Rb-92, 93, 94,
I-139 and Br-88 resulting from U~235 thermal fission have been requested by
Maksyutenko (U.S.S5.R.). Weitkamp's (F,R.G.) requests are for data on the
thermal and 2 Kev neutron capture Y-ray spectra of fissile and fertile
materials. In addition, delayed fission Y-ray spectra and yields as a funce
tion of delay time for Mev neutron fission and thermal neutron fission have
been requested by Kouts (U.S.A.) and Weitkamp (F.R.G.) respectively. Weitkamp
being concerned with delay time intervals of less than 1 cecond, whilst for
Kouts delay times from IQJZ sec. up to 1 hour are of interest.

C. Burn-up Calculations

Neutron cross section data (fission and capture) for Np-237, Pu-238,
Pu-24)l and Am-241 have been requested by Fischer (F.R.G.) for burn-up
calculations.

D, Calorimetry

Decay heat data for Pu-240 and Pu-241 are needed by Schneider (F.R.G.)
for calorimetric Pu determinations. In the case of Pu-241 an order-of-
magnitude improvement is requested in the total % uncertainty of the specific
decay heat (milliwatts/gramme)'which is at present only known from direct
measurements to about + 5 %.

E. Passive Assay Techniques

Skvortsov and Miller (U.S.S.R.) have formulated a series of data
requests for the assay of spent fuel elements by the analysis of Y spectra
from fission products. Amongst their data requests are the yields of
Y-quanta per B~decay event of Zr-9%, Ru-106, Cs-134, Cs-137, La-140 and Ce-144.
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Annex T

Names and Aiddress of Hequestors: -

Dr. R. Bramtlett,

Dre EcA. Fisclar,

Dr. F. Frdhner,

Dr. H. Kouts,

Dr. B.P. Izksyutenko,

Dro. V.K. karkaev,

Dr. O.A, M ].1@1',

Dr. V. SChneidGTL

Dr. S.A. Skvorisov,

Dr. D. Stegemann,

Dr. R.B, waltﬁn,

Dr. C. Weigbin,

Dr. C. Weitkamp,

Gulf Energy and Environmental Systems Ince, P«0.Dox
608, San Diego California 92112, U.S.A. (formerly Gulr
Radiation and echnology Inoc.

Institut flr Angewandle Reéﬁtortechnik, Gesellschafl
f{ir Kernforschungs mbH, 79 Karlsruhe, Postfach 3640,
Fed «Repo of Germanye.

Institut £fr Angewandte Keruphyaoik, Gesellschaft filr
Kernforschung mbH, 75 Karlsruhe, Postfach 3640, Fed.
Rep. of Germany.

Present address: 0.E.C.D. Neutron Data Compilation

Centre, B.P.lo. 9, 91 Gif-sur-Yvette, France.

Brookhaven National Laboratory, Upton, New York 11973,
UeSaA.

Institute Tor Physics and Energetics, Obuninsk, Kaluga
Region, U.S-S.'l.

Institute for Geo—~ and Analytical Chemisiry, lloscow,
UOSCS!RQ

1.V. Kurchatov Instiiute of Atomic Encrgy, Moscow,
U.S5:5.R.

ALKEM~Alpha~Chemie and Matallurgie OGmbH, 7501
Leopoldshaten, Ied.Rep. of Germanye.

T.V. Kurchatov Institute of Atomic Energy, Moscow,

U.5+5.Re

Lehrstuhl und lInstitut fUr Kerntechnik, Technische
Universitit Hanncver, Elbestrasse 384, 3 Hannover,
Fed.Rep. of Germany.

Los Alamos Scientific Laboratory, P.O.Box 1663,
Los Alamos, ¥ew Mexico 87544, U.S.A.

Los Alamos Scientific Laboratory, P.0.Box 1663,
Los Alamos, New Mexico 87544, U.S.A.

Institut flir Angewandte Kernphysik, Gesellschaft
fiir Kernforschung mbH, 75 Karlsruhe, Postfach 3640,
Fed .Rep. of Germany.
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Priority Criteria Used in Assigning Priorities to Nuclear ] ta Requests

for Saferuards urposess.

First Priority ~ (1)

First priority shall Le given 1o those reguests for nuclear data
that

(l) are necessary for the refinement of an existing technique
in order to bring its accuracy to within acceptable limits
for safcguards purposes, or

(2) are essentizl for the development of & new and promising
technigue for the nordestructive ussay and control of Special
Nuclear laterial in amounts that are significant to the
safeguards systeme.

Second Priority - (I1)

Second priority shall be given to those requests for nuclear deta
theat

(1) are essential for the use or interpretation of an existing
or proposed technique for nondestructive mssay and that
are now obtained either by extrapolation or by an empiri-
cal method but for which experimental confirmation is de-
sirable, cor

(2) are necessary for the development of a tcchnique for non-
destructive assoy that may reasonably be expected to be
useful for safeyuards purposes.

Third Priority -~ (III)

Third priority shall be given to those requests for nuclear data
that

(1) may be needed for the nondestructive assay of materials not
now included in the safeguards system but that are likely to
be in the future, or

(2) are necessary for the assessment or elimination of miror
sources of error in the assay of Special Nuclcar Material, or

(3) are needed for the exploration of new techniques for non-
destructive assay for future applications, or

(4) may be needed for the development of new techniques for non-
destructive assay for which the required technology does not
now exist but which may reasonably be expected to in the future.
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Annex I1II.

Descripvion of iibc Headings in the Reguest Iist.

The seqguence ard meaning of the entries in the list given in
Annex IV are as follows: -

1«) Request Numbor (Reqg.lio. ). Referances only certain U.S.A. requestn
which alse occur in the U.S.A. request 1iat for neuiron datn measurements
needed for rneacter develonment.

2.) Target. The atenmie nomber-~shemical symbol-mass number are
indicated lor the torgel nuclicus {for uclive wnuuay) or the nucleus of
interest (for pussive acsuy).

3¢) Reaction Tyne (Quantity and Variotle). Phe Reuction Type is
expressed in terms of the phyeical Quantity needed (e.r. haulf-life,
fission yield etc.) and, if uecessary, the Variable (e.g. fission produch

¥ —ray spectra as a function of delay tine ).

4+) Priority. The priority (I,I1 or IIJ) assigned to the needed duln
is indicated ir. this field. The priority criteria used by all requostors
are given in Annex I1l.

5¢) Incident Erersv. The minimun and marinum energies of the incident
particle are indicaled in this field. Unless otherwiss stated, neutrons
are the incident particles. Incident electrons and photons are denoled
by the symbols Ee and E y respectively.

6+) Accuracy Required. The accuracy to which tho requested nuclear
data is needed is indicated in this column. Generally, the accuracy
needed for the development and testing of technigues and instruments may
be quite different from thut required for the final application. The
accurecies have rnot been breoken down by the requestcrs into the random
and systematic components - instead they have indicated the total %
accuracy required ior the needed nuclear dataj; this has been taken as a
quadratic sum of the two componenis.

7. ) Laboratory/Organization (LathOrg.). The abbreviaied name of thc
requesting laboratory, with the organization in parenthesis, is given in
this field. The Member State is indicated directly below, also in paren-
thesise.

8.) Requestor., Comments, Status, Justification. The requestors name
is first stated. This is followed by relevant Comnents in which further
specifications about the request are indicated, such as, special
experimental conditions in performing the measurements needed to satisfy
the request. This is followed by statements regarding the Status of needed
data. Under Status, either remarks on existing or forthcoming measurement
or evaluation work are given, or a statement made whether no nuclear data
exist at all for the reaction in question. IPollowing the Status remarks
comes the Justification for the request, such as whether the data are’
needed for burn--up caleculations, passive ‘kr—ray scanning of spent fuel
elements, active photonucleur essay etc.

9.) Year. The yearlin which the request was originated is indicated
in this lagt column.
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Annex IV.

International) RBequest Tist of Nucleoar Data Heoded for the Development of

Safeguards Techniques,




REQUEST LIST FOR NUCLEAR DATA FOR THE DEVELOPMENT CF SAFEGUARDS TECHNIQUES g

Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % Accuracy Lab/Org. Requestor,Comments,eic. Ye. r
1=D=2 (xgyn) I E_=Threshold - 10 %  GRT(OsMM) Bramblett T
10 Mev (usa)
AE=1%

Comments: Total neutron yield produced by bremestrahlung required. Absolute 4T yield per electron is
required. Emergent neutron flat-energy response. Bremssirahlung converter (preferably Ta) of
sufficient thickness tq stop electrons.

Statua: No useful data and calculations insufficient.

Justification: Standard for non-~destrucitive photonuclear assay.

3-Li-6 (xx,n) 111 E_ =Threshold - 20 % GRT (0SMM ) Bramblett 72
10 Mev (usa)
1
AEe = 1 % No)
1
Comments: Total neutron yield produced by bremsstrahlung required. Bremsstrahlung converter (preferably
Ta) of sufficient thickness to stop electrens. Neutron yield may be relative to D~2 (xJ/,n)
yield or may be absolute.
Statust Ne useful data.
Justificationt Batkground sffect on non~destructive photonuclesar assay.
25 4
4-Be-9  (n,p)Li’ Be?" 11 14 Mev 10 % I(JASL~ Weisbin and Walton 70
n usa)

Comments:t Delayed neutron yield required.

Statust Preliminary measurements at LASLj measurement of Alburger Phys. Rev., 132 , 328 (1963)
at 16 Mev. ———

Jugtification: Background in delayed neutron assays.




Req.No. Target Quantity Variable Priority Incident Energy % Accuracy Lab/Org. Requestor,Comments,etc. ZYcar
4-~Be-9 (n,p)Li?_If Be”" P(E . ) I 14-16 Mev 0% GEOHI Markov 71
L n {ussr)
Commenis: Delayed neutron yield required.
Status: Alburger, Pays.Rev., 132, 328 (1963)
Justification: Allowance for background in delayed-neuirop counting.
4-Be~9 (xy,n) 1I Eo=Threshold~10Mev 20 % cx(w(o.;,uu) Bramblett 70
UsSa
AE = 1%
Comments: Total neutron yield produced by bremsstrahlung required. Bremsstrahlung converier
(preferably Ta) of sufficient thickness to stop elecirons. Neutron yield may be relative
to D-2 (xx,n) yield or may be absolute. )
Statusgs: Yo useful data.
Justifications Background effect on non-destruntive photonuclear assay.
6-G-13 (xr,n) 11 E =Threshold-10Hev 20 % GRT(OS¥M) Bramblett 70
aE, - 1% (Usa)
Comments: Total neutron yield produced by bremsstrahlung required. Bremsstrahlung converter
{preferahly Ta) of sufficient thickneas to stop electrons. Neutron yleld may be relative
to D~2 (xy,n) yield or mey be absolute.
Status: Xo useful data.
Justification: Background effect on non-destructive photonuclesar assay.
8-0-17 (xgyn) ‘ 1T E,= Tbreshold-10 Kev 20 % GRT{OSMY) Bramblett 70
AE, = 1% (usa)

Comments: Total neutron yield produced by bremsstrahlung required. Bremsstrahlung convertex
(preferadly Ta) of sufficient thickness to stop eleoctrons. Neutron yield may be relative
to D=2 (xg,n) yield or may be absclute.

Status: No useful data.
Justification; Background effect on non-destructive photonuclear zssay.



Reaction Type

Req.No. Target Quantity Variable Priority Incident Bnergy % Accuracy Lat/Crg. Requestor,Comments,eic.
30-2r-95 Yield of Yy-quanta 11 1% IAE Skvortsov and Miller
per /9~ decay event (USSR)
Comments: Different values are quoted in the literature. Determination to within 1 % is required.
Statuss N.G. Gusev, "Protection against J -radiation from fission products," (Manual)
Moscow, Atomizdat (1968).
R.S. Forsyth et.al., 1970 IABA 5; “posium on Safeguards Techniques, Karlsruhe
Vol. 1, p.521 (1970).
S.Hiller, Kerntechnik, 12, No. 11, 485 (1970)
Nir-El, Israel Atomic Energy Comm. (Repts)No. 1168, 70-71 (1963)
Jugtification: For assay of U and Pu in fuel elements from fission product g ~radiation.
40-2r-95  Half-life II 1% IAE Skvortsov and ¥iller
' (UsSSR)
Commentss Different values are quoted in the litcrature. Determination to within
1% is required.
Statuss N.G, Gusev, "Protection against Y -radiation from fission products," (Manual )
Moscow, Atomizdat (1968). i
R.S. Forsyth et.al., 1970 IAEA Symposium on Safeguards Technigues, Karlsruhe
Vol. 1, p.521 (1970).
Justificationt For assay of U and Pu in fuel elements from fission product A/ ~radiation.
40-2r-95 o (n, X) 111 Thermals 0.06 eV 5 % ](ZAE ) Skvortsov and Miller
USSR

Commentss Determination to within 5 % required.
Status: Data unknown.
Justifications For assay of U and Pu ip fuel elemenis from fission product b,-radiation.

N T8

70

0

70




Reaction Type

o

Reg.No. Target Quantity Variable Priority Incidant Energy % Accurary La‘b/Ors. Hogquester, Commonts,etc. Ysc
44-Ru-106 Yield of )-gquanta 11 3% IAE Skvortsov and Miller yie
per f3-decay event {UssR)
Comments: Different values are quoted in the literaturs. Tetermination 4o within 3% required.
Status: O.A. Miller et.al., .Soviet Atomic Energy, 27,281 (1969)
R.S. Forsyth et.al.,1970 I4EA Symposium on Safeguards Techniques, Xarlsruhe,
Vol.l, p. 521 (1970).
Jugtifications For assay of U and Pu in fuel elements from fission product 8/—radiation.
44-Ru-106 Half-Life I 1% 148 Skvortsov and Miller ¢
(UssR)
Commentss Different values are quoted in the literature. Determination to within 1 % is
required.
Statuss O.As Miller ete.al., Soviet Atomic Fnergy, 27, 281 (1969) .
N.G. Gusev,"Protection against Y -radiation from fission products", (Manual ) —
Moscow, Atomizdat (1968). N
ReS. Forsyth et.al., 1370 IAEA Symposium on Safeguards Technigques,Karlsruhe, 1
Vol. 1, p¢521 (1970).
Justification: For asssy of U and Pu in fuel elements from fission product ) -radiation.
44-Ru-106 & (n,y) III Thermal; 0.06 eV 10 % : IAE) Skvortsov and Miller 76
USSR

Commentss Different values are quoted in the literature. Determination to within
10 % is required.

Statuss M. Goldberg et.al., Neutron Cross Sections, BN1-325,S.E. V.IT B, Suppl.¥o.2 (1966)

Justificationt For assay of U and Pu in fuel elements from fission product Y -radiation.




Rsaction Type

kegeNo+ Target Quantity Variable Prierity Incident Znergy % iccuracy Lab/Urg. Fegueater.lcmmenis.sit. Tenx
55-Cs~133 o= (n, y) 11 Thermals 0.05 eV 34 (IAE y Skvortsov arnd Riller B
USs2
Comments: Different values are quoted in the literature. Determination to within 3 %
is required.
Status: ¥. Soldbers et.al., Neuiron Cross Sesiiona, 3BNi~325,5.8. V. IT 3, Suprl. No. 2 (1266)
inalyiic Chem., 37 , 351 {(1963)
Justification: For assay of U and Pu in fual elsmenis from fission preduct y-radiazisn.
55-Cs-134 g (nyy) 11 Thermali 0.06 eV 34 IAE Skvortsav and Eiller kD!
: {US3R)
Comments: Different values are gquoted in the literature. Determination te within 3 % ie rezuired.
Status: M. CGoldberg et.al., Neuiron Cross Sections, 3NL-~325,S.E.V. II B, Sunpi. No. 2 {1356) 1
Justification: For assay of U and Fu in fuel elements from fission product (-:&dia‘. ion. o
A
55-Cs-134 Half-Life 1 1% IaS Siavortsoy and Miller o]
(USSR}
Commonis: Differeant values are quoted in the literature. Jetarmination to witsin i % is
required.
Status: 0.4. Miiler et.al. Soviet Atomic Emergy, 27, 281 (1962)
R.S. Forsyth et.zl., 1970 IAEA Symposium or: Safeguaris Technijues, Farlsruha,
Vol.l, p.521 {1370}
Justification: For assay of U and Pu in fuel elements frox fission product J'-radiatien.
55-Cs-134 Yield of ¥-guania I 1% IaT Skvortsov axd Miller 73
: per fi~decay even’ {tsey’

Cozmentis? Different values are quoted in the literature. Deterzination to within 1 %
is reguired.

Statuss R.S. Forsyth et.sl.,, 1970 IAEA Syamposium on Safeguards Techniques, Xarlsruhe,
Val. i, p.521 (1970)
Bucl.Sci, ard Engin., 22, 416(2965)

Justification: For assay of U amd Pu in fuel elements from fission product a’—radiation.



Reaction Type

Reg.No. Target Quantity Variable Priority Incident Energy 9% Accuracy Lab/Org. Requestor,Commenie,aic. Tear
55-03-137 Yield of < 1% IaE Sivortzov and Milier 70
¥ —quanta psr {UussRr)
ﬁ-decw event
‘ Comments: Different values are gicied ir the liicrature. Determingiion to withzn 1 % i3 required.
Statuss snalytic Chem., 37. 351(19565)
S. Hiller, Kermtecinik, 12, Yo. il, 435{1970}
R.S, Tersgyih e;-a.l., 1570 IAZS Sywposium on Safeguards Technigques, Xerlsruha,
Yel. 1, p.521(1970
Justification: For assay of ¥ and Pu in fuel elenenic from fiasion product Y-;a.d‘ 23ion.
§5-Cs-137 Half-Life p 14 Iaz Jzvorisev and Tiller 0
(uss2:
Commenis: Diffarent values ars ~uoted in ihe literaiure. Determination to within . % is required,
Status: V.A. Greshilov et.al.,"Products of prompt fission of U-235, U-233 zxd Fu-237 from .
0 to 1 hour”, (Matual), Xoscow, Atomizdal {1959).
J. of Inorganic Nucl.Chem., 27, 121 (1965) g
R.S. Forgvik et.al., 1670 IiZa Symposium on Safeguards Technigues, Karlsruie, '
Vol. 1, p.521 {1970)
Justificetion: For assay of U and Tu in fuel elements from fission product y—:adia.tiun.
55~Cs-137 6 (n, K) II Tharmal: Q.06 eV 10 % 122 Skvortsav and ¥illar 70
(r3s2)
Commentss Different values are qucted in the literature., Determination to witain 10 % is required.
tatus: f.Goldberg et.al., NHeutron Cross Seciions,BNL-325,S5.B.V.11 B,Suppi.io.2 {1956}
Justificationt For essay of U ané Pu in fuel elements from fission product y —radiation.
56-Ba~140 Half-Life iI 1% IAE Skvorisov and Miller 73
(USSR

Comments: Different values are quoted in the literature.Dgtermination to witaik 1 #% is required.

N.G. Gusev,"Proteciion against Yy-radiation from {ission products", {¥anual)

Status:
Moscow, Atomizdat (1563).

Jugtification: FPor asszy of U and Pu in fuel eiemants from {ission product 1—’—"1 iaiion.




Reaction Type

Req.No. Target Quantity Variable Pric>ity Inzident Energy % Accuracy Lab/Crz. PReguestor,locments,ate. Yasr
56-Ba-140 & (n,y) Iil Thermals; 0.06 eV 5% IAE Sxvortsov end Xiller 7c
. (ussh)
Conments: Determination to within § % required.
Statust Dats unknown.
Jusiification: For assaey of U and Pu in fuel elements from fission preduct y -radiaiion.
57-1a~140 Yield of IT 1% IAD Skvortsov and Miljer 76
X-quanta per {UssRe)
p-decay event
Comments: Different velues ara quoted in the literature. Determination to witain ) # is reguired.
Status: ¥.G. Gusev, "Proisciion against Y—radia‘uion from fission producis”, (ianual) §
. : 4 -~
Xoscow, Atomizdat {19638) hed
Justification: For assay of U and Pu in Tuel elements from fission product J-radiation. ¢
58-Ce-144  Half-Life 1I 1% IAE Sxvorisov and Miller 70
(US3R}
Corments: Differernt vaiues sry gqucied in the literaturs. Deteraination to within 1 % is roguired.
Statug: N.G. Gusev, "Proieciior against y-radiation from fission products™, (Karial)loscow,.tomizdat{1543)
V.A. Greshilov et -L‘.L "Products of prompt lfissiorn of U-235,U-233 and Pu~239 from
€ to 1 hour", (larual}, Nosccw, Atomizdat {1969).
Justification: Fo: assay of U and Pu in fusl =lements from figsion product 3—;36.1 1tion,
58-Ce~144 Yield of iz 1% 14K 3kvortsov ani Miller 70
Y-quanta per {U3SR)

fi-decay event

Conrents: Different values are guoted in the literature.Determination %o witzin 1 % is

Statuss N.G. Gusev,"Protection against b/-radiatio‘. from fission products", {¥arual)
M¥oscow, Atomizdat (1958}.
S.Yiller, Kerntecknik, 12, No. 11, 485 (197C)

Justification: For assay of U and Fu in fuel elemenis from fission produet X—radiatio:.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % sccuracy Lab/Org. Requestor,Comments,atc. ear
T ' b 2 em 1d- e
90-Th-232 (xy,n) Iz 8,=Threshold-10 kev 104 3RP(08:3:) apebless -
Ase =1% {usa)
Comments: 4% neutron yield (including fission) prn&uced by tremsstrahlung reguirec.
Bremsstrahlung converter (preferavly Ta) of sufficient thickness to z2isw
electrons. Neutron yield way te relativg to -2 \xx,n) yield or may 2e z.:adlute.
Status: Gozani et.al., Trans.Amwerican Nuzl.Scc., 13, 707 (1970} - Relative dats.
Katz et.a;., Canadian J. of Physics, 35, 470 (1957}.
Justification: 2llow non-iestructive photonuclear asssy of Th mixtures.
90-Th-232 Delayed-N-Y N{t) 1 Ee-"l‘ reshoid-10 XYev 10 % GRT{03MN) Bramblast 7o
f/ ‘,
AT =1 A (US4
e
Comments: Delayed neutron yield produced by bremssirahlung rsquired.
Bremsstrahlung converter {preferadvly Ta) of sufficient thickr-sa
to stop electrons.Neutron rield may be relative to D-2 fxy,n) yieid or may
be absolute. )
Status: Gozani et al. Trars.Aserican Mucl.Sec., 13, 707 {1970)-Relative data. =
Xatz et.al., Cana2ian J. of Fhysics, 35, 470 {1957). \
Justification: To ailow non-destructive photonuclear assay of Th mixtures,
90~Th~232 Fission P(E,,r.) I1x B, = 10 Hev 16 4 7 (CS¥M ) Bramtleit C
Product 2 =54 SA

X.Y(l msec~1 hour)

Comments: Absolute fission product delayed Yy -ray yield produced by bremssirablung required.
Bremsstrahlung converter (preferatly Ta) of sufficient thickness to stop electrons.
Emsrgent Y-ray energies, F‘Y = 0.5 - 5.0 Mev with AE)" 3 Kev.

Status: Rundquist, Trans. American Nucl.Sec., 13, 746 (1970) - Preliminary data.

Justification: For non-destructive photonuclear assay of Th mixtures.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Emergy % Accuracy b/Org. equestor, Cozments,ete. Yezxr
90 ~Th-232 o(n,r) I i-15 Mav 5% IXT{TUH) Stegemann T
(FRG}

Comments: Pission cross section regquired to within 5%.

tatus: Ben-lavid, IABA-1C7, ST (31963) review up ¢ i4 Mev.
Bak et al., INDC(WDS)~36/G (1971) and J. of the Korean luclear Sociaty,
3, 77 (1971).

Justification: Standard for non-desiruciive assay of spherical fuel elemenis.

1-15 Mev % IXT{TURE) Stagemann 7O
{FRS)

-1

90-Th=232 v Prompt

-~

Comments: Average number of prompt neutrons per reutron induced fission required.

1) evaluation up %o 15 Hev.
luation to be published ir itomic

Status: Davey, Nucl. Sci. and 3ngin, 44, 345(197
lznero et al., INZC{NI§)-34/C {1972) eva

1
Enargy Review {1972) s
i
Justification: Standard for ron-desiructive assay of spharical fuel elezents.
90-Th-232  Delayed~¥-Y PIZ_.) I 1-15 Yev 5% IKT{TUH ) Stegemann 72
o (FRG
Rt

Comments: Delayed neutrorn fraction, ﬁ‘;, reguired.
tatuss Krick e% al, NCSAC-31, 155 {1970). Preiiminery results up to 15 Hev.

Justification: Standard for non~degtruciive assay of spherical fuel elementis.




Reacticn Type

Rq.No. Terget Quantity Variable Priority Incident Tnergy % Accuracy Lab/Crg. Requeator,Corments, etc.  Yoar
D
348 90-Th-232  Delayed ~y-¥ P(EJ,T/L) Ir 2 and 14 Yev 35 4 m(ogm) Xouts 52
{Usa
Commentis: Accuracy requested refers to relative intensities of delayed Yy -rays {ror noutron
induced figsion feor 33’72 Mev and 10/.-.sec ZT'/;_‘Z 1 hour. ATsolute k/-m\’.‘ yieléds
to o factor of 2 also useful.
Status: R.Chrien, (3¥L unpublisked) has some data fér U-235 and Pu~235.
N.R. Large and R.J. Buliock, 1965 IAEA Symposium on Physics and Chemisiry of Pission,
Vienna, p.637 {196G); prssented scre data for U.
Jugtification: Zackground effscis in asasy of U-233 - Tk-232.
92-U-233 (xgﬁn) I Een Tkreshold-10 Mev 10 % grT{osw Bractlett 16
froa
AE =1 % (usa,
e
Commenta: MNeuiron yield {incl::ding fission) produced by bremsstrahlung required. Bremsstrahlung
converter preferably Ta) of sufficient thickness to stop electrons. lNeuiron jyield )
may be ralative to D=2 (xy,n) yield or may te absoiute. i
Status: Katz et.al., Canadiun J. of Pnysics, 35, 470 (1957). ';
Justification: To alliow non-destructive phosonuclear assay of U-233.
92-U-233 Deleayed-~N-Y H(t) I E, = Threshold-10 Vev 10 % crr(0s:32!) Brazblett To
IU o
D, =1 (Usa)

Comments: Delayed nnutren yield produced by bremssirahlung required. Brem§strzhluns convertar
(preferably Ta) of sufficient thickness to stop electrons. Neutron yield may be
relative to D2 (xx,n) yield or may be absolute.

Status: Fo detae.

Justificetion: To azllicw non—testructive photonuciear assay of this SNK.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % sccuracy L2b/Org. Requesior,Cozments,esc  Tear
92-U-233 Figsion Product P(Ea,,t) Iz E, = 10 Xev 10 % GRT(0S1L:) Bramblett )
.\
ty(l msec— ) hour) . AB, =5 % (usa)
Comments: Absolute fission product delayed Y-ray yield produced by bremastranlung reguired.
Bremsstrahlung converier (preferably Ta) of sufficient thickness ic =top electrons.
Emergent Yy -ray energies, Exa 0.5 ~ 5.0 Nev-with AE;:: 3 Xev.
Status: Ko data.
Jugtification: For non-destructive photonuclear agsay of this SNX.
364 92-U-233 Delayed-y-Y  P(Zy,7%) I 2 and 14 kev 354 ErL{estl) Fouts £9
(Usal
Commentss Accuracy requssied refers to relative inltensities of delayed y -r:ys {rom nesuiren
irduced fission for E3’72 Yev and 10/-'.sac ’Zsz’Z 1 bour. Absolute y-rny yiells
to a factor of 2 also useful.
Status: Re. Chrien, {BJNL unpublished} has some data for U-233 and Pu-23G.
N.R. Large and R.J. Bullock, 1969 IAZ4 Symposium on Physics and Chezistry of Fiasion, '
Vienna, p.537 (155%); rresented some data for U. =
Justifications assey of U-235 fuzls.
92-U-234 (xy,n) II T, = Threshold ~ 10 ¥ev 30 % GRT(osux) Eramblett ™2
{TSad

AR =1%

4% neutron yield (including fission) produced by bremsstrahlung reg:ired.

Comments:
Bremastrahlung converter {preferacly Ta) of surficient thickress o atopn
N A Y s - -
electrons. Neutron yield may be relative to D=2 (xx.n) yield or oar te abtsoliute.
Status: o data.

Jugtification: Effect on non-destructive photonuclear assay of U-233 and U-235.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % Acouracy iab/Crg. Beguestor,Comments,etc. Year
G2-U~234 Delayed-N-Y N(t) IIf E_=Threshold~10 Xev 304 GRT{J5MH ) Bramblett 70
{Usa)
AE =1%
e
Comments: Delayed neutron yield produced by bremssitrahlung required.
Bremsstrahlung converier (preferably Ta) of suffiocient thicu:ass
to stop electrons. Neutron yield may be relative to D=2 (xxgn) yialid or =may
be absolute.
’ Status: No data.
Justification: Effect on non-destructive photonuclear assay of U~233 and U-2335.
92-0~234 Fiasion Produci P(Ex,t) III B, = 10 Mev 0% SRT(S5M ) Bramolett 73
x..)l(l msec-1 hour) AEe .54 - (Usa}
Comment3: Absolute fission product delayed Yy -ray yield.produced by bremss:rzhluag reguired.
Bremssirahlung converter (preferably Ta) of sufficient tkhickness tc stop elecirons.
Emergent X—ray energies, E(s 0.9 ~ 5.0 WMev with 433,: 3 Kev. s
Status: Yo data. w
Justification: Effect on non—-destructive photonuclear essay of ¥-233 and U-235. ¢
92-U-235 Fission Product P(E3') 11 Thermal +15% LAaSL Weisbir and Walzon 7C
¥ ~ray spectra sosolute yield. (USa)

and yields.

Comments: Fission product Yy -ray aspectra for Y ~ray erergies, Ey = 0.25 - 5 lev,
and yields (photons/tission - Mev —~ sec) from 1 msec - 12 hours resulting
from thermal neutron fission required. Ge{li) resolution at 1.2 Newv
should be 2.5 Kev and absolute yields to + 15 4 accuracy.

Status: ®alton and Sund, Phys. Rev., 178, 1894 (1969)
Fisher and &ngle, Phys. Rev., 134, B796 (1964)
F.C. iaierschein et.al., 1958 Geneva Conference on Peaceful uses of Atomic
Bnergy, Vol. 15, 366 (1958).
Setter resolution desired. Associate ¥ —rays with fission products if nossidie.

Justification: Non-destructive assay of U-235.



Reaction Type

Req.Ro. Target Quantity Variable Priority Incident Znergy % Accuracy Lab/Org. Requestor,Comments,etc. Year
92~U-235 6'(n,f) by Thermal=-15 Uev 3% IKT(TUH) Stegemann 70
. {FRC)
Comments: Fission cross section required to within 3 %.
tatus: Sowerby et al., AERE-M-2497 (1972) simultaneous evaluation from 100 eV ~ 20 Nev.
) WARD-4210 T4-1 (1972) recent evaluation for ENDF/B-III library.
Steen, WARD-TM~691 (1945) evaluation from thermal up to 14 Mev.
Boroughs et al., GaA-8854 (1968) evaluation from 0.01 - 10 Mev.
Justification: Standard for non-destructive assay of fuel elements.
92-U-235 e Prompt I Thermal-15 Mev 3% IXT {TUR) Stepemann 7¢
(FRG)
Commentst Average numdor of promp! noutrons psr neutron induced fission reguired.
tatuss Davey, Bucl. Sci. and Brgir ., 44, 345 (1971) evaluation up to 15 Xev. '
Marero et al., INDC{KDS)-34/G (1972) end io te published in Atomic Energy o
Review (1972) evaluation up o i Uev. =
father et al, AWRE~I-55/71 (1971) evaluation up *o 15 Mev, 1
Borougns et al.,0A-3854(1253) evaluation up to 15 Mev. )
Colvin, 1950 IAEA Symposium on Physics and Chemistry of Fiasion, p. $30 {196%) evaluation
up o 14 lav.
Jugtification: Standard for non-desiructive assay of fuel elements.
92-U~235 Delayed-N-Y P(Er;) I Thermai~15 Mevw 5% I%T(TQH) Stegemann 10
: FRG)

Comments: Lelayed neuiron fraction, 7&, required.

Status: fmiel, 1969 IAEA Symposium on Physic¢s and Chemistry of Fission, p. 569 (1969);
review from thermai~15 lev. i
Krick et al., WASE~1155 156(2570) preliminary results )
Manerc et al,, INrc(ﬁnsS-34/c {1972) and io be publisked in Atomic Energy Review
(1972).

Justification: Standard for non-desiructive assay of fuel elemenis.



Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy # Accuracy Lab/Org. Requestor,Comments,etc.
92-U~235 Delayed-N-Y - VD II 5 = 14 Mev 5% LASL Weisbin and Walton
(usa)
Comments: Delayed neutron yield required. Data desired for extrapolation to 15 ¥ev.
Status: Hunter, LA-35273 evaluation to 2.5 Mav.
Masters et.al., American Nucl.Soc., 11, 179; measuremsnts at 3 and 14 Mev.
Krick and Evans, Preliminary data (LASL), 0.1 - 6.7 Mev.
Justification: Calculations of moderating assemblies for U-235 assays.
92;0;235 Delayed-N Precursor ITI Thermal 5% FEIL Maksyutenko 7
Half-Lives (Gssr)
Comments: The half-lives of Rb-~92, Rb-~33 and Rb~34, I-139 and Br-88 are anomalous. The
half-lives of these delayed neuiror precursors, resulting from thermal neutron
fission, should be measured more accurately - to 5 %.
Statuss S. Amiel, 1969 IAEA Symposium on Physics and Chemistry of Fission, Vienna,
pe 569 (1969). ;
Justificationt PFor interpretation of delayed-neutron data.
92-U-235  Delayed~N Emission III Thermal 5 % FEI Maksyutenko -

probabilities (USSR)

Comments: The delayed neutron emission probabilities for Rb-92, Rb-93 and Rb~94 are in
contrediction with data from nuclear systematics. More accurate {5 /)
determinations are needed for these isotopes resulting from thermal neutron
fiasion.

Statust S. Amiel, 1969 IAEA Symposium on Poysics and Chemistiry of Fission, Vienna,

p. 569 (1969).
The emission protabilities quoted by different authors vary by factors of 1.5-~2.0

" Justification: For the interpretation of delayed neutron data.

Y& 2



Reaction Type

Req «No. Target Quantity Variable Priority Incident Energy 7% Accuracy Lab/Org. Requestor,Commenrts,aic. Y-
)
92-U-235 Delayed—y-) P(EA,,T/Z.) III Thermal; 2 Kev 25 % LAK(G£K) ‘Weitkamp
(FRG)
Comments: Delayed fission x’-ray spectra as a function of delay time required. Particularly
interesting for intervals < 1 sec. Accuracy refers to Af—ray intensities. Errors
of - 50 % to + 100 % for T ) accepiable.
Status: No data.
Jugtification: For non-destructive assay of fissionable materiel by [} -spectroscopy of short lived
fisgion products.
392 92-U-235  Delayed-y- Y P(EX,T AR 2 and 14 Mev 354 BRL(0SLat) Kouts -
(Usa)
Commentss Accuracy requested refers to relative intensities of delayed {" —rays from neutron
induced fission for Ey->2 Mev and 10//- sec 7 T} 271 bour. absolute y —Tay yields
to a factor of 2 also useful.
Status: R. Chrien, (BNL unpublished) has some data for U-235 and Pu-23G,
N.R. large and R.J. Bullock, 1969 IAEA Symposium on Physics and Chemistry of Fission,
Vienna, p.637 (1969); presented some data for U.
Justifications  Assay of U~235 fuels.
92-U-235 (n, 5) P(E 2,,) I Thermal; 2 Kev 25 £ TAX(GFK) Wei tkamp 7C
(FRG)

Comments: Capture Y -ray spectra required.

Status: Experimental determination of P(Ey) for high energy Y 's (E 6’7 2 Mev) resulting from
thermal neutrons nearly complsted at Karlsruhe to arn accuracy of -50% to + 100% or
better. Final report to be published in 1972.
Prelimirary data published at 1970 IAFA Symposium on 3afeguards Techniques, Karlsruhe,
Vol. 2, p.113 (1970} and at 1971 Ispra meeting on Non-Destruciive Measurement and
Jdentification Technigues in Nuclear Safeguarda and at 1972 Berlin maseting of Deutsche
Physikalische Gosellschaft.

Justificationt For nan-destructive assay of nuclear metorial by neutron capture ¥y ray spectrometry.

o]
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Reaction Type

Reg.No. Target quantity Varietia Prierity Incident Energy % Accuracy Leb/Org. Bei.estcor,Cozmentis,ecs. Yaar
92-U~235 Fission Yield iy Thermal 1% 143 Cavertsov and Miller "
of 55-Cs~133 (rss?)
Comments: Fission product yield per fission event of 55-0s-133 resuliing frym thermal fission o
U-235 required to within 1 % accuracy. Different values are quoiad :n i-2 literstuve.
Statuss 0.A. Miller et.al., Soviet itomic Energy,.27, 281 (1958)
Jugtification: Por assay of U and 2u in spent fuel olements by the fiarion proznuct ¥y oTEs.
92-U=235 Pission Yield il Thermal 1% I4E Savestsov ard ¥iiltar -
of 44-Ru~106 {USSR}
Comments: Fission product yield per fision event of 44-Fu~105 resuliing fror ~bar..al Sissian of
U-215 reguired to within 1 % ecouracy. Different vaiuea ars jucted in tha literatara.
tatus: 5. ¥iller, ¥ermtechnik, 12, %o. 11, 485 {137C) \
I.F. Grechushkina, "Tables showing the composi<iiaon of prompe fission producs from w
U-235, U-235 and ru-23§ fission", Moscow, Atomizdat {1954). S
. . . . e s ;
Jugtification: For assay of J and Pu in spent fuel slemgnie by ile fission praiuct y CTas.
92-U=-235 Fission Yield 11 Thermal 14 I3 ikvertsov and Millar el
of 40-Zr-%5 (USSR}
Comments: Fission product yiald per fission event of 40-3r-95 reaulting {ro= iher -al Tissicn ¢f
m—— . 3 ; Iems o 3 o L 1A g
U-235 reguired to within i j» accuracy. Different values ars guoted in ‘=2 jliteratwe.
Statusi 0.i.Miller et.al., Soviet Atvomic Enstgy, 27,281 (1969
R.5. Forsy:h ez.2l., 1570 IsEi Symposium on Safeguaris Technigues, Harisruhs,
Voi. 1, p.%21 (1670}
5.Hiller, Kerntecanik, 12, Yo.ll, 435 {1570).
Justificaiion: For assay of U and Pu in spent fuel elements by the fission ;roduc. ¥ -ravs.
92-1~235 Fission Yieid z Thermal 1% IAE Skvortgsev znd ¥iller 70
0f 55-Cs-137 {UssR)
Comments: Fission product yield per fission eveni of 55-Cs-137 resuifing {roxz thermal fission
: of U-235 required to within 1 % ascuracy. Lifferent values are qucied i: tke literatura.
Status: 0.4.%i1ler et.al., Scviet Atomic Snergy, 27, 281 (1969).

R.5. Forsrin et.al., 1670 1AZA Syaposium on Safeguards Technig23. -ariassuvhe, Vol,l
D.521 (1570).

3.9iiler, Xermsecanik, 12, lo. 11, 4&5 [1270)

-

* foard Pu in spert el elements 9y ths fissi~ prooaet




Reaction Typse

Req.No. Target Quantity Jariavle Priority Incident Energy % aAccuracy Lal/Crr. Hejuesiur,Jomments,stc,
92-U~235 Fission Yield II Thermal 1% IiE Skvertsov znd 3iller
of 56-Ba-140 : {Ussk;

Commentst Fission product yield per fission event of 356~Ba~140 resulting from thermal fission of
U-235 required to within 1 % accuracy. Different values are guoied in tne 1literasure.
Statug: N.G. Cusev, "Protection against X—madiation from fission preductis", {(Manual) loscow,
Atomizdat (1568).
V.4, Greshilov et.al., "Products of prompt JTission of U-23%, U033 =
(¥anual).Moscow, Atomizdat (196%). J. of Inorganic Mucl.Chem.., 27, 17

d Fu~239 from C to 1 hour®.
1

(d)
O
B

Justification: For assay of U and Pu ir spent fuel slemsnis by the fission crefucs Y -rays.
-

92~U-235 Fission Yield Iz Thermal 1% I3 Skvortsev and Miller
of 58~Ce~144 (resr)
Comments: Fission product yield per fission event of 58-~Ce~-idd resulting 7-om thermal fission of
U-235 required to within 1 % accuracy. Different values are guosed 1r the literature.
Statusi N.G. Cusgev, "Protsction against 3'-radiation frow fission predunts®, {Manuzl) Yoscow,
Atomizdat (i%68&).
S. Biller, Kerntecknik, 12, No. 11, 485 {1970).
Juatification: For assay of U ard Fu in gpent fuel elements by the fissisa produc: ~TayS.
92-U~-235 (kgn)spectra 111 EA,= 5-3 Yev 10 % LNGLL ¥13nner
{200y
{2333

Y

Comments: Photoneutron spscira with resolvwed resonances and neutron energics wetweer 0-100 eV
required. Accuracies refer to shape and absolute values te withiu 20% accuracy woul
be helpful. Photon energy resclution should bes beitter than 10C Hev,

d

Status: No active work knowne.

Justifications  Needed for the sxploration of new technigues for non-desiructive assay whose
: potential usefulness is unknown.

I3,



Reaction Type

Reg.No., Target Quantity Variable Friority Incident Fnergy % Accurecy Ladb/Org. Reguostor, jomzments,etc. »ar
92-U-235 Xy.n) Iz 5, = Threstold 0% orTiosuy} Bre-blett i
~ 10 iev (71s4)
AR 1%
AB = 1%
Comments: 47F neuiron yield {including fission) prodzced by bremastrahlung regquired. .iremssirahlung
converter (preferably Ta! of sufficient thickness to stop eleciroms. New'ran yield may
be reiative %o -2 (xryn} yield or may te absolute.
Status: Gozani et.al., Trans.Azerican Nicl.Sec., 11, 707 (197G} ~ Relative dz%a.
—— /¢
ovman et.ale “nrs.Reve. . 2676 (1 ) - y 0 gta =bove 7 lev-.
B ete.ale, Pnys.Rev., 133, 2676 (1954} - { data =b 7
Jugtification: For non-des:ructive pacionuclezar asszay of this Siil.
62-U-235 Delayed—-N-1 a(s} Ix E -Threshold 1048 GaT (2% Bra=btiett ~0
~-10 Mev {UsA)
AEe- 1%
Commernts: Delayed neulron yield preduced by btremsstirahlung required. Bremssirahluns conv-rter
{preferably Ta) of sufficien: <hickniess to stop elecirens. Neutron yield muy ' .
selative to D=2 uy,n) yield or may Ye absolute, o
Statuss Gozari et.al., Trans, Arerican Nucl.Sec., 13, 707 (197C)- Relative dala. T
Jugtification: PFor non-destructive photonuciear assey of 1-235.
92-U~-21395 ¥ission Product P(E,,t) I1 B = 10 Yev 10 £ SET (oS ) Bramblett G
= [844-F%}
¥-y{1 msec- 1 hour) AT = 5 % {vsa)
e
Commentis: Abseclute fission produst delayed -ray yield produced by tramssirshlung reguired.
Bremssirehlung converter (preferably Ta) of sufficient ikickness to stop eiecirons.
Bmergent ¥ -ray energies, EB’“ 0.5-5.0 lev with AF‘X= 3 Fev.
Status: Rundquist, Trans.imerican Nucl.Soc., 13, 746 (1970)-Preliminary data.
Justification: For ron-deatructive photonuclear assay of this SKM.
92-U-236 Fissiorn Neutron 11 One energy above 10 % LASL W¥eistin and Waltoxn 70
Spectrum fission threshold (usa)
Status: Parker, AWRE-0-3C/64 {1664); evaluation.

Jusiification:

Backgro'md corrections irn U-215% spent fu2l assay.



Reaction Type

Raq.lo. Target Quantity Variabls Priority Ircident Brergzy % ascuracy Lzt CTZ. LS50 ks 3T,l0mLeris,atc
g2-U~236 Delayed~N-Y ‘a”n I 3 and 14 Mev 10 % LisL e stin end Walion
{134)
Status: No experimental work to date. Dazta have been obtaired empiriczlly.
Justification: Background correction in U-235 spent fuel assay-
92-U-236 (ry,n) II E_=Threshold - 0% GET {53 Eragbiact
10 Kev {usa)
AE = 1%
e
Comments: 4 ¥ neuiron yield (ircluding figsion) produced by Sremsstrahlung reguiced.
Bremsstrahlung converier {preferatly Ta) of sufficieni thic¥ness %o stop
#lectrons. Neutron yield may be relative to I~2 {x&gn) vyield to may te zbrzluiea.
Status: No datae.
Justificationt Effect on non-destructive photonuclear assay of U=239.
92~U-236 Delayed—-N~Y N(t) III E_=Threshold - 0% GRT (0S8 Brasiists
T 10 Xevw (Usa)
[
A =14%
e
Comments: Delayed neutron yield produced by bremssirablung recuired. Zrsmssirahiuang
converter {preferably Ta) of sufficient thickness tc stop electrens. leuiron
yvield may be relstiva to -2 (13/,11) yield or may bs sdsnlute.
tatuss No data.
Jugtification: Effect on non-desiructive photonuclear assay of U-235.
92-U-236 Pission Product P(Ey,t) I1Z Ee= 10 Mevw 30 % GRT{CIA} 3ramtlett
X_y(l msec-1 hour) A = 5 4
e~ -

Comments: Absoluts fission product delayed ¥y -ray yield produced by dremssiracliung
required. Bremsstrahlung ccnverier (preferably Ta) of sufficient thickness tc

stop electrons. Emergent )Y -ray energies, Exa: 0.5=3.0 Mev with AE&’ = 3 Xav.
Status: Ko data.
Justifications Effect on non-destructive photonuclear assay cf U-z35.

-

™
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Reaction Type
Req.Noc. Target Quantity Yariable Priority Incidernt Energy % Accuracy Lab/Org. Requestor,Coxzents,ets Ton:
92-U-238 v Prompt 11 1-15 Kev 5% IKP{TUR) tegemann 70
(FRG)
Commenta: Average number of promp: neutrons per neutron induced fi§§ioﬁ”iquiré&.
Status: Davey, Nucl.Sci. and Engin., 44, 345 (1971) evaluation up to 15 Mev.
Manero et al., INDC(¥DS}-34/G (1972) evaluation up to 15 Mev; to be
published in Atomic Ener§y Revisw (1672},
Mather et al., AWRE-0-44/71 (1971) evaluation up to 15 Xev.
Juatification: Standard for non-destructive assay of fuel elements.
92-U-238 Delayed-N-Y P(E ) i1 1-15 ¥ev 5 % IKT(7U") Stegemann 70
. (FRG)
Comments: Delazyed neutron fractien, ?%, regquired.
Status: Maksyutenko et al., Soviei J. of Nucl. Physies, 7, Ko. 2, 189 {1968) i
experiments up to 21 Mev. . N
Krick et al.,, NCSaC-31, 156 (167C) &
. 1
Jugtificationt tandard for non-destructive assay of fuel elements.
92-U-238 g (n.f) II 1 - 15 Mev 5% IXT(TUR) Stegamann 70

(FRG)

Comments: Fission cross section required to within 5%.
Bak et al., INDC(NDS)-34/G {1971) and J. of the Korean Nuclear Society, 3., 77{1971)

evaluation up to 20 Mev.
Silbert et al., BNL-50298, 112(1971).
Sowerby et al., ABRE-M-2497 (1972), simultaneous evaluation up to 20 Mev.

Status?

Justification: Standard for non-destructive assay of fuel olements.




Reaction Type

Quantity Variable Priority Incident Energy % sccuracy Lab/Org. Reguagzor,Commaentes, ot
Delayed =¥~y P(E ¥ ,TH) 1I 2 and 14 Mev 35 % m(&(oiw) Kouss
USA

Commentsg: Accuracy requeated refers.to relative intensities of delaysd Jf-rays
from neutron induced fission for Ey> 2 Mev and 10k sec <TH Z 1 bour
Absolute Yy -ray yields to a factor of 2 also useful.

Statuss R, Chrien, (BNL Unpublished) has some data for U~235 and Pu-239.
N.R. Large and R.J. Bullock, 1969 IAEA Symposium on Physics and Chemistry
of Fission, Vienna, p.5637 (1559); presented some data for U,

Jugtification: Assay of U fuels.

(Y,n)Spectra 111 E)- 3-8 Nev 0 % IaK(GrK) Fr3hrer
(Usa)

Comments Photoneutron spectra with resolved resonances and neutron anergies
betwsen 0-100 eV required. Accuracies refer to shape and absolute values
to within 20 % accuracy would be helpful. Photon ensrgy resolution should
be better than 100 Xev.

Statust No active work known.

~

Jugtification: Needed for the exploration ¢~ new teckniguess for non-—uestructive acsay
whose potential usefulness is unknown.

(qm) II E -Threshold-10 Mev 10 % CR
{
\

OSMX rramolett

A

AE =14 )

)

Comments: 4 ¥ neutron yield {including fission) produced by dremssirahlung required.
Bremsstrahlung converter (preferably Ta) of sufficient thickness to sinp
electrons. Neuiron yield may be relative to -2 Cﬁg’“) Field or wmay be
absolute,

Statuat Gozani et.al., Trans. American Nucl.Soe., 13, 707 {1970) - Relative data.
Katz et. al., Canadian J. of Physice, 35, 470 (1957).

Justification: For non-destructive photonuclear assay of U.

59
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Reaction Type
- ; s - : : - N - ~a A 4 - -
Req.%Mo. Tarzet Quantity Variable Pricrity Incident Energy % hccuracy Labd/Org. Reguesncor,lomsz2atz,elc Jear
92-1~238 Daleyed-N-Y X{t) I I _=Threshold-1C Mev 10 % Gar{osws) Sramnlets T
e (-.S,\
E=1 b
AE- 1%
Conrmenta: Delayed neutron yield prcduced dy hremsstrahliung reg
{precerably Ta) of suifizient thicknessz o stop elec
. r - ~ .
relasvive tc D-2 {ﬁ*4n) yield or may be adsolute,
Statuss Gozani etl.al., Trans. american Nucl.Scc., 13,707 (197G) - Raiative datz.
dusiifisation: Por non-desiructive photonuslear asszy of Ul
G2-11-238 Figsion Product Pisg.t) II E,= 10 Yev 10 % Sramtoiast T
- ¥ {imsec~1 hour)
£/ AT =5%
Comments: Absolute fission produc: delayed ¥ -ray yield produced by bremss:traxluns requlired.
3remssirahlung converier (ure eratls ? ) of sufficient thiczkress to stop =lacirons.
Zmergent 3/—'&{ anargiasn x: 0.5-5.0 Yev wizh A.55'= 3 ¥Yev. t
i o LY
Statuas Rundquist, Trans. American Nucl. Soc., 13, 746 (1970)- Preliminary data. °
. aipe N . . . )
J2gtification: Mor non-desiructive pholonuclenr assay of U.
412 9z-U~238 Delayed~N-Y Vi- II F-14 Yew 3 % LiSL Weiscin and Walten G
L Jrrea
RJSA)

Comments: Delayed neusron yisld regquired. Lata desired

for extrapolaiion to 15 kKew.
S*tatus: Eunter, LAi-335273 evaluztior to 2.5 lev.
Vaszters et.al., n”Q“lC&R Nucl. Sec., 12, 1793 reasurﬂneﬂts at 3 ard 14 llev.
frick and svwra, Preliminary data (LaST), 0.1 - €,7 lev.
Justificetion: Jaleulzations of mcderating assemdlies for back und effects on assays
of -235.
G2-1-238 (n,x) P(Z .} iz Thermai; 2 Kev 25 % 1: \ff”:') Wei-kam: 7C
X lﬂq
Cozments: Capture x ~-ray spectra reguired.
Status: No usefuil data for thermal or 2 keV incident nesutrons known.
Justifi ¥

rizl %y neutron capiur

icasion: PFor non-festriictive assay of nuclear maie
- * -

e

{ —
1 -



Reaction Tyve

Reg.lo. Target Quantity Variable Priority Incident Znergy 7% ssouracy  LibiUrm.  Rog2esiorn, e I3, etc
93-Fp-~237 G'(n,x) 1T 0.001 eV=1 Kev -0 % TRR{GSE D i=cher
gt

Comments: Accuracy of 3 % from thermal - 1C eV needed. accuracy of 5 % EL and acsur.gy
10 % [z from thermal - 1 Kev,

Status: Paya, (Saclay) has & (n,f), ¢ (r,total) and rescnance parameters up sc 2 Eev.
Gavrilov, Aitomic Energy, 28, 352 (1970) up to 10 Xev.
Simons et.al., BNNL-1312 (i570); Evaluation up o 20 Yev.
Brown et.al., Nuclear Physics, A156, 609 (1970) data up to 2.2 Kev and frowm
100 Kev ~ 2.3 iev.
Hoffman,; WASH-1136 preiliminary datz from 25 eV ~ 100 ¥ev.

Justification: For burn-up calcuiations.

93~Np~237 g (n.f) I 1 Kev - § iev 10 % I4R {GFX) ¥ischer
{FRG}
(SR L,

Comments: Fission cross section reguired.

tatus: Paya, (Saclay) has o-{n,f),0 (n,total) and resonance parameters up %o & Kev.
Gavrilov, itomic Energy, gé, 352 {1570) up to 10 Kev.
Simons et.al., BNWi-1312 {197G;: Evaluation up to 20 iev.
Brown et.nl,, Hucliear Puysics, 415%4, £05 {1670) data up to

100 Kev -~ 2.3 Mev.

2.2 Kev and froux

Jugtification: For burn~up caliculations.

93-Np~237 (T(n,ad 1I i Kev-5§ ¥ev 10 % IéEEGgK} fischer
' : . {(FRG

-

ot

Comments: Capture cross seciion required to within 10 %.

satus: iagle et al.,

259 (1971)
Smith et al., IN-1132 (196¢) evaluation up to 15 Mev.

Justification: For turn-up calculations.

Third Conf. on Neutiror Jrcoss Sections and Technology, ¥Yroxville (GeSene )y




Reaction Type

Req.¥lo. MTarget Quantity Variable Priority Incident Energy % Accuracy Lab/Org. Reguestor,Comments, etec sar
94-Pu-238 ¢ (n,f) II 1 - 10 kev 10 % T4R(GEK } Fischer 70
(FRG)
Comments: Fission cross section required.
Status: Silbert, LA-4108 {196G) and La-4674 (1571} - Data up to 3 Mev.
Drake, 14-4420 (1970} - Data up %o 2.5 Mev.
Justification: For burn-up calculations.
94-Pu-238 o'(n,X) II Thermal-10 Mev 10 % IAR (GfK) Fischer 7C
(FRS)
Comments: Carture cross section required.
Status: Siiteri et.al., NC3AC-31 (1370). Preliminary data fram 10 - 100 Kev.
foung, Nuclear 5ci. and Engin., 30, 31653 resonance parameters to 190 eV.
Silbert et.al., Wa3E-1124 (1263): 30 eV - 1 Mev preliminary.
Dunford et.al., ¥ii=-3R-12271 (1987); evaluatiorn from thermal to 10 Xev.
Hinkelmann, KFK-1186 (197C): evaluation from thermal-—10 Xev (L
_ 0
1

Jugtification: For burn~up calculations.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % Accuracy Lab/Org. Requestior, Tommenis,s'tc Taar
.94-Fu-238 (n,X) P(= X) i Thermal; 2 Kev 25% Ia%(GEK) Feitiawy e
(®RG)
Comxrents: Capture -ray specira required.
Status: Fo useful data for thermal or 2 keV incident neuircns.
Justification: Fer non~destructive assay of nuclear material by neutron caplure y —ray spectrozelry.
94-~Pu~238 Fission Tield 11 EX-= Tareshold - 10Mev 10% GROHI Maricov 71
and (ussz
al yf)
Corments: Tre energy dependence {as a functien of incident & energy, of the fission fresmant
yield (end fission croas seciion) resulting from ¥ -induced fission is requirad teo
within 10 %.
)
Status:s Data unknown, —
— et
Justification: For photonuclear assay of Pue .
94-Pu~233 (X,n) 11 E = Utreshold-lC Yev 10%  GEOHI ¥arkov "L
{UsSR)
Comments: The energy dependence (as a function of incident 8- energy ) of the neuiron yield
resulting from X irradiation is regquired to within 10 %.
Status: Data unknowm.
Justificaiion: PFor photonuclear =mssay of Pu.
S54~Pu-239 Delayed-i~Y e II 3 - 14 Hev 10 % L4SL Weisbin and Walten 75
e ,”s‘\
\Vaa)

Comments: Delayed neutron yield required. Jzia desired for exirapolation to 15 Yev.

’ .

tatus: liagters et.al., Aamerican Nucl.Sos., 11, 179; measurements at 3 and 14 Nev.
Maxsyntenzo, 1CD~1,2564 measurement at 3.3 and 15 Lev.
Petrank, Alomic Eneriy, 11, 539.
Krickz sand Bvung, Preliminary data (LASL), C.l1 = 5,7 Lev.

Justification: Caleulntions of roderating assemdlies for Pu-219 assavse
bl At bbb ol



Reerction Type

Req.No. Target Quantity Variavle Priority Incideri Energy % Accuracy Lab/Crg. Requestor, Commentis,etc Year
94~Pu-239 (n, x) P(E)K) 1ir Thermal-100 sV See Comments  LASL Weiabin and Walton 7c
(Usa}
Spectra ard 2&7 1.2 Mev Aiind
Yields
Comments: Capture Yy -ray specira and yields of ¥ -rays per capiure requirei to == 20 % a~curacy,
for ) -rays of enersy 7 1. 2 tev. Ge{Li) resolution at 1 2 Yev should ta 2.5 Fev.
Status: Jurrey, LASL (2970) Progress report—see also BHI~50276,152 (1970). Recent cate for thernmal
neutronsji Y -ray spectra from 3 - 6 Yev.
Justification: Davelopmeni cf rnew Pu-230 assay technigue.
94-Pu-239 (=, X) ?(E K) II Thermal; 2 Xev 25 % IEK VieitkaLp 70
{5£%)
Commerts: Capsure 5’-ray spectra reguired.
3tatug: Experlmenfal determination of r(zz) for high energy b.1 's (5372 vev) resulting from thermal and
2 X {scandium filtered Le.im) neidtrons nearly completed at rarlsruke ic ar scouracy of —‘C% te
+ ‘Ouﬁ or tetter. Tinal rerort o te putlished in 1972.Preliminary data putlisheld at 1870 IS4
Syxpesium cn Safeg:iards Tecinigues,Xerlsruhe, Vol.2, p.1l) {1970) ard a% 127! Isrra meeiing on
Fon=-Destructive Veazurement and Identvificalion Techniques ir XNuclear 3afegnards ~nd at 1572 '
Beriin meeing cof Ieutsshe Physikelische Gesellschafuv.hlso preliminary date of Jurney,B3ii-50274, ,
152 (1970). =
’ '
Jusiif . :tion: For non-destructive assay of nuclear material by neutTon capiure x ~ray SpaCciromeiry.
448 94~Pu~239 Pission Produs: P(Z X) I Thermal + 15 % Li3L weistin and Walten 7L
¥ -ray spectra Zopolvte Yield  (Usa)

and yields

Comnmerts: Fission product ¥-ray specira for Y -roy energies, Ep = C0.25~5 nev, and yields
(photons,’t‘issio.;—.‘.;e'.'—-seci from imsec - 12 hours resuliing from thermal neuiron figsion
reguired. Ge(Ll) regolution at 1.2 lev should be 2.5 Kev and aszoclute yields <o

~ rof
+ 15k ascuracy

Status: %zlton and Jund, Phys. Rev., 178, 1394 {1969)
Fisker ani Enrle, Phys. Rev., 134, 379¢ (1964)

¥, Imiesgzhein, 1655 GCenoava Conference on Peaceful Uses of Atomic Energy,
Vol. 15. 3¢% (1393).
Seiter resolutiorn cesired. Asgsociale X—r:-ys with fission preducts if rossitle.

Justification: ton-destrustive assny of Pu-21S.



Reaction Type

Req.Fo. Target Quantity Varisble Priority Incident Energy % Accuracy lab/Crg. Regiestor,lomments,eq -ar
448 94-Pu-239 Delayed “X‘Y P(EX,T}Q) 1 2 and 14 lev : 35 % BIL{OSN) ¥outs 7
: (usa)

Commentss Accuracy requested refers to relative intensities of delayed Yy -Tays from
~nl

neutron induced fission for Ep> 2 Nev and 10 usec 2 7 4 2 1 hour.
Absolute X -ray yields to a factor of 2 also useful.

Status: R. Chrien, (BNL Unpublished) nas some data for U-235 and Pu-239.
N.R. Large and R.J. Bullock, 1569 IAE. 3Symposium on Physics and Chemistry of
fission, Vienna, p.637 (1969 )3 presented some data for U.

Justification: Assay of Pu~ fuels.

—

o}
et

94-Pu-239 Fission Yield I Therm 1% IAE Skvortsov and ¥illar O
of "55-Cs=137 {USSE)

Comments: Fission product yield per fission event of 55-Ls~117 resuliing frowm thermal
fission of Pu-239 required to witkir 1 % accuracy. Different values are quoted
in the literature.

Statuss O.A. Miller et.al., Soviet Atomic Energy, 27, 281 (1969).
R.S. Porsyth et.al., 1970 IAEA Symposium on Safeguards Techniques, Karlsruhe,
Vol. 1, p.521 (1970} L
S.Hiller, Kerntechnik, 12, No, 11, 485 (1970}

Justification: For assay of ' and Pu in spent fuel elements by thke fission preduc: ) -rays.

94~Pu-~-219 Fisgion Yield I Thermal 1% IAR Skvortsov and *iller 7O
of 55-Cs-133 (ussR)
Comments: Fission procduci yield per fission event of 55-0s=133 resvliing from thermal

fission of Pu-219 regquired to within 1% accurascy. Different values are guoted
ir the literature.

Staius: 0.4, Miller et.2i., Soviet Atomic Energy, 27, 2381 (1969).

Justification: For essay of ¥ anc Pu in spent fuel elements by the fission product 5’-rays.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % sccurzcy Lab/Orz. PRejuestor,Commern‘s,etc. Y iar
94-Pu~239 FPission Yield I1 Thermal 1% 1:iE Skvortsov and Miller !
of 44-Ru-106 (USSR )
Comments: Fission product yield per fission event of 44 Ru~106 resulting from thermzl fission
of Pu-239 required to withir 1 % accuracy. Different values =zre quoted ir the literavire:
Status: - S.Hiller, Kerntech nik, 12, No. il , 485 (1970}
I.P. Grechushkkina, "7 cles showing uhe compositio of vrompt Tissiorn products {rom U-Z235,
U-2138 and Pu-239 f1551on", ¥oscow, itomizdat (19 .
sustification: For assay of U aznd Pu in spent fuel elements by the fission product ¥ —Tais.
94-Pu~239 Figsion Yield II Thermal 1% T4E Skvortsov anc Niller g
of 40-2r-95 {UssRY
Comments: Fission product yield per fission event of 40-Zr-95 resuiting from thermal fissiocn
of Pu-239 required to within 1/+ accuracy. Different values are quoted in the literature.
Statvs: O.a.¥iller et.al., Soviat Atomic Energy, 27, 281 {1969).
R.S5. Forsyth et.al., 1970 I.8: Symposium or 3afeguards Technigues, Karlsri:he, Vol. 1.
. 521 {1970). _ !
S. Hiller, Kerntechnik, 12, ¥o. 11, 48% (1%70). b
Justificaticn: Mor assay of U and Pu 1n spent fuel elemenis by the Tission prosuct 3'~rays. i
9 A-Pu-239 Pigsion Yield 11 Thermal 1% I4iE Skwvorisov ana Miller
- of 56-Ba-140 {US3R

Commenis: Fission product yield ver fiasion event of 5€6-3a-140 resulting from iherrul figsion
of Pu~239 reguired to within 1 % accuracy. Uifferent values are guoied in the Jitersture.

Statuss N.G. Gusev, "Protection against y —radiation from fissior products,” {Lanual)

ioscow, Atomizdat (1968).

V.i. Oreshilov et.al., "Products of prompi fission of U-235, U-238 aad Pu-239 irom
0 to 1 bour", (Manual), Woscow, Atomizdat (1963).

J. of Inorganic Nucl.Chem., 27, 121 (1965)

Justification: For assay of U and Pu in spent fuel elements by the fission product X’—r;ys-




Reacticn Tygpe

Req.lo. Target Quantity Variavle Priority Incident Bnergy 4 iccuracy Lat/Org. n%1.es'or,lcmments,atc
94~Pu=239 Fissior Yield II Thermal 1% TAE Szvorisev ard NMiller
of 58-Ce-144 {1’SSR)
Comments: Fission preduct yield per fission event of 58-Ca-144 resulting from thermal
fission of Pu-239 reguired to within 1 % accuracy. Different values are juoted
in the literature.
Status: N.l. Gusev,"Protectior agasins: X’—radiation from fission producis’, (Ianual)
¥oscow, atomizdat (1%63).
3. Hiller, Kerntechnik, 12, No. 11, 485 (1970)
Justification: For assay of U and Pu in spernt fuel elements oy the {ission product X ~rays.
94-Pu-239 (y,n) Spectra 11 E = 5-8 iev 10 % TAK{GFK) Trghrer
(P23}
Comments: Photcneutron spectra with resolveil rescnances and neutron energies tetwesn
0-100 eV required. accuracies refer to shape and actsolute values to wiihin 20 %
accuracy would te helpful. Photor energy resolution should be better than 1CU Kev.
atatus? No active work known.
Justification: Needed for the exploration of new technigues for non-destructive assay whaose
potential usefulness is unknown.
94~Pu-239 (x/,n) II EezT‘nreshold-]O Lev 10 % GRT/0SIAL) Zramciett
Jrton e N .
- o’ Ludrn,
n_ = 143
AE, %

Corimmenits: 47 neutron yield (ircluding fissiosn) produced Gy oremssirahlurg required.

Bremssirahlung converter (preferably Ta) of sufficient thickness to ster
electrons. Neutron yieid may ce relative to D-2 @xyn) yield or may ve ztsoiuie.

Status: Gozani et.al.,Trans. imerican Nucl. Sec., 13. 707 (197C} - Relative datz.

Justification: For nor-destructiive photoruclear assay of Pu-23Q,

ar

[



Reaction Type

Reg+ho. Target Quantity Variable Pricrity Incident Energy % Accuracy Lab/Org. Requentiar, J3Tnents, etc. YTear
94-Pu~239  Delayed-i-Y K(t) II E, = Threshold - 10 % T{osiu) Zramblett 70
10 Xev {Usa
AE =1%
e
Conments: Deliayed neutron yield produced by btremsstrabiung reguired. Bremsstirahlung
- converter (preferubly Ta) of sufficiert thickness t0 stop elecirons. Seutrorn
yield mey bte relative to -2 (Xx,n) yield or may be abtsclute.
Statusg: Gozani et.al., Trans. American Zucl. Soc., 13, 707 (1970} - Relative daia.
Justificatigon: Tor nor-dectructiive chctonuuxnar assay of Pu-23¢,
94-Pu-239 Fission E(’;:Y,:) 11 '::e = 10 lev 10 % GRT(0SI) Iramtiatt iy
Product AE .54 {v54)
x-)’(lmsec-l hour) e
Comments: Absolute fission preduct delayed ¥ -ray yielé produced bty bremssirahlung
required. Bremsstrahlung corverter (prefaerably Ta) of sufficient thickress
to s:op electrons. Tmergernt X—ra;,' energies, E(: 0.5-5.0-lev with A 36'= 3 Kaw, '
Status: Bundguist, Iruns.American Mucl. Sec., 13, 746 (1970) - Preliminary dsta. w e
- &
Justification: For non-destructive photonuclear assay of Pu-23%. '
. ) - . / . -
94~Pu-239 Dela;,'ed-x- ! P(E TA) 1I1 Thermal;2 Kev 5% IAK{5FY) We:“karr: 70
- {FRG)
Corments: De’ayed fission )/ -ray specira as a funciicn of delay %time required. Parzicularly
nterestirg for xrtervals <.l sec. Accurecy refers to X ~ray intensitien. Irrors
of =50 % %o + 100 % for T /j acceptable.
Status: Yo datz.
Justification: For ron-destruciive assay of fissionable material bty } -spectrescopy cf short
lived fission products.
457 94-Pu-240 Delayed-N-Y \?-D II €.75-14 Yev 20 % LaSL Veisbhin and ¥alten TC
(us4)
Delaryed reutron yield required. Data desired for exirapolation ito 13 Lev.
Status: Funter, 1LA-31528 {1958); evaiuztion up o 2.5 nev.
Diven, 1961 I.iZA Symposium on Paysics of ¥ost and Insermediate Rezctors, Viern. a,
Voi. 1, p. 145 {1561}, Data at 5.3 Xev,

Justificaticn: Caletlntiors of

modorating assenblies for Pu assays of

. Loela
Sueny iU .



Reaction Type

Reg.No. Target Queniity Variable Priority Incident Energy % acsuracy Lab,/Crg. 3ogusrcor,fo-tenis,ets. Yeos
94~Pu~2A0 Decay Heat ir C.2 % ALXE irhneider e
. (ATt}
Vel
Commertss Specific decay heat, in e.g. Ta»ts, gramme required. Percentage of heat
carried-off by long~range partiicles {x~rays, X—ra,,'s) would be useful.
Status: Uncertainty determined Lj nelf-life ~ moat recent m2asurement by “ck'chee/....ﬂnaya
Energ., _6_._ 74 {3959) - T4 = 6620 + 50 years. This yields, with T, = S255.3 « C.7 weV.
the dacay heat of 7.C08 > 0.7 % piili¥atsa/ gramme.
Justificatien: For calerimeiric Fa defermination.
» rv e N - wry f o eevpee . -~
452 94-Pu~24C  Delayed-Y -¥ F(ES.“;‘ Ky 11 2 and 14 Nev 35% Loz Louts £z
FRT TN
U-"sz)
Somzerts: iccuracy reques ed refers Lo reiative intensitles of delayed )y -rays from
neusron induced Tissicn for 3372 Mav and 10 ikaee Z Tl = i nrour.
Absolute -ray yields %6 a fzctor of 2 also usaful.
tatues R, Carier, (ENL Unputlished) has some dasa for U-235 and Pu-239. .
£.B. Lorze and 2.J. Bullock, 156% IABA Symposium on Physics and Chemistry of ,
Fission, Vienna, p- 537 (13¢5 ); tresensed some data for U. 35
Jugiificetion: sssay of Pu fusls. ¢
-~ XY 0 I Z =Threshold-10 tev 10 ¢ GRT{O3IE8 Pramblaett 70
Pu~240 ' I o=7 %013-10 C% GRT{OSue Pramblett 7%
e .
- ; S’t)
T =1%® (us:
A o %
Comments: 4 neutron yield {ineluding fission) produced ty bremssirahlung reguired.
sreﬂssuA:.A“ﬁg cenverier {praferatiy Te} of sufficient thickness tc stop =leztrons.
Neutron yield myy Te ra2labtive to I-2 {far,n) yield or muy be absgiutea.
Statusg: No data.
. Justification: ITfect c¢n non-deshruciive photonacienr assay of Fu-239,
94-Pu-240 Dalayed-N-¥ aie II 3, =ltreadold- 1J lev i 4 GgrT{oSN:} Iramblett. 7t
fortLlCC sec AT =1% {Usa)

Cormmerts: Delayed neutron yield nrodu
3 on yielé may be

c
(preke“ak'v Ta) of suficient thickness to stop elscirons.

ed by tremssiranlung reguired. Bremastrahlung ccnverter
¢ r
reiztive to D=2 \xaqn/ yield or may te arsolute.

Statug: %o data

Justification: Effect on non-destructive photornuclear agsay of Fu-233.



Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % Accuracy Lat/Org. Requestor, Commeris,etc. Yex
94-Pu-240 iission Product P(Ex,"[‘) 11 E_ = 10 Wev 10 % GRT (0SNG ) Zramtlett 7
e .
X~y (1msec—SF AE =5% (Usa)
background ) e

Comments: Absolute fission procduct delayed ¥ -ray yield produced by bremsstrahlung required.
Bremsstrahlung converter (preferadly Ta) of sufficient thickness to stop electrons.
Emergent ‘{-ra.y energies, ":':x-—— 0.5 - 5.0 lev with AEx= 3 Kevw.

Status: No data.

Justifications Effect on non-destructive photonuclear assay of Pu-239.

94-Pu-240 (n, X) P(E A’) 11 Thermal; 2 Kev 25 % 1AK (GfK; Weitkamp
(FRG)

Commentss Capture Y T spectra rejuired.

Status: Yo useful data for thermal or 2 keV neutrons.

Justifcation: For non-destructive assay of nuclear material by nsutron capture k’-ray spectromeiry.

471  94-Pu-241 Delayed-N-Y v, 1§31 Thermal ~ 14 Mev 10 % LASL Weisbin and Waiton
R H-T
'\UDA}

Comments: Delayed neu‘ron yield required. Data needed for extrapolation to 15 iev.
Status: Only work at thermal energy. See Xeepin ¥ucleonics, 2€, 8, 150 {1962).

Justificationt Calculations of moderating assemblies for Pu assays.

e



Reaction Type

Req.¥o. Target Quantity Variable Priority Ircif~nt Energy dicouracy Lab/Org. Requestor,Comments,ete Ye:ur
94-2u-241 @ (n,x) 11 Thermal -- 30 Kev 34 ?m('.;ﬂc) Fischer S0
FRG
Commentst Capture cross section or alpha (¢4 ) reguired. Accuracy to 3 % in eta (42).
Statuss: Yiftah, Ia-1152 {1967); evaluation 0.1 eV - 15 Kev. This evaluation being revised.
Swith, WASE-1136, 70 (1969): evaluating for ENDF/B library.
Justification: For burn-up calculations.
94~Pu-241  Alpha S (n. II 1 Kev ~ 2 Nev 20 % IAR(GEK) Fischer 70
o {n,f; (FRG)
Comments: alpka (07 (n,¥)/G (n,f)) needed but capture cross section would be equally useful.
Status: Daver, 1970 IAEA Conference on Nuclear Dala for Reactors, Helsinki, Vol. 2,
p. 119 (1970}; review paper 100 Kev ~ 10 Kev.
Jugtification: For burn-up calculations.
94~Pu-241 Decay Heat II 0.5% ALKEY Schneider 70
{FRG) .
pa
Comments: Specific decay heat, in e.g. Watts/gramme required. Percentage of heat carried- .
off by long-range pariicles (X-rays, X-rays) would be useful ).
Status: Uncertainty mainly determired ty average [3 -energy therefore direct calorime?ric measurement
of decay heat made bty Oetting, Phys.Rev., 188, 1383-result wes 3.62 + 5.0 % milliwetis/grarme.
sugtification: For calorimetric Pu determination.
94=Pu-241 Fission Yield I1 EA/= ‘‘hresholdé-10 Wev 10 % 73091 Yarkov 1
and {USsR)
o

Cormmentsi

Status:

Trhe energy dependence (as a function of incicdent X energy) of the fission
fragreat yield (and fission cross section) resulting from A' -induced fission
is required to withir 10 %.

ta unknown.

Justification: For photonuclear assay of Pu.




Reaction Type

Reg.Nos. Target Quantit Variable Priorit Incident Enerx Accuracy Lab/Org. Regquestor,Commenis,etz. Year
q ge Y Y & ¥ g q ’ ’
94-Pu-241 (xﬁn) II Eru Threshold-1Q Mev 10 % GEQHI Narkov 71
(vussy)
Commenis: The ernergy deperdence of ihe neuiron yield is reguired to witkin 10 % for
Y -irradiation by Y-rays of different energies.
Statust Data unknown.
Jusiification: For photonuciesr assay of Pu.
. 94-DPu-241 Fission 111 Thermal 5% 143 Skrortssv and Yillsr G
< R ddaln) AY
Yield of Ce, (vs3a)
Cs,Zr ard PRu,
isotopes
Comments: Tne fission fragment yield of Ce, Cs, 2r and Ru fission products for fission
by thermal neutirons is required to within 5 %. ‘
Statuss Jata unknown. b
Justification: For assay of U and Fu in fuel elements by means of tke fission product ) -radiat.ox. !
94-Pu-241 Delayed ~§-Y 2(3y,7 ¥y 1z Irermal; 2 Kev 25 %  IAK(GFK)  Teitkamp 7
(FRG)
ormernts: fissior - pect function of del time required. Farticularl:;” in-
Cormmerts: Delayed fission ray specira as a function of delay time required. Farticulari:- i
Lteresting for intervals &1 sec. Azcuracy refers to 8'-ray intensities. Zrrers ol
- 5C %+ 100 % for T }4 acceptable.
Status: No data.
Justification: For non-desiructive assay o fissionatle material by X'-spectrosccpy of shori-lived
fission products.
94-Pu-241 (1x,n) IIt E,= Thresnold-10 Xev 30 % GeT{0st) Zramblett s
s
Az =14 (Usa

Comments: 4 r neutron yield (includiag fission) preoduced by bremsstraklung reguired. Brems-

strahlung converter (preferably Ta) of sufficient thickness to stop siectirons.
Yeutron yield muy be relative to D-2 (lx,n) rield or may be absclute.

Status: Jdo data.
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Zffect on non-destruciive rhotonuclear assay of Pu.



Reaction Type

Reg.No. ‘Target Quantity Variable Priority incident Zrergy % iccuracy ab/0TS. Fejuerar, snmrents
94-Pu-241 Delayed-N-¥  N{t) III E_ = Threshold — 10 Mev 30 %  SRI(OSIA) traziett
i (131
AB =1 % vena

Comments: Deiayed neutron yield produced by bremssirahlung required. Bremsstrahlung converter
(preferably Ta) of sufficient tkhickness to stop electrons. Jeutron yield may te
relative to D-2 Qirfn) yield or may bs absolute.

Status: No data.

Jugtification: Effect on non-destiructive nhotonuclear assay of Pu.

94~Pu-241 Fission P(%{,t) IiI B, = 10 dev 30 5 GRT(Cs%) Trartiest
Produst - » {USa)
f’?’(lmsec-l hour) A“e =2

W
.
oy

oY

Comments: Atsolute fission product delayei Y -ray yield produc tremsstrahlung zegulired.
Brexsstrahlurng converter {preferatly 7a) of sufficient :hicknesz to sicp el3c:ircus.
Emergent Y ~ray eunergies, 33"-' 545~5.0 ¥ev with A Egs 3 Kev.

’ Status: No data,

Justificationt Effect on non-destructive photonuclear assay of Pu.

94~Pu~241 g (n,f) 11 Thermal-10 liev 3-10% IAR{GTK Fissher
(7RG,

Comments: Fission cross section reguired. accuracy to 3 % from trermal to 10 eV; and o 10 7%
from 10 eV to 30 Kev; and to 35-1IC % trom 30 Kev to 10 Yev. Ratio to U<235 or tu-239
fisgsion cross sections would ve useful.

Status: James, ARRE-R-5576 (1G71): evaluztion from thermal to 20 eV; see also AERE-1UI-2157 (Rev
evaluation to 20 Kev.
Kdppeler, 1970 IAZa Conference or Muclear Data for Reaciers, Helsinki, ¥ol, 2, p.77 (13770

Ratio to O (n,f) U-235.

Blons et.al. 1970 14aEA Conference or luclear Data for Reactors, Helsinki, Vol. I, pn.4s¢
219705. Data from 1 eV to 3 Kev.

Smith et.al. , IN-1407, 57 (19703 evaluation for ENDR/B licrary.

;

Justification: For burn-up calculations.




Reaction Type

Reg.No. Target Quantity Variable Priority Incident Energy % Accuracy Lab/Org. Requestor,Comments,etc. Yezr
94-Pu-241 (n,x ) P(Ex) 11 Thermal; 2 Kev 254 T4 (GEK) Feitkamp 7C
) (FRG)

Comzents: " Capture Y —ray spectra required.

tatus: Experimental deiermination of P(Eg) for high energy 8 's (B 572 Mev) resulsing
from thermal neutrons nearly compleied at Karlsruhe to an accuracy of -50 % to
+ 1C0 5 or better. Final report to be published in 1972,
Preliminary data published at 1970 IAEA Symposium on Safeguards Techniques,Karlsruhe,
Vol. 2, p. 113 (1970) and at 1971 Ispra meeting on Non-Destructive Measurement and
Idertification Techniques in Nuclear Safeguards and at 1972 Berlin meeting of Deutsche
Fhysikalische Gesellschaft.

Justification: For non-desirnuctive essay of nuclear material by neutron capiure M -ray spectrometry.

94-Pu-242 (n,g) : P(E ) 111 Thermal ;2 Kev 25 % I?x(ch) Weitkamp 70
FRG

Conments: Capture x -ray specira required.

Status: Ko useful data for thermal and 2 Kev neutrons. '
-
Justification:t For non-destructive assay of nuclear material by neutron capture 8--ray >
spectrometry. }
473 ' 94~Pu-242 Delayed~X~Yy 7; IIX 3 and 14 Yev 20 p LASL VWeisbin and Walton 10
. {1SA)
Commentss Delayed neuitron yield reguired.
Status: Yo data.
Justification: Calculations of moderating assemblies for Pu-assays.
95-Am~241 a (n,f) iI 20 Kev - 1C ilev 10 % I4R(GEK) Fischer 7C
: (FRG)

Comments: Fission cross section required to 10 % accuracy.

Status: Seerer et.al., Nucl.Phys., %36, p. 6055 20 eV to 1 Mev data.
Hirkeimann, KrK-1186 (1570); evaluation to 10 lev.
Srivex et.ol., 15JC(CCP) = 3/U, p.6 (1970); from B Kev to 3.3 Mev.
Fomrsshzin, ILLC (CCP) - T/U, p. 28 (1970); from 440 Kev to 3.5 Yev.

Justification: Wor burn-up calculations.




Reaction Type

Req.No. Target Quantity Variable Priority Incident Energy % Accuracy Lab/Org. Reguestor,Corments,etc. Year
95-am-241 & (n, ', II Thermal - 10 Mev see TAR(GEK) Fiscaer 70
Comments (FRG)
Comments: Capture cross section required to accuracy of 10 4 from thermal to 1 Kev; accuracy
of 50 % from <t 100 eV to 300 Kev and accuracy of 20 - 3G % from o, 100 Kev to 10 Mev.
Statuss Dovbenko et.al., INDC(CCP) - 9/U, p.7 (1670); Thermal value.
Hinkelmann, XKFK-1186 (1970); evaluation.
Jungclaussen, Izv. Akad. Nauk SSSR, 33, 695 (1969)
Flerov et.al., Nucl. Phys., 4102, 443 (1967).
Justification: For burn-uvp calculations.
95-Am-241 Fission 1T E5»= Threshold-10 Mev 10 % GEOHI Larkov 7
Yield and USSR)
6 X oF)
Comments: The energy dependencs (as a function of irncident X’energy) of the fission fracment
yield (and fission cross section) resulting from ¥-induced fission is required <o ‘
within 10 %. -
Status: L. Katz et.al., 1558 Geneva Conivience on Peaceful Uses of Atomic Energy, Vol. 15, \f
p. 188 (1958). )
Yu.P. Gangrsky et.al., Soviet Journal of Rucl. Physics, 11, 54 (1570)
Jugtification: For photonuclear assay of Pu.
95=Am-241 (X.n) 17 E )= Threshold-10 Mev 10 % GEOHI Markov 7%
(USSR}

Comments: The energy dependence of the neutron yield is required. tc within 10 %
for 8'—irradiation by &’-rays of different ernergies.

Status: Data unknown.

Justification: For photonuclear assay of Pu.




T0:

Turough:

From:

SUBJECT :

INTERNATIONAL ATOMIC CHERGY AGENCY

INTEROFFICE MEMORANDUM

Hre Jo Je Sohimicdl oate 31 May 1977
kro ' Byer
Huelear Dola Scelion '
Division of Resmarch and -
I.aboratorics OUR REF.:

Nr. . Lépuv~lenchaero /

Director yd .

Division of Ievelopne

Mr. A. J. Wnlimra

Hr. 8. Sznatani

YOUH RIEF.:

Methods & ‘Tochniques Sccetion
Division of [D2velopment

International Reonost List of Muclear Data jlocded for

Safeguaras DPovolosiont Purtoges

We have recejved your latest list, comprising about 124

requesls from the USA, USSR and ihe Federal Republic of
Germany. ‘Ihe memorardum accompanying the list aid the entries
under the item '‘Justificetion' helped us to form a clwwrer
picture as to why cerierin nuclear data are reguestied by ihe
scientisls concemned.

Our response to the points raiscd by you could be

Triefly fornuwlated as Tellows:

A

B.

The priority criteria continve to present us with sonme
probloms.  PFor the time beibgs nuclesr danta meusuremonts
as such have heen given a rielher low priority in our
overall development proprowne; it is, therefore, rother
difficalt for ug, at the present time, lo consider the
criteris for priorilies of dmata nceded. The situntion
might change in the Ffulurc, when we mighl be aule to
form « clearer idon about the needs of butter nuclear
datiz to improve existing techniques of non-desiructive
assay or to develop new technigues for sateguaris.

The list seems Lo have been prepared in the format usual
for such lists; we do not have any cormants. Brevity,
esseniial for sucik lisis, might somelimes cauue doubte,
especially in ‘e minds of novicesy  Lal one might wlways
ask the requensior or approach a more knovledgiable person
for clurification if reguired.



c.

D,

E.

We arc a little apprehensive 6f too wide a cireculation
at an carly stage. LApert from this thought we sce no
objeclinn to disirivutlion of ihe roguest list to Lo
parties listed by you, provided it is made cleer thrt
the list has been preparad from requestis fron 2 faw
Membeyr Strtes and that the IAMA or DSI is rot =i ihe
present time sponsoring a world wide circvlalion of
data necds for safegmardn. e should be very carsiul
not to give an impreesion thal DSY or the Divisioa of
Davelopment for their present pnrposes are urgently in
need of the data requested in ihe liet.

Various review articles on non-deatructiv: tecuniques
for safeguards have been weition, %We do not mind
preparing anoiher short sunmmry highlighting a fow
selecied applications and discussing some of the
developmenial provlems, il you wish.

We agree it might be better to use the term 'nucloar
materials” rather than the expression 'gpeciazl rucleer
material® (S:H).

A thought which has now and then crossed. ouvr minds
but which need not be discussed in the list you plan
to circulate is ithe following:

In most cases of safegnards application you
only muke ralutive measurements in the ficld and tha
accuracy of nuclear data does nol matter. A stendard
is available for comparison or an itum is choxen as a

standard. Yon are more concerned with the—?EFFSducihility
and precision of your instrument, siability of clectironics
or background counts, etc. rather tian wilh the ocouruacy
of cross sections, yields or half lives.

cos Nr. Rometsch
¥r. Finkelstein
Mr. PFerronsky
Mr. Lépez-lienchero
Mr. Waligura
Mr. Hough
Mr. Sanatani
ST



