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NUCLBAR DATA REQUESTS FOR SAFEGUARDS TECHNICAL DEVELOPMENT

Trever A. Byer
Nuclear Data Seciion

PREFACE

Due to the consicdereble increase in Safeguards Research and Develop—
rent over the past couple of years and the fact that nuclear materials
Safeguarde is & relatively new field of activity, this rerort
(INDC(NDS)—QI/G), which is interded to serve as a Working Document for
the Third Meeting (22-26 June 1970) of the International Nuclear Data
Commitiee (INDC), has been prepared vith ke view of presenting the INDC
with the latest informetiorn that has been mecde wcvailazble to the IAEA on
the role of nuclear data in the develoument of Safeguards instrumentation

and technigues.

So as to provide a framework tor ithe regpcri, as well as convey some
typical impressions cf +he complex hierarchy of preblems encountered in
developing and imnlemsnting an efveztive Safeguards System, a rather
extencive Irtrnduction appeared to be necessary. This is followed by a
short résumé o some of the non-destructive measurement techniques and
metbods, either in practical ﬁse at present or under development, for
measuring the flow of fissile material throughout the nuclear fuel cycle.
The question of determining the process inveﬁtories of contimuous flow
facilities has not been considered in this report. In Section 3 a
detailed analysis is presented of the response to & Circular Letter
(Appendix I), dispatched by the Nuclear Data Section to nineteen Member
States and two Iriernational Organizations, to ascertain from their
individual erxyperis "what improvements, if any, in existing nuclear data
should be urdertaken for safeguards purposes?' This is followed by the
Summacy 2nil Conclusions of the report, in which due emphasis is placed
on questions such ae, the scope of nuclear data needs, as well as the

priorities and status associated with individual nuclear data requestse.




1. INTRODUCTION

Prior to any examinaticn of the impact of nuclear data on the technical
development of Safeguards instrumentation and technigues, it is important to
establish the scale of Safeguards activities sc as to enavle one to locate
the place which inaccurate or inadequate nucléar data occupy when one

examines the technical elements of Safeguards activities, as a whole.

A. Safeguards Systems

The hasic slements of a Safeguards System designed to detect diversicn
or restrair potential diversion of Special Nuclear Material (SNM) to non-

peaceful uses, may be divided into thice categories:

I. Contairnnert progedures — inveolving the use of locks, tags and seals,

or it way involve physical resiraints in the sense of guards or
monitoring devices.

IT. Survaillen~n progceiures - which involve noi only direct observation and
monitoring bul zlso the verification of plant operation and the cer~
tification of plant date.

ITT. Materizl Balance Accounting — which is a basic tool of the control

system and involves records, reporis and source data obtained from

the safeguarded nuclear facilities, as well as independent measure-

ments performed Ly tke controlling Agency so as to achieve an inde-
pendent material bvalence.

Yhereas both the Containment and Surveillance procedures provide
direct evidence of diversion, or rather provide a means of detecting a
very recent or present diversion, Material Balance Accounting determines
whether or not 2 diversion could have taken place over some time in the
past, or whether or not material has been added. The tools of Material
Balance Accountirng are measurement and accounting procedures, such as
establishing the “prescription of the points (the so-called "key"(1) ow
"strategic"(2) points) at which measurements must be taken, the methods
of.measurements and the manner in vhich the data are summarized intc
accounts"(3). In general, the sensitivity with which the Material
Balance Accounting procedures can detect diversion depends on the

accuracy (i.e. the bias) and tke precision (i.e. the random error) in



the measurement system,; the validity of the source data, the nature of
the facilities and the inventory practices. Over a long period of time,
however, the accountabiliiy function can be no more sensitive than the
accuracy, precision ard validity of the measurement system. In addition,
it is worth noting that the strategy required to safeguard different
types of facilities will necessarily be differeni, for on the one hand,
in facilities such as power reactorss the inventory is large but the
ratio throughput/inventory is very small, and on the otker hand, for the
reprocessing and conversion planis the ratio throughput/inventory is very
large.

The essence of Material Balance control is the measurement of =2ll
inputs to and outputs from a system during a given period of time, and
the inventory of the system at the beginning and end of the period, with
the end resuit beirs the determinaiion of the quantity MUF (Material

Unaccounied Fcxr). The quantity MUF is arrived at by using the equation:

MUF = (BI + E) - (5 + D + EI)
where

BT is the guantity of SNM material on hand at the beginning of the
inventory taking period. _

R is the quantityvof SEM material received during the inventory
period.,

s is the quantity of SMM material shipped, 2s product, during tke
inventory period.

D is the amount of SNM material measured as scrap and waste dis-
cards during the inventory pericd.

EI is the quantity of SNM pmaterial on hand as determined by a

complete physical inventory at the end of the inventory period.

Jt is therefore evident that MUF consists of two major components,
the first of which is the total overall uncertainty in the value of MUF
due to the biases and imprecisions in the measurement and/or estimation
of -each of the five basic quantities above, and the second of which causes
the expected value of MUF tc deviate from zero. This second compcnent

arises from unmeasurable process losses or a real diversion, with the net



result teing that a nen-zero HUF could represent a genuine process aberra-
tion, unaccounted measurement cystem errors or 2 reanl diversion. The
establishment of accurate estimates of the normal operatirng or process
losses for contirucus flew nuelear facilities, is regarded as "one of

the most difficult safegiards problems for which & solution is not
apparent"(4). As a result of ithese fectors, it therefore emerges that

the total error (O;UF) in MUK is directly related to the effectiveneass of
the Safeguards System, if one accepts that "perhars the best indication of
effectiveness is some estimate o the frequency, or probability, with which
a diversion of a given size would be detected"(S). In other words, for
given cost and size of inspeciion effort, ¢ne of the parameters which plays
a dominant role in arriving at an effective Safeguards System is the
accuracy and precision with which measurements can be made to determire
both the flow of SIM material tkroughout the entire fuel cycle and ske
process inventories at strategic points in the fuel cycle. This is

clearly seen from Fij, 1{6) where, by ascuming that MUF is a rendom vari-

able, the effect of different 07 ..

mort s

ability is shown for varying amounts of material diveried; tke larger

rur

on the diversion detection rrcb-

the lowver is the prebability of detecting diversion.

B. The Nuclear Fuel Cycle

From what has been outlined abtove, it becomes clear that the develop-
ment and improvement of instruments and technignes for measuring both the
amount and the isotoyric content of SNM irn the muititvde of forms encount-
ered in the nuclear fuel cycle is an exceedingly imrortant aspect of
Safeguards development. It would therefore be beneficial to briefly out-
- line the varicus forms in which SEM are to be found in the fuel cycle,
using as a simple illustration the low enriched U-235 cycle beginning
with the receipit of UF6 at the conversion facility, (Fig. II shows a
gketch of this cycle). It is important to emphasize that a detailed
review of the many "Safeguards problems" encountered at different points
of this fuel cycle is not being attempued here. The purpose however, is
to draw attention to the types of problems encountered in assessing the

flow of SNM in the fuel cycle, as a wholej; on the one hand, the points
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at which the Containment and Surveillance procedures may be expected to
domirate and on tke other hand, the points at which measurements of high

accuracy and precision appear important.
I. Conversicn

Fig. TII{7) irdicates the prircipal intermediate compovnds and
products at tbe conversicn plant. At this part of the cycle U 5 is
received (from the diffusicn plants) and stcred in 2/2 ton or larger
cylinders in which the SKM content carn be measured with very high pre-
cision and accuracy (better than 0.25%(8)) by sampling and chemical
analysis at the ernrichment plants. ©Since these containers are such
large and opaque systems none of the non—destructive meas' rement methods
appear to be useful. The cylinders are withdrawn from their storage area,
connected to the process system whers the UFG i hydrolized in an ammonia
solution to ammoniua diuranate (ATU), and tnis is ir turn reduced to UO2
with bhydrogen and subsequently milled and blauded to UOZ povwder. The UO2
powder is then passed ontc the fabrication stage. It is evident that as
the SNM moves througk the ssveral convension | faviication wnd reprocessing)
processes Material Balance Accountinrg becomes ircreasingly difficult due to
the dilution of the UM with additives, ihe generation of scrap and wastes
and the genuine loss of materials., As a result of these factors it appears
Upreferable to attempi material balarnces only at %he periphery of (con-
tinuous flow) plants”(5), and it is for this reason that the strategic
points a2t which measurements aprear necessary %o establish a material
balance are shown in Fiz. IIT at the feed-point (I), prcduct point (II),

D e

the recoverable (IV) and irrecoverable (III) scrap* and waste* points.

*Scrap material is defired(9) as that part of Iissile material from a
process stream which ic chemically pure but because of some pbysical
defects (density, etc.) cannot be used in the subsequent process steps
in the production line; whilst waste is that part of the fissile
material in a plent in which the chemical purity or concentration of the
fissile matcrizl has been degraded to such a degree that it has either
to be discarded or reccvered at an economic cost higher than the value

of the matexizal.
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In general, the prbcess yield 2t the conversion stage is rather
high (about 97%(10)) with about 2-3% of imput appearing as recoverable
scrap, about 0.5%(7) of input as irrecoverable scrap and waste, and
about a further 0.54(7), under normal conditions, being attributed to

unmeasured normal cperating losses.

I1. Fabrication,(10),(11)

Fig. IV(?) sketches the process steps within the fabrication plant
and is essentially self-explaratory. The process yield at this stage is
high, but a larger fraction (zbous 5-6% of input(7)) of material appears
as recoverable scrap, with the ixrecoverable scrap and waste, as well as
the unmeasured normal operating losses each being about 0.5% of input(7).
One of the most important measuremenrt points (point II, Fig. IV) at this
stage of the cwcle is {0 deternine with high accuracy and precision the
amount ané isotopic content of the UO2 pellets Jjust prior to their being
loaded invo tuvbss znd surrcunded by cladding material. This point (II)
is the last <tz2ge ot which the SNM is directly accessible, until the fuel
elements have been dicsolved at the dissclver tank of the reprocessing
plant following reactor irradiation ard cooling; i.e. until at least

one year afiter fuel element fabrication.

IIT. Reactor irradiation,(lZ),(13),(14)

Fig. V depicts the essential aspects of the flow of SNM at the reucioer
and in contrast to other branches of the fuel cycle the application of Safe~
guards at this juncture appears to be very much less complex. It would

"appear that Containment procedures dominate at this point in the cycle since
the fissile waterial is well contained in the fuel pins and sub-assemblies
of heterogencous reactors. Furthermore, these fuel elements move between
the three discreote areas shown in Fig. V, the dry storage area, the reactecxr
vessel and the wet storage area, which lend themselves almost naturally to
the application of strict Contairment and Surveillance procedures. The fuel
elements would be identified and counted in the dry and wet(ls) storage
areas and by registering the movements of the fuelling machines and the
reactor bay crane as well as the activity in the reactor bay"area(lZ), the

movement of the fuel elemernts could be established.
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As a result of this, detailed records of reactor power outrut and

other cperational data may be regarded as beirg "redundant information"(12),
though useful as a Safeguards "back—up" measure. The problem of accurate
U-235 burn-up arnd Pu preduction calculations on discharged sub-assemblies
may therefore be viewod du Ll ¢ secoprdary importance for Safequards.
This is a somevhat fortunate situation since burn-up and production calcula-
tions still leave much to be desired from a Safeguards standpoint, due to
the very large computer costs and the inaccuracies in predictions (up to

10% feor local Fu concentrations(i2)).
IV. Reprocessing,(16),(17),(18),(5)

Fig. VI(16) gives an outline of tie complezed stages at the reprocessing
plant. The irradiated fuel elements, after 2t least three months 'cooling'
in the reactor ‘'cooling pondi, are stcred andl sudjected to piece identifice-
tion. They are then removed from their shiclded enippine containers and
the head and botton ends of ithe sub~zczonmtlies zie separeted, with the rest
of the sub-assembly beirz chopped irnilc pisces awld the superfluous non-
nuclear material in *he  Jadding discarded te waste. The chopped pieces
are subsequently disaslived in thermally hot nitric acid and this solution is
then fed to tkte accountability tank, which is the first voint in the fuel
cycle after the pellet arnd fuel pin stages of the febrication plant at which
measurenents of high accuracy and precision may be attempted. The subsequent
steps in the process are depicted in Fig. VI. t measuring points I, II and
III, Fig. VI, the amount and isotopic content'of the SMM is at present
established by means of chemical analysis (isotopic dilution and mass
spectrometric (I), volumetric titration (II),(IZII) and gravimetric (III)
methods) of samples of the solution. Due care must be exercised in the
sampling procedures, particularly at the accountabilizy tank due to the
presence of solidc arnd urndissolved fuel. The iaportance of strict Containe~
ment and Surveillsn~e procedures at the product points (particularly for Pu)
is evident, since the Pu solution has very high concentration (about

200 gme/litev(5)) and is shipped in small 10 liter bottles.

In conclusion, it is worthwhile pointing out that though the questicn
of assessing the relative importance of different strategic measurement

points in the fuel cycle is a complexed systems analytic problem, it



appears(19) to e relatcel Lo the rasse o0 nesriaintiss in the integrated
amount of 3SLY obiuiln:d al wnnh sian point and thesa uncertainties are, in
turn, a funciion o Lut iatazoated dnount of S5UA passing through the point,

3

the accuracy und >sreci-ion of moncarenents exccutad at that point and the

nunber of ... L. - IR AT I

2. NOE-DESTRUCSTIVZ 110

The nocescitry of nanoureoont

R . . 2 oy

c¥cle so as 1o deizrmiaz Lhe amount and isotopic content of the SH1 flowing
through the fuel cyole. oy Lo 3oderrved ivom what hos deun stated above.

The methods of par 2mants may function on the basis of

nuclear T2actions, ordinnry physicua. properties, or chemizal properiies, wit

the latter only being capsble ol asplication to zauples of the populaticn to
be tested (since tne form is changed ), whilat the two Tormer methods niey, in
principle, be appli=d o the ontirs population. Dosituctlve or nors

destructive technigques for aeasurivg the amount and isotopic convent of SNM
which has eithes Zewn urivrai’ats1 [2072) or irraliasted (hot) may be divided

into two mwin cutosoricoa:

A). Passive Assar ~ whiczh iaveolves the measurement of the natural
radioactivity of 3Lii such agc, *he measurement of neutrons
from spontaneous Tission, (a,n) anl(f,n) rzactions; of Y-rays
following B~-decay of {ission prcducts; cof X—rays and

a-particlas.

B). Active Interrogation dssay — which emplays en external source of

highly penetrating photons or neutrons to induce characteristic

nuclear reactions (such as fission, (n,Y) capture, (n,n'Y)

)

scattering) in the 3IT1 being assayed, which in turn, produce
observable anl measurable signatures of the specific fissile
isotopes present in the material.

Whereas Passive lssay methods are in general simple and inex—
pensive and the equipment is fairly ezsily transported (though as yet not
for Ge(Li) detcetors), the Active Interrogation methods possess(ZO),(Zl)
high penetrability (thereby allowing measurements to be made on figsile

materials in bulk media), environmental insensitivity (so that operation
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may be performed in high background radiation fields), very high isotope

discrimination power and tend to be inherently morz "tamper raesistant'.

For any measuring technique to be apolicabvle in assaying either hot

or colc material it auast Julfil a nustir of Dasic criteria, some of which

N

P T SN -0t < e~ . L
areg outlined in Tabia v,(v eq 1y, 2and w brizl deocriztien af coms of the

Passive and Active Fon-desiructive assay technigues will now be summarized.

A. Pagsive Techniaues

I). Gamma~i; Jrust romet ry

The concentraiion of a given long-livaed fission product in irrad--

jated fuel elz2ments or sub-agsenbliss wives & peasare of

b

tne toval nunder
of fissions (U-235 and Pu~239) that havs cccurred in the fuel and led to
the formation of that precduct duving neusron ireoiiation. Such fission

products may thercfors serve as indicaiors of total fissions (U=235 and

1fe, tucse Tiesion products, should

P!
-

r

Pu-239). Apart from tae long hal
PN . .

also have(22) low nsusron capture cross sectiion {to reduce burmout ), high

fission yields +hich are rather irdependent of the nautron energy spec-

a functica of temperature and,above all,

5]

tramynegligible diffusior a
emit high energy gamma rays, so as t¢ reduce the a2bsorption corrections
and increase ihe gamma ray penetrability through the fuel and cladding
material, 2y direct measur=ament of the Y spectrum using Ge(Li) detectors
and multichannel anzlysers it appears that a considerable amount of
information on burn-up can be extracted from the Y spectra. Amongst the

fission products which have received particular attention to-date are:

Ce~Pr-144, Ru-Rh-106 (for Pu-239 fissions), Cs~137,
Zr-Nb-95, Ba~-La~140, Cs-134 (produced by Cs-133 (n,Y)),
Bu-154 and Ag~il0m.

Heath has however nointed out(23) that the most important limita-
tion is "the lack of high-quality basic information (e.g. fast~fission
yields and precision values for capture cross sections of certain

nuclides)." Amcngst the areas of basic study which he proposed weres

l. Bxtend accurate fission yield data to epithermal and

fast regions.
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2. Measure decdy charasteristics of selscted nuclides.
3. Obtain improved primary an? sezondary capture cross section
data for selected fission product nuclides and heavy elements,
4. tuly gamma-riay branching ratios of selected fission
product nucliles.

0

Gamma ray spectromatry of cold Skt is also wortny of mention. The
main probvlem which orises, however, iz that the ganma rays from cold
material have low energy (a fsw hundred Kev) and therefore possess
limited penetrabiliiy, ther:dby only yielding information about the sur-
face layer of sample. Por low and hizhly enriched U-235 matsrial,
measurement of the difference between the count rates at ths 189 Kev
peak and another arbitrary enerzgy (143 ¥ev) enables the U~235 enrich-—

ment level to be established.
II. Calorimetry

Ths radio calorimeter having thin walls (to minimize Y~ray
absorption) utilizes the heat generated by u-~dacay of the Pu isotopes
(vy far the largesi contributor being Pu-238) iwn Pu containing fuel
elemerts. If the isotopic conposition of the Fu is known, the iotal
amount of Pu can be dedﬁced from the heat genzratad by the Pu isotopes
and the Am-241 present. The technique can he made tamper—proof by |
simultaneously measuring the spontaneous Tissiou neutrons (from Pu-240
and Pu~242) and determining the ratio neutronsw:(9),(19). Ultimately,
the total percentage error in determining the amount of Pu present is
expected to be around 0.4—005%(19), and it is envisaged that this tech=—
nique could be used for the determination of Pu content in fuel pins at

the product end of Pu fabrication facilities, as well as at the feed

points of such plants where the Pu is contained in bird cages.

IIT. Neutron Counting

Neutron counting is used prirarily for Pu determination by
detecting in coincidence the neutrons smitted from spontaneous fission
of Pu~240, Pu—242 and any Cm—244 which may be present. The total
amount of Pu present can however not be determined unless the isotopic

composition of the Pu is known. This technique could be useful for Pu
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N

s
.
1

deternination ¢f notaragenceous ontaining wastes at reprocessing and
fabricotion facilitizu.

IV). Xeruy Pluors

Yhis lschnigue relies on ueasucing Vne choracteristic X-rays
of tho atoms near the surtace of highly radioactive samplas. Its use
e limited due to the low encrgy (high attenuation) of the X-rays,
therzsby only yielding information about the quantity of U ard Pu in
the curface layer o»f ithe sample, however, for LoncToncous solutions
containing U or Fu the neshod conld be applied, though it is of limited

versatility

V). Alpha Supoctrvonoiry

Measurenent of the characteristic enecrgies of alpha pariicles

(8]

emitted by the alnha emitting isotopes of Pu and U (e.g. Pu=239, Pu=23%,
Pu-240, U=232, U=2233, U=23, U-215, U=2236) may 2e used to delermine the
quantity of Pu ard U in SHi.  However, duc Lo (ne vory low peueirability
even of high energy alvnas the tecidigie Lo ololhed, Lhough iV could he

sed to deiarmine the Pu countant in the highly acuilive sailt waste solutions

from reprocossing vliants, 10 dus astaation is peid 1o homopeneity of the

solution.

B. Active Interrogatinn Assay

~

I). Neutron Interrogzaiion Tecnn1qu-g,(24

I-1.Capturs Gamma Rays

Following thermal neutron capture by a aucleus, de—~excitatiocn
occurs primarily to levels of low excitation energy where the level
density is small, thereforz the upper part of the high energy gamma
spectrum shows a relatively simple structurz. For fissionable materials,;
the capture gamma ray spectrum is masked byr thc veompt fission gamma-ray
spectrum and by the delayed gamma-~ray spectrum of the fission products.
The prompt Y-ray spectra from U-235 uni Pu--239 fission are essentially
identical, however their capture Y-ray spectra are different and provide
a means of discriminating and quantitatively establishing the isotopic

composition of the material.



The prompt fission Y-ruy spectra may be suvpressed by detecting the
fast-fission neutrons in anticoincidence and 47U geometry, whilst for
. short measuring timos the delayed Y-ray component does not prssent
series obsiacles. Ths method may be exiended to non-thermal neutrons by
using neutrons from an electron accelerator and a Pu-239 or U-~235 tarzet,
with an upper limit of about 5 Kev being sct on the neutron enerygy .
Extension from {thermal to ressonance energies is advantagcous since the
capture~-to~fissicn ratio (a) is on the average larger in the resonance
range than at thermal energies. The technigue deponds on the use of
high resolution Gc(Li) detectors and is still at the early developmental

stage since more capiture Y-ray datn is regquired.

-

I-2.D¢laved and Promupt Neutrons and Gamma Rays

Reubrons produced by pulsed neutron sources (e.g. the D-D and D-T

reactions) intarrogate the SNM in which delayed and prompt neutrons and

-~

gamna rovs resuii fron flssion. The deliayed neutron regime can he time=

.

eparated enzily {rom %he interrogating pulse and the characteris*ic dif-

4]

ference in the abecluic yiolds and kinetic (time-dapenient) responss of
the dela;ed neutrons from the different fissionable isotopes provides a
means of quantitatively discriminating between the Pu~239 and U--235 con~
tent in SNM¥. 3By using variable energy external neutron sources it is
possible to shift the primary source neutrons to the range below the
fission threshold of U-238 and Th-232, thereby increasing the relative
response of the fissile isotopes (U-235, U=233, Pu~239) in low enriched
fuels. Another signaturs which may be exploited arises from the delayed
gamma rays from fission products which are characteristic of the fissioned
isotope.

These techniques should be applicable in determining the isotopic
abundance and abssciutes amounts of fissile material in fuel pins and UO,‘2
pellets at the fabrication plant, as well as in scrap and non-hydrogercus

wastes from reprocessing and fabrication plants.

I-3.Slowing Down Time Spectrometer

Fast monoenergetic neutron bursts from a pulsed 14 Mev neutron

generator are pagsed through a lead pile surrounding a fuel pin containing



U or Pu in tais tachnique. A simple rolatioa exists between the slowing
down time and the average neutron energy in tae lead pile, with the result
that almost mono-cnurgeiic neutrons in the energy range from ~ o - 30 Kev
impinge on tne Tuel »in thereby inducing fission events. Ths time -
dopendent fiscica neuiron counving raits {(measured wilh proton recoil

.

counters) is proporiional to the neuwtron flux and the macroscopic fission
cross section of the fissionable material. When this is related to the
neutron connting rate of reforence fuel pins with known masses of fission=
able material, the fissionable material content of the invesiigated pin is

obtuined.

Discrimination betwasen U-239, Pu-230 and the higher Pu icotopas is
achieved by mzking use of the different fission cross sections as a func-—
tion of neutron enaxygy in the resonance region. This technique could be
used at tne preduct ecnd of fatvrication pionts 1o determine the isotopic

abundance and abscluie amounts of fi:siie material Lu fuel pins.

II. Gaomz Rar Intes

Havs, (25)

.

II-1.Promot aud Doiag

Using a =mall LIKAC, high intensity continuous energy brems-—

i

strahiung gemamz reys are produced, which then impinge on the SIM being
investigated, thereby producing the characteristic photon reactions of
photofission, photorneurron production and photoaztivation. The prompt-
neutron yields resulting from the (Y,f) reactions have a very different
energy dependensce for U~235 and Pu-239 and therefore provide a means of
diseriminating hetween these two isotopes. The delayed neutrons (which
have a total time integrated yield about two orders of magnitude less

than the total prompt-neutron yield) are distinguished from the prompt-
neutrons by their detoction time. The promrt-neutrons are detected witnin
a few hundred microgsens, after the irradiating pulse and since the next
pulse occuxrs in a few millisecs., the delayed neutrons appear as a2 uniform
distribution ir the time interval after about 1 millisec. up to the next
irradiatiug pulse. In addition, the ratio of prompt to delayed neutron
yield is useful since it gives a measurs of the relative isotopic composi-—

tion in the SNM and is independent of the absolute magnitude of the flux.



Another uscful si-matare 9o cne Sina daconaesnc: ol the delayed~neutron
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certain separation amongst the host of provlems involved in developing

instruments and technigues for non-destructive measurements of SNM in the

fusl cycle, a flow chart is sgshown in Fig. VII, whica 2ims al separating

those prcblems which are specifically concerned with nuclear data and those
which arise outside of the field of nuclear data. From this it emerges that
nuclear data is of basic re¢levance to the devalopment of instrumentation,
since firstly it providez the fundamental ianfermation as to whether or nci
sufficiently large cuantitative discrimination coxists between the different
isotopic signatures of the U and Pu isotopes , andi secondly it supplies
knowlerdge of the accuracy and precicinsn with which these isotopic signatures
are known.

In view of the fact that nuclear materials Safeguards is a relatively

new field of activity and in order to determine in greater depth whether
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or not axics

¢

tinz nuclenr data, which has been acquired primarily for reactor
research and development, are sufficient to meet the needs of Safeguards,
the Nuclear Data Section (in collaboration with the Departument of 3afe~

guards and Inspection) dispatched a circular letter (see Avoendix I) on

&

16 Pebruary 1970 to seventy scieatisis, ab soue forty—threo institutes in
nineteen Member States, who are actively engaged in developing non-destruct-—-
ive or destructive materials assay techniques for Safeguards. The crucial
aim of the lettor was to ascertain from the individual experts "what
improvements, if any, in existing nuclear data should be undertaken for

Safeguards purposes?" and an analysis of the replies now follows.

II. Up to the time of preparing this repori, replies ani/or nuclear
data reguesy lists had beon received from ten llember States and two
Internaticnal Crguunizations and the opinions of the individual expertis,
although haviug raflected in some cases rather opposite views, have in

general tean positive.

A. C. ¥ei Fiir kncewaniic Kernphysik, Karlsruhe, Germany)

¥sitkamp in his replies of 13 April and & lay expressed ihe view that iu

o
v

the opinion of the ZSafeguards Project Group at Karlsruhe "The development of
nuclear safeguards instrumentation has besn suffering from an acute lack of
elementary nuclear data. Not only is the accuracy of most methods now unler
development limited because of thes scarcity or inacecuracy of the nuclear
data available; (but in fact) the very feasibility of some promising new
methods depends on a numbsr of nuclear data presently unknown". He con-
tinues by stating that though this problem has been rapeatedly discussed
within the FKarlsruhe Group, "no formal action has so far been taken for a
coordination of the nuclear data needs of the different groups and sub-groips
engaged in ihe dcvelopment of nuclear safeguards instrumentation", and they
"therefore appreciate very much the initiative taken by the IABA to collect
nuclear data requests from ths different laboratories and eventually, per=—
haps, prepare and issue a2 request list similar to the compilation of reguests
for nuclear cross sectiqn measurements of the European and American Nuclear

Data Committee".
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In collaboration wita five other experts (A. von Baeckman, Institut
flir Radiochemie; E.A. Fischer, Institut fir Angewandte Reaktortechnik;
®. Frbhner, Institut fUr Angewandte ¥ernphysik; V. Schneider, ALKEM GmbH
and D. Stegemann, Instisubt filr Xemtechnik (Hannover)) Weitkamp submitted

a comprehensive lisl of ruslear 4atn nesded for the Safesuards activities

pursued in the Federal Republic of Germany. This list (see Apvendix II,
List I), contains some sixty—-seven data requests which, despite nany
similarities with requests for reactor R & D. contain certain differences
due to the Tact that nuclear moterials Saleguards is a relatively new field
of interest. Such 'mew" requests concern date on (Y,f) fission cross
sectiors, photo-ncuiron specira, {isnion product delayed Y~ray spectira,
Y-ray spectra following neutron cepuurs and specific decay heats (in
wvatts/gram) for colorimetric Pu determinations. Eleven of the sixty-cecven
requests, initiated by E.A. Fischer ard concerned with data requiied vor
burn~up calculations coincided with requestis listed in the latest T.5.A

request list (FawDC(UsS)-133).

Veitkamp went on to point our that some of the requests cubnitted way
be dropped in the nzar future, others added, priorities, ererplies and
accuracies changed, whilst additional requestis zre still being evaluated
(such as those on "fission product yieldsz" for which detailed requests
are in preparation). In addition, no informaiion on the actuzl status of

each request has a yet been submitted.

In conclusion, he states that "the preparation of a general request
list for safeguards purposes is an important and useful project and all of
my colleagues as well as myself would greatly appreciate any activity

towards the making of such a list".

B. H. Kronberger (United Xinsdom Atomic Enersy Authority, Risley, U.K.)

Kronberger in his replies of 20 March ard 4 May stated that the con-
census of opinion in the UKAEA was that "there is no case for reviewing
at this time the existing nuclear data, in the context of international
safeguards. Until the physical methods for international safeguarding
of materials are defined and the accuracy of any prediction which may be

required can be properly assessed, taking into account data uncertainties,
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it is clearly not poésible to say whether or not existing nuclsar deta
are adequate". He concluded by expressing the view that at the UKAEA
it was expected that "the general data requirements for safeguards to
be substantially the same as for the reactor programme as a whole; and
indeed, safeguards which have to rely on especially high precision in
selected items of differential nuclear data.should, in our opinion, be

viewed with reserve."

€. Lo.k. Kull and J.R. Beyster (Sciernce Avplicatiors Inc., U.S.A.)

Xull focusses attention in his letter of 17 March primarily on the
area of Safeguards applications based on photoinduced reactions, since it
is in this field that he has had most experience. FEis list of data needs

are given in Appenmdix II, list IT, and additioral information concerning

the accurscizs 2rd priorities of each requesti are being awaited from the
requestors. Kull went on to siate that these data "would be very useful
for o better uviuderstanding of present safeguards techniques and 2lso aid
in extrapolating exverience obtained in specific applications to new and
different vrotlems". He continues by pointing out that though some
expcriinents have teen done in these areas, in many cases the data were
acquired with equipmenf that since then has been consicderably improved.
In addition, some of the earlier measurements are 'normalized in uniis

which are not easily transferred to situations different from the ones

they were measured in."

Kull then emphasizes that one of the basic and persistent problems
is "that most existing data comes from bremsstrahlung measﬁrements, vhere
the bremsstrahlung spectrum shape and yield peculiar to the system used
in the experiment are intrinsic to the published result", and therefore
"a better knowledge of the pehaviour of the bremsstrahlung spectrum, Y(EV),
and the photonuclear cross sections QKEY) would allow one to confidently.

calculate results pertinent to safeguards in a variety of situations".

In his concluding remarks, Kull expresses the hope "that tie Clom-—
mittee (INDC) can help in directing efforts toward making some of these

measurements".
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D. J.H. Jennekens (Atomic Energy Control Board, Canada)

Jennekens in his reply of 8 April expressed the opinion of the Canadian
Atomic Energy Control Board by stating that "the basic data obiained through
normal nuclear and reactor physics research has been more thar adequate for
the safeguards develorment projects carried out up o the present time. The
major deficiency seems to be in the practical application of existing data
in the form of a2 reliable instrument or technigue. For example, a simple,
accurate, non-destructive technigue for measuring plutenium content in spent
fuel would be a valuable safeguards tool". Jennekens however goes on to
observe that since the effort expended on Safepuards R & D has rapidly in-
creased over the past few years,‘the consideration of this problem by the
IKDC "is most timely,"” and in addition, the Atomic Energy Control Board is
"very intersested in this pbase of (the) Committee's work" and looks rorward

to "receiving the results of (the) June meeting".

In conclusion, Jennekens states that neither the Atomic Energy Corntrol
Board nor other interested Canadian bodies "have any specific suggestions
for improvement in nuclear data at the present time'"; nowever, they shall

inform the Committee should they ''become aware of such a need in the future".

E. K. Oshima (Department of Nuclear Enginezring, University of Tokvoc, Japan)

Oshima submitted a list, Appendix II, List III, of nuclear data needs

for both destructive and non-destructive testing for safeguards, which he

has separated into five basic categories of nuclides;

A. Nuclides to be measured by Y-~ or B-astivity;
€s8e 03137, Ru106

B. Nuclides to be measured by mass spectrometry;

e.g. Nd-(148, 150, 146, 145, 143)

C. MNuclides relating to categories A ard B, which tend to increase

or decrease the production of the questioned nuclides.

D. Missile nuclides

E. XNuclides important for neutron spectrum estimations

ez, (1) 002, M98, (2) 00®; co’®
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Arongst some of ﬁis demands for nuclear data, which in fact are rather
vast, include the fission yield (chain yield and independent yield) of the
nuclides in categories A, B and C from the nuclides‘'in category D and the
neutron capture cross cections of the nuclides in categories A, B and E-1.
The other data needs concerning half-lives and decay schemes are given in
Apvendix II, List IIl. Oshima adds that all the data should be evaluated
and that for both the fission yields and the capture cross seciions the

first cemand is in thermal region, but that the data should finzlly be

presented in the ENDF/B foruat.

In conclusion, Oshima states in his letter of 13 April that “on
establishing the standard method for the Inspection other data not men-
tioned (in his list) would be asked: for example, tke branching ratio and

haif life of delayed neutrons”.

F. G.R. Keevin (Los Alamos Scientific Leboratory, U.S.A.)

Along with his letter of 15 Arril Heepin submitted a list, Avpendix 71,

Iist IV, of nuclear data neecded for Safeguaris technical development which
included some of the requests which he recenily sutmitted to ths latest
U.S.A. request list, EARDC(US)-133. To this list, he added that measure—
nents of (n, n'Y) gamma ray production cross scctions for all relevant
fission isotopes, U~233, U-235, U-238, Pu-239, Pu-740, Pu-241 and Pu-242
should be included. These measurements, he stated, should be performed
with a Van de Graaff and a high resolution Ge(Li) detection system and
should cover the energy range from 1 - 5 HeV arnd 14 MeV. He went on to
claim that resolvable high energy (~1 MeV) gamma rays from neutron in~

elastic scattering might find application for isotopic assay of complex

mixtures of fission isotopes.

In conclusion, Keepin observed that the Loz Alamos Group would also
like to see more Ge(li) data on neutron capture gamma rays in the bombarding

region from thermal.to 1 MeV.

G. BE. Nagjgkovgilnstitute of Physics, SoTia, Bulgaria)

Nad jakov stated in his reply of 3 April that it was still too early for
the Group at the Institute of Physics to explicitly enumerate their Safeguards
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nuclear data needs. In his Progress Report to the INDC, INDC(BUL)-1/G (1970),
Nad jakov, however, points out that the Group under V. Hristov are presently
vworking in the field of neutron constants for Safeguards applications to
heterogeneous mediaz. Two methods are presently being investigated ~ the
expcnential and the removal cross section methods, and it is hoped that

by the autumn it may be possible for ibe Grcub to provide more definitive

statements with regaréd to their nuclear data neecds.

H. H. Hick (Institut fUr Physik im Reaktorzentrum, Seibersdorf, Austria)

Hick focusses his reply of 9 March primarily on the prchlems of inter-
preting gamna=-specirometric measurements on spent fuel elements using Ge(Li)
detectors. First of 211, he roints out that the nuclides of prime importance
for gamma—spectrometry are: Cs-137, Ce-Pr-i44, Ru-Rh-106, Ce~141l, Zr-Nb-05,
(Pa-233), Cs-134 {from Cs-133(n, Y)}, BFa-ls-14C, Ag-110m, BEu-154 (from Eu-153
(ny Y)), Bu-159 (frem =u-254-(n, Y)) and Ru-156. TFor these nuclides, he
gtresses that the thermal, fast, aceumulative and direct fission yields for
figsion ¢f Th-232, U-233, U-235, U238, Fa-239¢ and Pu-241 are important. In
addition, the activaoition cross sscticng fo3 thece nuclides and 2ll fissile
nuclicdes and their neiguoours are of particular interest in the epithermal
region. Howzver, since in a typical Safaguard situation there is rather
imprecise informAaiion concerning the neutron specturm, it is "sufficient to
represent activaiion cross sections as thermal cross section, total (infinite
dilute) resonance integral and fission neutron cross section". The net result
is that as no prscice knowledge is assumed of the neutron spectrum their
requirements on activation cross section accuracies are, in general, fulfilled.
However, for the Eu-isotope activities a satisfactory interpretation cannot

be achieved, at present, due to a lack of adequate cross section data.

In concluding, Hick emphasizes that after a rather thorough literature
search, they have fourd that for the main Y-emitters a few important data,

given in Appendix II, Iigi V, are lacking.

I. P, Ivaederiksen (Atomic Energy Commission Research Establishment,
Risd, Denmark)

Frederiksen points out in his letter of 1 April that in Denmark they

have been studying the use of sealed safeguards instrumentation for



reasurement of the integrated thermal povwer of a reuctor containing highly
enriched vrenium. These measurements are aimed at verifying the "nuclear
loss" in the material over the period of time between intermittent inspections
and the instrumentation has operated satisfactorily for over one year, so

ruch so tkat safeguards measurements of ithe integrated power in MWD (Vegavatt-—

days) corresponds very closely with the operator'!s measurenenis.

They are now at the stage where the uncertainty factor for conversion
of "nuclear loss" to integrated thermal power as measured in the cooling
syctem has got to be evaluated. This necessitates more information on the
uncertainty in the energy released in fission as well as the vncertainty in

the energy deposition end energy transier in various parts of the reactor.

In view of these factors, it appeara tha’ the fundamental data concerrning
anerpy released in fission and energy depesiiion in the reactor should be
studied; hovever, Frederiksen ccncludes tuat at this stage it is difficult
to state wheibhexr tiz uncertainties inr tue fizsicn ensrgy released and the
energy deposition are nore important i1han the uncertainties arising from

other factors, and hLauco it ig not clear *

wuagvher there is a need for special
investigation by ithe Incternationzl Nuclear Data Committee”. In its reply, the
Nuclear Data Section drew attention to ths revort by M.F. James (4EEW-M-863)
on "Energy releazed in fission", in which an extensive discussion of energy

production and deposition is given.

Je P.J. Kreyger {Xoninklije Nederlandsche Hoogevens en Staalfabrieken,
¥etkerlands) '

Kreyger®'s reply cf 25 March is concerned with non-destructive uranium
determination in spent MTR type fuel elements using the low energy Y-ray
absorption technique; The technigue is based on the differential absorp-
tion of Y-rays paszing through the "test sauple'" and is due to the fact
that the mass atsorption coefficients for each material making up the
"{est sample"” are different for a given energy. He points out that the
successful Jdetermination of U content using this technique depends quite
critically on & knowledge of the mass absorption coefficients of the fissile,
fertile and cladding materials. He goes on to state that mass absorption
coefficient values spread by about 5 % as indicated in the literature and a

more precise knowledge is desirable.
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With regard to Y-spectrometry, he states that at Petten it is felt
that the present quality and vexrsatility of available detectors and
analyzing equipment are adequate for this type of work. In concluding, ke
however stresses that a major difficulty arises when the fissile material
masses as determined by the Y-ray absorption method are compared with a mass
spectroscopic isotope ~ralysis of the same material. The orotlem being "that
the mass spectroscopic method is very sensitive to minor contamirations with
foreign meterials which can enhance the theoretical error of the mass spectro-~

scopic msthod determination by a factor of 20."

K. H. Cordé (Rescarch Instituie of the Swedish National Defence, Sweden)

Condé submitted in his letter of 15 April a request (see Appendir II,
List VI) from E. Hellstrand for new measurements of the resonance varamszters

for the 1.056 eV resonance in Pu~240.

He points out that a method for the non-dectructive analysis of Pu-232
and Pu-240 content in plutonium~tearing fuel elements was develcped in
Sweden a few years ago, ard was based on the transmission of epithermal
neutrors through a fuel pin using a fast choprer. The dips in the low
energy rart of the spectrum caused by the Pu-23¢ and Pu~-240 resonances
were analyzed using the published values ¢f %ze resonance parameters and
with the isotopic concentrations N~239 and K240 treated as unknowns.

By means of this method it was found that the Pu-240 content was over—
estimated when compared to the results of masspecirometric analysis. One of
the possible explanations of this is that the resonance parameters of the

1.056 eV resonance of Pu-240 are incorrect.

L. S. Untermyer II -(National Nuclear Corporation, U.S.A.)

Untermyer in his letter of 6 March states that the role of the National
Nuclear Corporation has been primarily that of a suprlier of active (neutron)
interrogation systems which are principally used by fuel fabricators and .
electric utilities. Concerning their sp:icific data needs, he points out that
for the designing of their systems the existing data available is more than
adequate to meet their present needs, since in general such data as they
require do not have to be of greater accuracy than that -vailable in such

sources as BNL—325 and Perlman.
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Leoking beyond their narrow scope of activity, Untermyer however
stresses that it would appear that photo~fission and delayed reutron inter—
rogation techniques should benulit considerably from more nuclear data,
as well &s there being a need to organize the data on radiations Trom the
principal isotepes of thorium, uraniun and the transuranics, since in
rarticnlar it bhas beern brousht to his attention that there are significant
interfeiences in some cases Letween Pu-23¢ gammas n=ar 375 KeV und gammas
grovwing in from americium daughters.

M. li. Bresesti (EURATCH, Ispre, Italy)

vt emae s on

Bresesti states in his reply of 15 April that though his group is presently
engaged in the applications of gamma-spectroscopy to Safeguards, he is not in
a position 1o present any reconmerdations for nuclear data for Safeguards

developnrent.

N. H. #oeker (Furcchepic, Mol, Belgium)

Moeken's recponse was framed in somewhat genersnl terms in his letter of
3 March. FHe rcints out two areas ol Safeguards activities in which nucleax

datz are of impoxrtance:

1. MNon-destructive assay technigues

2. Calculaticns following aralytical measurements.

With each of these two areas of activity, he emphasizes three djifferent tech~

niques, Appendix II, IList VII, for which nuclear data are essential, but he

does not go on to state tke accuraecy, priority, etc. associated with each of

these data needs.

4. SUMMARY AID CONCLUSIONS

Even at this wvery early stage of ascertaining the role of nuclear data
in the development of Safeguards instrumentation and techniques, the Agency
has already received over 150 explicit nuclear data requests which tihe
féquestors consider importent for Safeguards instrumentation development.
This list is still far from complete, since on the one hand a response tc
our enquiries is still being awaited from at least five major Institutcs ir

three Member States which are engaged in the development of Safeguards



instrumentaticn and cecorndly, for several of the existing requests detailed
points, such as the acruracies, priorities and status of the requests, have

yet to be eststvlished.

in examirnatiocn of the lists preswunted in Appendix II and the replies of

the individinal experss

d)

in Secticn 3, reveais that tke existing requests cover

)

1 exeredingly wide scove of nuclear data, orly some areas of which are

-
PE2

‘J

closely related to or 1dentical with requusts fez roastor R « De It may
thercfore be advaniageous io categorize the Safeguards data requests into

the Tcllowing groups:

£). Feutron data direcily related o reactor R & D

E.g. Basic neutron cress seclion data, O ’ Cf’ s o =0 o
s F Y n,Y/ “n,f
delayed neutxon yirlds,; fission product yvicids and resonance paraneters.

B). DNeutren dara ivdirectly relatsd 1o reactosr R & D

B.g. Neutren capiure gamma Ty sroctli, ficsion product delayed

gamma Tay spectra and high-energy garoa rays from reutron irelastic scattering.

C). Photoirduced rzaction catsa

. - -
B.g. Bacic puoton cross sacticn data asﬁ; £ OY n? prompt and
) b

delayed neutron &¢ gamma ray ylelds follcwing photen irradiation.

D). Deczy Scoemas and Half-lives

B.g. Decay alpha, beta and gamma energies and intensities;

decay schemeg and half-lives of heavy nuclides.

E). Macroscopic Quantities

tz)

«ge+ Spesific decay heats for Pu isotopes and Am-24l, and mass

absorptict coelficiantse.

Due to this vast scope, the Committee may wish to consider the
advisability of establishing, eithe~ in the near or more distant future, a
nuclear datz reguest list for Safeguards purposes which embraces requests
in all the five categories (A-E) listed above, since at tresent, the limited

scope of the existing Data Request Lists (e.g. RENDA)(26) provides a means
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of "advertising" only those Safegiards nuclear data requests which fall
into categories A and B. In considering the desirability of creating,
either separately or as an Appendix to the existing Data Request List, a
Safeguards ruclear data request list whose scope embraces categories A-E
above, certain points concernirg the pricrities and status of individual

requests ought to be emphasized.

The priorities (I, II and III) presently asuigred te nuclear data
requests for recactor R & D are attributed to the requests according to well
defined and establizhed criteria. Fcr examrle, the European American Com—
mittee fcr Reactor Physics assigns its highest priority (I) for reactor
measurements as follows: "The highest priority should be given to requests

for nucleur watae for reactors to be built in the near fuiure if:

a). These data are astill necescary ic prodict the differential
reactor properties after all information from integral

experiments 2rnd operating rzactora nas been ased; or

8). Information on an importani reacicr parameter is in principle
attainablie through mathematical calculation from nuclear
data only; <o

Y). Tuese Gnta are needed for materials required in reactor physics

measur~ments"(26).

In contrast tc this situation, the pricrities +o be assigned to Safe~
guards nuclear datu reguestc are more complex due to the absence of well
defined and established criteriaj; this may Be readily seen by focussing
attention on the fuel cycle as a whole. In Section 2, a brief review was
presented of many different Active and Passive Non-destructive measuring
techniques, wkich it is envisaged would be used at different points in the
fuel cycle. Clearly, the development gf thece different techniques and
instruments to nct ail have the same priority, since it is expected that
some of thece non-destructive methods would be used at different strategic
measurcment ooints in the fuel cycle which in turn, do not have the same
relative importance when viewed from a Sazfeguards standpoint. As pointed
out earlier, the question of assessing the relative importance of different
strategic measurement points in the fuel cycle is a complex systems analytic
problem, which is yet to be settled. The relative importance of strategic

points is not c¢uly Jependent or the fuel cycle in question (e.g. the low
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enriched U~235 oxide cycle, the highly enriched U=235 alloy fuel cycle or
the mixed Pu0,~UC, fuel cycle), but also on the amount of SNM passing
through the strategic point, the strategic value of the SKM at the point
and the accuracy and precision with which measurenents can be executed at
that point. I{ therefore emerges that the priorities auscciated with
nuclear date requested for the development of Safeguards instruments and
techniques, which are intended for use at a specific strategic point in
the fuel cycle, should in scme way reflect the importance of that stravegic
point. |
The second poirnt which it is important to briefly mention, concerns the
status of requests. DBecause of tke very wide scope of the existing nuclear
data rocuests for Safeguards, the close cooreration of the individual
requestors appzars necessary if an up-to-daie, and therefore useful, status

is to be associated with esach request.

in soaclusion, it should be re-emrhasized thaet this report, which is 2f
a preliminziy awnd cxploratory nature, has aimed not at reviewiltig the develop-
nent of Safersuards instrumentation, but at providirg the Committee with a

framework within which discussions and recommendations may be formulated.
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"Applicatica of Sa“2cguards to Nuclzar Fuel Fabrication Plants',
by H.J, Anderson, et.al., BNWL-458, June 1967.

"Safeguard Sxercise¢ at the Fabrication Plant ALKEM",
by ‘lq. Gmelin’ 'B'i)oal-, KFK—gOl, 1969n

"Safeguarding Fissile Material Flow at Strategic Points in Power Reactors",
by D. GYlpta, etoalo’ ‘(F‘K—BOJ’ T2b. 19'3)-

"Developmeni of Saieguards Procedurss for Heavy Water Moderated and Cooled
Power Reactorsz wiih Contimmous Refuelling", IAEA Research Contract,
IAEA-RB-519, Feb. 1960.

"Formilstion and Zvaluation of Inspection Procedures for the Application of
Safeguaris to the Yankee Nuclear Power 3tation”,
by D.P. Granguist, BNWL-119, July 1955,

"A lethod of Identification and Inspection for Inventory Control of
Irradiated Fuel Zlements

by Z.M. Xindernan and J.S. Mills, IAEA Symposium on Nuclear Materials
Manapgement, Seri. 1965, p. 275. A4lso IABA-RB-224 (1965).
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itity ¢f o Typical dolterial Balance dccounting Systern for a
jeal rrocessing Fland!,
k. Sewncider and DoP. Oranguist, pp. 75-114, WASH-114C, Oct. 1969.

Pheterpandion of Ii~Trlculs Tuvernterr in a Procescing Plant by Means
of Iaohope analyuis",

by W. Vinter, et.al., EFR-Q04, July 1969,

s in a Heprocessing Plant",
by & Von bascluznn, st.z2l., 5PK

fael Cycle btnalysis',
DL‘CJ ]‘J‘Qd-

and anelyvels of Fissionable

HLon-destauetive

( A\ ]
) s
Notveriale", oy G.R. }popln, P. 1951, #ASH-LOTO (l9b,).

tection, Idznilification

"New Metheds erd Teshniques in wucelsar Saleiards Research and
-~ N

- B . . - LR J A B
UG, Meopin, DhenU-lU0% (1206

ioert Situdies of Nore-izstrucsive dszny Methods for
Trrediated rueleecr fuels, by BN, Sawards, Ducicar Lvplications,

A ~S o o M P Y
Vol e Ay pp. 200+ 239, Suril 1480,

"The Poientisl of High KHesolution oo ey Tpectlrotetry for the
Atusay of Iryedralcd Jeector rels", by T.on. ieaih, pp. 115-129,
FASH-10T6, Juns 10C7.

"Figsicnzlle Maverials Safeguards Tecnnology",
Pransactions of Lmerican Nuclear Scoiety, pp. 658-663, Vol. 11, no.2 (1969).

*The Use of Photod ﬁduced Reaction Processes for Non—desitructive Nuclear
Yieterials Safesuards Applications",
- vy

by J.R. Peysic:, . 139, WASH-1076 (1967). .

"RENDA, Compilaticn of EANDC Requests for Neutron Data Measurements",
IDC—BS "o, April 1970.

"Newsletter No. 9", CCDN-NW/9, April 1969.
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Fig. II
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would appear to be the principal Safeguards tools.
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(1),(2), indicate the points at which one may expect Containment and/ox
Surveillance procedures to dominate.

(1),(II), etc. indicate the minimum number of points at which measurements should
be made, so as to establish the flow of SNMo.

(7) "A Detailed Analysis of the Safeguards Capabilities of Material Balance
Accounting Systems in the Low Znriched UO2 Conversion and Fabrication
Sectors of the Commercial Fuel Cycle", by L.F. Wirfs, pp. 115-162,

WASH-1140, Oct. 1969.
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Fig. IV,(7)
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(1) (2), etc. irdicate the points at which one may expect Containment and/or
Surveillance procedures tc dominate.

(1),(11), etc. indicate the minimum number of poirts at which measurements should
v* made, so as to establish the flow of SKM.

(7) "4 Detailed Analysis of the Safeguards Capabilities of Material Balance
Accounting Systems in the Low Enriched UOQ, Copversion and Fabricatio
Sectors of the Commercial Fuel (ycle", by L.F. Wirfs, pp. 1])—16(,.1Qq—1)£0,
Oct. 1G6G.
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be made, so as to establish the flow of SEM.
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vrocedurzs to dominate.

(1),(I1), etec. irdicate the minimum number of poiants at which measurements
aaould be made. so as 10 establish the flow of 3SHif.

(16)

"Capability of a Typical Material Balance Accounting System for a

Chemizal Processing Plant', by R.i. Schneider and D.P. Granquist,
pp. 75-114, WASH-1140, Oct. 1959,
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Fig. VIY
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Table T,{3),(3%)

CRITERIA FCR LiZASURING S CF FISSIIE MATERTLL CONTELT IN UNIRRADIATED

FUSLL PINS ALD 3UB A.JSA.LAIJL-IE

Critexria Remarks
l. Tampervrooiness Agairnst all conceivable measures,

which can simulate the presence
T the absence of one of the
Sissionable elements (inhcmo-
gencity, addition or removal

of @bsorbers, reflectors, and
foreign neutron and heat source)

2. PFree frocm systematic errors Anyy biocs in the measuramcunt should
J
bte ldentifiable and verzeciable

3. QCapacity of discriminaticn The nmethod should be carabie of
discriminating beiweor uranivm
a6 plutonium

4. Low measuring time Depenrdis on ihe throusnvut and +the
rener of peaouring units used
in 2 rlanv. TFox 1 ton heavy
motul/cay capacity Jeerication
plant and one measuring unit,
the meazuring 4ime sheuld not
exceed 2-3 minutes/pin

5. Total Measurement Uncertaintiy ¥or the same throughput as in (2)
(Systematic & random) vwe overall measuring urcertainty
for Pu should be less than
4 0.4 % and that for U-235
+ 1.6 % (1- Cvalue)*

6. Simple, reliable, easy to
automatise and adaptable to
continuous oreration

T Economic

*These measurement uncertainties have b2en choser so that, with the fabrication
plant throughput expected in the Federal Republic of Germany in the early 1970°s,
the integrated uncertainties in througnputs reach a value of 10 effective kgs.
of Pu over one year.
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Pext and distribution of the Circular Leiter of 16 February 1970
on Nuclear Data for Safeguards Technical Development. An aesterisk (*)
indicates those experts (Institutes) from whom a reply had been

received by 20 May 1970.
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A \\1NTERNVH0NALATUMICENERG\'AGGNCY TELETHORE: 32 43 1)
V’é“ﬁ Y AGENUL INTECNATIONALE DE LENERGIE ATOMIQUE B

: N2 S e N . TELEX : 012649
.\i Y MERAVIAPOAMOE ATEHTCTBO N0 ATOMUON 3IEPCIT

DL ORGAMISMO INTERNACIONAL DE ENERGIA ATOMICA CABLE: INATOM VIENNA

KARNTNER RING 11, A-1010 VIENNA, AUSTRIA

IHRCELY PL2AIY RFSER YOy
PRIGRE DL RAPIELER LA 2LPERENCE,

16 February 1970

Nucloar Data for Safermiards Technizal Doaveloornent

At the last meeting of tho International Iuclear Data Committco (INDC),
which acts as an advisory body to the Director General of the International
Atomic Encrgy Agency (IAZA) on all matiers pertaining to ruclear data, one
of tho agenda items which' was briefly discussed was the role of basic .
nuclear data in the tochnical develovment of intexrnational :afe;uards;
The gonoral foeling expressed by the Commitive was that it would oa
particularly holbful if oy 4ho timo of iis next meeting {4c be held in
Vienna, 22-26 June 1970), it could bs cupplisd with move cpueific
definitions and priorities of thoe actual nuclear date needs Tor onfa—
guards dovelepaent, with par%icular refercncs being made to the merits
of the existing neutron data request lists whiash have, fo~datz,; dbeen
primarily oriented fowards the data nceds for reactor rescorch and
developnent,

Such a list of nceds could serve te stimulate further experimental
effort, on an international scale through the IAZA, towards perforaing
those high priority measursments on nuclear maierials for which existing
data ars eithor inconsistent, incompleteo or unimown. In addition, it
coulld also serve the purpose of initiating reviews and evaluations for
those classes of data regarded as being of prime importance. Turely for
the purposes of illustration, such relevant areas may igclude wsuch
diverse fields as photonuclear reastion data, fission.nggﬁyon data,

N\

capture gamma~ray data and gamma and algba porticle ospeactrometry; of
: \

ti
course, this is clearly not a camprehensive list.

In this context, we would find it pariicularly holpful if you could

-—- provide us with your commznts on, as well a3 a list of, such present and

near-future data necds, as viewed from the standpoint of someone
) I
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agtively ensagoed in devoloping destructive or non-desiructivo materials

a]
.

assay vechnigues for safeguards. Framed in more direct lanpuage, in -
your opinion what improvements, if any, in existing nuclear data should
bo undertalken for safeguards purposaes? .

The views on and lists of

.

ecific data nezds which are transmittied

i .
wt

to the Agency in response to this enquiry, will be submitted to the June
meating of tho INDC, following which “ho Committce muy arrive at specific
recommendations, if this is warranted, which could then lecad Vo actiions
along the lines referred to earlior, We would be grateful if you could
cond us your reply by 15 Aprii 1970, so as to 2llow both the Agency and
tho menbors of the INDC sulficiont time to assess the situation in pre-—

paraticr {or the June meeting of the Conmittise.

Looliing forwarl to your xeply,

Yours sincorely,

JeJo Schmidt

Scientific Sceretary

International lucleur
Daton Committiee

Distributions

Soe attached list

JTSchmidt /T4 : [l ' Clearances: Mre Finkolsteiniﬁ:i

~ K Y. -/
y&&. -T:;d}on Mr. Tamiya ,éf ;;L/

Mre Fischor 'y

ccs Mre Re Skjoeldobrand cci Office of Dirccitor Generzl

¥r. S. Sanatani Mre A. Finkelstoin
Mr. T+ Dragnev lir. Rs. Rometsceh
¥Yir. A. Stefanescu Mr. DJAJV. Fischer
All NDU Mre. Se. Taniya

Registry (3) Mr. A. Waligura



H. Hick*

P. Yeinzierl

BELGIUM

C. Beets

H.H. Ph. Moeken*

M. Neve de Mevergnics
J . Spaepen

A, Spernol

BRAZIL

BH.G., de Carvalho

M.Damy de Souza Saatas

BULGARIA

N. Xachukeev

E. Nadjakov*

CANADA
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DISTRIBUTTION

(Studiengesellschaft fiir Atomenergie)

(Studiengesellschaft fir Atomenergie)

(Eurochemic, Mol)

(Burochemic, liol)

(Centre d'Etude de 1'Encrgie Nucléaire)
(Buratom, Geol)

(Buratom, Geel)

{Comissao lacional de Energia Nuclear)

Ay

(Instituto dz ¥Energia Atomica)

(Institut Physique de 1'Academie Bulgare des Sciences)

(Institut Physique de l'Academies Bulgare des Sciences)

G.C. Hanna - Info. Copy (Atomic Energy of Canada Ltd.)

J .H. Jennekens®

W.B. Lewis

(Atomic Energy of Canada ILtd.)
(Atomic Energy of Canada Ltd.)



CZuCHOBLOVAXTA

IIIIIII

Y. Frederiksen*

C.F., Jacobaen

FRALCE

de Artoudt
B. Goldaschnids

A.C. Han~t

L. von Baszcimeann
o« GupiA

W. Hifele

W. Michaelis

C. Weitkamp*

INDIA

A.S. Divatia
P.N. Krishnamoorthy
H.I. Sethna

K
(Kernforschungszentrum Kazr
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(Power Research Institute)

(Research Establishment Risd)

(Rescarch Establishment Risg)

{C.%.4A., Crenoble)
(C.B.2.)
{C.BsA., Grenoble)

(Kornforschungszentrum

1
(Kernforschungszentrum Karlsruhe)
(Kernforschungszentrum Karlsruhe)

(Kernforschungszentrum Karlsruhe)

(Bhabha Atomic Research Centre)
(Bhabha Atomic Research Centre)
(Bhabha Atomic Research Centre)



ITALY

5. Tirschoff
AJM. Bresesti*
N. Coppo

C. Foseai

B, Iansiti

AR LIk
JAPA
P ARAR

R. Inqai

. Mitoud

| &3]

K. Oshima*

NETHRIANDE

J..J. Barendragt

P.J. Hreyger*

NO., 1AY

H. Lzer-Hanssern

e 25

M. Bonnevie-Sveniszcn

SHEDE

H. Condé*
R.3. Forsyth

A. Larsson

SWITZERTAND

W. Hilg
Th. Huerlimann

W. Zinti
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(EURATOM, Ispra)
(EURATOM, Ispra)
(EURATOM, Ispra)
(EURATOI, Ispra)

(Japan Atomic Pewer Co.)
(Univ. of Tokyo!

(Univ. of Tokyo)

{BURATCI:, Puatten)

(Institutt for Atomergie, Halden)

{Institutt for Atomergis, Kjeller)

(Research Inst. of National Defense)
(4B Atomenergi, Situisvik)

(AB Atomenergie, Stockholm)

(Institut f. Reaktorforschung)
{Institut f. Reaktorforschung)
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USSR

L.I. Abranov (Inst. of Physics and Power Engineering, Obninsk)

B.S. Dzhelepov (JI¥R, Dubna)

A.M. Demidov (Kurchatov Institute, Moscow)

L.V. Groshev (¥urchatov Instituie, Moscow)

A.X. Krasin (Inst. of Nuclear Energy, Minsk)

I.D. Morokhov (State Committee on the Utilization of
Atomic Energy, Moscow)

C.3. Skvortzov (Xurchatov Institute, Moscow)

G.N. Smirenkin (Inst. of Physics and Power Engineering, Obninsk)

V.I. Spitsyn (Inst. of Physical Chemistry, Moscow)

UK

D.B. Janisco (UXA®A, Risley)

H. Irouterges® (UKAEA, Risley)

F, lorgon (UKAEA, Aldermaston)

UsA

J.R. Beyster* (Science Applications Inc.)

R. Bramblett (Gulf General Atomic)

D. Crowson (0ffice of Safeguards and Nuclear
Materials Management)

R. Ewing (Battelle Memorial Inst.)

R.L. Heath (Idaho Nuclear Corp.)

W.A. Higinbotham (BNL)

G.R. Keepin* (LASL)

G.A. Kolstad - Info. Copy (USAEC, Washington)

H. Kouts (BNL)

W.J. McCGonnagle (Assoc. Midwest Universities)

N.C, Rasmussen (MIT)

S. Untermyer II* (National Nuclear Corp.)



Ir this Aprerndix tbe prelimirary reguest lists for nuclear data measure-
ments important for the techrnical development of Safegunrds are preszerted.
The sequence and meanins ¢f the eniries in the lists follow ithe general

4

a~ N g ey - . . P
format oI ine LALLS Heyuess 1lst "RIIDA"™(24), arnd are as follows, unless

otherwise stoted:

1. Request Fumber (Reg.lo,) which references only those reguests
shich coincide, in all aspoets, witih a request in the latest
U.S.A. request lizt, EANDC(US)-133 (November 1949), by the same

or different reaucctiors.

2. Target
3. fZzuetion Tyoe {Quentity and Variable)
A. Pricipiy of ths request

5. luergy rangs of the incident particles -~ unless otasrwise stated,

T
reutrons are always assunmed as the incident particle.

7. Name cof rzouesting laboratory with the organization in parentihesis

Ye Neme of the reguestor = directly under the reguestor?s name tha
relaevant Comments and Status of the reguest are given, if necessery,
ani if available at present.

9. Year of initiation of the request

Due to the limitations of time in the preparation of this report,
raquests are listed separately on the basis of the Institute and Member
State frem which they have originatad, and not on the bvasis of a target~
isotope-reaciion typs (ZAQ) hierarchy. However, it is planned that by
the itime of the INDC leeting (22-26 June 1970) copies of the merged

requests sortel on the ZAQ basis would be available.




asursments important for

Subtmitted me Dy, O, Wedtkamn, Institut filr Angswandte Xernphysik,

Reaquestors:

aann, institut fiir Radiochemie, Gesellschaft flr
S mbil, 79 farlaruhe. :ostfabh 3640, Germany

Nerndovusehang

2. Iagtitut flir Aungewandte RHeaktortechnik (IAR
’
ﬁr Kernforscilng mbil (GfX), 75 Karlsruhe,
Postfach ermany
3¢ 0 C. FTehinaer nstitutl [ir Angewandte Kernovhysik ( SOR

dr Kerntorschung wbd (GT%), 75 Xarlsruhe,
Germony

4. QLL;Z;“«
7501

l~Alpha-Chemie wnd=detallurgie JuoH.
Gernany

5. Prof. Tr. T, Ste renann, Lehrstubl und Iastitut fiir Kerntachrnix (¥

-
s
P
P
id

1 . , - e .

Technische Universitdts Hannover (TUF), 3 Hannover, Jermany
Institut fir Angewanis
bk r XKernforscruns mdY (G
Postiach 3640, Germany

g 7

nohy 147,

er
X), marlbrahc,
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List I

Req., Reaction Type
No. Target Quantity Variable Priority Incident Zrergy  Accuracy Lab/Organiz. Requestor, Comments, Status Year

U-235 (O (n,£) . I 5 Kev - 15 sev 1% 1%7(TUH) Stegemann 70

Status:

-

U-235 ALPHA O, v/ o2 5 Kev = 15 Hev 5 % 1XT(TUH) Stegemann 70

Statuss

U-235 Nu-Bar Prompt I 5 Kev =~ 15 Mev ’ 2% 1¥P ('PUH) Stegemann 70
Average number of prompt neutrons

par neutron fission required.

Status:

H

5 Kev — 15 Mev 1% IKT ('TUH) Stegemann 70
Delayed neutron fraction,
By s reqiired.

U-235 Delayed —N-Y P(En,)

Status:

U-235 (n,Y) P(E I Thermal; 2-25 Kev 10 % IAK(GFK) Weitlkamp 70
Captura gamma-ray spectra

reguirad.

Status:
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Req. Reaction Tyvpe ,
No. Target OQuantity Variable Priority Incident Znergy Accuracy Lab,/Crgzaniz. Regues

rY

to~, Comments, S

(34
I
fs)
A8
H

atus

U-235 Delayed-F-Y Iz (TUH) Stegenan 70
Yield of specific fission
products reguired;
detailed requests in
preparation.

Status:

U-235 Delayed-Y-Y P(EY) I 5 Kev ~ 15 Mev 24  IKT(TUH) Stegemann : 70
. Delayed fission Y-ray spectra
requirad.

Status:

U-235 Delayed-Y-Y P(EY,TVZ) 1 Thermal; 2~25 Kev 10 % TAK(3fK) Heitkamp 70

Delaysd fission Y-ray spectra
as a function of delay time
required.

Particularly interesting for
intervals £ 1 sece.

Accuracy refers to Y-ray
intensities. EBrrors o?
-~ 500 to + 1004 for V2
acceptable.

Status:




Reaction Type
Quantity Variable

Req.
No. Targst
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Priority Incident Energy

Accuracy Lab/Ozggniz. Reguestor, Comments, Status

Year

U-235 G (Y,f)-

I

EY=5—8 Mev

3%

IK? (TUH)

Stegemann

Status:

70

(Y,n)Spectra

U-235
) (See Comments)

B,=5-3 Mev

Y

10 %

TAK{GFK)

Frohnsn

Photo-neutron spectra with
resolved resonances and
neuiron energies betwsgen
0~100 eV requirszl.

Accuracies refer to shape,
absolute values with
20 accuracy would bs
helful.

Photon energy resolution
should be better than
1060 Kev

Status:

70

U-238 O’-(n, f)

I1

5 Kev -~ 15 Mav

3%

IKT (TUH)

Stegzminn

Status:

U-238 (O (n,Y)

1T

5 Kev - 15 Mev

IKT (TUH)

Stegemann

Status:

70
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Req. Reaction Type .
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/Ogganiz. Requestor, Comments, Status Year
U-238 Nu-Bar Prompt II 5 Kev ~ 15 Mev 2% IXT(TUH) Stegemann 70

Average number of prompt
neutrons per neutron
fission required.

Status:

U-238 Delayed=N-Y P(E ) II 5 Kev ~ 15 Mev 3% IKT(TUH) Stegemann 70
Delayed neutron fraction,

Bi’ required.

Status:

U-238 (n,Y) P(E I Thermal; 2-25 Kev 10 %  IAK(GfX) Heitkamp 10
Capture gamma-ray spectra

required.

Status:

———a -

U~238 Delayed—Y~¥ P(EY) II 5 Kev ~ 15 Mev 3% IKT('rUH) Stegcmaﬂn 70
Delayed fission Y-ray spectra
required.

Statusg:




- 49 -

Req. ’ Reaction Type
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor, Comments, Status Year
U-238 g (v,f) II E,=5-8 Mev 5 % IKD(TUH) Stegemann 70
Status:
U-238 (Y,n)Spectra I Ey=5-8 Mev 10 % TAK(GFK) Fronner 70
(See Comments) Photo-neutron spectra with
resolved resonances and
nentron energiss bstween
0 ~100 eV reguired.
Accuracies refer to shape,
abscolute values with
20% acguracy would be
helpful.,
Photon energy resolution
should be better than
160 Xev
Status:
362 93-Np-237 O (n,f) 11 1 Kev - 5 Mev 10 %  IAR(GfK) Fischer 70

For burn~up calculations.

Status: DPaya at Saclay has

rgegonance
Cny?Cns?

parameters to 2 Kev.




Req.

Reaction Type

No. Target Quantity

Variable

- 50 -

Priority Incident Energy

Accuracy Lab/Organiz. Reguestor, Comments, Status

Year

364 93-Np-237 O (n,Y)

I

0.001 eV ~ 1 Kev

3-10 %

TAR(GFK)

Fischer

For burn-up calculations.

Accuracy of 3% from
Thermal - 10 eV. Accuracy
5 % Y-n.

Accuracy 10% Y~Y from
Thermal = 1 Kev.

Statug: Paya at Saclay has

resonance
O‘nll) 7O:1f1

parameters to 2 Kev.

70

364 93-Np~237 & (n,Y)

II

1l Kev -~ 5 Mev

IAR(GfK)

Fischer

For *iwrn-up calculations.

Stat.'s: Paya at Saclay hus

O rGap 274
regsonance parameters
to 2 Kev.

70




Req. Reaction Type
No. Target Quantity Variabie Priority Incident Energy Accuracy Lab/Orsaniz. Reguestor, Comments, Status  Year

93-Np-237 (Y,n)Spectra I EY=5-5 Mev 10 % 1AK(GEX) Fréanex 70
(See Comments) ) Phcto-neutron spectra with

resolved resonances and
neutron enerziss batwaen
0 ~100 eV rezuirad.

Accuracies refer to shavpe,
absolute valueg with
20% accuracy would oe
helpful.

Photon enersyy resolution
should be better than
100 Kev

Status:

366 94-Pu~238 O (n,f) I 1 = 10 Mev 10%  TAR(GfK) Fischer 70
For burn-up calculations.

Status: WASH~1124, Silbert
(LASL) bhas fission
data.,

— e v -

370 94~Pu-233 O/(n,Y) I Therma?! — 1 Xev 10 % IAR(GFX) Fischer 70
For burn=up calculations,.

Status: ¥WaASH-1124, Silbert
(LASL) has capturz-
fizsion data.
Nucl.SeciJEng.,30,p.365,
Young, resonance
paramaters to 1990 eV,
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Req. Reaction Type
No. Target  Quantity Variable _ Priority ITacident Fnergzy  Accuracy lab/Organiz. Reguestor, Comments, Statas  Year
370 94~Pu~238 O (n,Y) II 1 Kev - 10 Mev 10%  IAR(GFX) Fischer 70
For burn-up calculations.
Statuz: WASH-1124, Silbert
(LASL) has capture-—
fission data.
371 94~Pu-238 (J (n,Y) II Thermal — 2 Mav 10 % IAR(GFX) Fischer 70
For burn-up calculations.
Status: WASH-1124, Silbert
(LASL) has capiure—
fisszion data.
94-Pu-238 (n,Y) P(EY) Iz Thermal; 2-25 Kev 10 % IAK(GFK) Weitkanp 70
Capture gamma-ray spectra
required.
Status:
94-Pu~238 Decay Heat I 0.1% ALKEM (ALK®N) Schneidsr 70
(See Comments) Specific decay heat, in e.g.

Watts/gram for calorimetric

Pu determinations.
Consistent data for Pu-233

particularly urgeni.
Percentaze of hesat carried

off by longe~rangs part-

icles{x-rays,Y-rays)

would be useful.

tatus:
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Req. Reaction Type
Lo, Target Quantity Variable Priority Incident Enerzv Acduracngab/nggniz. Reguest s, Tomments, 3tatus  Year
94~Pu~238 Delayad-Y-Y P(EY,TVZ) IIT “hermalj 2-25 Kev 10 % 1A%(GfY) Weitkat o 70
Delayed Tission Y-ray specira
as a function of delay
time reguired,
Particularly intaresting for
intervals € 1 sec.
Accuracy refers to Y-ray
intensities. Errors of
- 5C% to + 100% for TV2
accephabla. '
Status:
. 94=Pu~238 (Y,n) Spectra I EY=5—8 Fov 10 % TAK{GiK) Fronner 70
(See Comments) Photo-reutron spectra with

resolved resonances and
neutron energiss betwazn
O0~2C0 eV required.
Accuracies refer to shape,
absolute values with
205 accuracy would be
nelpful,
Photon cnergy resolution
should be better than
100 Xev

Status:




Reaction Type

Targoet Quantity Variable  Priority dsourzacy Lab ‘Croanizn, Requers:ar,
R ! e frne o)
Pu~239 O/(n,f> I S ¥ouw - 1% o 1% TR Stosr

~2 ALPHA II 5 Kev - 15 Mav 5 4 Stoger- rn
Pu 39 O;l,Y/o;l’f j '\Q - j T T
S".:?!.T,Ll:i:
Pu-239  Nu-Bar Prompt I 5 Kev —~ 1% lev 2 % IXT(PUH) 7C

Pu-239 Delayed-N-Y P(En,) 1 5 Kev - 15 Fev 3% IKr(TUH) Stereninn

Pu-239 (n,Y; P(E I Therasl; 2-25 ¥er 1C % IAK{3£K) Waition

Y> e b i nl

—-J
(@]



Req. Reaction Type
No. Target  Quantity Variable  Priority Incident Energy  Accuracy Lab/Organiz. Requestor, Comments, Status  Year

Pu-239 Decay Heat 11 : 0.1% ALZEM(ALKEM) Schneider 7C

(See Comments) Specific decay heat, in e.g.
Watts/gram reguired for
calorimetric Pu detar-
minations.

Percentage of heat carried

of f by longe-~range part-
islas(x-rays,Y~rays)
would be useful,

Status:

Pu-239 Delayed-F-Y IKT(TUH) Stegemann 7€
Yield of specific fission
products required;
detailed reguestis in
preparation.

Status:

Pu~239 Delayed-Y-Y P(EY)' I 5 Kev ~ 15 Mev 2% IXT(TUH) Stegemann 70
Delayed fission Y=ray spectra
reguired.

Status:
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Req. Reaction Type
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor, Comments, Status Year
Pu~239 Delayed-Y=Y P(EY,TVZ) 1 Thermal; 2-25 Kev 10 % IAK{GFK) Weitkamo 70
Delayed fission Y-ray spectra
as a function of delay
time required.
Particularly interesting for
intervals €1 sec.
Accurazy refers to Y-ray
intensities. Errors of
- 50/ to + 1004 for TV2
acceptable,
tatus:
Pu~239 (Y,£) I EY=5—8 Mev 3% IKT(TUH) Stegemann 1G
Status:
Pu-239 (Y,n)Spectra . I EY=5—8 Mov 10 % 1AK(GEK) Trihner 70
(See Comments) Photo-neutron spectra with

resclved resonances anl
neutron energies betwecn
0~100 eV required.
Accuracies refer to shape,
absolute values witha
20% accuracy would be
hslpful.
Photon zrergy rasclution
should be better than
100 Kev

Statug:




Req.
No. Target

Reaction Type
Quantity Variable

Priority Inciden® Energy

_57..

Accuracy Lab/Organiz. Requesior, Comments, Status Year

Pu~240

(n,Y) P<EY)

I

Thermal; 2~-25 Kev 10 %

IAK(GEK)

Weitkanap 70
Capture gamma-ray apectra
required.

Status:

Pu=240

Decay Heath
(See Comments)

II

0.1%

ALKEN ( ALKEM )

Schneider 7¢

Specitfic decay heat, in e.g.
¥atts/gram required for
calorimetric Pu deter—~
rinations,

Percertage of heat carried
of £ by longe-rarnge part-~
icles(x=rays,Y=rays)
would be useful,

Status:

———— - ——— ———— . ————————— it —

Pu-240

(Yyn)Spectra
(See Comments)

I

— -

EY-=5~8 Me 1¢ %

IAK(GFK)

Frianex 70

Photce~-reutron spectra with
resnlved rescnances and
neutrcon energies between
0~100 eV required.

Accuracies refer to shape,
abeolute values with 2C%
accuracy would te helpful.

Photon erergy resclutior should
be better than 100 Kev

Status:

- ——— e e - -



Req. Reaction Type

No. Target Quantity

Variable

~ 58 -

Priority Incident Energy

Accuracy lab/Organiz. Requestor, Comments, Status

Year

Pu-241 O (n,f)

II

5 Kev -~ 15 Mev

1%

IKT(TUH)

Stegemann

Status:

70

Pu-24!  O(n,f)

30 Kev «~ 10 Mev

5-10%

IAR(GEK)

Figcher
For burn-up calculations.

Statug:

70

398  94-Pu-241 @G (n,t)

Thermal ~ 30 Kev

3-10%

IAR(GFK)

Fischer
For burn~up calculations.
Accuracy to 3% from thermal

to 10 eV, ard to 10% from
10 eV to 30 Kev. Ratio to

U=23% or Pu~-23¢ would be
useful.

Smith is evaluating

for ENDF/B fils.
Sec also AERE=-
2157, James eval=
uates to 20 Kev.

70

94-Pu-241 ALPHA

RV

1T

5 Kev - 15 Mev

5 %

IKT(TURH)

Stegemann

Status:

70




Req. Reaction Type

No. Target

Priority Incident Enersy

__-')9_

Year

Quantity Variable
402 94-Pu-241 O(n,Y)

I

Thermal ~ 3C Kev

Accuracy L@Q/Organiz. Regquestor, Comments, Status

3%

TAR(CFK)

Fischer 70
For burn-up calculations.
tecuracy to 3% in Eta.
Cross-—section or algha

needed.,

Status: WASH-1136, p. 70,
Smith is evaluating
for ERKLF/B file.

403  94~Pu-241 ALPHA Ty y /0;’ .

II

1 Kev -~ 2 Mev

20 %

IAR(GfK)

94~Pu-241 NueBar Prompt

I

5 Kev ~

15 Mev

2 %

IKT(TUH)

Fischer 70
Capture cross-section would

te equally useful.
For burn-up calculations.

Status: None
tegemann 70
Averagze number of prompt
reutrons per neutrcn
Tission required.

Statuss

et -

94~Pu~241 Delayed~N-Y P(En')

1T

5 Kev -~

15 Mev

3%

IKT(TUH)

Stegemarn 76
Delayed neutron fraction,
Bi’ Tequired.

Status:
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Reg. Reaction Tyve
No. Target _Quantity Variable Priority Incicen Enmergy  Accuracy lLab/Crzeniz. Recvestor, Comments, Status _Yeor
94~Pu-241  (n,Y) P(EY) I Thermal ; 2-25 Kev 10 % TAK(CGSY) Weiikarp 7C
Carture gamma-ray spectra
reguired.
Status:
94-Pu-241 Decay Heat 11 0.3% ALKEM(ALKEM) Schreider 7C
(See Comments) Specific decay heat, in e.g.
Yatts/gram required for
calorimetric Pu deter—
minations.
Percentage of heat carried
off by longe-~range roari-
icles(z—rays,Y-rays)
would be useful.
Status:
94-Pu-241 Delayed-Y-Y P(EY) 17 5 Kev ~ 15 Mev 3% IKT (TUH) Steremann 7

Delayed fission Y-ray spectra
reguired.

Status:

— e e e -t ——
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Req. Reaction Type .
No, Target Quantity Variable _ Priority Incident Energy _Accuracy Lab/Orgeniz. Requestor, Comments, Status _ Year
———— 2% F— -
94~Pu~241 Delayed-Y-Y P(EY,TVZ) Thermal ; 2-25 Kev 10 % I4X(GrK) Weitkamp 70
Delayed fission Y-ray spactra
as a function of delay
time required.
Particularly interesting for
intervals L1 sec.
Lecuracy refers to Yeray
intensities. Frrors of
- 504 to + 100% for TV2
acceptanle.
Status:
94=~Pu-241 O (Y,?) 11 E,=5~5 Mev 3%  irp(TUH) Stesemann 70
Status:
94-Pu-241 (Y,n)Spectra I E,=5~8 Mev 1c % IAX(GEK) Frihkner 10

(See Comnexnts)

Photo~neutron spectra with
recolved resonances and
reutron energies between
0~100 eV required.

Accuracies refer to share,
absolute values with
20% accuracy weuld be
helpful.

Pheton energy resclution should

be better than 100 Kev

Status:
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Req. Reetion Type
No. Target Quantity Variable Priority Incidert Energy Accuracy lab/Oreaniz. Requestor, Comments, Status Yeax
94~Pu~242 (n,Y) P(EY) III Thermal; 2-25 Kev 50 % TAK(GEK) Weitkamp 70
Capture gamma-ray spectra
required.
Status:
94~Pu-242 Decay Heat III 1%  ALKEM(ALKIM) Schneider 70
(See Comments) Specific decay heat, in e.g.
Watts/gram required for
calorimetric Pu deter-
rinations.
Percentage of heat carried
off by longe-range part-
icles (x-rays,Y-rays)
would be useful.
Status:
94~Pu-242 Delaysd—Y-Y P(EY,'I","Z) ITI Thermals 2-25 Kev 50 %  IAK(GFK) Weitkemp’ 10

Delayed fission Y~ray spectra
as a function of delay
time required.

Particularly interesting for
intervals £ 1 sec.

Accuracy refers to Y-ray
intensities. Frrors of
~ 50% to + 1005 for TYV2
acceptable,

Statuss




Reaction Type
Quantity Variable

Req.
No. Target

- 63 -

Priority Incident Energy

Accuracy Lab/Organiz. Requestor, Commenis, Status

Year

94-Pu-242 (Y,n)Spectra
(See Comments)

I Ey=5-8 Mev

10 %

TAK(GFK)

Frthner 70

Photo-neutron spectra with
resolved resonances and
neutron energies between
0~100 eV required.

kecurecies refer to shape,
absolute values with 20%
accuracy would be lhelpful.

Photon energy resolution should
be betier than 100 Kev

Status:

95-Am~241 & {n,f)

II 100 Kev ~ 10 Mev

10 %

IAR(GEK)

Fischer 70
For burn-up calculations.
Nuclear Physies, A 96,

Po 605, Seeger,
20 eV to 1 Mev.

Status:

418  95-Am-241 O (n,t)

II 20 - 200 Ksv

10 %

IAR(GrK)

Fischer 70
For burn-up calculations.

Huclear Physics, & 95,

p. 605, Seeger,
20 eV to 1 Kev.

Status:

95=Am=-241 ((n,Y)

11 100 Kev ~ 10 Mev

20~30%

IAR{CfK)

Fischer 70
For burn-up calculations.

Status:




Req. Reaction Type
Yo. Target Guantity Variable

- 64 -

Priority Incident Eneryy

Accuracy Lah/Organiz. Recuestor, Comments, Status

Tet

419 95-An-241 O (n,Y)

I Thermal «~ 1 Kev

10 %

IAR(GfK)

Fischer
For bmrn-up calculations.

Status: None.

7

420  95-Am-241 $(n,Y)

I 100 eV = 300 Kev

50 %

IAR(GtK)

Fischer
For burn~up calculations.

Status: HNone.

95~Am-241 Decay Heat

(See Comments)

ALKEM (ALWEM)

Schneider
Specific decay heat in e.g.

Watts/gram for calorimetric

Pu determinaticns.
Consistent data for Am=241
particularly urgent.
Percentage of heat carried
off by long~range parte

icies (x~rays,Y-rays)
wculd be useful.

Statua:

T¢
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i Type . - -
;eq- m 4 Quanigz;tlon Variable Priority Incident Znergy  Accuracy Lab/Organiz. Requestor, Comments, “tatus Tenr
0. a-ge A
7 i A X) Frihner 70
N I 5., =5~8 Mev 10 % IAK(Gf i /
95— 241 (Y,n)SPSCtra Y ’ Photo-neutron gpectra with

rts
(See Commerts) resolved resonancesz and

neutron erergies between
G~100 eV required.
Accuracies refer to shape,
absolute values with 204
accuracy weculd be hkolpful,
Photon energy resolution should
be better than 100 Kev

Status:
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Von Baeckmann pointed out that as far as the analytical chemical
aspects of Safepuards measurements were concerned, he had no particular
interest in new determinations of nuclear data. However, since the
data are available in any case, they were interested in the first
place, in fission yields of inert gases during fission of Leavy
nuclei:, under the most varied conditions, and secondly, in the decay
datae (half-]ifc, decay schemes, alpha, beta and gamma energies, eto.)
of the heavy nucleii. He concluded that he would appreciate
receiving such data of the types specified above as are not already

known from the literature.
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List TT

Submitted by Dr. L.A, Kull, Science Applications Incorporated (sap),
Califaorniza, U.5.4. :

Wames znd Addresses of Hequestors

Dr. L.A. ¥Xull and Dr. J.R. Beyster, Science Applications Incorporated,
P.O. Box 2351, 1250 Prospect Street, La Jolla, Cal. 92037, U.S.A.

Further details, such as accuracy and priority, are being awaited
from the requestors.



Req. Reaction Type
No. Target Quantity Variable Priority Incident Erergy Accuracy Lab/Crganization Reguestor, Comments, Status Yea~
92-U-233 &~(Y,n) Ey=4~20 Mev SAP (SAP) Kull 70
Total photonewtron cross s2ctions
requiszi,
Developrent of non-destructive
assay technigues.
Status:
92-U-233 O (Y,£) L, =4~20 Hev SAP (SAP) ¥ull 70
Total photofission eross sections
required.
Develorment of non—destructive
assny technigues
Status:
92-u-235 5 (Y,n) E,=4~20 Mev S4D (34P) Xull e

[P

Total photonautron cross wseat
reguired.

Development of non-destruciive
assay technigues

ons

Status:




Reqe ) Reaction Type
No. Target Cuantity Variable

- 69 -

Priority Incident Tnergy Accuracy Lab/Organization Requestor, Comments, Status

92-U-235 QO (Y,£)

EY =4-20 Mev

SAP (SAP)

Kull

Total photcfission cross sections
required.

Develorment of non~desiructive
assay techriques.

Status:
92-U~233 Delayed~N-Y Ey=4-15 Mev SAP (SAP) Kull . 7C
Average number of delayed neutrons
rer photofission required.
Develepment of non-destructive
assay techniques.
Status:
=T . 233 Nu-Bar Prompt By=4-15 Mev SiP (SAP) Kull 7
lverage number of prompi neutronc
per photofissior reguired,
Developnent of non-destruciive
assay technigues.
Status:
92-U-235 Delayed-N-Y E =-15 Mev SAP (SAP) Kull 70

Average number of delayed reuirons
ver photofission requireé.

Developrent of non-destruciive
assay techniques,

Status:




Req.
No.

Reaction Tyvpe

Target Quantity

Variable

-T70 ~

Priority Ircident Eneiwy Accuracy Lab/Organizetion Recuestor. Comments. Status Year

92-U~235 Nu-Bar

Prompt

B, =4~15 liev

Y

el o e e o ¢ i e e A . e

SAP (SAP)

all . 1C
Average number of prompt reutrons

per photofission required.
Development of non—destructive

assay techlnigues.

Stapgg:

92-U-238 O (Y,n)

EY=4-20 lev

SAP (SAP)

Kull C

. Total photoneutron cross secticns

required. .
Development of non-destructive
assay techniques.

Status:

92-U-238 g (Y,f)

EY-4—20 Nev

SAP (SAP)

- e e - . e m e = e e m————

¥ull TC
Total photofission cross seciions
required.
Tevelopment of non—destructive
assay technigues.

Status:

90-Th-232 ¢(Y,n)

E,=4-20 ¥ev

SLP (SEP)

Kull 7c
Total phoioneutron cross sections
required.
Develogprent of nen—destructive
assay techniques.

Status:
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Req. Reaction Type
No. Target Quantity Variasble Priority Incident Frersy Accuracy Lab/Orsanization Reguestor, Comments, Status Yoo

90-Th-232 g(Y,f) By=4-20 Hev SAP (SAP) Kull 0
Total photofission cross sections /
requirad.
Development of non-destructivs
assay techniques.

tatus:

94-Pu=239 0 (Y,n) E =4-20 Mov SAP (SAP) Kull 7C
. Total photoneutron cross sections
required. ’
Development of non-destructive
assay technigues.,

Status:

94-Pu-239 o (Y,f) =4-20 Mev SAP (SAP) Kull 70
Total photofission cross sections
requirad.
Development of non-destructiva
assay techniques.

By

Status:

94~Pu~240 0 (Y,n) E,=4-20 Nev SAP (SAP) Kull 70
Y - Y
Total photoneutron cross sections
required.
Development of non-destructive
assay technigques,

Statis:




Req.
No.

- 172 -

Reaction Tyvpe

Tarzet Quantity Variable Priority Incident Energy Accuracy Lah[prganization Requestor, Comments, Status Year

94~Pu~240 & (Y,f) E,=4-20 Mev

SAP (SAP)

Kull 7C
Total photofission cross sections J/
required.
Development of non—destructive
assay technigues

Status:

94-Pu-241 o (Y,a) By=4-20 Mov

SAP (SAP)

Kull 70
Total photoneutron cross sections
reguired. .
Development of non~destructive
assay techkniques

Status:

94~Pu~241 (57 (Y,f) Ey=4-20 lev

SAP (SAP)

Kull 7C
Total photofission cross sections
required.,
Development of non-destrmctiva
agaay technigues

Status:

90-Th-232 Delayed-N-Y

3

=415 HMev

SAP (SAP)

ull 7
Averags number of delayed nsutrons
par photofission required.
Develcpment of non-destractive
aszny technigues

4 a4
Sua.ut.‘-S:
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Req. Reaction Type
No. Target Quantity Variable Priority Incident Energy lccuracy Lab/Oggénization Requestor, Comments, Status Year
90-Th-232 Nu—Bar Prompt - Ey=4-15 Mev SAP (SAP) Kull 70
Averago numbsr of prompt neutrons //

per photofission required.
Development of non-destructive
assay techniques.

Status:

=4-15 Mev SAP (SAP) Kull 70
Average number of delayed neutrons
per photofission required.
Developmant of non-destructive
assay techniques.

94~Pu-239 Delayed-N-Y EY

Statuss

94-Pu-239 Nu-Bar Prompt E =4-15 Mev SAP (SAP) Xull 70
Average number of prompt neutrunc
per pholofission reguirsd.
Development of non-destructive
assay techniques

Statuc:

94~Pu~240 Delayed~N-Y wj=15 Mav SAP (SAP) ¥ull 70
Average number of delayed neutrons
v2Tr photofission required.
Development of non-destruciive
assay techniques

By

Statuss:
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Req. Reaction Type
No. _Target Quantity Variable Priority Incident Tnersy Accuracy Lab/Organization Reaquesisr, Comments, Status Taar
94-Pu-240 Nu-Bar Prompt B, =4~15 Mev SAP (SAP) Kull 70
. fverags number of prompt neutrons //

94~Pu-241 Delayed-N-T

B, =4~15 Mev 547 (SAP)

per photofission required.
Develcpnent of non-destructive
astir techniques

5

Status:

Kull C
Average number of delayed neutrons
per photofission reguired.
Developnent of non—destrictive
assay technigues.

Status:

94--Pu-241 Nu-Bar Prompt

E. SAP (SAP)

(=4—15 Mev

Averagze number of prompt neutrons
T pnotofission reguired,
raent of nan-destruciive

sty tecnnigies

90-Th-232 Delayed~Y~Y P(EY,'I‘"/Z)

[
n

= SAP (S4P)

Kull 70

Detailed msasursments of the time
behaviour of the energy spectrunm
of delaved gamma rays from micro-
seccnds to heours after bramas-—
siri:hlung irraliation.

Develo;ment of mon-~destructive
assiy technigues

w

tabis:

D

m——e e et e . e e e v . s et mn
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Req. Reaction Type
No. Target Quantity Variable Priority Incident Znergy Accuracy Lab/Organization Reguastor, Comments, Status Ve
92-U-233 Delayed-Y-~Y P(EY,T}’z) z, = - SAP (SAP) Kull I
) Detailed measurzments of the tima /
bahaviour of the energy cpectrum
of delayed gamma rays from uisro-
saconds to hours after brems-
strahlung irradiation.
Development of non~dastructive
asuny techniques.
Status:
92-U-~235 Delayed~Y-Y P(EY,T‘/z) Ey= SAP (SAP) Kull 70
' Detuniled measursments of the time
benaviour of the energy spectrum
of delayed gamma rays from micro-
seconds to hours aftar brems-—
strahlung ireradiction.
Developmant of non-destiruactive
assay techniques.
Stazus:
92-U~238 Delayed~Y-Y P(Ey,TVZ) B = SAP {SAP) Kul | g

Detailed measurenents of the time
behaviour of the energy spectrun
of delayed gamma ruays from ricro~
seconds to hours after brems-—
strahlung irradiation.

Development of non-2esiraztive
asgny technijues.

(]

Status:



Req.
No.

Reaction Typse

Target Quantity Variable Prioritr

T
By

[¢]

ide

e

2oy J2b/Crzanization

&3]
[e)
"
02
o*
o
3
(@]

orments, Status Vooar

94-Pu—239 Delayed—Y-Y P(EY,TV2)

™
&

Y

94-Pu~240 Delayed--Y-Y

P(EY,TV2)

H

— — g

sar (SAP)

SaP (SAP)

¥all 7

Detailed measursments of the time
bahaviour of the ovnergy spectrum
of delayed gumma rays from micro-
gseconds to hours after brans-—
strahlung irradiation.

Deveiuprent of non—-destructive
as.aay technijues.

¥all 7
Detoiied nmeasuremsnts of the time
tehaviour of the energy spectrunm
of delayed gamma rays fram micro-
szzonds to hours after brems—
strahlung irradiation,
Tevelirpment of non—~destruchive
assiyy technigues.

~

Statas:

o

94-Pu~241 Delayed-Y-Y

2

EY,T72)

all 70
Detailed measurements of the time
bnna"‘our of the enerygy su2ctrum
¥ delayed gamma rays from misro-
sezonds to hours after brems—
:yrahlung irraiiation.
Development of non—iaestractive
assay techniques.

Status:




Req. Reaction Tyvpe
No. Target Quantity  Variable Priority

144 Bremastrahlung

(see Comments)

-7 -

; Incid - nt Snerwcy Accurszey Lab/Organi

SAP (SAP)

Detailed measurements of the
absolute yields and spectrum
shapes of bremsstrahlung
radiation from thick con-
rarters, as a functisn of
and-point energy.

Status:

79-Au-197 Bremsstrahlung
(see Comments)

SAP (S4P)

Kull T
Detailed measursments of tne
absolute yields anl sp:zctrum
shzapes of bremsstrahlung
radiation frem thizk con~
vertars, as a functicn of
end-point energy,

wiatugs

73-Ta=181 Bremsstrahlung
(see Cemments)

SA? (SAP)

a
ct

e

Q

ot

~

v

verters, 23 a fun
end=-point energy.

b
L0338

e ot o e o o e e - ——
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List ITI

Submitted by Trof. K. Oshima, Department of Huclear Ungianecring (2U3),

University of Tokyo {UPK), Javan.

Name and Addraess of Reguesto

P R —

Prof. K. Oshima, Department of Nuclear Engineering, Universiiy of Tokyo,
Bunkyo-ku, Toxkyo, Japnn.

atus and, 11 sSuck cases A8 NSCELSULY,

Furthner details concerning the st
s ic requests are reguired.

the accuracies of



Cghima first lists, in five basiz cataegories, those nuclides of
importance Yo both  :siriective and ncn—destructive tazsting for 3afeguards,
acrording Yo bne Doylloviog vriority oxder:

T = Mout Tmuvontanty  T7 — Tmyortanty  ITI - Desirable
A Nuclides Lo e veeouvel Uy 1= or S-activity

Ij. Cs=137, Je-144
\
)

I

R T S £ o
I1)e  Lr=95, 3r-Ud, Sr=Uy, (Ba—130 eventually

ared vy mass svestremetry

Y & T [ 3 2 Spike |

Tie dds A w DT 150, 100,135,143, (144 and 142 for spixe).
. ~ v . o~ N \
Moo Ao 100,790,097, (G6,94 and 92 Tor spike)

T1)e &30 A = 1009 a5 mass spectronstry standard {107 for spika}}
e . . N { - 7 o 3 -
Pdr A o= Piogrot 108, {104 and 102 For spike).
. . ; , ’ ~ ~ g . \
Lo A imailsalid,ibiy (110,108 and 106 for spike).

il

6
P o~ 90 (long=iivzl mclide, can be analyzed chemicaliy).

-4
r1
—

N
.

ot

c. Huclides related uvo

I). Those chain miclides which increas: tle production of the
ruclides in questilon; 2.g.,
R

Xe-136 (n,Y) Xe=137 —> Cu=137

II). Those chain rucliaes which degreasc the production of the
nuclides in guestion; e.f.,

Xe=137 (n,Y) Xe-138 _—Ee>Cs—139

D.  lssile Juclides

Pu: A = 233,240
I1). U : A = 233,234,236
Pu: A = 241,242

5. Nuclides of importance for neuvtron spectrom estimation

E-1. II). Co-59, Ni=-58, Fe-54, Fe-58
E~2. II). Co-560, Co-58, Co-57, Yin-54, Fe-59
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Amongst the denands for nuclear data are:

1. Decay Schemna nnd Hal f-Liveg

——

1-1., Nuclide~Priority Demands

I. Cs-137, Ce—144
IT. BRu-106, Co-60, Co-53, Co~5T, Mn-54, Fe-59
ITI. Zr-95, Sr-90, Sr-59, Ba=1.0 '

Completa dazay sohamos,
including mein aad
high enccgy T—

abundansceo,

1-2. Nuclide~Priority

I. Nd: A = 148,150,146,145,143,144,142
I. Mo: & =100,98,97,95,94,92

A

A 1. Decay modss and
IT. Ag: A = 109,107

A

A

branching ratios.

II. Pd: A = 110,108,105,104,102
II. Ci: A = 116,113,112,111,110,108,106

III. Tc - 99

2. Half=-lives.

Nt e el s S

1-3,. Nuclide-Priority

II. U-233, U-234, U-236, Pu-241, Pu-242

1. Complete decav schwuies
inciuding a~- ol
Y~abundancas

2s Half-livss,

N N LS

l-4. Kuclide~Prisritv

I. Cs=137, Ce-1i4
II. Ru-106
III. Zr—95, Sr—90, Sr-39, Ba~140

Half-lives.

N N’ e

2. Neutron capture cvoss sections

2-1. Nuclide-Priority Damand 3

I . CS"137 ’ Ce-144

I. Nd: A = 148,150,146,145,143,144,142
I. Moz A 100,96.97,95,94,92

II. Ru-106, Co~59, Wi-H3, Fs-54, Fe-58
II. Ag: A 109,107

II. Pd: A = 110,108,105,104,102
II. Cd: A =~ 116,113,112,111,110,108,106

III. Tc=99, Zr-95, S»-90, Sr-89, Ba-140

Neutron capture cross

i

sections, first for

thermal neutrons,

and later on for the

[

if

vwhole reactor anergy

ra-nig L ]

N N et S N N S o
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3. Fission vields (zhain yield and independent viald)

Fiprst for thermal neutrons, and later on for ths whole reactor encrzgy rangsz.

Fisgile Nuclides - Priority Yields of Specific Fission
Products = Priorities

I. U-235, U-238, Pu~239, Pu-240

II. U-233, U-234, U-236
II. Pu-24l, Pu=242

I. OCs-137, Ce-~l44

I. Nd: A 1487150’146,145,143,144,142

I. Mo: A =100,98,97,96,94,92

I. Nuclides in Oshima's category &,
which tend to increase production
of nuclides in gquestion.

)
)
)
)
)
)
; IT. Ru-106
)
)
)
)
)
)
)

IT. Ag: A

II, ¥Pd: 4 =110,108,105,104,102

Ir. Cds A = 115,113,112,111,110,108,10%

IT1. Nuclides in Oshima's categoxy C,
which tend to decrease production
of nuclides in questicn.

109,107

Oshima concludass by stating that all the date should be evaluated, and tho
for the capture cross sections and fission yields the first demand is foo
thermal nautron data and that the data should be presented in the formal
the ENDF/B file. He also notes that some of thess data are, at preasens,
the ENDF/B file. Also in other evaluated data rilss uvaluated daia on =
cross sections of several fission products may w2 foiud, covering an enercsy
region from below thermal to about 10 Mev. Such data, at prasent, exist Lor

(27):

Sr-89, Sr-90, Mo-92, Mo-94, M0-96, Mo~G7, Mo-98, Mo-1C0, Tc~99,
Pd-102, Pd-104, Pd-105, Pd-108, P4-il0, 35-1C7, Ag-109, Cd-106,
€d-110, Cd-111, Cd-112, Cd~113, Cd-1i5, Cs-i.37, Ba-140, Kd-142,
Nd~143, Nd-144, Nd-145, Nd~146, ¥d-142, ani i1d-150.

ol
o

LA SR

Concerning capture cross section evaluated data for the nuclides of
interest in neutron spectrum estimation, data are availabls for:

Fe~54, Fe~58, Ni-58, and Co-59.
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List IV

Submitted by Dr. C.R. Keepin, los Alamos Scientific Laboratory (LASL),
Office of Safegzuards and Materials Management (USMH), U.S.A.

Name and Address of Reguestor

Dr. G.R. Keeopin, Los Alamos Scientific Laboratory,
University of California, P.C. Box 1663, Los Alamos,
New Mexico 87544, U.S.A.

The Request Numbers refer to those requests which cecincide, in
all aspects, with a request in the latest U.S5.A. request list,
BANDC(US)-133 (November 1969) by Dr. G.R. Keepin.
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List IV

Req. Reaction Tyye
No. Target Quantity Variable Priorily Ircident Erergy  Accuracy Lab/Organiz. Requestor,Comments,Status Y

ar /

e
18 4~Be (n,p)Li9 e'ZaBe9:—->n I 14-16 MNev 5% LASL(OSHM)  Keepin 59
Accuracy should be 5% or a
few tenths mb.
Absolute delayed neutron
yield required.
Develoypnment of non-destruct—
ive assay techniques.

Status: FNone which gives
energy dependence.
41 8-0~17 (n,p)Nl7 B'2>ol.l:->n I 8.5 = 16 Mev 5% LASL(OSM¥)  Keepin 69
' Accuracy should be 5% or a
few tenths mb.
Absolute delayed neutron
yield required.
Development of non—destruct-
ive asszy techniques.

Status: Fone which gives
eneryy deperderce.

Therrwl - 15 ¥Fev 5 %  LASL(OSEM)  Ksenin 55

liced spectrum of neutrons
in different
cparacterized by dif-
ferent decay consianhe.

Lbsclute number of delu;red
reutrons recuired.

Isotopic signaturas fuxr
non—decstructive acscay.

i

308 92-U-233 Delzyed-N-Y P(En‘,

grouns

Stetus: Older measurenernis
ot altogether consisten

Shorter—lived grouz.
r.ct known, LASL and L
rlarning experipanino.




Req.
No.

Target

Quantity

- 84 -

Reaction Tyve
Variable

Priority Ircident Energy

Accuracy Lab/Crganiz. Feauestor,lommernts,Status

311

92-U-233

Delayed-¥-Y

IT Trhermal -~ 15 Mev
~

P(EY)

C
5 Lasu(ossy) U

Aigh-recsclution absolute

Y-ray yields required.
Y X 3

Ultinmately, assign discrete
Y's to specific fig—

sicn producta.
Zeotepic =i
destruc
technig

fer non—

dnlf-life

316

92-U-233

Delayed~F-Y

Iir Trercal - 15 KHev

A
i

1 5 7=

LasL{osun)

wosciuve yields of fission
i

isomers ve

s M F
14

—n - -~y DA - ~
LAQLOPRLC signature: 14T novne
cgroatructive asgay;”
“:‘,\‘Ctilllf‘{’\: 25 .
- \- N R
Jhaltuls: ol wolch gives oo
NOTCoUUTY etetiy

s A .
ORI B EOREE SR S

334

92-U~235

P(E )

&S]
)
o
H
<)
I
1

b
wn

Delayed-N--Y

H




Req.
No.

Reaction Type

Pricrity Irc

Accuracy Lab/Organiz.

.38

Target Quantity Variable
92-U~235 Delayed~Y~Y P(EY)

5 %

LASL{GSHHK )

Heepin

digh=rouclution absolute
Y~ray yields required.

Ultimately, assign discrete
Y's to specific fis-
cien producis,.

Isoteopic sigrnatures fer non-
destructive assay
techiiiques.

Ynaxr

Reguestor,Comments,Status .

G

92~-U~235 Delayed-F-Y

15 %

TASL{OSNM)

bselute yields c¢f fi+sion
isomers versus tires
(7»10 nsec) required.

Isotcpic signatures for non-
destructive azuoey
technigues.,

Status: None which gives the

necessary energy
dependence.

353

o

92-U~218 Delzyed—N-Y P(En,)

5 %

LASL(OSH )

~bsclute numbers of dolzyed
revirons regquired.

High res. Time ard Enercy
spectra alco of inierest.

Isotopic signatures for non-
destructive assay
techniques,

Heed to confirm AKRL results
using smaller samples.
Status: ALL Cox and XLiting,

BAFS 11 1.4 Kev,

l 5 Kev arA 1.7 Fev.

N



Req.

Reaction Tyve

No. Target . Guantity Va.iable  Friority Ircident Frexyy
35 92-U-23 Delayed~Y-Y P(E ,TV2 I Trermal - 15 Mev 5 % LASL{OSNM)

Heervin
Hign—reaclution abscluie

Y-ray yields reguired,
Tiwe ard eneugy specirva

alaso of irterest.

Ultirmately, essign diucrete
T's to syceific fig-
cicn preoducle.

Iseotorice sigrotures fer non-
dostructive assay

techniques.

\"
-

Status: Hon

359

92-U-238 Delayed-F-Y

II

Thermal ~ 15 Nev

15

LasL{csuy)

4
(94
m e
o]
pus
I

ite yields of {fiseion
isomers vorwus times

{7 1C rgec) requir:d.

¢ sigratures for ro:r-
uctive asssy
techniques.

—

Siatus: MNone whick gives Lie
necessaly enersy

SEr -u' oy
u(’ ERUCHIE «

379

04-Pu~219 Delayed~N-Y

P(E_,)

Thermal = 15 Mev

4

%

LASL{CSM#)

Eoerir

Aosolute mumbers of dalaye
reuvirong rogulre.

Bigh res. T e end Lrergy
spectra a&lso of interesi.

Isotepic signutures fer rorn-
destructive acsay.

.
YO FLIS N




Req. Reaction Type

~

No, ~erget Quartily Variable Priority Incident :

'y

nersy  Accuracy b/C:g&v‘z. cguersicr, Copments. . Statue T ¢

v il —— — - - ——l e

High~resolution absolute
Y-ray yields required.
Time and energy speclre
zlso of interest,
Citirately, wnssign diccretc
Y's to specific fig—
sion proeductse.
Isotcpic signatures for non-—
destructive assay.

362 94-Pu-239 Delayed-Y-Y P(EY,T‘}*’?.‘; I Trerzal - 15 Kev 5 % L;xSL(c.-s:.::.:j Fioezin

Status: cne.

Mev 15 % LASL{OSMM, Feerirn
Abecinte yields of fission
isomers versus tics
(> 1C nsec) require
Isotopic signatures fo
destructive assay
techrique=.,

188 94-Pu-239 Delayed—F-Y 11 Therral - 1

\n

2]

l’t

d
I ner—

Status: None which gives the
necessary enargy
derendernce.

15 Mav

2
]
q
[l
&

391 94-Pu-240 Delayod-E~-Y P(E ) IT "Tharin:

\n
W

LASL(OSKY.}  Xeepin S
Absolute numbers of delayed
neutrons reguired.
High res. time and Muergy
srecira #lsc of irterest.
Isotopic sigratures for ron-
destructive assay.

Status: lcne,




Req.
Lo.

Reaction Tyvpe
Quantity Variable

Target

396

94-Pu—240 uclayed-—Y-Y P(EY,TVQ)

Accuracy

Laby/Crirani

¢

cr,Comment 5,5

z, heouest oiug

5 %

LASL{C3¥M) reepin S
High-resolution abuoclute

required.
apaclra

Y-ray yields
Time and encrgy

also of interecst.
Ultirately, aceigr diccrere

Tt's to syecific

4 .
118~

397

94=Pu~240 Delayed~F-Y

IIT

- 15 Mev

3~
wn
A

LASL(O3NK)

405

94~Pu~241 Delayed-N-Y P(E

1I

Thernal — 15 Mev

5 4

LAST{0SMM)

Keezi& o
dbsclute yields of fTicsior
ivoners versus tizec
(7]& roec) rgq uir:l.
Isotopic signs 2z Jor non
destriclive agsny
techniquss.
Status: None which jives the
rnecessary eneryy
- depandence.
Feenin 6
Absoluta numbers of dalayel

i
Hign resas time and “rergy
spectra also of intersst.
Isotopic signaturss {or
destractiva asguy
techniguey.

Statas: llone which neets

acnurasy T

- e b



Req. Reaction Tyne
o, Target Quantity Variable riorit

ncident ZInergy  Accuracy Tab/\P'lﬂiZ- Resuestor,fSomment o, Saat -

P e S P Sy R SRTSN L.

406 94~Pu-241 Delayed-Y-Y P(EY,'I”/2) 11 Phermal - 15 Hev 5 LASL{CS!1  Meozin

High=rezolution ansolutaz
Y-ray yields raquirzd.
Time and energy svaztir
also of interost.
Ultimately, assign discretle

Yis to specific fis—-

sion productse

Isotepia signatur:
im structive assny
schnijues.

w

for non-

U

. .

tat1s: hone Whian nmeeta the
220NTaly Tegairenents,

407  94~Pu-241 Delayed-F-Y IIT  Thermal — 15 Mev 15 %  LASL(OSNYM)  Koepin 5
. Absoluts yields of f{isuion

isomers versus times
(710 nsec) required.

Isotopiz signatures for noi~
destructive assyy
techniques.

Status: None whizh gives the
necessiTy eierygy
dependencs.

I Theraal = 15 Mev S % LASL{OSM¥)  Keeoin
psolute number of delayed
neuatrons reguivsl,.

Hizh res. time and b.er;y

spectra alaso of interest

g
—~
t=3
~

411 94~Pu—~242 Deliayed—N-Y

Isotopic oignaturss for non-
destructive assay
techniques.

Status: None which meats tne

_— acenracy TopdTemen s,
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Req. Reaction Type
Lo, Target Quantity Variabie  Prioriiy ITnciinut v ___Acouragy Lab/Cr:

Tagidnit Loengy

1 o oy ,  r e f ogerens . .
414 4=Pu~242 Delayed~-Y~Y p(s,,772) jut Cheraal - 18 Moy 5 Asu{osu et e
{ 3 / . . \ . ——

1iuvs of int
Ultimataly, .o

s to a3

cion

Isotepin

+ o4 Yy s s 3 . - T F
Statac: Noere whisn meots $he
AR

416 94~Pu-242 Delayed-F-Y III Thermel - 15 YMev 15 % LASL(OSMM) Keenin -
Absolute yieclds of fissian
isomers versus timas
(>10 usec) required.
Isotopic signatures for non-
destructive assny
techniques.

Statuc: lone which gives the
NBCRS3ATY LR T
deperdence,

Gt b etan d - s P e ke W wis et % e - s o~ =
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Req. Reaction Type
o Target Quantity Variable

92-U-233  (n,n'Y) P(EY)

Gamma ray production cross
sactions required.
Resol

o vable, nigh enor.y
T-rays from n inelastic
stattering.

For iso4opic asany

s

92-U-235 (n,n'Y) P(EY) 1-5 Mev, 14 Mev LASL(0S!)  Zeepin
' Gaanmz ray prolucstion cross
sections reguirad.

Resolvable, high cnergy
Y=rays from n inelastic
‘scattering.

Por isotopiz ausny of sumplex
mixtures of fission
isotorpes.

Measurenents shoald be T
formed with Van dao Seanff
acd high resclution Be(li
detection systam,

Status:




Req. Roaction Type

No. Target Quantity

Variable

- 92 -

Priority Invident Eneray

Accuracy Lab/Organiz. Requastor,fomments,Status

92-U~238 (n,n'Y)

P(EY)

1-5 Mev, 14 Mev

LASL(0S%Y)

Gamma ray production crosg
sections regquired.

Resolvabla, high enarygy
Y-rays from n inelastic
scattaring.

Por isotopic assay of complex
mixturss of fission
isotopese.

Measurements should be per~
formed with Van de Grasnff
and high resoluvion Je(Li)
detection system.

tatius;s

-

Ya2ar

C

94-Pu~239 (n,n'Y)

P(EY)

1-5 Mev, 14 Mev

- LASL(OSMM)

Keepin
Gamma ray production cross

gsections required.
Resolvable, high energy
Y-rays from n inelastic
_ scattering.
For-isotopic assay of complex
mixtures of fission
isotopeso

Measurements should be per-

formed with Van de Graaff
and high resolution Ge(Li)
detection system.

Status:

70
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Req. Reaction Tyvpe
. . . . ) . / . ~
No. Target Quantity Variable Priority Incident Frer;y aAccuracy lab/Orzaniz. Razuestior,fomments,Status Yoo
94-Pu-240 (n,n'Y) P(EY) 1-5 Hev, 14 dev LASL(O3uM)  Heevin

nergy
Y-ray:s f*on n inelastic

Vov isoct:
mlxtircs of fission
isctorpes.

lieasuramctits should be per—

formel with Van de Traaff
arnd ni:ik resolution Ge(li)
detaciion sysen.

Status:

94~Pu~241 (n,n'Y) P(EY) 1~5 Mev, 14 Mev ' LASL(CSMM)  Keepnin
Gamma ray production cross
sections required.
Resolvabie, hizgh enargy
k rom 1 inelastic

ay of complex

isotopes,

Measurements should be per—
formed with Van de Graaff
and hizh resolution Sef{li)
detection system.

Status:




Req.
No.

Target

Heaction Tyype

Quantity

Variable

- 94 -

Priority Incident Energy

Accuracy Leb/Organiz.

Reguestor,Comments,Status Year

94~Pu-242  (n,n'Y)

P(EY)

1-5 Mev; 14 Mev

LASL{OSMM) .

Keepin 70

Gamma ray production cross
sections required.

Resolvable, high energy
Y-rays from n inelastic
scattering.

For isotopic assay of complex
mixtures of fission
isotopese.

Measurements should bs per—
formed with Van de Graaff
and high resolution Ge(Li)
detection system.

Status:

| 92-U-233

(n,Y)

P(E,)

Thermal ~ 1 Mev

* 1ASL(0SMM)

Keepin 70
High resolution Ge(Li)

detection systenm.
Resolvable capture gamma ray
spectra required.
For_isotopic assay of
complex mixtures of
fission isotopes.

Status:

92-U-235

(n,Y)

Thermal - 1 Mev

LasL{osMM)

S e e — —— et 8 " o g oy -t e -

Keepin 70
High resolution Ge(li)

detection system.
Resolvable capture gamma ray
spectra required.
For isotopic assay of
complax mixtures of
fission isotopes.

Status:

- —— - —




Req. Reaction Type

do. Target Quantity

Variable

- 95 ~.

Priority Incident Energy

Accuracy Lah[Organiz. Requestor,Comments,Status

Yeo

»

92-U-238 (n,Y)

P(E

‘Y)

Thermal -~ 1 Mev

LASL{OSMM)

Keepin

High resolution Ge(Li)
detection system.

Resolvable capture gamma ray
spectra required.

For isotopic assay of
conplex nmixturzs of
fission isotopes.

Status:

70

94~Pu-239 (n,Y)

P(EY)

Thermal ~ 1 Mev

LASL(OSi)

Keepin
High rasolution Go(Li)
detection systenm.

Resolvable capturs gamma ray

spectra required.
For isotopic asusay of

complex mixturas of

fission isotopes.

Status:

70

94-Pu-240 (n,Y)

P(E

Thermal - 1 Mev

LASL(OSMM)

Keevin
o ————

High resolution Ge(Li)
detaction systen.

Resolvable czpture gamma ray
spactra regquired.

For isotopic assay of
complex mixturaes of
fission isotopes.

Status:

70
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Req. Reaction Tyve
No. Target Quantity Variable Priority Incident Energy  Accuracy Lab/Organiz. Requestor,Comments,Status Year

94-Pu-241 (n,Y) P(2,) Thermal ~ 1 Mev LASL(OSMM)  Keepin 70 /
. High resolution G’e(Li)
detection system.
Resolvable capture ganma ray
spectra required.
For isotopic assay of
complex mixtures of
fission isotogpes.

Status:

94-~Pu~242 (n,Y) P(EY) Taermal — 1 Mev . IASL(OSMM) Xeevin 70

High resolution Ce(Li)
detection systenm.

Resolvable capturs gamma ray
spectra required.

For isotopic assay of
complex mixtures of
figsion isotopes.

Status:
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List V

Submitted by Dr. H, Hick, Institut flir Physik im Reaktorzentrum
Seibersdarl, Ausiria

Naome and Address_of Reguestor

Dipl. Ing. Dr. Ho Hick, Institut fir Physik im Reaktorzentrum
Seibersdorf, Lenaugasse 10, A-1082 Vienna, Austria
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list V

For the main Y-emitters, the following data are needed for evaluation
of Ge(Li) detector measurements on burnt fuel elements.

Nuclide Quantity
1. Ce~l41 Accurate Intensity of 145.0 kev Y=line.
2. Eu-152 Accurate Intensities of Y-lines.
3. Bu-156 Accurate Intensities of Y-lines.
4. (Pa—233) Accurate Intensiti;s of Y—lines.

5. (Np~239) Accurate Intensities of Y-=lizmes.
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List VI

Subnitted by Dr. H. Condé, Research Institutz of the
Swedish National Defence, Stockheln, Svweden

Name and Adiress of Resuestor

Dr. E. Hellstrand, Research Institute (RI) of the
Swedish National Defence (SKWD), S-104 50, Stockholm 80, Sweden
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List VI
Req. Reaction Type :
No. Target Quantity Variasble Priority Incident Energy Accuracy LdQ/Organization Raquestor, Comments, Status Yoar

Pu-239 RESON

PARAMS

1l 0056 eV

RI(S¥D)

Hollstrand 10

Resonance parameters for 1.056 eV
resonance in Pu-~240 required.

For non-dcstructive analysis of
Pu-239 & Pu-240 content.in Pu
bearing fuel elements by
transnission of epithermal
neutrons.

Status: Remakrishna, et.al.,

Paper No. CN-25/48, at
Helsinki Nuclear Data
Conference (June 1970)
reports and comparss new
measurenents.

- e e e E— -
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List VII

Subnitted by Dr. F. Moeken, Furochemic, }ol, Belgium

Name end Address of Reguestor

Dr. H. Moeken, Eurochemic, Mol, Belgium
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List VIT

e,

Moeken points out two areas of Safeguards activities for which

nuclear data are important:

A. DYon—desiructive Assay Technigues
B, Calculations_following finalytical Measurements
Y¥ithin each of these two areas, he emphasizes three different techniques}
A~l. Calorimeiric measurements on Pu containers -
Decay schemes and a2lpha energies of Pu isotopes needed.
A-2. Radjiometric measurementis on Pu containers -
Decay schemes and Y-cnergies of Pu isotopes needed.
A-3. Camma/neuiron measurements on Pu and U products -
Sponténeous fission cross sections, (a,n) cross sections, prompt
garma/neutron yields and energies needed.
B-l. Alpha Spectromeiry on Pu - Decay Schemes and alpha energies
of Pu isotopes needed.,
B-2, Gamma Svectrometry for burn-up determination -
Decay schemes and gaﬁma energies of Cs-~137 and Cs—=134 needed.
B-3, Burn—ur calculations -~ Fission yields for the different fission processes

of scme isolopres, such as Cs-137, Cs-134,
and Nd-l48 needed.
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DRAFT
INDC(NDS)-21/G
- Addendum 1

NUCLEAR DATA REQUESTS FOR SAFECUARDS TECHNICAL bEVELOPMENT

INTRODUCTION

Following completion of the Draft Report, INDC{EDS)-21/G, 2 reply to
the Circular Letter of 16 February, dated 28 May 1970, and a list of nuclear
data necds for Safeguards technical development was received by the Nuclear
Data Sectien from Dr. R.L., Bramblett of Gulf General Atomic (U.S.A.). It is
the purpose of this Addendum 1o summarize the views expressed in this letier

and prescnt the list of nuclear date needs submitted by Dr. Bramblett.

0. R.L. Bramblett (Gulf General Atomic. U.S.A.)

In his reply of 28 May Bramblett emphasized thet the Safeguards develop~
ment work at Gulf General Atomic, which is based mainly on photonuclear
reactions, "does not benefit from the existing neutron request lists"
te.g. RENDA), but that "it does seem that a compilation of data for safeguards
wvould be useful”. He then went on to focus attention on an exceedingly important
question which should be carefully considered when deciding "té generate a
Safeguards Data Request List" - namely, "what Agencies will be motivated to
fund measurements that are listed?' He points out that the éxisting neutron
cToss-section request lists "have limited value bacause the reqiestor has not
'ideniifib&.i suppoTtable requirement for the data and the regquestor usually has
no influence on the availability of furding to carry out measurements”.
Bramblett then concluded by expressing the view that “presumably, appearance
of a data requirement on an IAEA sponsored request list would imply that TAEA

would consider furnding the work",

In addition to these remarks, Bramblett submitted a list ¢f nuclear data
needs, relevant to the Safeguards development work pureured at Gulf Ceneral
Atomic, which are presented as List VIII. '
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Ligt VIIT

Submitted by Dr. R.L. Bramblett, Gulf Ceneral Atomic Tnec. (GGA), U.S.A.

Name and Address of Requestor

Dr. R.L. Bramblett, Gulf General Atomic Inc., P.O. Box 608,
San Diego, Cal. 92112, U.S.A.

The incident energy, E , in these requests refers to the electron
energy from a LINAC, i.e. the bremsstrahlung end-point energy.
Furthermore the symbol, xY, in the Reaction Type (Quantity)
code refers to incident bremsstrahlung as distinct from
incident monoenergetic gammas.




Req.
No.

Reaction
Tarset Quantity

Variable

—3'.0-
List VIII

Priority Incident Energy

Accuracy Lab/Orgeniz. Requestor,Comments.Status Year

1-D-2 (xY,n)

Ee-Threshold—lo Mev 20%
AE = 1%

Bramblett (Y
Total neutron yield produced
by bremsstrablung required.
Yield may bo relative to
U-238 or may be absolute.
Emergent neutron. energy-~flat
response.
Effect on non-destructive
photonuclear assay.

Status:

4~Be-9 (xﬂ,h)

Eedrhreshold-lo Mev 20%
AE; 1%

Bramblectt —=="""70"
Total neutron yleld produced
by bremsstrahlung required.
Yield may be relative to
U-238 or may be absolute.
Emergent neutron energy-flat
response.
Effect on non-destructive
photonuclear assay.

Status:




Raq.
No.

Roa
Target Quantity

-4 -

Aoouraoy Leb/Organiz. Requesior,Comments,Status Year

6-0-13 (IY’ n )

Variable Priority Incident Enexzy
\ s E_=Threshold~10 Mev

o5, - 18

Bramblett : 70
Total neutron yleld produced
by bremsstrahlung required.
Yield may be relative to
U~238 or may be absolute.
Emergent neutron energy-flat
rosponse.
Effect on non-destructive
photonuclear assay.

Status:

3“1)1"6 ( xY ’ n)

Ee=Th1‘e shold=~10 Mev

4% = 1%

.Bramblett ' 70

Total neutron yield produced
by bremssirahlung required.
Yield may be relative to
U-238 or may be absolute,
Emergent neutron energy-flat
Tesponse. '
Effect on non-destructive
photonuclear assay.

Statug:




Req-
No.
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Reactisn Type

Target Quantity

Variable Priority Inecident Energy

Accuracy lab/Organiz. Requestor,Comments,Status

Yoar

8-0-17 (xY,n)

EenThreshold-IO Mev
AEe= 1%

20%

GGA(GGA)

Bramblett 70
Total neutron yield produced '
by bremsstrahlung required.
Yield may be relative to
U-238 or may be absolute.
Emergent neutron energy-flat
response.
Effect on non-destructive
photonuclear assay.

Status:

92-U-233 (xY,n)

EeaThreshold-IO Mev
AE = 1%

10%

GOGA(GGA)

Bramblett 70

B

Neutron yield (including =
fission) produced by brems—
strahlung required.’ '

'Yield may be relative to U-238

or may be absolute.

Emergent neutron energy-flat
response. '

Effect on non-destructive
photonuclear asssay.

Status:




Heq_.
No,
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Reaction Type

Target Quantity

Variable Priority Incident Enerey

Accuracy Lab/Organiz. Reouestor, Comments, Status

Yea

92-U~233 Delayed-N-Y

EezThreshold-lo Mev
Af =
B 1%

10%

GGA(GGA)

Bramblett

Delayed neutron yield produced
by bremastrahlung required.

Yield may be relative to U-238
or may be absolute.

Emergent neutron energy-flat
response.

Effect on non-destructive
photonuclear assay.

Status:

70

92-U~233 Delayed~-Y-Y

Ee- 10 Hev
AE =
E = 5%

106

GGA(GGA)

Bramblett

Fission product delayed gamma-
ray yleld produced by brems-
strahlung required.

Yield may be relative to U~238
or may be absolute.

Emergent gamma~ray energies,

E= (0.5-5) Mev, withA E=3 Kev,

Effett on non-destructive
photonuclear assay.

Status:

10




Reg.
No.

- T =

Reaction Type

Target Quantity

Variable Priority Incident Energy

Accuracy Lab/Organiz. Requestor. Comments, Status

Ycat

92-U-234 (xY,n)

Ee=Threshold-10 Mev
AE = 1%

10%

GGA(GCA)

Bramblett

Neutron yield (including
fission) produced by brems-
strahlung required.

Yield may be relative to U~238
or may be absolute.

Emergent neutron energy~flat
Tresponse.

Effect on non-destructive
photonuclear assay.

Status:

70

'92-U-234 Delayed-N-Y.

EeaThreshold—lo Mev
AEeu 1%

10%

GGA(GGA)

Bramblett

Delayed neutron yield produced
by bremsstrahlung required.

Yield may be relative to U-238
or may be absolute.

Emergent neutron energy-<lat
rsaponse.,

Effect on non-destructive
photonuclear assay.

Status:

10




Req.
No.
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Reaction Type

Target  Quantity

Variable Priority Incident Energy

Accuracx_Ldb/Orggniz. Reguestor, Comments, Status

Yoar

92-U=234 Delsyed-Y-Y

Eeu 10 Mev
Z&Eeu 5%

10%

GCA(GGA)

Bramblett

Fission product delayed gemma-
ray yield produced by brems—
strahlung required.

Yield mey be relative to U~238
or may be absolute.

Emergent gamma~-ray energies,

E= (0.5-5) Mev, withA'E=3 Kev.

Effect on non-destructive
photonuclear assay.

Status:

70

92~U~236 (xY,n)

Ee- Threshold-10 Mexv
43E°= 1%

10%

GGA(GGA)

Bramblett

Neutron yield (including
fission) produced by brems~
strahlung required.

Yield may be relative to U-238
or may be absolute.

Emergent neutron energy-flat
Tesponse.

Effect on non-destructive
photonuclear assay.

Status:

70




Req.
No.
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Roaction Type

Target  Guantity
92-U~236 Delayed-N-Y

EeaThreshold;lo Mev
zﬁEea 1%

Variable Priﬁritx Incident Energy Accuracy Lab/Ogganiz. Requostor, Comments, Status Year

10%

coa(coA)

Bramblett : 70
Delayed neutron yield produced
by bremsstrahiung required.
Yield may be relative to U-238
or may be absolute.
Emergent neutron energy~flat
* response.
Effect on non-destructive
" photonuclear assay.

Status:

. 92-U-236 Delayed-Y-Y

Ee= 10 Mev
ASEe- 5%

10%

GOA(GGA)

Bramblett o 70

Fission product delayed gamma-
ray yield produced by hrems-
strahlung required.

Yield may be relative to U-~238
or may be absolute.

Emergent gamma-ray energies,

Ee= (0.5~5) Mev, with E=3 Kev.

Effect on non-destructive
photonuclear assay.

Status:




Req_o
NO o

Reaction.Type

Target Quantity

Variable Priority Incident Energy

Accuracy lob/Organiz. Requestor, Comments, Status

Yeor

94~Pu~240 (xY,n)

EeaThreshold-lo Mev
A Ee== 1%

10%

GGA(GGA)

Bramblett

Neutron yield (including
fission) produced by brems-
strahlung required.

Yield may be relative to U-238
or may be sbsolute,

Emergent neutron energy-flat
response.

Effect on non-destructive
photonuclear assay.

Status:

70

94~Pu~240 Delayed-N-Y

Ee-Threshold-lo Mav
AE =
E, 1%

10%

GGA{GGA)

Bromblett

Delayed neutron yleld produced
by bremsstrahlung required.

Yield may be relative to U-238
or may be absolute.

Emergent neutron energy-flat
rosponse.

Effect on non-destructive
photonmuclear assay.

Status:

70
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Reqe Reaction e
No. Target Quantity Variable Priority Incident Encoregy Accuracy Lab/Organiz. Requestor, Comments, Status Year

94-Pu~240 Delayed~Y-Y . E = 10 Mev 105 GGA(GGA) Bramblett - 70
Fission product delayed gamma-
AE = 5% ray yield produced by brems-
© : ‘ strahlung required.
Yield may be relative to U-238
or may be absolute.
Emergent gamma-ray energles,
E= (0.5~5) Mev, withA E=3 Kev.
Effect on non-destructive
photonuclear assay.

Status:

94-Pu-241 (xY,n) : E =Threshold~10 Mev 106  GGA(GOA) Bramblett . 70
: . AE = 1% . Neutron yield (including
e fission) produced by brems~
strahlung required.
Yield may be relative to U-238
or may be absolute.
Emergent neutron energy-flat
response.,
Effect on non-~destructive
photonuclear assay. -

Status:
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Req., Reaotion Type :
Yo, Target Quantity Variable Priority Incident Energy Accuracy La.b/Organiz. Requestor, Comments, Status Year
94-Pu~241 Delayed-N-Y EeuThreshold-lO Mev 10% GGA(GGA) Bramblett : 70
AR = 14 Delayed neutron yield produced
e by bremsstrahlung required.
Yield may be relative to U-238
or may be absolute.
Emergent noutron enorgy-flat
responsc.
Effect on non-destructive
photonuclear assay.
Status:
94~Pu~241 Delayed-Y-Y E_= 10 Mev 1046 GeA(GGA) Bramblett 70
~ AE = 5% Fission product delayed gamma-
e ray yield produced by brems-

strahlung required.
Yield may be relative to U-233
or may be absolute.
Emergent gamma-ray energies,
E= (0.5-5) Mev, with A E=3 Kev.
Effect on non-destructive
photonuclear assay.

Status:
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NUCLEAR DATA REQUESTS FOR SAFEGUARDS TECHHICAL DEVELOPMENT

INTRODUCTICN

Following completion of the Draft Reports, INDC(NDS)-21/G and
Addendum 1, an official reply to the Circular Letter of 16 February,
dated 29 June 1970, and a list of nuclear data needs for the scien~
tific and technical development of Safeguards was received by the
Director General of the IAEA from the Resident Representative of the
USSR to the IAEA. In this Addendum, the concerted opinion of Soviet
scientists on the matter of the need for and importance of nuclear
data for Safeguarts technical development, as summarized in the
official communicaiion of 29 June, is presented. In addition, the
statement presented to the last INDC meeting (22 -~ 26 June 1970)
by Dr. G.B. Jankov, Adviser to the INDC Member of the USSR, is brief-

ly summnarized.

P. Union of Soviet Socialist Republics.

In the statement presented at the last INDC meeting, Dr, Jankov. .
began by saying that the USSR supported the initiative taken by the
INDC with regard to establishing a nuclear data request list for the
technical.development of Safeguards. He went on to point out that
much work was being carried out in the USSR on Safeguards and, in
particular, work on the determination of the burn-up rate of fuel
eleménts of the Novoronezhskoi nuclear power station had been per-
formed pursuant to a research contract with the Agency (IAEA/?B/5771
Dr. Jankov went on to state that this experimental investigation was
based on the non-destructive measurement of the conceniration of long-

lived fission products in spent fuel elements using Ge{Li) detectors.

Concerning the need for and importance of nuclear data for Safe~

guards technical development, Soviet scientists expressed the view



that in order to asceftain non-destructively the amount of spent
and unused fuel in fuel elements from the fissiqnlﬁfoduct content
of the fuel, nuclear data of the accuracies specifi;d in List IX,
' were required to ensure that an error of not more than 5-10%
would exist in the determination of the fuel content of the fuel

elements.




Submitted through the Resident Representative of the USSR to the IAEA,

Requestor

USSR State Committee on the Utilization of Atomic Energy.

Further details conc.oning the Status, Priority and, in such cases
as necessary, the energy range of incident neutrons are required,

in addition +to information on the type of specimens for the requests
on neutron yields arising from (« ,n) reactions for uo,, Pu02,‘UC
and PuC.



Req.
No.

" Target

Reaction Type

.Quantity

Variable
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.List IX

Priority Incident Energy

Accuracy Lab/Organiz. Requestor,Comments, Status

Ye.

44-Ru-106

HALF-LIFE

44-Ru-106 szn,)ﬁ

~1 %

USSR

Half-life of Ru-106
required to an
accuracy of ~1 %.

Status:

70

Thermal-1l MeV

~3 %

USSR

Capture o for thermal
neutrons and for the whole

reactor energy range
required,

Status:

g,

70

45-Rh-106

Delayed?*LY

USSR -

Yield of Y~quanta from
Rh~106 per beta-decay
event required to an
accuracy of ~1 %.

Status:

70




Req. Reaction Type
No. Target Quantity Variable

-~ 5-

Priority Incident Znergy

kccuracy Lab/Crgeriz. Requestor,Comments, Status

Yea

55-Cs-133 On, })

Thermal - lieV

~3

%

/

USSR

Capture ¢ for

thermal neutrons and
for the whole reactor
energy range required.

Status:

70

55-Cs-134 07 n,})

Thgrmal - 1VeV

.~3 d

7

USSR

Capture g for

thermal neutrons and
for the whole reactor
ensrgy range required.

Status:

70

55-Cs-134  HALF-LIFE

~1

P

Iid

USSR -

Half-life cf Cs-134
required to an
accuracy of ~1 %

Status:

70




Req. ' Reaction Type
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/brganiz. Requestor,Comments, Status Year

55-Cs-134 Delayed-}—Y ~1 % USSR Yield of }'—quanta from 70
", ) Cs-134 per beta-decay
event required to an
accuracy of ~1 %.

- Status

55~Cs-137 o’(n,)/) Thermal~1 MeV ~3 % USSR Capture ¢’for thermal 70
‘ neutrons and for the
whole reactor energy
range required.

Status

55~Cs-137 HALF-LIFE ——————m ~1% USSR Half-life of Cs~137 iC
) required to an accuracy of
~1

Status




Req. ‘ , Reaction Type . ‘
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor,Commepts, Status Year
55-Cs-137 Dela.yed—)f-’r ~1% USSR  Yield of J’-quanta 70

from Cs-137 per
beta-decay event
required to an accuracy
of ~1 %

Status

-56-Ba=140 cr(n,x)

Thermal-1 MeV

~3 %

USSR

Capture O’for thermal 70
neutrons and for ‘the whole
‘reactor energy range

required. ‘

Status

56-Ba-140 HALF-LIFE

USSR

Half-life of Ba-140 70
required to an accuracy
of ~1%

Status




Req. Reaction Type :
No. Target Quantity - Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor,Comments, Status Year
57~La~140 Delayed—)/-Y ~1 % USSR Yield of /-quanta from La~140 70
: per beta-decay event required
to an accuracy ~1 4.
Status
58-Ce~144 HALF-LIFE vo~1 % USSR Half-life of Ce-144 70
. : required to an accuracy of
~1 %.
Status
~1 % USSR .Yield of ) -quanta

59~Pr-~144 Delayed-)eY

from Pr-144 per beta-
decay event required to &n
accuracy ~1 %.

Status




g

Req.’ Reaction Type
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor,Comments,Status Year
-.90-Th-232 ((n,X) : Av.thermal and ~1 % USSR Averaged thermal “and ' 70
: av.over fiss. -average over fission :
n spectrum neutron spectrum of
’ ' capture ¢  required.
. Status
90-Th-232 6{n, £) Av.over fiss . ~5% USSR Fission @ averaged 70
g ' n spectrum over fission neutron ' :
: spectrum required.
Status
92-y-235 ﬂn, f) Av.thermal and ~1% Fission O averaged ' ' 70

av.over fiss n
spectrum

USSR

thermal and average over
fission neutron spectrum
required.

* Status




- 10-

Year

‘Req. Reaction '%26 |
No. . Target Quantity ariable Priority Incident ZEnergy

92-U-235 FISS YIELD

Accuracy La'b/Organiz. Requestor,Commer.ts, Status

14

USSR

Yields of the following
isotopes per fission event
required to an accuracy

<1 % S

Cs-~137, Ce-144, Ru-106,
Cs=~133 and Ba-140.

Status

70

92-U-238 0’(:;,2() | | Av.thermal and
) av, over fiss
n spectrum

htl%

USSR

‘Averaged thermal

- and average over fission

neutron spectrum of
capture g required.

Status

70

© 92-U-238 0%n, ) Av. over fiss
n spectrum

USSR

Fission ¢ averaged
over fission neutron
spectrum required

Status

70
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Req. Reaction Type :
No. Target Quantity Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor,Comments, Status Year
94-Pu-239 0{(n,f) Av.thermal and '~1.% USSR Fission 0”averaged 170
av.over fise n thermal and average over
spectrum fisgion neutron spectrum
required.
Status
94~Pu-239 o’(n,-(y) Av.thermal and ~1 % USSR Averaged chermal and 70
av.over fiss n average over fission
spectrum neutron spectrum of
, capture grequired.
Status
<1% Yields of the following 70

94-Pu-239  FISS YIELD

USSR

igsotopes per fission event
required to an accuracy
<1 %:

Cs-137, Ce-144, Ru-~106,
Cs-133 and Ba-140.

Status .




Req.
No. Target

. Reaction Type
Quantity - Variable Priority

-12 -

Incident Energy A¢curacy Lab/Organiz. Requestor,Comments, Status

Year

U0

N YIELD

109 USSR

The neutron yield from the
(®¢,n) reaction for UO, re-
quired, in whiche('s arise
from natural radioactivity
of natural U.

Status

70

. UC

N YIELD

10% USSR

The neutron yield from the
(o,n) reaction for UC re-
quired, in which . 's arise
from natural radioactivity
of natural U. "

Status

70

Pu0

N YIELD

5% USSR

The neutron yield from the
((,n) reaction for Pu0
required, in which o('s -
arise from natural radio-
activity of Pu.

Status

70




Beq.
No.

.Target

- 13-

Reaction Type

Quantity Variable Priority Incident Energy Accuracy Lab/Organiz. Requestor,Comments, Status

Year

“PuC

N YIELD 5%, USSR

The neutron yield from

the (,n) reaction for PuC
required, in which o('s
arise from natural radio-
activity of Pu.

Status

70

SPECTRUM £104% - USSR
(see Comments)

The neutron energy spectrum
for an Sb-Be photoneutron
source required to an
accuracy 210 %.

Status

70




