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4 May 1977

On a report in preparation on "Nuclear Data for Safeguards"

Toyojiro Fuketa
Nuclear Data Center, JAERI
Tokai~mura, Ibaraki-ken, Bapan

A review paper on "Nuclear Data for Safeguards" is in preparation
as assigned in the Subcommittee on Energy Application of Nuclear Data
at the eighth INDC Meeting, 6 - 10 October 1975, Vienna. The paper is
being prepared in éo—operation with several researchers of JAERI and
the members of the Working Group on Nuclear Data for Safeguards Tech-
niques under the Japanese Nuclear Data Committee and also with contri-~
butions from many other researchers mainly in the field of nuclear
safeguards techniques.

The paper will include reviews on specific nuclear data and
requests in WRENDA 76/77 and the result of questionnaire. Questionnaire
about the nuclear data for safeguards (Table 1) was sent out to 183
oversea researchers (with some duplication of affiliation) plus the
INDC members and Japanese researchers. 47 replies were received by 2
May 1977, and entries to the questionnaire were enclosed in the 18
replies. Number of entry items amounts to 54. Some replies contain
substantial comments, discussions and reference materials other than
the entry to the questionnaire.

Since we have not yet digested tﬁe above materials, a preliminary
indigested summary of the entries to the questionnaire is only presented
for the moment in Table 2. In Table 2, correlations among the columns
of Table 1 are neglected except for the column 9 - 10 and 11 - 12 - 13.

We would like to acknowlede the international support to the

questionnaire.



Table 1

Questionnaire about the Nuclear Data for Safeguards

form of the nuclear | Non- Kind of Type of s Method of Required Kind of Required | Status cf the’
naterial destructive | Quantity Facilities Measuring Point Measurement |and/or Required Accuracy {Nuclear Data
(for and of which or to be (including Expected Nuclear of the
accounting and Destructive | measured . sensor or Accuracy Data Nuclear (Your
Pre- on site [in flow . . .
control are made) Assay or or or detector) [Coefficient Data immuediate
Pos or of variation appraisal)
ost- in at Type of () ]
Physical | Chemical irFadi- labora- |inventory Calculation
ation tory
’ (such as
burn-up)
[1} {2] 3] 3] 151 [6) [7) 81 [ED] (10] [11) 112} [13]
Powder | UO, NDT enrichment low enriched Pre Lab. Inventory | gamma-ray T0.57% gamma-ray Unsatisfied
A v (sample specttroscopy required branching
) fabrication taken) Ge(Li) ratio of
plant 235y and
3 Powder | U0, T enrichment " Pre Lab. Inventory | mass +to0.12 38y Satisfied
" spectroscopy | expected half-lives
; Powder | (U+Pu)0, NDT Pu content | mixed oxide Pre Site Inventory | gamma-ray ti1z gamma-ray t1zx Unsatisfied
= c fabrication & Lab. spectroscopy branching
§ plant Ge (L1} ratio of
= 238,239,240,
241py
BWR (U+Pu) 02 NDT U and Pu power station| Post Site Inventory |prompt n and | £+ 5 % 235y, 239y |less 235y : sz
p| Fuel contents and/or delayed n expected delayed n than 239py: 10 2
Rod reprocessing measurements* decay data 52
plant

Remarks (Reference, Dimension of Sample, etc.):

(from the above example: * Under development at XXXXX Laboratory.)

(Please use extra papers if necessary.)




Table 2 Preliminary indigested summary of the entries to

the questionmaire about the nuclear data for safeguards

{1] Physical form of the nuclear material / Number of entries
Powder / 21, Solution / 10, Pellets '/ 7, Metal / 3,
Costed Particles / 2, Plate / 2, Fuel Rod / 11,

Fuel Assembly or Fuel Bundle / 2, Others or Unidentified / 8

[2] Chemical form of the nuclear material / Number of entries
Pu(metal) / 2, U0, / 18, Pu0y / 8, (U+Pu)0, / 13,
(U+Th)0y or (U+Th)Ox / 3, Pu(NO3), / 3,

(U+Pu) (NO3) 4 or (U+Pu)NOg3 / 5, Others or Unidentified / 16

[3] Nondestructive or Destructive assay / Number or entries :

NDT / 28, DT / 27

[4) Kind of quantity to be measured / Number of entries :
U Content / 12, Pu Content / 16, U and Pu Contents / 12,
U, Th and Pu Confents / 2, Pu Isotopic Composition / 9,
Isotopic Composition / 4, Enrichment / 12, Burnup or 1401a
Burnup or 140La Content / 2, Others or Unidentified / 4

{5] Type of facilities / Number. of entries :
Fabrication Plant / 23, Reprocessing Plant / 19,
Power Station / 5, Laboratory / 3, Others or Unidentified / 7

[6] Pre- or Post-irradiation / Number of entries :

Pre. / 29, Post. / 24, Blank / 2

[7] On site or In laboratory / Number of entries

’

Site / 18, Laboratory / 43, Not Clear or Blank / 2

[8] In flow or At inventory / Number or entries :

.

in Flow / 12, jnventory / 46, Others / 3, Blank / 1

{Continued)



(Table 2 continued)

[9 and 10] Method of measurement or Type of calculation / Number of

entries / Required and/or Expected accuracy :
Mass Spectroscopy / 15 / 0.1% - 2%,
Potentiometry, Titration / 10 / 0.05% - 1.3%,

Gamma Ray Spectroscopy (prompt and/or delayed, Ge(Li) and/or Nal(Tl)
/ 22/ 0.1% - 10%, -

Neutron (prompt and/or delayed) / 10 / 0.3% - 25%, -

X-ray Fluorescence / 5 / 0.3% - 1%,

Gravimetry or Direct Weigh / 2 / 0.05% - 0.5%,

Aliquots Chemistry / 2 / 0.5%,

Calorimetry / 1 / 0.5%,

Nuclear Isomer Activation by Fission Product Gammas / 1 / 52 - 15%,

Burnup Calculations; Whole Core 3-Dim.; and Detailed Assembly
Calculations / 1 / -

(11,

12 and 13] Kind of required nuclear data / Number of entries /
Required accuracy of the nuclear data /
Status of the nuclear data (Number of satisfied cases
and number of unsatisfied cases)

Cross sections of U/ 1 / - / Satis. (1),
of Pu / 1/ - / Umsatis. (1),

Fission cross section up to 14 MeV / 2 / - / Unsatis. (2),

Fission cross section of 232Th / 1 / - / Unsatis. (1),
of 233y / 1 / <5% / Satis.(1),
of 235U / 1 / <5% / Satis. (1),

Capture cross section of 232Th / 1 / 2-3% / Umsatis. (1),
of 238y / 1 / 2-3% / Unsatis. (1),
of 133cs / 2 / 2-52./ 5% Unsatis.(2),
of 1538w / 1 / 2-3% / 5% Unsatis. (1),

Thermal neutron absorption cross section of 235y / 1 / ~ / -,
of 238y / 1/ -/ -,

Cross section of ( , ') for 115In and 103Rh / 1 / 5% / Unsatis. (1),

Fission products thermal yields of 233y / 1 / 2% / Satis. (1) but discrep.,
of 235y / 2 / <2% / Satis.(2),
of 239Pu / 1 / 2% / Satis.(l) but discre.,
of 241Pu / 1 / 5% / Satis. (1),
of other than 235U/ 1 / - / Unsatis.(l),

Half-=1lives of -~ / 4 / 1-2% / Satis.(4),
: of 233pa, 23%p / 1 / 1-2% / Satis. (1),
of 238py, 24lpu, 241am / 2 / 1% / Satis. (1),
of Pu isotopes (especially 241Pu) / 3 / 1-0.5%/ Unsatis. (3),
of Am /1 /<0.5%2 / 7,
of spontaneous fission / 1 / «<5% / Satis. (1),

(Continued)




(Table 2 continued)

({11, 12 and 13]) continued)

Gamma-ray branching ratio of 208T1 / 2 / 0.5-1% / Unsatis. (2),
of 214Bi / 2 / 0.5-1% / Unsatis. (2),
of 238ty / 2 / 0.5-12 / Unsatis, (2),
of 233pa / 1 / 2-3% / Unsatis. (1),
of 235y / 5 / .0.5-1% / Satis.(2),Unsatis. (3),
of 238y / 8 / 0.5-5% / Satis. (4),Unsatis. (4),
of 239Np / 1 / 2-3% / 10% Unsatis. (1),
of 238Py / 4 / 0.2-10% / ?(1), Satis. (3),
of 23%u / 4 / 0.2-10% / 2(1), Satis. (3),
of 240pu / 4 / 0.2-10% / 7(1), Satis.(3),
of 241pu / 4 / 0.2-10% / ?(1), Satis.(3),

Delayed gamma rays of 232Th / 1 / - / Unsatis. (1),
of 235U(0-5sec) / 2 / 20% / Unsatis.(2),
of 238y(0-5sec) / 1/ 20% / Unsatis. (1),
of 240Py(early time) / 1 / 20% / Unsatis. (1),
of 241Pu(early time) / 1 / 20% / Unsatis. (1),
of 239Pu(early time) / 2 / 20% / Unsatis.(2),

Prompt neutfon and gamma-ray of 232th / 1 / - / gamma Unsatis. (1),
of 235U / 1 / -~ / Satis. (1),
of (U+Pu) / 1/ -/ Satis. (1),
/ <
/ <

Delayed neutron decay data of 233y / 1 5% / 5%,
of 235y / 2 5% / 5%,
of 23%9Pu / 1 / <5% / 10%,

Isotopic source spectra of Th, U, Pu/ 1/ - / Unsatis. (1),
Spontaneous fission data / 2 / - / Satis.(2),

( sn) yields on light elements / 1 / 1% / 2(D),

Gamma-ray yield of 115mIn and 103mRh / 1 / 1% / Unsatis.(l),
Not clear / 4 / - / Satis.(3), Unsatis, (1),

Blank / 17 / - / Satis.(7), Unsatis. (2)
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