AEEW - M 824

INDL~2s0

AEEW - M 824

UNCLASSIFIED

|INDC(U K)-006/G

United Kingdom Atomic Energy Authority
REACTOR GROUP

THE U.K.A.E.A. NUCLEAR DATA LI1BRARY
FEBRUARY, 1968

D. S. NORTON

[AE A
Q@.r' B DATA SECTION
~ Mas[ER COPY

General Reactor Physics Division,
Atomic Energy Establishment,
Winfrith, Dor}hester,
Dorset.

1968

Available from H.M. Stationery Offaice, ’
A O
FOUR SUILLINGS NET \ QeCL o


robertsj
Text Box
INDC(UK)-006/G


® UNITED KIN(EIDM ATOMIC EWERGY AUTHORITY, 1968

Enquiriea about copyright and reproduction should be addressed
to the Winfrith Secretariat, Atomic Energy Establishment, Winfrith,
DORCHESTER, Dorset, England.

" u.D.C.
539.17
539.17.02




UNCLASSIFIED 4 AREW - M 824

THE U.K.A.E.A. NUCLEAR DATA ILIBRARY

FEBRUARY , 1968

D, S. Norton

- A.B.E.,
Winfrith.

May, 1968
S.C. 20

W 9585

(1)



CORTENTS

1. troduction

2. Contents and Arrangement of the Nuclear Dats Library
Tapes

3~ Extension of Formats and Conventions

4.  Further Developments

Tsbles

1. Contents of the U.K.A.E.A. Nuclear Data Library,
February 1968

2. Contents of MDI1 (2.68)

5. Contents of NDL2 (2.68)

L. Contents of NDL3 (2.68)

5. Fission Product Data [NDLL (2.68)]

6. Photon Cross~Section Data Files

7. Archives Data Tape

References

Appendix A: Deteils of changes to some of the date files

Appendix B: Revisions to the data file for Pu2li

(33)

10
12
1%
15
16
17
20
21



1. Introduction

A gereral account of the various aspects of work on the U.¥_3.B.A. Nuclear
Data Library and the associated computer programmes was submitted to the 3rd
Geneva Conference cn the Peaceful Uses of Atomic Enerzy (1) » and a fairly com-
prehensive bibliography on the work to the first half of 1964 may be found in
that papsr. Further developments up to the beginning of 1365 were outlined in a
report presented to the AEC-ENEA seminar on the evaluation of neatron cross—
section data, at Brookhsven in May 1965 (2). Since that time, a course of
amendment and extension of the data library has been followed. An updated
edition of the library was released at Winfrith in January 1967, copies of which
were made avallable to users in the B.N.E.A. araa through the Neutron Data
Compilation Centre at Seclay. The contents of that edition of the data library
were summarised in reference (3) » Which also decribes modifications to the
labelling system.

During 1967 many new files became availadble and minor changes were made to
a number of the older files. Therafore a new edition of the Nuclear Date Library
was prepared at Winfrith, and released in February 1958, copies of which have
since been sent to the E.N.E.A. Neutron Data Compilation Centrs, The contents
of the revised deta tapes are summarised in Tables 1 to 5 ¢f this report, and
further comments on the more important changes are given in the appendices. All
the files listed in Tables 2 to 4 span the energy xsnge 0.0001 eV to 15 MeV
unless otherwise noted in Table 1. The files listed in Table 5 give neutron
capturs cross-sections only, and span the range 0.0001eV to 10 MeV, Also, for
completensss sake, the contents of a magnetic tape containing photon cross-
sections are given in Table 6; these data are in no way changed from those
reported in ref, (3).

Attention may be drawn to the following particular features of the new
edition of the Library:

(i) New complete files are given for H, B10, C, N, 0, Fe, Cu, U233 and
U238, There sre also a number of new files giving fast neutron
fission cross-sections only, in the range 1 keV to 14 MeV, together
with new files for the FeS5lL and Fe56 (n,p) oross-seotions and (n,Y),

(n,p), (n,x) and (n,2n) cross-sections of Cu63 and Cu65 from 1 keV
to 15 MeV.

(4i) Substantial changes have been made to the principal files for Pu239
and Pu2ii.

(131) Data files giving the capture crosa-sections for 78 fission products,
which were compounded from compilations by Cook (5) at Lucas Heights
in the 0.0001 eV to the keV energy region, and from the files
compiled by Benzi and Bortolani a) of the C.N.E.N. at Bologna for
for higher energy range up to 10 MeV,

Many contributions towards the U.K.A.E.A. Nuclear Data Library have been
obtained from outside the United Kingdom, and we acknowledge this useful co-
operation. The three complete files of Cr, Ni and U238 were evaluated by Ravier
and Vastel in France, and compiled by them in our standard format. The file for
Pe was ocompiled predominantly from Schmidt's file in the KEDAK data library..
The f£iles for B10, C, N and O are based on American compilations. The files for
D, He3, He4, W, Au and Pu238 are predominantly from compilations by Howerton at
Lawrence Radiation Laboratory, and that for Ti from the compilation by Iralll et
gl. at the United Nuclear Corporation. Fourteen files of activation cross-
sections are from the compilations by Barrell and MoBlroy at the Illinois



Institute of Technology. The 78 files of fission product capture cross-sactions
have Australian and Ttalian origins as has slready been stated. Several other
files contain substantial contributions from German, Italisn and Swedish sources.

2. Contents snd Arrangement of the Nuclear Date Library Taves

The U.K.A.E.A. Nuclear Data Library of February 1968 coantsins 89 data files
for 72 different materials together withr 78 files giving capbure cross-sections
for fission producta. It has been so arranged that the 1ibraory occupies four
7-track IBM tapes written in the B.C.D. mode (even parity) at low density
(200 b.p.1.); these Pour tapes are formally entitled NDIA (2.58), NDL2 (2.68),
NDL3 (2.68) and WDL) (2.68). A fifth tape has been prepared as & repository of
obsolescent data files, the contents of which are listed in Tabls 7. It should
be noted that coples of the information contained on this tepe may only be
obtained from the author.

3. Bxtension of Formats and Conventions

A few data files contain information in formats which have not been
previously used in the Data Library, but which are described in the draft report
by Parker (7).

(a) DFN34, oxygen; this file contains data for twenty-one inelastio
scattering levels., The revised format guide
allocates Particular Cliassification Numbers
(P.C.N.) 5 to 1L and also 31 to 50 for inelastic
scattering cross-sections to particular levels,

(b) DPN328, tantalum; the neutron secondary energy distribution for
the inelastic scattering to coantinuum makes
use of a new law, number 10. Law number 10
utilises the parametric representation of the
evaporation spectrum.

£(E,8') = (BY/z2) exp (-B'/p), with T = V(E/a)

The information given in the data file using
this law is the value of the parameter a.

(c) »FNYO1A, Uranium 238; This file has mora than a thousand cards for
each of several cross-sections. The last
three columns of each card are reserved for
sequential labelling of the cards in each
seoction of the file. To avoid the overflow
which occurs after card 999, the convention
has besn adopted to label sequentially
(modulo 1000). However it should be noted
that tliis convention may call for some
modification of programmes which utilise this
part of the label field.

The adoption of an elpha-numeric Mark Label to distinguish files which
have had minor modifications has been dsscribed in reference (3).
However, we repeat the following:

Note: Users should always quote the Mark Labela along with the data file
numbers when reporting use of data from the U.K.A.E.A. Nuclear Data
Library. However, the label should not ha used in the input to
GALAXY (44).




L. Purther Developments

The programme GALAXY (LL) has been used to compute 2200 metre/second cross—
sections, resonance absorption integrals, maxweilian averaged cross-sactions
and fissicn spectrum averaged cross-sections from many of the data filss., The
results have drawm attention to a mmber of minor errors, which have sinces been
eliminated. This work is being continued in a systematic way with the programme
MINIGAL (6), and it is hoped that it will soon be poszible to report the results
of the=e calculations,

A fils for BRh103 giving the (n,n') and (n,2n) activation cross-sections
has besn prepared since the February 1968 version of the data library was
assenbled, Work is in progress on new files for Zr, Gd113 and natural Cd.

Revised GENEX data +apss (45) for U235, U238, Pu239 and Pu2i0 have been
completed and a report is in preparation. These tapes will shortly be available
as part of the Nuclear Data Library, but it must be noted that they are written
in binary mode on English-Electric and IBM tapea.

An extended format has been designed for a Resonance Parameter Library,
including resonance statistical parameters, and a descriptive report is in
preparation.



~ DFN_amd
¥operdal | Tabel

H 67

H,0 27E
D 218D
D,0 28E
T 219D
Hu3 220D
Hel 221D
L6 244D
Li7 215D
Be9 50A
BeO 7E
B(nat) 57

B10 43

B4 494
c 51

N 259

Available
on tape

NDL 1

NDL 1

NDL 1

NDL 1
NDL 1

NDL 3

NDL 3

NDL 3

NDL 3

NDL 1
NDL 1
NDL 2

NDL 2

NDL 2

NDL 1
NDL 3

TABLE 1

Contents of the U.K.A.E.A. Nuclear Data Library, February, 1968

Raferences and Comments

Hydrogen atom in water., Essentially data of
DFN 212 but modified to agree with ref,
(8) at lower emsrgies; 0.0001 eV to 20 MeV.

Temperature revised to 300°K August 1967;
ref. (9); 0,0001 eV to 0.5 eV only.

Temperature revised to 300°K August 1967.
From a compilation by Howerton R. J. of
IRL,

Temperature revised to 300°K August 1967
Ref. (9); 0.0001 eV to 9 eV only.

Temperature revised to 300°K August 1967.
Ref, (10); 0.0001 eV to 19.4 MeV.

Temperature revised to O°K August 1967.
FProm a compilation by Howerton R. J. of
IRL.,

Tenperature revised to 0°K August 1967.
From a compilation by Howerton R. J. of
IRL. '

Opg changed so that ¢ VE = 151.48 barns VeV
up to 1 keV; oy correspondingly amended
August 1967, otherwise as ref. (11).

Temperature revised to 0%K August 1967.

Ref. (12), but the lower elastic cross-
section between 10 and 200 keV,

Temperature revised to 3009K August 1967.
Refs, (13), (9) and (11).

Temperature revised to 300°K; reaction type
number 1102 changed to 1101 August 1967.
Ref. (9); 0.0001 eV to 1 keV only.

See Appendix,

See Appendix.

Soxze ?-values amended October 1967. Ref.
16). ‘

See Appendix,
Atom of nitrogen in nitrogen gas. Data of

Ref. (17) with minor improvements at low
energies,

-l -



Material DFN and Available

Mark Labsl on tape References and Comments

0 33 ML 3 Simplified inelastic scattering )
level data. See
*3, NDL 1 Full inslastic scattering level ) Appendix
data,
P19 23D NDL 3 Teamperature revised to 3009K August 1967.
Refs. (9) and (15).
Na23 *182D NDL 2 Bef. (20), but with improved (n,n!) spectrum.
Na23 .22 -NDL 3 Ref. (21), (n,¥) cross-section only; 0.1 eV
' to 18 MeV.
Mg2l 225 NDL 3 - Ref. (21); (n,p) cross~section cnly; 5.0 to
. 18 MeV, ’
Al127 *358 NDL 2 Temperature revised to 300°K August 1967.
Ref. (19).
A127 226 NDL 3 Bef. (24); (n,p) and (n,¥) cross-sections
only; 2.60 to 18 MeV.
8si 25D NDL 2 Temperature revised to 3009K August 1967.
Refs. (9) and (15).
5128 227 NDL 3 Ref. (24); (n,p) cross-section enly; 4.6 to
18 MeV, .
P3 228 NDL 3 Ref. (21); (n,p) cross-section only; 2.02
to 18 MeV, A
832 229 NDL 3 Ref. (21); (n,p) cross-section only; 4.76
to 18 MeV.
S3k 230 NDL 3 Ref. (21); (n,x) cross-section only; 4.80
to 18 MeV,
cl 144D NDL 3 Ref. (45).
C1-35 23 NDL 3 Ref, (21); (n,=) cross-section only; 2.71
to 18 XeV.
Ca 138D NDL 3 Ref. (15).
ScL5 207 NDL 3 Ref. (22); Seil 3.92 hr and 2.4 d eotivation

cross-section by the (n,2n) reaction;
11.86 to 15 MeV,

ig 1904 NDL 3 Ref. (23); 0.0001 eV to 18 MaV,

Cr 45D NDL 2 Temperature revised to 3009K August 1567,
?om§ Q~values amended October 1967. Ref,
24).

*If more than one file is available for a particuler material, the preferred
file (or files) is indicated with an asterisk.

-5 -



DFN and Available

Meterial ¥ark Lebel on Lo Rgferences and Comments
¥n55 2324 NDL 3 Ref. (21); (n,¥) cross-section only up to
18 MeV. Extended down to 0.0001 eV
August 1967.
Fe 64 NDL 2 Date from ref. (9) together with some from
DFN 36D.
Pe5l 63 NDL 3 Ref. (25) (n,p) cross-section only; 0.8 to
20.6 MeV.
Fe56 62 ML 3 Ref. (25) (n,p) cross-section only; 3.8 to
. 20.4 MeV.
Co59 2354 NDL 3  Ref. (21); (n,¥) cross-section only, up to
18 MeV. Extended down to 0.0001 eV
August 1967.
Ni L6 NDL 2 Ref. (26).
Ni58 236 NDL 3 Ref. (21); (n,p) and (n,2n) cross-sections
only; 1.0 to 18 MeV,
cu T 249 NDL 2 Ref. (27); Based on evaluations of Benzi and
HBggblom listed in CCDN-NW/5.
Cu63 250 NDL 2 Dete for reaction rate anaslyses compatible
with DFN 249 data.
Cué3 237 ~ NDL 3 Ref. (2); (n,¥) and (n,2n) cross-sections
only; 0.01 eV to 18 MeV,
Cu65 251 NDL 2 Date for reaction rate a.nalj‘ses compatible
. with DFN 249 data.
Ga 1054 NDL 3 Ref. (28).
Y89 208 NDL 3 Ref. (22); (n,2n) cross-section only, 12.01
to 15 MeV.
Zr 9A NDL 2 Refs. (29) and (30); 0.0C01 eV to 17 MeV.
2r90 238 NDL 3 Ref. (21); (n,2n) cross-section only; 412.2
: to 18 MeV.
Rh103 200, NDL 3 Ref. (22); (n,2n) cross-section only; 9.5
- to 15 MeV,.
cd 2 NDL 2 Refs. (9) and (45).
In115 239 NDL 3 Ref. (21); cross-section for activation of
274 min, In115 by the (n,n') reaction;
338 keV to 18 MeV.
1127 240 NDL 3 Ref. (21); (n,2n) cross-section only; 9.5

to 18 MeV,

-6 -



DFN and Availsble

Material Mark Label on tope References and Comments

Xei35 LB NDL 2 Temperature revised to 300°K August 1967.
BRef. (31); 0.0001 eV to 1 keV only.

cd 2233 NDL 3 Ref, (32); totel and (n,¥) oross-sections
only 0.C0D1 to 3 eV,

Tm 209 DL 3 Ref. (22); (n,2n) cross-section only; 8.1
to 15 MeV, .

Lul75 210 NDL 3 Ref, (22); (n,2n) cross-section only; 7.86

. to 15 MaV,

Te181 328 NDL 3 Ref. (33).

W 2134 NDL 2 Ref. (34).

Aui97 222A NDL 3 Extended down to 0.0001 eV and up to 15 MeV,
August 1967; otherwise as Ref. (35).

Pb 264 NDL 2 Temperature revised to 300°K August 1967.
Refs. (9) and (415).

Th232 22A NDL 2 Refs. (9) axd (15).

Th232 332 NDL 2 Ref. {37); Fission cross-section only; 1.22
to 14 MeV,

U233 333 NDL 2 Ref. (37); Fission cross-section only; 0.001
to 44 MeV,

U233 *35 NDL 1 Ref. (38).

u23Y 170 NDL 2 Ref, (36); 1 keV to 15 MeV only.

U223y, 33 NDL 2 Ref. (37); Fission cross-section only: 0.0C1
to 14 MeV,

U235 *66 NDL 1 . See Appendix,

U235 . 33 NDL 2 Ref., (37); Fission cross-section only: 0.001
to 14 MeV, .

U236 173 NDL 2 Ref. (39); 1 keV to 15 MeV only.

U236 336 NDL 2 Ref. (37); Fission cross-section only:
0.672 to 14 MeV,

U238 401A NDL 14 Ref. (40); Now available from 0.0001 eV to
15 MeV,

U238 338 NDL 2 Ref, (37); Fission cross-section only. 0.55
to 14 MeV,

*If more then one file is aveilable for a particular material the preferred
file (or files) is indicated with an asterisk.

-7~



Np 237 .

Pu238
Pu239

Pu239

Pu240

Pu2li
Pu2li

Pu2y2

F.P.

VAC.

/v

SCAT

ABS

DFN and

¥eark Lzbel

*61

337

216a
-65
333

201A

350

*60
34

42

106
172D

554

56

151B

Available
on _tape

NDL 2

NDL 2

NDL 2
NDL 1

DL 2

NDL 2

NDL 2

NDL 2

NDL 2

NDL 2

NDL 2

NDL 3

NDL 3

NDL 3

NDL 3

Reference and Conments

DFI(I 3)37 spliced to data of DFN 245, Ref.
21).

Ref. (37); fission cross-section only: 0.001
to 14 MeV,

Ref, (14).
See Appendix,

Ref. (37); fission cross-section only; 0.001
to 12{- MeV,

Ref=, (42) and (9).

Ref, (37); Fission cross-section only; 0.031
to 14 MeV,

See Appendix,

Ref. (37); Fission cross-section only: 0.001
to 14 MeV.

Ref. (37); Fisaion cross-section only: 0,001
to 14 MeV.

Pseudo-fission products. Ref. (%43).

Total cross-section = elastio = 10~10 barns;
atomic no. 0; atomic wt. 10,000,

1/V (n,¥) cross-section of 105 barns at
0.0001 eV; constant neglibible elastic
scattering cross-section of 1020 barns;
atomic number changed to 10,000; atomic
weight to 9999 August 1967.

Elastic scattering cross-section only of
1000 barns; angular distribution isotropic
in c.m. frame; atomic no, 999; atomic
weight 1000,

Total cross-section 1000 barns, elastic 1
millivarn, (n,¥) 1000 barns throughout;
atoric no. 8. Atomic weight changed to
10000 August 1967.

*If more than one file 1s available for a pazticular material, the preferred
file (or files) is indicated with an asterisk.

-& -



TABIE 2
Contents of NDL 1 (2.68)

Mark No. of Chemical ) i
TS Cards Symbol - Dete of Cogpilagion
67 292 H * December 1967
B 7 - 3 Hp0 £ Spring 1963; data below 0.0006 &V
' asdded January 1965. Temperszturs
revised August 1967,

D 218 221 D £ June 1965; data below 0.G25 eV and
-ebove 14.5 MeV added September 41966,
Temperature revised August 1967.

E 28 103 D0 £ Spring 1963; data below 0.001 eV

. added Januery 1965.

D 219 181 4 August 1965; data below 0.0253 eV
added September 1966. Temperature
revised August 1967.

A 50 361 BeS 4 Januery 1965; temperature revised
August 1967.

E . 7 75 BeO Spring 1963; data below 0.001 eV
added January 1965. Temperature
revised August 1967. :

5 2258 C * April 1967

3 1092 o} . October 1967
66 443 U235 * January 1968
65 . 3103 Pu239 * Januery 1968
345 123 U235 * September 1967

A L 5945 U238 * Spring 1967

*New evaluation or major modification to exuting data file.
- Minor modification to existing date file.

-9 -



DFN

A 201
60
174

173
A 216

.332
353

334

335
336
337
338
339

344
342
61

D 182

A - 9
E %5

64
249

No. of
Cards

1055

2155
764
111

1036
436

13
31
37
37

15

5
16
37
31
37
37
72

1582

926
905

2132
1253

‘TABLE 3
Contents of NDL 2 (2.68)

Chemical
Symbol

Pu2lC

Pu2li *
Th232
U231k
U236
Pu238

Th232 *
U235 . *
v23L, o+
U235 *
U236 *
Np237 *
U238 *
239 *
Pu240 *
Pu2lt *
Pu2)2 *
Np237 *
Na23

Zr

Al £

Fe *

Cu *

Date of Compilation

May 1964; data below 0.001 eV added
‘September 1966.

Auvgust 1967
Spring 1963
August 1962
August 1962

June 1965 data below 0.025 eV and
above 14.6 MeV added September 1966.

Spring 1967
n n
0 n
w n
n "
" "
n n
n n

September 1967

June 1963; data below 0.01 eV added
January 1965,

November 1965.

Jenuaery 19643 data below 0,0006 eV
added January 1945,

October 1967.

August 1967.

*New evaluation or major modification to existing date file..

AMinor modification to existing data file.

- 10 -



Contents of WDL 2 (2.€8) continued:

Mark DFT Ro. of Chemical
Label == cards Symbol
250 5L cu6s *
251 35 cubs *
A 213 238 bt
v 45 - eze Cr 4
L5 1278 - Ni
D 25 205 1531 £
A 26 545 Fb £
43 303 B10
A 49 725 B11 £
57 250 . B *
D 2 383 cad
B 4 66 Xei135
106 195 Fission
Products

Date of Comrpilation

Avgzusi 1967
August 1967
¥erch 1965

Temperature revised
Q-values amended

Spring 1966.
August 1967.
October 1967.

Jamary 1965.

Spring 1963; data below 0.00QL eV
added Janmuary 1965. Temperature
revised August 1967.

Spring 1963; temperature revised
August 1967.

Spring 1963; data below 0.001 -eV.

October 1966,
October 41967.

Q-values amenced

April 1967.

Spring 1963.

Spring 1962; data below 0.001 eV
added Janmuary 1965.

June 1959.

~ »New evaluation or ma jor modification to existing data file,
AMinor modification to existing data file.

- 41 -



Mark

Lebel DFN

D 220

D 221
D ’ ' 214

D 215

259

33

D 23

A 105

A 190

328

A 222

D 138

D 144

A . 223

224

225

226

IABLE L
-+ - Contents of NDL 3 (2.€8)

No._of Chemical * '
Ceras Svabol Date of Compilation
195 He3 #  August 1965; data below 0.025 eV
and above 14.6 MeV added September
1966. Temperature revised August
1967.
230 °  Hehk A August 1965; date below 0.025 eV and
above 14.6 MeV added September 1966.
Temperature revised August 1967.
593. Li6 £ April 1965; data below 0.001 eV added
. : September 1966. onT amended August
1967.
496 . Li7 A - April 1963; data below 0.001 eV added
: . September 1966. Temperature revised
August 1967.
353, N * October 1967.
.1005~ 0 . == October 1967.
288 F #  Spring 1963. Temperature revised
August 1967.
292 Ga November 1957; data below 0.025 eV
S added September 1966,
881 Ti June 1964; data below 0.001 eV added
September 1966,
2022 Ta July 1966.
682 An197 October 1965; data extended down to
0.C001 eV and up to 15 MeV August
1967.
253 Ca October 1958; data below 0,025 eV
added September 1966.
408 cl February 1959.
22 Gd April 1966.
63 Na23 " June 1965,
42 Mg2l, June 1965.
63 Al127 June 1965,

*New evaluation or major modification to existing.data,file.. . o '

#Minor modification to ex:.atn.ng data file. - . . .. ...,
*¥This file is currently being amended above 12 MeV

-12 -. .



Contents of NDL 3 (2.68) continued):

Mark
Label

DEN
226
228
229
230
231

207

63
62

A 235

236
237

208

238

204

239

210

209

210

D 172

56
E 154

No., of

Cards
63
103

17
12
87

32
I

39

7

12
12
27
13

12

15

12

12

et Date of Compilation
Si28 June 1965.

P June 1965.

S32 June 1965.

S34 June 1965.

€135 June 1965.

Scl5 August 196k.

Mn55 4 June 1965. Extended to 0.0001 eV

August 1967.

Febl * September 1967.

Feb56 * . Septembter 1967.

Ni58
Au63
Y89
2190
Rh103
In115
1-127
T169
Lui75 |
VAC

" Co59 f June 1965. Extended to 0.0001 eV

August 1967.
June 1965.
June 1965.
August 1964.
June 1965.
June 1964.
Jﬁne 1965,
June 1965,
August 196L.
August 196k,

September 1962; data below 0,025 eV
added September 1966,

W October 1966 Modification August

SCAT

1967.
October 1966,

1961; data below 0.025 eV added
September 1966.

*New evaluation or major modification to existing data file.
AMinor modification to existing data file,

-13 -



TABIE 5
Fission Product Data
The date of Benzi and Bortolani (4) and Cook (5) have been combined to

form data files for 78 fission products covering the energy range 10-10 %o
10 MeV. A paper on this work is to be published (18).

Given below is the contents list of the fission product data tape:-

No. of Chemicel No, of Chemical
- DEN Cards Symbol LEN Cards Symbol
701 88 Br84 740 80 TI429
702 88 Se82 744 83 Te130
703 80 Ex83 742 88 IR
704 80 Kr8l 43 80 Xet 3
705 80 Kxr85 Thh a2 Xei32
706 80 Rb85 45 88 Xe133
707 85 Kx86 46 80 Cs133
708 83 Rb87 757 82 Xe13l,
700 88 Sr88 - 748 88 Cs13,
710 88 Sr89 749 88 I135
714 83 Y89 750 88 . Xe135
712 .83 © 8r90 751 80 Cs135
713 88 Y90 752 83 Xe136
714 88 191 753 88 Cs137
715 83 2r91 754 85 Ba138
716 83 Zr92 755 82 La139
717 88 293 756 80 Cet40
718 82 ZrlL 757 80 Priid
719 80 Mo95 758 82 Ce1}2
720 82 zZr96 759 8s Nd1,3
721 80 Mo97 760 83 Na4Ld
722 80 ¥o98 : 761 8o N3145
723 83 Tc99 . 762 83 Na1y6 -
724 80 Mo100 763 80 Pm147
725 80 RuiOl 764 80 Na148
726 80 Bui02 765 88 Pmiy8
727 80 Rh103 766 88 Pmi48m
728 80 Rui0 C 767 80 Sm149
729 88 Bh105 768 83 Nd150
730 80 Pa105 769 88 Sm150
734 80 P3106 770 80 Sm151
732 80 - Pa107 771 80 Sm152
733 80 P3108 772 - 80 Eu153
. T3, 80 Ag109 773 80  Sm15k
735 80 ca1143 Tk 88 Eu154
736 80 Int15 775 80 Eu155
737 80 Sb125 776 88 Ga155
738 80 I427 77 80 Gd156
83 Te128 718 80 64157

759

-1 -



TABLE 6
Photon cross-section data files

The data files of photon cross-section data which are listed below were
compiled by HEMMINGS and OFFORD (45). Data are given for the total cross-
section (¥,T), incoherent elastic scattering (Compton effect), the photo~-
electric absorption cross-section (¥,e”), and for the (¥,2¥) cross-secticn by
the processes of pair production and annihilstion; the data cover the range
from 10 keV to 20 MeV. It is not clear from the reference that the "triplet
production® process was taken into account (pair production in the field of an
electron), so the (¥,2¥) cross-sections may be somewhat too smell near 20 MeV,
especially for the light elements.

Numbexr of .
DEN . card imeges Material
301 555 Hydrogen
302 557 Beryllium
303 558 Carbon
304 558 Nitrogen
305 ' 558 Oxygen
306 ’ 559 Sodium
307 559 Magnesium
308 559 Aluminium
309 559 Silicon
310 559 Phosphorus
MM 560 Sulphur
312 560 Argon
33 560 - Potassium
4 560 - Calcium
315 561 Iron
316 561 Copper
37 56l Molybderum
318 564 Tin
319 - 564 Iodine
320 567 Tungsten
321 567 Platinum
322 567 Thallium
323 567 Lead
324 567 Uranium
325 558 Water .
326 580 Plutonium
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TABLE 7
Archival Data Tape

This tape contains obsolescent data files and has therefore not been
copied to the E.N.E.A. Compilation Centre,

Mark DFN No., of Chemical
Label . = Cards Symbol
D 10 " H
211 292 H
, 242 292 H
A 217 169 H
B 11 125 D
D 32 159 HE3
D 180 242 HE3
D 24 76 HEL
181 : 593 LI6
176 496 LI7
8 . 363 BES
D 13 - 242 B10
E 15 : 254 B
24 1208 c
A 14 405 N
A 20 312 0
37 1524 0
12 1578 NA
A 16 516 AL
A 17 L1 CR
18 507 FB
D 36 1206 FE
233 22 FESL
23, 19 FE56
A .19 : 373 NI
D 186 253 cU
137 47 AU197
214 96 AU197
D 202 876 U233
11 - 1924 0235
48 261), U235
D 5 3567 D238
A 3 1408 Pu239
E 184, 2016 Pu239
246 157 Pu239
A 329 3103 Pu239
A 330 3103 Pu239
D 29 697 Pu2l0
40 2136 Pu2ki
203 922 Pu2li
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AFPPENDIX A

Details are given below of the changes which have been made to some of the
more important data files.

Boron A revised data file (DFN 57) has been prepared as an interim
measure, This is based on the existing file DFN 15E, but the
scattering cross-section has been changed to 4.08 barns in the range
up to 10 eV. The absorption cross-section is taken as 761 barns at
0.0253 eV and with 1/¥ variation up to 300 keV.

B.410 The compilation prepared by Irving (45) at OBNL has been
converted into the U.K. format, DFN 43, and is used as a replacement.
for DEN 1Do

Carbon DFN 51 utilises the compiletion of Slaggie and Reynolds (47)

above 10 keV, Secondary energy distributions have been added for
(n,n'3e). Below 10 keV, the data of DFN 21 is used and thermal
scattering law data has been included in the new file,

Oxygen Two new files (DFN 33 and DFN 31..) have been prepared using the
compilation of Sleggie and Reynolds (43) above 15 keV, Below 15 keV
the total cross-section has been teken from BNL 325 (1958), and the
absorption cross-section has been taken as 0.31 millibarns at G.0253
eV, with 1/V variation. The KAPL evaluation provides inelastic
scattering data to 22 different excited states of 016, and DFN 34
contains all these data in full detsil. In DFN 33, inelastic scattering
is given to only 10 discrete levels with a siaplified representation
to higher energy levels; the elastic angular distributions also are
reduced in number.

U-235 An interim file (DPN 66) has been prepared from DFN 30 (49) and
DFN 335 (37). DEN 335 has fission cross-secticn data only, in the
range 1 keV to 14 MeV. These data have been used to overwrite the
fission cross-section data of DFN 30 in the same energy range, and
the capture cross-section has been modified accordingly so that the
capture to fission ratio (&) in the new file is the same as in DFN 30.
The elastic scattering cross-section was modified so that the total
cross-section remained unaltered., All these changes are quite small.

Pu-239 - Agein this is an interim file (DFN 65), based on DEN 343 (50)
and DFN 339 (37). The fission cross-section of DFN 339 was used to
overwrite the fission cross-section of DFN 343 in the range 10 keV to
134 MeV. The capture cross-section was modified so that the capture
to fission ratio remeined unaltered, and the elastic scattering cross-
section was adjusted, hence keeping the total cross-section the same
as the original file,

" Pu-244 The original date file for Pu-241 (DFN 40) has been extensively
revisel as desoribed in Appendix B following.



AFPENDIX B

Revisions to the Data File for Pu2i1
by A. L. Pope

1. Sowerby (51) recently drew attention to an error in the evaluated
cross-sections given by Donerty (52) in Data File Number 40 for Pu2ki in
the energy range 50 ev to 1 keV, Specifically some total cross-section
data due to Pattenden (53) were misinterpreted as relating to Pu2ii metal;
in fact these data related to Pu0p, and have to be reduced by 7.4 barns to
obtain equivalent values for Pu-241. These date were used by Doherty
together with fission cross-section data by James (60) to estimate the
effective capture-to-fission ratio in this energy range, and in coasequence
of the mistakes the "derived capture cross-section was too high. A revised
data file for Pu24i, Data File No. 60, has now been prepared and is avail~
able., In this new file the materiel temperature is given as 3000K and the
atomic weight as 241,056711 AMU, As well as the capture cross-section the

. scattering cross—section has also been amended above 50 eV. In addition,
Hart's (37) new evaluation of the fission cross-section has been utilised
in the range 1 keV to 15 MeV, and together with preferred values for a(E),
associated changes have been made to the capture and elastic scattering
cross-sections in this part of the range. The various changes are described
briefly in the following sections.

2, Pission cross-sections

" The data eveluated by Doherty (52) in DFN 40 are used in the range up to
1 keV, and the data of Hart's (37) file DFN 341 have been used from 1 keV to
15 MeV.

3. IThe capture to fission ratio

Below B0 eV the same data as in DFN 40 are used. However above 50 eV the
value of a is derived from the preferred values of the average absorption and
fission cross-sections given by Pattenden (4) and reproduced in Table 4 below.

Table 4
Average cross-sections from 32 to 1025 eV

E-range, eV E-A, barns op» barns x> = E'XVO’f
25noe 46,6 + 3.6 37.9 + 2.8 0.229 + 0.135
12807 46 % 3.2 41.8 % 3.1 0.067 + 0.115
ro o 36.6 % 3.2 32.4 + 2.4 0.130 % 0.133
A 24,6 3 3.1 22.2 ¥ 2.7 0.108 * 0,194
1?)21;66 16,4 % 2.5 11.8 % 1.4 0.389 ¥ 0.274

It is apparent from this table that o is but poorly determined over the
range in question, The variations in <a> are smaller than the uncertainties so
it seems more realistic to use a single average value for the whole energy
range.

The preferred mean value

<a> = 0.170 + 0,085
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for the energy range from 50 eV to 1025 eV has been obtained by a 1/E waighting
of the data presented above.

At higher energies, for want of date, we have assumed that the variation
of a(E) will be similar to that for Pu239. Accerdingly the value of 0.170 is
retaired up to about 67 keV where we follow the aE) data for Pu239 quoted by
Lottin et al. (54); these data extend to ~600 keV,

La Capture cross-section

Below 600 keV the capture cross-section is derived from the product of a(E)
end the fission cross—section.

we note that below 50 eV, the resonance structure is that presented in
DFN 40; however in the range 50 eV to 1 keV, the structure is due solely to the
resonance structure of the fission cross-section. Above 1 keV no resonance
structure is shown.

Above 600 keV the capture cross-section is tepered away smoothly according
to the formvla :

' 3
o () = K.E /2

3
wvhere K = 0.02242 barns (MeV) / 2,
5. Non-elestic cross-section
The non-elastic cross-section given in DFN 40 has been amended to take into

account the revised values of fission and capture cross-sections, but the othser
non-elastic components have been lef't unchanged. ‘

6. Elastic scatteringz cross-section
Below 50 eV the data of DFN 4O remain unchanged.

In the range 50 eV to 1 keV the cross~section has been given & constant
value of 12 barns, the perturbation due to resonsnce structure being ignored
completely; this follows the same treetment used ty Pattenden to derive o fron
his totel cross-section measurements.

Above 1 keV the elastic scattering cross-section is assumed to vary in e

way similer to that of Pu233, and a curve similar in shape to that of Schmidt
(55) for Pu239 renormelised to 12 barns at 1 keV has been taken.

7. The number of neutrons per fission

The thermal value for v is well kmown., The two most accurate measurements
being those of Colvin et el, (56) and Boldeman (57). Westcott et al. (58) have
evaluated the earlier date for v, and Boldsmen's result after correction for
deleyed neutrons and v [Cp 252] modifies Westcott's value to

v = 2.960 1+ 0,014

at thermel energies,
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Cond€ et al. (59) have made measurements of v at varying energies; they
quote 3

v(E) = 2.905 + 0.146E

However, since the thermal value, by far the most accurately determined, is not
even considered by Condé, we prefer

v(E) = 2.960 + 0.140E

as the best linear fit to the data.

These data differ from those of DFN 40, which follow
V(E) = 2.969 + 0.124E

8. Totel cross-section

Finglly the total cross-section is obtained from the sum of the elastic
scattering and the non-elastic cross-sections

(8)

OT(E) = OE(E> * Chonel

It differs from that of DFN 40 only by amendments due to changes in the
fission, capture and elastic scattering cross-sections.
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