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Abstrsct 

Resonence integrals and fission spectrum averacea cross-sections ar* 
calculated for the actinides from all recent major evaluated 
libraries* Whenever possibl? the results are compared against 
measurments. It is found that the experimental date are scarce and 
that there exist considerable differences between experimentally 
measured data and those derived from the evaluated libraries. 
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1. Introduction 

Uith the refinement of t*-: Cclculotional orocodur^s in reactor 
analysis tnere is a growing -tleraanti' for <Tccur?fp Tr¿>nsé ct ir ÍUIT isotoQe 
(2 > ° •* ) neutron data. The Transêctiniuir isotopes p 1 ? y an imoortant 
role in the nuclear fuel cycle of i>oth th^r.xal and fast reactcrs and 
have found increasing artos of application in science end industry. 

Tha actiniae nuclear d?itr f.»*e reauired fcr the calculation of 
core poisoning and absorotion effects» decry h¿at and çair-éi source 
térros» delayed neutron yields nncl srv»ctrc,, S O C Í J T void and floppier 
coefficients» ¡>reeding relio ¿\ n d doubling tiire» neutron source terms 
and prompt nsutron effects. 

Integral data such as the *axiuellian thermal spectrum averaged 
cross sections» the Resonance intearrlj» thn Cf-25? and the U-235 
fissicn spectru.n avarsged cross sections and the cross sectipns 
measured in u/oll kromn referjnee neutron fields C72 can be used to 
check tha evaluated data in various energy rsnges» provided the 
uncertainty in th£ integral measurments is smali«?r than that in the 
evalust?d libraries. 

Tha objective of this study is to check the consistency ana the 
adequacy of the energy range given for the data in evaluated 
libraries by comparing th? Rojonsre» integral over the 1/E spectrum 
and the fission spectrur fveraçed cross sections against 
experimentally measured values. The erphasis is on the INDL/d 
library uiith t h a purpose ct its verification. 

The list of libraries considered is shoitn in Table 1 together 
with abbreviations ahicr are used in this report. Th= K E D A K - ¿r and 
the JENOL-2 libraries are not considered separately because their 
actinidas data arp included in the INjL/A-S3 library. 

Teble 1 :Svaiuated libraries con s i dared in the analysis 

Library I format |abbr.| comment I r e f l 

INDL/A-83 
INDL/A-fii 
ÏNDL/A-33 
lNDL/A-83 
IM0L/A-e3 
UKNCL-flO 
LENCL-%4 
ENDF/3-4 
FNDF/s-; 
6NDF/3-5 

J 
U 
M 
KZ 

Act. 
Dos, 

I ENOF-4,5 
I ENDF-S 
I UKND.L 
1 KÇDAX 
1 ICEÛAK 
1 I'KNOL 
1 ENDF-5 
! FNOF-4 
1 ENOF-5 
| ÇNDF-5 

i : 1 

u l 
IU 1 
IK 1 | 
1K2 { 
UK I 
L'» 1 
r.u | 
ï- 5Û | 
-: Í c | 

* i U s 1,2 
JENCL-2 evaluations 
file j 
file* Mat.No.: 1,2 
fil«4 Mat.No.: 8-58 

fro» IRCF-S5 filt 

Thi material accession num')?rs for the processed 
be extract?d from Tnbiss 0 1 - M I O ir the Appendix. 

•^rt^rials can 

5 



2 . definition of Integral ¿u¿mtiti-?s 

The integral quantities considared in ttie anrlyais for a. 
particular reaction (x) ars defined ID y t ta r equation: 

lx = I CÇ< = ) X C F ) ci-; 

The infinite dilution r?son?nce intearrl (5;.I.) is obtained by 
defining % C c ) as the 1/E spectrum. The loner inteçration limit is 
O.59V an the uppor intjcr?tion limit is 20 M e V unless 31 a t n d 
o t h o m i s e . 

Similarly tnc spectrum averaged cross sections ?r«> obtained «hsn 
0C(E) is the Cf-252 or U-23s fission spactrum.. The limits of 
integration are 1.0£-4 eV and 13 veV respectively because the 
spectra, which are taken from the I'{DF — ó5 C 6 1 file only covir th i s 
range. X> (• = ) must be normalized such that the intdçrcl 0* *%.(?.) ov^r 
the Simé energy range is equal to one. 

3. Prcc»ssinc Cod«s 

librrries lc ( IJ» £4 and 65^ mere processed first by direct 
integration with codes NJCY C3J and L INEAR-ficCF.NT-GROUeic C?J 
sequerca (abbreviated L-«-G hererftar). The same ouantities were 
Cflcuiated by Generating the flat-spectrum averaçed cross section? in 
the 620 group SAND-II structure by NJOY. These cross sections wore 
then condensed using program AVSFtCT"'! C1CJ with an appropriate group 
averaçed spectrum given in the same group structure. Th.3 procassi->g 
errors in producing tne R.I. =>nd the spectrum averarsd cross 
sections can bo seen from Tables 2 - 6 for each of the orocessocl 
libraries: 

- The discrepancies between the calculated integrals and published 
values C112 in TcblP 2 may 03 due to the use of a .nore. recent 
version C13D of the source lüjrsr.y in ref.flll. 

- The discrepancies between the intecrals calculated by NjOY and 
L-R-G in Tables 2 - 5 may bs due to the use of the versions -of the 
codes before the IAFA Cross Section Code Verification °roj«ct C123 
was completed. Anotner source of error is tne non-strict 
observation of r.UDF format (for ?xcmple the u«? of modified 
Adlei—Adler oaramet^rs in Pu-2^1 evaluation in tne INDL/ft fi 1 <Î in 
Table O . It is difficult to say which of the two sets of the 
results is correct. 

- The rt.l. values obtained by condansation of qrouo .averaged cross 
sections are Generally in good agreement aith those calculated by 
direct integration. Differences JO to 5% rira obsarved only in 
Tables 2i3t'5 in SOT.P fission integrals where the fission 
cross-section has a threshold. These differences cen be- trac ad not 
to the processing irsthod out tc the use of t n 3 o 2 0 grour) structure 
which extends only up to Ie-. »ÍV as, c-impared to the 20 HeV limit in 
direct integration. The Troup condensation approach is found to b.? 
accurate as s a e n from Table A where the evaluated data do not 
extend above IB H 9 v ( e x c --> o t for Th-232 and ? r; - / 3 3 ) . This 
observation has %in implication en t h * * 5 D a K and L'KNOL formatted 
date and on othsr evaluatiors where the ererçy range cloes'nnt 
extend above 15 ^ e V . 

- The differences ir the calculated 9.1,. from t h a JENDt-2 
evaluations could be dus to non-strict observation cf ZNDP-5 format 
recommendation on spin assi^rment in tr* resolved resonance 
oar?, meters. 
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T = i b l f 2 : I n f i n i t e d i l u t i o n r e s o n a n c e i n t e g r a l s ( b a r n s ) f r o m 2 N O F / a - 5 

1 Iso tope 1 

1 Tn-232 | 
1 "a-233 I 
I U-23 3 
1 U-234 I 
1 J-235 
I U-23 6 
1 U-233 
I \p-237 
I N P - 2 3 7 

1 Pu-233 
1 Pu-2?9 
1 Du-240 
1 Pu-241 

1 ^u-2^.2 
I Am-2¿1 
| ÍJI- 2 4 2 c 
1 tti- 2 H 2 t 
| Û.T1-26? 

I Cv>-1<.2 
1 C n - 2 4 3 
| C m - 2 4 4 
| C T I - 2 ¿ 5 

I C m - 2 4 6 
I C T , - 2 4 7 

r a f . 111 

?41.4| 
1C30. | 
10 6 9.1 
932.S| 
600.6 
646.0 
6 3 7.21 
923.2 

4SI.7 
677.3 
¿ 7 9 Sf. 
973.9 
1663. 
16 3 0. 

2339. 
2035. 

2 3 3 5 . 
I 9 6 5.3 

1106. 
316.3 

t o i 
L-S-GI 

1030.1 

q33.3 

546. J 

«38.6 

4 ? 3 . 6 

1669. 
1627. 
? 9 6 . 4 
Î340. 
2035. 
330.S 
2 3 P 6 . 
965.8 

1 1112. 
1 316.4 
1 14 1?. 

à I 
M Jü Y | 

1031. 1 

9 34.6 

54-5.1 

340.3 

456.1 

167C. 
16 31. 
399.6 
2364. 

2 0 3 8. 
3 ? 1 « 9 
2 403. 
9 6 7.5 
1112. 

1 317.2 
I 1411. 

AVS*. I 

10 3 0.! 

«.36.S1 

6 5 9.7 

339.0 
454. 8 

1515. 
1 6 * 0 . 

2 3 S i . 
20 ji>. 

2401. 
9 5 9.1 
1111 . 

1 315.5 

f 
ref .11| 

.6195 
2.9471 
7 r. 6 . 0 
6.539 
2 81.7 
7. 768 
2: 0 32 
6.37 

3 3.07 
3 9 3.5 
3.330 
530.4 

5.363 
13.43 

1383. 
6 . 1 5 1 

1 ^ 2 . 
1 3 . 7 0 
¿37.0 
1 0 . <* 7. 

1 74Í.9 

i s ? 
L-R-il 

2.94* 

6.54a 

7.7721 

fe.fl 6 

31.3 

5.567 
13.44 
621.4 
1*34. 
6.154 

I 6.2 5 
19 5 2. 

1 18.7 
¡ G33.4 
1 10.42 
1 751.1 

i 0 
K J 0 Y I 

2.94 7 

6.542 

7.772 

6.9 7 

3 0 . « 0 

5. 552 
1 3 . ¿ 4 
623.5 
190?. 
6.152 
6.25 
1^66. 
1 ̂  . 72 
S "i 3 . 5 

1 10.42 
1 749.9 

n 1 
AVSP.1 

#.61811 
2.7761 

6.316 
•231.7 
6.614| 

*2.032| 
* 6 . S 7 0 
6.597 
30.43 

¿=30 3.9 

5. 3?S 
13.17 

1902. 
5.339 

1965. 
13.31 

1 ?33.1 
I 10.15 

c 
ref .11| 

8 3.961 
856.4| 
136.61 
660.21 
13 9.21 
347.0 | 
¿79.51 
6¿0.4 

162.3 
19 3.9 
7 9 71. 
196.9 
1273. 
14 2?. 

236.3 

1*1-2* 

1 253.4 
593.5 

1 103.6 
1 103.8 

3 0 
L-P-GI 

356. 3 

560.5 

347. t1 

64 0.7 

152.1 

12 7 3. 
142Í. 
72.51 
246.4 
13 19. 
111.3 
243.5 
593. ; 
117.6 
103.9 

I 49 2.1 

t u r e 
NJOY | 

357.3 

660.5 

347.3 

641. 

152.3 

1274. 
1424. 
7 2.03 
239.3. 
1321. 
111.7 
25C.9 
594. 3 
117.6 
104.0 

1 4 9 2.6 

AVSP. 

«95.93 
357.3 

663. 1 

3 5 0.3 
« 2 7 9 . 3 

640.3 
153.5 

1283. 
1424. 

2 !] 9 . 6 
1319. 

250.9 

ses.5 
1 r 117.6 

10 3.2 

* dat=» f c r m M Q F - 3 5 C S N C F / 3 - 5 ) 

^ 1 

file:///p-237
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Tab!» 3 î Infinit-î dilution resonance intaçr?ls ( b a n s ) from 5NUP/9-4 

Isotope 

Tn-2 32 
Pa-233 
U-233 
U-2 34 
U-23 5 
U-2 36 
U-236 

N D - 2 3 7 

P U - 2 3 8 

Pu-239 
Pu-240 
Pu-241 
Pu-242 
Û ,T - 2 í. 1 
A T - 2 4 3 
C-n-244 

t 
L - R - G 

312.6 
1C30. 
1069. 
979.1 
502.5 
633.5 
b C 9 . 3 
339.4 
434.5 
¿73.1 
9407. 
893.4 
1511. 
1613. 
15 6 3. 

10¿9. 

o t ; 
rJJüY 

313.2 
1031. 
ICiS. 
979.1 
60 3. 4 
633.4 
610.6 
¿40.1 
436.5 
673.3 
9*09. 
8Ç4.3 
1512. 
1643. 
15 6 0. 
1029. 

t 1 

AVS?. 

311.7 
10 30. 
1 0 6 tf . 
9 54. 5 
f 02.1 
6 3 5.5 
609.4 
936.7 
435.2 
67?.7 
9394. 
P?4. 5 
1524. 
1P47. 
\ic. ). 
1021. 

f 
L-R-G 

.59 3 
2.94P 
763.1 
5 . 5 ' 5 
2*3.4 
3.427 
2.036 
6.834 
31.4 
3C3.6 
^ . 5 37 
5E6.6 
5.33 7 
21.01 
4.3t>3 
4 4.^9 

i «; ? i 
NJCY 

.5928 
2. 9-»7 
7 6 .? . 4 
5 . 5 ° C 
293.5 
3.425 
2.057 
6 . S <• 3 
3 0.3.9 

3 0 3 . « • 
9.544 
586.6 • 
5.63? 
13.07 
4.365 
4 * . 8 9 

o n 
A V S P . 

.53*1 
2.776 
762. 2 
5.362 
?S J.O 
3.24 7 
1.915 
6. ̂ 61 
3 ü . ¿ 0 
303.5 
9.319 
5o6.4 
5.633 
13.60 
4.213 
4 4.25 

c 
L-R-0-

1 35.57 
3 3 6 . & 
13 4.7 
6 31.6 
13 9.? 
347.1 
277.7 
6*0.7 
143.1 
194.1 
«3449. 
125.7 
1127. 
1617. 
1362. I 
593.4 

el 0 t C 
NJCY | 

«5.57 | 
3 5 7.3 | 
134.7 | 
6 31.7 | 
133.9 | 
347.1 | 
2 7 7.» | 
641.0 I 
14 4.3 | 
194.2 | 
P451. | 
125.7 | 
1127. | 
1641. | 
1363. I 
5 9 3.9 I 

r e 
4VSP. 

3 5.37 
9 5 7.3 
134.7 
637.6 
13 3.6 
3 5 0.0 
277. 1 
640.3 
144.6 
194.4 
9438. 
125.9 
1140. 
1641. 
136?. 
5 P 7 . 9 



Table 4 î Infinita dilution resonance integrals (barns) from IN0L/A-83 file-2' 

I s o t o p e 

T h - 2 3 2 
P g - 2 3 3 
\ p - 2 3 7 
P u - ? 3 « 
: > u - 2 3 9 
P u - 2 4 0 
P u - 2 4 1 
P u - 2 4 2 
6 n - 2 4 l 
6m-243 
C-n-242 
C T I - Z 4 3 

C r - 2 4 5 
C T, - 2 4 6 
0 . - 2 4 7 

t 
L - R - G 

3 3 5 . 4 
1 C 3 4 . 
8 3 0 . 2 
4 0 4 . J 
6 6 2 . 9 
H 1 P . 
1 5 3 7 . 
1 5 1 7 . 
1 6 2 7 . 
2 C 2 9 . 
: ¿ 7 . i 
2 3 ¿ * . 
1 1 1 0 . 

1 3 3 4 . 7 
1 12 3 7 . 

0 t i 
NJOY | 

3 3 6 . 9 
1 C 7 1 . 

.34 9 . 5 
4 0 4 . 6 
6 6 5 . 2 
9 2 3 8 . 
2 6 S 3 . 
1* 3 2 . 
1 6 2 6 . 
2 0 3 2 . 
3 2 3 . 4 
2 3 3 4 . 
1 1 1 5 . 
3 3 4 . 2 

I 1 3 4 3 . 

i 1 
A V S ^ . 

3 3 5 . 3 
10 7 0 . 
ti 4 9 . 0 
4 C 4 . 2 
6 6 5 . 7 
9 2 S 6 . 
2 Í 9 1 . 
14 9 ? . 
16 2 6 . 
2 0 3 0 . 
3 2 7 . 1 

3 3 3 . 3 

1 
1 

1 
! 
1 
1 
! 
1 
! 
1 
1 
1 
1 
1 
1 
1 
1 

f 
L - R - G | 

. 6 2 7 1 
2 . 9 7 4 
5 . R 2 2 | 
3 1 . 5 3 
3 C 6 . 4 
9 . 3 * 2 
1 2 1 5 . 
5.1 i 3 
1 3 . 76 
5 . 9 2 6 
11 . 6 0 
1 P 7 3 . 
fc21.1 
6 . 9 4 7 
6 6 1 . 5 

í s 3 i 
NJOY 

. 6 2 6 7 I 
2 . 9 6 5 
5 . 3 3 2 
3 1 . 5 4 
3 0 4 . 5 
4 . 2 6 4 
1 2 1 9 . 
5 . 1 4 0 
1 3 . 7 7 
5 . 9 3 4 
1 1 . 6 2 
13 7 6 . 
A 2 3 . 6 
6 . 9 3 6 

1 6 6 3 . 6 

o n 
A V S ? . | 

. 5 7 1 0 
2 . 7 5 5 
5 . tí 3 2 
3 1 . 4 9 
3 0 4 . 7 
4 . 2 5 9 
1 2 2 0 . 
5 . 1 3 9 
1 3 . 7 7 
5 . 9 3 2 
1 1 . 6 2 

6 . 9 2 3 

c 
L - R - G 

6 0 . 15 
H 7 6 . 3 
6 5 4 . 2 | 
1 4 3 . 5 
1 S 2 . 5 
34 3 0 . 
10 9 . 6 
1 1 3 6 . 
1 4 3 9 . 
U 1 3 . 
1 1 5 . 2 
2 9 3 . 2 
11 5 . $ 
1 1 0 . 7 

I ¿ 9 3 . 9 

s o t o 
NJOY 

eo.32 
9 9 2 . 1 
6 3 4 . 1 
1 4 3 . 6 
1 P 2 . 5 
3 4 2 1 . 
6 6 3 . J 
11 3 6 . 
1 4 3 ^ . 
1 3 1 5 . 
1 1 5 . ? 
2 9 4 . 0 
1 1 6 . 7 
1 1 1 . 0 

I 4 3 5 . 6 

r a 
AVSP . 

3 0 . 0 7 
3*32.3 
6 5 3 . 7 
1 4 3 . 5 

• 1 9 2 . 8 
3 4 2 9 . 
6 3 4 . 5 
1 1 4 6 . 

1 1 4 4 0 . 
1 * 1 3 . 
1 1 4 . 9 

1 1 0 . 2 

VO 

file:///p-237
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Table 5 : Infinite dilution resonance intíarals (barns) from IN»ni_/A-33 (Jc.NûL-2 files) 

I s o t o p e 

Th-
Pa-
U-
U-
U-
U-

u-
hp-
Pu-
D U -

Pu-
C-U-

Pu-
4 m-
M -
flu-
4m-
Cn-
Cm-
Cn-
Cm-

23 2 
233 
•133 
234 
23 5 
236 
•238 
237 
2 36 
2 39 
240 
•241 
•2¿2 
241 
242ç 
2¿2rr 
2^3 
242 
243 
244 
245 

t 
L-R-G 

334.1 
96 3.5 
10 3 9. 
949.9 
614.0 
6<.s.8 
652.4 
675.6 
492.û 
6 7 5.6 
94 10. 
9 5 9.6 
1479. 
1496. 
1*35. 
1907. 
2C41. 
351.2 
2293. 
963.7 
1086. 

0 t cl 1 
UJCY 

335.3 
9 6 3.1 
10 9 0. 
949.2 
6 13.3 
646.5 
6 3 3.3 
8 7 6. 5 
4 91.5 
667.2 
9410. 
960.7 
1473. 
1297. 
13 2 6. 
19 0 7. 
17 4 0. 
3 5 0.5 
3 3 5.C 
963.2 
1084. 

AVSP. 

612.: 

6 32.4 

S74.9 
9396. 
961.5 

f 
1 l-P,-r3 

1 .6365 
4.673 
771.3 
6.437 
278.7 
7.61 
1.262 
6.259 
3 2.44 
3C1.6 
1 C . 0 9 
590.4 
6.3 5 
14.69 
12 6 5. 
15 2 9. 
11.36 
11.09 
1913. 
1*3.39 
799.9 

i s s i 
I NJûY 

1 .6364 
¿ . 6 9 2 
771.3 
6.439 
2/5.3 
7.61 

1 2.053 
6.257 
3 2.43 
2 9 4.7 
10.09 
5«>0. 1 
6.35 
13.52 
12 59. 
1 5 2 H . 
10.51 
11.09 
15e?.3 1 
1 ? . 3 * 
7 9 9 . 3 

o n 
I A V S P . 

275.0 

1 .915 

299.7 
9.G43 
5?1. 5 

c 
L-2-G 

1 7 9,90 
7 7 3.6 
1 3 P . 6 
6 0 9.0 
15 3.3 
3 4 7.0 
2 8 0.2 
662.2 
155.3 
19 5.3 
94 49. 
1P6.9 
1117. 
12 9 8. 
.39 2.6 
2 û 6 . 9 
1916. 
116.? 
299.7 
Î93.4 
107.8 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
! 
1 
1 
1 
1 
r 
i 
i 
! 
\ 
1 
1 

•i r t o 
NJÜY 

79.91 
77?.2 
138.6 
609.0 
153.4 
3*7.1 
279.0 
662.4 
15 6.3 
191. 1 
8443. 
13 6.9 
1117. 
10 9¿. 
3 91.1 
206.9 
1522. 
116.2 
49.17 
593.5 
1 0 7 . H 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

r a 
AVS°. 

153.1 

27e.5 

194.9 
9437. 
136.8 



Table 6 i Cf-252 fission spsciruir average:! cross sections Cbsrns) from IhDL/ù-3 3 file-2 

Isotope 

T h - 2 ? 2 
P g - 2 3 3 
NiD-2 3 7 
Pu-2?3 
° u - 2 3 9 
Pu-240 
Pu-24) 
Pu-242 
ûm-2<»l 
Am-243 
C-n-242 
Cm-2^3 
Cm-245 
0^-2 «6' 
O - Z W 

t 
L-P-G | 

7.536 
7.491 
7.561 
7.6 03 
7.704 | 
.2235 
.1342 
7.720 
7.648 
7.676 
P.075 
7.976 

! C.12S 
1 3.791 
1 d.i92 

0 t cl \ | 

NJÜY 

7. 544 
7.455 
7.54* 
7. 790 
7.717 
6.533 
7.96 2 
7.766 
7.635 
7.663 
3.056 
7.955 
?. 100 
3.76 2 
S . 556 

AVSP. 

7. 544 
7.455 
7.56S 
7.790 
7.717 
6.533 
7.962 
7.766 

1 7.635 
7.663 
8.056 

9.74 2 

f 
L-Ç-G | 

. 0 7 '• 9 4 

.6038 1 
1. 298 
1.975 
1.795 
.002130 
.02669 
1.112 
1.341 
1.116 
1 .660 
2.170 

1 1.977 
1 1.33« 
1 2.269 

i " s í o n 1 
NJOY 1 

.075861 

. 6 û P. ?. I 
1.30 it | 
1.9<J3 1 
1.795 | 
.09757! 
1.607 I 
1.118 1 
1.349 I 
1.124 | 
1.664 | 
2.167 I 

1 1.9°0 I 
1.34? | 

1 2.265 I 

&VSP. 1 

.07586I 

.6033 
1.308 
1.933 
1.795 
.08757 
1.607 
1.11* 
1.3 4>> 
1.124 
1.664 

1.342 

C l 

L-R-S 1 

.095741 

.1590 | 

.1381 | 

.07441 | 

.054201 
. 0 C «J 6 9 5 | 
.0054601 
.073991 
.30*1 1 
.2386 | 
.030231 

1 .0172BI 
.047291 

1 .023331 
1 .05111 I 

) p t t 
NJCY | 

.09501 

.15 5 5 

.1*44 

.07334 

.05335 

.035*6 

.06644 

.07*16 

.302?. 

.2350 

.02 96 3 

.01696 

.046 5 5 

. 0 2 2 <U 

.05013 

r e 
AVSP. 

.09501 

. 1565 

.1P44 

.07336 

.05335 

.03545 

.06644 

.07316 

.3028 

.2350 

.02563 

.02234 



T h e a 3 r 
c r o s s 
e x c e p t 
L o o k i n g 
p r o ci u c a 
i g n o r e d 
'Mo diff 
section 
This is 
integr» 
energy 
smcctn. 

aement between the Cf-252 fission spectrum averaged fission 
sections calculated by NJUY ?nd L-5-G is generally very good 
for the Pu isotopes in the I í library (sea Table 6 ) . 

at the file of group overated cross sections for Pu-240 
o by NJQY is seers trot the pointuiise dato up to 5.5 M e V a r e 

erences mers observed in the fission spectruiT averaged cross 
s obtained by direct integration and by group condensation, 
to be expected since there is no difference in the upper 

tion limit in the tuic approaches and tr.e cross section 
dependence around.nean spectrum energy is usually rather 

The integrals for the ESC library mere calculated by 
condensation of the group rveregad cress-sections from the IRDF-S5 
Ct3 file uiherc the actinide datr itere generated from the pvailabo 
ENDF/2-5 files including, all recent improvements C 1 ? D with latest 
L-S-G C I H D sat of codes. The cross sections ar? çiven in the 
extended SAND-II group structure which extends up to 20 M G V . Very 
gcod egreement of the results with the published data CilJ reconfirms 
the «dequacy of the condensation approach to calculate the integrals 
(see entries in Taftle 2 merkad mith an a s t e r i s k ) . 

The remaininç libraries aere oil processed by FECG50LÍP-C84 C15D 
into group constants in SANO-II " " Extended 640-group structure r.nd 
condensed into relevant integrals by AVSPECTM C101. 
of FcCGROL'P-CBA in C12 D i 
are very simple. 

...__... . The verification 
applicrble because the processed libraries 

some of the experimental ireasurments the 
•.nge of integration is less thfln "* " " 

In ? s s u m e d jrjoer energy 
20 MeV. Such measurments are 

renoriralized accordingly and they are marked ttith 
tables. 

an asterisk in the 

4. Coirs?rison 'ttith Experiment 

Tna resonance intearjls ( R . I . ) , tie 'J-235 and the Ct-2¿¿ tission 
srectra- everaged cress sections are considered for ill isotcces for 
aihicn experimental data are avail? ble. Tne experimental vslupé are 
extracted from ;n FXFCH. retrieval C16D. T"is cress section r.itio 
measurments and tne dit? aitiout c u o t e cl errors ara not considered. 
Whenever more t h ? n ore expriirentil value is îvailabls tne mean value 
is Cèlculated using a weighted lerst s a u e> r e s tcchniau*. The 
correlation between errors is neglected sc tne m ? a n value is 
ecuivélent to tne uieiçhted a v e r a ç e . T n ? inverse cf the s a u a r e of the 
experimente! error is used as the w?ight. 

cor each isotope the experimental vrlues» the calculated mean, 
the value from an independent compilation C171 and the calculated 
values frcm various evaluated libraries are comoared. The auoted 
errors are the experimental errors in measurments, the standard 
deviation for the calculated mean value or ths deviation from this 
mean for tne values calculated freffl the evaluated libraries.. 

For consistency the R.I.s obtained by group averaged cross 
section condensation are used in all esses. The NES recomí¿nded 
U-235 fission spectrum in oroup averaged form as çiver in Í62 is used 
rrthar than The 5N0F/S-5 equivalent. 

To cenform mith the units commonly encountered ir the literature 
the S.I.'s are given in barns and the fission spectrum averaged cross 
sections Bre given in mil lib a m s. 

12 



4.1 jQ-Th-232 

The Cloture rísonancí intî:rêl mesîur.ients fir? mildly scattered. 
In fee* only 5 n. ersuriients. out of 20 h c. v e error I:.? r s consistsnt a i t h 
tfe crlculated nç-in. This ic ?n indication tr. ?t tn: ^yotad errors 
ara underestimated o- thj.t they dc not include so*e systaltic arrors 
sucn cS t h 3 uncertainty arounci ihe cadmium cut-of T energy or the 
d.aviation f r o <n tie l/c spsct'-UT. Thé r.er,sured =!. I. of T h - 2 3 2 is 
therefore not suitable as ? criterion to jufloe the quality of 
évaluerions. 

Tí¡3le 7: ¿escnancs integrals for Fission C?.I.f) and C?:ture C . I . c ) 
and the fission cross section everzçetl over the Cf-252 
fission SDiCtruir CCf.f) and the 'J-235 fissien 
soectrum CUE.f.) 

I Î O - T H - 2 3 2 

I R . I . f s r r . 
I C 11 ) C !> ) 

I mean v ^ i l u e 

I . 0 7 4 6 . 0 1 6 

. R o s 
r é f . ! 

. I 

I 
I 
r 

i 
i 
• 

i 
i 
i 
T 

T 

I 
I 
T * 
I 
I 
T 

r 

I 
I 

. I r t . 
5 . 1 . c 

Cl:) 

7 C . 0 
? ?.. 0 
¿ 2 . 7 
8 2 . 5 
S c . û 
3 3 . C 
¿ 1 . 2 
3 3 . 0 
3 7 . 0 
8 7 . 0 
9 * . G 
5 9 . 0 
6 4 . 0 
S S . C 
6 Ç . 0 
6 3 . 0 
7 9 . 0 

* S 9 . 5 
* 9 2 . 2 
« 7 2 . 5 

and 
érr. 

Co) 

5 . 0 
3 . 5 
1 . 8 
3 . 0 
3 . 0 
5 . C 
? . 4 
6 . 0 

* . o 
2 . 0 
6 . 0 
6 . 0 
7 . 0 
5 . C 
3 . 0 
2 . 0 
4 . C 
4 . 0 
b . u 
4 . 5 

( £ £ . ) and r e c o m a n 

j . 

17 I 
T 

7 9 . 4 
3 2 . 3 
a 5 . 

0 . 9 
2 . 4 
5 . 

S s e c t 
r e f 

11 
25 
• > • ; 

2 £ 
20 
27 
3 0 
26 
21 
29 
24 
24 
?4 
2 4 
24 
24 
31 
90 

n 4 i 

. 1 
i 

i 
; 
T 

I 
I 
I 
I 
T 

r 

i . 

I 
I 
I 
I 
I 
i 
I 
I 
T 

I 

c l s t i on 

£», 
17 

I 
I 
I 

rui i Ô v a r a g a 
C f . f . err. 

C-nh) (<nb> 

« 3 . 4 2 . 7 
S 4 . 7 4 . 9 

s f r OIT rei. 

8 * . 3 2 . 4 

d c r o s 
r 3 f 

3 0 
?4 

17 

££ 

. 1 
I 

T 

I 
I 
I 
T 

I 
I 
T 

I 
T 

r 1 

I 
I 
T 

I 
T 

I 
I 
I 
I 

and 

I 

Î - S 3 C 

L 5 . f . 
C i b î 

7 5 . 1 
7 7 . C 

" e t . 

7 7 . 7 

t . 
srr. 

CTb) 

2 . 9 
4 . C 

l b 

2 . 7 

r a f 

7a 
70 

££ 

1 

. 1 
X 

I 
T 

À 

T 

I 
I 
I 
1 
T 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
T 

I 

I 
I 
X 
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9 0 - T H - 2 3 2 r I S S J O N crc l S p ^ c t r u í ? v « ? r . c r e s s - s e c t . 

I L i b r a r y 
Cbî 

arr. 
CIO 

C f - 2 5 2 t 
Crn'O ( T b ) 

• J - 2 . 
( m l , ) 

e r r . 

5 X ° E RI '•' E N T 
UKNCl-<iO 
LENCL-34 
ENCr / j J -4 

E N û = / 5 - S 
I N C L / A c 
INOL/Û * 2 

0 

0 . 5 1 5 2 
0.64^? 
0.5391 
0.61(51 
C.571C 
0.5929 

3Í.3C 
79. = 3 
dl,17 
74.4 3 

78.07 
75.36 
74.H3 

?. .40 

-£.37 
-7.13 

-13. S 7 
-10.23 
-12.44 
-13.8 7 

77 .70 
72.7' 
75.19 
í ̂ .00 
72.4C 
70.13 

. 59.00 -

2.70 
-3.97 
— ? = ? 

-3.70 
-5.30 
-7.52 
-9.70 

î 
^ 
I 
I 
T 

I 
T 

9 Û - T H - 2 3 2 ( N , G A M M A ) 5 . 1 . ê.r.1 SractruHi ? v e r . c r o s s - s e c t . 

I 
I 

I 
I 
I 
I 
I 
I 
I 

L i b r a r y 

EXPERIMENT 
UKNCL-30 
LENCL-Í4 
ENDF/3-4 
ENÛF/S-5 0 
INDL/A E 
INDL/A K2 

S.I. 
Cb) 

79.40 
110.66 
??.77 
¿5.37 
b S . 9 2 
80.07 
32.¿2 

err. 
Cb) 

0.75 
31.26 
14.37 
5.^7 
c.S2 
0.67 
3.43 

Cf-232 f. 
Cmb) 

US.-7 0 
95.9<-
5S.3* 
3 S . t» 9 
«5.01 
«57.4? 

err. 
C T D ) 

U-235 f. 
C.nb) 

125.1C 
10 3.60 
1C3.3C 
94.24 
91.67 

132.30 

err. I 

(nib) I 

I 
T 

T 

I 
I 
Y 

r 

C n l y f c u r measurfrents 3r« a v ë i l a b l e for the f i s s i o n soactruir 
a v e r c ç e d f i s s i o n c r e s s s e c t i o n but they saerr to be irore c o n s i s t e n t . 
All the e v a l u a t e d l i b r a r i e s unci »res t i m ó t e ths f i s s i o n c r e s s s e c t i o n 
s l i g h t l y . T h i s u n d e r e s t i m a t i o n is l3=ist p r o n o u n c e d in the L4 
l i u r a r y . T h e two I N D L / A e v a l u a t i o n s (IE ? n d IK 2 ) t o g e t h e r a i t n E4 
s h o w l a r g e s t d e v i a t i o n . 
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4.2 Sl-P?-?33 

The rreasur*d capture P.I.'3 ar? sslf-ccnsist»nt. The values 
arrived -from the t * and the rrîA librriri^s lis.mithir the error b?rs 
of the nieesured values but t h •? valúas' fro:i t h <= tlK cinc 1= libraries 
are considerably overesti»ated. 

Table s: R.I.s for fission (R.I.f) and C?ctur? (s.I.c) 
and the fission cross section ¿varrçed cv3r the Cf-252 
fission spoctruir CCf.f) and the Li -22.5 fissicn 
spectruT (U^.f.) 

91-P?>-233 Res. Int. and Spictrurr- averaged cross-sect. 
I R.I.f 

: cb) 
err. 
(b) 

ref.I rt.I.c *rr. ref.I Cf.f. 
I Cb) Cb) I (i»b) 

srr, roi.1 L5.f . 

Cirb) I Cmb) 
err . re T . I 
(•nb) I 

T 

. I 
I 
I 
I 
I 
I 

920. 
337. 

*o36. 
¥521. 
«349. 

I #340. 

135. 
3S. 
35 . 
90. 
43. 
43. 

33 I 
6*9 I 
35 I 
34 : 
35 1 
35 1 

I mean value ( £ ¿ ) and recommendations f r 0 T raf.17 snd r e f . 1 £ 

I 551. 
I 665. 

13 I «60. 

13. 
35. 

IL 
17 
le 

I 
= ; 
I 
I 

I 
I 
I 
I 
I 

91-P4-233 
:=========== 
Library 

EXPERIMENT 
UKNCl-83 
ENCF/e-4 
ENOr/3-5 A 
INCL/A E 

( U > G 4 M M û ) 
= = = = = = = = = ss 

R.I. 
Cb) 

3 5 0 . « 7 
896.0C 
357.28 
857.2d 
352.27 

R.I. 
======= 

9rr. 
Cb) 

18.59 
35.12 
6.41 
6.41 

31.40 

ar.d Sppctruir 
============= 
Cf-252 f. 

(<nb) 

117.70 
17 8.60 
178.60 
156.SO 

1 ever. 
====== 
err. 
Cfl-b) 

cross-sect. 
=========== 
U-235 f. 

(11b) 

127.00 
11=6.20 
ies.20 
16S.30 

T 

======= 
err. I 
C<nb) I 

T 

I 
I 
I 
I 
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4 . 3 S 2 - U - 2 3 : 

T n « 5 . 1 . s i e r s u r i t e n t s s r 0 ID q o o d c o n s i s t e n c y « x c e o t f o r t i ac 
f i s s i o n S . I . . v a l u e s . T n e ¡J K ?ncl L ^ l i b r a r i e s u n d e r e s t i m a t e t h .? 
f i s s i o n k . I . ?nci t h t» L <» i ¿4 ?ncl IK 2 l i b r a r i e s u n c ? r e s t i m s t « t h .9 
c s o t u r a R . I . t j y e n a m o u n t e x c ^ ' d i n r ; t*!<? t n c ^ r t p i n t y i n t •> e 
m c - ? s u r * á n t . 

T?ble 9: Resonance inteqrpls for cissior. ( ? . I. f ) ana Cloture C^.I.c) 
and t^e fission cross section ;,veraçid over tne Cf-252 
fission spectrum C C t • f ) and t h % 'J-235 fission 
spectrum CUi.. f. ) 

92- U-23?. Ses. Int. 3rd Spectrum c>ver?oi»d crass-sect. I 
R.I.f «rr. ref.I R.I.c err. r?«.l Cf.f. err. raf.I U5.*. err. rsf.I 
Cb) Cb) I (b) Cb) I (lib) Cab) I Cmb) Cmb) I 

79 
8? 
77 
85 
82 

*72 
*72 

I *8 2 

6. 

1. 
C. 
c. 
9. 
9. 
4. 

20. 
40. 
49. 
90. 
60. 
26. 
24. 
30. 

2S 
2? 
39 
41 
42 
37 
37 
5 •> 

135, 
146. 

*145, 

* • » . 

.-Î. 
•9 
t m 

39 
¿2 
36 

I 
r 

1 
T 

r 

T 

Y 

1893. 
1947. 
1947. 

46. 
31. 
21. 

5 0 
37 
¿I 

n
 

I 
T 

• I 
I 
I 
I 
I 

I .iiean vslue C I O and recommerd.=itions 'rom réf.17 êtnc! ref.l" 

I 142.4 4.4 in I 1932. 20. II 1 I 773.? 12.4 LL I 142.4 4.4 in I 
I 783.4 7.8 17 I 13 2.1 4.Í, 17 I 
I 760. 17. 18 I 137. 6. Ie. I 

92-U -233 FISSION R.I. and Suictrua aver.cross-sect. 

Library R.I 
Cb) 

err. 
Cb) 

Cf-252 f. 
Cmb) 

err. 
CtH>) 

•235 f 
Cmb) 

err. ¿ 
Cmb) I 

I 
I 
I 
I 
I 

EXPERIMENT 
UKNCL-00 
LENCL-84 
ENQF/b-4 
INCl/A K2 

773.92 
756.52 
7¿5.02 
762.1? 
764.47 

13.43 
-17.40 
-18.90 
-11.75 
-9.45 

1938. 
1C91. 
189e,. 
1*33. 
1834. 

20. 
-47. 
-42. 

-105. 
-1C4. 

1«09. 
1904. 
1841. 
1S42. 

I 
I 
I 
I 
-

I 92-U -233 CN,GAMMA) 

I Library 
I 

S.I. 
Cb) 

R.I, 

err . 

Cb) 

srd Spectrum tv*r.cross-sect. I 

Ct-252 f. 
Cmb) 

err. 
Cffb) 

U-235 f. 
Cm 13) 

err. I 

Cmb) I 

I 5XPERIMCNT 
I UK.NCL-30 
I LcNCL-S4 
I ENCF/Û-4 
I IN3L/A -<2 

14 3.36 
145.46 
133.91 
134.66 
134.94 

4 . 2 9 
2 . 1 0 

• 9 . 4 5 
• S . 7 0 
• 3 . 4 2 

i*l. 64 
6 0 . 4<, 
6 0 . 3 6 
6 0 . H 6 

4 5 . 1 0 
6 4 . 3 6 
6 4 . 2 3 
6 4 . 2 ? 



4.4 92-U-235 

92-U -235 FISSION R.I. end Soectrum ever.cross-sect. 

I 
I 

I 
I 
I 
I 
I 
I 
I 

Library 

EXPERIMENT 
UlvNCL-80 
LENCL-84 
ENOF/3-4 
ENDF/B-5 D 
INDL/A J 
INOL/A KZ 

R.I. 
Cb) 

2 8 0.16 
274.42 
233.90 
292.96 
231.73 
274.96 
269.02 

err . 

Cb) 

3.61 
-5.74 
3.11 
2.8C 
1.5S 

-5.20 
-11.13 

Cf-252 f. 
(tib) 

122 5. 
1237. 
1232. ' 
1241. 
1236. 
124S. 
1256. 

err. 
CTb) 

S. 
12. 
7. 

16. 
11. 

31. 

U-235 f. 
O b ) 

1239. 
1232. 
1241. 
1236. 
1248. 
1256. 

err. I 
C*b) I 

I 92-U -235 CN,GAMMA) R.I. and Soectrum aver .cross-sect. 

I Library 
I 

I EXPERIMENT 
I UKNCL-SG 
I LENCL-84 
I ENDF/B-4 
I INDL/A J 
I INDL/A K2 

R.I. 
Cb) 

140.22 
139.91 
139.5e 
133.55 
153.11 
142.42 

err. 
Cb) 

2.40 
-0.32 
-0.65 
-1.68 
12. £8 
2.21 

Ct -252 f. 
Cmb) 

77.15 
91.46 
95.32 

127.40 
90.2V 

err. 
C*b) 

U-235 f. 
Cmb) 

82.93 
97.63 

101.60 
133.90 
96.12 

err.. I 
Cmb) I 
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4.5 92- U-236 

Tne captura R.I. maasurmerts are contradictory end they can not 
help to select the evaluated data u: h i c h also s h o y enormous 
discrepancies. 

Table li: Resonance integrals for Fission CR.I.f) and Capture CR.: 
and the fission cross section averaçed ever tne Cf-252 
fission spectrum CCf.*) and the U-235 fissicn 
spectrum CUS.f.) 

.c) 

I 92- U-23Ó 
I R.I.f err. 
I Cb) Cb) 

I mean value 

1 2 . 
I 7.3 1.6 

Res 
ref .1 

I 

I 
I 
I 
I. 
I 

. Int. 
R.I.c 
Cb) 

450. 
417. 
419. 
381. 
259. 

an 
err. 
Cb) 

30. 
25. 
70. 
20. 
22. 

C&i) and recommer 

I 
.17 I 
IS I 

3€ó. 
358. 
360. 

12. 
S. 

15. 

d Spectrum averaged 
ref.I Cf.f. err. ref 

I Cmb) Cmb) 

49 I 
50 I 
= 0 I 
22 I 
92 I 

dations fro™ ref.17 

Li I 
17 I 
18 I 

CPO 

.1 
I 

I 
I 
T 

I 
I 

and 

I 
I 
I 

SS-S5Ct. I 
U5.f. err. ref.1 
Cmb) Cmb) I 

ref.18 I 

I 92-U -236 C*l.GAMMA) R.I. and Spectrum aver .cross-sect. 

I 
I 

I 
I 
I 
I 
I 

Library 

EXPERIMENT 
UKNCL-8Û 
LENCL-34 
ENDF/3--* 
ENOF/5-5 A 

R.I. 
Cb) 

366.30 
322.87 
831.49 
350.04 
350.32 

err. 
Cb) 

11.55 
-43.43 
465.20 
-16.26 
-15.98 

Cf-252 f. 
Cmb) 

171.10 
1-S8.20 
170.20 
170.20 

err . 
Cmb) 

U-235 f. 
Cmb) 

179.30 
176.30 
178.60 
17S.50 

err. I 
Cmb) I 

* 
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4.6 92- U-238 

Tha captur» K.I. measurmerits are raasonèbly consistent. A 
clear distinction may be observed between the "before 1972" and 
"after 1972" maasurmen ts, tne f orir-ar . bainç nicher. The R.I. vslues 
derived from the evaluated libraries are slightly overestimated 
except in the case of the t_4 librery wnere the value is within the 
experimental uncertainty an the UK library mhicn underestimates tro 
capture R.I. 

Table 12: Resonanca integrals for Mission CR.I.f) and. Capturs CR.I.c) 
and the fission cross section averaged over the Cf-252 
fission spectrum CCf.f) and the U-225 fissicn 
spectrum CU5.f.) 

I 92- U-238 
I R.I.f err. 
I Cb) Cb) 

Ras. Int. and Spectrum averaged cross-sect. I 
ref.I S.I.c err, ref.I Cf.f. err. ref.I L'5.f. err. ref.I 

"I Cb) Cb) I Cmb) (mb) I (mb) Cmb) I 

I 

M
. 

I 
I 
I 
I 
I 
A 

I 

2e2. 
286. 
282. 
281. 
267. 
269. 

«265. 
*278. 
«269. 

20. 
25. 
8. 

10. 
5. 
5. 

22. 
10. 

116. 

•52 
89 
S3 
23 
20 
46 
91 
71 
51 

I 
I 
I 
I 
I 
I 
I 
I 
I 

324. 
308. 
311. 
283. 
347. 
347. 
326. 

14. 
17. 
14. 
7. 
6. 
6. 
7. 

75 
79 
94 
85 
86 
87 
78 

I 
I 
I 
I 
I 
I 
I 
I 
I 

303, 15, 83 

I mean value C£&) and recommendations from ref 

I 
1.0013 
1.00154 

I 
.0002 17 I 
.00015 181 

272.4 
276.3 
277. 

2.9 
2.7 
3. 

17 
18 

328, 3. 

17 and ref.18 

Li I iOa. 45. 
I 
I 

44 

92-J -238 FISSION R.I. and Spectrum ever .cross-sect. 

I Library 
I 

R.I. 
Cb) 

err. 
Cb) 

Cf-252 f, 
Cmb) 

err. 
C m b ) 

U - 2 3 5 f, 
C m b ) 

err » I 
Cmb) I 

EXPERIMENT 
UKNCL-80 
LENCL-84 
ENDF/3-4 
ENCF/B-5 0 
IN0L/A J 
INDL/A K2 

1.6008 
2.0568 
1.9150 
2.032-3 
1.9150 
1.6627 

3 2 8 . 0 0 
2<>6.80 
3 2 1 . 7 0 
3 1 5 . 4 0 
3 1 3 . 6 0 
3 2 3 . 3 0 
3 1 3 . 0 0 

3 . 0 0 
• 3 1 . 2 0 
- 6 . 3 0 

- 1 2 . 6 0 
• 1 4 . 4 0 
- 4 . 7 0 

• 1 5 . 0 0 

308 
278 
302 
295 
294 
304 
294 

,00 
,70 
.20 
,%0 
,60 
,00 
,00 

1 5 . 0 0 
• 2 9 . 3 0 
- 5 . 8 0 

• 1 2 . 2 0 
• 1 3 . 4 0 
- 4 . 0 0 

• 1 4 . 0 0 

I 9 2 - U - 2 3 8 CN,GAMMA) . 1 . and S p e c t r u m e v e r . c r o s s - s e c t . I 

I L i b r a r y 
I 

R . I . 
Cb) 

e r r . 
Cb) 

C 1 - 2 5 2 f . 
Cmh) 

err. 
Cffb) 

U-235 f , 
Cmb) 

err. I 
Cmb) I 

I 
I 
I 
I 
I 
I 
I 

EXPERIMENT 
U K N C l - 3 0 
LENÛL-S4 
ENCF/&- ' . 
E N D F / 8 - 5 0 
I N D L / A J 
I N D L / A K2 

2 7 2 . 3 9 
2 6 7 . 4 5 
2 7 3 . 8 2 
277. 
279. 
273. 

09 
?0. 
48 

2.91 
•4.94 
1.44 
.71 
,91 
,09 

273.^9 6.11 

33.17 
74.35 
71.36 
68.34 
64.95 
70.92 

87. 
7<J, 
75. 
72. 
68. 

38 
7 3 
07 
06 
63 

74.?1 
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4.7 S3-Np-237 

The Cf-252 fission soectruit. averaged fission cross section 
measurment3 are not sufficiently consistent to 
criterion for the evaluated data. 

he used as ^ selaction 

Table 13: Resonance integrals for Fission CR.I.f) and Capture C&.I.c) 
and the fission cross section averaçed over the Cf-252 
fission spectruK C.Cf.f) and the U-225 fissicn 
spec trum CU5 .f. ) 

I 93-Np-237 Res. Int. and Spectrum averfged cross-sect. 
I ft.I.f err, r e f . I R . I . c e r r . r a f . I C f . f . e r r . r e f . I U 5 . f . e r r . r e f . 
I ( b ) Cb) I Cb) Cb) I Cmb) Cmb) I Cub) (mb) 

I 1380. 100. 79 I 
I 1442. 23. 82 I 
I 1366. 27. 73 I 

I mean value (.If) and recommendations from ref.17 and ref.18 

I I I 1409. 17. Li I 
I 6.5 1.2 17 I 822. 53. 17 I I 
I 6.9 1.0 18 I 640. 50. 13 I I 

I 93-NP-237 FISSION R.I. and Soectrum aver.cross-sect. 

I Library 
I 

I EXPERIMENT 
I UKNCl-80 
I LENDL-84 
I 6NDF/3-4 
I ENOF/3-5 0 
I EN0F/B-S A 
I INDL/A E 
I INDL/A K2 

R.I. 
Cb) 

6.9020 
7.4796 
6.5606 
6.8705 
6.5369 
5.9325 
5.8622 

err. 
Cb) 

Cf-252 f. 
Cmb) 

1409. 
1371. 
1303. 
1351. 
135 2. 
1352. 
1308. 
1237. 

err. 
Cmb) 

17. 
-38. 

-106. 
-53. 
-57. 
-57. 

-101. 
-122. 

U-235 f. 
Cmb) 

1338. 
1275. 
1320. 
1322. 
1322. 
127S. 
1257. 

err, I 

Cmb) I 
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4.8 94-Pu-238 

The data in all but the UK evaluated libraries agree well with 
the single fission R.I. measurment. It mould be useful to have this 
value confirmed by another experiment. The capture R.I. ' measurment 
is mere than an order of magnitude larger than the recommended value 
from réf.C17J and the values derived from the evaluated libraries. 
The source of the discrepancy needs to be resolved to see which value 
is more correct. 

Table 14: Rasonance integrals for Fission CR.I.f) and CaDtura CR.I.c) 
and the fission cross section averaged over the Cf-252 
fission spectrum CCf.f) and the U-235 fission 
spectrum CU5.f.) 

I 94-Pu-238 Res. Int. and Spectrum averaged cross-sect. I 
I R.I.f err. ref.I R.l.c err. ref.I Cf.f. err, ref.I U5.f. err* ref.I 
I Cb) Cb) I Cb) Cb) I C<nb) Cmb) I Cmb) Cmb) I 

I 32. 5. I 3260. 280. 55 I 
I , I 3310. 400. 55 I 

I wean value C££) and recommendations from ref.17 and ref.18 

I 
I 

32. 
24.2 
33. 

5. Li 
2.7 17 
5. 18 

I 3276. 
I 154. 
I 162. 

229. 
9. 

15. 

ÍÍ I 
17 I 
18 I 

: = r = s = : 

94-PU-238 
E S S S S S S S S S S S S S S S S S : 

FISSION ' R.I. ard Spectrum 
:sss:sss==ssssssss=ssss= 
aver.cross-sect. I 

I Library 
I 

I EXPERIMENT 
I UKNCL-30 
I LENCL-34 
I EN0F/B-4 
I ENOF/B-5 A 
I IN0L/A E 
I IN0L/A K2 

R.I. 
Cb) 

32.03 
75.95 
32.21 
30.60 
30.48 
31.49 
31.25 

err. 
Cb) 

5.08 
43.92 
0.18 

-1.44 
-1.56 
-0.54 
-0.79 . 

Cf -252 f. 
Cmb) 

1935. 
2047. 
2078. 
1983. 
1983. 
1936. 

err. 
Cirb) 

U-235 f. 
Cmb) 

1912. 
2027. 
2045. 
1956. 
1959. 
1910. 

err. I 
Cub) I 

94-PU-233 CM,GAMMA) S.I. snd Spectrum aver.cross-sect. 

I Library 
I 

R.I. 
Cb) 

err . 
Cb) 

Cf-252 f. 
C-*b) 

err . 

Cmb) 
11-235 f. 

Cmb) 
err. I 
C-nb) I 

EXPERIMENT 
UKNCL-6C 
LENCL-&4 
ENDF/B-4 
ENOF/5-5 A 
INCl/A S 
IN0L/A K2 

3276.44 229.38 
137.90-3138.54 

,66-3124.78 
,55-3131.69 
,50-3122.94 

151. 
144, 
153, 
143. 50-3132.94 
159.SC-3117.93 

74.47 
110.30 
41.00 

142.30 
73.34 

122.40 

79, 
114. 
43, 

150, 
73, 

92 
70 
64 
60 
21 

12?.6G 
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4.9 94-Pu-239 

The fission 5.1. measurments are often scatterred ncre than the 
auoteo errors auould allooi and for the eaptur? R.I. a single 
measurmant is available. Cn th<? ether hand the k.l. values for 
capture and fission derived from the evaluated libraries are all vary 
close together but the «valuators seem to prefer a sonisuihnt lower 
value of the capture and the fission R.I. 

For the fission cross section averaged over the 
spectrum the same comirent applies as for the R.I. 

Cf-252 fission 

Table 15: Resonance integrals for Fission (P.I.f) and Capture CS.I.c) 
and the fission cross section averaçed over the Cf-252 
fission spectrum (Cf.f) and the U-235 fissicn 
spectrum (U5.f.) 

94_pu_239 Res. Int. and Spectrum averaged cross-sect. 
R . I . f err. ref.I R.I.c arr. ref.I Cf.f. *rr, ref.I US.f. err. 
Cb) (b) I (b) (b) I (mb) (mb) I (mb) (mb) 

I 
re*.I 

I 
1 

I 
I 
1 
I 
I 
T 

I 
I 
T 

387. 
301. 
327. 
366. 
330. 
328. 
320. 
327. 
434. 

22. 
10. 
22. 
26. 
30. 
22. 
19. 
22. 
81. 

44 
45 
40 
56 
41 
67 
72 
8? 
57 

221, 11, I 
I 
I 
I 
I 
I 
I 
I 
I 

1790. 
1Q61. 
1861. 
1£24. 

41. 
30. 
30. 
35. 

77 
97 
82 
78 

I 
I 
I 
I 
I 
I 
I 
I 
I 

mean value (££) and recommendations from ref.17 and ref.19 

323.8 6.5 
312.2 6.2 
301. 10. 

Lt I 
17 I 
19 I 

221. 
191. 
200. 

11. 
16. 
20. 

17 
ie 

1841, 17. It 

94-PU-239 FISSION R.I. and Spectrum aver .cross-sect. 

I Library 
I 

R.I, 
(b) 

err. 
Cb) 

Cf-252 f, 
Cm¡j ) 

*rr . 
(mb) 

U-235 f, 
(mb) 

err . 
(mb) 

I 
I 
I 
I 
I 
I 
I 
I 

EXPERIMENT 
UKNCL-S0 
LENCL-34 
ENDF/3-4 
ENDF/5-5 0 
INDL/A E 
INDL/A J 
INDL/A K2 

323.9C 
300.15 
307.01 
303.63 
303.96 
304.68 
299.71 
304.44 

6.49 
-23.65 . 
-16.7% 
-20.17 
-19.83 
-19.11.. 
-24.09 
-19.36 

1S4L. 
1783. 
1781. 
1789. 
1792. 
1795. 

- 181S. 
1786. 

17. 
-5-9. 
-¿0. 
-52. 
-49. 
-46. 
-23. 
-53. 

1775. 
1774. 
1781. 
1796. 
1737. 
1812. 
1781. 

T 

I 
I 
I 
I 
T 

I 
I 
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I 94-PU-239 CN,GAMMA) R.I. and Spectrum svar.cress-sect, 

I Library 
1 

»"
4 

I EXPERIMENT 
I UKNCL-3C 
I LENOL-84 
I ENOF/8-4 
I INDL/A 5 
I INDL/A J 
I INDL/A K2 

R.I. 
Cb) 

221.0e 
179.19 
205.65 
194.39 
1S2.S5 
194.S4 
194.32 

err. 
Cb) 

11.03 
-41.89 
-15.4C 
-26.69 
-38.23 
-26.24 
-26.76 

Cf-252 *. 
Cmb) 

46.61 
41.53 
39.76 
53.35 
59.01 
37.66 

• rr. 
Cnrb) 

li-235 f. 
(mü) 

50.29 
44.88 
43.45 
57.46 
63.30 
41.08 

»rr. I 
Cmb) I 
t 
i 
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4.10 94-Pu-240 

The captura ft. I. messurirents 3r« characterised by very large 
quoted uncertainties but the èvsrsçsc' velue is still outside the 
error bars. In the evaluated libraries the evalustors seen to prefer 
a considerably lower valua of the capture 8.1. 

í single measurment for tna Cf-252 fission spectrum averaged 
fissicn cross section is available. Calculations frc-n the evaluated 
librarias produce values irhich sre scattered around tno measured 
point by wore than the experimental error. The large discrepancy in 
the velue derived fro IT, the IS library seems to be due to sows 
processing errors described in the orevious section. 

Table 16î Resonance integrals for Fission (S.I.f) and Capture CR.I.c) 
and the fission cross section averaged over the Cf-252 
fission spectrum CCf.f) and the U-225 fission 
spectrum CU5.f.) 

I 94-Pu-240 
I R.I.f err. 
I Cb) Cb) 

Res. 
ref . I R.I.c 

I Cb) 

Int. and Spectrum averaged cross-sect. I 
err. ref.I Cf.f. err. ref.I U5.f. err. ref.I 
Cb) I Cavb) Cmb) I Cub) Cmb) I 

I 
I 
I 
I 
I 

I 8504 550 38 I 
I 11000 4000 58 I 
I 11731 1000 93 I 
I 11459 1000 69 I 
I «3655 700 59 I 

1337. 32, 80 I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I mear value CÉ.O and recommendations from ref.17 and raf.lS 

I 
I 
I 
ess : 

5. 
8.3 

I 9579. 
17 I 8460. 
13 I 8100. 

367. 
305. 
200. 

17 
18 

1337. 32. II 

94-PU-240 FISSION R.I. and Spectrum aver.cross-sect. 

I Library 
I 

R.I, 
Cb) 

err. 
Cb) 

Cf-252 f, 
Cmb) 

err. 
Cmb) 

U-235 f. 
Cmb) 

err. I 
Cmb) I 

I 
I 
I 
I 
I 
I 
I 

EXPERIMENT 
UKNCL-80 
LENDL-64 
ENDF/3-4 
INOL/A E 
INCL/A J 
INDL/A K2 

6.4399 
10.0283 
9.3176 
4.253S 
9.8427 
8.2671 

1337. 
1255. 
1413. 
1336. 

88. 
1367. 
127C. 

32. 
-82. 
76. 
-1. 

-1249. 
3.0. 

-59. 

1227. 
1381. 
1309. 

66. 
133B.. 
1252. 

I 94-PU-240 CN,jAMMA) R.I. and Spectrur, tvsr . cros s-se=t. 

I L i b r a r y 
I 

R . I . err. C * - Z 5 2 f . e r r . 
Cb) Cb) Cmb) Cirb) 

U-235 f . e r r . I 
Cmb) Cwb) I 

EXPERIMENT 
UKNCL-3C 
LENCL-34 
ENDF/5-4 
INDl/4 E 
INCL/A J 
INDL/A K2 

Ç579. 
9025. 
332S. 
6438. 
3420. 
3437. 
7972. 

267, 
-1555. 
-125:, 
-1142, 
-1160, 
-1142, 
-1607, 

92. 
*8, 
S2. 
°5. 
90. 

9C 
92 
11 
46 
12 

109.60 

98.13 
92.SC 
8 6. 7S 
91.02 
95.64 

116.00 
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4.11 94-PU-241 

The ireasurea fission «?. I are consistent but the evaluators 
prefer a somewhat higher value. The value derived frc» I? library is 
incorrect due to tho use cf modified Adler-Adler parameters. 

A single maasurment for the Cf-252 fission sosctrui iveraged 
fission cross section is avail?ble ¿ith a fairly lar;e uncertainty. 
The deta in all the evaluated libraries are consistent with this 
measurment. 

Table 17: Resonance integrals for Fission (P.I.f) and Crpture O.I.c) 
and the fission cross section averaged over the Cf-252 
fission spectrum CCf.f) and the U-235 fission 
spectrum CUS.f.) 

I 94-Pu-241 Ses. Int. and Spectrum averaged cross-sect. I 
I 3.1.f err. ref.I 9..I.C err. ref.I Cf.f. err. ref.I L'5.f. err. ref.I 
I Cb) (b) I (b) Cij) I Cub) Ctib) I <mb) (trb) T 

I 557. 33. 44 I 
I 550. 40. 41 I 
I *524. 16. 37 I 

I 1616, 
I 
I 

80. SO I 
I 
I 

I mean value (&£) and recommendations from ref.17 and ref.13 

I 532. 14. tt ! I 1616. 80. Ct I 
I 55c. 13. 17 I 161. 13. 17 I 1 
I 570. 15. 13 I 162. o. 15 I I 

94-PU-241 FISSION R.I. and Sp»ctrum sver.cross-sect. 

I 
I 

I 
I 
I 
I 
I 
I 
I 

Library 

EXPERIMENT 
UKNCL-30 
LENCL-64 
ENOP/B-4 
IN0L/A E 
INOL/û J 
INDL/A K2 

R.I. 
Cb) 

532.61 
563.64 
581.06 
586.43 

1220.30 
591.51 
532.4? 

err * 
(b) 

13.55 
31.04 
48.45 
53.33 

687.70 
59.90 
49.37 

Cf-252 f. 
Cm») 

1616. 
1661. 
1593. 
1650. 
1607. 
1621. 
1637. 

err. 
Crrb) 

80. 
45. 

-23. 
34. 
-9. 
e 

21. 

U-235 f. 
Cmb) 

1662. 
1597. 
1650. 
1610. 
1626. 
1640. 

err. I 
<mb) I 



<».12 94-Pu-242 

The valúas derived 
urment. 
section 

The ireasurad cspturî R.I. s re consistent. ._ .. ... 
•from the l_4 and E5A libraries ar? in pgreement mitn the ¡neasurment. 
All ether evaluations uncieres t imate the cssture cross section 
considerably but they ngree m i t h the recomn-,ended value froi ref C171. 

Teble 13: Resonance intecrals for Fission CR.I.f) and Cloture CR.I.c) 
and the fission cross section sveraç^d over tne Cf-252 
fission spectrum CCf.f) ?nd the J-235 fission 
spectrum CU5 . f. ) 

I 94-Pu-2'*2 Res. Int. *nd Spectrum averased cross-sect. I 
I S.I.f err. ref.I R.I.c err. ref.I Cf.f. err. ref.I U5.f. err. réf.I 
I Cb) Cii) I Cb) Cb) I Cmb) Cmb) I Cmb) Cmb) I 
! _ . ! 

I 1275. 
I 1275. 
I 128C. 

30. 
30. 
¿C. 

55 
55 
60 

I mean value C£i) and recommendations trcu ref.17 and ref.18 

17 
18 

1275. 
1131. 
1115. 

20. 
57. 
40. 

LL I 
17 I 
IS I 

T 

I 
I 

I 94-PU-242 (NtGAMMA) P.I. and Soectrum aver.cross-sect. 

I Library 
I 

I EXPERIMENT 
I UKNCL-80 
I LENCL-84 
I ENCF/B-4 
I ENOF/3-5 A 
I INDL/A E 
I INDL/A K2 

R.I. 
Cb) 

1276. 
1131. 
1311. 
1140. 
1288. 
1146. 
1132. 

err. 
Cb) 

20. 
-144. 

36. 
-136. 

12. 
-129. 
-143. 

Cf-252 f. 
Cmb) 

53.02 
81.48 
55.41 
70.40 
73.16 
94.73 

err. 
Corb) 

U-235 f. 
Cmb) 

56.19 
9 5.39 
5 3.51 
74.35 
62.84 
99.53 

err. I 
Cmb) I 
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4.13 95-ûm-241 

Tne ireasured capture S.I. are completely contradictory ?nd 
therefore useless "for any sensible intercoinpsr ison before the 
discrepancies are resolved. > 

Table 19: Resonance integrals for Fission C K . I. f ) and Capture CS.I.c) 
and the fission cross section averaeed over the Cf-252 
fission spectrum CCf.f) aoci the U-235 fission 
soec trum CU5.f.) 

95-Am-241 Res. Int. and Spectrum averfj«d cross-sect. 
R.I.f err » ref.I 3 .1. c err. ref.I Cf.t. srr. ref.I L' 5. f. err, ref, 
Cb) Cb) I Cb) Cb) I (mb) Cmb) I Cub) Cmb) 

I 2100. 200. 62 I 
I S50. 60. 61 I 
I 1140. 40. 54 I 
I 1570. 110. 72 I 

mean value C££) and reco.iim?ndfitions froT ref.17 3nd ref.18 

14.4 1.0 

I 1119. 32. ii I 
I 1330. 117. 17 I 

IS I 1230. 100. 13 I 

I 95-AM-241 CN.G4MM4) R.I. and Spectrum aver.cross-sect. 

I Library 
I 

I EXPERIMENT 
I UKNCL-ë0 
I LENCL-64 
I ENOF/6-4 
I EN0F/B-S A 
I IN0L/A E 
I INDL/A U 
I INCL/A K2 

R.I. 
Cb) 

1119. 
1414. 
1507. 
1541. 
1424. 

1440. 
1393. 
1453. 

err . 
Cb) 

31. 
295. 
338. 
522. 
305. 
320. 
274. 
334. 

Ct-252 f. 
Cmb) 

252.10 
15 7.40 
61.30 

254.20 
302.SO 
252.10 
214.60 

err. 
Cmb) 

U-235 f. 
Cmb) 

272.80 
172.50 
48.27 

273.50 

327.7C 
272.80 
234.90 

err. I 
Cmb) I 



4.14 95-Am-2*2m 

A single measurroent for the fission R.I. snd only three 
evalurtions for this isotope ere avEilsblp. The fission R.I. 
derived from the evaluated data are all loiu°r than tna measurment. 

Table 20:riesonanc*» integrals fcr Fission CR.I.f) and Captura ( S . I. c ) 
and the fission cross section averriçîd over the Cf-257 
fission SDectruir (Cf.T) and the U-235 fissicn 
spectrum (US .f. ) 

I 95-Am-242m Ses. Int. ar,1 .ScactruT sverpged cross-s«ct. 
I R.I.f err. ref.I '.I.c err. ref.I Cf.f. err. ref.I U5.f. err. ref. 
I (b) Cb) I Cb) Cb) I (mb) (mb) I (mb) (mb? 

I 2260. 2C0. I I I 

I iresn value (£C) and recommendations from ref.17 and ref.13 

I 226C 
I 226C. 
I 1S00. 

200. 
2C0. 
65. 

Í . I 1 
17 I 1100. 
IS I 

500. 
I 

17 I 
I 

95-AM-242m FISSION R.I. and Spectrum sver.cross-sect. 

I 
I 

I 
I 
I 
I 

Library 

EXPERIMENT 
LENCL-84 
ENOF/a-5 A 
INDL/A K2 

R.I. 
(b) 

2260. 
1542. 
1902. 
1530. 

err . 

Cb) 

200. 
-718. 
-35°. 
-630. 

Cf -252 f. 
(mb) 

1825. 
2214. 
1838. 

err. 
(mb) 

U-235 f. 
(mb) 

1933. 
2222. 
1842. 

err. 
(mb) 

I 
I 

I 
I 
I 
I 
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4.15 95-A.H-243 

Tue ttuo measurments for fr» fission o.I. differ by npsrly a 
factor of two although 2 hiçh accuracy is claimed fcr erch of them. 
The evaluíteo libraries ' producá Velues which ere far below or equal 
to the louiar measurment. The cacture K.I. ireasurirents ar» 
consistent but the values derived from the evaluated libraries are 
very underestimated. 

Table 21: Resonance integrals for Fission CR.I.f) and Captura CR, 
and the fission cross section averaged ever tne Cf-252 
fission spectruit CCf.f) and the U-225 fission 
spectrum CU5.f.) 

I.c) 

95-Am-243 Res. Int. and Spectrum averaged cross-sect. 
R.I.f err. ref.I R.I.c err. ref.I Cf¿f. s¡rr. réf.I U5.f. err. rei, 
Cb) C¡>) I Cb) Cb) I Cub) Cmb) I Crab) Cmb) 

5.0 
17.1 

1.0 
1.3 

67 I 
72 I 

T 

2290. 50. 
2300. 200. 
22G0. 150. 
2130. 110. 

5 5 I 
62 I 
72 I 
55 I 

mean value (.LL) ana recommendations from ref.17 and raf.18 

12.0 
13.û 
9. 

C.si 
l 7 

1Ê 

2259. 
2200. 
1320. 

42. 
15. 
70. 

LI I 
17 I 
lb I 

I 
s: 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

95-AM-243 
: = = = = = = = = = = = 
Library 

E X P R I M E N T 
UKNCL-8Û 
L5NCL-84 
ENDF/û-4 

ENDF/3-5 A 
IN0L/A E 
INDL/A U 
I N 0 L M K2 

FISSION R.I. 
================== 

R.I. err. 
Cb) Cb) 

12.0080 0.7377 
3.9332 -8.0748 
9.0183 -2.9897 
4.2133 -7.7947 
5.8885 -6.1195 
5.9322 -6.0758 
5.9515 -6.0565 
5.7099 -6.2981 

an 
= = = 
Cf 

d Spectr 
= = = = = = = = 
-252 f. 

Cmb) 

1010. 
1123. 
1023. 
1205. 
1124. 
1124. 
1253. 

um aver. 
======== 

err. 
Crrb) 

cross-sect. 
:= = 

u-
========= 
-235 f. 

Cmb) 

979. 
1090. 
.993. 
1164. 
1088. 
1085. 
1214. 

I 
= = = = = = = 

err. I 
Cmb) I 

I 
I 
Y 

I 
I 
I 
I 
I 

I 
= : 

I 
I 

I 
I 
I 
I 
1 
I 
I 
I 

95-AM-243 
============ 
Library 

EXPERIMENT 
'JKNCL-3G 
Lc.NCL-84 

ENCF/B-4 

ENCF/3-5 A 
INCL/A E 
INDL/A U 
INCL/A K2 

CN 
= = = 

iGAMMA ) 
======== 

R.I. 
C») 

2259. 
1357. 
1322. 
1362. 
1819. 
1313. 
18 4 5. 
1 3-7-

R.I. 
======= 

err . 
Cb) 

42. 
-90?. 
-433. 
-897. 
-441. 
-44Ó. 
-415. 
-412. 

ard Spectrum 
============= 
Cf-252 f. 

C-nb) 

60.04 
41. 52 
61.75 
73.00 

235.00 
2 3 5.10 
123.20 

aver. 
====== 
err . 
Crrb) 

cross-sect. 
=========== 
11-235 f. 

Cmb) 

65.63 
44.85 
67.52 
79.69 

2 5 3.80 
253.90 
13 5.60 

I 
======= 

err. I 

Cub) I 

T 

I 
T 

I 
I 
I 
T 



4.16 96-Cm-242 

A single messjmient of trie cfDture R.I. and two evaluations pre 
availeble. The .3.1. v ? 1 u e = cPiculated frof the evaluated data are 
within the axperimentel uncertainty. 

Table 22: Resonance integrals for Fission C R . I. f ) and Capture ( R. I. c ) 
and the fission cross section averaçed over the Cf-252 
fission spectrum CCf .f) and the U-235 fission 
spectrum C'JS.f.) 

I 96-Cm-242 Res. Int. and Scectrjm aversged cross-sect. I 
I R.I.f err. ref.I R.I.c err. r»f.I Cf.f. err. ref.I U5.f. err. ref¿I 
I Cb) Cb> I Cb> (b) I (mb) Cmb) I Cmb) C-nb) I 
I j 

I I 150. 40. I I I 

I mean value (Li.") and recommendations from ref.17 and ref.lS I 

I I 150. ¿0. IL I I I 

I 33. 17 I 156. 35. 17 I I I 
I I 110. 20. 16 I I I 

I 96-CM-242 (N,GAMMA) R.I. and Spectrum aver .cross-sect. 

I 
I 

I 
I 
I 

Library 

EXPERIMENT 
tENCl-84 
IN0t/A E 

R.I. 
Cb) 

150.00 
164.42 
114.38 

err. 
Cb) 

4©. 00 
14.42 

-35.11 

Cf--252 f. 
Cmb) 

95;43 
29.63 

(>rr, 
Cmb) 

U-235 f. 

100.50 
32.90 

err. I 
Cmb) I 

I 
I 
I 
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4.17 9ó-Cm-243 

The fission R.I. msrsurmsnts se?m to be consisten*. A single 
measurment for the capture R.I. is available. The values derived 
from the LENCL-R4 or the ENDr/3-5 Actinides libraries whic'h are the 
only ones available for this isotope beor no resemblance to each 
o t n e r o r t o t h e measurment. 

Table 23: Resonance inteçrals for Fission CR.I.f) and Capture CR.I.c) 
and the fission cross section averaçed over the Cf-252 
fission spactruit CCf.f) ana the U-2 3 5 fissicn 
spectrum C U 5 . f . ) 

I 96-Cm-243 Res. Int. and Spectrum averaged cross-sect. I 
I R.I.f err. ref.I R.I.c err. ref.I Cf.f. arr. ref.I U5.f. err. ref.I 
I Cb) Cb) I Cb) Cb) I Cmb) Cmb) I Cmb) Cmb) I 

I 136C. 400. 63 I 
I 148C. 15C. 73 I 
1*1591. 136. 70 I 

216. 20. 

I mean value C&&) arid recommendations from ref.17 and ref.18 

I 
I 
I 

156C. 
1527. 
1570. 

98. 
142. 
100. 

LI I 
17 I 
19 I 

216. 
214. 
215. 

20. 
17. 
20. 

IL 
17 
13 

I 
I 
I 

96-CM-243 FISSION R.I. ard Spectrum aver.cross-sect. 

I 
I 

I 
I 
I 

Library 

EXPERIMENT 
LEN0L-84 
ENDF/B-5 A 

R.I. 
Cb) 

1560. 
777. 

1965. 

err. 
Cb) 

98. 
-733. 
405. 

Cf--252 f. 
Cmb) 

1996. 
2073. 

arr. 
C IT. b ) 

U--2 35 f. 
Cmb) 

1997. 
2075. 

err. I 
Cmb) I 

I 
I 
I 

96-CM-243 CN,GAMMA) 5.1. and Spectrum rver.cross-sect. 

I Library 
I 

R.I. 
Cb) 

err . 

Cb) 
Cf-252 f. 

Cmb) Cfb) 
U-235 f. 

Cmb) 
err. I 
Cmb) I 

I EXPERIMENT 
I L E N C L - 8 H 

I ENCF/S-S A 

2 1 5 . 7 1 2 0 . 3 1 
1 2 1 . 4 3 - 9 4 . 2 P 4 1 . 0 0 
2 5 0 . S 6 3 5 . 1 5 1 4 . 7 7 

4 4 . 3 0 
1 6 . 2 4 



4.18 96-C0I-244 

The caoture R.I. measurments are consistent ard the fission 
R.I. measurm-înts sre in reasonably oooc! agreement. All evaluations 
overas timet» the fission K.I. This overestimation is l?ss pronounced 
in the E5A and IK2 libraries. On the contrary sll evaluations 
underestiTate the capture S.I. except the IK2 evaluation which 
produces a value within the experimental uncertainty. The values 
from the H I library are not representative because there are no data 
below 400 eV on the file. 

Table 24: Resonance integrals for Fission (R.I.f) and Captur? (R.I.c) 
and tne fission cross section averaged over the Cf-252 
fission spectrum (Cf.f) and the U-235 fission 
spectrum (U5.f.) 

I 
I 
I 

I 
I 
I 
I 

I 

I 
I 
I 

96-Cm-244 
R.I.f err. 
( b ) ( b ) 

12.5 

13.4 
13.4 

*18.1 

2.5 
1.5 
1.0 
1.0 

mean value 

15.1 
13.4 
12.5 

0.6 
1.5 
2.5 

Res. Int. 
ref.I R.I.c 

I (b) 

63 I 650. 
6 7 I 650. 
33 I 626. 
66 I 

and Spect 
«rr, r o i . i C 

(b) I 

50. 
50. 
53. 

(££•) and recommen 

LL I 643. 
17 I 633. 
IS I 650. 

29. 
32. 
30. 

61 I 
03 I 
74 I 

I 

dations 

LL I 

1 7 I 
18 I 

r u m a v e r a g e d 
f.f. err. rei 
(ib) (mb) 

froir ref.17 

cross-sect. I 
.1 U 5 . f. err. ref.I 
I (mb) (mb) I 

I 

I 
I 

and 

T 

I 
I 

ref.I* I 

I 96-CM-244 FISSION R.I. ard Soectrunt aver .cross-sect. 

I Library 
I 

I EXPERIMENT 
I UKNCL-30 
I LENCL-S4 
I EN0F/S-4 

I ENDF/3-5 A 
I INCL/A Kl 
I INDL/A K2 

R.I. 
(b) 

15.12 
43.63 
34.33 
44.25 
IS.31 
7.95 

1V . 01 

err . 

Cb) 

0.61 
28.71 
19.71 
29.13 
3.19 

-7.18 
3.39 

Cf -252 f. 
(mb) 

1749. 
1399. 
1755. 
1614. 
16 3 0. 
1630. 

err. 
(irb) 

U-235 f. 
(mb) 

1703. 
1372. 
1710. 
1578. 
1594. 
1594. 

err. I 
(mb) I 

56-CM-24fc (N,GAMBIA) R.I. ard Spectrum aver.cross-sect. 

I 
I 

I 
I 
I 
I 
I 
I 
I 

Library 

EXPERIMENT 
UKNCL-30 
L6N0L-34 
ENOP/3-4 
ENDF/5-5 A 
INDL/A Kl 
INDL/A K2 

R.I. 
(b) 

642.6C 
587.43 
606.58 
587.94 

583.52 
14.43 

631.3C 

err. 
(b) 

29.41 
-55.17 
-36.02 
-54.67 
-54.09 

-628.17 
-11.31 

Cf -252 f. 
(mb) 

54.44 
41.39 

• 64.87 
119.30 
96.05 
96. 16 

err. 

(rpb) 
U-235 -f. 

(mb) 

67.8? 
45.29 
Í3.27 

1 Z- S . 4 0 
102.30 
102.90 

,err. I 

(mb) .1 

i 
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4.19 96-Cn-2*5 

tro csoture Except "*or one mspsurment 
measurments ar* consistent. 
evalustsd files are uiithin the ex-aerixental uncertainty 
capture R.I. valúas fr? somenh?t overestimated. 

and the fission R.I. 
The fission R.I. calculated from the 

ex-aerixental uncertainty but the 

Table 25: R%son=>nce integrals for Fission C«.I.f) and Capture CR.I.c) 
and the fission cross section ever~\ced over the Cf-252 
fission spectrum CCf.f) and the U-235 fission 
spectrum CU5 . f . ) 

I 9o-Cm-245 
I R.I.f err. 
I Cb) Cb) 

I 77C. 150. 
I 805. SO. 
I P02. 80. 
1*1161. 100. 

I mean value 

I 873. 47. 
I 305. 80. 
I 64G. 40. 

Res. Int. 
ref.I R.I.c 

I Cb) 

63 I 103. 
67 I S104. 
83 I 
65 I 

an 
err. 
Cb) 

81. 
3. 

d Spectrum averrged cro 
ref.I Cf.f. err. ref.I 

I (mb) Cmb) I 

74 I 
64 I 

I 
I 

C&S) and recommendations from ref.17 

Li I 104.3 
17 I 101. 
13 I 101. 

8.0 
3. 
3. 

ÍL I 

17 I 
1? I 

I 

T 

I 

and 

I 
I 
T 

«s-sect. I 
0 5 . f . err. ref.I 
Cmb) Cmb) I 

I 
I 
I 
I 

rgf.13 I 

I 
I 
T 

96-CM-245 FISSION R.I. and Spectrum sver.cross-s9ct. 

I 
I 

I 
I 
I 

Library 

EXPERIMENT 
LENCL-C4 
ENOF/3-5 A 

R.I. 
(b) 

878.41 
322.95 
333.09 

err. 
Cb) 

46.77 
-45.40 
-4S.32 

C1 -252 f. 
C:l)b) 

1723. 
1973. 

err. 
(mb) 

U-235 f. 
Cmb) 

1724. 
1978. 

err. I 
Cmb) I 

I 
I 
I 

96-CM-245 CN,GAMMA) R.I. and Sp&ctrum aver.cross-sect. 

I Librar/ 
I 

R.I. 
Cb) 

err . 
Cb) 

Cf-252 f. 
Cmo) 

err . 
Crb) 

'J-235 f. 
Cmb) • 

err. I 
Cmb) I 

I EXPERIMENT 
I LENCL-S4 
I tNCF/3-3 A 

104.33 
121.43 
117.56 

7 . 9 6 
1 7 . 1 0 
1 3 . 2 ? 

4 1 . 0 0 
4 0 . 7 4 . 

4 4 . 3 0 
¿ 3 . 9 7 
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4.20 90-0-246 

The fission 5.1. nitsasurment s are in reasonable agreement 
although the errors are und«?res tiir3 ted. The fission R.I. 
measurments are consistent. Excspt in the case of the E5A library 
the fission R.I. values calculated from tns evcluated data are 
underestiirated. The capture R.I. values derived from the evaluated 
data srs much more scattered. The cscture data in tha IK1 and IK2 
files seem to be the same and they underestimate the R.I. by an 
order of magnitude because tha data are given between 2G0 3V and 15 
MeV only. 

Tabla 26: Resonance integrals for Fission CR.I.f) and Capture CR.I.c) 
and the fission cross section averaged ever tne Cf-252 
fission spectrum CCf.f) and the U-235 fission 
spectrum (U5.f.) 

96-Cm-246 
I R.I.f 
I Cb) 

err. 
Cb) 

Res. Int. and Scectrum averaged cross-sect 
r«*.I R.I.c err. ref.I C-f.'f. 

I Cb) Cb) I Cub) 
err. raf.I L'S.f. 
Cmb) I Cmb) 

I 
err. ref.I 
Cmb) I 

I 13.3 
I 13.3 
I *10.0 

1.5 
1.5 
0.4 

88 
67 
66 

U S . 
*121. 

15. 
8. 

74 
04 

I mear value C&S) and recommendations from ref.17 and ref.18 

I 
I 
I 

10.4 
11.3 
10.2 

0.4 
1.2 
0.4 

LL 
17 
13 

I 
I 
I 

12C.5 
121.3 
121. 

6.3 
7.5 
7. 

ÎS I 
17 I 
1? I 

96-CM-246 FISSION R.I. and Spectrum aver.cross-sect, 

I Library 
I 

R.Ï. err. Cf-252 *. err. U-235 f. err. I 
Cb) Cb) Cnub) C*!>) Cmb) Cmb) I 

I 
I 
I 
I 
I 
I 

EXPERIMENT 
LENCL-84 
ENDF/B-5 A 
INCL/A E 
INDL/A Kl 
INOL/A K2 

10.4151 
7.645S 

10.1455 
6.9247 
6.0128 
6.012S 

0.3676 
-2.7692 
-0.2696 
-3.4904 
-4.4024 
-4.4024 

134o. 
1386. 
1342. 
1375. 
1375. 

1313. 
1345. 
1313. 
1333. 
1333. 

T 

1 
I 
I 
I 
I 

I 96-CM-246 CN,GAMMA) R.I. ard Gpêctrus ?ver.cross-sec 

I 
I 

I 
I 
I 
I 
I 
I 

L i b r a r y 

E X P E R I M E N T 
L E N C L - 8 4 

E N D F / 3 - 5 A 
I N C L / A c 
I N D L / A Kl 

I N D L / A K2 

R.I. 
CI3) 

120.48 
133.14 
103.24 

110.16 
10.22 
10.22 

err . 
CI)) 

6.34 

17.66 
-17.24 

-1C.3-
-110.26 
-110.26 

Cf-2S2 "f. 
Cmb) 

41.51 
42.19 
22. £4 

. 55.31 
55.31 

<?rr. 
CTb) 

U-235 f. 
Cmb) 

44.Ç3 
44.6 3 
25.05 
53.52 
5 8.52 

err. 
Cmb) 

I 
I 

' I 
I 
I 
T 
À. 

I 
I 



4.21 96-Cm-2<»7 

Except f o r one measurment tre fission ¿. I. rreasurm«?nt3 -ire 
consistent. A singl? capture R.I. mersuriicnt with a high 
uncertainty is available. Only tre L ¿ evaluation for this isotooe 
exists.. It somewhat overestimètes t h p fission R.I. ?nd «lightly 
underestimates tne capture R.I. ê s compared to the ireasurments and 
their uncertainties. 

Table 27: Resonancs integrals for Fission (R.I.f) and Caoture ( R. I . c ) 
and the fission cross section zveraced ever the Cf-252 
fission spectrum (Cf.f) and the J-235 fission 
spîctrum (US.f. ) 

I 
I 
I 

I 
I 
I< 
I 

I 

I 
I 
I 

96-C;n-247 
R.I.f err . 
(b) Cb) 

9 ? 5. 19 0. 
730. 70. 

1062. 110. 
*784. 50. 

mean value 

506. 37. 
754. 60. 
760. 50. 

Res 
ref .1 

I 

6? I 
67 I 
65 I 
66 I 

. Int. and Spectrum averaged 
R.I.c err. ref.I Cf.f. err. re 
(b) (b) I (mb) (ffb) 

SCO. 400. 

(t£) and recciti'nen 

r.i I 
17 I 
13 I 

800. 400. 
650. 250. 
530. 30. 

I 
I 
r 
i 

dations from ref.17 

Li 
17 
IS 

i 
i 
i 

cross-sect. I 
f.I (j 5 . f «• err . ref.I 

I (tb) (mb) I 

I 
I 
I 
I 

and 

I 
I 
I 

ref.13 I 

96-CM-247 FISSION R.I. and Spectrum sver.cross-sect. 

I 
I 

I 
I 

Library 

EXPERIMENT 
LENCL-84 

R.I. 
Cb) 

806.36 
918.96 

err . 
Cb) 

37.41 
112.61 

Cf--252 f. 
Cmb) 

2066. 

err. 
Cffb) 

U-Z25 f. 
Cub) 

2062. 

err. I 
Cub) I 

I 
I 

I 96-CM-247 (N.G6MMA) R.I. ard Soactrum a ver.cross-sect. 

I Library 
I 

P.I. err. Cf-252 f. 
( b ) ( b ) ( m b ) 

¿rr. 
(fro) 

U-235 f. 
(m'j) 

44.23 

err. 
C-nb) 

I 
I 

I 
I 

EXPERIMENT 
LENCL-84 

•¡10.00 3 * 9 . 9S 
3 6 3 . 9 2 - 4 3 6 . O S 4 0 . °> 5 
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5. Conclusions 

Looking at the tables and Tht comments for each cf th? isotopes 
the following observations and recommendations can h s made: 
- It is important to use validated crogrs-'s for oro:?5sing of 

evaluated libraries. 
- Evaluations which do not obey *orm?.t rules strictly should be 

identified. They are potentially dangerous to be included in a 
library and should be avoided if possible. 

- The experimental data for the integral, quantities considered are 
scarce. 

- Different measurments for the S M I S quantity o f t <» n differ by more 
than the quoted experimental uncertainty. This incicatss the fact 
that sometimes the quoted errors are underestimated or that they do 
not include systematic errors such as the uncertainty in the 
cadmium cut-off energy, deviation of the actual frcm the assumed 
neutron spectrum or the error in the reference cross section (this 
is particularly important in sorre older measurments). 

- Whenever possible the ratio date should be used in preference to 
the absolute values. The best estimates of the reference cross 
sections obtained iterativ3ly should be usad. 

- A feu measurments of cress sections averagee ovar seme fairly well 
knoiin reference spectra C71 are available. They should be included 
in the analysis. 

- Errcr analysis for each of the m e a s u r.m 3 n t s included for average 
value determination should carefully be considered. kihan 
measurmants srt contradictory end their error analysis is not 
described sufficiently they should be discarded or their error bars 
incerased suitably. 

The evaluations for some of tne major actinides in the INOL/A 
library have recently been superseeded by neu; evaluations from the 
same authors C19D. Revised data for some END p/B-5 evaluations have 
also been released. In any future uork care should be taken to 
consider the most recent data. 

Within the scope of present analysis a definite conclusion about 
superiority of one evaluation compared to enother can not be made. 
By a more selective error analysis and by including the measurments 
in other known spectra the available data base cculd be improvad and 
extended. This might help to resclve the discrepancies in some of 
the ireasurments and confirm soire others. Experimental measurments 
could then be used with greater confidence as the salsction criteria 
for evalu?ted data. 
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Table Al: Spectra averages (iillibarns) fro» INDL/A-83 file-2 

SPECTRA -- 1/E sped. Cf-252 iiss U-235 fiss U-235 < 
.5 eV cut. (NBS) (NBS)' (ENDF/B 

NUMBER OF GROUPS 475 620 620 620 
SPECTRA ENERGY RANGE IS FROfl— 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO ¡MEV) - 20.0 ie.0 1B.0 18.0 
SPECTRA AVERAGED ENERGY (HEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) - 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT 6R0UPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MILLIBARNS) 

90-TH-232 9090 620 TOTAL 19156. 7544. 7592. 7557. 
90-TH-232 9090 169 1.1 FISSION 32.62 75.86 70.18 72.75 
90-TH-232 9090 620 (N,GAMMA) 4574. 95.01 99.67 97.33 
91-PA-233 9193 620 TOTAL 61143. 7455. 7522. 7482. 
9I-PA-233 9193 218 0.09 FISSION 157.4 608.3 587.0 ' 603.7 
91-PA-233 9193 620 (N,GAMMA) 50403. 156.5 168.8 161.8 
93-NP-237 9337 600 TOTAL 48504. 7548. 7593. 7561. 
93-NP-237 9337 600 FISSION 333.2 1308. 1279. 1303. 
93-NP-237 9337 600 (N,6AMMA) 37344. 184.4 199.0 189.1 
94-PU-23B 9438 579 TOTAL 23093. 7790. 7835. 7806. 
94-PU-238 9438 579 FISSION 1799. 1983. 1959. 1978. 
94-PU-238 9438 579 (N.GAMKA) 8198. 73.34 78.21 75.08 
94-PU-239 9421 590 TOTAL 38029. 7717. 7756. 7723. 
94-PU-239 9421 590 FISSION 17406. 1795. 1787. 1794. 
94-PU-239 942! 590 (N,GAMMA) 10446. 53.35 57.46 54.47 
94-PU-240 9431 590 TOTAL 530479. 6538. 6595. 6539. 
94-PU-240 9431 382 0.47E-05 FISSION 243.3 87.57 66.26 67.88 
94-PU-240 9431 590 (N,6AMMA) 481012. 85.46 91.02 87.58 
94-PU-241 9440 590 TOTAL 1537.51. 7962. 8007. 7972. 
94-PU-241 9440 590 FISSION 69714. 1607. 1610. 1609. 
94-PU-241 9440 590 (N,6AM«A) 39106. 66.44 70.48 68.71 
94-PU-242 9450 590 TOTAL 85279. 7766. 7816. 7774. 
94-PU-242 9450 590 FISSION 293.6 1118. 1089. 1112. 
94-PU-242 9450 590 (N,GAMMA) 65475. 78.16 82.84 80.34 
95-AM-241 9541 590 TOTAL 92901. 7635. 7690. 7651. 
95-AM-241 9541 590 FISSION 786.8 1349. 1309. 1342. 
95-AM-241 9541 590 (N.6AMMA) 82244. 302.8 327.7 309.8 
95-AM-243 9530 590 TOTAL 115999. 7663. 7713. 7683. 
95-AM-243 9530 590 FISSION 338.9 1124. 1088. 1116. 
95-AM-243 9530 590 (N,GAMMA) 103592. 235.0 253.8 241.9 
96-CM-242 9662 590 TOTAL 18689. 8056. 8098. 8067. 
96-CM-242 9662 590 FISSION 663.6 1664. 1637. 1662. 
96-CM-242 9662 590 (N.GAMMA) 6563. 29.63 32.90 30.85 
96-CM-246 9666 590 TOTAL 19042, 8742. 8800. 8762. 
96-CM-246 9666 590 FISSION 395.6 1342. 1313. 1342. 
96-CM-246 9666 590 (N.6AMMA) 6293. 22.84 25.05 23.61 



Table A2: Spectra averages di l l ibarns) (rot INDl/A-83 f i le -2 (origin JENDL-2) 

SPECTRA — — 1/E sped. Cf-252. fiss U-235 fiss U-235 f 

. 5 eV c u t . (NBS) (NBS) . (ENDF/B 
NUMBER OF GROUPS 475 620 620 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000-7 1.0000-10 1.0000-10i 1.0000-10 
TO (MEV)- 20.0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (HEVI-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MILLIBARNS) 

92-U -235 9235 620 TOTAL 34974. 7632. 7671. 7643. 
92-U -235 9235 620 FISSION 15708. 1248. 1243. 1248. 
92-U -235 9235 620 <N,6AHHA) 8747. 127.4 133.9 131.0 
92-U -238 9238 620 TOTAL 36127. 7780. 7827. 7795. 
92-U -238 9238 620 FISSION 109.4 323.3 304.0 314.B 
92-U -238 9238 620 (N,6AMMA) 15909. 64.95 68.63 66.74 
94-PU-239 9439 620 TOTAL 38552. 7699. 7740. 7710. 
94-PU-239 9439 620 FISSION 17122. 1818. 1812. 1818. 
94-PU-239 9439 606 (M,GAMMA) 11131. 59.01 63.30 60.76 
94-PU-240 9445 620 TOTAL 536796. 7831. 7874. 7846. 
94-PU-240 9445 620 FISSION 562.3 1367. 1338. 1364. 
94-PU-240 9445 620 (N,GAMMA) 482007. 90.12 95.64 92.73 
94-PU-241 9448 620 TOTAL 54929. 7828. 7870. 7843. 
94-PU-241 9448 620 FISSION 33792. 1621. 1626. 1624. 
94-PU-241 9448 620 (N,GAMMA) 10673. 145.5 152.7 149.0 

Table A3: Spectra averages (iillibarns) INDL/A-83 file-3 (Mat. Ace. No. 1009,1010) 

SPECTRA 1/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV cut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS 475 620 620 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000-7 1.0000-10 1.0000-10 1.0000-10 
TO ( M E V ) - — - 20.0 18.0 18.0 18.0 , 
SPECTRA AVERAGED ENERGY (MEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION («EV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MILLIBARNS) 

95-AH-241 9541 590 TOTAL 90757. 7767. 7801. 7777. 
95-AM-241 9541 590 ELASTIC 10046. 5018. 5080. 5033. 
95-AM-241 9541 590 NON-ELASTIC 80686. 2749. 2721. 2743. 
95-AM-241 9541 160 0.04 INELASTIC-TOTAL 250.7 1064. 1062. 1064. 
95-AM-241 9541 81 7.0 (N,2N) 17.21 5.206 3.342 3.488 
95-AM-241 9541 590 FISSION 850.5 1426. 1382. 1417. 
95-AM-241 9541 590 (N.GAMMA) 79567. 252.1 272.8 257.9 
95-AM-243 9543 590 TOTAL 117811. 7668. 7717. 7688. 
95-AM-243 9543 590 ELASTIC 11694. 4979. 5038. 4996. 
95-AH-243 9543 590 NON-ELASTIC 106062. 2689. 2679. 2692. 
95-AM-243 9543 165 0.04 INELASTIC-TOTAL 316.6 1321. 1331. 1328. 
95-AM-243 9543 86 6.5 (N,2N) 19.75 7.332 4.854 5.058 
95-AM-243 9543 590 FISSION 340.0 1124. 1088. 1116. 
95-AM-243 9543 590 (N,6AHMA) 105384. 235.1 253.9 242.0 
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Table A4: Spectra averages (iillibarns) INDL/A-83 file-4 (Mat. Ace. No. 1,2) 

SPECTRA 1/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV cut. (N8S1 (NBS) (ENDF/B 

NUMBER OF GROUPS-— -- 475 620 620 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) — - - 20.0 1B.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (MEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION ( M E V ) — — - 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (HILLIBARNS) 

96-CM-244 9664 295 0.40E-03 TOTAL 8181. 7982. 8040. 7997. 
96-CM-244 9664 295 0.40E-03 ELASTIC 6642. 5259. 5351. 5277. 
96-CM-244 9664 295 0.40E-03 NON-ELASTIC 1540. 2724. 2689. 2720. 
96-CM-244 9664 204 0.04 INELASTIC-TOTAL 239.2 990.8 988.0 993.2 
96-CN-244 9664 84 6.7 <N,2N) 21.33 6.803 4.406 4.592 
96-CM-244 9664 295 0.40E-03 FISSION .454.1 1630. 1594. 1624. 
96-CM-244 9664 295 0.40E-03 27 1278. 1726. 1697. 1722. 
96-CM-244 9664 295 0.40E-03 (N,GAMMA) 824.4 96.05 102.8 98.45 
96-CM-244 9664 295 0.40E-03 251 168.4 605.4 592.7 600.5 
96-CM-246 9666 308 0.20E-03 TOTAL 8129. 8018. 8075. 8031. 
96-CM-246 9666 308 0.20E-03 ELASTIC 6888. 5419. 5519. 5439. 
96-CM-246 9666 308 0.20E-03 NON-ELASTIC 1241. . 2600. 2556. 2591. 
96-CM-246 9666 204 0.04 INELASTIC-TOTAL 282.5 1158. 1157. 1161. 
96-CM-246 9666 88. 6.3 (N,2N) 29.35 10.70 7.108 7.395 
96-CM-246 9666 308 0.20E-03 FISSION 343.5 1375. 1333. 1366. 
96-CM-246 9666 308 0.20E-03 27 927.6 1431. 1392. 1422. 
96-CM-246 9666 308 0.20E-O3 (N,GAMMA) 584.1 55.31 58.52 56.80 
96-CM-246 9666 308 0.20E-03 251 166.4 594.9 5B1.7 589.6 

Table A5: Spectra averages (tillibarns) INDL/A-83 file-4 (Mat. Ace. No. 8 - 5 8 ) 

SPECTRA — - 1/E spect. Cf-252 fiss U-235 ftss U-235 f 
.5 eV cut. (NBS) (NBS) (ENDF/B 

NUMBER OF 6R0UPS 475 620 620 620 
SPECTRA ENER6Y RANGE IS FROM-- 5.0000-7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV)- 20.0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (MEVI- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) - 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MILLIBARNS) 

90-TH-232 9032 595 0.10E-08 TOTAL 19437.7417. 7461. 7427. 
90-TH-232 9032 595 0.10E-08 ELASTIC 14033.4958. 5038. 4978. 
90-TH-232 9032 250 0.05 INELASTIC-TOTAL 506.0 2263. 2236. 2262. 
90-TH-232 9032 137 6.3 (N,2H> 85.16 24.23 15.93 16.59 
90-TH-232 9032 188 1.2 FISSION 33.87 74.43 69.00 71.55 
90-TH-232 9032 595 0.10E-08 27 4765. • 172.0 171.4 171.2 
90-TH-232 9032 595 0.10E-08 (N.GAHMA) 4732. 97.47 102.3 99.62 
90-TH-232 9032 640 251 154.9 522.9 508.7 517.2 
92-U -233 9233 640 TOTAL 61349. 7347. 7384. 7354. 
92-U -233 9233 640 ELASTIC 9646. 4297. 4350. 4307. 
92-U -233 9233 254 0.04 INELASTIC-TOTAL .251.5 1151. 1128. 1147. 
92-U -233 9233 140 6.0 (N,2N) 29.27 12.14 8.490 8.793 
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Table A5 (cont.) 

SPECTRA - ----- 1/E spect. Cf-252 fiss U-235 Uss U-235 i 
.5 eV eut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS - 475 620 620 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
10 (MEV) 20.0 13.0 18.Û 18.0 
SPECTRA AVERAGED ENERGY (HEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (HEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE NAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(HEV) (HILLIBARNS) 

92-U -233 9233 ¿40 FISSION 43673. 1834. 1842. 1837. 
92-U -233 9233 640 27 51383. 1896. 1907. 1900. 
92-U -233 9233 640 (N,6Af1MA) 7709. 60.86 64.23 61.75 
92-U -233 9233 640 251 197.8 611.2 601.9 606.4 
92-U -235 9235 546 0.10E-08 TOTAL 33643.7627. 7666. 7639. 
92-U -235 9235 546 O.tOE-08 ELASTIC 9966. 4709. 4769. 4725. 
92-U -235 9235 218 0.02 INELASTIC-TOTAL 343.6 1560. 1536. 1557. 
92-U -235 9235 98 5.3 (N,2N) 23.40 13.68 9.805 10.12 
92-U -235 9235 546 0.10E-08 FISSION 15369.1256. 1256.. 1256. 
92-U -235 9235 546 0.1OE-08 27 23509.1347. 1354. 1350. 
92-U -235 9235 546 0.10E-08 (N.GAHHA) 8137. 90.29 96.12 92.76 
92-U -235 9235 640 (N,P) 0.00000 0.00000 0.00000 0.00000 
92-U -235 9235 ¿40 (N.ALPHA) 0.00000 0.00000 0.00000 0.00000 
92-U -235 9235 546 0.10E-08 251 145.3 520.8 507.5 514.8 
92-U -237 9237 81 0.01 TOTAL 2892. 1946. 2131. 1958. 
92-U -237 9237 81 0.01 ELASTIC 2329. 1435. 1575. 1447. 
92-U -237 9237 81 0.01 NON-ELASTIC 563.4 510.6 555.7 511.2 
92-U -237 9237 81 0.01 INELASTIC-TOTAL 235.1 294.5 319.8 293.6 
92-U -237 9237 81 0.01 FISSION 209.1 174.3 189.7 174.8 
92-U -237 9237 81 0.01 27 328.2 216.1 235.9 217.6 
92-U -237 9237 81 0.01 (N.GAHMA) 119.2 41.81 46.22 42.81 
92-U -238 9238 546 0.10E-08 TOTAL 36073.7800. 7847. 7813. 
92-U -238 9238 546 0.10E-08 ELASTIC 19520.5496. 5573. 5518. 
92-U -238 9238 204 0.04 INELASTIC-TOTAL 441.1 1899. 1890. 1903. 
92-U -238 9238 90 6.1 (N,2N) 55.35 23.74 16.25 16.86 
92-U -238 9238 157 0.5 FISSION 94.99 313.0 294.0 304.6 
92-U -238 9238 546 0.10E-0B 27 16005. 383.8 368.7 377.4 
92-U -238 9238 546 0.10E-08 (N.6AHHA). 15910. 70.92 74.81 72.93 
92-U -238 9238 640 (N,P) 0.00000 0.00000 0.00000 0.00000 
92-U -238 9238 640 (N.ALPHA) 0.00000 0.00000 0.00000 0.00000 
92-U -238 9238 546 0.10E-08 251 148.2 543.3 530.5 538.0 
93-NP-237 9337 546 0.10E-08 TOTAL 48101. 7849. 7905. 7866. 
93-NP-237 9337 546 0.10E-0B ELASTIC 10662. 4961. 5033. 4978. 
93-NP-237 9337 308 0.20E-03 NON-ELASTIC 3639. 2888. 2872. 2888. 
93-NP-237 9337 209 0.03 INELASTIC-TOTAL 357.9 1432. 1435. 1436. 
93-NP-237 9337 84 6.7 (N,2N) 20.67 5.741 3.681 3.836 
93-NP-237 9337 546 0.10E-08 FISSION 334.9 1287. 1257. 1281. 
93-NP-237 9337 546 0.10E-08 27 37028.1450. 1433. 1449. 
93-NP-237 9337 546 0.10E-08 (N.GAMMA) 36693. 162.7 176.3 167.4 
93-NP-237 9337 308 0.20E-03 251 171.7 615.1 603.0 610.3 
94-PU-238 9438 546 0.10E-08 TOTAL 23174. 7775. 7836. 7793. 
94-PU-238 9438 546 0.10E-08 ELASTIC 12094.4786. 4864. 4801. 
94-PU-238 9438 175 0.04 INELASTIC-TOTAL 226.3 928.3 930.5 933.8 
94-PU-238 9438 81 7.0 (N,2N) 5.858 2.344 1.537 1.605 
94-PU-23B 9436. 546 0.10E-08 FISSION 1785. 1936. 1910. 1930. 
94-PU-238 9438 546 0.10E-08 27 10841.2057. 2037. 2055. 
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able A5 (cont.) 

SPECTRA — 

NUMBER OF GROUPS 
SPECTRA ENERSr RANGE IS FR0M--
TO (MEV) 
SPECTRA AVERAGED ENERGY (HEVÍ-
STANDARD DEVIATION (HEV>-

ISOTOPE HAT GROUPS THRESHOLD REACTION 
<«EV) 

94-PUr238" 
94-PU-238 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-239 
94-PU-240 
94-PU-240 
94-PU-240 
94-PU-240 
94-PU-240 
94-PU-240 
94-PU-240 
94-PU-240 
94-PU-241 
94-PU-241 
94-PU-241 
94-PU-241 
94-PU-241 
94-PU-241 
94-PU-241 
94-PU-241 
94-PU-242 
94-PU-242 
94-PU-242 
94-PU-242 
94-PU-242 
94-PU-242 
94-PU-242 
94-PU-242 
95-AM-241 
95-AH-241 
95-AM-241 
95-AM-241 
95-AH-241 
95-AM-241 
95-AH-241 
95-AM-241 
95-AM-242 
95-AH-242 

9 4 3 8 " 
9438 
9439 
9439 
9439 
9439 
9439 
9439 
9439 
9439 
9439 
9439 
9440 
9440 
9440 
9440 
9440 
9440 
9440 
9440 
9441 
9441 
9441 
9441 
9441 
9441 
9441 
9441 
9442. 
9442 
9442 
9442 
9442 
9442 
9442 
9442 
9541 
9541 
9541 
9541 
9541 
9541 
9541 
9541 
9542 
9542 

546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
236 0.008 
95 5.6 

546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
640 
640 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
174 0.04 
87. 6.4 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
164 0.04 
97 5.4 

546 0.10E-08 
546 0.10E-08 
546 0.10E-0B 
546 0.10E-08 
546 0.10E-08 
546 0.10E-O8 
164 0.04 
89 6.2 
472 0.47E-07 
546 0.10E-08 
546 0.10E-0B 
546 0.10E-08 
546 0.10E-0B 
546 0.10E-08 
205 0.04 
85 6.6 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 
546 0.10E-08 

(N,6AHHA) 
251 

TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 

27 
<N,GAKNA) 
(N,P) 
<N,ALPHA> 

251 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 

27 
<N,6AMAI 

251 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 

27 
(N.BAHIIA) 

251 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N.2N) 
FISSION 

27 
(N.6AHKA) 

251 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 

27 
(N,GAMMA) 

251 
TOTAL 
ELASTIC 

- 1/E spect. Cf-252 <iss U-235 fiss U-235 f 
.5 eV cut. ' (NBSI INBS) (ENDF/B 

475 620 620 620 
- 5.0000-7 1.0000-10 1.0000-10 1.0000-10 

20.0 ' 18.0 18.0 18.0 
1.1426 2.1194 1.9771 2.0313 
3.1813 1.7141 1.5931 1.5967 

SPECTRA AVERAGES 
(HILL1BARNS) 

9055. 122.4 128.6 125.6 
169.5 616.9 604.6 612.5 

38728. 7693. 7734. 7705. 
9937. 4762. 4831. 4781. 
266.8 1083. 1062. 1078. 
25.35 15.87 11.55 11.89 

17392. 1788. 1781. 1787. 
28497. 1824. 1820. 1824. 
11101. 37.66 41.08 38.71 

0.00000 0.00000 0.00000 0.00000 
0.00000 0.00000 0.00000 0.00000 

148.9 .543.2 530.4 537.9 
500760. 7595. 7633. 7600. 
45389. 5017. 5063. 5016. 

303.0 1184. 1199. 1193. 
17.67 6.293 4.155 4.322 

478.0 1278. 1252. 1276. 
455943. 1387. 1369. 1388. 
455449. 109.6 116.0 112.4 

152.2 557.7 544.7 552.6 
54010. 7836. 7897. 7851. 

9369. 4617. 4675. 4625. 
312.0 1472. 1475. 1483. 
36.70 34.55 26.18 26.83 

33276. 1637. 1640. 1639. 
44294.1713. 1721. 1716. 
11011. 75.57 81.06 77.39 

177.7 633.9 622.9 629.8 
84367. 7625. 7664. 7633. 
19067. 5065. 5113. 5067. 

341.3 1360. 1373. 1368. 
19.23 11.14 7.774 8.070 

268.7 1094. 1071. 1093. 
-64944. 1188. 1171. 1190. 
64676. 94.73 99.53 97.45 

153.6 560.8 548,1 555.8 
94171. 7727. • 7791. 7745. 

9866. 4359. 4411. 4351. • 
372.8 1747. 1781. 1776. 
6.487 1.803 1.152 1.200 

898.5 1402. 1359. 1393. 
83912. 1618. 1594. 1614. 
83009. 214.6 234.9 219.8 

202.3 714.8 704.3 710.7 
118728. 7747. 7814. 7764. 

9490. 4493. 4553. 4505. 



Table A5 (cont.) 

SPECTRft -— - 1/E spect. Cf-252 fiss U-235 fiss U-235 i 
.5 eV eut. (NBSI INBS) (ENDF/B 

NUMBER OF GROUPS 475 620 '620 620 
SPECTRA ENERGY RANGE IS FROM--- 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) — 20.0 18.0 18.0 18.0 
SPECTRA AVERA6ED ENERGY (MEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (HEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MLLIBARNSI 

95-AH-242 9542 214"" 0.02 INELASTIC-TOTAL 297.3 1324. 1324. 1333. 
95-AM-242 9542 97 5.4 (N,2N) 27.13 16.29 11.63 12.02 
95-AM-242 9542 546 0.10E-08 FISSION 93118.1838. 1842. 1835. 
95-AN-242 9542 546 0.10E-08 27 109126.1913. 1925. 1913. 
95-AM-242 9542 546 0.10E-08 (N,GAMMA) 15979. 75.82 82.92 77.83 
95-AH-24Z 9542 546 0.tOE-08 251 202.7 715.4 704.9 711.3 
95-AM-243 9543 546 0.10E-08 TOTAL 116441.7757. 7824. 7774. 
95-AH-243 9543 546 0.10E-08 ELASTIC 10071.4655. 4747. 4680. 
95-AM-243 9543 205 0.04 INELASTIC-TOTAL 499.1 1725. 1728. 1721. 
95-AM-243 9543 88 6.3 (N,2N) 4.102 1.173 0.7595 0.7898 
95-AM-243 9543 546 0.10E-08 FISSION 326.2 1253. 1214. 1245. 
95-AM-243 9543 546 0.10E-08 27 105824.1378. 1351. 1374. 
95-AM-243 9543 546 0.10E-08 (N,GAMMA) 105512. 123.2 135.6 127.9 
95-AM-243 9543 546 0.10E-08 251 146.7 524.1 510.8 518.0 
96-CH-244 9644 546 0.10E-08 TOTAL 57621.7976. B032. 7989. 
96-CN-244 9644 546 0.10E-08 ELASTIC 20191.5251. 5343. 5269. 
96-CH-244 9644 204 0.04 INELASTIC-TOTAL 240.9 991.3 988.6 993.8 
96-CH-244 9644 84 6.7 (N,2N) 21.33 6.803 4.406 4.592 
96-CM-244 9644 546 0.10E-08 FISSION 1086. 1630. 1594. 1623. 
96-CM-244 9644 546 0.10E-08 27 37151.1726. 1697. 1722. 
96-CM-244 9644 546 0.10E-08 (N,GAMMA) 36065. 96.16 102.9 98.60 
96-CM-244 9644 546 0.10E-08 251 169.4 605.4 592.7 600.5 
96-CM-246 9646 308 0.20E-03 TOTAL 8129. 8018. 8075. 8031. 
96-CM-246 9646 308 0.20E-03 ELASTIC 6888. 5419. 5519. 5439. 
96-C«-246 9646 308 0.20E-03 NON-ELASTIC 1241. 2600. 2556. 2591. 
96-CM-246 9646 204 0.04 INELASTIC-TOTAL 282.5 1158. 1157. 1161. 
96-CM-246 9646 88 6.3 (N,2N) 29.35 10.70 7.108 7.395 
96-CH-246 9646 308 0.20E-03 FISSION 343.5 1375. 1333. 1366. 
96-CM-246 9646 308 0.20E-03 27 927.6 1431. 1392. 1422. 
96-CM-246 9646 308 Ô.20E-03 (N.GAMMA) 584.1 55.31 58,.52 56.80 
96-CM-246 9646 308 0.20E-03 251 166.4 594.9 581.7 589.6 
96-CM-248 9648 263 0.002 TOTAL 5837. 8044. 8106. 8060. 
96-CM-248 9648 263 0.002 ELASTIC 5036. 5482. 5585. 5505. 
96-CM-248 9648 263 0.002 NON-ELASTIC 800.8 2562. 2521. 2555. 
96-CM-248 9648 204 0.04 INELASTIC-TOTAL 302.3 1249. 1236. 1245. 
96-CM-248 9648 89 6.2 <N,2N> 30.17 11.83 7.969 8.281 
96-CH-24B 9648 263 0.002 FISSION 305.0 1248. 1222. 1247. 
96-CM-248 9648 263 0.002 27 464.7 1301. 1277. 1301. 
96-CM-248 9648 263 0.002 <N,GAMMA) 159.6 52.68 55.62 54.08 
96-CH-248 9648 263 0.002 251 167.0 598.1 585.1 592.9 



Table A6: Spectra averages ( i i l l i b a r n s ) <ro» UKNDL-80 

SPECTRA 1/E s p e d . CÍ-252 <iss U-235 f i ss U-235 < 

.5 eV cut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS 175 620 ¿20 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (HEV) - - 20.0 1B.0 16.0 16.0 
SPECTRA AVERAGED ENERGY (MEV)- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (HEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MLLIBARNS) 

90-TH-232 9032 590 TOTAL 16681. 7336. 7383. 7350. 
90-TH-232 9032 • 590 ELASTIC 9658. 4709. 4787. 4729. 
90-TH-232 9032 590 NON-ELASTIC 6971. 2626. 2595. 2621. 
90-TH-232 9032 88 6.3 (N,2N) 60.57 20.43 13.41 13.97 
90-TH-232 9032 141 1.0 FISSION 29.44 79.93 73.73 76.44 
90-TH-232 9032 590 (N.6AHMA) 6322. 118.7 125.1 122.0 
91-PA-233 9133 540 TOTAL 61427. 8224. 8313. 8256. 
91-PA-233 9133 540 ELASTIC 9882. 4972. 5047. 4987. 
91-PA-233 9133 26 7.5 (N,2N) 8.180 4.820 3.220 3.369 
91-PA-233 9133 123 0.2 FISSION 195.1 977.6 952.8 973.6 
91-PA-233 9133 540 (N,GAMMA) 50616. 117.7 127.0 122.0 
92-U -233 9233 590 TOTAL 61253. 7467. 7490. 7476. 
92-U -233 9233 590 ELASTIC 9431. 4432. 4461. 4437. 
92-U -233 9233 92 5.9 (N,2N) 24.61 . 11.93 8.321 8.625 
92-U -233 9233 590 FISSION 43219. 1891. 1899. 1895. 
92-U -233 9233 464 (N.6AMMA) 8310. 41.64 45.10 42.59 
92-U -234 9234 590 TOTAL 59217. 8425. 8484.' 8447. 
92-U -234 9234 590 ELASTIC 20118.5273. 5367. 5298. 
92-U -234 9234 204 0.04 INELASTIC-TOTAL 423.3 1816. 1798. 1815. 
92-U -234 9234 83 6.8 (N,2N) . 11.44 2.373 1.467 1.528 
92-U -234 9234 270 0.001 FISSION • 286.0 1156. 1131. 1151. 
92-U -234 9234 590 (N.6AMMA) 37433. 171.0 179.3 175.0 
92-U -235 9235 590 TOTAL 33863. 7501. 7537. 7512. 
92-U -235 9235 590 ELASTIC 9785. 4708. 4754. 4718. 
92-U -235 9235 590 NON-ELASTIC 24030. 2793. 2782. 2794s 
92-U -235. 9235 98 5.3 . (N.2N) 27.18 13.80 9.771 10.09 
92-U -235 9235 590 FISSION 15677. 1237. 1239. 1238. 
92-U -235 9235 590 <N,6AHMA) 7993. 77.15 82.93 79.53 
92-U -236 9236 590 TOTAL 36862. 7990. 8051. 8008. 
92-U -236 9236 590 ELASTIC . 17155. 5258. 5353. 5284. 
92-U -236 9236 203 0.04 INELASTIC-TOTAL 447.8 1961. 1950. 1964. 
92-U -236 9236 82 6.9 (N,2N) 32.43 11.61 7.649 7.971 
92-U -236 9236 152 0.6 FISSION 168.5 584.2 557.2 573.7 
92-U -236 9236 590 <N,6AMMA) 18445. 171.1 179.3 175.0 
92-U -237 9237 276 0.001 TOTAL 6083. 7366. 7389. 7372. 
92-U -237 9237 276 0.001 ELASTIC 4812. 4532. 4572. 4542. 
92-U -237 9237 276 0.001 NON-ELASTIC 1271. 2834. 2816. 2829. 
92-U -237 9237 97 5.4 (N,2N) - 38.78 20.67 14.55 15!05 
92-U -237 9237 276 0.001 FISSION 326.0 799.5 796.6 796.8 
92-U -237 9237 276 0.001 (N.GAMHA) 471.3 139.2 147.4 142.8 
92-U -238 9238 590 TOTAL 33203. 7797. 7840. 7810. 
92-U -238 9238 590 ELASTIC 17231. 5014. 5093. 5032. 
92-U -238 9238 590 NON-ELASTIC 15944. 2783. 2746. 2778. 
92-U -238 923B 91 6.0 (N,2N) 57.01 ' 25.13 17.14 17.81 
92-U -238 9238 276 0.001 FISSION 91.45 296.8 278.7 288.7 
92-U -238 9238 590 (N,GAMMA) 15279. 83.17 87.38 85.40 
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Table A6 (cont.) 

SPECTRA — 1/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV cut. (NBSI (NBS) (ENDF/B 

NUMBER OF GROUPS — - 475 620 620 620 
SPECTRA ENERGV RANGE IS FROM— 5.0000-7 1.0000-10 l.OOOOrlO 1.0000-10 
TO (MEV) - - 20.0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (MEV)— 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (HEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(HEV) (MILLIBARNS) 

92-U -239 9239 276 0.001 TOTAL 6059. 7362. 7383. 7367. 
92-U -239 9239 276 0.001 ELASTIC 4244. 4157. 4185. 4164. 
92-U -239 9239 276 0.001 NON-ELASTIC 1814. 3204. 3197. 3202.. 
92-U -239 9239 104 4.7 (N,2N) 63.32 32.38 22.90 23.68 
92-U -239 9239 276 0.001 FISSION 412.6 623.2 627.2 621.2 
92-U -239 9239 276 0.001 (N,GAMMA) 800.6 263.3 277.2 270.4 
92-U -240 9240 276 0.001 TOTAL 6260. 7761. 7802. 7771. 
92-U -240 9240 276 0.001 ELASTIC 5425. 5109. 5177. 5122. 
92-U -240 9240 276 0.001 NON-ELASTIC 833.9 2651. 2625. 2650. 
92-U -240 9240 93 5.8 (N,2N) 50.51 22.44 15.25 15.85 
92-U -240 9240 178 0.2 FISSION 11.07 38.02 37.33 37.76 
92-U -240 9240 276 0.001 (N.6AMMA) 199.8 32.45 34.85 33.08 
93-NP-237 9337 590 TOTAL 49270.8866. 8894. 8877. 
93-NP-237 9337 590 ELASTIC 10875. 4789. 4849. 4800. 
93-NP-237 9337 209 0.03 INELASTIC-TOTAL 628.0 2336. 2320. 2335. 
93-NP-237 9337 84 6.7 (N,2N) 9.854 2.811 1.796 1.873 
93-NP-237 9337 590 FISSION 394.3 1371. 1338. 1365. 
93-NP-237 9337 590 (N,6AMMA) 37152. 364.4 382.2 371.5 
94-PU-238 9438 590 TOTAL 26538. 7368. 7375. 7368. . 
94-PU-238 9438 590 ELASTIC 10083. 4684. 4731. 4689. 
94-PU-238 9438 590 NON-ELASTIC 15473. 2676. 2634. 2670. 
94-PU-238 9438 91 6.0 (N,2N) 16.11 9.770 6.916 7.166 
94-PU-238 9438 590 FISSION 4339. 1935. 1912. 1931. 
94-PU-238 9438 470 (N,6AMMA) 7878. 74.47 79.92 77.41 
94-PU-239 9439 590 TOTAL 38244. 8002. 8047. 8015. 
94-PU-239 9439 590 ELASTIC 10348. 4377. 4454. 4387. 
94-PU-239 9439 590 NON-ELASTIC 27815. 3625. 3592. 3628. 
94-PU-239 9439 93 5.8 (N,2N) 23.68 8.460 5.573 5.800 
94-PU-239 9439 590 FISSION 17147. 1783. 1775. 1782. 
94-PU-239 9439 590 (N,GAHMA) 10237. 46.61 50.29 47.90 
94-PU-240 9440 590 TOTAL 50B943. 7995. 8042. 8008. 
94-PU-240 9440 590 ELASTIC 49662. 5214. 5298. 5232. 
94-PU-240 9440 81 7.0 (N,2N) 23.52 8.611 5.677 5.916 
94-PU-240 9440 590 FISSION 367.9 1255. 1227. 1250. 
94-PU-240 9440 590 (N.GAHHA) 458431. 92.90 9B.13 95.26 
94-PU-241 9441 590 TOTAL 52196. 7814. 7836. 7814. 
94-PU-241 9441 590 ELASTIC 9914. 4748. 4787. 4754. 
94-PU-241 9441 590 NON-ELASTIC 42210. 3066. 3048. 3060. 
94-PU-241 9441 96 5.5 (N,2N) 29.86 23.63 17.39 17.90 
94-PU-241 9441 590 FISSION 32200. 1661. 1662. 1662. 
94-PU-241 944! 521 (N.GAMHA) 9617. 38.03 41.69 39.12 
94-PU-242 9442 590 TOTAL 86568. 7544. 7586. 7560. 
94-PU-242 9442 590 ELASTIC 21161. 4713. 4811. 4744. 
94-PU-242 9442 203 0.04 INELASTIC-TOTAL 359.5 1509. 1489. 1505. 
94-PU-242 9442 89 6.2 (N,2N) 22.43 8.731 5.811 6.049 
94-PU-242 9442 232 0.010 FISSION 304.1 1244. 1208. 1234. 



Table «6 (cont.) 

SPECTRA —-

NUMBER OF GROUPS --
SPECTRA ENERGY RANGE IS FROM-— 
TO (MEV) -
SPECTRA AVERAGED ENER6Y (MEV)-
STANDARD DEVIATION (MEV) 

ISOTOPE MAT 6R0UPS THRESHOLD REACTION 
(MEV) 

94-PU-242 
95-AN-241 
95-AH-241 
95-AM-241 
95-AM-241 
95-AM-241 
95-AM-241 
95-AH-241 
95-AM-243 
95-AM-243 
95-AM-243 
95-AM-243 
95-AM-243 
96-CH-244 
96-CM-244 
96-CM-244 
96-CM-244 
96-CM-244 
96-CM-244 

9442 
9541 
9541 
9541 
9541 
9541 
9541 
9541 
9543 
9543 
9543 
9543 
9543 
9644 
9644 
9644 
9644 
9644 
9644 

590 
590 
590 
590 
160 
81 
590 
590 
590 
590 
190 
232 
590 
590 
590 
204 
84 
590 
590 

0.04 
7.0 

O.OB 
0.010 

0.04 
6.7 

(N.GAMMA) 
TOTAL 
ELASTIC 
NON-ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 
(N.GAMMA) 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
FISSION 
<N,6AMNA) 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 
(N.GAHMA) 

Table A7: Spectra averages diUibarns) fro* LENDL-84 

SPECTRA-- — -

NUMBER OF GROUPS-
SPECTRA ENER6Y RANGE IS F R O M — 
TO (MEV) -
SPECTRA AVERAGED ENERGY ÍMEV)— 
STANDARD DEVIATION (MEV) 

ISOTOPE MAT GROUPS THRESHOLD REACTION 
<«EV). 

90-TH-231 
90-TH-231 
90-TH-231 
90-TH-231 
90-TH-231 
90-TH-231 
90-TH-231 
90-TH-232 
90-TH-232 
90-TH-232 
•90-TH-232 

7863 
7863 
7863 
7863 
7863 
7863 
7863 
7864 
7864 
7864 
7864 

640 
640 
250 
149 
640 
640 
640 
640 
640 
250 
135 

0.05 
5.1 

0.05 
6.5 

TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(N,2N) 
FISSION 
(N,6AMMA) 

251 
TOTAL 
ELASTIC 
INELASTIC-TOTAL 
(H,2N) 

1/E sped. Cf-252 <iss U-235 <iss U-235 i 
.5 eV cut. (NBS1 (NBS) (ENDF/B 

475 620 620 620 
5.0000- 7 1.0000-10 1.0000-10 1.0000-10 

20.0 18.0 18.0 18.0 
1.1426 2.1194 1.9771 2.0313 
3.1813 1.7141 1.5931 1.5967 

SPECTRA AVERAGES 
(MILLIBARNS) 

64629. 53.02 56.19 54.31 
92045. 7767. 7801. 7777. 
10061. 5018. 5080. 5033. 
81934. 2749. 2721. 2743. 

250.7 .1064. 1062. 1064. 
17.18 5.206 3.342 3.488 

858.3 1426. 1382. 1417. 
80807. 252.1 272.8 257.9 
88834. 7989. 8004. 7999. 
10391. 4769. 4826. 4778. 

452.9 2130. 2111. 2133. 
224,7. 1010. 979.2 1005. 

77541. 60.04 65.63 61.96 
58258. 7627. 7667. 7647. 
21818. 4623. 4715. 4655. 

293.8 1173. 1163. 1172. 
6.596 2.117 1.371 1.429 

2504. 1749. 1703. 1736. 
33559. 64.44 67.83 65.91 

library 

1/E s p e d . Cf-252 f i s s U-235 f iss U :235 f 

.5 eV cut. (NBS) ' (NBS) (ENDF/B 

475 620 620 620. 
5.0000- 7 1.0000-10 1.0000-10 1.0000-10 

20.0 18.0 18.0 18.0 
1.1426 2.1194 1.9771 2.0313 
3.1813 1.7141 1.5931 1.5967 

SPECTRA AVERAGES 
(MILLIBARNS) 

67792. 7259. 7322. 7273. 
10454. 4449. 4534. 4462. 

481.6 2431. 2425. 244B. 
99.26 78.17 59.40 60.86 

8915. 203.5 202.2 203.1 
47812. 95.84 101.0 98.58 

190.0 638.2 627.7 633.2 
19251. 7417. 7456. 7426. 
13258. 4996. 5078. 5018. 

495.8 2219. 2186. 2216. 
77.19 . 24.20 16.07 16.72 



Table A7 (cont.) 

SPECTRA - 1/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV eut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS 475 ' 620 ¿20 620 
SPECTRA ENER6Y RAN6E IS F R O M — 5.0000-7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) — 20.0 18.0 18.Ô 18.0 
SPECTRA ftVERABED ENERGY (flEVI— 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT 6R0UPS THRESHOLD REACTION SPECTRA AVERA6ES 
(MEV) (MILLIBARNS) 

90-TH-232 7864 190 1.0 FISSION 36.75 81.17 75.18 77.91 
90-TH-232 7864 640 (N,GAHHA> 5357. 95.94 100.6 98.20 
90-TH-232 7864 640 251 142.6 517.0 500.5 511.1 
90-TH-233 7865 640 TOTAL 39727. 7184. 7249. 7199. 
90-TH-233 7865 640 ELASTIC 10454. 4449. 4534. 4462. 
90-TH-233 7865 250 0.05 INELASTIC-TOTAL 479.2 2416. 2414. 2436. 
90-TH-233 7865 152 4.8 (N,2N) 101.4 94.77 73.62 75.39 
90-TH-233. 7865 640 FISSION 4793. 127.3 127.2 127.1 
90-TH-233 7865 640 (N,GAMMA! 23866. 95.68 100.9 98.38 
90-TH-233 7865 640 251 198.6 640.0 629.9 . 635.2 
92-U -233 7866 640 TOTAL 60525. 7214. 7235. 7219. 
92-U -233 7866 640 ELASTIC 9508. 4197. 4239. 4207. 
92-U -233 7866 235 O.I INELASTIC-TOTAL 199.7 1053. 1022. 1047. 
92-U -233 7866 140 6.0 (N,2N) 28.80 7.621 5.058 5.256 
92-U -233 7866 640 FISSION 43133. 1896. 1904. 1899. 
92-U -233 7866 640 (N,GAMMA) • 7650. 60.44 64.36 61.46 
92-U -233 7866 640 251 160.6 546.1 530.3 539.7 
92-U -234 7867 640 TOTAL 16045. 7588. 7615. 7594. 
92-U -234 7867 640 ELASTIC 10066. 5044. 5119. 5056. 
92-U -234 7867 253 0.04 INELASTIC-TOTAL 222.9 1168. 1144. 1167. 
92-U -234 7867 132 6.8 <N,2N) 27.42 9.320 6.143 6.403 
92-U -234 7867 235 0.1 FISSION 340.4 1230. 1202. 1224. 
92-U -234 7867 640 (N.6AMMA) 5379. 136.6 143.9 140.2 
92-U -234 7867 640 251 155.1 523.0 508.7 517.3 
92-U -235 7868 640 TOTAL 34776. 7534. 7568. 7546. 
92-U -235 7868 640 ELASTIC 10183. 4613. 4661. 4624. 
92-U -235 7868 267 0.02 INELASTIC-TOTAL 362.0 1582. 1566. 1584. 
92-U -235 7868 148 5.2 (N,2N) 33.07 15.54 10.93 11.31 
92-U -235 7868 640 FISSION 16219. 1232. 1232. 1232. 
92-U -235 7868 640 (N.GAMMA) 7974. 91.46 97.63 94.00 
92-U -235 7868 640 251 155.1 523.0 508.7 517.3 
92-U -236 7869 640 TOTAL 58315. 7611. 7639. 7615. 
92-U -236 7869 640 ELASTIC 10073. 5055. 5130. • 5066. 
92-U -236 7869 250 0.05 INELASTIC-TOTAL 348.3 1782. 1760. 1787. 
92-U -236 7869 135 6.5 (N,2N) 43.45 19.01 12.94 13.47 
92-U -236 7869 640 FISSION 331.3 586.7 560.1 576.6 
92-U -236 7869 640 (N,GAMMA) 47502. 168.2 176.3 172.3 
92-U -236 7869 640 251 155.0 522.9 508.7 517.3 
92-U -237 7870 640 TOTAL 37746. 7524. 7570. 7524. 
92-U -237 7870 640' ELASTIC 10390. 4658. 4717. 4662. 
92-U -237 7870 267 0.02 INELASTIC-TOTAL 492.5 2075. 2061. 2081. 
92-U -237 7870 149 5.1 (N,2N) 54.37 32.19 23.04 23.81 
92-U -237 7870 640 FISSION 5453. 655.9 658.9 651.9 
92-U -237 7870 640 (N,GAMKA) 21335. 103.0 110.3 106.1 
92-U -237 7870 640 251 160.1 541.0 525.3 534.5 
92-U -238 7871 640 TOTAL 34194. 7781. 7B28. 7794. 
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Table «7 (cont.) 

SPECTRA — - i/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV eut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS . 475 620 620 620 
SPECTRA ENER6Y RANGE IS FROM— 5.0000-7 1.0000-10 1.0000-10 1.0000-10 
TO ( M E V ) — - 20.0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (HEV1-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION («EV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE «AT 6R0UPS THRESHOLD REACTION SPECTRA AVERAGES 
(HEV) (HllUBARNS) 

92-U -238 7871 640 ELASTIC 17779. 4834. 4919. 4853. 
92-U -238 7871 252 0.04 INELASTIC-TOTAL 575.0 2527. 2512. 2535. 
92-U -238 7871 140 6.0 (N,2N) 61.35 23.65 15.96 16.60 
92-U -238 7871 207 0.4 FISSION 117.5 321.7 302.2 313.1 
92-U -238 7871 640 <N,6AMHA) 15643. 74.85 78.79 76.92 
92-U -238 7871 640 251 165.2 554.5 540.9 549.1 
92-U -239 7872 640 TOTAL 35020. 7756. 7799. 7756. 
92-U -239 7872 640 ELASTIC . 10390. 4665. 4723. 4668. 
92-U -239 7872 250 0.05 INELASTIC-TOTAL 512.6 2422. 2418. 2436. 
92-U -239 7872 152 4.8 (N,2N) 86.33 84.85 65.09 66.75 
92-U -239 7872 640 FISSION 15068. 527.9 532.9 527.2 
92-U -239 7872 640 (N.GAHHA) 8926. 55.66 60.15 57.75 
92-U -239 7872 640 251 160.0 540.7 525.1 534.3 
92-U -240 7873 640 TOTAL 19430. 7690. 7720. 7700. 
92-U -240 7873 640 ELASTIC 8770. 5367. 5452. 5387. 
92-U -240 7873 280 0.01 INELASTIC-TOTAL 375.0 1953. 1924. 1961. 
92-U -240 7873 141 5.9 (N,2N) 70.78 45.76 32.94 34.03 
92-U -240 7873 190 1.0 FISSION 92.21 242.3 226.7 235.1 
92-U -240 7873 640 (N,6AH«A) 10083. 80.95 84.16 82.83 
92-U -240 7873 640 251 155.0 522.9 508.7 517.3 
93-NP-235 8307 640 TOTAL 34173. 7653. 7688. 7663. 
93-NP-235 8307 640 ELASTIC 9956. 4802. 4884. 4819. 
93-NP-235 8307 257 0.03 INELASTIC-TOTAL 371.9 1518. 1502. 1518. 
93-NP-235 8307 130 7.0 (N,2N) 27.45 6.339 4.018 4.189 
93-NP-235 8307 640 FISSION 427.3 1303. 1275. 1299. 
93-NP-235 8307 640 (N,BA«HA) 23375. . 22.38 23.58 22.95 
93-NP-235 8307 640 251 159.7 538.2 522.6 531.7 
93-NP-236 8308 640 TOTAL 110709. 7930. 8005. 7951. 
93-NP-236 8308 640 . ELASTIC 10517. 4803. 4885. 4819. 
93-NP-236 8308 257 0.03 INELASTIC-TOTAL 196.3 1016. 991.5 1015. 
93-NP-236 8308 143 5.7 (N,2N) 30.36 16.96 12.25 12.64 
93-NP-236 8308 640 FISSION 96715. 2062. 20B2. 2070. 
93-NP-236 8308 640 (N.GAHHA) 3244. 32.85 34.02 33.35 
93-NP-236 8308 640 251 159.7 538.2 522.6 531.7 
93-NP-237 7874 640 TOTAL 46319. 7798. 7846. 7812. 
93-NP-237 7874 640 ELASTIC 11679. 4803. 4885. 4819. 
93-NP-237 7874 257 0.03 INELASTIC-TOTAL 371.9 1518. 1502. 1518. 
93-NP-237 .7874 135 6.5 (N,2N) 27.47 6.364 4.037 4.209 . 
93-NP-237 7874 640 FISSION 427;3 1303. 1275. 1299. 
93-NP-237 7874 640 (N,6AHMA> 33796. 166.5 181.1 172.0 
93-NP-237 7874 640 251 159.7 538.2 522.6 531.7 
93-NP-238 8309 640 - TOTAL 93574,7796. 7860. . 7814. 
93-NP-238 8309 640 ELASTIC 10517. 4803. 4885. 4819. 
93-NP-238 8309 257 0.03 INELASTIC-TOTAL 284.9 1468. 1436. 1469. 
93-NP-238 8309 145 5.5 (N,2N) 50.53 20.51 14.49 14.96 
93-NP-238 8309 640 FISSION 79465. 1474. 1491. 1478. 
93-NP-238 8309 640 (N.GAMA) 3244. 32.85 34.02 33.35 
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e A7 (cont.l 

SPECTRA 1/E sped. Cf-252 fiss U-235 fiss U-235 i 
.5 eV tut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS— 475 620 ¿20 620 
SPECTRA ENER6V RAN6E IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO («EV) — 20,0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (MEV>— 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT 6R0UPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MILLIBARNS) 

93-NP-238- 8309 640 251 159.6 538.2 522.6 531.7 
94-PU-238 7875 640 TOTAL 25483. 7761. 7821. 7775. 
94-PU-238 7875 640 ELASTIC 14754. 4642. 4720. 4655. 
94-PU-238 7875 250 0.05 INELASTIC-TOTAL 212.8 959.7 958.8 961.7 
94-PU-238 7875 130 7.0 (N,2N) 11.05 2.285 1.407 1.468 
94-PU-238 7875 640 FISSION 1840. 2047. 2027. 2044. 
94-PU-238 7875 640 (N,GAMMA) 8664. 110.3 114.7 112.5 
94-PU-238 7875 640 251 160.1 543.0 527.3 536.7 
94-PU-239 7876 640 TOTAL 41214. 7732. 7774. 7743. 
94-PU-239 7876 640 ELASTIC 11667. 4710. 4777. 4721. 
94-PU-239 7876 248 0.05 INELASTIC-TOTAL 236.8 1193. 1173. 1195. 
94-PU-239 7876 144 5.6 (N,2N) 18.39 7.205 4.936 5.125 
94-PU-239 7876 640 FISSION 17539. 1781. . 1774. 1780. 
94-PU-239 7876 640 (N,GAMMA) 11750. 41.53 44.88 42.65 
94-PU-239 7876 640 251 155.0 522.9 508.7 517.3 
94-PU-240 7877 640 TOTAL 532512. 7442. 7490. 7455. 
94-PU-240 7877 640 ELASTIC 55814. 4402. 4480. 4414. 
94-PU-240 7877 252 0.04 INELASTIC-TOTAL 373.2 1533. 1533. 1538. 
94-PU-240 7877 134 6.6 (N.2N) 12.09 5.228 3.581 3.718 
94-PU-240 7877 640 FISSION 572.9 1413. 1381. 1407. 
94-PU-240 7877 640 (N,GAMMA) . 475740. 88.92 92.80 91.03 
94-PU-240 7877 640 251 155.0 522.9 508.7 517.3 
94-PU-241 7878 640 TOTAL 55040. 8102. 8167. 8123. 
94-PU-241 7878 640 ELASTIC 8585. 4826. 4891. 4839. 
94-PU-241 7878 250 0.05 INELASTIC-TOTAL 296.6 1524. 1524. 1537. 
94-PU-241 7878 147 5.3 (N,2N) 46.34 45.32 34.68 35.50 
94-PU-241 7878 640 FISSION 33195. 1593. 1597. 1595. 
94-PU-241 7878 640 (N,GAMMA) 12901. 113.5 120.8 115.8 
94-PU-241 7B7B 640 251 154.9 522.9 508.7 517.3 
94-PU-242 7880 640 TOTAL 104600. 7912. 7966. 7928. 
94-PU-242 7880 640. -ELASTIC 26917.4880. 4965. 4895. 
94-PU-242 7880 252 0.04 INELASTIC-TOTAL 427.3 1814. 1808. 1819. 
94-PU-242 7880 137 6.3 (N,2N) 27.12 10.52 7.082 7.371 
94-PU-242 7880 640 FISSION 2298. 1126. 1100. 1122. 
94-PU-242 7880 640 (N,GAMMA) 74917. 81.48 85.39 83.45 
94-PU-242 7880 640 251 174.0 594.9 581.5 590.0 
94-PU-243 7881 640 TOTAL 57671. 7804. 7869. 7821. 
94-PU-243 7881 640 ELASTIC 11998. 4585. 4672. 4597. 
94-PU-243 7881 246 0.06 INELASTIC-TOTAL 397.6 2032. 2041. 2053. 
94-PU-243 7881 150 5.0 (N,2N) 64.38 67.64 52.43 53.66 
94-PU-243 7881 640 FISSION 29300. 1076. 1058. 1075. 
94-PU-243 7881 640 (N,GAMMA) 15886. 41.48 44.79 42.56 
94-PU-243 7881 640 ' 251 173.9 594.6 581.2. 589.7 
95-AM-241 7882 640 TOTAL 107029. 7615. 7657. 7625. 
95-AM-241 7882 640 ELASTIC 10130. 4732. 4799. 4741. 
95-AM-241 7882 250 0.05 INELASTIC-TOTAL 246.4 1192. 1200. 1201. 
95-AN-241 7882 141 5.9 (N,2N) 15.83 15.87 12.14 12.43 



Table A7 (cont.) 

SPECTRA W E spect. Cf-252 fiss U-235 fiss U-235 i 
.5 eV cut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS 475 620 620 620 
SPECTRA ENER6V RANGE IS FROM— 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) - 20.0 18.0 18.0 18.0 
SPECTRA AVERA6ED ENERGY (MEV1-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT GROUPS THRESHOLD REACTION SPECTRA AVERA6ES 
(HEV) (MILLIBARNSI 

95-AH-241 7882 640 FISSION 949.6 1500. 1454. 1491. 
95-AM-241 7882 640 (N,6AHHA> 86115. 157.4 172.5 161.5 
95-AM-241 7882 640 251 177.8 629.1 617.6 624.2 
95-AM-242 7883 640 TOTAL 107508. 7547. 7624. 7552. 
95-AM-242 7883 640 ELASTIC 9791. 4531. 4610. 4534. 
95-AM-242 7883 235 0.1 INELASTIC-TOTAL 207.4 1068. 1060. 1073. 
95-AM-242 7883 144 5.6 (N,2N) 27.29 27.56 20.97 21.50 
95-AM-242 7883 640 FISSION 88081. 1825. 1833. 1826. 
95-AH-242 7883 640 (N,6AHMA) 9393. 95.43 100.5 98.05 
95-AH-242 7883 640 251 169.3 596.7 583.0 592.1 
95-AM-243 7884 640 TOTAL 122480. 7667. 7722. 7684. 
95-AM-243 7884 640 ELASTIC 17468. 4589. 4677. 4601. 
95-AM-243 7884 240 0.08 INELASTIC-TOTAL 360.9 1888. 1893. 1904. 
95-AN-243 7884 136 6.4 (N,2N) 46.40 25.57 17.77 18.45 
95-AH-243 7884 640 FISSION 515.2 1123. 1090. 1118, 
95-AM-243 7884 640 • (N.GAMHA) 104069. 41.52 44.85 42.61 
95-AM-243 7884 640 251 174.1 595.3 581.9 590.5 
96-CM-242 7885 640 TOTAL 36383. 7707. 7766. 7735. 
96-CM-242 7885 640 ELASTIC 24546. 4537. 4624. 4561. 
96-CM-242 7885 252 0.04 INELASTIC-TOTAL 338.4 1627. 1625. 1634. 
96-CH-242 7885 130 7.0 (N,2N) 35.02 14.64 9.765 10.18 
96-CM-242 7885 640 FISSION 2064. 1433. 1407. 1432. 
96-CH-242 7885 640 (N,6AMMA) 9393. 95.43 100.5 98.05 
96-CM-242 7885 640 251 169.3 596.7 583.0 592.1 
96-CM-243 7886 640 TOTAL 63824.8258. 8363. 8276.. 
96-CM-243 7886 640 ELASTIC 11998. 4585. 4672. 4597. 
96-CM-243 7886 246 0.06 INELASTIC-TOTAL 434.4 1608. 1630. 1617. 
96-CH-243 7886 143 5.7 (N,2N) 40.49 26.73 19.65 20.21 
96-CM-243 7886 640 FISSION 44405. 1996. 1997. 2000. 
96-CM-243 7886 640 (N.GAMHAI 6937. 41.00 44.30 42.11 
96-CH-243 7886 640 251 173.9 594.6 581.2 589.7 
96-CM-244 7887 640 TOTAL 61576. 7654. 7710. 7680. 
96-CM-244 7887 640 ELASTIC 24547. 4537. 4624. 4561. 
96-CM-244 7887 252 0.04 INELASTIC-TOTAL 343.4 1661. 1658. 1669. 
96-CH-244 7887 132 6.8 (N,2N) 34.71 15.06 10.09 10.51 
96-CH-244 7887 640 FISSION 1990. 1399. 1372. 1397. 
96-CM-244 7887 640 (N.6AMMA) 34653. 41.88 45.29 43.07 
96-CM-244 7887 640 251 174.2 595.6 582.2 590.8» 
96-CM-245 7888 640 TOTAL ' 65504. 7964. 8063. 7981. 
96-CM-245 78BB 640 ELASTIC 10533. 4653. 4740. 4668. 
96-CM-245 7888 246 0.06 INELASTIC-TOTAL 398.5 1519. 1534. 1527. 
96-CM-245 7888 144 5.6 (N,2N) 40.46 27.44 20.26 20.83 
96-01-245.7888 640 FISSION 47585.1723. 1724. 1723.. 
96-CM-245 7888 640 (N,6AHMA) 6937. • 41.00 44.30 42.11 
96-CM-245 7888 640 251 156.9 568.8 553.5 564.3 
96-CM-246 7889 640 TOTAL 23798. 7622. 7669. 7641. 
96-CM-246 7889 640 ELASTIC 15054. 4510. 4588. 4527. 
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Table ft7 (cont.) 

SPECTRA— — 1/E spect. Cf-252 fiss U-235 <iss U-235 < 
.5 eV eut. (NBS) (NBS) (ENDF/B 

NUMBER OF 6ROUPS — 475 620 620 620 
SPECTRA ENER6Y RANGE IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) 20.0 18.0. 18.0 18.0 
SPECTRA AVERAGED ENERGY <HEV)~ 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION IMEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT 6R0UPS THRESHOLD.REACTION SPECTRA AVERA6ES 
(MEV) (MILL1BARNSI 

96-CM-246 7889 253 0.04 INELASTIC-TOTAL ~ 349.8 1701. 1706. 1712. 
96-CH-246 7889 136 6.4 (N,2N) 44.65 23.55 16.31 16.94 
96-CM-246 7889 640 FISSION 436.8 1346. 1313. 1343. 
96-CM-246 7889 640 (N.6AHMA) 7892. 41.51 44.83 42.59 
96-CM-246. 7889 640 251 174.1 595.0 581.6 590.1 
96-CM-247 7890 640 TOTAL 85968. 7912. 7988. 7935. 
96-CM-247 7890 640 ELASTIC 12387. 4541. 4622. 4559. 
96-CM-247 7890 250 0.05 INELASTIC-TOTAL 237.4 1224. 1229. 1236. 
96-CM-247 7890 149 5.1 (N,2N) 40.41 41.05 31.66 32.38 
96-CH-247 7890 640 FISSION 52499. 2066. 2062. 2065. 
96-CM-247 7890 640 (N.6AMKA) 20790. 40.B5 44.23 41.97 
96-CM-247 7890 640 251 174.2 595.6 582.2 590.7 
96-CM-248 7691 640 TOTAL 44743. 7633. 7672. 7653. 
96-CM-248 7891 640 ELASTIC 27331. 4522. 4598. 4536. 
96-CM-24B 7891 252 0.04 INELASTIC-TOTAL 321.1 1668. 1663. 1679. 
96-CM-248 7891 138 6.2 (N,2N) 44.73 25.59 17.94 18.61 
96-CM-248 7891 640 FISSION 887.7 1342. 1313. 1341. 
96-CM-248 7891 640 (N.6AHMA) 16135. 74.85 78.81 76.93 
96-CH-248 7B91 640 251 173.9 594.4 581.0 589.5 
97-BK-249 7892 640 TOTAL 244189. 7629. 7667. 7644. 
97-BK-249 7892 640 ELASTIC 18588. 4521. 4598. 4536. 
97-BK-249 7892 250 0.05 INELASTIC-TOTAL 420.8 2115. 2114. 2129. 
97-BK-249 7892 138 6.2 (N,2N) 59.65 29.36 20.31 21.09 
97-BK-249 7892 640 FISSION 280.0 888.6 856.4 881.0 
97-BK-249 7892 640 (N,GAMMA) 224811. 74.90 78.86 76.99 
97-BK-249 7892 640 251 174.0 594.8 581.4 589.9 
98-CF-249 7893 640 TOTAL 156123. 7858. 7924. 7877. 
98-CF-249 7893 640 ELASTIC 13668. 4522. 4599. 4537. 
98-CF-249 7893 252 0.04 INELASTIC-TOTAL 285.3 1509. 1511. 1523. 
98-CF-249 7893 144 5.6 (N,2N) 43.29 29.54 21.58 22.22 
98-CF-249 7893 640 FISSION 126894". 1721. 1714. 1718. 
98-CF-249 7893 640 (N,GAMMA) 15219. 74.89 78.85 76.98 
9B-CF-249 7893 640 251 174.0 594.8 581.4 589.9 
98-CF-250 7894 640 TOTAL 896267. 8023. 8090. 8039. 
9B-CF-250 7894 640 ELASTIC 60279. 4522. 4599. 4537. 
98-CF-250 7894 252 0.04 INELASTIC-TOTAL 293.8 1432. 1434. 1440. 
98-CF-250 7894 134 6.6 (N,2N) 34.30 15.55 10.57 10.99 
98-CF-250 7894 640 FISSION 667.7 1978. 1968. 1974. 
98-CF-250 7894 640 (N,GAMMA) 834966. 74.93 78.90 77.03 
98-CF-250 7894 640 251 174.1 595.1 581.8 . 590.3 
98-CF-251 7895 640 TOTAL 257344. 7B62. 7929. 7881. 
98-CF-251 7895 640 ELASTIC 19777. 4522. 4599. 4537. 



Table A7 (cont.) 

SPECTRA 1/E spect. Ci-252 iiss U-235 fiss U-235 < 
.5 eV eut. (NBS) (NBS) (ENDF/B 

NUMBER OF GROUPS-— 475 620 620 620 
SPECTRA ENERGY RAN6E IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) - 20.0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY («EV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT 6R0UPS THRESHOLD REACTION SPECTRA AVERA6ES 
(MEV) (MILLIBARNS) 

9B-CF-251 7895 263 0.02 INELASTIC-TOTAL 281.4 1495. 1500. 1511. 
98-CF-251 7895 149 5.1 (N,2N) 50.67 48.38 37.07 37.96 
98-CF-251 7895 640 FISSION 99643. 1721. 1715. 1718. 
98-CF-251 7895 640 (N,6AMMA) 137576. 74.92 78.89 77.02 
98-CF-251 7895 640 251 174.1 594.8 581.5 589.9 
98-CF-252 7896 640 TOTAL 25906. 7782. 7844. 7813. 
98-CF-252 7896 640 ELASTIC 16315. 4640. 4731. 4667. 
98-CF-252 7896 250 0.05 INELASTIC-TOTAL 251.2 1169. 1179. 1178. 
98-CF-252 7896 138 6.2 (N,2N) 22.26 11.86 8.362 8.660 
98-CF-252 7896 640 FISSION 6455. 1922. 1883. 1919. 
98-CF-252 7896 640 (N.6AMHA) 2854. 39.76 42.84 40.79 
98-CF-252 7896 640 251 -159.4 575.9 560.8 571.3 
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Table AB: Spectra averages (tillibarns) fro* ÈNDF/B-4 library 

SPECTRA - -- 1/E sped. C-f-252 fiss U-235 fiss U-235 f 
.5 eV cut. (NBS) (NBS) IENDF/B 

NUMBER OF GROUPS - - -175 620 620 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000-7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) 20.0 18.0 18.0 1B.0 
SPECTRA AVERAGED ENERGY (MEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE MAT GROUPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (MIL I BARNS) 

90-TH-232 1296 620 TOTAL 17807. 7240. 7266. 7250. 
90-TH-232 .1296 168 1.2 FISSION 30.80 74.43 69.00 71.54 
90-TH-232 1296 620 <N,6AMMA) 4877. 98.39 103.3 100.6 
91-PA-233 1297 620 TOTAL 58857. 7294. 7333. 7304. 
91-PA-233 1297 186 0.5 FISSION 158.6 479.8 451.7 468.1 
91-PA-233 1297 620 (N.6AMMA) 48975. 178.6 188.2 183.9 
92-U -233 1260 620 TOTAL 60998. 7254. 7281. 7262. 
92-U -233 1260 620 FISSION 43542. 1833. 1841. 1836. 
92-U -233 1260 620 (N,GAMMA) 7693. 60.86 64.23 61.75 
92-U -234 1043 620 TOTAL 56243. 8437. 8495. 8459. 
92-U -234 1043 299 0.001 FISSION 306.3 1157. 1132. 1152. 
92-U -234 1043 620 (K,GAMMA) . 36425. 170.4 178.7 174.4 
92-U -235 1261 620 TOTAL 34396. 7607. 7642. 7617. 
92-U -235 1261 620 FISSION 16165. 1241. 1241. 124!. 
92-U -235 1261 620 (N,6AMMA) 7915. 95.82 101.6 98.16 
92-U -236 1163 620 TOTAL 36311. 8015. 8074. 8033. 
92-U -236 1163 181 0.6 FISSION 185.5 587.5 560.6 577.2 
92-U -236 1163 620 (N,GAMMA) 19997. 170.2 178.6 174.2 
92-U -238 1262 620 TOTAL 34813.7796. 7842. 7809. 
92-U-238 1262 440 0.10E-05 FISSION 109.4 315.4 295.8 306.6 
92-U -238 1262 620 (N,GAMMA) 15830. 71.36 75.07 73.34 
93-NP-237 1263 620 TOTAL 47914. 7636. 7670. 7648. 
93-NP-237 1263 620 FISSION 374.8 1351. 1320. 1345. 
93-NP-237 1263 620 (N,GAMMA) 36579. 162.9 176.6 167.8 
94-PU-238 1050 620 TOTAL 24865. 7509. 7559. 7526. 
94-PU-238 1050 620 FISSION 1748. 2078. 2045. 2068. 
94-PU-238 1050 620 (N.6AMMA) 8258. 41.00 43.64 42.09 
94-PU-239 1264 .620 TOTAL 38770. 7719. 7753. 7730. 
94-PU-239 1264 620 FISSION 17346. 1789. 1781. 1787. 
94-PU-239 1264 620 (N,GAMMA) 11105. 39.76 43.45 40.89 
94-PU-240 1265 620 TOTAL 536677. 7580. 7623. 7595. 
94-PU-240 1265 620 FISSION 532.3 1336. 1309. 1334. 
94-PU-24Û 1265 620 (N.6AMMA) 482029. 82.11 86.78 . 84.23 
94-PU-241 1266 620 TOTAL 51100. 8188. B261. 8209. 
94-PU-241 1266 620 FISSION 33502. 1650. 1650. 1651. 
94-PU-241 1266 620 (N,GAMMA) 7188. 107.3 111.3 109.4 
94-PU-242 1161 620 TOTAL , 87084. 7523. 7565. 7539. 
94-PU-242 1161 260 0.01 FISSION 321.8 1234. 1198. 1224. 
94-PU-242 1161 620 (N,GAMMA) 65105. 55.41 58.51 56.75 
95-AM-241 1056 620 TOTAL 105538. 8259. 8258. 8261. 
95-AM-241 1056 620 FISSION 776.8 1277. 1230. 1263. 
95-AM-241 1056 620 (N.6AMMA) - 93768. 61.90 68.27 64.98 
95-AM-243 1057 620 TOTAL 89043. 7988. 8002. 7998. 
95-AM-243 1057 260 0.01 FISSION 240.7 1023. 992.8 1019. 
95-AM-243 1057 620 (N,GAMMA) 77800. 61.75 67.52 63.65 
96-CM-244 1162 620 TOTAL 58304. 7632. 7672. 7651. 
96-CM-244 1162 620 FISSION 2528. 1755. 1710. 1743. 
96-CM-244 1162 620 (N,GAMMA) 33588. 64.87 68.27 66.32 
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Tibie A9: Spectra averages (ai 11ibarns) Actitudes (roi ENDF/B-V Actitudes 

SPECTRA- - — 1/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV cut. (NBS) (NBS) (ENDF/B 

NUMBER Of GROUPS 475 620 ¿20 620 
. SPECTRA ENER6Y RANGE IS FROM— 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) 20.0 18.0 18.0 18.0 
SPECTRA AVERAGED ENERGY (MEVI-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT 6R0UPS THRESHOLD REACTION SPECTRA AVERA6ES 
(HEV) (HILL1BARNS) 

91-PA-233 1391 620 TOTAL 58B57. 7294. 7334. 7304. 
91-PA-233 1391 186 0.5 FISSION 158.6 479.8 451.7 468.1 
91-PA-233 1391 620 (N.6AMMA) 48975. 178.6 188.2 183.9 
92-U -234 1394 620 TOTAL 53521. 8499. 8553. 8518. 
92-U -234 1394 620 FISSION 360.8 1232. 1205. 1226. 
92-U -234 1394 620 <N,6AMMA) 37882. 170.5 178.9 174.5 
92-U -236 1396 620 TOTAL 37171. 8071. 8139. 8096. 
92-U -236 1396 620 FISSION 435.0 599.2 573.2 590.0 
92-U -236 1396 620 (N.6AMMA) 20013. 170.2 178.5 174.2 
93-NP-237 1337 620 TOTAL 47929. 7765. 7807. 7782. 
93-NP-237 1337 620 FISSION 376.3 1352. 1322. 1347. 
93-NP-237 1337 620 ' <N,6AMM) . 36579. 162.7 176.5 167.7 
94-PU-238 1338 620 TOTAL 25979. 7575. 7616. 758B. 
94-PU-238 1338 620 FISSION 1741. 1983. 1956. 1976. 
94-PU-23B 1338 620 (N,GAMMA! 8769. 142.3 150.6 145.6 
94-PU-242 1342 620 TOTAL 96275. 7934. 7988. 7945. 
94-PU-242 1342 620 FISSION 304.8 1129. 1103. 1125. 
94-PU-242 1342 620 (N,GAMMA) 73584. 70.40 74.85 72.55 
95-AM-241 1361 620 . TOTAL 93139. 7977. 8013. 7987. 
95-AM-241 1361 620 FISSION 752.5 1474. 1429. 1465. 
95-AM-241 1361 620 (N.GAMMA) 81358. 254.2 273.5 260.2 
95-AM-242 1369 620 TOTAL 134932. 7040. 7074. 7029. 
95-AM-242 1369 620 FISSION 108640. 2214. 2222. 2217. 
95-AM-242 1369 620 (N,GAMMA) 16542. 18.68 20.40 19.62 
95-AM-243 1363 620 TOTAL 116277. 7926. 7987. 7944. 
95-AH-243 1363 333 0.24E-03 FISSION 336.4 1205. 1164. 1193. 
95-AM-243 1363 620 (N,GAMMA) 103890. 73.00 79.69 76.20 
96-CM-243 1343- 620 TOTAL 137192. 8219. 8282. 8232. 
96-CM-243 1343 620 FISSION 112280. 2073. 2075. 2081. 
96-CH-243 1343 620 (N,6AMKA) 14331. 14.77 16.24 15.50 
96-CM-244 1344 620 TOTAL 54792. 7528. 7578. 7538. 
96-CH-244 1344 620 FISSION 1046. 1614. 1578. 1607. 
96-CM-244 1344 620 (N.6AMMAI 33621. 119.3 128.4 122.8 
96-CM-245 1345 620 TOTAL 63454. 8218. 8317. 8237. 
96-CH-245 1345 620 FISSION 47593. 1978. 1978. 1980. 
96-CH-245 1345 620 (N,GAMMA) 6716. 40.74 43.97 41.77 
96-CM-246 1346 620 TOTAL 18025. 7768. 7828. 7778. 
96-CH-246 1346 620 FISSION 579.6 1386. 1345. 1378. . 
96-CM-246 1346 620 (N,GAMMA) 5898. 42.19 44.83 43.28 



Tibie AlO: Spectra averages (tillibarns) Actinides freí ENDF/B-V Dos HO0-2 

SPECTRA I/E spect. Cf-252 fiss U-235 fiss U-235 f 
.5 eV cut. (NBSI INBS) (ENDF/B 

NUMBER OF GROUPS— 475 620 620 620 
SPECTRA ENERGY RANGE IS F R O M — 5.0000- 7 1.0000-10 1.0000-10 1.0000-10 
TO (MEV) — - 20.0 18.0 . 18.0 18.0 
SPECTRA AVERAGED ENER6Y (MEV)-- 1.1426 2.1194 1.9771 2.0313 
STANDARD DEVIATION (MEV) 3.1813 1.7141 1.5931 1.5967 

ISOTOPE HAT 6R0UPS THRESHOLD REACTION SPECTRA AVERAGES 
(MEV) (M1LLIBARNS) 

90-TH-232 6390 205 0.5 FISSION 35.31 7B.07 72.40 75.04 
90-TH-232 6390 640 (N.6AMMA) 4909. 89.69 94.24 91.97 
92-U -235 6395 640 FISSION 16095. 1236. 1236. 1236. 
92-U -238 6398 640 FISSION ' 116.1 313.6 294.6 305.2 
92-U -238 6398 640 <N,6AMHA> 15956. 68.34 72.06 70.25 
93-NP-237 6337 640 FISSION 392.5 1352. 1322. 1347. 
94-PU-239 6399 640 FISSION 17365. 1792. 1786. 1791. 
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