‘-Amn,-_... R T

MICROCOPY RESULUTION TEST CHART




Comitato Nazionale Energia Nucleare

P
-

Cross Section Libraries Set-up for Burn-up
Calculations in the Presence of Gd

as a2 Burnable Poison in LWR’S

G. Iorin, F. Pistella, F. Sisto

We regret that some of the pages in the microfiche
copy of this report may not be up tc the proper
legibility standards, even though the best possitle
copy was used for preparing the master fiche.

o

sERRRRRRN—————

RT/F1(71)9




CNEN - RT/FI(71)9

G. Iorio, F. Pistella, F. Sisto (CNEN, Laborstorio Fisica e Calcolo Resttori)

CROSS SECTION LIBRARIES SET-UP FOR BURN-UP CALCULATIONS IN THE PRE-
SENCE OF Gd AS A BURNABLE POISON IN LWR'S’

RIASSUNTO - E® stata messa a punto una libreria di sezioni d'urto da usare per calcoli
di bumn-up in presenza di Gd. Dopo aver discusso i dati dispcnibili si suggerisce un
nuovo schema energetico ridotto e se ne verifica le validita; sono inoltre riportati i
valori onem.ni peri m-‘terinli di interesse. Sono discusse alcune ipotesi che consentono

di semplificare il modello da usare in.calcoli di burn-up.
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CROSS SECTION LIBRARIES SET-UP FOR BURN-UP CAI.CULATIONS IN TH..E PRE-
SENCE OF Gd AS A BURNABLE POISON IN LWR'S

SUMMARY - A cross section library nas been set-up to be used for burn-up calculations
in the presence of Gd. The available cros. section data are briefly discussed, a new
reduced energy scheme is suggested and its validity is tested; the values resulted for
the materials of interest ate also given. A few assumptions are discussed which allow

to simplify the mode! to bz used in bum-up calculations.
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I. INTRODUCTION

The use of Gd as a burnable poison for light water
reactors is being investigated at our laberatory from the
experimental as well as calculational stand points /1 7,
/2] end /73 ]. |

The stress is at present put on burn-up calculations
in the presence of Gd: while for zero life calculations only
the cross section of natural Gd has to be adequately known,
for burn-up calculations - to describe the contribution to
the absorption rate due to the different Gd isotopes and their:
consequent depletions - the cross sections of the single iso-
topes must be adequately known.

From Table I - which is taken from BNL-325, Second
Bdition (19%8) - it appears that to this purpose the most
significant isotopes to be considered are Gd-155 and Gd-157
( having very large cross sections ) and possibly Gd-156 ( act
ing to some extent as a link in the isotopical chair).

In the present work a prorer cross section library
has been set-ub to be used for burn-up calculations in the
presence of Gd. Pirst the cross section data available for
the G isotopes are briefly discussed here; then the reasons

for preferrins the new energy scheme adopted are presented




and a test is given of the reliability of this scheme; the
valuss resulted for structural and fuel materiala (in
addition to those for Gd isotopes) are also given.

In particular three questions ere discussed and
answered to in the present report: |

- Do the cross sections of 3d-155 and GA-157 depend on
energy in almost the same way so that an equivalent
concentration of natural 8d can be defined at sach
jrradiation step instead of the actual concentrations
of Gd-155 and Gd-157?

- Can the situation be realistically described as: Gd-155
-> 0d~-156 and separately Gd-157-»Gd-158 without con-
considering the coupling between Gd-155 and Gd-157 due
to G4-1567

- Can the isotopical depletion of Gd be described by mo-
difying the poison constants vs. burn-up only in the
thermal group?

Affirmative answers to these questions significantly
simplify the model to be used in burn-up calcvlztions. |

II. CROSS SECTIONS FOR Gd-nat, Gd-155, Gd-156 and Gd-157

IN THE THERMAL RANGE (E<0.64 eV)

II.1.Cross Section Data Available ' _

Por what concerns the values at E = 0.0253 eV, the
values given in BNL-325, Second Edition (1958), and in its
Supplements n.1 (1960) and n.2 (1966) have been considered;
the values for Gd-156 have been taken from the papers reported
in ;A

Por the Gd-155 and Gd-157 isotopes the cross section
curves have been obtained by means of the single level Breit-
Wigner formula b the resonance parameters reported in the
BNL Supplement n.2 (1966); for Gd-naf a 110 groups pointwise
library is available in the production library of the TEVPEST
code /5/, in addition to the curves reported i. the BNL
Supplement n.2 according to the measurements of different
authors.

As about §(E,), the newest experimental values
and the calculated ones are compared in Table II.

As about the curves for Gd-nat the results from
the resonance parameters agree well with the values from
TEMPEST and witl the experimenmtal valuee taken from BNL




Supplement n.2, as it is shown in Fig.1.for some points of
interest. The largest differences appear where either the

neutron density or the crocs section are negligibly small.

I1.2. The Energy Dependence of Gd-155 and Gd-157 Cross

Sections

If we compare the two energy functions (°)

]C’('E) = ¢%(E)/%°(Es) amd _( (E) = ’(E)/G (to)

it results that the largest dev1at10ns appear of the order
of 5¢ at very low energy - where the neutron population is
strongly reduced - and of the order of 10% - at the upper
limit of the thermal range where both the neutron popula-
tion and the cross secticns are small.

In a number of cases of interest - typical PR cell
(¢0) - a check has been performed to verify that such

(°) Here and in the following the idexes 5> and 7 refer to
Gd-155 and Gd-157 respectively. |

(o0) Approximate cell characteristics:

internal diameter of fuel rods ~ 0.9 cm

lattice pitch ~1.3 em

fuel UO2 pelletized
enrichment ~ 5., 7 U-235
moderator | | H20

deviations are not actually significant. The values of the
difference t7. - 15 relative to r7 - averaged over the theiz:d
spectrum, calculated by the THERMOS code /§/ - are presented

in the following vs. the concentration of Gd.0. in the

273
pellet; values of the order of 4% are always found.
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The asswmption 1'5 = 1'7 may bs adopted for our
purposes.

An application of this wesult - te simplify the
description of the isotopical comtent vs. burn-up - is
given in /3_7.

I7.3. Relevance of the Presence of G4-~156

Prom the burn-up equations for the chain
Gd--155 -» Ga~156 -~ G4-757— Gd~!58

N"(T) = N%(0) wp(-6°T)

Ne(T) =[N (o) - N(O) sju, (.s* T) +

5l 65 5
+NA [0}6::_6.; u?(-G T')




N(T)= [N(0) - N¥(0) ,.,N(o) 6* ] wnp 67T/ +

6?-6° (315%5769
5 " - wp(S°T) 4
+ [N"(O) - Ns(o);f—-s—;—] W "'ff’ /

+ NS(O) 656
(E-’—Gs)»(é‘. 6 5)

orp (- 5% )

the overall hacroscopic absorption cross section J (the
actual quantity of interest) has been calculated as

6° N +6° 1 .67 x7 = =%,
va. the time integrated flux T / @(t)dt .The cell previous
described has been mvest;gated considering for'[ the range
from O up to 102 n/cm ; the microscopic energy and space

averaged cross gsections in the jellet at zero bum-éup have
been used (°) (oo),

.04
R [u fs(f:) $(E,r) dE
& = Y O
fP;f{ | et dE
(°) The use - throughout the calcula:tions - of éS 66 and

37 evaluated at zero life is conservative for md: pur-

pose; in fact e:lnce the variazions vs. burn-up would
have enlarged 6 less than 65 and 37 (with respect to
zero life walues) the importance of Gd-15< would have
been furtherly reduced.

(°°) Moreover it must be pointed out that the largest value

( 14 barns) was used, reported for 66 (E,) as an upper

limit.

6
The calculations have been repeated when § ~ was

assumed to be sero, the isotorical concentrations thus become:
N:('T') = N’(o) vp(-65T)
: L
N (T) = N*to) mpl-6°T)
118 ' s Lo
ana £ (T)= 6 Ng + 6 Ny
In Pig. zzulz‘are compared vs. burn-up.It appears

that, at the end of the irradiation(when 2, becomes a very

small fraction - 1% - of the zero life value) the difference

reaches the largest value (less than 4%).
The assumption that 6 6 = 0 is thus justified,

for our purposes.




III. THE 22-GROUP LIBRARY FOR BURN-UP CALCULATIONS BY THE
THERMOS CODE

I1I1.1.Choice of the Schene

The THERMOS €ole / 6_/ wae planned to be psed for
cell burn-up calculations in the presence of burnable poisons;
this choice {due to the presence of large redial variations

in the flux and in the spectrum of neutrons within the peliet
because of the very large ebsorption cross section of the
poison)is discussed in /1 _/. The standard version of the
code (°)could not be used since only 5 different material
comrositions(nixturez)fare allowed in the description of the
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cell; this 1imetation (unrelevent at zero life when one
mixture is cnaugh to desctibe the pellet) forbids ar. adequate
do-cription of the pellet after an irradiation of sowe extent
{when-due to solfahiclding offccts - @ strong radial dependence
of tho poi.on conccntratﬁan 1s sstabilished within the pellet:
1.0. tho cuttrmost poison is almost completely burnt, while

(*) In tho-itanﬂard"verdidﬁf36f¢nergy groups, 20 space
- peints and 5 mixturco are considered.
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the innermost is practically in s$he same concentration as
at the start-up)

To increase the number of mixtures without enlarg-
ing the machine storage required, it is necessary to reduce
properly the number of space points, as well as of energy
groups. |

It has boen found that 15 space points are enough
for our purposes (8 points in the pellet, 1 in the clasfing,
4 in the moderator and 2 in a possible coupling fing
surrounding the cell.[?1_7 ); accordingly, 1l mixtures are
considered (8 rings constituting the pellet, plus the cladding,
the moderator and the coupling ring).

To reduce the number of energy groups the reaction
rate R(v) .~ .defined as

| R(v) = n(v) v 6(v)
- was evaluated as a function of v in the innermost and in
the outermost space points of a typical Gd poisoned cell of
interest. The previous striycture (14 groups) nas been kept
in the range 0.025 - 0.20 eV where the R(v) hes a flat
maximum; below this range 5 equaliy spaced groups have been
adopted inetead of 9; 3 groups with increasing width as v
increas#s have been adopted-instead of 7 - above 0.20 eV (°),

(o) It might be useful to remind that the choice here
adopted while appearing as the most convonient in the
presence of Gd, may be not tho best for problems 1nvolv
ing different meterials ( for inatance in the presence
of relevant amounts of Pu-239).
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The _.oup scheme is presented in Table III.

II1.2 The New Library Set-up

The new library has becen set-up by means of the
LIBP code / 6_/. For light water “he Honeck version of the
Nelkin kernel has been used as computed by th= GAKER:- code
[ 6_/. Por the remaining isotores the 22 values huve been
computed by averaging the pointwise cfoss section sets (110
points) previously available 177_7 as described in.£f8_7(°);
for the isotopes considered 1/v only the 6(E,) values are
giver in input. For the Gd isotopes, in particular, three
sets have been prepared for Gd-155, Gd-157 ( both from the
BNL-325 (1966) resonance parameters) and Gd-nat (from TEMPEST
iidbrary) respectively. | |

A 1list of the isotopes considered #n the new
1ibrary and a list of the cross section values is given in
Appendix I . This library is now available at the Bologna
Calcuiation Center (CNEN) on tape no. 169000.

IIT.3 Evaluation of the Reliability of the 22-group Scheme

To check the reliability of the new scheme THERMOS
calculations performed with the 22-group scheme have been
compared to calculations performed with the standard 30-group
schdlb,ffag'thd qami cell coneidered in sec. II. The calcu

'lntions}bcto been repeated for different poison concentrations:

Since the energy structure of the library is now somewhat

enlarged,it is significant to use values averaged in the group
instead of midpoint valucs.
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0, 10, 35.6, 50 mg/cm3

Table IV.

of Gd; th# results are presented in

The differences between the results of the two
schemes are limited in the range (1% - 2%) for 3, and VZ{_;
the differences reduce as the Gd concentration increases as
a consequence of the criterion adopted when choosing the
new scheme; for the ratio v'{; / 22 the differences are of
the order of 0.5% in the presence of Gd and smaller than
0.1% for unpoizoned fuel.

The 22-grou; scheme can be fonsidered adequate for

our purposes.
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IV. THZ ABSORFTION DUZ TO Gd IN TH2 ZPITHEZRMAL AdD FAST
RANGE

iv.l Available Data and the New Library

The resonance parameters reported in BNL-325(1966)
for Gd-155 and Gd-157 c¢:.n be used to describe the absorption
cross section of natural Gd ..1so in the epithermal range
(the largest resonance encrygy identified is at 158 eV). A
26 group library for Gd is given by Schmidt and Sicp (KFK)
/~9_/ in the ABBN scheme. In the production library of the
FORM code / 10 //11, 7/ available =t the Bologna Calculation
Center (CNEN) a cross settion set is listed for Gd-nut
(identification number 44); since this set presents for the
absorption cross section much lower values than elsewhere
reperted and does not reproduce the resonance structure of
Gd - it cannot be used (°).

‘For our purposes the most convenient scheme to

'( ) Either a mistake tock place in the identificatiion or th:

resonance parameters were missed.

T TN
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calculate the fast constants seems to e the PORM code and selfshielding in the Gd is considered) the contribution

& new library has been set-up according to this scheme as
outlined in the following;

due to Gd does not exceed 15% for a Gd content of the order

of 150 mgr/cm3 and is smaller than 5% for Gd content below

3

- for the abscrpjion cross section: above ~ 20 eV (PORM 5C mgr/cm>.

groups 40 «#1) the KFK values have been properly inter- i
polated and averaged while in the range from 0.64 to 20

eV ( PORM groups 54 -+ 41) - where the FPORM scheme is more
detailed 'than the ABEN one - use has been made of the

Preit and v“igner formula averaged over a 1/E spectrum

using the BEWMEYV program / 8_/
- for the scattering cross sections ( since in the KFK :.

library small differences appear between Eu and Gd) the

values previunusly set-up / 12 /for Bu ( 2= 63 M= 152)

'in the FORM scheme have b.en used for Gd also (Z= 64

M= 157); only minor effects due to scattering cross

sections may be found for the Gd concentration in natural
L 002 of interest for our purpose.

The FORM library thus obtained for Gd im listed

in Appendix II and is now included (identification number
45) in the FORK library tape n. 165005 available at the Be
logna Calculation Center (CNEN).

Iv.2 FORM Calculations

TR PR

ghe contribution to the epithermal and fast ab-

sorption cross‘soction,due to Gd has been evaiuated by 5
using the FORM code with the ney cross section library set- | _ | §
up; the same cell rreviously considered haébeenéalculatod for | | i
ﬁtf.'poison contents. In the most pessimiétié céndifi&ﬂl (no | N o
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Table 1

of Gd Isotopes

Blonent | 137 Coarn) | Trarn) "1/2
6451 Gdléz (n.20) <125 230 d

cat?* (2.15)
ca™”’ (14.73) | 60,000
cdlsé (20.47)
227 (15.58) | 50,000
cdl58 (24.87) 4 18.0 h
T (21.90) 0.8 36 nm




Table II Table III

Caloulated and Experimental G(E.) values (barns) Group Scheme Adopted for Burn-up Calculations in the Presence of Gd

for Gd155, Gd156, cat?! and caet, Veloocity Is Expres-ed in Adimensional Units v(m/sec) / 2200(m/sec)
Breit & Wigner (HEL-325) | BExperimental values (ENL=325) :
cat® 60,380 61,000 + 1,000 Growp | OO0 potnt Bouna | Yid-point
157 , , , Number | (velooity) | (Velooity) | (Velocity) [ "™ (eV)
Gd 251,460 254,000 + 2,000 y Y Y
ca™* 48,320 49,000 + 2,000 (°) 1 0.0 0.095 0.19 0.00023
Reference / 4 ] WL~ 325 2 0.19 0.285 0.38f | 0.00206
cat® <14 643 + 1 11.5 + 7. 3 0.38 0.475 0.57 0.00571
) | 4 0.57 0.565 0.76 0.01119
(°) The value given in TEMPEST library is 47,218 barms. 5 0.76 0.855 0.95 0.01856
6. 0.95 1.0 1.05 0.02529
7 1.05 1.1 1.15 0.03060
8 1.15 1.2 1.25 0.03642
9 1.25 1.3 1.35 0.04274
10 1.35 1.4 1.45 0.04957
11 1.45 1.5 1.55 0.05690
12 1.55 1,605 1.66 0.04515
13 1.66 1.72 1,78 0.07462
14 1.78 1.845 1.91 0.08609
15 1.91 1.98 2,05 0.09915
16 2,05 20,1225 24195 0.11393 :
17 24195 22175 2,36 0.13118 .
18 2,36 2,455 2,55 | 0.15248
19 255 24725 2.90 .18787
20 2.90 3.175 345 | 0.25504 *
21 3445 3.80 4.15 0.36533 E
22 4.15 4.515 540 0452955 *




Cell Constants Calculated by the 22 Group and the 30 Group Scheme
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Table IV

APPENDIX I Cross Section Values of the 22 Group hibrary

The materials considered in the library are listed in the following.

Gd Content 2 (cm-l) v (cm-l) vtf/ fa
(mg/cm™) 22 g:;;?_ 30 grs. 22 grgf: 30 grs.| 22 grs. | 30 grs,
O. 0.1605 0.1641 0.2598 0.2557 1.6183 15185
10. 0.2345 04391 0.1804 0.182 047693 0.7638
35.6 0.2959 ogom 041273 0.128 044301 0.4276
50 0.3117 | 0.3163 0.1152 | ©.1164 0.3695 | 0.3681

tateriar |12 Joonse 2 Toemt | gy o] Tomt| 2 T
Unit 3000 20 pyit4 16466 11
0 168 1 L™ 17671 3
S5 AISI 348 348 1 Uizz 23592 1
B 1105 1 U%32 23592 2
A 713 1 236 23692 1
Cr 5224 1 Pu 23994 24
Fe 5626 1 Puzss | 23994 124
Ni 5928 1l Pu24o 24094 1l
Zr 9140 1 Puss | 24194 1
Xel3? 13554 21 Pupil 24194 2
su 47 14962 % P ¥ 24294 1
Eulsl 15163 3 Heavy Scat].} 2000 20
Gdi:: 15564 ? . H O 18 50
¢ 15764 9 (Relkin)
ca 15764 1 y?38 23892 1
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NASTRO LIBRERIA THERMOS 22 GRUPPI PER BURNUP CELLA

GROUPS= 22

ADDED ISOTOPES= 29
DELETED ISOTOPES= -0

NEW ISOTOPES

ICENT

P-DECKS

- - - .- - D e P - — e —-—

3000~ 20 -1

XA
1.052¢3E 01
1.00000E 00
6.66667E-01
4.71143€-01
2.63158€-01

TERMS= ]

S IG=—0 °

XS
0.

C.
0.
0.
0.

TOENT

168- 1
XA

3.5C877E 0O
9.09091E-01
6.23053€-01
4.39078€-C1
2.18579e-01

T= 1.COCCOE
M=

0.

O.

G.

0.

C.

P-DBECHKS

2.10526E 00 1.50376F 0O
8.33333E-01 7.6S5231E-01
5.81395€E~-01 5.42CC5E-01
4.07332€E-01 3.66972€E-01

00

1.C80COE 01 KAP=-0,
O. ’ Oe

O. o. )

C. 0.

1.16959€ 00
1.14286E-01
5.05050E-01
3.14961E-01

Oe
0.
Oe
0.

1.05263E-03 3.50877€~04 2.10526E--04 1.50376E-04 1.16959E-04

40.00000E-05
| 6.66866TE-05

4.T1143E-05
2.63158€-C5
TERMS= ]

SIG= 4.20000E 0O

XS
1.30632F 01
4.33125€ 00
%.25833€ 00
4.22913€F 00
4.209CSE 00

IDENT

XA
2.96232E 01
2.81420€ 00
le87613E 00
1.32589F 00
T.40579¢E-01

TERMS= 1

SIG= 1.00800F 01

XS
1.86434E 01
1.01710€ 01
1.01204F C1
1.01002F 01
1.008&3F 01

IDENT

T.94737€E 03
7.55000€ 02
$«<03333E 02
3.55713F 02
1.98684E 02
TERNMS= 1

SIG= 4.3200CE 00

XS
1.61016F 01
4.51962E 00
4.40872¢ €O
4.,36431€ 00
4.33382€ 00

IDENT

2713~
XA
2.42105F 00

9.04%091¢&-05
6.23053E-05
4.39078E-05
2.18519€-C5
T= 1.CCCCCE

5.76068F 00
4.30847€ 0C
4.25065E 0C
4.22530F 00
4.20627E OO0

P-CECKS

-1

9.87439F OO0
2.55836E 00
1.7534C€E CC
1.235¢5E OC
6.15126E-01
T= 1.C0CCCF

1.11967F 01
1.01552F (]
1.01153F (1}
1.00815€ (1
1.00843E 01

P-DECKS

2.64912F 03
6.R6364E 02
4.704C5F 02
3.315C4E C2
1.65027F 02
T= 1.0CCCCE

6.6C4C1F DO
4.48498E 00
4.3S750E CC
4.35849E 00
he32954E€ CO

P-DECKS

8.07018€E~01

2.30000F~01 2.,09051E-01
1¢533336-01 1,43362€-01
1.08363€~01 1.00988£~01
6405263E~02 5,027326-02
TERKSs 1 T= [,COCCCE

27

8+33333E-05
5.813956-C5
4.07332€E-05

cC

M= 1.600CJOE Q1

4.7810CE CO
4.?29115€ Q0
4.26437° 00
4.22178E 0C

5.92663E 0C
2.34517¢ QC
l.63€1€E QO
l1.14€31F 00

cC

M= 5.,53860E 01

1.04832c (1
1.01432¢F 01
1.C110EE 01
1.00951€ C1

1.58547F 03

6.29167t 02
4.3895%3F 02
3.0753¢E 02

cc

M= ]1.08200E Ol

5.1664¢€E 00
4.45863F 00
4.3874€C 00
4.35312F 90

4.84211F-01
1.516676-01
1,33721£-01
G+36864E-02

cC

' $16= 1.400006 00. M= 2,70000F 01

X

1.69231€E-05
5.42CC5F-05
3.66G72E-05

KAP="0.

4.45€674F 00
4.27166F 0OC
4.23855F CO
4,21768F 00

4.2318°8F OO
2.1641717€ GO
1.92531E 00
1.03273F €O

KAP=-'0 'S

1.0285EF C1
1.0133FF 01
1.01C£TF C1
1.0C923¢ 01

1«13534F 03
5.8C7T6SE 02
4.09214E 02
2.17C64E 02

KAP==0,

4.77123F 00
4.,43812F 00
4.,37865F 00
4.,34688E 00

3445865F-01
1.76523F-01
1.246€616-01
8044C37€-02

KAP3~0o

1.14286E-05
5. 05050E-05
3. 14961 E-05

4.37954F 00
4.26696E 00
4.23348E NG
4.21302F 00

3.29146F 00
2.01014F 00
le42131F 00
8. 86362E-01

1. 02045k Q1
1.71264F 0}
1.01032F 01
1.C0890F 01

8.83041F N2
5 36286E 02
3.81313t 02
2.371765€ 02

4.56304E 00
4.42185E€ 0N
4.37C92E 00
4.33980F 00

2.69006€E-01
1.64286E-01
1.16162€-01
7+24409E~-02




 mre W

3.45405€ 00
1.42593¢ 00
1.41152€ 00
1.40515€ 00
1. 40180€E 00

IDENT

1.T1643E 00
1.42143E 00
1.41006E €O
1.40500€ 00
1.40124€ 00

P-DECKS

XA
3,26316€ 01
3.10000€ 00
2.0666TE 00
1.46054E 00
8.15789E-01

TERMS= 1

S16= 3.00000€ 00

XS
5.68C10E 00
3.02884E 00
3.01282€ 00
3.00640E 00
3.00200E 00

IDENT

-1

1.08772¢ 01
2.81818€E 00
1.93146E 00
1.36114E€ 00
6.77596E-01
T= 1.,000CCE

3.35484F 0OC
3.02384€ 00
3.C1120€ 00
3.00556E 0OC
3.00138E 00

P-CECKS

1.51488E
1.41800¢
1.4C876E
1.4043CE

6.52632E
2.58333E
1.80233E
1.26273¢

cC

3.12782¢
3.020013€
3.00975¢
3.0047SE

00
00
00
(e

00
00
00
00

M= §,20100E 01

00
00
00
00

5626~ 1 -1

1.45862€E
1.41534E
1.40762€
1.40349E

4.66165E
2.38462E
1.68022E
1.13761E

KAP=-0.

3.06522E
3.01707€
3.00047¢
3.0C388E

00
00
00
00

00
00
00
00

00
00
00

.00

XA
2.66316F 01
2.53000E 00
1.68667F 00
1.19199F 00
6.65789E-01

TERMS= 1

$1G= 1.10000E 01

XS
2.02825€ 01
1.10985€ 01
1.10438E Ol
1.10219€ 01
1.10068€ 01

IDENT

XA
5.05263E 01
4.80000E 00
3.20000€ 00
2.26148E 00
1.26316€ 00

TERMS= ]

SI1G= 1.75000F 01

XS
3.16834E 01
1. 76490E 01

8.87719F 00
2.30000F 0OC
1.57632¢€ CC
1.11087F 00
5.530C5E-C1
= 1.000C0F

1.22118€ 01
1.10814€ 01
1.103€2F Cl
1.10190€ 01
1.1C047€ 01

P-DFCKS

-1

1.68421F 01
4.36364E 00
2.990¢5€ 00
2.10757€ 00
1.N4916E 00
T= 1.C(CCCCE

1.93341E 01
1.76232€ 01

5.32632F
2.10833E
1.47093F
1.03055E

0o

1.14365¢E
1.10684E
1.10332E
1.10163F

1.01053E
4 .00000E
2.7907CE
1.95519¢

cC

1.81605F
1.7603%¢

00
00
e
00

M= 5.,58500€ Ol

o1
01
C1
01

01
00
00
00

Mz 5.,87100€ Ol

01
o1

'3.80451E 00

1.94615€E 00
1.37127€¢ 00
9.28440E-01

1.75662E 01 1.75579€ 01
1.75331€ 01 1.75287¢ 01
1.75103¢€ 01 1.75071€ O}

1.75%04€ 01
1.75247€ 01

KAPg-O.

1.12227€
1.10583E
1.1C286E
1.10133E

7.21804E
3.69231F
2.60163F
1. 76147€

KAP=-0,

1.78370€
1.75882€
1.75438E
1,75201€

01
01
01
01

00
00
00
00

(1] §
1] |
01
o1

1.43547€ 00

1.41323€ 00
1.40661E 00
1.40257¢€ 00

3.62573E 00
2.21429€ 00
1.565%66E 00
9. 76378E-01

3.03945€ 00
3.G1471€E 00
3.00736E Q0
3.00286F 00

2.95906E 00
1.80714E 00
1.27778E 00
7.96850E-01

1.11347E 01
1.10502E 01
1.10251€ 01
1.10098E 01

5.61404E 00
3.42857€ 00

2.42424E 00

1.51181E 00

I1.77939¢ 01
1. 75760¢ 02
1.75380€ 01
1. YS148E 01

XA
1.89474E 00 6.31579€-01
1.80000E-01 1.63636E-01
1.20000€E-6G1 1.12150F-01
8.48CG57E-02 7.90340E-02
4¢T3684E-02 3.93443E-02
TERMNS= ) T= 1.0C0CCE
S16= 8.00000E 00
XS

1.500C0€-01
1.04651€E-C1
733198E-02

6o

M= 9,12200F 01

2.7C677E-01
1.38462E-01
S.7561C0E-02
6.6C550F-02

KAP=-0,

2.10526E-~01
1.28571E-01
5.09091€-02
5.66929€-02

1.24780€E 01
8.04385¢ 00
8.01949E€ 00
8.00973€E 00
8.00304E 00

XA
1.66022E 07
3.09889E 06
3.48814E 06
2.43680€ 06
8439527F 04

8.539176E
8.03624E
8.01702E
8.00845E
8.00209€

r-CECK

00
GO
ocC
oC
00

S

-1

5.85648E
3.10189F
3.52493E
1.80431E
3.26463E

06
06
06
g6
04

TERNMS= | T= 1.€CCCCE
$16= 4.30000E 00
XS
5.99569E GO 4.49607¢ 00
431593 00 4.31316E 00
4.30708E 00 4.30618€ 00
4.30354E 00 4.30307€ 00
4.30110FE 00 4.300786E€ 00

ICENT P-DECKS

14962~ 26 -1

XA
3.062085E 04 1.09024E 04
5.54498E 03 5.59770F 03
8.09512E 03 S.96861E 03
112350t 04 6.67566E 03
1. 74860 02 1.07210¢ 02

TERMS= ] T= 1.0C000E
S1G= 5.00000E 00
X$

6.80032E 00 5.20656E CO
S.51678F 00 5.01387¢ 00
5.00746E 00 5.00651E 00
5.00372E 00 5.00%23€ 00

" £.00116E€ 00 5.00080F 00

~ 1DENT

- G AP A Sh Gb E e T a»

P-BECKS

L2 0 T L 2 J

8.19435€
8.03045€
8.01482E
8.00728E

%#.3939¢E
3.15571€
3.48055E
1.21254E

cC

4.37059€
4.31106F

ocC
00
ocC
oc

06
a6
06
c¢

m= 1.,35000€ 02

00
oo

B8.0SS16E
8.02595F
8.01288E
8.00591€

3.43256E
3.273617F
3.31574F
€.S444(CF

KAP=-0.

€.33601€
4.30942€

00
00
oc
00

cé
26
06
c5

00
00

8.05998E
B.02227E
8.01118E
8.00435F

3.16034E
3.40889F
2.96496E
2.72283E

4.32179E
©.30813F

00
00
00
00

06
36
06
c5

00
00

4.30538F 00
4.30264E 00

P.03443E 03
5.73602F 03
1.23329€ 04
3.4728¢E 03

ocC

M= 1.49000E 02

5.07436E GO
5.01165€ 00
5.00567¢ 00
5.002768¢ 00

%.3046EE 00
4.3C214E 00

6.15767E 03
6.08478E N3
1.46212E 04
1.43064E 02

KAP=-0,

5.03T94E
5 .0C993€F
5+.00493E
5.00226F

3838

%4.30406E 00
4.30158E 00

5.67464E 03
6.89337¢€ 03
1.48623E 04
4.T1400€ 02

5.02295E 00
5.00856F 00
5.C0428E 00
5.00166F 00

15163- 3 ~i

XA

2.52202€ 04 8.C9252¢ 03

1.46672E 03

1.21349E

03

5.07865€
1.00828E

03
c3

2.90991E
B.41280E

03

”»,
1*4

1.95762¢
T.06610E

03
02

T10ENT 5.98020E 02 5.03110¢ 02 4.20110F 02 3.5C06CF 02 2,92760€ 02

P-CECKS




et .,

2.47940E C2

- 681340E 02

TERMS= 1
SIG= 0.
XS

0.

0.

0.

0.

0.

ICENTY

XA
5.09579t 05
6.00459E C4
3.06€635E N4
7.6568R8F C3
4.36990F 02

TERMS= 1

SIC= 0.

Xs
O.

0.
0.
0.
e

IDENT

XA
3.86787¢ 05
4.80918E N4
2.60962E 04
672229 G3
3.37090€ 02

TERMS= 1

XS
1.34291€E-C7
1.00318€E-07
1.00142€E-07
1.00071€E-07
1.00022F-07

ICENT

1.98B00E 06
2.50307€ 0¢
1.37643€ 05
3,54031F 04
1.73934E 03
TERMS= |
s16= 0.
XS
0.

2.13680F 02
6.95640E 02

T= 1.CO0CCCE
M= 1

0.

0.

0.

O.

0.

P--CECKS

1.74372F 05
5.43462F 04
2.50385E D4
S5.65767F 013
1.81570F €2
T= 1.CO0CCCF

M=

o.
0.
0.
O.
o.

P-CECKS

1.22716E CS
4.41365F 04
2.14243F 04
4.73852F (3
1.30210F 02
T= 1.00000E
OF-08 M=

1.03621€-C7
1.00263F-07
1.00124¢F-07
1.000€1E-07
1.00015E-07

P~LECKS

f
-y ey ay -

6.82811E €5
230434F C5
1.13127€ CS
2.45086E 04
6.59830€ 02
T= 1,C0000¢

30

1.P975CE 02

0e
«51000E 02

0.
O.
O.
O.

1.21161F 05
4 ,R525CE Q4
1.56622E 04
2,68G34F 03

G

1.5500CE 02

O.
0.
O.
0e

G.27187F 04
3.39755F 04
1.68556F 04

2.,22589€ C3

00

1. 57000F 02

l1.C02 122F-CT
1.00221€-07
1.CO10€€E-0C7
1.C0052€E-07

4.77431E 05

2.09367F 05

8.50311F C4
1.6519SE 04

00

‘Mz 1,5T000E 02

0.

0.

1.8072CE 02

KAP=-0.

0.
0.
C.
O'

R.3B784E 04
4.25192E 04
1.4G6124E 04
2.31416E C3

KAP==-0.

(’.
o.
C.
0.

5.19105E 04
3.55079F 04
1.27563E 04
1.863¢7E 03

KAP "’00
1.CC72CE-07

1.00188e-C7
1.0C094F-07

1.0C043F-C7

3.35198F 05
1.86516E 05
6e73523€ 04
9.50343E 03

KAP==-0,

0+

296560E 02

0.
O.
0.
0.

6.87979E 04
3.,64T792F 04
1.09930¢ 04
1.074988 03

0.
0.
0.

5.41503€ 04
3.08091E 04
9.35365E 013
B.60560E 02

1.00436E-07
1.00162E~07
1.00081FE-07
1.00032E-07

2+.80714E 05
1.62227F 05
4.93344F 04
4.47841E 03

 0¢‘

v

S1G= 1.00000¢ 01

XS

0. Q0.
0. 0.
! 00 00
0. 0.
IDENTY P-CECKS
16466~ 11 -1
XA
2.1217CE 04 S9.05218F (3
2.52027F 03 2.27811F 03
1.62786E C3 1.50814F 03
1.C8480F 03 9.93740% (2
4.8C49CF 02 3.472%CF (2
TERMS= T= 1.0000CE
SIG= 0.
XS
0. Qe
0. 0.
0. O.
0. 0.
Oe C.
ICENT P-CECKS
17671~ 31 -1
XA
1.52149E 04 5.18846F 03
2.05168E 03 2.02732¢ 03
2.40266F 03 2.67848E 03
T.S8378F 03 1.17047F 04
1.89560k 02 6.77200€ 01
TERMS= 1 T= 1.CO0C0CCF
SIc= 0. f =
XS
O. C.
0. 0.
C. 0.
Oe Oo
0. 0.
TOENT P-DECKS
23562~ 1 -1
XA N
7.70C16E 03 2.55463F 03
6.83240FE 02 6.122710€ 02
4.220106 02 3.B7550F 02
2q73l40f G2 2.5?030E 02
1.66500F 02 8. 9310CE 01 .
TERMS= 1  T= 1,00000F

M=

flo23369£ o1 1.02619E o1

1,00213E 01 1.00176€ 01
1.00065¢ 01 1.00083F €1
lqggobzg 01 1.00041€ 01 .

,0901&? 0£ l-OOO}QF ﬂldﬁ'

;csux P-o:cns

31

0.
o.
0.

6.C2191F 03
2.07558E 03
1.29297€ Q3
93.0290CF 02

0

M= 1.64000F 02

O.
Ce
0.
Ce

3.6081CE 03
2.04492E 03
3.13048E 03

1.C%2¢E 04

cC
1. 760C0E 02

O.
0.
C.
0.

1.69032€ 03

5.5264CE 02
3,5471CE C2

2.3405CE 02
06

2.35000F 07

1,00843F 01
1.00148¢ 01
1.00072¢ 01
1 «00035€ 01

C.
0.
C.

3.81CS?F
1.60317¢
1.2R358F
7.86S3CF

KAP="O.

0.
0.
O.
C.

25219 1TE
2.10638¢
3.51153F
3.94€7CF

KA2=-0,

" 0.

0.
0.
0.

1.07506F
5 02250F

245508
?.17ZOCE

KAP=-0.

1.00481F
1.,00126F
1.00063¢F

1.0CC29E

03
03
03
02

03
03
03
03

03
02
02
02

01
01
01
c1

0.
0.
Ne

2.97893F
1.75566F
1. 18052F
6.34930¢F

0.
0.

0.

?017”47F
2.22153F
5¢35564F
T.92380F

Ce
O.
Ce
0.

8.17260¢
4.58960F
2097280F
?2+30400F

1.00291E
1.00109E
1.00054F

1+00021€

03
N3
03
n2

03
03
13
2

02
n2
02
02

o1
01
o1
01

i R 34 e A ML ) 5 S 1t i€t




A BENBIND 45 e % et i < o Seha

——

6.S4842F 03
5.82630F 92
3.61140E 02
2.30350€ Q2
1.40180€ C2
TERMS= 1
SIG=
XS
1.22249F
1.0013E 01
1.00065F 01
1.0C047E 01
1.C0015¢ 01

ICENTY

XA
6.31579E 01
6.00000F 00O
4.000CCE 00
2.82686F 00
1.578S5€ 00

TERMS= 1

SIG=

XS '
1.223253F C1
1.00212F 0%
1.0C0084E 01
1.00047€ 01
1.00015€E 01

1.CO000€ C1

1.000N0E 01

2.17072€ 03
$5.22870t Q2
3.3165CE 02
2.11360F Q2
T1.565CCE 01

T= 1.00000E

1.02619E 01
1.00:76¢ 01
1.00083€ Gt
1.000421E 01
1.00010E 01

P-NECKS

?.10526F 01
5.45455E 00
3.72832¢ 0¢
2.634417E 00
1.31148E 0C
T= 1.C00COE

1.02608F 01
1.00175€ 01
1.00082E 01
1.00041€ 01
1.00010€¢ Ol

1. 4365GE
4.72560€
3.0324CF
1.9461CE

00

1.00943E
1.00148E
1.0C072€
1.00035F

1.26316F
5.0000CE
3.42831E
2.4439SE

co

1.00939E
1.00147F
1.00072€
1.00035E

¢t3
0?
02
02

M= 2.3%000F 02

01
o1
o1l
o1

Cl
00
00
00

M= 20360005 02

01

o1
c1
01

ICENT

P-CECKS

— g ——— ——

XA
2.852€3F C1 S.50877E 00 5,70526F 00
2.71000F 00 2.%46364F 00 2.25833E 0C
1.80667E 00 1.68847F 0C 1.57558E 00
1.27¢80€ CO 1.18990F 00 1.10387€ 00

7.13158F-C1 5.92350€-C1

TERMS= 1 T= 1.C0 ICF CC
Si1G= 8.30000F Q0 M= 2.3ROCOF 02
XS | |

1.02142F 31 8.51467F 00 B.37728E 00
8.31744F 00 8.31441F 00 8.31211¢ 00
8.30775F 00 R.3067TF CO £.3058SE 00
8.3C387F 00 8.30336F 00 R.3028SFf 00
8.30121F 00 8.30083F 0O

IDENT

P-CFCKS

X A . o S
1.02856E 04 3.44464F 03 2.31392F 03
1.0325CF €3 9,49220E 02 8.8178CF 02
T.49090F N2 T.2245CF C2 7.04330€ 02

9.14530€E 02
4.2S580E 02
2.7682CE 02
1.7763CE 02

KAP=’00

1.00481F 01
1.00126E€ 01
1.0CC63E C1
1.00029€ 01

9.02256& CO
4.61538E 00
3.252C3¢€ GO
2.20183E 00

KAP=-0,

1.00475E 01
1.00125F 01
1.00062€ 01
1.0C029€ 01

4.0751SF 00
2.08462F 00
1.46883F 00
9.94495t-01

\ KAP=-Ce.

8.33643F 00
B.31032€ 00
8.30512€ 00
8.3C235€ 00

8.26740¢ 02
6.98840E 02

6.95790E 02
3.92830E 02
2.52210F 02
1.84360t 02

1.00291¢F 01
1.00109E 01
1.00054F 01
1.00021€E 01

1.017154€E 00
4.285T1F 00
3.03030€ 00
1.88976F 00

1.00290E 01
1.00108E 01
1.00054E 01
1.00021E 01

3.16959F 00
1.93571F 00
1.36869E 00
8.53543E-01

8.32385E 00
8.30890E 0O
8.30445E 00
8.30173€ 00

1.51575F 03 1.19395F 03
7.82730¢ 02

7.05640F 02

3

7.25230F C2 7.7230CE C2 €.7574CE C2
2.27748E 03 2.83371CF 02

TERMS= 1
S 1G=
XS

1.22969E 01
1.00209F 01
1.C0093F 01
1.C0046E C1
1. 00014E 01}

ICENY

1.62015€ 03
742960t N2
5¢2804CE 02
4.71810F 02
1.35238F 03
TERMS= 1

T=
1.00000€E C1

1.025164E
1.00173E
1.00Ce1E
1.0004CE
1.00010F

P-CECKS

2.54408E
6.807170¢E
5.05610F
4.92820¢t
1. 7843NE

Ci
Nl
1
01
0l

03
02
02
C2
02

¥T= 1.CO0C(CFE

SIG= 1.00000€ Gl

XS
1.22S69E Gl
1.00209€ 01
1.00093€ 01
1. 00046€ C:
1.00014E 01

ICENT

XA

2.27642E
2.T6390E
1«961S0E
1.59330E
1.63270F

03
02
02
02
02

TERMS= |
$S1c= $.,60000€ 00

XS
le17S61E
9.62000F
9.6CB8B9F
9.6C444F
9.60138E

c1
00
00
no
00

10ENT

XA
107034€
13301 7F
956 T10E
8.12350F
5«87220E

1.025176F
1.00173¢
1.00081F
1.00040E
1.00010E

Cl
01
Ccl
o1
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FI1G.1 - Microscopic Absorption Cross Section of Gd-nat
- vs.Energy
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