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I. INTRODUCTION 

The use of Gd as a, burnable poison for light water 

reactors is being investigated at our laboratory from the 

experimental as well as calculational stand points £l-J, 

C*J and £lj. 
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. 

Prom Table I - which is taken from BNL-325, Second 

Edition (1958) - 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 ( ac£ 

ing to some extent as a link in the isotopical chain). 

In the present work a proper cross section library 

has been set-up to be used for burn-up calculations in the 

presence of Gd. First the cross section data available for 

the Gd isotopes are briefly discussed here; then the reasons 

for preferring the new energy scheme adopted are presented 
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and a test i s given of the rel iabi l i ty of this scheme; the 

values resulted for structural and fuel materials (in 

addition to those for Gd isotopes) are also given. 

In particular three questions are discussed and 

answered to in the present report: 

- Do the cross sections of Od-155 and Gd-157 depend on 
energy in almost the same way so that an equivalent 
concentration of natural fid can be defined at each 
irradiation step instead of the actual concentrations 
of Gd-155 and Gd-157? 

- Can the situation be real ist ical ly described as: Gd-155 

-** Gd-156 and separately Gd-157-*Gd-158 without con-

considering the coupling between Gd-155 and Gd-157 d»e 

to Gd-156? 
- 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 calculations. 
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II. CROSS SECTIONS POR Gd-nat. Gd-155. Gd-156 and Gd-157 

IK THE THERMAL RANGE (E&0.64 eV) 

II.1.Cross Section Data Available 

For what concerns the values at E0= 0,0253 eV, the 

values given in BNL-325, Second Edition (1958), and in its 

Supplements n.1 (i960) and n.2 (1966) have been considered; 

the values for Gd-156 have been taken from the papers reported 

in g? 
For the Gd-155 and Gd-157 isotopes the cross section 

curves have been obtained by means of the single level Breit-

Wigner formula by the resonance parameters reported in the 

BNL Supplement n.2 0966); for Gd-nat a 110 groups pointwise 

library is available in the production library of the TEMPEST 

code /57, in addition to the curves reported iu the BNL 

Supplement n»? according to the measurements of different 

authors. 

As about «(E0), 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 with the experimental values taken from BRL 



6 

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 cross section are negligibly small. 

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

Sections 

If we compare the two energy functions (°) 

f'(E) = « ' ( 0 / « ' W « f {fe)»6'fc)Afco> 

it results that the largest deviations 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 sections are small. 

In a number of cases of interest - typical PWR cell 

(?°) - a check has been performed to verify that such 

(°) Here and in the following the idexee b and 7 refer to 

Gd-155 and Gd-157 respectively. 

(00) Approximate cell characteristics: 

internal diameter of fuel rods v 0.9 cm 

lattice pitch (*v1.3 cm 

fuel U02 pellet ized 

enrichment ~ 5. t U-235 

moderator Ho0 
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deviation» are not actually s i^i if leant. The value» of the 
difference f - f relative to f ' - averaged o*er the theiaal 
spectrum, calculated by the THERMOS code ^£7 - are presented 
in the following ve. the concentration of Gd-0. in the 
pel let; values of the order of 4# are always found* 

Gd content 
_(mg/cm3) 

J7- - ? " 
f' 

10 

3.2 

20 

3.7 

30 

3.9 

50 

4.1 

100 

4.1 

200 

4.0 

_ 

400 

3.8 

*5 *7 She assuiqrtion t m t nay be adopted for our 
purposes. 

An application of th is result - te simplify the 
description of the isotopicai content vs . burn-up - i s 
given in £J. 

II.3. Relevance of the Presence of (MU-156 

From the burn-up equations for the chain 

Gd-155 -r Gd-156 — Od-157-7' 04-158 
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the overall macroscopic absorption cross section £ (the 

actual quantity of interest) has been calculated as 

6 5 K5" * € 6 1É6 + 6
7 N 7 *X f c 

v». the time integrated flux T «/̂ (fcjdt .The cell previous 

described has been investigated, considering f o r T the range 
21 2 

from 0 up to 10 n/cm ; the microscopic energy and space 

averaged cross sections in the pellet at zero burn-up have 
been used (°) (00). 

iA? U(o tie,*)** A 

(°) The use - throughout the calculations - of 6 , 6 and 

G evaluated at zero life is conservative for our pur-

post; in fact since the variazione vs. burn-up would 

have enlarged 6' less than 6 and S' (with respect to 

zero life values) 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 b (E0) as an upper 

limit. 
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The calculations have been repeated when 6 was 

assumed to be zero, the isotopical concentrations thus become: 

MX cri = M'f«) ** ( - 6 * T J 
and Z#(T)- 6* Nj + 6 TN; 

In Pig. 2jL«*42$ar6 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 S « 0 is thus justified, 

for our purposes. 
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III. THE 22-GROUP LIBRARY FOR BURN-UP CALCULATIONS BY THE 

THERMOS POPE 

III.1.Choice of the Scheme 

The THERMOS Gole C^J w a 8 planned to be used for 

cell burn-up calculations in the presence of burnable poisons; 

this choice (due to the presence of large rgdial variations 

in the flux and in the spectrum of neutrons within the pellet 

because of the very large absorption cross section of the 

poison)is discussed in /"l_7« The standard version of the 

code (°)could not be used since only 5 different material 

compositions (mixtures) are allowed in the description of the 

cell; this limitation (unrelevant at zero life when one 

mixture is enough to describe the pellet) forbids an adequate 

description of the pellet after an irradiation of some extent 

(when-due to self shielding effects - a strong radial dependence 

of the poison concentration le estabilished within the pellet: 

i.e. the outermost poison is almost completely burnt, while 

(•) In the standard version 30 energy groups. 20 space 

points and 5 mixtures are considered. 
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the innermost is practically in the 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 bv̂ en found that 13 space points are enough 

for our purposes (8 points in the pellet, 1 in the cladding, 

4 in the moderator and 2 in a possible coupling ring 

surrounding the cell £]~J ) ; accordingly, 11 mixtures are 

considered (8 rings constituting the pelle*> plus the cladding, 

the moderator and the coupling ring). 

To reduce the number of energy groups the reaction 

rate B(v) .*-.defined as 

R(v) = n(v) v *(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 structure (14 groups) has been kept 

in the ranfe 0.025 - 0.20 eV where the R(v) has a flat 

maximum; below this range 5 equally spaced groups have been 

adopted instead of 9; 3 groups with increasing width as v 

increases have been adopted-instead of 7 - above 0.20 eV (°). 

(°) It might be useful to remind that the choice here 

adopted while appearing as the most convenient in the 

preeence of Gd, may be not the best for problems involv 

ing different materials ( for instance in the presence 

of relevant amounts of Pu-f39), 
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The 4,-̂ oup scheme is presented in Table III. 

Ill.2 The New Library Set-up 

The new library has be^n set-up by means of the 

LIBP code £&J• *or light water *he Honeck version of the 

Nalkin kernel has been used as computed by tha 0ÀKER code 

C&J• For the remaining isotopes the 22 values have been 

computed by averaging the pointwiae cfoss section sets (110 

points) previously available £ l j as described in Z~8_7(°); 

for the isotopes considered 1/v only the ^(E^ values are 

given 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 

library) respectively. 

A list of the isotopes considered in the new 

library and a list of the cross section values is given in 

Appendix I . This library is now available at the Bologna 

Calculation Center (CHEN) on tape no. 169000. 

Ill.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 

scheme, for the sesie cell considered in sec. II* The calcu 

lations have been repeated for different poison concentrations: 

, (•) Since the energy structure of the library is now somewhat 

enlarged,it is significant to tee values averaged in the group 
instead of midpoint values. 
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0, 10f 35.6, 50 mg/cm of Gd; thè results are presented in 

Table IV. 

The differences between the results of the two 

schemes are limited in the range (1# - 2j6) for 5L^ and *Zr ; 

the differences reduce as the Gd concentration increases as 

a consequence of the criterion adopted when choosing the 

new scheme; for the ratio *^f / ̂ a. "the differences are of 

the order of 0.5$ in the presence of Gd and smaller than 

0.1/& for unpoisoned fuel. 

The 22-group scheme can be considered adequate for 

our purposes. 
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I V . THiS ABSORPTION PUS TO Gd IN THiS 2PITHSRKAL AMD FAST 

RANGE 

Iv.l Available Data and the New Library 

The resonance parameters reported in BNL-325(1966) 

for Gd-155 and Gd-157 e n be used to describe the absorption 

cross section of natural Gd ulso in the epithermal range 

(the largest resonance energy identified is at 158 eV). A 

26 group library for Gd is given by Schmidt and Siv»p (KFK) 

L~^J in *ne ABBN scheme. In the production library of the 

FORM code £VòJ£ì\J available at the Bologna Calculation 

Center (CWEN) a cross section set is listed for Gd-nut 

(identification number 44); since this set presents for the 

absorption cross section much lower values than elsewhere 

reported and does not reproduce the resonance structure of 
>! 

Gd - it cannot be used (°). 

For our purposes the most convenient scheme to i 
; -' •• •" > - * " J.' Z 

(°) Either a mistake took place in the identification or th* 

resonance parameters vere missed. ! 

\ 

f 
* 
t 
j 

I l ' l i 
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calculate the fast constants seems to be the FORM code and 

a new library has been set-up according to this scheme as 

outlined In the following; 

- for the absorption cross section: above ~ 20 eV (FORM 

groups 40 -rl) the KFK values have been properly Inter

polated and averaged while in the range from 0.64 to 20 

eV ( FORM groups 54 -*-4l) - where the FORM scheme is more 

detailed than the ABBN one - use has been made of the 

Breit and Signer formula averaged over a I/è! spectrum 

using the BEWMEV program C^J 

- for the scattering cross sections ( since in the KFK _• ; 

library small differences appear between Eu and Gd) the 

values previously set-up £\2jf.vr Su ( Z== 63 M» 152) 

in the FORM scheme have been 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 

' U0- 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 FORM library tape h. 165005 available at the Be 

logna Calculation Center (CNÌ2N). 

IV.2 FORM Calculations 

|he contribution to the epithermal and fast ab

sorption ero8s section due to Gd has been evaluated by 

using the FORM code with the new cross section library set

up; the same cell previously considered has been calculated for 

a fewpoison contents. In the most pessimistic conditions (no 

17 

selfshielding in the Gd is considered) the contribution 

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

of 150 mgr/cm and is smaller than 5# for Gd content below 

i>C rrî r/cm • 
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Table I 

Abundances of Gd Isotopes 

Element 

6 4
G d 

Isotope 
( % ) 

Gd1 5 2 K ? o ) 

Gd1"4 (2 .15) 

Gd1 5 5 (14.73) 

Gd15 (?0.47) 

Gd157 (15.68) 

Gd1 5 8 (?4.87) 

Gd 1 6 0 (71.90) 

(barn) 

60,000 

-50,000 

6 a c t 
(barn) 

<125 

4 

0 .8 

V 
?30 d 

18.0 h 

3.6 rn 
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Table II 

Calculated and Experimental 6(E#) values (barns) 
* ^ x 5 5 „.156 ,,.157 A n.nat for Gd , Gd , Gd and Gd . 

Od 1 5 5 

Gd1 5 7 

Gd"** 

oa1* 

Breit & Wigner (lBL-325) 

60,380 

251,460 

48,320 

Reference /~4_7 

<14 6.3 ± 1 

Experimental values (lNL-325) 

61,000 ± 1,000 

254,000 +, 2,000 

49,000 + 2,000 (•) 

HSFL- 325 

11.5 ± 7 . 

(°) The value given in TEMPEST library is 47,218 barns. 
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Table III 

Group Scheme Adopted for Burn-up Calculations in the Presence of Gd 

Velocity I s Expressed in Adirnensional Units v(n/sec) / 2200(m/sec) 

Group 
Number 

1 

2 

3 

4 
r 

6, 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1 Lover 
Bound 

(Velocity) 

0 .0 

0.19 

0.38 

0.57 

0.76 

0.95 

1.05 

1.15 

1.25 

1.35 

1.45 

1.55 

1.66 

1.78 

1.91 

2.05 

2,195 

2.36 

2*55 

2.90 

3.45 

4.15 

Jfid 
Point 

(Velocity) 

0.095 

0.285 

0.475 

O.665 

0.855 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1,605 

1.72 

1.345 

1.98 

2.1225 

2.2775 

2.455 

2*725 

3.175 

3.80 

4.575 

Upper 
Bound 

(Velocity) 

0.19 

0 .38f 

0.57 

O.76 

0.95 

1.05 

1.15 

1.25 

1.35 

1.45 

1.55 

1.66 

1.78 

1.91 

2.05 

2.195 

2.36 

2.55 

2.90 

3.45 

4.15 

5.0 

Mid-point 
Energy (eV) 

0.00023 

0.00206 

0.00571 

0.01119 

0.01850 

0.02529 

0.03060 

O.03642 

O.O4274 

0.04957 

O.0569O 

O.O6515 

0.07482 

O.O8609 

0.09915 

0.11393 

0.13118 
• 

O.I5248 

.18787 

0.25504 

0.36533 

0.52955 
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Table IV 

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

3d Content 
(mg/cm ) 

0 . 

10 . 

35.6 

50 . 

Ia 
22 g r s . 

0. l605 

0*2345 

0.2959 

0.3117 

(cm" ) 
30 g r s . 

0-1641 

0 ^ 3 9 1 

0.3007 

0.3163 

v £ f 
22 g r s . 

O.2598 

0.1804 

OJ.273 

oj .152 

(cm" ) 
30 g r e -

O.2657 

O.I826 

0.1286 

GJ.I64 

'Zt/t*. 
22 g r s . 30 g r s . 

1.6183 

0*7693 

0 ^ 3 0 1 

0.369$ 

1.6185 

O.7638 

O.4276 

0.3681 

APPEHDIX I Cross Section Values of the 22 Group library 

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

Mate r i a l 

Uni t 

0 

S3 AISI 348 

B 

Al 

Cr 

Pe 

Ni 

Zr 

X e 1 3 5 

Sm1 4 9 

-n 151 Su 

ad155 

Gd 1 5 7 

Gd 

1 s t I d e n t . 
Number 

3000 

168 

348 

1105 

2713 

5224 

5626 

5928 

9140 

13554 

14962 

15163 

15564 

15764 

15764 

2nd I d e n t . 
Number 

20 

1 

1 

1 

1 

1 

1 

1 

1 

27 

26 

3 

9 

9 

1 

Ma te r i a l 

* l 6 4 
Dy 

Lu 
235 
abs 

u 2 * 

^ a b s 
« 239 
P u f i s 

Pu 

<£ 
P u 2 4 2 

Heavy Scat 

H O 
(Nelkin) 

?36 
I T 3 

1 s t I d e n t . 
Number 

I6466 

17671 

23592 

23592 

23692 

23994 

23994 

24094 

24194 

24194 

24294 

2000 

18 

2389? 

2nd I d e n t . 
Number 

11 

31 

1 

2 

1 

24 

124 

1 

1 

2 

1 

20 

50 

1 
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NASTRO LIBRERIA THERMOS 22 GRUPPI PER BURNUP CELLA 
GROUPS* 22 
AOOED ISOTOPES* 29 
DELETED ISOTOPES* -0 

NEW ISOTOPES 

ICENT P-DECKS 

3000- 20 -1 
XA 
1.05263E 01 
l.OOOOOE 00 
6.66667F-01 
4.71143E-01 
2.63158E-01 
TERMS* I 
SIG*-0. 
XS 

0. 
0. 
0. 
0. 
0. 

3.5C877F 00 
9.09091E-01 
6.23053E-01 
4.39078E-CI 
2.18579E-01 
T= l.OOCOOE 

2.10526E 00 
8 .33333E-01 
5 .81395E-01 
4 . 0 7 3 3 2 E - 0 1 

00 

1.50376F OO 
7.69231E-01 
5.42CC5E-01 
3.66972E-01 

M* 1.C80C0E 0 1 KAP*-C 

0 . 
0 . 
0 . 
0 . 
0 . 

C. 
0 . 
0 . 
0 . 

c. 
0 . 
0 . 
0 . 

1.16959E 00 
7 .14286E-01 
5 .05050E-01 
3 . 1 4 9 6 1 E - 0 1 

0 * 
0 . 
0 . 
0 . 

IOENT 

168-

P-DFCKS 

- 1 
XA 

1.05263E-03 3 .50877E-04 2 .10526E-04 1.50376E-04 1 .16959E-04 

27 

10.00000E 
I 6 .66667E 

4.71143E 
2.63158E 

TERMS* 
SIG* 4 . 
XS 

1.30632F 
4.33125E 
4 .25833É 
4 .22913F 
4.209C9E 

-05 9.0V091E-05 
-05 6.23053E-05 
-05 4.39078E-05 
-C5 2.18579E-05 
1 T* l.CCCCCE 

8.33333E-05 
5.81395E-C5 
4.07332E-05 

CC 
20000E 00 M= 1.600COE 01 

01 5.76068F 00 
00 4.30847E 00 
00 4.25095E 00 
00 4.22530F OC 
OC 4.20627E 00 

4.7810CE CO 
4.29115E 00 
4.24437F. 00 
4.22178E 00 

7.69231E-
5.42CC5F-
3.66972F-

KAP=-0. 

4 .4S674F 
4 .27766F 
4 .23856F 
4.21768E 

05 7 .14286E-05 
05 5.O505OE-05 
05 3 .14961E-05 

00 4 .37954F 00 
00 4.26696E 00 
CO 4.23348E OC 
00 4.21302E 00 

IDENT P-DECKS 

3 4 8 - 1 - 1 
XA 

2.96232E 01 9.87439E 00 
2 .81420F 00 2.55836E 00 
1.87613E 00 1.7534CE CC 
1.32589F 00 1.23565E OC 
7 .40579E-01 6 . 1 5 1 2 6 F - 0 1 

TERMS* 1 T* l.COCCCF 

5.92463E 
2.34517E 
1.63616F 
1.14631F 

CC 

OC 
oc 
00 
00 

SIG* 1.00800E 01 * = 5.53860E 01 
ve 
A i 

1.86434E 01 1.11997F ol 
1.01710E 01 1.01552F CI 
1.01204E CI 1 . 0 U 5 3 F CI 
1.01002F 01 1.00975E CI 
1.00863F 01 1.00843E 01 

IDENT P-OFCKS 

1.04833E 
1.01432F 
ì .c i ioeF 
1.C0951E 

CI 
01 
01 
C I 

4.231H8F 
2.16477E 
1.52531E 
1.03273F 

KAP=-0 . 

1.0285FF 
1.0133FF 
1.01C67F 
1.0C923F 

00 
CO 
00 
00 

CI 
01 
CI 
01 

3.29146F 
2.01014F 
L 4 2 1 3 J F 
8.86362F-

1.02045E 
1.01264F 
l .01032f : 
1.C0890F 

00 
00 
00 

-01 

01 
01 
01 
01 

1105-
XA 

7.94737E 
7.55000E 
5.03333E 
3.55713E 
L 9 8 6 8 4 E 

TERM'S* 
S IG* 4 . 
XS 
1.61016F 
4.51962E 
4.4C872E 
4.36431E 
4.33382E 

1 -l 

03 2.64912F 03 
02 6.86364É 02 
02 4.704C5F 0? 
02 3.315C4E C2 
02 1.65027F 02 
l T* l.CCCCCE 
3200CE 00 M» 1 

CI 6.6C401F 00 
00 4.48498E OO 
CO 4.3S750E CC 
00 4.35R49E OO 
00 4.32954E CO 

W5894 7F 03 
6.29167E 02 
4.38953F 02 
3.07536E 02 

CC 
.082006 01 

5.1994éE CO 
4 .45863F 00 
4.38748E 00 
4.35312E 00 

1.13534F 
5.8C769E 
4.09214E 
2.77C64E 

KAP--0. 

4 .77123F 
4.43R12E 
4 .37865E 
4 .34688E 

03 8.83041F 02 
02 5.3S2866 02 
02 3.81313E 02 
02 2.37795E 02 

00 4.59304E 00 
00 4.42185E 00 
00 4.37C92E 00 
00 4 .33980F 00 

IDENT 

2713-
XA 

2.42105F 00 
2.30000F-01 

l .O03é36-01 

P-DECKS 

1 - 1 

8.07018E-01 
2#O9091E-Ol 
l#433G2E~0l 
1.0O988E-01 

4 .84211F-C1 3 
W91667E-G1 1 
1 .3372 iE^01 1 
9 » 3 * 8 M È - 0 2 8 

.45865F-01 
,76923F-01 
,?466!F-01 
,44C37E-02 

2 .69006E-01 
1.642JJ6E-01 
L 1 6 1 6 2 E - 0 1 
7 .24409E-02 

6„0*263F~T)2 5 # 0 2 1 3 ^ f - 0 3 

ìt*H* i T* i.coeece cc 
$!G« U40000É 00 * * 2.700C0F 
xs" ~ 

01 KAP* -0 . 
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3.454C5E 00 1.71643E 00 1.51488E 00 1.45862E 00 1.43547E 00 
1.42593E 00 1.42143E 00 1.41800E 00 1.41534E 00 1.41323E 00 
1 . 4 U 5 2 E 00 1.41006E 00 1.40876E 00 1.40762E 00 1*40661E 00 
1.40575E 00 1.40500E 00 1.4043CE 00 1.40349E 00 1.4Q257E 00 
1.40180E 00 1.40124E 00 

IOENT P-OECKS 

5 2 2 4 -
X* 

3.26316E 
3.10000E 
2.06667E 
1.46054E 
8.15789E 

TERMS» 
SIG» 3 . 
XS 

5.68C10E 
3.02884E 
3.01282E 
3.C0640E 
3.00200E 

1 - 1 

01 1.08772E 01 6.52632E 00 
00 2.81818E 00 2.58333E 00 
00 1.93146E 00 1.80233E 00 
00 1.36114E 00 1.26273E 00 

-01 6.77596E-01 
1 T» l.OOCCCE CC 
OOOOOE 00 M= 5.20100E 01 

00 3.35484E OC 3.12782E 00 
00 3.02384E 00 3.02003E 00 
00 3.C1120E 00 3.00975E 00 
00 3.00556E 00 3.00479E 00 
00 3.00138E 00 

4.66165E 
2.38462E 
1.68C22E 
1.13761E 

KAP*-0. 

3.06522E 
3.01707E 
3.00847E 
3.0C388F 

00 3.62573E 00 
00 2.21429E 00 
00 1.56566E 00 
00 9.76378E-01 

00 3.03945E 00 
00 3.G1471E 00 
00 3.00736E 00 
.00 3.00286E 00 

IOENT P-CECKS 

5626-
X* 
2.66316F 
2.53000E 
1.68667F 
1.19199F 
6.65789E 
TERMS* 
SIG» 1. 
XS 

2.02825E 
L 1 0 9 8 5 E 
1.10438E 
1.10219E 
1.10068E 

1 -1 

01 8.87719F 00 
00 2.30000E 00 
00 1.57632E 00 
00 1.11087E 00 

-01 5.530C5E-C1 
1 T* l.OOOCOF 

5.32632F 00 
2.10833E 00 
1.47C93E 00 
1.03055E 00 

00 
10000E 01 M= 5.5850OE 01 

01 1.22118E 01 
01 1.10814E 01 
01 1.103C2F 01 
01 1.10190E 01 
01 1.1C047E 01 

1.14365E 01 
1.10684E 01 
1.10333E CI 
1.10163F 01 

3.8045IE 00 2.95906E 00 
1.94615E 00 1.80714E 00 
1.37127E 00 1.27778E 00 
9*28440E-0l 7.96850E-01 

KAP*-0. 

1.12227E 01 1.11347E 01 
1.10583E 01 1.10502E 01 
l.lC2e9E 01 1.10251E 01 
1.10133E 01 1.10098E 01 

IDENT P-DFCKS 

5928-
XA 
5.05263E 
4.8000CE 
3.20000E 
2.26148E 
1.26316E 
TERMS* 
SIG» 1. 
XS 

3.16834E 
1.7649OE 
1.75662E 
1.75331E 
1.75103E 

I -1 

01 1.68421F 01 
00 4.36364E 00 
00 2.99065E 00 
00 2.10757E 00 
00 1.04918E 00 
I T« l.CCCCCE 
75000F 01 M« 

01 I.93341E 01 
01 1.76232E 01 
01 1.75579E 01 
01 1.75287* 01 
01 1.75071E 01 

1.01053E 01 
4.OOOOOE 00 
2.7907CÉ 00 
1.95519E 00 

CC 
5.87100E 01 

1.81605E 01 
1 .76035* 01 
1.75504É 01 
1.75247É 01 

7 .21804E 00 5.61404E 00 
3.69231E 00 3.42857E 00 
2.60163E 00 2.42424E 00 
1.76147E 00 1.51181E OO 

KAP«-0. 

1.78370E 01 I . T 7 0 * 9 * 01 
1.75882E 01 1.75760E 01 
1.75438E 01 1.75380E 01 
1 . 7 5 2 0 1 * 01 I .Y5148E 01 

10ENT P-CECKS 

SHw 
mtmimémà MEM 
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9140-
XA 
1.89474E 
1.80000F 
1.20000E 
8.48G57E 
4.73684E 
TERMS» 
SIG» 8. 
XS 
1.24780E 
8.04385E 
8.01949E 
8.00973E 
8.00304E 

1 - 1 

00 6 . 3 1 5 7 9 E - 0 1 3 .78947E-01 
- 0 1 1 .63636E-01 L500COE-01 
- 0 1 1 .12150E-01 1 .04651E-CI 
- 0 2 7 .90340E-02 7 .33198E-02 
- 0 2 3*«34*3E-G2 

T= l.CCOCOE 0 0 

2.7C677E-
1.38A62E-
9.7561CE-
6.6C550F 

01 2 . 1 0 5 2 6 E - 0 1 
01 1 .28571E-01 
•02 9 .09091E-02 
02 5.66929E-02 

OOOOOE 00 M* 9.12200E 01 KAP=-0. 

01 8.53976E 00 8.19435E OC 
00 8.03624E 00 8.03045E 00 
00 8.01702E OC 8.01482E OC 
00 8.00845E OC 8.00728E OC 
00 8.00209E 00 

8.09S16E 
8.02595E 
8.01288E 
8.00591E 

00 8.05998E 00 
00 8«022?7E 00 
OC 8.01118E 00 
00 8.00435F 00 

IDENT F-CECKS 

13554-
XA 
1.66022E 
3.09889E 
3.48914E 
2..43680E 
8.39527F 
TERMS» 
SIC- 4. 
XS 
5.99569E 
4.31593E 
4.30708E 
4.30354E 
4.30110E 

27 - 1 

07 5 .85648E 06 4 .39398E 06 
06 3 .10189F 06 3.15571E 06 
06 3 .52493E 06 3.48055E 06 
06 1.80431E 06 1.21254E C6 
04 3 .26463E 04 

l T= LCCCCCE CC 
30000E 00 M» 1.35000E 02 KAP--0. 

3.4325SE 
3.27367F 
3.31574F 
6.9444CF 

00 4.49607F 00 4.37059E 00 
00 4.31316E 00 4.31106E 00 
00 4.30618E 00 4.30538E 00 
00 4.30307E 00 4.30264E 00 
00 4.30O76E 00 

4.33601E 
4.3C942E 
4.3046EE 
4.3C214E 

06 3.16034E 06 
06 3.40889F 06 
06 2.96*96E 06 
05 2.72283E C5 

00 4.32179E 00 
00 4.30813E 00 
00 4.30406E 00 
00 4.30158E 00 

ICENT 

14962-
XA 
3.06285E 
5.54498E 
8.09S12E 
1.12350E 
1.74860E 
TERMS» 
SIG» 5. 
XS 

6.800I2E 
5.01676F 
5•007461 
5.00372E 
5.00116* 

26 

P-DECKS 

-l 

04 1.09024E 04 
03 5.59770E 03 
03 9.96861E 03 
04 6.67566E 03 
02 1.07210E 02 
1 T« l.OÒOOOE 
OOOOOE 00 M> 

OO 5.2C656E CO 
OO 5.01387E 00 
00 5.O0651E 00 
00 5.00?,23E 00 
00 5.O0O8OE 00 

8.03443E 03 
5.73602E 03 
1.23329E 04 
3.47286E 03 

OC 
1.49000E 02 

5.07436E 00 
5.01165E 00 
5.00567E 00 
5.00278E 00 

6.15767E 
6.08478E 
1.46313E 
1.43094E 

KAP»-0. 

5.03794E 
5.00993E 
5.00493E 
5.00226F 

03 5.67464E 03 
03 6 .89337E 03 
04 1.49623E 04 
03 4 .71400E 0? 

00 5 .02295E 00 
00 5 .00856F 00 
00 5.C0428E 00 
0 0 5 .00166E 00 

IDENT *-DfCKS 

15163- 3 »1 
XA 
2.52202E 04 8.C9252E 0$ 5.07865E 03 2.9C991E 03 1.95762E 03 
1.46672E 03 1.21349E 03 1.00828E 03 8.4126GE 02 7.06610E 02 
5 .98020E 02 5 .031 ICE 02 4.2011CE 02 3.5C06CE 02 2 .92760E 02 
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2.47940E 02 2.13960E 02 
6.81340E 02 6 .95640E 02 

TERMS= 1 T= 1.C0CCCE 
SIG= 0 . «= 1 
xs 

0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 

ICFNT P-HFCKS 

15564- 9 - I 
XA 

5 . 0 9 5 7 9 t 05 1.74372F 05 
6.00459E 04 5.43463F 04 
3.06635F 04 2.503R5E 04 
7.95688E C3 5.65767F 03 
4.36990F 02 1.81570F 0? 

TEPMS= I T= l.COCCCF 
SIC= 0 . M= ] 
XS 

0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 

IDENT P-CECKS 

15764- 1 - 1 
XA 

3.86787F 05 1.32716E C5 
4.80918E 04 4 .41365F 04 
2.60962E 04 2.142A3E 04 
6.72229E 03 4 .73852F 03 
3.37090E 02 1.30210E 02 

TERMS* I T= l.OOOPOE 
S1G-10.00000F-C8 M= 
xs 

1.34291E-C7 1.03921E-C7 
K 0 0 3 1 8 E - 0 7 1 .00263F-07 
1.00142E-07 1 .00124F-07 
1.00071E-07 1 .00061E-07 
1.0O022F-O7 1 .00015E-07 

10ENT P-OFCKS 

15764- 9 - I 
XA 

1.98800E 06 6 . 8 2 8 U E 05 
2.50307E 05 2.3C434E C5 
1.37643E 05 1.13127E C5 
3.54031E 04 2.49086E 04 
1.73934E 03 6.5983CE 02 

TE8MS» I T» i.COOOOE 
$ ! € • 0 . > « 
XS 

1.8975CE 

CO 

02 

.51000E 02 

0 . 
0 . 
0 . 
0 . 

1.21161F 
4.RS25CE 
1.96622E 
T.PP934F 

cc 

05 
04 
04 
03 

1.5500CE 02 

0 . 
0 . 
0 . 
0 . 

S.27187F 
3.99755F 
1.6R55SF 
3.22589E 

00 
1.57000F ' 

1.C1 12F-
1.00221F-
1.C0108E-
I.C0053E-

4.77431E 
2.09367F 
8.90311E 
1.69199E 

00 
U57000É < 

04 
04 
04 
03 

V 

-C7 
-07 
-07 
-07 

05 
0 5 
CA 
04 

52 

1.8072GE 

KAP=-0. 

0 . 
0 . 

c. 
0 . 

8.38784E 
4.25193E 
1.49124E 
2.31416E 

KAP=-0. 

0 . 
0 . 
0 . 
0 . 

6.'>9105E 
3.55079F 
1.27563E 
1.89367E 

KAP=-0. 

1.CC720E-
1.00188E-
1.0C094F-
1.0C043F-

3.35198F 
1.86516E 
6.73523E 
9.90343E 

KAP*-0 . 

02 

04 
04 
04 
03 

04 
04 
04 
03 

- 07 
-07 
-07 
- 07 

05 
05 
04 
03 

2.99560E 

0 . 
0 . 
0 . 
0 . 

6.87979E 
3 .64797F 
1.09930E 
1.07498F 

0 . 
0 . 
0 . 
0 . 

5.41503E 
3.08091E 
9.35365E 
8.60560E 

1.00436E-
1.00162E-
1.O0O81F-
1.00O32E-

2 .80714E 
1.62227E 
4 .93344E 
4 .478416 

0 2 

04 
04 
04 
03 

04 
04 
03 
02 

-07 
-07 
-07 
-07 

05 
05 
04 
0 3 

- .4 : 

; --_ 

0 . 0 . 0 * 

31 

0 . 
0 . 
0 . 
0 . 

0 . 
0 . 
0 . 
0 . 

0. 
0, 
0, 

n. 
0 . 
0 . 

0 . 
0 . 
0 . 

IDENT P-CECKS 

16466- 11 
XA 

2.7217CE 04 
2.52027F 03 
1.62786E 03 
1.C8480F 03 
4.8C49CF 02 
TFKMS= 1 
SIG= 0. 
XS 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

ICFNT 

-1 

9 .05218F 
2 .27811F 
1.50814F 
9 .93740E 
3.4725CF 
T = 

03 
03 
03 
C2 
C? 

6.C2191F 03 
2.07558E 03 
1.39297E 03 
9.0290CF 02 

l.OOOOCF CO 
f= 1.64000E 

0. 
c. 
0. 
c. 

02 

P-OECKS 

17671-
XA 
1.52149E 
2.05168E 
2.40266F 
7.98378E 
1.89560E 
TERMS= I 
SIG = 0. 
XS 

0. 
0. 
0. 
0. 
0. 

03 
03 
03 
04 
01 

31 -1 

04 5.18846F 
03 2.02732E 
03 2.67848E 
03 1.17047E 
02 6.77200E 

T= l.COOCCF 

0 . 
0 . 
0 . 
0 . 
0 . 

3.6081CE 03 
2 .04492E 03 
3.13048E 03 
1 .CH26E 04 

CO 
1.76000E 02 

0 . 
0 . 
0 . 
0 . 

3.P7CS3F 
1.90317F 
1.2P35eF 
7.R693CE 

KAP=-0, 

0 . 
0 . 
0 . 
C. 

2 .52797F 
2.1C638E 
3.S1153F 
3.9467CF 

KA^=-0< 

0. 
0. 
0. 
0. 

03 
03 
03 
0? 

03 
03 
03 
03 

2.97893F 
1.75566F 
1.18052P 
6.34930E 

0. 
0. 
0. 
0. 

2.17447F 
2.22153F 
5.35564F 
7.92380F 

0 . 
0 . 
C. 
0 . 

03 
0 3 
0 3 
0? 

03 
03 
03 
U2 

lOfcNT P-OECKS 

2 3 5 9 2 - I - 1 
XA 

7.7CC16E 03 2 .55463F 03 
6 .83240E 02 6 .122tOE 02 
4 .22010E 02 3 .87550E 02 
2 f 731401; C2 2 .520J0E 02 
U6É500E 02 8.93100E 01 
TE**S« 1 T* l.COCOOE 
S1G« l.OOOOOE 01 ** 
X$ 

1.23349E 01 1.02619E 01 
1 .002136 01 1.00176E 01 
1.000<J5F 01 1.00083E CI 
1.00047E 01 1 .0004IE 01 
W00015F 01 1 .000*0* 01 

1.69032E 03 
5.5264CE 02 
3 .547 ICE 02 
2.340SCE 02 

OG 
2 .35000F 0 ? 

1.00943E 01 
1.00148E 01 
1.00072E 01 
1.00035E D i 

1.075C6E 03 8.17260F 02 
5.02250F 02 4 .58960F 02 
3.24590£ 02 2 .97280F 02 
2.172CCE 02 2.30400F 02 

KAP*-0. 

1.0C481E 01 
1.00176F 01 
1 .0006 3F 01 
1.0CC29E CI 

1.00291E GÌ 
1.00109E 01 
1.00054F 01 
1.00021E 01 

m** P-WKS 
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23592 - 2 - 1 
XA 

6.54842F 03 2.17072E 03 
5 .82630F 02 5.22870E 02 
3.61140E 02 3.3165CE 02 
2 .30350F 02 2.11360F 02 
1.40160E 02 7.965CCF 01 

TERMS= 1 T= l.OOOOOE 
SIG= l.COOOOE CI V= t 

XS 
1.22349F 01 1.02619E 01 
1.00T13E 01 1.00176E 01 
1.0C095E 01 1.00083E CI 
1.0C047E 01 1.00041E 01 
1.C0015F 01 1.00010E 01 

ICENT P-OECKS 

23692- I - 1 
XA 

6.31579E 01 7.10526F 01 
6 .00000F 00 5.45455F 00 
4.000CCE 00 3.73832F 00 
2 .82686E 00 2.63447E 00 
1.57895E 00 1.31148E OC 

TERMS= 1 T= l.OOOCOE 

1.43659E 
4.72560E 
3.0334CE 
1.9461CE 

00 
?.3«>000E 

1.00943E 
1.00148E 
1.0C072E 
1.00035F 

1.26316E 
5.0000CE 
3.48S37E 
2.4439SE 

CO 

C3 
02 
02 
02 

02 

01 
01 
01 
01 

CI 
00 
00 
00 

SIG= l.OOOOOE 01 M= 2.36000E 02 
AS 

1.23753F CI 1.02608F 01 
1.00212F 01 1.00175E 01 
1.0C094E 01 1.00082E 01 
1.00047E 01 1.00041E 01 
1.00015E 01 1.00010E 01 

ICENT P-CECKS 

23892- 1 - 1 
XA 

2.85263F 01 S.t>0877E 00 
2 .71000F 00 2.' i6364E 00 
1.80667E 00 1.68847F OC 
1.27680E 00 1.18990E 00 
7 .13158F-C1 5 .92350F-C1 

TERMS'- 1 T« I.CO CCF 
SIG = 8.30000F CO *= ; 
XS 

1.02142E 01 8.51467E 00 
8.31744F 00 8.31441E 00 
8.30775F 00 8.306771= CC 
8.3C387F 00 8.30336F 00 
8.30121E 00 8.30083F 00 

IOEKT P-CFCKS 

1.00939É 
1.00147F 
1.000726 
1.00035E 

5.70526F 
7.25833E 
K57558E 
1.10387E 

CC 

0 1 
01 
01 
0 1 

00 
oc 
00 
oc 

' .380C0F 02 

8.37728E 
a.31211fc 
8.3C5«9E 
8.30289É 

00 
00 
00 
00 

9.14530E 
4 .29580E 
2.7682CE 
1.7763CE 

KAP=-0. 

1.00481F 
1.00126E 
1.0CG63E 
1.0C029E 

9.02256E 
4.61538E 
3.252C3E 
2.20183E 

KAP=-0. 

1.00479E 
1.00125F 
1.00062E 
1.0C029E 

4 .07519F 
2 .08462F 
1.46883F 
9 .94495F-

KAP=-C. 

8 .33943F 
8.31032E 
8.30512E 
8.3C23 ,5E 

02 
02 
02 
02 

01 
01 
Gl 
01 

CO 
00 
00 
00 

01 
01 
01 
01 

00 
00 
00 

-01 

00 
0 0 
0 0 
0 0 

6.95790E 
3.97830E 
2.52210E 
1.84360E 

1.00291E 
1.00109E 
1.00054E 
1.00021E 

7.01754E 
4 .28571F 
3.03030E 
1.88976F 

1.00290E 
1.001O8E 
1.000$4E 
1.00021E 

3.16959F 
1.93571F 
1.36869E 
8.53543E-

8.32385E 
8.30890É 
8.30445E 
8.30173E 

02 
02 
02 
02 

01 
0 1 
0 1 
0 1 

00 
00 
00 
00 

0 1 
0 1 
0 1 
0 1 

00 
0 0 
00 

-01 

00 
oa 
0 0 
0 0 

24 - 1 23994-
XA . . . 

1.07856E 04 3.44464F 03 7.31392E 03 I . 51579F 03 1.193^5E 03 
1.0325CF C3 9.49220E 02 8.8178CF 02 8.>6740É 0? 7.W27*0E 02 
7.49090F 02 7.7245CF C2 7.0433CE 02 6.98840E 02 7.0S640F 02 
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7.25230F C2 7.733CCE C2 
2.27748E 03 2.8337CF 02 

TEP*S- I T= l.COOCCE 
SIG= l.OOOOOE CI H = 2 
XS 

1.22969E 01 1.0257AE CI 
1.00209F 01 1.00173E 01 
1.C0093F 01 1.00C81E CI 
1.C0046E CI 1.C004CE 01 
1.00014E 01 1.00010F 01 

1CEN1 P-CECKS 

23994- 124 - 1 
XA 

7.62015E 03 2 .54408E 03 
7.42960E 02 6 .80770E 02 
5.2804CE 02 5 .05610F 02 
4 .71810F 02 4 .92820E C2 
U35238F 03 1.78430E 02 

TFRMS= 1 T= l.COCCCF 
S IG* l.OOOOOE 01 " = 2 
XS 

1.22S69E 01 1.02576F CI 
1.00209E 01 1.00173E 01 
1.00093E 01 l .OCOeiF CI 
1.00046E CI 1.00040E 01 
1.0O014E 01 1.00010E 01 

ICENT P-CFCKS 

24CS4- 1 - 1 
XA 

2.27642E 03 8 .20850F 02 
2 .76390E 02 7.5551CF 02 
L 9 6 1 9 0 E 02 1.8673CE 02 
1.59330E 02 1.560fOF 07 
1.63270F 02 2 .11480E 02 
TERWS= I T= l.COCCCE 
S I C * 9.60000E 00 M= ; 
XS 

1.17961F CI 9 .84623E 00 
9 .62000F 00 9 .61653E 00 
9.6C889F 00 9 .60776F 00 
9.6C444F 00 9.60386E 00 
9 .60138E 00 9 .60096F 00 

IDFNT P-CECKS 

24194 - 1 - I 
XA 

1.07034F 04 3.88$Q6F 03 
1.33017F 03 L 2 2 6 1 6 E 03 
9«ty7UME Q2 9 . 1 2 2 4 0 f 02 
8 .12350F 02 8.5407CE 02 
5.8722CE C2 8.169C0F 01 

TEKKS» 1 T* l.COOOCE 
SIG* 9.60000F OG K* 
XS 

U17873E CI 9 .84521E CC 

e.7974CE 

OC 

C2 

.39000E 02 

1.CC927E 
1.00145F 
1.0CC71E 
1.C0C35E 

1.70008E 
6.3006CE 
4.8738CE 
5.4885CE 

CC 

0 1 
01 
CI 
CI 

0 * 
02 
02 
02 

' .39000E 02 

1.00927c 
1.00145F 
1.00071E 
1.00035E 

5.66500E 
2.3633CF 
1.7855CE 
J.5048CE 

CC 
2.40OCOE 

S.68864E 
9.61389F 
9.60676E 
9.60332E 

2.72326F 
1.14817F 
8.67050E 
9.2774CE 

CO 
2.41000F 

<5.Afi827F 

01 
0 1 
01 
oi 

0? 
02 
C2 
02 

02 

00 
CO 
CO 
00 

03 
03 
C2 
02 

02 

00 

1.7S6C9F 

KAP=-C. 

1.0C473F 
1.0C124E 
1 .OCCUE 
KO0O28F 

1.1C411F 
5.88220E 
4.7485CE 
7.614RCF 

KAP=-0. 

1.00473F 
1.00124E 
1.0CC61E 
1.00078E 

3.9662CE 
2..2C540F 
1.7191CF 
1.4F46CE 

KAPs-C. 

9.64523F 
9.61183E 
9.60588E 
9.60269E 

1.90180F 
1.07<J16E 
8.3027CE 
1.2574CF 

KAP—O. 

9.645C4F 

03 

CI 
01 
0 1 
CI 

C3 
02 
C? 
C2 

01 
01 
0 1 
C I 

02 
02 
07 
02 

00 
00 
00 
00 

03 
03 
02 
C3 

00 

3 . M 2 2 S F 

1.002P6E 
1.00107F 
1.0CCS3E 
1.00021F 

9.636ROE 
5.54690E 
4.6RB70F 
2 .13033F 

1.00286E 
1.00107E 
1.00053E 
1.00021E 

3.16730E 
2.06540F 
1.65370T 
1.55810E 

9.62736E 
9 .61020F 
9 .60510F 
9.6C198F 

1.53041F 
1.00526E 
8.090OOE 
2 .03198E 

9 .62725F 

03 

CI 
01 
01 
01 

0? 
02 
02 
03 

01 
0 1 
01 
01 

02 
02 
02 
02 

00 
00 
00 
00 

-
03 
03 
02 
03 

00 



34 

9.619S2E 00 
9.60885E 00 
9.60442F 00 
9.60138E 00 

9.616<»6F 00 
9.60F73E 00 
9.603P4E CO 
9.60095F 00 

9.61383E 00 
9.60673E 00 
S.6033CE OC 

9 . 6 U 7 8 E 00 
9 .60585F 00 
9.60268E OC 

S.61016E 00 
9.6050BF 00 
9 .60198b 00 

IOENT P-CECKS 

24194- 2 -1 
XA 

7.96592E 03 2.8930CE 03 
9.89900F 02 9.14C90E 02 
7.12070F 02 6.78980F 02 
6.C4580E C2 6.35550!: 0? 
4.36970F 02 6.C7900F 01 
TERMS= 1 T= l.CCCCOE 

2.C2632E 
8.5447CE 
6.45210E 
6.9037CE 

00 

03 
C2 
02 
02 

SIG=-0. M= 2.41000F 02 
xs 

0. 0. 
0. 0. 
0, 0. 
0. 0. 
0. 0. 

IDENT P-OECKS 

24294- I -I 
XA 

3.15789E 02 1.05263F 02 
3.00000E 01 2.72727F 01 
2.0000CE 01 1.86916F 01 
1.41343F 01 1.31723F CI 
7.89474E CO 6.55738E 00 
T£RJ*S= I T= l.OOOCOE 

0. 
0. 
0. 
0. 

6.3157SE 
2.5OOO0E 
1.74419F 
1.2220CE 

00 

01 
01 
01 
01 

SIC- 9.60000E 00 M- 2.42000E 02 
XS 
1.17785F CI 9.84419F HO 
9.61983F 00 9.61639F 00 
9.60882F 00 9.60770E CO 
9*6044CF On 9.60382F 00 
9.60137F 00 <;.600<;5E OC 

ICENT P-DECKS 

«5.68791F 
9.61377E 
9.6C67CE 
9.60329F 

00 
00 
CC 
00 

1.41532E 
8.0308QE 
6.17840F 
9.3567CE 

KAP=-0. 

0. 
0. 
0. 
0. 

4.51128E 
2.30769E 
1.626C2F 
1.1C092E 

KAP--0. 

9.644S5F 
9.61174F 
9.60583E 
9.6C267E 

03 
C2 
02 
02 

01 
01 
01 
01 

00 
00 
00 
OO 

1.13896E 
7.48Q90E 
6.02070E 
1.51267E 

0, 
0. 
0. 
0. 

3.50877E 
2.14286F 
1.51515E 
9.44882E 

9.62713E 
9.61012E 
9.60506E 
9.60197E 

03 
02 
02 
03 

01 
01 
01 
00 

00 
00 
00 
00 

2000-
XA 

0 . 
0 . 
0 . 
0 . 
0 . 

20 

- 0 . 
- 0 . 
- 0 . 
- 0 . 
- 0 . 

P DECK 2000-0 
XS 

9 .50000E-02 2 .85000E-01 4 .74989E-01 6 . 6 4 9 9 2 E - C I 8 .54994F-01 

- 0 . 
- 0 . 
- 0 » 
- 0 . 

K»22 JO* 1 

- 0 . - 0 . 
- 0 . - 0 . 
- 0 . - 0 . 
- 0 . - 0 . 

T* 0.10000E 01 
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0 .C0000F-01 1.1000CE 00 1.2000CF 00 1.3C0CCE OC L4C0O0F 00 
1.500CCE 00 1.60498E 00 1.7200CE 00 1.84499E 00 1.98000E 00 
2.1225CE 00 2 .27750E 00 2.4549SE 00 2.72499E 00 3.17512F 00 
3.80000E 00 4.575C8E 00 

IOENT P-CECKS 

1 8 -
XA 

3.49474E 
3.32000E 
2.21333E 
1.56419E 
8.73684E 

P CECK1 
XS 
2.32873E 
4.83500F 
3.42582E 
2.95649E 
2.27375E 

50 1 

00 1.16491E 00 
-01 3.01818E-01 
-01 2.06854F-01 
-01 l.*5774E-01 
-02 7.25683E-C2 
6309-0 K=22 

02 S.7442SE CI 
01 4.47264E 01 
01 3.34787E 01 
01 2.87655E CI 
01 2.C9790E CI 

6.98947E-01 4.99248E-01 3.88304E-01 
2.76667E-01 2.55385E-C1 2.37143E-01 
1.93023E-01 1.7S946F-01 1.67677E-01 
1.35234E-01 1.21835E-01 1.04567E-01 

J0= 1 T= O.IOCOOE 01 

7.36294F 01 6.25834E 01 5.42913F 01 
4.13343C 01 3.82766E 01 3.58280E 01 
3.30836E 01 3.23267E 01 3.09991F 01 
2.697G2E 01 2.66618F 01 2.56383F 01 
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FIG. 1 - Microscopic Absorption Cross Section of Gd-nat 
vs. Energy 
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FIG. 2 - Macroscopic Absorption Cross Section of Poision vs. Burn-up Considering the 
Presence of Gd-156 or not 
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