o ok B Sl S
SR <k

¢ U‘ﬁc&.é‘%.},% * 5:53
CLASSIFICATION LEVEL

e (s, C, OR U)

QEP 3 190 ATOMICS INTERNATIONAL W“E‘k

A Division of North American Aviation, Inc.

NAA-SR-MEMO_~57%2 _———
/Th'//, . 173
- is document contains
Do not remove

this sheet This is copy of series

Focsimile Price s/ J 23

Available from the
Office of Technical Services
Department of Commerce

Washington 25, D. C.

pages

CLASSIFICATION TYPE
(RD OR DI)

NAA-SR-MEMOs are working paopers and may be expanded,
modified, or withdrawn at any time,
v and are intended for internal use only.

This report may not be published without the approval of the Patent Branch, AEC.

RELEM

<5 APPUOVED — AUTHORIZATION O
FiLE W RECEIVWNG SECTION.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report, or that
the use of any information, apparatus, method, or process disclosed in this report moy
not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from
the use of information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ includes any em-
ployes or contractor of the Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides aoccess to, any information pursuant to his
employment or contract with the Commission.

v
X PR R R
FIRTARI P
[
719-H CLASSIFICATION LEVEL

(s, C, OR U)



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



ATOMICS INTERNATIONAL

A Division of North American Aviation, Inc.

TECHNICAL DATA RECORD

NAA-SR=
TOR NO 8742

APPROVALS

PpaGE 1 ofF 173

AUTHOR

R. D. Doctor
M. A. Boling

DEPT & GROUP NO
721-13

paTE 7-15-63

Go No 7569
TITLE i ] i
é 23 Ggous.Ngyéfgn Thermalization s'A No 2001 TWR
ros r
0Ss section Library SECURITY CLASSIFICATION
(CHECK ONE BOX ONLY) (CHECK ONE BOX ONLY)
PROGRAM SUBACCOUNT TITLE AEC DOD
, RESTRICTED
Supporting . ) UNCL. O | oaTa =
Technology Basic Nuclear Analysis CONF 01 0O
i . - 0 O RﬁfENSE 0]
SECRET o.
f SISTRIBUTION ECRE
AUT 1ZED CLASSIF SIGNATURE ATE
Z/07 /4
v

STATEMENT OF PROBLEM

Provide an up-to-date 23 group neutron thermalization cross
section library for the calculation of neutron thermalization

and thermal neutron spectral effects in SNAP reactors.

ABSTRACT

effects in SNAP reactors has been formulated.

A set of 23 group neutron cross sections for use in the calcu-

lation of neutron thermalization and thermal neutron spectral

methods used to obtain the cross sections are described.

The sources and

FORM 701-C REV. 10-62



NO. NAA-SR-TDR 8742

DATE July 15, 1963
ATOMICS INTERNATIONAL PAGE_ 2 OF_173

A Division of North American Aviation, Inc.

This report is a description of the sources and methods used to
obtain neutron cross sections for a 2% group thermalization cross sec-
tion library. The library is intended primarily for the calculation
of neutron thermalization and thermal neutron spectral effects in
zirconium hydride moderated, uranium fueled, SNAP reactors. The
energy range from 10 Mev to .00l ev is divided into 14 fast and nine
thermal energy groups. The nine thermal groups (groups 15 through 23)
are characterized by transfer cross sections for energy gain (up-
scatter) as well as energy loss (downscatter) while the 14 fast groups
include only downscatter cross sections. Transfer cross sections for
up tof§2§2 groups of energy loss are included in the library.

In general, the fast cross sections (groups 1 through 14) are
those described by Hansen and Roach in LAMS-2543(3). A smooth transi-
tion between the fast and thermal groups was accomplished by normaliza-
tion of the highest energy thermal group (group 15) transfer cross
section to the value calculated with an elastic unbound scattering
model. With the exception of the macroscopic water cross sections
the thermal group cross sections were weighted over a neutron spectrum
characteristic of the zirconium hydride moderated SNAP 2-10A reactor.

The energy group structure and a list of the elements in the
library are shown in Figures 1 and 2, respectively. The exceptions
to the above generalities are discussed in greater detail in the
appropriate sections of this report.

Fast Cross Sections

The fast cross sections (groups 1 through 1l4) for U253, U235, U238,
2r, Fe, Ni, Mo, @, Be, C, Na, K, B, Li-6, Li-7, and Al are precisely
the Hansen and Roach values(j). The H, Hy0, HZR, and BABS fast cross

sections involve modifications to the Hansen and Roach values. The

only cross sections based on other sources are Xe-135, Sm and Cr.
The fast absorption and transport cross sections for H and HZR

were based on the fission spectrum weighted free hydrogen cross sec-

tions reported in Reference 3.

719-P
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The fast transfer cross sections were modified to account for
scattering to the particular thermal group structure used. The
modified cross sections were based on an elastic unbound scattering
model assuming a 1/E flux and a constant free atom scattering cross
section. The group transfer cross sections can then be formulated

by Equation (1) which essentially expresses a conservation of reaction

- U/ [G{(Eo_’m] g(E ) dE_dE

J
/ #(Ey) 4E,

A

rate.

T3

y = transfer cross section for neutrons scattering
from group i to group j
E, = the initial neutron energy (in group i)
E = the final neutron energy (in group j)
o(E, - E) = O‘s(bo) P (Eo“"E)
gs(Ey)
P(E, > E) dE

the scatter cross section at energy E,

probability that, given a scattering interaction

1]

at energy Ey, the neutron will emerge in 4E about E

g(E,)

In the energy region where chemical binding effects are unimportant,

neutron flux at energy Ej

the integrals of Equation (1) can be evaluated to yield Equations (2)
through (4).

oslEg = Ep)(d- - i",;)
Tiy = ﬁ for AE, < Ep (2)
(1-o) 18 2
A

1 =
O"ij. Ts & 1m EX+EC(E;-%)+(EC-ED)(EB-EJE>

(3)

Eg -1 E
ln = for E D
EJ ° A > A > EB
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- N
— ) -1
on = .S E ‘L_ - l_\ + Aln Ex ‘; in LB
YIoo1 -2 |0 Ex EB B, E
= \ NV BN
Ep ‘
for 2 < Ep (4)

Ep, and EB are the upper and lower energies respectively of the source
group (group i) and Eg and Ep are the upper and lower energies, respec-
tively of the group to which the neutron scatters (group j). Eyx is the
smaller of EA or EC/ck, where ot is the maximum possible fractional
energy loss per collision.

It was necessary to modify the fast transfer cross sections for
hydrogen only since for all other elements, transfer to the thermal
groups (15 through 23) occurs only from group 14 to group 15. The
energy group structure used here was such that only Equation (2) was
required for the modification. The fast transfer cross sections for
each modified group were normalized to the corresponding Hansen and
Roach values.

The library contains macroscopic cross sections for H20. These

were calculated from Equation (5).

H,0

H
E 27 < (2 Ty,g * T Z) (0.0334 x 102‘*) (5)
X ]

where ‘Tx,g = the microscopic cross section for group g for
the particular interaction X (absorption,
transfer or transport). The H superscript
represents fission spectrum weighted hydrogen;
the @ superscript represents oxygen gas, both
from Reference 3.
iEx,g = the macroscopic interaction cross section for

water.

719-P
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BABS (Boron Absorption) is a fictitious element that was added
to the library in order to provide a pure 1/v absorber. The absorp-
tion cross sections are those of Boron from Reference 3. The trans-
port and transfer cross sections for this element were set equal to
zero.

The fast absorption, transport and transfer cross sections of
XE-135 were taken as zero.

The fast CR cross sections were taken from the 16 group set of
Hansen cross sections accompanying the DTK computer program (Refer-
ence 4).

The fast Sm cross sections are identical to those reported by
Norman (Reference 5).

Thermal Cross Sections - General

In general, point values of the thermal cross sections as func-
tions of energy were flux averaged over the thermal spectrum of the
SNAP 2-10A core (Figure 3) to obtain the thermal group cross sec-
tions. The spectrum used for weighting the thermal cross sections
was obtained from QUICKIE (1) using a previous 23 group cross section
library and the core composition shown in Figure 4,

Thermal Fission Cross Sections

Pointwise data for the fission cross sections of U233 and U235
were taken from BNL-325 (References 6 and 7) and weighted over the
SNAP 2-10A thermal spectrum. The number of neutrons emitted per
fission, ) , was taken as 2.45 for U235 and 2.51 for U233 for the
calculation of Vb}.

The fission cross section for U238 was taken as zero in the

thermal range.
Thermal Absorption Cross Sections
The U233 and U235 point absorption cross sections were determined

from
Ta = (l+ o‘) O'f (6)

719-P
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where o~ (the ratio of the capture to fission cross sections) and Tpy
as functions of energy, were taken from BNL-325, The point values

of Oy were flux weighted with the SNAP 2-10A spectrum over the thermal
group structure,

The thermal absorption cross sections of H(gas), HZR, Zr, Fe, Ni,
Mo, Cr, WM @(gas), Be, C, Na, K, B, Li-7, Al, and BABS were assumed
to vary as 1/v. The cross sections were normalized to the 2200 m/sec
absorption cross sections from BNL-325. The values of U; (2200) used
for each of the elements in the library are tabulated in Figure 5.

The macroscopic cross sections for HpO were determined as described
above using microscopic point values for H and @ from BNL-325. Instead
of weighting the point values over a SNAP 2-10A core spectrum, an
experimental spectrum for water determined by Poole (Reference 8) was
used. This spectrum is shown as Figure 6.

The XE-135 absorption cross sections were assumed to be equal to
the total cross section reported in BNL-325, The point values of
G1otal obtained from BNL-325 were weighted over the SNAP 2-10A spectrum.

For Li-6 and U238 the absorption cross section was calculated

from Equation (6). Point values of Tiotal Were taken from BNL-325.
Ta = Ttotal ~ s (7)
The value of U; for U238 was assumed to be constant throughout the
thermal energy range and was taken as 8.3 barns (Reference 9). The
value o forg+i -6 was estimatedA?s 0.9 barns 7te Sm eress Seaﬁans
b .

were rom 0Se redsn 6d rman ,n fe erence S
Thermal Transport Cro Secti ons ‘

The thermal transport cross sections are all based on
Typ = Ty * Ty (1 -4 (8)

The cross sections for U233, U235, U238, Al, Fe, Zr, Ni, Nb, K,
and Cr were determined by assuming that /22<:<l. Point values of
Ttotal Were taken from References 6 and 7, and weighted over the

SNAP 2-10A spectrum to give group cross sections.

719-P
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The BABS, Xe-135, and Sm cross sections were calculated by
assuming that 05 <<J,.

Equation (8) was used directly for the calculation of the HZR, H,
Li-6, Li-7, Be, C, Na, @, and H,0 transport cross sections.

The graphs of OE versus energy for H20 in BNL-325 were used

as the source of poiztaialues of TOiotay for water. Drozdov's data
(Reference 10) was used as the source of’/g. All water cross sec-
tions were weighted over the experimental spectrum of Figure 6
(Reference 8).

For HZR it was assumed that
Ciotal (HZR) = Ttotal (H)

where point values of C%otal (H) were taken from BNL-325. It was
further assumed that //;(Hao), from Drozdov (Reference 10), could
be used for the calculation of the thermal transport cross sections
of HZR.

For the materials H, Li-6, Li-7, Be, C, Na and &, /Zwas taken
as 2/3A.

The value of gg for Boron was taken as the free atom cross sec-
tion reported in Reference 6.

The specification of the thermal group transfer cross sections
is complicated by the consideration of chemical binding effects.
Consequently the calculation of the energy transfer cross sections
o (E,—> E), for use in Equation (1) must take into account the distri-
bution of energy states in the crystal and the relative populations
of these energy states. Miller, Brehm, and Roberts (Reference 11)
have described, in some detall, the calculation of the energy transfer
cross sections particularly for hydrogen bound in zirconium hydride.
Their techniques have been followed in the preparation of the thermal

group transfer cross sections.
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The distribution of energy states in the crystal is described by
a frequency distribution function. The relative population of the
energy states 1s represented by a statistical occupation number. The
equations using these functions are described by Miller et al and are
programmed as DSDE (Reference 16), an IBM 7090-7094 computer code.
DSDE will produce thermal group transfer cross sections, weighted
over any desired spectrum, based upon either a Wigner-Wilkins free gas
scattering model(lB) or a crystal scattering model. A Debye freguency
distribution function (proportional to Ea) cut off at the Debye energy,
was assumed for U233, U235, U238, Be, C, Al, Fe, Zr, B, Ni, Li-6, and
Li-7 in formulating cross sections using a crystal phonon model. For
all of these elements, a smooth transition from the thermal to the
intermediate energy groups was achieved by normalizing the set of
thermal energy transfer cross sections such that the group 15 cross
sections corresponded to a value calculated by assuming elastic un-
bound collisions. The values of Oy for normalization for U233 and
U235 were the average scattering cross sections from BNL-325. For
Be, C, Al, Fe, 2r, B, Ni, Nb, Cr, and Li~?7, the free atom cross sec-
tions from BNL-325 were used. The scattering cross sections for Li-6
and U238 were taken as 0.9 barns and 8.3 barns, respectively.

For hydrogen bound in zirconium hydride, a freguency distribution
function for proton states was obtained from the experimental data
of Woods, et al (Reference 12). As pointed out by Miller, et al
(Reference 11), the protons in zirconium hydride are "fairly well
bound in the ground state and undergo a transition to a communicating
band structure within a few excitted states'". An analogy to the
problem of electronic states in a semiconductor, containing impurities,
suggests the use of Fermi~Dirac statistics for a statistical occupa-
tion number for the protons. The cross sections for HZR, then, are
based on an experimentally determined freguency distribution function
and the use of Fermi-Dirac statistics to describe the population of

proton states, and therefore is not a crystal phonon formulation.

719-P
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The cross sections were normalized as described above using the free
atom scattering cross section from BNL-325.

The transfer cross sections for H, @, Na and K were calculated
from a Wigner-Wilkins free gas scattering kernel (Reference 13) by
DSDE. The cross sections were normalized to the total scattering
cross section as calculated from Equation (7).

The thermal transfer cross sections for BABS, Xe-135, and Sm were
taken as zero.

The group transfer cross sections for Hy0 are based on the crystal
phonon model using a frequency distribution function derived from the
experimental data of Brockhouse (Reference 14).

All of the thermal transfer cross sections (except HZO) were
spectrum weighted with the SNAP 2-10A spectrum. The water cross
sections were weighted with a water spectrum derived from Reference 8.

The only temperature dependent cross sections in the library are
those for HZR and Zr at 68°F, 300°F, 700°F and 1000°F. The remainder
are for room temperature.

Comparison of Calculated and Experimental Spectra - Zirconium Hydride

The neutron spectra for zirconium hydride, calculated by QUICKIE

from the cross sections described in this document, are compared in
Figures 7 and 8 to the experimental spectra of Beyster, et al (Refer-
ence 15). It is seen that agreement of the room temperature spectra
are quite good, for both the poisoned and unpoisoned cases, except at
the very low energies where the calculated spectra are somewhat high.
This discrepancy is attributed to an error in the neutron conservation
rather than to an inadequacy of the scattering model.

Comparison of the calculated water spectra with the experimental
spectra of Poole shows agreement for both the unpoisoned and poisoned
(2.9 barns/H atom) cases (Figures 9 and 10).

A complete listing of the cross sections determined by the methods
described in this report is given in the Appendix.

719-P
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Group Upper Lower Upper Lower
No. Energy Energy AE Lethargy Lethargy AU
ev ev
1 10x106 3x108 7x106 0.000 1.204 1.204
2 3x106 1.4x10% 1.6 1.204 1.966 0.762
3 1.4x10%  0.9x10% o.5 1.966 2.408 0. 442
4 0.9x106  0.4x10% 0.5 2.408 3.219 0.811
5  o0.4x10® o0.1x10% 0.3 3.219 1,605 1.386
6  0.1x10% 17x103  0.083x10®  4.605 6.377 1.772
vi 17x107 3x10° 14.0x103 6.377 8.112 1.735
8  3x103 0.55x105 2.45x10 8.112 9.808 1.696
9 0.55x10° 100 0.45x10 9.808 11.513 1.705
10 100 ev 30 70.0 11.513 12.717 1.204
11 30 10 20.0 12.717 13.816 1.099
12 10 3 7.0 13.816 15.020 1.204
13 3 1 2.0 15.020 16.119 1.099
14 1 0.4 0.60 16.119 17.035 0.916
15 0.4 0.2 0.20 17.035 17.728 0.693
16 0.2 0.14 0.06 17.728 18.085 0.357
17 0.14 0,10 0.04 18.085 18.421 0.336
18 0.10 0.07 0.03 18.421 18.772 0.351
19 0.07 0.04 0.03 18.772 19.331 0.559
20 0.0k 0.02 0.02 19.331 20.024 0.693
21 0.02 0.01 0.01 20.024 20.717 0.693
22 0.01 0.004 0.006 20.717 21.633 0.916
23 0.004 0.001 0,003 21.633 23.019 1.386
FIGURE 1
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Element
Symbol
Al

B

BABS
BE

CR
FE

H2g
HZR

HZR 3
HZR 7

HZR 10

LI6
LI7
Mg
NA
NB
NI

SM
U233
U235
U238
XE135

ELEMENTS IN THE LIBRARY

Description

Aluminum

Natural Boron

Boron (Absorption Only) - A Fictitious Element
Beryllium

Carbon

Chromium

Iron

Free Gas Hydrogen

Water (Molecular)

Hydrogen Bound By Zirconium In Zirconium Hydride
At 68°F

Hydrogen Bound By Zirconium In Zirconium Hydride
At 300°F

Hydrogen Bound By Zirconium In Zirconium Hydride
At 700°F

Hydrogen Bound By Zirconium In Zirconium Hydride
At 1000°F

Potassium As In NaK Alloy
Lithium 6

Lithium 7?7

Molybdenum

Sodium As In NaK Alloy
Niobium

Nickel

Free Gas Oxygen
Samarium

Uranium 233

Uranium 235

Uranium 238

Xenon 13%5

FIGURE 2
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Element
Symbol
ZR

2R 3
ZR 7
ZR 10

ZLEMENTS

IN

THE LIBRARY (Continued)

Zirconium
dirconium
Zirconium

Zirconium

As
As
As
As

Description

In Zirconium Hydride At
In Zirconium Hydride At
In Zirconium Hydride At

In Zirconium Hydride At

68°F
300°F
700°F
1000°F

FIGURE 2
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The following atom densities were used in QUICKIE (Reference 1) to
calculate a thermal neutron spectrum representative of the SNAP 2-10A

core. (Figure 3)

Element Atom Density x 10<¢
Uz235 0.001166

U238 0.00008462

HZR 0.05454

ZR 0.02917

NI 0.003339

FE 0.0002820

NB 0.000708

CR 0.000379

NA 0.000528

K 0.0011420

FIGURE 4
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Element
Symbol
Al

B

BABS
Bk

c

CR

FE
Heg
HZR
HZR 3
HZR 7
HZR 10

LI6
LI7
Mg
NA
NB
NI

SM
U233
0235
U238
XE135
ZR

ZR 3
ZR 7
ZR 10

eg.(aaoo in/sec)
barns

0.241

755
755
0.01
.00373
3.1
2.62
0.332
0.332
0.332
0.332
2.07
0.036
2.7
0.525
1.16
L.6
0.0002

0.185
0.185
0.185
0.185

T
barns
1.40
3.69

6.11
L.7

3.95
20.3

20.3
20.3
20.3
20.3

0.9
1.04
5.975

6.46
17 4h

12.5
10.0
8.3

6.1
6.1
6.1
6.1

FIGURE 5
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TAPE LIBRARY LIST
NUMBER ©GF GROUPS=23
NUMBER OF DOWNSCATTER GROUPS=14
NUMBER OF UPSCATTER GROUPS= 8
FIRST THERMAL GROUP=15
ENERGY INTERVAL FOR EACH GROUP

1 0.7000C0000E 07 2 0.16000000E 07 3  0.49999999E 046 4 0.49999999E 06 5 0.30000000E 06
6 0682999999E 05 7 0.13999999E 05 8 0.24500000E 04 9 0.45000000E 03 10 0.70000000€ 02
1} 0.20000000E 02 12 O0.70000000E 01 13 0,20000000E 01 14 0,59999999E 00 15 0.,20000000E~-00
16 0059999999E-01 17 0.39999999E-01 18 0.30000000E-01 19 0.30000000£-01 20 0.20000000E-01
21 0e999999G99E-02 22 0.59999999E~02 23 0.30000000E-02

CHI FOR EACH GROUP

1 0.20400000£-CO 2 0434400000E-00 3 0.16800000E-00 4 0+18000000E~00 5 0.90000000E~01

6 0+ 135999S9E~-01 7 =0e 8 -0, 9 ~0. 10 ~0.
11 -0 12 -0, 13 ~0. 14 -0, 15 -0
16 -0, 17 -0. 18 -0, 19 ~0. 20 =0.
21 ‘0. 22 =C0e 23 -0,

¢LT 30 ¢2 e8evg
2H{lQ=9ar-gS~-YVN

€96T *GT ATnp



ATGMIC

11
16
21

11
16
21

WEIGHT=

0.15899995E~-01
0e¢ 49599999E-02
0+ 5999G6999E~02
0e5435C000E-01
0. 2150C0C0E-CO

0.18059000E 01
0e 14346999k 01
O« 1366000CE O1
0.1564C99SE 01
0.,18821000E 01

12
17
22

12
17
22

06426979S99E 02

0e 34999999E~03
0,20000000€E-02
0016999999E-01
0,11189999E~-00
0046393999E-00

0.20223499E 01
0.14630000E 01
0.138500C0E 01
0e15974999E 01
0.16824000E 01

AL

v ZERO= 0,

3

13
18
23

13
18
23

SIGMA ABSORPTION

0. 38000000E-03
0. 99999999E-03
0. 30000000E-01
0.13185000E-00
0. 78422000k 00

SIGMA TRANSPORT

0.21403799E 01
0+ 13649999E 01
0.14100000€ 01
0. 15509000 O1
0.11787999E 01

4

9
14
19

14
19

0. 70000000E-03
0. 30000000E-02
0+ 49999993E~-01
0.16441000E~00

0.27207000E 01
0.13660000E 01
0.14600000E 01
0.15463000E 01

5
10
15
20

10
15
20

0.20000000E-02
0+59999999E~-02
0.72430000E-01
0.,22289000E-00

0.28320000E 01
0.13660000E 01
0.15499999E 01
0.15815999E 01

¢.T I0 42 83eg
¢96T *ST L1np
Zhlg="AIL-¥S~YVN



1710 2

170 3

170

5

170 5

170 6
570 &

170 7
570 7

170 8
570 8

170 9
570 9

17010
57010
97610

17011
57011
97011

17412
57012
97012

0+55995999E €O

0+ 09999S99E~-CO

0.30000000E-01

"'0.

-0
Ce1399G6999E~CO

Ce
e ¢

Q.
‘O.

Ce
“‘0.

Oe
"00
04599939999E~-01

Oe
Ce
=0

Os
Ce.
-0-

270 3

278 4

270 5

2T0 6

270 7
670 7

270 8
6T0 8

270 9
670 9

27010
67010

27011
6T011
1070411

27812
670612
107012

SIGMA DOWNSCATTER

0.23000000E-00

0.11000000E-00

0. 20000000E-01

0.90000000E~03

-0
04 69999999E~01

O.
‘00

O.
-0-

O.
-0

Oe
~Oe
0.84000000E-01

O.
0,
"Oc

370 4

3706 5

370 6

370 7

370 8
770 8

376 9
770 9

37010
77010

31011
77011

37012
77012

117012

0«38000000E-00

013999999&-00

0e99999999E-02

"00
062999999c~01

O
=0

O.
~0e

O.
’00

0.
-0,
0+91999999:~01

4708 5

470 6

410 7

410 8

4706 9

878 9

47C10

87010

47011
87011

47012
81012

0+ 25000000£-00

«0a

-0.
02 59999999E£-01

0,
-0 =
J =
o <y p>
g |
@
<
0 Gk
* CRE
"0‘ O«
H ]
o3
58%
\N\N
O.
-0



17013
571013
97013

17014
57014
97814
137014

17015
57615
37015
137015

271016
67016
107016
147016

31017
71617
117017
157817

470618
87018
127018
167018

57019
970619
1371019
177019

67020
1071020

Ce
O
=0

Ce.
Ce

=0
0+93995599£-01

C.
Ce
Ce
-Ce

Ce
Ce
Ge
"0.

Ce
Ca
Ce
Ce

Ce
O.
Ce
Ce

C.
Ce
Ce
0« 17920999E~C1

Ce
O

27013
67013
107013

27014
67014
107014

27015
670315
107015
147015

37016
77016
117016
157016

47017
87417
127017
167617

57018
97018
131018
177018

67019
107019
147019
187019

77020
117020

Oe
Ce
-0

O.
0.
e

O.
O

-0,
0+11499999E-00

O.
OCe

o ¢ I8
0414569999£~00

Oe
Oe
"0.
0. 10365000E~-00

Oe
O.

=0
0+76562999E-01

O.
Oe
-0,
0+ 66016000E~-01

O.
De

37413
77013
117013

37014
77014
117014

37015
77015
117015

4T016
87016
127016

57017
9TO17
1371017

67018
1071018
147018

77019
117019
157019

BTG20
127020

O.
O.
=0

Oe
O.

O
Qe
-0e

Ce
Cs
-0

Oe
O
=0

O
O
-0Da

O.
Oe
Oe

O.

47013
87013
1270613

47014
BT014
127014

470815
87015
127015

57016
97016
137016

67017
107617
147617

77018
117018
157618

87019
127019
167019

97020
1370620

Ou
"0;
0. 84000000£-01

Oa
O
-0

Oe
"Osl

Os
Ca
“Do

Oe
O
=0

O,
O,
Oe

O.
O
0.
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147620
187020

77021
117021
157021
197021

871822
127822
167022
207022

37023
137023
177023
217023

Ce
Ce13996000E-0C1

Ce
Ce
C.
Cel12678999E-01

Ce
Ce
Ce
Ce34183999E-02

Ce
O
Ce
0e625915999E~03

157620
1970820

871021
127021
167021
207021

971022
137022
177022
2171022

107023
147023
187023
2270623

O.
0.30814999E~01

O.
O.
Oe
0.83170999E~02

Ce
O
O.
0.23643000E-02

Oe
Oe
Oe
Oe 45090000£-03

1670620

97021
137021
177021

107022
147022
187022

117023
1570623
197023

Oe

Q.
O
Q.

Ce
O
Oe

Oe
Oe
0e14231999E-04

177620

107821
147021
187021

117022
157022
1971022

1274823
167023
207023

Oe

O.
O.
Qe

Oe
Os
0« 54995000E-02

O.
O.
0.99851998E-03

LT 30 L2 a88g
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167015
207015

177€16
217016

181017
2270617

1970618
237018

207019
217620
227821

2374822

C«18901999E-01
Ce

0. 28400999E-C1
Ce.

0e35422999E~01
Ce

0«3186C000E-01
Ce

0+31588999E-01

C.18137000E~01

0«61632999E~-02

0.21515000E-02

177015
2174815

187016
227016

197017
237017

207018

2170319

227020

237021

SIGMA UPSCATTER

O.
0.

O.
O.

0+ 46901999E-02
O.

0+ 53357000E-02

0.15791000E-01

06¢19429000E-01

0, 78179999E~02

187015
227015

197016
237016

207017

217018

227019

237020

Oe

O

0.66802999E-02

0,27033000E-01

197215

237015

207016

217017

227018

2370619

Os

O

O.

0.

O

0«31363999E~04

¢.T Jo g2 s3eg
¢96T *GT LTnp

2h{Q=¥aA L= S=VVN



ATOGMIC WEIGHT=

11
16
21

11
16
21

0.10820C00E 02

0¢39999999E~-01

0.610000C0E
0.290000C0E
0.295589SSE
0.98687CC0E

0.1520C0C00E
0.4079S99SE
0+ 3247C0C0E
06 29905260E
0.99033260E

co
02
03
03

01
01
02
03
c3

12
17
22

12
17
22

0, 59999999E~01

0.1500C000E
0.52000000E
0. 35057000k
0+ 14534400E

0.1790000C0E
0, 49699999E
0.55469999E
0+35403259€E
0¢14569025E

01
02
03
04

01
01
02
03
04

B

V ZERC=

13
18
23

13
18
23

O.

SIGMA ABSORPTIOGN

0+ 39999999E~01 4
0.34000000E 01 9

091999999k 02 14
0.41305000E 03 19
0. 24568000k 04
SIGMA TRANSPORT
0.21399999t 01 4
0. 68699999E 01 9
0+95469999E 02 14
0.41651260E 03 19
0.24602626E 04

B= Os

0.79999999E-01

0.80000000E
0.15100000E
0.51505999¢E

0.22699999E
0.11470000E
0+15447000E
0.51852260E

01
03
03

01
02
03
03

10
15
20

10
15
20

0.27000000E~00

0.16400000E
0.2269199SE
0.,69826999E

0.31599999E
0,19870000E
0.23038260E
0. 70173260E

02
03
03

01
02
03
03

¢/.T 30 62 @3eg
¢96T *4T LTnp
2HLQ=HAT~YS-VVN



170 2

170 3

170 4

176 5

170 6
570 6

17¢ 7
570 7

170 8
570 8

170 9
5T0 9

1T010
57610
97010

17011
57011
97011

17012
57012
971012

0+ 6699599SE CO

=Coe 270 3
-Ce 2T0 4
ol ¢ 1Y 270 5
~-Ce 270 6

C.3800C000E-CO

C. 276 17
~0e 670 7
Ce 270 8
-0 670 8
Ca 273 9
'0. 6TG 9
C. 270610
~Ce 670310

0«3800C000E~CO

Ce 274011
Coe 67011
-0 107011
Oe 27012
Ce 67012
=0e 107012

SIGMA DOWNSCATTER

0641999999E-00

‘0.

=0.
0+ 36000000E-00

Oe
=0

O
=-0e

Oa
-0

O.
=0.
0452999999E 0O

Oe
O.
-0e

370 4

370 5

370 6

310 7

370 8
7740 8

370 9
70 9

37010
77010

37011
77011

3714012
77012
117012

0. 88000000 00

"'0.
0. 37000000E-00

O.
~De

O.
~0Oe

C.
~0e

O.
{1
0.58000000E 00

470

w

4T3 6

470 7

470 8

470 9

8T8 9

47010

87410

47011
87011

47012
87012

0. 50000000E

“Oa

=0

00

0« 38000000E-00

Oe
=0

Oe
=Ce

O
-0s

¢.1 o 0¢ 838®d
¢96T *GT £Inp
2HLQ=MAT~¥S=YVN



17013
57013
97013

17014
57814
97014
137¢14

17815
574015
97T€¢15
137015

274016
67016
107016
147016

37017
11017
117617
157017

47018
87018
121018
167018

57019
971C19
137619
177019

67020
107620

Ce
Ce
-On

Ce.
Ce
pad 1S
0+ 5800C00CE CO

Ce
Ce
Ce
=Ce

Ce
Ce
Ce
“C»

Ce
C.
Ce
0e35935000E-CO

O.
Ce
Ce
Ce125095999E-CO

Ce
Ce
Ce
Ce778625995E-C1

Ce
Ce

27013
67013
107013

27014
67014
107014

27015
670615
107615
147015

37016
77016
1170616
157816

47017
87017
127017
167017

57018
97018
137018
177018

67019
107019
14TC19
187019

77620
117020

O
Q.
‘00

Oe.

‘0.

0.
O.
-0
0. 70000000E 0O

O
O
~0e
0+ 4564T7000E~-00

Oe
O.

-0
0413661999E-00

Oe
Oe

=0.
0.70327000E-01

Os
Q.

-0
0e49665999E~01

O.
0.

37013
77013
117013

37014
71014
117014

37015
77015
117015

47016
87016
127016

5Td17
97017
137017

67018
107018
147018

77019
117019
157019

87020
127020

Oe
=0

e
Ce
=0

O
Oe
“0.

Oe
~0e

Os

«0e

O.
.
-Ot

Ce
O.
C.

Ce
Oe

47013
87013
1274813

47014
87014
127014

47015
87015
127015

57016
971416
137016

67017
107017
147017

77018
117018
1570618

87019
1271819
167019

97820
137020

Os
(e
0.52999999& 00

Oe
Oe
‘0:

O,
141
’0'

Oe
Ge
-

O.
Ce
d * 1

Oe
O.
0.11037999E~0

o

Ca
Ce
0412654000£-0

&Io T¢ @3ed
¢96T 6T L1np

¢LT

O,
Ca

2hlQ=-¥aL~¥S-VVN



147020
1870820

77021
117821
157021
1971821

87022
127022
167822
207022

97023
137823
1770823
217023

Ce
C«30723000E-01

Ce
Ce
C.
0. 74106C0CE-C2

Ce
Ce.
Ce
0.17800999E-02

Ce
C.
0.22731999E~02
C+30512999E~03

157020
1970620

8T021
127021
167021
207021

97022
1370822
1771022
217022

107023
147023
187023
227023

Oe
0419250999E-01

O
Oe
O.
0. 44984999E-02

O
O.
0. 75430000E~02
0+11730000E-02

O.
O.
015121000E~02
0421325999£-03

167020

97021
137021
177021

107022
147022
187022

117023
157023
197023

0s45341999E~01

O
Oe
0.17830999E~01

O«
O
050316999:-02

O
Oe
0e¢91599999E~-03

177020

107021
147021
187021

117022
157022
1970622

127023
167023
207023

O 46359999E-01

O
Oe
0411911999E-01

Oe
O.
0430854999E-02

Os
Oe
0450717999E-03

¢LT 3o 2¢ 88eg
¢96T *GT £Lnp

24H48-901-¥S-VVN



SIGMA UPSCATTER

167015 0+44392999E~C1 177015 0.97851998E-02 187015 0.14764000E-02 197015 Oe
207015 Ce 2170815 O. 227015 Oe 237015 0.

177016 C«43199C00E-01 187016 0.19812000E-01 197016 0.81015000E~02 207016 0.18728000E~-02
217016 O. 227016 O. 2374016 O.

187817 Ce34931999E~-C1 197017 0.18613999E-01 20TO017 0.11268000£-01 217017 0.81532999E-02
227017 0. 68013000E-02 237017 0e75162999E~-02

197018 0+23979999E-01 207018 0.15137000E-01 217018 0,12822000E~01 227018 0,14156999E-01
237018 C.20305999E-01

207019 0e19662999E-01 217019 0.16504999E-01 227019 0.17928000E~01 237019 0. 25369000E-01
217020 Ce97905999E-02 227020 0.10091999E~01 237020 0013693999&-01
227021 0«30558000E-02 237021 0.37881000E-02

237022 C.10173000E-02

¢€4T 30 ¢¢ 88eg
¢96T *GT ATnp

2hlg-9a1-95-YVN



BABS
TOMIC WEIGHT= 0.10820C00E 02 V ZERC= 0. B= 0.
SIGMA ABSORPTIOCN

1 0639999999E-01 2 0659999999E-01 3 0.39999999E-01 4 0679999999E-01 5 0.27000000E-00
6 0.6100C000E CO 7 0,15000000E 01 8 0.34000000E€ 01 9 0.80000000E 01 10 0.16400000E 02
11 0,2900C000E 02 12 0,52000000E 02 13 0.91999999E 02 14 0.15100000E 03 15 0,22691999E 03
16 0029558999E 03 17 0.35057000F 03 18 0.41305000E 03 19 0.51505999E 03 20 0.69826999E 03
21 0.S86B7C00E 03 22 014534400 04 23 0.24568000E 04

SIGMA TRANSPORT

1 -0. ' 2 -0, 3 =0, 4 =0 5 -0,

6 -0 7 =0 8 —-0. 9 -0, 10 -0,
11 =0 12 -0, 13 -0. 14 -0, 15 =0,
16 -0. 17 -0. 18 =-0. 19 -0, 20 -0,
21 "‘0' 22 ~0. 23 =0,

¢LT 3o #¢ °3ed
ZHlQ=¥AL-¥S-YVN

€96T *GT L1np



170 2
1710 3
170 4
11¢ 5

170 ¢
571C 6

176 17
570 7

17¢ 8
570 8

170 o
578 9

170610
57010
91010

11011
57011
9710611

17012
57012
971012

Ce

=-Ce
"0.

Ce
=Ce

O
d ¢ I

C.
=0e

Ce
=0e
it ¢

Ce
Ce
-Ce

Ca
Oe
"00

276 3

270 4

278 5

270 6

270 7
670 7

270 8
670 8

2710 9
6T0 S

27010
67010

27011
67011
107011

27012
6T012
107012

-0
“0'

0.
-0

O.
-0

O
'0.

O.
=0.
=0

O
Oe
"00

SIGMA DOWNSCATTER

370 4

318 5

370 6

310 7

370 8
770 8

3710 9
770 9

37010
77010

371011
11011

37012
17012
117012

“00
1S

'0-

O
-0

Ce
"0.

Oe

-0,

470 5

470 6

470 7

470 8

470 9

8T8 9

47010

87010

47011
87011

47012
87012

=0
~0Oe

Oe
-0

C.
"00

Oe
-0,

¢LT 30 G¢ @3egq
€961 *ST LTnp
2H4Q=¥AL-9S=-YVN



17413
571013
97013

17014
57014
97014
137014

17015
57815
97015
137015

27416
67016
107016
1474016

371017
771017
117017
157417

47018
81418
121018
167018

570619
97019
1371019
177019

67020
107020

Oe
Ce
‘Co

O
Ce
~Ce

Ce

Ce
=Ce

Ce.
Ce
"00

Oe
Ce
Ce

Qe
Ce

Ce

C.
Ce
Ce
Ce

Ce
Ce

27013
67013
107013

27014
6TCl4
107014

2T@e15
67015
107015
147015

37016
77016
117016
157016

47017
8T017
127017
167017

5T@18
37018
137018
177018

67019
1070819
147019
187019

77020
117020

O
‘0-

Oe
O,
°0.

Oe
O.
-0
-OQ

C.
Oe
~0e
O.

Oe
-00
Oe

0.
O.
Oe
O.
Oe

=0
O

Oe

37013
77013
117013

31014
17014
117014

37015
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51010 0.2700C000€E-03  6TOG10  0419799999E-02 77010 0.13959999E-01  8T@10 0.81499999E-01g &
971010 Ce45779999E-CO 2 EL
N
V&g
17011 0o 27011 0. 37011 0. 47011 0. o~ @
51011 Ce 67011 0.83999999E-03  7TO11  0.40599999E-02  8T011 0424050000015 1= 0o
91011 0.1283C0000E-CO 107011 0e53086000E 00 dé%]
17012 Ce 21012 0. 31012 0. 47012 0.
51012 Co 61012 0. 77012 0.20299999E-02  8T012 0+81499998E-02

97012 0+4540C000E~-01 107012 0.18162999E~-00 117012 0.58120000E 0O



17613
51613
97013

17014
57014
971014
137014

17015
57015
97015
137015

27016
67416
107616
147016

37017
77817
1171017
157617

47018
81018
127018
167018

57019
971019
137019
177019

67020
107020

Ce
Ce
0.1283CC00E~-O1

Ce
Ce
0« 6410C000E-02
C.5087500CE CO

Ce
Ce
Ce
Ce1641€C000E~CO

Ce
Ce
0e20999999E-02
0«13339999E-CO

C.
Ce
0.31995999E-02
Ce27265C00E~CO

C.
Qe
Ce 77999999E-C2
C.38135999€~C0

Oe
Ce
Ce25099999E~01
C+35918000E-CO

C»
Ce

27013
67013
107013

274314
67014
10TC14

27015
67015
107015
147015

37016
77016
1170816
157016

47017
87017
127017
167017

57418
97018
137018
177018

67019
107019
147019
187019

77020
117820

O
Os
0.52100000E~01

O.
O.
0+ 15489999E~-01

0,
O.
0. 69000000E-02
0¢46120000t-00

O.
O.
0. 48000000E~-02
0¢39546999E-00

Oe
Oe
0.10500000E~01
0e34125999E-00

Oe
O.
04 25099999E~01
0,27192000E-00

O.
O
0. 67500000E~01
0+28314999E~00

O.
0. 16000000E-02

37013
17013
117013

374014
77014
117C14

37015
77015
117015

47016
87016
127416

57017
97017
137017

67018
107018
147018

17019
117019
157019

87020
1270620

Oe
Oe
0.16152000E-00

O.
Oe
0+,48029999E-01

Oe
Os
0. 16000000£-01

O,
C.
015799999c-01

Os
C»
0632799999E~01

Os
0.
0. 67500000E-01

Oe
0e23999999E~02
0,97202999&~01

O.
0+51999999E~02

47013
87013
1270613

47014
87014
127014

41015
87015
127015

57016
97016
137016

67017
107017
147017

77018
117018
1570618

871019
127019
167019

97020
137620

O
0+ 34700000E~02
0. 54080000 0O

O
0.
0+15790000E-00

Oe
O.
0.52599999E~-01

G
O
0549199999E-01

Oe
0¢13999999E-02
0, 88900000E-01

Oe
0+23999999E~02
0, 14636999E-00

O.
0, 7T7999999E-02
0. 38880999E~-00

O,
0.16800000E-01
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147020
187020

77021
117021
157021
197021

87022
127022
167022
207022

97023
137023
177023
217023

0+4500C000E-~01
0+19582000E-CO

Ce

0e 79999999E~-03
0.19935000£E-01
0.58C86000E-0C1

Qe

0e1600C000E-02
Ce17C25000E~-01
Ce21117999E-01

Ce

Ce 24599999E~-02
Ce 13744599E~01
Ce 65765999E~0C2

157020
197020

87021
127021
1670621
207021

97022
137022
177022
217022

107023
147023
187023
227023

0.52669000E-01
0. 17242000E-00

O

0625999999E-02
0e49610999E-01
0.72355999E-01

O.

Oe 49999999E-02
0e46315999E-01
033264000E~-01

O»

0e66999999£-02
0.13851000E-01
0.81206999E-02

167020

97021
137021
1770621

107022
147022
187022

117023
157023
197023

0+ 17360000E~-00

O.
0¢83999999E-02
0.10956000E-00

O
0.13500000E-01
0643638999E-01

0. 20000000E-03
0.25523999E~02
0e92251999E-02

177020

1070621
147021
187021

1170622
157622
1970322

127623
1670623
207023

0o 26488Y99E-00

O
0.22499999E-01
0.96984999E-01

0+ 49999999E-03
0+ 84410999E~02
0.28462999E~01

0,79999999E~03
0+.47972000E~02
0+55444999c-02
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167015
207015

177016
217016

181017
22708117

197018
237018

207019

217820

2271021

237022

0e69612999E-01
0e74858999E~03

Ce1C805C00E~CO
Ce 85906599E-02

Ce13223000&-CO
Ce 65307999E~-0C1

Ce135C8S99E~CO
C.18848C00E-CO

0e17863999E-CO

C.15882999E~-CO

Ce 86538995E-C1

Ce38242999E~C1

177215
217C15

18TC16
227016

197C17
237017

2071018

217019

227820

237821

SIGMA UPSCATTER

06 19455999E-01
0.63659000E-03

D+ 60290000E-01
0679208998E-02

0.84735999E-01
0.90934999E~01

0., 10095000E-00

0.13454000E-00
0.12086999E~00

0.80185999E-01

187015
227015

197016
2374016

207017

217018

227019

237020

0.53399999E~02
0., 70815999E-03

0.30282000E-01
0e10456999E~01

0e65293999r-01

0.10783000&£~-00

0+17194000E~00

0e14940999E~00

197415

237415

207016

217017

227018

237019

00.13066000E~02
0.10117000E-02
0e14346000E~01
0459465999E-01

0.12638000E~00

026169000E~00
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ATGMIC

WEIGHT=

1 "00
é “0.

11
16
21

11
16
21

0.13955999E~01
0+125980C0CE-CO
0+ 43396000E-CQC

0. ¢1CCCOCCE CC
0+52CC0000E 01
0. 66755999E 01
0. 15684S9SE 02
Ca448212CCE 02

0+.099599G699E 01

2 "00
? -OQ

12
17
22

12
17
22

04 24999999E-01
0+ 15415999E-00
0.63913000E 00

0. 95000000 00
0.63299999E 01
0. 68169999E 01
0.18158100E 02
0.63441200E 02

HZIR

Vv ZERG= 0.

SIGMA ABSORPTICN

3 =0,

B D0499999999E~03 9
13 0,45000000E-C1 14
18 0.,18162999E-00 19
23 0.10803399E 01

SIGMA TRANSPORT

3 013199999t 01 4

8 0466659999E 01 9
13 0.,68299999E 01 14
18 0.20517100E 02 19
23 0.968404599E (2

4 =0,

0+ 39999999E~02
04 69999999E~-01
0222649000E-00

0.18200000E 01
0. 66689999E 01
0. 68469999E 01
0+ 24047799E 02

5 "00

10
15
20

10
15
20

0.79999999E~-02
0.99789999E~01
0.30705000E~00C

0,29299999E 01
0. 66719999E 01
0.12593800E 02
0.31485400E 02
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SIGMA DOWNSCATTER
170 2 Ce73899999E (O
170 3 0.2310CC00E~CO 2TC 3 0+73100000E 00
170 4 0.23100000E-CO 270 4 0.73100000E 0O 370 4 0+ 17670000E 01
1T0 5 0.1390CC00E~CO 270 5 0. 43900000E-00 370 5 010599999t 01 470 5 0.27180000E 01

178 6 0+45999999E-01 270 6 0.12100000E-00 370 6 0.29400000E~-00 470 6 0, 75200000E 00
570 6 Cs32387CC00E 01

1710 7 Ce 270 7 0624999999E-01 310 7 0.48999999E~01 478 7 0e12700000£E-00
570 7 0+ 57099999E €O 6TG6 7 0.60219999E 01

170 8 Ce 270 8 O. 370 8 0.11000000&-01 470 8 0,22000000E-01
570 8 0+09999999E~CO 670 8 0. 10450000E 01 770 8 073719999t 01

178 ¢ Ce 270 9 O 37149 9 O. 470 9 0049999999E-02
570 9 Ce 17999999E~01 670 9 0. 18700000E-00 70 9 0.13490000& O1 870 9 0. 78800000E 01

17610 Ce 27¢10 Oe 37010 O. 47010 O.
57010 0+3999999%E~02 67010 0. 29600000E-01 77010 0,20900000E-00 87010 00.12199999E 01

=
971410 Ce6718S999E Ol ok
[+ I~ |
o HW
<
17011 Ce 27011 Oe 37611 Oe 47011 Oe S
5TG11 Ce 67011 0.12499999E-01  7T@11 0.60800000E-01 8TCO11 0.36000000E-00, V'
971811 0.19196999E 01 107011 0.77569999E 01 S
H\.?\};
oo
171812 Oe 271012 Oe 37012 Ow 47012 0o
57612 Ce 6TA12 Oe 77012 0.30400000E-01 8TO12 0.12199999E-00

91012 C.6800CC0CE €O 107012 0.27189999E 01 117012 0. 84939999t 01



17013
57613
97013

171014
57814
971014
137014

17815
5T01S
974815
137015

21016
87016
107016
147016

37017
77017
117017
157017

47018
87018
127018
167418

57019
91019
137019
177018

67020
107020

Ce
Ce
0e19199599E~CO

Ce
Ce
0. 95999999E-01
Ce 74089999E 01

Ce
C.
Ce
0e 24558999 (1

C.
Ce
0e31199999E-01
C.19965000E 01

Ce
Ce
Ce48C0CC00E~O1
0«3633G6999E 01

Ce
Ce
Ce11719999E-CO
0« 21765999E~-CO

Ce
Ce
C«3763C000E~-CO
Ce

Ce
Ce

27013
67013
101C13

27014
6T014
107014

27015
67415
107015
14T015

37016
77016
117016
157016

47017
8Te17
127017
167017

57018
97018
1370618
177018

6TO19
107019
14TC19
187019

77620
117020

Oe
O.
0+ 77999999E 00

O.
Oe
0+23190000E~-00

O.
O.
0+.10399999E~-00
00 66546999E 01

O.
Os
06 71999999E-01
0,36178999E 01

Oe
Oe
0« 15759999E-00
Oe

Oe
O
0.37630000E-00
Oe

O«
Oe
010102999t 01
Os

Oe
0+ 24200000E-01

371013
77013
117013

31014
7T014
117014

37015
77015
117015

4T016
81016
127016

57017
9T017
131017

67018
1071018
147018

17019
117019
157019

87020
127020

C.
Qe
0424180000t Ol

Oe
O.
071900000 00

O»
Ce
0+23999999E~-00

O.
0.
0+23639999E~-00

O
Ce
0¢49119999E~00

0.
O.
010102999 01

O.
0.36300000E~01
0.24874000t 01

O
0s 78299999E~01

47013
87013
127013

4TA14
87014
127014

47015
87015
127015

57016
974816
137016

67017
1070817
147017

17018
117018
157018

87019
127019
167019

97020
137020

O.
0+52000000&£-01
0., 79059999E 01

O
Oe
0.23639999E 01

Os
Oe
0. 78800000E 0O

Oa
Oe
0+ 73689999E CO

O.
0.20699999E-01
0.13308000& 01

Os
0.36300000E~01
0.35407999E 01

O.
0e11719999E~00
0.40260999E 01

O
0. 25099999E~00
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1470620
187020

17621
117821
1571021
137021

81022
127022
167022
2071022

971023
137023
177023
217023

Cs 673459S99E CO
Ce

Ce
Ce12199999E~C1
0029850999E-CO
Ce

Ce
Ce23499999£~01
C«1034S999E Ol
C.

Ce
C+37599999E~01
Ce14884S99E-CO
C.

157020
197TC20

871021
127021
167421
2071021

97022
137822
177022
217022

107423
147023
187623
227023

0. 83256000E 00
O

O.
0+39100000E-01
0+ 24857000E 01
Oe

Oe
0.75299999E-01
0.27398000E-00
O.

Oe
010100000E-00
Oa
O

167020

97021
137021
177021

107022
147022
187022

117023
157623
197023

0.,50828%99¢ 01

Ce
0012549999£-00
0e21523999E~00

Q.
0.20209999:-00
C.

0.36000000£-02
0+35770000E-01
(1

1770620

107621
147021
187021

117022
157022
197022

127023
167023
207023

0«88602999:~01

Ce
0.33679999E-00
Oe

0.73000000£-02
0412317999E~00
Oe

0.11700000E~01
0.27286000E-00
0.
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167015
207015

177016
217016

187017
221017

197018
237018

207019
217020
227821

237022

Ce7451599SE-01
Ce51715999E~-02

Ce
C.40684000E-CO

Ce
C.26733C000E~-CO

Ce
Ce

Ce

Ce

Ce

Ce

177015
217015

187016
227016

1971017
237017

207418

2170619

227020

237021

0e11144999E-00
0428117999E~02

0+ 11470000E-01
0a 4T764000E-00

Oe

SIGMA UPSCATTER

187015
227015

197016
237016

207017

0+ 68512999t 00

Oe

Oe

Oe

O

217018

227019

237020

0.10375000E-00
0 35062999E-02

0.13923000E-00
0.61413000 0O

0e12964000E-01

Ce

Qe

O.

197015

2370815

207016

217017

2274618

237019

0.58882999E~01

0. 58160999E-02

0.29318000£~00

0 76429999E-01

O.

O
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ATOMIC WEIGHT=

i =0

6 =0

11 0«13965999E-01
16 0,129%8000E-CO
21 0e433960CCE~CC
1 0.6100C0C0E CO
6 0.52C00C0CCE Ol
11 0.¢67559S9E 01
16 0.15984999E (2
21 0.448212C0E 02

0.09699999E 01

2 -Ot

7
12
17
22

12
17
22

=0

06 24999999E-01
0.15415999E-00
0.63913000E 00

0+ 9500C000E 00
0,63299999E 01
0. 68169999k 01
0.,18158100E 02
0.634412C00E 02

HZIR

3

¥ ZERG= 0.

3
8
13
18
23

13
18
23

SIGMA ABSORPTIOCN

-0
0+99999999E~03 9
0. 45000000E~-01 14
0,18162999E~-00 19
0.10803399t - 01

SIGMA TRANSPORT

0.13199999E 01 4
0. 66659999E 01 g
0.68299999t 01 14
0.20517100E 02 19
0.96840499E 02

4 "0»
-0e39999999E-02

0.69999999E-01
06 22649000E-00

0.,18200000E O1
0+ 6668B9999E 01
0., 68469999E 01
0.24047799E 02

5 "'Oa

10
15
20

10
15
20

0.79999999E-02
0.99789999E~01
0,30705000E~-00

0.29299999E 01
0.,66719999E 01
0,12593B00E 02
0.31485400E 02
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SIGMA DOWNSCATTER

170 2 C. 73899999E CO

170 3 Ce2310C000E~CO 270 3 0.73100000E 00

178 4 C+23100C00E-CO 2T0 4 0.73100000E GO 370 4 0.,17670000t 01

170 5§ 0«1390CC00E-CO 270 5 0.43900000E-00 310 5 0.10599999& 01 470 5 0,27180000E 01

170 6 Cs45999999E~C1 270 6 0.12100000E-00 370 6 0.29400000£-00 470 6 0. 75200000E 0O
570 6 C.3387CC0O0E 01

17¢ 7 C. 276 7 0e24999999E-01 310 7 0.48999999E-01 470 7 0.12700000E~00C
510 7 0« 57699999t €O 670 7 0. 60219999E 01

170 8 Ce 270 8 Oe 370 8 0.11000000£-01 470 8 0.22000000E-01
570 8 0409995999E~CO 670 8 0. 10450000E 01 770 8 0673719999t 01

1780 9 Ca» 2T¢ 9 O. 3186 9 Oe 470 9 0.49999999E~02
57¢ 9 0e17999999E-01 670 9 0.18700000E~00 770 9 013490000t 01 870 9 0.78800000E 01

o
® b
17610 Ce 27610 0. 37010 0. 47010 Os 0 e
57810 Ce39999999E~C2 61010 06 29600000E~-01 770810 0020900000&£~00 87410 0+12199999¢ Qlﬂfdf_
97010 C+67186999E O1 UQ;@
O« I
o1
R
17811 Ce 27011 Oe 3141l O 47011 Os }j%%r
57011 Ce 67411 0,12499999E~-01 7T011 0. 60800000£~01 87011 0+36000000E=-00 WM

97011 0.19195999t 01 107011 0.77569999E 01

17012 Ce. 27812 O. 31012 O. 47012 O
570912 Ce 67012 0. 77012 0.30400000c~-01 87812 012199999£-00
971012 0« 6800CC0CE CO 10T0C12 0.27189999E 01 117012 0.84939999t 01



17013
57013
97013

171014
571014
97014
137814

17815
571015
971015
137015

27016
67016
107016
147016

37017
17e1?
1171017
157017

47018
grgls
127018
167018

57619
97019
137€19
177019

67020
107820

Ce
Ce
019199999E-00

Ce
Ce
0e95995999E~01
C.74C89999E Ol

Ce
Ce
Ce.
0. 24558999E 01

Ce
Ce
Ce31199S999E-01
G.19965000E C1

Ce
Ce
0.48C0C000E~0O1
0+38541999E 01

Ce
Ce
Oe11719999E~CO
0.22234999E-CO

Ce
Ce
Ce3763CC0CE-CO
Ce

Ce
Ce

27013
67013
107013

27014
67014
107014

27015
671015
107015
147015

37016
77016
117016
157016

47017
87017
127017
167017

57018
97018
137018
177018

67019
1071419
147019
187019

77020
117020

Oe
O.
0. 77999999E 0O

O.
Oe
0.23190000E-00

O,
O
0+ 10399999E~00
0.66546999E 01

C.
O.
0e 71999999E~01
0.36482000E 01

O.
O.
0415759999E-00
Oe

0.
Oe
0+ 37630000E-00
O.

Oe.
O
0.10102999E 01
O.

Ce
04 24200000E-01

371413
77013
117013

37014
7014
117014

37015
770615
117015

47016
8T016
i2role

5T017
974817
137017

67018
107018
147018

77019
117019
157019

87420
127020

O
O
0e241B0C00E 01

Ce.
O
0.71900000E 0O

O
O
0.23999999E~-00

O.
Ce
0423639999E-00

C.
Oe
0249119999E~00

O.
O
0.10102999E 01

C.
0.36300000E-01
024755999t 01

Ce
0. 78299999t-01

47013
87013
127613

47014
87014
127014

47015
87015
1271015

57016
97016
137016

67017
107017
147017

17018
117018
157618

87019
127019
167019

97020
137020

G
0.52000000E-01
0.79059999E 01

O
Oe
0.23639999E 01

0.
Oe
0.78800000E 00

O,
Oe
D« 73689999E 00

O.
0. 20699999E~01
0.13308000E 01

Oe
0.36300000E-0G1
0,35439999t 01

Qe
0.11719999E-0G0
0.40881999& 01

O»
0. 25099999E~00
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147020
187020

77021
117021
157021
197821

871022
127022
167022
207022

97023
131823
1771023
217623

Ce 67345S99E CO
Ce

Ce
Ce12199999E~-01
C«.28703C00E-CO
Ce

Ce
0e23499999E~-01
0. 1C58099GE 01
C.

Ce
Ce37599G99E~C1
Ce 1543S9C0OCE~CO
Ce

157020
1970820

87321
127021
167021
20Te21

97022
137022
177022
2171022

107023
147023
187023
227023

0, 80915999t 0O
O.

O.
0.39100000E~01
0+25376000E O1
0.

O
0s 75299999E-01
0.28432000E-00
O.

O.
0.10100000E-00
O.
0.

167020

97021
1374821
177021

107022
147022
187022

117823
1570323
197023

0651713999t 01

Os
0012549999E~00
0622372000E~00

Oe
04202099995 -00
O.

0.36000000E~-02
0.34187000&e~01
O

177020

1071021
147021
1871021

117622
157022
197022

127823
167023
207023

0.92143999£-01

O.
06 33679999E-00
O

0o 73000000E~02
0.11791000E-00
Oe

0.117000060E-01
0.27898999t~-00
O»
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8 0,99999999E~-03 ]
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3 0413199999E 01 4

8 0.66659999E 01 9
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17@¢ 7
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57010
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1 =0,

6 ~0.

11 0.1395$9S99E-01
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21 0.43396CCCE-CO
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é 0.5200C00CE 01
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21 0.448212C0E Q2
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8 0.99999999E-~03 9
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3 0413199999E 01 4
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23 0.96840499E 02

4 "‘Q'

0+39999999E-02
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