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A macroscopic multigroup cross section library of 66 neutron and
22 photon.groups for meutron energies up to 400MeV: HILO86R is
prepared for 10 typical shielding materials; water, concrete, iron,
air, graphite, polyethylene, heavy concrete, lead, aluminum and soil.
The library is a revision of the DLC-119/HIL0O86, in which only the
cross sections below 19.6 MeV have been exchanged with a group cross
section processed from the JENDL-3 microscopic cross section library.
In the HILO86R library, self shielding factors are used to produce
effective cross sections for neutrons less than 19.6 MeV considering
rather coarse energy meshes.

Energy spectra and dose attenuation in water, concrete and iron
have been compared among the HILO, HILO86 and HILO86R libraries for
different enérgy neutron sources. Signifiecant discrepancy has been
observed in the energy spectra less than a couple of MeV energy in irom
among the libraries, resulting large difference in the dose
attenuation. The difference was attributed to the effect of self-
shielding factor, namely to the difference between infinite dilution
and effective cross sections. Even for 400 MeV neutron source the
influence of the self-shielding factor is significant, nevertheless

only the cross sections below 19.6 MeV are exchanged.
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1. Introductien

Multigroup cross sections have been widely used for shielding
calculations of nuclear facilities with discrete ordinates codes and
Monte Carlo codes such as ANISN, DOT, MORSE, and so forth. Very few
group cross sections, however, are available for neutron energies
higher than 20 MeV. Alsmiller et al. initially presented neutron-
photon multigroup cross sections DLC58/HELLO'’ for neutrons up to 60
MeV, and expaneded the data up to 400 MeV as DLC87/HILO.*° The HILO
library has been revised as DLC119/HILO86%> in 1986, however the newer
data had been classified for Japan untill 1991. Therefore, only the
HILO library has been available data for us, so far.

After having the newest libray HIL0O86, we have made several test
calculations with the ANISN code, and noticed serious discrepancy,
especially in the neutron dose attenuation in iron from the calculated
results using the JSD100¢> for a 2*®2Cf neutron source, although the
results with the JSD100 have already been verified in comparing with
measurements and other calculations. This is the incentive of the
present work to revise the HILO86 data.

In this report, the detail of the HILO86R cross sections is
described, and the calculations with respect to energy spectra and
dose attenuations are compared for the HILOB6 and HILOB6R libraries
with together the results of the HILO and JSD10O.

2., HILO8BR Library

Group cross sections for the ten materials listed in Table 1 were
prepared in the HILOBER library. The energy group boundaries of the
cross sections are shown in Tables 2 and 3. The atomic number

densities of the materials are given in Table 4.
2.1 Cross sections above 19.6 MeV
The cross sections above 19.6MeV are the copy of HILOS6,

therefore, the energy group structure and Ps Legendre expansion is not

changed.



JAERI-M §3-020

1. Introducticn

Multigroup cross sections have been widely used for shielding
calculations of nuclear facilities with discrete ordinates codes and
Monte Carlo codes such as ANISN, DOT, MORSE, and so forth. Very few
group cross sections, however, are available for neutron energies
higher than 20 MeV. Alsmiller et al. initially presented neutron-
photon multigroup cross sections DLC58/HELLO'’ for neutrons up to 60
MeV, and expaneded the data up to 400 MeV as DLC87/HILO.?°> The HILO
library has been revised as DLC119/HIL0O86%> in 1986, however the newer
data had been classified for Japan untill 1991. Therefore, only the
HILO library has been available data for us, so far.

After having the newest libray HILO86, we have made several test
calculations with the ANISN code, and noticed serious discrepancy,
especially in the neutron dose attenuation in iron from the calculated
results using the JSD100%¢> for a 2*°2Cf neutron source, although the
results with the JSD100 have already been verified in comparing with
measurements and other calculations. This is the incentive of the
present work to revise the HILO86 data.

In this report, the detail of the HILO86R cross sections is
described, and the calculations with respect to energy spectra and
dose attenuations are compared for the HILOB6 and HILO86R libraries
with together the results of the HILO and JSD10O.

2., BILO8BR Library

Group cross sections for the ten materials listed in Table 1 were
prepared in the HILO86R library. The energy group boundaries of the
cross sections are shown in Tables 2 and 3. The atomic number

densities of the materials are given in Table 4.
2.1 Cross sections above 19.6 MeV
The cross sections above 19.6MeV are the copy of HILOSG,

therefore, the energy group structure and Py Legendre expansion is not

changed.



JAERI-M 83- 020

2.2 Cross sections below 19.6 MeV

Neutron cross sections of 37 energy groups less than 19.6MeV have
been collapsed from 295-neutron and 104-photon JSSTDL library®’ based
on JENDL-3 cross section library®?, considering self-shielding
factors. The JSSTDL data library is composed of infinite dilution
cross sections produced with the weighting spectra of 1/E above
thermal neutrons and Maxwell distribution for thermal neutrons, and of
Bondarenko type self-shielding factors”> processed with the Prof-
GROUCH-G/B code system.®> Further, a set of infinite dilution group
cross sections and corresponding self-shielding factors with the same
group structure with that of HILO86R have been condensed from the
JSSTDL cross sections using the CONDENS-MACRO-JG in the JSSTDL
system.®> Finally, macroscopic effective cross sections for the
HILO8BR library were obtained as the products of these data for each
material.

In Figs.1l to 10, total cross sections of HILO86R library are
demonstrated for 10 kinds of materials, respectively, in which
effective and infinite dilution cross sections are compared. The
difference between both cross sections is fairly large in resonance
energy region because of large self-shielding factor as seen typically

for iron and aluminum in Figs.3 and 9.

2.3 Photon cross sections

Photon cross sections for tranport calculations also have been
condensed from the JSSTDL library using a flat weighting spectrum.
While, secondary gamma-ray production cross sections have not changed
with those in the HILO86 library.

3. Comparison of Cross Sections among HILO, HILO86 and HILO8ER

Cross sections below 19.6 MeV in the HILO and HILO86 libraries
have been collapsed from the VITAMIN-C*©’ based on ENDF/B-IV'*” and
the VITAMIN-E*2> on ENDF/B-V'®?, respectively, and the collapsiocn
procedure were different from each other and also from that for
HILO8ER.
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Comparison of the three kinds of libraries are shown for total
cross sections of water, ordinary concrete, and ‘iron in Figs.11l to 13,
A1l of cross sections for water are agreed except for thermal neutron
group, while for iron and ordinary concrete guite large difference is
observed, especially for iron. For iron, the peak cross section
around 26 keV (54 group) in the HILO and HILO86 becomes a valley one
in the HILO8BR because of the large self-shlelding factor. Fig.14 1is
a comparison of total cross sections among the HILO, HILO86 and the
infinite dilution cross section in HILO86R. The comparison suggests
that the HILO cross section is nearly equal to the infinite dilution
cross section of HILO86R, and the HILO86 cross section, which was
collapsed with ANISN using a source characteristic of a fusion
spectrum as specified by Santoro et al.%> 1is rather consistent with
the infinite dilute cross section than the effective one in the
HILO8BR.

4. Transport Calculations
4.1 Energy spectrum

Energy spectra in water, iron for 252Cf source with the JSD100
cross section are compared with these with HILO86R and HILOB6 in
Figs.15 and 16, which were calculated with ANISN-JR in a spherical
geometry. The results with the JSD100 and the HILOB6R are in
reasonable agreement, while the discreancy with the HILOB6 is very
gserious in iron. As the JSD100 cross sections based on ENDF/B-IV are
effective one considering self~shielding factors, the discrepancy with
the HILO86 is attributed to the effect of self-shielding factors.
Next, energy spectra in iron and ordinary concrete for z2820f, 50 MeV,
and 400 MeV meutron scurces have been calculated using HILO86R, HILO&6
and HILO cross sections, and compared as shown in Figs.17 to 22.
Difference in iron is remarkable in energy region less than about 10
MeV even for neutron sources higher than 19.6 MeV neutrons, and

increases sighificantly with penetration.
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4.2 Attenuation

With the energy spectra, dose equivalent attenuation in ordinary
concrete and iron were also examined for *°2Cf neutron, and 10, 50,
200 and 400 MeV monoenergetic neutron sources under the same
calculational conditions as shown in Figs.23 to 32, where the
conversion factors from fluence to dose equivalent were taken from
ICRP Publication-51%2>. Small difference is seen for *®2Cf and 10 MeV
sources, but the influence of the different cross sections is marginal
for ordinary concrete. On the other hand, the difference is very
large for iron, and the influence of the different cross sections less

than 19.6 MeV is significant even for 400 MeV neutron source.

5. Summary

A neutron-photon macroscopic cross section library HILO86R for
high energy neutron shielding calculations has been presented by
revising the cross section below 19.6 MeV in the HILO86 library.
Comprehensive comparisons between the HILO86R with other libraries
HIL0O86, HILO and JSD100 made clear the significant effect of self-

shielding factors in resonance energy region.
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Table 1 Materials in HIL0O86R library

1 water b polyethylene

2 | ordinary concrete 7 heavy concrete
3 iron 8 lead

4 air g aluminum

5 graphite 10 soil

Table 3 Upper energy boundaries of gamma-rays in units of MeV.

1 20. 0 9 6.0 17 2.0

2 14.0 10 2.5 18 .S

3 12. 4 11 5.0 19 1.0

4 10.0 12 4.5 20 0.4

D 8.0 13 4.0 21 0.2

b 7.9 14 3.0 22 0.1

7 7.0 15 3.0 0.01
8 b. 5 16 2.0




Table 2 Group number vs. upper energy

in units of MeV.

JAERI-M 93-020

boundaries of neutrons

1 400. 24 40. 47 0. 907
2 375. 25 35. 48 0. 743
3 350. 26 - 30. 49 0.498
1 325. 27 27.5 50 0.334
5 300. 28 2. 51 0. 224
6 275. 29 22.5 52 0. 150
7 250. 30 19. 6 53 8. 65E-2
8 225. 31 17.5 54 3, 18F-2
g 200. 32 14. 9 55 1. 50F-2
10 180. 33 13.5 56 7. 10E-3
11 160. 34 12.2 57 3. 35F-3
12 140. 35 10. 0 58 1. 58F-3
13 120. 36 8.19 |59 4. 54F-4
14 110. 37 5.70 | 60 1.01F-4
15 100. 38 5.49 |61 2. 26E-5
16 0. 3 4.49 |62 1. 07E-5
17 80. 40 3.68 |63 5. D4E-6
18 70. 1 .01 |64 2. 38E-6
18 B5. 42 2.46 |65 1. 12E-6
20 BO. 43 2.02 |66 4. 14E-7
21 55. a4 1. 65 1. 00E-10
22 50. 45 1. 35
23 45. 46 1.11
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Table 4 Atomic number densities unit (102¢/cmd)
Water Graphite Polyethy Air Lead
lene
H b. 6738-2% 7.9793-2
C 8.5240-2 3. 9930-2
N 3. 9099-5
0 3. 3369-2 1.0538-5
Pb 3. 2960-2
unit (10%4/cm?)
Aluminium [ron Ordinary Heavy- Soil
concrete®™ | Concrete +4)
H 1.3851-2 9. 9885-3 1 6.6300-3
C 1.1542-4
0 4.5921-2 4.3899-2 | 2.0200-2
Mg 1. 2388-4 4.3265-5
Al | 6.0244-2 1. 7409-3 1.6502-4 | 1. 7500-3
Si 1. 6621-2 3.7264-2 | 5.7000-3
K 4. 6205-4 3. 8600-4
Ca 1. 5025-3 2.2782-3 | 5.2000-4
Fe 8.4869-2 | 3.4510-4 2.3602-2 | 5.2100-4

«)  JAERI-M 6328(1977),
wx) (2a-concrete, ANL-5800 p. 660,
++%)  Compendium II p. 358
read as 6.6738x107




JAERI-M 63-020

1
10— [ T T I l l :
E s Water .
Q L J
S
r 0
~ 10" —
- -
c X ]
o] . i
— _ i
(&)
1) B A
n ; X
107 effective c.s. —
8 F - infinite dilution c.s. .
O 3 .
-
O i
1072 | | i | | | | 1 |
107° 1073 10°
En(MeV)
Fig.1 Comparison between effective and infinite dilution total
cross sections of water in HILO86R library.
0
100 — I I I 1 I | |
E i Ordinary Concrete j
. o 5 - - -
T
— L ]
S’
: o -
o
o 2 b .
(&
]
L))
9 101 effective c.s.
wn L —eeee- infinite dilution c.s.
0 -
e N
O "
. L
| i ] | | | | i
107® 1073 10°
En(MeV)
Fig.2 Comparison betiween effective and infinite dilution total

cross sections of ordinary concrete in HILOB6R library.

_94.



(1/cm)

Cross section

Cross section (1/cm)

JAERI-M 93-020

2 l | | 1 i 1
Iron
: i
] -
'-_—I
L , i
L ! - i
Ll
2 | il —
effective c.s. L
------- infinite dilution c.s.
107 —
i ] ] | | | ! I | |
1078 1073 10°
En(MeV)
Fig.3 Comparison between effective and infinite dilution total
cross sections of iron in HILO86R library.
-3
L e N R
S/ Air -
107 |- =
5 -
L effective c.s.
------- infinite dilution c.s.
-5 ] | | | | | ] I |
10 -6 -3 0
10 10 10
En(MeV)
Fig.4 Comparison between effective and infinite difution total

cross sections of air in HILO86R library.



JAERI-M 93-020

0
107 — T T T T ] ]
—_ s Graphite i
£ - P
Q
~— N
-
g
c
°
- 1077 -
o C
o L
w -
" S effective c.s.
0 T infinite dilution c.s.
o L i
-
&) - i
10-2 | | _ | | | | 1
107® 107? 10
En(MeV)
Fig.5 Comparison between effective and infinite dilution total
c¢ross sections of graphite in HILOB6R library.
1
We—7r—7T 71 T T T T 1 3
— L ]
E - Polyethylene .
QO - 4
—
-
~ 10° E
c C .
o . ]
e a -
Q
) i i
@ 1
107 —
0 - effective c.s. :
g s infinite dilution c.s. ;
- i :
O 5
10—2 | [ | | | | | ! |
107° 107° 10°
En(MeV)
Fig.6 Comparison between effective and infinite dilution total

cross sections of polyethylene in HILO86R library.



Cross section (1/cm)

Cross section (1/cm)

JAERI-M 93-020

Heavy Concrete

e
)
]
IIII

T

107"

III]I

1 11 I

effective c.s.
------- infinite dilution c.s.

| I l I I ! I | |

10°® 1072 10°
En(MeV)
Comparison between effective and infinite dilution total

cross sections of heavy concrete in HILOB6R library.

Lead

I
ey

10" —

effective c.s. ]
------- infinite dilution c.s.

I I I | | I I I |

Fig.8

107° 107° 10°
En(MeV)
Comparison between effective and infinite dilution total

cross sections of lead in HILOB6R library.



Cross section (1/cm)

" Cross section (1/cm)

JAERI-M 93-020

0
107 I I | I I ! r ]
5 B Aluminum ]
2 |-
107" ]
5
L effective c.s.
| - infinite dilution c.s. ]
2 | | | ! i | | | |
107® 1072 10°
En(MeV)
Fig.9 Comparison between effective and infinite dilution total
cross sections of aluminium in HILO8ER library.
T I 1 i i i | ]
) Soil
2L ' _
107" - ]
5 -
I effective c.s. )
F e infinite dilution c.s.
2 L
10‘2 | | ] | | | f | |
10°% 1073 10°
En(MeV)

Fig.10 Comparison between effective and infinite dilution total

cross sections of soil in HILOB6R library.



Cross section (1/cm)

Cross section (1/cm)

JAERI-M 983-020

T I i | i E l )
i . Water
10% —
5L J
I — HILOS86R l
1077L HILO8S
. ——— HILO
5L
10"2 i | | ] i | | | |
107" 1073 10°
En(MeV)
Fig.11 Comparison of total cross sections of water in HILOB86R,
HILO86 and HILO libraries.
0
107 ¢ i I I | l i i I ]
T Ordinary Concrete i
S it = _
2
—— HILOS86R
------- HILO86
107! |- -——- HILO
5
| ! | l | | | I
1078 1073 10°
En(MeV)

Fig.12 Comparison of total cross sections of brdinary concrete
in HILOBBR,HILOB86 and HILC libraries.



JAERI-M 93-020

L == B Iron .

A e ]

— J L ——— |

1_"’]

i —— HILO8&6R 10 ]
------- HILO86 Mg
e HILO Fi (]

- I” R ]

u W

- 9 A

I\

[ | 1 | 1 1 | | 1 .
107° 107° 10°

En(MeV)

'Fig.13 Comparison of total cross sections of iron in HILOBER,

~ 10°
=
0
e
h i
Sougar”
5
c
o
=
o
Q
)]
N 2
o
o
}
O
107"
~ 10°
£
)
S
=
- 5
o
et
T
Q
n
7)) 2
)
(o)
.
O

HILO&6 and HILO librartes.

| I s | | I l T
i —~
i === Iron i
I G :
——— HILOS86R(inf.) L0 Al
I— HILO86 ApiL b -
———— HILO Bl WS
tt 1I1 A
| r,.r'r
[ 1 | | 1 | s | 1 | &5
107° 1073 10°
En(MeV)

Fig.14 Comparison of total cross sections in HILO8S and HILO

with infinite dilution total cross section of HILO86R library.



JAERI-M 93-020

-6
107 — I T I I ! !
o107 —
E """" 50cm
e e R R ]
= e e e T e C——
S’
-8
=~ 1077 — _
L 10
w 10— —  HILOS6R -
e oL T ISD100
THEL L e — HILO86 7
-8 -12
o 10 -
} .
o -13
c 10 —
Ll
En(MeV)
Fig.15 Energy spectra at thicknesses of 50 and 160cm in water
for #52Cf{ neutron source.
I ]
— p—
€
o 107° ~
e
R _
- |
L
wx 107° —
-]
T ]
; “““ — —— HILO86R —
- g9tz 1 ISD100 B
g | ——— HILOS8S6
1l — _
| I [ i I
1078 1073
En(MeV)

Fig.16 Energy spectra at thicknesses of 100 and 200¢m in iron for

%2(Cf neutron source.



JAERI-M 93-020

| ! I I | I
p—
NE B ] Iron |
-6
© 10 -
o
e
=
m g
X
3 107° ]
L
o ) _
S N e T O P e 1
- . =TT - = —
Q I_J'——" —— HILOS86R {
Szl T e HILOS6 | _
“““ ~———- HILO |
1 | | I I I 1
10°° 1073 10°
En(MeV)
Fig. 17 Energy spectra at thicknesses of 100 and 200cm in iron for
252Cf neutron source.
I | | { ] I
p—
E
O 10°°
"
=
<
L
wx 107°
=
L
-
o)) e HILO&6R
o 107 T e HILO8G6 -
o -———- HILO
L ]
| I | | I I
1075 1073 10°
En(MeV)
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Fig.31 Attenuation of dose equivalent in iron for 200MeV neutron source.
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— 24—



JAERI-M 93-020

Appendix : HILO86R library
Contents
(byte)
HILO8B6R BAT 1213529 : BCD form of HILO&6ER
10 materials, 66n, 22g,
Ps cross sections
RCD2BIN FOR 1531 : Conversion program of
HILO86R from BCD to
binary form.
DENSINFO DAT 3185 : Atomic number densities

of 10 materials in HILOB6R




