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The accuracy of  DORT calculations with HILO86R and multigroup libraries processed
from LA-150 (P

5
 Legendre expansion) was investigated through the analysis of the shielding

experiments on iron and concrete for 40 and 65 MeV neutrons at JAERI/TIARA.

1. Introduction
Legendre expansion order for scattering matrix in Legendre-expanded multigroup li-

braries is usually at most 5 because of calculation constraint.  The accuracy of Sn calculations
with  multigroup libraries of P

5
 Legendre expansion may become poor with increase of neutron

energy since P
5
 Legendre expansion can not present forward-peaked angular distribution of

secondary neutrons precisely.   Reference 1 showed that the two-dimensional Sn code DORT3.1
[2]  calculations with multigroup libraries of P

5
 Legendre expansion represent the shielding

experiments for D-T neutrons as accurately as the continuous energy Monte Carlo code MCNP
[3] calculations with libraries (no Legendre expansion) .  P

5
 Legendre expansion is considered

to be adequate up to 14 MeV neutrons.  Recently Sn calculations with HILO86 [4] or HILO86R
[5], which is a multigroup library of P

5
 Legendre expansion up to 400 MeV, are carried out for

shielding calculation of ion accelerators of more than a few hundreds MeV.  Therefore we ana-
lyzed the shielding experiments [6,7] on iron and concrete for p-7Li quasi-monoenergetic source
neutrons (40 MeV and 65 MeV) performed at JAERI/TIARA with DORT3.1 in order to exam-
ine accuracy of Sn calculations with multigroup libraries of P

5
 Legendre expansion for neutrons

above a few tens MeV.

2. Overview of Shielding Experiments on Iron and Concrete at JAERI/TIARA
The shielding experiments were performed with collimated p-7Li neutron source of 40



and 65 MeV at Takasaki Ion Accelerator for Advanced Radiation Application (TIARA), at JAERI.
Figure 1 shows the experimental arrangement.  The test shield of iron and concrete from 10 cm
up to 200 cm in thickness was located at the end of the collimator with or without an additional
iron shield.  Neutron spectra were measured with a BC501A scintillator and Bonner Ball detec-
tors on the beam axis and at 20 and 40 cm off the beam axis behind the test shield.

3. Calculation Procedure
The Sn code DORT3.1 was used in the analysis.  Only the collimated source neutrons

and experimental assembly, which was modeled as a cylinder instead of a rectangular parallel-
epiped, were adopted in the analysis according to Ref. 5.  The first collision source was calcu-
lated from collimated source neutrons with the GRTUNCL code.  The following multigroup
libraries (P

5
 Legendre expansion) were used.

1) HILO86R,  2) LA-150 52g without ETA,  3) LA-150 100g without ETA,
4) LA-150 52g with ETA,  5) LA-150 100g with ETA

The multigroup libraries of 2) - 5) below 100 MeV were generated with NJOY94.105 [8] patched
for LA-150  and TRANSX2.15 [9] codes from the nuclear data library LA-150 [10] up to 150
MeV which LANL released recently.  The 52g and 100g mean the group structure; 52g is the
same structure (52 groups) as that of HILO86R and 100g is the structure (100 groups) of 1 MeV
interval from 0.5 MeV to 100.5 MeV.  The ETA is an abbreviation of extended transport ap-
proximation [9], which was devised mainly for fast breeding reactors in order to mitigate the
effects of truncating the Legendre expansion at finite order.  The multigroup libraries of 4) and
5) were used to examine the effect of ETA on high energy neutrons.  Moreover MCNP-4A
calculations [11] were also carried out with the continuous energy library processed from LA-
150 with NJOY94.105 for accuracy check of LA-150 itself.

4. Results and Discussion
The comparison between the calculations and measurements for neutron spectra above

10 MeV on the beam axis is carried out in this paper.  Figure 2 shows the measured and calcu-
lated neutron spectra of the iron experiment for 43 MeV neutrons.  The calculations overesti-
mate neutron flux more with the thickness of the assembly.  In order to compare the calculations
with the measurements precisely, the ratios of the calculated values to the experimental ones (C/
E) of integrated neutron flux at the peak and continuum regions are plotted in Figs. 3 - 10.  The
C/Es of all the calculations tend to increase with the thickness of assembly, though the increase
rates of C/Es are different each other.  The main reason of the overestimation of the calculations
with LA-150 is attributed to LA-150 itself, since the increase tendency of C/Es also appears in
the MCNP calculation.  Although the DORT calculations with 100g are larger than those with
52g,  the effect of the group structure is not so large since the largest difference is 20 %.

The DORT calculations without ETA are smaller than the MCNP calculation.  This
reason is that neutrons elastically scattered to forward direction are smaller since the multigroup
libraries of P

5
 Legendre expansion produce less forward-peaked angular distribution for elastic

scattering than the original LA-150, which is strongly forward-peaked.  It is noted that the DORT
calculations without ETA underestimate the measurements even for thinner assemblies.  This



reason is not clear yet, but this is also one of influences due to P
5
 Legendre expansion.   The C/

Es of the DORT calculations without ETA are 0.5 - 2.1 for the assembly of more than 1 m in
thickness.  The DORT calculation with HILO86R shows the similar tendency with those with-
out ETA.  Probably the ETA is not considered in HILO86R.

 The correction of the influences due to P
5
 Legendre expansion by ETA seems to be

well in the iron experiment for 43 MeV neutrons; the DORT calculations with ETA are similar
with the reference MCNP calculations.  However, the ETA overcorrects much in the other ex-
periments; DORT calculations with ETA are larger by 2.5 times at maximum than the reference
MCNP calculations.  It is found that the ETA is not always appropriate for neutrons above a few
tens MeV.  The C/Es of the DORT calculations with ETA are 1.5 - 3.5 for the assembly of more
than 1 m in thickness.

5. Concluding Remarks
The accuracy of  DORT calculations with HILO86R and multigroup libraries processed

from LA-150 (P
5
 Legendre expansion) was investigated through the analysis of the shielding

experiments on iron and concrete for 40 and 65 MeV neutrons at JAERI/TIARA.  The following
remarks were found through the comparison of measurements and calculations of neutron flux
above 10 MeV.
1) All the calculations tend to overestimate the measurements with the thickness of assembly.
2) DORT (LA-150 without ETA) and DORT (HILO86R) is smaller by 50 % at maximum than

MCNP (LA-150).  Their C/Es are 0.5 - 2.1 for the assembly of more than 1 m in thickness.
They also underestimate the measurements for thinner assemblies.

3) The ETA overcorrects the influences due to P
5
 Legendre expansion too much.  DORT (LA-

150 with ETA) is larger by 2.5 times at maximum than MCNP (LA-150).  Their C/Es are 1.5
- 3.5 for the assembly of more than 1 m in thickness.
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Fig. 1  Experimental arrangement of shielding experiments at JAERI/TIARA.
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Fig. 2  Measured and calculated neutron spectra of the iron experiment for 40 MeV neutrons.



Fig. 3 C/E of peak neutron flux (35 - 45
MeV) of the iron experiment for
40 MeV neutrons.

Fig. 4 C/E of continuum neutron flux (10
- 35 MeV) of the iron experiment
for 40 MeV neutrons.

Fig. 5 C/E of peak neutron flux (60 -
70MeV) of the iron experiment for
65 MeV neutrons.

Fig. 6 C/E of continuum neutron flux (10
- 60 MeV) of the iron experiment
for 65 MeV neutrons.
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Fig. 7 C/E of peak neutron flux (35 - 45
MeV) of the concrete experiment
for 40 MeV neutrons.

Fig. 8 C/E of continuum neutron flux (10
- 35 MeV) of the concrete experi-
ment for 40 MeV neutrons.

Fig. 9 C/E of peak neutron flux (60 - 70
MeV) of the concrete experiment
for 65 MeV neutrons.

Fig. 10 C/E of continuum neutron flux (10
- 60 MeV) of the concrete experi-
ment for 65 MeV neutrons.
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