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and
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Prior to analyzing the integral experiments performed at the FNS facility

at JAERI, both U.S. and JAERI's analysts have agreed upon four calculational

benchmark problems proposed by JAERI to intercorapare results based on various

codes and data base used independently by both countries. To compare codes,

the same data base is used (ENDF/B-IV). TO compare nuclear data libraries,

common codes were applied. .Some of the benchmarks chosen were geometrically

simple and consisted of a single material to clearly identify sources of dis-

crepancies and thus help in analysing the integral experiments.

The first benchmark problem is a closed Li~O spherical geometry surround-

ing a fusion isotropic point source. A graphite zone and a stainless steel

reflector followed the Li20 zone. The second benchmark is a series of infi-

nite slab geometries of various thicknesses consisting of natural lithium,

SUS316 stainless steel, beryllium, oxygen, lead and carbon considered indivi-

dually in the analysis.- For each case, an external raonodirectional fusion

source, incident perpendicularly on the left side of the slab, was considered.

An isotropic point source incident on one side of a pseudo-cylindrical Li20

assembly (D = 60 era, L = 60 cm) located in a vacuum was used in the third and

fourth benchmark problems. In the latter, a 4 cm-thick SUS316 first wall was

included. TJetails of atomic densities, mesh dimensions and the spectrum of

the sources can be found in Reference (1).

The specifications of cross-section data libraries used by both countries

are shown in Table (1). The codes used are: (a) 1-D for problem #1 & #2:
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ANISN-DD (JAERI), ONEDANT (U.S.), (b) 2-D discrete ordinates for problem #3 &

H: DOT 3.5 + ORTUNCL (JAERI), DOT 4.3 + ORTUNCL (U.S.), and (c) Monte Carlo

for problem #4: MORSE-DD (JAERI) and MCNP (U.S.). For the MCNP calculation,

the continuous energy/angle libraries indicated in Table (1) were used. For

MORSE-DD and ANISN-DD calculations, the double differential cross-section

libraries (DDX) of JAERI were applied.

Items selected for the intercomparison at various locations in problem #1

are the reaction rates Li(n, a)t (Tg), Li(n, n'a)t (T?), fission rate in

2 3 5U, 2 3 8U, 232Th, and 2 3 Mb, and neutron spectrum. The same items were

considered in problem #3 & #4 in addition to the spectral indices reactions

27Al(n, a), l97Au(n, y), 58Ni(n, 2n) and 58Ni(n, p). The angular neutron

spectrum was compared at the outer right boundary of each slab in problem #2

at u = 0.73 and u = 0.98 in addition to the energy integrated fluxes.

Intercomparison based on ENDF/B-IV data base in problem #1 showed that

U.S. values calculated with MATXS1 library are larger for Tg (1-4%) and lower

for 1-j (1-4%) as compared to corresponding values evaluated by DDL/B4 library

(JAERI) and the discrepancy was attributed to group structure effect. For

238U(n, f), 232Th(n, f) and 237Np(n, f) reactions, the discrepancies are 1-3%,

r\ *\ C

1-3% and ~ 1%, respectively. U(n, f) reaction rate showed large

discrepancy in back zones (14%). Intercomparison based on ENDF/B-V (U.S.) and

JENDL3-PR1 (JAERI) data showed larger discrepancies (l-3%, 1-4%, 1-8%, 1-6%

and 1-6% for T6, T?,
 238U(n, f), 232Th(n, f) and 237Np(n, f), respectively)

*y *\ s
especially for U(n, f) (~ 17-25% in back locations). It was also shown

that ENDF/B-IV data gives 1-5% larger Tfi and 20-22% larger T? as compared to

JENDL3-PR1 data.

The above discrepancies are larger in problem #3. It has been demon-

strated that discrepancies arising from using various data libraries are more
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pronouneed in open geometries (problem #3) as compared to closed geometries

(problem #i). Intercomparison based on ENDF/B-V and JENDL3-PR1 data showed

that U.S. values are: 4-10% larger for T6, 9-24% larger for T7, 9-14% larger

for TPR, 3-10% larger for 235U(n, f), 2-13% larger for 238U(n, f) and 5-20%

27larger for Al(n, a). These discrepancies are narrowed when interconiDarison

based on ENDF/B-IV was made* It was shown that the discrepancies in the non—

o o c

threshold reactions [e.g. T^, U(n, f)] are large especially at back loca-

tions and is mainly attributed to group structure effect.

Integrated angular flux intercomparison for problem #2 showed that the

U.S. and JAERI's results for the total integrated flux agree within 1% for all

the materials considered. In the energy range E > 10 MeV, the largest discre-

pancies found are for beryllium (10%) and carbon (6%) where U.S. values are

lower Chan JAERI's results. Beryllium has also the largest discrepancy in the

energy range 10 > E > 1.35 MeV and 1.35 > E > 0.0248 MeV. This was found to

be also true whan intercoraparison between JENDL3-PR1 and ENDF/B-V was made.

Summary of codes intercomparison for problem #4 is shown in Table (2)-

It was found that DOT 4.3 calculations (U.S.) always yield larger values for

all reactions considered as compared to DOT 3.5 calculations with the data

libraries used and the discrepancies tend to increase at locations deeper in

the Li20 zone. The agreement between MORSE-DD and of the MCNP results in

coraoarison to DOT 3.5 results is good at front locations. However, the dis-

crepancies get larger at back locations, particularly with the point edit of

the MCNP code for which small number of histories (20,000) was considered.
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Table (1): Neutron Cross-Section Data Libraries
Used in the Analysis of the Four Benchmark^Problems

Cross Section
Library

JAERI;

DDL/B4

DDL/J3P1

OICXFNSl

ENDOIX

JENCIX

U.S.;

MATXSl

ANL46

MATXS5

MATXS6

RMCCS 13/23

BMCCS

Data File

ENDF/B-IV

JENBL3-PR1

ENDF/B-IV

ENDF/B-IV

JENDL3-PR1

ENDF/B-IV

ENDF/B-IV

ENDF/B-V

ENDF/B-V

ENDF/B-V

ENDF/B-IV

Processing
Code

PROF-DD

PROF-DD

NJOY

POG-IIB

POO-HB

NJOY

AMPX

NJOY

NJOY

ACER

ACER

Anistropic No. of
Scattering Groups

DDX

DDX

P5
P5
P5

P5
P5
P5
P5
continuous

continuous

125

125

135

125

125

30

46

30

80

Problem
1 2

X

X

X

X

X

X

X

X

X

X

X

X

X

X

No.
3

X

X

X

X

X

X

Applied
4

X

X

X

X

X

X

X

X

X

X

8-6



Table (2): Summary of U.S. and JAERI Intercomparison
For Benchmark Problem M Based on JENOL3-PR1 and ENDF/B-V Data

Reaction

6Li(n,

7Li(n,

TPR

235U(n,

238U(n,

o)t

rux)t

f)

f)

Code

MORSE-DD(a):
DOT 4.3:

MCNP: (ZE))
(PE)(

(ZE)
(PE)

MORESE-DD:

DOT 4.3:

MCNP: (ZE)
(PE)
(ZE)
(PE)

MORSE-DD:
DOT 4.3:

MCNP: (ZE)
(PE)
(ZE)
(PE)

MORSE-DD:

DOT 4.3

MCNP: (ZE)
(PE)
(ZE)
(PE)

MORSE-DD:

DOT 4.3:

MCNP: (ZE)
(PE)
(ZE)
(PE)

Difference from
DOT 3.5 Calculation

2-8%
6-10%

b^ 1-6% in front
c ) 2-11% in front

4-10%
10-25% in back

5-7% in front
8-22% in back
9-23%

1-6% in front
2-5% in front
11-20 % in back
-15% in back

2-6%
8-16%

1-6% in front
1-8% In front
6-10% in back
9-14% in back

2-8%

1-10%

1-6% in front
1-6% in front
2-4% in back
8-19% in back

1-6% in front

8-15% in back
2-3% in front
5-13% in back

1-8% in front
5-10% in front
8-21% in back
10-28% in back

Comments

Larger values; better agreement
in front; group structure ef-
fect.
Good agreement.

Largest discrepancy in back.
Statistical error 25%.

Poor agreement in back
locations.
Largest difference in the back
locations: U.S. values are
larger.

Statistical error 12%.
Statistical error 17%.

U.S. values are larger; largest
difference is in back locations
Good agreement.

Largest discrepancy in back
locations.
Discrepancies increase toward
the back locations; U.S. values
are larger.
Good agreement.
Good agreement.
Good agreement.
Statistical error 16%.

Poor agreement in back
locations.

Good agreement in front
locations. U.S. values are
larger.

(a) Point Edit Results
'b) ZE = Zone Edit, r = 0 -5 cm
(c) PE = Point Edit
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