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Development of Direct Transmission Probability Method
for Criticality Safety Analysis
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11-1, Iwado Kita 2-Chome, Komae-Shi, Tokyo 201-8511, Japan

We have developed new deterministic Sn-type two dimensional transport calculation
method using direct transmission probabilities. The present method has advantage on
calculation accuracy for geometries with much void or neutron absorption regions, because
paths of neutron are calculated from generation to reaction without approximation.
Checking calculations are carried out for a criticality safety problem of fuel assemblies in a
spent fuel storage pool with neutron absorption materials, which show difference between
the present method and the conventional Sn methods of DOT3.5 on eigenvalues and flux
distributions. The other checking calculations for a neutron shielding problem show
advantage of the present method comparing with the conventional Sn methods from the
viewpoint of ray effects.
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1. Introduction 2. Direct Transmission Probability Method

Deterministic transport calculations are effective 2.1 Transport Equation
for criticality safety and radiation shielding problems. A transport calculation considers angular neutron
However conventional two and three dimension Sn flux (y). Boundary outgoing angular flux of a mesh
codes still have ray effect problems and less reliability (yim) is calculated with boundary income angular
in accuracy for geometries with much void or neutron neutron flux y,.), transmission probability jm),
absorption regions. We have developed new neutron source (S ) and escape probability (TSm of
deterministic Sn-type of two dimensional transport the mesh (ij) for angle (m) as:
calculation method using direct transmission
probabilities. The present method has advantage on yi. = yo�m T.+ S. TSM
calculation accuracy for geometries with much void or
neutron absorption regions, and it has similarity to T. = exp ( -Y-t 
Exponential Characteristics (EC) method ), Method
of Characteristics (MOC) 23) or Method of Transmission
Probabilities 4 These methods solve transport equation
along straight lines for discrete ordinates in basic. Where, Zt: Total cross section, 1: Length of
While the MOC and other methods mainly deal with neutron path within mesh (ij).
characteristics within each calculation cell or mesh, Vein
the present method of "Direct Transmission y
Probability Method (DTPM)" solves transport
equation along paths of neutron from generation to
reaction for the whole geometry of calculation without
approximation. Therefore the DTPM has advantage on
calculation accuracy for geometries with much void or
neutron absorption regions. Additionally the DTPM
uses FDM-like 5-points type differential equation to
accelerate transport calculation 5). In this paper, we
describe DTPM, and show the checking calculation
results comparing with the conventional Sn method of
the DT3.5 code 7), for a criticality safety and a Ysm

radiation shielding problems. Fig.1 Basic Concept of the Present Transport Method.
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In the DTPM, transport calculation starts from 3. Checking Calculation for a Criticality Safety
boundary angular neutron flux (y,,m) and terminates at Problem
boundary angular neutron flux of other side y,,,,,)
with consideration of transmission probability of each 3.1 Calculation Geometry and Cross Sections
mesh (Fig. 1). This transport calculation process is A checking calculation is performed with the
repeated for all of proper starting points at geometry DTMP in order to examine the applicability to the
boundaries and all of proper angles. Because the critical safety problem. Calculation geometry is array
DTPM uses no approximation in calculation, correct of fuel assemblies in spent ftiel storage pool with
values of neutron transport equation can be expected neutron absorption materials (Fig. 2 The ftiel
without approximation, under condition of enough assemblies and the moderator are included in the fuel
starting points and enough neutron angles. region. Position of (c) is cpped comer of neutron absorbers

and is in the region ofmoderator.

2.2 Acceleration Method
(a)To accelerate calculation, the DTPM uses fite

differential method (FDM)-like 5-points type ;orber
differential equation.

Income neutron current 'ij) of mesh (ij) can be
calculated with angular neutron flux (yo,, by

loomm,summating for all of the angles and the starting points Water (I 0 mm)
at geometry boundaries as:

----------

j+ij Sum yo,. - P. (2) 113 mm

(in, starting points) Fig.2 Calculation Geometry of a Criticality Safety

Problem.
Where, V. is cosine of neutron angle ) to X (or

Y) direction. The cross sections of each region are listed in
5-points type differential coefficients for the mesh Table 1. The cross sections were calculated with

(ij) can be expressed with neutron current 'ij) and 1-dimensional transport calculation code ANISN
total neutron flux i-ij) of mesh (i-1j) as: with the neutron library based on ENDL3.2 9.

C1 (ij = Jij i-Ij (3) Table I Cross Sections used for a Criticality Safety

and Problem in Two Energy Groups (Unit: cm-
Region Et, Et, v I 2 Ys Y 2 FX

CO 0) = C (i+lj)+C2 (i-1,J)+C3 ij+l)+C4 (ij-1) Fuel 0278 0.893 0.011 0255 0253 0.757 0.013

+(Y-tj-y-sid A A (4) Water 0.730 2.199 0.0 0.0 0.721 2.186 0.007

Neutron 0.693 12.75 0.0 0.0 0397 0.886 0.0001

Where, Esij is scattering cross sections of mesh (ij), Absorber -
AXij and AY j are widths of mesh (ij) for X and Y
direction respectively. Total neutron flux (�) are 3.2 Calculated Results

calculated with the 5-points differential equation as: Calculation was carried out by the DTPM and the

Q�ij= Ci�ilj+Q�ilj+C-3�i,�,+C4�ij.,+Sij (5) conventional S method of DT3.5 code. Although

The schemes of the DTPM are: reactivity changes in mesh size, the present method
1. Calculation of angular neutron flux with and DOT3.5 show some difference (about 1% 8k/k in

transmission probabilities for all of the angles and the reactivity (Fig.3).
starting points at geometry boundaries. 0.83

2. Calculation of currents at each mesh boundaries 0.82

with above calculated angular fluxes. 0.81 DOT3.5
3. Calculation of differential coefficients such as C1, 0.80 UIPM

C2, etc. of each meshes with the currents values. 0.79

4. Calculation of total fluxes with diffusion like 0.78

differential calculation using the differential 0.77

coefficients to accelerate flux distribution calculation
(inner iterations). 0.76

5. Calculation of eigenvalues (kff) by repeating the 0 2 4 6 8 10 12

above 14 procedure (outer iterations). Number ofMesh Region

Fig.3 Reactivity's of the DTPM and the DT3.5.
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Comparison of fast neutron flux distributions from Table 2 Cross Sections used for a Neutron Duct
the point (a) to the point (b) of Fig. 2 is shown in Fig, Streaming Problem in Two Energy Groups
4. The reason of the difference at point (c) is that the (Unit: cm-
fast neutron passed through neutron absorbers is Region D, Et, Es, Es, ?X-
calculated from neutron source directly in the DTPM. Concrete 02706 03854 0.2678 03808 0:66�

When segment node was changed from S t S16,

reactivity and flux distributions differed little in the 4.2 Calculated Results
DTPM. Figures 6 to show fast and thennal neutron flux

0.40 distributions calculated with the DTPM and the
(a) - the DTPM DOT3.5 code. Fig. 6 and 7 show the distributions in

0.35 DOT3.5 the whole geometry. The places of the peak in the Fig.

'a 0.30 6 are the position of the neutron source in Fig. 5. Fig.
8 shows neutron flux distributions along the line of (d)�6 0.25

(c) to (e) in Fig. .
0.20 In the result of the DT3.5 code shown in Fig. 6

0.15 (b) and Fig. (a), wave phenomenon is clearer than
(b) that in the results of the DTPM shown in Fig.6 (a) and

2 0.10
4. Fuel Fig. (a). This is due to the ray effect of conventional

0.05 Sn methods. Therefore the DTMP has advantage on

0.00 ray effect in such duct streaming problems.

0 50 100 150 200 Differences of thermal neutron flux distribution are small
between the DTPM and the D013.5 code, since thermal

Distance from Center of Fuel Assembly (mm) neutrons come from the whole concrete wall (see Fig.

Fig.4 Fast Flux Distributions of the DTPM and the 7 and Fig. (b)).
DOT3.5 Code on the Criticality Safety
Problem.

4. Checking Calculation for a Radiation Shielding 5.0

Problem 4.0

4.1 Calculation Geometry and Cross Sections Fast Flux 3.0

In order to examine the applicability of the DTPM (Arb. unit) 2 

to a radiation shielding problem, a neutron duct
streaming problem was set up (Fig. 5), where a 1.0 S22

neutron source is located in void (no substance) region 0.0 S15

which is surrounded with the concrete walls. The S8

external boundaries of the problem were on vacuum
(no reflection) conditions. (a) the DTMP.

Vacuum

(e)
5.0

4.0

3.0Vacuum Vacuum Fsat Flux

(Arb. unit) 2.0

1.0
S22

5

(d) 0.0

Vacuum
Fig.5 Calculation Geometry of a Neutron Duct (b) DT3.5.

Streaming for Radiation Shielding Problem.

Fig.6 Fast Flux Distributions of the DTPM and the
Cross section of the concrete regions is listed in DOT3.5 code in the Duct Streaming

Table 2 which was also calculated with the ANISN Problem.
code and the neutron library based on JENDL3.2. S12

was used for both the DTMP and the DT3.5 code in
the neutron duct streaming problem.
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5. Conclusion
0.016

0.014 We have developed new deterministic Sn-type two
0.012 dimensional transport calculation method using direct

Thermal Flux 0.010 transmission probabilities. The present direct

(Arb. unit) '-00' transmission probability method (DTPM) has,
O..116 advantage on accuracy for geometries with much void
0.004 or neutron absorption regions, because paths of
0,002 22 neutron are calculated from generation to reaction
0.000 without approximation. The DTPM has possibility to

solve correctly neutron transport equation, on

(a) the DTPM. condition that starting points and neutron angles are
enough.

0.016 Checking calculations are carr ied out for array of
0.014 fuel assemblies in spent fuel storage pool with neutron
0.012 absorption materials, which show difference between

the DTPM and the conventional Sn method of
Thermal Flux 0.010 DOT3.5. Difference in eigenvalues is about 1 6k/k,

(Arb. unit) and flux distribution in the crevice portion of neutron

absorbers show remarkable difference between the0.004
S22 DTPM and the DT3.5 code.0.002

0.000 S15 The other checking calculations for neutron
S8 shielding problems show that the DTPM has caused

smaller ray effect in duct streaming problems. In this
(b) DT3.5. point, the DTPM has advantage in radiation shielding

Fig.7 Thermal Flux Distributions of the DTPM problems.
and the DT3.5 code in the Duct Streaming
Problem. Acknowtedgements

Mr. M. Sasaki (the Japan Research Institute,
1.0 Limited) cooperated the present study with the
0.9 authors.

�R 0.8
0.7
0.6 References
0.5 1) K. A. Mathews and C. R. Brennan, "Exponential
0.4 Characteristics Nonlinear Radiation Transport
0 t Method for Unstructured Grids of Triangular
0�2 DOT3 Cells." N.S.E. 126, 264-281 1997),
0.1
0.0 2) T. Jevermovic, J. Vujic, T. Tsuda "ANEMONA-a

0 50 100 150 200 250 300 Neutron Transport Code for General Geometry
Distance (mm) Reactor Assemblies Based on the Method of

(a) Fast Neutron Flux Distributions. Characteristics and R-Function Solid Modeler,"
Ann. of Nuclear Energy 28 125-152 2001).

0.014 - 3) S. Kosaka and E. Saji, " Transport Theory
0.012 t h -cD TP M] Calculation for a Heterogeneous Multi-Assembly

DOT3.5 Problem by Characteristics Method with Direct
0.010

Neutron Path Linking", J. of Nuclear Science and
0.008 Technology, 37, 12, 1015-1023 2000).

0.006 4) 1 Kameyama T Matsumura, and M. Sasaki, "The
FLEXBURN Neutron Transport Code Developed by the

0.004 Sri Method with Tnsmission Probabilities in Abitrary

0.002 Square Meshes for Light Water Reactor Fuel Assemblies,"
0.000

0 50 100 150 200 250 300 NSE, 123,86-95 1996).
5) T, Matsumura and T. Kameyama, "Solution of

Distance (mm) Sn-type Transport Equation by Total Flux Finite

(b) Thermal Neutron Flux Distributions. Difference Method", Proceeding of Physor 96,
A-15, Mito, Japan 1996)

Fig.8 Fast and Thermal Flux Distributions along 6) T. Matsumura, T. Kameyama and Y. Nauchi. A
the line of (d) to (c) in Fig. with the DTPM Simple and Flexible Coarse Mesh Method for
and DT3.5 Code. Reactor Core Simulator." Physor2OO2, 7E-10,

- 566 -



JAERI-Conf 2003-019

Seoul, Korea 2002).
7) RSIC Computer Code Collection DOT 35 Two

Dimensional Discrete Ordinate Radiation
Transport Code, CCC-276.

8) W.W.Engle, Jr., "The Users Manual for ANISN A
One-Dimensional Discrete Ordinated Transport
Code with Anisotropic Scattering," K1694, Oak
Ridge Gaseous Diffusion Plant 1967).

9) T. Nakagawa, et al., "Japanese Evaluated Nuclear
Data Library Version 3 Revision-2: JENDL-3.2" J.
of Nuclear Science and Technology, 32 1259-1271
(1995)

- 567 -


