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Availability of the Monte Carlo Coupling Technique for
Three-Dimensional Neutron Streaming Calculation

By
Kohtaro UEek1

Abstract

Two three-dimensional neutron streaming problems are analyzed by using the Monte Carlo
coupling technique. One is streaming through a two-legged cylindrical-annular duct and the other
is streaming through a slit. The main advantage of breaking the problem into two Monte Carlo
calculations is that it is then not necessary to repeat the calculation of neutron transport from the
reactor to the pseudo-detector when the duct or the slit configuration is changed. The coupling
technique provides a remarkable improvement in both the calculated results and the fractional
standard deviations as compared with usual Monte Carlo calculations.

The agreement between the measured reaction rates and the calculated values is quite satis-
factory. The calculated values using the coupling technique agree with the measured values
within a factor of 2 for In(n, #’) and Ni(xn, p) threshold detectors in the two-legged cylindeical-
annular-duct problem, and agree within a factor of 3 with results from cadmium-covered gold
activation detectors and from In(n, #n’), Ni(n, p), and S(n, p) threshold detectors in the slit
problem. However, there is a relatively large discrepancy between the calculated and the measured
values from the cadmium-covered gold activation detector in the cylindrical-annular-duct problem.
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Fig. 1 Calculational model for the JRR-4 slit-streaming experiment. Detector locations
shown by solid circles. Dimensions are in centimetres.
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Fig. 2 Calculational model for the JRR-4 two-legged cylindrical-annular-duct streaming

experiment.
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Dimensions are in centimeters.
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First MORSE Calculation
*Start the random walk from the natural source.

*The initial statistical weight of each source particle is set
as 1.0.

«Provide the pseudo-detector region in front of the entrance of
the slit or the duct.

«Calculate spatial distributions of angular, energy, and total
fluence at the pseudo-detector.

Preparation of Boundary Source Conditions

«Establish the pdf's of the angular, energy, and total fluence
in the detector.

sProvide the subroutine SOURCE so as to be able to use the pdf's
as boundary source conditions in the second MORSE calculation.

eAlso provide the subroutine SDATA in order to treat the
boundary source conditions consistently.

Second MORSE Calculation

+Start the sequence random walk with the boundary source
conditions from the SOURCE subroutine.

*The initial statistical weight of each source particle is also
set as 1.0.

«Multiply the total fluence, P, obtained from the first MORSE
calculation, by the output of interest, A*, of the second
MORSE calculation.

«Obtain the final result of interest, A, as.

A=P. A%

Fig. 3 Calculation sequences of the Monte Carlo coupling technique

(MORSE-to-MORSE coupling code system).
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HHEREER

3.1 AYy FRMY—3LSME

1oolgHLERES L 3 20 L& WRIEB T
BZAY o beAEF AP Y — I V/HEORIGROFH
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7YV IHETE, RMOHEOFEBEREBTRT S
fsd @2 DFEICEB LAV D EEEL TS,
Z hik, iterative forward-adjoint Monte Carlo $£P <0,
recursive Monte Carlo 31T 4 fsd O EFEE2%E 2T
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Table 1 134 F 3 #-D&BEBORIGERETRL
TWb, ZOLEBRILBITEINFEET (epithermal
neutron) (T %L ChE K& i RIGHIER % F5 - TV 5
25, EEPEFICH L TR EIGHERITIEEAEER
Thb, BIEMEL L 5, MORSE-to-MORSE 7 »
TV v FEHECHEREDE, EED 1 @9 MORSE
HEZLBELD DRI R—FEABVESHRT
$%, 1 @D MORSE #E T34 ToORBROLE
T 100 FREEAEELY TR S RSEL L > Twh, —
%, MORSE-to-MORSE # v 7'V v 7 ikic X 53 HE
FERILRE 2 (a factor of 2) INT, &TOBRHIE
MNEBEZEWT—HT5LVIRETREVELE R T
5o Xb, eV v/HERIEORY T LR
FHEIEN, MIERFHROBVEZELTH fsd 23+

Table 1 Comparison of reaction rates between measured,
single MORSE, and MORSE-to-MORSE coupling
calculations in the slit problem.

(Rates are expressed in reaction/W-s.Slit width is 1 cm except as noted.}

Distance from MORSE-t0-MORSE
the Slit Entrance | Measured Single MORSE Coupling
{cm) (5000 Histories) (8000 Histories)
Cadmium-Covered Gold Detector
0 1.25%-20° | 1.444-22  0.653° | 2.354-20 0.551°
20 8.50%-21 3.565-22 0.820 2.491-20 0.658
40 1.55-21 1.143-23 0.646 2.002-21 0.467
60 1.80-22 1.853-24 0.663 1.540-22 0.333
80 1.60-23 6.204-25 0.790 3.154-23 0.323
Sulfur Detector
0 5.30-25 4.861-25 0.707 1.027-24 0.333
20 1.15-25 1.427-25 0.679 1.797-25 0.355
40 2.60-26 1.588-26 0.560 1.874-26 0.350
60 7.20-27 2.905-27 0.651 4.570-27 0.331
80 2.70-27 2.147-27 0.758 1.830-27 0.322
Indium Detector
0 1.15-24 1.,501-23 0.811 3.793-24 0.189
20 3.05-25 4.569-24 0.583 4.851-25 0.227
40 5.40-26 2.754-25 0.634 7.254-26 0.334
60 1.10-26 6.210-26 0.597 2.910-26 0.417
80 3.20-27 6.333-26 0.841 1.623-26 0.444
Magnesium Detector
0 1.35-26 1.459-28 0.229 1.372-26 0.579
20 4.00-27 2,264-27 0.984 1.087-26 0.567
40 8.50-28 3.664-28 0.972 2.104-27 0.623
60 2.50-28 4,452-29. 0.953 4.781-28 0.634
80 1.30~-28 6.988-30 0.900 1.475-28 0.600
3s1it with zero.
b

Read as 1.25x10720.

SFractional standard deviation.
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Table 2 Comparison of reaction rates between
measured and MORSE-to-MORSE
coupling calculations in the two-legged
cylindrical-annular-duct problem.

Detector Location® Nickel Detector Reaction Rate

(cm) (reaction/W.s)
MORSE~to-MORSE
Line A Coupling
(in water) x z Measured (10000 Histories)
aA-1 3 o 2.47-22 1.939-22 0,179b
2 20 —— 2.59-23 2.782-23 0.209
3 40 - 4.53-24 5.737-24 0.240
4 60 - 1.36-24 1.295-24 0.199
5 80 —-— 5.88-25
6 100 i 3.39-25 4.221-25 0.430
7 120 -—— 2.13-25
8 140 ——— 1.46-25 9.836-26 0.457
9 160 _—— 1.18-25 9.639-26 0.508
10 180 - 1.25-25 9.030-26 0.643
11 - 15 3.78-25
12 - 20 3.76-25 4.227-25 0.270
13 - 40 8.93-27 1.624-26 0.276
14 - 60 1.13-27 1.498-27 0.454

3a11 @etector locations were in the plane of Fig.2.
Fractional standard deviation.
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ik, X7 FodsIUCERTEERETFO
WU HREERE ORI DL TE S,

Table 3 {34 F 3w ah - —D4KAHLRHRE, &
IRAVIY A, =9l, TALI=TALEZVERE
BEHTIRIEREZEN L DO TH S, ZhbDMk
Hi#8ix4< Fig. 2 02K{HIcH 5 line B LicEH»h
TV, £REBTHT HFPEERL, £ 1HTIK
IR THEEE —F L, ®2H Tk INT
RU—FHE2RLTWS, 81D fsd ¥ 0.25~0.38
ThHY, BT O fsd L LTRPRDBWETS
5p%, LaL, H2MHhTiE 0.53~0.65 ERE\,
1V oy ABHB IOV TR EHEEIT A TOBRB BT
BECEAELFR2UDNTHY, TR ~E—3
RERTWD, F1HHo fsd 13 0.08~0.15 THH 1
SRWHETH S, Lo L, E2Tik 0.17~0.58 T
BB, FLHAD fsd BREVERL LT, QERK
TBH 534 LB - O F 52 A C K & W

Table 3 Comparison of reaction rates between measured and MORSE-to-MORSE coupling calculations
in the two-legged cylindrical-annular-duct problem.

Detector Location® Reaction Rate
(cm) {reaction/W.s)
MORSE~to-MORSE
Line B ‘Coupling
(in air) X z Measured {10000 Histories)
Cadmium-Covered Gold Detector

B- 1 1] 15 4.05-20 1.382-19  0.383°
3 40 - 8.07-21 2.333-20 0.254

5 80 - 1.95-21 4.794-21 0.275

7 120 —— 6.25-22 1.994-21 0.275

9 160 —-—— 2.55-22 6.163-22 0.324

10 165 20 1.36-22 3.226-22 0.572
11 ——- 40 2.62-23 4.469-23 0.650
12 - 60 9.50-24 1.786-23 0.546
13 —— 80 4.23-23 2.449-24 0.529

Nickel Detector

B~ 1 15 1.74-22 1.648-22 0.112
3 40 —-—= 2.75-23 4.407-23 0.095

S 80 - 9.06-24 1.400-23 0.146
120 | --- 4.21-24 5.992-24  0.091

9 160 —— 2.03-24 3.505-24 0.123

10 165 20 1.69-24 3.621-24 0.167

(2=15cm)

11 —— 40 1.98-26 2.243-26 0.403
12 —— 60 4.17-27 1.188-26 0.513
13 - 80 2.07-27 1.934-27 0.546

2A11 detector locations were in the plane of Fig.2.
Fractional standard deviation.

Detector Location® Reaction Rate
(cm) (reaction/W-s)
MORSE-to-MORSE
Line B Coupling
(in air) x z Measured {10000 Histories)
Indium Detector
B- 1 1.] 1s 2.46-22 2.328-22  0.099°
3 40 —— 3.54-23 5.153-23 0.083
5 80 —_— 1.10-23 1.566-23 0.132
7 120 —-—- 4.49-24 6.805-24 0.079
9 160 ——— 2.24-24 4.233-24 0.107
10 165 20 1.93-24 4.451-24 0.166
(2=15¢cm)
11 —-— 40 5.46-26 3.269-26 0.402
12 = 60 1.92-26 1.183-26 €.576
13 m——— 80 2.050-27 0.541
Aluminum Detector
B~ 1 1 15 2.30-24 2.631-24 0.208
3 40 — 3.72-25 9.416-25 0.160
5 80 - 1.31-25 2.859-25 0.209
7 120 ——— 6.77-26 1.189-25 0.159
9 160 ——— 3.52-26 6.020-25 0.162
10 165 20 2.81-26 7.790-25 0.294
(2=15cm)
11 L 40 2.03-28 8.314-28 0.821
12 — 60 3.61-29 2.061-28 0.794
13 — 80 8.90-30 3.158-29 0.719
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Teble 4 Comparison of reaction rates between measured and MORSE-to-MORSE coupling calculations
in the two-legged cylindrical-annular-duct problem.

Detector Location® Reaction Rate Detector Location® Reaction Rate
(cm) (reaction/W.s) (cm) (reaction/W.s)
MORSE -to~MORSE MORSE-to-MORSE
Line C Coupling Line C Coupling
(in air) x z Measured (10000 Histories) (in air) X z Measured (10000 Histories)
Cadmium-Covered Gold Detector Indium Detector
c- 1 1| -1 6.83-20 4.246-19  0.576° e 1 1| -15 4.64-22 3.534-22  0.164
3 40 - 1.02-20 1.755-20 0.260 3 40 Rdeted 6.07-23 6.078-23 0.106
5 80 — 2.26-21 1.245-20 0.407 5 80 — 1.75-23 1.549-23 0.090
7 120 —-— 7.35-22 3.463-21 0.456 7 120 —_— 7.08-24 6.035-24 0.070
9 160 —-— 3.09-22 1.241-21 0.440 9 160 —-— 3.66-24 3.612-24 0.134
10 180 —_— 2,40-22 2,782-22 0.611 10 180 - 2.68-24 3.196-24 0.103
11 196 - 2.30-22 1.810-22 0.466 11 195 — 2.26-24 2.889-24 0.152
12 -— o 1.09-22 2.144-22 0.590 12 —_— ] 2.19-25 2.906-25 0.391
13 “—— 20 5.92-23 9.630-23 0.666 13 - 20 2.05-25 4.245-25 0.326
14 —— 40 2,28-23 2.244-23 0.759 14 - 40 3.86-26 9.835-26 0.427
15 —— 60 9.12-24 2.076-23 0.526 15 — 60 1.48-26 2.323-26 0.401
16 —— 80 4.21-24 1.700-23 0.608 16 ——- 80 7.63-27 7.016-27 0.444
17 -—- 100 2.33-24 17 -— 100 4.42-27
18 —-— 120 1.38-24 1.547-24 0.659 18 - 120 2.86-27 3.236-27 0.520
Nickel Detector Aluminum Detector
c-1 2 =15 3.25-22 2.491-22 0.149 c-1 1 =15 3.74-24 3.672-24 0.259
3 40 —— 5.18-23 5.564-23 0.100 3 40 - 7.31-25 1.313-24 0.140
5 80 —-_— 1.56-23 1.310-23 0.097 5 80 Lot 2.46-25 3.206-25 0:226
7 120 -——— 6.68-24 5.307-24 0.083 7 120 -— 1.14-25 1.207-25 0.207
9 160 - 3.50-24 3.082-24 0.145 9 160 - 6.31-26 6.506-26 0.217
10 180 il 2.37-24 2.813-24 0.109 10 180 -—- 4.66-26 6.311-26 0.167
1 195 -—- 1.90-24 1.883-24 0.138 11 195 - 3.78-26 2.080-26 0.326
12 -— 0 1.17-25 1.982-25 0.492 12 -—— 0 1.01-27 2.286-27 0.653
13 -—— 20 1.46-25 5.937-25 0.414 13 -— 20 3.06-27 1.760-27 0.529
14 L 40 1.84-26 6.212-26 0.361 14 — 40 3.834-27 0.694
15 -— 60 2.290-27 0.671

2A11 detector locations were in the plane of Fig.2.
Ppractional standard deviation.
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