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Abstract

The Monte Carlo method is a very useful tool for solving a large class of radiation
transport problem. In contrast with a deterministic method, geometric complexity is much
less significant problem in Monte Carlo calculations. However, the accuracy of Monte
Carlo calculations is of course limited by statistical error of quantities to be estimated.

In the present study, we pointed out typical problems in a large shielding system with
neutron streaming. Then, the Monte Carlo coupling technique of which the Monte Carlo
calculation was divided two steps, lying the pseudo - detector of the coupling surface
between the first steb and the second, was proposed to analyze neutron streaming in a large
shielding system. The coupling technique was applied to large shielding systems with neu-
tron streaming : the first was the neuton slit - streaming problem, the second the two -
legged cylindrical - annular - duct neutron streaming, and the third the 14 - MeV neutron
streaming through a narrow hole - duct of a fusion reactor. Those shielding systems had
large total flux attenuation of more than ten orders of magnitude between neutron sources
and detectors. Statistical error propagation in the Monte carlo coupling calculation was
estimated by the newly intronduced equation of error propagation.

As a result of the practical application to those problems, the Monte Carlo coupling
technique was demonstrated that the technique could produce the results of good FSD’s
(fractional standard deviation) in a practical computation time, of neutron flux distributio-
ns in the large shielding system.
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Fast-neutron flux* of forward Monte Carlo calculations with

event value and point value of duct problem

Detector
Biasing schemes (b)
Uncollided flux Total flux o?T

Exponential transform with PATH=0.5 1.0365-8 (0.59317)(a> 1.6800-7 (0.16669) 0.2058
Point-value angular biasing, source
location biasing and PATH=0.5 2.3299-8 (0.09016) 2.3793-7 (0.14121) 0.1672
Event-value path-length biasing
and source location biasing 2.5880-8 (0.09091) 2.4082-7 (0.13810) 0.2033

+ Unit=n/cm? per source neutron.

(a) Read as 1.0365x10~%, with fractional standard deviation of 0.59317.
(b) o?T: Efficiency (o: Fractional standard deviation in percents, T: Total computation time in minutes)
For each calculation, 1,000 source particies were generated.
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ZFRCZ, X FANLRERTIE, 5FO KR
IFINBEE77275—7 SANERIZIALY 77
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Table 2  Fast-neutron flux* of iterative forward and iterative adjoint -
calculations™ of duct problem
: Detector
It§;3:1ve Biasing schemes (b)
Uncollided flux Total flux a?T
(A) Forward Mode
F' Exponential transform with PATH=0.5 2.4597-8 (0.49450)(?) 1.9689-7 (0.15075) 0.1733
F? PATH=0.5 . 1.0365-8 (0.59317) 1.6800-7 (0.16669) 0.2058
F? PATH=0.5 1.4473-8 (0,58664) 1.8296-7 (0.19548) 0.3040
F* PATH=0.5 1.9215-8 (0.58758) 2.4976-7 (0.18057) 0.2426
FS . PATH=0.5 3.1603-9 (0.29185) 1.8227-7  (0.13603) 0.1387
(B) Adjoint Mode
A? Source direction biasing and exponential
transform with PATH=0.5 .2.0900-8 (0.34383) 2.4866-7 (0.18376) 0.2423
A% . Source direction biasing and PATH=0.5 2.8741-8 (0.28104) 2.1762-7 (0.10686) 0.0775
- AR Source direction biasing and PATH=0.5 3.1540-8 (0.29678) 2.1495-7 (0.12970) 0.1132
A* Source direction biasing and PATH=0.5 1.4459-8 (0.41557) 2.7367-7 (0.15794) 0.1775
AS Source direction biasing and PATH=0.5 1.9876-8 (0.40639) 1.8572-7 (0.16070) 0.1657

+ Unit=n/cm® per source neutron.

g0 g1 g2 £3 Eu go &1 £2
++ > F! > F2 > F3 > F* > F5, = Al -+ A2 5 AP

Eu
A* + A5 (£: Random number).

(a) Read as 2.,4597x107%, with fractional standard deviation of 0.49450.
(b) o2T: Efficiency (o: Fractional standard deviation in percents, T: Total computation time in minutes).
For each calculation, 1,000 source particles were generated for forward mode and 2,000 source particles were

generated for adjoint mode.

TTCEELTWEY, FLIAND L, REHK3 (A
5, SFH B VIF3A) F THET L, HomES L
SHTEEDBLND Z LD, SLICHKHE L E
- HTHWMY LT T FSD AR L Tz,

T T AHNOFERERICNT 2 FSD ORTGOHEIC
1% Stevens M 3CHK (46) 251 L 72 Table 41z~ 72,
Litt, SELIRELTHS,

3.5 R
FToafrybbEryrTHNEETRDIL > K—2F
AR (AR PN =B IR > oS 1)
PREEASATABIUCHENSATRICEEL, BN
G2 bPAM )= V582757 —FECTHNL
DRI L 5 TiT- 28R, 77 RO BT 2ERS
HFRE (3.3X10%V L) o FSDIFEHBRNERILE
PHSENEENB0ILUTE2ERT S LD TE,
72, EABZZ PRI SEEE 77—
F—TYad > RIBEERCTHANVeEEZERAL T
RER, REH#3TL»TF 7 MO BIT 2 mEE
BFRAHOFSDZ 0. 1IRBEICKFET 2 Z o5& 72,
Tyadr M etER2ABL CRBERERTICHE

THF7 Ry P OFBRRPALBIZD2NWT/ 8T X b
Dy ZIZEFEL LS LT, HTAL > R—F R
BB s ERT 272N T ¥ a4 > FEtE 2T LED
HY, ZTORODOFEREGLECLS, T2T, &
LBLBICEND LD Ty T AL SERAREE
H, F7 b+ REUKRIEMEROPETF RS AL 7
2 FY) oy ZHEEIC T B EREETEE LTI LD
EFC 5, :



17

’fable 3 Fast-neutron flux* of iterative forward-adjoint Monte Carlo
calculations with adjoint flux and energy spectrum for
source biasing of duct problem

Iterative sos Detector .
Biasing schemes -
mode A Uncollided flux Total flux 27
F Source zotjation biasing with the ) (a)
Tang's'®} step function and 2.5985-8 (0.03381) 2.2546-7 (0.27271) 0.5662
exponential transform with PATH=0.5
1A Source direction biasing, source
energy biasing with energy 2.1975-8 (0.17160) 2.3484-7 (0.18345) 0.2379
spectrum of the 1F and PATH=0.5
2F Source location biasing with adjoint
flux of the 1A and PATH=0.5 2.7038-8 (0.08945) 2.5014-7 (0.14960) 0.1829
2A Source direction biasing, source
energy biasing with energy 2.8258-8 (0.16878) 1.9338-7 (0.12900) 0.1116
spectrum of the 2F and PATH=0.5
3F Source location biasing with adjoint
flux of the 2A and PATH=0.5 2.6684-8 (0.06751) 2.1498-7 (0.12716) 0.1274
3A Source direction biasing, source
energy biasing with energy 2.5760-8 (0.12619) 2.4839-7 (0.11139) 0.0884
spectrum of the 3F and PATH=0.5
4F Source location biasing with adjoint
flux of the 3A and PATH=0.5 2.7737-8 (0.08407) 1.9947-7 (0.13785) 0.15504
4A Source direction biasing, source
energy biasing with energy 2.7559-8 (0.13601) 2.4153-7 (0.11490) 0.0891
spectrum of the 4F and PATH=0.5
5F Source location biasing with adjoint
flux .of the 4A and PATH=0.5 2.5591-8 (0.08577) 2.1499-7 (0.09640) 0.0788
5A Source direction biasing, source
energy biasing with energy 2.2911-8 (0.18650) 2.3047-7 (0.12792) 0.1214

spectrum of the 5F and PATH=0.5

: Forward mode, A: Adjoint mode

Unit=n/cm? per source neutron

) Read as 2.5985 X 10~%, with fractional standard deviation of 0.03381.

) o®T: Efficiency (o: Fractional standard deviation in percents, T: Total computation time in minutes)

) ORNL-TM-5414,

,000 source particles were generated for forward mode and 2,000 source particles were generated for adjoint mode.

F
+
(a
(b
(¢
1

Table 4 Fractional Standard Deviation for
Monte Carlo Caiculations

Fractional standard $ s
deviation (f.s.d.) Descriptions

f.5.d.20.50  The Monte Carlo calculated result is meaningless for design.

0.50>f.s.d.20.20 These results have some significant but are not generally
regarded as good design data. Monte Carlo calculations
performed at the present time fall into this category.

f.s.d.<0.10 A good calculation.

f.s.d.20,01 Usually too expensive to achieve if the problem is deep
penetration and geometric complexity. However, this value
is sometimes required for a benchmark problem or for
comparison of the Monte Carlo results with the experiment.
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Distance from Source (cm)

Fig. 17 Calculational model for the ETNA three-legged cylindrical-

duct streaming experiment. Dimensions are in centimetres.

Table 5 Comparison of normalized reaction
rates between measured and MORSE
calculations in the three-legged
cylindrical-duct.
4 Measured MORSE Z Measured MORSE
F(Z=0) Prism Scattering F(z=0) Prism Scattering
(cm) In(n,n') (cm) In(n,n")
T T
: FSD : FSD
0 1 1 , 0.086 | 190 I
10 7.45-1% | 7.68-1 | 0.088 | 200 :
20 | 210 | 1.10-4 8.85-5 | 0.153
30 : 230 2.80-5 2.84-5 : 0.230
40 | 232 !
50 1.04-1 1.02-1 | 0.070 | 250 |
60 : 260 :
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80 f 280 I
90 | 290 !
‘ : 300 I
110 2,00-2 2.42-2 : 0.073 |30 I
120 1.85-2 1.88-2  10.079 | 320 I
130 : !
140 | :
150 1.05-3 8.10-4 | 0.151 Lo
160 | 4.50-4 | 4.31-4 ] 0.103 :
170 : i
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: |
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First MORSE Calculation

® Start the random walk from the natural source.

® The initial statistical weight of each source par-
ticle 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, en-
ergy, 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.

® Provide the subroutine SOURCE so as to be
able to use the pdf's as boundary source con-
ditions in the second MORSE calculation.

® Also provide the subroutine SDATA in order
to treat the boundary source conditions con-
sistently.

Second MORSE Calculation

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

® The initial statistical weight of each source par-
ticle is also set as 1.0,

® Multiply the total fluence, X, 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=At
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Fig. 18 Calculation sequences of the Monte Carlo coupling technique
(MORSE-to-MORSE coupling code system).
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Fig. 22 The streaming pattern of the total neu-
tron flux through 12 coplanar diagnostic
penetrations in the substructure. The
curve labeled “Background 1” is the flux
level with all penetrations shielded ; the
curve labeled “Background 2” is the flux
level with center column unshielded.s®
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