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- Abstract

‘Ahalyses of JOYO shielding-experimental data have been
performed for the purpose of studying the shielding design
technique of fast breeder reactor, confirming the shielding'
calculation procedure of proto-type fast breeder reactor MONJU,
and acquiring the data for the evaluation of the uncertainty

shielding design.

This péper describes the analyses for the effect of neutron
streaming through the déteétor guide tube in the pedestal heavy
concrete upon the experimental data, for the neutron streaming
through the primary coolant and the argon cover gas pipe pene-

trations in the biological shield concrete and for the neutron
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behaviour in the primary pump room and in the intermediate heat
exchangerlfoom. ‘Thé calculation wasrcérried out byrﬁsiné the
albedo Monte Carlo code MORSE-ALB with 21 neutron groups and Pg
=anisotropi0'écattering cross section. The calculated results

were compared with the shielding performance test data of JOYO.

I£ was found that the present albedo Monte Carlo method
predicted the thermal and intermediate-energy neutron streaming
within a factor of 2, taking off the source intensity uncertainty
which leads to the underestimation of absolute reaction rates by
an order of magnitpde at maximum. As for fast neutron reaction
rates which were likely influenced by uncertainties of the
calculatiqpal model and the neutron source distributions, the
cal¢ulated results agreedlwithin a faqtor of 6 with the experi-
mental ones. The authors also discuss the source of the
discrepancy between the calculated value and the experimental

"data.
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1. INTRODUCTION

The puréoSes of this work are the study of the shielding
design technique through the analyses of shielding experimental
~data in the fast breeder reactor, the confirmation of the shield
design method for the proto-type FBR "MONJU" and acquisition of

the data for evaluating the shielding design uncertainty.

As a part of activities of the Specialists' Committee on
Shielding Calculation of PNC, the shielding analyses 1:2) of
in-vessel and enclosure shield system of "JOYO" were conducted
with one- and two-dimensional Sn transport theory using the
evaluated nuclear data file ENDF/B-IV and the_photon production
data file POPOP-4 library 3} during the period from April 1977
to March 1979. The calculated results were compared with the
reactor performance test data 2+4r>) of JOYO. In the report,
the authors conclude that the_two—dimensional 5n transport
calculation can predict the neutron fluxes and the gamma-ray
dose rates in and around the reactor vessel and in the head
access area within an order of magnitude. However, the
compromise of the RZ calculational model brought about the
disagreement between the calculated results and some experi-
mental data which were influenced by neutron streaming through
the detector guide tube loéated off the reactor center axis.
In the reactor performance test, the neutron streaming data
were also measured along the primary coolant pipe chase-way

of Joyo.2rs4"®)



In this work, the authors investigated the following items
concerning neutron streaming by using the albedo Monte Carlo

7n11)

code, MORSE-ALB with 21 group-P_. approximation:

5

(i) the effect of neutron streaming through the detector
guide tube in the pedestal heavy concrete upon the
expérimental data,

(ﬁJ__analyses of the experimental data measured in the primary
coolant outlet pipe penetration, primary pump room and
intermediate heat exchanger room (hereafter called as

. IHX room).

In the albedo Monte Carlo calculation, Sn results obtained
in the adtivities of the PNC Specialists' Committee were used
as a neutron source. The calculated results were compared with
the measured data, and the applicability of the presént albedo
Monte Carlo technique to the neutron streaming analysis in the

LMFBR was studied.

In Chapter 2, the "JOYO" streaming experiments are
summarized. In Chapter 3, the calculational method used for
the present analysis by means of albedo Monte Carlo technigue
is briefly explained and the calculated results are compared
with experimental results. Concluding remarks are given in

the last chapter.



2. OUTLINE OF STREAMING EXPERIMENT OF JOYO

Neutron streaming through the Detector Channel A, the
primary coolant outlet pipe penetration {A loop of heat transfer
systems) in biological shield concrete, primary pump room
(called R206) and the IHX room (R302) of JOYO were analyzed by

-the albedo Monte Carlo method7 mll).

5,6)

In this chapter, outline
of measurements2’ in these areas is explained. Detectors

used for this experiment are shown in Table 2-0-1.

2.1 Detector Channel A

The méasurement for this channel was made at the low power
test of about 1 kW, 100 kW and 500'kW2’5).. This channel was
located 290 cm apart from the center axis of the reactor and
penetrated both of the pedestal and the graphite shieid.
Measured values were obtained from 100 ém under the core mid-
plane up to over the pedestal and had been already analyzed by
using the two dimensional Sn transport code D@Tf3,512) as an
activity of the PNC Specialists' Committee. However, the
agreement between the calculation and the experiments was prror,
since the calculation neglected neutron streaming effect in
the detector guide tube upon the experimental data.

The detectors used here are B-10 proporticnal counter,
235U-

r

TLD, fissile or activation foils of reactions such as

238 63 197A

U, Cu and u, and ionization chamber. Vertical and

horizontal view of JOYO are shoWn with the Detector Channel A




on the cress section in Fig. 2-1-1 and Fig. 2-1-2. Measured
data were obtained at locations for foil arrangement shown in
Fig. 2-1-3. Those obtained in the pedestal (at the height
between 496.5 cm and 646 cm) are relevent to the present study

and shown in Tables 2-1-1 through 2-1-5.

2.2 Primary Coolant QOutlet Pipe Penetration

5)

Neutron flux distributions were measured in and around
the primary coolant outlet pipe penetration (A loop of JOYO |
heat transfer systems) which penetrates bioclogical concrete
shield at the height of 366 cm from core mid-plane. The radius
of the duct is about 70 cm and that of the coolant pipe is

about 28 cm. At the exit of the duct, B,C shields are surround-

4
ing the coolant pipe to reduce streaming neutrons. TLD-600 and
TLD-700 detectors were irradiated at the power of 1.1 kW and Au
foils at 114 kW. Inlthe power-up test, a foil holder of 88316‘
(type 316 stainless steel) pipe with 18.5 mm diameter and 1.5
mm thickness was irradiated and reaction rate distributions of
Ocr(n,v) lex, fre(n,v) e, >2co(n,y) %o ana 123Sb(n,Y)
124Sb were obtained. The measurement in the coolant pipe duct
is illustrated in Fig. 2-2-1. 1In addition, reaction rates were
obtained on and around the outef.surface of the B4C shield by

the foils such as Ag, Ta and Ir and by the fission track detec-

tors.

The measured 197Au(n,y) reaction rates and the estimated
values taking account of TLD data for thermal neutron flux are

shown in Table 2-2-1 for seven points in the coolant pipe duct.

2~2



After the irradiation during the power-up test of 50 MWt,
the SS8316 holder was cut into pieces of 2 cm length every 10 |
cm and the induced activities of each piece were measured.

The absolute values of reaction rate for 88316 constituent
isotope were obtained 120 cm reactor-wards from the outer sur-

face of the B4C shield as follows:

50Cr(n,y)51Cr 7.18 ><10_.20 reactions/sec/atom/kwW
58Fe(N,y)SgFe 5.49 ><10_21 reactions/sec/atom/kW
59Cd(n,y)60Co 1.65 ><10~19 reactions/séc/atom/kw

Relative distribution of the above three reactions and
123Sb(n,Y)124Sb reaction along the duct are shown in Table
2-2-2. Figure 2-2-2 shows a distribution of 50Cr(n,y) SlCr
reaction rate compared with the thermal neutron flux. Shapes

of the two distributions are similar to each other. The results
from the foils such as Ag, Ta, Ir and from fission track de-
tectors located behind the B4C shield are mentioned in the

next section for the primary pump room.

2.3 Primary Pump Room (R206, A-loop)’

A cross section view of reactor vessel including the
primary pump room and the IHX room is shown in Fig. 2-3-1.
Main passes of neutron streaming to pump room are primary
coolant inlet and outlét pipe penetrations. Neutron streaming
through these ducts enhances background level of FFD/DN-method
(fﬁel fracture detector which counts delayed neutrons) in the

4,6)

primary pump room. The measurements of reaction

2-3




rate distribution in the primary pump room were performed at
several points such as coolant pipe duct exit, surface of the

sodium pump and surface of the FFD/DN-method. Figure 2-3-2

shows the detector locations by marks of cross. Table 2-3-1
shows the measured data at each detector position for 235U(n,f),
238U(n,f), 232Th(n,f), 328(n,p)32P, 109Ag(n,y)llomAg,

181 2 191

Ta(n,Y)18 Ta and Ir(n,Y)l921r reactions.

2.4 IHX Room (R302, A-loop)

The location of the IHX room in the containment vessel is
shown in Fig. 2-3-1., Radiation streaming passes to IHX room
from reactor vessel are argon cover-gas pipe duct and over~flow
pipe duct penetrating the biological concrete shield. Neutrons

4
were measured 16)

on the surface of the B4C shield panel
surrounding each pipe, on the front and back sides of the IHX
surface and at the intermediate point between the duct exit and

the IHX as shown in Table 2-4-1 and Fig. 2-4-1.

Detectors were irradiated during the power-up test of

50 MWt. Integrated power is 2.389 x 103 MwD and average power

is 19.745 MWt. Reaction rates of 235u(n,f), 238 232pn

32 32 1
p, 1%%gn,v)

U(n,f) r

110m 181 182
Ag

(n,£), S(n,p) qg, Ta{n,vy) Ta and

191 192

Ir(n,vy) Ir reactions are also shown in Table 2-4-1.



Table 2-0-1 Detectors used for measurement

Detector Comment
TLD HARSHAW TLD600O (for n,Y), TLD700 (for )
B-10 Counter Tube. type 232 made by LND,INC (bare and Cd-covered)

sensitivity: 1.0 cps/nvth

235y (n, £) | measured y-ray: > 600 kev and 1.59 Mev Y from La~140
238U(n,f) Used in the pump room (R206).and the IHX room {R302)
238U(n,Y) Measured'Y-ra¥= v 100 kev from 239NP

232Th(n,f) Measured y-ray: 300 keV from 233Pa

19724 (n,v) Bare and Cd-covered

logAg(n,Y)llomAg tl/2 = 255 days, resonance detector

1
8 Ta(n,Y)lszTa t1/2 = 115.1 days, resonance detector

151 2

Ir(n,'Y)19 Ir | t1/2

74.2 days, resconance detector

328(n,p)32p Used for fast neutron
50Cr(n,Y)51Cr Y-ray energy: 0.320 MeV
58Fe(n,Y)59Fe Y-ray energy: 1.095, 1.292 MeV
59Co(n,Y)6OCo Y-ray energy: 1.173, 1.332 MeV
1

235b(n,Y)124Sb Y-ray enexgy: 0.603, 1.692 MeV

2=-5




Table 2-1-1 Measured U235(n,f) reaction rate relative
distribution in the Ch.A by EU foils.

Distance Probabl
from core Relative errora gy Comuent
center Values countings
(em) (%) |- s80xw
-75 - 0485 0.6 8
— 25 0963 0.5 9 * Deviations of Foil
0 1.00 Normalized Setting : ~Scm
73 0.759 0.38 ) including Neutron
150 0328 0.55 Streaming due to
250 0137 0.99 Guide Tube
350 00344 1.8
450 0017 2.5
550 0.0020 6% 7.0

Table 2-1-2 Measured U238(n,y) reaction rate relative
distribution in the Ch.,A. '

Distance
from core SEIEtive Comments
alues
center
(em) + 580KW
-75 0.53
~25 1.0 3 } t5%
0 1.00 (Normalization Point)
75 0.7 7 (Estimated Errors
150 0.3 9 ’}' ts®
250 0.2 3
350 0.16 } t104
450 0.4 6 } +5%
550 0.21 } t1o0%
Deviations of
Foil Position t5m




Table 2-1-3 Aul197(n,y) reaction rate distridution
in the Channel A.

Distance Au Bare Au Cd-covered
from core Comment
center <0 . ¢>/wa tt Errors <0 ¢ ¢>/wa tt Errors
(em ) ®10~3 \ @) 31 Q-3
1/sec/atom/watt 1/ sec/atom watt 7@)
-75 8.75x10? 219x10?
-25 1.73%x10 4 "'516x10°2
4 2
] 1.83x10 +3 5.61 X190 +3 ‘
75 1.38x104 [ 331x103 Probable
1540 6.1 7x10°73 errors
200 1.18x101? by countings
250 252x10° ~ only
300 i 2.86X140 +3.1
350 6.55x1032 3.82x10?% +3.3
450 1.04x10? 842x10%
2 +3
500 2.19x140 }
550 7.70x103 ) :
Comment (Reactor Power 580KW)
Table 2-1-4 Count rate distribution by B-10 counter
in the Channel A.
Distance B 10 counter
from core count rate { cps.vatt)
center
. (cm) Bare cps./watt Cd./covered cps-att
0 2149 L.20
50 180.3 0.953
100 120.0 0.613
150 68.37 0.268
200 45.42 0.203
250 30.15 0.134
300 16.78 7.2x10°%
350 _ 7.960 5.4x10"
400 3.807 0.355
450 3.698 0.950
500 1.889 0.584
550 (%) 6.1s %1072 125 X1072
600 (=) 7.9, x107? L2, x10"*
650 (%) 1.0 x 1073 1L8sx10"%4
Reactor Power:0.5kw (+15%)
Comments {#) Including Neutron
Streaming due %o
Guide Tube

r-7




Table. 2-1-5 Thermal neutron flux distribution
in the Channel A,

Channel A
<Au Foil> <TLD-600-700> < B0 counter ->
Distance Distance Distance
from n/fﬂ"i-se(/watt - " .
center(cm) | § thiwatt Cd-ratio from Sorey | # thvatt | fromcore | § th/ware
-75 1.03x102 3994 -100 1.54x102 0 - 214x103%
-25 201x10? 3344 - 0 212x10? 50 1.79X1032
0 213x1032 3261 0 2.12x10°% 100 1.20x10?
75 1.62x101 41.74 25 2.24x10°% 150 681x10
150 7.17X10 31.84 50 203x101? 200 452x10
200 1 4.41Xx10 322 100 1.14x10? 250 3.00x10
250 296%10 53.1 150 B.BBX10 300 1.67x10
300 1.62X10 4 8.0 200 535x%10 350 7.91
350 713 10.9 300 1.38x10 400 345
400 5.5 4 2.2 400 393 450 2.75
450  2.36 .23 500 1.6 8 500 | 131
500 8.71 4.37 600 —_ 550 499x10"
550 — —_— 600 6.70%x10"°
650 23 x10°"




Table 2-2-1 Reaction rate of '?7au(n,y)'°%Au reaction and
thermal neutron flux in the primary coolant
pipe duct

a) Measured wvalue

Distance “Au {Bare) AU (Cd-covered)
from out- G o
side of LV kW x% <0c¢>/kw - Comments
=24 Errors 24 Errors
the B4C (x10n/sec/atom/kW) {X10n/sec/atom/kwW)
{cm) Reactor
0 * 3.38x10° +15 % * 4.72x103 t13 3% | power 114kwW
x
20 9,.7,%10° + 9.1% 6.87x10° £10.8% | )
Counts are
40 2.27x10" + 5.9% 1.61x10" + 7.1% | not
60 4.82x10" t 4.1% 2.89x10" + 5.3% jgfflClent
80 7.75%10"% + 3.3% 4.,94,%10" + 4.1% | By countings
100 1.19x10° t 2.6% 8.15x10" + 3.2% | OnLY
120 2.25x10° £ 1.9% 1.64%10° + 2.2%

b) Evaluated value (corrected for reactor power normalization)

Distance from Au-foil Cd-ratio Thermal neutron flux
outside of
B4C n/sec+atom/kW | Errors |Cd-ratio | Exrrors ten FErrors
(cm) (n/cm2.sec) /kW
0
20 1.1x1072¢ +11 % 1.42 +14.3% 3.7%X10 +26%
40 2.6x10-%9 + 8.1% 1.42 +10 % 8.7%X10 $24%
60 5.5%10~20 £+ 7 % 1.67 +7 % 2.5%102 +23%
80 8.,8x10"2"° +6 % 1.56 t6 % 3.6%10°2 £20%
100 1.4x1071° +6 3 1.46 |+ 5 % 4.9%x102 +20%
120 2.6x10"1° + 6 % 1.37 4 % 8.0%x10% +20%
Comments * Errors of reaction rate (excluding error by countings)

1. Detection efficiency of NaIl ; *2%
2. QOperation pattern ; 5% (presumed)
3. Weight of gold foil ; xl%
* Error of *15% was added to the thermal neutron flux consider-—
ing the difference between Au-foil and TLD.
* Deviations of foil setting ; v+3 cm.

* The above values do not inlcude absolute error by
reactor power.




Table 2 2-2 Relative reaction rate distribution
in the primary coolant pipe duct.

TagN{ceé®(n,r)Ces! | Fe¥¥(n,r)Fe® | Co*¥(n,r) Cd Sp'2 (n,r)Sp'#
ositlon :
L 0.320MeV 1095 MeV 1173 MeV £ 0.603MeV 1.692MeV
reactor- 1 . 2) )
o ‘fjgd 1.00, 1.00; 1005 1.000 1.000
®—110 0555 + 0.2 9% | 0540 +11% | 0560 £069 | 0496 +2 % 0.592 +6.2%
®—100 0463 £02% | 0460 +12% | 0454 £06% | 0418 +22% 0.496 +6.8%
@~ 90 0357 +02% | 0357 £1.3% | 0352 +06% | 0346 £22% 0.339 +7.3%
- 80 0280 £02% | 0280 +14% | 0273 +07% | 0256 +2.4% 0.274 +1.7%
®- 70 0269 +03% | 0259 +15% | 0252 £08¢% { 0227 +29% | 0.222 £94%
®— 60 0192 £03% | 0194 +15% | 0178 +08% | 0176 +28% 0.118 +11 %
®— 50 0145 +03% | 0152 £1.7% | 0144 +094% | 0132 +31% 0.190 +8.9%
@®— 40 0.0935— 04 % | 00928+21% | 00947+1.19 | 00987 +3.6% | 00695+14%
®— 30 00493+ 05% | 00486+25% | 00510149 | 00737 £40% 0.0797+13%
-~ 20 003024+ 0.7 % | 00332+£33% | 00353+169% | 00538 +45% 0.0385+18%
®— 10 00224+ 07 % | 00220+39% | 00253+199 | 00374 +57% 0.0424+£17%
outside
0‘5 BZ»CO 00245+ 10 % | 00285+50% | 0.0311+24% | 00825+54% —
@ 1 0.0147+ 09 % | 0.0166+£45% | 00171+229% | 00456 +50% —
® 3 | 588x107%H14% | 732x107469% |885x10%32% | 00293 +6.6% —_—
® 5 | 406x107% 1.7% [551x107°+78% |617x107°£39% | 00341 £56% —
® 10 | 247x10723% |483x107486% |518X107443% | 00347 +58% —
@ 15 | 202x10°421% {327x1073t103% |433x107%46% | 0.0240+6.7% —
. in the number in Fig. 2.2.2.
Comments @ : Corresponding to the nu ??0 g
1) Absolute value is 7.18x10 reactions/s/atom/kw
—21
2) n 5.49%x10 n
—-19
3) i 1.65%x10 "

2-10




Table 2-3-1 Reaction rate distribution in primary pump room R206

Reaction rate

TT-¢

2350, £) 238U(n,f) 2320y (n, £) 325 (n,P) 32p 1°9Ag(n,Y)ll°mAg lalTa(n,Y)lazTa lglIr(n,y)lgzlr
No. Position (R tions/ :
(fissions/g+MWeh) g?;;.;?n (x10_2” reactions/atomesec 50 «MWt)

1 | outer surface of B C shield 1.30+71)| 3.5942 1.142 5.45+1 1.161+6 1.924+7 4,268+7
of outlet primary coolant 1.22546 2.392+7 4.,006+7
pipe (over the pipe)

2 ditto (under the pipe) | 2-84+6 2.90+2 9.2+1 4.40+1 1.393+6 2.343+7 4.940+7

i 1.03546 2.41247 4.556+7

3 |Outer surface of B C shield 1.50+7 3.12+2 9.9+1 4.74+1 1.488+6 2.495+7 6.420+7
of inlet primary cgolant 1.443+46 2.592+7 6.157+7
pipe {over the pipe)

4 ditto (under the pipe) 1.22+7 2.80+2 8.8+1 4.25+1 1.387+6 2.570+7 3.768+7

1.6184+6 1.856+7 4,.382+7

5 |Surface of primary pump 3.22+6 2.9 +1 240 - 3.498+5 4.3014+6 1.398+7
(looking at the outlet pipe 3.542+5 4.000+6 1.405+7
duct)

6 |Surface of primary pump 3.13+6 1.5+1 540 - 3.845+5 4.322+46 1.591+7
(locking at the inlet pipe 3.75345 4.377+6 1.723+7
duct)

7 |Over the polyethylene 2.72+6 2.84+0 9-1 - 1.804+5 1.634+6 9.289+6
shield of FFD/DN 1.857+5 - 2.408+6

8 |Side of sodium pipe beside 9.66+45 1.240 4-1 - - - -
the FFD/DN

9 |70 cm for from the B4C - - - - 8.651+5 1.231+47 3.06247
shield of outlet sodium 9.04245 1.030+7 3.402+7
duct (side of duct)

10 |Same as No.5 - - - - 3.815+5 3.618+6 1.452+7

3.265+5 3.630+6 1.173+7

N. B. 1) Read as 1.30 XlO7 fissions/g*MW+h,




ZT1-2

Table 2-4~-1 Reaction rate distribution in IHX room R302

1) Position 235U(n,f) 2381500 £y (2320 (n, £) 3zs(n,P)32P 109Ag(n,¥)110mﬂg lBlTa(n,Y)lazTa 191Ir(n,y)1921r
No. = . = .

°© (Xloz‘fi551ons/atom°sec°50MWt) (%10 2k reactions/atom*sec+50MWL)

1 |110 cm from the B4C shield 5.499+5 7.058+6 2.338+7
of Ar gas pipe duct - - - - 5.578+5 6.95546 2.483+7
(on streaming pass)

2 |Outer surface of B4C shield 4.42+72)| 7.91+2 2.5+42 1.70+1 6.021+5 8.257+6 2.177+7
of Ar gas pipe 4.81%+5 7.562+6 2.181+7

3 | Burface of IHX (reverse 1.3846 1.8 5-1 - 1.414+4 1.547+5 8.656+5
gide of No.4) ' 1.488+4 1.658+5 8.51245

4 | surface of IHX (on the 1.34+7 6.64+2 2.0+2 1.42+1 2.82345 2.2464+6 8.263+6
strectched line from Ar gas 2.470+5 2.62540 9.23746
pipe duct)

5 | Outer surface of ByC shield _ _ _ - 6.600+5 1.560+7 3.602+7
of Ar gas pipe 8.211+45 1.532+7 3.186+7

6 |Outer surface of B,C shield 3.50+7 7.52+2 2.342 1.61+1 1.077+6 1.907+7 4.282+47
of Na overflow pipe 9.642+5 1.864+7 4.152+7

1)

2)

Corresponding to the location number in Fig. 2-4-1.

Read as 4.42 x107 fissions/lozuatom/sec/SOth.
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3. STREAMING ANALYSES BY ALBEDO MONTE CARLO METHOD

The shielding performance test data concerning neutron
streaming through the cavities of JOYO were analyzed by using

7-11) o examine

the albedo Monte Carlo code system, MORSE-ALB
the applicability of the albedo Monte Carlo method to the

neutron streaming analysis in the LMFBR.

The analyzed items are as follows:

(1) Effect of neutron streaming through the detector guide

tube (Channel A) in the pedestal heavy concrete.

(2) ©Neutron streaming through the primary coolant pipe
penetration in the biological concrete shield into the

primary pump room.
(3) Neutron behaviour in the primary pump room.

(4) Neutron streaming through the argon cover gas penetration
in the biological concrete shield into the IHX room and

neutron behaviour in the IHX room.

(5) Comparison of the calculated values and the experimental

4204 5)

dat which are described in Chapter 2.

The analyses concerning items of (2) through (4) were made
for the loop A of JOYO heat transfer system. The THX room
has two different openings which supplies the room with neutron
source. One is a rectangular gateway to the primary pump room

with the size of 100 cm x 150 cm. Another is the argon cover



gas pipe and overflow sodium pipe penetrations leading to the
reactor room. In this analysis, the latter contributions were
found to be more significant as will be discussed in Section

3.5.

Calculational procedures are shown in Fig. 3-0-1 as a flow
diagram for processing group constants and differential albedo
data and for neutron transport calculations. In these calcula-
tions, the Sn - Monte Carlo and the Monte Carlo - Monte Carlo
coupling techniques were employed by generating the neutron
source for Monte Carlo calculation with the DOMINO-N codelo).

13) and can

The code is a NAIG revised version of DOMINO code
treat more general source geometry and Monte Carlo - Monte Carlo
interface. The neutron sources for analysis on neutron stream-
ing through the Detector channel A, therprimary coolant ocutlet
pipe penetration and the argon cover gas pipe penetration were

1,2)

generated from the Sn results (which has been performed to

analyze the in-vessel and enclosure shield system of JOYO by
using the DOT-3.5 codelz)) as shown in Fig. 3-0-2. The source
for Channel A was assumed to be uniform and isotropic, and has
the intensity equal to the scalar flux at the position C because
the neutron flux distributions were nearly flat under the
pedestal. The neutron sources for analyses on neutron stream-
ing through the penetrations in the biological concrete shield
were also assumed to.be isotropic and dependent on the spatial
position along the core-center axis direction. The source data
were generated from the neutron fluxes {(by the Sn calculation,

with a P7;-S30 approximation) at the position of r = 386.5 cm

3=-2



which is in front of the carbon steel liner, and corrected by

2)

using the P3-5124 resultsl’ , which was limited to the regions
of the radius between 130.8 cm and 321.9 cm, in order to taking
into_account the neutron streaming through the nitrogen gas
region around the graphite shield. This procedure may corre-
spond to that employed to the Analysis-(B)l4) by Sn method, .and

ignores the neutron streaming through a pipe penetration at the

upper part of the graphite shield.

In the albedo Monte Carlo calculation, such importance
sampling techniques as source energy biasing, exponential
transformation and Russian roulette kill were used. The heutron
scoring were made by point detectors, next event surface cros-

- sing estimators 11) ana boundary crossing estimators.

In the following sections, the calculational method and

results are described for each item of streaming analyses.

3.1 Preparation of Group Constants and Albedo Data

Atomic Number densities used for the present analysis are
given in Table 3-1-1. HNumber densities for sodium correspond
to the outlet temperature at 435°C and the inlet temperature at
370°C in the initial start-up test reactor of JOYO MARK-I core.
The compeosition of thermal insulation covering sodium pipe is
that bf silicalite of which thickneés ié the largest. 2as for
the iHX, two different homogenized dénsities were calculated.
Sodium density in the IHX was assumed to be that at the average

temperature of 400°C due to the fact that the primary sodium



temperature decreased from 435°C to 370°C and the secondary
sodium temperature increased from 355°C to 420°C. The bellows
- in the argon cover gas penetratioh were considered as a diluted

stainless steel with a volume ratio of 6.05%.

Effectlve macroscopic group cross sections were generated
by the RADHEAT-V3.5 code systeml5) from the 100-group cross

sectlon library JSD—lOOlG)

with P5 anlsotropy bhased on the
evaluated nuclear data library ENDF/B-IV. The 100—group
constants were collapsed to 21—group cross sections with a
weighting spectrum shown in Table 3-1-2. Table 3-1-3 shows

the 2l-neutron-energy-group structure. Detector cross sections

are mainly based on ENDF/B-IV and given in Table -3-1-4.

Energy and angle dependent doubly differentiei albedoe
were produced for a single slab layer of SS-304, carbon steel,
ordinary concrete, polyethylene, IHX lower part medium and
heavy concrete by using the one-dimensional transport code

SLDNS’Q)

with the invariant imbedding method. The albedo data
for a multilayer of ordinary concrete covered with a carbon
steel liner were calculated by one—dlmen31cnal Sn transport

7)

code, ANISN-N. The model for Sn calculation is shown in

Fig. 3-1-1. The mesh sizes near the source boundary which is

an albedo boundary are taken fine enough to keep an accuracy
of albedo data for slant incident and reflected angle. The
double Gaussian guadrature set with the 8th order was taken

to be same as angular mesh points in both of SLDN and ANISN

calculations. Table 3-1-5 shows the angular guadrature set

for ANISN calculation.




Table 3-1-1 Atomic number densities for analyzing JOYO shield data

(Unit: 102" atoms/cm?)

Sodium Sodium SS3O41) Carbon Ordinary | B,C(60% ?hermal Poly- fix %?X N as Heavy

435 C 370°C steel concrete | density) i?izla_ ethylene reg?:i) re;:s;) 2 9 " | concrete
H - - - - 6.513-3 - 1.769-3 7.918-2 - - - 4,788-3
B~10 - - - - - 1.216-2 - - - - -~ -
B-11 - - - - - 5.377-2 - - - - - -
C - 3.124-4 3.124-4 9.459~-4 3.039-4 1.648-2 - 3.959-2 4.861-5 4.861-5 - 2,352-4
N - - - - - - - - - - 2.69-5 -
0 - - - - 4.216-2 - 3.840-3 - - - - 3.263-2
Na 2.223-22)| 2.264-2 - - 6.549~4 - - - 3.404-3 | 1.895-2 - 5.069-4
Mg - - - - - - 3.765-5 - - - - -
Al - - - - - - 1.191-4 - - - - -
Si - - 1.775-3 4.497-4 1.721-2 - 9.683-4 - 2.762-4 2.762-4 - 1.332-2
K - - - - 2.787-4 - - - - - - 2.157-4
Ca - - - - 2.810-3 - 7.352-4 - - - - 2.175-3
Cr - - 1.714-2 - - - - - 2.667-3 2.667-3 - -
Mn - - 1.708-3 6.894-4 - - - - 2.658-4 2.658-4 - -
Fe - - 5.679-2 8.365-2 ©.233-4 - 4.435-5 - 8.837-3 8.837-3 - 1.963-2
Co* -~ - 1.990-4 - - - - - 3.096-5 3.096-5% - -
Ni - - 7.991-3 - - - - - 1.243-3 1.243-3 - -

*Smeared 0.8486 0.8641 7.788 6.95 v/0| 2.227 1.512 0.21 CH,: 58: 88
into Mn | g/cm3 g/cm? g/cm? 58304 g/cm? g/cm3 g/cm? 0.72 15.56V/0 | 15.56V/0
MARK-I MARK-T Bellows: g/cm3 Na: Na:
(outlet) (inlet) 6.95V/0 WB5%T.D. | 15.17V/0 | 84.44V/0
’ (400°C) (400°C)
N. B. 1) Type 304 stainless steel.
2) Read as 2.223 x10~2 x 102%atoms/cm’.




Table 3-1-2 Weighting spectruml)

Group Weight Group Weight
1 1.883 14 610.7
2 4.45 15 693.1
3 9.53 16 766.3
4 18.77 17 827.0
5 34.2 18 873.7
6 57.9 19 905.5
7 92.1 20 921.6
8 138.1 21 925.4
9 196.6 22-49 925.0

10 266.8 50-99 2313
11 346.7 100 1.0%)
12 433.3

13 522.7 - -

M. B. 1) Fission spectrum (E > 2Mev)
+ 1/E spectrum (E <2Mev)

2) Maxwellian (300°K)




Table 3-1-3 Energy group structure.

Lethagy
No. No. Energy (ev) Width
1 1 — 10| 1.4918+7 54881+6 1.0
2 11 — 15| S5.4881+6 0.5
3 16 — 20| 33287+6. 0.5
4 |21 - 25| 20190+6 0.5
5 26 — 30| 12246+6 0.5
6 31 — 35| 7427445 0.5
7 36 — 40| 45049+S 0.5
8 41 — 45| 27324+s 0.5
8 46 ~ 51{ 1.6573+5 0.9
10 |52 — 55| 67379+4 1.0
o | 11 |56 — 59| 2478844 1.0
g 12 | 60 — 63| 91188+3 1.0
é 13 | 64 — 67| 33546+3 1.0
14 [ 68 — 71| 12341+3 1.0
15 | 72 — 75| 4540042 1.0
16 |76 — 80| 16702+2 1.25
17 BT — 85| 47851+1 125
18 | 86 — 90] 13710+1 125
19 | 91 — 95{ 39279+0 125
20 | 96 — 99 11254+0 1.0
21 100 £1399-1 10-3




Table 3-1-4 21 Group detector cross sections

(Unit: barns)

g 970,y "B,0) *%%u@m,£)  2%2Th(n,f)  2%*%u(n.f)  3?s(n,p)
1 0.014 0.124 1.361 0.227 0.784 0.314
2 0.018 0.226 1.142 0.142 0.560 0.249
3 0.039 0.319 1.258 0.120 0.548 0.0917
4 0.070 0.345 1.259 0.070 0.315 2.71-3
5 0.087 0.232 1.197 5.1-51) 0.0160 2.04-5
6 0.124 0.595 1.156 0.0 8.1-4 0.0
7 0.185 0.948 1.238 l.0-4

8 0.249 1.327 1.344 5.7-5

9 0.316 1.920 1.580 4.3-5

10 0.504 2.98 1.942 5.6-5

11 0.926 4.85 2.530 8.5-5

12 1.946 8.03 3.86 1.2-6

13 4.14 13.35 6.17 8.2-9

14 11.44 22.2 11.12 1.5-4

15 13.28 36.8 17.45 3.5-9

16 35.8 65.2 29.7 3.1-9

17 0.551  122.1 48.1 - 4.8-9

18 1128.1 - 229 40.9 8.5-9

19 45.7 427 23.7 1.8-8

20 25.4 746 - 72.9 1.6-8

21 78.9 3041 448 . 0.0 1.8-9 0.0

MAT | 1283 1273 1261 1296 1262 —

-5
N. B. 1) Read as 5.1 x10 barns




Table 3-1-4 (continued)

(Unit: barns)

g logAg(n,y)l) lalTa(n,Y) 58Fe(n,Y) BSCO(H,Y) 1zssb(n’y) 5°Cr(n,y) ?ZiiOEZEY.
1 2.16-33) 9.46-3 1.09-3 1.95-3 3.46-3 1.76-3 0.148
2 0.0230 0.0158 1.22-3 2.51-3 0.0145 $3.34-3 0.146
3 0.0653 0.0378 1.22-3 3.35-3 0.0351 4.08-3 0.143
4 0.0914 0.0843 1.24-3 5.79-3 0.0579 4.35-3 0.135
5 0.0971 0.134 1.72-3 8.19-3 0.0810 5.96-3 0.115
6 0.128 0.183 2.57-3 8.50~3 0.0788 9.74-3 0.0827
7 0.229 0.240 2.68-3 0.0116 0.0851 0.0105 0.0569
8 0.356 0.278 2.97-3 0.0150 0.104 0.0129 0.0388
9 0.552 0.313 4.23-3 0.0175 0.155 0.0173 0.0236
10 0.936 0.600 4.96-3 0.0208 0.280 0.0349 0.0118
11 1.364 1.424 0.0178 0.0499 0.510 0.0327 5.49-3
12 2.007 2.916 0.0216. 0.164 ~ 0.857 0.370 3.61-3
13 3.513 5.798 5.52-4 0.0425 1.377 0.110 3.67-3
14 5.734 12.41 9.70-4 0.0259 1.828 0.111 3.78-3
15 10.41 26.57 - 1.044 0.743 3.306 0.164 3.98-3
16 27.16 31.36 0.0107 47.613 7.949 0.278 4,18-3
17 26.53 87.12 0.0302 1.716 85.906 0.512 4.28-3
18 1044.3 416.3 0.0659 2.431 0.556 0.952 4.38-3
19 36.86 14.09 0.129 4.265 0.562 1.77 4.49-3
20 23.43 5.132 0.228 7.325 0.882 3.10 4.49-3
21 80.60 18.60 1.019 33.00 3.790 14.1 3.85-3
MAT 1373 1285 6432 1199 514 1241

N. B, 1) Branching of *?%°ag(n,y)'*"™ag is 0.045
2} Unit: (mrem/hour)/(n/sec/cn2)

3) Read as 2.16 % 10”2 barns.




Table 3-1-5 ©S;s Discrete Ordinates

n Un Wn
i - -1.0 0.0
2 ~0.98014493 0.02530713
3 ~0.89833324 0.05559526
4 | -0.76276621 0.07842666
5 ~0.59171732 0.09067095
6 ~0.40828268 0.09067095
7 ~0.23723380 0.07842666
8 ~0.10166676 0.05559526
9 ~0.01985507 0.02530713
10 0.01985507 0.02530713
11 0.10166676 0.05559526
12 0.23723380 0.07842666
13 0.40828268 0.09067095
14 0.59171732 0.09067095
15 0.76276621 0.07842666
16 0.89833324 0.05559526
17 0.98014493 0.02530713
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Fig. 3-0-1 Flow chart of neutron streaming analyses
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Source : right boundary shell source

(21 groups % 8 angle cases)
Approximation : P5-S16 (double Gauss quadrature)
Point flux convergence criteria : maximum error <5 % 10~*

Inner iterationm limit : 30 times

Difference scheme : linear step mode
Computer code : ANISN-N (Improved version of ANISN code)

Computer :: CYBER-170

Fig. 3-1-1 One dimensional model for albedo calculation.
(concrete slab with carbon steel liner of 0.45cm)
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3.2 Analysis of the Neutron Streaming in the Channel A

As. shown in Fig. 2-1-1, the Channel A is located 290 cm
apart from the center axis of.the reactor and penetrates
" pedestal and graphite shield. Measured values are obtained at
the positions from 100 cm under the core mid-plane up to the
top of the pedestal®s®) | 1n the previous analysisl’z) , the
underestimation in the pedestal heavy concrete, (C/E) thermal
flux = 5.6 x 1073, was found. It was because the streaming
effect of the guide tube in the Channel A were not considered
in the previous analysié. In this report, the neutron stream-
ing in Channel A was calculated by using the albedc Monte Carlo

code MORSE-ALB7 v11) and the calculated values were compared

with the measured wvalues.

3.2.1 Model and Conditions of the Calculation

As shown in Fig. 3-2-1, the guide tube‘of the Channel A
has a diameter of 16.52 cm and is made of 0.71 cm thick stain-
less steel. The calculational R~Z model is shown in Fig. 3-2-2.
The source for the channel A is uniform and isotrépic, and has
the intensity equal to the scalar flux at the position C in
Fig. 3-0-2, because the neutron flux distributions are nearly
flat under the pedestal. The source spectrum for the Channel A
is shown in Table 3-2-1. The albedo boundary of the heavy
concrete was set on the outer surface of the guide tube. The
number of histories in Monte Carlo calculation is 5,000 for

this analysis.



3.2.2 Results

Albedo Monte Carlo calculation was carried out with the
computer CYBER-176. The computing time was about 13 minutes

in C.P.U. time.

Table 3-2-2 gives the calculated;values ofrthe therﬁal
neutron flux, total neutron flux and neutronlreaction rates.
Standard deviations-of the point detectofs could be réducéd to
less than 9%, but standard deviation of the next event flux
restimatorsll) got 54% at Z2 = 650 cm; Néﬁerﬁheless, rééults of
the point detector and those of thé néxt event flux esﬁimatér

are in good agreement.

In the following discussion, results of the next event
flux estimator at Z =500 cm and those of the point detector at

%Z =550, 600, 650 cm are compared with results of measurements?3).

3.2.3 Comparison with Measured and Calculated Value

The measured values of the thermal neutron flux and the
reaction rates in the channel A are compared with the calculated

values.

A. Thermal neutrbn flux

Thermal neutron flux in the Channel A was measured by
using B-10 counter, TID and Au foil. The measured values (E)
are shown with the calculated values (C) and the C/E value in
Table 3-2-3. The symbol C/E means the normalized.value by the

value at Z=500 cm. The symbol (C/_E)Sn means the value which
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1,2)

was obtained in the previous analyses by using two-

12)

dimensional Sn transport code DOT-3.5 in which the neutron

stxeaming effect of the detector guide tube was not considered.

As shown in Table 3-2-3, the C/E values in the pedestal
concrete (Z =550 cm v 650 cm) distribute between 3.69 v 9.62,
while the C/E values by the Sn calculation;’2) distribute
between 0.15~5.6 x 1073, The CJE values show that the albedo
Monte Carlo predicts the thermal neutron streaming within a
facfor of 2, taking off the uncertainty of source intensity.
Fig. 3-2-3 shows the distribution of measured and calculated
ﬁhermal neutron flux ih the Channel A.

1

B. Reactioen rates of OB(n,a)

The reaction rates of lOB(n,u) with and without the
cadmium cover in the Channel A are measured. These measured
values (E), the calculated wvalues (C) and the C/E values are
shown in Table 3—2—4. The calculated reaction rates of
lOB(n,a) without the Cd cover agree with the measured values
within a factor of 3, while the calculated reaction rates of
10

B(n,a) with the Cd cover agree with the measured values

within a factor of 5.

cC. Reaction rates of Au(n,y) and 235U(n,f}

The reaction rates of Au(n,y) and 235U(n,f) were also-
measured in the Channel A. These measured values (E), the
calculated values and the C/E values are shown in Table 3-2-5.

It is seen in the table that the previous S, analyses
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underestimated the reaction rates by about three orders of
magnitude. -‘However, the present albedo Monte Carlo calculation
gave much better results within the error of an order of magni-

tude even if source uncertainty was included.

3.2.4 cConculusion

In this study, it was clarified that the neutron streaming
effect of detector guide tube was so large as to increase flux
level in the channel by a few orders of magnitude, and that the
effect could be estimated well. In cohclusion, the present
albedo Monte Carlo method evaluates the neutron streaming through

the Channel A within a factor of 2 & 3.




Table 3-2-1 Source for Channel A

Group Upper enefg%)of group ?g?ggf.sec)

1 1.4918 + 74) 6.20 + 1
2 5.4881 + 6 1.99 + 2
3 3.3287 + 6 9.30 + 2
4 2.0190 + 6 6.46 + 3
5 | 1.2246 + 6 | 2.96 + 4
6 7.4274 + 5 7.89 + 4
7 4.5049 + 5 2.75 + 5
8 2.7324 + 5 7.19 + 5
9 1.6573 + 5 3.49 + 6
10 6.7379 + 4 ' 8.60 + 6
11 2.4788 + 4 1.40 + 7
12 9.1188 + 3 2.09 + 7
13 3.3546 + 3 2.32 + 7
14 1.2341 + 3 3.26 + 7
15 4.5400 + 2 3.92 + 7
16 1.6702 + 2 6.16 + 7
17 4.7851 + 1 8.78 + 7
18 1.3710 + 1 1.13 + 8
19 3.9279 + 0 1.28 + 8
20 1.1254 + 0 1.01 + 8
21 4.1399 - 1 6.82 + 8
Total 1.32 + 9

N. B. 1) Read as 1.4918 ><107 ev.
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Table 3-2-2

Results of ¢alculation by MORSE-ALB

Detector Detector Position 2| Total flux Thermal flux { Reaction rates Reac%%on rates
numbey {cm) (n/cm2+=5) (n/cm2es) of Au(n,Yy) {of B(n,a)
1 Next Event 500 l.28+9l)(l.3§5 6.24+8(1.6%) 1.96+11(4.0%) l.95+12(i.4%)
2 | eoime || 4.08+7(3.28) | 1.84+7(2.8%) | 6.6749(5.4%) | 5.82410(2.68) |
3 Next Event 72 4.30+7(8.l%5 2.14+7(12.0%)| 6.1149(13.6%) 6.68+10(il.l%)
4 | reine | |e.avecsi0m) | 3.006(6.4%) | L.0a9(8.0%) | 9.5740(6.08) |
5 Next Event 000 5.44+6(15.7%) | 2.40+6(28.4%) | 1.05+9(32.4%) 7.66+9(25.0%)
s | Point | | 1.87+6(3.23) | 8.95+5(1.9%) | 2.8146(2.9%) | 2.8149(2.08) |
7 Next Ewvent °20 l.58+6(26;7%) 4.32+5(48.9%) | 3.94+8(53.5%) 1.4649(41.3%)
N. B. 1) Read és 1.28 x10° n/cmz/éec.

2) Standard Deviation.



Table 3-2-3

Comparison of thermal neutron flux with
measured and calculated value in Channel A

500 cm 550 om 600 cm 650 cm
Calculated value 6.24+83)1.84 + 7 3.04 + 6|8.95 + 5
(n/cm2=3) _ :
Measured value | | 31 514,99 +6 |6.70 + 5| 9.30 +a4
(n/cm2+s)
B-10 C/E 4.76 3.69 4.54 9.62
counter
: &7EL) 1.0 0.78 0.95 2.02
(C/E)Sz) 3.14 0.15 0.029 5.6-3
n
Measured wvalue 1.68 + 8 ~ 5.60 + 5 _
(n/cm2es)
C/E 3.71 - 5.43 -
TLD
g/l 1.0 - 1.46 -
(c/E) 2) 2.45 - 0.035 -
Sn
Measured wvalue 8.71 + 8
(n/cm2-s)
Au C/E 0.73 - - -
foil
c7El) - - - -
(c/E) 2} 0.47 - - -
Sn
N.B. 1) Normalized by the value at % = 500 cm .

2) Obtained from "Radiation 8hielding Analyses of Joyo"

(Ref. 1, 2).

3)Read as 6.24 x10° n/cm%sec.
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Table 3-2-4

and calculated value in Channel aA

Comparison of B-~10 reaction rates with measured

-B-10 Bare B-10/Cd~Covered
Position Z '
Measured value 1)} | Measured value 1)
C/E 3
(relative) Calculated value |C/E (relative) Calculated value ,>,
500 cm 1.89 + 02 2.08 + 12 1.0 5.84 - 1 1.84 + 11 1.0
550 cm: 6.18 - 2 6.21 + 10 0.91 i.20 - 2 6.15 + 9 1l.63
600 cm . 7.90 - 3 1.02 + 10 1.17 1.20 - 3 9.67 + 8 2.56
650 cm 1.03 - 3 3.00 + 9 2.65 l1.86 - 4 2.76 + 8 4.71
N. B. 1) ©Normalized by the wvalue at Z = 500 cm.

2)

Read as 1.89 x10° .
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Table 3-2-5 Comparison of reaction rates with measured
and calculated value in Channel A

1)
Reaction & position Measured wvalue | Calculated wvalue | C/E (C/E)Sn
297 pu(n,Y) 7.70 + 102) 6.67 + 9 0.09 | 1.1 - 3
at Z = 550 cm
197Au(n Y)/C4 covered
! 2.19 + 10 1.47 + 11 6.70 | 3.69

at Z2 = 500 cm
235 . .

U(n,£) 2.06 - 33) 6.95 - 43) 0.34 | 1.54 - 3

at 2 = 550 cm

N. B. 1) Obtained from "Radiation Shielding Analysis of JOYO" (Ref. 1,2).

2} Read as 7.70 x1010 reactions/:'l_O‘?L+ atom sec/100MWt.

3) Normalized by the value on the core mid-plane (Z =

0 cm).
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3.3 Neutron Streaming Analysis for the Primary Coolant Outlet

Pipe T'enetration

3.3.1 Calculational Model

There are four penetrations through the biological
concrete shield between the reactor vessel and. the primary pump
room. The penetrations are duct spaces for the éfimary coolant
outlet and inlet pipes, argon cover gas pipe and the conduit
for instrumentation cables. The shielding performance data
concerning neutron streaming in JOYO were measured in the
primary coolant outlet pipe penetration3) and were analyzed by

the albedc Monte Carlo method7rhll).

Figure 3-3-2 shows the calculational model ccmposed of
40 regions which are defined by the combination of 33 bodies
with combinatory geometryl7), that is, 31 cylinders (RCC body)
and 2 coniform bodies (TRC body) having a center axis coincident
with the main axis of primary coolant pipe. The origin of the
coordinate was set at the intersection of the pipe center axis
and the reactor side surface of the concrete liner. The center
axis of coolant piﬁe was taken as X-axis, and Z-axis was
parallel to the core center axis. The area analyzed by Monte
Carlo method extends from -20 c¢m to 140 cm in the X-direction
and is inside a radius of 115 cm around the main axis of

primary coolant pipe.

In the figure, neutron source position is also shown.
A disc source with a radius of 80 cm was located 1.5 cm apart

from the concrete liner towards the reactor. It was generated




by the.DOMINO—N‘codelO? from the scalar flux at R=382.9 cm of

two-dimensional Sn transport calculationtr2)

which was performed
as an activity of PNC &pecialists' Committee on FBR shielding
calculation. Therefore, the source has a Z-dependence
corresponding to the axial distribution of -scalar flux in the
two-dimensional RZ geometry and its overall intensity was’

8.42 x10'! n/sec. 1In Fig. 3-3-2, the hatched region of
biological concrete shield was treated as an albedo medium.

B4C shield was modeled with keeping a heterogeous structure

so as to evaluate the strong absorption. .

3.3.2 Calculational Condition

The albedo Monte Carlo calculations were carried out
under Ehé condition giveh in Table 3-3-1. Number of media is

8 including albedo medium in Table 3-3-2.

Neutron scoring was made by 13 point detectors which were
located at the positions where the experimental data were
measured and by 28 next event flux eétimato?sll), soﬁe of which
gave the ahgle, space aﬁd enérgy dependent‘soﬁrce data for the
analysis_of the primary pump room. The boundary crossing
estimatofs were also arranged. VThe detector arrangement is
shown.in Table 3-3-3 aﬂd Fig. 3-3-3. The importance sampling
techniques such as source energy biasing, exponentiai transfor-
mation and Russian roulette kill and survivals were employed for
reduéing a variance of Monte Carlo calculation. 1In Fig. 3-3-2,
the biasipg directions of.path length stretching by-exponential

transformation are shown by an arrow (parameter PATH=0.5).

3227



Table 3-3-4 lists the values of parameters for source
energy biasing, Russian roulette kill and survival. Two
Monte Carlo calculations were carried out in order to obtain
- the neutron épectrum in the overall energy range. One of them
was exeduted fof the whole neutron energy range with the lst -
21lst group neutron source, and another was for the fast
neutrons with the lst - 8th group neutron source by cutting
off a history of which particle had slowed down to the lower
energy than the 8th group. The source energy biasing factors
were given as they are lafger according as the neutron energy
incréase in order to make more neutrons generated in higher
enexgy range. The common values were used in the 1st - 8th
enerqgy group for both runs. The number of histories were
7,500 for whole energy run {(Case A) and 20,000 for fast

neutreon run {Case B).

3.3.3 Results

Albedo Monte Carlo calculations were made with the
computer FACOM M200. The computing times were 73 minutes in
C.P.U. time for Case A and 48 minutes for Case B. The first
S—groups results of Case A were replaced by the results of
Case B. The calculated results were normalized to the condi-

tion of 100 MWth powér.

" A. Neutron flux and dose rate distributions

In this paragraph, the neutron flux and dose rate distri-

butions are described to show the streaming effect upon the



neutron spatial and energetic distributions, and the effect

of the neutron source distributed in the vertical direction.

Table 3-3-5 gives the calculated values for fast, thermal
and total neutron flux and neutron dose rates. ' Figures 3-3-4
and 3-3-5 show their spatial distributions in the cavity
between the thermal insulation and the biclogical shield
concrete along the primary coclant pipe. The data plotted in
the figures were obtained by the next event flux estimators
..(detector number 14-35). The data by point detectors are also
_plotted for thermal neutron flux so as to supplement the next
event flux estimator results Qith a large variance behind ByC
shield. fhe open symbol denotes the Value.in the upper half
zone of cavity, while dotted symbol does the vaiue in the

lower~half zone.

In the figure, systematic differences are observed
between the open and tHe dotted symbols according to the source
spatial distribution in the vertical direction. For fast
neutron, the value in the upper zone is larger than the value
- in the lower zone, because the fast neutrons outside the
graphite shield are highly influenced by the downward stream-
ing around the graphite shield.  This tendency is clearer for
total neutron f£lux and neutron dose rates of which the
statistical error is much smaller. ©On the other hand, thermal

neutron is much affected by the component of neutrons having

slowed down in the graphite where thermal neutron flux



decreases as the height increases, so the wvalue in the lower
zone of the penetration is larger than the value in the higher

zone.

The flux decreases to 1/23 for fast neutrons, 1/33 for
thermal neutrons, 1/30 for total neutrons and 1/28 for neutron
dose rates from the point 120 cm apart from the inner surface
- of B4C shield {(reactor side) to the point 20 cm apart from
that (pump room side} through the pipe penetration. This

. result suggesﬁs the weak spectrum hardening in the penetrations.

In Fig. 3-3-6, calculated neutron spectra at the typical
positions in the penetration are compared with the source
spectrum measured by the 42nd detector. It is observed that
therspectra at the positions from the rear.of the seal plate
up to the front of B,C shield resembles to the source neutron
spectrum. The dip of neutron spectrum behind the seal plate
in the energy range between 167 eV and 454 eV seems to have
been caused by the resonance of Mn in stainless steel. The
neutron spectrum in the lower energy below 1 keV changes much
due to the transmission through the B,4C shield because of its
strong shield effect upon slow neutron. Especially, so many
particles representing thermal neutrons could not transmit
_the ByC shield. Therefore, the statistical errors of the
calculated results by boundary crossing estimator became large.
The results by point detector are of the accuracy nearly
acceptable. The experimental data 3) will be compared with
the point detector results as described in the following

paragraph.




B. Comparison of the calculation and the experiments

In the primary coolant outlet pipe penetration, the

5)

experimental data were obtained for thermal neutron flux,

50 58

gold foil activation, reaction rate of Crin,vy), Fe{n,y) .,

59 123

CO(n,y), and Sb(n,y). Tables 3-3-6 through 3-3-9 show

the C/E wvalues for these measurements.

Penetration at the

Quantities reactor side of Behind By4C
o B4C shield

Thermal neutron flux 0.63 ~ 0.80 -
9700 (n,v)1%8 2y . 0.91 ~ 1.61 0.16
l97Au{n,y-)198Au/Cd cover 0.92 ~ 2.35 0.15
¢d ratio of 197Au(n,y) 0.89 ~ 1.18 0
*Ocr(n,v) *ter 0.54 ~ 1.24 1/202 - 0.14
581 (n,v) 2%Fe 0.53 n 1.23 1/54 - 0.20
59¢0(n,v) ®%0 - 0.54 ~ 1.23 . 0.036 - 0.34
123gh (n,v) 12%sp 0.57 ~ 1.64 0.083 - 0.25

The values mentioned above are relative ones normalized to

the data at X=-100 cm in order to take off an ambiguity in
the source spectrum and intehsity for the Monte Carlo calcula-
tion. The calculated value agrees with the experimental value
Wiﬁhin the gap of 50% in the penetration at the reactor side
of the B4C shield. In Figs. 3-3~7 through 3-3-13, the spatial
distributions of the calculated reaction rates are compared
with the experimental data. A good agreement between the

calculated and the measured values is ocobserved, although




slight fluctuations are seen in the calculated values of thermal

neutron flux and gold foil activation.

Behind the B,C shield, the present calculation underesti-

4
mated the reaction rates. The reaons of this underestimation

are as follows:

(1) There was a hole for inserting a foil holder in the B,C
shield, and neutrons streamed through this hole. Such a stream-
ing effect is observéd in the experimental data that the value
behind the B,C shield is higher than the value'iﬁ the penétra—
tion at the reactor side of the shield and decreases sharply

as the detector position leaves the shield. The calculation
ignoring the hole underestimated the reaction rate along the
hole.

(2) A wall scattering in the primary pump room behind the B4C
shield must have increased the experimental value. This effect
iﬁcreased thermal neutron flux by a factor of 3 as will be

described in the following section.

The first reason should be main factor of discrepancy between

the calculation and the experiment.

Comparing the measured data with the nominal valueé
obtained by the albedo Monte Carlo calculation, the C/E wvalues
are 1/5 - 1/10 for thermai neutron flux and gold foil activa-
tion rate and 1/20 - 1/50 for capture rates such as 50Cr(n.Y)
51Cr, 58Fe(n,y)59Fe and 59Co(n,y)GOCo. These results suggests

the trend that the neutron flux is underestimated more as the

32
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neutron energy gets higher. The discrepancies between the
calculatiohal and the experimental results do not mean the
defect of the albedo Monte Carlo method, but is fairly sure
to have been caused by the underestimation of the source .
intensity and the too soft spectrum as is explained below.
The primary cooland pipe penetrates through the hollow in

the upper part of graphite from the reactor vessel to the
biological shield concrete. The neutron streaming through
this hollow increases neutron fluxes significantly near the
duét.mouth of primary coolant pipe in the biological concrete

shield, and was not considered in the present calculation.

It can be concluded that the albedo Monte Carlo method
predicts quite well neutron streaming through a penetration

by using a well-described neutron source.




Table 3-3-1 Description of Input Parameters of Monte Carlo

Geometry

Calculation for Primary Coolant Outlet Pipe
Penetration

7)

.............. 33 bodies with combinatory geometryl
40 regions (see Fig. 3-3-2)
8 media include 1 albedo medium.

Corss sSection .+..eevese Pg, 21 groups (see Table 3-3-2)

Neut¥on SOUXrCe ...eeee. Circular disc source with 80 cm radius.

Flux estimator ........ 13 point, 29 next event surface crossing

Energy-space-angular dependent.
Generated by DOMINO-N codelo) from the
results of JOYO main shield analysisl’z)

11)

and 12 boundary crossing estimators
{see Table 3-3-3 & Fig. 3-3-3)

Importance sampling ... Russian roulette kill and survival

(see Table 3-3-4)
Source energy biasing (see Table 3-3-4)

Exponential transformation (see Fig.3-3-2)

Calculation case ...... Case A: whole group calculation

Histories

Case B: fast neutron calculation
"~ (lst - 8th group)

......... +... Case A: 7,500 histories
Case B: 20,000 histories



Table 3-3-2 " Cross section and albedo data for the étreaming
analysis of primary coolant outlet pipe
penetration

Cross section

Medium No. | Input No. : Medium (binary 1ID)
1 1 Sodium 100
2 2 55304 | 200
3 3 Carbon steel 300
4 4 Concrete ' 400
5 5 B4C shield i_ 500
6 6 Thermal insulation 600
7 7 Nitrogen gas 1000
8 -4 Concrete (aibedo) | 400
Albedo
No. Medium No. Medium
1 8 Concrete




Table 3-3-3 Detectors of Neutron Streaming Calculation for
Primary Coolant Outlet Pipe Penetration

No. | Type X Y Z Ry Ry Comment
1 Point 3.6 56.3 -32.5 - - )
2 23.6 J - -
3 43.6 - -
4 63.6 - - | Attenuation in
5 83.6 . _ the sodium duct
6 103.6 - -
7 113.6 _ - -
8 i23.6 - -
9 126.6 - -
10 128.6 - - | Behind the B,C
11 138.6 56.3 =-32.5 - - shield
12 123.6 0.0 65.0 - -
13 | Point | 123.6 0.0 -65.0 - - -
14 | Ring 3.6 0.0 0.0 61.73 68.68| ut)
15 3.6 L
16 23.6 U
17 23.6 L
18 43.6 U
19 43.6 L
20 63.6 U -gttenuation
in the
21 63.6 L [ sodium duct
22 83.6 4]
23 83.6 L
24 103.6 U
25 103.6 L
26 113.6 U
27 | rRing | 113.6 0.0 0.0 61.73 68.68| L |

N.B. 1) U: ﬁpper half,
L: lower half




Table 3-3-3 (cont'd)

No.| Type X b4 Z R1 Ry Comment
28 | Ring |123.6 0.0 0.0 61.73 68.68 |
29 123.6 ' '
30 126.6
31 126.6 . | | Behind the B,C
32 128.6 N shield
33 128.6
34 138.6
35 | Ring |138.6 0.0 0.0 61.73 68.68
36 | Ring |123.6 0.0 0.0 0.0 24.45 )
37 | 24.45 29.35
38 '29.35 49.5 ’Source for R-206
39 49.5 68.68 | *OOM
40 | | 68.68 76.5
41 123.6 0.0 0.0 76.5 110.0
42 Ring ~1.4 0.0 0.0 0.0 90.0 On the source
. plane
43 |Cylin- | 92,58 0.0 0.0 = = Source for R-206
der _ ' - 110.0 31.02 room
44 | Bounda- Region Region - - -
zi‘rOSS. 12 26
45 12 24 - - -
46 13 24 - - -
47 ' 30 19 - - - 1 Pump room side
A8 19 31 - - - |
49 36 37 - - -
50 15 17 - - -
51 33 17 - - -
52 23 16 - - -
53 23 6 - - - L Reactor side
54 38 5 - - -
55 3332?' 39 1 - - -




Table 3-3-4 Importance sampling parameters for Monte Carlo
calculation of primary coolant pipe penetration.

Source energy biasing factor

g Case A Case B g Case A Case B
1| 30,000 30,000 12 7.62 0.0
2 { 16,000 16,000 13 7.06
3 5,000 5,000 14 6.26
4 1,200 1,200 15 5.82
5 245.1 245.1 16 4.55
6 125.9 125.9 17 3.94
7 63.56 63.56 18 3.58
8 39.82 39.82 19 3.50
9 16.75 0.0 20 4.13
10 10.48 21 1.35 0.0
11 9.34 0.0 '
Russian roulette kill condition
Region g=1-4 5-8 5-15 1l6=-20 21
1-14 1077 107% 1075 1074 1073
1516 10-6 10-4 10-3 10-2 5x10-2
17-31 1077 107¢ 1075 1074 1073
32-33 1073 1074 1073 1072 5x1072
34~40 10~7 1076 1074 10-3 10-2
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Table 3-3-5
FAST NEUTRON FLUENCE ABOVE Ol1

FLUX

. 4833E+04
. 5051E+04
.6031E+04
. 4812E+04
. 7792E+03
. 5293E+03
. 4031E+03
. 8063E+03
. 7471E403
. 6339E+03
. 3612E+03
. 7362E+03
. 7480E+03
. 5935E+05
. 0831E+04
. 9081E+05"
. 3195E+04
. 9188E+04"
- 3880E+04
.6751E+04
. 183BE+04
. 8596E+04
. 91126+03
L 1761E+04 " -
. 1501E+03
. 8876E+03
. 7502E+03
. 7516E+03
. 7038E+03
. 4243E+03
. 7052E+03
. 554B6E+03
. 8884E+03
. 1873E+03
. 3312E+02
. 5498E+03 -
. 2993E+02
. 4982E+03
. B555E+03
. 2688E+03 -
. 1079E+03
. 0927E+05
. 5590E+02
. 5028E+08
. 9212E407
. 1199E+07
. 5106E+07
. 3736E+07
. 2733E+06
. 7058E+06
. 2898E+06
. 9704E-+09
. 2743E+08
. 2839E+08
. 6476E+08

F3D .
.223
. 227
. 165
. 123
. 106
129
. 130
137
. 134

L 132

. 138
. 120

L213

. 205
. 283
712
. 265
. 262
. 407
. 239
-482
. 329
. 288
. 385
. 436
. 341
. 339
.06
. 293
. 087

.293
.18
.235

. 237
. 153
. 352
. 296
. 342

.120-

. 366

. .228

. 165~
. 295
.216

.318
. 360

713
. 782
. 275
. 377
.546
. 1086
. 242
. 128
.2189

Neutron flux
MEV

N ORGON RGN =S NO NG m N o NS RN B R g = [N WU — KGN A NI N 60 2 00— ) s (1

MIN

. 8179E+04
. 2529E+04
. 1747404
. 2987E+04
. 7423E+03
. 8181E+03
. 8315E+03
. 4210E+03
. 3793E+03
. 2B6BE+03
. 0347E+03

9284E+03
1639E+03
2662E+05
5128E+04

. 5021E+04
. 90B5E+04
.8911E+04
.0081E+04
. 2743E404
. 1318E+04 -
. 9180E+04

0536E+03
1146E+03

. 0319E+03
. 5415E+03

. 4789E+03
. 4605E+03
.8116E+03
. 2134E+03 -
. 9118E+03
. 2539E+03
. 4453E+03
. 6695E+03
. 9063E+02
. D038E+03
. 8392E402
. 6429E+03
. 2501E+03
. 4386E+03
. 5495E+02
. 5820E+05
. 098BE+0?2
. 1787E+08
. 6740E+07
. 2758E+07
. 3349E+06
. 9907E+06

2333E+05
5535E+06

. 8578E+06
. 5499E+09
. 7249E+08
. 6053E+08
. 0680E+08

WORNPON=NRNU—RWSWNW=RN=RANR W W WO~ = s W WN DD DL =W NN W B0 = — O D

and dose rate distribution in the primary sodium duct

MAX

. 1487E+04
. 7572E+04
.0314E+04
. 6636E+04
. 0816E+04

2405E+03

. 8747403
. 1918E+03
. 1149E+03
.9811E+03
. 6876E+03
. 5440E+03
. 3340E+03
- 9207E+05
. 1653E+05
. 2660E+05
. 7306E+04
. 9464E+04
. 7679E+04
. 0758E+04
. 2355E+04
. 8012E+04
. 2769E+04
. 6408E+04
. 0268E+04
. 2337E+03
. 0215E+03
- 0426E+03
. 4960E+03
. B353E+03

4985E+03

. B563E+03
. 3314E+03
. 7052E403
. 0756E+03
. 0957E+03
. 0759E+03
. 3536E+03
. B609E+03
. 0990E+03
. 3608E+03
. 6035E+05
. Q192E+02
. 8269E+08
. 1685E+07
. 9641E+07
.5877E+07
. 4481E+07
. 6233E406
. B581E+06
. 7218E+06
. 3909E+09
. 8237E408
. 9625E+08
. 2272E+08

WHERMAL FLUXES

@ETECTOR

WN=OOo-JONhWN —

—-M-J—-—--.lc)—s.n\:—-—-mmmwmm—-é-nm—-wa—-—-l\:(.-:h'x.lha—-th)h—-m—~—-—-4mm—-pmmmwmmm

FLUX

. 894 1E+06
. 4229E+06
. A67BE+06
. 1513E+06
. 466 1E+05
. 0758E+05
. 8618E+05
. 1363E+02
. 5753E+03
. 0957E+03
. 4183E+03
. 5195E+02
. 8538E+03
. 2640E+07
. 4632E+07
. 76 7BE+06
. DB26E+07
. 1395E+06
. 2679E+06
. 1055E406
. 9628E+06
. 1974E+06
. 7302E+06
. 7330E+05
. 5655E+05
. 4816E+05 .
. 6842E+05
. 5120E+04
. 1283E+02
. 1955E+01
. 8815E-03
. 0714E+03
. 5788E+04
. 2488E+02
. 5087E+02
. 5500E+05
. 6704E+05
. 0969E+04
. 1484E+03 .
. 8284E-01
. 1484E+03
. 4458E+07
. 2392E+02
. 1978E+10
. 7435E+09
. 15376407
. 9929E+08
.0831E+07
. 2663E+08
. 8619E+08 -
. 0094E+09
. 0084E+12
. 7587E+10
.B513E+11
. 0998E+11

FSD

118
. 103
. 209
. 285
103
.218
. 133
. 499
. 545
. 444
. 488
. 455
. 481
. 124

1095

.078
. 114
. 107
. 145
. 180
. 158
. 180
. 144
.333
. 279
. 284
.219
. 998
. 000
. 000
. 966
. 543
. 999
. 922
.974
. 239
. 366
. 248
. 974
.644
.B655

032
616 -
104

. 223

. 589

. 303
. 848
. 267
. 290
. 458
. 042
147
. 071
. 079

—-mouomm.p.-—-010:—-tommw—--—--a—--a---a-(ocnmow'lwwcnoo—tomwmwtom—-amp#—aqmww'mwmqm

MIN

. 7245E+06
. B5Q2E+06
. 1147E+06
. 2532E+06
. 4924E+05
. 9672E405
. 3477E+05
. 0713E+02
. 1669E+02
. 7201E+03
. 7487E+03
. 0986E+02
. 4285E+02
. 1074E+07
. 3239E+07
. 2413E+06
. 5934E+06
. 6982E+06
. 3601E+06
. 32B6E+06
. 3358E+06
. 8235E+05
- 481BE+06
- 1562E+05
. 4559E+05
. 2075E+05
. 8780E+05
. 0294E+01
. 84D5E-05
. 6482E-05
- 4897E-05
. 3626E+02
. 7848E401
. 7582E+01
. 1774E+01
. 1798E+05
. 0593E+05
.5761E+04

. 3628E+02
. 3631E-01
- 1215E+03
. 2404E+07
.0124E+02
. 6586E+09
- 3548E+09
. B473E+06
. 5708E+08
. 6426E+06
. 5910E+08
. 5794E+08
. 4757E+08
. 6593E+11
.6163E+10
. 3693E+11
. 0126E+11

BN m N RN =200 =0 =N =0 WRWWNNOBRAORN—~ ARl =N RRNO RO = b

MAX

. 1064E+07
. 2865E+06
. 8210E+06
. D495E+06
. 0440E+06
. 1B44E+05
. 3760E+05
. 2013E+02
. 4338E+03
47136403 -
- 0879E+03
. 0940E+03
. 7648E+03 .
. 4206E+07
. 6024E+07
. 2937E+06
. 2059E+07
. 5309E+06
. 1757E+06
. 8854E+06
. 5898E+06
. 4125E+06
. 9786E+06
. 3099E+05
. 6751E+05
. 7557E+05
. 49D4E+05
. 0190E+04
. 25676402
.3911E+401°
.6981E-03
. 2065E+03
. 1558E+04
. 3219E402.
. BO996E+02
. 9202E+05
. 2815E+05
.6178E+04
.0161E+04
. 2937E~01
.0175E+04
. 6512E+07
. 4660E+02
. 4298E+10
. 1322E+09
. 4227E+07
. 0415E+09
- D020E+07
. 9416E+08
. 0144E+09
. 4712E+09
. 0508E+12
. 9031E+10
. 7332E+11
. 1870E+11
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TOTAL FLUXES
DETECTOR

1

Nw.....;_....._._pm_.c)l\)'__._;;mm_.N,p.o)_.gomdmmw_._._._.mm..dm_._;_.mmp\J_Nmmmqm._-l\)m..aﬂ-.

UNIT RESPONCE

FLUX

. 6690E+07
. 5044E407
. 0333E407
. BB9BE+06
. 5173E+06
. 0680E+06
. 8339E+05
. 8888E+04
. 3717E+04
. GBOOE+04

0004E+04
3235E+05

. 3903E+04
. 0668E+07
. 9662E+07
. 0024E+07
. 6227E+07
. 0118E+07
. 0125E+07
. 8367E+06
. 1870E+06
. 8535E+06
. 3492E+06
. 4153E+06
. 2582E+06
. 4542E4+06
. 0274E+06
. 7753E+05
. 5883E+04
. 4410E405
. 5780E+05
. 4201E+05
.5151E+04
. 8764E+05
. 0464E+04
. 0814E+05
. 7074E+05
.9712E+05
. 0107E+05
. 0165E+04
. 0126E+04
. 0702E+08
. 6916E+04
.6741E+10
. 6857E+09
. 9057E-+09
. 1900E+09
. 24B9E+08
. D976E+09
. 0977E+09
. 4137E+09
. B922E+12
. 1751E+11
.9407E+11
. 1100E+11

FSD

.081
. 091
. 136
. 163
. 115
. 128
. 087
. 092
.083
. 092
. 092
. 093
. 081
.079
. 136
.053
. 084
. 067
. 106
. 119
. 112
. 096
128
. 147
. 182
. 136

. 156

. 288
.215
. 228
. 523
. 229
. 262
. 187
.272
. 144
. 242

. 254

. 139
. 189
. 154
. 021
. 256
114
.13
. 232
. 156
. 223
. 179
. 220
. 339
. 027
- 1085
.049
. 075

S OROWoS NN WA S NWRA= A== O~ = NN OO = st N W AN~ ~d~d~JON Q-

Table 3-3.5

(cont'd)

FOR ALL GROUPS

MIN

. 5333E+07
. 3681E+07
- 9287E+06
. 9278E+06
. 2266E+06

3080E+05
9757E+05
1666E+04
5935E+04
8821E+04

. 2649E+04

1071E+05

. 7953E+04
. 7437E+07
. 5621E+07
. 8965E+07
. 4866E+07
. 4351E+08
. 0543E+06
. 7881E+06
. 3829E+06
. 5803E+06
. 9204E+06
. 2067E+06
. D289E+06
. 2663E+06
.6671E+05
. BBBOE+05
. 7398E+04
. 8851E+05
. 5242E+04
. BB48BE+05
.0233E+04
. 5255E+05
. 4015E+04
. 4848E+05
. 0510E+Q5
. 46976405
. 7310E405
. 0668E+04
« 3944E+04
- 0474E+08
. 2687E+04
. 3680E+10
. 9269E+09
. 4633E+09
. B479E+09
. 3013E+08
. 0109E+08
. 5581E+08
. 3498E+08
. 6458E+12
. 0522E+11
. 7483E+11
. 9525E+11

RSN BN WE RN NN = b s W

WO = W RSINEOE 0 =N (=

NB— e aan

MAX
. B046E+07
. B407E+07
. 1737E4+07
. 8518E+06
. B0BOE+06
. 2051E+06
, 6920E+05
.6110E+04
. 1499E+04
. 4779E+04
. 7360E+04
. 5399E+05
. 9852E+04
. 3898E+07
. 3702E+07
. 1083E+07
. 7588E+07
. 0801E+Q7
. 1196E+07
. 8843E+06
. 8912E+06
. 1266E+06
. 7780E+06
. 6239E+06
. 4874E+06
. 6522E+06
. 1881E+086
. 8625E+05
. 0437E+05
. 9970E+05
. 4035E+05
. 9765E4+05
. 2007E+05
. 2274E+05
. B913E+04
. B6B1E+05 '
«3637E+05
. 4727405
. 2804E+05
. 9662E+04
. 6309E+04
. 0929E+08
. 1244E+04
. 9802E+10
. 4444E+09
. 3482E+09
. 5320E+09
. 1866E+08
. 2841E409
. 3395E+09
- 8924E408
. 7386EH12
. 297SE+11
. 1330E+11
. 2674E+11

@EUTRON DOSE CONVERSION 21G MREM/HR

@ 1eCToR

— et ek mmh = el h —h — —_ )
RO ARWN—~OROE~BO AWM —

co—-(nqq.p.pu-a—w—cnhm.p————am-(.n—-cn—-owa-p-\lmxl—-—w-&-h.::-m-a-—wc:—mmmm-b.p--mhmq

DOSE RATE
. B235E+04
. 9207E+04
. 4876E+04
. 5543E+04
. 1469E+04
. 9332E+03
. O559E+03
. 9088E+Q2
. 2109E+02
. 2902E+02
. 8239E+02
. 7273E+03
. 0198E+02
. 1917E+05
. 4011E+05
. 0522E+05
. 9782E104
. 7301E+04
. 4457E+04 -
. 4254E+04
. 1223E+04
. 6047E+04
. 5052E+04
. B900E+03
. 8518E+03
. 7267E+03
. 8679E+03

15685E+03

. 2519E+02
. 9678E+03
. 4007E+02
. 9607E+03
. 3879E+02
. 5284E+03
. 4693E+02
. 7725E+03
. 5481E+03
.0781E+03
. B930E+03
. 4023E+02
. 4030E+02
. 8649E+05
. 9124E+01
. 2598E+08
. 4887E+07
. 1207E+07
. 0632E+07
. 2254E+06
. 5481E+086
. 7912E+08
. 8399E+06
. 8784E+09
. 3529E+08
. 7339E408
. 3520E+08

FSD
077
.089
122
. 148
.12
.13
. 080
.07
. 072
.073
.078
.074
. 107
. 083
. 126
.078
. 079

. 087

. 098
122
. 107
. 101
. 128
. 140
. 167
. 135
- 157
. 281
. 185
.230
417
231
214
. 2556
. 242
. 138
. 247
. 200
. 168
. 186
. 120
. 021
.221
. 103
112
. 185
. 183
. 261
. 173
. 202
.338
. 026
. 096
. 045
. 067

on--aqmwmmnocom_—-mhmm—aoo—~—~N—-4:-—-&-—Awhmhma—wmhhmma—-mammmmuhawwmq

MIN

.0328E+04
. 3034E404
. 9399E+04
. 1771£404
. 0190E+04
. 3748E+03
. 6926E+03
. 4873E402 -
. 7638E+02
. 8302E402
. 3704E+02
.5887E+03
. 3758E402
. 9879E+05
. 2248E405
. 7036E+04
. 4301E+04
. 4137E+04
. 0101E+04
. 8833E404
. 7871E+04
. 4427E+04
-3129E+04
. 6129E+03
. 8770E+03
. 6BOBE+03
. 1013E+03
. 2729E+03
. 278BE+02
. 5156E+03
. 8952E+02
. 5085E+03
. 2411E+02
. 1401E+03
. 6304E+02
. 5266E+03
. 1658E+03
. 6231E+02
. 4083E+03
. 5844E+02
. 1148E+02
. 86 12E+05
. 943GE+01

1296E+08

. 0972E+07
. 1343E+06
. 000 1E+06
. 3823E+06
. 7601E+06
. 8253E+06
. 1881E+06
. 6750E+09
. 8394E+08
. 65652E+09
. 7208E+08

tn—-moa-mm.b---w—-—amMm-n-s-mA—-mw—mmpmmmm-awhhm~4-—smm—~moiosa).pm--mmum

MAX

. 2141E+04
. 5381E+04
. 0354E+04
. 9316E+04 .
. 2748E+04
. 4916E403
. 4192E+03
. 3303E+02
. 6579E+02
. 7502E+02
. 2774E+02
. 8559E+03
. 6638E+02
. 3956E+05
. 5778E+05
- 1340E+05
. 5264E+04
. 0466E+04
.8813E+04
. 9675E+04
. 45674E+04
. 7667E+04
. B974E+04
. 76 71E+03
. 8262E+03
. 7726E403
. 6345E+03
. 0460E+03
. 2262E+02
. 4200E+03
. 1806E+03
. 4130E+03
. 5548E+02
. 9187E4+03
. 3083E+02
. 0184E403
. 9305E+03
. 2939E+03
. 9778E+03
. 2202E+02
. 69126402
. 0687E+H05
. G881E+02
. 3899E+08
. 8823E+07
. 3279E+07
. 2264E+07
. 0685E+06
. 3362E+06
. 7571E+06
. 0482E+07
. 0818E+09
. B665E+08
. 8125E+09
. 9831E+08
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Table 3-3-6 Thermal neutron flux in the primary coolant pipe penetration
(Unit: n/cmz/sec/looMWt)
1 Point detector Next event (upper half) Next event (lower half)
PO?;;;OH Exp. Calc.. (fsd) Relatige (AbSOluté)Calc. . Relat%ve (Absolute cale. (fsd) Relatige (Absolute)
% C/E“) C/E % C/E“) C/E 3 C/E“) C/E
Core-wardl
=120 8.0+73)i20% 9.89+6 (12) 0.71 (0.12) {1.27+7 (12) 1.15 (0.16) {1l.46+7 (9.5) 0.87 (0.18)
-100 4.9+4+7 +20%|8.42+6 (10) 1.00 (0.17) [6.76+6 (7.8) 1.00 (0.14) yl.08+7 (1l1) 1.00 (0.22)
-80 3.6+7 20%(6.47+6 {(21) 1.05 (0.18) |4.14+6 (11) 0.83 {0.12) |6.27+6 (15) 0.79 (0.17)
-60 2.5+7 *23%(3.15+6 {29) 0.73 (0.13) |4.11+6 (19) 1.19 (0.16) |3.97+6 (16) 0.72 (0.16)
-40 8.7+6 124%|9.47+6 (10) 0.63 (0.11) |1.20+46 (18) l.00 (0.14) |1.73+6 (14) 0'90. (C.20)
-20 3.7+6  £26%|5.08+5 (22) 0;80 (0.14) [2.73+45 (33) 0.93 (0.13) |7.57+5 (28) 0.93 (0.20)
—iD - 3.86+5 (13) - - 4.4845 {28) - - 3.69+5 (22) - -
.0 - 4.14+2 (50) - - 2.51+4 (100) = - 1.13+2 (100) - -
3 - 1.58+3 (55) - - 1.20+41 (100) - - 1.88-3 (97) - -
5 - 3.10+3 (44) - - 2.07+3 (55) - - 1.58+4 (100) - -
15 - 3.42+3 (49) - - 2.25+2 (92) - - 4.51+2 (97} - -

‘N.B. 1) Distance from outer surface of ByC shield.

2)
3)

Read asz 8.0% 107 n/cm2/sec.

Normalized at the position of -100 cm near the source
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Table 3-3-7 197Au(m, T 198 Au reaction rate in the primary cooclant pipe penetration
'Positionl) 197Au(n,y)lgsAu (bare foil) 197Au(n,y)198Au (with Cd4d cover)
(cm) Exp. calc. (f:d) Riii;;ve (Abg;éuté) Exp. calc. (f:d) Reﬁ;;;ve (Abizzste)
Core-ward
-120 2.25+10%) | 2.0849 (19) 0.81 (0.092) || 1.64+10| 1.2949 (30) 0.92 (0.079)
-100 1.19+10 1.3649 ( 9) 1.00 (0.11) 8.1549 | 6.98+8 (15) 1.00 (0.086)
-80 7.70+9 1.4249 (19) 1.61 (0.18) 4.90+9 | 9.12+8 (28) 2.17 (0.19}
-60 4.82+9 7.67+8 (24) 1.39 (0.16) 2.8949 | 5.1848 (32) 2;09 (0.18)
~40 2.2749 2.36+48 (10) 0.91 {0.10) 1.61+2 1.61+8 (14) 1.17 (0.10)
-20 9.70+8 1.78+8 (45) 1.61 {(0.18) 6.87+8 1.38+8 (57) 2.35 (0.20)
-10 - 8.79+7 (13) - - - 5.74+7 (19) - -
0¥ | 3.3848 | 5.9946 (20) 0.16  (1/56) | 4.7248 | 5.96+6 (20) | 0.15  (1/79)
34) - 5.65+6 (13) - - - 5.53+6 (13) - -
54) - 5.70+6 (12) - - - 5.45+6 (13) - -
154) - 5.30+6 (13) - - - 5.03+6 {13) - —
N.B. 1) Distance from outer surface of ByC shield.
2) Normaligzed at the position of -100 cm near the source.
3) Read as 2.25% 10*° reactions/(sec-1024atoms-100MWt)
4) The experimental value is uncertain because of low éower level and

is influenced by neutron streaming through a detector hole in the

B,C shield.

4

wall scattering in the primary pump room.

Calculated value does not contain a contribution of




Table 3-3-8 Cd Ratio for lg?Au(n,y)JgsAu reaction in
the primary coolant pipe penetration

Positionl) Fxp. calc. {f.:.d.) Relative (Absolute)
(cm) c/E2) G/E
Core-ward
-120 1.37 £2.9% 1.61 (36) ~1.04 S (1.18)
-100 1.46 *4.1% 1.67 (17) 1.00 {1.14)
.—80 1.56 *5.3% 1.55 (34) 0.87 (0.99)
-60 1.6') *6.7% 1l.48 | (40) 0.78 (0.89)
-40 1.42 #9.3% 1.47 (17) 0.91 (1.04)
-20 l.42 $14.1% | 1.2 (73) 0.80 (0.91)
-10 _ - 1.53 | (23) - -
0 - 1.01 (28) - -
3 - 1.02 (18) - -
5 - 1.05 (18) ~ -
15 - | 1.05 (18) - -

N.B. 1)} Distance from outer surface of ByC shield.

2) DNormalized at the position of —100cm near the source.

3-43
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Table 3-3-9

Reaction rates in the primary coolant pipe penetration

{(Unit: Reactions/sec/1024atoms/lOOMWt)

1) 5°Cr(n,y)510 58Fe(n,Y)nge
Fosition fsd\ | Relative (Absolute ' fsd\| Relative [Absolute
{cm) ExXp. Cale. ( N ) C/Ez) ( /B ) Exp. Calc ( % ) C/Ez) ( c/E )
Core~ward
-120 7.18+93) l.48+8{(li) 0.54 (1/49) 5.49+8 1.08+7 (11} 0.53 (l/Sl)f
~100 3.3249 1.2748. (9.7) 1.00 (1/26) 2.53+8 9.46+6 (9.5) 1.22 (1/27)
-80 2.01+9 9.57+7 (20) l.24 (1/211 1.54+8 7.084+6 (20) 1.23: {1/22)
-60 1.3849 4.77+7 (27) 0.90 (1/29) 1.0748 | 3.60+6 (26) 0.90 {1/30)
-40 6.71+8 l.54+7.(9.9) 0.60 (1/44) 5.09+7 1.2046 (9.4) 0.63 (1/42)
-20 2.17+8 7.82+6 (20) 0.94 {(1/28) 1.8247 5.9745 (19) 0.88 (1/30)
-10 1.61+8 6.05+6'(lé) 0.e98 (1/27) 1.26+7 4.63+5 (12) 0.98 (1/27) .
o) 1.76+48 3.32+4 (14) 1/202  {1/5300) | 1.56+7 | 1.08+4 (27) | - 1/54 (1/1400)
3® 4.22+7 4.91+44 (25) 1/33  (1/860) {4.02+6 | 1.29+4 (25) 0.086 (1/310)
54) 2.92+47 7.39+4 (27) 1/15 (1/400}) 3.02+6 1.3444 (23} 0.12 (1/2305
154) 1.45+47 7.55+4‘(32) 0.14 (1/190) 1.80+6. 1.344+4 (23) 0.20 {1/130)
N.B. 1) Distance from outer surface of B,C shield.
2) Normalized at the position of -100 cm near the source.
3) Read as 7.18 x 10° reacfidns/tse0°102“atoms'100MWt).
4) The experimental value i; influenced by neutron streaming through

a detector hole in the ByC shield. Calculated value does

not

contain a contribution of wall scattering in the primary pump room.
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Table 3-3-9 {cont'd)
(Unit: Reactiohs/sec/ldz"atoms/lOOMWt)
Positionl) ,SQCO(?'Y)EUCO ; : i ‘lgssb(n'Y)IZth .
{cm) Exp. Calc. (fi?) Riizgive (Abi;é?te) Exp.B} Calc. (f:d) Relative C/Ez)
Core-ward '
-120 1.65410° | 3.8548 (10) | 0.54  1/43) 1.0 1.0 | 1l.2646 (16) | 0.57  0.67
-100 7.49+9 3.2748 (9.0) 1.00 .(1/23) 0.418° 0.496 9.27+7 (10) 1.00 1.00
-80 4.50+9 2.42+8 (19) 1.3 (1/19) |0.256 0.274 | 8.68+7 (23) | 1.53  1.70
-60 2.9449 1734+8 {23) 1.04 (l/22) 0.176 0.118 4781+7 (18) 1.23 2.18
-40 1.56+2 4.98+7 (15} 0.73 (1/31) 9.87-2 6.95-2 1.97+7 (13) 0.90 1.52
-20 5.8248- 2.10+7 (18) 0.83 .(1/28] 5.38~-2 3.85-2| 2.94+6 (17) 0.83 1.38
-10 4.1748 1.6547 (11) 0.91  (1/25) |3.74-2 4.24-2] 1.36+7 (28) 164  1.72
05) 5.1348 7.95+5 (23) 0.036 {1/650) 8.25-2 - 1.51+6 {26) 0.083 -
35) 1.4648 9.1945 (23) 0.14 (1/1e0) 2.93-2 - 1.59+6 (26) 0.25 -
52 |1.0248 | 9.9845 (22) 0.22  {1/100) |[3.41-2 - | 1.57+6 (23) 0.21 -
157 | 7.1447 1.05+6 (25) 0.3 (1/68) |2.49-2 .- | 1.3646 (19) 0.25 -
N.B. 1) -Distance from outer surface of B,C shield.

2) Normallzed at. the position of -100 cm near the source.

3) Relatlve value

The data in the left column were obtalned by 0.603 MeV Yy-ray detection,

the others were by 1.692 MeV Y-ray detection.

4} Read as _1.65><10370 reactions/ (sec-10?

atoms'IOOMWt)

5) The experimental value is influenced by neutron streaming through a detector hole in

the B,C sheld.

4

the primary pump room.

Calculated value does not contain a contribution of wall scattering in
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3.4 Analysis of Heutron Behaviour in the Primary Pump Room
3.4.1 Calculational Cohfiguration

The primaty pump roém, R206, isrlocated next td the
reéctor rooﬁ as shbWh‘in Fig. 2-3-1. The configurétion ané
the dimensions of the room are shown in Fig. 3—4—1; The pump
room is a gigantic space about 11 meter high with about 40
square metefs floor. Through the 1 meter thick biological
shielding wall separating the reactor room, several penetra-
tions are equipped. They are the peﬁetfation with 70 cm radius
for the primary coolant outlet pipe, the one with 62.5 cm
radius for the primary coolant inlet pipe, and two with 25 ¢m
radius for the argon cover gas pipe‘and'l9.25'cm radius for
instrumentation cables, respectively. The cross sectional
view of the penetrations were shown in Fig. 3-3-1. Rectangular
openings, 1 meter wide by 1.8 meter in height for passing to
the upper IHX room, 2 meter wide by 2 meter in height for
leading the primary coolant pipe to the lower IHX room are

equipped.

From the standpoint of the radiation shielding, these
penetrations allow a lot of neutrons to_leak from the reactor
rooﬁ, to.céuse the coolanﬁ pipés and primary pqmp_activated
and to enhance the backgﬁound for the FFD/DN-method (fuel
fracture detector counting delayed neutrons). Besides, neutrons
in the primary pump room stream to the IHX room to activate the

secondary coolant sodium. In order to estimate such neutrons,



6 . . . . :
) making use of reactions such as

3 109

detectors are installed

2
>u(n,£), *Pum,g, *P

2 1

llOmA

2
Th(n,£), >2s(n,p)°’p,

192

Ag(n,v) g,

18]'Ta(n,y)la Ta and 91Ir(n,y) Ir in the pump room. The
measurement locations and the detector types are summarized in

Table 2-3-1.

3.4.2 The Method and Conditions of the Calculation

The calculations were carried out with the albedo Monte

Carlo code MORSE—ALB.7"11)

The outline of the calculations
are shown in Table 3-4-1. Elementary bodies constituting the
calculational model are 13 right circular cylinders, 8
rectangular parallelepipeds, and a truncated right angle cone.
The combinations of these bodies are shown in Fig. 3-4-2, Fig.
3-4-3 and Fig. 3-4-4. Regions which were used to define
biasing conditions were summed up to 18 by combining bodies.
Materials for cross sections and albedo media are summarized in
Table 3-4-2. Albedo boundary was set on the surface of the
concrete wall shown in Fig. 3-4-5, the polyethylene surface of
FFD/DN- methad, and the surface of the impeller of the primary
pump shown in Fig. 3-4-4. A particle with sufficiently small
weilght which has been reduced due to many albedo reflections and
real collisions receives the Ruésian.Rdulette kill or survival.

These conditions are shown in Table 3-4-1.

The neutron source was thained from the results of the
preceding analysis described in Section 3.3. The neutron

fluxes at the outside of the B,C shields around the primary



coolant outlet pipe running from the reactor room to the pump
room were converted into the source data for Monte Carlo

10)

calculation by the DOMINO-N code™ ' . The source spectrum is.

shown in Fig. 3-4-7.

Fifty-seven detectors consisting of 11 point deteétoré,
42 next event estimatorsll), and 4 boundary crossing estimators
were used. The arrangement of the detectors is shown in Fig.
3-4-8, and the detailed locations are summarized in Table
3-4-3. Point detectors were set not only at meésurement points
but around the primary pump and at the center of the room which

is on the center line of the pump.

3.4.3 Calculational Result

A. Neutron flux distributions

Values obtained by the Monte Carlo calculation for
detectoré in the pfimary pump room are shoﬁn in Tables 3-4-4
through  3-4-7. 1In ﬁhe.vicinity of the.neutron séurée, point
detectors of No.l and No.2 and nex£ event estimators of No.53
are set right in front of the source. Point detectoré of No.9
and No.l0 are set 70 cm and 180 cm apart from it réspecfively.

3 n/cmz/sec in

The fast neutron flux.above 0.1 MeV is about 10
the vicinity of the source, and rapidly decreases as the
detector point gets farther from the source. Most of flux

levels in the pump room become 10l - 102 n/cmZ/sec. About two

thirds of the fractional standard deviations (FSD) of the



scored neutren flux.are within 20%, which means good con-
vergence of Monte Carlo calculation. - However, around the
opening to the IHX room and on the side and bottom surface
of FFD/DN-method where particles are unlikely to reach in

small number of scatterings, larger values of FSD are seen.

On the other hand, most thermal neutron flux is 103 to
104 n/cmz/Sec in the pump room, and even the wvalue in the
vicinity of the source is 2 to 3 times larger than -the average
thermal neutron flux. It is because thermal neutrons were
generated mainly by the multiple scattering and the slowing
down at the wall surface rather than streaming through the
primary coolant pipe penetration from the reactor room. FSD
is within 20% for more than 80% detectors. As for total
‘neutron flux, it is about 103 to 3 x 102 in the vicinity of
the source, and 3x 103 to 104 on the average 1in the pump room.
FSD is within 10% for about 60% detectors and is within 20% for
about 90% detectors, which means gooa convergence of the
calculation. Dose réte due to the neufrons is 0.5 to 1.5 rem/
hour in the vicinity of the source, and 10 to 100 mfem/hour on

the average in the pump room.

Fig. 3-4-9 shows the spatial distributions of the total
neutron flux, thermal neufron flux, fast neutron flux above
0.1 MeV, and the neutron dose rate: vertical distribution
scored by the detectors of No.47 through 50, 53 and horizontal
distribution on the upper surface of FFD/DN scored by the

detectors of No.20 and 26 .(see Fig. 3-4-8). The ratios of the



values around. the source to those in the other region  are
roughly 40, 4, 140 and 50 for total neutron flux, thermal
neutron flux, fast neutron flux, and neutron dose rate

respectively.

B. ©Neutron spectra

Fig. 3-4-10 shows the spectrum at three locations:
the pbint 70 cm apart from the B4C shields toward the pump} the
center of the room, and the upper surface of FFD/DN—method.
Every spectrum is flat below 10 keV as 1t is 1/E shape in the
low energy range, while it sharply drops in the high energy
range as the evergy bécomes higher; The spectra resemble to the

source spectrum shown in Fig. 3-4-7.

C. Comparison of calculated value with measured data

The reaction rates obtained by the calculation are

6}

compared with measured values in Table 3-4-8. Some problems

may be included in the absolute values of the source, as was
described before. Excluding the error of the neutron source,
C/B valués were nérmalized to those at position 1. Those
rélaﬁive C/E values are shown in Fig. 3-4-11 classifying them
into three groups according to the dominant eneréy range of |

neutrons contributing to the reactions.

Relative C/E values distribute between 0.72 - 4.0 at the
position 2 which is near to the source, 2.5 - 3.0 on the pump
side surface, 0.76 - 2.8 on the upper surface of FFD/DN-method

and 2.2 - 3.6 at the point 70 cm apart from the source toward




the primary pump. Although position 2 is close to the

source, the relative C/E is not around 1.0. It is because
position 1 and position 2 were so close to the disc source

that flux scoring was much affected by the position_df source
neutron and the statistics of the calculation was not suf-
ficient. On the other hand, the influence of source neutron
position is not very large at the positions apart f:om the source
and the calculated value was obtained with good statistics. As
the primary coolant pipe was not taken into account, relative

C/E values became a little larger than 1.0. Accordingly,

results can bhe regarded reasonable encugh.

With respect to the absolute C/E values for each reaction,

109 130m 181

obtained are 0.091 - 0.33 for Ag and Ta(n,y)

182

Ag(n,v)

Ta that are mainly caused by slow neutrons, 0.066 - 0.11

235

for U(n,f) that is caused by overall energy neutrons. The

C/E values for threshold reaction are small: 1/240 - 1/1040 for

2 23

385 (n,£), 1/2000 - 1/13900 for 2>%Th(n,f) and 1/960 - 1/1140

for 32S(n,p)32p. Small C/E values were obtained because source

intensity was underestimated. C/E values for reactions caused
by slow neutrons in the pump room are very close to those for
reactions by slow neutrons especially to the values{0.092 through

197Au(n,y )198Au dbtained in the streaming calculation

0.18) forx
through the primary cooclant pipe penetration. This fact firmly
suggests that the underestimation was caused because the hollow
in the graphite shield for’the.primary coolant pipe was neglected
in the Sn CalCUIationl’z)exécutéd inside the biological shielding

concrete, and neutrons (especially fast component) arriving at



the inner surface of the concrete was underestimated.

D. Comparison with results obtained by the streaming
calculation through the primary coolant pipe penetration

Table 3-4-9 shows the comparison éf the calculated
reaction rates on the surface_of the B4C shield between the
calculation for the primary coolant pipe penetration and that
for the primary pump room. Relative values normalized to the
reaction rates for the detector of No. 8 are shown in parentheses
under the calculated values.

As for results in the pump room, relative values of thermal
neutron flux are 15.3 and 18.0, while those of (n,y) reactions

197Au 58Fe 123S 109Ag a 181

of ' 5OCr, ' 5900, b, nd “Ta which are

caused'by slow neutrons are 1.07 through 5.4. Relative values

235U

of (n,f) reaction rates caused by neutrons in coverall energy

range are 2.7 and 3.6.

The discrepancies brought about by the two calculations
must have been caused by the wall scattering in the pump room,
since the results of streaming calculation through the penetra-
tion include only neutrons that came through the penetration
while those of the pump room calculation include neutrons
scattered by the inner surface of the room. It is also suggested
by the trend that the relative values of reaction rates in the
pump room become larger as the neutron energy contributing teo
the reactions become smailer. Therefore, results around the open-
ing to the pump room obtained in the primafy coolant pipe penet-

ration analysis may as well be corrected to take into account the

wall scattering mentioned above. As for threashold reactions such



238

as U (n,f), 23

2Th(n,f), and325(n,p} 32

P, the relative values
of reaction rates obtained in the pump room calculation became
0.25 through 2.6. This means no evident difference due to the
reflection exists in threshold reactions obtained by the two
calculations and fast neutrons that reached at the opening of

the penetration in the pump room must be almost those coming

through the penetration.



Table 3 4 1 Input parameters of Monte Carlo calculation
. for prlmary pump room

GeomeLry .ccevesenncen- 22 bodies for the combinatory geometryl7)

(See Figs. 3-4-1, 3-4-2, 3-4-3 and 3-4-4.)
18 Regions (See Figs. 3-4—4; 3~-4-5 and
3-4-6.) | |

7 media including 3 albedo media

Cross section ........ Pg, 21 groups (See Table 3-4-2.)

Neutron source ....... Circular disc source with 110 cm radius
Energy-space-angle dependent
Generated by DOMINO-N codelo) from the
results of JOYO primary coolant pipe
penetratidn analysis (Monte Carlo

calculation)

Flux estimator ....... 11 point detectors, 41 next event
surface crossing estimatorsll) and 10
boundary crossing estimators (See Table
3-4-3 and Fig. 3-4-8.)

Importanée sampling .. (1) Russian Roulette kill and survival

a) Case A (2l-group-calculation)

for all region, energy group=, 1v4 5~8 915 1621
Weight killed 1077 10~% 107" 10~3
Weight survived 10-% 10-%® 107 1072

b) Case B (8-group-calculation)
Weight killed 107°

~ weight survived 107°

(2) Source energy biasing
(see Table 3-3-4.)

Histories ..c.ceeaesees (1) Case A (21 groups) 8,000
(2) Case B ( 8 groups) 20,000




Table 3-4-2 Cross section and albedo data for
primary-pump room analysis

Cross section

Medium No. Input No. Medium (binary iD)
1 1 Sodium 100
2 2 ss304l) 200
3 -3 Concrete (albedo) 400
4 4 Thermal insulator 600
5 5 Polyethylene (albedo) 700
6 | 6 Nitrogen gas 1000
7 2 $5304 {albedo). 200
Albedo
No. Medium No. Medium
1 3 Concrete with liner
2 7 85304 (impeller)
3 5 Polyethylene

N.B. 1) Type 304 stainless steel.




Table 3-4-3 Detectors and locations

{1) Point detectors

Coordinate {cm)

No. Comment
X Y 7z

1 501.0 0.0 845.0 The opening of the primary coolant outlet
pipe penetration (up)

2 501.0 0.0 815.0 The opening of the primary coolant outlet pipe
penetration {(down)

3 842.99 0.0 880.0 Outer surface of primary pump (front)

4 | 920.0 77.01| 880.0 | Outer surface of primary pump (left)

5 997.01 - 0.0 880.0 Outer surface of primary pump (back)

6 | 920.0 -77.01| 880.0 | Outer surface of primary pump (right)

7 | 641.125 70.0 364.01 | Center of top surface of FFD

8 760.26 70.0 363.0 Lateral surface of FFD (near top'surface)

2 570.0 45.44 1 880.0 70 cm from the opening for the outlet pipe
10 680.0 45.44 | 880.0 180 cm from the opening for thé outlet pipe
11 920.0 0.0 530.0 Center of the room on the axis of primary pump

(2) WNext event estimators

Range (cm)
No. - Comment
~X(-) X(+) Y{-) Y(+) Z(-). Z(+)

12 | 475.0 | 495.0 |-363.3 | -363.3 | 832.0 | 868.0 | Passage to the IHX room
13 | 465.0 | 505.0 |-363.3 | -363.3 | 814.0 | 886.0 | Passageto the IHX room
14 455.0 515.0 =-363.3 -363.3 796.0 204.0 Passagéto the IHX room
15 445.0 525.0 .f363'3 -363.3 778.0 922.0 Pgssageto the IHX room
16 435.0_ 535.0 -363.3 -363.3 760.0 940.0 | Passage to the IHX room

17 435.0 | 535.0 -263.3 -263.3 760.0 | 760.0 | Upper exit from the
pump room




Table 3-4-3 (continued)

No. | X(-) X (+) Y(-) Y (+) Z(-) Z (+) Comment
18 | 820.0 |1020.0 |[-363.3 [-363.3 0.0 | 200.0 | Passage to the lower
THX room
19 820.0 1020.0 | -263.3 -263.3 0.0 200.0| Lower exit from the
pump room
20 522.0 760.25 -45.0 185.0 364.01; 364.01] Top surface of FFD
21 760.26 | 760.26 -45.0 185.0 19¢6.5 364.0 Lateral surface of FFD
22 522.0 760.25 -45.,01 -45.01 | 196.5 364.0 | Lateral surface of FFD
23 522.0 760.25 185.01 185.01 | 196.5 364.0 Lateral surface of FFD
24 522.0 760.25 -45.0 185.0 196.49 | 196.49| Reverse surface of FFD
25 522.0 760.25 185.0 415.0 364.0 364.0 Same height with FFD
26 760.25 | 998.5 -45.0 185.0 364.0 364.0 Same height with FFD
27 522.0 760.25 { ~263.3 -45.0 364.0 364.0 Same height with FFD
Coordinate of the |Directicn cosine of
No. center the normal Radius Comment
b.4 Y u v \
28 | 920.0 | 0.0 [715.0 0.0 [ 0.0 | 1.0 162.0 The Bottom of the Primary
pump
29 | 920.0 | 0.0 0.0 0.0 | 0.0} 1.0 62.0 Projection of the Bottom
of the Primary Pump to
the Floor
No. X(-) X{+) Y(m). Y(+) Z{-) Z(+) Comment
30 435.0 535.0 -263.29 | -263.29 | 240.0 | 1026.0 Wall of IHX side
31 535.0 635.0 -263.29 | -263.29 | 760.0 940.0 Wall of IHX side
32 635.0 735.0 -263.29 | -263.29 | 760.0 940.0 Wall of IHX side
33 735.0 835.0 -263.29 | -263.29| 760.0 240.0 Wall of IHX side
- 3=70



Table 3-4-3 (continued)

No. X(-) X(+) Y(-) Yf+) Z(-) % (+) Comment

34 | 835.0 | 935.0 | -263.29 | -263.29 |760.0 | 940.0| ]

35 | 935.0 | 1035.0 I

36 |1035.0 | 1135.0 760.0. | 240.0

37 435.0 535.0 660.0 760.0

38 560.0 660.0

3° -460.0 560.0.

40 360.0 | 460.0} \ Wall of IHX side
41 435.0 535.0 200.6 360.0

42 820.0 1020.0 200.0 300.0

43 300.0 400.0

44 400.0 500.0

45 500.0 | 600.0

46 820.0 |1l020.0 -263.29 | -263.29 (600.0 760.0 |

47 500.01| 500.01 -45.0 185.0 364.0 464.0

48 464.0 564.0

Wall of reactor side

49 564.0 664.0 :
50 500.01| 500.01 ~-45.0 185.0 664.0 764.0

51 |1020.0 |1200.0 ~263.29 {-263.29 0.0 200.0

_ Wall of IHX side
52 435.0 820.0 -263.29 | -263.29 0.0 200.0
Coordinate of the | Direction cosine of

No. centex the normal Radius Comment
- X b4 Z u v w

53 500.2 | 0.0 | 880.0 1.0 0.0 0.0 110.0 Disc covering the source




Table 3-4-3 (continued)

(3) Boundary crossing estimator

No.

Comment

54

55

56

57

Lateral surface of the primary pump
Bottom surface of the primary pump
Upper exit from the pump room

Lower exit from the pump room

3-72



Table 3-4-4 Estimated fast neutron fluxes above 0.1 MeV

for detectors in the pump roonm

FAST NEUTRON FLUENCE ABOVE 0.1 MEV

The type of
DETECTOR FLUX FSD &%) MIN MAX - the detcctor

i |, A7E+03  25.0  1.10E+03 1.B84E+03 i
2 2 856403  40.7  1.69E403 4. 01E403

3 2. O5E+02 4.4 1.95E402 2. 14E+02

a 8. 31E+0] 6.8 7.75E401 8. BBE+01

5 2. 25E+01 9.7 2.04E4+01 2. 47E+01

& 9.53E+01 124 8.35B401 1.07E402  point
7 1. 81E+01 2.0 1.77E+01 1. 84E+01

8 1. 40E+01 2.8  1.37E401 1. 44E401

9 1.36E403 4.1  1.30E403 1.41E+03

10 4. 85E+02 3.0 4.70E402 4. 99E+02

1 6. 64E+0] 2.5  6.48E+01 6.81E+01

12 1.72E-01  98.4  2.80E~03  3.42E~01

13 2.26E+00  38.1 1.40E+00 3. 12E400

14 2.43E+01  55.7 1.08E+01  3.77E+01

15 1.5BE+01  49.2  7.87E+00 © 2.31E+01

16 1.BEE+01  39.0 O.48E+00 2. 16E+01

17 3.68E401  26.7 2.62E+01 4. 54E+01

18 1.58E+00  37.6 O.856-01 2. 17E+00

19 3.67E400 ° 15.0 3. 11E400 4. 22E+00
20 1.75E+01 15.6  1.4B8E+01  2.03£+01
21 5 9BE+00  22.9 4. 61E400 7. 356400
22 4.04E+00  20.6 3.21E+00 4. 87E+00
23 3.236400  33.7 2. 14E400 4. 32E+00
24 5.42E-01  33.4 3.61E-01 7.23E-01
25 1.47E+01  18.9  1.10E401 1. 75E+01
26 3.01E401  15.0 2.56E+01 3. 4BE+01
27 1 82E+01  19.2  1.47E401 2. 17E401
28 2.97E401  21.9  1.77E401  2.77E+01
29 3.676400  17.9  3.01E+00  4.32E+00
30 1.51E+01  14.7  1.20E401  1.73E401
§ooraE g i oa

| 02E+ ) | B2E+ . 17E+02
33 1.12E+02 13,5 O 69E+01 1.27e+02  Next event
31 1.40E+02  15.1 - 1.19E+02  1.61E+02
35 1.18E+02  16.5  O.85E401  1.38E402
36 1.40E+02  27.3  1.02E+02 1. 78E+02
37 2 B63E4+01  32.9  1.76E401 3. 49E+01
38 1.30E+01  17.9 ° 1.07E+01  1.53E401
39 9.04E+00  18.3  7.3BE400 1. 075401
40 7.056+00  20.5 5.60E400 8. 49E+00
41 5.77E400  17.8 4.74E+00 6. 80E+00
42 1.97E+01  43.5  1.11E+01  2.82E+01
43 1.52E+01 - 15.6  1.20E401 1. 76E+01
44 3.44E401  27.5  2.50E401 4. 39E+01
45 4.96E+01  23.7  3.79E+01 6. 136401
46 8.56E+01  17.0  7.11E+01  1.00E+02
47 1.02E401  16.7 B8.48E+00 1. 19E+01
48 1.19E+01  16.5 9.96E400 1. 39E401
49 1.94E+01  20.0 1.5SE+07 2. 33E+01
50 2.27E+01 16,4  1.90E+01 2. 65E+01
51 2.09E+01  50.6  1.03E+01 3. 14E401
52 6.56E+00  14.4 5.61E400 7. 51E400.
53 2. 74E403 4.6 2.62E+03  2.87E+03
54 1. 00E+02 8.0 0.22E401  1.08E+02
55 1925401 280 1136EH01 2. 47E40] Boundary
- 66E+ ) G6BE+01 4. B5E401 ;
57 4236400 14,8 3.60E+00 4.856400  CrOSSINE
(n/cu®/sec)




Table 3-4-5 Estimated thermal neutron fluxes for detectors

in the pump room

THERMAL FLUXES The type of
DETECTOR FLUX FSD (%) MIN MAX the detcctor
1 6. 26E+03 7.8 ~ 5.77E+03  6.74E+03
2 7. 40E+03 43.3  4.19E+03  1.06E+04
3 4. 15E403 6.3 3.89E+03 4. 41E+03
4 3. 14E+03 15.2  2.6BE+03 3. 62E+03
5 2. 89E+03 13.5  2.50E+03 2. 28E+03 .
6 4.08E+03  23.7 3.11E+03 5. O5E+03 Point
7 1. 73E4+03 2.8 1.B8E+03 1. 78E+03
8 1. 47E+03 11,4  1.30E4+03 1. 63E+03
8 1. 27E+04 5.5 1.20E+04 1.34E+04
10 6. 94E403 3.1 6.72E+03 7. 15E403
11 3. D7E+03 1.6  3.02E+03 3. 12E+03
12 1. 50E+02 66.3 5.06E+01 2, 50E+02
13 8. 40E+02 48.8  4.30E+02 1. 25E+403
14 7. 35E+02 27.8 5.31E+02 Q. 40E+02
15 7. 04E+02 18.6 5.73E+02 8. 358402
16 7. 69E+02 16.7 6.41E+02 8. 98E+02
17 3. BAE+03 20.6 2.81E+03 4. 26E+03
18 4. 52E+02 13.1  3.92E+02 5. 11E+02
19 1. 03E+03 8.8 9.36E+02 1. 12E+03
20 3. 98E+03 5.8 3.75E+03  4.21E+03
21 2. 40E+03 8.3 2.20E+03  2.BOE+03
22 2. 26E+03 8.2 2.076+03 2. 44E+03
23 1. 74E+03 6.7 1.63E+03  1.86E+03
24 6. 60E+02 8.6 6.04E+02 7. 17E+02
25 2.77E+03 14.3  2.38E+03 3. 176403
26 2. 58E+03 7.0 2.40E+03 2. 76E+03
27 2. 34E+03 6.0 2.20E+03 2. 49E+03
28 8. 76E4+02 8.7 7.80E+02 9.61E+02
29 1. 746403 14,2  1.48E+03  1.98E+03
30 2. 18E+03 14.7  1.8BE+03 2. 50E403
31 g.7aE+03 1_9.0 4.ggE+os g.§1E+03 _
32 .B61E+03 0.4 5.02E+03 . 20E+03
33 4.29E+03  11.1 3.81FE+03 4. 766403 Next cvent
34 8. 39E+03 13.9  4.64E+03 6. 14E+03
35 3. 56E+03 14.8  3.03E+03 4. 09E+03
36 2. 30E+03 12.8° 2.01E+03 2. BOE+03
37 3. 03E+03 8.9 2.76E+03 3. 30E+03
38 2. 08E+03 11.4  1.85E+03 2. 32E+03
39 1. 72E+03 9.2 1.56E+03  1.88E+03
40 3. 62E+03 38.9 2.21E4+03 5. 03E+03
a1 1. 97E+03 9.5 1.78E+03 2. 15E403
42 1. 49E+03 9.8 - 1.34E+03  1.64E+03
43 2. 14E+03 8.9 1.95E+03 2. 33E+03
42 3. 0SE+03 12.6  2.67E+03 3. A3E+03 -
45 2.35E+03°  10.1  2.11E403 2. 58E+03
46 3. 67E+03 8.4 3.36E+03  3.98E+03
47 3. 41E4+03 7.6 3.15E4+03  3.67E+03
48 3. 02E+03 7.0 2.81E+03 3. 23E403
49 3.53E+03 12.4  3.10E+03 3. 97E+03
50 3. 37E+03 8.2  3.09E+03 3. B5E+03
51 1. 43E+03 12.3  1.26E+03  1.B1E+03
52 1. 49E+03 5.9 1.40E4+03  1.S58E+03 "
53 2. 04E+04 7.3 1.90E+04 2. 19E+04
54 3. 34E+03 6.3 3.13E+03  3.55E+03
55 S.18E+02.  14.8 7.82E+02 1.0B5E+03 Boundary
56 3. 37E+03 22.1 2.63E+03 4. 11E+03 crossing
57 9. 33E+02 7.5 8.63E+02  1.00FE+03
(n/en?/cee)




5Tab]13 3-4-6 Estimated total neutron fluxes for detectors

in the pump room

TOTAL FLUXES ‘UNIT RESPONCE FOR ALL GROUPS

, ‘ ‘The type of
DETECTOR FLUX FSD (%)  MIN MAX :
1 1.20E405  16.4  1.00E+05 ~ 1.40E+05 the detector
2 2. 44E+05 35.7 1.47E405 3. 41E+05
3 2. 49E+04 14.2. 2.14E+04  2.BSE+04
4 9. 02E+03 7.6  8.34E+03 §.71E+03
5 7.09E+03 10.1 6.37E+03  7.81E+03 Point
6 1. B52E+04 21.1  1,20E+04  1.84E+04
7 4. 02E+03 1.8 3.95E+03  4.09E+03
8 4.04E403 16.1  3.39E+03  4.69E+03
9 8. 69E+04 1.7 8.B4E+04  8.83E+04
10 3,50FE404 1.1  3.4BE+04  3.B4E+04
11 8., 34E+03 .8  8.27E+03 8. 42E+03
12 . 2.35E+03 45.5 1.26E+03 3. 4BE+03
13 3.09E+03  25.4  2.31E+03 3. 88F+03
14 3. DOE+03 15.0 2.55E+03 3. 45E+03
15 2. 77E+03 11.0  2.46E+03  3.07E+03
16 2. 76E+03 10.7 2.47E+03 - 3.DBE+03
17 7. 93E+03 t0.1  7.12E+03 - 8.73E+03
18 7.32E+02 © 10.0 6.59F+02  8.05E+02
19 2.72E4+03 © - 18.2  2.23E403 - 3. 22E403
20 7. 09E+03 4.2 6.80E+03  7.39E+03
21 3. 75€+03 6.5 3.51E+03  4.00E+03
22 3. BOE+03 6.7 3.26E+03 3. 73E+03
23 3. 14E+03 8.6 2, 87E+03  3.41E+03
24 9. 91E+02 8.6 9.06E+02 1.08E+03
25 5. 52E+03 8.1 5.07E+03. . 5.96E+03-
26 5. 74E+03 4.4 5.49E+03  5,99E+03
27 5. 00E+03 4.0 4.79E+03  5.20E+03
28 3.87E+03 9.9 3.48E+03  4.25E+03
29 3.32E403 - 9.7 3.00E403  3.64E+03
30 6.81E+03 8.6 6.22E+03  7.39E+03
31 1. 38E404 5.3 1.31E+04 1.4B6E+04
32 1. 49E+04 6.8 1.39E+04 1.B9E+04
33 1. 43E+04 5.8 1.40E+04 1.5BE+04 Next event
34 1.52E+04 6.3 1.43E+04 1.B2E+04 _
- 35 1.08E+04 6.7 1.01E+04 1. 16E+04
36 8, 67E+03 7.1 8.06E+D3 9. 29E+03
37 8.38E+03 7.2  7.78E+03 8. 99E403
38 6. 70E+03 9.2 6.09E+03  7.32E+03
39 . 4. 22E+03 10.3 3. 79E+03  4.B5E+03
40 5, 90E+03 25.1  4.42E+03  7.3BE+03
41 3. 35E+403 8.1 3.08E+03  3.62E+03
42 3.62E403 10.5 3.24E+03 4. 00E+03
43 5_Q0E+03 7.2 - 4,64E4+03  5.36E403
44 6. 34E+03 8.4 5.B8Bi1E+03 6.87E4+03
45 6. 04E+03 8.8 5.51E+03 6.56E+03
46 1. D5E+04 4.6 1.00E+04 1. 10E+04
47 6. 72E+03 10.5 6.01E+03 ° 7.43E+03
48 5. B2E+03 5.7 5.30E+03 5. 94E+03
49 7.BBE+03 15.5  6.46E+03 8, 83E+03
50 6. B3E+03 7.2  6.34E403  7.33E+03
51 - 3.30E+03 8.1 3.03E+03  3.57E+03
52 3. 03E+03 4.9 2.88E403 ° 3. 18E403
53 2. 65E+05 3.4 2.56E+05 2. 74E+05
54 1. 10E+04 3.1 1.07E+D4 1. 13E+04
55 3. 59E+03 10.5 3.21E+03  3.97E+03 Bognd?ry
56 7. 77E+03 10.86 6.94E+03  8.59E+03 - crossing
57 2. 85E+03 21.1 2.925E4+03  3.46E+03
(n/ca?/sec)
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Table 3-4-7 Neutron dose rate for detectors in the

punp room

NEUTRON DOSE CONVERSION 211G MREM/HR

DETECTOR DOSE RATE
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. 74E+01

. 46E+00
. B7E+00
. 15E+01
. T4E401
. 16401
. 62E+01
. 96E+00
. 09E+01
. 07E+01
. 63E+01
. 40E+01

28E+01

. 95E+00
. 47E+01
. 73E+01
. 23£+01
. 00E+01
. 36E+01
. 95E+01
. 98E+01

39E+01
89E+01
61E+01
47E+01

. 86E+01
. B1E+01
. 99E+01

67E+01

. O3E+01
. 39E+01
. B3E+01
A7E+01
. OGE+01
. 18E+01
. BOE+01

TE6E+01

. 37E+01
. 08E+01
. 35E+01
. 46E+01
- 29E+01
. 44E403

. 48E+01
. 61E+01
. 57E+01
. 11E+01
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. 99E+02
. 99E+03
. 78E+02
. 35E+01
. 91E+01
. 04E+02
. 04E+01
. 23E+01
. 28E+02
. 49E+02
. 84E+01

. 51E+01
. B2E+01
. b4E+01
. 43E+01
. 41E+01
. 42E+01
. 72E+00
. 51E+01
. 35E+01
. 90E+01
. B1E+01

54E+01
79E+00

. 86E+01
. 01E+01
. 44E+01
. BBE+01
. 69E+01
. BBE+01
. 83E+01
. 48E+01
. 07E+01

85E+01
76E+01
74E+01

. 53E+01
. 67E+01
. OBE+01
. 23E+01
. 85E+01

88E+01
98E+01

. B2E+01
. S0E+01
. 20E+01
.41E+01
. 6SE+01
. 03E+01
. 94E+01
. 74E+01
. 44E+01
. 52E+03

- Q0E+01
. 02E+01
. 40E+01
. B2E+01

The typc of
the detcctor

Point

Next event

Boundary
~ crossing
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Table 3-4-8 Reaction Rates in

the Pump Room

(Unit: x1072" reactions/atom-sec -S0MW,)
235y (n,£) 238 (n, £) 2320y (n, £)
Position ' . R
’ 1) (fsd\ | Relative (Absoluté) L 1) (fsd Relative. Absolubﬂ 1) (fsd Relative Absoluti
Exp. Cal. ( % ) o/E C/E EXp. Cal. % ) /e ( o/E Exp. |Cal. % ) C/E C/E
1. Upper pos. on the source |7.0+7 2.7+6 (5.4} 1.0 {0.039) 1.9743 |1.89+0 {18) 1.0 {1/1040)} 1.2+3 (1.2-1 (50) 1.0 (1/10000)
2. Lower pos. on the source 5.347 3.546  (22) 1.69 {0.066) 1.5943 |6.1+0 (66) 4.0 {1/260) 1.0+43 |7.2-2 (15) 0.72 (1/13900)
3. Surface of the priﬁary 1.74+7] 1.8046 (5.5) 2.6 (0.103) 1.59+2 |3.78~1 (3.5} 2.5 (L/420) 1.042 |2.49-2 (2.4) 2.5 (1/4020)
pump
7. Top surface of FFD/DN 1.47+7| 6.3845 (2.5) 1.10 {0.043) 1.54+1 |4.19=-2 (1.7) 2.8 (1/370) 1.041 |1.62=-3 (2.1) 1.61 (1/6200)
8. Side surface of FFD/ 5.24+6 5.7+5 {11) 2.8 {(0.110) : || 6.640 2.77~2 (1.6} 4.3 (1/240) 4.0{0 1.55-3 (3.5} 3.8 (1/2600)
325(n,p) ¥2p 1095g(n,y) 1 OMpg lalTa(n,Y)lazTa
Position
1) rfsd Relative (Absolute) 2) 1) (fsd Relative Absolute) 2) 1) (fsd Relative Absolut%
Exp. cal. ( . ) C/E C/E Exp. Cal. ( % ) C/E ( C/E Exp. Cal. ( % ) C/E ( C/E
1. Upper pos. on the source 2.0+1 1.76-2 (15) 1.0 (1/1140) 3§ L.19346(1.45+5 (16) 1.0 (0.12) 2.158+7(2.39+6 (9.9) 1.0 (0.111)
2. Lower pos. on the source 1.6+1 1.66-2 (7.9) 1.19 (1/960 ) || 1.21446|2.0+5 (29) 1.33 (0.16) 2.378+7(3.5+6 (18) 1.32 {0.147)
. 3.520+ . . . . .
3. Surface of the primary - 6.43-3 (2.6) -~ - 3 g4g+g 1.09+5 (15) ; g Eg gi; g égizg 1.18+46 (13) ig gg gg;
pump . . . . . .
7. Top surface of FFD/DN - 3.90~4 (3.0} - - 1.83145{1.66+4 (2.0} 0.76 (0.091) [[1.634+46(1.590+5(1.8) 0.87 (0.097)
9, 70 em from the B4C shield - 3.42-2 {3.6) - - 8.84745[2.37+5 (4.6) 2.2 {0.27}y [1.131+7 2.66&6 (3.7) 2.2 (0.24)

N.B. 1)

Calculated values for positions 3,‘7,'8 and 9 are multiplied by=a factor of 1.52 to take into account the

component coming through the penetration for the primary coolant inlet pipe, for the argon cover gas pipe

and the cable ducts.

=

Two detectors were set at the surface of the primary pump.
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Table 3-4-9

Reaction Rates at the Opening of the Primary Coolant Outlet Pipe Penetration in the Primary Puwp Room

(Unit: x10~2* reactions/atomesec *L00MW }

Caleulation in the duct for coolant pipe

Calculation in the pump room

Reaction Measurements

Detector 8 Detector 12 Detector 13 Detector 1 Detector 2

Thermal flux. 4.1+22) (50} | 7.5+2 (46) | 1.85+3 (49) | 6.26+3 (7.8) | 7.443  (43) - -
{1.0) (1.83) (4.5) {15.3) {18.0)

197 pu(n,y) 6.046  (20) | 2.3+7 (17) | 5.7+6 (16) | 6.846 (16} | 8.9+6  (31) | 3.38+8° -
{1.0) (3.8) (0.95) {1.13) {1.48)

**"au(n,y)1cd 6.046  (20) | 2.3+47 (17) | 5.546 (17) || 6.4+6 (17} | 8.3+6  (33) |4.7248% -
{1.0) {3.8) (0.92) {1.07) (1.38)

5%rn, ) 3.3+ (14) | 8.6+44  (9.6)| 4.9+4 (27) | 1.2945 (5.8) | 1.58+5 (29) | 1.7648> -
(1.0) (2.6) (1.48) (3.9} {4.8)

58pa(n,Y) 8.243  (24) | 2.644 (24) | 8.0+3 (19) | 2.67+4 (6.4) | 4.44+4 (29) | 1.56+7 -
{1.0) {3.2) (0.98) {3.3) {5.4)

590 (n,Y) 8.0+¢5  (23) | 1.9546 (33) | 7.745 (20} | 1.6046 (9.3) ] 1.87+6 (11} | 5.13+8") -
(1.0 (2.4) {0.96) {2.0) {2.3)

123¢h(n,Y) 1.5046 {26) | 3.7+6 (15) | 1.11+6 (18) | l.81+6 (12) | 2.73+6 (25) - -
(1.0) {2.5) (0.74) {1.07) {1.81}

090 (n,y) 1 Mag | 2,645  (19) | 1.0+6  {(16) | 2.545  (16) | 3.045 (16) | 4.0+5  (29) | 2,386465 | 2,42846%
{1.0) (3.8) (0.96) {1.15) {1.54)

181ma (n,y) 4.146  (15) | 1.3a+7 (12) | 3.546 (12) || 4.78+6 (9.9) | 6.96+6 (18) |4.316+7°) | 4.75646%
(L.0) ' (3.3) (0.85) (1.17) (1.70)

2350(n,f) 1.9846 (14) | 5.246  (11) | 2z.3+6  (19) | 5.35+6 (5.4} | 7.03+6 (22) 1.4048% | 1.0648%
{1.0 (2.6) (1.18) (2.7) (3.6)

25800, £) 4.7+0 (9.4){ 9.7+0  (7.4)| a.5+0 (12) | 3.8+0 (18) | L.241  (66) 3.04+3%0 | 3.1843Y
1.0 (2.1) {0.96) (6.81) (2.5)

232ph(n,£) 4.1-1  (16) | 6.7-1  (11) | 3.1-1 (7.9)| 2.4~1 (50) | 1.4-1 (15) | 2.4+3% 2.0+3%
{1.0) (1.63) (G.76) (0.59) {0.34) _

325(n,p) 1.33-1 (14) | 1.59-1 (20} | 1.05-1 (B.4)| 3.5-2 {(15) | 3.3~2 {7.9) 4.041°) 3f2+1d)
(1.0) (1.20) {0.79) (0.26) {0.25)

N.B. a) Read as 4.1x10% n/cm®-sec*l00MH.y,.

c,d) 5Tll experiemnts

b) ST 21 experimentss).

Upper and lower positions, respectively.
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Fig. 3-4-2 Arrangement of bodies constituting the pump room
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Fig. 3-4-11 C/E values for various reactions at several locations in the pump room




3.5 Neutron Streaming Analysis for the IHX Room

Cross sectional view of the IHX room (R302, A-loop) is
shown in Fig. 2-3-1 and Fig. 2-4~1. WNeutron streaming passes
to IHX room are ducts of argon cover-gas pipe and sodium
overflow pipe penetrating the biological concrete shield and

& passage way, 1 m wide by 1.8 m in height, to the primary

pump rcom. Neutron current flowing into the IHX room from
the pump room was 5.32 x 107 n/sec/l100MWy according to the
neutron distribution analysis in the pump room. On the other
hand, neutron current from the argon cover-gas pipe duct was
estimated at 2.75 x 109 n/sec/100MW. by Monte Carlo method.
Therefore neutrons streaming through the ducts give a main
contribution to the neutron flux in the IHX room. In the present
analysié; ﬁeutron distribution in the IHX réom was calculated
with only the source due to the duct of argon cover-gas pipe
and the values obtained by Monte Carlo calculation were
doubled since the two ducts have the same radius and are

close to each other.

The analysis was performed in two steps with albedo
Monte Carlo code MORSE—ALB7rbll). In the first step, neutron
streaming through the duct of argon cover-gas pipe was calcu-

lated and in the second step neutron behaviour in the IHX room

was analyzed.




3.5.1 Neutron Streaming Calculation through the Argon
Cover—-gas Pipe Duct (source calculation)

The argon cover-gas duct has a diameter of.85 cm and its
axis is located at the height of 396 cm from mid-core level.
A calcuiational model is shown in Fig. 3-5-1. The bioclogical
concrete shield was treated by albedo boundary, which was
taken at the depth of 5 c¢m from the concrete surface. Atomic
number density of each component is shown in Tabie 3=-3-1.
$8304 (stainless steel of type 304) was diluted by a factor

of‘0.06046 for the bellows.

Neutron source to this duct was edited by the DOMINO-N
codelo) from results of DOT3.5 calculation which has been

1:2) 1

performed as "Radiation shielding analyses of JOYO"
the edition, the fluxes between z=346 cm and 446 cm at r=382.9
cm were used, and isotropic angular distribution was assumed.
The disc source with the radius of 50 cm obtained by the
DOMINO-N code was located at z=-1.5cm as shown in Fig. 3-5-1.
The source preserves axial flux distribution and azimuthal

curvature in DOT3.5 R-Z calculation. Source intensity is

11 . : :
3.294 x 1077 n/sec/100 MWy : and its spectrum and biasing factors

in Monte Carlo calculation are shown in Table 3-5-1.

Detector locations are shown in Table 3-5-2 and Fig.
3-5~2. Detectors with numbers 6 to 10 are used for neutron
source calculation to IHX room and are located at the outside

of the B4C shield panel.




Two cases of Monte Carlo calculation were executed using
biasing parameters shown in Table 3-5-3. One is the calcula-
tion for whole energy neutron with 15,000 histories; and
another is for fast neutron (lst through 8th group) with
20,000 histories. Computer times were 37 minutes and 13

minutes on FACOM M200,respectively.

The results from two cases were summarized. Table 3-3-4
shows total neutron fluxes, fast neutron fluxes above 0.1 Mev,
thermal neutron fluxes and neutron dose rates. Figure 3-5-3
shows aftenuation curves of the guantities mentioned above in
the argon cover-gas pipe. Neutrons decrease by about two

orders of magnitude from the duct mouth to the exit.

As for the detectors with numbers 6 to 10 whose results
were used for the source to IHX room, neutron fluxes have an
anisotropy of § ranging from 0.6 to 0.9, where U is the value
of direction cosine (to IHX room) averaged over the neutron’
angular fluxes. The results by detectors from No.6 to No.l0
are editted into a disc neutron source with radius of 70 cm

for IHX room by the DOMINO~N codelo

). The contribution of the
flux scored by the detector of No.1l0 which has a cylindrical
geometry (see Fig. 3-5-2) was added to the flux in the outer-
most angle obtained by the detector of No.9 to make the source
fdr the IHX room calculation. Obtained neutron current coming
out of argon cover-gas pipe duct to IHX room was 2.75 X 109

n/sec/100MW_ (+4.6%). Neutron spectrum shown in Fig. 3-5-4

t

has an accuracy of 10~ 20% for each group and has an 1/E shape
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in energy rangé'of 10 keV v leV. In the figure, flux reduc-
tion for slow neutron due to absorption by the B,C shield

panels is prominent.

3.5.2. Calculational Model and Conditions for the IHX Rocm

Calculational geometry is shown in Fig. 3-5-5. Concrete
surface of the room was treated as albedo boundary. IHX was
divided into two regions at primary coolant level. Atomic

number densities of the materials are shown in Table 3-1-1.

A disc neutron source of 70 cm radius was located at the
exit of the argon cover-gas pipe duct with a distance of 19.86
em away from the biological concrete shield. The source energy
biasing factors are shown in Table 3-5-1. Other parameters for

the present calculations are listed in Table 3-5-5,

Detector type and locations are shown in Table 3-5-6 and
Fig. 3-5-6. 1In order to reduce computer time consumed by
random walks in the IHX, path strétching bias was employed so
that particles pointing outwards were strengthened in the IHX
and thermal insulation region. The biasing factors and condi-

tions of Russian roulette kill are shown in Table 3-5-7.

Calculations were performed for overall energy neutrons
up to 10,000 histories and for fast neutrons (lst through 8th
group) up to 20,000 histories. Computer times were 35 minutes

and 16 minutes on FACOM~M200 respectively.




3.5.3 Results and Comparison with Measured Data

Fluxes bbtained for the lst through the 8-th group from
whqle energy calculation were replaced with results of fast
neutron calculation. The following numerical values were
obtained on the basis of the neutron intensity 2.75 x 10°
n/sec/100MWy from the argon cover-gas pipe duct. They do not
include contribution from overflow pipe duct through the
biclogical concrete shield. Deviations in source distribution

are not taken into account in the calculated values.

Table 3-5-8 shows total, fast and thermal neutron fluxes
and neutron dose rate. At the source position, neutron flux
is 4.9 x 103 n/sec/cm? for fast neutron and 1.2 x 10° n/sec/cm2
for thermal neutron. Fast neutrons decrease by a decade and
thermal neutrons by a factor of 4 to 8 from the source posgition
to the front surface of the IHX (detector No.4). The fast and
thermal neutron fluxes at the back surface of the IHX
(detector No.5) are 1/40 and 1/5 of the fluxes at the front,

respectively. A change of neutron fluxes in axial direction

on the surface of the IHX are small.

An average neutron flux on the whole surface of the IHX

was estimated at 1.3 x 102 n/sec/cm2 for fast neutron and

2

4.2 x 103 n/sec/cm® for thermal neutron. A volume—averaged

thermal neutron flux which was obtained by track length
estimator was 7.2 x 102 n/sec/cm? (+10%) in the upper part of

2

the IHX (region No.7) and 7.7 % 102 n/sec/cm” (#8%) in the

lower part (region No.8).



Neutron spectra at the source position and the IHX
surface are shown in Fig. 3-5-7. Neutron spectrum at the
front of the IHX is similar to that for source position except
thermal‘neutron. A spectrum at the rear of the IHX is soft

‘and fast neutron component is very small.

Table 3-5-9 shows comparison of calculated reaction rate
with measured dataG) for reactions such as 235U(n,f), 238U(n,f),

232 32P, 109 110 181 182Ta

Th(n,f), 328(n,p) Ag(n, v ) Ag and Ta(n,y )

Positions are shown in Fig. 2.4.1 Two measuréd values for

Ag and Ta are shown in Table 2-4-1 and were averaged for the
comparison. Calculated values by Monte Carlo methéd mentioned
above were doubled to include contribution from overflow pipe

duct. But the results at the source position {location No.2

and 5) were used without doubling process.

Since neutron distributions were not measured in the
argon cover—-gas pipe duct, C/E values were normalized to those
at the duct exit (location No.2). Absolute and reiative values
of C/E are shown in Table 3-5-9. Changes of the relative C/E
values with detector positions are shown in Fig. 3—5-8, .The
following discussions were made concerning the relative C/E

values.

232Th 2

The C/E values for 32S(s,p)32P, (n,f) and 38U(n,f)

reactions which are caused by fast neutron are (.34 ~0.71 at
the front of the IHX (location No.4) and 2.6 5.9 at the rear

235

(location No.3). The C/E value of U(n,f).reaction which

3-95




is sensitive to thermal and the other energy range is 1.6 at
the front of the IHX and 2.9 at the rear, that is, calculated
values agree with experimental data within a factor of 3. As

109 181 182Ta reactions which are

for Ag(n,y)llomAg and Ta(n,vy)
very sensitive to low energy neutron, agreement is better: the
C/E values are 0.79~ 1.21 at the front and 1.15~1.26 at the
rear. It is found from Fig. 3-5-8 that calculation generally
underestimated neutron fluxes at the front of the IHX and
overestimated them at the rear. This tendency is more con-
spicuous for high energy range. These discrepancies must have
been caused by the neglect of the pipes in the IHX room or by

the approximation of albedo scattering.

As for the absolute C/E values, Table 3-5-9 shows good
agreemnt between calculation and experiment in the low energy
range. However, C/E values for fast neutron are very small.

It is supposed that the fast neutron flux at the inner surface

1,2)

of the biological concrete shield was underestimated by the

DOT=3.5 codelz)

and was used for source calculation of the
present analysis. 1In the two-dimensional calculation by

DOT3.5 code, hollow part in the graphite shield designed to lead
the argon cover—gas pipe were not considered, and neutrons

that stream through this void region toward the argon cover-

gas pipe duct must have been neglected.

Neutron streaming-passes which make a large contribution
to neutron source in the IHX room were also examined taking

account of C/E values. Nominal value of neutron current from
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ducts in the.biological concrete shield was 103 times larger
than that from the pump room as mentioned at the beginning of
this subsection and shown in Table 3-5-10. As a result of
analyses, absolute C/E values in the pump room described in the
section 3.4 turned out to be smaller than that in the IHX room,
which means neutron current from the pump room was underesti-
mated more than that from the ducts. Besides, spectra of
neutrons flowing into the IHX room from two sides resemble to
each other as shown in Fig. 3-5-9. Therefore, the ratio of
neutron current from two sides were corrected using the C/E
values, and the results are shown in Table 3~-5-10. It is
found that neutron intensity from ducts are larger than that
from the pump room by a factor of 6 to 10 even if the neutron

current ratio is normalized by C/E value.
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Table 3-5- l Source energy distribution for argon cover—gas
duct streaming calculation

Energy group .giigi?giting?e Biasing factor |Biased source.distribution
1 0.247-72) 30000.0 0.250-3
2 0.626-7 16000.0 0.337-3
3 0.342-6 5000.0 0.573-3
4 0.261-5 1200.0 0.106-2
5 0.165-4 245.0 0.135-2
6 0.626-4 126.0 0.266-2
7 0.248-3 63.6 0.527-2
8 0.634-3 39.8 0.850-2
9 0.358-2 16.8 0.203-1

10 0.916-2 10.5 0.324-1
11 0.114-1 9.34 0.353-1
12 0.174-1 7.62 0.450-1
13 0.203-1 7.06 0.490-1
14 0.259-1 6.26 0.540-1
15 0.303-1 5.82 0.590-1
16 0.490-1 4.55 0.750-1
17 0.650-1 3.94 0.870-1
18 0.790-1 3.58 0.950-1
19 0.830-1 3.50 0.970-1
20 0.590-1 4.13 0-830-1
21 0.546+0 1.35 0.248+40

N.B. 1} Output of DOMINOQ code.

2) Read as 0.247 x10-7.
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Table 3-5-2 Detectors for argon cover—gas duct streaming calculation

Coordinate (cm) Base vector Radius
Detector ) .
No. £ 1) Comment
ype
X Y Z U v W Innexr Outer

1 Ring 0.0 0.0 1.0 0.0 0.0 1.0 0.0 21.6 |

2 Ring 0.0 0.0 30.0 0.0 0.0 1.0 0.0 5.315

3 Ring 0.0 0.0 70.0 0.0 0.0 1.0 0.0 5.315 |\ Attenuation in the argon gas pipe
4 Ring 0.0 .0.0 99.0 0.0 0.0 1.0 0.0 5.315

5 Ring 0.0 0.0 119.86 0.0 0.0 1.C 0.0 5.315 |

6 Ring 0.0 0.0 119.86 0.0 0.0 1.0 0.0 7.5 )

7 Ring 0.0 0.0 119.86 0.0 O.Q 1.0 7.5 21.0

8 Ring 0.0 0.0 112.86 0.0 0.0 1.0 21.0 50.0 ¢ Source for IHX room

9 - Ring 0.0 0.0 1l9.86 0.0 0.0 1.0 50.0 70.0

10 Cylinder 0.0 0.0 100.0 0.0 0.0 1.0 70.0 1%.86
11 Ring 0.0 0.0 99.0 0.0 0.0 1.0 32.73 42.5 Flux around the bellows (ductexit)
12 Ring 0.0 0.0 =1.4 0.0 0.0 1.0 0.0 50.0 Flux at the source

13 Point 35.0 0.0 1l19.86 0.0 0.0 1.0 - - _ :

Flux behind the B,C shield

14 Point -35.0 0.0 1192.86 0.0 0.0 1.0 - -

N.B. 1) Ring and'cylinder detectors are next event surface crossing estimators.




Path stretching and Russian Roulette kill

Table 3-5-3

condition for argon cover-gas duct

streaming calculation

No.
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See Ref.

Bias parameter PATH = 0.5.

1)

(X,¥,2) Coordinate system

1
2

Type =

2)

Coordinate system

(R,Z)

-
H

No-bias

0 :
Read as 1.0%x 107 7.

3)
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Table 3-5-5 Description of input parameters of Monte
Carlo calculation for the IHX room

Geometry ........cu... 11 bodies with combinatory geometryl7).
11 regions (see Fig. 3-5-5).
9 media including 3 albedo medium.
Cross section ........ Ps, 21 groups.
Neutron source ....... Circular disc source with 70 cm redius.

Energy-space-angle dependent.
Generated by DOMINO-N codelo) from the
results of Ar cover gas duct streaming

analysis.

Flux estimator ....... 10 point, 5 next event surface crossingll)

and 4 boundary crossing estimators (see
Table 3-5-6, Fig. 3-5-6).

Importance sampling .. Russian Roulette kill and survival
(see Table 3-5-7).
Source energy biasing.
Exponential transform (see Table 3-5-7).

Histories .....ceunn.. 10,000 for 1~ 21 group analysis.
20,000 for 1v8 group analysis.
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Table 3-5-6 Detectors of Monte Carlo calculation for the
IHX room

(1) Point detectors

Coordinate (cm)
No. Comment
X Y Z
1 190.7 269.9 150.0 1 cm away from the source
5 225.7 209.3 150.0 {front of the B4C shield)
3 113.83 185.1 150.0 110 cm awéy from the B,C shield
4 82.03 94.27 150.0 Surface of IHX {(r=125 cm, front)
5 -82.03 -94 .27 150.0 Surface of IHX (x=125 cm, back)
6 9.13 124.67 150.0 surface of IHX (r=125 cm)
7 94 .27 -83.03 150.0 Surface of IHX (r=125 cm, 90 deg.
: from No.4)
B -94.27 82.03 150.0 | Surface of IHX (r=125 cm, 90 deg.
from No.5)
9 82.03 94.27 1.0 surface of IHX (r=125 cm, near floor) .
10 82.03 94 .27 299.0 Surface of IHX (r=125 cm, near
ceiling)

(2) Next event surface crossing estimators

Ring center (cm) Direction cosine Radius (cm)
No. - Comment
X b4 Z 8] A W |Inner|Cuter

11 208.2[239.6|150.0|-0.8660{ -0.5000|0.0| 0.0 [70.0 |1 cm away from
the source

Rhomboid range (cm)
No. Comment
X{-) X(+) Y{(-) Y(+)} | Z(-) | Z2(+)

12 296.01] 296.0 | -35.0 | 65.0 0.0.| 90.0 | outlet to the pump room
13 296.0§ 296.0 | -35.0 | 65.0 [ 90.0 | 180.0 | Cutlet to the pump room
14 396.0 | 396.0 | -35.0 | 65.0 0.0 S0.0 | Outlet to the pump room
15 396.0{ 396.0 | -35.0 | 65.0 [ 20.0 | 180.0 | Cutlet to the pump room
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(3)

Table 3-5-6 (continued)

Boundary crossing estimators

Region number
No. Comment
from to
16 1 3] Surface of thermal insulation of IEX
17 6 7 Surface of IHX (r=95 cm, upper)
18 3] 8 Survace of THX (r=95 cm, lower)
RRe) 1 5 Outlet to the pump room

Table 3-5-7 Path stretching and Russian Roulette kill condi-
tion of Monte Carlo calculation for the IHX room
Region Direction of path stretchingl) Weight of Russian Roulette kill
No. R Z 1v4g  5%8g 97159 16219
1 (no bias) 1.0—72) 1.0-6 1.0-4 1.0-3
2
3
4
5 (no bias) 1.0-7 1.0-6 1.0-4 1.0-3
& 1.0 0.0 1.0-7 1.0-6 1.0-4 1.0-3
7 1.0 0.0 1.0-7 1.0-6 1.0-4 1.0-3
8 1.0 0.0 1.0-7 1.0-6 l.0-4 1.0-3

1) Bias parameter PATH=0.5. See Ref. 10.

2) Read as 1.0%x10 ',

7
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Table 3-5-8 Neuitron flux and dose rate distribution in the IHX room

TOTAL FLUXES UNIT RESPONCE FOR ALL GROUPS FAST NEUTRON FLUENCE ABOVE 0.1 MEV
DETECTOR FLUX FSD MIN MAX DETECTOR FLUX FSD MIN MAX
i 5.33Q7E405  .272  3.B878E+05  6.7917E405 1 4.8548E+03  .441  2,7146E403  6.9949E+03
2 3.3314E+05 . 267 2.4752E+05 4. 1B77E+Q5 2 2. 3366E+03 . 244 1. 7673E+03 2.9059E+03
3 B.2306E+04  .009 8. 1536E+04 8. 3076E+Q4 3 1.5138E403 - .021  1.4820E403  1.5457E+03
4 5. 1024E+04 .017 5.0144E404 5. 1905E+04 4 6. 6170E+02 . 022 6. 4708E+02 6.7632E+02
5 4.9682E+03  .047  4.7326E+03 5. 203BE+03 5 {.7348E+01  .032  1{.B788E+01 1. 790BE+0I
6 4, 1469E+04 .0186 4,0817E+04 4.2121E404 6 5.2887€E4+02 . 029 5. 1331E+02 5.4442E+02
7 1.5820E+404  .024  1.5453E+04  1.6205E+04 7 1.5191€+02  .027  1.4780E+02  1.5601E+02
8 2.4446E+04  .018  2.3098E+04  2.4B94E+04 8 2.6032E+02 .~ .025  2.5372E402  2.6691E402
9 4, 0769E+04 .123  3.5773E+04 4. 576GE+04 9 4, 5921E+02 . 172 3.8024E+02 . 5.3817E+02Z
10 3. 5783E+04 . 091 3. 2539E+04 3.90276+04 10 6. 1381E+02 . 325 4. 1445E402 8, 1317E+02
11 5. 8758E+05 031 5. 6924E+05 6. 0593E+05 -1 4. 8708E+03 . 037 4, 6926E+03 5.0484E+03
12 1.7387E+04  .069  1,6189E+04  1.B8585E+04 12 6.8664E+01 . 138 5. 9199E+01  7.8128E+0]
13 2. 1141E4+04 .07 1. 9636E+04 2.2646E+D4 13 7. 1886E+01 . 169 5.9736E+01 8. 4036E+01
14 3. 8987E4+03 123 3.4203E403  4.3770E+03 14 9, 9341E+00 . 127  8,674BE+00 1. 1194E+01
15 3.5170E4+03  .100 3. 163BE+03  3.8B703E+03 5 1.3950E+01  .175  1.1511E401  1.6390E+01
16 2, 04B66E+04 .017 2.0127E+04 2.0806E+04 16 2. 0020E+02 . 050 1.9022E+02 2. 1019E+02
17 1.35486+404  .038  1.3035E+04  1.4060E+04 17 11523402  .077  1.0635E+02  1.2412E+02
w 18 I, 7178E+04 . 037 1. 6649E+04 1. 780BE+04 18 1.4161E+02 . 086 1.2942E4+02 {.5380E+02
, 19 1.87138+04  .052  1.7747E+04  }.9679E+04 19 6.7502E+01  .120- 5.9393E+01  7.5610E+0}
5 (n/sec/cmn?) o : (n/sec/cm?)
wn
THERMAL FLUXES : NEUTRON DOSE CONVERSION - 21G MREM/HR
TECTOR FLUX FSD MIN MAX DETECTOR  DOSE RATE  FSD MIN MAX
bETS 6.1307E+04  .078  5.6500E+04  6.6114E+04 i 3.1633E+03  .258  2.3481E+03  3.9785E+03
2 5.6949E+04  .0BB 5, 3054E+04  6.0834E+04 2 1.6754E+03  .190  1,3572E403  1.9936E+03
3 1. 6882E+04 . 022 1.6513E+04° 1. 7249E+04 3 5. 2780E+02 .01 5.2213E+02 -~ 5.3346E+02
4 1.4627E404  .038  1.4064E+D4  1.8190E+04 4 2.9738E+02  .016  2.9277E+02 3. 01995402
5 3.0766E+03  .075  2.8473E+03  3.3059E403 5 2.2987E401 041 2.2055E+01 2, 3919E+0]
6 1.2591E+04  .036  1.2140E+04  1.3042E+04 6 2.4188E402  .015  2.3B22E+02  2.45546+02
7. 5. 7800E+03 . 050 5. 4815E+03 6. DGA6E+03 7 . 8.8541E+01 .018 8, B6836E+01 9. 0245E+01
8 8.9682E403  .034 B 6G1BE+D3  9.2745E+03 8 1.372BE+02°  .017  1.3501E+02  1.3955E402
9 9. 5272E+03 . 085 8. 7209E+03 1.0333E+04 9 2. 2569E+402 .098 . 2.0347E+02 2. 4792E4+02
10 i.3498E+04 223  1.0487E404  |.BS09E+04 10 2.1277E402  .076  1.9B59E+02 2. 2895E+02
! 1. 1623E+05 .099 1. 0476E+05 1. 2770E+05 1 3. 5458E+03 . 030 . 3. 4400E+03 3.B6516E+03
12. 7.2500E+03 . 115 6.4168E+03 8.0832E+03 12 8. 2256E+01 .074  7.6188E+01 8. 8324E+01
13 7.2893E+03  .136  6.2087E+0D3  8.2798E+403 13 ° 1.1570E+02  .082  1.0627E+02  |.2513E+02
14 2.2244E4+03 . 193 1.7960E+03  2.6528E+03 14 1. 7094E+01 .1ib 1. 5130E+01 1. 9058E+01
15 1.7401E403  .161  1.4801E+03 ~2.0201E+03 15 1.7781E+01  .106  1.5891E+Q]  1.9G70E+01
16 7.0239€+03 . 024 6.8527E+03 . 7. 1961E+03 16 "1L1511E+O2 .02 1. 1269E+02 1. 1752E+02
17 3. 8208E+03 .075 3. 5344E+03 4. 1072E4+03 17 7.4395E+01 | .038 7. 1595E+Q1 7. 7195E+01
18 4, 4801E+03 . 046 4.2757E+03 4. 6846E+03 18 9. 1884E+01 . 034 B. 8724E+01 9. B043E+01
19 6.6648E+03  .0B9  6,0740E103  7.2557E+03 19 9.6077€+01  .059  9.0376E+01 1, 017BE+02

{(n/sec/cm?) ' ' (mrem/hour)
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Takle 3-5-9 Comparison of calculated reaction rate with the measured value in the IHX room

{Unit: reactions/10”" atom/sec/S50MH, )
t

L 235y (n, f) 2399 (n, £) 232mn(n, £)
Location{
3) rEsd Relative Absolute) fsa Relative Absolute) fsd Relative [Absoclute
Exp. . .
xp. | Cale ( % ) C/E ( C/E Exp. |Cale ( % ) C/E ( C/E mep. |cale. 5 ) C/E ( C/E )
1 - 9.0846 (1.8} E— - 2.89+0 (1.5} —_— - 1.22- (2.8} —
21 .
2 4.42+711.5847 (5.9} 1.0 (0.36) 7.914+2 | 2.4340 (13} 1.0 {1/330) 2.542 8.52-2 (44) 1.0 {1/2900)
3 1.38+6 |1.4446 (7.1) 2.9 (1.04) 1.840 3.24-=2 (7.9) 5.9 {1/56) 5-1 4,54-4 (8.2) 2.6 (1/1100)
4 1.3447 | 7.47+6  (3.4) 1.6 {0.56) 6.64+2 | 1.32+40 (2.6) 0.65 {1/500) 2.0+2 4.91-2 (3.1) 0.71 (L/4100)
3as(n,p)32P logAg(n,Y)numAg 1BlTa(n,Y)l“Ta
Location .
fsd Relative (Absolute fsd Relative [Absolute fsd Relative /Absolute
Exp. Calc. ( % ) ©/E ( C/E ) Exp. Calc. ( % ) C/E ( C/E ) Exp. Calc. ( % ) C/E ( /B )
1 - 3.23-2 (3.0 _— 5.54+5 | 5.644+5 (2.7) .64 (1.02) 7.01+6 | 5.59+6 (2.4) 0.73 (0.80)
2 1.70+1 1 4.,56-2 (62) 1.0 (1/370) 5.4245 | B.64+5 (5.0) 1.0 {1,59) 7.91+6 | B.60+6 (6.5) 1.0 (1.09)
3 - 1.03-4 (2Q) _— 1.45+4 | 2.66+4 (4.7) 1.15 {1.83} 1.60+5 | 2.19+45 (4.3) l.26 (1.37)
4 1.42+1 | 1.25-2 (3.1) 0.34 {1/1100) | 2.65+5 ] 3.31+5 (3.1) 0.79 {1.25) 2.44+6 | 3.21+6 (2.8) 1.21 {1.32)
5 - - 1.33-2 (47) —_— 7.4145 | 9.58+5 (8.1) ¢.81 {1.29) 1.55+7 1;09+7 {16} 0.64 (0.70)
N.B 1) See Fig. 2-4-1.
2) Read as 4.42x 107,
3) Calculated values are multiplied by a factor of 2 to include sodium over-flow

duct contribution (except for location 2 and 5).




Table 3-5-10 Comparison of incident.current from reactor
side with that from primary pump room.

(I) Calculated results from present analyses (nominal value)

@) Current from reactor side : 5.50 x 10°
Current from primary pump rocm: 5.32 x 107
D Ratio of current (A /®) : 103

(II} Corrected current ratio by C/E

C/E @ Maximuam @ Corrected 1
Used reaction @ " Ratio of C/E Current ratio
®Ar—<_iuct Pump -
roon | (®/ @) (®/ @)

2351 (n, £) 0.36 0.039 9.2 11

0.110
'%%ag(n,y) 1 OMag| 1.59 0.091 17 ! 6.1

0.31
8lpa(n,y) %%ra | 1.09 0.097 11 ' 9.4

0.33

_ ® _ _5.50 x 10°
N-B. l)_ © - T 5.32 x 107 x{H)
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3.6 Discussion
Albedo Monte Carlo calculation was performed, on the basis

of the results obtained by the 2 dimensional Sn transport

1,2) for in-vessel and enclosure shield system of

2,4-6)

calculation
"JOYO". As compared with the experimental data concern-—
ing the neutron streaming, the absolute C/E values of reaction
rate for intermdiate energy and slow neutron show a factor of
4 in the Channel A, 0.4 - 1.8 in the THX room, 1/20 - 1/5 in
‘the penetration for the primary coolant pipe, and 1/25 - 1/3
in the primary pump room, respectively. It should be noted
that the penetration for the primary doolaﬁt pipe is followed
by the primary pump room and that the C/E values for the
former and for the latter are nearly equal. Accordingly, it

is considered that the present albedo Monte Carlc calcula-

tion well described the neutron streaming.

On the other hand, absolute C/E values for threshold
detector reactions such as 238U(n,f) measured in the primary
pump room and the IHX room were remarkably underestimated as
described in Sections 3.4 and 3.5. The measured reaction-
rates are as large as, or even-larger than the wvalues calcu-
lated from neutron flux obtained at the reactor side mouth of
the penetration that lead to the pump room or the IHX roocm.
This suggests that some problems exists with respect to the

source used in the albedo Monte Carlo caluculation and they

should be especially focused on the fast neutron spectrum.
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The C/E values of reaction rates for intermediate energy
and slow neutrons decrease according as the order of Channel
A, IHX room, primary coolant pipe penetration and primary pump
room. As described in the section 3.5, the principal neutron
source for the IHX room is made by the penetration for argon
cover gas pipe and overflowed sodium pipe 30 cm upper of the
primary coolant pipe penetration. The trend observed in the
above C/E values must be deeply related to the height of the
penetration location and the height of the top of the graphite
shield. The relative location is shown in Fig. 3-0-2, and it
is understood that the source for Channel A seemed to be
reasonable as the Channel A is open to the cavity above the
graphite shield. On the other hand, the center line of the
penetrations for argon cover gas and primary coolant pipes
are 20 cm and 50 cm lower than the top of the graphite shield
respectively. Especially, since the primary pipe has a large
diameter of 50 cm and is surrounded by thick insulator, the
hollow in the graphite shield is fairly large. Lots of
neutrons stream through the ho;low from the core, but the
streaming effect was not taken into account in the present
work. That is why calculational results became much lower.
The neutron streaming through the hollow has the larger effect

on fast neutrons at the mouth of the penetration.

Neutrons coming directly from the reactor to the IHX room
through the argon cover gas and the overflowed sodium pipe

penetration were larger by an order of magnitude than the
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contribution from the other penetrations in the IHX room, as:

described in Section 3.6.

It is difficult problem to evaluate the neutron flux near
+he duct mouth as noted in the above discussions. However,
the applicability of the albedo Monte Carlo method can be
studied sufficiently through the relative C/E values which are
notrlikely influenced by an ambiguity of the source used for
the calculation. In the following section, the calculational
accuracy of the present Monte Carlo method is described with

the discussion concerning the distribution of relative values.
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3.7 Summary of Streaniing Analyses by Albedo Monte Carlo Method

The shielding performance data‘’? “®) concerning neutron
streaming in JOYO were analyzed by the albedo Monte Carlo

method.7 v11)

The computing time for each case is shown as follows:

Streaming path Eggg%% C.P.U.Time (histories), ESZEzier
Channel A in Pedestal 1 - 21g 13 min. (5,000) CfBER 176
Primary Coolant Outlet 1 - 21g 73 min. (7,500) FACOM M2OQ

Pipe Penetration 1 -~ 8g 48 minf (20,000) FACOM M200
Primary Pump Room 1 - 2lg 76 min. (8,000) FACOM M190
1l - 8g 18 min. (20,000} FACOM M200

Argon Cover Gas Pipe 1 ~ 21g 37 min. {15,000} . FACOM M200
Penetration 1 -~ 8g 13 min. {20,000} FACOM M200
IHX Room 1 - 21g 35 min. (10,000} FACOM M200
1l - 8g 16 min. (20,000) FACOM M200

As the neutron sources used for this analysis has an
amibiguity, the absolute values of C/E did not always con-
centrate to 1.0. The values for the intermediate energy and

thermal neutron‘ére listed as follows:

Channel A: C/E = 3.2 9.7

{Sn results without streaming effect: C/E=5.6x10-3v3.l)

Primary Coolant Pipe Penetration: C/E = 1/20~1/5
Primary Pump Room : C/E = 1/25~1/3
IHX Room : C/E = 0.4 ~1.8
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In the Channel A, the neutron streaming effect through
the detector guide tube was very high. The present albedo
Monte Carlo method estimated well the effect, which the two-

1,2)

dimensional Sn calculation did not estimate well.

It should be noticed that the absolute C/E values in the
primary coolant pipe penetration aré similar to those in
the primary pump room where the streaming neutrons through
the former make a source of the latter. This result means
thaf the present albedo Monte Carlo method could describe well
the neutron behaviours in the primary coolant pipe penetration

and the primary pump room.

The C/E values were normalized to those near the neutron
source for each streaming path in order to eliminate the
ambiguity in the neutron source and the results are listed in

Tables 3-7-1 through 3-7-3.

The relative C/E values are summarized as follows:

For thermal and intermediate energy neutron ,

Streaming path Relative C/E Quantities
Channel A 0.77v2.65 Thermal neutron flux, 1°B(n,Y)
187
Pyrimary coolant pipe 0.53v1.61 Thermal neutron flux, Au(n,¥y)
penetration 50 sa
Cr{m,Y), Fe(n,v)
%Co(n,y), *3sb(n,Y)
Primary pump room 0.76 v 3.0 lDgAg(n,Y) . 1SlTa.(n,‘Y)
IHX room 0.64v1.26 MgAg(n,Y) ' lslTa(n,Y)
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It is found from the present results that the albedo Monte
Carlo method could describe the slow-neutron streaming thrbugh

each path with accuracy within a factor of 2.

For the 235

U fission rate which has response to the
neutrons in the wide energy region, the normalized C/E values

were obtained as follows:

Channel A : C/E 0.45 (Normalized to the Sn result

at the core mid-plane)

Primary pump room: C/E 1.00nv 2.8 (Normalized to the value

at the duct mouth)

IHX room : C/E 1.00v 2.9 (ditto)

23

Besides, the threshold reaction rates of 8U(n,f),

232Th(n,f) and 32S(n,p).32P were measured in the primary pump
room and the IHX room and were estimated within a factor of

6 as follows:

Primary pump room : C/E 0.72Vv4.3 (Normalized to the value at the

duct mouth)

THX room : C/E = 0.66v5.9 - (ditto)

An agreement of threshold reaction rate between the calculation
and the experiments was worse than those of capture rates and
235U fission rate. The neglect of sodium pipe in the calcula-
tional model for the primary pump and the IHX room must have
made neutron flux overestimated at the position shaded by the
pipe in the room. The shield effect}of the pipe upon the

threshold reaction seems to be larger, and it is the first

reason. Another reascon is the difference of the source
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neutron spectrum between the calculation and the actual one.
Consequently, the better modeling and source distribution
must improve the agreements between the calculations and the
experiments. The remaining problems are the uncertainties of

the group constants and the differential albedo data.

It can be summarized that the present albedo Monte Carlo
method can evaluate the neutron streaming through penetrations
and the behaviours in the wvacancy with accuracy within a

factor of 2~ 3.
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Table 3-7-1 Summary of C/E values in the Channel A

Positionl) Normalized C/E walues (Sn results)
(cm) Pt byl0B(n,q) ¢y PY TLD 198 counter | 1°B counter (Cd covered)
Core-waxr
5002) 1.0 (1.0) 1.0 (1.0) 1.0 1.0
550 0.77 (4.7-2)% — 0.91 1.63
o 600 -0.95 (9.1-3) 1.46 (1.43-3) 1.17 2.56
é 650 2.00 (1.76-3} —_— 2.65 4.71
1Y

N.B. 1) Distance from the bottom of the pedestal through the channel.
2} MNormalization point.

3) Read as 4.7 x 10 2.
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Table 3-7-2 Summary of C/E values in the primary coolant pipe duct

3)

_Positionl) Normalized C/E values
(cm) Phermal | *%7au(n,y) | *°7au(n,y)/cd | ca ratio (au)>’ *cr(n,y) |[®%Fe(n,y) |3%co(n,y) |*?%sb(n,y)
Core-ward
-120 0.71 0.81 0.92 1l.18 0.54 0.53 0.54 0.57
-1002) 1.00 1.00 1.00 1.14 1.00 1.00 1.00 1.00
-80 1.05 1.61 2.2 0.99 1.24 1.23 1.23 1.53
-60 0.73 1.39 2.1 0.89 0.90 0.90 1.04 1.23
-40 0.63 0.¢91 1.17 1.04 0.60 0.63 0.73 0.90
~20 0.80 l.61 2.4 0.91 0.94 0.88 .83 0.83
=10 - - - 0.94 0.98 0.98 0.91 l.e4
N.B. 1) Distance from the outer surface of B,C shield.
2) WNormalization point.
Unnormalized C/E.
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Table 3-7-3 Summary of C/E values in the pump room and the IHX room

Normalized C/E values

Detector position
235U(n,f) 233U(n,f) 232Th(n,f) 323(1’1,]_3)325 MgAg(n,Y)llomAg 181Ta(n,“{)13_2Ta
1. Source position 1.0 1.0 1.0 1.0 1.0 1.0
{upper surface of pipe)
g
8 |2. Source position 1.69 4.0 0.72 1.19 1.33 1.32
o . 1)
(lower surface of pipe)
g
2, |3. Main pump surface 2.6 2.5 2.5 - 2.6 2.5, 3.0
Q
H |7. On the top of FFD/DN 1.10 2.8 1.61 - 0.76 0.87
o
" l8. At the side of FFD/DN 2.8 4.3 3.8 - - -
9. 70 cm from source toward pump - - - - 2.2 2.2
l. 110 ¢m from source toward IHX - - - - 0.64 0.73
- .
3 |2. source position 1.00 1.00 1.00 1.00 1.00 1.00
b . . 1)
v (right-hand of pipe)
s
: 3. Back of IHX 2.89 5.89 2.64 - 1.15 1.26
<
‘; 4. Front of IHX 1.56 0.66 0.71 0.34 0.79 1.21
H .
5. Source position (left-hand of pipe) - - - - 0.81 0.64

N.B. 1) Normalization point




4. CONCLUSION

In the analysesl’z)

on the in-vessel and enclosure shield
system of JOYO formerly conducted as a part of activities of
the Specialists' Committee on Shielding Calculation, it was
cleared that the shielding measurement data taken in the head

access area could be estimated by the two dimensional Sn trans-

port calculation with accuracy within an order of magnitude.

In the present work, analyzed by the albedo Monte Carlo

7-11})

method were the following subjects:

(1) the effect upon the measured neutron reaction rates of
detector guide tube through the "JOYO" pedestal (Channel

A) that was left to be a problem in the former analyses.

(2} the neutron bkehaviour in the primary coolant pipe penetra-
tion, in the primary pump room, in the argon cover gas
pipe penetration from the reactor vessel to the IHX room,

and in the IHX room.

(3) comparison of the calculated reaction rates in the
cavities mentioned above with the measured data, all of

which had been left unanalyzed.

Group constants used in the calculation were obtained by
collapsing 100-group neutron effective macroscopic cross
sections into 21 groups. The cross sections were made by
RADHEAT-V3.5 code systemlS) from ENDF/B-IV and include

scattering kernels up to Pg. Differential Albedo data of the



concrete covered with liner was calculated by one dimensional

7)

Sn transport code ANISN-N (revised version of ANISN in NAIG),

and the other albedo data for single layer were obtained by

SLDN code8'9)

based on the one dimensional invariant imbedding
method. The source for the Monte Carlo caleculation through
the penetration of the bioclogical shielding concrete was .

13) 10)

obtained by DOMINO code {revised version in NAIG) based

on the result of the two-dimensional Sn transport calcula-

tionl’z)

conducted in the committee. Sources for the calcula-‘
tion in the primary pump room and IHX rooﬁ were calculated on
the basis of the Monte Carlo.calculation results through the
penetration in the biological shielding concrete. That is to
say, the former is the Sn - Monte Carlo coupling method, and
the latter is the Monte Carlo - Monte Carlo coupling method.
Though the statistical error is included in the source
disﬁribution_of the latter, the propagationrof the error was
neglected. As for importance sampiing, source enerdgy biasing,
path length stretching by expoﬁential transformation, énd
Russian Roulette kill and survival were used. The Monte Carlo
calculation for fast neutrons down to 8th group (above 165 keV)

was carried out as well as the calculation for overall energy

groups.

The calculational result was compared with the measured
data2'4m?)and the following relative C/E values of the
reaction rates were obtained for intermediate energy and slow

neutrons taking off the uncertainty of the source used for the

present calculation:



ChEannel B v it eeonesessesnssseeseensenecanaensnanees 0.8~ 2.7

(underestmiated by 3 orders of magnitude in

Sn calculationl’z))

Penetration for the primary coolant

OULlet PIPE tvviveeraonossssosssessaasossscannsasn 0.53v 2.4

Primary PUMDP XOOM 4t osesssnncessssassssonsssscasns 0.76 v 3.0

IHX YOOM tvenveanonnsassnasnnnsssssnsssassocsosss 0.641.26
The reaction rate of 235U(n,f) of which cross section is fairly

high in extensive energy range from thermal through fast region
were measured in Channel A, primary pump room, and IHX room.
Calculated values agreed with measured values within a factor

of 3 as follows:

Channel A ...i.eiieseaacncsnssnssssnscssssssoeas 2.0
Primary PUIMD XYOOM .+ csusnrseserssssononsnsosscsnnnss 1.00~2.8
JHX YOOmM .v.ccevernncennnanannsnnns e ressecsranees 1.00~2.9

Following result was obtained as to C/E values of threshold

detector reactions for fast neutrons:

Primary pumMp YOOM .eeesesesacsnanssansscsssnsens 0.72v 4.3

THX YOOM .t ovnvreracoanancaneesens e rseecranaan 0.66v 5.9

Fast neutrons are likely to be scattered and shielded by

sodium pipe and structural materials. In the present analysis,
the primary pump, the FFD/DN detector, and the IHX having large
volume were taken into account, but the sodium pipes connecting
those installations were neglected. The neglect must have

increased the discrepancy between calculated and measured




values. In addition, uncertainty in the source spectra used
for the present calculation might have increased the

discrepancy. However, the discrepancy must be of the kind to
be reduced, provided both systems mentioned above are modeled

exactly.

In the present analysis, it was confirmed that albédo
Monte Carloc method could generxrally estimate the shielding
data concerning the neutron streaming within a factor of 3.
It turned out that the neutron streaming through the hollow
in the uppermost part of the graphite shielding for the
primary coolant pipe and argon cover gas pipe has fairly

large influence upon the analysis.
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