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Analysis of Criticality Experiments at SHE
—— Accuracy Investigation of VHTR Nuclear Design Methods (1)} —
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(Received Januafy 25, 1982)

In the report, the criticality experiments, which were conducted
for the core configurations of Semi-Homogeneous Experimental Assembly
(SBE)-8,12,13,14, are analyzed for the purpose of verifying the computer
codes and calculational methods employed in the nuclear design of VHTR.
The codes, DELIGHT-5 and CITATION calculate the neutron spectrum and the
effective multiplication factor respectively. Each system of SHE is
modeled by twodimensional R-Z, Triangular and threedimensional Triangular—
Z geometries. Various effects such as axial buckling, modeling and the
difference between diffusion and transport are also taken into account.

Calculated values of effective multiplication factor show the
disagreement of 1-3% from the values of experiments approximately.
Therefore the analysis is considered to be inadequate to the verification
and more precise analysis is required with the'emphasis on how to model
the system, condense the group comnstants and guess the buckling value

for spectrum calculation.
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Table 2.1 Data for calculation of atomic number density

Fuel disk Diameter 4,45 cm
Height 1.00 cm
Weight 32.355 g/disk
U0, weight 2.938 g/disk
0/U ratio 2.03
Water content 0.06 w/o (graphite)
0.03 w/o (UO2)
Enrichment (U235/U) 19.85 w/o
Graphite Density 1.7 g/cm?
Water content 0.06 w/o
Ash <20 ppm
Boron content 0.1 ppm
Air Density 1.184%1073 g/fem3
(25°C, 760 mmHg)
Steam _ 1.6681x107°% g/em?
(25°¢C, humidity 70%)
Composition ' Np ... 76.545 w/o
of alr 0y ... 23.455 w/o

Table 2.2 TImpurities in UO;

Enrichment (U235/U) 19.85 w/o
0/U ratio 2.03
Impurity (ppm) i

Ag < 0.2 % F < 100
cd < 0.2 E Ni 10
In <2 : Ca < 50
Ti < 15 | Co <5
Fe 30 : Mn < 10
Al 15 1 Mg < 10
Cr < 10 : Zn < 15
Mo 20 | Sn < 2
W < 50 { Cu < 6
si < 50 | Pb 2
B < 0.5 ! ) <1
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Fig. 2.1 Semi-homogeneous experimental assembly
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143.0 cm

22 Bods 6.5 ¢cm

12 Rods x6.5 cm

{Replaceable reflector region)

Eg:g% Permanent reflector region

Matrix tube region
Matrix tube and permanent reflector regians

78.0 cm

Fig. 2.2
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Fuel sleeve

Matrix tube

Fuel element

Replaceable
reflector

Matrix tube Replaceable
reflector

element

51

Permanent reflector

Void
(air)

Permanent
reflector
element

Fig. 2.5

.,._9_

Radius (cm)
R; 2.225
Ry 2,260
Ry 2.735
Ry 2.760
- Rs 3.250
F Area (cm?)
51 15.553
So 0.49315
s 7.4538
Sy 0.43160
Ss 9,2517
Sg 3.4077
Total | 36.5908cm”
vs/m 3.4128cm
Radius (cm)
Ry 2.750
R, 2,760
R3 3.250
Area (cm?)
5y 23.758
So 0.1732
S3 §.2518
Sy 3.4078
Total | 36.5908cm?
VS/m 3.4128cm
Radius (cm)
R 3.250
Area (cmz)
S 33.183
So 3.4078
Total | 36.5908cm?
Js/= | 3.4128cm

Cross sectional views of three elements
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Table 3.1 SHE effective multiplication factor -
keff (Experiment)
SHE No. of fuel rods koff
8 142 1.00064
12 80 1.00170
13 76 0.99952
14 84 0.99721

Table 3.2 GSHE

fuel rod worth (Experiment)

Table 3.3 Effective multiplication factor kgff of

SHE Position of fuel rod Fuel rod worth
8 5V3 18.6(¢)
12 6vV1 45 .8
13 Lvo9 43.9
Beff = 0.00684

f0° rotational symmetry system

SHE keff Fuel red No. of c - keff
' (Experiment) worth added rods ompensatlon (60° symmetry)
8 1.00064 18.6(¢4) 4 0.0051 1.0057
12 1.00170 45.8 6 ' 0.0188 1.0205
13 0.99952 43.9 -2 -0.00601 0.99351
14 0.99721 —_ — — 0.99721
Table 3.4 Temperature of reactor room
SHE-8 SHE-12 SHE-13 SHE-14
°C 24,9025.,2 7.3v7.8 14.00v14.2 10.5710.8
Average
temperature 298,05 280.55 287.1 283.65
*K
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—— Tuel rod

@)

——— Imaginary added fuel rod

-—- Replaceable reflector

Permanent reflector

SHE-8 experimental and anmalytical configurations

Fig. 3.1
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(:)——i Fuel Rod

IK¥-—— Imaginary removed fuel rod

-———— Replaceable reflector

J——— Permanent reflector

13 experimental and analytical configurations

SHE~

Fig. 3.3

— M -
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.—-—— Fuel rod

--— Replaceable reflector
——~ Permanent reflector

@@

SHE-14 experimental and analytical configurations

Fig. 3.4
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A —=- 5V3 (SHE-8)
B ~-- 6V1 (SHE-12)
¢ --- LV9 (SHE-13)

rod worth measurements

Fig. 3.5 Positions of
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Table 4.1 Atomic weights and number densities of various
nuclides in fuel disk

Atomic weight density

Atomic number density

Nuclide | Atomic weight (/cm3) (nx102%/cm3)
U235 235.,0439 3.2963-2 8.4461-5
y23e 238.0508 1.3309-1 3.3671-4
plo0 10.01294 4.9036-8 2.9494-9
pli 11.00931 2.3441-7 1.2823-8
c 12 12.01115 1.8902 9.4777-2
016 15.9994 2,.3771-2 8.9479-4
5i?8 28.086 9,4426-6 2.0248-7
a127 26.9815 2.8327-6 6.3228-8
Fel? 55.847 5.6653-6 6.1094-8
cr22 51.996 1.8884-6 2.1873-8
Mn??> 54,9380 1.8884-6 2.0701-8
Ni®? 58.71 1.8884-6 1.9371-8
Mo?® 95.94 3.7769-6 2.3709-8
wls 183.85 9,4426-6 3.0932-8
¢aliz 112.40 3.7769-8 2.0237-10
u! 1.0080 1.3332-4 7.9655-5

Table 4.2 Atomic weights and number densities of graphite

Atomic weight density

Atomic number density

Nuclide | Atomic weight (g/cm) (nx102%/cm3)
plo 10.01294 2.9393-8 1.7679-9
Bpll 11.00931 1.4501-7 7.9326-9
cl2 12.01115 1.6990 8.5187-2
016 15.9994 9.0586-4 3.4099~5
H1 1.0080 1.1414-2 6.8155-5

Table 4.3 Atomic weights and number densities of air

Atomic weight density

Atomic number density

Nuclide | Atomic weight (g/com3) (ax102% /emd)
pté 15.9994 2.9252-4 1.1012-5
14 14.0067 9.0629-4 3.8968-5
gt 1.0080 1.8666-6 1.1152-6
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Table 4.8 Dancoff coefficient and effective scattering cross
section for unit cell calculation
(Input and output of NUATOM code)

SHE-8 SHE-12 SHE-13
oo 1.5845 1.5845 1.5845
Weight ratio | U°°° | 6.3979 6.3979 6.3979
(%) 06 1.1427 1.1427 1.1427
cl? 90. 862 90.862 90.862
E Si 4,5391-4 4.5391-4 4.5391~4
g B1Y 2.3572-6 2.3572-6 2.3572-6
P H 6.4087-3 6.4087-3 6.4087-3
Density (g/cm?) 2.0803 2.0803 2.0803
Radius (cm) 2.2250 2.2250 2.2250
Mean Choiimie“gth 4.45 4.45 4.45
olé 5.7737-2 5.5522-2 5.5349-2
Weight ratio | (12 99.924 99,932 99,933
5 (%) pl0 1.7282-6 | 1.7288-6 | 1.7289-6
§ H 6.7414-3 6.7278-3 6.7267-3
E | Density (g/cm?) 1.3502 1.50472 1.5177
Radius (cm) 3.4128 5.9111 9.0293
Dancoff coefficient 0.24233 0.01400 G.00073
Effective scattering 1847.6 2000.0 2008. 8

cross section (barn)
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Table 4.9 Atomic number densities and potential
scattering cross sections of fuel disk

. Atomic number density | Potential scattering | 4 . & -1
Nuclide (nx102%/em3) @Q cross section (barn) (B) & x B (em )
U235 8.4461 -5 14.3 1.2778 -3
yz3s 3.3671 -4 8.3 2.7947 -3
olé 8.9479 =4 3.7 3.3107 -3
clz 9.4777 -2 4.7 44545 -2
Si 2.0248 -7 1.7 34422 -7
0 2.9494 -9 4,0 1.1798 -8
H 7.9655 -5 22.0 1.7524 =3

Total 4.5459 -1
_ £ _ _
No®F = 3.3671x207% 2P _ 4 5459x1070 (em )
(nx102%/cm3) p
Table 4.10 Result of cell calculation by DELIGHT-5
SHE-8 SHE-12 SHE-13 SHE-14

c/u23s 2198 6489 15071 6847
Effective resonance 103.20 106.11 106.66 105. 54
integral (barn)

keo 1.5337 1.7662 1.7870 1.7731

keff 1.4385 1.6193 1.5924 1.6243




Table 4.11 Energy structure of 18 groups (eV)

JAER[—M 9955

Energy range of each fast group Energy range of each thermal group
ﬁi;ﬁzr Upper limit | Lower limit gigﬁgr Upper limit | Lower limit

1 1.0 x107 1.83x10° 10 2.38 1.85

2 1.83x10° 1.17x10" 11 1.85 1.45

3 1,17x10" 9.,61x102 12 1.45 1.10

4 9.61x102 1.30x102 13 1.10 1.045

5 1.30%102 4,79x101 14 1.045 0.65

6 4.79%10% 1.76x10! 15 0.65 0.255
7 1.76x101 6.48 16 0.255 0.085

8 6.48 3.93 17 0.085 0.035

9 3.93 2.38 18 0.035 0.0

Table 4.12 Fission spectrum of

U235 in 18 groups

Group number Fraction
1 0.96723
2 0.032769
3018 0.0
Total 1.00000
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Table 4.14 Atomic number densities for Tri(I) meodel

calculation (nx102%/cm3)
Mielide Fuel region Reflector regions
SHE-8v14 Replaceable Permanent
yess 3.4404-5 _ -
U3t 1,3716-4 — _—
Bl0 2.0399-9 1.5949-9 1.6033-9
pil 8,9854-9 7.1565-9 7.1941-9
cl2 7.9007-2 7.6852-2 7.7256-2
ol6 3.8196-4 3.1840-5 3.1950-5
Fe 2.4886-8 — —
cd 8.2433-11 — —
4,6138-6 3.8127-6 3.6283-6
6.4921-5 6.1632-5 6.1950-5

Table 4.15 Atomic number densities for Tri{II) model

calculation

(nx102%/em?)

. Fuel sleeve Reflector regions
Nuclide Fuel region and matrix
SHE-§v14 tube region | Replaceable| Permanent
U235 1.3762-4 — — —
y238 5.4864-4 — S _—
Bl0 4.9310-9 1.0760-9 1.5949-9 1.6033-9
311 2.1456-8 4.8290-9 7.1565-9 7.1941-9
cl? 1.6046-1 5.1858-2 7.6852-2 7.7256-2
0l6 1.4604-3 2.2496-5 3.1840~5 3.1950-5
Fe 9.9547-8 — — —
cd 3.2974-10 S —_ —
N - 6.1523-6 3.8127-6 3.6283-6
H 1.3462-4 4.1690-5 6.1632-5 6.1950-5
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Table 4.16 Atomic number densities for Tri-Z modei

calculation (nx102%/cm?)

. Reflector regions
Nuclide Fuel region
ue SHE-8n14
Replaceable Permanent
U235 3.5901-5 N S
Y238 1.4312~4 — —_
BlC 2.0608-9 1.5949-9 1.6033-9
B! 9.0722-9 7.1565-9 7.1941-9
cl? 7.9178-2 7.6852-2 7.7256-2
olé 3.9721-4 3.1840-5 3.1950-5
Fe 2.5969-8 — —
cd 8.6019-11 — —
4.6130=6 3.8127-6 3.6283-6
6.5125-5 6.1632-5 6.1950-5

Table 4.17 Atomic number densities for X-Y model
calculation (nx102"%/cm?)

. ) Fuel sleeve Reflector regions
Nuclide UZ;Efgg;Zn and matrix
? tube regicn | Replaceable | Permanent
U233 8.0942-5 — — —
y238 3.2268-4 —_ — —
B0 2.9002-9 1.4038-9 1.5949-9 1.6033-9
Bll 1.2619-8 6.2990-9 7.1565-9 7.1941-9
clz2 9.4377-2 6.7644-2 7.6852-2 7.7256-2
pleé 8.5893-4 2.9344=5 3.1840-5 3.1950-5
Fe 5.8548-8 -— —_— —
cd 1.9394-10 — — —
— 8.0251-6 3.8127-6 3.6283-6
7.9177-5 5.4103-5 6.1632-5 6.1950-5
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Table 4.18 Atomic number densities for R-Z' and R-&
models calculation (nx1024%/cm?)

uclide Fuel region Reflector region
SHE-8 Replaceable Permanent

U2ss 3.4404=5 — —
y238 1.3716-4 — —
B0 2,0399-9 1.5949-9 1.6033-9
Bll 8.9854~9 7.1565-9 7.1941-9
cl2 7.9007-2 7.6852-2 7.7256-2
016 3.8196-4 3.1840-5 3.1950-5
Fe 2.4886-8 — —
cd 8.2433-11 —_ —
N 4.6138-6 3.8127-6 3.6283-6

6.4921-5 6.1632-5 6.1950-5

Table 4.19 Material mixture ratios of each region
in R-Z model (%)

SHE Fuel disk Graphite Alr
3] 42.506 45,655 | 11,838
Fuel 12 14.169 75.677 | 10.154
region 13 6.0723 84,254 3.6724
14 13.422 -76.464 ) 10.113
Reflector | Replaceable —_— 90.216 9.7841
regions | permanent — 90.690 | 9.3110

Table 4.20 Material mixture ratics of each region
in Tri(I) model (%)

SHE-8v14 Fuel disk | Graphite Air
Fuel region 40.734 47.426 11.840
Reflector Replaceable —_— 90.216 9.7841
reglons Permanent —_— 90.690 | 9.3110
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Table 4,21 Material mixture ratios of each region
in Tri(II) model (%)

SHE-8~14 Fuel disk Graphite Alr
Fuel disk 162.94 7.0846 —
Fuel i
ue sle?ve and matrix 60.875 15.788
tube region
Reflector | Replaceable _ 90.216 9.7841
reglons Permanent E— 90, 690 9,3110

Table 4.22 Material mixture ratios

in Tri-Z model (%)

of each region

SHE-814 Fuel disk | Graphite Air
Fuel region 42.506 45,655 11.838
Reflector { Replaceable _ 90.216 9.7841
regions Permanent —_ 90.690 | 9.3110

Table 4.23 Material mixture ratjos of each region
in X-Y model (%)

SHE-8, 14 Fuel disk | Graphite Air
Fuel regicn 95.833 4.1667 _
Fuel sleeve and e 79.406 | 20.594
matrix tube region .
Refliector Replaceable e 90,216 9,7841
regions Permanent — 90.690 | 9.3110

Table 4.24 Material mixXture ratios of each region
in R-Z' and R-6 models (%)

Air

SHE-8 Fuel disk | Graphite
Fuel region 40.734 47.426 11.840
Reflector | Replaceable _— 90.216 9.7841
regions Permanent —_ 90.690 | 9.3110
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2.2250
3.2500
3.7170
9.0293

{cm

)

DELIGHT |Weighting factors of atomic number
region No.density calculation in eachregion
A 3 Fuel disk x 100%
B 4 Graphite x 34.755% + Air x 5.2452%
c 5 Air x 100% '
D 6 Graphite x 93.593% +Air x 6.4063%
Fig. 4.3 Unit cell configuration for SHE-13
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3.2500
5.0040
7.3989
9.3248
14,619
14.876

(cm

DELIGHT

region No.

Weighting factors of atomic number
density calculation in each region

1

2

3

Graphite » 99,478% + Air x 0.52166%
Graphite x 79.406% + Air x 20.593%

Fuel disk x 100%

Graphite x 66.0367% + Air x 33.964%

Graphite x 99.478% + Air x 0.52166%

Air x 100%

Fig. 4.4

Unit cell configuration for SHE-14
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5. HAMEROME

A=, SHE -8, 12, 13, 14 OBERICHT A EYHEFEE, R-Z 7, Triesv 1,
Tri 5400, Tri —Z EFLDABEEOE FAMCH LB LARERICOVTHENS, HEE,
praEteE o - ¥ CITATION 2R 0TIT, 83 BT Lz 60 Elns s (e R L 7350
EROERBELET 5,

51 R—Z EF )L

COEFATIE, SEEE -A—EEXPT BT L, BAETORAELIEALL THWHER
HiE LTV B, L, WEHEZ M AMICEET HRBT « A2 20 THIFEE L TN,
rpEs SHE-8 12, 13, 14t L, R—Z =7 LOMERABRAKTEARD 6D LY,
ﬁgﬁjmﬁiiém,%ﬂ,ﬂﬁﬁ%w,@E&%W®£%Eﬁﬁﬂ%%ﬁén%oSHE%
W%Kﬁﬁ%RﬁmﬁiﬁzﬁﬁfvVJE;@%E%%Kowfm,E@$@A—N%@$J
OB —B WEILSVWTRER HHTHEDT, THHIDNT Tables 51~551CAT, A v ¥
JE@H,%%¢T®¢ﬁ¥¥ﬁﬁ$ﬁ&mﬁw&%i%ﬂ%Mméﬁkm%mtﬁ%otﬁ
LASHE—8¢ﬁ?%%ﬁWE@%ﬁmKiD,%Hﬁﬁtﬁ%%%@®%ﬁ@%ﬁ%ﬂkmﬁ
i, B TFHERAIFOESBELOOT (Fig. 5.2), SHE &&EZ LS, OEHSICO
fﬁ,fvylﬁﬁ%QMmﬁbfbéoit,ﬂ@ﬁ%%ﬁﬁ&@ﬁﬁ%%ﬁﬁ?@,?ﬁﬁ
4 FERARESE AR ADATHEERE LTHRETREMCEIRESFERZFA T LEADA
s, i COBEROEE L cm T 2%&, lem DAy vafARET A, ZHIAMDA v ¥ atE
ﬁd,SHE%W%KﬁLEwT&%Oﬁg52@%%%%mﬁiém,Z%ﬁﬂ®¢ﬁ%%ﬁ
K%<ﬁ%ﬁ6&c6uﬁmﬁénﬁmotﬁb,%E%E&Hé%%%@%ﬂﬁﬁﬁﬁm%&
4y v aRAENEL LTV, ’

CDLESHR—Z EFMCHL A3 EITRDI BETHEM T, CITATION 2 - Fit &k
_Uiﬁﬁ%ﬁmﬁ%&ﬁﬁaﬂﬁ%ﬁ%#&bf@,¢ﬁ%ﬁ£%mﬁb,1N*MF,£%%
BRI L TR0 UTFEOIELEERAT 2, CONREHE, HCHSKWRIBTD
CITATION 2 — Fit L A ESEEROHBEICER &N T %, Table 56, R—Z £ 7D
ﬁﬁ%%%%foﬁﬁmu,cmmTuni:—F@&ﬁ&bf%%ﬂé¢@%@¢ﬁtﬁﬁm
W 2SO 5, HEECOVTORET T v AbRL TS, CTLTH, Total Leakage
& Absorption OFAEAER (1L0) LHAIHLLTEEERRT 5, 1, HFEEEEIE
Tk TR TE - 1, EKIEREREERTH S LoD, CITATION 7 - F
CEBHBETHLEEL, COBDIOLNOFNEERETERLTN S, LOEE, HRE.
LEBOEARTIGELEL L LN TES, FhTHE, (C/B)-10&LTERINTHM
TH B, 7L, C/E &id, (Calculated Value ) /(Experimental Value JOEWKRTH 5,
S5, SHE -8, SHE —12, SHE —14, SHE ~130IEAF T, AbsorptionDF&HE L
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Leakage DEIGHHALTWAS, CDIEFF, Table 410CR Lz, C/UP DfEih SHAT
FRLEAOND, DED, C/URDEARELLERE, BNSQTHBRYT SPHETOEHEG
BINSLHBENHTETHS, /2, RANLZARO bNAEREKT S ERARD &N, &£
BEFUIBTECERTIDNDM S, Chid, C/UP OMRLH 4, &L AYHEBEIE S
Lt O OHMBEHSLRORESICLIE D THLEEA OGN D, DT 0, REHAEEEH
K& Chud, BEMREORE/ESEAL, & SICRERE S AZRFROMOERESE,C 125
NDTR Al Leakage AL bDEELZLNRS, COR-Z EF4TE, wkFig, 31 KR
Lz k5B S RIS HES S S A5SHE -8 2%, ((C/E) —1L0)QEBHIEDK
L, EOICHMBET VBB ETHLE L Ehbh 5,

52 Tri 8511

HDR—Z EFATR, EREZOT FHSHEHCREFRIINL, 2T 0RUUSDERFFTA
B, FOT, AETIE, BEF 22, R —TBEU N v 7 REE TEHEL LK
MAEZ ha A -KTLTRkBETELEFVAERT S & LD, SHE-12, 13,14
OEBOMEIERS S TEICNMI B3 E42E21, Db, CITATIONa-FTHH
A[EETS Triangular (Tri) Ao ¥ 2 28HTE, COTri A v ¥ a%R2fEH LIARABRKE
—oDRRGET B EICLD, BEF 427, AN -TBIXU7M) v 7 ZELTEEEL
Lt RS EEL S OCFTRMAERE, TATh Ao RETEL K5,
TZT, R-Z EFVTREHELIZ NG EET AHMMOERF « 223, BREEDCHE
ftL, CITATION 7~ FOFBER2RTTITH. CORDICLEELLLH AR 7 ) ¥
FEELT, BE=(z/h) MV, Z#iAEES 240 cm I & SIC AR 372 cm A IR 7of
THBD UT2 e ICHIET B8 2 Y v 7, 16616%10 ' (em ) AH VB, Tri €7 1D
Ay vab XUMEEEERE, SHE -8, 12, 13, YoREKFRicwl, £hEfnFigs. 53~
561CHRYT, SHE ORERKLIZ, E3&E T~ LD, 60° ElEzPrs 105 K9 AHEKS
nTHD, HEZFLREERD 60° BHDAEEF L, BDO 300° WD TIE, 60°
MlEHEREFAACNERBE AN 0L LTHIR Y. BIERFEHEREOARIC OV TH,
CITATION 7 - FItH@E XN TV 5 Black Absorber AT, AMERRHELERT S,
Tri €74 [AMAL, A3HTRHI 8FERICLS CITATION 7 — FOFHRERE
Table 5.71TRE, Tri 7w LITHd 2T/ 7 v 2, KOR -Z E7LOEELERAR
NDCITATION 3 — FOHEBEHRL SEERD LI EMNTEN L, 01D, HELDG NS,
Black Absorber S TOBN B LV EHFEEHDLNDOEBDETE, RAMDONEEZL, T
O 4 E%& T, R A Leakage & LTRL TV B, —4, BINE (Net Absorption)id, it
Bk DBEOSN 32RINES S Black Absorber ITORIKNEEE LWL 5,
BIffOR-Z 70 EHELT, Tri ¥ 1T, ((C/E)—10) offiic, SHE &4 % .
LHREMNROSND, Hiz, SHE—13&L SHE ~14 TH, ThFh 42 %BLU, 342% bR
LTS, %0 Table 56 & Table 57 DTN Y 2£ M T H L, bhOEEH, SHE
BERESRRL T EDODbH 5, #2721, SHE -8 T, MEHEREHOLEDOKE &
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BXUOFIKA, R—Z £F & Tri 7V I TREMLTWA7® ((C/E)—-1.0) DIES 0.08%
HUSGEBLLEL -7 b0 EEZLNS, $/, SHE 12T, 120 ZOEMABR N 55,
SHE —13, 14 BEAXHELTRE Y, 2%, SHE-12icdd 5, ZoTri €74 1 TH,
LILEEBI L OMBERRONEA, R-Z EF4v0 X NHHEBREBE T VEHE D E
BT, Mg TR, £ TH EFVITERTRTHELEEA NS,

53 Tri—Z €7/

ZhETOHET, SHE &RAETRE, bhOEYESR~OHRMEPLBOREVHEDTH D
CEMBOHMELD, bAOMBALDOLSCHEEFAANRBSE S50, SROBH LER
LI T &t, BHOTH —Z ®FATE, Tri ®F 1 BLY, KETRT Tri €71 TH
FBICAWTO A AERBRK Ny 7 ) v 7, FORERECHAPOSNERZRL TV 0%
BT R LIz BEEF v Th S, CITATION a3 —FEAW, Tri —ZA4Ay¥a2a €7
MC X B ERTCHEBEES, 43H TRy 18 BEHICL Y SHE &ARITHLIT-> T 5,
Triangular 7 v ¥ 2 OfEIE, SHE SERICHLTTr €70 1 &E—THb, ZHMHMAIC
i3, BREMEGICHEET BB T « A/ OHHEABEEEL, ROR-Z EFALTERLLZHLE
FHEOHBBRE S - T 5, EICE, HEBOFRBOMKT, R—Z EFVOIIRZ WA
BDA v Y2 lFid/hE &NT, Table 5.8ICRTEHBLZEAM A » ¥ 2 3FELE T 5,
P L, T EREEOLHAEVZ BAFOAMEERMETE, Er0 Ay Y aRHEU -
T3,

HEFERA Table 590K T, PHF/ 7 ¥ 21, Tri €F v [ EEEOAETRERHLTY 5,
%ZDOTri 5010 ((C/E) —1.0) &4 hniy, SHE-13THR, 159%6Tri - Z £7
WOEHKENEERLT VA, T, PRTFAF v 2E2UETLE, Tri—Z 7 vOHH
LHOEEWNEL R TV BDMbh b, Lz -T, SHE — 13 THEEOH H R/ »
2 ) U AETE, MAROGNOMREBRCTHELTLE > AEERSH L, TREHEELT,
$&%¥®2&9bwﬁﬁﬁﬂmht%ﬁﬂvﬁUV¢@%KE%E%®&EaT<%&%i%
nd, Lich-T, ﬁﬂ]fiimﬁl&]ﬁﬁk/\*vﬁﬁ viyEE RO o, ETFETE-Tn
BTN Tri —Z 5} MOBROELITEETY, Tri 5V IET—Z EFvOED
RERBT LB LSRNy 7 ) ViR RDIBENRHAS, 12, SHE-12 14
=1, WEREOCAUP i, BIEFELVIEbhhboT, ThTNEDTH ®E7vIL0H
041 XU 006 D [ (C/E)—1.0] HOBLAERL, BOIKELR T 5, SHE—-12 &
SHE — 14 T3, BEBOERE/ 7 —VvHR-TED, Thss, 041 & 006 ZOMEDFE/LLE
WehdeEA L, SHE-8PSHE- 13D B —RESHKBLT, RODXHILTENEL
3. D%, FAKOBOFIET 555 7 ) ¥ 7l (B2 =(n/h)’) &, BkErmic s s ¢
FARREEGYLEBEELS ->TL B,



JAERT — M 9955
54 Tri 7101

CREFATR, BEBEORIRE X SICEFRIEIR S /28, Tri €7V 104y Y2 e
e LB Li-bDTHD, CRhETOEFLVTREEI L TOREE T« 275X, 21—
TETR) Y REEFLICEIRAAEDTH S, TOTEFCLD, BEBORGEMOHR
5 S HICHHBICEB TS 3, |

ZOTri =FWIDA 5 ¥ 2 a%id, SHE &% L, Fig. bTICRT LU LDTHY,
SHE SAZiCHT 2REE S LUREMT () —F&= ) o 7 2FEEHHL) OEEEZRK
hOEEL SO ARE LT, Figs. 58~5115R ¢, T, CITATIONa -FTi}, =
Aoy Vo OEBABHICERT 3 EMRTET, BT -FLLE-TH VI ERERLDMERN S,
BRER RS B L OCREM S ERBERET 2 EMTEL Y, 20719, Tri & 70 TREREHET
BLOREHSEEROLO LD, ZREN 058 EH LU LM EOEEEN - TV,
I THRELSTOBRBTRARAELTED, FORHRETHEERIEBEARLNIBELNT -THS,

Tri ®7F 01 &REOEREFEZHEHARER Yy 2 ) v rEickd, CITATIONT - FT
18 B DETE AT » 1452 A5, Table 510 TH 5, LORBLIDEHKFE LS, LLOHEMS
Tri EFv I EH~<EBAL, #REELICIC/E) 10} EENSHBELL T 5, CNE
Fio BB ERIRA, Tri €7V 1 LM U-hDTHLLEEIOND,

55 s ETIILEOMIE KR

INFEFTIREVLHEEFATIE, BEE BEF 2 78) EEBEOOLE—DEELR
W-TEOLE, AEHTHE, CONROBEEIT-T 5,

T, R-Z ®Fn, Tr 8741, Tri € F 1 OBEEBIERE B & OB & G %6
MuzE Yy, ((C/E) —1L0) ARz s -k 77 7AEDABIC L D RBEOFRES LURAHE
Ziid 5 ((C/B) —10) Otk s, BEEEKIC>0TE, SE7FLVTHROABHEOR
Em®%@%®%m%§ﬂf%ﬂ%%%%%&ﬁ%oit,Eﬁ%mowfu,ﬁﬂﬁﬁﬁﬁé
OB b > CTERBEEE TS, &0, FHo0KES, RHRERIOELAFELTHEVE
E-TnAh, ZHoOE%Table 511 I0RT, &91C, Figs. 512~56141C, KENHEH 7 7
TAIRG, NEICEDEL ((C/7E)—10)EofREEE LT, ZBONERZ 7 7 L0EE
OEHEA SN, SHE -8, 12, 13, b L, ThTh, 16, 28, 34, 26%LE 5,

INETIRABLAZGEFABLURBICLDE, ((C/E)—-10)DME% Table 5121 &
ENTHRE, 512, Fig.515icid, CAUP 2diicili -7/ 7 74259, '

PlEsii b7 'V T, SHE -8, 12, 13, t4iox LERE & EE0mEd T hZ N 25,
21, 33, 2T THBCEMBEEINTV S, KROBIFTLILEST S L, SHE -8, 12, 13, 14
T=00, =07, +01, +02%LBAH L EBhns, SHE-8, 2 TEDLHEINLLDODDERA
EOWBITEOCTIIREK 2 ~3 % RBEOHENH Y, BH LAWHE, =7 vibFici20TEn
R T ALENSZEEA LN S,
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Table 5.7 Results of Tri(I) model calculations

SHE-& SHE-12 SHE-13 SHE-14
Absorption in
biack absorber 0.13210 | 0.14295 | 0.16282 | 0.14279
Left leakage 0.00442 | 0.00478 | 0.00545 | 0.00479
Neutron | Upper leakage 0.00442 0.00478 0.00545 0.00479
balance | Total absorptionji 0.86126 0.85308 0.84644 0.85110
Bg2 loss 0.12990 | 0.13735 ) 0.14266 | 0.13932
Radial leakage 0.14094 | 0.15251  0.17372 y 0.15237
Net leakage 0.27084 | 0.28986 | 0.31638 | 0.29169
Net absorption 0.72916 G.71013 0.68362 0.70831
keal 1.0330 1.0660 1.0429 1.0453
kaxp 1.0057 1.0205 0.99351 | 0.99721
C/E-1.0 (%) 2.71 446 4,97 4.82
Table 5.8 Cross section along Z-axis of SHE-8, 12,
13, 14 Tri-Z models (Fuel region)
Axial distance 0.5 63.5 '65.0  117.0 120.
(cm)
Interval 0.5 63.0 1.5 52.0 3.0
Mesh interval 0.5 15.75 1.5 6.5 3.0
No. of meshes 1 4 1 8 1
Material Graphite | Fuel  |Graphite |' Fuel {Graphite




Table 5.9 Results of Tri-Z model calculations
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SHE-8 | SHE-12 | SHE-13 | SHE-14
ﬁ?izipzézgrézr 0.13181 | 0.15119 | 0.15837 | 0.14544
Left leakage 0.00441 | 0.00506 | 0.00531 | 0.00487
Upper leakage 0.00441 0.00506 0.00531 0.00487
Neutronn | Total absorption 0.86310 0.86768 ¢.85100 0.85142
balance | 4.2 1oss 0.12808 | 0.12220 | 0.13838 | 0.13884
Radial leakage 0.14063 | 0.16131 | 0.16899 | 0.15518
Net leakage 0.26871 | 0.28351 | 0.30737 | 0.29402
Net absorption 0.73128 0.71649 0.69263 0.70598
keal 1.0347 | 1.0618 | 1.0587 | 1.0447
kexp 1.0057 | 1.0205 | 0.99351 | 0.99721
C/E-1.0 (%) 2.88 4.05 6.56 4.76
Table 5.10 Results of Tri(II) model calculations
SHE-8 | SHE-12 | SHE-13 | SHE-14
i?igipzizgrézr 0.13324 | 0.14584 | 0.16318 | 0.14805
Left leakage 0.00446 | 0.00488 | 0.00547 | 0.00496
Upper leakage 0.00446 | 0.00488 | 0.00548 | 0.00496
Neutron | Total absorption| 0.85250 | 0.84637 | 0.84263 | 0.84270
balance | Bg2 loss 0.13857 | 0.14386 | 0.14642 | 0.14738
Radial leakage 0.14216 | 0.15561 | 0.17413 | 0.15797
Net leakage 0.28073 | 0.29947 | 0.32055 | 0.30535
Net absorption 0.71926 | 0.70053 | 0.67945 | 0.69465
keal 1.0168 | 1.0413 | 1.0203 | 1.0182
Kexp 1.0057 | 1.0205 | 0.99351 | 0.99721
C/E~1.0 (%) 1.10 2.04 2.70 2.10
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Table 5.11 Index of fuel volume and surface

SHE-8 SHE-12 | SHE-13 | SHE-14
No. of fuel rods (n) 73 43 37 42
ruel ?ig:;i?e“t 1135 668.8 575.5 653.2
volume R-Z model 2671 4720 9476 4866
index Tri(I) model 2671 1573 1354 1537
Tri(I1) model 667.8 393.3 338.5 3842
rual ?ii;ii?ent 1020 601.0 517.0 587.0
surface R-Z model 183.2 243.5 345.1 247.3
index Tri(I) model 1563 920.0 792.0 899.0
Tri(II) model 782.7 461.0 196.7 450.0

Table 5.12 Values of [{C/E)-1.0]

and interpolaticn

(%) from each model

SHE-8 SHE-12 SHE-13 SHE-14

R-Z model 2.63 5.75 9.69 8.24
Calculated Tri{I) model 2.71 4,46 4,97 4,82

Tri-Z model 2.88 4.05 6.56 4.76

Tri(II) model 1.10 2.04 2.70 2.10

Volume

(by 2 cases) 1.5 2.6 3.2 2.7
Interporated Volume .

(by 3 cases) 1.7 3.0 3.6 3.1

Surface

(by 2 cases) 1.6 2.8 3.4 3.0

Average 1.6 2.8 3.4 2.9
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B (Reflective)
Pt
jxa ]
4
ol
A
o]
ks
4
-
f
+
1]
e
: :
{Extrapolated)
1 Fuel region A-A'" Radial traverse
2 Replaceable reflector region B-B' Axial traverse

3 Permanent reflector region

Fig. 5.1 Material regions in R-Z model (SHE-8,12,13,14)
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{orbitrary units)
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Fig. 5.2 Neutron flux distribution in SHE-8 9)
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(see §6.2) 4 mode s

SHE-8 X-Y model * SHE-8

(see §6.2)

Tri ()

models ”’,,/”’.

1 ! i
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Fuel volume index

Fig. 5.12 Interpolation by Tri(I) and Tri(I) models (Volume)
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10 +
8 |
R-7 models
6 - Trj_(I) models SHE-12
SHE-14 X-Y model _x
L (see §6.2{1¢’,,,~”"
,,aa—*’x Tei (1) model
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2 L Tei (II) (see §6.2)* R-7 model
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Fig. 5.13 Interpolation by R-Z, Iri(I) and Tri(IL) models (Volume)
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{see £6.2)
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a Trl(]I) (see §.6.2)
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Fig. 5.14 Interpolation by Tri(I) and Tri(II) models {Surface)
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Fig. 5.15 Comparison of [(C/E)-1.0] v.s. C/U23% values
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6. FMERIEFTH

BEOHELANBICL DB N EBEERLBLET 20HOBERRBZEFET LI LEDRS
N, FHEDELTUTOLY>REOAEEZ OGNS,

a. RIEIOTERETHEEE 2 - FCITATION Tl TEn, S LBEM, KR &
AR & DERMEOHENEIC SV TRERL THEL,

b. SHE A%, ¥R0FLVHBREZLZZHHELE THLPEREIN TS, £EHE
iz, ZHPROTESES FELEELTEY, BREICLTEEDOHAIBE HHTEL, T
DFEAFEBLTHMARICRA ) -3 Y70 LD b 50l FOMREEABITTEERLTVA
by,

‘¢. SHE %4 %A, CITATION = — FTitBET LD o287 {Lit L 5%, R —
z J&%‘JP, Tri =541, Tri 5w, Tri —ZEFAsb—RE—EHH bH BiKkOTELI
EFIALIERETH 5, F, FERFEABORLEFR, no0EFrEFEEENTHAL

d. HEETERO A v v 2 E,

e, WHEIHEEO L 2 VERBRHEBLOTO 2 v FREICLIOER,

g RSy 7 ) v TEOE S,

g. I8ELEHAMENKT AENC, #BE S LUK S b, FLARZ P ATHRE LD
DR,

ABETH, IhoDH5, bDRA MY -3 ¥ IGRICHVWTIE, EFBRETHD, T
TR LTV, SRR IR, BRORBVEOLswe Y7o vedtBo - 1%
ABATLAENSL S, £, o QRS CBEEONEIC SOTIE, OB CEITE
RAETHLOELT, AHTHEE - T Eo, LITOEIIKENTHE, a ~g DA HS LD
b HkTe ZBWIHHICODVTHERT B, 19, { DMAEPIK S 7 ) v I9R, cDEF
MEDBRB LD a DEHRICONT, ThEN61, 62, 63 THMUDEREITL, KICEK
Dod, gELUEFDOMOHBITHOVT, ATBTERT S,

—

6.1 #ABMNVS U STYHE

B AE Ny 2 ) Y IEIC SN TEFTE Cili~ic LS, Tri €Fv 10 &Tri —Z%® Pkt
TEHCEICED, SHE-13 THIZZDHRORECTENHBHL TV A, CTEREF LD
HEH B SHE —8 (kRICHT 5, MAEAS 2 U Y I BCOOTERS 5,

BIETHMLA T =74 1 & Tri —Z EFvOEREREIAE, @Ay 7Y v 7l

a)

OFEYMCHTIBLFORYGTI Y, MEFAOTHBRERGARICELSTLER T 270

Bl CAERD, S5, T —~Z €74 TR, AEREROMESSZ 8FED 4 v v - HiE
PR 1575 cm S, MEDHEICE BMTE/ Yy 7 ) ¥ 7RO FHE R I T DR
WHLELDEEAOGNS, ELT, WMEOR-Z 7V TCEIHAEICEE > TOLEBT « R 7



JAERI —M 99565

% CZTREAE Sy 7Y Y IEOAT OV THERT 5700, MAECEE Lo Tk
BT 5. COFuEFVE R-Z ®FAEL, E5K, COTFVENEBEOELVOR -
6 £ FNELRT e CADEEFNVELBRT HLICED, WETROKEMGES 2 ) 27
EOEX4HIc>OTHRIT S,

stEsdt LT, BERIChETEERO 8 BEREHOTY 5, BIEBIERAETHRE
RELE MREMERIC DL T A RICEEL L T b Table 418 ICR LI DEEA TS, # v ¥a
B, MEFALs 4 x24I - L TW5, FFICR FEICDOTHE, A > YAaBBIUA v
PR E L, BEFATELLLTVS, $72, HEABEMERSMHER (29159 cm) | 5JBIR
BHASEIR SRR (68.0 cm ) , EEREHEFEREM LR (1271 cm) @, FIEOR-Z E7AT
BHLALDEE—THY, BWMF + 27 OBEICLDZPHRICOOTHRIARETH S,

ARy 2 ) Y PRI, KR-Z EFABIUPR- BT MCLD, BEGETERER, X
HETLRH LTV B, F07H, REBMDA v ¥ 2ltHd 5 F -7 B A » V2 QRBICEAT
W5, 2% b, CITATION BLUTWOTRANEHE 2 — FKABRSIQTVS, 5545
NEEEHES BEA BN A v ¥ 2 SEKTHENT 5SS, R AENCH L 2 — FP TR Y
BEARBOLSL LOHETHESN TV E0HEETEL, Ay v 2 BHEOZRICIIERD
HBRAB 5 1HICT » T B, 1250, Z FRB LU0 FEIHSVTE, BELARILSS
HOHECLLERBLVOT, GHES - FTOABAEINI A » Y dflERTF Livgd
LEAONEDESHEBRIRATH S, CTT, HTBONRHERBE, I THEK CITA
TION, TWOTRAN = — ¥ & &, b FdicfL, 107 BT, EEmcL, 107 1T
LT3, R -7 BLUR-6 =7 VitBEKE, Fig. 611CRL, 4 v ¥a#RE AKDA
—A’, B-B', C~C' ogific 2T, Table 811T/RT,

ER OB ER Loty 7Y v/ ffE, CITATION 2~ Figk L Tl, BTEEFEUE
(16616 X 10 ) #H VT %, —4, TWOTRAN 2 — FOIEEIE, FLRmEEANTLL
i STED, SE240em AAAE L, S KEAFERTH, FTHERSE Table 621077,
E#Eh, TWOTRAN = - FTOHEF~7 v 2iE, R —Z = FEERNTE, Z 5B Leakage
L LT Vertical Leakage , R AMiC!iE, Horizontal Leal%age DEEHFALTNS, R —
0 FAHERICE, SARO LI ABEESAHTHD, TWOTRAN 7 - FITLBHR —
B EFAOTTF NG YA, FPARELEDLL TS,

FlEn&E®E X, CITATION 2 - FORBEICE VI /Yy 7 ) v 7B L ZRBIBEEA~DL)
Bt 001 BRETHD, ChETHEHLTEL @B M/ Ny 7)Y 7R}, EETHLEEL
515, —/, TWOTRANZ — FOFAITIE 013 BREOERMSHD, CITATION = —
KBS ED A REWC EMbMD, TWOTRAN 7 - F TR, Nu 7 J Y IEEhy FANT
%, '

7, il 3

73 thz_

. ( ) (6—1)
3 hp,* 0,+ 14209

B BRAER BN ITANE LS - TVEN Y, LDBOR -0 ER-Z BEFVED K
2EBDHICE, COBSEDECHRTILESNSS D RITAROEREMTETIHR LI, R-Z,
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Tri(l), Tri—Z SEFAVOEEELTH B, Tri 70 TOEDEERE, 00001170 80
XH, L0331 ESL 2 ) Y SPEMEROBELTNE, R—2 ER—Z2 EFAMB LY, Trill)
LETri -7 EF VB OENEEROZGENAEN, 00015, 00016&, HHOBBL—BERLT
WA, CHODEE, Fo MHoeFaici@ LcfER, o0, BEESAmIcEaE T 528
F 4 A DEECOEICIDHBETHLEEZ NS, BEBHARIKELETEERT A7 %
EEGICTE -7, R —Z2 %, Tri —Z ®F VDA, BE(ET-1R-Z %, Trill) € F

RO EEMEERL 0001~ 006RERELTLEEBDME, K, R-Z &Tri—Z %
FUME LT, R—Z & Trilll= F vl kEdss, 20dh, -00025 BL0—000240

RMEROEMBONS, CO2EOEFVICLBEOER L, BREHEE S L UK SREROE
KCHB. 20, R —Z PR -Z'€F VO &S KTESEMETEIM LB, Tri—Z $
Tri— [ EFAOLH 0 EFAbics L, FHMEERE, 0.0025~0002408 e 5, LBlE
DMF%E Table 6.310RY, 35iC, TASOREDLD, Tri ~Z ®FLOBABEA v Y2k K
RIfG 1575 cm &, EINEREOEAKNE(E(LSELE, ETEELDOTRUVI DML,
iz Ehs, AR~ 7 v 7HRELTHE, SHE -8KZRiIL>0T, TRETHEHL
TEf Ny 7 )Y SHERUTHBEEAL ), L, BUSHE —8HRTH, AETHR
s frE FUGBTHRERBESEERL D THLOT, Tri 7 Iokdic, LR ) -7%
BEBESNEFATERYTHEME S PRMENES, & 5ic, SHE 8RADKRICAL
Th, AREORIAPBETHAS,

BEDLYH, TWOTRANHBICLNBONER-Z EF 0P EFHIAE, F2, 8, 15,
16, 18 #iz oW T, £h#h, Figs. 62~66IKRT,

6.2 EFIL{EDHMRE

SHE R AZRDEFMLAITHIE, SELUELMOMBERBEBLTOALA LY — 3 ¥
7EAECITATION 23— KTEET 5 &, BRWICSRETH 5, ADTE, COHE
DAIC kB bHOEE €7 AERIC >V TERS B,

T F, FIETCHEB LM AE Ny 2 ) Y IHEARELAZR -2 EFLVOREBEEE LT,
Tri #70 I BLUTOEMEEEEZTLATNREKL, 7 ic X 3EMBEER~DHRICD
WTEET D, I5601T, EFLICEYBERAEREOME & BUREROSGRE X D FHICER
T B, BEEEREESEEICRE L, SHE-8D X -Y =7 ERAE/ER L, fthoe 7
SRR DA QR —D&HT, CITATION I — FIC X 2R MBERL RS, KEETH,
X—Y ®Fvofik%, Figs. 67, 681K, £/, HEER%E, Table 4 IRT, BXRT
X 500, SHE — 14 oSk B985 K IGE I8 A8 ORI RO & LTV, SHE — 14
P/ 2X-YEFVOCITATION 7~ FiIt L 2 EGBERFFERKRGERICORL TH 5,
LoEE, PREEERERDEFVICHT 56D L Otk T R, HHB/{FCHL, —Hi20%
SLOGDEL -THEY, FAFAHLI0T BXU 10 UTFEDS EEFBHL T 5,

SHE -85k 14ic>%, R—Z®F1 (SHE-14TRR-ZEFn) , Tri €Fn1,
Tri —Z€5n, X—Y®7Fu, Tri EFv10Fe 7 VEDEERIRERLHEDYD,
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Table 6.5 IRF, M&ED, Tri €74 1&, Tri —Z EFVCRONAARE, AH TOK
HOL S ICREHE T ICHEET 2 BT« A DRBHPRICL S 6D LEFLONE, O
B3, SHE -8 T, HHMEAEE LK, LOMEEE, 00016 MiNS¢ 57, SHE -14
T, 00006 DRV EL B, AL, HEPOSHE — 14K 5EH M ERICHSHE
—BICHT B bDERID, METHS LI < 2 )Y THRICOCTOMENEENT
$5d, COMBELEMICRET S, £70, R—Z EFABIUTH ~Z €7 vERTE, BH
B OB AR TS, &F VIO RRBETEZ AT B E 7 LBk ER I
EANRTHDEEADNS, L LT, SHE -8OR-Z =7 s, Tri (1= 7 v ORMEE
AT 5 E 02 B bR T0E, ChEBEFATE, ABDTRETNTNM LA H
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Table 6.1 Cross sections along A-A', B-B' and C-C' of SHE-8 R-Z'
and R~ 9 models

(1) Cross section along A-A' of R-Z' and R-5 models

Radial distance

(o) 0  27.5 29.159 30.0 65.0 68.0 70.0 125.0 127.1
Interval 27.5 | 1.659| 0.841 |35.0 | 3.0 ! 2.0 | 55.0 | 2.1
(em)
Mesh interval 2.5 | 1.659|0.841 | 2.5 | 3.0 | 2.0 | 5.0 | 2.1
(em)
No. of meshes 11 1 1 14 1 1 11 1
Replaceable Permanent

Material

Fuel region

reflector region

reflector region

(Total number of meshes:41)

(2) Cross section along B-B' of R-Z' model

Axial distance

(cm) O 120.0

Interval 120.0

(cm)
Mesh int

esh interval 5.0

(em)
No. of meshes 24
Material Permanent .

reflector region

(Total number of meshes;24)

{(3) Cross section along C-C' of R-8 model

0.125

Angle § Angle §
(Radian) 0 0.7854 (8°/360°) 0
Interval Interval
, 0.7854 .

(Radian) (8°/360°) 0.125
Mesh interval i

(Radian) 3.2725-2 e e 360%) 5.2083-3
No. of meshes 24 No. of meshes 24
Material Permanent ‘ Material Permanent .

reflector region reflector region
(CITATION) (TWOTRAN)

_66_
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Table 6.2 Results of R-Z' and R-6 model calculations

Calculational code CITATION TWOTRAN
SHE-8 model R-Z' R-6 R-7' R-6
Axial leakage® 0.13096 0.13132 0.13403 —
Neutron | Radial leakage 0.13766 0.13750 0.12946 | (0.13247)
balance | .. 1 eakage 0.26862 | 0.26882 | 0.26349 —
Absorption 0.73138 0.73118 0.73620 (0.86683)
kcal 1.0307 1.0306 1.0403 1.0417
Kexp 1.0057 1.0057 1.0057 1.0057
C/E-1.0 (%) 2,49 2.48 3.44 3,58
(R-8)/(R-2Z) (%) 99.99 100.13

* Corresponds to Bg? loss in R-0 model

Table 6.3 Relation of kogg values among SHE-8 R-Z,
R-Z', Tri(I) and Tri-Z models

Model keal Model Keal
R-Z 1.0322 Tri(I) 1.0331#*
R-Z' 1.0307 Tri-Z2 1.0347

Difference 0.0015 Difference 0.0016

Model Keal Model keal

Tri-Z 1.0347 Tri(I) 1.0331*

R~-Z 1.0322 R-Z' - 1.0307

Difference 0.0025 Difference (0.0024
R -7 0.0025 Tri- 2
1.0322 - 1.0347
0.0015 $.0016
s
R-Z' Tri(1)
1.0307 0.0024 1.0331%

* Ak value of 0.0001 is added to compensate the effect

of axial buckling.
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Table 6.4 Results of SHE-8, 14 X-Y model

calculations
System SHE-8. SHE-14
Bg? loss 0.13608 0,14802
Neutron Radial leakage 0.12836 0.14149
balance Total leakage 0.26444 0.28951
Absorption 0.73557 0.71049
keal 1.0299 1.0332
kexp - 1.0057 0.99721
C/E-1.0 (%) 2.41 3.61

Table 6.6 TResults of SHE-8 R-Z' model calculations

by TWOTRAN
Order of S8n So Sy
Axial leakage 0.13403 0.13422
Neutron Radial leakage 0.12946 0.13408
balance Total leakage 0.26349 0.26830
Absorption 0.73620 0.73141
keal 1.0403 1.0313
Kexp 1.0057 1.0057
C/E-1.0 (%) 3.44 2.55
CPU time (min) 18 41

{Convergence criteria: flux<10_”, k<10™2)
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Table 6.5 Calculated results from various models
of SHE~8 and SHE-14

SHE-8 model R-Z' Tri(I) Tri-Z X-Y Tri{II)
Axial leakage* | 0.13096 | 0.12990 | 0.12808 | 0.13608 | 0.13857
Neutron | Radial leakage | 0.13766 | 0.14094 | 0.14063 | 0.12836 | 0.14216
balance | Total leakage 0.26862 0.27084 0.26871 0.26444 0.28073
Absorption 0.73138 | 0.72916 | 0.73128 | 0,73557 | 0.71926
keal 1.0307 1.0331*%%| 1.0347 1.0300%%| 1,0169%%*
kexp 1.0057 1.0057 1.0057 1.0057 1.0057
C/E-1.0 (%) 2.49 2.72 2.88 2,462 1.11
Fuel volume index 2671 2671 2671 1135 667.8
Fuel surface index 183.2 1563 1563 1152 782.7
SHE-14 model R-Z Tri(I) Tri-Z X-Y Tri{II)
Axial leakage®* | 0.13609 | 0.13932 | 0.13884 | 0.14802 | 0.14738
Neutron | Radial leakage 0.14736 0.15237 0.15518 0.14149 0.15797
balance | Total leakage 0.28345 § 0.29169 | 0.29402 | 0.28951 | 0.30535
Absorption 0.71655 | 0,70831 | 0.70598 | 0,71049 | 0.69465
keal 1.0794 1.0453 1.0447 1.0332 1.0182
Kexp 0.99721 | 0.99721 | 0.99721 | 0.99721 | 0.99721
C/E-1.0 (%) 8.24 4.82 4,76 3.61 2.10
Fuel volume index 4866 1537 1537 653.2 384.2
Fuel surface index 247.3 899.0 899.0 662.5 450.0

* Corresponds to Bg? loss in R-8 model

*% Ak value of 0.0001 is added to compensate the effect
of axial buckling




JAERI —M 9955

Table 6.7 Results of SHE~-8 R-Z' modél calculations by TWOTRAN

Order of Sn SZ Su SG Sa Slo
Axial leakage 0.1487 0.1491 0.1493 0.1493 0.1493
Neutron | Radial leakage 0.1245 0.1292 0.1297 0.1299 0.1300
balance | Total leakage 0.2732 0.2783 0.2790 0.2792 0.2793
Absorption 0.7254 0.7199 0.7193 ; 0.7191 | 0.7190
keal 1.0297 1.0193 1.0185 1.0182 1.0181

CPU time {(min) ' 8 17 31 51 74

(Convergence criteria : flux<1073,

k<10™H)

Table 6.8 Result of end cap effect calculation
by SHE-8 R-Z model

End caps Considered None
Axial leakage 0.13007 0.13294
Neutron | Radial leakage 0.13707 0.13655
balance | Total leakage 0.26714 0.26949
Absorption 0.73286 0.73051

kaal 1.0322 1.0291

Kexp 1.0057 1.0057

C/E-1.0 (%) 2.63 2.33

End cap effect (%)

-0, 30
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Table 6.9 Results of parametric survey on various data
from critical assembly SHE-812)

Deviation A*

Deviation B#*

Parameter Description Used Value (DELIGHT-4) (CITATION)
1. 0/U ratio A 2.01 07 0% 0%
B | 2.02 +0.5 +0.007 0
c | 2,03 +1.0 +0.02 +0.01

2., Diameter of A} 6.50 cm 0% 07 0%
Matrix Tube B | 6.52 +0.3 0% -0.01

3. Weight of U0, A | U0y 2.938g 0% 0% 0%
and U0,-disk disk 32.36g 0%

B | U0, 3.0 +2.1 -0.4 0
disk 32.4 +0.1

4, Enrichment A | 19.70 w/o 0% 0% 0%
(u?35/1) B | 19.85 +0.8 +0.05 +0.1

C | 20.00 +1.5 +0.10 +0.2

5. Graphite Al 1.68 g/cm? 0% 0% 0%

‘Density B 1.70 +1.2 +0.2 +0.6
c | 1.73 +3.0 +0.5 +1.4

6. Content of H,0 A 0.0 w/o 0% 0% 0%

in graphite B 0.06 +0.06 +0.5 +0.3
C 0.12 +0.12 +1.0 +0.6

7. Content of A| Ccd 0.0 ppm 0% 0%
Impurities in B 0.1 -0.01 ~-0.08
graphite C 1.0 ©-0.18 ~0.81
(Varying the D 10.0 -1.8 -6.97
content of Cd) E 19.5 -3.5 ~12.0

8. Difference of A | None S 0%
Neutron Spectrum B Considered —_— -0.17
between Core and
Reflector regions.

9. 1Iron Casing A | None _ 0%
around Reflector B | Considered — +.08
region®*

10. Scattering kernel A | Nelkin model 0% 0%
of Hydrogen B | Free Gas model +0.007 +0.01

- 171
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Table 6.9 (Continued)

Parameter Description Used Value Deviation AX Deviation B*
(DELIGHT-4) (CTITATION)

11. Cavity in A 0 v/o 0% 0%

graphite B | Disk Graphite 7.2 -0.03 -0.26

structure#®*=* other Graphite

19.24

12. Void for Control A | None 0% 0%

Rod Insertion B Considered -0.5% =0.71%

Holes in Reflector

% Deviation of the multiplicatien factor from the standard
-utilizing the value of the specification
(ﬁiﬁif ~ kegg (standard) Y 1007)
keff (standard)
** Aggumed the pure iron plate of 2 cm thickness
*%% The volume of cavity was calculated from the difference of

graphite densities between the measurement using Helium and

usual way.

Table 6.10 Various compensations

. Value of
Correction term compensation

Axial buckling +0.01
Axial heterogeneity of fuel rod +0.15
Transport ~0.11
End cap -0.30
Iron casing around permanent +0.08
reflector
Spectrum difference between -0.17
core and reflector regions

Total -0.34
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i, DEOZAICHICER LIARITET O LEDRH LD EEAL D,

Table 7.1 Net leakage of R-Z, Tri(I)}, Tri(II) models (%)}

Model SHE-8 SHE-12 SHE-13 SHE-14
R-Z 26.7 28.2 29.6 28.3
Tri (1) 27.1 29.0 31.6 29.2
Tri(II) 28.1 29.9 32.1 30.5
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