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On Analysis of Reactor Physics Experiments at

a Heterogeneous Fast Critical Assembly (ZPPR-7A)

Toshitaka 0SUGI, Hiroyuki SHUKUYA and Hiroyuki YOSHIDA

Department of Reactor Engineering,

Tokai Research Establishment, JAERI

(Recefved September 5, 1983)

The principal purpose of the present study is to investigate
sensitivities to approximations for both the multigroup cross-section
generation and the reactor calculation to predict physics properties
of heterogeneous fast reactor cores., The investigation has been made
by analysing the physics measurements at ZPPR-7A which is a benchmark
heterogeneous core for the Clinch River Breeder Reactor.

The STLAROM code was used to generate 18 group constants from
the JF§-3-J2 70-group crosg-section set, which accounted for resonance
and spatial self-shielding effects in the plates. The standard method
of calculating integral parameters included, (1) use of group constant
set collapsed by treating each drawer type in an infinite medium of
identical drawers and (2) use of diffusion theory in R-Z geometry.
Because of the complex internal geometry of the heterogeneous core,

a number of refinements in method were investigated. These included
use of group constants from coupled core-blanket drawers, tCransport
theory, directional diffusion coefficients and three-dimensional

diffusion theory. The impact of these refinements is discussed in the

present paper.

Keywords: Beterogeneous Core LMFBR, Cell Averaged Group Constants,
Kaoffs Reaction Rate Distribution, Sample Worth Distribu-
tion, Na=void Reactivity Effect, Cell Model, R~Z Diffusion
Theory, X-Y-Z Diffusion Theory, Directional Diffusion

Coefficient, Transport Theory.
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TABLE 1 Atomic Number Densities of
Major Drawer Types in ZPPR-7A 7
Core, Two

_ Columns of Radial Axial

Isotope Fuel Blanket Blanket

¥py 0.1691

4opy, 0.0225

Mipy 0.0024 .

#1py, 0.0004

Mam 0.0010 :

By 0.0011 0.0028 0.0016

23ty 0.4799 1.2657 0.7061
Na 0.8448 0.4471 0.8883
g 0.9430 2.1351 1.3961
Fe 1.7118 0.7208 1.0481
Cr 0.3069 0.2061 0.2739 .
Ni 0.1428 0.0915 0.1232
Mn 0.0261 0.0180 0.0239
Mo 0.0450 0.0019 0.0019
C 0.0034 0.0029 0.0036
Al 0.0010 0.0001 0.0003
5i 0.0164 0.0104 0.0140
Cu 0.0044 0.0035 0.0039

l°p

I]B

TABLE 2 TABLE 3

Eigenvalue Calculations for ZPPR.7

ZPPR-TA

Experiment kg1 1.0003
Calculation kegf

rz diffusion 09792

xy diffusion 0.5801

xy transport S, 09851
Corrections '

streaming in xy plane | —-0.0016

axizal streaming? -0.0035

axial transport® +0.0014
C/E _

lransport S,

corrected ” 09811

(7)

Analysis of Caleulations for 2*U(n,f) in

Annular Zones* in ZPPR-7A

. Standard

Number of | Average | Deviation of

Zone Positions C/E Distribution
Center blanket 5 0.999 0.005
Core ring 1 5 0.954 0.013
Blanket ring 1 6 1.016 0.005
Core ring 2 7 1.010 0.004
Blanket ring 2 6 1.025 0.008
Core ring 3 7 1.028 0.008
Blanket ring 3 4 1.039 0.009
Core ring 4 13 1.037 0.010
Radial blanket 14 1.031 0018

*Transport S, calculation.
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TABLE 4
ZPPR-7 A Reaction Rate Comparisons at the Midplane(7)
Average C/E?
Number of
Reaction Zone Positions Diffusion Transport

%uln, f) Core 19 1.00¢ 1.000
Internal blankets 15 1.029 1.003
5U(n, Core 32 1.023 1.023
Internal blankets 21 1.041 1.019
B, 7) Core 24 1.112 1.107
- Internal blankets 19 1.099 1.080
2380, 7)/**%Pu(n,f) Core 19 1.1 1.104
ratio Intemal blankets 15 1.068 1.075

2The statistical error in each data point is ~0.9% except for ***U(n, f), for which it is ~2%. Since the C{E valuves have been nor-
malized for 2°Pu(n, ), significant differences would be ~0.4% (~9 entries or more for each set). For **U{n, f) and **U(n, f),
an additional 1.5% systematic errar should be included. For **®*U(n,7), the systematic error is 2%; for the **U{n,7)/?*Pu(n,f)
ratio, it is 0.9%.

TABLE 2

ZPPR-7A Comparison of Calculations for 2**U(n, f)

(7)

Calculation Method

Average C/E

Core Drawers
{24 Positions)

Internal Blanket
Draweiss
(20 Positions)

Difference in C/E
Between Core
and Blankets (%)

Diffusion theory -~-0.860 1.079 25
Transport §, 0.891 0.989 11
Transport S, with coupled
core/blanket cell data 0929 0.949 2
Standard deviation of distribution 0.021 0.039
TABLE 6
_ _ (7}
Reactivity CoefTicients in the First Fuel Ring of ZFPR-TA
Average Specific
Worth in First
_ Principal Fuel Ring ‘
Sample Composition {cent/kg} C/E

Plutonium | 98 w1% Py 18.53+0.04 154

Enriched

uranium 93.2 wi% MU 13341003 1.18

Depleted

uranium 99.8 w1% **U -0.93 2 0.02 1.13

Erriched

boron 89.6 w1% ''B -207.13+£030 | 1.04

Stainless

steel Type 304 -0.60 £ 0.02 1.70
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TABLE 7

(7

Axial Extent Sodium - Measured
Matrix of Void Mass Worth?
Position {mm) Zone () (cenis)
137-37 305 Central blanket 165 0.162 £ 0.002
137-37 457 Central blanket 247 0.180 £ 0.002
13841 305 Fuel ring 1 315 0256 0003
13841 457 Fuel ring 1 473 0.210 £ 0.003
13843 305 Blanket ring 1 165 0.152 £ 0.002
13845 305 Fuel ring 2 315 0.244 + 0.002
13847 305 Blanket 1ing 2 165 0.165 £0.002
13848 305 Fuel ring 3 315 0.247 £ 0.001
136-24 305 Fuel ring 3 315 0.173£0.002
136-23 305 Blanket ring 3 165 0.109 * 0.002
136-22 305 Fuel ring 4 315 0.122 £ 0.002
136-21 305 Fuel ring 4 315 0027 + 0.002
136-20 305 Fuel ring 4 315 -0.103 £0.002
136-19 305 Fuel ring 4 315 -0.221 + 0.002

TResults 1aken from differences of single-drawer oscillator worth measurements. Positioning uncertainties as well as statistical
uncertainties are included in the error estimates.

TABLE &

{7)

Comparison of Extrapolated Single-Drawer Resulls with Zone Sodium Void Results in ZPPR-7A

Extrapolated Sing!e'~

Step Step Worth Drawer Result®
Number Description (dollars) (dollars)
1 Fuel ring 2 voided *305 mm 0499+ 0018 0.493 £ 0.004
2 Fuel ring 1 voided £305 mm 0.282 £ 0.003 0.265 + 0.003
3 Blanket ring 1 voided £305 mm 0.230:0.012 0.195 + 0.005
4 Fuel ring | voided £305 to 457 mm -0.059 £+ 0.020 -0.048 + 0.003
5 Fuel ring ] voided 457 10 610 mm -0.075 2 0.016 -
6 Central blanket voided *305 mm +0.093 £ 0.013 0.090  .003
7 Central blanket voided #305 10 457 mm -0.005+0.014 0.010 + 0.003
8 Cenltral blanket voided ¥457 1o 610 mm -0.011 £ 0.009 --=
9 Restore sodium 1o blankets -0.287 £ 0.007 ---
10 Restore sodivm to fuel ring 2 -0.523 + 0.011 -0.493 * 0.005

*The single-drawer measurement result scaled by the sodium mass in the zone.
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TABLE 9

(7

Zone Sodium Void Reactivities in ZPPR-TA

Reactor Sodium
Mass Change

Measured Step

Czlewlated Step

Step Regions Voided Voiding This Step Worth (E)? Worth (C)®
Number {(Cumulative) (mm) (kg) {dolars) (dollars) C/E
1 Fuel ring 2 +305 -63.612 0.459 £ 0.018 0.553 0.054
2 Fuel ring 2 +305 -32.583 0.282 + 0.003 0.276 -0.006
Fuel ring 1 305
3 Fuel ring 2 +305 -21.097 0.230+0012 0.269 0.039
Fuel ring 1 +305
Blanket ring 1 1305
4 Fuel ring 2 +305 -16.321 -0.059 + 0.020 ~0.086 -0.027
Blanket ring 1 +305
Fuel ring 1 457
5 Fuel ring 2 305 -17.118 -0.075 + 0.016 -0.096 -0.021
Blanket ring 1 2305
Fuel ring 1 610
6 Fuel ring 2 *305 -9.151 0.093 £ 0.013 0.091 -0.002
Blanket ring 1 *305
Fuel ring [- 1610
Central blanket *305
7 Fuel ring 2 305 ~4618 -0.005 + 0.014 -0.003 0.002
Blanket ring 1 *305
Fuel ring 1 *610
Central blanket +457
8 Fuel ring 2 305 -4.618 -0.011 £ 0.009 -0.010 0.001
Blanket ring | +305
Fuel ring 1 610
Central blanket 3610
9 Fuel ting 2 305 +39.484 -0.287 £ 0.007 -0.345 -0.058
Fuel ring 1 3610
10 Fuel ring 1 610 +63.612 -0.523 £ 0.011 -0.566 ~-0.043
1 None - +66.022 -0.146 + 0.020 -0.084 0.062

*Taken from inverse kinetics results,

bCalculated dollars = Ak/k kyBerrs Begr = 0.003443 for ZPPR.7TA.
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TABLE 10 Modelled Plate Data for Core Cell
(unit ; 102%n/cm?)
Noiqe | PU-U-MOA NA4C & 2C MATCC FEOCC Homogeneous
(0.55880) - (0.55880) (0.26035) (0.39370) Density
(1.11760)

Pu-239  8.3589 -3 0 0 0 1.6910 -3
240 1.1122 -3 0 0 0 2.2500 -4
2641 1.1864 -4 0 0 0 2.4001 -5
242 1.9773 =5 0 0 0 4.0001 -6

Am=241  4.9432 =5 0 0 0 1.0000 -5

U-235  5.4375 =5 0 0 0 1.1000 -5
238 2.3722 -2 O 0 0 4.7989 -3
0 0 1.4884 -6 0 3.3079 =2 9.4300 -3
Na 0 2.0239 =2 0 0 8.4678 -3
Fe 0 4,4929 ~3  4.9874 -2 3.6966 -2 1,7118 -2
Ccr 0 1.2406 -3 1.3762 -2 4.3951 -3 3.0690 -3
Ni 0 5.4302 -4 6.0696 -3 2.2056 -3  1.4280 -3
Mo 0 1.1059 -4  1.1353 -3 3.7003 -4  2.5875 -4
Mo 2.1609 3 7.3850 -6 7.8537 -5  B.2665 <6 4.5000 &
C 0 2.1974 -5 1.6970 -4  3.0910 -5  3.4000 -5
Al 0 1.5474 -6 1.9769 -5  2.6274 -5  1.0000 -5
si 0 8.3689 -5  8.0822 -4  1,8526 -4  1.6400 -4
Cu 0 3.1569 -5  1.9156 -5  4.5010 -5  4.4094 -5
H 0 0 0 0 0

{ ) : thickness (cm)
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TABLE 11 Modelled Plate Data for Axial Blanket Cell
(unit ; 102"n/cm?)
Nuclide U3084AB DUBAR NAZAB MATAB CANAB FEOCAR
(0.63500) . (0.31750) (1.19380) (0.22223) (0.03810) (0.35560)
pu-239 O 0 0 0 0 0
240 0 0 0 0 0 0
241 0 0 0 0 0 0
242 0 0 0 0 0 0
Am-241 0 0 0 0 0 0
U-235 3.0732 -5 9.4780 -5 0 0] 0 G
238 1.3772 -2 §4,0227 -2 0 0 0 0
0 3,3719 -2 0 1.3530 -6 0 0 31,6250 -2
Na 0 0 2.0554 -2 0 0 0
Fe 0 0 5.9340 -3 5,0591 -2 5,93%7 -2 4.0656 -2
Cr 0 0 1.8823 -3 1.3947 -2 1.9365 -2 3.7554 -3
Ni 0 0 8.2738 -4 6.7845 -3 1.0186 -2 1.8301 -3
Mn 0 0] 1.6684 -4 1.4431 -3 1.4933 -3 3,0896 -4
Mo 0 0 1.4540 -5 1.3796 -4 2.8272 -5 1.6011 -5
C 22,9752 -5 9.6985 -5 1.4982 -5 1.2925 -4 9.0711 -5 2,1990 -5
Al 0 0 2,1807 -6 2.1807 -6 1.3618 -4 1.6538 -5
51 0 0 9.4114 -5 9.4114 -5 1.0260 -3 1.9396 -4
Cu 8.9334 -6 2.9055 =5 3.1569 -5 3.1569 =5 1.5746 =4 3.6716 =5
H 4,7621 -6 1.5783 -5 0 0 0 0
( ) : thickness (cm)
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TABLE 12 Plate Data for Interndl and Radial Blankets

(unit ; 102%n/cemd)

U3084 & 2 Du8 NAZ MAT CAN Homogeneous

Nuelide E?:ggggg;. (0.31750) (1.19380) (0.22225) (0.0381) Density
Pu-239 0 0 0 0 0 0
240 0 0 0 0 0 0
261 0 0 0 0 0 0
2420 0 0 0 0 0
Am-241 O 0 0 0 0 0
U-235 3.0156 -5 9.3005 -5 O 0 0 2.8021 -5
238 1.3902 -2 4.0607 -2 O 0 0 1.2657 -2
0 3,7150 -2 © 1.5218 -6 O 0 2.1351 -2
Na 0 0 2.0690 -2 0 0 4.4710 -3
Fe 0 0 6.9300 -3  5.9082 -2 6.9365 -2 7.2080 -3
Cr 0 ' 0 1.9824 -3 1.6795 -2 2.0394 -2 2.0610 -3
Ni 0 0 8.7504 -4  7.1753 -3 1.0773 -2 9.1500 -4
Mn 0 0 1.7384 -4 1.5035 -3 1.555% -3 1.8000 -4
Mo 0 0 1.8880 =5 1.7914 -4  3.6709 -5  1.9000 -5
c 2.0003 =5  6.5204 -5  1.0073 -5  B.6897 -5  6,0986 -5  2.9000 -5
Al 0 0 0 0 0 0
si 0 0 | 1.1966 -5  1.0368 -3 1.3044 -3 1.0400 =5
Cu 9.3753 -6  3.0492 -5  3.3131 -5  2.0717 -4  1.6525 -4  3.5000 -5
H 4.7621 -6 1.5783 -5 0 0 ' 0 4,5510 -6

( ) : thickness (cm)
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TABLE 13 Atomic Number Densities of

Radial/Axial Reflectors of ZPPR-7A

(unit ; 102%n/emd)

Nuclide Axial Ref. Radial  Ref.
C 5.73699 4 2.14199 —4
5i 8.75998 -5 8.62598 -4
Cr 1.49650 -3 1.50379 -2
Mn 6.18399 -4 1.52370 -3
Fe 7.30524 -2 5.30857 -2
Ni 6.00199 -4 6.65989 -3
Cn 7.11998 -5 9.55998 -5
Mo 8.99947 -6 8.19997 ~f
TABLE 14 Energy Structure of 18-Group Cross-sections
Group Energy range Group Energy range
1 {10.00 - 6.065 MeV 10 40.87 - 19.31 KeV
2 6.065- 3.679 11 19.31 - 9.12
3 3.679- 2.231 12 9.12 - 4.31
4 2.231- 1.353 ' 13 4.31 - 2.03
5 1.353- 0.821 14 2.03 - 0.96
6 0.82]- 0.388 15 0.96 — 0.45
7 0.388~ 0.183 16 0.45 - 0.21
8 0.183- 0.087 17 0.21 - 0.10
9 86.52 -40 B7 KeV 18 101 eV - Thermal
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Comparison of 18-Group Macroscopic Cross-Sections

of Fuel Ring-1 cbtained by Different Cell Models (ECS-1 & 3)

ECS-1
Group D
1 3.81542E+CC0
2 3.40063E+00
3 3.13881E+00C
4 2.80772E+00
5 2.32847E+00
& 2.04301E+00
7 1.75041E+00
B8 1.51B74E+00
9 1.33703E+00
10 1.0983%E+0GO
11 1.03304E+00
12 6.89401E-01
13 4.58724E-01
14 B.76242E-01
i% R.B89418E-01
146 46.81863E-01
LY 7.37018E-01
15 7.08109E-01
ECS-3
1 3.B0074E+00
2 3.38957E+00
3 3.12975E+00
4 2.79274LE+00
> 2.31744E+00
& 2.032%6E+00
7 1.73436E+00
8 1.50338E+00
9 1.31633E+00
16 1.C07666E+00
11 1.03064E+00
12 6.87440E-01
13 4 .54698F-01
14 B.75644E-01
i% B8.BBUOGCE-01
ié 6£.75592E-01
17 7.33804E-01
18 7.02411E-01

z
r
6.63993E-02
6.35217E-02
5.12251E-02
4.93260E-02
4.28408E-02
2.28474E-02
2.10323E-02
1.96259E-02
2.07695E-02
2.12010E-02
2.57234E-02
3.4704L4E-02
45.65403E-02
3.16255E-02
3.89878BE-0C2
5.10062E-C2
6.22886c£-02
B_71471E-02

)

r

6.66196E-02
6.37813E-02
5.16413E-02
4 .98640E-02
4.30308E-02
2.28542E-02
2.11797E-02
1.96952E-02
2.08602E-02
2.12941E-02
2.57400E-02
3.47279E-0¢2
6.71750E-02
3.18100E-02
3.90790E-02
5.11162E-02
6.23752E-02
8.68881E-02

vZf
3.46192E-02
2.24120E-02
2.07018E-02
1.80319E-02
1.11512E-02

'8,.94150E-03

7.94B76E-03
7.8B6736E-03
8.2131CE-03
B.43542E-03
8.92385E-03
1.03633E~-02
1.4B566E-02
1.B&630E-02
3.1212CE-02
4.46039E-02
6.39020E-02
1.33231E-01

UEf
3.62563E-02
2.34824E£-02
2.1527%E-02
1.87892E-02
1.14939E-02
9.01644E-03
7.95318BE-03
7.86075E-03
8.199B7E-03
8.42049E-03
8.91841E-03
1.03535&£-02
1.47375E-02
1.87493E-02
3.14526E-02
4. L6166E-02
6.614L01E-02
1.32839E-01

Zf
9.3295CE-03
6.71890E-03
6.73206E-03
6$.12089E-03
I.71941E~03
3.033864E-03
2.73162E-03
2.7192BE-03
2.84807E-03
2.92838E-03
3.10006E-03
3.60102E-03
5.16396E-03
6.48F30E-03
1.08523E-02
1.550346E-02
2.22084E-02
4 .62845E-02

)

=

9.77006E-03
7.04019E-03
7.00001E-03
6.37791e£-03
3.83366E-03
3.05908E-03
2.73312E-03
2.71701E-03
2.84349E-03
2.92319E~03
3.09816E-03
3,.59761E-03
5.12256E-03
6.51926E-03
1.09358E-02
1.5507%9E-02
2.22910E-02
4.61478E-02

z
c
3.6Z2357E-03
1.5538B3E-03
4. 4B663E-04
4.50578E-04
7.99631E-04
9.33954E~04
1.12047E-Q3
1.58113E-03
2.43091E-03
3.73434E-03
4. 95729E-03
6.85089E-03
9.71393E-03
1.30460E-02
1.75013e~-0C2
2.44194LE-02
3.13645E-02
4.08622E-02

z
c
3.56843E-03
1.53888E-03
4. 48190E-04
L.62670E-04
8.19772E-04
9.40209E-04
1.12374E-03
1.59068E-03
2.44292E-03
3.74183E-03
4£.94921E-03
6.83016E-03
9.638%90E-03
1.33006E-02
1.75153E-072
2.45013E-02
3.13759E-02
4.07399E-02
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Comparison of 18-Group Macroscopic Cross-Sections

of Central Blanket obtained by Different Cell Models (ECS-1 & 3)

ECS-1
Group D
1 3.8218%9E+00
2 3.34301E+00
53 3.12064E+00
L0 2LD6359E+00
Z 1.86999E+00
&  1.758%99E+G0
7 1.38986E400
8 1.243B7E+00
Y 1.11563E+00
10 9.98348E-01
11 ¢.81338E-01
12 7.86043E-01
13 S5_74412E-01
14 9.22757VE-01
15 9.68845E-01
16 7.72852E-01
17 8.37035E-01
18 9.23678E-01
ECS-3
Group Y]
1 3.79477E+00
2 3.31722E+00
3z 3.100B85E+0C0
L 2.55133&8+00
3 1.86056E+00
& 1.75948E+00
71 .39382E+00
2 1.248B6E+00
S 1.1229%E+00
10 1.01247E+00
11 9.82664E-01
12 7.87792E-01
13 5.76584E-01
14 9.20545E-01
15 9.6%9652E-01
16 7.81010E-01
17 8.40406E-01
18 ©.34288E-01

by

r

6.463166E-02
6.35231E~02
5.4244BE-02
5.91062E-02
5.24769E-02
2.83570E-02
2.51674E-02
2.38712E-02
2.45490E-02
2.345360E£-02
2.52079e-02
2.98355E-02
4L.72170E-C2
2.52263E-02
2.4L0L486E-02
2.63001£-02
2.87089E-02
2.13288E-02

6.47766E-02
6.39649E-02
5.43793E-02
5.91898BE-02
5.27378E-02
2.B494L0E-0Q2
2.50919E-0Q2
2.3860%9E-02
2.45167E-02
2.34219E-02
2.52220E-02
2.98463E-02
4.72885E-02

2.52342E-02
2.46053E-02
2.62860E-02
2.85665E-02
2.17013E-02

VZf

4_.01363E-02
2.180%95E-02
1.92147E-02
1.43157E-02
1.15926E-03
1.18812E-04
9.38178E-05%
1.07025E-0Q4
1.25470E-04
1.47652E-04
1.81463E-C4
2.42905E-04
3.46392E-04
5.08537E-04
7.63436E-04
1.02498E-03
1.48715E-03
2.18768E-C3

\)Zf

3.96584E-02
2.15635E-02
1.90451E-02
1.41887E-02
1.15178E-03
1.18621E-04
$.37B28BE-05
1.07022E-0C4
1.25485E-04
1.47663E-04
1.81446E~04
2.42888E-04
3.46365E-04

5.08830E-04
7.62700E-~04
1.02451E~-03
1.488637E-03
2.19017E-03

o
:

TF

1.16165E-02
7.19593E-03
6.98274E-03
5.51245E£-03
4.62779E-04
4.80804E-05
3.82345E£-05
4 .38530E-05
5.15588E-05
6.07437E-05
7.46587E-05
1.00027E-C4
1.42651E-04
2.09434E-04
3.14720E-04
4 .22019E-04
6.12308BE-04
?.00827E-04

1.14786E-02
7.11453E-03
6.92141E-03
5.46361E-03
4.59791E-04
4 .8QC3CE~CS
3.822C3E-05
4 .38515E-G5
5.15650E-05
6.C7485E£-05
7 .46518E-05
1.00G02CE~04
1.42640E-04

2.09555E-04
3.1441%E-04
L. Z21B28E-04
6.11987E-04
$.01861E-04

)

c
3.32167E-03
1.87320E-03
4.22303E-04
6.574628E-04
1.45073E-03
1.50935E-03
1.60718E-03
2.26503E-03
3.89846E-03
5.64678BE-03
6.8B212BE~-03
7 .B6BODE-03
8.70678E-03
1.02200E-02
1.13865E-02
1.25249E-02
1.81504E-02
2.04273E-02

3.39162E-03
1.89918E-03
L. 27928E-04
6.54962E-04
1.44402E-03
1.50746E~03
1.60520E-03
2.259F0E~-03
3.8B9046E-03
5.64615E-03
6.83953£-03
7.90784E-03
8.83560E-03
1.01973E-02
1.16322E-02
1.26105E~-02
1.84959&£-02
2.07987E-02
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TABLE 17 Effect of Cell Models on 18-Group Effective

Fission and Capture Cross-sections

(ECS-3 - ECS-1)/ECS-1 ()

Core Fuel Ring-1 Central Blanket
Group Fission Capture Fission Capture
1 4,72 -1.52 -1.19 2.11
2 4.78 -0.96 -1.13 1.39
3 3.98 -0.11 -0.88 1.32
4 4.20 2,68 -0.89 -0.37
5 3.07 2.52 -0.61 0.47
6 0.84 0.67 -0.15 -0.12
7 0.05 0.29 -0.04 -0.12
8 -0.08 0.60 -0.00 -0.23
9 -0.16 0.49 0.01 -0.21
10 -0.18 0.20 0.01 -0.01
11 -0.06 -0.16 -0.02 0.26
12 -0.09 -0.30 -0.01 0.51
13 -0.80 -0.77 -0.01 1.48
14 0.46 1.97 0.06 -0.22
i5 0.77 0.08 - -0.09 2.16
16 0.03 0.34 ~0.05 0.69
17 0.37 0.03 . -0.06 1.88
18 -0.28 -0.34 0.02 1.62




JAERI-M 83—157

(/7 ¢ 1un)

£~ [£°€ p- 08t £- 68°2 £- 9L'Y v~ 22°% £- €2°Y wns
13%ue|g

G- £8°8- G- tbzZ- G- 2% 9- - 1yL- 9- 8% 8- b= 2€°1L- LeLpey 4a1nQ

£- €871 v- L2°¢ €- 0671 £- 852 b- gv¢ £- v2°2 y-Buly |sny

y= 287 1L- 9- 85°2 y- 0€°L- v~ 12°2- [~ 82°¢~ - 12°2- €-194uR|g J8uul

€~ 10"l G- 69°8 v- ¥2°6 £- 05 1L G- 916 £~ 0b" L g-Buty {eng -

b~ G627 L- 9- 60°Z v~ L2°L- v- 1§72~ 9~ ¥2°% ¥~ GE'2- 2-1juelg Jauu]

t- 82°9 G- 0L°S b- 1279 £~ 201 G- £0°9 v~ 8676 N-@C@x {anyg

G- $G° /- 9- 2Ll . G- §9°/- v- v L- 9- 95°2 b= Sy L- [-19vjue|g 43uu]

t- 0672 G- 6G°2 v- §9°2 - v ¥ G- 69°C - vLp [-Buty [and

G- 81 9~ £8°| G- 20°2- G- vl p- 9- 1972 G- L¥9- jajuelg [eda3ud)

wng abeyeaT ¥L9T-uoy wng abeyea’ NP3 - uoy
+49 ) ) 430 uoLbaY
(1-523)77 7% - (#-S23)7 7 (1-S23)77 % ~ (€-823)7°
AA03Y] UOLIRQUNIAD 4BPpU0-1S4Ld Ag pauieiqQ
V/-4ddZ 40 ¥*%y uo sgepon 190 10 199443 8T 3I7avl



TABLE

19

ECS-3) on K
e

Fuel Ring-1

GROYP

por

b T b2 D 00 Oy Ut W

i

FISSION
2.64729E-05
7.5708B0E-05
1.33322E-04
1.67523E-04
1.01613E-04
5.63635E-05
4. 12464E-06

-6.69543E-08
~1.13761E~-05
-1.03669E-05
-Z2.48133E-06
-2.L7067E-06
-1.146848E~05
-43268E-05
.51444E-05
-35022E-07
.20282E-06
.550321E-07
.50624E-04

L R B S

Central Blanket

O 00 N O U P N N O

10
11
12
13
14
15
16
17

18
SUM

FISSIGN
-2.11762E-06
-4 ,71794E-06
-7.70548BE-06
-7.66611E-06
-6.10853E-07
-4 . 74861E-08
-1.28057E~08
-2.35388E-09

6.12081E-09
3.90396E-09
-6.75902E-09
-3.39709E-09
-2.197146E-09
2.70031E-08
-3,17798E-08
~9.82404E-09
~-5.89229E-09
1.16176E-09
-2.29022E-05

JAERI-M 83—-157

ff

Energy Group Contribution of Different Cell Models (ECS-1 and
in Fuel Ring-1 and General Blanket of ZPPR-7A.

- Unpeturbed ; ECS-1, Perturbed ; ECS5-3 -

CAPTURE
1.93013E-06
1.83234E-06
1.35323E-07

-4.12164E-0Q6
-7.57309E-08
-5.69398E-06
-3.40235E-06
-9.64877E-06
-9 .37996E-06
~4.41040E-06

5.11425E-06

4 78697E-0C6

7.35214E-06
-4 .26281E-05
-1.0868645E-06
~-2.05535E-06
-8.41031E-08
3.16931E-07
-7.06160E-05

CAPTURE
-7.78697E-07
-9 .74889E-07
-4 .93287E-07

2.46423E-07
7.76821E-07
6.14586E-07
8.09770E-07
2.15638E-06
2.59436E-06
1.39544E-07
~2.85499E-06
-3.65220E-06
~5.34969E-06
1.42339E-06
-8.34840E-06
-1.15177E-06
-1.72066E-06
~6.7L657E-07
~1.72380E-05

SCATTERING
3.28620E-06
-5.64L253E-06
-1.85219E-05
-2.37144LE-05
-5.31808E-06
8.19973E-07
-1.0B786E-05
-4 .4L1872E-06
-2.17459E-06
-6.92451E-08
6.60052E-07
7.335662E-07
1.18876F~-07
~2.54508E~06
-1.14278E-08
4 .28008E~08
-2.71826E-08
2.72645E-10
~6.86597E-05

SCATTERING

~-1.58008E-06
-1.51662E-06
~-1.02791E-06

-4 . 07239E-0C7

-1.18107E-06
-3.16341E-06
2.76585E-06
9.01474E-07
1.01961E-06
3.89230E-07
5.36212E-08
-7.92437E-08
-5.41808E-08
3.12225E-07
3.56374E-08
-2.43391E-08
-1.034%91E-07
7.23841E-10
-3 _.65922E-06

LEAKAGE
1.75706E-07
5.68340E-07
1.12958BE-06
2.58000E~06
1.81445E-06
3.94734E-06
6.09364E-06
5.10643E-06
4 .25815E-06
2.55749E-06
6.16379E~-08

-7.79896E-08
~3.51846E-07
6.83023E-10
-1.07346E-07
-4 . 94454E-07
-1.45817E-07
-1.80320E-07
2.69356E-05

LEAKAGE
1.68458E-07
7.44306E-07
1.40366E-06
1.39692E-06
1.45240E-06

-2.02947E-07

-1.01846E-06

-9.93281E-07

~6.95536E-07

-4 .77950E-07
2.53989E-08
6.15329E-08
8.67971E-08

-3.68012E-08
4.37559E-08

.78748E-07

.83164E-08

.75365E-07

.61068E-06

MNP O W

(DEL K/KJIG
3.18649E-05
7.24661E-05
1.16065E-04
1.42267E-04
9.053864E-05
5.543468E-05
-4 .06265E-06
~1.56565E-05
-1.%96725E-05
-1.228%91E-05
1.37462E-08
2.97198E~-06
-4 .56562E-06
-3.0B456E-05
1.393%2E-05
-2.27198E-06
9.45717E-07
~2.18147E-07
4.38284E-04

(DEL K/K3IG
~4.30793E-06
-6.465314E-06
-7.82302E-06
~6.43000E-06

4.37296E-07
-2.79926E-06

2.54435E-06
2.06221E-06
2.92455E-06
5.47275E-08
-2.78273E-06
-3.67331E-06
-5.31927E-06
1.72582E-06
~8.30078E-06
-8.07180E-07
-1.73172E-06
-4 97406E-07
-4.11887E-05
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Effect of Cell Model on Na-Void Reactivity Worth

calculated by R-Z Diffusion Approximation

Cross—section.

Na-voided from

Na-voided from

(Cell Model) Ko Fuel Ring-1 Fuel Ring-14&2
Ky Worth S Worth
ECS~1 0.99C43 0.99188 0.148 0.99501 0.465
ECS-3 0.99512  0.99636 0.125 0.99899 0.389
ECS-4 0.99375 0.99498 0.124 0.99758 0.386
K, and K3 : K-eff’s of non-voided and voided cores.
Worth ‘Na-void reactivity worth, ZAK/K Kj.
.TABLE 22 Energy Group Dependence of Fission Term
of Na-Void Reactivity Worth in Fuel Ring-1
(AK/K)
Group ECS5-~1 ECS-3
1 ~8.537T4E-06 -1,35807£.05
2 -2_12834E=-05 =3,57314-05
3 -3.15803F-05 -6.37062E-05
4 -1 _25454E-02 -5_,13974E~-05
5 ~1.92712E-05 -4 ,RTO4GE_05
6 1.73431E=-0n5 ~3 €5676F-05
7 1.02925E.05 -1.B677TTE-05
8 1, 74487€=05 3.43702g=06
9 1.44926E-05  6.55788E_06
1p 1,54987E=-05 5_.52840E=-06
11 1.25743E-05% 6£.19772E-06
12 ~2.0R689%E~06 -2,54458E=-06
13 5.61576E-05 6.77100E-05
14 3,86289E-05 3,10436E=05
15 3.70746E-06 2.4525TE-04
16 2_09919F=-06 6,.97505E-07
17 1.71668E-086 T.232240E-07
18 3.18309E-06 1, 13872€=06
SUM 9,38358E-05 =1 .45423E-04
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TABLE 21  Effect of Cell Model on Na-Void Reactivity Worth calculated by First-Order
Perturbation Theory in R-Z Geometry ( ZAK/K )
Perturbed Fission Capture Scatte- Radial Axial Total
Region ’ ring Leakage Leakage
Na-vold from Fuel Ring-1
Cross-section : ECS-1
Central Blanket 0.00005 0.00054 0.00340 -0.00011 -0.00003 06.00385
Fuel Ring-1 0.00926 0.01588 0.13128 -0.00378 -0.02353 0.12910
Inner Blanket-1 0.00008 0.00123 0.00442 -0.00004 -0.00005 0.00564
Sum 0.00938 0.01765 0.13909 -0.00393 -0.02360 0.13859
Cross-section : ECS5-3
Central Blanket -0.00001 0.00162 0.00323 -0.00011 -0.00003 0.00469
Fuel Ring-1 -0.,01445 0.01584 0.12958 -0.00362 -0.02228 0.10507
Inner Blanket-1  -0.00008 0.00439 0.00422 ~-0.00007 -0.00007 0.00839
"Sum -0.01454 0.02184 0.13703 -0.00379 -0.02239 0.11815
Na-void from Fuel Ring-1&2
Cross-section : ECS-1
Central Blanket 0.00005 0.00059 0.00354 -0.00011 -0.00003 0.00404
Fuel Ring-1 0.00759 0.01664 0.13115 -0.00379 -0.02354 0.128053
Inner Blanker-1 0.00020 0.00239 0.00936 -0.00011" -0.00011 0.01174
Fuel Ring-2 0.01629 0.03537 0.28287 -0.00525 ~0.05425 0.27502
Inner Blanket-2 0.00015 0.00221 0.00824 -0.00007 -0.00009 0.01043
Sum 0.02427 0.05720 0.43515 -0.00933 ~0.07802 0.42927
Cross-section : ECS-3
Central Blanket  ~0.00001 0.00166 0.00337 -0.00011 -0.00003 0.00487
Fuel Ring-1 -0.01613 0.01667 0.12945 -0.00363 -0.02229% 0.10408
Inner Blanket-1  -0.00002 0.00537 0.00906 =0.00013 -0.00013 0.01418
Fuel Ring-2 -0.03747 0.03557 0.28098 -~0.00498 -0.05161 0.22248
Inner Blanket-2  -0.00012 0.00723 0.00784 -0.00010 ~0.00014 0.01471
Sum -0.05370 0.06650 0.43069 -0.00895 ~-0.07421 0.36033
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TABLE 23 FEffect of Transverse Buckling used to Cell

Calculation on Keff of ZPPR-7A
Critical 82 B2 = 0.0 Difference
Cell model-1 0.99043 0.98776 -0.272% Ak
Cell model-2 0.99512 0.99458 -0.055% Ak
Cell model-3 0.99375 .99323 -0.053% Ak

TABLE 24 Effect of Transverse Buckling used to Cell

Calculation on Na-Void Reactivity Effects

of ZPPR-7A

Buckling

Na-void from

Na-void from

Fuel Ring-1 Fuel Ring 1&2
Cell model-l Critical B? 0.148 0.465
B2 = 0.0 0.123 0.383
Cell model-2 Critical B2 0.125 0.389
B2 = 0.0 0.124 0.385
Cell model-3 Critical B2 0.124 0.386
BZ = 0.0 0.121 0.380
Unit : % Ak/kk>

TABLE 25 Effect of Cell Model on Na-Void Reactivity
Effects of ZPPR-7A

Na-void from

Na-void from

Fuel Ring-1 Fuel Ring 1&2..
Cell model-1" 0.133 0.412
Cell model-2 0.125 0.389
Cell model-3 0.124 0.386

Unit : % Ak/kk’

* Buckling used to cell calculation, B2 is 4.65 1074,
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TABLE 26 Energy Group Collapsing, ‘Neutron Streaming, Three Dimen~

sional and Transport Effects on Ke £ of ZPPR-7A

f

(1) Group Collapsing Effect ; + 0.024 Zak/kk’

R~Z 70 group isotopic diffusion cal. (ECS-1) ; Keff = 0.99067

R-Z 18 group isotopic diffusion cal. (ECS-1) ; Keff = 0.99043
(2) Neutron Streaming Effect ! - 0.341 Zok/kk'

R-Z 18 group unisotopic diffusion cal. (EC5-2) ; Keff = 0.98710

R-Z 18 group isotopic diffusion cal. (ECS-1) ; Kopp 7 0.99G43
(3) Three Dimensional Diffusion Effect ; + 0.199 ZAk/kk'

X-Y-Z 18 group unisotopic diffusion cal. (ECS-2) : Keff = (0.98904

R-Z 18 group unisotopic diffusion cal. (ECS5-2) : Keff = (,98710
(4) Transport Theory Effect ; + 1.068 Zak/kk'

R-Z 18 group §,-P_ cal. (CS-1) ; K pe = 1.00102

R-Z 18 group isotopic diffusion cal. (ECS-1) ; Keff = 0.99043

TABLE 27 Na-Void Reactivity Effects Calculated by Variocus Methods
(Unit : % Ak/kk’)

Calculation Method Na-void from Na-veid from
Fuel Ring 1 Fuel Ring 1&2

R-Z 18 group isotropic diffusion cal.(ECS-1) 0.148 0.465
R-Z 18 group unisotropic diffusion cal. (ECS-2) 0.140 0.440
R-Z 70 group isotropic diffusion cal.(ECS5-1) 0.143 0.454
X-Y-Z 18 group unisotropic diffusion cal. (ECS-2) 0.138 0.432
R-Z 18 group S4-Pn transport cal. (ECS5-1) 0.155 0.492
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TABLE 28 Various Effects on Na-Void Reactivity Effects of ZPPR-7A
calculated by Standard Method

Na-void from Na—void from
Fuel Ring 1 Fuel Ring 1&2
Group collapsing effect -3.38 % ~2.37 %
Neutron streaming effect -5.40 -5.38
Three dimensional diffusion eéffect -1.43 -1.82
Transport effect +4.73 +5.81
-5.48 % -3.76 %

TABLE 29 Comparison of Calculated and Measured Keff and Na-Void

Reactivity Effects of ZPPR-7A

Na-void reactivity effect

Kegr
Fuel Ring 1  Fuel Ring 1&2
e ¥
Experiment 1.0003 0.0924+0.001 0.26940.006
* k3
Standard Cal. (0.99043 0.148 0.465
Correction
- Cell model 1.0034 0.838 0.830
~ Neutron streaming 0.9976 0.946 0.946
- Transport 1.0107 1.047 1.058
- 3 dimensional diffusion 1.0020 0.986 0.982
- Group collapsing 1.0002 0.966 0.976
- total correction 1.0139 0.791 0.796
Corrected value 1.0042 0.116 0.370"
C/E 1.0039 1.27 1,38

* % Ak/kk’
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