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Experimental Study on Sodium Void Reactivity Worth
in Mockup Cores of Metallic-fueled and MOX-fueled Fast Reactors Using FCA

Hiroyuki OIGAWA and Susumu ITJIMA

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received January 10, 1993)

To improve the calculation accuracy of the sodium void effect in fast reactars, the
sodium void reactivity worths were measured at three FCA assemblies: XVI-1, XVI-2 and
YVI-1. The former two assemblies simulate metaliic-fueled fast reactors and the last
one-simulates a MOX-fueled fast reactor.

Two kinds of measurements, “step void” and “void volume dependence”, were performed in
the central 3x3 drawers of the fixed side of the assemblies. In the former
measurement, the axial distribution of local sodium void reactivity worths was obtained
to evaluate the calculation accuracy of the non-leakage term and the Jeakage term
separatelyv. In the latter one, variocus volumes of the sodium void were simulaied to
evaluate the influence of void volume on the calculation accuracy,

The ratios of the calculated reactivity worths to the experimental ones (C/E values)
at the core center, which are dominated by the non-leakage term, are .08 - 1.20 by
JENDL-2 and 0.95 - 1,09 by JENDL-3.1. For the leakage term, on the other hand, the
present calculation shows good agreement with the measurements for three assemblies.

in addition to above measurements, various extra measurements were performed in
assemblv XVI-1 for the detailed investigation of the calculation accuracy. The sodium
void reactiviiv worths were measured in various plutonium isotope composition and in the

core with a sodium laver which is a design to reduce the sodium void reactivity worth,

Keywords: FCA, XVI-1, XVI-2, XVI-1, Metallic Fuel, Oxide Fuel, LMFBR, Critical
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Table 2.2 Sodium plate and void can

Item Sodium plate Void can
Dimension 5.08 ¢cm" x 5.08 cm" x 0.625 cm'
Thickness of cladding 0.058 cm
Weight (g)

Total 35.441 24.050

Na 11.310 0.000

Stainless Steel 24.131 24.050
Cr 4.368 4.160
Mn 0.241 0.240
Fe 17.169 16.440
Ni 2.353 3.210

Table 2.3 Step void measurement and void volume dependence measurement

Assembly Step void Void volume dependence
XVI-1 1z~9z 1-2z, 1-6z, 1-9z
XVI-2 1z~ 9z 1-2z,1-62, 1-9z
XVII-1 lz~ 11z 1-2z, 1-6z, 1-9z,1-15z
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Table 2.4 Experimental results of step void measurements and
void volume dependence measurements

(unit : 10* Ak/k)

Void cell XVI-1 XVI-2 XVII-1 XVII-1
with sodium layer
Step void
1z 0.777 £0.022" 0.9741£0.024 0.53610.024 0.501:£0.024
2z 0.751 0.937 0.504 0.514
3z 0.630 0.858 0.387 0.418
4z 0.454 0.701 0.296 0.326
? 5z 0.192 0.507 0.180 0.146
‘ 6z 0.035 0.296 0.024 0.017
j 1z -0.221 0.108 -0.117 -0.162
i 8z -0.395 -0.092 -0.256 -0.304
9z -0.542 -0.234 -0.361 -0.465
10z -0.349 -0.972
11z -0.183 -0.775
12z -0.598
10z(A-pattern)” -0.470
| 11z(A-pattern)” -0.374
| 12z(A-pattern)” -0.273
! Void volume dependence
1-2z 1.519 (1.528)° 1.922 (1.911) 1.006 (1.040) 1.014 (1.015)
1-6z 2.810(2.839) 4.173 (4.273) 1.881 (1.927) 1.843 (1.922)
1-5z 1.452 (1.681) 3.741 (4.055) 0.968 (1.193) 0.722 (0.991)
1-15z 0.053 -3.553

a) Experimental error.
b) Patterns of void cell in sodium layer. See Fig.2.10.
¢) Summation of step void reactivity worths,
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Table 2.5 Experimental results of extra measurements in FCA XVI-1

hem Reactivity worth Remarks

(10* Ak/K)
A) Sample worth of scattering material®
Carbon (3% 3:1-2z) 1.7024:0.024” Worth for 912.1 g of carbon
Carbon (3X3:12) 0.999 Worth for 453.5 g of carbon
Aluminum (3 X 3:1z) 1.015 Worth for 777.4 g of aluminum

B) Influence of sodium layer
Step void
1z ~ 92,10z ~ 12z (A, all)? :
Void scal dependence Shown in Table 2.4
1-2z, 1-6z, 1-9z, 1-152

C) Decrease of sodium level

XVII-1

10-15z void -0.834 Nalevel : -30.48 cm
7-15z void -1.753 Na level : -45.72 ¢cm
3-15z void -0.941 Nalevel: -66.04 cm
1-15z void 0.053 Na level : -76.20 cm

XVII-1 with sodium layer
10-15z void(all)® -3.976 Na level : -30.48 cm
10-15z half-void(A)? -1.705 Na level : -30.48 cm
10-15z2 half-void(B)” -1.783 Nalevel : -30.48 cm
7-15z void -5.282 Na level : -45.72 cm
1-15z void -3.553 Na level : -76.20 cm

D) Influence of movable-side
M:3X3:1-15z; Na voided

1-2z void 1.043 Refer 1.006 in Table 2.4
1-6z void 1.883 Refer 1.881 in Table 2.4
1-9z void 0.998 Refer 0.968 in Table 2.4
1-15z void 0.057 Refer 0.053 in Table 2.4
M:3X3:1-2z ; Na voided
1-2z void 1.009 Refer 1.006 in Table 2.4

E) Influence of shifting cell
F:3X3:1-9z ; T2 — T2A®

10-15z void -0.739 Refer -0.834 in [tem-C)
F:3X3:10-15z; SB — SBAY

1z void 0.513 Refer 0.536 in Table 2.4

10-15z void -0.835 Refer -0.834 in Item-C)

F) Influence of perpendicular cells
Shown in Table 2.6

(Continuing)

a) Sodium plates in the measured region were replaced by carbon and aluminum plates.
Then, reactivity worths caused by replacing them by the half size plates were measured
respectively.

b) Experimental error.

¢} Patterns of void cell: "A" and "B" mean that 4 of 8 sodium plates in a cell are replaced
by void cans. "all” means that all of the 8 plates are replaced. Difference between "A"
and "B" is shown in Fig.2.10.

d) Cell patterns are shown in Fig.2.13.
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Table 2.5 Experimental results of extra measurements in FCA XVI-1 (Continued)

Item Reactivity worth Remarks
(10* AK/K)

G) Influence of Na region largeness
F:3X3:10-15z; SB —~ NAB

9z void -0.487 Refer -0.465 in Table 2.4
10z half-void(A) -0.449 Refer -0.4701in Table 2.4
10-15z half-void(A) -1.492 Refer -1.705 in Item-C)
10-15z void -3.558 Refer -3.976 in Item-C)
H) Large region void (1-15z void)”
Central 5X 5 drawers -0.247 Volume of void region : 58.0 ¢
12 drawers at off center(X) -0.595 Volume of void region : 27.9 ¢
12 drawers at off center(Y) -0.608 Volume of void region : 27.9 ¢
24 drawers at off center(X+Y) -1.194 Volume of void region : 55.7 ¢

I) Influence of Pu composition
FM:5X5:1-3z ; Pu(92) — Pu(75)

1z void 0.616 Refer 0.50] in Tabie 2.4
2z void 0.639 Refer 0.514 in Table 2.4
1-2z void 1.259 Refer 1.014 in Table 2.4
FM:5X5:1-3z; Pu(92) — Pu(81)
1z void 0.592 Refer 0.501 in Table 2.4
2z void 0.583 Refer 0.514 in Table 2.4
1-2z void 1.141 Refer 1.014 in Table 2.4

e) Measured region is shown in Fig.2.15

Table 2.6 Experimental results of sodium void reactivity worth
for perpendicularly arranged cell in FCA XVI-]

(unit : 10% Ak/k)

Perpendicularly arranged cell

Measured cell

None 1-9z 10-15z 1-15z  Measured cell only
1z 0.536 0.564
gz -0.256 -0.162 -0.272 -0.143 -0.207
9z -0.361 -0.252 -0.373 -0.240 -0.274
10z -0.349 -0.303 -0.267 -0.246 -0.219
11z -0.183 -0.185 -0.149 -0.098
10-15z -0.834 -0.856 -0.616 -0.613
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Table 2.7 Plutonium isotope composition of FCA fuel in September, 1894

(unit : 10” atoms/cm’)

Isotope Plate name
P Pu(92) Pu(81) Pu(79)

Pu-239 1.8177 (91.2%) 17778 (78.5%) 1.6573  (70.0%)
Pu-240 0.1602  (8.0%) 04110 (18.1%) 0.5245 (22.2%)
Pu-241 0.0053  (0.3%) 0.0217  (1.0%) 0.0587  (2.5%)
Pu-242 0.0000  (0.0%) 0.0098  (0.4%) 0.0049  (0.2%)
Am-241 0.0097  (0.5%) 0.0447  (2.0%) 0.1210  (5.1%)
Total 1.9930 (100.0%) 2.2650 (100.0%) 2.3664 (100.0%)
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2JENDL-3.2 TS E LETZ L it UiV, DTOER TIENDL-3E RSN TW 254G, JENDL-
IR 32N EFEREETH B, XVI-1OTFHHEE FHIZJENDL-3.1 & 3200 & TAT M

Table 3.1 Results of cell calculation

Parameters in SLAROM K.
Cell name
NREG ICASE IBSW JENDL-2 JENDL-3.1 JENDL-3.2
XVi-1
IC1 27177 -1 2 1.4216 1.4244 1.4202
IC1(Navoid) 27 -1 2 1.5098 1.5068 1.5023
1C2 15 -1 2 1.4278 1.4304 1.4264
0OC1 15 -1 2 1.5635 1.5654 1.5623
0C2 15 -1 2 1.5467 1.5471 1.5482
SCR 21 -1 2 2.0327 2.0501 2.0483
NUB 1 -1 -1 0.4262 0.4238 0.4022"
DUB 1 -1 -1 0.3468 0.3454 0.3214%
XVI-2
ICA 25(15® -1 2 1.2421 1.2479 1.2412
ICA(Na void) 25 -1 2 1.3416 1.3381 1.3334
ICB 17 -1 2 1.2331 1.2396 1.2324
OClA 17 -1 2 1.6695 1.6706 1.6689
OC1B 15 -1 2 1.6730 1.6742 1.6724
QC2 15 -1 2 1.6751 1.6784 1.6781
SCR 21 -1 2 2.0318 2.0492 2.0474
NUB 1 0 1 0.4356 0.4330 0.4022%
DUB 1 0 1 0.3555 0.3539 0.3214%
XVII-1
T2 21 -1 2 1.2423 1.2616 1.2524
T2(Na void) 21 -1 2 1.2960 1.3106 1.3031
SB 21 -1 1 (0.2292 0.2331 0.2179
SB{Na void) 21 -1 I 0.2450 0.2478% 0.2314
PD 15 -1 2 1.6694 1.6759 1.6775
UuD 15 -1 2 1.6896 1.6917 1.6982
SCR 21 -1 2 2.0318 2.0492 2.0474
NUB 3 0 -1 0.4262 0.4238 0.4022"
DUB 3 0 -1 0.3468% 0.3454 0.3214"

a) Numbers in parentheses indicate the case for homogenized sodium plate model.
b) Calculated using the parameters of NREG=1, ICASE=0 and IBSW=-1.
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Table 3.2(a) Results of core calculation (70-group RZ-model}
. K
Core name Core condition
JENDL-2 JENDL-3.1 JENDL-3.2
XVI-1 Standard 1.00235 (.99715 0.99201
1-2z void 1.00270 0.99783
1-6z void 1.00299 0.99808
1-9z void 1.00269 0.99777
XVI-2 Standard 1.00047 (.99647 0.99475
1-2z void 1.00068 0.69666
1-6z void 1.00092 0.99686
1-9z void 1.00088 0.99681
XVII-1 Standard 1.00363 1.00102 0.99682
1-2z void 1.00387 1.00122
1-6z void 1.00408 1.00136
1-9z void 1.00390 1.00115
1-15z void 1.00370 1.00094
3-15z veid 1.00346 1.00075
7-15z void 1.00326 1.00062
10-15z void 1.00345 1.00083
XVIi-1 Standard 1.00267 0.99969
with sodium layer 1-2z void 1.00291 1.00018
1-6z void 1.00311 1.00031
1-9z void 1.00285 1.00003
1-15z void 1.00155 0.99871
3-15z void 1.00132 0.99852
7-15z void 1.00116 0.99843
10-15z void 1.00149 0.99878
10-15z void(half) 1.00226 0.99956

Table 3.2(b)

Results of core calculation (Large region void in FCA XVi-1
calculated by 25-group XYZ-model)

: s ke,ff
Void region
JENDL-2 JENDL-3.2
No void 0.99664 0.98965
Central 5X5 : 0.99674 0.98933
12 drawers at off center (X) 0.99655 0.98936
12 drawers at off center (Y) 0.99653 0.98934
24 drawers at off center (X+Y) 0.99645 - 0.98908
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Table 3.4 Comparison between RZ and XYZ-model

(Calculated with JENDL-2 for lz, 6z and 10z step void in FCA XVI-I)

Non-leakage term Leakage term -
AXial position
RZ” XYZ? RZ/XYZ RZ” XYZ® RZ/XYZ
(10*akKk  (10°AkK) (10°AKK) (10 AKK)
1z 0.6459 0.6482 0.996 -0.0084  -0.0088 0.955
6z 0.3803 0.3818 0.996 -0.3714  -0.3737 0.994
10z 0.1358 0.1365 0.995 -0.5268  -0.5303 0.993

a) 25-group RZ-model with Dy=(D, +D,)/2and D, =D,,.
b) 25-group XYZ-model withDy, =D  and Dy =D;=D,.

Table 3.5 Mesh effect
(Calculated with JENDL-2 for step void in FCA XVI-1)

Non-leakage term Leakage term
Axial position
SM? FM™ SM/FM SM? FM® SM/FM
Q0*AKK) (107 AkK) (10*Akk) (107" Ak/k)
7z 0.2952 0.2950 1.001 -0.4623  -0.4626  0.999
8z 0.2293 0.2292 1.000 -0.5548  -0.5552 0.999
0z 0.1745 0.1745 1.000 06231  -0.6234  0.999
10z 0.1323 0.1322 1.001 -0.5122  -0.5109 1.002
11z 0.0852 0.0851 1.001 03172 -0.3161 1.003

a) Standard mesh width (2.54 cm in axial direction).

b) Fine mesh width (1.27 cm in axial direction).
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Table 3.6 Comparison between exact perturbation and first order perturbation theory
(Calculated with JENDL-2 for [z, 6z and 10z step void in FCA XVI-1)

Non-leakage term Leakage term
Axial position -
FOP EPY FOP/EP FOP* EPY FOP/EP
(10*Ak/K) (107AkK) (10*AKK)  (10%Ak/k)
1z ' 0.6235 0.6319 0.987 -0.0077  -0.0118 0.654
6z 0.3675 0.3712 0.990 -0.3599  -0.3351 1.074
10z 0.1323 0.1296 1.021 -0.5122  -0.4743 1.080

a) FOP : First order perturbation theory.
b) EP : Exact perturbation theory.

Table 3.7 Group collapsing effect
{Calculated with JENDL-2 for 1-13z void in FCA XVi-1)

Number of groups Non-leakage term Leakage term
70-group (10*Ak/k) 4.1908 -3.8205
25-group (10 Ak/k) 4.1864 -3.8008

25-group / 70-group 0.999 0.995
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Parturbation calculation
with transport theory

Fig. 3.1 Calculation method for sodium void reactivity worths
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Fig.4.1 Energy breakdown of sodium void reactivity worth at the core center
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Fig.4.6(a) Comparison between experimental and calculated step void reactivity worth
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Fig. 4.6(b) Comparison between experimental and calculated step void reactivity worth
in FCA XVI-2 {Calculation is corrected only for non-leakage term. }
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