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Criticality assessment on the spent fuel storage racks of the RSG-GAS multipurpose
reactor has been conducted to support the undergoing core conversion program, in which
higher uranium uel densities of silicide (up to 48 gU.CM,3 ) and molybdenum (up to 83
gU.CM,3) fuel elements are adopted to enhance the reactor performance, core cycle

length and reactor utilization. In the assessment, the kff of the rack as a function of fuel
density is calculated for fresh ftiel elements which is a very conservative approach
recommended by IAEA. Besides fuel densities, effects of water densities due to pool
water temperature variation, and the fuel elements' orientation on the keff are analyzed as
well. The criticality calculations are all carried out by using MCNP4132 Monte Carlo
code with ENDF/B-VI library. For the library sensitivity, JENDL-3.3 library is also used
and compared. The calculation results show the most reactive condition is for the case
when the spent fuel racks are filled with fresh U-6Mo fuel element with meat density of
8.30 gU.CM-3 . For all fuel types, density and operating condition, the calculated kff with
3 times standard deviations are confirmed less than the allowable value of 095. It can be
concluded that the existing spent fuel storage racks can be safely used for storing the
planned high density uranium fuels.

KEYWORDS. RSG-GAS multipurpose reactor, core conversion, spent fuel storage,
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1. Introduction In the present work to reconfirm the
subcriticality (kff<0.95) of the spent fuel rack, the

Criticality safety of spent fuel storage is of the multiplication factor of the rack is calculated for
main concern to all reactor operators. Even slight fresh ftiel elements which is a conservative
modifications or changes on the specifications of approach recommended by IAEA 4) . The criticality
fuel elements require reconfirmation on the calculations are all carried out by MCNP4132
subcriticality to assure the criticality safety. Monte Carlo code 5). In addition, the effects of

The spent fuel storage of the RSG-GAS water densities and the fuel element orientation on
multipurpose reactor was originally designed and the multiplication factor are analyzed. Furthermore,
approved for relatively low-density oxide fuel the MCNP library sensitivity are evaluated for
elements. However, in order to take the advantage ENDF/B_VI 6 and JENDL-3.3 7'.

of ftiel technology advancement under the RERTR
program as well as to achieve higher reactor 2. Description of the Spent Fuel Storage Rack
performance and reactor utilization, use of silicide and Fuel Element
and molybdenum fuel elements with higher meat
density is also planned. The silicide fuel has been The RSG-GAS reactor has two spent ftiel
verified up to uranium density of 48 g.cm-' ). storage racks located in the storage pool adjacent to
Meanwhile, the molybdenum ftiel is under the reactor pool, as shown in Figs. 1. From the
qualification tests to achieve a maximum uranium figure, it can be observed that a gate separates the
density of 8.0 g.CM-3 2 Utilizing those fuels is storage pool frorn the reactor pool. The gate is

expected to increase the RSG-GAS reactor normally closed during reactor operation.
operation cycle significantly. For example, using The storage racks are shown in Fig. 2 Each rack

3silicide fuel with meat density of 355 gU.cm- , the has 150 grid positions placed in a rectangle 10 x 15
8operation cycle can be successfully extended from array ). The cross-section of the rack viewed

25 to 32 full power day 3 To anticipate the from above is a rectangle with dimension of 93.5 x
undergoing core conversion program, subcriticality 150 cm. Sheets of cadmium (0.1 cm thickness)
condition of the RSG-GAS reactor spent fuel are inserted between grids and at the edge of the
storage must be re-evaluated. storage racks for maintaining subcriticality. The
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AlMg2 clad of 0.1 cm thickness encloses the (a) The racks are filled with the fresh fuel elements
cadmium sheet. Therefore, a grid with dimension with maximum uranium density Of U3Si2 and
of 8.5 x 10 cm consists of two layers of AlMg2 and UMo fuels (the most reactive condition)
cadmium with thickness of 0.1 and 0.05 cm, (b) The racks were filled with the existing silicide
respectively. In the grid, the free area for storing fuel elements irradiated to the highest allowable
fuel element has a dimension of 82 x 97 cm design bum-up of 53% (most non-reactive
(containing light water). condition).

Standard fuel elements of RSG-GAS reactor First, criticality calculations are performed to
consists of 21 fuel plates, as shown in Fig. 3 Each assess the fuel element orientations effect. The
ftiel element is loaded with 250 g 15U (I 97 5 wt% orientation which gives the highest kff value will be
235 U enrichment). One fuel plate consists of fuel used for all other calculations to give conservative
meat of 0054 cm thickness and AMg2 clad of results. All calculations are performed with 250
0.038 cm thickness. The distance between fuel cycles of iteration on a nominal source size of
plates is 0255 cm, in which water coolant flows. 10,000 particles per cycle. The first 25 cycles are
The active height of the fuel element is 60 cm. The skipped in order to avoid source convergence
dimension of the standard fuel element area is 761 problem. The ENDF/B-VI continuous energy
x 8.05 cm. cross-sections library is used for all calculations.

3. Calculation Method 4. Results and Discussions

A single fuel storage rack is taken as the MCNP Table I shows the effect of the ftiel element
calculation model to represent the existing two orientation where fuel elements with fuel plates
racks in the reactor pool. The rack is modeled in parallel to the side of 8.5 cm give maximum kff.
three-dimensional geometry as detail as possible, i.e. Although not shown here, this orientation gives
fuel elements are explicitly modeled without higher kff than the perpendicular one for other
homogenization. The MCNP model is extended to uranium densities. Therefore, this orientation was
30 cm above the rack to account for the neutron used for other calculations to get the most
returning from the H20 coolant. conservative kff.

For conservative reasons, the calculations are
accomplished under the following assumptions: Table I Effect of Fuel Element Orientation on kff

(a) All positions in the rack are filled with fresh fuel Fuel Eement k�ff FSD
elements Orientation

(b) The water density is identical everywhere Fuel plates parallel to 0.70808 0.00054
(c) Temperature at normal condition is 20 C with the side of 8. cm

water density of 0.998 g.CM-3 Fuel plates perpendi

The criticality calculations are carried out cular to the side of 8.5 0.68736 0.00053
covering the following parameters: cm
(a) U3Si2 fuel with uranium density range of 2.96 to

4.77 g U.CM,3 Table 2 and Fig. show the kff values as

(b) UMo fuel 6 and 9 wtMo) with uranium function of fuel types and uranium density. The
density range of 4.15 to 830 gU.CM,3 highest keff at maximum uranium density for U3Si2,

(c) Water density is varied from the nominal value U-6Mo 6 wt% MO) and U-9Mo 9 wt% MO) fuels
of 0998 g.CM-3 to 0959 g.CM-3 (considering the are 082882 094039 and 093634, respectively. For
probable operating condition of the pool) same uranium densities (i.e. 415 and 474 gU.CM-3),

(d) Fuel element orientations in a grid of the rack. molybdenum ftiel gives a slightly lower kff than
Two orientations are considered in this work as silicide fuel attributed from MO absorption rate. The
seen in Fig. 4 The first is the orientation same argument can be used to explain the lower keff
when the fuel elements were placed with the values of U-9Mo compared to the ones of U-6Mo,
fuel plates parallel to the side of 8.5 cm (Fig. 4 However, for all ftiel types considered here, as seen
(a)); and the second is the one when the fuel in Fig. 5, the highest kff values (considering 3
elements are placed with fuel plates standard deviations) are below the limit of 095.
perpendicular to the side of 8.5 cm (Fig. 4 (b)). Figs. 6 and 7 show the water density effect on
In order to assess the MCNP library sensitivity the kff values for silicide and molybdenum fuels,

on the multiplication factor, additional calculations respectively. The kff values decrease as the water
are carried out by using two libraries compiled from density decreases for both fuels. It can be shown
ENDF/B-VI and the new JENDL-3.3, respectively, that the gradients of kff values as a consequence of
for the following cases:
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lesser water density are almost identical. storage racks has been confirmed for the future
silicide and molybdenum fuel elements with higher

Table 2(a) keff values as function of uranium density uranium density fuels up to 83 gU.CM-3 . For all

for silicide fuel (U3Si2)- fuel density and operating conditions, the calculated
Uranium density ke multiplication factors considering 3 standard

(g U.CM-3) deviation are less than the safety limit of 095 It

2.96 0.70808 0.00054 can be concluded that the existing spent fuel storage
3.55 0.75573 0.00056 racks can be safely used for storing the planned

4.15 0.79381 0.00056 high density uranium fuels.

4.74 0.82579 0.00053
Table 3 ENDF/B-VI and JENDL-3.3 MCNP library

Table 2(b) k,ff values as function of uranium density comparison for two extreme conditions
for molybdenum ftiel (U-6Mo). Calculation kff FSD

Uranium density k�ff FSD condition ENDFB-VI JENDL-3.3
(g U.CM-3) Most 0 93722±0.00054

4.15 0.78836 0.00053 reactive a) 0.93971±0.00054 (0.9974)c

4.74 0.82194 0.00058 Most non- 0.50788±0.00038
b) 0.50722±0.00043

5.93 0.87145 0.00057 reactive (1.00 13) cl

7.12 0.90873 0.00059 Fresh U-6Mo fuel with 83 gU.CM-3 density

8.30 0.93971 0.00054 irradiated existing fuel with burnup of 53%

JENDL/ENDF ratio

Table 2(c) kff values as function of uranium density

for molybdenum fuel (U-9Mo). References

Uranium density k�ff FSD
(g U.CM-3) 1) Languille, A., Durand, J.P. and Gay, A., New

4.15 0.78787 0.00057 High Density MTR Fuel The CEA-CERCA-
COGEMA Development Program," Transaction

4.74 0.81825 0.00056 of the 2 d Topical Meeting on Research Reactor

5.93 0.86917 0.00053 Fuel Management, Bruges, Belgium, 1998

7.12 0.90593 0.00056 2) Languille, A. et al., "Experimental Irradiation of

8.30 0.93495 0.00060 UMo Fuel: PIE Results and Modeling of Fuel

Based on the above calculation, the most Behaviour", Transactions ofthe 6h International

reactive condition is when the spent ftiel rack was Topical Meeting on Research Reactor Fuel

filled with fresh U-6Mo fuel for meat density of Management, Ghent, Belgium, 2002.

8.30 gU.cm-'. 3) Liem, P.H., et al., "Fuel Management Strategy

Table 3 shows that the kff ratios between for the New Equilibrium Silicide Core Design of

JENDL-3.3 and ENDF/B-VI are 09974 and 10013 RSG GAS (MPR-30)," Nuclear Engineering and

for the most reactive and most non-reactive Design 180, 207 - 219, 1998.

conditions, respectively. For the irradiated existing 4) IAEA, "Research Reactor Core Conversion

fuel, the compositions of important fission products Guidebook,", Vol. 5, IAEA-TECDOC-643,

are obtained by using cell-burnup calculation code, IAEA, Vienna, Austria, 1992

WIMS-13/4 9 Fig. shows comparison result ofthe 5) Briesmeister, J.F., Ed., MCNP-A General Monte

two libraries as function of fel density for U-Wo Carlo N-Particle Transport Code," Version 413,

fresh fuel. The kff values obtained by JENDL-3.3 LA-12625-M, Los Alamos National Laboratory,

are slightly lower than the ones by ENDF/B-VI USA, 1997.

except for fuel density of4.15 gU.CM-3 . For cases of 6) Appendix MCNP4B2 Manual (I 997).

fresh fuel considered here, the kff values of 7) K. Shibata et al.: "Japanese Evaluated Nuclear

JENDL-3.3 are at most 03 smaller than the ones Data Library Version 3 Revision-3: JENDL-3.3",

of ENDF/B-Vl. However, as the FPs are involved J. Nucl. Sci. Technol. 39, 1125 2002).

for the irradiated fuel, the kff values obtained by 8) Batan, "Safety Analysis Report Rev. 8", 1999.

ENDF/B-VI are in the contrary slightly lower than 9) Askew, J. R., et al., "A General Description of the

the ones of JENDL-3.3. Code WIMS,", J. Br. Nucl. Energy Soc. 5, 1966.

5. Conclusion

The criticality safety of RSG-GAS spent fuel

- 418 -



. .. ..... .. .. .. . ..........

j7L

P= 4177
LIZ==

>

+

�4
HALF. 4-

7 '77

771 rK

t -i- E7 k� NOCD-44

to

Fig. L Isometric view of the RSG-GAS reactor and fuel storage pools

Fig.2. Spent fuel storage racks configuration



L

(b)

Fig.4 Two possible orientations of a fuel element in rack grid (dimension in cm)
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Fig. 3 Standard fuel element of RSG-GAS reactor 2.5 3.5 4.5 5.5 6.5 7.5 8.5
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Fig. 5 kff values as function of uranium meat density for three fuel types
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Fig. 6 The kff values as function of pool water density for sificide fuel
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Fig.7 The kff values as function of water density for molybdenum (U-6Mo) fuel
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Fig. 8 Compariosn result of ENDFB-Vl and JENDL-3.3 for molybdenum fuel
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