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ABSTRACT 

A comparison study has been performed between natural uranium (NU), 0.9% and 1.2% slightly 
enriched uranium (SEU), and mixed-oxide (MOX) fuels in a CANDU 6 reactor for various axial refueling 
schemes with and without the adjuster rods present in the core. The few group cross section databases 
including local parameter effects are generated by the multi-group transport code DRAGON using a 
Winfiith WIMS 69-group library. The 3D CANDU fuel management optimization code OPTEX-4 is then 
used to compare optimized time-average equilibrium core performance. Finally instantaneous calculations 
are performed by the 3D diffusion code DONJON, from which both the channel power peaking factor 
(CPPF) and local parameters effect were estimated. 

I. INTRODUCTION 

High neutron economy, on-line refueling, and a simple fuel bundle design allow CANDU reactors to 
operate with a wide variety of fuel cycles. Aside from the typical once-through natural uranium (NU) fuel 
cycle, various advanced fuel cycles are of interest for future use in CANDU reactors. These include slightly 
enriched uranium (SEU) fuel1, mixed-oxide (MOX) fuel2, thorium fuel3 and direct use of spent PWR fuel in 
CANDU (DUPIC)~. 

The use of SEU fuel can offer many benefits such as lowering fueling costs, improving uranium 
utilization and reducing the quantity of spent fuel. In addition, weapons-grade plutonium could be safely 
and efficiently disposed of by using MOX fuel in existing CANDU-6 reactors. The use of SEU or MOX 
fuel leads to fuel-management strategies which differ from NU fuel because both the initial reactivity and 
reactivity decline curve with burnup are different Appropriate fuel management strategies will be key to 
ensuring acceptable fuel performance, as well as to maintaining bundle and channel powers within 
acceptable limits in the reactor. Such fuel management strategies have been studied in past feasibility 
studies of the SEU fuel cycle1 and more recently for the MOX fuel cycle2 but their differences were not 
specifically addressed. 

This paper looks at some details of the comparison of the 0.9%, 1.2% slightly enriched uranium (SEU) fuels 
and initially reactivity equivalent mixed-oxide (MOX) fuels in a CANDU 6 reactor for various axial refueling 
schemes with and without the adjuster rods present in the core. The calculations were carried out by the 
DRAGON/OPTEX^l/DONJON chain of codes" in three steps. First, the few group cross section databases are 
generated by the multi-group transport code DRAGON using the Wuifrith WIMS 69-group microscopic cross 
section library. As an option, local parameter effects can be included. Then the 3D fuel management optimization 
code OPTEX-4 is used to obtain optimized discharge burnup distributions at equilibrium refueling. The 



optimization step is introduced to provide a coherent basis for comparison of the SEU and MOX he1 cycles. 
Finally, instantaneous calculations were performed by the 3D diffusion code DONJON, from which both the 
channel power peaking factors (CPPF) and local parameter effects were estimated. 

Two reference SEU fuels were used in this study: SEU09, slightly enriched uranium fie1 with a U235 
content of 0.9%, and SEU12, fuel with a U235 content of 1.2%. In comparison, two reference MOX fuels 
were generated by mixing 0.2% depleted uranium with different amounts of weapons grade to 
match the initial lattice reactivities of SEU09 and SEU12 fuels. Although the total amount of fissile 
material (uranium plus plutonium) in fresh SEU fuel and in corresponding MOX fuels are initially 
equivalent, different fuel and core operating characteristics are expected because the initial U/PU ratios are 
significantly different. 

In this study, we have used the standard CANDU 37-element fuel bundle design without burnable 
poison blended. Although the 42-element CANLEX fuel-bundle design with burnable poison is expected to 
be used for these advanced cycles, the results reported here should be indicative of their relative merit. 

11. DRAGON TRANSPORT CALCULATIONS 

The study of the SEU and MOX fuel cycles requires the pre-calculation of the few-group homogenized 
cross sections of the CANDU lattice cell and of incremental cross sections of the in-core reactivity devices. 
Cell calculations also involve calculating the homogenized few-group cross sections which will be used in a 
3D diffusion theory code for reactor analysis. In this study, the few group lattice properties for both the 
lattice (in 2D) and the in-core reactivity devices (in 3D) required for full core simulations are generated by 
the multi-group transport code DRAGON using Winfrith WIMS 69-group microscopic cross section 
library, with critical buckling search. 

A. 2D CANDU Cell Calculation 

The unit cell contains a single fuel bundle surrounded by moderator. Neutron flux distribution within 
the cell is obtained by the EXCEL module of DRAGON, which uses the collision probability method for 
both self-shielding and the 2D cluster geometry transport calculation. The depletion equations for the 
nuclide field are solved at constant power with a quasi-static approximation for the neutron field. This 
allows the bumup-dependent few group macroscopic cross sections for SEU and MOX fuels to be 
generated. If traditional uniform parameter procedure is applied, the effective (average) local parameters 
such as fuel temperature, coolant density and average neutron flux will be specified for the unit cell at full 
power, even though the appropriate local parameters do vary from one fuel bundle to next. To generate 
nuclear cross sections database with local parameters, we can use the feedback model8 introduced in 
DRAGON lately. 

A comparison of the lattice k-infinities of NU, SEU and MOX fuel bundles is shown in Figure 1. 
Although the reference MOX fuel initially has the same k-infinity as the corresponding SEU fuel, the k- 
infinity of the MOX fuel decreases much faster than that of the corresponding SEU fuel, which results in a 
significant lower average discharge bumup of MOX fuel. These differences may be explained in terms of 
different UIPU ratio in the initial CANDU fuel bundles. Different concentration ratios in the fuel will 
introduce variations in the neutron source spectrum and in neutron capture, resulting in large effects on the 
fuel and core operating characteristics. 



B. 3D CANDU Supercell Calculation 

3-D transport calculations are required to account for the reactivity devices present in a CANDU 
reactor such as adjuster rods and zone control units (ZCUs). The incremental cross sections are defined as 
the difference in macroscopic cross sections of a lattice cell introduced by the presence of the reactivity 
device. These were calculated in DRAGON with the same group structure as the 2D analysis and the multi- 
group incremental cross sections were then condensed to 2 groups. The flux is obtained by the EXCEL 
transport module in 3D general geometry. For calculation simplicity, the incremental cross sections were 
assumed independent of fuel burnup and were obtained using the time-average fuel composition.9 

Ill OPTIMIZED EQUILIBRIUM CORE PERFORMANCE 

Prediction of the time-average power distribution under equilibrium refueling is essential for the SEU- 
fueled and MOX-heled CANDU core design because it ensures that limits on the fuel will not be exceeded 
during normal operation of the reactor. For the given reload fuel type and axial refueling scheme, the core- 
average discharge burnup at equilibrium is decided by the fuelling rate, i.e., radial burnup distribution over 
the reactor. In order to compare the equilibrium core performance for SEU fuel and MOX fuel, a typical 
design problem in CANDU reactors with various refueling schemes is performed in this study. The 
problem is to find the optimal time-average fueling rate distribution over the reactor that minimizes fueling 
costs and meets a number of operating constraints. Since adjuster rods were originally designed for 
CANDU reactors with NU fuel, their presence in the core will complicate fuel management strategy for 
SEU and MOX fuels, unless clear design objectives are indicated for adjusters in enriched cores. Therefore 
the optimization calculations with and without adjuster rods are carried out by 3D CANDU fuel 
management code OPTEX-4. 

A. 6-Bumup-Zone Design 

In previous studies,' the traditional 2-bumup-zone approach was used for the time-average model. 
The core is divided into two radial zones and the discharge burnup of two zones are determined manually 
such that the reactor is critical and the peak channel power is minimized or at least is acceptable. As the 
division of burnup zone is arbitrary, minimizing peak power is not optimal for fuel consumption. With only 
2 burnup zones, the problem is entirely determined by the constraints of criticality and peak power. With 
more than 2 zones, it becomes possible to optimize fuel costs, but it is impractical to tune the discharge 
burnup of each zone manually. Mathematical programming is required to make the reactor critical and fuel 
costs optimal within the peak power limits. OPTEX-4 automatically determines the optimized discharge 
burnup distribution of arbitrary zones which will provide an adequately flattened radial power shape. 

Time-averaged equilibrium core performance was calculated by 6-bumup-zone design instead of the 
simple 2-bumup-zone approach, as shown in Figure 2. The optimized radial discharge bumup distributions 
of SEU-fueled and MOX-fueled cores were calculated by OPTEX-4 to achieve minimum fueling costs 
under the constraints of operating power peaking limit. During optimum search, all 14 ZCU water levels 
were assumed to remain at nominal 50% for calculation simplicity. 

B. New Improvements in OPTEX-4 

OPTEX-4 was originally developed for NU-fueled CANDU core design. To do optimization design of 
equilibrium core performance for advanced fuel cycles, modifications were made to OPTEX-4 code: 



1) The source program is revised to read the latest few-group homogenized cross sections XSM files 
obtained from new version of DRAGAN directly. With this improvement, the time-average 
calculation between OPTEX-4 and DONJON agrees well. 

2) Because the location of in-core reactivity devices is unsymmetrical, optimization model in the 
OPTEX-4 was applied to a 3D fall core (380 radial channels with 12 axial bundles) instead of 3D 
1/8 core used before7. 

3) In order to get an initial feasible guess of discharged burnup distribution for 6-bumup-zone SEU- 
fueled and MOX-fueled CNADU cores, minimizing peak channel power is designed in the source 
program as an alternative objective function. 

4) To effectively control different flux shape of SEU-fueled and MOX-fueled core with various 
refueling schemes, the constraints on maximum channel powers are enforced by monitoring all 
channels in the high-power region of the core, i.e., bumup zones from 1 to 5. 

C. Comparison of Optimized Equilibrium Core Performance for SEU and MOX fuels 

OPTEX-4 was first run to minimize channel power peaking in CANDU reactor for different fuel types with 
various axial refueling schemes. The results are shown in Table 1. The power shapes can be flattened enough for 
all SEU-fueled and MOX-fueled cores with and without adjuster rods. The channel power and bundle power are 
controlled below 6300 Kw and 800 Kw separately for both 2BS and 4BS refueling schemes. Minimizing peak 
channel power tends to increase fueling rate in outer bumup regions and thus to increase the core leakage at the 
core periphery, resulting in an unexpected penalty on achievable discharge burnup. However, this solution is good 
enough as an initial feasible guess for the optimization runs in the next step. 

To avoid the bumup penalty discussed above, we ran OPTEX-4 again this time to minimize fueling 
costs (i.e. maximize average discharge burnup) under different constraints imposed on channel power 
peaking limit, using the previous optimization results in the 6 radial zones of the core as the initial feasible 
guesses of the bumup distribution. Figures 3 and 4 present how the achievable discharge burnup varies in 
accordance with channel power peaking limit imposed for NU-fueled and SEUl2-fueled reactors The slope 
of these curve therefore measures the burnup penalty associated with radial flattening and with the nominal 
channel power limit. The increase in discharge bumup with channel power peaking is primarily due to the 
lower neutron leakage at the core periphery. As shown in Table 2 and Figure 4, the maximum discharge 
burnup increases almost linearly with the channel power peaking for SEU12 fuel at the given coverage of 
channel power peak limit. 

A value of 6.5 MW was selected as the reference channel power limit in the comparison of optimized 
equilibrium core performance for SEU and MOX fuels. Figure 5 illustrates the radial channel power 
distribution for a row of channels along the horizontal mid-plane of the NU-, SEU12- and MOX 12-fueled 
cores with adjuster rods inserted. The adjuster rods were unmodified, using incremental cross sections 
generated with the appropriate fuel compositions. As we can see, the flattening effect of the adjusters 
differs with enriched fuels. 

The axial fuelling scheme has a great influence on the bundle power distribution. This is illustrated in 
Figure 6, where the axial flux shape is shown for an infinite lattice of channel with bi-directional fuelling. 
A simple 2BS refueling scheme of SEU12 and MOX12 fuels results in an over-flattened bundle power 
distribution compared with 8BS scheme of NU fuel resulting in a symmetric double hump as shown in 
Figure 6. 

Clearly adjuster rods provide flux and power flattening with 8BS NU fuel but are not needed for this 
purpose with SEU and MOX fuels. The radial channel power can be designed well enough without adjuster 



rods for SEU and MOX fuels, as shown in Figure 7. In fact; the presence of adjuster rods not only 
overflattens the channel power in the center of SEU12-fueled core, but also introduces a 5% burnup 
penalty, with a corresponding increase in fueling costs. As shown in Table 5, the adjuster worth in 2BS 
SEU12-fueled core is about 60% less than in 8BS NU-fueled core because of the depression of flux shape 
in the adjuster region. Therefore the adjuster grading (location and strength of the adjusters) should be 
redesigned for advanced fuel cycles in the future. 

More detailed calculation results such as time-average bundle and channel powers, average discharge burnup 
and adjuster worth of NU-fueled, SEU-fueled and MOX-fueled cores on various axial refueling schemes are 
illustrated and compared in Table 3. We observed that the MOX-fueled CANDU core has about 40-50% lower 
discharge burnup than that of the corresponding SEU-fueled CANDU core, which is consistent with the above 
lattice calculation results. To extend the discharge bumup of MOX fuel bundle and to dispose more weapons- 
grade plutonium, it is recommended to increase initial contents of plutonium and use burnable poison 
simultaneously to match the K-infinity decline of SEU fuel. 

IV. INSTANTANEOUS CORE CALCULATION 

The time-average equilibrium core is not the actual core condition during the continuous refueling operation. 
Thus, the time-average distribution does not yield the actual peaking power resulting from the application of a 
particular fuel management scheme. For this, instantaneous reactor calculations are required. An instantaneous 
power distribution at equilibrium refueling can be obtained if the current value of bumup is known for each fuel 
bundle in the core. A simple approach based on the patterned channel age model was implemented in DONJON 
to allocate individual bundle bumup reflecting a particular channel refueling sequence. 

The time-average calculation is first carried out. This provides the fuel burnup for each bundle at the 
beginning (BOC) and the end (EOC) of the fuelling cycle, (of" and (ofoc. The age model assumes that 
bumup varies linearly with time during the cycle, so that current values of burnup are simply a function of 
the age of the channel. Channel age at time t is defined simply as the fraction of the refbeling interval 
elapsed since the last refueling in that specific channel. The instantaneous procedure is thus reduced to 
specifying an age for each channel in the core such that it reflects a particular refueling sequence. 

In order to achieve this, the core was divided into 4x4 blocks and blocks were ordered from 1 to 16 as 
shown in Figure 8. In each odd and even block, the 36 channels were numbered in the order shown. This 
sequence was chosen to disperse successive refueling in the same block and avoid clustering of fresh fuel. 
The final refueling sequence for the whole core /, (y=l, 380) shown in Figure 8 was obtained by following 
the order within the 4x4 blocks, and the order of the blocks. The channel age for each channelf, was then 
calculated by: 

Based on the resultant age map, the bumup of each bundle in the core was determined to be: 

Using this bumup distribution, an instantaneous power distribution can thus be obtained with a single 
diffusion calculation from which peak power can be determined. The instantaneous power distribution can then 
compared to the previous time-average power distribution, yielding the channel power peaking factor (CPPF) 
expected to occur during actual refueling operation. CPPF is defined as the largest channel over-power (ratio of 



instantaneous to time-average channel power). The CPPF is an important parameter in the CANDU design to 
ensure sufficient operating margin. 

CPPF, instantaneous channel and power peaking for different SEU-fueled and MOX-fueled CANDU 
cores with various axial refueling schemes are summarized in Table 4 and compared to those of the NU- 
fueled core. Table 4 indicates that all instantaneous power peaking factors are within operating limits 
except SEU12 and MOX12 fuels with 4BS scheme CPPF is strongly affected by fuel type and refueling 
scheme. To limit the CPPF of the SEU-fueled and MOX-fueled cores, the number of bundles introduced at 
each refueling must be reduced (thus increasing the refueling frequency). Compared to the 8BS NU-fueled 
core, 4BS refueling scheme is recommended for SEU09-heled and MOX09-fueled cores, while only 2BS 
refueling scheme can be used in SEU12-fueled and MOX12-fueled cores. This conclusion is similar to 
previous studies. 

V. LOCAL PARAMETER EFFECTS 

The local parameter effects on NU-fueled CANDU core has been studied before1'* but their effects on 
SEU-fueled and/or MOX-fueled CANDU cores are not documented. The effect of the local parameter 
correction (fuel temperature, coolant density, flux level, etc.) on the instantaneous core performance with 
SEU and MOX fuels have been estimated. As shown in Table 4, the application of local parameters has a 
flattening effect on the power distribution for all fuel types with various refueling schemes. For the 2BS 
SEU12-fueled instantaneous CANDU core, the channel power peaking dropped by 5% from 6817KW to 
6733 KW, while the bundle power peaking decreased by 1.2% from 898 Kw to 860 Kw. Figure 9 
illustrates the instantaneous axial power distribution along a particular channel (Channel Lll) ,  showing 
how the power is flattened at the channel when local parameters are introduced during calculation. We see 
that the influence of local parameters on SEU and MOX fuels is not so significant, of the same order as 
that of NU fuel. 

With local parameter feedback model, it is possible to estimate void coefficients of CANDU reactor with 
various fuel types by DONJON code. Table 5 summarized the various void coefficients of CANDU 6 calculated 
by the 2D lattice code and by the 3D fall core code separately. It was concluded from Table 5 that: 1) Void 
coefficient is sensitive to bumup of the unit cell used in calculation, but it is not sensitive to axial refueling 
scheme. 2) Prediction of void coefficient by the lattice code with middle burnup will agree with 3D full core 
calculation within 7%. 3) Void coefficients of SEU and MOX fuels are smaller than that of NU &el. 

VI. CONCLUSION 

A comparison study has been performed in this paper for 0.9%. 1.2% slightly enriched uranium (SEU) 
fuels and initially reactivity equivalent mixed-oxide (MOX) fuels in a CANDU 6 reactor for various axial 
refueling scheme with and without the adjuster rods present in the core. using the DRAGONIOPTEX- 
4/DONJON chain of codes. 

Although the reference MOX fuel initially has a same k-infinity as the corresponding SEU fuel, the fuel 
and core performance is expected to be different because of different U/PU ratio in the initial fuel bundles. 
As the reactivity of the MOX fuel decreases much faster, the MOX-fueled CANDU core has about 40-50% 
lower discharge burnup than that of the corresponding SEU-fueled CANDU core. 



In this paper, time-averaged equilibrium core performance was calculated with a 6-bumup-zone design 
instead of the simple 2-bumup-zone approach. In order to compare the equilibrium core performance for 
SEU fael and MOX fuel, a typical design problem in CANDU reactors with and without adjuster rods is 
performed to find the optimal time-average fueling rate distribution over the reactor that minimizes fueling 
costs and meets a number of operating constraints. The calculations show that the power distribution and 
discharge bumup in equilibrium SEU-heled and MOX-faeled core vary with various axial refueling 
schemes and channel power peaking limit imposed. The radial channel power can be designed well enough 
without adjuster rods for SEU and MOX fuels. Compared to the natural uranium core that uses an 8- 
bundle shift (8BS) axial refueling scheme, 4BS refueling scheme is recommended for SEU09-fueled and 
MOX09-fueled cores, while only 2BS refueling scheme is recommended for SEU12 core and MOX12 core 
because of more axial power flattening and acceptable CPPF. 

The effect of the local parameter correction (fuel temperature, coolant density, flux level, etc.) on the 
instantaneous core performance with SEU and MOX fuels are also estimated in this paper. The 
calculations show that the local parameters effect on SEU and MOX fuels is not so significant, it is in the 
same order as that of NU fuel. 

ACKNOWLEDGMENTS 

The authors are grateful to E. Varin for the useful discussions in revising OPTEX-4 source program and to 
M. T. Sissaoui for providing DRAGON few group lattice cross sections database with local parameter feedback. 

REFERENCES 

1. M. H. Younis, P.G. Boczar, "Equilibrium Fuel Management Simulations for 1.2% SEU in a 
CANDU6", Can. Nucl. Soc. 10"' Ann. Conf, Vol2, June 4-7, 1989, Ottawa, Canada (1989). 

2. P.S.W. Chan, J. Pitre, "The physics of deposing of Weapons-Grade Plutonium in CANDU Reactors", 
Proc. Of the Am. Nucl. Soc. Tpl. Mtg. - Adv. InNucl. Fuel Management 11, Mar. 23-26, 1997, Myrtle 
Beach, South Carolina, USA (1 997). 

3. P. G. Boczar, P. S. W. Chan, R. J. Ellis, "A Fresh Look at Thorium Fuel Cycle in CANDU Reactors", 
11"' Pacific Basin Nuclear Conference, May 3-7, Banff, Canada (1998). 

4. Hangbok Choi, Bo W. Rhee, Hyunsoo Park, "Physics Study of Direct Use of Spent PWR fuel In 
CANDU (DUPIC)", Nucl. Sci. Eng., 126, 80, 1997. 

5. G. Marleau, A. Hebert and R. Roy, A User's Guide for DRAGON, Report IGE- 174 Rev 1, Ecole 
Polytechnique de Montreal, Canada, March 1996 

6. E. Varin, A. Hebert, R. Roy and J. Koclas, A User's Guide for DONJON, Report IGE-208, Ecole 
Polytechnique de Montreal, Canada, April 1996. 

7. D. Rozon, M. Beaudet, " Canada Deuterium Uranium Reactor Design Optimization Using 3D 
Generalized Perturbation Theory", Nucl. SCJ. Eng., I 11, 1 (1 992). 

8. M T. Sissaoui, G. Marleau, "Application of the Feedback Model for the History Base Using 
DRAGON", 19"' Can. Nucl. Soc. Simulation Symposium, Oct. 16- 17, 1995. Hamilton, Canada 
(1 995). 

9. R. Roy, G. Marleau, J. Tajmouati and D. Rozon, Modeling of CANDU reactivity Control Devices 
with the Lattice Code DRAGON, Ann. Nucl. Energy, 21, 115, 1994. 

10. D. Rozon, R. Roy, E. Varin, "DRAGONIOPTEX Predictions of Channel Power Peaking Factors and 
Average Exit Burnup in CNDU-6", Trans. Am. Nucl. Soc., 72, 334 (1995). 



11. B. Roben, K S. Brunner and D. A. Jenkins, Calculation of Three-Dimensional Flux Distributions in 
CANDU Reactors Using Lattice Properties Dependent on Several Local Parameters, Nucl. Sci. Ens,., 
98, 139, 1988. 

12. D. Rozon, J. Tajmouati, "Simplified Models for the Calculation of the Time-Average Power 
Distribution in CANDU Reactors Including the Influence of Local Parameters", Can. Nucl. Soc 12"' 
Ann. Conf, June 199 1, Saskatoon, Canada ( 199 1). 

Table 1 : OPTEX-4 6-Burnup-Zone Time-Averaged Results of CANDU-6 Core with Different Fuel Types 
(Objective: Minimization of Channel Power Peaking) 

Without Adjusters With Adjusters 
Avg. Exit Bundle Channel Avg. Exit Bundle Channel 
Burnup Power Power Burnup Power Power Worth 

Table 2: OPTEX-4 6-Bumup-Zone Time-Averaged Results of CANDU-6 Core with Different Fuel 
Types (Objective: Minimization of Fuel Cost) 

Peak 
Channel 

Power Limit 
(Kw) 
6300 
6500 
6700 
6300 
6500 
6700 

Without Adjusters 
Avg. Exit Bundle Channel 
Burnup Power Power 

Avg. Exit 

21482 
21597 
21635 

With Adjusters 
Bundle Channel 
Power Power 

Kw Kw 

ADJ 
Worth 

mk 



Table 3 : OPTEX-4 6-Burnup-Zone Time-Averaged Results of CANDU-6 Core with Different 
Fuel Types (Objective: Minimization of Fuel Cost, Channel Power peak limit is 6.5 Mw) 

Power 1 Burnup Power 
1 Kw 

With Adjusters 
Avg. Exit Bundle Channel ADJ 

Fuel 
Type 

Power Worth 
Kw mk 

BS 

Table 4: Instantaneous Calculation of CANDU-6 Core for Different Fuel Types (With Adjusters) 

Without Adjusters 
Avg. Exit Bundle Channel 

Nat.U 

SEU09 

SEU12 

Mox09 

Moxl2 

Without Local Parameter 1 With Local Parameters 
CPPF Bundle 

Power, Kw Pow 

Fuel 
Type 

2 
4 
8 
2 
4 
2 
4 
2 
4 
2 
4 

Channel I Bundle Channel 
er. Kw 1 Power. Kw Power. Kw 

Burnup Power 
(MWDm Kw 

Nat. U 
SEU09 

8732 
8729 
8526 
15193 
15331 
22622 
23194 
6568 
6658 
13035 
13527 

Table 5: Void Reactivity (rnk) of CANDU6 with Different Fuel Types 

953 
925 
852 
821 
825 
800 
824 
758 
770 
773 
800 

1 SEU 0.9 wlo I 15.1 13.1 10.9 1 13.2 13.3 ---- 

3D Full Core Calculation 
2BS 4BS 8BS 

---- ---- 13.8 

Fuel Type 

Nat. U 

2D Lattice Calculation 
Fresh Middle Discharge 
Fuel Burnup Burnup 

16.3 12.8 11.7 

SEU 1.2 W/O 

M 0 X 0 . 9 ~ 1 0  

MOX 1.2 W/O 

13.9 13.8 10.0 

11.5 11.3 10.6 

12.9 13.0 ---- 
10.9 10.9 ---- 

12.3 12.0 10.2 11.3 11.4 ---- 



Figure 1: Lattice K-infinity vs. Burnup for Different Fuel Types 
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Figure 2: Boundary of 6 Radial burnup zones in CANDU-6 core 
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Figure 3: Achievable Averaged Exit Burnup vs. Channel 
Power Peaking Limit for Nat. U CANDU Core with 8BS 
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Figure 4: Achievable Averaged Exit Burnup vs. Channel 
Power Peaking Limit for SEU12 CANDU Core with 2BS 
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Figure 5: Time-Averaged Radial Channel Power Profiles (Row L, With Adjusters) 
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Figure 6: Bundle Powers in an Average Channel for Different Fuel Types 
with Various Bundle Shift Strategies 
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Figure 7: Time-Averaged Radial Channel Power Profiles (SEU12, 2BS,Row L) 
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Figure 8: Refueling Sequence in the hole Core 
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Figure 9: Local Parameters Effect on Instantaneous Bundle 
Powers for 2BS SEU12 Fuel (Channel L11) 


