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EXECUTIVE SUMMARY

In this document the results of neutronics calculations of VVER-1000 core with 3
MOX LTA are presented. Performance of MOX LTA in core is studied for two options of
LTA design: 100% plutonium and of “plutonium island” type. The coarse-mesh (assembly-
by-assembly) core calculations are carried out by the Russian code BIPR-7A and fine-
mesh (pin-by-pin) core calculations - by the Russian code PERMAK-A.
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INTRODUCTION

The present work is a part of Joint U.S. / Russian Project with Weapons-Grade
Plutonium Disposition in VVER Reactor and presents the neutronics calculations of
VVER-1000 core with 3 introduced MOX LTAs.

In [3-4] MOX LTA design has been studied for two options of MOX LTA: 100%
plutonium and of “island” type. As a result, zoning (fissile plutonium enrichments in
different plutonium zones) has been defined.

In present work, VVER-1000 core with 3 introduced MOX LTAs is studied for two
above-mentioned MOX LTA options with the chosen zoning.

In [2] the volume and sequence of these studies were defined. The preliminary
results of the first part of these studies are presented in [S]. This document is a final report
on these studies that comprises:

1. “Uranium Core”. Calculation of the so-called Advanced VVER-1000 core
with boron BPRs for the equilibrium fuel cycle [2] that was defined as basic for 3 MOX
LTAs introduction.

Evolution of average assembly powers, average fuel pins powers, boron acid
concentrations, reactivity coefficients and kinetics parameters during fuel cycles has been
calculated. The results are described in Chapter 4.

2. “MOX Core”. Studies of VVER-1000 core with introduction of 3 MOX
LTAs of two above-mentioned design. Three cycles till MOX LTAs discharge have
been studied. Corresponding loading patterns for every cycle have been chosen to
minimize power peaking factors.
The same parameters as for Uranium core have been defined. Inter-assembly pin-
by-pin power distribution has been presented both for the most powered assemblies and
MOX assemblies. The results are described in Chapter 5.

Control rods worth and reactivity margin while reactor shutdown for “Uranium
Core” and “MOX Core” have been also defined. The results are described in Chapter 6.

Coarse-mesh (assembly-by-assembly) core calculations have been made by the
Russian code BIPR-7A [8] briefly evoked in Chapter 2.

Fine-mesh (pin-by-pin) calculations have been made by the Russian - code
PERMAK-A [8] briefly described in Chapter 3.

The corresponding neutronics constants libraries for BIPR-7A and PERMAK-A
have been prepared by the cell code TVS-M [7].

1. DEFINITIONS
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In the following table the parameters used in current studies are described according to

[2].

10
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Kk;

Parameter Abbreyviation Units Remarks
Calculational system CS core
Reactivity of CS RO pem RO = (Keff-1)/Keff*1 ES
Calculational volume Vij Axial fraction j of assembly number i.
In VVER-1000 calculations, 10 axial fractions
of equal volume are usually used.
Effective multiplication factor of CS Keff
| Multiplication factor of CS Ko - Relation of neutron generation to neutron
absorption.
For core calculatlons Ko values are attributed
to Vij
3-D power distribution in core Qi Power in Vij normalized by average Vij power
Volume power peaking factor Kv Maximum in qij values
Radial position of volume power N (Kv) Number of assembly in calculational core sector
peaking factor where Kv is realized
Axial position of volume power M (Kv) Number of axial level where Kv is realized
peaking factor (numerating from core bottom)
2-D power distribution in core qi Assembly powers normalized by average
assembly power in core.
Radial power peaking factor Kq Maximum in g; values
Radial position of radial power peaking N (Kq) Number of assembly in calculational core sector
factor where Kq is realized
3-D burnup distribution in core BUij MWd/kg Burnup in Vij.
2-D burnup distribution in core BUi MWd/kg Averaged-assembly burnup distribution in core.
Pin power peaking factor in assembly For an assembly number i for a fraction number j

where maximum g for this assembly is realized.

In fine-mesh 2-D calculations by PERMAK-A

11
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fraction 4 (level 4) is usually chosen as the most
powered.

Radial pin power peaking factor Kr max (q; * Kki) v

Radial position of radial pin power N (Kr) Number of assembly in calculational core sector

peaking factor where Kr is realized

Total power peaking factor Ko max (q; * Kki)

i

Radial position of total power peaking N (Ko) Number of assembly in calculational core sector

factor ‘ where Ko is realized

Axial position of total power peaking M (Ko) Number of axial level where Ko is realized

factor

Pin linear power Q Wt/cm Pin power for 1 cm of an axial calculational
fraction

Average Boron acid (H3BO3) Cb ppm H3BO3 fraction in coolant (mg of boron acid in

concentration® in coolant 1 Kg of H20)

Critical boron acid concentration in Cberir ppm Cb value ensuring Keff=1

coolant ' <

2-D power distribution in assembly Kk Power of fuel pins normalized by average fuel
pin power in assembly.

2-D pin burnup distribution in CS BUk MWd/kg Averaged-pin burnup distribution in CS.

2-D power peaking factor in assembly (Kk)max Maximum relative power of fuel pins (maximum
of Kk values)

Control rods worth (in core) (RO)sor ppm Effect of cc_)ntrdl rods insertion in core

supposing the most effective single CR/SOR stuck
in upper position.

® Boron acid concentration divided by the coefficient 5.72 means natural boron (nat B) concentration. In VVER-1000 calculations the term of boron acid
concentration is widely used. Below, Cb means boron acid concentration if there is no special indication.

12
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It is defined as a reactivity difference in two
states:

(RO)SOR=RO1-RO2.

The second state differs from the first one only
by additional CRs inserted in core. All the other
parameters correspond to the first state: Cb (that is
equal to Cb crit for the first state), temperature and
FP distribution in core.

Moderator temperature coefficient (in MTC pecm/°C
core)
Moderator density coefficient (in core) MDC pem/g/ce
Doppler coefficient (in core) DTC pem/°C
Boron reactivity coefficient (in core) DRO/DCB pcm/ppm
Effective fraction of delayed neutrons Peff General characteristic of core
Prompt neutrons lifetime Am S General characteristic of core
Reactor thermal power N MW
Specific reactor thermal power in CS Wv kw/ Reactor thermal power in CS volume unit
litre
Nominal reactor thermal power W nom MW Equal to 3000 MW for VVER-1000
Minimum controllable level of reactor MCL MW In calculations corresponds to Zero Power and
power uniform temperature 280°C in core.
Average entry core temperature Tentry °C
Average coolant-moderator T mod °C
temperature «
Average fuel temperature T fuel °K
Average temperature of other CS T con °C
components
Xenon-135 concentration distribution Xe 10*24 For 1 cc in fuel
/cc
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Equilibrium Xenon-135 concentration Xe eq (W) 10*24 Concentration formed during long working with
distribution fec W power, regulation group in nominal position
Sm-149 concentration distribution Sm 10%24 For 1 ccin fuel

/cc
Equilibrium Sm-149  concentration Smeq 10*24 Concentration formed during long working,
distribution lcc regulation group in nominal position
Samarium-149 concentration Smh 10%24
distribution, all Prometium-149 /cc
decayed in Sm
Core reactivity while reactor shut- ROstop pcm Under conditions: W=0, Xe=0,Sm=Smh,

down

Tmod= Tfuel= Tcon=20°C,
Cb= 16000 ppm
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2. COARSE-MESH CODE BIPR-7A

BIPR-7A is a 3-dimensional hexagonal coarse-mesh code intended to calculate
neutronics characteristics of VVER-type reactor core. A

Calculational cell represents assembly transversal section in horizontal plane and
usually one-tenth of core height in axial direction i.e. there are 1630 cells in VVER-1000
core. Neutronics parameters are homogeneous within a cell.

Radial, upper and lower reflectors are described by border conditions.

Calculation is performed in two energetic groups using the so-called modal
presentation of group fluxes [6].

Cell constants, prepared by the code TBC-M [7], form a library and represent a
number of polynomials that reflect the two-group neutronics cross sections dependence on
moderator density, moderator temperature, fuel temperature, FP concentrations in fuel,
boron acid concentration in coolant, Xe and Sm concentration in fuel. :

BIPR-7A is a part of industrial super-code KASKAD that allows obtaining in
convenient formats all the parameters necessary for reactor safety estimations and
licensing.

As a result BIPR-7A calculate the following parameters:

i,
qij,
BU;i,
BUij,
MTC,
MDC,
DTC,
DRO/DCB,
Beft,
Am,
Cberirr ,
- ROsrop,

(RO)sor.
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3. FINE-MESH CODE PERMAK-A

PERMAK-A is a 2-dimensional fine-mesh code intended to calculate neutronics
characteristics of VVER-type reactor core. _

Calculational cell represents fuel pin-type hexagonal cell with homogeneous
neutronics parameters within it.

Diffusion finite-differencies neutron balance equation in few energetic groups are
resolved.

Radial reflector is described by the same manner as a core.

Neutron flux axial gradients, obtained by BIPR-7A, are used while calculating one
(as usual) the most powered core axial level.

Cell (fuel and non-fuel) constants, prepared by the code TBC-M (7], form a special
library and represent a number of polynomials that reflect the group neutronics cross
sections dependence on moderator density, moderator temperature, fuel temperature, FP
concentrations in fuel, boron acid concentration in coolant, Xe and Sm concentration in
fuel. :
PERMAK-A is a part of industrial super-code KASKAD that allows obtaining in
convenient formats all the parameters necessary for reactor safety estimations and
licensing.

As a result PERMAK-A calculates the following parameters:

. Kkl’
° Kr;

. BUKk,
. Q

16
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4. RESULTS of URANIUM CORE CALCULATIONS

The uranium core with BPRs has been calculated for the equilibrium cycle (Fig.6)
using neutronics constants libraries obtained from the cell code TVS-M calculations for
assembly types presented in Fig. 3-5.

The results of averaged-assembly burnup and power distribution calculations are
presented in Fig.7. They have been carried up by the code BIPR-7A.

The distribution of pin power peaking factors (qi * Kki) is presented in Fig. 8 and 9
correspondingly for BOC and EOC. The distribution of maximum pin linear powers Q; is
presented in Fig. 10 and 11 correspondingly for BOC and EOC. Relative power
distributions in the interior of the most powered assemblies are presented in Fig. 12 and 13
correspondingly for BOC and EOC. All the parameters here mentioned have been
calculated by the code PERMAK-A.

The evolution of main core neutronics parameters in the process of uranium core
irradiation is presented in Table 5. Irradiation simulation has been performed in the
following conditions:

- constant reactor power W=Wnom;

- 20% insertion of CR regulation bank (see Fig. 63), other banks are out of the
core.

17
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5. RESULTS of MOX CORE CALCULATIONS

3 MOX assemblies have been located in uranium reference core (Fig. 6) according to
principals adopted in [2].

The positions 8, 88 and 150 for the first MOX loading (Fig. 14) have been chosen
because they possess self-powered detectors (see Fig. 63). Other assemblies have been
replaced to ensure a minimum value of Kq calculated by BIPR-7A. Besides, several fresh
assemblies of “Ba” type (it is described in Fig. 6) have been added to the first MOX
loading.

5.1. Core with 100% Plutonium MOX LTAs

The design of 3-zones MOX LTA has been chosen in [3-4].

The chosen core loading pattern for the first fuel cycle with such MOX LTAs is
presented in Fig. 14.

Calculated averaged-assembly power and burnup distributions in BOC and EOC
are presented in Fig. 27 and 26.

Evolution of main neutronics parameters is presented in Table 9. It is seen that Kq
in the first fuel cycle with 3 MOX LTA is equal to 1.31 in BOC and it is found in Uranium
assembly. It meets the requirements adopted [1] for Uranium cores and preserted in
Tables 1 and 2. Then during the cycle Kq does not exceed 1.28 meeting safety
requirements adopted in [2] for MOX fueled cores and presented in Tables 3 and 4.

In the second (Fig. 39 and Table 9) and the third (Fig. 52 and Table 11) cycles, Kq
in BOC is equal correspondingly to 1.33 and 1.32. Further in the process of fuel loading
irradiation its values do not exceed 1.27. _

In all presented calculations qi in MOX LTAs are sufficiently lower than Kq.

Pin power peaking factors distributions (qi * Kki) in core for BOC and EOC are
presented in Fig. 28 and 29 for the first cycle with MOX LTAs, in Fig. 40 and 41 - for the
second cycle, in Fig. 53 and 54 - for the third cycle. The values of Kr are presented in
Tables 9, 11 and 13. It is seen that they are lower than adopted hrmtmg values 1.50 for
Uranium assemblies and 1.45 for MOX assembilies.

Maximum pin linear power Q; distributions in core for BOC and EOC are
presented in Fig. 30 and 31 for the first cycle with MOX LTAs, in Fig. 42 and 43 - for the
second cycle, in Fig. 55 and 56 - for the third cycle.

Relative power distributions in the interior of the most powered assembhes are
presented in Fig. 32 and 33 correspondingly in BOC and EOC for the first cycle, in Fig. 44
and 45 - for the second cycle, in Fig. 57 and 58 - for the third cycle.
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Relative power distributions in the interior of the MOX assemblies are presented in
Fig. 34 and 35 correspondingly in BOC and EOC for the first cycle, in Fig. 46 and 47 -
for the second cycle, in Fig. 59 and 60 - for the third cycle.

Relative burnup distributions in the interior of the MOX assemblies are presented
in Fig. 36 in EOC for the first cycle, in Fig. 48 and 49 - correspondingly in BOC and EOC
for the second cycle, in Fig. 61 and 62 - for the third cycle.

The values of total power peaking factor Ko presented in Tables 9, 11 and 13 also
meet the requirements described in Tables 2 and 4.

5.2. Core with “Island” Type MOX LTAs

According to the studies [3-4] MOX LTA of “Island-2” type has been chosen with
the zoning shown in Fig. 2. The core loading pattern chosen in p.5.1 can be also used for
this MOX LTA design because muitiplication factor Ko are close in two options of MOX
LTA [3-4]. Tables 7 and 9 and Fig. 16 and 27 confirm this fact for the first cycle with 3
MOX LTAs. “Island” type design influences only “inter-assembly” parameters. So for
“Island-2” type MOX LTA the most part of results is presented only for the first fuel
cycle.

Pin power peaking factors distributions (qi * Kki) in core for BOC and EOC are
presented in Fig. 17 and 18.

Maximum pin linear power Q, distributions in core for BOC and EOC are
presented in Fig. 19 and 20.

Relative power distributions in the interior of the most powered assemblies are
presented in Figures 21 and 22 correspondingly in BOC and EOC. ,

Relative power distributions in the interior of the MOX assemblies. are presented in
Figures 23 and 24 correspondingly in BOC and EOC for the first fuel cycle, Figures 46a
and 47a - for the second fuel cycle, Figures 59a and 60a - for the third fuel cycle.

Relative burnup distribution in the interior of the MOX assemblies is presented in
Fig. 25 in EOC for the first fuel cycle, Figures 48a and 49a - for the second fuel cycle,
Figures 61a and 62a - for the third fuel cycle..

The values of total power peaking factor Ko are presented in Table 7.

5.3. Calculations in zero power states and control
rods worth ' '

According to [2] a number of neutronics parameters has been calculated for the
range of discrete zero power states: Cbcrir, reactivity coefficients and reactivity margin
ROstop. Their values are accumulated in Tables 6, 8, 10, 8 and 12. It is seen that MTC is
negative in all cases. '

(RO)g0R in different core states is presented in Table 15 supposing one the most

effective rod stuck in the upper position. Stuck rod has been defined separately for
nominal power state and for zero power state.
It can be seen that presence of 3 MOX'LTAs does not influence (RO)gqp in clear

manner. Its value is determined first of all by core loading pattern. It may be supposed that
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only significant value of MOX assemblies in core could lead to lowering of control rods
worth because of strong absorbing capacity of MOX fuel. In all calculated cases (RO)gor

values meet the adopted limitating values 5500 ppm [1] for Uranium cores and 5800 ppm
[2] for MOX loaded cores.
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CONCLUSION

The report presents the calculation results of VVER-1000 core with 3 MOX
LTAs. Uranium core with boron burnable poison rods has been used as a reference core
for MOX fuel introduction.

MOX LTAs of 100% Plutonium (graded by three enrichments zones) and of
“Island” type have been considered. Core loadings have been optimized to ensure
minimum value of power peaking factor Kq.

Evolution of main neutronics parameters during 3 successive cycles with MOX
LTAs is presented. It is shown that MOX loaded cores meet the safety requirements
preliminary adopted for MOX fuel concerning power peaking factors, reactivity
coeflicients and control rods worth. ‘
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Table 1. Limiting parameters for VVER-1000

Criterion Limiting Value Remarks
Kq <=1.35 For nominal power
W=3000 MW
Kr <=1.50 For nominal power
W=3000 MW
Koj lim Tabl. 2 For nominal power
W=3000 MW
MTC <0
MDC >0
RO stop <=-2% T=20°C, Xe=0,
: Sm=Smh, Cb=16g/Kg,
all control rods extracted
RCT <220°C
Control rods worth > 5.5%

Table 2. Limits recommended for total power peaking factor Koj lim

Layer 1 2 3 4 5 6 7 8 9 10
(from bottom to

top) ,

Koj lim 2.24 2.24 2.24 2.24 2.24 2.14 1.96 | 1.80 1.69 1.58
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Table 3. Recommended limiting parameters for VVER-1000 with MOX fuel

Criterion Limiting Value Remarks
Kq <=1.30 For nominal power
W=3000 MW
Kr <=1.45 For nominal power
W=3000 MW
Koj lim Tabl. 4 For nominal power
W=3000 MW
MTC <0
MDC >0
RO stop <=-2% T=20°C, Xe=0,
Sm=Smh, Cb=16g/Kg,
all control rods extracted
RCT <210°C
Control rods worth > 5.8%

Table 4. Limits recommended for total power peaking factor Koj lim for
VVER-1000 with MOX fuel

Layer 1 2 3 4 5 6 7 8 9 10
(from bottom to .

top) .

Koj lim 2.15 2.15 2.15 2.15 2.15 2.15 1.86 | 1.81 1.60 1.50
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Table §. Evolution of main neutronics parameters. Reference Uranium Core Equilibrium Cycle. Core 60° Sector

EFPD

Cb,
ppm

0.0

6020

20.0

5670

40.0

5230

60.0

4790

80.0

4340

100.0

3910

120.0

3480

140.0

3050

160.0

2630

180.0

2220

200.0

1810

220.0

1410

240.0

1000

260.0

600

280.0

210

290.6

Kv | NIM|Kr | N| Ko | N |M| MTC, | MDC, | DTC, | DRODCB | A\m | Peff

Kv | Kv Kr Ko | Ko | pem/°C | pem/g/ce | pem/oC | Pem/ppm } | s | +100
159119 | 4 15010 }1.82]19 |4 |-2578 12180 | -2.94 -1.53 ]2.22 ] 0.65
1.56 | 19 | 4 |1.49 |10 |1.77 |19 |4 |]-26.82 |12790 |-2.93 |-1.53 2.23 | 0.64
1541 19 | 4 |1.48 |10 |1.73 |19 |4 |]-29.12 | 13910 | -2.91 -1.54 2.24 | 0.63
152119 | 3 147 |10 |1.69]19 |3 |-31.61 |15100 |-2.91 |-1.55 2.25 ] 0.62
150§ 19 | 3 |1.45]10 |1.66 |19 |3 [-34.15 [16300 |-2.91 |-1.56 2.27 | 0.61
1491 19 | 3 ]1.44 |10 [1.64 |19 |3 |-36.71 | 17490 |-2.92 |-1.58 2.29 | 0.61
1481 19 | 3 |1.43 110 j1.62 119 |3 |-39.21 {18660 |-2.93 |-1.59 2.31 { 0.60
147 ] 19 | 3 14210 15919 |3 |-41.71 | 19820 |-2.95 |-1.60 2.34 | 0.59
1461 19 | 3 J1.41 {10 J1.58 119 |3 |-44.17 [20960 |-2.97 |-1.62 2.36 | 0.59
1.46 ] 19 | 2 ]1.39 10 |1.56 |19 ]2 |-46.65 |22090 |-2.99 |-1.63 2.39 | 0.58
1.46 | 19 | 2 ]1.38 |6 155 }19 |2 |]-49.10 ] 23210 |}-3.02 |-1.65 2.41 | 0.57
146 ) 19 | 2 [1.38 |6 1.54 |19 |2 |]-51.58 | 24340 |-3.04 ]-1.66 2.44 | 0.57
145) 19 | 2 ]1.37 6 1.53 119 |2 |-54.09 | 25470 |-3.06 |-1.68 2.47 | 0.56
1.45] 19 | 2 ]1.36 ] 6 1.52 {19 |2 |-56.60 | 26600 |-3.08 |-1.69 2.50 | 0.56
144 19 | 2 | L35]6 1.51 |19 |2 }-59.13 | 27740 |-3.09 |-1.71 2.53 ] 0.55
144 19 | 2 [1.35]6 1.50 |19 |2 |-60.49 | 28340 |-3.10 |]-1.72 2.55 | 0.55

25



RUSSIAN RESEARCH CENTER KURCHATOV INSTITUTE
Results of Parametric Design Studies of VVER-1000 Core with MOX LTAs (Report FY98)

Table 6. Main neutronics parameters in zero power states. Reference Uranium Core Equilibrium Cycle

T RO Cb | Bank10| Other |Xe| Sm | Tmod | MTC | MDC | DTC |DPRODCB| am | Beff
pem ppm banksd T 1 °c | pemoC | pem/g/ec | pemsoC | pemippm | s | %100
BOC 0 9390 ] 100% 1] 100% 1T | 0 | Smh | 280 | -1.07 | 2090 | -2.93 | -1.46 |2.08] 0.65
EOC 0 2150 | 100% 1] 100% T | eq | Smeq| 280 | -27.57 | 18680 | -3.32 | -1.75 |2.43] 0.56
BOC| -11926 16000 | 100% 7| 100% T | 0 | Smh [ 20
(ROSTOP)
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rameters. Cycle 1-MOX. “Island-2” Type Pu(3.8-2.8) —

0.0

6140

20.0

5790

40.0

5350

60.0

4900

80.0

4460

100.0

4020

120.0

3580

140.0

3150

160.0

2710

180.0

2290

200.0

1870

220.0

1450

240.0

1040

260.0

630

280.0

220

290.8

U3.7%

N|[M|Ke | N] Ko | N]m]mrc, ] mpc, | pTC, [ DRODCB| A | et

Kv | Kv Kr Ko | Ko | pem/°C | pem/g/ec | pem/oC | pem/ppm 105 | *100

38 |4 |145]38 |1.75|38 |4 ]-2470 | 11850 [-2.85 [-1.54 ]2.23 | 0.65

38 14 [1.41]40 J1.65[40 |4 |-2571 [12450 [-2.85 |-1.54 |2.24 | 0.64

38 |4 |1.40]40 J1.62 40 |4 |-28.08 |13590 |-2.85 ]-1.55 |2.25] 0.63

47 13 ]1.39]40 ]1.59 132 ]3 |-30.63 | 14800 |-2.85 |-1.57 ]2.27] 0.62

72 13 J138]72 J157 113213 [-33.22 16010 |-2.85 |-1.58 ]2.29] 0.61

132 |3 [138]72 |156 |72 |3 |-3583 [17220 |-2.86 [-1.59 [2.31 ] 0.60

D98 132 |3 [1.37)72 [155]72 [3 [-38.40 | 18420 |-2.88 [-1.60 [2.33 | 0.60
L 0.9 | 13213 137172 153 ]72 |3 |-40.96 | 19600 |-2.90 ]-1.60 2.35 | 0.59
L 095 | 132 |2 [136 |72 153|124 [2 |-43.54 | 20780 [-2.92 |-1.63 2.38 | 0.58
0,96 124 [2 [1.36 | 124 [1.52 [ 124 |2 [-46.06 | 21940 |-2.94 |-1.65 2.40 | 0.58
‘ 124 |2 J1.35 124 J1.52 | 124 |2 |-48.61 | 23100 |-2.96 |-1.66 |2.43 ] 0.57
124 [2 [134]124 J152 {124 [2 |-51.18 [ 24270 |-2.98 [-1.68 |2.46 | 0.57

. 0.96 | 124 |2 |1.34 [124 | 1.51 [ 124 [2 |-53.73 | 25420 |-3.00 |-1.69 ]2.49 | 0.56
096 124 |2 |1.33 [ 124 [ 1.50 | 124 [2 | -56.31 | 26580 |-3.02 |-1.71 2.52 | 0.56
124 [2 [1.33}124 [1.50 {124 [2 ]-58.90 [27740 |-3.04 [-1.72 ]2.55] 0.55

124 [2 [1.33 [ 124 [ 1.49 [ 124 |2 |-60.29 [ 28360 |-3.05 [-1.73 [2.57 ] 0.55
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Table 8. Main neutronics parameters in zero power states. Cycle 1-MOX. “Island-2" Type Pu(3.8-2.8) - U3.7%

T RO Cb |Bank10| Other |Xe| Sm |Tmod | MTC | MDC | DTC |DRODCB | Am | Beff
pcm ppm banks{ T °C | pem/°C | pem/g/cc | pem/oC | pem/ppm § s | *100
BOC 0 9430 | 100% 1| 100% 7T | 0 | Smh | 280 | -0.62 | 1980 | -2.96 | -1.47 | 2.09 | 0.65
EOC 0 2110 | 100% 1| 100% T | eq | Smeq| 280 | -27.67 | 18790 | -3.32 | -1.77 | 2.45] 0.56
BOC | -12014 16000 |100% T 100% T 1 0 | Smh | 20
(ROstop) | _

9
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Table 9. Evolution of main neutronics parameters. Cycle-1 MOX. 100%Pu(4.2-3.0-2.0)

T,
EFPD

Cb,
ppm
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0.0

6160

20.0

5800

40.0

5350

60.0

4900

80.0

4460

100.0

4020

120.0

3570

140.0

3130

160.0

2700

180.0

2270

200.0

1850

220.0

1430

240.0

1010

260.0

600

280.0

190

289.6

N |M| Kr N Ko N | M| MTC, | MDC, DTC, | DRODCB | Am | Beff

Kv | Kv Kr Ko | Ko | pem/°C | pem/g/ec | pem/°C | pem/ppm 105 | *100
38 14 1.46 | 38 1.76 |38 |4 |-24.89 | 11950 | -2.85 -1.53 2.22 | 0.64
38 14 1.41 ] 30 1.65 |38 |4 |-25.88 | 12550 |-2.86 -1.53 2.23 | 0.63
38 |4 1.40 | 30 1.62 |40 |4 [-28.25 | 13680 |[-2.86 -1.55 2.24 | 0.62
117 13 1.39 {30 |1.60 | 132 |3 |-30.80 | 14880 |-2.86 -1.56 2.26 | 0.62
92 |3 1.39 | 45 1.58 192 |3 |-33.38 | 16090 |-2.86 -1.57 2.28 | 0.61
92 13 1.38 | 45 1.56 192 |3 |-3597 [17300 |-2.88 -1.58 2.30 | 0.60
92 |3 1.37 | 45 1.55 132 |3 |-38.56 | 18490 |-2.89 -1.60 2.32 ] 0.59
92 13 1.37 | 65 1.54 | 124 {3 |-41.14 | 19690 | -2.91 -1.61 2.34 | 0.59
124 |12 1.36 | 134 | 1.53 1124 |2 | -43.69 | 20860 |-2.93 -1.62 2.37 | 0.58
124 |2 1.36 1134 | 1.53 {124 |2 | -46.24 | 22020 |-2.95 -1.64 2.39 1 0.58
124 | 2 1.35 | 134 | 1.52 ] 124 |2 |-48.78 | 23180 |-2.97 -1.65 2.42 | 0.57
124 | 2 1.35 1134 [ 1.52 1124 |2 |-51.34 24340 |-2.99 -1.67 2.45 ] 0.56
124 | 2 1.34 | 134 } 1.51 | 124 |2 ]-53.92 | 25500 |-3.01 -1.68 2.48 | 0.56
124 |2 1.34 | 134 | 1.51 ] 124 |2 {-56.49 | 26660 | -3.03 -1.70 2.51 1 0.55
124 | 2 1.33 | 134 | 1.50 | 124 |2 ]-59.07 | 27820 | -3.05 -1.72 2.54 | 0.55
124 | 2 1.33 | 134 {1.50 | 124 |2 | -60.31 | 28370 | -3.06 -1.72 2.56 | 0.55

29




RUSSIAN RESEARCH CENTER KURCHATOV INSTITUTE
Resuits of Parametric Design Studies of VVER-1000 Core with MOX LTAs (Report FY98)

Table 10. Main neutronics parameters in zero power states. Cycle-1 MOX. 100%Pu(4.2-3.0-2.0)

T RO Cb |Bank10| Other |Xe| Sm |Tmod | MTC | MDC | DTC |DRODCB| Am | Peff
pem ppm banks{? °C | pem/°C | pemig/ee | pem/oC | pem/ppm § s | +190
BOC 0 9460 ] 100% 1] 100% 1 { 0 | Smh | 280 | -0.86 | 2130 | -2.97 | -1.46 |2.08] 0.65
EOC 0 2120 {100% 1| 100% T | eq | Smeq] 280 | -27.62 ] 18770 | -3.32 | -1.76 | 2.44 ] 0.56
BOC| -11742 | 16000 | 100% 1| 100% 1T | 0 [ Smh | 20 '
(ROstop)
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Table 11. Evolution of main n

RUSSIAN RESEARCH CENTER KURCHATOV INSTITUTE
Results of Parametric Design Studies of VVER-1000 Core with MOX LTAs (Report FY98)

eutronics parameters. Cycle 2-MOX. 100%Pu(4.2-3.0-2.0)

T, | Cb, g | KW [ N[M|Kr| N | Ko | N|M]|MTC, | MDC, | DTC, | DRODCB | am | eff
EFPD | ppm ' Kv | Kv Kr Ko | Ko | pem/°C | pem/g/ce | pem/eC | pem/ppm 105 | *100
0.0 |6040 | i 153 (4 |1.48 [153 |1.80 | 153 {4 [-25.96 | 12390 |-2.87 [-1.53 [2.21] 0.64
20.0 | 5680 | 153 |4 [1.44 [108 | 1.68 {153 [4 |-27.03 [ 13010 |-2.87 [-1.53 ]2.22| 0.63
40.0 |5240 120 153 |4 [1.42 | 108 |1.65 [ 153 |4 [-29.35 | 14130 |-2.86 [-1.54 [2.24 | 0.62
60.0 | 4800 119 1147 J153 |3 |1.40 ] 108 [ 1.62 | 153 |3 |-31.85 | 15310 |-2.86 |-1.55 |2.25] 0.62
80.0 | 4360 1191145153 13 [1.39]108 J1.59 1523 |-34.39 J16500 |-2.86 |-1.57 2.27 | 0.61
100.0 | 3920 (153 F1i811.43 [153 |3 [1.37 [ 108 [ 1.56 [152 |3 [-36.91 [17680 [-2.87 [-1.58 2.29 | 0.60
120.0 | 3490 (153 [13711.41 |47 |3 [1.37]153 [ 1.54 [50 |3 [-39.43 [ 18850 [-2.88 [-1.59 2.31 | 0.59
140.0 | 3060 3413947 13 ]1.36 | 153 | 1.53 |50 |3 ]-41.95 [ 20020 |-2.90 [-1.60 2.33 | 0.59
160.0 | 2620 61138 J110 |3 J1.35]153 [1.51 [50 |3 |-44.47 [21180 [-2.92 |-1.62 2.36 | 0.58
180.0 | 2210 110 [2 134 {153 {1.49 |50 |2 |-46.94 | 22310 [-2.94 [-1.63 2.39 | 0.58
200.0 | 1790 110 |2 [1.33]153 [1.49 |50 |2 [-49.42 | 23450 |-2.96 |-1.65 2.41 | 0.57
220.0 | 1370 110 |2 [1.33 |50 [1.48 [50 |2 |-51.92 | 24590 |-2.98 |-1.66 2.44 | 0.56
240.0 | 9700 110 2 J1.32 |50 [1.47 J110]2 |-54.41 25720 ]-2.99 |-1.68 2.47 | 0.56
260.0 | 560 a4 {1102 J131 |50 J1.47 J110f2 |-s6.92 {26850 |-3.01 |-1.69 2.50 | 0.55
280.0 | 150 (110 f14d {1.41 [56 |2 [1.31 (50 |1.46 [110[2 |-59.46 | 27990 [-3.03 |-1.71 2.53 | 0.55
287.8 | 0 (110 JR13{1.41 56 2 13050 [1.46 [110]2 |-60.43 | 28430 |-3.04 |-1.71 2.54 | 0.55
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Table 12. Main neutronics parameters in zero power states, Cycle-2 MOX. 100%Pu(4.2-3.0-2.0)

T

RO Cb | Bank10 Other | Xe] Sm | Tmoed | MTC MDC DTC | DRO/DCB | Am | Peff
pem ppm banks{T °C | pem/°C | pem/g/ee | pem/oC | pem/ppm | 5 1 *100
BOC 0 9330 {100% T} 100% 1T | 0 | Smh | 280 | -1.71 | 2590 | -2.97 | -1.46 |2.08] 0.64
EQC 0 2090 |100% T | 100% T Jeq [ Smeq| 280 | -27.86 | 18880 | -3.32 | -1.75 |2.43} 0.56
BOC| -11857 16000 | 100% 1| 100% 7 | 0 | Smh | 20
(ROs10p)
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Table 13. Evolution of main neutronics parameters. Cycle 3-MOX. 100%Pu(4.2-3.0-2.0)

Cb,
ppm

Results of Parametric Design Studies of VVER-1000 Core with MOX LTAs (Report FY98)

6190

5830

5390

4950

4510

4070

3640

3210

2780

2360

1940

1530

1120

700

300

N|M|Kr| N | Ke [N |M]|MIC, | MDC, | DTC, | DRODCB | Am | Beff

Kv | Kv Kr Ko | Ko | pem/°C | pem/glee | pem/°C | pem/ppm | | s | #100
126 |4 11.47 | 126 | 1.78 | 126 |4 |-24.66 | 11820 |-2.86 |-1.53 2.22 | 0.65
126 |4 |1.42 1124 |1.68 [ 124 |4 ]-25.82 | 12490 |-2.86 |-1.53 2.22 | 0.64
11 |4 |1.41]124 |1.64 |124 |4 |-28.16 | 13620 |-2.85 |-1.54 2.23 | 0.63
126 |3 |1.39 | 124 | 1.61 | 124 |3 [-30.68 | 14800 |-2.85 |-1.55 2.25 | 0.62
124 |3 |1.38 | 124 [ 1.58 [ 124 |3 |-33.23 | 16000 |-2.86 |-1.56 2.27 | 0.61
124 |3 ] 1.37 124 | 1.56 | 124 |3 |-35.80 | 17200 |-2.87 |-1.58 2.29 | 0.60
124 |3 (136 137 | 1.53 124 |3 |-38.33 | 18380 |-2.88 |-1.59 2.31 | 0.60
124 13 135 [137 | 1.52 124 |3 |-40.85 | 19540 |-2.89 |-1.60 2.33 | 0.59
124 |3 [1.34 1137 | 1.50 | 124 |3 |-43.38 | 20710 |-2.91 |-1.62 2.36 | 0.58
124 [2 ]1.33 | 137 | 1.49 | 124 [2 |-45.87 ] 21850 |-2.93 |-1.63 2.38 | 0.58
124 |2 ]1.32 | 137 [1.48 | 124 [2 ] -48.38 ]| 23000 |-2.98 |-1.65 2.41 | 0.57
124 |2 J1.32 | 137 | 1.47 | 124 |2 |-50.88 | 24140 | -2.97 |]-1.66 2.44 | 0.57
124 |2 [1.31 | 137 | 1.47 | 124 |2 | -53.41 {25280 }-2.99 |-1.68 2.46 | 0.56
124 |2 [ 1.30 | 137 | 1.46 | 124 |2 |-55.96 | 26430 |-3.01 |-1.69 2.49 | 0.56
124 {2 |1.29 | 137 | 1.45 | 124 |2 |-58.49 | 27570 }-3.03 |-1.71 2.52 | 0.55
124 12 |1.29 | 137 | 1.45 | 124 |2 |-60.41 | 28430 |-3.04 |-1.72 2.55 | 0.55
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Table 14. Main neutronics parameters in zero power states. Cycle-3 MOX. 100%Pu(4.2-3.0-2.0)

T RO Cb |Bank10| Other |[Xe| Sm | Tmod | MTC | MDC DTC | DRODCB | 2m | PBeff -
pcm ppm banks{ T °C | pem/°C | pem/g/cc | pem/oC | pem/ppm | 5 | +100
BOC 0 9470 |100% 1] 100% 1 | 0 | Smh | 280 | -0.84 | 2080 | -2.96 | -1.46 | 2.08]| 0.65
EOC 0 2090 |100% 1] 100% T | eq | Smeq| 280 | -27.91 | 18910 | -3.32 | -1.75 |2.43] 0.56
BOC| -11814 16000 | 100% 17| 100% T | 0 | Smh | 20
(ROsrop)
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Table 15b. Control rods worth in Uranium reference core and in 3 MOX LTAs loaded cores (pcm)

RUSSIAN RESEARCH CENTER KURCHATOV INSTITUTE
Results of Parametric Design Studies of VVER-1000 Core with MOX LTAs (Report FY98)

Table 15a. Control rods worth calculation. States description

V1. BOC V2, BOC V3. BOC V1. EOC V1. EOC V1. EOC
S1 S1 S1 S1 S1 S1
Wnom, MCL, ‘MCL, Wnom, MCL, MCL,

Xe=Xe eq, Xe=0, Xe=Xe eq, Xe=Xe eq, Xe=Xe eq, Xe=0,
Tentry=287°C, | Tentry=280°C | Tentry=280°C | Tentry=287°C | Tentry=280°C { Tentry=280°C
Cb burnup Cb crit Cb crit Cb bumup Cb crit Cb crit
100% Si° 30% 104 30% 104 100% 5{ 100% 5{ 100% 54
30% 104 30% 104 30% 104 30% 104
S2: thesame | S2:thesame | S2:thesame | S2:thesame | S2:thesame | S2: thesame
but but but but but but
100% 1-104 100% 1-104 100% 1-104 100% 1-10d 100% 1-10{ 100% 1-10

Uranium Core

1-st cycle with

1-st cycle with

2-nd cycle with

3-d cycle with

3 MOX LTAs 3 MOX LTAs 3 MOX LTAs 3 MOX LTAs
of “Island” type 100% Pu
Variant Vil |V2 |V3 |Vl |V2 |V3 |Vl |V2 [V3 |VI |V2 |V3 |Vl |V2 |V3
Stuck rod number |55 [55 |55 |67 (67 |61 [67 [67 [67 [109 [82 [82 [112 [97 [97
BOC (RO)sor 6930 | 6770 | 6730 | 6980 | 6830 | 6800 | 6980 | 6860 | 6820 | 6960 | 6790 | 6730 | 7700 | 7150 | 7120
Stuck rod number | 55 55 55 97 97 97 97 97 97 55 97 97 97 55 55
EoC (RO)sor 7200 | 6150 | 6150 | 7100 | 6010 | 5990 | 7090 | 6000 | 5980 | 7140 | 6090 | 6120 | 7170 | 6190 | 6170

* X% N means that the Bank N is X% inserted in core
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2.0% fissile Pu MOX Rods 4.2% fissile Pu MOX Rods
3.0% fissile Pu MOX Rods Central tube

Control Rods / Burnable Absorbers
RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core ( - . report FY98) 36




Figure 2. Simplified Design for “Island-2” Type MOX LTA

‘ 3.7% Enriched Uranium Rods Central tube

3.8% fissile Pu MOX Rods

Control Rods / Burnable Absorbers
O 2.8% fissile Pu MOX Rods

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (Progress Report)
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Figure 3. Simplified Design for VVER-1000 Fuel Assembly.
Type A

@ Central Zr Guide Tube

)

> ) Cell with Control Rod/Water Cell

O Cell with 3.3% U-235 Enriched Fuel Pins

3 Cell with 3.7% U-235 Enriched Fuel Pins

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core (- report FY98)
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Figure 4. Simplified Design for VVER-1000 Fuel Assembly.
Types B and Ba

%]

PN

& Central Zr Guide Tube
% Cell with Control Rod/Burnable Absorber

O Cell with 3.3% U-235 Enriched Fuel Pins

Cell with 3.7% U-235 Enriched Fuel Pins
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Figure 5. Simplified Design for VVER-1000 Fuel Assembly.
Type C

@ Central Zr Guide Tube

Cell with Control Rod/Water Cell

Cell with 3.3% U-235 Enriched Fuel Pins

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core (. > . report FY98) 40



Figure 6. Equilibrium Loading Pattern for Uranium Reference Core with Boron
BPRs, Core 60 ° Sector

An - 3,7% Enrichment graded by 3,3% Replaced After 3 Years
(No BPRs)

Bn - 3,7% Enrichment graded by 3,3% Replaced After 3/4 Years

1st year assembly
(0,065 gf/cc Boron BPRs, removed after 1st year)
Ba n - 3,7% Enrichment graded by 3,3% Replaced After 3/4 Years 2nd year assembly
(0,036 g/cc Boron BPRs, removed after 1st year)
Cn - 3,3% Enrichment Replaced After 3 Years
(No BPRs) 3d year assembly
1-28 - Positions in 60 Degree Sector
n - Current Cycle of Fuel Assembly
Symbole.g. $ - Position of a Fuel S
Assembly During Lifetime in Core 4th year assembly
RRCKI Calculations of MOX LTA Performance in VVER-1000 Core (. .- ; report FY98) 41



Figure 7. Equilibrium Cycle for Reference Uranium Core.

Assembly-by-Assembly Burnup and Power Distribution, Core 60 ° Sector

fg

§ —— Type
Burnup
Relative Power

0.0 16.1 FEEE
11.31 1.28 §

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core (.7 -report FY98)
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| Figure 8. Beginning of the Equilibrium Cycle for Reference Uranium Core.
‘ Assembly-by-Assembly Pin Power Peaking Factor, Core 60 ° Sector

T = 0.00 EFPD
w = 3000.0 MWt
Chigpo, = 6.02 g/kg
Krpex = 1.50
Fuel agg. = 10
Fuelrod = 244

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core (- - report FY98) 13



Figure 9. End of the Equilibrium Cycle for Reference Uranium Core.
Assembly-by-Assembly Pin Power Peaking Factor, Core 60 ° Sector

T = 290.59 EFPD
W = 3000.0 MWt

Chi,g0, = 0.00 g/kg
Krmax = 1.35

Fuel ass. = 6

Fuelrod = 312

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core ( 7 :.report FY98)
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Figure 10. Beginning of the Equilibrium Cycle for Reference Uranium Core.
Assembly-by-Assembly Maximum Pin Linear Power, Core 60 © Sector

Fuel
rod

Level

Ql

T = 0.00 EFPD
w = 3000.0 MWt
Cn,no, = 6.0 g/kg
Qlnex = 303.1 Wt/cm
Fuel ass. = 19

Level = 4
Fuelrod = 264

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (. - report FY98)



Fuel
rod

Level

Ql

T = 290.59 EFPD
W = 3000.0 MWt
Cgao, = 0.00 g/kg

].max = 2b0.0 Wt/CIIl
Fuel ass. = 19

Level 2
Fuelrod = 271

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core (.~ " . report FY98)



Figure 12. Beginning of the thilibrium Cycle for Reference Uranium Core.

Relative Power Distribution in the Most Powered Assembly
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RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report FY98)
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Figure 13. End of the Equilibrium Cycle for Reference Uranium Core.

Relative Power Distribution in the Most Powered Assembly
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L 4

) First Cycle with 3 MOX LTAs

=

Figure 14. Loading Pattern for the
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Figure 15. First Cycle with 3 MOX LTAs of “Island-2” Type (Pu3.8-2.3-U3.7).
Assembly-by-Assembly Burnup Distribution
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Type (Pu3.8-2.8-U3.7).

Figure 16. First Cycle with 3 MOX LTAs of “Island-2”

Assembly-by-Assembly Power Distribution

51

_report FY98)
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Figure 17. Beginnning of the First Cycle wiith 3 MOX LTASs of “Island-2” Type

(Pu3.8-2.8-U3.7). Assembly-by-Assembly Pin Power Peaking Factor

T = 0.00 EFPD
w = 3000.0 MWt
Cugao, = 8.14 g/kg
Kryay = 1.48
Fuelass, = 38
Fuelrod = 43
E C KT Calenlatione nf N T TA Parfartmanca in UURDR_100ND Clavas (7 rannrt TVOQ
ML 2L, WwQLWULGULIUVILD UL LVIN AN 1/ A 40X L WELUVALLIIAGHINVD 111 ¥V V LUINTLVUV UULY \ » AWpPJULL 17 L /U}

52



Figure 18. End of the First Cycle with 3 MOX LTAs of “Island-2” Type (Pu3.8-
2.8-U3.7). Assembly-by-Assembly Pin Power Peaking Factor

= 290.78 EFPD

= 3000.0 MWt

= 0.00 g/kg
1.32

ass. = 134
od = 292

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (. report FY98)
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Figure 20. End of the First Cycle with 3 MOX LTAs of “Island-2” Type (Pu3.8-

2.8-U3.7). Assembly-by-Assembly Maximum Pin Linear Power
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w = 3000.0 MWi
Caao, = 0.00 g/kg
Qlyex = 2480 Wt/em
Fuelags. = 124

Level = 2
Fuelrod = 322

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core ( . - report FY98)
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Figure 21. Beginning of the Fii’st Cycle with 3 MOX LTAs of “Island-2” Type
(Pu3.8-2.8-U3.7). Relative Power Distribution in the Most Powered Assembly

RRC KI. Calculations of MOX LTA‘Performance in VVER-1000 Core (report FY98)
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Figure 22. End of the First Cycle with 3 MOX LTAs of “Island-2” Type (Pu3.8-
2.8-U3.7). Relative Power Distribution in the Most Powered Assembly

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report FY98)
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Figure 23. Beginning of the First Cycle with 3 MOX LTAs of “Island-2” Type
(Pu3.8-2.8-U3.7). Relative Power Distribution in the MOX Assembly

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report FY98)
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Figure 24. End of the First Cycle with 3 MOX LTAs of “Island-2” Type (Pu3.8-
2.8-U3.7). Relative Power Distribution in the MOX Assembly

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report FY98)
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Figure 25. End of the First Cyéle with 3 MOX LTAs of “Island-2” Type (Pu3.8-
2.8-U3.7). Relative Burnup Distribution in the MOX Assembly

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report FY98)
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Figure 26. First Cycle with 3 MOX LTAs 100%Pu (4.

Assembly Burnup

61

" report 98)

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (.



62

L‘ )

Py ansakhFae
Syérriuey-oy-

o0
(@)}
- 3
&,
& , i o
\I X N
=
oF _
nw | gy, S~
o g . | o
“M., - & Nalwj S8) M
- S ﬂ S
m.u ,w HEy e H...M MU
wm._. 8 R M wm
S M . ﬂ =20 >
- ) teie) e vu
. /e ,
~ 2 £ty =
NS €57 )4 v.sl.m £
AM 2 N nN vll 53
" « “ .a.\, LL wm \ D.._
-~ _.m ok %1{, <
= . SRR ¢ N Vﬂ. =
oy e & v
& A X Qa2 — q
= /W -\~ 2
-~ h— —— R S
&} =22 3=
~ ) \mate S £
i 5
O At
Ry S
e v



Figure 28. Beginnmg of the First Cycle with 3 MOX LTAs 1 00%Pu (4.‘2-3 0-
2.0). Assembly-by-Assembly Pin Power Peaking Factor |

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (- .. report 98)
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Figure 29. End of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
Assembly-by-Assembly Pin Power Peaking Factor |

PN

[Mrwin )

T = 289.59 EFPD
v = 3000.0 MWt
Cagao, = 0.00 g/kg
Krgex = 1.33
Fuelass. = 134
Fuelrod = 292



Figure 30. Beginning of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Assembly-by-Assembly Maximum Pin Linear Power

-
51[5
230.4

T = 0.00 EFPD
w = 3000.0 MWt
Ciio, = 6.16 g/kg
[+ = 2927 Wt/ecm
Fuelass. = 38

Level = 4
Fuelrod = 43

RRCKI. Calculations of MOX LTA Performance in VVER-1000 Core (- - report 98)
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Figure 32. Beginning of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Relative Power Distribution in the Most Powered Assembly

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report 98)
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Figure 33. End of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
Relative Power Distribution in the Most Powered Assembly
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Figure 34, Beginning of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Relative Power Distribution in the MOX Assembly

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report 98)
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Figure 35. End of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
Relative Power Distribution in the MOX Assembly

CeEse BoNoiolics
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RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report 98)
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Figure 36. End of the First Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
Relative Burnup Distribution in the MOX Assembly
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Figure 37. Loading Pattern for the Second Cycle with 3 MOX LTAs
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Figure 38. Second Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0). Assembly-
by-Assembly Burnup Distribution

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (Report FY98)
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Figure 40. Beginning of the Seeond Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Assembly-by-Assembly Pin Power Peaking Factor

<N

Figdi tod

T = 000 EEPD
W = 6000.0 MWt
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Figure 41, End bf the Seconid Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
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Figure 43. End L_of the Second Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2. 0).
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Figure 44. Beginning of the Second Cycle with 3 MOX LTAs 100%Pu (4.2-3. 0-
2.0). Relative Power Distribution in the Most Powered Assembly
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Figure 45. End of the Second Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
Relative Power Distribution in the Most Powered Assembly
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Figure 46. Beginning of the Second Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-

2.0). Relative Power Distribution in the MOX Assembly
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Figure 46a. Beginning of the Second Cycle with 3 MOX LTAs of “Island” type

(Pu3.8-2.8-U3.7). Relative Power Distribution in the MOX Assembly
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Figure 47. End of the Second Cycle with 3 MOX LTAs | 00"/Pu (4.2-3.0-2.0).
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Figure 47a. End of the Second Cycle with 3 MOX LTAs éf “Island” type
(Pu3.8-2.8-U3.7). Relative Power Distribution in the MOX Assembly
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Figure 48. Beginning of the Second Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Relative Burnup Distribution in the MOX Assembly
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Figure 48a. Beginning of the Second Cycle with 3 MOX LTAs of “Island” type
(Pu3.8-2.8-U3.7). Relative Burnup Distribution in the MOX Assembly |
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Figure 49. End of the Second Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).

Relative Burnup Distribution in the MOX Assembly

272

0.94 575
LEE
Eaitoe,
@ @ (s
099 084

- ZIG 27!
3 097 ooa w7 093 ogs = oaz .m
0.94 3“ 1.08 080 m
@ zn 109 (1) 106 )75 0.80 )35
m@@ o )
M%W°
@’ Enins
m
109 084 076
@@ m R
@@@
@@
e
(e
063

T 28778 EFFD
w 3000.0 MWt
Camoy 0.00 g/kg
Burnup 33.0
Fuel assembly 87
lcval 4
Fuel rod 159
Kbrear 116

RRC KI. Calculations of MOX LTA Performance in VVER-1000 Core (report FY98)

84



Figure 49a. End of the Second Cycle with 3 MOX LTAs of “Island” type
(Pu3.8-2.8-U3.7). Relative Burnup Distribution in the MOX Assembly
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Figure 50. Loading Pattern for the Third Cycle with 3 MOX LTAs
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Figure 52. Third Cycle with 3 MOX LTAs 100
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Figure 56. End of the Third Cycie with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
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Figure 57. Beginning of the Third Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Relative Power Distribution in the Most Powered Assembly
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Figure 58. End of the Third Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).

Relative Power Distribution in the Most Powered Assembly
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Figure 59. Beginning of the Third Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Relative Power Distribution in the MOX Assembly
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Figure 59a. Beginning of the Third Cycie with 3 MOX LTAs of “Island” type

(Pu3.8-2.8-U3.7). Relative Power Distribution in the MOX Assembly
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Figure 60. End of the Third Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).
Relative Power Distribution in the MOX Assembly
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Figure 60a. End of the Third Cycle with 3 MOX LTAs of “Island” type (Pu3.8-
2.8-U3.7). Relative Power Distribution in the MOX Assembly
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Figure 61. Beginning of the Third Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-
2.0). Relative Burnup Distribution in the MOX Assembly
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Figure 6la. Begmnmg of the Third Cycle with 3 MOX LTAs of “Island” type
(Pu3.8-2.8-U3.7). Relative Burnup Distribution in the MOX Assembly
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Figure 62. End of the Third Cycle with 3 MOX LTAs 100%Pu (4.2-3.0-2.0).

Relative Burnup Distribution in the MOX Assembly
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Figure 62a. End of the Third Cycle with 3 MoOX LTAs of “Island” type (Pu3.8-
2.8-U3.7). Relative Burnup Distribution in the MOX Assembly |
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