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The present work studies the effect of introducing MOX fuel on Westinghouse AP1000
neutronic parameters. The neutronic calculations were performed by using the MCNP6 code
with the ENDF/B-VII.1 library and the new release of the ENDF/B-VIII, the AP1000 core
with three 235U enrichment zones (2.35 %, 3.40 %, and 4.45 %). The obtained results showed
that the simulated model for the AP1000 core satisfies the optimization criteria as a Westing-
house reference. The results which included: effective multiplication factor, kg, delayed neu-
tron fraction, ¢, excess reactivity, p.,, shutdown margin, temperature reactivity coefficients,
whole core depletion, neutron flux, power peaking factor and core power density, were calcu-
lated and compared with the available published results. The % in the cold zero power was
found to be 1.20495 and 1.20247 with the ENDF/B-VII.1 and the ENDF/B-VIII libraries,
respectively, which matches the value of 1.205 presented in the AP1000 Design Control Doc-
ument for the UO, fuel core. On the other hand, %4 in the cold zero power was found to be
1.19988 and 1.19860 for MOX core with the ENDF/B-VII.1 and the ENDF/B-VIII librar-
ies, respectively, which show good reception and confirm the safety of the design and efficient

modeling of AP1000 reactor core.
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INTRODUCTION

Pressurized water reactors (PWR) constitute the
large majority of world nuclear power plants and are
one of the three types of light water reactors (LWR),
the other types being boiling water reactors (BWR)
and supercritical water reactors (SCWR) [1]. Egypt is
currently building a nuclear power project in
Addabaa. This project utilizes the pressurized water
reactor technology of Russian origin. Therefore, it is
important to acquire experience in evaluating PWR
neutronic performance. The AP1000 is a two-loop
1000 MWe PWR, and it is an updated version of
AP600. Passive safety systems are used to provide sig-
nificant and measurable improvements in plant simpli-
fication, safety, reliability, investment protection and
plant costs. The AP1000 uses mastered and proven
technology, which is based on over 35 years of PWR
operating experience around the world [2].

* Corresponding author; e-mail: sonreda@yahoo.com

The AP1000 reactor core is a 17x17 typical as-
sembly that uses Zirlo as cladding, (see fig. 1 and tab. 1.
The core has 157 fuel assemblies, each having 264 fuel
rods, 24 control rod guide tubes and a neutron monitor
guide tube (see figs. 2 and 3).The fuel assemblies are ar-
ranged in a pattern forming approximately a right circu-
lar cylinder. Fuel assemblies of three different enrich-
ments 2.35 %, 3.40 %, and 4.45 % were used in the
initial core loading [3]. Reactivity is controlled by the
movement of control rod assemblies and by changing
the boric acid concentration in the coolant [4].

The feasibility of MOX fuel utilization in PWR
has been demonstrated in nuclear power plants such as
the AP1000 reactor. Fetterman [5] studied the AP1000
core design with 50 % of MOX loading. The purpose
was to demonstrate that the AP1000 is able to meet the
European requirement for MOX utilization without
any reactor design changes. A 100 % UO, core design
was compared with a mixed MOX/UO, core design.
The reactivity, power and fuel performance results
were discussed. The AP1000 was able to meet the Eu-
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Fuel assembly

2.35 w/o

3.40 w/o

4.45 w/o

| = Integral fuel burnable absorber (IFBA) rod
P = PRYEX rod

Figure 1. The AP1000 reactor core configuration [7]

Table 1. AP1000 rector core parameters [4] ropean requirement for the next generation of Euro-
Parameters [ Value pean passive plants and core designs with 100 % UO,
Core configuration and with MOX loadings of up to 50 %.
Active core equivalent diameter 304.038 cm Washington and King [6] studied the ability of
Active fuel height first core, cold 426 om the AP1000 reactor in plutonium and minor actinide
Fuel assembly transmut.ati().n with a gengtic search algorithm. The
Total fuel assemblics 157 st.udy object{ve was ‘Eo use light water'reactors in pluto-
Rod array 1717 nium and minor actinide transmutation. The SCALE
Rods per assembly 264 6.1 and DAKOTA cgupled mo@el was used in three
Rod pitch 126 om stages. The neutronic calculapons for j[he APIOOQ
Total power 3400 MWth were eya}uated for transmutation plutonium and mi-
Fuel rod nor actinides. . . .
Outer diameter 0.94996 om The purpose pf this paper is to deterrplne and
Gab thickness 0.0165 om present the neutronic parameters of the Westinghouse
- AP1000 reactor, and in addition to demonstrate that
Clad thickness 0.0572 cm the AP1000 is capable of complying with MOX fuel
Clad material ZIRLO™ utilization without significant changes in the design of
Clad density 6.5 gem’ the plant. The reactor parameters included criticality,
Material U0, sintered power peaking factor, excess reactivity, boron concen-
Density (% of theoretical) 95.5 % tration and total shutdown reactivity. Neutronic calcu-
Enrichment of UO, lations were performed by MCNP6 code with
Region 1 235% ENDF/B-VII.1 and the newly released ENDF/B-VIII.
Region 2 3.40 % Current practice uses MOX fuel typically for a
Region 3 4.45% fraction of 30-50 % of the total core, while the rest of
Diameter 0.8192 cm the core consists of conventional UO, assemblies.
Length of fuel pellet 0.98298 cm This strategy avoids some technological limitations
Density of UO, 10.4 gem’® that would affect 100 % MOX-loaded cores in current
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Figure 2. Arrangement of the PYREX ods in the fuel assembly [7]
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Figure 3. Arrangement of the IFBA rods in the fuel assembly [7]

LWR, since none of them have been designed for this tor value below 1.205 as stated in the Westinghouse
specific purpose [8]. In order to meet these require- reference [4].

ments, all the fuel assembles of regions 2 and 3 were The plutonium isotopic composition depends on
not changed since they contain Pyrex and IFBA rods the reactor type and burnups of the reprocessed fuel.
arrangements. The 48 fuel assemblies from region 1 Fuel designers adopted two factors: the plutonium
with the enrichment of 2.35 % were replaced by MOX equivalence formulation and the consideration of the
assemblies as in fig. 4, since they have notany Pyrex or fissile plutonium content to enable the correct choice
IFBA rod arrangements; this was the best configura- of the plutonium contents and the MOX fuel batch and
tion without having to change the fuel assembly design to avoid deterioration of fuel quality. For LWR fuel
variables and keeping the effective multiplication fac- andina PWR 2 % 2*°Pu in the plutonium isotopic com-
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MOX

2.35 w/o

3.40 w/o

| = Intergral fuel burnable absorber (IFBA) rod
P = PYREX rod

Figure 4. The MOX core configuration

Table 2. The MOX fuel isotopic composition

U 13.8879-10° **Pu |9.9154-10*| 'O | 4.6330-10°2
20U 11.9159-10 **'Pu [3.6732:107
pu 18.3986:10°| **'Am |1.0664-10*
%y 2.1706:107 **Am |2.5174-107

position is suggested to avoid power peaking since 2
% 23*Pu produces 6 % power peaking factor [9]. In or-
der to keep these requirements the MOX fuel used in
this simulation was with 2 % fissile 2*Pu and the per-
cent of MOX fuel was 30.57 % of the total core. The
MOX and plutonium isotopic compositions used in
this simulation are presented in tab. 2.

MATERIAL AND METHOD

A 3-D model was designed to simulate the reac-
tor neutronic parameters and compare UO, fuel and
MOX fuel. The simulation was performed with the lat-
est Monte Carlo code version with MCNP6 [ 10] by the
ENDEF/B-VII.1 and the ENDF/B-VIII cross-section li-
braries [11]. Table 3 shows the material compositions
used in the simulation.

The ENDF/B-VIII cross section library has
maximum changes for neutron reactions on nuclides
including actinides which affect nuclear criticality
simulations. Two of the most important re-evaluated
isotopes are 2U and 2*3U. The re-evaluated parame-
ters include the following:

Capture and fission cross-sections values

The capture cross-sections have been reduced
when compared with the ENDF/B-VII.1 in the 0.5-2 keV
region, but with increased energies up to 80 keV. The fis-
sion cross section evaluation corresponds to that in the
ENDF/B-VII.1 with uncertainties that are around 0.4 %
higher for incident energies that are below approxi-
mately 15 MeV.

Neutron multiplicity v
Neutron multiplicity v was re-evaluated and ex-

panded below 30 eV to include fluctuations. Unlike
the ENDF/B-VII.1 where v is constant over a wide
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Table 3. Material compositions

Material Isotope |Composition (mass fraction) Material Isotope | Composition (mass fraction)
5010 0.0187
92235 5.56094375-10™ 5011 0.1713
92238 2.28162251-107 40090 0.416745
U0,(2.35w/0) 10.47 gcm’3 8016 4.67446389-102 5_4?;30211{3 40091 0.090882
40092 0.138915
40094 0.140778
40096 0.02268
5010 0.007
92235 8.04549293.10* 5011 0.0319
U0, (3.40 wlo) 1047 gem” 92238 2.23251989-102 PYREX 8016 0.5522
8016 4.67501601-10 2.299 gem 14028 03772
14029 0.0191
14030 0.0126
92235 1.0529963-107 1001 0.111
U0,(4.45 w/0) 10.47 gem™ | 92238 2.2324844.107° H0 1 gem 8016 0.889
8016 4.6755681-10°
T -

range of incident neutron energy, the ENDF/B-VIII
has not a constant v but its value varies as the incident
neutron energy varies.

Thermal neutron constants

New evaluations of thermal neutron constants
(TNC) show a neutron multiplicity reduction and a fis-
sion cross-section increment as compared with the
ENDEF/B-VII.1 evaluations at thermal energy, tab. 4 [12].

The (n, f) prompt fission neutron spectrum

The ENDF/B-VIII evaluation for the prompt fis-
sion neutron spectrum (PFNS) mean energy is clearly
more flexible than that of the ENDF/B-VII.1, but fits
well to experimental data. The new average released
neutron energy became 2.00 £ 0.01 MeV, and on the
other hand it was 2.03 MeV in thermal range [13].

The (n, n') and (n, xn) cross sections

The ENDF/B-VIII evaluation for the total in-
elastic scattering cross-section (n, n') is slightly de-
creased than the last ENDF/B-VII.1 evaluation. The
ENDF/BVIII evaluation for the (n, xn) secondary neu-
tron wasn't changed, but showed a difference above
14 MeV [14].

Nubar

Evaluators use the parameter nubar to study crit-
icality problems, since criticality is highly sensitive to

Table 4. The TNC values for the ENDF/B-VII.1,
the ENDF/B-VIII and standards 2017

B-VILI B-VIILO | Standards 2017
or(b®) 584.99 586.8 587.2(1.4)
o(b) 98.69 99.4 99.3(2.0)
G (b) 15.11 14.11 14.09(22)
Vit 2.4367 2.4298 2.4250(50)
o 0.1687 0.1694 0.1690

“1b=10"2m?

nubar. A number of simulations have shown that the
use of the new TNC and PFNS of the ENDF/B-VIII
produce marginally higher k ¢ values than that of the
ENDF/B-VII.1 [14].

RESULTS AND DISCUSSIONS
The beginning of cycle

The first simulations were performed in cold
conditions in order to determine the effective multipli-
cation factor kg, the delayed neutron fraction S, the
excess reactivity p, and the shutdown margin (SDM).
The results are shown in tab. 5.

The k¢ value was in a compatible range for UO,
clean core (without control rods and chemical con-
trol). The AP1000 clean core was designed with initial
ko = 1.205. The kg result showed good agreement
with the AP1000 (DCD ([4] and the published data
[15-17].

The k. value in MOX was slightly smaller than
the obtained UO, results (1.20495 and 1.20247, re-
spectively). The differences in the reactivity between
the two types of fuel arose from different fissile mate-
rial, which was ?*>U in UO, while fissile materials
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Table 5. The results of the beginning of cycle for UO, and MOX core

Data source ket Relative error Ber  |Relative error|  pex SDM %
MCNP6 (ENDF/B-VIL1) (current result) 1.20495 0.00012 0.00676 0.00011 0.17009 4.92
MCNP6 (ENDF/B-VIII) (current result) 1.20247 0.00046 0.00633 0.00017 0.168 -
o, AP1000 (DCD) [4] 1.205 - 0.0075 0.17012 5.60
WIMS9 [15] 1.2038 0.100 — 0.16929 —
Serpent code [17] 1.20201 0.00051 - 0.16958
MCNP6 [19] - - 0.00695 0.00013 - -
MCNP6 (ENDF/B-VIL1) 1.19988 0.00018 0.00521 0.00019 0.1665 -
MOX MCNP6 (ENDF/B-VIII) 1.19860 0.00014 0.0052 0.00013 0.165 -
Table 6. Temperature reactivity coefficients calculations
Data source orm (pem*/F) DC (pcm/F) OTotal (pem/F)
MCNP6 (ENDF/B-VIL.1) (current result) —11.0418 —1.4966 —12.5384
vo, MCNP6 (ENDF/B-VIII) (current result) —8.28 -1.32 -9.6
AP1000 (DCD) Design Limits [4] 0 to —40 -3.5t0-1.0
AP1000 (DCD) Best estimate [4] 0 to —35 —2.1t0-1.3
MOX MCNP6 (ENDF/B-VIL1) -10.92 —0.903 —11.823
MCNP6 (ENDF/B-VIII) —9.083 —0.965 —10.048
*] pem =107

were 2*Pu and 2*!'Pu in MOX. The higher values of
thermal fission and absorption cross-sections of 23°Pu
resulted in lower thermal flux in MOX assemblies
compared to UO, assemblies [18].

The B values were 0.00676 + 0.00011 and
0.00633 £ 0.00017 with the ENDF/B-VII.1 and the
ENDF/B-VII, respectively, for UO, fuel. The fraction
of U fission delayed neutron yields was calculated
by Sembiring et al.,[19] as 0.00695 £ 0.00013 by us-
ing the ENDF/B-VII.1, while AP1000 design value
was S = 0.0075 [4]. The present results showed a
good agreement with the published ones.

For MOX core, 3. value is in a relatively ac-
ceptable range compared with that of UO, one
(0.00521 and 0.00676 with the ENDF/B-VII.1, re-
spectively, and 0.0052 and 0.00633 with the
ENDF/B-VIII respectively). The 2*Pu had a delayed
neutron fraction significantly smaller than 23°U and so
MOX cores responded more quickly than UO, cores
[18]. The p., value in UO, was very close to the
AP1000 value (0.170124) and it was in good agree-
ment with the other references. The shutdown margin
calculated was 4.92 % which is in good agreement
with Westinghouse reference (5.6 %). The p,, value
was within an acceptable range for MOX core as well.

One of the most important safety parameters of
any nuclear reactor is how its reactivity responds to the
change in temperature. This parameter is the tempera-
ture coefficient of reactivity and it should be negative,
which means that as temperature increases, the reac-
tivity should decrease [20]. The temperature coefti-
cient of reactivity is divided into the moderator tem-
perature coefficient oty and the fuel temperature
coefficient or doppler coefficient (DC). Their calcu-
lated values are shown in tab. 6.

For the AP1000 reactor, the ey, fell within the
range of 0 to —40 pcm/F, while the DC fell within the

range of —3.5 to —1.0 pcm/F. The most important con-
sideration was that a1y and DC results obtained from
this simulation agreed with those calculated in
AP1000 Design Control Document [4] and were nega-
tive which meant that any increase in temperature re-
sulted in a decrease in reactor reactivity and power
[20]. The MOX fuel resulted in a slightly larger Dopp-
ler Coefficient and a significantly larger moderator
temperature coefficient [18].

The middle of cycle

The MCNP6 was used to simulate the core per-
formance over time. The behavior of & over time for
AP1000 core is shown in fig. 5. It is clear that keff is
very consistent with referenced data [15-17]. Data in
fig. 5 reveal that the reactor can operate 18 months
with kg greater than the unity, which is confirmed in
the AP1000 (DCD) [4]. The variation of Burnup with
time for UO, and MOX cores with the ENDF/B-VII.1
is shown in fig. 6.

When comparing the fission cross-sections in the
evaluated nuclear data files, the ENDF/B-VII.1 and the
ENDEF/B-VIII, one can find that the thermal fission
cross section for 2*°U differs by 1.81b (586.8 b in the
ENDFB/B-VIII and 584.99b in the ENDF/B-VIL.1).
Moreover, the total neutron multiplicity v was found to
be greater with the ENDF/B-VIII (0.1694) than with the
ENDF/B-VII.1 (0.1687), fig. 5. These differences may
be the result of the increase in kg especially with the
burn time in UO, fuel when using the ENDF/B-VIII
[12, 14].

In relation to MOX fuel, the ENDF/B-VIIL 2°Pu
prompt fission neutron spectrum (PFNS) comes from
three different evaluations of Los Alamos. Atthermal en-
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Burn-up [GWd/MTU]

T T T I T B
0 100 200 300 400 500 600
Time [d]

Figure 6. The variation of burnup with time for UO, and
MOX cores

ergies, the PFNS is a very slightly modified version of the
ENDEF/B-VILI.1, so that its shape remains very similar to
the original in the ENDF/B-VII.1 PFNS. Recent infor-
mation which explains the discrepancies between the
legacy of 2*°Pu PFNS measurements was included in the
new evaluation by increasing uncertainties. In conclu-
sion, the results of 2>°Pu were slightly different from the
ENDEF/B-VII.1 and the ENDF/B-VIII [14]. Because of
the lower amount of 23U in MOX fuel than in UO,, the
variation in k. was very small, fig. 5.

The end of cycle (EOC) of UO, fuel

The 233U is the fissionable material in the core
which gradually decreases throughout core lifetime.
Moreover, the production of 23°Pu and >*!'Pu increases
towards the EOC [13]. From startup until the EOC, the
fissile component 233U is depleted and other fissile
components are produced when 233U is transmuted to
higher actinides, particularly 23°Pu and ?*'Pu. Figures
6 and 7 present the consumption of the fuel and the
production of Pu isotopes and other actinides that
buildup in the core, respectively.

Results in figs. 7 and 8 show good agreement
with the AP1000 (DCD) [4] and other calculated re-

Figure 7. Consumption of fuel with burnup in UO, fuel
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Figure 8. Production of Pu isotopes and other actinides
with burnup in UO; fuel

sults [7, 16, 17]. As the burnup level rises, the amount
of'total fission products (FP) in the core increases. The
FP are neutron absorbers and have a strong negative
effect on the core's neutron economy as time passes.

To maintain constant power throughout core
lifetime, flux must constantly change to compensate
for isotopic transformations caused by neutron irradia-
tion. The main competing factors in the process are the
consumption/production of fissile nuclides, the deple-
tion of burnable poisons and the accumulation of fis-
sion products in the core. At the BOC, the burnable
poisons are at full strength, but as time evolves the
powerful thermal neutron absorber '°B is depleted and
consequently less thermal neutrons are removed from
the system [7].

The cumulative effect translates to an increase in
neutron flux [7]; this effect can be seen clearly in fig. 9
which provides the profile of the average neutron flux
in fuel elements. Figure 10 shows the power distribu-
tion for the AP1000 core in units of MW. The power
was calculated by MCNP using the F4 tally, then the
tally was normalized to the steady-state thermal power
ofa critical system by the scaling factor mentioned be-
low. It can be seen that the power peaks are in the mid-
dle core assemblies for 2.35 % enrichment.
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The end of cycle (EOC) of MOX fuel

The burnup results for MOX core are depicted in
figs. 11-13. In the UO, core, the 2**U was the fission-
able material which was gradually depleted with time,
and other fissile components were produced when
238U was transmuted to higher actinides particularly
239Py and **'Pu. The cumulative effect was that the
production of 2°Pu and *'Pu levels increased towards
the EOC [7]. On the other hand, in MOX core the fis-
sionable materials originally in the core were 23U and
239Py, so the 3°Pu amount gradually increased due to
the transmutation of 2*3U to 2*°Pu plus the original
amount found. As time passed, >*°Pu amount de-
creased due to fission; that was why the 2*°Pu in-
creased then decreased in fig. 11.
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Figure 13 shows the MOX core power distribu-
tion in unit of MW. The power peaking factor was
found to be 1.855 and 1.979 for UO, and MOX cores
respectively.

The variation between the results of two librar-
ies, the ENDF/B-VII.1 and the ENDF/B-VIII, was

40.20
36.18
32.16
28.14
2412

20.10 Figure 10. Core power
16.08 distribution for UO,
12.06 reactor (MW)

8.040
4.020
0.000
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small. The consummations and productions of MOX
fuel are shown in tab. 7. It shows that the variations oc-
curred in the isotope mass in tons for all MOX fuel
compositions.

The fuel used in MOX assemblies was character-
ized by a reduced enrichment in uranium, which was
depleted and by a content of weapons-grade and other
reactor-grade plutonium. The higher values of thermal
fission and absorption cross-sections of 2*Pu had two
important effects:

The thermal flux in MOX assemblies was lower
than in LEU assemblies [18].
The pins located at MOX/UQ, interfaces pre-
sented a severe power peaking [18].

The first effect deserves a better description. The
thermal neutron flux in MOX assemblies is substan-
tially lower than in LEU ones and also the fast flux is

&
L

ISR
v %

slightly smaller. This means that the burnup for UO,
fuel will be faster than that of MOX as shown in fig. 6.

The fast-to-thermal ratio in MOX is almost twice
that of UO,. These facts lead to some particular phe-
nomena. One of the most important phenomena is the
reduction in reactivity value of neutron-adsorbing ma-
terials. The effectiveness of boric acid (H;BO;) that is
used to offset the burnup of the fuel and of the burnable
absorber, is reduced since it is a thermal absorber [16,
17].

One of the most important parameters is the ef-
fective delayed neutron fraction . If s has a lower
value, more neutrons appear as prompt neutrons.
Therefore, the kinetic response of the reactor is
quicker. 23°Pu has a delayed neutron fraction that is
significantly smaller than 2*U. MOX cores also re-
spond more quickly than UO, cores, tab. 5.

Table 7. The burnup of MOX fuel with the ENDF/B-VII.1 and the ENDF/B-VIII

92235 92238 95241
Time ENDEF/B-7 ENDF/B-8 ENDF/B-7 ENDF/B-8 ENDF/B-7 ENDEF/B-8
0 2.355 2.355 79.20 79.20 0.1228 0.1228
100 2.298 2.299 79.15 79.15 0.1258 0.1255
200 2.243 2.243 79.10 79.10 0.1286 0.1281
300 2.189 2.189 79.05 79.05 0.1314 0.1306
400 2.137 2.136 78.99 79.0 0.1341 0.133
500 2.086 2.086 78.94 78.94 0.1367 0.1353
600 2.035 2.036 78.89 78.89 0.1392 0.1375
94238 94239 94240
Time ENDF/B-7 ENDF/B-8 ENDEF/B-7 ENDF/B-8 ENDEF/B-7 ENDEF/B-8
0 0.09552 0.09552 2.479 2.479 1.137 1.137
100 0.09498 0.09509 2.48 2.479 1.138 1.138
200 0.09498 0.09527 2.48 2.479 1.139 1.139
300 0.09534 0.09583 2.478 2.476 1.14 1.141
400 0.09596 0.09668 2.475 2.473 1.141 1.142
500 0.09676 0.09773 2.471 2.467 1.143 1.144
600 0.09771 0.09894 2.466 2.461 1.145 1.146
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The MOX fuel results in a slightly larger Dopp-
ler coefficient and a significantly larger moderator
temperature coefficient is shown in tab. 6. This condi-
tion can be considered in accident scenarios character-
ized by the overcooling of the core; the overcooling of
MOX fuel will result in a larger increase in reactivity
than that of UO, fuel [18].

CONCLUSION

In this investigation, the AP1000 reactor core was
modeled by using the MCNP6 code. The model was vali-
dated by comparing with the design control document
(DCD) of the AP1000 and the published data. The simu-
lation results of the current study, including core reactiv-
ity, cold zero power (CZP) neutronic parameters, tem-
perature reactivity coefficients, core power distribution,
neutron flux, core reactivity vs. fuel burnup and power
peaking factor were in good agreement with the DCD.
The multiplication factor kg was found to be 1.20495
compared to 1.205 for the AP1000 DCD. The delayed
neutron fraction . was found to be 0.00676 compared
to 0.0075 for the AP1000 DCD. The temperature reac-
tivity coefficients have also demonstrated values close to
those in DCD. The distribution of fuel burn-up and con-
tent of transuranic nuclides produced in the AP1000 core
were successfully calculated and the analysis showed a
consistent result compared to reference data. The pro-
duction of TRU and fuel consumption showed also a
good agreement with DCD. The results showed the accu-
racy of the MCNP6 code in calculating the reactor power
in addition to establishing a precise evaluation of the
neutronics parameters by means of the two
ENDEF/B-VII.1 and ENDF/B-VIII libraries. A new core
with MOX fuel was analyzed keeping the fuel assembly
geometry. The multiplication factor k. was found to be
1.19988 which meant that it was in the reasonable area.
The delayed neutron fraction 8. was found to be 0.0052.
This was because the 2>°Pu had a delayed neutron frac-
tion which was significantly smaller than 2>°U. The tem-
perature reactivity coefficients for MOX fuel were
slightly higher than those for UO, fuels.
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Counna M. PEJIA, Uopaxum M. TOMA, Uopaxum U. BAIITEP, Ecmar A. AMUH

YTULAJ MOX TOPUBA "N ENDF/B-VIII BUBJITUOTEKE HA U3PAYYHABAIBE
HEYTPOHCKUX ITAPAMETAPA AP1000 PEKATOPA IIOMOBKBY MCNP6 ITIPOI'PAMA

IIpoyuaBan je yrunaj yBobewa MOX ropuBa Ha HEyTpPOHCKe HapameTpe BecruHxaycoBor
AP1000 peakropa. HeyTponcka uspauynaBama jesrpa peakropa AP1000 ca Tpu 30He oGorahema 23U
(2.35 %,3.40 %, u4.55 %) n3Bpiiena cy ynorpe6om MCNP6 kopa ca 6ubnmunorekom ENDF/B-VIIL.1 u HoBuM
u3gareM ENDF/V-VIIIL. [loOujeHu pesynraTu HoKasajlu Cy ja cuMmyiaupanu mopaen jesrpa AP1000
peakTopa 3a0BO/baBa KpUTEpHjyMe ONTUMU3alHje Kao y Bectunrxaycosoj peepenuu. Pesynratu koju
Cy yKJbyuuBanu: e(PeKTUBHU (PAaKTOP YMHOXKaBama K4 (Ppaxijy 3aKacHENIUX HEYTPOHA f3 4, BUILAK
PEaKTUBHOCTH p.,, TPAHUIly 3ayCTaB/bCHa, TEMIEPATypHE KOe(HIUjeHTe PEaKTHBHOCTH, MOTPOIILY
LEJIOT je3rpa, HEYTPOHCKHU (piiyKe, (hakKTOp MaKCHMMAJIHE CHare M FyCTHHY CHAare jesrpa, u3pauyHaTy cy U
ynopebeHu ca foCTynHUM 00jaB/bEHUM MOJlALIMA.

YTBpbeHo je fa je ke 3a xnajgaH peaktop Hyiate cHare 1.20495 u 1.20247, ca OuGnmorekama
ENDEF/B-VII.1 u ENDF/B-VIII, mto ogrosapa Bpefnoctu of 1.205 npeacrasibenoj y AP1000 koHTponHOM
IPOjeKTHOM JIOKYMEHTY 3a je3rpo ca ropusoM UQO,. C gpyre crpane, yTBpbeHO je fa kg, MOJ UCTUM
ycinoBuMa, uzHocu 1. 19988 u 1.19860 3a MOX jesrpo mpopauyHaTo KopultheweMm OubinoTexa
ENDEF/B-VII.1 u ENDF/B-VIII, mrto nokasyje go6ap of3uB, NOTBpbhyje CUI'YpPHOCT IpOjeKTa U €(hUKaCHO
MojiesioBame je3rpa peakropa AP1000.

Kmwyune pequ: pexitiop AP1000, MOX 2opuso, Heyiuponcku iiapameiipu, MCNP6, ENDF/B-VIII




