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The purpose of this study is to analyze the temperature effect on the infinite multiplication factor of
light water moderated UQ, lattices KRITZ: 2-1 and KRITZ: 2-13, and UO,-PuO; lattice KRITZ: 2-19
of the Sweden KRITZ reactor. To quantify the contribution of each component of the infinite
multiplication factor to the temperature coefficient, calculations were performed for the three
configurations of KRITZ benchmark at two temperatures: room temperature 20°C and an elevated
temperature 245°C, using MCNPX which is a continuous energy Monte Carlo reference code for the
calculations of neutron transport. Nuclear data needed for this work were processed by means of the
NJOY99 system and the most recent libraries JENDL-4, JENDL-3.3, JEFF-3.1, ENDF/B-VII, and
ENDEF/B-VIIL.1. The performed studies on the temperature coefficient have shown an agreement
between our calculations and those obtained from the final report published by the OECD in 2005

(NEA, 2005).

Temperature coefficient,
MCNPX.
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INTRODUCTION

During the reactor operation, numerous parameters such as
temperature, pressure, power level, and cooler flow are
continuously monitored and controlled to ensure safe and
stable operation of the reactor. The specific effects of changes
in these parameters vary greatly depending upon reactor
design. One of the most significant effects during reactor
operation is the temperature coefficient effect on the reactivity.
The temperature coefficient which is the relative change of a
physical property with respect to changes in temperature is
considered as one of the most important physical quantities
used to assess the inherent safety of a reactor. Temperature
variation in a reactor induces changes in the microscopic
reaction rates and in the moderator density and consequently,
in the infinite multiplication factor. This results in the addition
of either positive or negative reactivity and hence changes in
reactor power. The temperature dependence of the infinite
multiplication factor is considerably important in connection
with the transient behavior of a reactor and this fact has
associated nuclear criticality safety issues and must therefore
be investigated since it has a large influence on the estimation
of operational reactivity balance. In this research, the effect
of temperature on the infinite multiplication factor has been
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analyzed in order to ascertain the polarity, magnitude and
effects of fuel and moderator temperatures on its physical
components for the safe operation of the “KRITZ experiments”
including a series of light-water-moderated lattices with
uranium rods, and mixed-oxide rods.

Description of the reactor KRITZ

The KRITZ reactor operated at Studsvik, Sweden, during the
first half of the 1970s. Each core comprised a lattice of light
water moderated pins on a square pitch, surrounded by a light
water reflector. The core was controlled to criticality using a
combination of water height and dissolved boron. The
experiments subject to this analysis were performed at nominal
temperatures of 20°C and 245°C. Three lattices were studied:
experiment 2:1, comprising 1.86% enrichment UO2 pins on a
1.485 cm pitch; experiment 2:13, comprising 1.86%
enrichment UO2 pins on a 1.635 cm pitch; and experiment
2:19, consisting of MOX rods containing 1.5% PuO2 on a 1.8
cm pitch. Axial buckling measurements at both hot and cold
conditions and a core specification are available from the final
report of reference (NEA, 2005).

Description of experimental configurations

The vertical and horizontal cross-sections of the reactor KRITZ
are shown schematically in Fig. 1 and Fig. 2, respectively
(NEA, 2005).
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Tables 1 and 2 give the main parameters of the three
configurations and rods data respectively (NEA, 2005).
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Fig. 1: Vertical cross-section of the KRITZ reactor
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Fig.2: Horizontal cross-section of KRITZ reactor
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MATERIALS AND METHODS

The Pin Cell Model: In our analysis of infinite multiplication
factor, the adopted KRITZ reactor pin cell model was treated
as a single fuel rod immersed in light water with total
reflection to simulate an infinite medium (Fig. 3). Analysis
based on the pin cell gives an idea on the importance of
different components contributing to the reactivity temperature

coefficient RTC and is very useful in determining sources of
discrepancy between different codes and different nuclear data
libraries.

MCNPX code: MCNP is a general-purpose Monte Carlo N-
Particle transport code. It can be used for neutron, photon,
electron, or coupled neutron/photon/electron transport,
including the capability to calculate eigenvalues for critical
systems. The code treats an arbitrary three-dimensional
configuration of materials in geometric cells bounded by
surfaces.

Pointwise cross section data are handled. For neutron, all
reactions, given in a particular cross-section evaluation (such
as ENDF/B-VII), are taken into account. The recent version
MCNPX (version 2.7.0) is provided with a visual Editor which
permits to handle input file creation, particles track
visualization, geometry and tallies plots.

The NJOY99 code: The NJOY nuclear data processing
system is a modular computer code, developed in the Los
Alamos National laboratory of the U.S. since 1974. Used for
converting evaluated nuclear data in ENDF format into
libraries useful for application in both deterministic and Monte
Carlo computational codes (MacFarlane and Muir, 1994).

Theoretical consideration:

For the maintenance of a self-sustaining chain reaction, it is
necessary that each neutron produced in fission initiates
another fission. The minimum requirement is that each nucleus
undergoing fission must produce on the average, at least one
neutron that will cause the fission of another nucleus. This
condition is conveniently expressed in terms of the infinite
multiplication factor. We have used, instead of four, five
factors to describe the infinite multiplication factor k., in
order to account for the (n,2n) reactions (Erradi et al., 2003;
Alain Santamarina et al., 2004). Our five factors formula is the
following:

koe=x-ep-f-n @

Where, y is the factor corresponding to the neutron
amplification related to (n,2n) reaction, &€ is the fast fission
factor, p is the resonance escape probability, f is the thermal
utilization factor and 7 is the thermal fission factor.

To better understand the important role and impact of each of
the five factors on neutron multiplication, we examine each of
them more quantitatively in terms of neutron flux, reaction
rates and cross sections in thermal (T), intermediate (I), and
fast (F) energy ranges.

Fast fission factor

€ is the ratio of total number of fission neutrons produced to
the number of thermal fission neutrons (Elmer E.Lewis, 2008).
We have:

. Iy vE[E)Q; @)aE+], vEE)pf (B)AE+ [y vELE)p) (B)AE
Iy vERB)of (B)aE

@

The subscript frepresents fuel.
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Fig.3. A cross section view through the KRITZ usingVisual Editor of MCNPX

Table 1: Configurations of different cores KRITZ-2

Core Rod type Number of rods  Pitch (cm) A, Ay (cm)
2:1 uo2 44*44 1.485 8.1
2:13 uo2 40*40 1.635 11.3
2:19 UO2-PuO2 25%24 1.80 9.9

Table 2: Rods data of different cores KRITZ-2

Masse volumique Moyenne (g/cm”®) 10,145 9,58

36U (%masse dans U)

24U (Y%masse dans U) 0,008 fois la teneur de I'’*°U

35U (Y%masse dans U) 1,86 1,16

% en masse de Pu dans le combustible 1,5

Rayon de la pastille (cm) 0,529 0,4725

Longueur du combustible (cm) 365,0 123,2

Matériau de la gaine Zircolloy-2 Zircolloy-2

Epaisseur de la gaine (cm) 0,074 0,067

Diamétre externe de la gaine (cm) 1,225 1,079

The resonance escapes probability

p is defined as the fraction of neutrons that survives to
absorption during slowing down and reaches the thermal
group. p is given by (Elmer E.Lewis, 2008):

p= Vi fp SEE)QF(E)AE+Vin [ SB(E)pm(E)AE 3)
Ve[l Ei@0p@aE+], SLE 0 EIAE]+Vi [ SRE) om(E)AE

Where Vg, V,,, are the volumes of fuel and moderator

respectively, m and Z£ are the macroscopic absorptions
cross section of the moderator and fuel respectively.

The thermal utilization factor

_ Vi p ShE)es (B)AE )
Vi fp SHE) s (B)AE+Viy [ STE) @y (B)AE+V, [ SS(E) s (E)AE

f

Where the subscripts f, m, c denote fuel, moderator and
cladding respectively.

Thermal fission factor

Finally, 17 the number of fission neutrons produced per thermal
neutron absorbed in the fuel (Elmer E.Lewis, 2008) is:

_fp v¥®)es (B)aE ®)
Jp ShE®) oy B)aE

The different components of p, f; and  are deduced from
MCNP calculation.

The reactivity temperature coefficient ey which is defined as
the change in reactivity with respect to temperature is
expressed as (Erradi et al., 2003; Alhassan et al., 2010, 2011):

d d (K -1 1 dk
ap =2 _( of f ) _ of f )

Tar ar\ Kes T Ky AT

Where, reactivity p defining the fractional departure of a
system from criticality (Alhassan et al., 2010, 2011), and
K .5y is the effective multiplication factor.

From the basic relationship betweenK s, K., and Py, the non-
leakage probability, we obtain from Eq.(4) (Erradi ef al., 2003;
Alhassan et al., 2011):

1 dKeff _ 1 dKy 1 dPpnL
U= e T e TRy ar D
eff © NL
Equation (5) can be written as: \
ar =ag, +a, @®

Where, the first term is the temperature coefficient of the
infinite multiplication factor and the second term represents the
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leakage temperature effect. By using the five factors formula,
ag_ can be expressed as follows:

1 dK,
akw_l{% ar

1 dy 1 de 1 dp

x2% dr = €2 dr

1df | 1 dy

+= L2 (9

p2 dT  f%2 dT = n? dr

The effect of temperature on each factor F could be quantified
by calculating

1dF _ 1 AF _ 1
F2dT ~ F2AT ~ F(20°C)+F(245°C)

F(245°C)—F(20°C)
245°C—-20°C

(10

To analyze the temperature effect on five factors, the variation
of material densities with temperature was taken into account
and all the corresponding cross sections were processed at
20°C and 245°C.

RESULTS AND DISCUTION
Validation of KRITZ Monte Carlo modeling

The validation of our MCNP models for the three experiments
KRITZ: 2-1, KRITZ: 2-13 and KRITZ: 2-19 is carried through
the reproduction of the infinite multiplication factor at two
temperatures 20°C and 245°C without boron concentration for
different nuclear data libraries and compared to the results
presented in reference (NEA, 2005), The participants in this
benchmark have provided 11 solutions for the infinite
multiplication factor by calculation only, thus we compare our
results with their average, our MCNPX calculations are shown
in table 3, Calculation-Reference difference is computed in
terms of C-R relative values.

We note that most of the results obtained by almost libraries
overestimate the values of k, presented in reference (NEA,
2005) for the three configurations and two temperatures, a few
results underestimate the reference values in high temperature
for UO, configurations. However the differences between
MCNPX simulation results and those of reference (NEA, 2005)
are less than 1% and become smaller for simulations carried at
high temperature.

The best results are obtained by JEFF-3.1 for KRITZ: 2-19 at
both room and elevated temperature. For KRITZ: 2-1 at room
temperature JENDL-3.3 gives the best agreement; however at
elevated temperature all the neutron cross section evaluations
allow to reproduce correctly the values given in reference
(NEA, 2005), except JENDL-3.3 and JEFF-3.1 that largely
underestimates the K., values. For KRITZ: 2-13 the best results
are obtained at 20°C by JENDL-3.3, and at 245°C by the three
ENDF/B7, ENDF/B7.1 and JENDL-4 evaluations.

Validation of the five factor formula of K,

The previous calculations show that our MCNPX models of
KRITZ experiments reproduce well the reference value of K.
After this validation, we propose to quantify each factor in the
formula of K,. The integral results obtained from the five
factors formula are compared to those obtained directly from
MCNPX simulations.

MCNP allows a direct calculation of the infinite multiplication
factor, thing that allows us to make a validation of the five

factors formula. According to Tables 4, 5 and 6 we see that all
the results of calculated infinite multiplication factor by the
five factors formula are in good agreement with those obtained
directly from the simulation for all geometries and all libraries
at the two temperatures of interest.

The contribution of each of the five factors to the
temperature coefficient of K,

The temperature dependence of K., has a significant influence
on the estimation of operational reactivity balance. In this
work, we have quantified the temperature effect on K,, using
the infinite multiplication factor values calculated directly by
MCNP at two temperatures, 20°C and 245°C (using ag, =

1 dK.,
Z F)’ and compared them to those deduced from the Monte
Carlo computing of the five factors

1 dy

(d _ 1 de
KOO_)(Z dr

&2 ar

1 dp 1 df 1 dn

pZ dT ' f2 ar ' pZ ar’”

Results are compared to the published values of K,, available in
reference (NEA, 2005).

According to the results of reference (NEA, 2005), for the
temperature range 20°C to 245°C, the temperature coefficients
related to the infinite multiplication factor are -13.3 pcm /°C, -
6.99 pcm/°C , 5.28 pcm/°C for KRITZ: 2-1, KRITZ: 2-13 and
KRITZ: 2-19 respectively. We note in general a good
agreement between these values and our results ay_ calculated
by the K, values got directly from the MCNP simulation.

From the tables above, it can be observed that the fast fission
factor increases with temperature increase and its contribution
to the temperature coefficient of the infinite multiplication
factor was positive for the three fuels but more significant for
the UQ, fuels; this can be attributed to the water density effect;
since an increase in moderator temperature reduces the number
of neutron collisions per unit volume and hence leads to an
increase in the fast to thermal ratio (Alhassan et al., 2010), In
UO, fuels with higher amount of U™* is fissioned by some of
the fast neutrons and thereby making available more neutrons
in the reactor core.

With increasing temperature the absorption resonances broden
thereby increasing the absorption of neutron so the resonance
escape probability decrease and contributes negatively in the
temperature coefficient of the infinite multiplication factor; this
is due to Doppler broadening (Alhassan et al., 2011).

The positive contribution of the temperature coefficient of the
thermal utilization factor which is related to the water density
effect; an increase in moderator temperature reduces the
capture in the moderator (Erradi et al., 2003). The contribution
of ayis more significant in KRITZ: 2-19 than KRITZ: 2-13 and
KRITZ: 2-1 relatively to the temperature effect resonance
escape probability that influence the neutrons portion that pass
to the thermal region.

As we can observe the temperature coefficient of the thermal
fission factor was negative and it is more significant in KRITZ:
2-19 than KRITZ: 2-1 and KRITZ: 2-13. This temperature
effect is mainly due to the spectral shift effect which is more
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Table 3. Comparison of k,, values obtained directly by MCNP and reference ones*

Réf K, ENDF/B7.1 ENDF/B7 JENDL-4 JENDL-3.3 JEFF-3.1
KRITZ:2-1 20°C 1.23936 £184 1.24451 +£3 0.42 1.24478 £3 0.44 1.24472 £3 0.43 1.23978 £3 0.03 1.24177 £3 0.19
245°C 1.19519 £223 1.19284 +4 -0.2 1.19294 +4 -0.19 1.19312 £3 -0.17 1.18774 +4 -0.62 1.18985 +3 -0.45
KRITZ:2-13 20°C 1.26815 £162 1.27453 £3 0.5 1.27496 +£3 0.54 1.27468 £3 0.51 1.27035 +£3 0.17 1.27222 +£3 0.32
245°C 1.24334 £201 1.24382 +3 0.04 1.24412 £3 0.06 1.24405 +£3 0.06 1.23922 +3 -0.33 1.24127 £3 -0.17
KRITZ:2-19 20°C 1.27871 £337 1.28685 +3 0.64 1.28744 +£3 0.68 1.28859 +£3 0.77 1.28679 +£3 0.63 1.28093 +£3 0.17
245°C 1.29845 +£345 1.30421 +3 0.44 1.30472 +£3 0.48 1.30826 +£3 0.76 1.30414 +£3 0.44 1.30064 +3 0.17
*: the standard deviation is given in pcm.
Table 4. Monte Carlo calculation of K_, from five factors formula for KRITZ: 2-1
KRITZ:2-1
El;‘:;i;r data ENDF/B7.1 ENDF/B7 JENDL-3.3 JENDL-4 JEFF-3.1
T 20°C 245°C 20°C 245°C 20°C 245°C 20°C 245°C 20°C 245°C
1.00168 +£56 1.00185 +43 1.00169 +56 1.00185 +43 1.00136 +56 1.00149 +34 1.00154 +56 1.00169 +34 1.00156 +56 1.00171 +43
€ 1.20807 +24 1.26209 +25 1.20753 +24 1.26143 £25 1.20794 +24 1.26205 £25 1.20706 +24 1.26080 +25 1.20629 +24 1.25974 £25
p 0.66298 +37 0.60209 +26 0.66318 +37 0.60228 +26 0.66233 +37 0.60131+23 0.66394 +37 0.60315 +23 0.66277 £37 0.60199 +26
f 0.90845 +£50 0.92542 +£39 0.90874 £50 0.92571 £39 0.90851 +50 0.92545 +£39 0.90827 +50 0.92522+39 0.90833 +50 0.92529 +£39
n 1.70759 +£34 1.69310 +£34 1.70760 +34 1.69309 +34 1.70334+34 1.68865 +34 1.70739 +34 1.69293 +34 1.70729 +£34 1.69280 +34
K. (MCNP f.f.f)* 1.24455 +256 1.19283 +201 1.24476 +£256 1.19295 +200 1.23977 £255 1.18773+183  1.24474 £256 1.19313 +184 1.24179 £256 1.18986 +200
K. 1.24451 +3 1.19284 +4 1.24478 +£3 1.19294 +4 1.23978 +3 1.18774 £3 1.24472 +£3 1.19312 +£3 1.24177 £3 1.18985 +3
MCNP=err(pcm)
Table 5. Monte Carlo calculation of K, from five factors formula for KRITZ: 2-13
KRITZ:2-13
Nuclear data library ENDEF/B7.1 ENDEF/B7 JENDL-3.3 JENDL-4 JEFF-3.1
T 20°C 245°C 20°C 245°C 20°C 245°C 20°C 245°C 20°C 245°C
X 1.00141 1.00157 1.00142 1.00157 1.00114 1.00127 1.00130 1.00144 1.00132 1.00146
+44 +40 +44 +40 +44 40 +44 40 +44 +40
€ 1.15000 1.18438 1.14968 1.18394 1.14986 1.18429 1.14937 1.18354 1.14889 1.18289
+23 124 +23 124 +23 124 +23 124 23 124
p 0.73941 0.68921 0.73961 0.68941 0.73896 0.68865 0.74018 0.69013 0.73908 0.68899
+32 +27 32 +27 32 +27 +32 +27 32 +27
f 0.87519 0.89727 0.87546 0.89756 0.87531 0.89736 0.87502 0.89708 0.87509 0.89715
+38 +36 +38 +36 +38 136 +38 +36 +38 +36
] 1.71024 1.69551 1.71023 1.69552 1.70602 1.69109 1.71003 1.69534 1.70992 1.69521
+34 +34 +34 +34 +34 +34 +34 34 34 34
K, (MCNP f.f.f)* 1.27454 1.24379 1.27492 1.24410 1.27030 1.23921 1.27463 1.24401 1.27224 1.24131
1217 +199 1217 +199 1216 +198 1217 +199 +216 +198
K, MCNP=err(pcm) 1.27453 1.24382 1.27496 1.24412 1.27035 1.23922 1.27468 1.24405 1.27222 1.24127

+3 +3 +3 +3 +3 +3 +3 +3 +3 +3
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Table 6. Monte Carlo calculation of K., from five factors formula for KRITZ: 2-19

KRITZ:2-19
Nuclear data library ENDF/B7.1 ENDF/B7 JENDL-3.3 JENDL-4 JEFF-3.1
T 20°C 245°C 20°C 245°C 20°C 245°C 20°C 245°C 20°C 245°C
% 1.00114 1.00129 1.00114 1.00129 1.00095 1.00108 1.00109 1.00123 1.00107 1.00121
+60 +46 +59 +46 +60 +46 +59 +46 +60 +46
€ 1.08257 1.09647 1.08242 1.09629 1.08262 1.09653 1.08254 1.09624 1.08230 1.09591
+22 +22 +22 +22 +22 +22 +22 +22 +22 +22
p 0.82710 0.79243 0.82725 0.79258 0.82692 0.79219 0.82750 0.79285 0.82668 0.79209
+49 +36 +49 +36 +49 +36 +49 +36 +49 +36
f 0.83211 0.88365 0.83227 0.88379 0.83226 0.88372 0.83215 0.88368 0.83207 0.88375
+50 +41 +50 +41 +51 +41 +51 +41 +50 +41
n 1.72519 1.69650 1.72553 1.69685 1.72540 1.69704 1.72674 1.70121 1.71874 1.69336
+35 +34 +35 +34 +35 +34 +35 +34 +34 +34
K., (MCNP f.f.0)* 1.28684 1.30422 1.28741 1.30474 1.28677 1.30414 1.28858 1.30823 1.28090 1.30061
+282 +232 +282 +232 +282 +232 +282 +233 +281 +232
K. MCNP=err(pcm) 1.28685 1.30421 1.28744 1.30472 1.28679 1.30414 1.28859 1.30826 1.28093 1.30064
+3 +3 +3 +3 +3 +3 +3 +3 +3 +3

*: five factors formula

Table 7. Contribution of each component of K. to the temperature coefficient for KRITZ: 2-1

5
o, o ap o Oy z a; ag., Ref
=1
KRITZ: ENDF/B7.1 7.26E-07 1.57E-04 -6.78E-04 8.97E-05 -2.23E-05 -4.52E-04 -1.55E-04
2-1 +4.39E-06 + 3.36E-06 +-1.71E-06 +5.86E-06 +7.74E-07 + 1.27E-05 +-1.62E-06
ENDF/B7 7.40E-07 1.57E-04+ -6.78E-04+ 8.96E-05+ -2.23E-05+ -4.52E-04+ -1.55E-04+
+4.39E-06 3.36E-06 -1.71E-06 5.86E-06 7.74E-07 1.27E-05 -1.63E-06 -1.33E-04 +
JENDL-4 6.53E-07+ 1.57E-04+ -6.75E-04+ 8.97E-05+ -2.22E-05+ -4.50E-04=+ -1.54E-04=+ 1.02E-05
3.98E-06 3.35E-06 -1.95E-06 5.86E-06 7.75E-07 1.20E-05 -1.65E-06
JENDL-3.3 5.91E-07+ 1.58E-04+ -6.81E-04+ 8.95E-05+ -2.27E-05 -4.56E-04=+ -1.57E-04=+
3.98E-06 3.36E-06 -2.01E-06 5.86E-06 +7.72E-07 1.20E-05 -1.65E-06
JEFF-3.1 6.55E-07 6.55E-07 -6.77E-04 8.97E-05 -2.23E-05 -4.53E-04 -1.56E-04
+4.39E-06 +4.39E-06 +-1.69E-06 +5.86E-06 +7.74E-07 +1.27E-05 +-1.67E-06
KRITZ: ENDF/B7.1 6.91E-07 1.12E-04 -4.38E-04+- 1.25E-04 -2.26E-05 -2.23E-04 -8.61E-05
2-13 +3.72E-06 +2.89E-06 3.41E-07 +5.75E-06 +7.69E-07 +1.28E-05 +-8.50E-07
ENDF/B7 6.92E-07+ 1.12E-04+ -4.38E-04+ 1.25E-04=+ -2.26E-05+ -2.23E-04=+ -8.64E-05+
3.72E-06 2.89E-06 -3.42E-07 5.74E-06 7.69E-07 1.28E-05 -8.54E-07 -6.99E-05 +
JENDL-4 6.27E-07+ 1.12E-04+ -4.35E-04+ 1.25E-04+ -2.25E-05+ -2.21E-04+ -8.58E-05+ 9.21E-06
3.72E-06 2.88E-06 -3.19E-07 5.75E-06 7.70E-07 1.28E-05 -8.47E-07
JENDL-3.3 5.63E-07+ 1.12E-04+ -4.39E-04+ 1.25E-04+ -2.30E-05+ -2.25E-04+ -8.79E-05+
3.72E-06 2.89E-06 -3.55E-07 5.74E-06 7.67E-07 1.28E-05 -8.70E-07
JEFF-3.1 6.15E-07+ 1.11E-04+ -4.37E-04+ 1.25E-04+ -2.25E-05+ -2.23E-04+ -8.71E-05+
3.72E-06 2.88E-06 -3.30E-07 5.75E-06 7.70E-07 1.28E-05 -8.61E-07
KRITZ : ENDF/B7.1 6.69E-07+ 5.21E-05 -2.35E-04 3.12E-04 -4.36E-05 8.56E-05 4.60E-05
2-19 4.69E-06 +2.27E-06 +2.74E-06 +9.53E-06 +5.09E-07 +1.97E-05 +7.02E-07
ENDF/B7 6.71E-07+ 5.20E-05+ -2.35E-04+ 3.11E-04+ -4.35E-05+ 8.54E-05+ 4.57E-05+
4.69E-06 2.26E-06 2.74E-06 9.52E-06 5.09E-07 1.97E-05 6.99E-07 5.28E-05 +
JENDL-3.3 5.56E-07+ 5.21E-05+ -2.36E-04+ 3.11E-04+ -4.31E-05+ 8.50E-05+ 4.59E-05+ 1.92E-05
4.69E-06 2.27E-06 2.74E-06 9.52E-06 5.15E-07 1.97E-05 7.02E-07
JENDL-4 6.28E-07+ 5.13E-05+ -2.35E-04+ 3.11E-04+ -3.86E-05+ 9.01E-05+ 5.19E-05+
4.69E-06 2.26E-06 2.74E-06 9.53E-06 5.67E-07 1.98E-05 7.71E-07
JEFF-3.1 6.11E-07+ 5.10E-05+ -2.35E-04+ 3.12E-04+ -3.88E-05+ 9.04E-05+ 5.26E-05+

4.69E-06 2.25E-06 2.75E-06 9.54E-06 5.70E-07 1.98E-05 7.82E-07




3585

International Journal of Current Research, Vol. 5, Issue, 12, pp. 3579-3585, December, 2013

dominant for KRITZ: 2-19 because the thermal fission factor is
enrichment dependent. For the temperature range 20°C to
245°C, the temperature coefficients obtained by the sum of the
effects is high than those got from the K, values given directly
from the MCNP simulation, this due to the compensation of the
effects in the second relation.

In KRITZ: 2-1 and KRITZ: 2-13 all libraries give similar
results, while for KRITZ: 2-19 the best results are given by
JENDL-4 and JEFF-3.1.

Conclusion

This paper presented the results of cell calculations by Monte
Carlo method implemented in MCNPX code for the three
KRITZ 2 experiments. K, values and the temperature
coefficient are investigated by using different nuclear data
based on JEFF-3.1, ENDF/B-VII.1, ENDF/B-VII, and JENDL-
4, at 20°C and 245°C. The calculated K, values with the above
evaluations show a good agreement with the values in the
reference which allows the validation of our MCNPX modeling
and the qualification of our nuclear data. From the RTC
calculations we can note that KRITZ: 2-1 and KRITZ: 2-13 are
most safe than KRITZ: 2-19 because their RTC are negative.
The results we obtained are excellent, which leads us to extend
our study to a ke calculated taking into account the leakage
probability, and, making a calculation of KRITZ, TCA and
Creole benchmarks assemblies. Our study will be completed by
a sensitivity study of each parameter.
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