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One of the strongest calculating codes of the nuclear reactors is MCNP code. This code
is designed to base of the Monte Carlo method. The most important restriction on using of the
MCNP code is its time consuming and lack of enough memory volunie for an extended prob-
lem, e.g. neutron calculation of a real reactor core. In this work the calculating codes are used
Jor calculation and determination of the physical parameters of neutron: reactivity, neutron
Jlux, K. etc. of the nuclear reactor with 1000 MW power. The core model has been developed
JSrom 1/12 of the core to 1/6 and 1/1 (whole the core) to facilitate calculation of control group’s
worth. The results are compared with the technical data.

1. Introduction

MCNP is a general-purpose, continuous-energy, generalized-geometry, time-de-
pendent, coupled neutron/photon/electron Monte Carlo transport code. It can be used
in several transport modes only: neutron, electron, combined neutron/photon transport
where the photons are produced by neutron interactions, neutron/photon/electron, pho-
ton/electron, or electron/photon.

The neutron energy regime is from 10-11 MeV to 20 MeV, and the photon and
electron energy regimes are from 1 keV to 1000 MeV. The capability to calculate K¢
eigenvalues for fissile systems is also a standard feature. One of the benefits of MCNP
computer code is to define the detail geometry as well as using continuous cross sec-
tion library. MCNP has not been successfully vectorized, because the overhead re-
quired to set up and break apart vector queues at random decision points is greater
than the savings from vectorizing the simple arithmetic between the decision points.
MCNP (and any general Monte Carlo code) is little more than a collection of random
decision points with some simple arithmetic in between. Because MCNP does not take
advantage of vectorization, it is fairly inefficient on vectorized computers. In particu-
lar, many workstations and PCs run MCNP as fast or faster than mainframes. MCNP
has been made as system independent as possible to enhance its portability, and has
been written to comply with the ANSI FORTRAN 77 standard (48,000 lines of FOR-
TRAN and 1000 lines of C).With one source code, MCNP is maintained on many
platforms][1].

In this work the neutron parameters of NPP sample core for the first cycle are
calculated using MCNP. The core model has been developed from 1/12 of the core to
1/6 and 1/1 (whole the core) to facilitate calculation of control group’s worth.The in-
put parameters used in computations numerical are presented in the table 1. The re-
sults are compared with the technical data of a sample reactor.
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Tab. (1):Geometric specifications and reactor core materials

Parameter Value Parameter Value
Pellet density, Kg/m3 (10.4...10.7) x10° Absorbing element 7.2x10°
clad inner diameter, m
Diameter of the fuel 1.5x10° Absorbing material 7.2x10°
pellet central hole, m diameter, m
Fuel pellet height, m (9.0...12.0) x107 Absorbing element 8.2x10°
clad outer diameter, m
Helium pressure under 2.0+0.25 Nominal height of 4.215
fuel rod cladding, MPa control rod, m
Fuel rod length, m 3.842 Clad material Stainless steel
Fuel rod pitch, m 12.75x10° Equivalent Diame- 3.16
ter,m
Temperature of fuel 352 Active Height, m 3.53
rod outside surface, °C
Max. fuel rod tem- 1883 Fuel Assembly num- 163
perature, °C ber
Clad material Zr+%INb+9%00.05 Hf Fuel weight, Kg 79840
Inside diameter of the 7.73x10° Average inlet coolant 291
clad, m temperature, °C
Outside diameter of 9.1x10° Average outlet coolant 321
the clad, m temperature, °C
Outside diameter of 7.57 x10° Fuel assembly pitch, 23.6
the fuel pellet, m cm
Fuel type U0, pellets Coolant flow rate, n* /i 84000
Number of control 18 Moderator-fuel area 1.97
rods in fuel assembly, ratio
pcs.
Absorbing material Absorbing material
density, gr/ cm3 height, m
( Dy; O; TiO;) 1.7 (Dy; O; TiO;) 32
B,C 4.9 B,C 0.3
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2. Calculated parameters

The calculated parameters are:

Excess reactivity of the core; Negative reactivity of the BAR’s (Burnable Ab-
sorber Rods); Reactivity worth of working control groups (groups 8, 9 and 10), Varia-
tion of core reactivity under sequential movement of CPS AR’s (Control and pro-
tection system - Absorber rods) working groups (groups 8, 9 and 10); Scram reactivity
of all control groups and reactivity curve. control groups position in the core;

Reactivity coefficients at HZP (Hot zero power) condition, including:

1.Boric acid concentration reactivity coefficient (6p/0CB);

ii.Coolant density reactivity coefficient (0p/dy),

1ii.Coolant temperature reactivity coefficient (dp/otm);

iv.Fuel temperature reactivity coefficient (9p/ots)[2,3].

1-Excess Reactivity of NPP first core

It is determined at the beginning of each fuel cycle to compensate fuel burn-up
and equilibrium Xe and Sm poisoning. The value of excess reactivity is calculated by
assuming there is no boric acid in the coolant (CB=0).

Excess Reactivity

MCNP Sample
Ker p(%) p(%0)
1.24364 19.59 18.4

2-Negative Reactivity of BAR’s (Burnable Absorber Rods)

The negative reactivity of BAR’s (Burnable Absorber Rods) is calculated by re-
placing them with fuel assemblies without BAR’s. pABAR’s=(Reactivity of core
without BAR’s)—-(Reactivity of core with BAR’s)

Negative Reactivity of BAR’s
Kot MCNP Sample
K" K. A p(%) Ap(%)
1.2713 1.2436 1.75 2.6

1] Keffl: without considering BAR’s; 2] Keff2: with considering BAR’s.

3- Control and protection system - Absorber rods (CPS-AR) Worth
Groups No. 8,9 and 10

In the first cycle of NPP, 85 control cluster rods (CPS AR’s) will be used.

These CPS AR'’s are divided into 10 groups. Groups No. 8, 9 and 10 are work-
ing groups which contain 9, 7 and 6 CPS AR’s respectively. The other groups of CPS
AR’s are exclusively designed for reactor scram.

CPS AR’s Integral worth (A p(%))
Control Group No. MCNP Results Sample
10 0.681 0.77- 0.87
9 0.802 0.7—-0.85
8 1.396 1.0-1.2
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4-Variation of core reactivity under sequential movement of CPS AR’s
working groups (groups 8, 9 and 10).
CPS AR’s group’s No. 10, 9, and 8 are working groups. According to the strat-
egy shown in the following figure for changing the reactor power, these 3 groups are
inserted into / removed from the core sequentially. The negative reactivity added to
the core versus CPS R’s working group’s position.

CPS AR control groups position MCNP Results Sample
Percent of insertion Ko A p(%0) A p(%)
10 (50%) 0.99685 0.316 0.3065
10 (100%)+9 (50%) 0.98975 1.03562 1.143
10 (100%)+9(100%)+8(50%) 097811 | 223799 2327
10 (100%)+9(100%)+8(100%) 0.97178 | 2.90395 | 3.4023
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Axial position of CPS AR control groups in the core

S.Scram reactivity of all control groups and reactivity curve the control
groups position in the core.

CPS AR’s position MCNP Results Sample

Percent of insertion Kest Ap(%0) Ap(%6)
10 0.99849 0.15122 0.087
20 0.99788 0.21245 0.172
30 0.99619 0.38245 0.278
40 0.99355 0.64918 0.462
50 0.99137 0.87051 0.65
60 0.98511 1.51150 1.026
70 0.97557 2.5041 1.756
80 0.9573 4.46046 3.345
90 0.93081 7.43331 7.733
100 0.92212 8.44575 9.185
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Variation of CPS AR worth under scram
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6-Reactivity coefficients at HZP condition
6-1 Fuel temperature coefficient (0p/otf) at HZP.
Fuel temperature is changed from 280°C to 327°C where other parameters are

kept constant.

100

Coolant Temperature =280 °C , Coolant Density = 0.76443 g/cm3
Boric Acid Concentration=8.2 g/kg

Fuel Temperature (°C) K P op/ét: (10-5/°C)
280(Criticality) 0.99947 | -5.30E-04 -2.452
327 0.99832 |-1.68E-03

6-2.Coolant temperature coefficient (dp/ot,) at HZP. Coolant temperature is
changed from 280°C to 290°C considering the effect of variation of its density.

Fuel Temperature =280 °C , Boric Acid Concentration=8.2 g/kg

o Coolant Density Op/étm
Coolant Temp. (°C) (g/em3) K P (10-5/°C)
280(Criticality) 0.76443 0.99947 -9.21E-04 3.905
290 0.74637 0.99908 -1.68E-03 '

6-3.Coolant density reactivity coefficient (0p/dy) at HZP. Coolant density is
changed from y = 0.76443 g/cc (coolant density at critical condition) toy = 0.8 g/cc .

Coolant Temperature =280 °C , Fuel Temperature=280 °C
Boric Acid Concentration=8.2 g/kg

. Op/oy
Coolant Density (g/cm3) K.e P (1/gfem-3)
0.76443(Criticality) 0.99947 | -5.30E-04 1 1534E-02
0.8 0.99988 | -1.20E-04

Boric acid concentration coefficient (0p/0CB) at HZP 6-4.
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The boric acid is changed from Cp = 8.2 g/kg (critical value) to Cs = 8 g/kg.

Coolant Temperature =280 °C , Fuel Temperature=280 °C ,
Coolant Density = 0.76443 g/cm3
. . Op/0Cy
Boric Acid Conc.(g/k K.
3.2(Criticality) 0.99947  |-5.30E-04
-1.7954E-02
3 0.00847 [ >00E-04
3. Comparing the results
We compare our results with exiting sample reactor data:
Excess and negative reactivity’s
Reactivity MCNP Sample
Excess Reactivity (p (%)) at CZP 19.59 184
Negative Reactivity of BAR’s 175 26
(Ap (%0)) at CZP
The negative reactivity added to the core
by full insertion of all CPS AR’s (Ap (%0)) 8.446 9185
Integral worth of CPS AR’s
Integral worth of: (A p(%0)) MCNP Sample

Control Group No 10 0.681 0.77- 0.87

Control Group No 9 0.802 0.7-0.85

Control Group No 8 1.396 1.0-1.2

Reactivity coefficients in different states of the reactor
for BOC of the first cycle with CPS AR’s withdrawn

Reactor state Reactivity coefficients
- ploy, Op/ B, O/ Bk, p/0cs,
Condition 14 y/g/em-3 10-5/°C 10-5/°C 10-2/g/kg
MCNP SAMPLE |MCNP|SAMPLE| MCNP |SAMPLE|MCNP|SAMPLE
1.153 1.14 -3.905] -4.05 2.452- -270 [ 1.795-) -2.07
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MCNP: DASINMANIN UMUMI N ZORROCIKLI
MONTE KARLO KODU

DARYUS MASTI
XULASO

Niive reartorlarinda an giiclii hesablama metodu MCNP kodu hesab olu-
nur. Bu kod Monte-Karlo metodu esasinda yaranib inkisaf etdirilmisdir. Boyiik
hesablama miiddstina, problemin hortarefli 6yrenilmesine o qador do imxan ver-
moyen yaddasa malik olmasmma baxmayaraq, bu metoddan reaxtorlarm axtiv
zonalarinda neytronlarin 6yrenilmesinde genis istifade olunur. Isde Monte-
Karlo xodundan 1000MVt giiciine malik olan reaxtorda neytronlarin bir sira
fiziki parametrlorinin: reaktivliyini, neytronlar selinin intensivliyini, K vo s
hesablanib ve teyin olunmasinda istifads edilir. Aparilan 6l¢gmslarin dsyerini
toyin etmorden 6trii «aktiv zona» modeli reaktorun aktiv zonasinin 1/12 hisse-
sinden 1/6 vo 1/1 -a ( blitév zona) Kimi goétiirtilmiisdiir. Alinan naticalor texni-
Ki gostoricilorle miiqayise edilir.

MCNP: OBIITHII N-UACTUUHBII
MOHTE KAPJIOBCKHUI KOJ TPAHCIIOPTUPOBKH

JAPIOIITI MACTH
PE3IOME

B sAgepHbIX peakTopax OJHHM H3 CHJIBHEHIIHX BbIYHCJIHTENBHBIX METOJOB SABJIAETCA
Koxg MCNP. OToT Koj pasBUT Ha Gase Merozia MoHTe-Kapiyio. HecMoTps Ha HekoTopble He-
JIOCTaTKH , TaKHe KaK OOJIbIIoe 3aTpauyeHHOE BPeMsi, HEJ{OCTAaTOYHbIH 00beM IMaMsATH I Bce-
CTOPOHHETO K3y YeHHI TP 006JIeMbI, TOT KOJ] IIHPOKO HCIIONIB3Y €TCs I BhIYHCIIEHH TTapaMeT-
POB HEHTPOHOB B aKTHBHOH 30He peakTopa. B maHHOH paGore Kog MCNP Hcrionb3yeTcsa B
peakTope MomHOCcThi0 1000MBT.ZyIA BbIYHCIIEHHA H orlpefieneHHA (PH3HYeCKHX ITapaMeTpoB
HEHTPOHOB: TaKHX KaK peaKTHBHOCTb, HHTEHCHBHOCTb ITOTOKa HEHUTPOHOB, K ¢, H T.7. {711 or-
peJiesieHHs 1IeHHOCTH [P OBOJJHMBIX KOHTP OJIbHBIX H3MepeHHH MoJielb «aKTHBHas 30Ha» ObLila
pa3BepHyTa oT 1/12 YacTH aKTHBHBII 30HBI peakTopa o 1/6 1 1/1 (To ecTh Liejok 30HbI). Pe-
3yJIbTaThl CPAaBHHBAIOTCA ¢ TEXHHYECKHMH JaHHBIMH.
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