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ABSTRACT

The paper gives a brief survey of the 5th three-dimensional dynamic AER benchmark
calculation results received with the code DYN3D/ATHLET at NRI Re2. This benchmark was
defined at the 7th AER Symposium (Hornitz near Zittau, 1997). Its initiating event is a
symmetrical break of the main steam header at the end of the first fuel cycle and hot shutdown
conditions with one stuck out control rod group. The calculations were performed with the
externally coupled codes ATHLET Mod.1.1 Cycle C and DYN3DH1.1/M3. The KASSETA
library was used for the generation of reactor core neutronic parameters. The standard WER-
440/213 input deck of ATHLET code was adopted for benchmark purposes and for coupling
with the code DYN3D. The first part of paper contains a brief characteristics of NPP input
deck and reactor core model. The second part shows the time dependencies of important
global and local parameters. In comparison with the results published at the 8th AER
Symposium (Bystfice nad PemStejnem, 1998 ), the results published in this paper are based
on improved ATHLET description of control and safety systems.

1. INTRODUCTION

The fifth three-dimensional hexagonal dynamic AER benchmark problem was defined as a
symmetrical break of the main steam header in a WER-440 hot subcritical reactor core state
at the end of the first fuel cycle when all group of control rods are fully inserted with
exception of one group No. 4 / 1 /. The geometric core parameters were based on the same
VVER-440 reactor core configuration as in the previous benchmark defined at the 6th AER
Symposium (Kirkonummi, 1996). No nuclear cross sections data as well as kinetic data were
given - it means that own best estimate neutronic data had to be used in the calculation.
Benchmark participants had to use also their own input data decks developed according to the
needs of their own NPP system codes. Only the main geometric parameters and characteristics
of control and safety systems were given in order to bring into agreement the input data decks.
The calculations of the fifth benchmark problem were performed by using of externally
coupled codes DYN3D/ ATHLET / 2 /. The codes DYN3D / 3 / and ATHLET / 4 / are being
used separately as standard tools for analysis of reactivity initiated accidents and safety NPP
system analysis at NRI Rez. The main sense of NRI participation at benchmark project is the
verification of DYN3D/ATHLET coupled system solution against the results received by
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other best estimate three-dimensional neutronic codes coupled with NPP system codes -
HEXTRAN/SMABRE (Finland) , DYN3D/ATHLET (Germany), BEPR8/ATHLET (Russia)
and KDC03D/ATHLET (Hungary). It enables also to improve the methodology of input data
preparation - especially its part describing coupling of 3D neutronics with the main system
code.

2. CHANGES IN THE STANDARD VERSION OF DYN3DH1.1/M3

The analysis of transients was made with the standard version of the code DYN3DH1.1/M3
externally coupled with the system code ATHLET Mod. 1.1 Cycle C. Only minor changes in
the DYN3D code structure were made in order to meet the conditions of benchmark
definition. The standard code modifications were made in following models:
- Decay heat power model - option for transient calculation with constant decay heat power
using a given distribution of burnup was used / 5 /.
- Model of the initial negative prompt jump - the transient calculation started with the
negative reactivity jump controlled by the value of k ^ / 5 /.
- Heat transfer model in the fuel rod - thermal conductance oc^ of the gas gap between fuel
pellet and cladding. In our case the dependence of a ^ on temperature was kept constant
ag a p=3kW/m2K/l/ .
- Cladding to coolant heat transfer model. The OKB correlation was used without form
factor.

3. REACTOR CORE THERMOHYDRAULIC AND NEUTRONIC INPUT DATA
PREPARATION

The initial stationary and transient calculations were performed with the same reactor core
model as in the fourth AER dynamic benchmark 161,111 with exception of burnup. The core
configuration at 60 degree rotational symmetry is shown in Figure 1. The reactor core was
divided into 12 axial layers ( 1 layer for unheated lower part with the length of 64 cm, 10
layers for the heated core part with the total length of 244 cm and 1 layer for unheated upper
part with the length of 48 cm). The both unheated parts were treated as axial reflectors with
the same hydraulic parameters as the core. The core was surrounded with the hypothetical
radial band of reflector cassettes. The hydraulic parameters for these assemblies were adjusted
in order to simulate the bypass conditions.

The symmetric perturbation of thermohydraulic parameters of coolant entering to the
reactor core was suggested in the benchmark definition. This choice enables to reduce the
reactor core model at the 60 degree symmetry during the transient calculation and to use an
ideal homogeneous mixing model of coolant in lower plenum.

The two-group macroscopic cross sections for homogenized fuel assemblies, control rods
and reflectors as well as all feedback coefficients and reactor kinetic parameters were
generated from KASSETA library / 8 /, / 9 /. The control rod model consisted of four parts -
fuel follower (234 cm), steel pellets (10 cm), coupler (30 cm) and absorber part (270 cm).
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The volumetric portions of moderator and steel in reflector and control rod assemblies were
obtained from the technologic documentation in order to generate corresponding neutronic
cross sections of these objects from the KASSETA library.

The model of external coupling of the code DYN3D with the system code ATHLET was
used in this benchmark problem calculation 121. The whole reactor core model is removed
from the ATHLET plant model and the reactor core is completely substituted by the DYN3D
code model. The thermohydraulics of the whole NPP system is split into two parts - the first
one describes the thermohydraulics of the reactor core model and the second describes the
thermohydraulics of the rest of the NPP coolant system. The interfaces between them are
located at the bottom and the top of the reactor core. The pressures, mass flow rates,
enthalpies and boron acid concentrations are transferred at the interfaces. The exchange of
these parameters is performed by the GCSM ( General Control Simulation Module ) of the
system code ATHLET 141. All thermohydraulic models included in the code DYN3D can be
used in the external coupling way. The using of larger time steps can cause the oscillation of
pressure drop over the core and mass flow rates in this type of coupling. These phenomena are
damped by using of low pass filter of first order. According to the recommendation - the low
pass filter time constant of 1 s or higher should be used 111. The time constant of 3 s was
selected in these calculations.

4. NPP GEOMETRIC DATA, CONTROL AND SAFETY SYSTEMS

The standard ATHLET input deck for WER-440/213 was used as the base for suggested
transient calculations. The majority of changes in the standard input deck was made according
to the benchmark proposal recommendation III. The suggested initiating event was the
symmetrical break - therefore the two loops model ( two triple loops ) was used in the
nodalization of the primary and secondary circuit The nodalization of objects located in the
reactor pressure vessel was simplified because the ATHLET code fuel channel and bypass
models were fully substituted by the DYN3D reactor core model. The pressurizer was
connected to the first triple loop by two fold surge line. The HPIS ( High Pressure Injection
System ) was modelled as two (1.5 fold ) trains with symmetrical connection of each train to
cold leg.

The leak was simulated as double ended break in half length of the main steam header. The
total opening time of the break was 0.1 s. The critical discharge rate model was applied for
the description of the leak. The total maximum mass flow rate from both sides of the leak was
adjusted to be about 1200 kg/s.

The pressurizer control system, volume control system, HPIS and feedwater system were
modelled according to the benchmark recommendation. The other control signals and safety
systems which can cause non-defined actions were suppressed.

The boron tracking model was used for the simulation of boron acid transport within the
primary circuit. The boron acid solute is transported only by the liquid phase and with the
velocity of the liquid phase in this model 14 1. The injection of high borated water ( 40 g
H3BO3 / kg H2O ) from HPIS was simulated by means of fill component. The units of boron
acid concentrations have to be the same in both ATHLET and DYN3D model.
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5. STATIONARY AND BURNUP CALCULATIONS

The benchmark transient was suggested for the end of the first fuel cycle, therefore the
burnup calculation for the fresh loading of the WER-440 reactor core was necessary. This
calculation was performed at the nominal power level of 1375 MW with fully withdrawn and
unchanged positions of control rods. The initial and final results of burnup calculation and
axially averaged burnup in fuel assemblies are given in Table 1 and Figure 2.

Table 1 : Initial and final results of burnup calculation

T^rFPDl
0
348

CwrsH^C/kRftOl
5.73825
0.0

iw
1.00000
0.999662

At the beginning of transients all control rods are inserted in the reactor core with exception
of the control rod group No. 4 ( see Figure 1 ) which was assumed to be fully withdrawn
during the transient. The initial decay heat power was 10 MW and the initial fission power
level was 1 W. The initial subcriticality of the reactor core was suggested - 1534 pcm. This
values was achieved by tuning of control rods efficiencies.

Table 2: Results of the initial stationary calculations

initial subcriticality before tuning [ pern ] :

total fraction of delayed neutrons:

kjff dependence on the inlet core coolant temperature:

"M'q
200.0
220.0
225.0
225.22
226.0
230.0
240.0

-1543.79

0.00541

ktfr
1.009514
1.002077
1.000089
1.000000
0.999685
0.998047
0.993793

6. TRANSIENT CALCULATIONS

The benchmark transient modelled by the system DYN3D/ATHLET had the following
scenario:
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Table 3: Events and hardware actions during the transient calculation

Time f s ]
-20.0

0.0
0.1
1.1

3.1
5.2
8.2

11.8
20.0
48.4
51.4

70.1

231.4

414.4
580.0

Event
Begin of calculation
Begin of leak opening
Leak is fully open
SG collapsed level drops by 7.5 cm
from initial level
PRZ pressure < 12.0 MPa
PRZ collapsed level < 5.91 m
PRZ pressure < 11.9 MPa
PRZ pressure < 11.8 MPa
PRZ pressure < 11.5 MPa
Upper plenum pressure < 10.7 MPa
PRZ collapsed level < 3.26 m

PRZ collapsed level < 2.56 m

180 s delay after activation of the
second signal for HPIS
PRZ collapsed level > 2.56 m
End of calculation

Hardware action

Activation of feedwater pump

Activation of PRZ heater group 1
Activation of volume control system
Activation of PRZ heater group 2
Activation of PRZ heater group 3
Activation of PRZ heater group 4
Activation of the first signal for HPIS
Activation of the second signal for
HPIS
Deactivation of PRZ heater group
1+4
Activation of HPIS flow

Activation of PRZ heater group 1+4

The reactor core power excursion course after opening of MSH leak is caused by the
combination of two basic phenomena - decreasing of reactor coolant inlet temperature and -
after activation of HPIS - increasing of boron acid concentration in the coolant The opening
of MSH leak at time 0 s causes depressurization of steamgenerators with consequent
decreasing of primary pressure and coolant temperature. The decreasing of reactor core
coolant inlet temperature started consecutive growth of initial negative inserted reactivity. The
reactor core recriticality was reached at time t = 56.2 s after opening of leak. The
corresponding moderator inlet temperature was 222.9 °C ( the inlet recriticality temperature
of moderator received by stationary calculations was 225.22 °C - see. Table 2 ). The
reactivity reached its maximum of 508 pern (0.9391082 $) at time t = 80.3 s. The first nuclear
power peak of 332.6 MW was observed at time t = 81.2 s. The increasing of fuel temperature
led to the Doppler feedback effect which stopped the rapid growth of reactivity. The
decreasing of core coolant inlet temperature damped the rapid reducing of reactivity. The
increasing of nuclear power continued until 232.8 s, when the nuclear power reached the
value of 657.7 MW, and it was finally stopped by the injection of high borated water from
HPIS which was activated at time t = 231.4 s after opening of leak. The accumulation of
boron acid concentration in primary circuit caused the descending course of reactivity and
nuclear power until the end of transient simulation.

The whole transient analysis was focused on evaluation both global parameters ( reactor
core, pressurizer) and local parameters belonging to selected loops and fuel assemblies. The
detail results of the analysis were sent to the benchmark proposer. The comparison of results
received by other participants is summarized in a paper submitted to the M&C 99 Conference
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in Madrid ( September 1999 ). In this paper the analysis is oriented more at the reactor core
behaviour during the transient.

The summary of important reactor core global and local parameters reached during transient
is given in Table 4. The fuel assembly No. 51 was found as maximum loaded fuel assembly at
the time interval from 80.5 to 580 s when the nuclear and thermal power maxima are
reached. The OKB-2 correlation was used as leading; the IAE-4 correlation was calculated
only from supplementary purposes. The transient calculation was performed until 580 s. The
selected time dependencies of global and fuel assembly parameters are shown in Figures 3 +
17. The course of transient termination depends on the boron acid concentration transported
into the coolant from the HPIS. Therefore the Figures 8 + 9 show the boron acid
concentration at the core inlet and the time behaviour of mass flow rates from two (1.5 fold )
HPIS trains and their total sum.

Table 4 : Summary of selected reactor core parameters reached during the transient

global parameters:
- recriticality [ pcm ]
- moderator entry temperature at

time of recriticality [ °C]
- average moderator temperature at

time of recriticality [ °C]
- average outlet moderator tempera-
ture at time of recriticality [ °C]

- maximum reactivity [ pcm ]
- maximum nuclear power [ MW]
- maximum thermal power supplied

to the coolant [ MW]
- maximum averaged fuel temperature

in the core [ °C]

- hot assembly position:
channel - axial layer

hot assembly - channel No. 51:
- minimum DNBR: IAE-4

OKB-2
- maximum fuel pellet centerline

temperature [°C]
- maximum fuel pellet average

temperature [ °C]
- maximum cladding temperature [ °C]

1st maximum
2nd maximum

Value

0.0
222.9

223.5

224.2

508.0
657.7

672.6

300.4

9 4
9 9

54 9
51 9

3.73
13.96

844.6

680.2

260.1
245.0

Timers 1

56.2
56.2

56.2

56.2

80.3
232.8

233.4

232.5+234.0

0.0 + 9.9
10.4 + 79.9

80.0
80.5 +580.0

227.6 + 234.6
184.1 + 195.1

233.7

233.5

-19.6
233.6
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7. CONCLUSIONS

The results of the fifth three-dimensional dynamic AER benchmark problem calculations
with the code DYN3D/ATHLET are presented in this paper. The calculations were performed
with the externally coupled codes DYN3DH1.1/M3 and ATHLET Mod.1.1 Cycle C. The
standard DYN3DHL1/M3 code version with minor changes in the code structure was applied.
The KASSETA library was used for the generation of best estimate neutronic input data. The
standard NRI Rez ATHLET input deck for WER-440/213 was adopted according to the
benchmark proposal. The analysis presented in this paper was oriented more at the reactor
core behaviour during the transient. The secondary criticality was reached during the transient
followed by remarkable increasing of nuclear power and fuel temperature. The NRI Rez
participation at this benchmark problem increased the state of DYN3D/ATHLET coupled
system verification and enabled also to improve the methodology of input data preparation for
DYN3D/ATHLET system.
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5th AER HEXAGONAL DYNAMIC
BENCHMARK PROBLEM

enrichment 1,6 % of
U235

enrichment 2,4 % of
U235

enrichment 3,6 % of
U235

assembly with
control rod

Fig. 1: Horizontal map of the WER-440 reactor core
60 degree rotational symmetry

5th AER HEXAGONAL DYNAMIC

BENCHMARK PROBLEM
57 y 58

1Z869 9561

10.899 13.806 11.207 7.284

48 y 49 >-" 50 y 51 y 52
11.027 12.792 9.936 12^38 8.393

13.218 12.966 10.578 12.140 10.621 8.453

35 ^ 36 ^
13.305 10.868 10.650 12.605 12.172 12.349 7.799

13.393 10.998 12.824 10.657 10.606 10.014 11.801

r Y r T Y
13.390 10.999 10.873 12.985 12.842 13.923 10.248

13.466 11^97 13.393 13.308 10225 11.043 10.733 12.937 7.648

^ 2 ̂ y 3 ^Y" 4 ̂ y 5 \ ^ 6 ̂ Y" 7 ^Y'
 8 "V" 9 Y 1 0

13.180 11.152 13.467 13.467 11^36 11.171 13.252 13.195 14.583 9.066

Fig.2: Averaged burnup [MWd/kg] after 348.0 days

60 degree rotational symmetry

3I7



Fig. 3 : Total leak mass flow rate
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Fig. 7 : Core mass flow rate including bypass
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Fig. 13: Maximum fuel pellet centerline and averaged fuel temperature in the core
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Fig. 1S: Axial position of maximum fuel centerllne temperature, fuel assembly No. 51

-100.000

fr

0.000

-POS.TCENT

100.000 200.000 900.000 400.000 500.000
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FTg. 1 7 : Maximum fuel cladding temperature, fuel assembly No. 51
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