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ABSTRACT

Main aspects of the cooperation between the Republic of Croatia and the F.R. of
Germany in the field of NPP safety research are overviewed in the paper. The GRS system
code ATHLET developed for the analysis of anticipated and abnormal plant transients, small
and intermediate leaks as well as large breaks in light water reactors is now being available at
the University of Zagreb. A very comprehensive ATHLET standard input data set for the NPP
Krsko has been established. This data set was validated by calculation of the event ' Main
Steam Isolation Valve Closure1 that occurred at the PWR NPP Krsko in 1995 and comparing
the resulting characteristic parameters with the corresponding measured data.

INTRODUCTION

The Federal Republic of Germany is supporting the safety research of NPP-s in many
countries with small or medium sized electricity grids. In the most cases bilateral contracts
make it possible that these countries are provided with a number of research tools (including
complex computer codes) which are needed for this work. Parallel to it, the education of
experts from these countries is enhanced in order to make them able to use these codes in
proper way. One of these codes playing an important pan within the bilateral cooperation
agreement with a number of countries is the overall modular GRS system code ATHLET1.
This code has been developed for the simulation of the thermal-hydraulic behaviour of nuclear
or conventional units. It consists of a series of standard modules (e.g., nuclear kinetic,
thermofluiddynamic, heat conduction and heat transfer modules). A very attractive part of the
code is the 'General Control Simulation Module (GCSM)1, a special high level simulation
language which allows the user to calculate directly the large variety of possible balance-of-
plant (BOP) actions during different accident situations.

Already for many years, sponsored by the International Atomic Energy Agency
(IAEA), a close and very fruitful cooperation between the representants (University of Zagreb,
Josef Stefan Institute at Ljubljana) of the former Yugoslavia and the F.R. of Germany existed.

'The dcvclopmenl ;iml validation of the system code ATHLET is sponsored by llic Gemun Federal Minisicr for
Education. Science. Research and Teclmolouv (BMBF).
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In the end of 1995 this cooperation has been renewed, now settled between the Republic of
Croatia and F.R. Germany. It makes it possible to apply (among other codes) the code
ATHLET for the safety research of the PWR NPP Krsko.

Hence, at the University of Zagreb a project has been started with the aim to establish
in a first step a very generally applicable ATHLET input data set (called 'standard input data
set') in order to be able to calculate the most characteristic parameters of the Krsko NPP for a
variety of transient and accident situations. The primary and secondary circuit of the plant will
be simulated by a 2-loop representation, the natural-circulation U-tube steam generator of a
special Westinghouse type (i.e., with a preheater) being described by the ATHLET
components too. The most important control systems will be described by applying the GCSM
language. Because of the very comprehensive input data set extensive tests with respect to the
validation of such an input data set have been and will still be necessary.

The validity of the established ATHLET input data set for the NPP Krsko will be
demonstrated by a posttestcalculation of the event 'Inadvertent closing of the main steam
isolation valve1, which had been observed at the PWR NPP Krsko in 1995. In a series of plots
comparisons between measurements and ATHLET calculation of the characteristic parameters
on the primary and secondary side will be presented.

ATHLET MODEL OF THE KRSKO NPP

The ATHLET nodalization of the Krsko NPP is shown in Figure 1. Some aspects of
the developed nodalization are summarized below. The core active region is represented by six
control volumes (pipe 111 in Figure 1). The primary loops are modeled by a combination of
pipe and branch components. The U-tube steam generators are assembled with standard
ATHLET elements. The main features of the nodalization of the steam generator secondary
sides are summarized in Table 1. The numbers in parentheses refer to the second loop (loop
without pressurizer)

COMPONENT

FEEDWATER
SYSTEM

SG INLET

DOWNCOMER
RISER

SEPARATOR
SEP. OUTLET

HYDRAULIC
ZONE
UPPER PART
DOWN PART
AUXILIARY
FEEDWATER
UPPER PART

DOWN PART
ANNULUS
RISER LOWER
PART

RISER UPPER
PART

NODE
NUMBER
402 (502)
404 (504)
406(506)

407 (507)

415(515)
409(509)
411(511)
413(513)
417(517)
419(519)

421 (521)
423(523)
425(525)
•427(527)
431(531)

COMPONENT

STEAM DOME

STEAM LINES

MSIV VALVE
RELIEF VALVE
SG SAFETY
VALVES

STEAM 1 -II-ADER

TURJ3. TRIP V.
TURBINE

HYDRAULIC
ZONE
SEPARAT.OUTL
STEAM DOME

NODE
NUMBER
429 (529)
435(535)
451(551)
453(553)
455(555)
457 (5V7)
459(559)
461(561)
498(598)
482 (582)
484 (584)
486(586)
488 (588)
492 (592)
494(594)
601
603

604
605

Table 1 NPP Krsko nodalization: correspondence between code model nodes and
hydraulic zones for the secondary system
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Thermofluid objects are used in combination with corresponding heat structures (pipe walls,
pressurizer heaters, heat exchanger surfaces and the internal components). All heat structures
were modeled with the assumption that there are no heat losses to the containment, i.e.,
boundary heat structures were presented only as a heat capacity. The nuclear heat power
generation is simulated by a point kinetics model. ,
The right choice of the nodalization of the secondary system as well as of corresponding
control systems plays a considerable role with respect to the complexity of their behaviour
(feedwater control, separators, steam lines, steam header, turbine).
Various balance of plant (BOP) actions (actuated by control or protection systems) are
described using the basic module GCSM (General Control Simulation Module). The following
list of the modeled control and protection systems has been included in the input data set.
- Reactor Trip, Turbine Trip, Safety Injection System
- Pressurizer Pressure Control (heaters, relief and safety valves, spray)
- Pressurizer Level Control System
- Steamline Break Protection
- Feedwater Line Isolation
- Steam Generator Level Control System.

ANALYSIS OF INADVERTENT CLOSING OF THE MAIN STEAM
ISOLATION VALVE IN NPP KR^KO

The ATHLET input data set for the NPP Krsko (the 'standard input data set1) has been
tested by calculating the event 'Inadvertent closing of the main steam isolation valve1 starting at
nominal power (1882 MW(t)). The reactor core was at beginning of life (BOL), 12th fuel
cycle. The analysis has been performed for 18 % U-tube plugging.
An inadvertent closing of the Main Steam Isolation Valve (MSIV) in the first loop (loop
without pressurizer) occurred due to an electrical failure in the circuit controlling the position
of the valve. As the turbine steam mass flow remained constant after MSIV closure, the total
amount of steam was exhausted from the second steam generator causing the pressure in the
steam line in the second loop to decrease. The setpoint for the Safety Injection (SI) actuation
due to the low steam line pressure (P < 4.218 MPa) was reached very fast (after less than 3 s)
because of the setpoint curve which is described by a proportional-integral-derivative PID
control element with the derivative component being dominant. The SI activation causes an
immediate reactor scram which in turn leads to turbine trip and to isolation of the main
feedwater line. Immediately after primary MSIV closure, the secondary MSIV was closed too,
due to the signal 'high steam mass flow1.
The first 900 seconds of the event were simulated by the presented ATHLET
posttestcalculation, the results being plotted in the Figures 2 to 9.
During the start-up phase the turn-in process into steady state lasted for 400 s, giving a first
insight into the validity of the entire input data set, particularly of the simulation of the control
systems. The setpoint value for the steam generator collapsed water level (narrow range) at
nominal conditions is 60 % what differs from the value at the beginning of the calculation (67.8
%). The steam generator water level is shown in Figure 4. The steam generator water level
achieved the reference value in approximately 50 s after a corrective action performed by the
steam generator level control system (i.e., feedwater control system). Later on, all the
parameters on the primary as well as on the secondary side were stable and constant. The
feedwater mass flows (Figure 5) reached 30 % of the nominal flow at the up-side (i.e., 153.5
kg/s) and 70 % of the nominal flow (359.67 kg/s) at the down-side of the steam generator,
respectively which fined well to the reference values. Measured data for feedwater mass flow
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were not available. The transient was initiated by closing the MSIV in the first loop (valve 498
in Figure 1). The isolation of the first steam generator causes an immediate pressure increase
on the secondary side of the affected steam generator. The steam generator pressure is shown
in Figure 2. The pressure increase is limited by the relief valves (valves 482 and 582 in Figure 1
for the first and second loop, respectively) opening at 7.917 MPa and closing at 7.521 MPa.
The second steam generator was isolated (by closing the main steam isolation valve 598 in
Figure I) very soon after MSIV in the first loop was closed due to the signal 'high steam mass
flow1 causing the pressure to increase in this loop, too. The main feedwater was isolated after
reactor scram signal actuation decreasing to zero in 10 s. Twenty seconds after SI signal,
auxiliary feedwater (21.5 kg/s per loop, fills 406 and 506, respectively (Figure 1)) was
activated.
Differences in the secondary pressures when comparing calculated values with measured can
be stated due to the fact that in the calculation the relief valves open periodically, while in the
experiment no secondary system relief valve action was observed. The measured steam mass
flow from the first steam generator (a small constant value till the end of the transient) after
MSIV closure and turbine trip could not be explained.
On the primary side the temperatures (Figure 8 and 9) decrease after reactor scram causing the
outsurge out of the pressurizer, and consequently a drop in the pressurizer water level (Figure
7). The pressurizer pressure (Figure 6) decreases, too, despite of pressurizer heaters activation.
The observed differences between calculation and measurement after reactor scram (primary
system pressure, pressurizer water level and primary temperatures) are due to the cooling of
the secondary system through the relief valves. Steam generator safety valves did not open.
Safety of the NPP Krsko was not endangered during all the phases of this event.

CONCLUSION

An ATHLET 'standard input data set1 for the PWR NPP Krsko established on the basis of a
very detailed geometry and heat conduction structure was presented in the paper The
importance of the right modeling of the accompanied control systems has been pointed out.
The ATHLET input data set has been validated on the event 'Main steam line isolation valve
closure' that occurred at the NPP Krsko in 1995. After 400 s start calculation the steady state
conditions could be described in a satisfactory way. The transient calculation has put heavy
demands not only on the right modeling of the thermohydraulics but also on almost all active
control systems. Despite of the mentioned differences in pressurizer pressure and water level
associated mainly to the lack of informations with respect to the control circuits of the primary
as well as of the secondary loop, it can be stated that all main events and the responses of the
control systems were well predicted in the analysis.
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Figure 2. Steam generator pressure
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Figure 3. Steam mass flow
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Figure 4. Steam generator water level (narrow range)
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Figure 5. Feedwater mass flow (calculation only)
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Figure 6. Primary system pressure
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Figure 7. Pressurizor water level
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Figure 8. Primary system temperature (loop 1)
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Figure 9. Primary system temperature (loop 2)
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