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ABSTRACT

Environmental qualification (EQ) of equipment important to safety in nuclear power
plants ensures its capability to perform designated safety function on demand under
postulated sendee conditions, including harsh accident environment (e.g. LOCA, HELB).
The computer code GOTHIC was used to calculate pressure and temperature profiles
inside NPP KrSko containment during limiting LOCA and MSLB accidents. The results of
the new best-estimate containment code are compared to the older CONTEMPT code using
the same input data and assumptions. The predictions obtained by both codes are very
similar. As a result of the calculation the envelopes of the LOCA and MSLB pressures and
temperatures, as used in FSAR/USAR Chapter 6, can be used in EQ project

INTRODUCTION

Electrical equipment ages in service and its capability to perform within its specification
(especially in harsh environments) is deteriorated. Since the environment is a potential for
common cause failures, the purpose of equipment qualification is to demonstrate the capability
of safety-related equipment to perform its safety function in aged conditions and under extreme
conditions after design bases event (DBE). Equipment qualification is one of the steps in
licensing process according to the US regulatory documents and standards (10CFR50.49, RG
1.89, NUREG-0588, IEEE-323).

To achieve EQ we have to:

1. determine equipment operating requirements and associated environments,
2. use this data to establish qualification requirements,
3. qualify equipment by test an/or analysis.

Qualification process alone depends on:

• type of equipment,
• location of equipment,
• service conditions under which equipment must perform its safety function,
• duration of harsh environment.
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Service conditions are the actual environmental, physical, mechanical, electrical and process
conditions experienced by equipment during service. Equipment need to be qualified for
operability under all potential service conditions. Accident conditions must be defined to
demonstrate equipment performance under harsh environment. Normal and abnormal
conditions are typically defined as part of the plant design basis. Normal condition can also be
determined by in-plant measurements. The principal environmental conditions typically
addressed for both normal and accident conditions are:

- temperature,
- pressure,
- relative humidity,
- chemical spray,
- submergence,
- radiation,
- vibration and seismic motion

Normal plant environmental conditions are defined as those temperature, pressure, humidity
and radiation conditions that occur during normal plant operation, including anticipated
operational occurrences. Normal conditions are those for which the plant is designed.
Abnormal conditions (anticipated operational occurrences) can be caused by plant or system
transients, equipment or system failures, or DBEs producing conditions not severe enough to
be considered harsh conditions. In abnormal conditions equipment must be capable of
performing as required during normal conditions. A harsh environment conditions can be
defined as the environment where there is a significant increase above the normal plant
environmental conditions during and following Design Basis Accident (DBA) or High Energy
Line Break (HELB). Harsh environmental parameters are limiting for environmental
qualification of electrical equipment. Those accidents producing harsh environmental
conditions involve pipe break in the reactor coolant system or other plant process systems.
However, other accidents can produce harsh environments: e.g., rod ejection, radioactive
waste processing system failures.

Two EQ parameters are of primary importance in this analysis, pressure and temperature.
Thermohydraulic computer codes are used to define mass and energy releases resulting from
pipe breaks and the resulting temperature, pressure, and humidity transient levels in affected
plant areas, both inside and outside containment. The calculated environmental conditions can
differ significantly for different plant design and location within the plant. Those computer
codes use conservative assumptions maximising the release of mass and energy to the
environment and minimising the transfer of energy and cooling to the environment. The
assumptions result in the conservative temperature, pressure and steam conditions used for
equipment qualification. System thermohydraulic codes, such as RELAP4, RELAP5,
RETRAN, CATHARE, ATHLET, etc., are acceptable and approved to be used for defining
maximum mass and energy release during LOCA, MSLB and HELB. According to those
results, a calculation of environmental parameters (temperature, pressure), in the various plant
locations, can be performed using codes CONTEMPT, CONTAIN, GOTHIC etc. The results
of such calculations are temperature and pressure envelopes for all transients in specified
location.

The pressure and temperature in NPP Krsko containment during limiting LOCA and MSLB
accidents are determined as part of NPP Krsko EQ project. According to DOR Guidelines and
NUREG-0588 requirements limiting pressure and temperature values used in design of the
containment (FSAR Chapter 6.2) can be used as parameters for the qualification of the
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electrical equipment in the containment. In NPP Krsko case SATAN-V and LOCTA computer
codes were used to calculate mass and energy release during LOCA. The calculation has been
repeated for different bfeak locations and sizes, and Double'Ended Pump Suction Guillotine
(DEPSG) with minimum Safety Injection (SI) was selected as limiting LOCA case. For the
purpose of mass and energy release determination during MSLB, Westinghouse used simple
computer code FLASH-4. Mass-energy releases for the MSLB include the forward flow from
the ruptured steam generator and reverse flow from the non-faulted steam generator until
isolation. The assumption of Main Steam Isolation Valve (MSIV) failure + maximum Auxiliary
Feedwater (AFW) flow was selected as limiting case for MSLB. The FSAR calculation of
containment pressure and temperature transients, for both accidents, was accomplished using
the CONTEMPT-LT computer code. Existing LOCA and MSLB profiles from USAR 6.2 are
compared to results of GOTHIC calculation performed for the same containment mass and
energy input, and with the same assumptions.

MODEL OF THE PLANT

GOTHIC (Generation of Thermal Hydraulic Information for Containments) code is
sponsored, approved and licensed by Electric Power Research Institute. The code is developed
by Numerical Applications, Inc., Richland Washington using experience gained in COBRA-TF,
COBRA-TRAC and COBRA-NC series of codes. The intention was to develop best estimate,
efficient and qualified code for analysis of PWR, BWR and general confinement buildings
(containments), both steady state and transient, for nuclear power plant design and operation
analysis, for equipment qualification and for licensing issues. The code solves conservation of
mass, momentum and energy equations for multiphase (vapor phase, continuous liquid phase,
droplet phase) multicomponent (water, air, H, noble gases) compressible flow. Constitutive
relations predict interaction between phases for nonhomogenous nonequlibrium flow. Heat
structures are modeled as ID unheated or ID, 2D, or 3D heated structures. All hydraulic
volumes use 3D or lumped or mixed approach. It is possible to simulate operation of
engineered safety equipment (pumps, fans, valves and doors, vacuum breakers, spray nozzles,
heat exchangers, heaters and coolers). Version 3.4e of the GOTHIC containment analysis
package was used in calculation of NPP Krsko containment. The idea was to check calculation
performed earlier with computer code CONTEMPT-LT. The same assumptions and input data
as described in FSAR/USAR Chapter 6 were used.

The GOTHIC models used for calculation of LOCA and MSLB accidents are the same.
The number of active systems and heat and mass input to the containment depends on the
selected scenario. The model of the NPP KrSko containment is shown in Figure 1. The
compartment number 1 represents inside volume of the actual containment. The compartment
number 2 represents annulus. Conservative estimation of compartment initial conditions
(calculation is sensitive to net free volume, initial compartment temperature and humidity), and
of structural heat transfer (number and surface area of heat sinks and value of heat transfer
coefficient) were used in analysis. Due to the uncertainties, conservative assumptions of
temperature and water volume added during accident were used (Refueling Water Storage
Tank (RWST), service water). Models of spray system and Reactor Containment Fan Coolers
(RCFC) were tuned to NPP Kr§ko specific requirements (conservative signal delays, design
flows and heat removal capacities according to single failure criteria). The same heat structures
as described in FSAR Chapter 6 are used in the model (number, geometry and material data).
In LOCA case RCFC units (1 RCFC unit for min. SI and 3 RCFC units for max. SI option) are
active starting from 45 s. Spray system is activated at 84 s and recirculation is initiated after
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3600 s. Part of the water is removed from the containment sump to simulate RHR operation.
In MSLB case RCFC units were active from 45 s and spray system was active from 96 s.
Duration of LOCA analysis is 1 day and duration of MSLB analysis is 1800 s.

Figure 1. GOTHIC model of NPP Krsko containment

RESULTS

The containment pressure vs. time calculated using computer code GOTHIC 3.4e is
shown in Figure 2. for LOCA case and in Figure 3. for MSLB case. The pressure used in
FSAR/USAR Chapter 6 is labeled as PRl and calculated pressure is labeled as PRIG, in both
cases. The time of both LOCA peaks is almost the same for FSAR/USAR and for GOTHIC
case. The pressure reached during first peak (blowdown) is very similar (slightly lower in
GOTHIC results). The second peak and values of the pressure between peaks are lower as
calculated by GOTHIC. The heat transfer coefficient used in GOTHIC code is interpolated
between peak of the Tagami correlation and Uchida correlation used after end of blowdown.
The transition region used in CONTEMPT code is very small and that means less effective heat
transfer coefficient causing higher pressure and temperature in that region. The part of the
difference is caused by different RCFC models used in both codes. In last part of the accident
pressure calculated by GOTHIC is higher. The time of MSLB peak pressure is again almost
the same for FSAR/USAR and for GOTHIC data. Peak pressure calculated by GOTHIC is
slightly lower, but at the end of accident pressure in the GOTHIC case decreases slower.
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The temperature of the containment atmosphere has profile similar to the pressure
profile. The comparison of the temperatures for the FSAR/USAR and for the GOTHIC results
in case of LOCA is sho\yn in Figure 4. The same values for MSLB accident are shown in
Figure 5. The label TV1 is Used for FSAR/USAR atmosphere temperature and label TL1 is
used for FSAR/USAR sump water temperature. The labels TV1G and TL1G are used for
corresponding GOTHIC values. The difference between FSAR/USAR data and GOTHIC
results is higher in case of LOCA. Lower values of atmosphere temperature near the second
peak are caused by the same factors as was the case with pressure data. The vapor
temperatures for MSLB accident are very similar. The sump water temperatures are always
higher in GOTHIC case. That is caused by GOTHIC calculation scheme based on liquid, vapor
and droplet phases. The droplet condensation model deliver condensate at higher temperature
to the water pool in containment sump.

The difference in calculated heat transfer coefficients for CONTEMPT and GOTHIC
calculations are shown in Figure 6 For LOCA and in Figure 7 for MSLB accident. Label
HT.COEF means FSAR/USAR and HT.COEF.G means GOTHIC results. In case of LOCA
peak value of the Tagami correlation is the same, but starting value is lower in GOTHIC case.
The heat transfer correlation used in GOTHIC uses interpolation in transition region between
Tagami and Uchida correlation. The heat transfer coefficient change in CONTEMPT code is
realized immediately after blowdown peak. The difference between FSAR/USAR and
GOTHIC values calculated during MSLB is small. Heat transfer coefficient used in GOTHIC.
decreases slower in later part of the accident and that means higher vapor temperature
calculated by GOTHIC code.

CONCLUSION

The pressure and temperature data used in design of the containment are recalculated
during EQ project. The results of the older CONTEMPT code and new best-estimate
containment code GOTHIC are compared using the same input data and assumptions. The
predictions obtained by both codes are very similar. Generally speaking peak pressure and
temperature values are greater in CONTEMPT case, that means more conservative, but in later
phase of the accident GOTHIC calculates higher values. Based on this analysis the envelope of
the LOCA and MSLB pressures and temperatures, as described in FSAR/USAR Chapter 6,
can be used in EQ project.
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Figure 2. Containment pressures used in FSARAJSAR and calculated by GOTHIC
code, LOCA case

Figure 3. Containment pressures used in FSAR/USAR and calculated by GOTHIC
code, MSLB case
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Figure 4. Containment atmosphere and sump temperatures used in FSAR/USAR and
calculated by GOTHIC code, LOCA case

O K I &UI +ITCC XTUC

I 3 4 i 34
T I M E I S )

Figure 5. Containment atmosphere and sump temperatures used in FSAR/USAR and
calculated by GOTHIC code, MSLB case
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Figure 6. Heat transfer coefficient used in FSAR/USAR and calculated by GOTHIC
code, LOCA case, containment shell
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Figure 7. Heat transfer coefficient used in FSAR/USAR and calculated by GOTHIC
code, MSLB case, containment shell
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