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ABSTRACT
The ultimate goal of the safety analysis is to verify that Nuclear Power Plant (NPP) meets safety and operational
requirements. To this aim it is necessary to demonstrate that plant safety has not been deteriorated in the case of the
modifications to the plant Systems, Structures and Components (SSC) or changes to the plant procedures. In addition,
safety analyses are needed in the case of reassessment of an existing plant. The reasons for reassessment may be
different, e.g. due to the changes in the methodology and assumptions used in the original design, if the original design
basis or acceptance criteria may no longer be adequate, if the safety analysis tools used may have been superseded by
more sophisticated methods or if the original design basis may no longer be met.

The operation of the NPP Krško has experienced numerous changes from the original design for the majority of the
reasons that have been mentioned before. On the other side, the application of the large best-estimate thermal-hydraulic
codes has evolved to the wide spread support in the operation of the NPP: compliance with the regulatory goals, support
to the PSA studies, analysis of the operational transients, plant modifications studies, equipment qualification, training
of the operators, preparation of the operating procedures, etc. This trend has been followed at the Faculty of Electrical
Engineering Zagreb (FER) and applied to the on-going needs due to the modifications and changes at NPP Krško. In
this paper, an overview of the deterministic safety analyses performed at FER in the support to the NPP Krško
modifications and changes is presented.

1 INTRODUCTION
Compliance with all applicable regulations and standards and other relevant safety requirements is essential
for the safe and successful operation of the NPP. Therefore, throughout its lifetime, NPP is regularly
inspected, tested and maintained, in accordance with approved procedures. The goal is to ensure that it
continues to meet the design requirements and remains consistent with the assumptions and results of the
safety analysis. However, over its lifetime, NPP plant undergoes through various changes on the basis of the
feedback of operational experience, the findings of periodic safety reviews, regulatory requirements,
advances in knowledge and/or improvements in technology. In the conditions of open market for electricity
production, modifications are also essential for economic reasons. Most modifications, made on the basis of
operating experience, are intended to improve the design or to improve operational performance and
flexibility. Some are rendered necessary by new regulatory requirements, ageing of the plant or obsolescence
of equipment.

However, no modification to NPP should affect the plant’s ability to be operated safely in accordance with
the assumptions and intent of the design. To do that, modifications are evaluated on the safety significance of
the modification and normally all safety relevant modifications are submitted for review and approval by the
regulatory body. Modifications which may affect safety can be divided into:

•  Modifications to structures, systems and components (SSC) or process software;
•  Modifications to the operational limits and conditions;
•  Modifications to operating procedures; or
•  A combination of these.

The impact of NPP modification on the safety is reassessed for the modified configuration and/or the new
conditions of the plant to ensure consistency with the intent and assumptions of the design. Safety
assessment is normally carried out before starting a modification to determine whether the proposed
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modification has any consequences for safety and whether it is within the regulatory acceptance criteria for
the plant design and operation. Good practice requires that initial assessment is carried out by trained and
qualified personnel, taking a systematic approach. Review is normally performed by an independent safety
expert/organization and aims at the evaluation of the impact of modification on the NPP margins that are
important to safety.

NPP margins important to safety are distinguished based on the difference between Safety, Licensing,
Analytical and Design Margin, Ref. 1. Safety margin (in absolute terms) is the difference between an
acceptance criterion and a safety limit (failure of safety barrier). Acceptance criterion is the quantitative
limitation of selected parameter or qualitative requirement set-up for the results of accident analysis.
Specified bounds on the value of a functional or condition indicator used to assess the ability of a system,
structure or component to perform its design function. Licensing margin is the difference, in physical units,
between a threshold that characterizes an acceptance criterion and the result provided by the deterministic
analysis. Analytical margin contains an estimate of individual modeling determined either by conservative
calculation or by best-estimate calculation. Operational margin implies states defined by operational limits
and conditions that are approved by the regulatory body. Design margin for SSCs is established to ensure
plant safe plant operation within a range of parameters (for example of pressure, temperature, power), and a
minimum set of specified support features for safety systems (for example, auxiliary feed-water, capacity
and emergency power supply) available. A set of design limits consistent with the key physical parameters
for each SSC is specified for NPP operational states and design basis accidents (DBA).

The comprehensive safety evaluation of the above margins relies on the deterministic safety analysis.
Approach to the review is determined based on the nature of the modification with respect to its purpose:
safety significant modification and cost reduction oriented modification within regulatory acceptance
criteria.

Safety significant modifications are based either on findings from evaluation of licensing margins or on
probabilistic safety assessment (PSA) findings or on both. That is, they are carried out in situation when
licensing margin for certain limit does not exist or is seriously challenged or is not accepted by regulatory
body. In situation where licensing margins exist, safety significant modifications are usually based on PSA
findings. Estimation and evaluation of current licensing margins and possible changes in licensing margins
due to modification than takes into account PSA findings and other analytical studies.

Figure 1. Definition of Safety Margins, Ref. 1
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Cost reduction oriented modifications in the NPP are mandatory evaluated with respect to existing margins
and findings of PSA. Past world-wide experience showed that even highly profitable modification like power
up-rate can be carried out in such a way that it does not lead to significant increase of risk, and some margins
can even be increased. The reason is that licensing margin can be zero without reduction of safety margin. In
general, the possible decrease of some current licensing margins due to cost reduction oriented modification
can be accepted if affected safety margins stay at an acceptable level. Safety margins and their importance
are then evaluated from global perspective that takes into account possible radiological impact on plant
personnel, the public and the environment. In each case of modification in a NPP, it is necessary to analyze
in details, steady state and dynamic characteristics of the plant including the neutron physical and thermal-
hydraulic aspects, behavior of materials of individual components and their operability and functionality.

In the past, NPP Krško has performed a number of modifications because of safety significance, but also in
numerous cases due to economic reasons of which SG replacement and power uprate is the most significant.
Past experience of deterministic safety assessment done by FER in the support to the NPP Krško
modifications is presented hereafter for both safety significant and economic types of modifications.

2 USE OF THE DETERMINISTIC SAFETY ANALYSIS FOR THE REVIEWS OF NPP
KRŠKO MODIFICATIONS

2.1 NPP Krško Procedure for the Approval of the Modifications
NPP Krško applies plant specific procedure to ensure that plant design bases are maintained and yield a safe
design. Since 1994 NPP Krško applies procedure ESP-2.303 “Authorization of Changes, Tests and
Experiments” (Safety Evaluation Screening), Ref. 2. All the proposed changes requiring Safety Evaluations
are being submitted to the SNSA (Slovenian Nuclear Safety Administration). If the proposed change
constitutes an “Unreviewed Safety Question” the formal licensing procedure shall be completed before
design change can be implemented otherwise the proposed design change is rejected. The procedure (ESP-
2.303) provides the methodology to be followed in determining if a proposed activity involves an
unreviewed safety question. An "Unreviewed Safety Question" is essentially the same as defined in
10CFR50.59(a)(2):  "A proposed change, test or experiment shall be deemed to involve an unreviewed safety
question (1) if the probability of occurrence or consequences of an accident or malfunction of equipment
important to safety previously evaluated in the [updated] safety analysis report may  be increased; or (2) if a
possibility for an accident or malfunction of a different type than any evaluated previously in the [updated]
safety analysis report may be created; or (3) if the margin of safety as defined in the basis for any technical
specification is reduced. Such approach enables early and systematic identification of the safety significance
of the proposed change, as well as timely initiation of the safety assessment.

2.2 Background for the FER Approach to the Safety Assessment of NPP Krško
Modification

Important aspect in the process of the evaluation of the impact of the plant modification is the determination
of the influence of the intended change on the margin to the safety. In this frame deterministic methodology
evaluates response of the plant SSC to the design basis events (DBE). The design basis events (DBE) (and
the subsequent design basis transients (DBT)) take their name from the fact that they are used to design the
SSC, and especially automatic protections to the NPP. A necessary condition for a plant to be safe is that, for
any anticipated or postulated event, there is at least one protective function able to prevent unacceptable
damage. In the deterministic analyses there are explicit criteria for unacceptable damage, e.g. e ANSI-
51.1/ANSI-N18.2. Criterion used to select the DBTs is important to prevent unacceptable damage. It must
provide a bounding value of the amount of damage generated during the transient. This way, it is assured
that, if no DBT overpasses the limit of the unacceptable damage, there will be no real transient that exceeds
that limit. From these considerations there cames a clear need to calculate with some accuracy the damage
associated to the DBT. It must be noted that the above considerations are not influenced by the conservatism
or the realism of the simulation models. It is clear that the use of more conservative models or assumptions
for the calculation of the damage envelope will take some extra margin between the acceptance criteria and
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calculated value. Based on the above discussion, FER has developed following approach that characterizes
the deterministic analysis in support of the NPP Krško modifications:

•  Safety significance of the modification is evaluated, and if any, DBT are identified and classified in
a Condition (e.g. SAR ch. 15 Conditions I to IV), or in a residual group of “beyond design basis
events”.

•  Based on the classification of the DBT, damage variables and the damage limits are identified (e.g.
the limits imposed by ANSI-51.1/ANSI-N18.2 or any other equivalent standard clearly determine the
damage variables and their acceptability limits). If DBT is classified as beyond design basis, than
risk to the public is evaluated.

•  Next step is the determination of the safety variables and safety limits. Background for this step
comes from the requirements set forth in satisfactory criteria for NPP Condition, e.g. DNBR is safety
variable and different value (1.3 or 1.5 can be assigned as safety limit based on the analytical
approach).

•  Finally, after the transient analysis the safety envelope or bounding case is determined and relevant
margins to safety are evaluated.

2.3 FER Support to the Safety Significant Based Modification
Since 1991 FER is authorized as Technical Support Organization (TSO) by Slovenian Nuclear Safety
Administration (SNSA) to provide support for the safety analysis of installations, components and systems of
nuclear facilities, and safety analysis for qualification of safety class electric equipment. In this frame, FER
also provides support to the NPP Krško for the evaluation of the planned modifications, both hardware and
procedural, on the plant safety. Use of the codes like RELAP5 and GOTHIC to simulate plant behavior in
the postulated situations after the plant modifications presents inevitable step in this support. To this aim,
detailed models of the NPP Krško were developed and qualified, Ref. 3.

2.3.1 Evaluation of the NPP Krško Compliance with NRC Requirements for Station Blackout

The Station Blackout (SBO) refers to the complete loss of alternating current electric power to essential and
non essential buses in nuclear power plant. The Station Blackout scenario involves a loss of offsite power,
failure of the redundant emergency diesel generators, failure of AC power restoration, degradation of the
reactor coolant pump seals, and possible operation of pressurizer valves resulting in a long term loss of
coolant. Issue of the NPP Krško applicability to cope with the Station BlackOut Accident (SBO) has been
raised following issuance of the 10CFR50.63 and Regulatory Guide 1.155 in 1988. Safety significance of the
postulated accident regarding new regulations has been evaluated for NPP Krško as required by SNSA.
Major issue coming from new regulations was requirement to demonstrate that plant is able to withstand and
recover from SBO that lasts for a specified minimum duration time. Consistent with the regulatory
requirements, and with the approach described in 2.2, evaluation of the plant status regarding following
factors has been evaluated for the determination of this requirement: the redundancy and reliability of the
each onsite emergency AC power source, the expected frequency of loss of offsite power and the probable
time needed to restore offsite power. For NPP Krško this time has been established at 4 hours. SSCs required
to cope with SBO were than evaluated during this period and for the expected conditions in the plant:
Condensate Storage Tank (CST) inventory, Class 1E accumulator batteries capacity, compressed air
resources, loss of ventilation and loss of reactor coolant due to stuck open letdown valve and loss of main
reactor coolant pump seals. In order to evaluate damage envelope the analyses of the SBO event were done
using RELAP5/mod2 for three groups of DBEs:

a) events that strictly characterize the SBO scenario and are assumed not to be avoidable (scram, reactor
pump trip, turbine trip, main steam line isolation, FW isolation);

b) events that may occur with different modalities and should be the object of sensitivity studies (AFW
injection, leak on primary side, leak on secondary side, pressurizer PORV position, steam generator
SRV cycling, accumulator actuation);

c) events that may be affected by operator actions (pressurizer PORV position, steam dump, accumulator
actuation).
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The results of the analysis, Figure 2, showed that with the AFW available plant can withstand required
minimum time, and that without AFW core dryout occurs after 6000s. In this frame, availability of the
compressed air for the control of the AFW control valves has been identified as important parameter to be
considered. Finally, the analysis performed by RELAP5/MOD2 confirmed that plant operates within the
regulatory limits. Parametric study covered uncertainties introduced by the initial and boundary conditions
that could reduce time to core uncovery.

Figure 2. Clad temperature reference case and "severe" case of SBO

2.3.2 Compliance with the GL-96-06

During a postulated DBE Loss of Coolant Accident (LOCA) with concurrent Loss of Offsite Power (LOOP),
the Component Cooling (CC) water pumps and the Reactor Containment Fan Coolers (RCFC) will
temporarily lose power. The CC water flow stops almost immediately, due to elevation difference between
CC pumps and RCFC units, while the fans coast down over a period of minutes. During that period of time
the heat is transferred from the high-temperature containment atmosphere to the stagnant water in air
cooler’s cooling coils. Due to delayed sequencing of the equipment (CC pumps) part of the cooling water
could flash to the steam inside cooling coils. As the component cooling water restart, pumped liquid may
rapidly condense this steam volume and produce a water hammer effect. The hydrodynamic loads introduced
by such water hammer event could be substantial (depending on amount of the steam in the cooling coils),
challenging the integrity and function of the containment air coolers and the associated component cooling
system, as well as posing a challenge to containment integrity. The potential safety issue was addressed in
Westinghouse’s Nuclear Safety Advisory Letter NSAL-96-003, “Containment Fan Cooler Operation During
a Design Basis Accident”, issued on June 20, 1996, and in NRC’s Information Notice (IN) 66-45 “Potential
Common-Mode Post-Accident Failure of Containment Coolers”, issued on August 12, 1996. The U.S. NRC
issued Generic Letter (GL) 96-06, Ref. 4, that requested to:

•  determine if containment air cooler cooling water systems are susceptible to either water hammer or
two-phase flow conditions during postulated accident conditions,

•  determine if piping systems that penetrate the containment are susceptible to thermal expansion of
fluid so that overpressurization of piping could occur.

If systems are found to be susceptible to the discussed conditions it is expected to assess the operability of
affected systems and take corrective action as appropriate in accordance with the requirements stated in 10
CFR Part 50 Appendix B and as required by the plant Technical Specifications. NPP Krško addressed
requirements stated in GL 96-06, Ref. 4 and concluded that no modifications are required for pipelines
susceptible to overpressurization, and that increase in minimum CC surge tank pressure could prevent
boiling in RCFC tubes. FER performed GOTHIC analyses susceptibility to boiling in RCFC tubes before
and after plant changes due to modernization and power uprate.

Out of the spectrum of relevant DBT, mostly LOCA, the USAR accidents with fastest temperature increase
and highest peak temperatures were evaluated as candidates for verification. Out of these, Double Ended
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Pump Suction Guillotine (DEPSG) has been identified as bounding accident for verification of RCFC
susceptibility to boiling. Two RCFC models based on GOTHIC code were developed to calculate water
heatup in stagnant conditions without CC flow. The models took into account real characteristics of the
RCFC units and limited interaction with rest of CC loop. Both models predicted local voiding in upper coils
after 25 s, Figure 3. Up to 30 s void fraction is below 10% in upper cooling coil, and after that increases
rapidly. It has been demonstrated that small amount of steam (below 10% by volume limited to upper coil)
cannot influence significantly CC pressure behavior and integrity of the coils and CC piping. The calculation
in second model demonstrated small pressure drop due to steam condensation during exchange of water
between coil and supply header. Based on plant data, it was demonstrated that CC flow will be available 25 s
after loss of AC power. CC behavior after start up of CC pump was checked by simple RELAP5 calculation.
It was shown that flow through RCFC coils follows closely flow at pump discharge and that nominal flow is
reached within 7 s. The same information was available from PIS recordings during CC loops swaping.
Taking into account mentioned NEK CC flow characteristics it was reasonable to expect full CC flow within
30 s, and more than 70% of full flow after 25 s. Void fraction less than 10% in the upper RCFC coils at t=30
s in stagnant conditions was used as conservative success criteria for addressing RCFC boiling susceptibility.
This criterion was fulfilled in NEK case after increase of CC tank pressure. Therefore, the results of the
analysis provided assurance that the integrity of the NEK RCFC coils and CC piping will be kept in situation
when the full CC flow is available within 30 s after LOCA+LOOP accident initiation.
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Figure 3. Void fractions RCFC 2A coils for both mnodels

2.3.3 Implementation of the Low Temperature Overpressure Protection
In response to growing concerns about the loss of residual heat removal capability during cold shutdown and
refueling operations due to inadvertent isolation of the Residual Heat Removal System (RHRS), NPP Krško
expressed interest in the acceptability of removing the autoclosure interlock (ACI) on the RHRS
suction/isolation valves. Since integrity of the RHRS has safety significance and interfacing system LOCA
RELAP5/mod2 analysis were performed in an effort to justify removal of the ACI in the light of low
temperature overpressure protection of RHR/RC systems. The intent was to review the NPP Krško RHRS
relief valves sizing design basis and verify if the relief valves provide RHRS overpressure protection for the
events possible at cold shutdown. Inadvertent isolation of  RHRS during hot and cold shutdown (with reactor
coolant system closed and temperatures below 177 °C – mode 4 and 5) presents one of the major safety
concerns in this mode of operation. Detailed RELAP5 model of NPP Krško following SG replacement and
core uprate has been used in the frame of this analysis – verification of RHRS relief valves sizing. The
following limiting cases  for cold shutdown with RCS solid conditions have been analyzed:

- transients that affect the system mass balance,
- transients that affect the heat input/removal balance.

Best estimate RELAP5/mod2 analyses of a spectrum of postulated LTOP (Low Temperature Over-
pressurization) transients showed that the relieving capacity of the proposed new RHRS suction relief valve
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is sufficient to protect RHRS pressure boundary under assumed conditions, Ref. 5. NEK RHRS relief valves
sizing design basis came from prevention of the rise in pressure of more than 10% above the RHR design
pressure of any component within the pressure retaining boundary under any system conditions. In the light
of performed analysis, the removing of the autoclosure interlock (ACI) on the RHRS suction/isolation valves
has been accepted with replaced RHRS suction relief valves.

0 20 40 60 80 100 120 140 160 180 200
T IME (s)

Pr
es

su
re

 (
PA

)

3.2E+06

3.4E+06

3.6E+06

3.8E+06

4.0E+06

4.2E+06

4.4E+06

4.6E+06

 N EK ML T P1 RUN ID :L PPT1                         REL A P5/MOD 2/36.5 19:02:* *  19:02:* *

PLO
T FER V1W

 12:41:05, 13/05/**

P         941010000            
P         175070000            

0 5 10 15 20 25 30 35 40
TI ME (s)

RH
R 

an
d 

RC
S 

Pr
es

su
re

 (
PA

)

3 .2E+06

3.4E+06

3.6E+06

3.8E+06

4.0E+06

4.2E+06

4.4E+06

4.6E+06

 N EK ML TP2 RUN ID :L PPT2                         REL A P5/MOD 2/36.5 19:02:* *  19:02:* *

PLO
T FER V1W

 12:04:25, 13/05/**

P         941010000           
P         175070000           

Figure 4. RPV downcomer and RHRS pressures for LTOP bounding cases

2.3.4 Pressurizer Instrument Line Safety Classification
The Westinghouse standard design specifies the pressurizer upper level instrument line as Safety Class 1
between pressurizer and the flow restrictor, and as Safety Class 2 between restrictor and instruments.. Breaks
in Safety Class 2 reactor coolant lines should be mitigated using normal make up system, without use of
emergency core cooling systems (ECCS). In Year 2000, Westinghouse issued a warning, that this
classification should be re-evaluated. The reason for warning were several transient analysis performed for
Westinghouse NSSS plants indicated that break of this line may result in the de-pressurization of the system
sufficient to cause actuation of the safety injection (SI). Safety analysis report states that any break that
causes SI actuation is Condition III LOCA. This is in conflict with the ANSI-N18.2-1973 (criteria applicable
to NPP Krško) that requires SSC that could cause Condition III or IV LOCA to be classified as Safety Class
I. Depending on analysis assumptions and plant design, actuation occurs between several seconds and
several minutes after the upper level tap instrument line break. For the purpose of specific classification of
the selected transient, FER performed best-estimate analysis of the upper level pressurizer instrument line to
evaluate capability of the NPP Krško make-up system to cope with the break of the upper level instrument
line. Traditionally breaks of this size were assumed to be within the charging pump capability for
maintaining pressurizer level. Since upper level pressurizer instrument line is situated in the vapor space, loss
of inventory following the break will be practically all steam. Due to the size and type of location of the
break it was expected that the pressurizer level will decrease just slightly or not at all. Charging flow is
controlled by changes in this level, therefore, it was expected that demand on the make-up system will be
small or negligible. Break in the vapor space also means that fluid of high specific volume and enthalpy
(vapor) is lost that can significantly reduce the pressure. Since the charging adds liquid to the system, even in
the case of primary system mass preservation, pressure would continue to decrease due to the difference
between added and lost fluid enthalpy. The main goal of the analysis was to determine the time for the
generation of the SI signal, that is to evaluate possibility to credit the operator for the action (typically 30
min is assumed). The analysis showed that mass lost though the break is within CVCS charging capacity, but
location of the break prevents automatic make-up of the primary system that could prevent SI signal
generation, Figure 5. However, the consequences of the transient scenario are smooth and bounded by the
USAR SBLOCA analysis. Outcome was the initiation of the plant modification in the pressurizer instrument
line.
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Figure 5. Pressurizer level and core power for the sensitivity study of upper level instrument line break

2.4 FER Support to Modifications Aimed at the Economic/Operational Improvement of the
NPP Krško

2.4.1 Reduction of the High Concentration of Boron in the Boron Injection Tank
Boron Injection Tank (BIT) is a component of the ECCS designed to contain highly concentrated (approx.
20000 ppm) boric acid. Its purpose is to maintain the radiological consequences after double ended Steam
Line Break (SLB) within the limits prescribed in 10CFR100 with no return to power during the misoperation
of the steam generator (SG) safety or relief valve. Heat tracing system is installed to prevent the
crystallization of boric acid in the BIT. However, continuous operation of this system proved to have adverse
effect on operating reliability of NPP and as a result of this many utilities have initiated activities to remove
BIT or to reduce boron concentration below solubility limit at the room temperature. Boron concentration
decrease also benefits the recovery from the inadvertent SIS actuation. At the NPP Krško this action was
initiated by NRC Generic letter No. 85-16 and by Westinghouse recommendation. Since SLB is design DBE
for BIT, double-ended SLB (ANS condition IV event) and inadvertent opening of the SG safety or relief
valve (ANS condition II event) were evaluated to this aim. Spectrum of breaks with different initial and
boundary conditions were analyzed using RELAP5/MOD2 code with conservative assumptions defined to
maximize the reactor coolant system (RCS) cooling. According to the results the worst case of SLB
Condition IV accident with AC power available met the NRC and ANS requirements (10CFR20) even with
the reduced BIT boron concentration. As the result of this analysis, FER recommended to the NPP Krško to
reduce the boron concentration and deenergize BIT heat tracing system with all the related alarms blocked,
Ref. 6. Prior to the power uprate and SG modernization, FER performed BE analysis using sate-of-the-art
methodology for new conditions that considered spatial and localized effects, Ref. 7. The assumptions used
in analysis followed those used in USAR safety analyses but realistically described behavior of the plant
with coupled RELAP5/mod3/QUABOX-CUBBOX code. The results confirmed existence of the licensing
margin and indicated further possible increase of this margin through the use of coupled sub-channel code
for the evaluation of the DNBR.
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Figure 6. Total fission power and Keff for coupled code calculations
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2.4.2 Influence of the Ultimate Heat Sink Temperature on Plant Operation

The objective of this activity was the review of the Justification for Conditional Operation (JCO) with
Sava river temperature greater than 26.7 ºC. Ultimate Heat Sink (UHS) Limiting Conditions for Operation
(LCO) are specified in NPP Krško Technical Specifications (TS) and according to the TS, UHS is assumed
operable if water level is greater than elevation 147.85 m and water temperature is less than or equal to 26.7
ºC. If these conditions are not fulfilled, plant is required to go into hot standby within 6 hours and cold
shutdown within following 30 hours. In order to avoid costly unplanned shutdown of the plant NEK has
prepared report, Ref. 8, that justifies conditional operation of the Essential Service Water (ESW) as a part of
UHS with increased Sava river temperature. In the first step of identification of the regulatory requirements,
it has been found that the UHS is subject to the Title 10CFR, Part 50, Appendix A, General Design Criteria
(GDC) Criterion 44. In particular, criterion requires provision of a system to transfer heat from SSC
important to safety to an ultimate heat sink. Regulatory guide 1.27, provides acceptable basis that may be
used to implement GDC44 with regard to the UHS. Additionally, NRC has issued further guidance regarding
demonstration of compliance of the plant UHS’s to perform its operational and safety function. Methodology
that NPP Krško used to justify the requirement was based on the Parsons design calculations. FER has
thoroughly checked provided calculations, but also decided to independently check design limits of all SSC
important to safety if the UHS is increased. To this aim, plant relevant plant measurements were considered
and independent analytical tool was created for Component Cooling (CC) Heat Exchanger (HEX). The
developed model evaluated heat transfer capabilities of CC HEX in different conditions with the main focus
on calculation CC HEX out temperature for increased river temperature, because CC water temperature as
delivered to plant systems is relevant for the safety of the plant. The model is quasi-steady state model based
on HEX effectiveness theory and Number of Transfer Units (NTU) approach. The model was verified by
recalculation of data from Heat Exchanger Specification Sheet and checked against plant data. PIS
measurements were used as input to the model. 10-minutes average data were used in order to be able to
compare against quasi-steady state model. PIS data have inherent uncertainties and in this way was possible
to check consistency of data performing external heat balance calculations. The results showed that the code
and the methodology are conservative from point of view of CC out temperature (red line on Figure 7).
Number of design calculations were then performed and has been demonstrated that the cases with increased
design CC HEX outlet temperature are not so sensitive to limited ESW temperature increase due to higher
CC average temperature. Since all the safety related equipment is designed to function even in a case of
limited CC HEX outlet temperature increase, it has been demonstrated that increase of ESW inlet
temperature will result only in slight CC average temperature increase, Table 1. Due to increased CC HEX
outlet temperature cooling capabilities of all process heat exchangers will be slightly affected resulting in
slight temperature increase that will be lower than corresponding river temperature increase of 0.7 oC. As
demonstrated in steady state heat balance calculation CC heat exchangers have satisfactory cooling
capability even at river temperature of 28 oC. The limit in terms of daily average temperature has even
smaller impact on plant systems. Therefore, it was concluded that there is no impact to the safety of the plant
due to conditional operation with average Sava river temperature up to 27.4 oC.
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Figure 7. SW inlet temperature and calculated and measured CCout temperature for HEX B
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Table 1. Results of CC HEX outlet temperature for “Normal Operation Heat Loads”

Flow [m3/h] SW temperature [oC] CC temperature [oC]

Case SW CC Tin Tout Tin Tout

Design 1992.1 1994.3 26.67 31.78 37.83 32.71

JCO A 1992.1 1994.3 27.40 32.52 38.01 32.89

JCO B 1992.1 1994.3 28.00 33.12 38.60 33.48

JCO C 2100.0 1994.3 28.00 32.85 38.39 33.28

Parsons 1992.1 1994.3 26.67 31.78 37.89 32.83

3 CONCLUSION
Throughout lifetime of the NPP, many modifications are done to SSC, procedures and reports. Preservation
of the safety is essential to these modifications. Safety analyses as important aspect of the safety assessment
are essential in this process. In the past 15 years, FER has established successful cooperation with NPP
Krško in support to the on-going modifications at the plant. Expert use of the BE analytical tools at FER
proved to be invaluable to this aim whether it was a matter of the evaluations of the plant safety and design
margins or a mean to optimize operational performance of the NPP Krško. Increased capabilities of the
analytical tools and gained experience have great potential in the future for further optimization of the plant
economics, safety and operational margins.
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