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Abstract

The Kr~ko NPP will, as a part of the modernization project, replace old steam generators, implement required
system modifications (mainly on the secondary side) as well as a number of safety improvements such as
installation of inadequate core cooling monitoring instrumentation, a set of the most important modifications to
improve plant fire resistant, implement the so called wet cavity modification, etc. SG replacement with some
system modifications as well as new generation of fuel, will allow the Krtko NPP to increase power for 6.3%.
As a part of the risk assessment study for the above described plant changes some of the plant specific
deterministic analyses performed within the Kriko NPP Individual Plant Examination for internal and external
events (IPE/IPFEEE) with MAAP code had to be repeated as suggested in [1].

All deterministic thernohydraulic analyses within NEK IPE/IPLEE project have been performed with MAAP
3B, Ver.18. Since then (end of 1994) this analysis tool has been further improved and is now available as MAAP
4.03.5. To be able to clearly distinguish the effi ct of the plant changes from the effects of the code changes, it
was decided that the same code version should be used. Required analyses have been performed and are
documented in [21.

Recently all the potentially affected analyses have been repeated with the new version of the code (MAAP
4.03.5) for both existing and future plant conditions. Analyses presented in the paper confirm the conclusions
given in 14] and [21.

1. Introduction

One out of four subprojects in the Krsko NPI` modernization program is the so called
Software Services project. It covers the performance of all required analyses including
licensing analyses, plant maneuverability analyses, systems and components evaluation and
evaluation of plant changes to NEK PSA model developed within the IPE effort. As a result
of these analyses the work report [1] has been prepared. In this report all potentially affected
deterministic analyses have been evaluated. It was suggested that certain analyses should be
repeated. The main reason for this suggestion was the fact that the effects of power increase
together with new steam generators characteristics cannot be easily evaluated as positive or
negative. The purpose of those analyses performed by NEK and documented in [21 was to
check if due to modernization project, plant different response would require changes in the
NEK PSA model (mainly in the area of success criteria) and plant specific severe accident
management guidelines (SAMG).
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As mentioned above all the deterministic thermohydraulic analyses within NEK IPE/IPEE
project have been performed by MAAP 3B, Ver 18. Since then the code was further developed
and improved and now exists as MAAP 4.03.5. To be able to clearly distinguish the effect of the
plant changes from the effects of the code changes, it was decided that the same code version
should be used. As the first step the MAAP Nodalization Notebook [31 developed within the
Individual Plant Examination (IPE) project has been reviewed. The required changes in the
MAAP nodalization have been determined and implemented due to the plant modernization
project. All required analyses have been completed and are documented in [2].
Since the plant specific input for MAAP 4.03.5 (without containment model) was available, it

became obvious that some analyses had to be also repeated using the latest version of the code to
confirm or correct the conclusions given in [2].

2. Analysis

Among all the analyses performed in the IPE project it was evaluated that only the following
ones have to be repeated to assess quantitative influence of the modernization project.

* medium and large break loss of coolant accident;
* bleed and feed analysis;
* hydrogen generation and behavior in the containment (Level 2 phenonienological

evaluation);
In this paper the results of the first two analyses will be presented.

2.1 New plant MAAP nodalization

The Krsko NPP has the Westinghouse D4 type steam generators with preheat section - bottom
feed). Due to different degradation processes the average tube plugging reached almost 18%. In
year 2000 they will be replaced with Siemens' design steam generators without a preheat section
(upper feed) and with significantly higher heat transfer area. The number of tubes in the SG wvill
increase from the existing 4578 at 0% plugging ( the average plugging of 18% number is
reduced to 3754) to 5428 at 0% plugging. The existing heat transfer area of 3679 m2 at 18%
plugging per steam generator will be increased to 7177 m2. Therefore the total primary free
volume will be increased from 171m 3 to 195.2m3. The mass of the secondary side water and
steam mass at new nominal full power will be increased from almost 43400 to 46800 kg. Since
new steam generator tubes are made of different material (Inconell 690 TT versus Inconell 600),
the thermal conductivity of steam generator tubes is also slightly changed. At the same time the
primary flow will increase due to a lower pressure drop across new steam generators, but the
core bypass flow will be also slightly increased due to thimble plugs removal from the fuel. The
amount of Zircalloy available for oxidation and hydrogen production will slightly decrease
owing to fuel improvement (Zircalloy 4 cladding replaced with ZIRLO).

Due to the reasons listed above the revised MAAP 4.03.5 nodalization was developed except for
the containment. This portion of the new MAAP input deck has to be developed in the near
future.

2.2 Medium and large break loss of coolant accident (LOCA)

In [4] it was concluded that one train of low pressure injection system (LPIS) was enough to
prevent core damage in the case of medium and large break loss of coolant accident. The core
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damage as defined [3] and [4] would occur if the hottest core temperature would reach 1348
K or if the same temperature would be above 923 K for more than 30 minutes. It was
concluded in [4] that accumulators as well as the high head pressure injection system (HHIS)
would not be needed in case of the medium and large break loss of cooling accidents.

Among two limiting break sizes. 6` LOCA break was selected as the first. The size of the
break is considered as a limiting case between the large and the medium size LOCA. Using
the same status of engineering safeguards (no accumulators, one train of the low head safety
injection system and no high head safety injection) together with a new revised parameter file
reflecting the Krsko NPP status after SG replacement and power uprate the MAAP analysis
has been carried out. The core uncovers at 368.7 seconds into the transient and the maximum
core temperature exceeds 923 K at the time of 523.7 seconds from the beginning of the
transient. As it can be seen from Figure 1 and Table 1 below the system is depressurizing
longer and the core stays above 923K for a longer time. The reason for that is higher decay
power and higher primary volume. Alter the core is flooded the maximum core temperature
will drop below 923 K (at 932.2 s). This time (less than 7 minutes) is shorter than 30 minutes
as defined in success criteria. Based on that we can conclude that the maximum core
temperature does not exceed 1348 K in the time before RWST depletion and also does not
stay above 923 K for more than 30 minutes. In Table 1 the key sequence of events for the
analysis for both the existing conditions and the conditions after power uprate and SG
replacement are given. It can be concluded that 6" LOCA accident does not represent a case
where new plant conditions can impact given conclusions and inputs in [4] and that the
conclusions given in [2] ba-sed on analysis with MAAP 3B have been confirmed with the new
version of the MAAP code.

During 27.5' LOCA the maximum core temperature does not reach 923 K during the
injection phase - until the IWST depletion time. This was concluded in [2] and also
confirmed with the new version of the code. It has to be noted that this analysis has been
performed with the best estimate assumptions regarding the time delay for equipment to start
and deliver flow to the RCS.

Table 1: Comparison of the sequence of events for 6" LOCA with only one train of low-
pressure infjection system available

TIME TIME
(second) (sE

Rx power EVENT DESCRIPTION (seconds)
1876 MW (after uprate and

MAAP 4.03.5 SG replacement)
0MAAP 4.03.5

0.0 INITIATE 6" LOCA NO ACC NO HIISI 0.0
ONE TRAIN OF LUS1 AVAILABLE

6.06 REACTOR SCRAM 6.1
6.7 SM ACTIVATED 6.8
98.4 MAIN REACTOR PUMPS TRIP* 112.6

251.1 CORE UNCOVERED 368.7
690.5 MAXIMUM CORE TEMPERATURE 783.2

795.3 CORE FLOODED - CORE HOTEST 932.2
TEMPERATURE BELOW 923k

* RCP trip assumed owing to the lost of subcooling and time delay of 60 seconds
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Figure 1. Comparison between the primary pressure and the hottest core temperature for 6"
LOCA (the existing plant in comparison to the Krsko NPP after SG replacement and

power uprate) - both i-nalyses done with MAAP 4.03.5
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2.3 Bleed and feed analysis

Another potentially affected transient due to power uprate and SG replacement is feed and
bleed transient. This is a transient When the operators due to the loss of the secondary heat
sink are instructed by the emergency operating procedure to first initiate safety injection and
then open the pressurizer relief valve(s). The decay heat is removed from the primary system
through the pressurizer and through the relief tank opening to the containment atmosphere. In
[4] it was shown that even a very late activation of feed and bleed procedure would be
successful if only one pressurizer relief valve and one train of the high head injection system
were available. Again, it is the success if the core is not damaged. The core damage
definition is the same as above (temperature above 1348 K or above 923 K for more than 30
minutes).

This particular analysis was performed to answer the following question: Would it be
possible to recover from the situation in which the feed and bleed procedure is activated in the
reverse order and later into the transient? Thle assumption is that the operators would open the
pressurizer relief valve at the point when the steam generators are already dry and the core
temperature starts to increase. One train of the high head safety injection system would be
activated when the hottest core node temperature exceeds 900K. For the current conditions it
was shown in [4] that even if the operators were very late (SG are dry, core starts to uncover,
core heatup begins), the feed and bleed procedure with only one pressurizer relief valve, and
one train of the high head safety injection would be successful in restoring core cooling. In
this analysis the available high head safety injection pump automatic start is inhibited and
manually actuated when the hottest core temperature increases above 900K. From the Table 2
below we can see the comparison of the key events as were determined for old and new plant
configuration with MAAP 4.03.5.

Table 2: Comparison of key events for delayed feed and bleed analysis (only one pressurizer
relief valve available)

TIME TIME
(second) (seconds)

Rx power 1876 MW EVENT DESCRIPTION (after uprate and
MAAP 4.03.5 S/G replacement)

MAAP 4.03.5

REACTOR SCRAM, COMLETE LOSS
0.0 OF MAIN AND AUXILIARY 0.0

FEEDWATER SUPLLY TO BOTH SG
2218.7 PRZ PORV OPEN FIRST TIME 2123.5
2905.9 PRZ PORV OPEN MANUALLY 2390.3
2960.6 STEAM GENERATORS DRY 2425.3
3057.8 PRT RUPTURED DISK FAILED 2629.1
4102.3 REACTOR COOLANT PUMP TRIP* 3909.1
4482.0 CORE HAS UNCOVERED 4393.7

4899.1 HPI MANUALLY ACTUATED CORE 4774.9
HOTEST TEMP. EXCEED 900K

5623.5 CORE FLOODED -- CORE HOTEST 5809.1
TEMPERATURE BELOW 900k

RCP trip assumed owing to the lost of snbcooling and time delay of 60 seconds
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Figure 2. Comparison between the primary pressure and the hottest core temperature for the
analysis of late feed and bleeds procedure initiation
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As it can be seen from Figure 2 and Table 2 both steam generators become dry earlier into the
transient (compare 2960 seconds to 2425 seconds) and the pressurizer relief valve is opened
by the operator in almost dry conditions on the secondary side of both steam generators. An
obvious reason for that is larger decay heat but also the bigger stored energy in the primary
system. (masses of the primary coolant and the steam generator are higher). While the steam
generators are dry much faster than before ( appr. 8 minutes), the core uncovers just appr. 1.5
minutes earlier and heats up to 900K just appr. 1.2 minutes earlier than before. This is the
consequence of the larger primary volume of the reactor coolant after steam generator
replacement. In case the core is uncovered for a longer period and the hottest core node
temperature reaches a higher temperature (1203 K in comparison to 1105 K from before) the
temperature is above 923K not longer than appr. 2 minutes in comparison to 1.7 minutes
from before. The hottest core node temperature did not exceed 1345K. Based on that we can
confirm the conclusions from [4] and [2] i.e. even in the case when the operators are late in
initiating feed and bleed procedure (both steam generators are dry and the hottest core node
temperature exceeds 900K) the core damage will not occur.

3. Conclusions

Additional analyses with MAAP 4.03.5 of the influence of the plant changes to the transient
analysis performed in the scope of the Krsko NPP IPE/IPEEE have been performed. It can be
concluded that the results of these analyses do not change or invalidate the conclusions given
in [4] and [2] which have been derived based on the analysis with MAAP 3B code.
Nevertheless, there is still to be verified that this is true also for the containment response
analysis, particularly the amount of hydrogen and its behavior during the severe accident
conditions. Its behavior could be most challenging for the containment integrity.
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