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This paper discusses the results of the thermal-hydraulic investigations
of the trip of one MCP at Unit 6, Kozloduy NPP.

This investigation is a process that compares the analytical results
obtained by the RELAPS5 computer model of the VVER-1000 against the
experimental transient data received from the Kozloduy NPP Unit 6. The
RELAPS/MOD3.2 computer code has been used to simulate the trip of
one MCP in a VVER-1000 Nuclear Power Plant (NPP) model.

A model of the Kozloduy Unit 6 has been developed at the Institute for
ar Energy — Bulgarian Academy of Scie
| development and validation has fo
is type of transient.

ability of NPP Unit
d from 82%
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VVER-1000 NUCLEAR POWER PLANT DESCRIPTION

The reference power plant for this analysis is Unit 6 at The Kozloduy
NPP site. This plant is a VVER-1000 Model V320 pressurized water
reactor that produces 3000 MW thermal power and generates 1000 MW
electric power. The basic design of a VVER-1000 plant comprises: a
pressurized water reactor of 3000 MW thermal power with 163
hexagonal fuel assemblies in the core, and 10 absorbing rod banks,
located in 61 fuel assemblies; four primary Iloops;, and one
oducing 1000 MW of electric power.

zles of &850 mm and 4 outlet n
rimary loops. There are als
n solution to the upp
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Each loop includes one main circulation pump and a horizontal U-
tube steam generator (SG). The behavior of the horizontal SG is
very different compared to Western-style vertical SG. For example,
the secondary side of the horizontal SG contains much more water
and all loss - of - feedwater transients are slower. Steam generators
play a very important role in the safe and reliable operation of VVER
power plants. They determine the thermal-hydraulic response of the
ring operational and accident transients.

feeds condensate water into the S
ypass) and controls the SG duri
ater system includes two tu
electrically driven F
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Reactor control and protection system consists of the following
subsystems: control rods and driver; reactor power controller RPC
(ARM); reactor power limitation controller RPLC (ROM); reactor scram
subsystem; warning protection (WP) and fast load coast down
subsystems.

RPC (ARM-5C) operates together with the electro-hydraulic turbine
control system (EHSR) and has two modes of operation: Mode T: Power
control based on constant secondary pressure in the range 10-110% of
Mode N: Maintains constant neutron fl
of the nominal reactor power, using A
system) signal.

emergency action of

rods bank by ban
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Power restriction controller RPLC (ROM-2M) decreases reactor power
to a pre-defined value in the following cases:

-Tripping of 1 out of 4 RCP - to 67% of nominal;
-Tripping of 2 non- neighbouring RCP - to 50% of nominal;
-Tripping of 2 neighbouring RCP - to 40% of nominal;

W pumps - t050%:;

umps - to 6%;

o below the current power;
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In case of RPLC (ROM) working, ARM-5C is switched off. The power
decrease is performed by inserting the operational group into the core
with operational velocity of 2 cmy/s.

DESCRIPTION OF THE TRANSIENT TRIP OF ONE MCP AT KNPP,
UNIT #6

the main coolant pumps (MCPs) could b
ower. The experiment and the REL

MCP failure is due to the |
nstrates the capability of
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transient primary side pressure and Pressurizer water level have been
controlled by the Make up system and by the Pressurizer heaters.
Secondary side feed water controllers reduce feed water flow rates
corresponding to the new reactor power level.

One of the four main circulation pumps was tripped and the power level
was reduced from 82% [2460 MW] to 67% [2010 MW/].

During the transient, a signal from Reactor Power Limitation Controller
arning protection-1 (WP-1) signal.

PC (ARM) automat/cally discon
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Rod Bank #10 inserted from position 296 cm to 263 cm of the core
height in 28 sec at the normal operational speed of 2 cm/s.

When the WP-1 signal is cleared, the RPC continues to work in “N”
mode and maintains the neutron power level reached at that time (67%
power) and switching to controlling the control rods.

During the trans:ent the plant staff did not interact with the operation of
stem. The response of the primary and
did not reach the reactor scram setpoi
m dump to condenser facility (BR
and spray system from the c
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The basic scenario is as follows:

Initial conditions: Reactor Power - 82 % N

1) Trip of MCP #3

nd decreasing of Reactor Power from 82 %

hown in Tabl
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RESULTS AND DISCUSSION

The scenatrio that was followed at the NPP - Kozloduy Unit #6 during the
transient was simulated in the RELAPS calculations. The calculation
was performed up to 400 sec of transient time. The presented plant data
are in every 4 sec. The interesting event is the reverse flow in one of the
loops (in the damaged loop with the MCP switched off). The most
interesting parameters for investigated event are behavior of coolant
of flow rates in different loops. All SGs wate

reactor vessel temperatures
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The following parameters (available from plant data collected during the
transient) were compared between plant measurements and RELAPS
code calculations:

Primary and secondary side pressure;

Temperatures in hot and cold leg #3

Temperatures in hot and cold leg #1;




Sixth Internation

VVER 1000 — Kozloduy NPP, Trip of One MCP

Primary and Secondary Side Pressure
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Fig. 1 Comparison of Primary and
Secondary Side Pressure

ured primary and secondary pressure during the
REALPS primary and secondary pressure. As

pressure are almost identical to the measured
RELAPS calculated primary side pressur
ce. While in the plant data there is
e calculated primary pressure
and decreasing of pressu
reached at 30.sec.
e was stabilize




VVER 1000 — Kozloduy NPP, Trip of One MCP

Hot and Cold Loop #3 Temperature
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Fig.2 Comparison of Hot and Cold
Leg Temperatures of Loop #3

old leg #3 temperature is presented in Figure 2. The
ers are same for both cases — calculated and
perature becomes faster in recorded plant data
etween 30.0 sec. and 50.0 sec. and later for
perature is faster in RELAPS calculatio
transient is the same for calculated

is in the range of me
tion closely follow.



Sixth Internation_a

VVER 1000 — Kozloduy NPP, Trip of One MCP
Hot and Cold Loop #1 Temperature

VVER 1000 — Kozloeduy NPP, Trip of One MCP

MCP Pressure Difference — Tripped Pump
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Main coolant pump pressure difference
are compared in Figure 4. Decreasing
of RELAPS5 calculated MCP pressur
difference is faster in first 50 se
RELAPS calculation this value b
2 bars at 30 sec, while in e
ata this parameter beca
sec. After that th
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VVER 1000 — Kozloduy NPP, Trip of One MCP
Reactor Vessel Inlet/Outlet Nozzle Pressure Difference
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VVER 1000 — Kozloduy NPP, Trip of One MCP
Flow Rates of Loop #1 and Loop #3
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Comparison of flow rates in Loop #1
and Loop #3 are shown in Figure 6. In
both cases a reverse flow rate is
indicated. The flow rates of tripp
loop and RELAPS calculated ri
decreases rapidly in the first mi
e transient. The flow rate
S increase in the sa
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CONCLUSIONS

Test facilities are frequently scaled down models of the actual power
plant; the scaling can increase the uncertainty of the results of the test
facility relative to the reactor performance. In this benchmark based on
Kozloduy NPP the scaling is not a factor.

The results provide an integrated evaluation of the complete RELAPS
mparisons indicate that RELAPS predicts th
sults are an important part of the validati
for Kozloduy NPP.

5/MOD3.2 is adequate t
in a VVER-1000 for



