
MAIN-STEAM-LINE-BREAK ACCIDENT ANALYSES
IN A VVER-1000 REACTOR*

J. J. Carbajo, G. L. Yoder, E. Popov
Oak Ridge National Laboratory**

Oak Ridge, Tennessee, 37831

and

V. K. Ivanov
Kurchatov Institute

Moscow, Russia

SUMMARY

This summary presents generic results and insights from preliminary calculations

performed with the RELAP5-3D code1 for Main-Steam-Line-Break (MSLB) accidents at

the Balakovo-4 plant, a VVER-1000 V320 plant located in Russia. The VVER-1000 core

model contains three Lead Test Assemblies (LTAs) with mixed oxide (MOX) fuel and the

remaining 160 assemblies with UO2 fuel. The reactor has four loops, four main primary

coolant pumps, and four steam generators (SGs). VVER-1000 reactors are very similar to

the pressurized water reactors (PWRs) built in the United States (US), with the main

difference being the horizontal SGs employed by VVER-1000s versus the vertical SGs in

US PWRs.

Main-Steam-Line-Break (MSLB) accidents are potential reactivity insertion

accidents (RIA). In MSLB accidents, very large amounts of steam are removed from the

broken steam generator that significantly reduce the primary coolant temperature. When

the coolant enters the reactor, power increases can occur due to the effect of the negative
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moderator temperature coefficient of reactivity. Recriticality occurrences are also possible

if the broken steam generator is not isolated.

MSLB accidents are of special interest in VVER-1000s, because there are plans to

load up to 40% of the core with MOX fuel in these reactors. Since MOX fuel has a more

negative moderator coefficient of reactivity than UO2 fuel, the postulated power increases

from MSLB accidents with MOX fuel could be more severe. Injection of highly borated

water from the High Pressure Safety Injection System (HPSIS) may be the ultimate way

to control possible power increases from this accident. Since Russian regulations do not

permit recriticality occurrences, it will be necessary to investigate if the HPSIS needs to

be upgraded to fully control MSLB accidents in cores with MOX fuel. Possible upgrades

are increasing the boron concentration and increasing the high pressure setting for

injection.

MSLB accidents are space dependent problems, since cold primary coolant enters

the reactor vessel through one leg resulting in asymmetric temperature distributions in the

core. Therefore, it is important to use 3-Dimensional (3-D) neutronics calculations to

capture the effect of this temperature distribution. Additionally, some degree of mixing of

the hot and cold coolant entering the lower plenum has to be assumed if one-dimensional

calculations are performed. The results are very dependant on the amount of mixing

assumed. The temperature distribution and mixing effects are captured more accurately

with 3-D neutronics and thermal-hydraulic codes, like  RELAP5-3D1.

 The RELAP5-3D1 code is a 3-Dimensional (3-D) version of the RELAP5 mod 3.2

code2. RELAP5-3D can model thermal-hydraulic control volumes and core neutronics in

three dimensions. The control volumes can be modeled in Cartesian or cylindrical

geometry. The multi-dimensional neutron kinetics model is based on the NESTLE code3.

Cartesian (rectangular) or hexagonal geometry can be employed in the neutronics model.
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For the VVER-1000 core, hexagonal geometry is utilized. The code has also the point

kinetics option of the RELAP5 MOD3.2 code.

The RELAP5 deck used in this study was initially prepared by the Kurchatov

Institute of Moscow, Russia, and modified at Oak Ridge National Laboratory. Both,

point and three-dimensional (3-D) kinetics calculations have been completed and all of the

calculations employed only 3 MOX assemblies (3 LTAs). Details of the 1- and 3-D

models have been presented previously.4,5 The model has also been verified against plant

experimental data.6

Before the MSLB accident was initiated, the reactor was assumed to be operating at

3120 MWth, or 104% of full power (3,000 MWth). It was also assumed that a high

worth central control rod is stuck out of the reactor and is not available for control rod

insertion. The steam break is a double-sided break, upstream of the steam generator

isolation valve.

Both, point kinetics and 3-D kinetics RELAP5-3D calculations yielded very similar

results. None of the calculations resulted in power increases. After the MSLB accident is

initiated, the reactor is rapidly shutdown by a low-pressure signal in the secondary,

followed by a trip of the main circulating pump of the loop with the affected steam

generator, and by the isolation of the broken steam generator (by closing the SG isolation

valve and the feedwater valve). All these system trips protect the reactor from this

accident. By the time the cold primary coolant reaches the reactor core, the reactor is

already shutdown. MSLB accident calculations performed from an initial hot zero power

condition, did not result in return to power (recriticality). There was no need to inject

borated water from the HPSIS, in fact, the primary system pressure never went down to

values where the HPSIS could inject water.

MSLB calculations for the VVER-1000 were repeated assuming that the trip by

low pressure in the secondary system fails. In this case, the reactor will be shutdown by
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either high power or by low pressure in the primary system. This calculation resulted in a

power increase of 7% over the initial value before reactor shutdown but no recriticality

was calculated to occur after reactor shutdown.

Recriticality could occur if the broken steam generator is not isolated (keeping the

SG valve open and continuing the feedwater flow). This results in extended cooling of the

primary system with possible reactor power increases. However, these conditions are

very unlikely to occur because multiple failures will be required.

In conclusion, MSLB accident calculations with the point and 3-D kinetics models

of RELAP5-3D for a VVER-1000 plant employing 3 MOX assemblies resulted in no

power increases and no recriticality occurrences. The available system trips protect the

reactor from possible power increases. However, power increases before shutdown and/or

recriticality are possible if failures of the protection system occur. MSLB accident

calculations for 40% of the core MOX need to be completed to quantify the effects of a

large number of MOX assemblies in the core.
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