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ABSTRACT 

Among nuclear power generation plants, light water reactors are mainly used at present, and 
are anticipated to be predominant in the future. To improve the light water reactors the development of 
the LWRs for the next generation is carried out at various organizations.  

For example, in the USA the Westinghouse AP-1000 is based on proven technology but with an 
emphasis on passive safety features. The reactor passive core cooling systems include the core 
makeup tanks system, passive residual heat removal heat exchanger and in-containment refuelling 
water storage tank. 

In Russia has been developed the so-called NPP-2006 project of a VVER-1200 nuclear power 
plant with a V-392M reactor unit. To provide the safety, protection passive systems which don’t 
depend upon human errors are widely used in this project. Among these are hydrotanks of the second 
stage and passive heat removal system. 

In the presented paper an overview of passive core cooling systems for next generation NPPs 
is given. 

 

1 INTRODUCTION 

Advanced Lught Water Reactors or ALWR, which divide into Pressurised Water Reactors 
(PWR) and Boiling Water Reactors (BWR), have been under development worldwide for the last 
twenty years, since Chernobyl (1986) accident. Advanced designs comprise two basic categories. The 
first category is called evolutionary designs and to descend from existing plant designs that feature 
improvements and modifications based on feedback of experience, adoption of new technological 
achievements and introduction of some innovative features.The second category consists of designs 
that deviate more significantly from existing designs, and that consequently need substantially more 
testing and verification, probably including also construction of a demonstration plant and/or prototype 
plant, prior to large scale commercial deployment. These are generally called innovative designs. 

Some new plant designs rely on redundant active safety systems to remove decay heat from 
the core. Other new plants incorporate core cooling systems that rely on passive means such as 
gravity, natural circulation, and compressed gas as driving forces, to transfer heat from the reactor 
system. Passive systems are considered as a means of simplifying safety systems and thereby 
reducing cost, improving reliability, mitigating the effect of human errors and equipment failures, 
increasing the time operators have available to cope with accident conditions, and reducing reliance 
on power supplies. Adequate testing of passive systems is important to determine conditions that 
affect their performance, to establish their reliability. This is especially important for the relevant low 
pressure and low driving forces associated with passive systems.  

There are two major functions of passive passive core cooling systems in case of Loss-of-
Coolant Accidents (LOCA). First of all, they have to ensure the evacuation of the heat stored in the 
fuel rods during normal operation, and retention of sufficient water in the Reactor Pressure Vessel 
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(RPV) during the first, blowdown phase of postulated LOCAs. This is achieved by keeping adequate 
thermal-hydraulic conditions in the core and replenishing the coolant lost during the blowdown 
process. In this respect, the presence of larger water inventories in the RPV during normal operation 
are beneficial. Second task is the evacuation of the decay heat from the core in the RPV and from the 
primary system tt the end of the blowdown phase, then the state of the primary system is stabilized. 

Some examples of the most developed large evolutionary LWR designs with passive core 
cooling systems are: the SWR-1000 of AREVA NP, EU; the ESBWR of GE, USA; the AP- 1000 of 
Westinghouse, USA; the VVER-1200 of Rosatom, Russia. These projects, all of them are considered 
as Generation III reactors, are discribed in this paper. 

2 ADVANCED BOILING WATER REACTORS 

2.1 SWR 1000, AREVA NP, EU 

2.1.1   Reactor main characteristics 

In 1992, German utilities awarded FRAMATOME (former Siemens) a contract to develop a new 
BWR nuclear power plant using passive safety features, and together with the utilities FRAMATOME 
(now AREVA NP) started the development work on the new SWR (Siede wasser reaktor 
(Ger.)=Boiling water reactor) with a net capacity of 750 MWe. In the conceptual phase priority was 
given to developing passive safety features to replace or supplement active features. During the 
subsequent consolidation phase, the power level was increased to approximately 1000 MWe, and this 
design concept is designated the SWR 1000 [1]. In 2000, it was decided to increase the net electric 
output to 1254 MW to serve the needs of the nuclear industry with a larger power range [2].  
The SWR 1000 main characteristics are as follows [3]: 

- Thermal reactor power, MW(t)     3370 
- Electric power output (net), MW(e)    1250 
- Power plant efficiency (net), %     37 
- Reactor operating pressure, MPa    8.83 
- Core coolant inlet temperature, oC    282 
- Core coolant outlet temperature, oC    290 
- Mean temperature rise across core, oC    8 
- Number of feedwater lines     2 
- Number of main steam lines     3 
- Predicted core damage frequency, 1/year   8.4E-08 
- Plant design life, years      60 

 
2.1.2    Passive core cooling systems and features 

The fundamentally new concept for accident control incorporated into the SWR 1000 includes 
equipment which, in the event of failure of the active safety equipment, will bring the plant to a safe 
condition without the need for any I&C signals or external power [4]. This passive core cooling 
equipment (Figure 1) includes the following: 

- Emergency condenser system; 
- Passive core flooding system; 
- Passive pressure pulse transmitters. 
The emergency condensers (ECs) are tubular heat exchangers provided for passive heat 

removal from the reactor pressure vessel (RPV). In the event of an accident, they transfer decay heat 
still being generated in the reactor, as well as any sensible heat stored in the RPV, to the water of core 
flooding pools. There is therefore no longer any need for a high-pressure coolant injection system. In 
addition, the ECs also provide a means for reactor depressurization that is diverse with respect to the 
safety-relief valves (SRVs). The EC system comprises four separate subsystems which together 
provide a rated heat-removal capacity of 4 x 56 MW. Each subsystem consists of a steam line from 
the RPV, the condenser tubes and a condensate return line equipped with an anti-circulation loop that 
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Figure 1: Schematic diagram of the SWR 1000 passive core cooling system. 

leads back to the RPV. All EC subsystems are connected to the RPV by non-isolatable lines. They 
come into operation as soon as the water inside the RPV has dropped to a certain level. The ECs are 
not in action during power operation since the condenser tubes are located at an elevation below that 
of the normal reactor water level and are filled during this time with cold water. This prevents any 
reactor steam from entering the tubes and being condensed, thus transferring heat to the pool water. 
Also, the anti-circulation loop prevents any hot reactor water from flowing out of the RPV into the 
condensate return line. Steam from the RPV only starts to flow into the condenser tubes when there 
has been a certain drop in reactor water level. The steam then condenses inside the tubes, thus 
transferring heat to the water of the core flooding pools. The resulting condensate flows by gravity 
down the return lines into the RPV.  

The core flooding system is a passive low-pressure flooding system for supply water from the 
core flooding pools to the RPV in the event of a loss-of-coolant accident. The passive flooding system 
comprises four separate subsystems, each assigned to one of the four core flooding pools and the 
pool's respective EC. Each subsystem is equipped with a core flooding line that joins the core flooding 
pool to the outlet header of its EC. It is installed at an elevation which ensures that, following 
automatic depressurization of the reactor, it can passively flood the reactor core by means of gravity 
flow. A check valve is installed in the flooding line. Since opening of the valve is spring-assisted, the 
reactor pressure prevailing at the time when the valve opens is still slightly higher (by approx. 2.5 bar) 
than the pressure in the core flooding pool. For this reason, steam initially flows from the RPV through 
the flooding line into the core flooding pool. Therefore, at this point in time, the effect of the passive 
flooding system is the same as if an additional SRV had been opened, and reactor pressure therefore 
decreases at a faster rate than before. When the pressure in the reactor and that in the core flooding 
pool have reached equilibrium, the flow in the flooding line reverses and cold pool water starts to flow 
by gravity down into the RPV.  

The provision of 12 passive pressure pulse transmitters (PPPTs) represents a new design 
feature of the SWR 1000. The PPPT is a completely passive switching device which is used to directly 
initiate the following safety functions, without the need for electric power, other sources of external 
energy or I&C signals: reactor scram, containment isolation at the main steam line penetrations, and 
automatic depressurization of the RPV. A PPPT is a small heat exchanger connected to the RPV via 
non-isolatable lines. When the water inside the RPV is at the normal level, the primary side of the 
PPPT contains reactor water and heat transfer does not take place. However, if the reactor water level 
should drop, the water drains from the primary side and it becomes filled with reactor steam which 
then condenses. The heat absorbed by the water on the secondary side causes some of this water to 
evaporate, thereby increasing the secondary-side pressure. When this pressure reaches a certain 
level, safety functions are automatically and passively activated using diaphragm-type pilot valves. In 
addition to this type of PPPT there is also another PPPT design variant which operates when the 
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reactor water level rises. In this PPPT the secondary side is not heated by steam but by hot reactor 
water which enters the PPPT from below when the water level inside the RPV starts to rise. This 
design is used for preventing the reactor water level from rising above the elevations of the main 
steam nozzles.  

Thus, the safety systems of the SWR 1000 provide for entirely passive post-accident core 
cooling and heat removal over a period of several days, and by extremely simple means at that.  
 
2.1.3   Experimental substantiation of passive systems 

The Basic Design Phase of the SWR 1000 reached completion at the end of 1999 and 
culminated in the generation of a preliminary safety analysis report. At the same time, a lot of tests 
were at AREVA’s own testing facilities and at other German and European research centers to provide 
verification of the mode of operation and effectiveness of the SWR 1000’s passive safety systems. 
The core flooding system and emergency condenser were tested in the NOKO test facility in the 
Forschungszentrum Jülich, Germany. The Passive Pressure Pulse Transmitters (PPPT) were tested in 
different variants. For the tests of variants No. 1 until 5, the NOKO test facility was used. The last 
variant No.6 was tested in a special test facility of the Technical Center of AREVA in Karlstein 
because the NOKO test facility was not available any more [5]. 
 
2.1.4   Project status and prospects of construction 

Assessment of compliance of SWR 1000 with the European Utility Requirements (EUR) has 
been completed. The EUR Volume 3 SWR 1000 Subset was issued in February 2002. The process 
for obtaining Design Certification from the U.S. NRC was initiated in 2002. The SWR-1000 has been 
offered commercially for the 5th nuclear plant in Finland. In October 2003, Teollisuuden Voima Oy 
(TVO) announced that it has selected the Olkiluoto site for the new nuclear unit and that the EPR is 
the preferred alternative [2]. 

 
2.2 ESBWR, General Electric, USA 

2.2.1   Reactor main characteristics 

The ESBWR is a natural circulation BWR. Natural circulation provides major simplification by 
removal of the recirculation pumps and associated equipment. It is also synergistic with the passive 
safety systems. ESBWR is designed with enhanced natural circulation flow rate and greatly improved 
stability performance relative to operating BWRs at natural circulation conditions [6]. The ESBWR 
program was started in 1993 to improve the economics of the earlier 670 MW(e) SBWR design. The 
design and technology program involves several utilities, design organizations and research groups in 
seven countries. Overall design leadership is provided by General Electric Company (GE - USA) [1]. 
The ESBWR main characteristics are as follows: 

- Thermal reactor power, MW(t)     4500 
- Electric power output (net), MW(e)    1500 
- Power plant efficiency (net), %     33.3 
- Reactor operating pressure, MPa    7.17 
- Core coolant inlet temperature, oC    276.2 
- Core coolant outlet temperature, oC    287.7 
- Mean temperature rise across core, oC    11.5 
- Number of coolant loops      1 
- Predicted core damage frequency, 1/year   1E-07 
- Plant design life, years      60 
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2.2.2 Passive core cooling systems and features 

To maintain the integrity of the containment system, provisions are made for removing energy 
released to it under accident conditions. In the event of a design basis loss of coolant accident 
(LOCA), emergency core cooling is provided to keep the core covered with coolant and to limit fuel 
cladding temperatures to far less than the regulatory limit of 1200oC. The emergency core cooling 
system (ECCS) provides core cooling over the complete range of postulated break sizes in the reactor 
coolant pressure boundary piping. When required, emergency core cooling is initiated automatically, 
regardless of the availability of power from the normal plant generating system or offsite supplies [2]. 
ESBWR passive ECCS (Figure 2) includes the following: 

- Isolation condenser system; 
- Gravity driven cooling system. 

 

 
Figure 2: Schematic diagram of the ESBWR passive core cooling system. 

The isolation condenser system (ICS) removes decay heat after any reactor isolation during 
power operations. Decay heat removal limits further increases in steam pressure and keeps the RPV 
pressure below the SRV set point. The ICS consists of four independent loops, each containing a heat 
exchanger that condenses steam on the tube side and transfers heat by heating/evaporating water in 
the IC pool, which is vented to the atmosphere. The ICS is initiated automatically by any of the 
following signals: high reactor pressure, main steam isolation valve (MSIV) closure, or an RPV water 
level signal. To start an IC into operation, the IC condensate return valve is opened whereupon the 
standing condensate drains into the reactor and the steam water interface in the IC tube bundle 
moves downward below the lower headers. The ICS can also be initiated manually by the operator by 
opening the IC condensate return valve. The IC pool has an installed capacity that provides ~72 hours 
of reactor decay heat removal capability. The heat rejection process can be continued indefinitely by 
replenishing the IC pool inventory. The ICS passively removes sensible and core decay heat from the 
reactor when the normal heat removal system is unavailable. Heat transfer from the IC tubes to the 
surrounding IC pool water is accomplished by natural convection, and no forced circulation equipment 
is required.  

The gravity driven cooling system (GDCS) is a part of ECCS for ESBWR. Following a confirmed 
RPV water level signal and depressurization of the reactor to near-ambient pressure conditions by the 
automatic depressurization subsystem (ADS), the GDCS will inject large amounts of cooling water into 
the reactor. The cooling water flows to the RPV through simple, passive, gravity-draining. The GDCS 
is composed of four identical, safety-related, divisions. For “short term” cooling needs, each division 
takes suction from three independent GDCS pools positioned in the upper elevations of the 
containment  Flow from each division is controlled by pyrotechnic-type ECCS injection valves, which 
remain open after initial actuation. Each division of the “short term” subystem feeds two GDCS 
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injection nozzles on the RPV (8 total). If a pipe break at lower RPV elevations results in the total 
draindown of the GDCS pools (i.e., a bottom drainline break), “long term” cooling needs are provided 
by a second GDCS subsystem fed by water from the suppression pool. Pyrotechnic-type ECCS 
injection valves are also used in this subsystem, which feeds one RPV injection nozzle per division (4 
total). These nozzles are placed at a lower elevation on the RPV than those of the “short term” 
subsystem. The GDCS is completely automatic in actuation and operation. The ability to actuate the 
system manually is provided as a backup, but the operator cannot close any valves in the system.  
 
2.2.3   Experimental substantiation of passive systems 

The ESBWR passive core cooling system was tested in the PANDA Facility of the Paul 
Scherrer Institut (Switzerland). The PANDA facility has been set up at since 1991. The facility is a 
large scale mock-up of thermalhydraulic tests (low pressure) of passive residual heat removal systems 
(core residual heat and depressurization of the reactor vessel). In a first phase, the tests concerned 
the design of SBWR from General Electric [7]. 

With reference to the ESBWR, the PANDA facility has been modified to reflect the design 
changes with respect to the formerly investigated SBWR configuration. One important modification of 
the ESBWR containment design compared to the SBWR is that the gravity-driven cooling system 
(GDCS) is made topologically part of the WW gas space. Because of the higher power output of the 
ESBWR, the scaling ratio of the PANDA facility has changed to 1:40. Scaling analysis has been 
applied to assure that the observations in PANDA would be in known relationship to the phenomena in 
the ESBWR [8]. In addition, the AIDA facility at PSI was built to study the effects of aerosols on the 
behaviour of isolation condensers [9]. 

The carried tests successfully demonstrated a favourable and robust performance of the 
ESBWR passive ECCS under different challenging conditions. The tests provided detailed data about 
the ECCS startup, the long-term ECCS performance, the interaction of the different systems under 
‘normal’ accident scenarios, and about conditions that could be met during severe accidents.  
 
2.2.4   Project status and prospects of construction 

In mid-2002, the technology base of ESBWR was submitted to the U.S Nuclear Regulatory 
Commission for review. The NRC received General Electric’s application for final design approval and 
standard design certification for the ESBWR in late 2005 [10].  

3   ADVANCED PRESSURIZED WATER REACTORS 

3.1   AP-1000, Westinghouse, USA 

3.1.1   Reactor main characteristics 

The Westinghouse Advanced Passive PWR AP1000 is a 1117 MWe PWR based closely on the 
AP600 design. The AP1000 maintains the AP600 design configuration, use of proven components 
and licensing basis by limiting the changes to the AP600 design to as few as possible [2]. The AP-
1000 main characteristics are as follows: 

- Thermal reactor power, MW(t)     3415 
- Electric power output (net), MW(e)    1117 
- Power plant efficiency (net), %     33 
- Reactor operating pressure, MPa    15.5 
- Coolant inlet temperature (at RPV inlet), oC   280.7 
- Coolant outlet temperature (at RPV outlet), oC   321.1 
- Mean temperature rise across core, oC    40.4 
- Number of coolant loops      2 hot legs/4 cold legs 
- Predicted core damage frequency, 1/year   2.4E-07 
- Plant design life, years      60 
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3.1.2    Passive core cooling systems and features 

The AP1000 is conservatively based on proven PWR technology, but with an emphasis on 
safety features that rely on natural forces. Safety systems use natural driving forces such as 
pressurized gas, gravity flow, natural circulation flow, and convection. Safety systems do not use 
active components (such as pumps, fans or diesel generators) and are designed to function without 
safety-grade support systems (such as AC power, component cooling water, service water). A few 
simple valves align and automatically actuate the passive safety systems. To provide high reliability, 
these valves are designed to actuate to their safety positions upon loss of power or upon receipt of a 
safety actuation signal. They are supported by multiple, reliable power sources to avoid unnecessary 
actuations. Major safety systems are passive; they require no operator action for 72 hours after an 
accident, and maintain core cooling for a protracted time without ac power [11]. 

The passive core cooling system (PXS), shown in Figure 3, protects the plant against reactor 
coolant system (RCS) leaks and ruptures of various sizes and locations. The PXS provides core 
residual heat removal, safety injection, and depressurization.  

 

Pcont

 
Figure 3: Schematic diagram of the AP-1000 passive core cooling system. 

The AP-1000 PXS consists of the following: 
- Two full-pressure core makeup tanks (CMTs) (volume 70.8 cu.m) that provide borated makeup 

water to the primary system at any pressure. They use natural circulation or gravity drain to provide 
injection to the reactor vessel. 

- Two accumulators (ACCs) (volume 56.6 cu.m) that provide borated water to the reactor vessel 
if the primary pressure falls below 4.83 MPa. 

- A passive residual heat removal heat exchanger (PRHR HX) composed of a C-shape tube 
bundle submerged inside the in-containment refueling water storage tank (IRWST), which can remove 
heat from the primary system at any pressure. 

- The automatic depressurization system (ADS), which comprises a set of valves connected to 
the pressurizer steam space and the two hot legs. These valves are opened sequentially to provide a 
controlled depressurization of the primary system. The first three stages of the ADS discharge to the 
IRWST, while the fourth stage discharges directly to the containment atmosphere. 

- A large IRWST (volume 2092.6 cu.m) is located inside the containment and above the reactor 
loop elevation.  

- A recirculation sump that collects water discharged from the primary system and steam that 
condenses within the containment. After the primary system is depressurized, and the gravity head 
becomes great enough, the water in the sump is recirculated to the primary system.  
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The PXS uses three passive sources of water to maintain core cooling through safety injection. 
These injection sources include the CMTs, the ACCs, and the IRWST. These injection sources are 
directly connected to two nozzles on the reactor vessel so that no injection flow can be spilled in case 
of larger breaks Long-term injection water is provided by gravity from the IRWST, which is located in 
the containment just above the RCS loops. Normally, the IRWST is isolated from the RCS by squib 
valves and check valves. The tank is designed for atmospheric pressure, and therefore, the RCS must 
be depressurized before injection can occur. The depressurization of the RCS is automatically 
controlled to reduce pressure to about 0.18 MPa, at which point the head of water in the IRWST 
overcomes the low RCS pressure and the pressure loss in the injection lines. 

The passive residual heat removal heat exchanger is connected through inlet ad outlet lines to 
RCS loop 1. The PRHR HX protects the plant against transients that upset the normal steam 
generator feedwater and steam systems. It satisfies the safety criteria for loss of feedwater, feedwater 
line breaks, and steam line breaks. The IRWST provides the heat sink for the PRHR HX. The IRWST 
water absorbs decay heat for more than one hour before the water begins to boil. Once boiling starts, 
steam passes to the containment. The steam is condensed on the inside of the steel containment 
vessel. The steam condensate runs down the inside of the containment vessel and is collected in a 
gutter located at the top of the IRWST. The gutter drains the condensate back into the IRWST. The 
PRHR HX and the passive containment cooling system provide indefinite decay heat removal 
capability with no operator action required [12]. 
 
3.1.3   Experimental substantiation of passive systems 

The vast program of tests was conducted to investigate the operation of AP1000 PXS system. 
Several integral systems tests have been conducted in the Oregon State University (OSU) Advanced 
Plant Experimental (APEX) test facility and in the Japan Atomic Energy Research Institute (JAERI) 
modified Rig of Safety Assessment (ROSA/AP600) Large Scale Test Facility (LSTF), to confirm the 
performance of the passive safety system in the AP-100 design [13]. 

APEX is a reduced pressure, one-fourth height, and one-half time scale integral test facility. 
This facility was specifically designed to simulate the AP600 (AP1000) including a complete primary 
system with a reactor vessel, two hot legs, four cold legs, a pressurizer, four reactor coolant pumps, 
and two steam generators. It also models all of the passive safety systems, including two CMTs, two 
accumulators, a PRHR system, an IRWST and the four stages of the ADS.  

The ROSA/AP600 facility is a full pressure, full-length, power to volume scaled integral systems 
test facility. This facility is a modification of the LSTF which was designed to model a conventional 
pressurized water reactor. The LSTF was modified to include the AP600 (AP1000) CMTs, a PRHR 
system, an IRWST, and the four stages of the ADS [14]. 

The test results show that the AP-1000 passive safety system can maintain adequate core 
cooling and decay heat removal [15].  
 

3.1.4   Project status and prospects of construction 

The AP1000 is based extensively on the AP600 passive plant design that received Final Design 
Approval and Design Certification from U.S. NRC in 1998 and 1999, respectively. In 2002, after pre-
licensing review of the AP1000 that established the applicability of AP600 tests and selected safety 
analysis computer codes to the AP1000 design certification application, Westinghouse submitted an 
Application for Final Design Approval and Design Certification for the AP1000. The AP-1000 received 
design certification by the United States Nuclear Regulatory Commission in December, 2005 [16]. 

In July 2007, Westinghouse Electric Company LLC and its consortium partner, The Shaw 
Group, Inc., signed four landmark, multi-billion-dollar contracts to provide four AP1000 nuclear power 
plants in China. Construction of China’s first third-generation nuclear plant, the Sanmen power plant, 
will begin in March 2008. The plant is expected to generate power by August 2013, and will become 
the world’s first AP1000 nuclear plant Construction of the Haiyang nuclear power plant in Shandong 
Province using the same AP1000 technology will also begin later this year. Moreover, the AP1000 has 
been identified as the technology of choice for no less than 12 new projected plants in the United 
States [17]. 
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3.2   VVER-1200 (V-392M), Rosatom, Russian Federation 

3.2.1   Reactor main characteristics 

New design of nuclear power plant with VVER-1200 (V-392M) reactor “NPP-2006” is intensively 
developed in Russia under supervision of Rosatom. It represents evolutionary development of the 
designs of NPPs with VVER-1000 (V-320) reactors. The design is developed in accordance with the 
latest versions of the Russian safety regulations for NPPs by the following Rosatom institutions: 
Atomenergoproject (Moscow) and EDO "Gidropress" under the scientific leadership of the Russian 
National Research Centre "Kurchatov Institute". The VVER-1200 main characteristics are  
as follows [18]: 

- Thermal reactor power, MW(t)     3300 
- Electric power output (net), MW(e)    1200 
- Power plant efficiency (net), %     36.4 
- Reactor operating pressure, MPa    16.2 
- Coolant inlet temperature (at RPV inlet), oC   298.6 
- Coolant outlet temperature (at RPV outlet), oC   329.7 
- Mean temperature rise across core, oC    31.1 
- Number of coolant loops      4 
- Predicted core damage frequency, 1/year   5.5E-08 
- Plant design life, years      60 
 

3.2.2    Passive core cooling systems and features 

VVER-1200 passive ECCS (Figure 4) includes the following: 
- System of the first stage hydroaccumulators (HA-1). 
- System of passive core reflooding from the hydroaccumulators of the second stage (HA-2). 
- Passive residual heat removal system (PHRS). 

 

 
Figure 4: Schematic diagram of the VVER-1200 (V-392M) passive core cooling system. 

The system of the hydroaccumulators of the 1st stage provides delivery of water into the reactor 
for cooling and flooding of the core under LOCAs, when pressure in the primary circuit falls below 5.9 
MPa. The total inventory of water in the hydroaccumulators equals to 200 cu.m, that ensures the 
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required makeup of the reactor at the initial period of the accident. Pipelines from hydro-accumulators 
are connected directly to the reactor vessel. At normal operation conditions each hydroaccumulator is 
separated from the reactor by two check valves placed in tandem. When pressure in the reactor falls 
below the pressure of nitrogen in the hydro-accumulator, the check valves open and b water flows into 
reactor [19]. 

The HA-2 system are intended for passive supply of water into the reactor core for long-term 
(up to 24 hours) fuel cooling during LOCA in the primary circuit accompanying by failure of an active 
part of the emergency core cooling system (for example, during LB LOCA with station blackout). The 
system consists of four groups (eight tanks) of hydroaccumulators under atmospheric pressure. the 
total inventory of the coolant is 960 cu.m. It is chosen to provide 24 hours reactor make-up in the case 
of maximum leak from the main circulation pipeline. In the discharge line, the second-stage 
hydroaccumulator are attached to the pipelines connecting the first-stage hydroaccumulators to the 
reactor. The discharge pipelines are provided with the check valves to avoid pressure increase in the 
hydroaccumulators under stand-by mode. The upper parts of second stage hydro-accumulators are 
connected by special non-returnable opening check valves to the cold legs of the main circulation 
pipelines in the zones close to steam generator headers. These special check valves are adjusted to 
open when pressure in the circuit decreases below 1.5 MPa, afterwards pressure in the 
hydroaccumulators increases up to the primary pressure and water flows into the reactor under action 
of hydrostatic pressure. Temporary profiling of water flow from the hydroaccumulators used to provide 
necessary supply in accordance with decreasing heat decay power is performed by selection of the 
orifice plates located in the drainage line.  

A PHRS system is included in the design to remove heat from the reactor plant. The design 
basis of the PHRS is that in a case of a station blackout, including loss of emergency power supply, 
the removal of residual heat should be provided without damage of the reactor core and the primary 
system boundary during unlimited time. The system consists of four independent circuits of natural 
circulation, each of them being connected to the respective loop of the reactor plant via the secondary 
side of the steam generator. Each train has pipelines for steam supply and removal of condensate, 
valves, and an air-cooled heat exchanger outside the containment. The steam that is generated in the 
steam generators due to the heat released in the core, condenses and rejects its heat to the ambient 
air. The condensate is returned back to the steam generator. Heat removal capacity through three 
channels under the worst external conditions (temperature of ambient air is +50 °С) amounts to not 
less than 2 % of nominal reactor power [20]. 

 
3.2.3   Experimental substantiation of passive systems 

Intensive thermal-hydraulic experimental activities support development of new passive safety 
systems. Integral experiments have been carried out at the PSB-VVER test facility in the Electrogorsk 
Research and Engineering Center on Nuclear Power Plants Safety (Russia). The PSB-VVER is a 
integral test facility with structure similar to primary system of NPP with VVER type reactor. Volumetric 
- power scale of the test facility is 1:300, the elevations of the main equipment correspond to those of 
prototype reactor [21]. To confirm the design solutions and the major PHRS system characteristics, 
the experimental investigations have been performed in EDO “Gidropress” at the SPOT test rig, which 
includes the full scale heat exchanger of the PHRS system with representation of air and steam-
condensate circuits [22]. The operability of hydroaccumulators of the 2nd stage system has been 
substantiated at the large-scale thermal-hydraulic test facility HA-2M in the Institute for Physic and 
Power Engineering (Obninsk, Russia) [23]. 
 
3.2.4   Project status and prospects of construction 

VVER-1200 (V-392M) design is licensed for Novovoronezh Phase 2 (units 5 & 6) in Russia. The 
main passive design features were used for the two VVER-1000 (V-412) units under construction at 
Kudankulam in India. The first unit is expected to generate power in 2009.  
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4  CONCLUSIONS 

A large number of Generation III advanced LWRs are developed worldwide during the last 
years. Several new passive cooling solutions, implemented at the reactors designs, have been 
described in this review. Although there is a diversity of designs stemming from several countries 
developing new water reactors, there are relatively few optimal technical solutions that have been 
retained. These basic solutions are used to accomplish core cooling tasks in different reactor systems.  
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