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Abstract
The paper is concerned with the commissioning of the new generation NPP-2006 power unit with the VVER-1200 reactor. A comparison
is made between the characteristics of the new NvNPP II-1 and commercial VVER-1000 power units (B-320). Some design and circuit
solutions used in the NPP-2006 project were described, which made it possible to increase the installed capacity of the power unit, which
was achieved, in particular, by increasing the pressure of the primary circuit by 0.5 MPa and the pressure in the steam generators by 0.6 MPa,
and also by increasing the capacity of the main circulation pumps by 2000 m3 /h.
The main differences in the equipment and composition of passive and active safety systems of the NPP-2006 power unit are considered.
A brief description of the safety systems first applied at Russian power units is given, e.g., a two-channel structure of active safety systems
with redundant emergency pumps in each channel, a double containment, a core melt localization device, a passive heat removal system,
etc. Due to the increased number of BRU-Ks, it was possible to increase their performance from 15 to 3 s, which significantly improved the
maneuverability of the power unit in abnormal conditions.
The structure of the APCS is considered, which is applied in the NPP-2006 project, using programmable technology based on the
TELEPERM XS platform. The peculiarities of the power unit commissioning are analyzed, problematic issues that have arisen at various
stages of the construction are revealed, some data on the tests carried out and the results of these tests are given.
Finally, an analysis is made of some design drawbacks revealed during the construction and commissioning of the power unit, an evaluation
of the project was made, and proposals were formulated to finalize the VVER-1200 project for consideration in the subsequent NPP projects.
Copyright © 2017, National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction
The commissioning of Unit 1 at the Novovoronezh NPP
II was one of the most important events in the nuclear power
industry of Russia and the whole world.
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The VVER technology [1] undoubtedly played a decisive
role in the key stages of the formation and development of
nuclear power in the Soviet Union and Russia. All the firstof-the-kind power units based on the VVER technology began their long life at the NvNPP site. The power units with
VVER-210 and VVER-365 reactors were started up here. The
NvNPP gave birth to the firstborns of the following VVER
generations, i.e., the first VVER-440 and VVER-1000. The
construction and operation of the first-of-the-kind power units
at the NvNPP confirmed the technical feasibility of reliable
and efficient industrial energy nuclear fuel sources, ensured
the entrance of VVER technology to the international market of reactor technologies [2,3]. In the critical period after
the accident at the Chernobyl NPP, it was the VVER reactors
that ensured the stability of domestic nuclear power. The lat-
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Table 1
Characteristics of V-320 power unit and AES-2006 project.
Total number of

VVER-1000
(RoNPP, Unit 3)

VVER-1200
(NvNPP II)

Process systems
Pump units
Ventilation units
Hosting devices
CPS CE drives
Motor-driven valves
FGC algorithms
Process protections and interlocks
Measuring channels
Tests at all stages of commissioning

247
339
676
35
61
4319
34
3686
6238
1638

482
779
1600
158
121
6175
154
11,140
12,081
2231

est new-generation first-of-the-kind power unit based on the
VVER technology was commissioned at the NvNPP site.
The NvNPP II is a new-generation nuclear power plant
being constructed according to the NPP-206 project developed by JSC “Atomenergoproekt” using the VVER-1200 reactor plant (V-392М RP design) [4]. The characteristics of
VVER-1000 and VVER-1200 reactor plants are compared in
Tables 1,2.
Projects of improved light-water reactors have been actively developed in the last 25 years in two directions: (1) socalled evolutionary projects based on existing nuclear power
plants with the addition of new technological improvements
and modifications; (2) NPP projects characterized by a large
number of differences from existing RPs, in which passive
operational principles predominate, such as natural gravity or
compressed gas pressure [5].
The purpose of the NPP-2006 project was to increase
safety, economic competitiveness, consumer appeal as for reliability, maneuverability, and maintainability.
Improvements of the primary and secondary circuit parameters (pressure and temperature) and the performance of
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the main circulation pumps by 2000 m3 /h made it possible
to increase the thermal capacity of the power unit and the
reliability of heat removal from the reactor core (RC).
A significant part of the power unit systems and equipment
has been designed, manufactured and commissioned for the
first time. Compared with the serial NPP power units, the
NvNPP II design includes additional security systems based
on passive operational principles.
A number of design improvements have been made to the
V-392 M RP design, including:
- Improved nuclear properties of the reactor core;
- Negative reactivity coefficients provided in a wider range
of process parameters;
- New equipment monitoring and diagnostic systems;
- Improved RC neutron and radiation monitoring systems;
- Prolonged RP main equipment lifetime (up to 60 years);
- Increased maximum fuel burn-up (up to 70 MW-day/kgU);
- Reduced downtime and increased installed capacity utilization factor (ICUF).
The NvNPP-2 design implements a number of additional
technical measures:
- Improved localization safety systems including a double
containment with a ventilated gap;
- A device for retaining molten core materials to exclude the
release of radioactivity into the environment in the event
of an emergency;
- A steam generator passive heat removal system to cool
down the reactor plant in the event of the power unit blackout;
- A core passive flooding system with secondary hydraulic
accumulators.

Table 2
Comparative analysis of performance indicators and safety characteristics of NPPs with VVER-1000 and NPP-2006 [6,7].
Indicator

VVER-1000

NPP-2006.

Comment

Rated thermal power, MW
Rated electric power, MW
Nominal primary pressure, MPa
Nominal SG pressure, MPa
SG rated steam capacity, t/h
Safety systems (quantity of channels)

3000
1000
15.7
6.3
1470
3

3200
1200
16.2
6.9
1602
2

Increasing the parameters of the primary and secondary
circuit media made it possible to increase the reactor
thermal power, SG rated capacity and generator electric
power

CPS CE system (quantity of drives, pcs)

61

121

Main circulation pump (capacity, m3 /h)

20,000

22,000

SG blowdown water system (total flow
rate, t/h)
Generator (cooling system)
BRU-K (quantity, pcs)

40

140

Hydrogen- water
4

Air- water
8

The cost of the unit is significantly reduced. The safety
level is significantly increased due to an optimal
compromise between active and passive systems. Each
safety function is backed up by at least two different
systems in each channel.
Increased safety, deeper subcriticality after the core. The
re-criticality temperature is less than 100 °C.
Increased thermal power. The pump bearings are cooled
with water. The oil system is located next to the electric
motor.
Increased SG lifetime. A new scheme is used without SG
blowdown flash tanks
Fire protection, decreased dimensions
Increasing the number of BRU-Ks and decreasing their
response time from 15 to 3 s made it possible to
significantly the unit maneuverability in off-design modes.
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Fig. 1. Schematic diagram of the NvNPP II Power Unit [4].

Power unit main equipment

The distinction of the reactor vessel used in the V-392 M
RP design from the serial RP vessel is as follows:

The power unit (Fig. 1) consists of:
- A V-392 M water-cooled thermal neutron reactor with a
thermal capacity of 3200 MW and vessel life of 60 years
(chemically demineralized water with boric acid is used
as a coolant and moderator, the water concentration varies
during operation; nuclear fuel is uranium dioxide);
- Four horizontal type PGV-1000 MKP steam generators;
- A K-1200-6.8/50 turbine installation with one highpressure cylinder and four low-pressure cylinders;
- A T3B-1200-2A type turbine generator.
The layout of the primary circuit equipment is shown in
Fig. 2.
It is for the first time that a new generator with full water
cooling (rotor, stator winding, stator core) and two three-phase
stator windings is used.
Reactor plant
V-392 M RP is the result of evolutionary development and
improvement of reactor plants with VVER type reactors, the
technical solutions of which have been verified during operation as a part of the nuclear power plant [8,9].

- The reactor vessel diameter is increased by 100 mm;
- The reactor vessel length is increased by 300 mm due to
increasing the length of the supporting shell;
- The nickel content is limited in the base metal and weld
metal joints located opposite the core;
- A new program of witness samples is envisaged (placing
irradiated samples directly on the reactor vessel wall).
The increased vessel diameter makes it possible to decrease
the fast neutron fluence to the reactor wall, ensuring the design life of 60 years, and to reduce neutron fluxes in the
vicinity of the reactor shaft and nozzle zone.
The elongated reactor vessel makes it possible to reduce
the fast neutron fluence (by about 10%) on the welded joint
of the supporting shell to the nozzle zone shell and improve
the core cooling conditions in loss-of coolant accidents.
Specific features of the VVER-1200 core and nuclear fuel
cycle are as follows:
- The core is designed to operate in flexible fuel cycles from
12 to 24 months;
- The fuel cycle can be extended by using the temperature
and power reactivity effects for up to 60 days;
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Fig. 2. Layout of the NvNPP II primary circuit equipment.

- An increased fuel burn-up level of about 70 MW d/kg U
at the average fuel of an all-burned fuel assembly (FA);
- The FA design is repairable and provides the possibility of
remote extraction and replacement of a defective fuel rod
by means of simple repair devices;
- Uranium fuel UO2 is used; it is possible to use uraniumgadolinium fuel UO2 GCJ2 O3 ;
- The re-criticality temperature is less than 100 °C;
- The increased mass of fuel to be loaded into the reactor
due to increasing the fuel column length and changing the
fuel pellet size.
Steam generator
The steam generator is designed to generate dry saturated
steam due to heat removal from the primary coolant [10,11].
The PGV-1000 MKP steam generator has a sparse in-line
arrangement of the heat-exchange tubes in the tube bundle,
which, along with the introduction of the ethanolamine chemical water treatment of the second circuit and the elimination
of copper-containing elements in the second circuit equipment, will ensure reliable operation of the SG tube bundle
for 60 years.
To increase the reliability of steam generators in the process of their operation, a new design is used with the following main design features:
- A sparse in-line arrangement is used for the heat-exchange
tubes in the tube bundle;
- The SG vessel diameter is enlarged in order to increase
the secondary water supply from 52 to 63 tons;
- Continuous and periodic blowdown flows are increased;
- Flushing devices are introduced to remove sludge from
the lower rows of the heat-exchange tubes and SG vessel
during planned preventive maintenance (PPM).
- The circulation speed in the tube bundle is increased;
- The possibility of clogging the intertubular space with delaminated sludge is reduced;
- Access to the intertube space for inspection is facilitated;

- The space under the tube bundle is enlarged to facilitate
sludge removal;
- The stressed state of the coolant header is improved.
Safety systems
One of the main differences between the NvNPP II design
and serial domestic NPPs is a two-channel structure of active safety systems with redundant emergency pumps in each
channel.
In comparison with the serial NPPs with VVER-1000 reactors, the NvNPP II design envisages the following additional
safety systems [12]:
-

Double containment;
Secondary passive core cooling hydraulic accumulators;
Passive heat removal system;
Emergency steam generator cooldown system (closed
loop);
- Core melt localization device (for severe accidents).
The NvNPP II design provides for the localization safety
systems used in serial VVER-1000 power units:
- Sprinkler system;
- Hydrogen recombination system.
The use of advanced localization safety systems, including the double containment with a ventilated gap and core
melt localization device, ensures that the release of radioactivity into the environment is prevented in the event of an
emergency.
The double containment (Fig. 3) completely eliminates the
impact of accidental releases of radioactive products to the
environment. The outer containment (OC) serves as a physical
protection for the inner containment (IC) from all external
impacts.
The containment diameter: IC = 44 m; OC = 51.8 m; peak
overpressure = 0.4 MPa.
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Fig. 3. Double containment and prestressing system with orthogonally arranged prestressing tendons.

Fig. 5. Residual heat removal system 1JNB50-80.

Fig. 4. Secondary hydraulic accumulator (НА) system.

The inner containment is made of prestressed reinforced
concrete and designed for the parameters of a design-basis
accident in combination with a maximum design earthquake.
The secondary hydraulic accumulators (Fig. 4) of the passive core cooling system are designed for the following functions:
- Passive boron solution (16 g/dm3 ) feeding to reflood the
core in case of loss-of-coolant accidents, when the coolant
level in the reactor vessel is low and the primary pressure
falls below 1.5 MPa;
- Storing boron solution to fill the refueling pool compartments at the shutdown unit during refueling.

Eight hydraulic accumulators contain 120 m3 of boron solution each to provide the reactor feed for 26–280 h depending
on the size of the primary circuit leak in the event of a failure
of active safety systems, including blackout.
The SG passive residual heat removal system (RHRS)
[13] is a safety system based on a passive operational principle to provide residual heat removal from the reactor core
via the secondary circuit (Fig. 5).
The RHRS performs the specified functions in all modes
of abnormal operation and accidents that lead to the need
for passive heat removal from the reactor plant to maintain
it in a safe condition. The RHRS is a passive four-channel
system with channel redundancy 4 × 33% (two 8 MW aircooled heat exchangers in each channel); the operating time
of this system is unlimited.
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vault. The vessel is filled with nonmetallic materials (special
cements, oxides, etc.) which, as a result of mixing with the
core melt, ensure even distribution of the melt in the device
vessel filler. The device is capable of retaining the corium
and removing heat from it for an indefinitely long time.
Beyond-design-basis accident management

Fig. 6. Emergency steam generator cooldown system.

The emergency steam generator cooldown system (ESGCS) (Fig. 6) is designed to remove residual heat from the
core and cool down the reactor plant in emergency situations
associated with:
- Blackout or impossibility of normal heat removal via the
secondary circuit, including leakages of steamlines or SG
feeder pipelines.
- Loss of primary circuit integrity, including rupture of the
RCC pipeline and primary-to-secondary leakage.
The SG ECS has a two-channel structure.
The ex-vessel core melt retention and cooling system
(Fig. 7), the main element of which is the core melt localization device (core catcher), is designed to retain and cool
down liquid and solid fragments of the destroyed core, parts
of the reactor vessel or in-vessel devices during a severe accident with the core meltdown. The core catcher is a vessel
mounted on the supports at the bottom of the concrete reactor

The purpose of the NPP-2006 project for the NvNPP II in
case of severe accidents combined with probabilistic targets
is to limit the consequences of accidents with severe core
damage for the population and the environment.
The requirements for limiting the consequences of severe
accidents in the NVNPP II design are recommended as acceptable in the international practice of designing modern
power units [12,14]. The goals are achieved by:
- The double containment meeting the international requirements for modern power units;
- The ex-vessel core melt localization device excluding a
melt-through of the concrete foundation of the reactor
building;
- The passive core heat removal system.
To improve the NPP stability to low-probability hypothetical events similar to those that took place at the Fukushima
NPP as well as to extend the operational independence in
case of beyond-design-basis accidents, the NvNPP II design
implements a number of additional technical measures aimed
at:
- Heat removal from the spent fuel pool;
- Heat removal from the reactor by using an alternative circuit;
- Monitoring of safety and other parameters to obtain objective information about the power unit condition.

Fig. 7. Core melt retention and cooling system (left) and core melt localization device [4].
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As part of the program of improving the NvNPP II safety
under extreme external influences, the following additional
facilities and systems are implemented in the project:
-

Emergency diesel generator (EDG);
Mobile pumping unit (MPU);
Ventilation cooling tower;
Emergency and post-emergency monitoring system;
Diverse protection system.

APCS structure
The structure of the automated process control system
(APCS), the diagram of which is given in [4], has a hierarchical construction principle in accordance with the division
of the power unit as a control object into technological functional areas and groups. Low-level automation means provide
communication with the process control object (information
collection and command issuing), protections, interlocks, autoregulation, signaling and control of valves and mechanisms
[15–19].
The APCS is designed for:
- Automated control of all technological processes in all
NPP operating modes;
- Condition monitoring of process control objects (PCO);
- Automated control of the PCO parameters;
- Diagnostics of processes and equipment;
- Information support for the personnel in all NPP operating
modes.
The APCS is a system, spatially-distributed by its functions
and technical means that receives and processes about 8000
signals, issuing control commands to at least 5000 actuators.
The APCS includes the following main subsystems:
– Upper level control system (ULCS);
– Safety control system (SCS);
– Normal operation control system (NOCS).
The ULCS is designed for:
– Centralization of information on the power unit by combining all software and hardware systems and subsystems
for monitoring and control;
– Remote control of normal operation equipment and equipment that combines safety and normal operation functions;
– Adjustment of changes in the APCS.
The SCS ensures the operation of the reactor emergency
and preventive protection as well as the generation of initiating signals to start the safety actuators. The system consists
of autonomous safety channels. In each channel, redundancy
and duplication of technical control and management means
are envisaged.
The NOCS consists of the following systems:

- Control and management of the reactor compartment
equipment;
- Control and management of the turbine compartment
equipment providing control and management of the main
generator process equipment as well as generator temperature control in all NPP operating modes;
- Radiation monitoring (RM) designed to control the radiation situation in the power unit premises, providing collection, processing, storage and presentation of received
information, including that of the ULCS;
- Registration of operational parameters intended for collection and storage of information for possible violations in
the operation of NPPs;
- Automated fire protection.
The APCS of the power unit is a decentralized and spatially distributed by functions and means hierarchical structure
built on digital programmable and non-programmable means.
The system includes the following levels of hierarchy:
– The level of communication with the PCO (sensors, power
meter (PM) actuators) for automated measurement of process parameters, monitoring of the equipment condition,
exercise of control commands and protections (power supply to PM);
– The lower level of automation for the reception and processing of measurement and control data, exchange of information with the upper level, and implementation of algorithms for automated control of safety systems, technological protections and interlocks, regulators and operator’s
commands from the main control room (MCR) or emergency control room (ECR);
– The upper level (ULCS) for the processing of information, its archiving, documentation and presentation to the
MCR or ECR personnel, creation of automated control
commands for the power unit process, transfer of necessary information from the APCS to the upper station level
system of the APCS and the crisis center (ECR).
The low-level local area network (LL LAN) accepts and
sends to the low-level software/hardware complex (LL SHC)
remote commands from the ULCS, allowing the LL SHC to
exchange protection/interlock commands.
The upper unit control network (ULCS) receives signals
from the normal operation systems (NOS) and safety systems
(SS). The NOS and SS networks are divided through a network of duplicated gateways.
The engineering part of the design envisages two safety
system channels. According to this, the APCS provides for
a two-channel structure of the safety control system (SCS).
At the same time, for each channel, a common actuation circuit is provided for the emergency protection system (EPS),
preventive protection system (PPS) and engineered safety feature actuation system (ESFAS) to detect the initial event of
an accident and issue control commands by the process safety
systems through the EPS, PPS and ESFAS executive elements.
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The following solutions are adopted to ensure high availability and eliminate failures, including common-cause ones:
– The SCS channels are autonomous and physically separated;
– The initiating part, which implements all necessary algorithms, including the functional diversity for a number of
initial events, is built according to 2 out of 3 logic;
– The software of the initiating part is executed with a variety between channels (in the part of algorithms of majority
signal processing by parameters);
– Each security channel is provided with stand-alone sets of
SS control and monitor panels to ensure the SS autonomy;
– The RHRS control means differ from those of the EPS
(FPGA series means are used for the RHRS and programmable equipment means are used for the EPS: they
are all implemented on the basis of TELEPERM XS);
– The SCS executive parts are implemented based on means
different from each other in various ESFAS channels (the
priority control modules are adopted with internal diversity); the sensors of the initiating part are also adopted
with the diversity between the channels.
Problems of construction, installation and commissioning
works and specifics of initial operation
The main problems that arose at the preparatory stage of
the power unit construction were the untimely delivery of
equipment, pipelines and fittings as well as a large number
of identified design collisions and inconsistencies.
Inconsistency and interruptions in deliveries, untimely
completion of systems and equipment with valves, pumps,
and spare parts led to a review of the approved plans and
schedules for the power unit commissioning.
The following works were performed at the cold and hot
trial stage:
– Circulation cleaning of the primary circuit and the simulated reactor core;
– Hydraulic tests of the primary and secondary circuits for
density and strength;
– Checking for compliance with the design requirements of
the thermal, hydraulic, strength and vibration characteristics of the RP equipment;
– Trial run and complex testing of RP systems and equipment;
– Checking for the APCS operational capability;
– Conformation of the norms of the primary circuit water
chemistry and SG blowdown water with the design requirements.
The main problematic issues identified at the cold and hot
trial stage were project inconsistencies and equipment defects
as well as the unavailability of auxiliary ventilation systems.
The following works were performed at the physical startup stage:
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– Core loading with nuclear fuel;
– Assembly, sealing and hydraulic tests for the density of
the reactor and equipment of the primary and secondary
circuits;
– Bringing the reactor plant into a critical state and physical
experiments at low power.
The first trial run of the NvNPP II-1 TG took place on July
26, 2016. The TG balancing and trial runs were performed for
seven days until a satisfactory vibration state was obtained.
A total of 17 TG runs were completed.
On August 5, 2016, the generator was connected to the
network for the first time. At the power start-up stage, the
program for the power unit provided for 47 test programs; all
the tests were completed successfully.
At the power unit pilot operation stage, 310 test programs
were performed: 127 of them were performed at a power
level of N = 100%, including 20 programs of dynamic tests
with changes in the unit power.
Three tests at a power level of 100% were found to be unsuccessful and repeated after making corrections and changes
in the operation algorithms of the interlocks:
– Disconnection of one of four operating circulation pumps:
closure of the turbine stop valve occurred at the level increase of more than 0.7 m in the separator-steam reheater
(SSR).
– TG electric load shedding to 360 MW, the automatic power
controller (APC) in “T” mode (personnel intervention in
the operation of the level regulator in the deaerator);
Disconnection of one of four operating MCPSs; disconnection of all MCPS at the level decrease in the PG of less
than 2.2 m; the level decreased as a result of disconnecting
all the feed electric pumps (FEP) at the level increase in the
SG in a transient state.
On February 27, 2017, the NNPP II-1 was commissioned.
Conclusions
During the AES-2006 Project implementation, the main
tasks meeting the current level of nuclear power development
were successfully accomplished at the NvNPP II site:
– Achievement of the NPP safety indicators required by
modern standards;
– Consideration of international trends in improving the
safety of NPPs;
– Maximum use of approved technologies and equipment.
At the same time, the NPP-2006 project has systemic
drawbacks to be eliminated when replicating VVER-TOI design solutions:
– Lack of heat-release surface margins of air coolers for RC
ventilation systems and heat exchangers for normal operation systems;
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Table 3
Proposals to complete the VVER-1200 design.
Drawbacks
1

Solutions
2

In case of the unit abnormal operation due to the BRU-A operation and, as
a consequence, the loss of steam generator boiler water, a single SFWP
will not maintain the levels in the SG to ensure the MCP operation.
Low performance of the LRW processing system with a complex of
equipment operating on ion-selective radionuclide deposition and
microfiltration of radioactive suspensions.
The spent fuel pool has one fuel compartment, which is a deviation from
NP–061–05 and makes it difficult to repair the cladding in case of leaks.
The condensate polishing plant (CPP) (with powdered resin polisher) has a
short lifetime, low reliability, and is not capable in maintaining the
secondary water quality when loading the power unit. The CPP powdered
resin polishers ensure the condensate purification not from impurities in
the form of ions but only from finely dispersed corrosion products.
At 100% of the unit power, the first- and second-stage CEPs and FEPs
operate at the limit of their flow characteristics.
Insufficient water flow of the intermediate normal operation circuit for
consumers when one pump is operating.
Drawbacks of the machine hall floor drain system: – Absence of backup
pumps in pits, insufficient performance of drainage pumps, lack of
stationary drainage pumps in individual pits of the first- and second-stage
CEPs, separate drain-off pumps.
In the event of high salt content, including calcium bicarbonate in the
cooling tower make-up water, there occur carbonate deposition on the
cooling tower fillers and equipment heat-exchange surfaces as well as
siltation of the cooling tower structural materials.

To provide for the emergency steam generator make-up system (or the
second SFWP with reserve power supply from the DG).

The system of service water supply to the turbine compartment consumers
does not provide enough cooling by one pump in summer. The activation
of the second pump results in the operation of the system without reserve.
The faults in the EN common data exchange bus which led to its failure as
a result of the bandwidth threshold crossing due to the increase in the
number of diagnostic signals.

When the non-redundant equipment is disabled, the accelerated preventive
protection (APP) or power reducing/limiting device are activated.

– Non-optimal circuit solutions for connecting cooling water
pipelines to the condensers;
– Lack of service water system reserve (two pumps) for machine hall consumers;
– Lack of FEP/CEP capacity margins;
– Actual absence of the operator intelligent assistance system
in the APCS project;
– Non-optimal arrangement of the reactor plant equipment
in the containment (which makes repairs difficult);
– A large number of consumers of the intermediate normal
operation circuit, including the MCP, which leads to a
shortage of consumer spending.
Further “optimization” of equipment layout solutions associated with the containment volume reduction will not allow

To apply the traditional NPP technology for LWR thermal evaporation
in an evaporator to obtain a salt sludge and its further curing.
To provide for the separation of the spent fuel pool into compartments
similar to serial power units.
To apply a traditional CPP with ion-exchange loading and filtration
cycle as it is done at VVER-1000 serial power units.

To upgrade the pumps in order to increase their operating parameters.
To upgrade the pumps in order to increase their operating parameters.
To implement the project of the machine hall floor drain system:

To implement a set of measures to improve the efficiency of the cooling
tower and protect it from the formation of deposits and silting of
structural materials. To apply water treatment with inhibitors
providing calcium transport with a value close to 100% to the
circulating water supply system with a cooling tower. To provide for
NPPs in the southern regions liming of all additional water
(clarification plant) in order to minimize the carbonate index.
It is required to install a third service water pump to provide a reserve
due to an insufficient cooling water flow to the turbine compartment
consumers.
To carry out the refinement of the EN bus in accordance with the
accepted technical solutions.

To increase the unit dynamic stability, it is necessary to implement APP
in at least three modes associated with disabling:– One of four
circulating pumps at a power level of more than 75%,– Two of four
circulation pumps working for various groups of condensers (at
N ≥ 75%),– One of four feedwater pumps at N ≥ 75%.Then unloading
with the aid of the APP will allow the main unit controller to maintain
the process parameters within the operational limits.

the spent fuel pool to be divided into two compartments. Previous decisions were unsuccessful. Some proposals to complete the VVER-1200 project are presented in Table 3.
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