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ABSTRACT

This publication provides an overview of the emergency preparedness organization and
principles for protection of public in the Baltic States in the case of the nuclear (radiological)
accident at Ignalina NPP.
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1 Short Plant Description

1.1 Site Structure

1.1.1 Population Distribution and Nearby Industrial Surroundings

The Ignalina nuclear power plant is located in Lithuania, close to the borders of Belorus and
Latvia, as shown in Figure 1.1. The plant is built on the southern shores of lake Druksiai,
39 km from the of Ignalina. Nearest cities to the plant are Vilnius at 130 km with about
575,000 inhabitants, and Daugavpils in Latvia at 30 km away with 126,000 inhabitants. Six
km from the plant is the city of Visaginas, about 32,600 inhabitants, residence of the Ignalina
nuclear power plant personnel. The main information about the population distribution in the
region of concern is presented in Table 1.1. Within the 15 km radius the density of
population is 14.4 people/km2 without taking the Visaginas inhabitants into account, and 63.1
people/ km2 including the Visaginas inhabitants. Within the 25 km radius the density of
population is 18.6 and 35.6 people/km2, respectively.

The lake Druksiai serves as natural water reservoir and provides the plant with water cooling
supply. The configuration of lake Druksiai and location of the Ignalina NPP are presented
in Figure 1.2. In the vicinity of the Ignalina NPP are the following lakes and rivers:

- lake Visaginas,
- lake Druksiai,
- lake Apyvarde, located 8 km and lake Alksnas, 13 km to the south from the Ignalina NPP,
- lake Disnai, located 16 km to the south and lake Smalves, 11 km to the west from the

plant,
- river Daugava passes 30 km to the north of the Ignalina NPP.

The nearest highway passes 12 km to the west of the Ignalina NPP. This highway joins the
city of Ignalina with those of Zarasai, Dukstas and has an exit to the highway connecting
Kaunas - St. Petersburg. The entrance of the main road from the Ignalina NPP to the
highway is near the town of Dukstas. The extension of the road from Ignalina NPP to
Dukstas is about 20 km.

The main railroad line Vilnius - St. Petersburg passes nine km to the west of the Ignalina
NPP. A single track extends from Visaginas to Dukstas, the rest of the main line connecting
Vilnius - St. Petersburg is double-track. The weight limit of the train is 3500 tons. The
railway station Dukstas is used for the cargo traffic as well as for passenger transportation.

1.1.2 Meteorology

The Ignalina NPP is situated in the temperate climate zone. The region concerned, as well
as all Lithuanian territory, is located along the path of dominated western wind currents,
therefore its climate can be considered as homogeneous in the global sense. But on the
regional scale it is rather unstable, because of the prevalent intrusion of air flows from the
adjacent geographical zones. In comparison with other Lithuanian areas, this area is marked
by a big variation of air temperature over the year, the colder and longer winters with



abundant snow cover, and warmer, but shorter summers.

About 60 cyclones and 50 anticyclones are expected yearly due to the weather conditions of
the territory concerned. Cyclones are influenced by the weather about 170 days and
anticyclones about 130 days a year, because they are moving faster. During the rest of the
time baric formation are observed [8].

The entire territory of Lithuania has practically no influence on the formation of new air
masses or their considerable transformation. During the year about 170 atmospheric fronts
pass over the Ignalina territory. During the cold season the warm fronts predominate over
the cold ones, while during the warm seasons they are distributed equally. Colds fronts move
faster than the warm ones. Western and southern winds predominate. The strongest winds
have western and south-east directions. The average annual wind speed is 3.5 m/s, and
maximal (gust) speeds can reach 28 m/s. No-wind conditions are observed on the average
of 6 % of occasions and last no more than one day (24 hours) in the summer, and no more
than two days in the winter.

Average annual air temperature in the region is 5.5 °C. January is the coldest month with an
average monthly temperature of - 6.5 °C, and June is the warmest one with 17.8 °C. Annual
amplitude of average monthly temperatures is 24.1 degrees. Absolute maximum of recorded
temperature is 36 °C, and absolute minimum is - 40 °C. The greatest oscillations of twenty-
four-hour amplitude of temperature are usually in May-June, and the lowest - in December.
The lowest temperature is usually observed in winter during the northern and north-east
winds. In the summer the hot weather brings about the east and south-east winds [8].

The atmospheric conditions are formed by circulation of air mass on the whole. Average
annual amount of precipitations with correction on moistening of draught gauge is 638 mm.
During the warm period of the year (April-October) about 70 % of all precipitation take
place, and during the cold period (November- March)-about 30 %. The coefficient of
variation of multiyear annual precipitation is 0.15. Minimum of precipitation occurs in
March, and the maximum - in July-August. There are about 170-180 days with precipitation
(0.1 m and more) per year [8]. The snow cover in the region is about 100-110 days per year.
Average height of snow cover is 30-40 cm [8].

Multiyear amount of annual evaporation from the dry land is about 500 mm, evaporation
from the water surface during the warm period (April-November) is about 600 mm with the
coefficient of variation 0.15 [8].

Average relative humidity of air reached 80 %, and about 90 % in winter. A minimum
relative humidity (53-63 %) is observed in June, and a maximum - in January [8].

In the Ignalina NPP area, fog is observed during all the year. Average number of days with
fog is 45 and a maximum-62 days. Fog absorbs different impurity (noxious gases, smoke,
dust) and, combined with high humidity, increases corrosion intensity, aggravating the
distance of visibility and impeding transportation. Average duration of fog in the course of
a month is from 4 to 29 hours and in the course of year is about 173 hours. During the cold
period total duration of fog oscillates between 92 to 106 hours, and during the warm period
it is about twice lower which is 49-68 hours.
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The maximum dusting is observed in May, and minimum-in December. Oscillations of total
maintenance of sulphurous gas has the following annual distribution: lower values are
observed in the summer and autumn, and highest ones-during the cold period of the year.

1.1.3 Plant Panorama

The general Ignalina NPP panorama is shown in Figure 1.3. The site of the nuclear power
plant covers an area of about 0.75 km2. (In comparison: the Swedish Barsebeck nuclear
power plant with two BWR reactors covers an area of about 0.24 km2.) The buildings take
up about 0.22 km2.

The Ignalina NPP possesses two similar units of RBMK-1500 reactors, as shown in
Figure 1.4. Each unit consists of five construction buildings; namely, buildings designated
as A, B, V, G and D. There are also two separate reactor buildings Al and A2 adjacent to
a common building Dl and D2 with control rooms, electric instrumentation rooms and
deaerator rooms. The last building is adjacent to a common turbine hall. The main buildings
of the plant are situated about 400-500 m from the banks of lake Druksiai.

Both units have the following common facilities: low-activity waste storage, medium- and
high-activity waste storage, liquid- waste storage, an open distributive system, nitrogen and
oxygen manufacturing facility and other auxiliary systems. The building which houses the
12 diesel-generators (six diesel- generators per each unit) for emergency power supply is
physically separated from other buildings. A separate water-pump service station is also built
for each unit, serving the needs of uninterrupted supply of water.

1.2 Operating Organization

Ignalina NPP management organization chart is given on Figure 1.5. Departments and their
mangers directly involved in key plant activities are shown in the chart. The responsibility
for safety, reliability, high technical and economic efficiency as well as quality of plant
operation lies with plant director. The plant chief engineer is administrative and technical
manager of the key plant departments and services which performed operations and
maintenance. He bears ultimate responsibility for essential decision making as applied to
plant operation. The deputy chief engineer of operations is in charge of technical control over
operating services of the key plant departments involved in on-line operations. He is also in
charge of engineering, radiation and fire safety in operation. All operating staff is under his
authority. The deputy chief engineer of maintenance is charged with technical control over
maintenance services of the key plant departments involved in equipment maintenance and
repairs. The deputy chief engineer for safety and reliability exercises technical control over
the plant services which are responsible for safety and reliability of operation of the reactor
and its systems. The safety and quality control service performs in-service quality control as
applied to plant personnel, procedures and safety-related systems with the purpose of timely
detection and correction of inconsistencies. Departmental shift supervisors are directly
subcoordinate by the plant shift supervisor. He is also charged with engineering, radiation
and fire safety on shiftily basis. Shift performance is under his direct management. The
deputy plant shift supervisor maintains on-line control over the operations performed by each
unit staff. He is in charge of overall unit operations and is authorized to perform on-line



changeover in auxiliary power configuration. The responsibility for engineering, radiation
and safety within plant departments lies with department managers.

Operation is a complex activities and operations performed by the operating staff to ensure
safe and reliable operation of the plant equipment. Ignalina NPP operating staff is an
authorized shift personnel on duty including managers, operators and technicians who
maintain operational control over technological processes at the plant and configuration
changeovers. The operations manager is responsible for safe and reliable operation of plant.
The plant/unit shift supervisor is the manager of the operating personnel directly responsible
for safe and reliable operation of the plant/unit. Control room operators bear the
responsibility for safe and reliable operation of the equipment and systems controlled from
main control rooms. Field operators are responsible for reliable operation of the equipment
and systems within their terms of reference. Detailed responsibilities for all categories of
operators are specified in relevant duty regulations.

Operations control and management have for the object to attain safe and reliable
performance, high-level engineering and economic indices, and follow the main principles
of the plant policy. This is aimed at improving operations and includes the following:
minimized human errors; minimized automatic shutdowns; timely performance of scheduled
testing; secured operability of the safety systems; minimized overtime of staff; minimized
underproduction of electric and thermal power; training of operators; securing the operating
parameters and conditions required by the Technical Specification and equipment operating
manuals; minimized failures of equipments; improved quality of operating procedures. The
plant management have been establishing the proper safety culture and motivating
conservative attitude towards safety as well as sense of responsibility for safe and reliable
operation.

Plant operating organization is based on the established clear-cut interaction of different
structural levels. All kinds of interactions are specified in procedures.Rights and
responsibilities are specified for all operating modes. The plant is staffed with the operating
personnel in accordance with industrial standards. All operating staff is grouped into seven
shifts. Five shifts work on regular basis. The sixth shift stand in for the main shift and the
seventh shift undergo periodic training and deal with reviewing operating procedures. For
each operator position initial and improved training program, including emergency training,
is established. The program includes theoretical training, training in the use of plant system,
simulators and in-service training. There is a plan for improvement of professional skill
enabling the personnel to be promoted.

Operating procedures are used to ensure control over in-service systems and components
under normal conditions, incidents and accidents. Operating procedures shall allow all aspects
of operation and ensure reliable, efficient and safe operation of the plant. There are four
types of operation procedures: Normal Operation Procedures, Abnormal Operation
Procedures, Operator Response Procedures and Emergency Operating Procedures. Normal
Operation Procedures specify normal operation of the plant systems and components, tests
and trials, configuration control as well as removal and putting back into service. Abnormal
Operation Procedures are elaborating within the Lisbon Initiative. Operator Response
Procedures specify main control room operators response to small deviations. The
Emergency Operating Procedures currently used at the plant make use of an event-based
approach to accident management. Weaknesses of this approach are well-known. Thus new



symptom-based emergency operating procedures are under development.

1.3 Main Features of RBMK-1500 Reactor

The Ignalina NPP consists of two RBMK-1500 nuclear reactors. The RBMK-1500 is a
graphite moderated, boiling water, pressure tube reactors. The design (nominal) thermal
power level of each reactor is 4800 MW. However, current maximum permissible thermal
power level is 4200 MW. Table 1.2 presents more important plant parameters. The position
of the reactor core and its main components in a RBMK-1500 plant is shown in the schematic
cross-section through the main reactor building provided in Figure 1.6. The core is 11.8 m
in diameter with an active length of 7 m. It consists of stacks graphite blocks penetrated with
2052 channels, 1661 of which are pressure tubes. The remaining core channels contain
control rods or various types of instrumentations. Each pressure tube contains a stack of two
fuel assemblies. A fuel assembly consists of eighteen fuel rods held in a triangular arrays,
as shown in Figure 1.7. Each fuel assembly is approximately 3.5 meters in length and consist
of 18 fuel rods arranged in two concentric circles around a central supporting rod. The fuel
rods consist of enriched uranium dioxide pellets contained within zirconium alloy tubes. The
principal technical parameters of fuel assembly are summarized in Table 1.3. Each pressure
tube is located within graphite blocks, which provide neutron moderation. At operating
conditions, approximately 5 % of the reactor power is deposited directly in the graphite. This
heat is removed from the graphite primarily by conduction through the graphite back to the
pressure tube wall, where the heat is convected to the reactor coolant. The graphite blocks
are also cooled by a moderator cooling system, consisting of a helium-nitrogen gas mixture
flowing within gaps between the blocks and between the blocks and the pressure tubes.

The core of the reactor is housed in a 25 m deep, 21 x 21 m cross-section concrete vault,
Figure 1.8. The core volume is dominated by a large cylindrical graphite stack. The graphite
stack is located in a hermetically sealed cavity consisting of cylindrical walls and top and
bottom metal plates. In the radial direction as well as above and below the reactor it is
surrounded by the primary biological shield structures.

The graphite stack of the RBMK-1500 reactors serves several functions. The primary one
is neutron moderation and reflection, but it also provides structural integrity and in the event
of a temporary cooling malfunction, a relatively large heat capacity.

The shield and support plates have a similar purpose: namely, they consist of steel and, in
addition to their fundamental function of joining the intermediate elements of the graphite
stack, also ensure thermal insulation of the top and bottom metal structures, and in part serve
as biological shielding. When the reactor is in operation, all the components listed above are
subjected to conditions of high temperature and intense neutron/gamma radiation. For
example, the temperature of the support structures in the top part of the bottom biological
shield reaches 350 °C. The temperature of the bottom support plates reaches 440 °C, while
the maximum calculated graphite temperature is 750 °C.

All of the structures surrounding the core region contribute to some extent to biological
shielding. The principal structures serving the shielding function include - the graphite
reflectors, the internal spaces of the metal structures, the gap between the concrete vault and
the outer surface of the core support metal structures. With respect to the center of the core,



the biological shields can be divided into three parts: top shield (in the direction of the
refueling hall), bottom shield (in the direction of the lower coolant channel banks), and radial
shielding.

Biological shielding in the direction of the refueling hall encompasses the 0.5 m thick upper
graphite reflector, 0.25 m high steel shielding blocks, the upper metal structure which is
filled with a mixture of serpentinite chips and gallium (weight ratio of 3:2), and the top
shield cover. The density of the fill material is 1700 kg/m3, its height is 2.8 m, and the
thickness of the steel foundation plates of the structure is 40 mm.

The radial shield consists of the radial graphite reflector (average thickness 0.88 m), the shell
of the core, the annular water-filled steel tank, sand filling between the tank and the walls
of the reactor vault, and the 2 m thick concrete walls of the vault. The walls of the vault are
made from ordinary construction concrete with a density of 2200 kg/m3.

Design criteria for shielding below the core include the requirement to reduce gamma
radiation during shutdown in order to allow personnel access for maintenance, and the
necessity to minimize activation of the metal structures and coolant feeder pipes. The bottom
shield consists of the 0.5 m thick graphite reflector, 0.2 m of steel blocks, and the bottom
biological shield, filled with a mixture of serpentinite chips and gallium. The density of the
mixture is 1700 kg/m3. There are 0.1 m thick steel screens under the annular water tank
(above the bottom water piping) and between the reactor vault and the water tank.

1.4 Main Processes

The Ignalina NPP belongs the category of "boiling water" reactors, a thermal diagram of
which is provided in Figure 1.9. The reactor cooling water, as it passes through the core,
is subjected to boiling and is partially evaporated. The steam-water mixture then continues
to the large separator drums, the elevation of which is greater than that of the reactor. Here
the water settles, while the steam proceeds to the turbines. The remaining steam beyond the
turbines is condensed in the condenser, and the condensate is returned via the deaerator by
the feed pump to the water of the same separator drum. The coolant mixture is returned by
the main circulation pumps to the core, where part of it is again converted to steam.

The Ignalina NPP uses an RBMK-type channelized reactor. This means that each nuclear fuel
assembly bank in this type of an RBMK-type reactor is located in a separately cooled fuel
channel (pressure tube). There are a total of 1661 of such channels and the cooling water
must be equally divided among that number of feeder pipes. Past the core, these pipes are
brought together to feed the steam-water mixture to the above-mentioned separator drums.

The RBMK reactors belong to the thermal neutron reactor category. Due to the large number
of metal piping in the core of this type of a reactor, the neutronic characteristics of the
reactor are degraded. To improve this situation, the reactors of Ignalina NPP use graphite
to moderate (slow down) the fast fission neutrons. This requires a large amount of graphite,
so that the graphite stack of the reactor becomes its dominant component, at least by volume.

Each reactor is divided into two halves. Each half is cooled by a main circulation circuit
provided with flow from three operating main circulation pumps. A fourth MCP on each side



of the reactor is normally in standby mode. The MCPs feed common pressure header of each
side of the reactor. Each pressure header provides flow to 20 group distribution headers,
each of which in turns feed 38-43 pressure tubes. The reactor fuel assemblies are contained
within these pressure tubes. Core exit piping connects pressure tube to one of four steam
separators. The steam from both sides of the reactor is combined in the main steam lines
prior to entering the two high pressure 750-MW turbines. Liquid is recirculated to the MCPs
through downcomer pipes from the separators to a common pump suction header on each
side. Feedwater is provided to the steam separator to make up for the steam flow to the
turbines. Figure 1.10 provides a schematic of the RBMK-1500 main circulation circuit.

2 Design Basic Accidents

When analyzing emergency conditions and establishing safety measures, the RBMK -1500
design is based on the following safety criteria [4J:

* with the reactor at nominal power, breaking of the maximum diameter pipe with discharge
of coolant from both ends is considered to be the design basic accident;

* first design limit of fuel-element failure under normal operating condition:
- 1 % of fuel elements with gas leakage-type defects and
-0.1 % of fuel elements having defects resulting in direct contact between coolant and fuel;

* second design limit on fuel failure :
- fuel cladding temperature less that 1200 °C
- local depth of fuel cladding oxidation less than 18 % of initial clad thickness
- fraction of zirconium oxidation less than 1 % of fuel cladding weight in one group

distribution header channels (about 40 of such channels).

According the "Typical Contents of Technical Justification of Nuclear Power Plant Safety"
the following groups of design basic accidents are considered for RBMK type reactors:

I. Reactivity initiated accidents
II. Loss-of-flow transients
III. Loss-of-coolant accidents
IV. Safety-related operational transients
V. Fuel handling accidents
VI. Other accidents

The following LOCAs are considered for analysis:

- rupture of the fuel channel
- rupture of the water communication line
- rupture of the steam-water communication line
- rupture of the group distribution header
- rupture of the downcomer or the cofferdam of the steam separator
- rupture of the main steam line before the main steam isolating valve
- rupture of the feedwater pipelines
- rupture of the pipeline of the MCP



- rupture of the suction header of the MCP
- rupture of the pressure header of the MCP
- rupture of the service-water pipeline
- rupture of the purification and cooling system pipelines
- rupture of the intermediate circuit pipeline.

Instantaneous guillotine rupture of the MCP pressure header, which have an internal diameter
900 mm, with unimpeded discharge of coolant from both ends of the pipe during the unit
operation at full power is taken to be the maximum design basic accident.

3 Main Safety Functions and Systems

According IAEA 50-C-D "Code on the Safety of Nuclear Power Plant Design" safety
systems are "systems important to safety, provides assure the safe shutdown of reactor or
residual heat removal from the core, or to limit the consequences of anticipated operational
occurrences or accident conditions". Anticipated operational occurrences are events expected
during lifetime of the plant, while accidental conditions are events not expected during
lifetime of plant, but used as design basic for engineered safety futures to limit the release
of radiation. For RBMK-1500 reactor the following safety systems assure the main safety
functions described above: Control and Protection System, Emergency Core Cooling System,
Emergency Feedwater System, Accident Confinement System, Pressure Relief System and
Reactor Cavity Overpressure System.

3.1 Control and Protection System

The reactor protection system consists of several subsystems, which are designed to run back
the reactor power or to scram the reactor in response to variety of trip signals. A power
runback to 60% of full power occurs in response to AZ-4 signal. A power runback to 50%
of full power occurs in response to AZ-3 signal. The power runback is accomplished by
inserting control rods until the desired power level is achieved. A reactor scram can be either
a fast-acting scram (FAS signal) or the normal slower scram (AZ-1 signal). A fast-acting
scram is intended to quickly insert control rods for conditions which could lead to the rapid
generation of positive reactivity. The slower AZ-1 rod insertion is on response to transients
which would not produce a rapid positive reactivity insertion.

3.2 Emergency Core Cooling System

The primary purpose of the ECCS is to provide coolant makeup to the main circulation
circuit. This is required to mitigate the effects of loss-of-coolant accidents or for transients
resulting in a loss of main feedwater. The principal ECCS circuit, shown in Figure 3.1,
consists of two subsystems: short-term ECCS and long-term ECCS. The short-term ECCS
consists of pressurized tanks containing emergency coolant and pumped injection from the
main feedwater pumps. This subsystem is actuated on signals indicating a break in the main
circulation circuit. The purpose of this subsystem is to provide immediate cooling to the
failed half of the reactor. The ECCS coolant is therefore injected into the group distribution
header on the side of the reactor containing the pipe break. The long-term ECCS consists of



injection of six motor driven ECCS pumps (plus one pump in reserve) and/or five emergency
feedwater pumps (plus one pump in reserve). The primary purpose is to provide long term
reactor coolant inventory control. This coolant is injected into the group distribution header
or steam separators on both halves of the reactor.

3.3 Emergency Feedwater System

The principal EFWS circuit is shown in Figure 3.2. The EFWS provides makeup water to
the main circulation circuit upon actuation. The EFWS can act as part of ECCS long-term
subsystem, as described in item 3.2, or it may act independently of the ECCS. In the former
mode of operation, the EFWS coolant is injected into group distribution header. For some
upset conditions, the ECCS is not actuated, but makeup is still required, e.g. a reduction in
main feedwater flow. For such conditions, the EFWS provides additional coolant to the steam
separators.

3.4 Accident Confinement System

The largest and most important system protecting the plant personnel and the environment
from radiation in case of an accident, is the accident confinement system. The principal
layout of the ACS is shown in Figure 3.3. The system used at the Ignalina NPP belong to
pressure suppression category of containments. The ACS must ensure the protection of
personnel and environment from radioactive contamination above allowed limits in case of
accident situations, including the maximum design basic accident. This is achieved in the
following way:
- the steam formed during the accident is condensed, reducing the pressure in the accident

areas, and correspondingly, the expulsion of radioactive material from them;
- radioactive materials released in the accident are held in an enclosed compartment until they
can be decontaminated;

- in the first stage of accident, clean air is released from the ACS;
- a sprinkler system is used to condensate the steam in the remaining ACS compartments.

The release of clean air and the use of sprinklers allows the ACS pressure to be reduced with
respect to the relative atmospheric pressure, which decreases the possibility of release of
radioactive materials to the environment. The ACS also serves as a water reservoir. This
water is used for emergency core cooling, as well as to condense any steam released be the
protection valves.

3.5 Pressure Relief System

Normally, steam flows through the turbines control valves to the high pressure turbines.
These valves are isolated on a number of plant upset conditions. Steam, however, continues
to be generated in the core. In order to control pressure in the main circulation circuit, this
steam is relieved in two principal ways: through the steam discharge valves, or through main
safety valves. The steam discharge valves are power-operated and operate through an active
control system to maintain pressure. Eight SDV-C valves provide a steam exhaust to path
directly to turbine condensers. These valves are used for pressure control during a normal



plant shutdown, as well as operational upset conditions. Two additional SDV-A valves relieve
steam to the suppression pool of accident confinement system. There are twelve MSVs which
are set to operate in three banks. When the main circulation circuit pressure exceeds the
setpoints pressure of first bank, valves of the first bank open and discharge steam to the
suppression pool. If pressure continues to rise, the second and third bank valves may also
open. Table 3.1 lists setpoints, reseat parameters and other characteristics of SDVs and
MSVs.

3.6 Reactor Cavity Overpressure Protection System

Protection of the reactor cavity against overpressurization is an important part of the safety
system of the RBMK-1500. The schematic of this system is shown in Figure 3.5. The
existing overpressure protection system has the capacity for three tube ruptures which reflects
a safety margin over the design basic accident of one pressure tubes rupture. Pressure relief
is provided by pressure relief tubes which connect the reactor cavity to the accident
confinement system via water lock. The existing steam discharge system vents the steam/gas
mixture from the cavity to the bubble condenser pools where steam is condensed, and gas
is retained in the leaktight spaces. There is an intention to improve the capacity of the cavity
overpressure protection system at Ignalina NPP. New overpressure protection system will
have the capacity for the simultaneous rupture up to 9 pressure tube under conservative
assumption of simultaneous ruptures.

4 Accident Scenarios, Source Terms and Environmental Consequences

4.1 Introduction to Accident Scenarios and Source Terms

The fuel and the containment are the major entities in source term predictions. Their states
are represented by e (emission) and L (leakage) respectively in the prediction formalism:

s = e*L,

that we suggest for application in this Emergency Preparedness Handbook. We will explain
this formalism in discussing below how accident scenarios effect source terms and
environmental consequences. Table 4.1 provides the scenario map and organizing structure
for this discussion. Confinement zones of Ignalina NPP are shown on Figure 4.1.

4.2 Source Terms

4.2.1 Rules of thumb

Early in emergency there is a need for quick rough release prediction in support of planning
the emergency response. The "INPP source term handbook" (anticipating such a document
will be added as part В to this emergency preparedness organization handbook) provides a
tool to predict releases to the atmosphere by rules of thumb.



The rules of thumb focus on three major items:

the emission from fuel
the containment barrier and its leak path to the atmosphere
the removal processes in transport of radioactivity from fuel to atmosphere. The form
and contents of the thumb rules and their basis are discussed below.

4.2.2 Source Term Handbook and its Formalism s=e*L

The Source Term Handbook is intended to provide the emergency staff their tool for
answering early in accident the pertinent questions:

Will there be a release ? How large will it be ?
When will it occur ? How long will it last ?

"Will there be a release ?" The fuel and containment are recognized as the main barriers that
prevent release of radioactivity to the atmosphere. As long as the fuel is intact and the
containment is leak tight, no significant release will occur.

"How large can release be ?" The Rule of Thumb answer is: "S/I = s = e*L". "S" is the
release to the atmosphere expressed as a fraction of inventory "I". The rules of Thumb
enables the emergency staff to early focus their attention on the three main factors that
constitute the accident's release potential, that is:I, e and L.S and I are quantities of
radioactivity in Becquerel. They are here written in bold type, s, e and L are dimensionless
fraction of inventory I.

The fuel core holds volatile noble gases, iodine and cesium. This is the inventory "I". The
Data Book provides plant specific amounts in Becquerel. In the course of the accident, the
fuel can become heated and emit a fraction "e" of its contents of noble gases, iodine, cesium
in gasborne form to the containment. The emission "e" of gas born noble gases, iodine, and
cesium will increase with fuel temperature. The fuel temperature and extent of fuel damage
will increase with the uncovery time, that is the time interval during which the fuel by
accident stays in lack of water in cooling. Given leak path, a fraction "L" of the emitted
gasborne form amount of iodine and cesium will leak from the containment to the
atmosphere. For noble gases "L=l" as they sooner or later will escape. For iodine and
cesium L will be smaller, less than 1. Also for iodine and cesium there is a general tendency
borne out by source term studies, Figure 4.2, that:

_ Leak modes will short residence times have large leak fractions
Leak modes with long residence times have small leak fractions

4.3 Accident Scenarios

4.3.1 Sequences and scenarios

When we talk of specific events in a specific plant, we define a specific accident sequence.
A collection of accident sequences can have some features in common for instance type of



plant, type of accident initiator, type of containment structure. We refer to such collections
of accident scenarios.Because of similarities between scenarios they are useful in this
handbook, for e.g. source term predictions. Some scenario features strongly affect the source
term, we have tried in Table 4.1 to map out those scenario features at Ignalina NPP that
most strongly control source terms and consequently should be recognized when planning
source term studies or making source term prediction.

4.3.2 Scenario map

The scenario map, Table 4.1, recognizes the plant states, core states and containment states
as main features which are further divided into subfeatures according to the table. The
severity of accident in retrospect be compared on the INES-scale, which recognizes seven
classes of accidents from the mildest to the most severe. We suggest here use the INES scale
also as a prognostic tool in this handbook to differentiate scenarios according to the size of
their release potential.

4.3.3 Plant States an Core States

The Plant States in two columns recognize the accident initiators and the availability of
support and safety functions. The Core States comprise four columns. The fuel states
progress in the order S=Safe stable cooling, V=Violation, A=severe Accident from lesser
to larger emission fractions (e) of violate noble gases, iodine, cesium from the fuel. The
largest emission fractions in class seven can be caused by reactivity induced accidents, like
the one occurred at Chernobyl in 1986. In this accident s=e*L was larger than >0.5 for
iodine and 0.3 for cesium, according the recent review /L. Devell, S.Guntay, D.A.Powers,
The Chernobyl Reactor Accident Source Term. Development of consensus view. OECD
CSNI FPC, November 1995/. The pressure tube states progress via small local damage via
multiple pressure tube rupture at low as well as high pressure. The significance of this
column is of course that it recognizes the potential for upper core plate upraise and lift off
zone 4 as occurred at Chernobyl. Some large LOCA accident initiators by themselves
eliminate lid lift by relieving primary system pressure. The hydrogen states are important
because burn or explosion of large amounts of evolved hydrogen can damage or fail
containment structures. The graphite stack states can progress from locally heated spots, via
overall stack heat-up to air ingress and large scale fire, which can damage the fuel and emit
its radioactive inventory.

4.3.4 Containment States

Zone 3 states comprise the core cavity compartment. As long as this compartment remains
intact, source terms can be expected to remain small. (Comment: In case of fuel channel boil
dry and heat up of fuel to melting, there is a question as to what happens to the "elbow", the
connection to the steam riser pipe. This elbow may be sensitive to rising hot gases from
melting fuel. In case of pipe failure, a leak path opens directly into Zone 4 - the steam
separator compartments.) Fuel melting in the channel can be expected to flow down and melt
out into the ACS - Accident Confinement System compartments. Pressurization of zone 3 by
multiple tube failure at high pressure causes upper plate rise up into zone 4. Simultaneous



upper and lower end failures of fuel channels opens a path for natural circulation through the
core of hot gases including hydrogen evolved from zirconium oxidation caused by air ingress.
Such a scenario transports a substantial part of the fuel radioactive inventory emitted in fuel-
air oxidation into zone 4. Zone 4 states are mainly that the structures may remain sound
throughout the sequence, and thereby mitigate releases by directing them via filters and the
stack to the atmosphere. Alternatively the zone 4 structures can be failed by steam and or
hydrogen-burn pressurization beyond relief capabilities, in which case most of the zone 4
gasborne radioactive contents is released to the atmosphere. The ACS sturdy structures can
be expected to remain sound and confine radioactivity in most scenarios. Concern is with the
above state of natural circulation of gases via the core to the atmosphere. There is also a
concern for base mat melt through as was imminent at Chernobyl.

4.3.5 Source Term Data and Formalism

Source Term escalation on the INES scale in classes 1 through 7 is exemplified in the last
column according to the formalism s=e*L at present for illustrational purpose only. The
substance of work in this project is to define specific Ignalina NPP accident sequences,
analyze those sequences by available source term technology and arrive at reliable
quantitative source term data that will be organized in this emergency handbook according
to the illustrated formalism for benefit of the emergency preparedness organization.

4.4 Uncertainties

4.5 Restrictions

4.6 Environmental Consequences

4.7 Summary

5 Accident Management on Site

5.1 Handling of Deviation, Incidents and Accidents

Essence of nuclear safety is to prevent a loss of control of the nuclear chain reaction and to
prevent the possibility for the formation of a critical mass during reloading, transportation
and storing of nuclear fuel. Loss of control of the nuclear chain reaction in the reactor, as
well as the formation of critical mass is potentially dangerous and can lead to an abnormally
high radioactive impact on the operational personnel. Nuclear safety at the plant is provided
by supporting normal operation and by involved technical and organization measure. The
NPP design foresees a system for the inspection of failure detection in all barriers to
radioactive release. The mentioned system is intended to assure safe operation. For the
Ignalina NPP with RBMK-1500 reactor the following barrier systems is foreseen:

- the innermost barrier is the fuel itself, the leaktight and corrosion-resistant cladding of the
fuel;

- the next barriers are formed by the reactor biological shielding and the reactor main



circulation circuit;
- finally, the RBMK-1500 is provided with a complicated partial containment system - the

ACS.

Limits of safe operation of the Ignalina NPP with RBMK-1500 reactors is understood to be
such values of operational parameters, a departure from which during operation would lead
to accident. Operation of the Ignalina NPP at full power and achieving the values, which are
shown in Table 5.1, is considered a violation of limits for safe operation.

Essence of radiation safety is to prevent an excessive influence of ionizing radiation to
operational personnel, as well as an absence of radioactive contamination of environment and
radiological influence to the population in higher than authorized limits.

The radiation accident at the Ignalina NPP is defined as an infringement of the normal
operation in which release of radioactive materials and ionizing radiation goes beyond the
specific limits and which requires to stop normal operation of the facility/equipment
containing ionizing radiation sources. Accidents are classified according to the spread of
involved radiation materials or ionizing radiation into 3 types: on-site or local, off-site or
area and general accidents.

Local accident is an infringement of plant operation in which on-site release of radioactive
materials and ionizing radiation goes beyond the normal operation limits specified for
equipment, process systems, facilities and buildings. Certain actions have to be taken to
protect the plant personnel.

Area accident is an infringement of plant operation in which off-site release of radioactive
materials and ionizing radiation within sanitary protection zone exceeds the specified normal
operation limits. Radiation exposure of the personnel and contamination of plant facilities,
buildings and territory may occur and go beyond the permissible limits. Actions have to be
taken to protect the plant personnel.

General accident is an infringement of plant operation in which off-site release of radioactive
materials and ionizing radiation within sanitary protection zone exceeds the specified normal
operation limits. Radiation exposure to the plant personnel and population may exceed the
specified limits. Actions have to be taken to protect the plant personnel and population.

Postulated local accidents are listed below:

- fuel channel rupture without depressurization of the fuel assembly
- rupture of bottom water communication lines in steam separator rooms
- rupture of small diameter primary circuit pipelines.

Postulated area accidents are the following:

- rupture of steam-water communication line
- rupture of downcomer in downcomers and steam separators compartments
- rupture of feedwater pipelines after check valve at the feed nodal point
- rupture of group distribution header before the check valve
- rupture of the steam line before the main safety valve



- malfunction of the gas cleanup and activity suppression system in case 1 % of fuel
assemblies become untight

- rupture and leakages of low- and high-activity waste tanks
- rupture of pipeline in the reactor blowdown and cooldown system
- accident during refueling in the reactor hall
- fuel channel rupture with depressurization of the fuel assembly.

Postulated general accidents are listed below:

- rupture of group distribution header after check valve
- reactor damage (thermal explosion)
- rupture of the pressure header of the main circulation pump with check valve stuck open.

5.2 Alarm Criteria

Values of the main reference parameters whose are used for determination of accident and
take a decision for announcement of emergency situation as well as take in operation the
emergency plan "Protection of the personnel under radiation accidents at the Ignalina NPP"
are given in Table 5.2. Parameters given in this table are high importance reference
parameters and they are monitored permanently. Decision about implementation of the
emergency plan can be taken also in case if level of radiation are below limits given in Table
5.1, but according prognosis of accident development these levels can exceed given limits.
Such decision is taken by plant manager (chief engineer) or in case of their absence by plant
shift supervisor.

5.3 Alarming and Notification

Block diagram of emergency notification and communication system is shown in Figure 5.1.
Notification system for emergencies of the Ignalina NPP includes:

- notification of plant personnel
- notification of residents of Visaginas and administration of nearby regions
- direct phone channels to the Civil Defence Department in Vilnius and Dispatcher of the

Lithuanian Power System
- satellite communication system INMARSAT to notify Swedish authorities: Radiation

Protection Institute (SSI), Swedish Nuclear Power Inspectorate (SKI) and Swedish
Meteorological Institute (SMMI).

Personnel notification system includes:

- one-way loudspeaking communication network including 23 loudspeakers installed in
reactor buildings and on site

- wire transmitting network consisting of radio center and office broadcasting receivers
- conference hall cabinet whereas telephones of plant administration are linked
- electric sirens (17 pcs.) installed at power plant units and on site.

Notification of Visaginas administration is effected remotely via Ignalina NPP-Visaginas



cable line. Ignalina and Zarasai regional administrations are notified by telephone. Direct
cable telephone lines between Ignalina NPP and Vilnius are provided for communication with
Civil Defence Department and Lithuanian Power System. A satellite communications system
IMMARSAT MCS.9120 is installed in VATESI office in administrative building for
notification of the Swedish authorities. The system includes a panel for automatic
transmission of emergency messages, phone and fax channels.

5.4 Principles for Recovering of Safety

Accident management is a constituent of normal operation. Accident management starts
functioning in the course of an accident as specified in emergency procedures. Main task are
the following:

- assessment of accident
- carrying on-site accident into effect
- implementation of all relevant actions as applied to accident control and management, and

putting the plant back to safe status
- notification of state and local authorities
- emergency notification of the plant personnel and community.

Main objectives of accident mitigation are protection of the population and plant personnel
as well as protection of the plant equipment and premisses. The emergency plan "Protection
of the personnel under radiation accidents at the Ignalina NPP" is designed for protection of
the personnel as well as localization and mitigation of the radiation accident at the Ignalina
NPP. This is a basic document for taking organizational engineering, medical, evacuative and
other actions. This plan is valid for all personnel, the fire protection staff, the special guards
and the attached persons. The actions required by the plant shall be taken on the plant side
and within the sanitary protection zone. The major action to protect the personnel is to timely
determine that the radiation accident has occurred. The following main provisions are aimed
at protecting the personnel in case of the accident: notification about the accident, readiness
of management structure and civil protection units for operations, engineering, medical and
fire protection, physical protection of the plant, logistics and evacuation.

Implementation of the plan for protection of the personnel is under authority of the plant
manager through Civil Defence Headquarter and services. The time for the managers to
assemble is 20 minutes on working days and 2 hours on days-off. The maximum time for the
civil protection staff to get ready is 1 hour on working day, and 6 hours on days-off.
Progress actions reports shall be submitted to the Civil Defence Headquarters each 30
minutes, if the situation changes considerably - immediately. By the order of the plant shift
supervisor the on-site plant personnel (about 3000 people) have to evacuate to the shelter,
which can accommodate 800 people, or underground plant rooms having the minimum
radiation level. The sheltered are supplied with water from the reserves made in advance and
with delivered food. The shelter work in three operating modes: mere ventilation, ventilation
with filters and air regeneration. The shelter is capable of reducing radiation by factor of
1000 and sustanding overpressure up to 0.2 MPa. It is equipped with emergency power
supply, a first-aid post and water reserves. In shelter is civil defence control post equipped
with radio communication and computer. In case of the radiation accident the plant personnel
is provided with individual protection means, special closing and footwear, vehicles, fuel and



lubricant for civil defence needs.

Evacuation of the Ignalina NPP personnel from the plant to Visaginas is planned in the
optional manner: during working time and during non-working time. During working time
a total 36 buses come to the administrative building at an interval 2 minutes to evacuate 2500
people. Estimated evacuation time is 72 minutes. During non-working time at the plant are
about 230 people. They are evacuated with shift transport for 60 minutes.

On site emergency response unit are set up based on the production principle. Special units
are meant for enhancing plant safety and performing specific activity when coping with
accidents at the plant (recover of reactor, turbine and electric equipment, instrumentation,
automatic devices, decontamination of plant personnel, etc). Special units include personnel
of appropriate workshops, Figure 5.2. Besides of operating staff, special departmental unit
and non-militarized plant units, the para-military fire detachment and the town hospital are
involved in mitigation of accident consequences. If necessary, other national fire detachments
and medical institutions are engaged. Based on situation the Governmental Commission for
Emergency Situations can draw in additional civil defence resources and other national
institutes.

Emergency training is aimed at acquiring individual experience and interaction skill in
diverse accident mitigation. Emergency training foe each staff takes place as per the
established schedule. Overall plant emergency training are held each four year involving all
plant departments and services.

5.5 On Site Organization

Accident organization includes an manager support group and accident mitigation staff,
Figure 5.3. In the event of the radiation accident the operations staff (the plant shift
supervisor, the shift manager of the safety engineering division, department shift managers),
the plant administration (the plant manager, chief engineer, managers of departments) and
civil defence staff act according to the plant for protection of the personnel, duty regulations
and relevant civil defence regulations. Main responsibilities of the top-level management will
be consider below.

When indication of the radiation accident become evident, the plant shift supervisor based
on radiological situation, orders the personnel evacuated from hazardous areas, determines
the type of the accident and takes a decision on emergency shutdown of the accidental unit.
He reports the accident to the plant manager (chief engineer), to the Dispatcher of the
Lithuanian Power System, to VATESI on-site inspector and to a person on duty in the Civil
Defence Department. Plant shift supervisor by authorization of plant manager, or chief
engineer, or by himself, if they cannot be contacted, makes a decision on carrying the plan
for protection of the personnel, and first of all, the notification system, into effect. He
instruct the plant personnel through the loud-speaker system, takes actions to restrict the
scope of the accident in accordance with operating procedures for the process equipment and
adjust actions of the departments shift managers. By approval of plant manager or chief
engineer he takes a decision on shutdown of the other unit. He awaits instructions to put the
shelter into operation and evacuate the personnel to the shelter, keeps record of his actions
to the operation logbook and then follows the instructions of the plant manager or chief



engineer.

Having been reported on the radiation accident the plant manager orders the management
staff and Civil Defence Headquarters staff notified and called up to the Control Station. He
arrives urgently at the established assembly post and is reported by the plant shift supervisor
on the station. Plant manager comes in contact with the Ministry of Energy to confirm the
radiation accident and inform about implementation of the plan for protection of the
personnel, reports the accident and anticipated consequences according to the notification
scheme. If necessary, he orders the personnel sheltered and based on the specific situation,
sets the management staff and Civil Defence managers tasks. He continuously gets detailed
information about the status of the accidental unit, possible localization and mitigation of
consequences and reports evacuation of the personnel to the Government and Civil Defence
Department. Plant manager orders the Civil Defence manager and the manager of the special
military unit to assemble units and requests via the Civil Defence Department necessary
assistance, set the commanding officers of the attached unit tasks, personally or via the Civil
Defence staff set task of reconnaissance and reports the situation to representatives of the
Government on the spot.

The head of the Civil Defence Headquarter in the event of an accident sees that the
management staff and Civil Defence staff are notified and called up to the Control Station,
maintains control over preparedness of the special departmental units and other civil defence
units. He monitors general survey and sums up information about general and radiation
survey, and makes proposals for utilization of the civil defence resources and facilities, and
conclusions based on the assessment of situation. He organizes interaction of the plant civil
defence units and attached civil defence resources and facilities, makes involved staff aware
of orders, and maintains control of their implementation. He timely prepares progress reports
on rescue and urgent accident mitigation operations and dispatches them to the Civil Defence
Department and the Ministry of Energy.

The managers of the plant departments are responsible for evacuation of people from
hazardous areas, identification of the accident zone with warning signs, performance of
sanitary and medical treatment of the personnel, localization of the accident source and
prevention of activity release into environment, performance of both on-site and off-site
radioactivity surveys and mitigation of accident consequences.

In case of accident is announced, the personnel in the accident zone have to act as follows:
put on individual protective measures, take in iodine medicines available at working places,
undergo sanitary treatment and change clothes if the skin or clothes contacted some process
liquid due to the accident, follow the reports of the shift manager of the safety engineering
division on the changed radiation situation and the orders of the direct managers, the shift
manager of the safety engineering division and the Civil Defence Headquarters.

Emergency center ???? = Control Station ???

6 Emergency Preparedness Organization and Principles for Protection of the Public

6.1 In the Visaginas Region



Protection of the people taking residence in the town of Visaginas is effected by Visaginas
magistrate based on corresponding emergency plan. People in Visaginas are protected in
accordance with the "Plan for protection of the Visaginas community" is developed by the
regional Civil Defence Headquarter and the plans are developed by the National Civil
Defence Department. In case of accident notification of the residents of Visaginas is under
remote control through cable communication lines between Ignalina NPP and Visaginas.
Notification system of the residents of Visaginas includes:
- one- way loudspeaking communications network including 91 street loudspeakers installed

all over the town and hooked to the town radio center;
- electric sirens (7 psc.) installed in the town;
- conference call cabinet whereas home telephones of the plant administration and top

officials of town organizations are hooked;
- wire transmitting network consisting of town radio center and broadcasting receivers

installed in apartments and organizations.

There is no shelter in Visaginas for the population. These emergency plan provide for
various actions to protect members of public if conditions following a nuclear accident
required it. Actions could be taken in the affected areas are:

- Sheltering: People would be advised to stay indoors and close doors and windows.

- Taking stable iodine tablets: In release contained radioactive iodine, tablets containing
ordinary potassium iodine would be issued to people in the affected area. This would reduce
the amount of inhaled iodine absorbed into the thyroid gland and thus reduce the risk of
developing thyroid cancer.

- Evacuation: People would be advised to evacuate temporarily areas close to the accident
site, which are in the path of radioactivity being blow by the wind.

- Control food and water supplies: Experts from appropriate government departments would
act ensure that consumers are protected from exposure to food which is known or believed
to be contaminated. Restriction on the consumption of local produce (or water supplies)
might be introduced if necessary.

The Visaginas population including the plant personnel is evacuated by the decision of the
Government in accordance with the plan of Civil Defence Department.

6.2 In Lithuania

"Plan for protection of the Lithuania Republic citizens in case of accident at the Ignalina
NPP"

Purposes of the plan

Legal base

Characterization of radiation hazards / Contaminated zone layout

Criterion for radiation safety of citizens

2-f



Accident management

Radiological safety, including main and technical measurements, radiological survey,
decontamination of ground

Evacuation

6.3 In Latvia

6.4 In Estonia

6.5 In Belorus



Fig. 1.1 Location of the Ignalina NPP



Fig. 1.2 Configuration of lake Druksiai and location of the Ignalina NPP



Fig. 1.3 General panorama of the Ignalina NPP [2]

1,2 - water-pump service stations, 3 - acetylene bottle depot, 4 - oil depot, 5 - oil system
equipment room, 6 - transformers equipment tower, 7 - pump station for waste and liquid
sewerage discharge, 8 - hydrogen- and oxygen-receiving facility, low-activity waste storage,
9 - low-level radwaste repository, 10 - medium- and high-activity waste storage, 11 -
operational shower- water reservoir, 12 - waste-water tanks, 13 - venting stack of the
radwaste reprocessing building, 14 - bitumen storage, 15 - liquid waste storage, 16 -
chemical water treatment building, 17 - chemical water treatment tanks, 18,19 - recreational
facilities, 20,21 - gas purification systems, 22 - heat power station , 23,24 - building plant
units 1 and 2, respectively, 25,26 - pressurized tank (accumulator) of the ECCS, 27,28 -
tanks with clean low-salt water, 29 - car-washing facility, 30 -bitumen depot, 31 - special
laundry, 32 - chemical reagent depot, 33 - equipment storehouse, 34 - noble-gas bottle depot,
35 - reservoir facility with artificial evaporation, 36 - repair building, 37,38 - administrative
buildings, 39 - cafeteria, 40 - diesel - generator building, 41 - compressor and refrigeration
station, 42 - nitrogen and oxygen manufacture building, 43 - liquid nitrogen reservoir, 44 -
110/330 kV open distributive system



Fig. 1.4 General units arrangements

A1.A2 - reactor buildings, B1,B2 - low salt water facility and bypass water-treatment
facilities of the MCC, VI,V2 - reactor gas circuit and special venting system, G1.G2 -
turbine generators with auxiliary systems, feed facilities and heat supply facilities, D1.D2 -
control, electrical and deaerator rooms, DO -heat pipe service and fire fighting facilities



Fig. 1.5 Ignalina NPP organization chart



Fig. 1.6. General view of the reactor

1 - graphite stack, 2 - fuel channel feeder pipes, 3 - water pipes, 4 - distribution header, 5
- emergency core cooling pipes, 6 - pressure pipes, 7 - main circulation pump, 8 -suction
pipes, 9 - pressure header, 10 - bypass pipes, 11 - suction header, 12 - downcomers, 13 -
steam and water pipes, 14 - steam pipes, 15 - refueling machine, 16 - separator drum



Fig. 1.7. Fuel assembly

1 - suspension bracket, 2 - top plug, 3 - adapter, 4 - connecting rod, 5 - fuel element, 6 -
carrier rod, 7 - end sleeve, 8 - end cap, 9 - retaining nut



Fig. 1.8. Cross-section of the reactor vault

1 - top cover, removable floor of the central hall, 2 - top
metal structure filled with serpentinite, 3 - concrete vault,
4 - sand cylinder, 5 - annular water tank, 6 - graphite stack, 7 - reactor vessel, 8 - bottom
metal structure, 9 - reactor support plates, 10 - steel blocks, 11 - roller supports



Fig. 1.9 Ignalina NPP thermal diagram

1 - reactor, 2 - steam separator, 3 - suction header, 4 - main circulation pump, 5 - pressure
header, 6 - heat exchanger of CPS cooling system, 7 - coolant tank, 8 - CPS cooling system
pump, 9 - emergency water tank, 10 - ACS tower, 11 - pump an heat exchanger unit, 12 -
ECCS pump, 13 - fuel channel integrity monitoring system, 14 - vacuum pump, 15 -
condenser, 16 - reheater, 17 - filter, 18 - compressor, 19 - recipient, 20 - receiver, 21 -
catalytic reactor, 22 - cooler, 23 - moisture separator, 24 - heat exchanger liquefier, 25 -
absorber, 26 - main heat exchanger, 27 - partial condenser, 28 - storage pool, 29 - cooldown
pump, 30 - regenerator, 31 -aftercooler, 32 bypass cleaning filter, 33 - holdup chamber, 34
activity suppression facility, 35 - vent stack, 36 - high pressure part of turbine, 37 - low
pressure part of turbine, 38 - generator, 39 - exciter, 40 - separator, 41 - intermediate
reheater, 42 - separator water receiver and hot well, 43 - turbine condenser, 44 - condensate
pump, 45 -main ejector, 47 - seal ejector, 48 - seal ejector cooler, 49 - low pressure
reheater, 50 - drainage pump of low pressure reheater, 51 - deaerator, 52 - feedwater pump,
53 - emergency feedwater pump, 54 - evaporator, 55 - steam generator boiler, 56 - heat
supply system intermediate circuit boiler, 57 - intermediate circuit pump, 58 - boiler drainage
pump, 59 - turbine bypass check valve, 60 - steam discharge facility of the isolation tower,
61 - main steam isolation valves



Fig. 1.10 Main circulation circuit

1 - steam separator, 2 - downcomers, 3 - suction header, 4 - suction piping of the MCP, 5 -
MCP tanks, 6 - pressure piping, of the MCP, 7 - bypass between headers, 8 - pressure

header, 9 - group distribution header with flow limiter, check valve and mixer, 10 - water
piping, 11 - channel to core, 12 - fuel channel, 13 - channel above core, 14 - steam-water
pipes, 15 - steam pipelines



To PCS

Fig. 1.10 Main circulation circuit

1 - steam separator, 2 - downcomers, 3 - suction header, 4 - suction piping of the MCP, 5 -
MCP tanks, 6 - pressure piping, of the MCP, 7 - bypass between headers, 8 - pressure

header 9 - group distribution header with flow limiter, check valve and mixer, 10 - water
piping,' 11 - channel to core, 12 - fuel channel, 13 - channel above core, 14 - steam-water
pipes, 15 - steam pipelines



De-aeratori

Drum Separators

Reinforced Lsakilght
compartment

Start-up Feeder

- Main Feeder

Flow meters

Feedwater Pumps TO ECCS Emergency Feedwater Pumpe

Fig. 3.2 Flow diagram of emergency feedwater system
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Fig. 3.3 Principal accident confinement system schematic

1 - fuel channel, 2 - main circulation pump, 3 - suction header, 4 - pressure header, 5 -
group distribution header, 6 - ECSS header, 7 - condensing pools, 8 - ACS heat exchanger,
9 - air discharge pipe section, 10 - pipe removal of contaminated steam from protection
valve, 11 - pipe for removal of contaminated steam from broken fuel channel
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Fig. 3.4 Reactor cavity overpressure protection system schematic

1 - reactor, 2 - condensing pools of the ACS



leedwater

I f\ ._.!_.
Zor*S

I j

Fig. 4.1 Confinement zones at Ignalina NPP

1- steam separator, 2 - suction header, 3 - pressure header, 4 - main circulation pump, 5 -
check valve
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Table 1.1 Population distribution

Populated
area

Villages and
farmsteads
Visaginas
Turmantas
Dukstas
Zarasai
Daugavpils
Ignalina
Utena
Ukmerge
Vilnius
Panevezys
Jonava
Kedainiai
Kaunas
Radviliskis

Distance from
Ignalina NPP,

km

within 15 radius
within 25 radius

6.5
12
15
25
30
39
64
120
130
140
158
168
186
192

Direction
with respect
to Ignalina NPP

-
-
soutl^west
north-west
south-west
north-west
north
south-west

south-west

Amount of
inhabitants,
thousands

11.4
30.4
32.6
0.4
1.2
8.9
126
7.2
37.0
30.8
575
132.1
36.9
34.5
415.3
21.0



Table 1.2 Fundamental parameters of the RBMK-1500 reactor

Coolant
Heat cycle configuration
Power, MW:
thermal (design)
thermal (actual)
electrical (design)
Core dimensions, m:
height
diameter
Thickness of reactor's graphite reflector, m:
end
side
Lattice pitch, m
Number of channels:
fuel
control and shutdown system
reflector-cooling
Fuel
Initial fuel enrichment for U23S, %
Nuclear fuel bumup, MWday/kg
Temperatures, °C:
maximum temperature at center of fuel pellet
maximum graphite stack temperature
maximum fuel channel temperature
coolant temperature at fuel channel inlet
feed-water temperature
Steam pressure at separators, MPa
Coolant flow rate through reactor at normal
power, m3/s
Steam produced in reactor at normal power, kg/s
Void fraction at reactor outlet, %
Maximum fuel channel parameters:
fuel channel power, kW
coolant flow rate through fuel channel, nrVs
void fraction at fuel channel outlet, %
Number of main circulation pumps
Capacity of main circulation pumps, m3/s

water (steam-water mixtu
single circuit

4800
4200
1500

7
11.8

0.5
0.88
0.25 x 0.25

1661
235
156

uranium dioxide
2.0
21.6

2100
750
350
260-266
177-190
6.47-6.96

10.83-13.33
2056-2125
23-29

4250
0.11
36.1
8
1.805-2.22



Table 1.3 Fuel assembly parameters [2,35]

Fuel pellet
Fuel Uranium dioxide
Fuel enrichment in U235, % 2
Edge pellet enrichment, % 0.4
Fuel pellet density, kg/m3 10400
Fuel pellet diameter, mm 11.5
Fuel pellet length, mm 15
Pellet central orifice diameter, mm 2
Maximum temperature at the center of

the fuel pellet, °C 2100

Fuel element
Fuel element cladding material Zr/1 % Nb
Outside diameter of fuel element, mm 13.6
Length of fuel element, m 3.64
Active length of fuel element (height of
fuel pellet column in cold state), m 3.4
Cladding wall thickness, mm 0.825
Gap between fuel pellet and cladding, mm 0.22-0.38
Mass of fuel pellets within fuel element, kg 3.5
Helium pressure in the cladding, MPa 0.5
Maximum permissible temperature of
fuel element, °C 700
Average linear thermal flux, W/cm 218
Maximum linear thermal flux, W/cm 485

Fuel assembly
Number of segments per fuel assembly 2
Number of fuel elements per assembly 18
Total length of fuel assembly, m 10.015
Active length of fuel assembly, m 6.862
Fuel assembly diameter (in the core), mm 79
Mass of fuel assembly without bracket, kg 185
Total mass of fuel assembly with the bracket, kg 280
Total steel mass of fuel assembly, kg 2.34
Total mass of zirconium alloy within assembly, kg 40
Mass of uranium within fuel pellet, kg 111.2
Mass of uranium within edge fuel pellet, kg 1.016
Maximum permissible power of fuel channel, MW 4.25
Authorized fuel assembly capacity, MW/assembly 2500
Authorized lifetime of fuel assembly, year 6



Table 3.1 Steam Discharge Valves and Main Safety Valves Parameters and Setpoints

Valve

SDV-C
SDV-A
MSV,
Bank 1
MSV,
Bank 2
MSV,
Bank 3

Number
of valves

8
2

2

4

6

Capacity
per valve,
kg/s

152.78
97.22

97.22

97.22

97.22

Opening
pressure,
MPa

7.06
7.16

7.46

7.55

7.65

Reseat
pressure,
MPa

6.77
6.87

7.16

7.26

7.36

Delay for
opening/
closing.s

-

4/10

4/10

4/10

Opening/
closing
time,s

10/10
10/10

0.5/0.5

0.5/0.5

0.5/0.5



Table 4.1 Scenario map (overview of plant, core and confinement states with their
corresponding source terms)
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Table 5.1 Limits of safe operation of Ignalina NPP with RBMK-1500

Parameter Variation limit

Reactivity margin in manual control rods, number < 30
Reactor power, MW > 4800
Fuel channel power, MW > 4.25
Margin coefficient up to the heat transfer
crisis in the fuel channel < 1
Margin coefficient up to the linear load limit
of fuel assembly < 1
Calculated graphite stack temperature, °C 760
Excess pressure in the steam separator, MPa 7.95
Water flow in control rod cooling circuit. m3/s 0.256
Water flow in the CPS channel with loaded rod, m3/s 0.83*10"3

Reactor and MCC warming rate, °C/h > 30
Reactor and MCC cooling rate, °C/h > 30
1-131 activity level in MCC water, Ci/h > 105



Table 5.2 Main indicators of radiological accident at the plant for taking decision about
notification of emergency situation and implementation of emergency plan

Description of indicators

1. Fast increase of volumetric
activity of fission products in coolant
- Total activity
- Activity of noble gases
- Iodine activity
2. Fast increase of volumetric
activity of fission products in turbine
ejections
- Activity of noble gases
-Iodine activity
3. Increase of volumetric activity of
radionuclides released to the
atmosphere
- Activity of noble gases
- Iodine activity
- Activity of long-lived aerosols
4. Increase of volumetric activity of
radionuclides in discharges to the
lake
5. Increase of dose equivalent rate
- At the plant site
- Inside sanitary protection zone
6. Increase of coolant discharge flow
from MCC
7. Increase of radionuclides specific
activity in water of observant chinks

Units

Ci/kg
Ci/kg
Ci/kg

Ci/day
Ci/day

Ci/day
Ci/day
Ci/day

cm
mR/h
mR/h

mVh

Limits for
notification
of emergency
situation

2*10°
3.3*10"*
1.0*10°

22500
10

3750
0.075
0.1225

3*10-'°

120
30

10

3*10"

Limits for
implementation of
emergency plan

2*10'2

3.2*10-3

1.0*10"2

225000
100

41200
0.60
0.30

3*1О-з

240
60

50

3*10-'°



Table 6.1 Radiation safety criterion for citizen at the early stage of accident

Measures to ensure
radiation protection
of citizens

Prognostic dose for 10 days, mSv (R)
if all body is exposed if lungs, thyroid gland or

any other body are exposed
lower upper lower upper
limit limit limit limit

Sheltering, protection
of respiration organs
and all body

Iodine preventive measures:
adults
children and pregnant
women

Evacuation:
adults
children and pregnant
women

5(0.5

-

-

50(5)

10(1)

50(5) 50(5) 500 (50)

50* (5) 500* (50)

50* (5) 250* (25)

500 (50) 500* (50) 5000* (500)

50 (5) 200* (2) 500* (50)

* - Used only for thyroid gland



Table 6.3 Permanent and temporary permissible levels of radioactive contamination

Type of food

Milk/babies food
Other food

Milk/babies food

Other food

Milk/babies food

Other food

Group of nuclides

Pu-239, Am-241

Sr-90, 1-131

Sr-90

Cs-134/137

Cs-134/137, 1-131

Permanent levels

1 Bq/kg
10 Bq/kg

100 Bq/kg

1000 Bq/kg

1000 Bq/kg

1000 Bq/kg

Temporary levels

10 Bq/kg
100 Bq/kg

1000 Bq/kg

1000 Bq/kg

10000 Bq/kg

1000 Bq/kg



Table 6.2 Radiation safety criterion for citizen at the intermediate stage of accident

Measures to ensure
radiation protection
of citizens

Prognostic dose for the first year, mSv (R)
if all body is exposed if any organ is exposed
lower upper lower upper
limit limit limit limit

Limitation for use of
drinking water and
foodstuff 5 (0.5) 50(5) 50(5) 500 (50)

Evacuation of
citizens 50(5) 500 (50)


