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INPP safety upgrade Programme.
Accomplishments and Progress

Dr. P.Vaisnys
State Nuclear Safety Inspectorate (VATESI)

Ignalina NPP situated in North-East Lithuania is the representative of a
sorrowly known family of RBMK NPPs had been become so famous after
Chernobyl disaster ten years ago in 1986. Designed in 70-ties as a part of the great
Soviet electrification Programme INPP was thought of to meet electricity needs of
large North-West area of former Soviet Union including east region of Russian
Federation, three Baltic States, Belorusia. A total of four units were originally
planned on this site. The first unit of INPP went into service at the end of 1983, the
second unit in August 1987. Construction of the third unit was terminated in 1989
because of political pressure. After collapse of Soviet system in 1991 Ignalina NPP
finally came under the authority of the Lithuanian Republic. It is controlled now
administratively by the Lithuanian Ministry of Energy while functions of
operational organisation were handed over to the administration of Ignalina NPP.
Safety regulatory control is exercised by the Lithuanian State Nuclear Safety
Inspectorate (VATESI) established in the Fall of 1991. The most significant
distinction of INPP as to the other predecessors of RBMK type NPPs had been
constructed at Chernobyl, Kursk, Leningrad sites was ifs single unit capacity -
1500 MW in comparison to classical 1000 MW at other RBMK NPPs.

Despite that Ignalina NPP is similar to other predecessors with fuel loading
into individual channels and massive graphite moderator block, it belongs to third
generator of RBMK type NPPs family with number of safety modifications
foreseen at the design stage. That means that INPP is the most advanced version of
the RBMK reactor design series. Accident localization system (ALS), Emergency
core cooling system (ECCS) modified neutron flux control system, additional
capacity of emergency power supply significantly increased safety performance of
INPP in comparison to earlier RBMK units.

Unfortunately as it was demonstrated in the course of Chernobyl accident
initial design of INPP Units had possessed the same design deficiencies which
defined the tragic course of Chernobyl accident. It became obvious that further
operation of RBMK type NPPs including Ignalina NPP units is impossible without
realization of essential improvement Programme. In addition it became evident that
there is a real need for immediate examination of RBMK design peculiarities to
define weaknesses in safety provision.

In general Ignalina NPP safety upgrade programme can be divided into some
parts:
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1) Post Chernobyl immediate modifications undertaken to remove obvious
deficiencies discovered in the course of analysis of the main causes of Chernobyl
accident.

2) Modifications to remove gaps in safety provision discovered as a result of
safety assessment investigations.

3) Modifications to remove evident discrepancies in respect to internationally
accepted standards.

As it follows from above the deep safety investigations were undertaken to
put their findings into concrete improvement programme.

Such investigations can be divided into some groups:
1. Analysis of Chernobyl accident and ifs main causes;
2. Investigations undertaken by international society for deep safety analysis

of RBMK type NPPs in general;
3. Investigations undertaken at the specific sites to analyse current safety

situation of the concrete Unit.
As a result of immediate analysis of the main causes of Chernobyl accident

the extensive modification programme was realised at the Ignalina NPP. As it was
defined the major deficiencies were related with the control and protection system
(CPS) design as well as with the peculiarity of major positive void coefficient.

Following the Chernobyl accident high priority measures have been
implemented at Ignalina NPP aimed at eliminating shortcomings of the reactor
protection system.

The speed of operation of the CPS has then been increased by lowering all
control and protection rods 0.7 m into the core. This increase the effectiveness of
rods introduced from above and reduces the time needed for introduction of the
rods into core by 2 sec.

The operating reactivity reserves have been increased up to 53-54 manual
rods. As a result the initial rate of negative reactivity insertion by the rods following
a scram signal is today not less than 0.5 ftys ((3 being the fraction of delayed
neutrons).

Other improvements had been implemented to increase the effectiveness of
the CPS:

- the number of shortened absorber rods (SAR) introduced into the core from
below has been increased to 40;

- a design modification has been implemented for introducing these SAR
when a scram signal is received;

- digital display of reactivity reserves has been provided for any reactor
condition.

As a result of redesign of control rods and their servo-drives time for
complete rod insertion following a scram signal was reduced from 18 to 12 s. And
what is most essential the CPS efficiency within the first seconds of the rod
movement was increased several times. As a result of this modification the rate of
negative reactivity insertion of the scram system has reached 0,9 [3/s within the first
seconds of the rod movement. This value is 8 times higher than that available of the
Chernobyl accident.
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The next stage of increasing the CPS efficiency has been the implementation
of fast-acting scram system (FASS). This system has 24 rods and operates in 2.5 s,
introducing 3(3 of negative reactivity.

The new CPS includes the subsystems of local automatic control (LAC) and
local automatic protection (LAP). Both systems are operated via signals from the
in-core instrumentation. These two subsystems provided reliable tool for
stabilization of the main harmonic of the radial neutron flux distribution and control
of the axial power distribution.

The next set of modifications was undertaken to step-by-step reducing of
positive void coefficient (PVC). As a result of increasing of operative reactivity
margin up to 53-54 manual rods and insertion of 52-58 additional absorbers led to
significant reduce of PVC up to ~ l p .

All these modifications undertaken as the immediate actions provided
necessary preventive measures against exceeded neutron flux excursions taken
place at the Chernobyl accident. The majority of these modifications were
implemented at the INPP by the 1991 when due to known political events Lithuania
became owner of two largest in the world nuclear power units. This was turning
moment for Ignalina NPP because of a new situation after restoration of the
Lithuanian statehood. Lithuania became owner of INPP, functions of Operator were
handed over the administration of INPP. Since that moment Lithuania and Operator
took over all the responsibility for safety of INPP and further steps of safety
upgrade. Unfortunately economical situation at that time in Lithuania occurred in a
deep knock down and it became problematic to continue programme of further
realisation of combined measures to upgrade safety of RBMK NPP carried out in
the former Soviet Union.

Nevertheless even in such difficult economical situation modification
programme at INPP continued. Taking into account current situation in which
Lithuania found itself after 1991 it was clear that Lithuania sake cooperating
partners in the international arena. Many countries and international organizations
had demonstrated their willingness to cooperate and Lithuania is grateful for the
development of such contacts. As it was mentioned above the cooperation was
directed to deep investigation of safety level of RBMK NPPs and as a result of this
investigations to define gaps and weaknesses of safety provision. On the base of
findings of safety assessment the safety improvement programme was established.
Safety improvement programme included also the items known as a result of after
Chernobyl investigations and operation experience.

First western country that came to Lithuanian nuclear sector with assistance
mission was Sweden. On December 9-13 1991 negotiations concerning nuclear
safety and radiation protection were held between Sweden and Lithuania. As a
result of the negotiations extensive safety upgrade programme of INPP was
undertaken. The main areas covered by this programme were:

- verification and validation of Accident localisation system (ALS);
- pressure relief from reactor cavity;
- fire and flooding protection;
- independent water make-up system;
- support for in service inspection of pipes and components.
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As a result of extensive Sweden-Lithuania cooperation programme the
essential improvements at Ignalina NPP were achieved. As a result of Swedish
industry and INPP cooperation within material inspection there has already been
extensive work done using modern ultrasonic and radiography techniques on pipes
and components in the primary circuit which in many cases has led to repair.
Modern equipment, knowledge and experiences were transferred in order to build
up the resources and competence in this area. Cooperation has been established
between NPPs in Sweden and INPP for exchange of routines and experiences
within the areas of operation, maintenance and safety review. Some technical
projects includes analysis for system improvements and thereafter equipment
supply. Installation has been done and is going on for the improvement of the fire
protection systems, which have a very high priority for most of the Eastern reactors.
The installation of new fire sprinkler valves and fire alarm systems has been
completed. A number of proposals for further improvements are already prepared.
Examples of projects are exchange of an additional number of fire doors and
exchange of the burnable plastic floor cover material in safety related rooms.

As it was discovered in the RBMK NPPs accident analysis the existing
reactor cavity relief capacity is not sufficient to withstand pressure increase in case
of potentially possible accidental situations.

The object of special project is to enhance the relief capacity from the reactor
cavity by installing a new penetration into the cavity and pipe work connecting to
the ALS. The result will be that the cavity can withstand even multiple ruptures of
pressure tubes. The Swedish part of this project is to provide a robotic tool for
opening the penetration and welding of the new pipe into place. This project is
planned to be realised during next year's maintenance stop at the INPP.

The fact that the confinement system (ALS) at the INPP as in different
degrees for all RBMKs, is only partial, make this a technical area of high priority.
The Lithuanian specialists has some work ongoing, both in the thermohydraulic and
in the structural mechanics parts of the problem. Close cooperation with Swedish
specialists has been established for deepening of these studies. As a first step the
capacity of the present system to confine accidental releases will be assessed and
hopefully later on feasible possibilities to enhance the capacity will be found.

Thorough investigations of physical protection status at INPP undertaken just
after two threats of explosion in November 1994 discovered significant gaps in this
area. Therefore great efforts are foreseen to improve situation during past year. A
specification for a new access control system has been developed and in parallel the
necessary plans and instructions for physical protection have been revised and
developed. Earlier in the summer 1991 Ignalina NPP PSA Project known as
Barselina Project was initiated. It was a multilateral Project with cooperation
between Lithuania, Russia and Sweden. The long range objective was to establish
common perspectives and unified bases for assessment of severe accident risks and
needs for remedial measures for the Ignalina NPP design. The Barselina Project
study indicates the importance of proposed safety improvements both in design and
in operating and maintenance procedures. The risk profile drawn from the study has
been used to identify plant specific improvements in system design and in operating
or maintenance procedures. Some of the proposed improvements are already
implemented in the plant, others are under way. Implementation of the proposed
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improvements will both reduce the risk for core damage accidents and reduce the
environmental consequences of most accidents. After implementation of the
improvements the core damage frequency will not differ significantly from many
western plants. The PSA identified weaknesses of the INPP which can be
improved, but also advantages and good design.

It needs to mention two international efforts concerning RBMK NPPs safety
investigations which made evident input into INPP safety improvement
programme. First of them is international RBMK project with participation from
EU countries and Canada, another one is IAEA Extrabudgetary Programme on the
safety of RBMK NPPs.

The objectives of first Project were to undertake a review of the current
safety of RBMK NPPs based on information supplied by the Russian side
supplemented by the results from bilateral programmes and by appropriate
computations and evaluations using Western techniques. It was expected in this
effort to identify any shortcomings from this study and to recommend a future
rectification programme. The study was focused on Smolensk - 3 and partly on
Ignalina - 2 plants of the third generation. It was based on Russian information on
these plants and on some Western analyses. Due to the shortcomings listed in the
review, a large number of recommendations for safety improvements have been
made. Many of these recommendations are in progress or planned and some have
been implemented already.

The above mentioned Project was a first example of scientific and
technological approach to the evaluation of RBMK reactors' safety level with a
cooperative participation of both Western and Eastern experts. Earlier, on approach
to this problem from Western side in conditions of absence of an access to the
detailed information, had very often rather emotional character without proper
judgments.

The significant input to Ignalina NPP safety improvement Programme was
made by IAEA activities. At the initiative of the IAEA Secretariat and with the
support of a number of Member states the Extrabudgetary Programme on Safety of
Nuclear Power Plants in Eastern Europe was established by the IAE in 1990. The
programme, was complemented by national and regional technical-cooperation
projects. The general objective of the Agency Programme was to assist in the
review of measures proposed or realized to ensure that these respond to the safety
concerns and priorities established. The IAEA effort was also concentrated on
selected high priority areas where measures needed to be defined and implemented
as a matter of urgency. Three years passed since Lithuania joined the IAEA EBP
activities. Three years experience showed that EBP mechanism for Lithuania is the
most proper way to solve special problems on the way of further safety upgrade of
INPP. Discussions on some topical safety items INPP faced in the process of SIP
implementation made possible to find adequate decisions based on the
completeness and adequacy of plant specific safety upgrades. The serious input into
the treatment of INPP gaps and weaknesses was the latest IAEA safety edition
INSAG-8 "A common basis for judging the safety of Nuclear Power Plants built to
earlier standards". This guide consolidates the international approach to the
problem which was for long time the subject of hot discussions between Regulators
and Operators as to the Soviet designed NPPs including Ignalina NPP. As a result
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Lithuanian regulatory authorities as well as INPP as Operator have got generally
recognized guide how to put into order this problem.

IAEA ASSET, OSART missions to INPP were additional input into INPP
safety modifications package formation.

In such a way the huge package of knowledge was accumulated on the safety
status at Ignalina NPP. On the basis of this information - the safety improvement
Programme was prepared by INPP and approved by National Regulatory Body
(VATESI) in 1993. This programme was revised (increased) as a continuous
process pending on new information coming from operating experience from all
RBMK plants. In the Safety Improvement Programme (SIP) much emphasis has
been put on giving priority to improvements that have a significant impact on
enhancing the safety of the plant and also reducing the radiation exposure to the
operating personnel.

Part of the SIP was intended to be carried out by the operating organisation
on the expenses of the plant. The present situation having industry in Russia as only
supplier, without competition, has led to considerable increase in the price level for
fuel as well as for important spare parts. As these products are sold to NPFs within
Russia to a much lower price the competitiveness of the INPP on the export market
has been severely damaged. This has had a strong negative effect on the financial
situation at the INPP. For this reason as well as the general difficult economic
situation within Lithuania it is quite clear that part of the SIP only can be realised
with technical as well as financial help from western countries.

When the SIP has been implemented most weak points known today will
have been removed and the safety level of the INPP will have been improved
considerably. As a consequence, the probability of an accident that will effect the
surroundings of the plant will have been heavily reduced.

SIP is divided into two sections - near term operational safety improvements
and near term technical safety improvements. It is obvious that safety enhancement
work is a continuous process, which has led to the SIP for the INPP. As it was
mentioned above safety upgrade work was started after Chernobyl disaster. If to be
absolutely true the process of modifications at almost all the Soviet NPPs was
continuous process since the commissioning, because in accordance with a worst
Soviet traditions new power plants went into commercial operation with essential
deficiencies and shortages. Ignalina NPP is not exception of that. Despite these
improvement activities to remove obvious deficiencies they were quite insufficient
judging from the present condition at the INPP relative to the safety requirements
that are normally requested in western countries. The weaknesses of INPP safety
discovered as a result of number of mentioned investigations are covering a wide
range of items summarized follows:

- vibrational problems in piping and components;
- old and not reliable mechanical and electrical equipment in safety related

process systems and components;
- not sufficient reliability in the emergency power supply system;
- the equipment used for NDT-inspection is partly out dated.
- the reactor cavity pressure relief system cannot take the simultaneous

rupture of 9 fuel channels which are required;
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- part of the equipment used today in maintenance and repair is out-dated and
partly harmful for safety;

- systems and equipment for handling high and low waste is partly not
available;

- documentation of systems and equipment at the plant is partly in a incorrect
condition (or not available);

- the reactor protection system is not fulfilling all the requirements;
- the level of fire protection is far from the situation and requirements in

western countries.
Two very important safety related improvements should be done as soon as

possible:
- the necessity of introducing of additional independent fast - acting scram

system;
- the possibility of upgrading of the confinement.
The implementation of the SIP is in progress at present. As it was said earlier

three different resources are used for SIP implementation:
- internal INPP financial resources;
- financial support of donor countries (Sweden, France, USA) on bilateral

basis;
- EBRD NSA Project.
Below there is a brief presentation of some modifications undertaken by

INPP in frame of SIP:
1. Radiation protection and environment. The main activities are

concentrated on high level activity radwaste.
1.1. Interim spent fuel storage. The contract is made for delivery of Castor

type casks with German company GNB. Special design works are undertaken to
install a special site ground for canisters and special technical design of spent fuel
handling and transportation to new facility. In accordance with operator's
expectations first two canisters will be delivered to the site in the first quarter of
1996.

1.2. Treatment of ion-exchange resins. Existing as well as to be generated in
future ion-exchange resins should be solidified in cement. The tender
documentation is prepared at present time.

1.3. Additional monitoring system to control low level radioactive liquid
waste release to environment water basin is delivered by Consorcium SEA from
Italy.

1.4. The overall plan for the management of radioactive waste in Lithuania
was prepared by Swedish Nuclear Fuel and Waste management Co, SKB.

2. Under the frame of EBRD NSA Project 18 safety items of Ignalina NPP
are covered. The status of implementation of separate modifications is as follows:

2.1. New up-to-date equipment for visual examination of the steam-
separators and pipe work of the primary coolant recirculation circuit is delivered by
the UK GEK ALSTHOM company. First natural investigations of new equipment
were undertaken in October 1995 during the annual repair works at Unit 2.

2.2. The Danish Force Institute delivered up-to-date dedicated ultrasonic
systems for NDT examinations of the steam separators, pipes and bolted
connections. Utilisation of new equipment is foreseen at 1996 annual maintenance.
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2.3. The new seal rings to ensure leak tightness of the top part of
technological channels were developed by USA Advanced Product company. 2000
samples of new seal rings were delivered to INPP. At present time new product is
passing the tests under the operational conditions.

2.4. Significant results are achieved as to the full scope simulator for INPP.
The contract is signed with German company Atlas Electronic to deliver full scope
simulator in 1997.

2.5. The engineering study of necessity to install an additional independent
shut-down system is completed by the UK AEA company. Technical specification
for implementation of the system are prepared.

2.6. Two additional reactor trip systems were foreseen to be implemented -
one to prevent core from the flow reduce and another - low reactivity margin (30
control rods) trip system. The contract is signed with the Westinghouse company
(USA). The introduction of both system is planned for 1997.

2.7. The extensive modernisation effort of Data processing Computer system
(TITAN) is foreseen. As a result of this work the modernisation strategy is prepared
by SAIC company (USA).

2.8. Antiseismic modernisation of the safety relevant systems is undertaken
on the level of engineering study. The contract for implementation of seismic
monitoring and signal systems will be concluded in 1996.

2.9. Hydrogen monitoring system for the accident localisation system (ALS)
is foreseen for implementation in 1996.

2.10. In the course of annual 1996 repair the all the 24 safety valves on the
recirculation circuit will be replaced by new ones. The safety valves will be
delivered by the France company S.E.B.I.M.

2.11. m accordance with the contract with Italian company COMPES 76
samples of cut-off valves to be installed at the pipes of the circuit of service water
for cooling C&P system and intermediate cooling system will be delivered in the
summer of 1996. The first party of 25 units will be delivered in the April 1996.

These are some of 18 items covered by the financial support of EBRD Grant
Agreement. Other ones are in different phases of implementation.

Despite that delivery of new equipment is financially supported by Western
donors the installation of this equipment demands significant internal financial
resources of the INPP.

Apart modifications planned to be implemented with the international
assistance numerous modifications are under implementation independently by
INPP itself. The problem of technological gap graphite stack-technological channel
was recognized as vital one for further operation of INPP and consequently for
Lithuanian energy sector. As a result of lively discussions on this problem the
special programme has to be elaborated for precise detection of the gap behaviour
trend as well as to evaluate local technological channels embrittlement appeared in
the latest sample investigations.

To further lower a positive void coefficient first portion of modified fuel
assemblies with burnable erbium and 2.4% U-235 were loaded into the core of
Unit-2. This measure is continuation of post Chernobyl steps to fully remove causes
relevant to Chernobyl accident.
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There are main measures undertaken in Lithuania to upgrade safety of
Ignalina NPP. They are based on combination of international assistance and
internal efforts. These are not only activities undertaken to upgrade situation in
Lithuanian nuclear energy sector. The entire Programme includes also activities to
establish a proper regulatory regime in Lithuania and technical infrastructure to
support Operator and Regulator. But this is outside of the scope of this
presentation.


