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1. INTRODUCTION

1.1. ENERGY SITUATION IN ARMENIA

The present energy situation in Armenia is critical. The generating capacity of
the electric power sector has been sharply affected by (a) the shutdown of the nuclear
power plant in 1989, (b) the ecological problem of Sevan Lake which was deliberately
drawn down 18 m from its original level during the period 1936-76, restricting the water
releases for hydroelectric power production in the north cascade system, and (c) the
political conflicts in the region with the subsequent blockade of fuel supply. The power
supply is averaging one half the normal 2200 MW(e) demand. Even with full fuel
availability, the available generating capacity can meet only 2000 MW(e) or 90% of that
demand1.

1.2. ARMENIAN NUCLEAR POWER PLANT IN THIS CONTEXT

The Armenia nuclear power plant consists of 2 units of 440 MW(e) each, of the
WWER 440-230 model type reactor, and is located approximately 28 km from Yerevan
city, see Fig. 1. Units 1 and 2 started commercial operation in December 1976 and
January 1980, respectively. After the destructive earthquake in Armenia on December
7, 1988, a decision was taken to shut down both units, which was done on February 25
and March 18, 1989, respectively. Although the earthquake did not damage the plant,
the plant's location in a high seismicity region has raised serious concern since the
beginning of its construction and operation.

Even if the reopening of the nuclear power plant is a feasible option in terms of
technical, economic and safety considerations, it was originally decided by the Armenian
Parliament that the decision to proceed in this way shall be approved by a referendum.
During last months, new developments indicate that a decision was taken to start the
process for the re-opening of the plant.

1 The described corresponds to the situation at the time of IAEA/World Bank
Joint Mission in May 1992.
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Armenia NPP is of a similar design to the other WWER 440/230 NPPs.
Consequently, apart from the fact it has benefited from some safety improvements to
take into account its location in a high seismicity area, Armenia NPP has the same
generic safety problems as the other plants of this type.

In addition, Armenia NPP has specific problems which should be taken into
account before any decision concerning recomrnissioning of the plant:

The physical protection of the plant is not sufficient according to Western
standards and this may raise concerns when considering the current local
political situation.

The plant is only 28 km from Yerevan which has a population of 1.3 million
people, and this should be considered together with meteorological factors
in the re-evaluation of the site situation.

Armenian independence has deprived the country of direct support from the
Russian designers and regulatory body. An independent safety authority is
already needed to control the safety of the plant, even in shutdown
conditions.

The plant has been shutdown for 4 years now and this has had adverse
effects on the plant buildings and equipment which are deteriorating
continuously and also on the plant staff, a good part of the trained and
experienced people having left the plant. As^time passes, recommissioning
will need more and more work and expenses to restore buildings and
equipment to their original state and there will be increasing difficulties in
restaffing the plant with well trained people.

The design of the heat sink of the plant and of the associated reservoir and
equipment is such that it will be necessary to make sure they can withstand
the constraints defined in the seismic studies and a loss of offsite power.

The plant is located in a high seismicity area and its original design, like in
other WWER 440/230 NPPs, did not explicitly consider external events and,
in particular, earthquakes. Although seismic reinforcement work to cope
with a grade 8 MSK earthquake was performed and is 70% completed, it
has still to be confirmed that no fault exists under the site or in the close
vicinity and what values of ground motion parameters the plant should be
able to withstand.

Finally, in the decision process concerning Armenia NPP, three options should be
considered:

(1) decommissioning the plant immediately, which would require investment,
expertise and a specific project organization;

(2) undertaking-preparatory work and feasibility studies on which to base a final
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decision; or

(3) postponing the decision either to conduct preparatory activities or to
decommission the plant.

If option (2) is chosen, about 6 to 9 months of preparatory work would be needed
to complete the knowledge of the site parameters and, particularly, to verify that there
are no geological faults or atmospheric dispersion issues which, apart from the political
situation, would rule out restarting the plant.

In parallel, a detailed assessment of the present state of the plant buildings,
structures and equipment should be performed with the objective of defining the needs
(and associated costs) to restore the plant to its original state and evaluate also the
feasibility and cost of the seismic upgrading and other modifications required before
starting, according to the recommendations given by the IAEA mission in 1992. In
parallel also, a program for restoring the plant staff up to the needs (quantitatively and
qualitatively) of an operating plant should be defined.
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2. SEISMIC SAFETY

2.1. GENERAL PLANT LOCATION

The Armenia nuclear power plant is located approximately 28 km from Yerevan
city, 4 km from the Medzamor village and 15 km from the Araks river, which is the
border with Turkey. The site elevation is 940/950 m above mean sea level. The village
of Medzamor has 12000 inhabitants, mainly related to plant activities (direct industrial
staff, schools, hospital, social, cultural and sport facilities).

2.2. SITE RELATED ASPECTS

2.2.1. Geology:

In accordance with the regional geologic map of Armenia, the site is located on
a plain of Quaternary weathered cracked basalt rocks in a region of complex systems of
faults close to the northern border of the Arabic tectonic plate. Thus, geological cross-
section of the site shows the following characteristics, as indicated in a table translated
from Russian and provided by Armenian specialists:

Age Lithology
(P-wave velocities and densities)

Average
Thickness

Quaternary

Miocene Sarmat

Middle Miocene

Low Paleogene-
Upper Paleocene

Paleozoic

Weathered cracked basalts
Vp = 2500-3500 m/s p = £60g/cm3

Sandstones, clays
Vp = 2200-2600 m/s p = 2.10-2.38g/cm3

Rock of salt, gypsum, anhydrides
Vp = 2500-4000 m/s p = 2.14g/cm3

Aleurolite, argillite
Vp = 2800-3500 m/s p = 2.30-2.40g/cm3

Eruptible rocks
Vp= 5000 m/s p = 3.00g/cm3

350 m

500 m

800 m

600 m

Information received at meetings with representatives of different academic and
governmental institutions, can be summarized as follows:

The potential for surface faulting (i.e. capability) that can directly affect the
buildings and structures of the plant has not been specifically assessed. In
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this regard the concepts and criteria for investigations required to determine
capability were provided to the Armenian experts, in accordance with the
IAEA Safety Guide 50-SG-S1 (Rev. 1). The basis of this criterion is that
the acceptability of a site with an existing plant (i.e. the feasibility to restart
the operation of the plant in this case) should be subject to the absence of
any capable fault that can produce a permanent ground displacement
phenomena just underneath or in the close vicinity of the buildings.
However, if such faulting exists in the site vicinity (< 8-10 km distance),
very detailed studies and field investigations are required to demonstrate
that this fault cannot affect the site area. If this acceptability criteria is
satisfied, the next step will be to verify the seismic capacity of buildings and
components important to safety subject to the vibratory ground motions of
earthquakes originated in the different seismogenic sources.

Taking into account the above mentioned, specialists from the National
Survey for Seismic Protection indicated that the nearest seismogenic source
would be located at a distance between 5-8 km western from the site, in the
crystalline basement (about 300 m depth) and which shows no evidence of
surface faulting (see Fig. 2). This inferred fault would have N-S strike
connecting Aragat-Spitak fault with Ararat-Araks fault. However in the
regional geological map provided by the Ministry of Geology, this fault is
assumed more distant in the western direction. On the other hand, other
available report indicate that the maximum potential earthquakes are
associated with the Yerevan (10 km distance), Araks (16 km distance) and
North-Anatolia (60 km distance) faults. Although it was mentioned during
the meeting that the crystalline basement is located at about 300 m depth,
this statement is also inconsistent with the above presented table.

Further geological and geophysical field investigations are needed in order to
specifically assess these issues.

2.2.2. Volcanology:

Taking into account that the site is very close to a group of volcanoes, which
existence is indicated by conic shaped hills of low altitude at a distance of about 1 km
in northern direction from the plant, a brief description of the characteristics of the
volcanic activity in the region - given by specialists of the Institute of Geological Sciences
of the Armenian Academy of Sciences - is summarized as follows:

The region where the Armenia nuclear power plant is located is
characterized by the manifestation of Lower-Quaternary volcanism (age <
1 million years old). Volcanism of the monogene type (only one eruption)
was of short duration and moderate. Two groups of volcanoes, The
Dashtakar and Atomakhumb, are situated in the site vicinity.

Dashtakar group includes 5 not large slaggy cones situated linearly on the
local fracture to NE-SW strike. The southernmost of the volcanoes is
Dashtakar-1 (D = 500 m, h =-100 m), located at 0.8 km to the North from

161



the site, the others are smaller. All are presented by slaggy cones with
separate short lava flows.

The Atomakhumb group is located to the western direction and includes 6
not large slaggy cones and one lava center.

The eruption products of volcanoes of the both group are presented by slags
and lavas of andesito-basalts and andesites, often covered by ignimbrites.

The above described area stretches to the southern periphery of the
extensive Aragats volcanic massive. The Aragat massive presents large
polygene strato-volcano of complex structure with its main crater situated
at a distance of about 35-40 km from the site to the North.

Similar characteristics present the Ararat volcano, situated in Turkey
territory at a distance of approximately 50-55 km from the site to the South.

It was said that the volcanic activity studies concerning monogene volcanoes
of the indicated type in Armenian territory allows to conclude that they do
not show symptoms of repeated activation of volcanic eruption.

Notwithstanding the above mentioned, a review of all existing information and
investigations in this subject is recommended and it should be integrated with the
geological and tectonical issue, taking into account that linear arrangement of volcanoes
would suggest the connection with the existence of a fault.

2.2.3. Seismicity:

The Armenian territory is located in the southern region of the main range of the
Caucasus mountains, in the convergence and collision of the Arabian and Eurasian
tectonic plates. vThe uplift of the Caucasus mountains is the primary evidence of this
collision, part of a broad mountainous belt that stretches across southern "Europe and
Asia from the Alps to the Himalayas. This belt contains areas of moderate to high
seismicity. Compared to the high seismicity regions in and around Aegean Sea, in
southern Iran and in western Afghanistan and Tadzhikistan, the seismicity of Armenia
is relatively moderate in terms of both rate and maximum size of earthquakes
experienced. Although the region has a long history of earthquakes and small pockets
of intense activity exists, its seismicity is not as high as that found in nearby western
Turkey, as it is mentioned in the report of 1988 Spitak (Armenian) Earthquake, by the
Earthquake Engineering Research Institute (USA, August 1989).

The earliest seismic event reported in the region of present day Armenia occurred
in 550 B.C., with an estimated 6.6 magnitude and 9 bal intensity2. A catalogue of

The MSK (Medvedev, Sponhauer, Karnik) intensity scale was adopted by the
former USSR to measure the seismic intensity. The term "bal" or points is usually
used to indicate the intensity grades.
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relevant historical earthquakes (M .>.5.0) in a region of about 150 km from the site of
the nuclear power plant - presented by Atomenergoprojekt - includes 168 events, with
maximum magnitude of 8.3 for an earthquake in the year 1503. Complete catalogues are
also available at the National Survey for Seismic Protection Institute and in other
organizations.

The region is also characterized by a cluster distribution of the earthquake
occurrence. During the period 852 - 893 A.D. a series of highly destructive earthquakes
associated with the Yerevan fault with 6.0 - 6.5 magnitude occurred. At present time a
seismic activation in the region is being recorded, as shown by the Spitak (Armenia,
1988, M = 6.8), Menjil (Iran, 1990), Rachinskij (Georgia, 1991, M = 7.0) and eastern
Turkey (1992) earthquakes.

It was reported that the site seismicity was defined as 7 bal for the original design
of the plant. Following the 1977 Vrancea (Romania) earthquake that affected the
Kozloduy nuclear power plant in Bulgaria, a seismic upgrading programme was
implemented for the Armenia nuclear power plant by the former USSR designers. The
seismic intensity for this upgrade was defined as 8 bal, with the exception of some
specific buildings and components (for instance, confinement room and main components
of primary system) that were upgraded or verified to 9 bal.

The epicentre of Spitak earthquake (7 December 1988) was located approximately
75 km north of the plant site. The site intensity was defined as 5.5 bal and the
accelerogram recorded at the free-field of the plant shows a peak ground acceleration
of 18 gal. Neither automatic scram nor damage at the plant, which continued in
operation, was reported.

Following this destructive event, a revision process of the seismic hazard zonation
for the Armenian territory in general, and for the nuclear power plant site in particular,
started but has not been concluded yet.

At the behest of the President of Armenia and the Safety Council, the" National
Survey of Seismic Protection (NSSP) organized two independent expert groups, which
met between 13 and 25 February 1992 with the aim of reaching a definitive conclusion
regarding the seismic hazard at the Armenian NPP site. The first expert group included
specialists from the CIS (Commonwealth of Independent States) and the second group
included specialists from Armenian organizations.

The final assessment of both groups for the safe shutdown earthquake (SL^2 level,
according to IAEA Safety Guide 50-SG-S1, Rev. 1) was:

9,5 bal (CIS group)
10 bal (Armenian group).

The mentioned values correspond to an average return period of 10000 years.
The corresponding peak ground accelerations (PGA) were indicated as 0.40g-0.45g,
showing no complete agreement with the known relationship between intensity and PGA
in the MSK Scale. No indication of the ground response spectra was given. In spite of
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the reached agreement between CIS and Armenian experts on the completeness of the
available data, the necessity to review that assessment in accordance with the
requirements established in the IAEA NUSS Safety Guide 50-SG-S1, Rev. 1 was also
recognized.

Regional geological and historical seismicity maps were provided by the Minister
of Geology. It was told that the seismic risk at site should be equivalent to a peak
ground acceleration of 0.35g, for an average return period of 100 years and the plant
should be verified accordingly; thus showing no agreement with the conclusions of the
above indicated groups of experts, and also not in accordance with the international
practice and the NUSS Safety Guide 50-SG-S1, Rev. 1.

2.2.4. Geotechnical Aspects:

Information on the characteristics of foundation materials is available from
geotechnical investigations conducted at the plant site with field and laboratory studies.
Boreholes have been drilled covering a grid of about 40 x 40 m and up to a depth of
approximately 30-40 m from the natural ground level, with the exception of 3 boreholes
with depths up to 400 m.

The general foundation level of the main building is about 3.5 m below the
natural soil elevation, with the exception of the reactor vessel support structure that is
founded at 12.0 m below that natural soil level (see Fig. 3).

Considering as reference the general foundation level above mentioned, some
characteristics of title underlying soil and rock materials can be indicated as follows:

Layer

* upper

* intermediate

* lower

Description

basalt

weathered cracked
basalt stones with
intrusions of
volcanic sand and
tuff

basalt

Thickness
(m)

9-10

8 - 9

> 20

• Density
(m/s3)

2.43

2.00

2.43

P-wave velocity
(m/s)

2700

900

2700

In coincidence with the reactor vessel support structure, the intermediate layer
was replaced by plain concrete. That means that this part of the main building is directly
founded on the lower basalt layer.

The groundwater table is located at about 90 m depth from the natural soil level.
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The foundation materials present positive characteristics with regard to the
bearing capacity and settlement behaviour, as it has been proved since the beginning of
the construction and operation of the plant. Information on analysis of the influence of
the local soil conditions on the dynamic response of the buildings subject to vibratory
ground motions was not available. The fact that there would be some evidence that the
heterogeneous basalt layer as a whole would present shear wave velocity greater than
1000 m/s shows that the soil-structure interaction would not be significant and can be
considered that the structures are founded on rock or very stiff soils. However, within
the framework of a comprehensive reassessment of the seismic safety of the plant, the
presented data and the influence of the soft intermediate layer should be reviewed and
evaluated, respectively.

2.3. PLANT RELATED ASPECTS

Taking into consideration the previous experience of the seismic upgrading that
is presently under way at similar nuclear power plants (WWER 440-230 at Kozloduy -
Bulgaria and Bohunice - Czechoslovakia), a review of limited scope of the present
situation in this matter was conducted during the mentioned IAEA mission.

The systems and the associated components and structures in terms of their
importance to safety in the event of an earthquake were identified, assuming that the
occurrence of such event with an intensity corresponding to the SL-2 level will cause the
loss of offsite power, the destruction of the pipes and structures for the pumping and
transport of cooling water from the Sev-jour creek to the plant, and a small size LOCA.

Following the occurrence of the Vrancea (Romania) earthquake in 1977, the
responsible organization from the former USSR started a program for strengthening the
seismic capacity of the Armenian NPP, considering tha| it is located in a high seismicity
area and that the original design did not properly take into account this external event.
The change of the main pumps of primary circuit proceeded as consequence of this first
intent to seismically upgrade the plant which was permitted to operate at full power,
once this measure was implemented in 1979. Although it was reported that the pumps
were qualified for a seismic intensity of 9 bal, documentation in this regard was not
available.

Since that time a more complete programme of seismic upgrading was performed,
adopting a site intensity of 8 bal (0.20g) with some exceptions. This programme has
been partially implemented until 1991 and its execution is now suspended.

In relation to the engineering documentation of the indicated programme, only
the construction drawings are available at the plant. Technical specifications, stress
analysis and calculation reports, acceptance criteria procedures, tests and qualification
reports would be available in Moscow and Gorki. Some preliminary analyses were
carried out by the Armenian Scientific Research Institute of Civil Engineering and
Architecture, and specialists from this institute provided information on the used design
criteria. Although they do not know the degree of compliance with this criteria in the
final adopted solution, it is an useful indicator of the probable used methodology.
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The main findings can be summarized as follows:

- As a difference with other similar plants, the components important to safety
located in the common turbine hall of the main building are backed up by
redundant equipment housed in the reactor building. Thus, the most critical
structures of the main building are the reactor hall, the electrical and control
intermediate building around the reactor hall, and the hermetic compartment
(confinement room). The emergency diesel generator building, the technical
water pump house, the lower and upper water channels and the demineralized
water storage tanks complete the list of buildings and structures important to
safety.

- Since the start of operation of the plant, the seismic capacity was increased
from the original design corresponding to 7 bal seismic intensity (about O.lOg)
to an intensity of 8 bal (0.20g) for the main building (reactor hall and electrical
and control intermediate building) and the emergency diesel generator building
with the installation of additional bracing in the structural steel frames. The
confinement room has been verified to 9 bal seismic intensity. However, the
proposed seismic upgrading works, presently suspended, have not been
completed and the present progress could be evaluated at approximately 70%.
The most important tasks that still remain of that programme are:

completion of bracing of the steel structure of main and emergency diesel
generator buildings
anchors and connections of the electrical and control intermediate building
with reactor hall
verification, removal and/or strengthening of the concrete prefabricated
panels of roofs and secondary walls *
verification of interaction effects between structural and non-structural
members and components important to the safety.

The observed adopted solution seems satisfactory according to "the defined
objective to achieve an acceptable level of seismic safety for an earthquake
intensity of 8 bal (0.20g), in comparison with equivalent although structurally
different measures taken for strengthening other similar nuclear power plants,
as it was mentioned.

- As indicated in previous missions, it was not possible to find a complete and
definite description of the seismic criteria used for the original design and the
latter upgrading of the structures, buildings and components, because these
activities were under responsibility of organizations in Moscow and Gorki. For
the design of the latter seismic upgrading, some preliminary analysis were
carried out by Armenian Institutes. In accordance with the information
received from them, it could be established that the existing seismic upgrading
would be based on:

a) A seismic input defined by a set of time-history accelerograms with a
maximum value for the peak ground acceleration of 0.224g (Eureka
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record) and an average of 0.20g (of the peak values). These values
correspond to a seismic intensity of 8 bal (MSK).

b) An acceptance criteria for the material behaviour corresponding to a
ductility factor of 1 (i.e. no residual deformations and local damages were
permitted).

If the mentioned criteria are verified, the energy absorption capability of the
structural members through the acceptance of a certain amount of inelastic
deformation can provide an additional margin to cope with a higher level of
seismic excitation, as it is being already applied for the re-evaluation of seismic
capacity of existing nuclear power plants, with special considerations for anchors
and critical connections.

Other structures and buildings important to safety, such as the lower and upper
channels, the technical water pump house and the demineralized water storage
tanks of the supplementary emergency feedwater system (2 x 500 m3), have
been verified to an earthquake of 8 bal intensity and no upgrading was needed.
However, no indication about the seismic verification and qualification of the
pipe lines (mainly underground routed with rigid connections) and other fluid
and electrical distribution systems that connect these structures and
components, was available.

As it was done for building structures, the systems and components important
to safety have been partially upgraded and qualified for seismic intensities of
8 and 9 bal, according to their location outside or inside the confinement room
of the main building respectively. Examples of the strengthening to increase
the seismic capacity are:

the installation of hydraulic snubbers for-supporting the main components
of the primary circuit (steam generators, main pumps, isolation valves),

the replacement of the main pumps after 1977,

the bracing of the electrical cabinets and control room ceiling,

the disposition of emergency batteries in aseismic racks with adequate
spacers between cells.

No indication on the seismic capacity of the auxiliary systems providing cooling,
lubrication, etc., to safety systems, and of those systems which perform no safety
function but whose leakage, structural failure or collapse may fail safety system
in their vicinity, was given. These auxiliary or secondary systems should be
seismically qualified by specific procedures. Similar comment is applicable to
radiological waste treatment and storage systems.

Particular attention should be given to the emergency electricity and cooling
water supply systems, fluid and electrical distribution systems, boundary of the
main steam line of secondary system (collector and valves), supports-and
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anchors, all the components necessary to retain the reservoir capacity of the
heat sink, etc.

2.4. SEISMIC INSTRUMENTATION AT SITE

The seismic instrumentation at site consists of the following systems:

1 - The Medzamor Seismological Station, which is one of the stations of the
national seismological network operated by the National Survey for Seismic
Protection.

2 - A seismological network, located around the plant, with capacity to register
microearthquakes with intensities higher than 3 bal (MSK Scale) and which
occur within the network.

3 - A system for automatic shutdown of both units (known as SIAZ System) in
case an earthquake reaches a specific threshold value. This system has the
same concept and logic of similar systems installed at Kozloduy and Bohunice
NPPs and has been designed by Russian institutions. The sensors (triaxial
accelerometers) are located at the basement of the Administration Building,
the stack and the Switchgear/Electrical Building. The threshold value
corresponds to an intensity of 6 bal (MSK Scale) and it is equivalent to an
acceleration range of 25-50 gal, for frequencies of 1 Hz and 10 Hz
respectively. The shutdown proceeds only in case that 2 (any) sensors from
3 reach the threshold value, in order to avoid this event in case of the
occurrence of an spurious signal.

4 - A system of 3 strong motion accelerographs (Russian supplier), 2 of them
installed at the Administration and Laboratory Buildings, and the 3rd in the
free-field in the seismic station. In addition, several seismographs are
installed in the Reactor Building.

During the visit to the Seismological Laboratory at the plant, the following
information was also given:

The above mentioned systems are in operation and can properly function in
case of the occurrence of an earthquake.

The most essential spare parts are available at the plant and the repairing
and maintenance works are performed in the laboratory.

The calibration of the instruments is periodically carried out by the Metrology
Institute of Moscow, and a small (60 kg) shaking table installed at the plant
laboratory is also used for this purpose. In addition, this table has been used
for testing of minor components.

During more than 12 years of operation of the systems (since 1979), they have
recorded a number of small earthquakes with the seismographs and only one
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accelerogram for the Spitak earthquake (7 December 1988) with the free-field
strong motion accelerograph. The obtained peak ground acceleration was 18
gal. A copy of this record was provided.

The processing of the recorded data are executed at the Institute of Physics
of the Earth in Moscow and the Geophysical Institute of the Armenian
Academy of Sciences in Yerevan.

A network for seismic warning has been conceptually designed but not
implemented. It will consist of a set of seismic instruments arranged in 2
circles of about 30 and 60 km radius from the plant, that can record the
seismic signal and give an advanced warning to the plant, taking into account
the difference of speeds between the seismic waves and the electronic signals.

Taking into account the received information, the seismic instrumentation is
adequate to fulfil the objectives established at the time of its implementation. Not
withstanding, in case of the reopening of the plant, it will be necessary to consider:

(a) The adequacy of the trigger and threshold values to the finally adopted
earthquake level for requalification of the plant;

(b) The use of the recorded processed data for the definition of that earthquake
level;

(c) The arrangement of instruments in accordance with the requirements
established in the IAEA Safety Guides 50-SG-S1 (Rev. 1, 322-324) and 50-
SG-D15 (Revision of former NUSS Safety Guide 50-SG-S2). Particular
attention should be paid to the installation of strong motion recorders in
different levels of the Reactor Building, in accordance with the location of
components important to safety.

2.5. CONCLUSIONS

Although the upgrading of the plant to a higher seismic level appears feasible, a
more complete and systematic approach is required. In this regard recommendations on
seismic and site related safety to be implemented were given as follows:

(1) To confirm positively that there are indeed no negative site related
characteristics owing to which safety considerations would rule out restarting
the plant.

With regard to seismic safety, a basic criterion that should be fulfilled is that
the acceptability of the site should be subject to the absence of any capable
I fault that can produce a permanent ground displacement phenomenon just
underneath or in the close vicinity of buildings.

If such faulting exists in the site vicinity (< 8-10 km distance), very detailed
studies and field investigations are required to demonstrate that this fault
cannot affect the site area.
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With regard to other site related issues which would preclude restarting the
plant, meteorological, atmospheric dispersion and population distribution
aspects should be investigated, considering the proximity of Yerevan city.

(2) To perform a complete and comprehensive reassessment and enhancement
of the seismic capacity of the plant, in accordance with the criteria and
methodologies presently used in the international practice. Particularly, the
site specific design seismic ground motions should be defined (SL-2 level,
according to IAEA 50-SG-Sl, Rev. 1).

(3) Compliance with IAEA NUSS Safety Codes and Guides (mainly 50-SG-Sl,
Rev. 1 and 50-SG-D15 (in the press)) is required. The use of the procedure
and overall methodology outlined during the consultants meeting on seismic
safety of existing NPPs in Eastern Europe (IAEA - Vienna, 27-29 April 1992)
may also be applied.

In order to fulfil these recommendations within the time-frame of the decision
making process, a 2 phase approach is required, as follows:

**) Phase 1 - Feasibility Phase (6-9 months):

Recommendations to be implemented in order to base the final decision

**) Phase 2 - Project Implementation Phase (12-18 months):

Recommendations to be implemented before startup
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CONCRETE PLATE

Figure 3 : Croat Section of Main Building at Armenia Unit 2


