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On the request of the government of Kazakhstan and within the scope of the TC project
KAZ/9/004, a seismic safety review mission was conducted in Almaty, 8-19 May 1995 for the
WWR 10 Mw research reactor. (ThWeview teajn comprised three outsictercxppns, Messrs
David (Czech Republic), Masopust (C f̂cqh Republic) and Slemmbsis^(USA)^arid one staff
member, A. Gjifpinar (NENS). Messrs. Djiradand Masopust were in%Wmty for the whole
length of thymission (i.e. two weeks) whereas Messrs. Slemmons and/Gurpinaj joined them
during the^econd week only^ '

Mr. Slernmojis-^eviewed the site asgec^j(geok)gical and seismologic
Mr. DavipV-asfJectsrelated to sjpiettiraTcapacity and Mr. Masopust capeCffyof equipment and
syst

This review followed the fact finding mission which visited Almaty in November 1993
together with an INSARR mission. At that time some information regarding the
seismotectonic setting of the site as well as the seismic capacity of the facility was obtained.
Since then, further work was performed and results obtained, regarding batJLmsues-* , J
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2.0 CONDUCT OF THE MISSION

The scope of the mission included all aspects of seismic safety, i.e. tectonic stability,
seismicity, seismic capacity of structures, equipment and distribution systems. Since for the
review level earthquake it is postulated that the frame structure of the reactor hall will
collapse, different scenarios of this collapse were also reviewed.

Several detailed reports were prepared regarding these issues by Kazakh authorities and
their consultants. These were reviewed after arriving in Almaty. As all reports were in
Russian, it was often time consuming to have them translated before the review. The presence
of Messrs. David and Masopust on the review team, who speak Russian, facilitated this process
considerably.

Aside from the reports and discussions with counterpart specialists, the review was based
on extensive walkdown of the facility as well as a field visit to observe some geological features

..A) in the site vicinity.

The programme of the mission and the list of participants are given in Annexes 1 and
2 respectively. Relevant figures and drawings are presented in Annex 3, and Annex 4 includes
photographs as documentation of the present state.
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3.0 TECHNICAL SESSION FINDINGS

3.1. GEOLOGY AND SEISMOLOGY

The following geological and seismological topics were reviewed with particular
emphasis on the seismicity and potential for surface faulting at the site.

1. Seismological investigations:
The Tien Shan Mountains and adjoining region is in a zone of high seismicity with
earthquakes of up to about magnitude 8.3 and surface faulting of up to 300 km (1911)
within 30 km of the site (1887 Alma Ata earthquake) as shown in Figure 1. The 1911
earthquake was reported to have about 10 m of vertical and 10 m of lateral offset. The
newer microearthquake studies of 1972-1982 and 1962-1982 show a general gap in
activity at the site, and higher rates to the south (in the Tien Shan Mountains). The
cause for the gap in activity is not known.

( 2. Detailed Topographic Map and a Possible Unnamed Fault at the Site:
The very detailed 1 m contour interval map at 1/10 000 scale shows the topography at
the site. A possible fault was recognized as a major feature (Figure 2) extending from
about 300 m south of the site for at least 2.6 km eastward and connected to an
extension southwestward for at least a similar distance towards S70 W. A poorly
defined topographic lineament extends N60 E from about 300 m north of the site. The
main feature needs to be characterized as to man-made or tectonic origin. Based on
a brief field examination the feature is assumed to be a capable fault with about 1 m
of vertical offset and an unknown amount of additional thrust or strike-slip component.
The surface appears to be of late Pleistocene age (12 000-16 000 yr), which indicates
a fault with a low slip rate of > 0.06-0.08 mm/yr. The fan extends southward into the
Tien Shan Mountains along the Talgar river (Figure 3) where frontal fault of the range
appears to offset this surface by 5-15 m, which suggests a much higher rate of fault slip
on the main fault of about 1 mm/yr. The map shows no conspicuous branches
extending towards the reactor building. The brief field visit did not resolve whether or
not the feature is a capable fault. The underlying basin fill is approximately 2.5 km

fJ thick, and the location of this fault relative to faults shown on the regional and near
regional geologic map (1982) is unknown at this~time. Shallow stream cuts on the
alluvial fan cut soil, sand and pebble layers, but deeper (19 m) drill holes at the site
encountered coarse cobbles. The underlying basin fill sediments may date back to the
Miocene, although the rate of Quaternary deposition may be much higher than in early
Pliocene or Miocene, judging by higher uplift rates in the Quaternary along the front
of the range.

3. Faulting at the Reactor Building:
No conspicuous faults are shown by the 1/10 000 scale topographic map that trend
toward the buildings, but smaller scale faults are not likely to be expressed on this map.
The seismic reflection lines did not indicate faults beneath the site, but the unnamed
fault was also not expressed on the profiles.

NEXT PAOE(S)
toft BLANK
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the collapse of upper part of the columns above the level + 15,060 m (the level where the
section of the column is changed from 100x50 cm to 40x50 cm) and will be followed by the
collapse of roof beams and roof plates or by the falling down of the roof beams. After the
described failure, the lower part of columns will not fail according to the above cited analyses.

The structures of the reactor building has also been checked by walkdown within the
scope of this mission with the following findings:

Continuous vertical crack about 1-2 mm thick found in the wall between row "9" and
"10" - "Z" from the side of the pump room, level -7.10 m as well as from the other side,
in the place where the concrete beam is joined to this wall. This wall is made of heavy
shielding concrete and the origin of this crack is, most probably, the joint of different
structural parts of different materials (heavy shielding concrete and normal concrete).
This crack has no static importance.

It has been noted that special dampers such as those for the protection of safety related
A tanks located on the level + 6.00 and + 9.00 m, against falling parts of upper structure
^ have already been installed. The additional steel supporting frames under the safety

related tanks located on level + 9.0 m has also been mounted.

It has been found that safety related valves could be affected by the failure if masonry
wall between the reactor and the administration buildings (refer also to the recommendations
given in Section 4.4).

3.2.2. Structure to Structure Interaction - Interaction of Reactor and
Administrative Buildings

The administrative building which is a masonry structure cannot withstand the
earthquake SL2 (0.6g) but it can be assumed that in case of seismic failure the administrative
building will not affect the reactor building.

Steel ventilation chimney is not a safety related structure. The chimney is located at
a sufficient distance from the reactor building and in the case of seismic failure it will not

( interact with the reactor building.

3.2.3. Concrete Bunker and Connecting Concrete Channel

The control emergency panel will be located in the concrete bunker and the concrete
underground channel will be used for the location of cables connecting the emergency panel
with the reactor building. The concrete bunker and the concrete channel have originally been
designed for and will also be used as air inlet for the ventilation system.

The bunker structure and the connecting channel are rigid monolithic concrete
structures. It can be seen that these structures are assumed to have sufficient seismic capacity.
These structures will also not be affected by the structure interaction in case of administrative
building failure.

The estimated HCLPF value is 0.6g.

NfXTPAQEfft)
»•« BLANK
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the engineering experience gained from seismic evaluations and upgrading of the
WWER-type NPPs.

Results of these estimations are summarized in Table 3. As may be observed, the
seismic capacity of equipment components themselves are generally higher than 0.6g.
However, the biggest and still unresolved problem is seismic capacity of the upper part of the
reactor building which is made of precast concrete elements (columns, roof beams,.panels,
etc.). The adopted scheme of its seismic upgrading is based on earthquake acceleration from
0.2g to 0.25g (SLl).

Therefore, the safe shutdown equipment components located in the reactor hall (reactor
devices, emergency tanks, etc.) have already been protected against falling structural elements
of the collapsed upper building part by means of special impact absorbers arranged together
with their steel supporting frames above the protected equipment components. However, these
protection devices are designed to withstand the impact loads only due to the falling down of
the roof elements, not due to overturning of the heavy concrete columns. It means that from
the equipment point of view the acceptable scheme of seismic collapse of the upper parts of

( the reactor building should be such that only seismic impact caused by falling down roof
elements and top parts of columns (above the crane) .will be acceptable when subjected to an
earthquake greater than 0.2-0.25g (SLl). The heavy bottom parts of the concrete columns
including - may be - the crane supporting beams and the crane itself should retain their seismic
stability up to an earthquake level with PGA equal to 0.6g.

G

NEXT PAQE(S)
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Table 3 Estimated HCLPF Values of Seismic Capacity of the Main Equipment
Components

Equipment Components

Reactor Vessel

Reactor internals

Reactor control rods &
control assemblies

Primary cooling pipes
(inlet & outlet)

Secondary pipe
segments (attached to
the head exchangers)

Small bore pipes

Heat exchangers of the
primary cooling system

Primary and emergency
cooling pumps

Valves on the
emergency cooling
system (hand and
motor-operated)

Valves on the primary
cooling system (hand
and motor-operated)

Location

below +6.00 m (in the
monolithical part of the
reactor building)

below +6.00 m (in the
monolithical part of the
reactor building

below +6.00 m (in the
monolithical part of the
reactor building

in the room at a level -7,10 m
below the reactor vessel (in
the monolithic part of the
reactor building)

in the room at a level -7,10 m
below the reactor vessel (in
the monolithic part of the
reactor building)

from the emergency water
tanks in the reactor hall to
the primary cooling system

in the room at a level -7.10 m
below the reactor vessel (in
the monolithical part of the
reactor building)

in the room at a level -7.10 m
below the reactor vessel (in
the monolithical part of the
reactor building)

below the emergency water
tanks in the reactor hall

below the emergency water
tanks in the reactor hall

HCLPF [g]

>0.6

>0.6

>0.6

>0.6
(incl. the flange

connections)

>0.6

>0.6
(when verified

and upgraded as
recommended)

>0.6

>0.6

>0.6
(if no seismic
interactions or

impacts)

£0.6

Note

(1)

(1,2)

(1,3)

(4)

(5)

(6)

(7)

(8)

(8,9)

(8)

MEXTPAQE18)
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4. CONCLUSIONS AND RECOMMENDATIONS

4.1. GENERAL

In general the review revealed comprehensive and high quality work performed by
competent specialists in all areas, i.e. seismology, tectonics, geophysics, capacity evaluations for
structures and equipment.

The mission has noted that in general, the recommendations made in November 1993
have been implemented in all areas including hard fixes to safety related items such as tanks,
equipment and distribution systems.

The review level earthquake of 0.5g is proposed on the basis of historical earthquakes
as well as known active faults in the site vicinity and the near region. The simple method
outlined in the IAEA TECDOC-348 [1] would also result in a similar value. It should be

( noted, however, that the safety related items of the facility have already been reviewed
satisfactorily for an acceleration of 0.6g.

The detailed mapping of the 5 km radius area around the facility has revealed a potential
fault at a distance of a few hundred meters from the site. Recommendations concerning this
feature as well as other structure such as the Alma-Ata fault are outlined in Section 4.2.

The mission believes that an adequate amount of work has been performed to improve
the seismic safety of the facility as well as to demonstrate this safety level. It is considered that
the most essential work has already been performed and what remains concerns improvements
of a more specific nature and confirmatory studies. On the condition that there is a firm
commitment to implement the recommendations outlined in this report systematically and tied
to a workplan and schedule (e.g. within one year), there is no significant ground motion seismic
safety concern in relation to the recommissioning of the research reactor. It should be noted
that it is necessary to implement the recommendations so indicated prior to recommissioning.

4.2. GEOLOGY ANlf SEISMOLOGY

The following recommendations (1 to 4) should be implemented before the start-up of
the reactor:

1. Preparation of a Final Report:
A general report for work performed to date should be prepared that summarizes the
regional seismicity and identifies at regional, near regional and local scales the main
faults and geological setting of the site. The report should describe the topographic map
and features identified on the aerial photographs and show the size of the area that had
new topographic and aerial photo coverage. The figure captions and a brief summary
should be in English.

2. Suspected Fault Characterization Studies:
The possible fault, about 300 m southwest of the site needs to be characterized by
mapping at a scale of 1/10 000, to show details of the fault scarp morphology, possible

NEXT PAQE(S)
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eq^pmen. will not be sufficient in case of overturning of the columns.

It is recommended to satisfy both of above cited requirements by the following upgrading
measures (see also Figures 4 and 5, Annex 3):

- to arrange additional stiffening of the building in horizontal direction in the.rowsi "T
and "10"I MM" and "D" by means of additional steel bracing or concrete shear walls,
which can be inserted in two fields between the columns;

thP mlnmns in the row "M" and "D" will be reinforced by horizontal steel girders in
" h! fevelTabout +15 0 m These girders will be installed on the outer side of the

cotun^s andftS be arfa'ged in sudi manner that they can transfer the horizontal
forces in the rows "7" and "10".

tapTrtance But despite this, it is recommended to repair these cracks by ordmary repa.r

methods.

(3) The seismic capacity of the concrete bunker and connecting concrete channel should be
checked by simple analysis.

It is also recommended to repair the surface of the concrete bunker and the channel and
the reinforcement damaged by corrosion.

4.4. EQUIPMENT AND DISTRIBUTION SYSTEMS

m The new emergency control pand which will be located in the "bunker"

horizontal directions to the nearest concrete walls at the top.

anchored in the concrete floor beneath them.

-
the following maximum values:

NEXTPAOE(S)
toft BLANK
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ANNEX 1

MISSION PROGRAMME

7 May 1995 Arrival of experts Messrs. David and Masopust

8-12 May 1995 Review of seismic capacity of structures, equipment and distribution
systems
Facility walkdowns

14 May 1995 Arrival of Messrs. Slemmons and Gurpinar

14 - 15 May 1995 Review of seismotectonics
Field visits
Finalization of seismic capacity review

16 May 1995 . Report preparation

17 May 1995 Exit meeting

18 May 1995 Departure

e
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Zhenis Zhotabaev
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Yuri F. Kopnichev

Felix F. Aptikaev

V.K. Petukhov
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NNC, IAE Deputy Director

NNC, Deputy General Director

NNC, Deputy General Director
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Director

NNC, IGR, Deputy Director

CSE, JIPE, RAN (Russia) CSE Director
(Complex Seismological Expediture)

CSE, Leading Scientist (Russia)

NNC, Deputy Chief Engineer of

NNC, IAE, The Reactor Chief Engineer

NNC, IAE, The Director Assistance
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ANNEX3

FIGURES AND DRAWINGS
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Fig. 1: Large Earthquakes of the Alma Ata Region
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Scale: 1 : 100 000
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Fig. 7 Recommended protection of safety-related equipment located
under the small emergency water tanks (4x10 m3) in the
reactor hall against potential failure of the masonry wall
behind of these components
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ANNEX4

PHOTOGRAPHS



Photo 1 General view of the reactor building

it

Photo 2 Prefabricated columns inside the reactor hall



Photo 3 Detail view on the connection between the prefabricated
beams under the crane and the main supporting also
prefabricated columns

1

Photo 4 Already built protection of the big emergency water
tank (80 m 3) located inside the reactor hall against
potentially falling down structural elements of its roof



Photo 5 Small emergency water tanks (10 wr) equiped by the
special impact absorbers on their top inside the
reactor hall

Photo 6 Detail view of impact absorbers on the top of the tanks
to protect them against potentially falling down roof
elements due to strong earthquke motion



Photo 7 So called bunker building in which the additional
emergency control panel will be located

Photo 8 Reactor internals - top view



Photo 9 Typical value on the primary circuit system



Photo 11 Additional protection of one motor operated valve near
the big emergency water tank (80 mJ)



Photo 13 Pumps in the primary circuit room



Photo 15 Rubber base isolators under the dieselgenerator



Photo 17 Free standing seismic trigger sensor

Photo 18 Add itional emergency control panel temporary deposited
in the laboratory


