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In many hydraulic structures, including dam bodies, it is not possible to effectively

solve the problem of filtration.

The Gegharkunik 2 reservoir is located within the land boundaries of the settlement of
the same name, 900 m southeast of the village cemetery, on the elevation of the northeastern
slope of the Geghama ridge, at an altitude of about 2220 m. The water in the bowl doesn't stay
for long. Studies have shown that most of the water loss happens at the lower part of the dam,
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where there are many washouts. This means the reservoir not only fails to serve its main
purpose but also poses a significant threat to the Gegharkunik community if the dam were to
fail. The paper presents the results of a survey of the «Gegharkunik 2» dam.

Keywords: water, filtration, dam body, operational safety

Introduction

In the 20th and 21st centuries, more than 45,000 large and a thousand medium and
small reservoirs were built. Dams were built to supply cities with water, irrigate agricultural
land, for domestic or industrial use, to generate electricity, or to regulate the water regime of
rivers to smooth out floods.

Dams changed the configuration and position of river beds, affected people's access to
water resources, ultimately having a significant impact on their sources of income and the
environment. The failure rate of large dams has decreased over the past four decades. For
dams built before 1950, the rate was 2.2%, and after 1951, it was less than 0.5%. Most dam
failures occur in newly constructed dams. About 70% of failures occur within 10 years of
construction and most often within the first year of operation. After the destruction of dams,
in 36% of cases they were not restored, in 19% they were rebuilt according to a modified
design, and in 16% they were restored according to the original design. [1].

During the operation of earthen dams, researches on the formation and development of
sediments, base and soffit deformations, leaching losses are of great importance for ensuring
the safety of the reservoir.

The probability of a dam breaking depends on its height. Small dams are most often
damaged. The most common cause of failure of earth dams is overflow over the crest (31%
main cause, 18% secondary cause), followed by internal erosion of the dam body (15% main
cause, 13% secondary cause) and its foundation (12% main cause and 15% secondary cause).
Among the technical reasons for destruction, the most common is insufficient capacity of
water-conducting devices (22% main reason, 30% additional reason). [1, 2].

The use of the latest geodetic methods and measuring instruments makes it possible to
obtain reliable data to determine the technical condition of dams [3]. The safety issues of
earth dams are the subject of the works of many researchers, including [4-6].

The entire southern region of Lake Sevan is characterized by a landscape cut by
volcanic lava flows.

The climate of the region is very diverse and is located in the middle of the moderately
humid and arid climate zones.

The description of the climatic conditions of the place is presented by the similarity of
the data of the long-term series of the «Gavar» meteorological station, which are
characterized by the observance of possible parameters:

= The average annual atmospheric pressure is 803.2 MPa;
= The average annual precipitation is 489 mm;

= The average annual air temperature is +4.6 °C;

= The annual absolute minimum air temperature is -33 °C;
= The annual absolute maximum air temperature is +34 °C;
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= Number of days with snow cover per year — 96 days;

= Maximum ten-day snow depth — 37 cm;

= The average annual wind speed is 108 m/s;

= The number of days with strong wind (greater than or equal to 15 m/s) is 31 days;
= |n the cold season, the prevailing wind direction is westerly;

= Inthe warm season, the prevailing wind direction is easterly;

= The maximum soil freezing density in the region is 108 cm.

The region under study is characterized by a wide variety of geological conditions,
where volcanogenic-sedimentary-volcanic and normal-sedimentary formations predominate.
The oldest rocks in the region are the Upper European formations, localized in the central part
of the Sevan anticlinorium.

Quaternary formations are characterized mainly by volcanic eruptions and lake
deposits. Volcanic material is represented by andesite-basalts, andesites, andesite-dacites and
clastic varieties of the latter.

Alluvial clastic formations and moraine deposits are also widespread in the highlands.
Tectonically, the region adjoins the Mertsevan megasynclinal zone of the Sevan mountain-
tectonic belt.

The main factors in the formation of the hydrogeological conditions of the region are
atmospheric conditions and the permeability of rocks. If we take into account that the material
of lava flows, occupying large areas, is highly porous, hollow and fractured, and the latter is
preferred over litho-masses of volcanic scoria, then it is easy to imagine that both atmospheric
areas and melt waters are very easily infiltrated through the latter and seep into deeper
horizons, including reaching the horizon of the root base and to a depth of 100-120 m, without
forming more or less stable horizons of both groundwater and underground water.

Conflict Setting

On July 5, 2020, on the right slope of the reservoir and part of the dam body (it is
located almost in front of the first bend to the right of the dam), a washout with a water swirl
was noticed. To eliminate the accident, several trucks of sand and gravel were poured into the
mine, but it was quickly washed away by the flow of water and carried away to deeper
horizons.

The gully was closed by gradually filling and compacting several truckloads of clay
material brought from a sandy loam deposit located on the right slope of the reservoir into the
pit. The task is to survey the «Gegharkunik 2» dam.

Research Results

The assessment of the soil condition of the dam body was carried out by drilling two
wells to the foundation, under the supervision of geological engineer S. Jeyranyan (Fig. 1).

The boreholes were drilled at the site of the gulch formation that appeared on July 5,
2020, at a distance of 20.0 m from each other, which included the possible range that could
theoretically be damaged by the gulch activity.
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Fig. 1 Drilling of two wells in the body of the dam «Gegharkunik 2»

In addition to the in-kind studies of the condition of the dam body soil, five samples of
the natural state (monolithic) were selected for laboratory studies in order to assess their
physical and mechanical properties (Fig. 2).

/ ot \ ~ P . . >,
Fig. 2 Samples of natural state (monolithic) soil
of the dam body «Gegharkunik 2»

i -

The first well is located at point PK 0+65, calculated from the crest of the catastrophic
spillway (Fig. 3).
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(Left - cores at the beginning, Right - cores at the end)

Results of core studies by drilling depth:

= 0.0-0.2m - Dam embankment is road fill with gravel material of volcanic rocks;

= 0.2-1.3 m - Gray-brown-black-brown loams, heavy sandy loams with a content of
detrital material of more than 10%;

= 1.3-11.8 m - Dam body. Successive layers of brown-chestnut-black-brown strong
sandy loams of varying degrees of compaction;

= 11.8-13.0 m - Pebble deposits of volcanic rocks (basalts, andesites) with chernozem.
The well is dry.
The second well is located at point PK 0+85, calculated from the crest of the

catastrophic spillway (Fig. 4).

Results of core studies by drilling depth:

= 0.0-0.3m - Dam embankment is road fill with gravel material of volcanic rocks;

= 0.3-1.0m - Gray-brown-black-brown, heavy sandy loam with a detrital material
content of about 10%;

= 1.0-18.5 m - Light brown to brown loams, moderately moist, slightly charred, hard
sandy loams, almost without debris;

= 18.5-19.5 m - Black soil of sandy-clay composition with almost no crushed stone
mixture;

= 19.5-20.0 m - pebble deposits of the weathered upper layer of bedrock basaltic
andesites.
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The well is dry.

Tests of the taken soil samples were carried out in the geomechanics laboratory of the
Institute of Mining and Metallurgy of Armenia. Random testing was carried out in
accordance W|th mternatlonal standards (F|g 5) It was deC|ded

Fig. 4 Drilled cores from the second well
(Left - cores at the beginning, Right - cores at the end)

Fig. 5 Random testing of selected soil samples
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The following were determined: humidity, degree of humidity; specific gravity,
porosity and porosity coefficient; humidity in a fully saturated state; granulometric
composition, plasticity.

As a result of the work performed, it was established that the material of the dam body
is represented by moderate moisture, from light brown to brownish in color, slightly charred,
hard sandy loams, almost without admixture of crushed stone. They are characterized by the
following physical indicators:

= specific gravity 2.69-2.71 g/cm?;

= density 1.66-1.69 g/cm?;

= porosity 48.96-49.87%;

= humidity level 0.587-0.654;

= plasticity limit 26.08-30.07;

= plasticity index 0.06-0.60;

= friction angle 16.27-28.17°

= filtration coefficient 0.05-0.08 m/day;
= deformation modulus 115-134 kg/cm?;
= initial design resistance 1.8 kg/cm?;

= compatibility coefficient 3000 t/m?3;

= Poisson's ratio 0.36;

* sliding modulus 78.2-97.1 t/m?2.

after the appearance of a ravine in 2020
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The area not flooded by the lower pool is subject to regular thorough inspections in
order to identify processes that are unfavorable for the structure and indirect indicators of its
operation.

It should be noted that in places where suffusion soil is removed by the filtration flow
from the dam body or foundation below (downstream) the discharge zone, as a rule, there are
noticeable deposits of fine soil in the form of tongues, plumes or individual strips.

Visual observations in the lower pool of the «Gegharkunik 2» reservoir show that
landslides occurred after the 2020 erosion (Fig. 6).

However, the process subsequently stabilized. Currently, there are no differences in
the condition of individual vegetation areas in the lower pool (Fig. 7).

¥ 7 ! : { '\
Fig. 7 In the lower pool of Gegharkunik reservoir No. 2 the condition has stabilized
(no differences in the condition of individual areas of vegetation are observed)

Analysis of the laboratory test results allows us to conclude that the obtained physical
and mechanical parameters almost completely correspond to the requirements imposed on the
dam body material. The somewhat low bulk density of the skeleton of such sandy loams is
alarming, which may be a consequence of incomplete compaction of the soil during
construction.

A general review shows that attention to dam safety assessment is growing. However, the
same data show that about 20% of dams built in the last three decades do not have safety
assessment results.

A summary report on dam safety in the United States, where there are a significant
number of aging reservoirs, highlights the importance of this issue. The key to ensuring
safety is to allocate resources to preventive maintenance and timely repairs. A study by
Ontario Hydro of several hundred North American dams found that operating costs increase
significantly after 25 to 35 years of operation due to increased need for repairs [1].

This issue is also relevant for Armenia, where there are more than 80 reservoirs, the
age of which is 50 or more.
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Conclusion

1. The results of laboratory tests of the solid sandy loam soil of the dam body allow us to
conclude that the obtained physical and mechanical properties, with minor reservations,
practically meet the requirements for the dam body material.

2. On July 5, 2020, the washing of the upper part of the dam of the reservoir was carried
out in a vertical direction, towards deeper horizons, without damaging the body of the dam.

3. The slightly lower bulk density of the barrier material skeleton indicates that the
barrier material was not fully compressed during construction. The green vegetated area in the
lower slope is also a result of incomplete and uneven compaction of the dam material, which
is especially noticeable during high water levels in the reservoir.

4. The cores taken from the dug boreholes show that the contact part of the dam body
and the relief contains remains of black soil and gravel material of basalt composition, which
indicates that at the initial stage of the dam construction the foundation was not completely
cleared to the surface of the basalt layer. In these conditions, it is encouraging that to date
there have been no active outflows of filtered water from the foundation of the dam.

5. 5. The organization operating the reservoir is recommended to monitor the junction of
the dam in order to record observed deviations and take necessary measures.
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OBCJIEAOBAHMUE IVIOTUHBI «I'ETAPKYHUK 2»

I'.C. I'abasin!, I'.A. Maprupocsin®, 3.B. Apanecan?, I'JI. Aiipusin®
Y Uncmumym oonvix npobnem u 2udpomexnuxu um. axademuxa U.B.Ezuazaposa
2ApmsHcKull HAYUOHATBHBITE YHUEEPCUMEN APXUMEKMYPbL U CIMPOUMENbCMEd

AHanmu3 pe3yabTaTOB Ja0OPAaTOPHBIX HCIBITAHUN TO3BOJISIET CHENaTh BBIBOJ, YTO
MOJIy9CHHBIC (PU3UKO-MEXaHUICCKUE TOKA3ATEIM MPAKTUICCKH TOJTHOCTBIO COOTBETCTBYIOT
TpeOOBaHUSM, TPEABSBISAEMBIM K Marepuany Tena IUIOTHHBL OJHaKo, HACTOPaKUBaeT
HECKOJIbKO HH3Kas OObeMHas IJIOTHOCTh CKeJeTa TaKuX Ccyleced, 4YTO MOXKET ObITh
CJIEICTBUEM HEMOJIHOT'O YIUIOTHEHHUSI TPYHTA MPU CTPOUTEIBCTBE.

[Io CHATBIM W3 BBIPBITBIX CKBa)KMHBI KEPHOB BUJIHO, YTO B KOHTAaKTHOM 4YacTH Teja
IJIOTUHBL M pelibeda TMPUCYTCTBYIOT OCTAaTKH 4YEpHO3E€Ma M TPABUHHOTO Marepuasa
0a3aJIbTOBOTO COCTaBa, 4YTO CBUACTEIBCTBYET O TOM, YTO HA HAYAIBHOM OJTame MpH
CTPOUTENbCTBE IUIOTUHBI (yHAAMEHT He ObUI MOJHOCTBIO OYHINEH JO0 TOBEPXHOCTH
0a3anbTOBOrO cios. B 3THX ycClOBHAX OOHAAEKUBAET TO, YTO JI0 CErOJHSALIHEr0 JTHS He
Ha0JII0/1a710Ch AKTUBHBIX OTTOKOB (DPMIIBTPOBAHHOW BOJIBI U3 OCHOBAHMSI TUIOTHUHBI.
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