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Abstract

The volume of sediment accumulations in the upstream reach of the dam and the selection
of an efficient flushing measurse are determined by the accurate hydrological regime
assessment that is made when designing run-of-river structures. In the Tartar River's water
intake head sedimentation regime was investigated, the potential accumulation volumes on the
dam's upper side were calculated, and a functional design for the deposited sediment flushing
unit’s operation scheme was developed. Due to the lack of necessary data, the flow rate in the
Tartar River water receiving head was measured using three parallel methods that were
discovered through research on local watercourses. A comparative analysis of three sediment
flow values was done and its calculated value is defined, on the basis of which the annual
volume of sediment subject to accumulation in front of the dam of the head and the possible
infilling size of the sediment in the upstream reach was determined. The rational placement of
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WATER SYSTEMS
the outlets for flushing deposited sediment is shown while taking into account the volume of
deposits, the geometric properties of the head, and its upstream reach.

Key words: water intake unit, reservoir, sediment, flow, dam, deposits, hydrometric
observation point

Intriduction

Currently Artsakh's water resources have significantly decreased. evertheless, even under
these circumstances, they provide water supply for the population and the irrigation of
agricultural lands, and maintenance of production infrastructures. Comprehensive plans for
the management of Artsakh's water resources were created prior to the 44-day war. But Artsakh
also lost control over the major sources of watercources as a result of the war. New problems
emerged with the repair of water supply systems damaged during warfare and the building of
new reserves. Work is underway to reconstruct the Haterk’s supply gravity irrigation system,
which is supplied with the waters of the Trghi tributary of the Tartar River. The best district for
gravity irrigation is the Martuni district. The loss of some artesian wells is gradually recovered
which is the only solution to the issue at hand.
The Tartar River is the main water artery of the Republic of Artsakh. The river rises from
springs located on the eastern slope of the Syunik plateau at an altitude of 3120 m. Flowing in
the north-eastern direction, it flows into the Kura River at a distance of 523 km from its mouth.
Total dip of the Tatar River is 3117 m, total length 2000 km, slope - 1.56%, river meandering
factor - 1.44, catchment area — 2650 km?, mean catchment height - 1820 m. 72 tributaries that
are five km in length or longer flow into the river [1]. The Sarsang reservoir built on it serves
only hydropower purposes. River waters are also suitable for water supply and irrigation [2].
The distance the Tartar River runs between Charektar and Getavan communities is about 14
km. The channel drop at this distance is 140 m. It is obvious today that the use of the river flow
in this area has become very important both for power generation and irrigation purposes. Based
on these considerations, a working project of the hydro-unit §Getavan-1, was developed for the
use of the Tartar river. The hydro complex is planned to be built on the site between the 950-
meter and 808-meter sections of the Tartar River. It includes the head structures (water intake
head), the bypass (derivation) pipeline and the hydroelectric station junction. In the present
work, the problems related to the water receiving head were studied.
Techniques for removing sediment once it has accumulated in a upstream reach of run-of-river
structures include mechanical removal and flushing. The first method is expensive and is only
used to remove small-volume accumulations. To remove accumulated sediment, the second
approach works better. It has become widespread in reservoirs, and especially when carrying
out measures to remove accumulated sediment in front of the head units [3,4].
For the effective implementation of this process, it is important to correctly choose the quantity
and placement of the flushing outlets in the construction solutions of the of the dam's unit. This
choice determines the width of the river bed where the front of sediment load deposition is
formed. Numerous natural observations show that it is rarely possible to carry out a full flushing
operation, even in the presence of accumulations with a front width of 12—15 meters and one
properly located flushing outlet. A sizable portion of the accumulations remain in place if the
opening's location is improperly chosen. We can use the Armavir Canal's head dam on the
Araks River as an illustration [5]. Its height is 5 m, and its length is roughly 200 m. Here, 2 of
the 4 outlets are located near the right bank, 2 - near the left one. After one day of flushing
operation, in their central part remains an unflushed conical pile of sediment with a base size
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of about 70 x 5 m. More than two dozen concrete dams built on the Hrazdan River are in a
similar condition. Their washing outlets were located either on the right or left sides of the

dams.. Most of the accumulations in front of these barriers, which are about 20 m wide, remain
unflushed.

Conflict Setting

The following measures related to sediment management issues will have to be taken to
provide effective operation of “Getavan-1"" hydroscheme’s head unit:

» Evaluation of the total volume of sediment subject to be deposited in the dam’s upstream
reach during one year of operation,

» Determination of the possible maximum size of sediment filling in the dam’s upstream
reach,

» choice of proper placement of outlets for effective flushing of deposited sediment.

Reliable data on the sediment flow are required to solve these issues. The annual volume
of stored sediment was 10 thousand m?, and the flow of water in the river was assumed to be
1.2 kg/s when the project was being developed. The authors' analysis of the solution to this
issue, however, reveals that the Tartar River's sediment load regime was not fairly evaluated
when making design decisions. It is important to note that in the upstream reach are
accumulated both bed sediment carried with the flow and suspended course particles. Below
are the results of determining of the river sediment flow and the volume subject to
accumulation. The obtained results shown below reveal the flow of sediment carried by river
and the volume of the sediment subject to be settled.

Considering the importance of the hydraulic complex, the goal of the work was to
estimate the annual volume of sediment entering the head unit and subject to accumulation, to
determine the size of possible filling of the sediment in the volume of the upstream reach, and
to propose a proper placement of outlets in the dam body for removing deposited sediment by
flushing.

Research Results
To achieve the goal of the work, it is important to get reliable data on sedimentation
regime of the Tartar River. For this, the sediment flow of the river in the head unit section was
estimated in three parallel ways
Obtaining trustworthy information about the Tartar River's water supply system is crucial to
achieving the project's objective. Three parallel estimation methods were used to determine the
river's main section drainage flow for this:
» on the basis of the available data of suspended sediment flow measured at the
"Vaghouhas" hydropost of the Tartar Rive,
» turbidity values of regional rivers,
» using the obtained correlation pattern between the fluid and sediment flows of the
Eastern Transcaucasia rivers.
Technique 1. On the Tartar River from 1949 to 1980, at certain intervals, six hydrometric
observation points operated, three of them on tributaries. Measurement data are given in the
table. The "Vaghuhas" hydropost is the closest to the river section of the "Getavan-1"
hydroscheme’s head unit, the measurement data are used in the below calculations [6].
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Average annual distribution of suspended sediment flow rate R and fluid flow rate Q in the Tatar River basin
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River - Basin Dimension Months Annual | Average
Haydropost surface annual
I I 1 v \ \ Vil | Vil IX X XI Xl turbidity
F, km? g/m’
Tartar- 483 R, kg/S 0,020| 0,022| 0,030| 0,122| 0,371 0,241| 0,105| 0,079| 0,035| 0,027| 0,021| 0,028| 0,092 16,9
«Karvachar»
Q, m3/s 3,01 | 291 | 3,18 | 5,72| 13,13| 12,21| 6,58 | 4,47 | 3,91 | 3,70| 3,39 | 3,12 5,44
Tartar- 1915 R, kg/S 0,145| 0,144| 0,89 | 4,629|15,475 5,391| 4,406| 2,047| 2,561| 0,52 | 0,731| 0,066| 3,086 223
«Vaghuhas
bridge» Q, m3/s 6,03 | 6,28 | 8,30 | 15,58| 35,08| 30,89| 17,60( 10,99| 9,22 | 8,17 | 7,60 | 7,31 13,84
Tartar - 2160 R, kg/s 0,213| 0,29 | 1,082| 23,95| 45,30| 24,68|23,427 10,43| 4,65 | 5,85 | 1,307| 0,605| 11,814 615,6
«Maghavuz
Q, m3/s 8,31 | 7,82 | 10,12| 28,58| 49,45| 42,72| 23,45| 14,37| 13,88| 12,43| 10,27| 8,92 19,19
Tartar - 2460 R, kg/s 0,34| 0,35| 1,82 | 21,42| 44,30| 53,05| 29,69| 6,93 | 545| 2,01 | 0,51 | 0,41 13,86 605,2
«Mataghis»
Q, m3/s 10,0| 9,5 | 13,7 | 32,1 | 53,7 | 52,2| 28,3| 19,5| 15,5| 15,8 | 13,8 | 11,1 22,9
Levget- 363 R, kg/s 0,12 0,15| 0,33 | 6,48 | 17,14| 12,96| 6,48 | 2,49 | 2,09 | 1,24 | 0,48 | 0,24 4,18 755,9
«Yegetnuty
Q, m3/s 2,32 | 2,50 2,50| 7,05 12,72| 12,61| 7,51 | 4,72 | 4,40| 3,89 | 3,40 | 2,70 5,53
Tutkhun- 522 R, kg/s 0,013 0,019| 0,053| 1,598| 4,032| 2,655| 0,85 | 0,246| 0,097| 0,137 0,030| 0,020| 0,813 191,7
near the estuary
Q, m3/s 1,60| 1,57 | 2,16 | 6,59 | 9,34 | 9,94 | 543 | 3,47 | 299 | 2,89 | 3,09 | 1,80 4,24
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According to the measurements periodically carried out on the Tartar River in the 1960s
and 1980s, the average annual flow suspended sediment is 3.1 kg/s.

Technique II. The flow of suspended sediment was determined by the turbidity of the
river. The first value of turbidity was taken from the maps developed for rivers of Transcaucasia
[7]. According to it, the turbidity values of rivers in the region vary between 250-450 g/m3.
The second value is given in the below table of the measurements made at the Vaghuhhas
hydropost, where the current turbidity was found to be 223 g/m>. Taking the average of these
data at 300 g/m’, in case of the 13.8 m?/s average annual fluid flow of the Tartar River,
suspended sediment flow is 4.1 kg/s.

Technique III. The following correlation expression between suspended sediment and
fluid flows obtained as a result of the studies carried out for the rivers of Eastern Transcaucasia
is used to determine the suspended sediment flow [6]

R=0,720)”

where Qo is the fluid flow.

Since the average annual flow of fluid on water intake head unit’s river section is 13.8
m?>/s (see Table), then, according to the above formula the flow of suspended sediment will be
8.7 kg/s. This value raises questions about the accuracy of the given formula because it is
significantly higher than the earlier values.

To verify this, calculations were made using the same formula and the data obtained in
the river hydrostations "Maghavuz" and "Mataghis". In particular, according to the
measurements of the "Maghavus" hydrostation, the average annual fluid flow rate is 19.2 m?/s.
According to the same formula, the calculated flow rate of suspended sediment is 11.9 kg/s,
which coincides with the value of 11.8 kg/s measured at the same station (see Table). According
to the measurements of the "Mataghis" hydropost, the fluid flow rate is 22.9 m>/s, and that of
sediment is 13.9 kg/s. The calculated flow rate is 14.1 kg/s. It is not difficult to see that the
results of the calculation and measurement are identical for these two stations. Therefore, there
should be no reason to question the value of 8.7 kg/s found above for the "Vaghuhas" hydropost.
Thus, in the river section of "Getavan-1" complex, three different values were obtained for the
suspended sediment: 3.1 kg/s, 4.1 kg/s and 8.7 kg/s. These values are based on measurements
and studies made 3-4 decades ago (no further measurements have been made for various
objective reasons). Given these circumstance and the fact that the climate change has also had
an effect on river flow, for the further calculations the suspended sediment flow rate is assumed
3 kg/s. Fine particles, smaller than 0.05 mm, are practically do not settle in reservoirs [8]. They
make up 60-65% of the suspended sediment on the average. In other words, from sediment of
3 kg/s flow rate only lkpart g/s is subject to accumulation. The remaining small amount is
carried away by the current. As for the bottom sediments, according to the research [9], it is
about 40% of suspended sediment flow rate. Thus, the average annual total flow rate of particles
subject to accumulation in the unit under study will most likely be 2.2 kg/s.

Therefore, within one year, around 70 million kg or 38.5 thousand m® sediment can
accumulate in the designed water receiving head (the average density of accumulations is
assumed to be 1800 kg/m?). The results of the aforementioned studies were attained using
relatively small quantities. The structure will likely operate under harsher conditions than those
predicted by the calculations.
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For the head unit to function effectively, it is important to establish the largest sediment
filling size that can be accommodated in the dam's upstream reach. The output quantities of the
calculation are: in the area adjacent to the head unit, the slope of the Tartar River bed: 1=0.0093,
the frontal width of the dam body: B4=32 m, the permissible height of the accumulation layer
near the dam: h=1 m (from the river bed to the threshold of the water intake entry), the length
of the accumulations’ spread in the upstream reach: L_s= 120 m.

The accumulation body (Fig. 1) resembles a wedge and has a volume W that is equal to
the half volume of a prism with base dimensions Bq*h and height Ls. According to the output
data, the volume W of possible accumulations in the upstream reach will be around 2000 m?.
Therefore, even under ideal circumstances, 20 flushing operations will be required to remove
the 38,500 m? of to remove 38,500 m? of deposited sediment in one year.

Fig. 1 Wedge-shaped body formation process of deposited sediment
in the upstream reach body formation process

It is possible to lower the frequency of flushing operation in the upstream reach during
operation, allowing the accumulation layer to rise to h=2 m. As a result, the amount of
accumulation W volume will double, and the settler will require more often flushing. On the
other hand, a large amount of sediment will enter the water intake and it will be necessary to
flush the settler more often. Additionally, it will be very difficult to predict the length of each
flush operation based on recent scientific studies [10]. In all cases, only in the run of the
structure operation it will be possible to judge how well the aforementioned ideas work.

The operation of the head unit largely depends on the effective organization of the
flushing process of accumulated sediment. This can be done with the correct placement of the
dam's flushing outlets. If the outlets placement geometry is not designed properly, then the best
part of deposited sediment will remains untouched [5]. The three outlets selected in the project
development were located next to the water intake located on the right bank of the river (Fig.
2). The three openings chosen for the project were situated next to the water intake on the river's
right bank (Fig. 2).

Due to such improper placement of outlets, a large volume of accumulations on the left
bank will not be removed. Three wash openings are distributed appropriately to prevent this:
two are near the shores, and one is in the middle. With such a setup, it will be possible to remove
accumulations in an efficient manner from the entire front of the upstream reach. Additionally,
the flushing time will be drastically cut down. In the case of the suggested solution, a valve-
service bridge will need to be put in place on the dam.
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Fig. 2 Project plan of structures' placement in the water intake
head unit of the «Getavan-1» hydroscheme

On the one hand, this will make it easier for the neighborhood's residents and the
maintenance crew to move around, and on the other, it will make it possible to remove the
floating bodies that have gathered in front of the dam during operation, preventing the dam and
water intake from quickly becoming clogged.

Conclusions

The Tartar River water intake head unit area's design solutions significantly
underestimated the turbidity of the river, which caused a sharp decline in the number of
accumulated sediment load.

Applying parallel hydrological methods, determining of the river's sediment reliable
regime, it possible to estimate the size of sediment maximum filling in the dam’s upstream
reach and the volume of accumulated sediment in the course of year. The flushing system's
recommended configuration will make it possible to remove effectively the accumulated
sediment in the hydraulic unit.
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«¥6SU4UL-1» <hHNKULINR33h YLuUUUUNRY 2PUREMNRYUSPL NEdhUD
YLULUSNRU B4 YNhSUMNRULEGNP LYUSUUL UMPBNRLUYES
UhNSunnNhuLNh UcuunNhy

Pwgjwu ML 2 Cwyppjwu G.L.!, Quywnjwu LM Ukupnuwjwu U.U.!
1 Cnphh inbfutninghwlwl hwdwyuwpw
2Quywiuinwbih wqquyphti wnipuinbfubihywlwt hwdwuwpw

Qbunwihu Yunnigwépubph twhuwgddwu gnpdpupwgnud opwpbipniywihu nkdhdh
6hoin quwhwwnnup Yuplnp nbp niuh wwwnuboh yephu pjtdnd Yninwyndubiph dwywih
npnadwu W hhnpwyhy ywgdwu wpryniuwybn dhongwnnid punpbint hwdwn: Gwppwn
glitnh oppunniupy gjfuwdwunid nwnwuwuhpyb) £ opwpbpniywiht nbdhdp, quwhwwnyb)
wwuwubiogh ybphu pbdnd huwpwynp Ynwnwynwubiph dwywip bW dowyyby hhnpwyhy
Ywgdwu  hwugnygh  wpryntbwybicn  gwhwgnpddwu  ufubidw:  (Gwppwn  gbiwnp
opwpbinniywphu Gph swihdwu nyjwjutph vwhdwuwhwynipjuu wywjdwuubpnw Yhpwnyb)
E win Giph npnpdwtu Gpbp qniquhbn Gnwuwy, npnup unwgyb] Gu nwpwdwopowuwhu
opwhnuptiph Yypw  Juwwpjwd hbwmwgnuinieniuutph - wpryniupnud: - Ywwnwpgbp
opwpbipniyutiph Giph Gptip wpdtputiph hwdtdwwnwywu ybpindnieyniu b uwhdwuyb £ npw
hwoywplwjhtu dGoéniginiup, npph hhdwtu Jpw npnayb) £ gjuwdwuh wywunubiogh nhdwg
Ynwwnwydwu tupwlw spwpbipniyubiph nmwnpbywu dwywip b ybphu pjtdnid opwpbpniubiph
huwpwynp (gwédnipjwu swihp: <woyh wnubiny Ynunwynwubph dwywp, gluwdwuwihu
wwwnubigh b npw ybpht pbdh Gphpwgwthwlywu puniwgntipp wpyty £ Ynunwyndubph
[Ywgdwu hwdwp twhiwwnbujwsd pwgywdpubinh wpnyntuwybn nwuwynpnieiniu:

Pwbuyp  pwnbp. oppunniups, opwywquu, opwpbipniyubip, hnup, wwwnywn,
unndwlywnd, hpnpndGunpwlwtu nhunwytin:

82


http://www.cawater-info.net/library/rus/carewib/reservoir_sedimentation_review.pdf
http://www.cawater-info.net/library/rus/carewib/reservoir_sedimentation_review.pdf
http://bulletin.am/wp-content/uploads/2021/12/2.pdf

WATER SYSTEMS
OIIEHKA HAHOCHOTI'O PEXKXUMA B 'OJIOBHOM I'M/IPOY3JIE
«'ETABAH-1» 1 PA3PABOTKA Y®®EKTUBHBIX MEPOITPUATHM 110
MMPOMBIBKE OTJIOKEHUM

Banmksn 11.0.12, Alipusin I'.JL, Jxasagan A.P.!, Mecponsin C.C.!
' IIywiunckuti mexunonoauueckuil ynusepcumem
’Hayuonansuuiii nonumexnuveckutl ynueepcumem Apmenu

B mporiecce mpoekTHpOBaHUS PEYHBIX COOPYKEHHI MPaBHIIbHAS OLIEHKA HAHOCHOTO
peXuMa WrpaeT BaXHYIO pOJIb B OMNPEICICHUHU OO0OBEMOB OTJIOKEHHM B BEpXHEM Obede
IUIOTHHBI W BbIOOpE A((EKTUBHOW Mephl THIPABIUYECKON IMPOMBIBKH. B rojoBHOM
Boji03a0ope peku Taprap ObUT HM3ydYeH HAHOCHOW pEXHUM, OIICHEH TMPEACIbHBIA 00BheM
OTJIOXKEHUH B BepxHeM Obede TIOTHMHBI M pa3paboTraHa cxema 3(PQGEeKTHBHON pabOTHI
THJIPABIMYECKOTO TPOMBIBOYHOTO y3Jia. B ycIOBHSAX OrpaHMYEHHOCTH HHMOpMAIMH 10
JAHHBIM WM3MEpPEHUN pacxoja HAHOCOB PEKU Taprap HCIONIB30BAIUCh TPU IapajuICIbHBIX
MCTOa OIPCACIICHUA OJTOTO pacxoda, IMNOJIYYCHHBIC B PE3YJILTATC I/ICCJIC,Z[OBaHI/Iﬁ Ha
PEruOHAaJIbHBIX BOAOTOKAX. bein IMMPOBCACH CpaBHHTeHBHBIﬁ aHaJIn3 TpEX 3HAa4YCHUN pacxoaa
HAHOCOB U YCTAHOBJICHA €ro pacucTtHas BCJIMYMHA, HA OCHOBAHWH UYCTO 651.]1 OIIPCACIICH
T'0JI0BOI 00bEM HAaHOCOB, IMOJISKAIINX OTIOKECHHUIO ITePe]] TOJIOBHON IIOTHHOH U IOy CTHMOE
KOJIMYECTBO HAHOCOB B BepxHeM Obede. C ydyeTtoM oObeMa OTIOKEHHM, T€OMETPUUECKUX
XapaKTEPUCTUK TOJOBHOM TJIOTUHBI U €€ BepxHero Obeda Obuto mpeactaBieHo Y PeKTHBHOE
pacIioIOKEeHUE OTBEPCTHIA, IPEAHA3HAYCHHBIX JIJISI IPOMBIBKH OTJIOKEHHIHA.

Knwoueevie cnosa: BONONPUEMHUK, OacceilH, HAHOCHI, CTOK, IUIOTHHA, 3aWJICHHE,
TUAPOMETPUYECKUHN ITOCT.
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