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The last decade has seen construction of many small hydro power plants on mountain rivers and their
tributaries where no hydrometric measurements have been made. The carried out analysis has shown that the
efficiency of the majority of small hydro power plants is smaller than the designed one. The reason lies in not
reliable calculations of hydrological parameters of streams. Probability of inaccuracy increases during
determination of silt flow. Taking into consideration of importance of correct determination of hydrological
parameters the paper intends on the example of the operating Mushegh small scale hydro power facility to
suggest forecasting techniques for monthly average flow of silt and their annual flow. The obtained results will
enable to make corrections in operating regime of the facility.
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Introduction

In the last two years in the Republic of Armenia and Mountainous Karabagh many small scale
hydro power plants have been built on not large rivers and their tributaries. Flows of these streams are
of clearly defined seasonal character. The ratio of their average monthly minimum and maximum
values from time to time exceeds 100. In such conditions for reliable design and effective operation of
small scale hydro power plants it is important to correctly evaluate hydrological characteristics of
water streams. Yet this problem is often solved with many essential faults. For the absolute majority of
active stream of water results of hydrological measurements are wanting. For that reason flows of
water streams are determined by calculation or some other techniques [1,2]. In some cases as an
analogue one of nearby running rivers is chosen of which hydrological row exists.

In hydrological calculations the probability of inaccuracies increases far more during
determination of silt flows. It should be noted that reliable determination of the quantity of silt is very
important in terms of calculation of small hydro plants headworks dimensions and safe operation of
the entire power system. In addition for small rivers no forecast of silt flow determination often is
performed. The problem of that flows removal usually is left on the operating personnel but not
always the personnel is enough qualified to solve that problem. Because of hydrological calculations
imperfection the majority of presently acting in the Republic of Armenia small hydro power facilities
is operated far more below of the designed efficiency. It is well proved that the water stream
containing silt and sediments quantities exceeding the permissible level entering in the power house
develop intensive wear of turbine blades.

The best part of the above mentioned drawbacks are characteristic of the Mushegh small scale hydro
power facility built in Jeruk town, Vayots Dzor province, the Republic of Armenia on the Ananun
river which is tributary of the Arpa river.

Conflict settings

Taking into consideration the importance of correct determination of hydrological parameters
for both Mushegh small scale hydro power facility and other small scale hydro power plants of the
region in the present work by the example of the Mushegh small hydro power facility a prediction
technique for determination of silt average monthly quantities is suggested.
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Research results
Water feed to the Mushegh small hydro facility is performed from the Ananun river and
Sarnaghbiur springs.

Sarnaghbiur springs all the year round have a relatively uniform yield (0.5m%s on an
average). To determine the average monthly discharge of the Ananun river a method of an analogue
river was employed.

In the first version as an analogue river was taken the nearest Dali tributary. There is a very
short period (4 years) of monitoring of that tributary. In this case according to calculations the average
annual flow quantity of the Ananun river is 0.34m?s.

In the second version as an analogue river was taken the Arpa river (Jermuk station) where
there is a most presentable row of observations. Calculations have shown that in this case the average
annual flow of the Ananun river is 0.63m%s. As design data of average values of the two versions
were taken into consideration. The obtained results are in Table I. Taking into account Sarnaghbiur
springs’ runoff in the dam site water intake of the Mushegh small hydro power facility the average
annual flow quantity is 0.98m?s.

Let us assuming as a basis of the Ananun small river monthly flows determine their
respective silt flow. On the basis of results pf many years studies in the region conditions the
following functional relation has been obtained for suspended (floating in the water column) silt flow

[3].
Q, =0,72Q;%, 1)

Where QW is the water flow in m?/s.

Now let us try on the basis of the above formula to determine the average monthly
suspended silt flows of the Ananun small river. As for the flow of bedded or settled on the bottom of
a body of water silt it should be noted that for this region in calculation that flow is taken equal to the
half of suspended silt flow [3]. The results of silts flows calculations are tabulated in Table2. The
analysis of obtained values has shown that for both the fluid and silt flows have clearly defined
seasonal character. Particularly, only in April, May, and June flows are larger that for the rest nine
months of the year. Let us determine the volume of all silt transported by the stream during one year.

Assuming volume density of suspended silt equal to 1200-1300kg/m?, total volume of them
transported by the Ananun small river can be during one year can be calculated by the following
formula

0,37 * 365 * 24 + 3600
. 1250
Studies of many years have shown that about 50-60 per cent of suspended silt are particles

smaller than 0,05mm. They are transient and don’t deposited even at very slow rates. Therefore, the
volume of deposited suspended silt at the Mushegh small hydro power facility headworks will be

= 9300 m®

W, =4650 m’
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Parameter Cl | m v v v | v | ovin | ax X | oxn | x| Averase
annual
Average monthly discharge of
the Ananun river (analogue of 0,12 | 0,12 | 0,18 1,1 1,56 0,26 0,11 0,09 0,08 0,08 0,09 0,09 0,34
the Dali river)
Average monthly discharge of
the Ananun river (analogue of 0.28 | 0.27 | 0.29 0.72 2.33 1.53 0.58 0.36 0.32 0.32 0.30 0.29 0,63
the Arpa river)
Average of the two methods 0,2 0,2 0,23 0,91 1,95 0,9 0,35 0,22 0,2 0,2 0,2 0,19 0,49
Average flows taking into 07 | 07 | 073 | 141 | 245 | 14 | 085 | 072 | 07 | 07 | 07 | 069 | 098
account Sarnaghbiur springs
Table 2
Average monthly water discharge and its respective silt in the site of the water intake of the Mushegh small scale hydro power facility
Parameter | I n Y Vv vio| v | ovin | oax X | oxn | oxn | Averaee
annual

Design water discharge,

0,2 0,2 0,23 0,91 1,95 0,9 0,35 0,22 0,2 0,2 0,2 0,19 0,49
Q, m¥s
Flow of suspended silt,

0,16 0,16 0,18 0,66 1,36 0,65 0,27 0,17 0,16 0,16 0,16 0,15 0,37
Q; kg/s
Flow of bottom sediments,
O kais 0,08 0,08 0,09 0,33 0,68 0,33 0,14 0,09 0,08 0,08 0,08 0,08 0,19

T
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As noted above the quantity of bottom silt is also amount to the half of suspended silt. However, their
density ranges within 1900 to 2100 kg/m?®. Therefore, the volume of bottom silt will be

0,37/2 * 365 * 24 * 3600

- 3000 m®
Ped 2000

Thus, during one year the total volume of bottom and suspended silt transported by the Ananun small river
and deposited at the Mushegh small hydro power facility headworks will be

W, =W, +W,_, = 4650+3000=7650m"

By predicted flows of silt the value of obtained annual volume of silt was compared with that calculated by
another technique. It is the calculation method for determination of ground volume transported by flood streams
[4], and accordingly we get

14 2
Wsed = 19Qmax I (2)
where Wsed is the volume of deposited silt (in thousand cubic meters), Qmax is the maximum calculated value of

flood flow (in m%s), | is river-bed slope in the area under study. For the Ananun small river we have Qpay = 3,2

m?*/s (5 per cent in case of safety), | =0,25. Under the given conditions the volume of accumulated silt according to
Eq.(2) amounts to around 6500m®. In case of problems similar to the one discussed in this work a close agreement
of two values of silt volume calculated by a variety of ways may be deemed to be satisfactory.

Conclusion

The results obtained in the work enable to predict the annual distribution of silt at the Mushegh small hydro
power facility headworks and calculate the accumulated volume. Developments done in this paper can be used in
prediction of silt regime for water streams having no hydrological measurements.
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ULuLnNkL 96Sh PULEPNRLUBPL N5dhUP PLNRGUSTEMP NPNTNRULE UNKSEN PLEU-h
YLuuuubh 46SUKUSNK3NhY

ML Pwpui, 1.9. Cujpwybnjui, U.4Y. Cwpnypeniujwy, G.U. Lwphuyjw
Cnphh inbputininghwlywt hwdwuwpwi

dbipoht nmwutwdjwynd pwwn thnpp <EY-Gp Gu Yunnigyty [Gnuwjhu gbivmbph W npwug Junwyubph Jpw, npuntin
pwgwlwynd £ hnuph hhnpndtnphywywu swihnwdubipp: dhppnidnyeiniup gnyg £ wiwihu, np @<EY-tiph hpduwlwu dwup
woluwwnd £ uwjuwgdwihuhg qqwih  gwdp  wpryniwybinnygjwdp: Mwwnbwnp  9pwhnuptiph  hhnpninghwywu
wwpwdbiwpbiph dGénieniuttiph ng hnwwih hwaqwpynwdu b UuGounigyniuubiph hwwuwlwunieiniup wnwyby dGdwunid
opwpbipniyubiph - Gipbph  npnpdwu dwdwuwy:  <woyh  wnubind  hhnpninghwlwt  wwpwdbunpbph  6hoin npnpdwiu
Yuplnpniginiup wofuwwnwupnud fuunhp £ npyt gwhwgnpdynn Uniptin @<EY-h opptwyny wnweownyb) opwpbinniyutiph Giph
dhoht  wdublwu wpdtpubpp L npwug wnwpbywu hnuph Ywuluwwbudwu  Gnwuwyubp: Unwgwd  wpryniupubipp
huwpwynpnieyntu Yunwu Gagpinnudutip dingubip Yunnygh swhwgnpddwu ntidhdnid:

Pwtwih pwnbp. opwhnup, opwptipnwy, Gip, swhwgnpddwu ntidhd, hhnpnintifuuhlwlwu Ywnnigwdp:

ONPEJAEJIEHUE XAPAKTEPUCTUK HAHOCHOI'O PEXKUMA p. AHAHYH B CTBOPE
I'OJIOBHOI'O Y3JIA MI'SC MYIIEI"

I1.0. Banmxksau, B.I'. Aiipanersn, A.K. Apytionsn, I'.C. Hapunsu
L ywunckui mexnono2ui4eckuti yHugepcumem

3a mocnenHue OecATWIeTHE OBUTH MOCTpoeHBl MHOroducieHHsle MI'DC Ha TOpHBIX peKkax M WX NPUTOKAX, T
OTCYTCTBYET THUAPOMETPHUYECKHE IapaMeTpbl IMOTOKa. AHamW3 IMOKa3biBaeT, 4To OompmmHCTBO MIDC paboraror co
3HAYNUTETHHO MEHBIIEH MPOW3BOAUTENHHOCTHIO, YeM OBLIO MPOEKTHPOBaHO. [IpHunHON TOMY SIBISETCS HE y4ET peabHBIX
THIPOIOTHYECKUX ITapaMeTPOB IOTOKOB. BEpOSTHOCTP HETOYHOCTEH YBEIMYMBACTCS MPH ONPENECICHUH pPacxojia HaHOCOB.
YunThIBasi Ba)XKHOCTb OINPENEICHUS THIPOJIOTMYECKHX MapaMeTpoB, B paboTe IOCTaBieHAa 3ajada MPEeNJIOKHTh METOX
MIPEIBUICHUS CPETHEMECIIHOIO pacXxoda HAHOCOB M MX TOAOBOIO CTOKa, Ha mpuMepe dkcmryatupyemoirn MI'DC «Mymery.
[omyueHnsIe pe3ynbTaThl JaIyT BOSMOXKHOCTD JJIs1 BHECEHHSI KOPPEKINH B PEKUME HKCIUTYaTalllul COOPYKEHHS.

KnroueBble c10Ba: MOTOK, HAHOC, PACXO, PEXKHUM 3KCIUTyaTalllH, THAPOTEXHUIECKOE COOPYKEHNE.
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