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Abstract

Gravity canals have their own operation peculiarities. A gravity main canal is usually
several times longer than the cumulative length of pumping pipelines of pump stations being
replaced. Two important features of gravity channels are considered: establishing a hydraulic
regime and removing air from the pipeline.

Keywords: river, undissolved air, dissolved air, design flow.

Introduction

There is a undissolved air in the form of blisters as well as dissolved air. It is known
that the amount of dissolved air is in direct proportion to the pressure. Hence, when water
flows from the lower point of the pipeline to the upper point, then the dissolved air gradually
is separated in the form of blisters and is entrained upwards by the flow thus accumulating air
in the nearest upper segment of the duct. The air continuously accumulated here creates so
called an air cushion, which begins to gradually decrease the live section of the fluid flow,
accompanied by increase in the average velocity of that section.

To escape dangerous effects, air outlet devices of automatic action are placed in all
high points of the pipeline.

After operation of the Hermon-Yelpin gravity two-line water pipeline (2007), the
lands of Areni and Rind settlements fell under the service of this (Hermon-Yelpin) water
pipeline, which eliminated the need to mechanically pump water through the right-hand
branch of the Areni pumping station. Currently, the irrigation water supply of Khachik
settlement lands is carried out by the 2nd and 3rd level pumping stations of the left side
branch of the Areni pumping station. Many years of operation of high-pressure branch water
pipelines built in mountainous terrain show that they do not produce their design output. The
elevated land areas of Vernashen, Gladzor, Aghavnadzor, Rind and Yelpin settlements are
under the service of the Hermon-Yelpin high-pressure highway complex pipeline [1, 2].

The Hermon-Elpin gravity hydraulic junction is a complex engineering structure. The
receiving basin of the edge of the Hermon-Yelpin gravity aqueduct is located in the lower
area of Aghavnadzor village. The high pressure water line has 2 branches: Aghavnadzor-
Chiva and Aghavnadzor upper part (Fig.1).

The main water pipeline includes two pipelines 30 km long, with a diameter of 1000
mm and 1200 mm respectively, laid in one trench. The hydroelectric complex has two main
water intakes located 4 km apart. The 1st intake was built on the right bank of the
embankment of the head of «Elegis-7» small HPP, from which the high-pressure pipeline
with a diameter of 1000 mm begins. The second head gate was built at a distance of about 100
m from the machine room of the Elegis-7 hydroelectric power station in order to turn on the
flow of water from the hydroelectric power station in the water conduit.

After the first operation of the water pipelines, it was established that they did not
produce the estimated productivity. This circumstance is connected with the complex relief of
the mountainous area.
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Fig. 1 Map of the Hermon-Elpin water conduit

Conflict Setting

The irrigation pressure water pipelines are periodically filled and emptied. This
process should be performed by a definite sequence of actions for the transition effects
underway in the pipeline not to harm the firmness of the pipeline. During filling and emptying
the pipeline, it is necessary to create an opportunity for free outlet and entrance of the air.

The purpose of establishing a hydraulic regime is to ensure the necessary pressure at
key points of the main pipeline and to ensure a minimum pressure at the upper points so as
not to disrupt the required volume of water supply and to prevent dangerous vacuum in the
upper parts of the pipeline.

Research Results

The Hermon-Elpin pressure pipeline consists of 29 siphon sections, each of which has
1 manual and 1 automatic air removal device. The latter quickly went out of order and became
the cause of air accumulation in pipelines.

Increasing the velocity in the water pipeline leads to increase in air entraining capacity
of water flow, as a consequence of which some volume of the air cushion is entrained by the
flow thus freeing space for the air continuously coming from below. Ultimately a balance is
created between the entrained and the coming air volumes. This balance is very unstable since
any outside irritation can violate it. As a result of all this, the outlet becomes smaller and
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along the entire pipe elastic fluctuations of the fluid column occur, which can cause
decomposition of the pipeline.

Comprehensive measures for protection against water hammer of pressure pipelines are
given in [3].

Three branches connected to the Hermon-Yelpin water pipeline have absolute terrain
marks. These are the Aghavnadzor, Vernashensky and Yelpinsky pressure basins. To
establish the calculated water flow rate, it is necessary to throttle (towards closing) the
pressure steel valves installed on the main water supply (with a pressure of 50 ATM), which
is accompanied by a dangerous increase in pressure with the possible occurrence of a
hydraulic shock.

Laboratory studies of the Aghavnadzor section of the «Hermon-Elpin» pressure system
were conducted at the 1.V. Egiazarov Institute of Water Problems and Hydraulic Engineering
(Fig. 2).

There is a large accumulation of air in this section, which leads to a pressure drop of
tens of meters during operation of the water pipeline. Due to the lack of intermediate air
removal devices, it is impossible to remove a large accumulation of air using a device
installed at the top of the siphon, which significantly reduces the water consumption.

2 —— R
Fig. 2 Model of hydraulic studies of air accumulation area

The most dangerous section of the pipeline is the 7 km long siphon section, which runs
between the upper part of the village of Shatin and the section of the water supply valve,
where the excess pressure in the event of the upper branch of Aghavnadzor being triggered is
50 ATM.

Before the Aghavnadzor pressure basin, the pipeline has well-defined siphon sections
with a large descending and small ascending wing.

Establishing the calculated hydraulic regime in the water pipeline is significantly
complicated by the presence of small hydroelectric power plants located above the head of the
hydraulic structure, which do not have spillways for idle modes. For this reason, the flow rate
supplied to the main water pipeline is often less than the calculated value, resulting in air
freely entering the pipeline through the inlet section over a distance of several kilometers.
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Conclusion

1. The «Hermon-Elpin» high-pressure water pipeline is heavily overloaded, and the
Elegis River at its source does not provide the design flow. With the launch of the first
stage of the Khachik pumping station, it will be possible to relieve the high-pressure
water pipeline of the Hermon-Elpin water supply system by 200...250 I/s, which will
create favorable conditions for the water supply of the settlements of Vernashen,
Gladzor, Getap, Arpi, Aghavnadzor, Chiva, Areni and Elpin. At the same time,
reducing the speed of water movement in a high-pressure water supply system helps to
mitigate hydraulic shocks that occur when throttling valves, which is one of the main
guarantees of ensuring the safe operation of the water supply system.

2. It is necessary to equip the siphon units of the Hermon-Elpin water pipeline with
highly efficient devices for air removal and automatic control.
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wnwohtu wunhbwuh Ybpwgnpdwpynuding huwpwynpnyeyniu Yuinnndyh  <bpdnu-Gthhu
opwwwph pwpép dugdwt 9pwghdp 200...250 /Y Gipny pbntwpwhb), npp bywunwynp
wwjdwuubph Gpwotuhp Yunbndh Jdbpuwsbu, Guwénp, Gbnwdh, Upthh, Unwduwénn,
2hdw, Uptuh nt Githhtu puwlywdwiptph opwdwwnwlwpwpdwt hwdwp:

fuwshyh  wndwywlwywuh Jbpwgnpdwpynudny  Lbpdnu-Githhu - pupap  Gugdw
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OCOBEHHOCTH SKCILTYATAIIAA HAIIOPHOM CUCTEMBI «JEPMOH-EJIITUH»

AL Maprapsn, B.O. Tokmanxsan, I'.A. Maptupocsn, JI.B. Manosin, O.B. Tokmanxsan

HUncemumym BoZHBIX IPOOIEM H THAPOTeXHHKH HM. akagemuka M. B. Ernazaposa

BricokonanopHsiii  BoIONpoBoJ «OpMOH-EAbnuH» CHUIBHO TEperpyxeH, a peka
Dnernuc B €ro MCTOKE He olecreumBaeT pacyeTHbIM pacxol. C BBOIOM B AIKCILTyaTaIUIO
MEepBOM OuYeped HACOCHOM CTaHUUU «Xayuk» TMOSBUTCS BO3MOXKHOCTh pas3rpy3uTh
BBICOKOHANIOPHBIN BOJIOBOJ BoAonpoBoaa «IpMoH-Emmua» Ha 200...250 n/c, yto co3mact
OJraronmpusITHBIC YCJIOBHS I BOJOCHAOKEHMSI HACEICHHBIX MyHKTOB Bepnamen, ['maazop,
l'eran, Apmu, AraBuHagzop, YUuwBa, Apenu u Enmun. Ilpu >TOM, CHUXEHHE CKOPOCTH
JIBUKEHHUST BOABI B  BBICOKOHATIOPHOM  BOJONPOBOJAE  CHOCOOCTBYET  CMSATYCHHIO
TUAPABIMYECKUX YAApOB, BO3HHMKAIOIIMUX MPU JIPOCCEIUPOBAHUU 3aJIBHIKEK, UTO SIBISETCSA
OJIHOI U3 IJIaBHBIX rapaHTUil oOecreyeHns 6€30MacHOCTH IKCILTyaTalluy BOJOBO/A.

Knrwuegvie cnoea: pexa, HepaCTBOPEHHBII BO3yX, PACTBOPEHHBIN BO3/lyX, pACUETHBII
pacxon.
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