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Abstract. Based on the analysis and comparison of the Vilidr regime in the natural and
regulated state, the article reveals the featufehanges in the annual distribution of runoff,
level and ice regimes and the regime of solid rinibd assess the consequences of the impact
of large hydroelectric power stations in the FartNocomprehensive studies of the Vilyui
river basin were conducted. Vilyui hydroelectriatgin is the first hydroelectric power station
in the permafrost zone. The reservoir is completebated within the Republic of Sakha
(Yakutia). Despite the low level of development wéter resources in the Far East, the
prospects for the construction of traditional hysbraver plants remain. The hydropower
potential of the republic is estimated at 283 dillkWh, which is 66 % of the total hydropower
potential of the Far East region. The constructind operation of hydropower plants on rivers
leads to fundamental changes in the natural camditof the river. The results of the study
show that flow regulation by large reservoirs is thain factor of anthropogenic disturbances
in the flow volume and water regime of the Arcticers. To date, the diverse effects of river
regime changes after the construction of a hydotede power station on the territory of
permafrost are not fully considered in either desig prospective planned developments. The
importance of accounting and studying the consecpgenf flow regulation can be judged by
the complex economic problems that arose aftecdinstruction of hydropower facilities in the
European part of Russia. In this regard, a commste study of changes in environmental
conditions in the territory of permafrost distritmut after regulation of river flow by large
reservoirs is one of the most important tasks.

1. Introduction

The Republic of Sakha (Yakutia) is one of the ragiof Russia with significant, unique natural reseu
potential. At present, and in the future, the lesgale development of fuel and energy resourcesgls
as the development of mineral deposits, is becomalgvant. However, Yakutia has significant
hydropower potential. Only in the territory of Ydiay the total installed capacity of possible
hydropower plants is 78.145 thousand kW, and enprggluction is about 401.272 million kW/h [4].
Hydrostations already play an important role in deselopment of industry in the Republic of Sakha
(Yakutia). To satisfy the needs of diamond miningteeprises for energy supply, the Vilyui
hydropower plants 1 and 2 were built, as a redultdch the largest artificial Vilyui reservoir was
formed in the north-east of the country, which hasanalogues in the zone of widespread permafrost.
The construction of Vilyui hydropower plants contplg covers the shortage of electricity in the West
Energy Region of the Republic [5].
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Regulation of river runoff by large waterworks leatd fundamental changes in environmental
conditions both above and below the waterworks. fioeement of water masses, thermal regime,
chemical composition, and solid runoff depend am aberation of large hydropower plants [6]. The
diverse consequences of changing river regimeseaimibrth-East of the country after the construction
of hydropower units are currently not fully consiele in design or prospective planned developments.

The importance of accounting and studying the oqmseces of flow regulation for the
downstream industries can be judged by the compleonomic problems that arose after the
construction of hydropower facilities on the Vold2gn, Irtysh, Yenisei, Angara and other rivers. At
large reservoirs, there is a big problem associatid reduction of the negative environmental
consequences of their creation, as well as respleonflicts between hydropower and other water
users [7]. The dam forming the reservoir, provideanstant water for the time being, changes the
natural state of the river flow and is a key faaletermining their negative impact on the undegyin
ecosystems [8]. Thus, the discharge of large votuafidhighly mineralized water from quarries led to
a sharp deterioration in water quality throughtwet Vilyui River.

The extent of violations of the everyday life ofethivers after their regulation for different
geographical zones is far from the same and clodependent on the position, size and type of
reservoir. In this regard, questions of changirg ltfidrological regime of the regulated rivers & th
Far North are of practical and scientific interest.present, the Vilyui reservoir is the first ihet
cascade of hydroelectric power stations and casotoe extent serve as an analogue for predicting
possible hydrological changes in the future foreotdrtificial reservoirs in permafrost.

2. Methods and materials

Work on the study of the features of changes intygrological regime of the Vilyui river after
regulating runoff was obtained during field routedeexpedition studies. To analyze the data on the
flow regime of the Vilyui River in its natural s@tstock materials and literary sources were used.

3. Results

The Vilyui River is the largest left-bank tributagf the Lena. Taking into account the natural

conditions, four sections are distinguished in VMiiythe upper (from the sources to the confluerfce o

the Chirkuo river), the Vilyui reservoir sectiohgtmiddle (from the Chernyshevsky settlement to the
Markha river), the lower (from the Markha riverttee mouth) [9].

In the Vilyuy river food, snow nutrition is of priany importance, its share in the annual runoff is
more than 60 %, rain nutrition accounts for up @8 and groundwater accounts for about 10 %. The
upper course of the river is characterized by &a,hégngle-peak spring flood, which is smoothedhia t
middle and lower reaches due to regulation of ther flow by the Vilyui reservoir. The creation of
the Vilyui reservoir led to significant changedlie water regime of the river.

Vilyui hydroelectric station on the river Vilyui ihe first large hydroelectric power station in the
zone of continuous development of permafrost. Vilgservoir located in the upper reaches of the
Vilyui river. The reservoir is completely locateditiin the Republic of Sakha (Yakutia). The
backwater from the hydro-system forming the resemxtends along the Vilyui River to the mouth of
the Chirkuo River.

The Vilyui reservoir, according to the technicakidm, is used for energy, water transport, water
supply of settlements and industrial enterprisebgfies.

The construction of the Vilyui Hydroelectric Powgtation — 1, 2 was started in 1960, and ended in
1978. The power plant was built in 2 stages. Thestraction of the first stage (Hydroelectric Power
Station — 1) was completed in 1967, the seconaqtdgdroelectric Power Station — 2) in 1976. one.

The Stvor hydroelectric station is located 1315fkom the estuary, in a dense uninhabited taiga.
The reservoir created by the backwater of the Vihwaroelectric dam is designed for many years of
regulation. The volume of water in it is 35.9%rand the area of the mirror is 21702 [10]. Thegthn
of the reservoir along the former Vilyuya chanrelil0 km along the Chone River — 274 km. The
average width of the reservoir is 4.6 km, the latgel5 km, the smallest — about 1 km. The average



ESCHIP 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 579 (2020) 012031  doi:10.1088/1755-1315/579/1/012031

reservoir depth is 17 m, the maximum is 70 m. Tiferénce in the levels of the upper and lower
pools when fully filled during the forced flood waes 64 m. The maximum drawdown of the
reservoir level during the isolated operation af thydroelectric power station will be 10 m, while
working in the system — 8 m. In the navigation perfJune-September), the run-off does not exceed 1
m, since the water inflow at this time will be efua the expenditure part of the balance, and
sometimes more. The main drawdown occurs duringaheg (October-April) and low-water winter
low-water season. The catchment area of the VRuer in the site of the hydroelectric power statio

is 136,000 krfy of which 56,100 krhare directly to the catchment of the reservoir.
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Figurel. Location of the Vilyui hydropower plants in the jRéblic of Sakha (Yakutia)

Change in annual flow. Reservoirs constructed énzitne of insufficient moisture decrease water
resources in the lower parts of the river basin guacreased evaporation from the water surface,
compared with evaporation from land.

The evaporation layer (492 mm) from the surfacehef Vilyui reservoir is twice as high as the
evaporation rate (260 mm) from the catchment aceapied by the reservoir.

Losses on additional evaporation from a water mirgach 0.5 ki In percentage terms, this value
is 3 % at Chernyshevsky, and 1.1 % at the moutfilgéi.

Seasonal runoff distribution. The constructionta teservoir fundamentally transforms the annual
distribution of runoff, reducing flood and increagilow-water costs.

In spring, the natural runoff of Vilyuya in the amge water year decreases by 6 times in the
section of the Vilyui hydroelectric station, in thélage of Suntar (575 km below the gauge of the
hydroelectric power station) — by 2.5 times, in thiage of Khatyryk-Khomo (1193 km below the
gauge of the hydroelectric power station) — 1.%8rfl1]. The hydrograph of the Vilyuya flood at the
site from the site of the hydroelectric statiorthie confluence of the Markha tributary is charazest
by a single peak, and below the mouth of the Maridex it is characterized by a multi-peak.

In summer, runoff decreased on average, dependitigeovolume of lateral inflow by 10-40 %.

In autumn, the value of Vilyuya runoff did not umde significant changes, but the amplitude of
fluctuations in water flow rates decreased sigaifity.

The greatest changes occurred during the wintemlater season. The volume of the lower runoff of
Vilyui, under conditions of the full developmentthie hydroelectric station, is increasing in théage
Suntar is 32 times, and 122 km from the mouth (Kly&tKhomo settlement) — Il times. Such a
significant increase in winter runoff is the ma@ason for the intensive channel ice accumulatitp [1
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Level mode. The level regime is formed mainly dwoewater releases in the site of the
hydroelectric station and lateral inflow. The betiny of the rise in water level during the passafye
the spring flood began to depend mainly on melingw on the catchment of the river Vilyui below
the hydroelectric station.

Observation data above the water level of the riXigruy during the hydropower plant operation
showed that at an elevation level in the hydropacstation alignment (Chernyshevsky village) equal to
580 cm, the average increase was 450 cm nearlthgevof Svidyukar (166 km from the target of the
hydropower station) and 37 km from the village @ffydchan section of the hydroelectric power stgtion
— 320 cm, near the village of Krestyakh (432 knmfrthe target of the hydroelectric power station) —
320 cm, near the village of Suntar (575 km fromghe of the hydroelectric power station) — 340 cm.
During the day, the water level in regulated cdodg can rise by 438 cm near the village of
Chernyshevsky, by 327 cm near the village of Swdddby 245 cm near the village of Vilyuchan, and by
188 cm near the village of Krestyakh, and 201 car tiee village of Suntar. The duration of standiigi
levels as a result of pops almost everywhere time s8he made up during the navigation launche86i 1
at the village Chernyshevsky 43 days and 41 dag8 ather posts. In 1968, high water levels stabthe
village of Chernyshevsky for 70 days, at the reingiposts 67—69 days. A drop-in water level is glow
than a rise. The average intensity of the declimang the observation period (1967—-1971) amoured t
250 cm per day in the village of ChernyshevskycifBper day in the village of Suldyukar, 39 cm ia th
village of Vilyuchan, and 30 cm in the village ofdétyakh. Downstream depends mainly on the value
of waste costs. With an initial value of dischavgger flow equal to 2400-2700%s, the release wave,
the distance 575 km from the station of the hydrctelc station to the village of Suntar takes 6sday
with discharge costs 1400-150&sn- in 9 days.

The level mode in the winter is distinguished bynedfeatures. The first feature is the very slow
advancement of the trigger wave, the speed of winithe area under consideration is an average of
15 km per day. The second feature should includaertbomparability of the magnitude of the rise in
water level near the village of Chernyshevsky withat of other posts. This is explained by the
presence of an ice-free area at the dam, whiclupta water-measuring post near the village of
Chernyshevsky. As a result of the drawdown of thgervoir in December 1967, the level in the
village of Chernyshevsky increased by 156 cm, andhe underlying villages the level had the
following values: in the village of Vilyucha, theavel increased by 188 cm, in the village of
Krestyakh — 151 cm, in the village Suntar — 132 Bi®ar the village of Vilyuchan, the amount of rise
turned out to be greater than that of the villab€lwernyshevsky as a result of backing the icelleve

On the lower section of Vilyui, the level regimenminly influenced by the flow regime of two
large left tributaries of the Markha (catchmentaB88002) and Thung (49800 RmAs a result of the
influence of melt water from these tributaries, thelti-peak nature of spring levels is preserved on
the site. The highest peak of the flood occurshdlljgearlier than the peak of the waves of discharg
flows. The first peak of the flood in the considitegea is also formed, as in natural conditions, tdu
the melt water of the right tributaries: Ulakhantiabuy, Ochchuguy-Botuobuy, Kheimpendyai and
others. The second peak is formed mainly due tly eelting of snow on the catchments of the left
tributaries. This peak follows the first. The thjpdak is formed due to waste costs in the sitdef t
hydroelectric station. The second and third peastg ooincide in time. Discharge costs increase the
duration of the recession. The decline in wateellawnder regulated conditions lasts from 90 to
100 days, and the summer low-water level is semid-August. The duration of the level rise is
negligible — an average of about 20 days.

In the autumn-winter period, the level regime atirdepends on the magnitude and duration of
the release waves. In September 1967 as a reswhtef discharge, the level in the downstream near
the village of Chernyshevsky was raised by 710 bmthe points Verkhnevilyuysk, Vilyuisk and
Khatyryk-Khomo, the water level increased by 306, @86 cm and 380 cm, respectively. The
duration of the rise was the same and amountedlay$. In general, the flood from this releasehan t
lower section lasted 94 days, and near the villeig€hernyshevsky, water discharge lasted only
42 days. The level mode in winter during a shagogase in flow in the site of a hydroelectric shati
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depends on local factors. For example, the samehalige water flow caused a level rise in
Verkhnevilyuysk by 202 cm, in Vilyuisk by 61 cm, ikhatyryk-Khomo by 78 cm. The rate of
movement of the release wave is very small: thdadé® is 313 km from the village of
Verkhnevilyuysk to the village of Khatyryk —Homo weapassed in 17 days, i.e. the average speed
was 18 km per day.

Change in solid runoff mode. A study of channekpsses in the downstream is currently not carried
out, apart from measurements of solid runoff avitiege of Suntar and the village of Khatyryk-Khom
The data show that the creation of a reservoiraedisolid runoff by an average of 3—4 times. Se, th
average solid runoff over two years under the dammdi of operation of a hydroelectric power station
was 4.5 kg/s, and over nine years under domestiditians — 14.3 kg/s per year.

In 1968, three floods took place during the wareifree period in the village of Suntar. The first
of them was formed by meltwater from the Vilyuidanent from the hydroelectric station to Suntar,
the other two by discharge costs. The turbidityhaf first flood water was on average 32 g/m8, and
the water release waves from the reservoir weratebhg/m.

Features of the ice regime in conditions of rumefjulation. In winter, in the lower pool near the
dam an ice-free wormwood is formed. At the wateugyjag station, located 3 km below the
hydroelectric station, the duration of freeze-upamerage over two winters from 1967/68, 1968/69)
was two weeks. Under the conditions of operatiothefhydroelectric power station at full load, the
size of the ice-free wormwood will be equal, acémgdo the calculations of the Lenhydroproject, in
the average winter weather of 30-40 km. In a penbdery severe frosts, the wormwood will
decrease to 25 km, and during thaws it will inceets 50 km. In ice-hole near the dam, no ice
phenomena were observed. As one moves away frorhyith@electric station on the river, barriers
form, their width reaching 35-50 m in the winter X#68/69. Behind the wormwood there is a site
with an unstable ice cover 10-12 km long. The apgwif the river and the passage of the ice drift in
the section from the village of Syuldyukar to theutin do not differ from household ones. However,
in the process of passing the ice drift there asgufres: firstly, it is an abundance of congestiorthe
river, and secondly, there is a large amount ofbitehe banks. Their reason lies in the formatibn o
winter ice along the entire length of Vilyui belawe hydroelectric power station as a result of ice
flooding and freezing of the volumes of water gatext by the hydroelectric power station. Autumn
ice formations are different from everyday onesdéhregulated conditions, the date of occurrence of
primary ice formations and ice formation mainly de@ on the amount of discharge costs. In 1967, on
average weather conditions, autumn ice freezingiroed 8-10 days later than the average for many
years under natural conditions.

In 1968, the beginning of freezing on the river waso subject to a discharge schedule and
occurred on October 20-24. The pre-delivery pewad reduced several times. For example, in the
fall of 1967, on the section from Skldyukar to Vienkevilyuisk, the duration of the pre-delivery perio
averaged 2-3 days. In domestic conditions, thimgeas a rule, was kept within 9-15 days.

The thickness of the ice in the downstream basim ihareased significantly compared with
domestic conditions. In the winter of 1968/69, untltee conditions of operation of the four units of
the hydroelectric power station, the value of disge costs averaged 14C/sn In the domestic
environment, the costs in the HPP site in wintegeal from 48 rfis in November to 4.5 s in April.
Increased discharge costs in winter contributentinarease in the thickness of the ice cover by the
formation of ice. The thickness of the ice increblsg 1.5-2 times. Its increase along the lengtthef
downstream is uneven and depends not only on tkehalige of water, but also on the local
characteristics of the riverbed. Compared to thgimam thickness of ice in an average weather year,
the thickness of ice in the winter of 1968/69. &aged in the village of Syuldakar by 30, in théag
of Velyuchane — by 103, in the village of Krestyakh by 55, Suntara — by 50, Nyurba — by 72, the
village of Verkhnevilyuysk — by 98, and in the cif Vilyuisk — by 49 cm. The largest ice thickness
in winter 1968/69 was installed near the village/djuchan (223 cm). The increase in ice thickness
during the winter occurs spasmodically. For examje Vilyuisk in January the ice thickness
increased by 32 cm, in February by 10 cm, in Mdrgl23 cm. At the village of Verkhnevilyuisk, on
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the contrary, in January the ice thickness incetdse only 14 cm, and in February and March,
respectively, by 39 to 15 cm.

4. Conclusion
In conclusion, it should be noted that the RepubficSakha Yakutia is one of the regions of the
Russian Federation with a unique natural resountengial. In the long term, new grandiose plans for
the industrial development of the territory will lessential for the republic. This will require new
sources of energy supply for local and remote amfasew industrial development. One of the
solutions is the construction of new hydropowentda

The need to mitigate the negative impact of resesvan the environment requires a large-scale
comprehensive assessment of the effectivenesseotdhstruction and operation of cogeneration
plants in the territory of the continuous developimef permafrost. The revealed changes in the
regime of rivers in permafrost are not sufficienttpnsidered in the development of project
documentation, and also are not taken into acdouthke integrated use of water resources in practic
This situation makes it imperative to expand redeamn the impact of the changed hydrological
regime on the natural conditions of the Far Norttl the national economy. The object of study, as an
analogue, can be the Vilyui River.
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