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ASSESSMENT OF THE RESERVOIRS' IMPACT ON THE RIVER FLOW

In this article, the influence of reservoirs and ponds on the hydrological regime in the Yesil River
basin is studied. To assess the impact of existing reservoirs on the annual runoff of rivers in the study
basin, a simplified methodology of the State Hydrological Institute was used. The change in the annual
(seasonal) runoff under the influence of ponds and reservoirs was determined using two methods: by
the volume of filling the reservoirs; due to additional evaporation from the water surface of reservoirs
compared to evaporation from land before their creation. When assessing the impact of ponds in terms
of filling volumes or taking into account in the direct form of water intakes for economic needs, the influ-
ence of not only ponds, as artificial elements of the landscape, but also other factors of economic activ-
ity, was revealed. When assessing the impact of economic activities on the elements of the hydrological
regime of rivers, including the creation of reservoirs for long-term regulation, changes in the climatic
background are taken into account. According to the analysis of the results of assessing the impact on
the runoff of the volumes of filling reservoirs, economic activities from 1974 to 2018 led to a decrease in
runoff in the alignment of the river. Yesil — Astana in the middle years of water availability (50% supply)
by 30%, and in the mouth section. Yesil — Petropavlovsk city decrease in runoff up to 7%.

Key words: reservoir, evaporation, precipitation, anthropogenic impact on river runoff, reduction of
river runoff, decrease in natural runoft.
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Cy kolimaAapbIHLIH ©3€H agblHgbIChIHA acepiH Bazaray

Makanraaa Ecia e3eHi anabblHAAFbI Cy KOMMAAapbl MEH TOFAHAAPbIHbIH FMAPOAOTUSIABIK, PEXXUMIE
acepi 3epTTeAeai. 3epTTeAeTiH 0GacCeMHAEri ©3eHAEPAIH >KbIAAbIK afblHblHA KOAAAHBICTaFbl Cy
KOMMaAapblHbIH ocepiH 6arasay ywiH MeMAEKeTTIK TMAPOAOIMSABIK MHCTUTYTTbIH >KEHIAAETIAreH
dAiCTeMeCi KOAAAHBIAABI. TOFAHAAP MEH CY KOMMAaAApbIHbIH 8CePiHEH XXbIAABIK, (MayCbIMADIK) aF bIHHbIH,
e3repyi eki sAiCneH aHbIKTaAAbl: Cy KOMMAAapbIH TOATBIPY KOAEMi OOWbIHLLA; KYPAbIKTaFbl OyAaHyMeH
CaAbICTbIPFAHAA Cy OObEKTIAEPiHiH, Cy 6eTiHeH KoCbiMa GyAaHy ecebiHeH, oAap XKacaAFaHFa AEMiH.
ToraHAQPAbIH CY TOATbIPY KeAeMi GoMbliHLIA acepiH 6araray HemMece LapyallblAbIK, KQKeTTIAIKTep yLliH
CY aAyAbIH TiKeAel HbICaHbIH ecerke aAy Ke3iHAe AaHALAMTTbIH, >KacaHAbl IAEMEHTTepi peTiHAe Tek
TOFaHAAPAbIH FaHa eMecC, COHbIMEH KaTap LiapyallblAbIK KbIBMETTiH 6acka (hakTopAapbiHbiH, A 9cepi
aHbIKTaAAbI. ©3eHAEPAIH TMAPOAOTUSABIK PEXKMMIHIH SAEMEHTTepiHe LapyallbIAbIK KbI3METIHIH 8CcepiH
Gararayad y3ak Mep3iMAi peTTey YuiH Cy KOMMaAapbiH Kypy Ke3iHAE KAMMATTbIK (DOHHbIH e3repyi
eckepireai. Cy KOMMaAapbiH TOATBIPY KOAEMAEPIHIH aFblHFa 8cepiH GaFaray HOTUMXKEAEPIHiH TaAAaybl
6ombiHILa 1974 xbiapaH 2018 XKbIAFa AERIHTI LIAPYALLBIABIK, KbI3MET ©3EHHIH TEHEeCTIpYiHAEri afbIHHbIH
TeMeHAgeYiHe akeAapi. Ecia — AcTaHa cyMeH KaMTamachl3 eTiAyAiH opTa XbiaaapbiHAa (50% KaMTamachi3
ety) — 30%, aA caraablk 6eAiriHae. Ecia — [NeTponaBa KaAacbliHAA aFbiH Cy 7 %-Fa A€MiH TOMEHAEA|.

Tydin ce3gep: cy kKoimacbl, OyAaHy, >KayblH-LUallbiH, ©3€H aFblHbIHA aHTPOMOreHAIK acep, e3eH
aFbIHbIHbIH a3alobl, TAOWUFM aFbIHHbBIH, a3al0bl.

54 © 2022 Al-Farabi Kazakh National University


https://orcid.org/0000-0001-8614-7262
https://orcid.org/0000-0002-0386-888X
https://orcid.org/0000-0002-7353-9125
https://orcid.org/0000-0002-2214-0333
https://orcid.org/0000-0002-6402-4568
mailto:Makhmudova.Lyazzat@kaznaru.edu.kz
mailto:Makhmudova.Lyazzat@kaznaru.edu.kz

L. Makhmudova et all.

A. Maxmyaosa' *, Apk.Carmn?, A. KaHaTyabl', A. XXapbiakacbiH?, M. XKyakarHapoBa'

'Ka3axckui HauMOHaAbHBbIN arpapHbIii UCCAEAOBATEAbCKMI yHUBepcuTeT, KasaxcraH, r. AAMaTsbl
2YHuBepcuteT 3anaaHoro Muunrana, CLUA, r. Karamasy
*Kasaxckuit HauMOHaAbHbIN YHUBEPCUTET UM. aAb-Dapabu, KasaxcraH, r. AAmMartbl
*e-mail: Makhmudova.lyazzat@kaznaru.edu.kz

Ol;eHKa BO3geﬁCTBUﬂ BOgOXpaHUAUW, Ha pe‘—IHOfI CTOK

B AaHHOM CTaTbe M3yYeHO BAMSIHME BOAOXPAHUAMLLL U MPYAOB Ha TMAPOAOIMUYECKMIA PEXMM B GaccemnHe
pekn EcuAb. AAS OLEHKM BAMSIHMSI CYLLECTBYIOLLMX BOAOXPAHMAMLL, Ha FOAOBOWM CTOK peK M3yvaemoro
baccerHa MCNOAb30BaAaCh YMPOLLEHHAs MeTOAMKa [0CYyAapCTBEHHONO MAPOAOTMYECKOro MHCTUTYTA.
M3MeHeHne ropA0BOro (CE30HHOM0) CTOKa MOA BAMSHWMEM MPYAOB U BOAOXPAHWMAMLL, OMPEAEASIAU ABYMS
MeToAaMM: MO OObEMY 3aNOAHEHUsI BOAOXPAHMAMLLL, 3@ CHET AOMNOAHUTEALHOrO MCMapeHusi C BOAHOM
MOBEPXHOCTU BOAOEMOB MO CPaBHEHWIO C MCMapeHnemM C Cylum A0 MX co3aaHus. [pu oueHke BAMSHUS
MPYAOB M0 06beMam HaNOAHEHMSI UAM YUETE B HEMOCPEACTBEHHOM (POpPME BOA03a60POB Ha XO3AMCTBEHHbIE
HY>KAbI BbISIBAEHO BAMSIHME HE TOAbKO MPYAOB, KaK MCKYCCTBEHHbIX SAEMEHTOB AaHALLATa, HO U APYTMX
(PaKkTOpPOB XO39MCTBEHHOM AESTEAbHOCTU. [1pn OLeHKe BO3AENCTBUS XO3SMCTBEHHOM AEITEAbHOCTM Ha
SAEMEHTbI TMAPOAOIMYECKOrO peXkmma peK, B TOM UMCAe CO3AQHME BOAOXPAHMAMLLL AAS MHOTOAETHEro
PEeryAMpoBaHUS, yUMTbIBAOTCS U3MEHEHMS KAMMATHYeckoro ¢ooHa. CoranacHoO aHaAM3y pe3yAbTaTOB OLEHKM
BAMSIHMS HA CTOK 0ObEMOB HarMOAHEHUSI BOAOXPaHUAMLL, XO3MCTBEHHAS AeATEABHOCTb € 1974 no 2018 roa,
npMBeAa K YMEHbLLIEHUIO CTOKA B CTBOPe peku Ecrab — AcTaHa B cpeaHue roabl BoaoobecrnedeHHoCTH (50%

obecneuyeHHocTH) Ha 30%, a B yCTbeBOM yyacTke Ecuab — [1eTponaBAOBCK yMeHblLeHWe cToka AO 7 %.
KaloueBble caoBa: BOAOXPaHMAMLLE, MCMApeHME, OCAAKM, aHTPOMOreHHOE BO3AENCTBME Ha PEUYHOM
CTOK, COKpaLLleHMe PeYHOro CTOKa, YMeHbLLEHMEe eCTECTBEHHOrO CTOKa.

Introduction

For many hundreds of years, the impact of hu-
man activity on river flow was very insignificant
and had a local character. The remarkable properties
of natural waters — their renewal in the process of
circulation and the ability to purify — made it pos-
sible to maintain the relative purity, quantity and
quality of fresh water for a long time. The situation
has changed radically in recent decades: in many
regions and countries of the world, the fruits of
many years of irrational activity in the use of water
resources and the transformation of the surface of
river catchments where they are formed have begun
to be discovered. First of all, this affected small and
medium-sized rivers; in many densely populated
regions, their water regime has undergone drastic
changes (Shiklomanov, 2008: 282).

Anthropogenic activities inevitably have an
impact on water resources. Due to population and
economic growth, the role of water resources is con-
stantly increasing. Unlike other natural resources,
water is renewed in the process of its circulation in
nature. But water resources, which are based on riv-
er runoff, are distributed extremely unevenly over
the territory and in time. In many parts of the world,
the available water resources cannot meet the de-
mand for water, especially since it is often polluted
by industrial waste. This fully applies to the water
management basins of Kazakhstan.

Since the 70’s in the twentieth century, the rel-
evance of a reliable assessment of water resources
and their predicted changes under the influence of
economic activity has increased even more in con-
nection with the real problem of changes in global
and regional climatic characteristics. These changes
are already taking place in the Yesil Basin and may
lead to large-scale transformations of the hydrologi-
cal cycle, changes in water resources and their use,
distribution in time and space, extreme characteris-
tics of river flow and their variability.

In recent years, interest in assessing and fore-
casting quantitative changes in water resources and
taking these changes into account in long-term plan-
ning has increased even more due to the real prob-
lem of possible very significant changes in global
climatic characteristics (air temperature, precipita-
tion) in the near future, with an increase in carbon
dioxide concentration. Anthropogenic changes in
climatic characteristics can be so significant that
they will lead to significant violations of the hydro-
logical cycle, the amount of water resources, their
distribution over time and territory, extreme char-
acteristics of river flow and their variability, which
cannot be ignored when developing long-term plans
for integrated use when designing long-term water
management activities.

Reservoirs are the fundamental natural and man-
made elements of hydraulic engineering and water
management systems of any level. They make it
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possible to regulate the water resources of rivers
and lakes to the extent necessary for the sustainable
development of the economy and the population. In
this regard, the creation of reservoirs has become
widespread, both in Kazakhstan and around the
world.

The first reservoirs on Earth appeared in the 3-rd
millennium BC. (Avakyan, 1987: 4), (Avakyan,
2000: 517). At present, there are 45 reservoirs in
the Yesil River basin: 3 complex — purpose reser-
voirs with a volume of more than 100 million m?;
6 — with a volume of more than 10 million m?®; 36
special — purpose reservoirs with a capacity of 1 to
10 million m?®. The total capacity of reservoirs for
complex purposes and reservoirs for special pur-
poses is 1584 million m?, the total useful capacity
is 1446 million m?, which is 80 % of the bas flow
annual volume of the Yesil river basin. The water
surface area of reservoirs is 312 km? (Moldakhme-
tov, 2007: 176).

In the upper reaches of the Yesil River, the Ishim
reservoir for seasonal flow regulation was built with
a total volume of 9.2 million m?, a useful volume
of 8.2 million m®. The small useful capacity of the
Ishim reservoir very slightly transforms the runoff
in the lower reaches of the river. The main regulator
of the flow for the Upper Yesil is the Astana (Vy-
acheslav) reservoir of long-term regulation, with a
total volume of 411 million m?and a useful 378 mil-
lion m®. The main regulators of the Lower Yesil are
the Sergeevsk reservoir, which has a total volume
of 693 million m*and a useful volume of 635 mil-
lion m’. The closing reservoir of the Yesilsky cas-
cade, on the territory of the Republic of Kazakhstan,
is the Petropavlovsk reservoir, which has a total
volume of 19.2 million m? and a useful volume of
16.1 million m*, which carries out seasonal regula-
tion of the flow.

According to the type of flow regulation, reser-
voirs are distinguished for long-term, seasonal (an-
nual), monthly, weekly and daily regulation. Long-
term regulation is carried out for the accumulation
of runoff in high-water years, and its further use in
dry years. Seasonal regulation — to delay the flow
of high-water periods and its use in dry seasons.
Monthly, weekly and daily flow regulation is typi-
cal for almost all reservoirs of hydroelectric power
plants. On the territory of the Yesil water manage-
ment basin, reservoirs with long-term regulation are
prevailed, which is 60 % of the total number of res-
ervoirs in the region under consideration.

The development of hydrotechnical construc-
tion in Kazakhstan, which was accompanied by the
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construction of the largest reservoirs and cascades
of hydroelectric power plants, led to fundamental
changes in the natural hydrological regime of most
river systems that were formed under the influence
of natural conditions. The problems of managing the
surface runoff are solved by creating and operating
reservoirs for long-term, seasonal, weekly and daily
regulation, which ensure the redistribution of water
resources in time. On the major rivers of the repub-
lic, reservoirs for long-term and seasonal flow regu-
lation are mainly created and operated.

The problem of changes in the annual flow of
rivers under the influence of reservoirs has been
studied quite well (Galperin, 2012: 363), (Galperin,
2003: 44), (Skotselas, 1995: 42), (Kolmogorov,
1987: 72), (Leonov, 1981: 407), (Galperin, 1979:
134). However, the decisive influence in the regula-
tion of river runoff by reservoirs is manifested, first
of all, in the intra-annual distribution of runoff in the
outlet section. Here, the role of reservoirs is to elimi-
nate the natural unevenness of the runoff: an increase
in the volume of runoff during low periods due to a
decrease in flood runoff (Makhmudova, 2021: 153),
(Galperin, 2001: 104), (Leonov, 1986:77).

The study of the influence of reservoirs on the
intra-annual and seasonal distribution of river runoff
is of fundamental importance for solving most water
management problems. First of all, it should be not-
ed the fact of the relative stability of the intra-annual
and seasonal distribution of the runoff of the river
catchment under natural conditions, which is ex-
plained by the stability of the intra-annual distribu-
tion of meteorological characteristics (precipitation,
air temperature, etc.) over large areas over a long
period, as well as the impact of the accumulating
capacity of the catchment (Andreyanov, 1960: 79).

The construction of large reservoirs in the re-
gion under consideration led to a gradual change
(leveling) of the intra-annual distribution of runoff.
In order to study these changes, an analysis of long-
term series of monthly runoff for the river was car-
ried out, of the River Yesil along the length in vari-
ous hydrological posts. An analysis of the average
monthly precipitation and average monthly air tem-
peratures for 30-40 years showed the relative stabil-
ity of their intra-annual distribution in the basin of
the River Yesil, they cannot lead to significant shifts
in the intra-annual distribution of runoff (Moldakh-
metov, 2007: 177).

Analysis of the intra-annual distribution of an-
nual runoff in a long-term context can be carried
out using the method of moving averages, integral
curves of monthly runoff, as well as by compar-
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ing the distribution of monthly runoff in different
years with different levels of runoff regulation in the
catchment area, but with approximately the same
meteorological conditions. Calculation methods
are also used (Veretennikova, 1982: 28), when the
regulated observed runoff is compared with the re-
stored values. However, the retransformation of the
monthly and ten-day runoff by existing methods of
calculation (Andreyanov, 1960: 83), as rightly noted
in the work (Sokolov, 1979: 14), is difficult, due to
the fact that errors in the restoration of runoff are
often commensurate with monthly stock.

The final result of assessing the change in the
intra-annual distribution of runoff in a year depends
not only on the methods of analyzing and comparing
the monthly runoff and its distribution over a long
period of time with the dynamics of economic activ-
ity in the watershed, but also, to a certain extent, on
comparing the natural and disturbed distribution of
the runoff. It should be noted that, when describing
the intra-annual distribution of runoff, there obvi-
ously are not, and cannot be, universal methods suit-
able for use on any rivers.

The fact of the relative stability of the intra-an-
nual and seasonal distribution of runoff on the River
Yesil in natural conditions is confirmed by data on
the relative distribution of runoff by season under
conditions of poor economic development of the re-
gion (conditionally natural) and after the construc-
tion of large reservoirs. For all rivers under condi-
tions of a practically natural regime, the relative
values of seasonal runoff are very stable even when
averaged over short five-year periods. Their aver-
aged values deviate from the long-term averages in
the range from 2 to 5 %. Sharp changes in the distri-
bution of runoff by seasons take place after the con-
struction of reservoirs with the intensive develop-
ment of the economy (Moldakhmetov, 2008: 291).

Thus, the main task of reservoirs is to regulate
river flow in order to eliminate the shortage of water
resources in dry seasons or years. At the same time,
the construction of large reservoirs not only regu-
lates runoff, but can also significantly increase the
amount of irretrievable losses as a result of evapora-
tion from their water surface. By increasing evap-
oration as a result of flooding large areas in areas
of insufficient moisture, reservoirs reduce the total
water resources, acting as one of the consumers of
fresh water. In this regard, it seems necessary to take
into account this role of reservoirs when assessing
the total and non-returnable water consumption,
especially in areas with a dry climate. The volume
of additional losses due to the construction of reser-

voirs is estimated from the difference in evaporation
from the water surface of the reservoir and the same
territory before flooding, including the land surface
and rivers in natural conditions.

As a rule, reservoirs built in zones of variable
and insufficient moisture, and even more so in arid
regions, reduce the total water resources of the
catchment due to greater evaporation from the water
surface compared to the flooded land. For channel-
type reservoirs, the magnitude of this decrease is
usually insignificant due to the fact that the addi-
tional water surface area is small, and evaporation
from floodplain land areas is close to evaporation
from the water table.

Initial data and research methods

Initial data. Observational data on the annual
river runoff of the Yesil water management basin,
provided by hydrometeorological network of RGP
Kazhydromet, was used in this project. Data about
the total volume of filling ponds and reservoirs in
the study basin are borrowed from the materials of
the Committee for Water Resources of the Republic
of Kazakhstan.

Methods for estimating additional water losses
due to evaporation. The construction of reservoirs
entails some reduction in renewable water resourc-
es, due to additional evaporation in the basin. In
some regions, this decrease can be a significant pro-
portion of the total irretrievable water consumption
for economic needs, so this aspect is quite important
in the general complex of problems for the impact of
human activities on water resources.

As a result of the construction of reservoirs,
there is a change in the runoff volume in the outlet
section of the river (AR) due to a change in the total
evaporation in the basin (U), as well as a result of
filling the reservoir bowl and increasing groundwa-
ter reserves (W):

AR=U+W (1)

The first component of equation (1) U is a per-
manent factor for the entire time of the reservoirs
existence. The value of W represents temporary
losses for the closing section of the river, acting in
the period from the beginning of the reservoir filling
until the onset of a steady state groundwater regime,
while the duration of the period for large flat reser-
voirs is very long and amounts to 7-15 years (Shik-
lomanov, 2008: 319). The values of U and W, as a
rule, have the highest values during the construction
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of reservoirs in areas of insufficient moisture: the
first is due to the greater difference in evaporation
from the water surface compared to land, and the
second is due to the deeper standing in natural con-
ditions of groundwater levels in the area of reservoir
construction.

The volume of water losses due to changes in
evaporation in the basin U consists of three compo-
nents:

U=U,+U,=U, 2)

where, U, — is the volume of losses from the terri-
tory flooded by the reservoir; U, — the same from
the adjacent flooding area; U, , — is the volume of
losses due to changes in flooding processes in the
lower reaches of the reservoir.

The main role in equation (2) is played by the
first component U,, the value of which is deter-
mined by the area flooded by the reservoir 4, and an
additional evaporation layer £, from this territory:

U=ExAx10° 3)

where U, — km3, E,.—mm, 4, — km?.
The E, value can be calculated for a month, sea-
son or year using the equation:

E=E, —R+R (4)

the value can be obtained from the difference be-
tween the water balance equations of the area of
catchment before and after the construction of the
reservoir.

In equation (4): £, — evaporation from the wa-
ter surface of the reservoir; P — precipitation on the
water surface; R — runoff, which is formed from the
section of the valley occupied by the reservoir.

Flooded area 4, in formula (3) will be equal to:

AF:A ws AR (5)

where 4, — is the water surface area of the reser-
voir; A, — the area of the riverbed in natural condi-
tions on the territory occupied by the reservoir.

Evaporation losses from the flood zone of lands
adjacent to the reservoir U, are determined by the
expression:

U,=(E,—E)<Ax10° (6)

where U, in km?; E,_ — evaporation from the flood-
ing zone, in mm; £, — evaporation from land before
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flooding, in mm; A4, — is the area of the flooded ter-
ritory, in km?, that is, it is a land area adjacent to the
contour of the reservoir with a depth of the ground-
water level, usually no more than 2.0-2.5 m.

In many river basins, the effect of large reser-
voirs on evaporation is manifested not only within
the flood zones, but also below the location of the
reservoirs due to changes in the regime and flood
areas of the river floodplain and delta. Usually, there
is a decrease in evaporation below the reservoir U,
due to a reduction in the areas of floodplain and delta
flooding as a result of a decrease in maximum water
discharges during flow regulation. As studies have
shown (Shiklomanov, 1974), under constant me-
teorological conditions within the considered areas
below the reservoir, the value of U, , is proportional
to the change in the flooding parameter, which re-
flects the change in the maximum area and duration
of flooding as a result of a decrease in maximum
flows and spring flood volumes due to the creation
of reservoirs.

During the construction of reservoirs, the flow
of the river in the outlet section changes not only
due to additional evaporation, but also as a result of
accumulation in the reservoir bowl W, and replen-
ishment of groundwater reserves W,

W: WA+ WGW: WA+ WRB+ WBR (7)

where W, — is the water consumption for saturation
of the aeration zone of the reservoir bed; W, — are
the volumes of water entering the banks of the res-
ervoirs, while the total water resources in the basin
due to W do not decrease, there is only their redis-
tribution and the transition of one type of water re-
sources to another.

Determination of W, is not difficult in the pres-
ence of water balances of reservoirs. W,, value is
determined for each reservoir depending on the
thickness of the aeration zone of the reservoir bed
prior to its construction and the lack of soil satu-
ration, which depends on the soil characteristics of
the aeration zone. Saturation of the aeration zone oc-
curs, as a rule, in the first 10-20 days after the filling
of the reservoir bed.

It is much more difficult to determine the vol-
umes of water that form artificial groundwater re-
serves in areas adjacent to reservoirs W, . Replen-
ishment of groundwater reserves for various res-
ervoirs can occur for many years after their filling
and represents very significant values that should be
taken into account in a comprehensive assessment
of the impact of a reservoir on river flow.
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Simplified scheme for estimating additional
evaporation. Obviously, due to the lack of a sig-
nificant part of the necessary initial data, a detailed
methodology for a comprehensive assessment of the
impact of reservoirs on renewable water resources
cannot be applied to all watersheds, and even more
so to regions. Therefore, based on the analysis of
the obtained calculation results for a large number
of different types of reservoirs located in different
physical and geographical conditions, the State Hy-
drological Institute (Russian Federation) developed
a simplified calculation scheme. It is based on the
use of design data available for each large reservoir,
generalized information on water management, hy-
drometeorological and hydrogeological characteris-
tics, and cartographic materials.

Calculations according to the simplified scheme
are performed not for each specific year, but on av-
erage for at least 5-10 year periods, which makes
it possible to significantly reduce the amount of re-
quired initial information and simplify calculations.

The volume of losses from the flooded area U, is
determined by formula (3), however, to calculate the
additional evaporation layer £, instead of formula
(4), the equation is used:

E=E —-E, ()

this equation can be easily obtained from equa-
tion (6) by averaging the elements over long-term
periods. In formula (8) £, and E, are the norms of
evaporation from the water surface and land, respec-
tively, for the area where the reservoirs are located;
they are determined by available formulas or maps.

The average flood area 4, is calculated approxi-
mately depending on the type of reservoir and the
design area of the water surface 4, with the intro-

NRL
duction of the necessary coefficients:

IZII“:I{R>< KFX ANRL KR:A W.S/
Ay KF:AI/A ws ©)

The values of the coefficients K, are determined
by the ratio of the actual average water surface area
A, for the period to the area at NRL when the res-
ervoir is completely filled and obviously depends on
the nature of flow regulation (daily, weekly, month-
ly, seasonal, long-term) and the type of curve of de-
pendence of the reservoir area on level. For most of
the mountain and semi-mountain reservoirs of sea-
sonal regulation and flat daily and weekly regulation
K ~1. For lowland reservoirs of seasonal regulation
K =0.80-0.90.

The K, coefficient is determined by the ratio of the
areas of flooding and the water surface of the reser-
voir and depends mainly on the type of reservoir (riv-
er, valley, lake) and on the amplitude of fluctuations
in water levels in the river under natural conditions.
For lake reservoirs on lowland rivers — K,=0.90-1.0;
for lake-valley — K,=0.80-0.90; for valley-channel —
K,=0.70-0.80; for channel — K, =0.65-0.70.

Losses for additional evaporation from the areas
of reservoir flooding U, usually make up an insig-
nificant part of the value U, ranging from 4 to 10 %
for lowland reservoirs, depending on the depth of
groundwater and climatic characteristics. For moun-
tain and semi-mountain reservoirs, this value can
practically be neglected.

The values of U, , can play an important role in
assessing the complex effect of reservoirs on the
runoff and water balance of such rivers, in the lower
reaches of which, under natural conditions, there
were significant losses of runoff due to unproductive
evaporation. These are, as a rule, rivers that have a
flood regime in the warm season. For an approxi-
mate estimate within large regions, the values of
U,.and U, , can be neglected, especially since they
largely compensate each other in magnitude.

Reducing the river runoff in the outlet due to the
accumulation of water in the reservoir bowl W, is
determined approximately by the value of the design
total volume of the reservoir at the NRL and the pe-
riod of its filling. In the periods after the filling of the
reservoirs, the value of W, on average over a long
period is taken equal to zero.

One-time seepage losses in the bed and banks
of reservoirs for replenishment of groundwater re-
serves W, are usually estimated approximately
depending on the areas of flooding and the level of
groundwater occurrence in the reservoir area. These
losses take place in the period from the beginning
of the filling of reservoirs to the established regime
of groundwater in the adjacent territories. In subse-
quent years, these values are taken equal to zero.

Results and discussion

The influence of reservoirs and ponds on the
hydrological regime in the basin of the River Yesil.
Reservoirs and ponds are built to regulate the flow,
both seasonally and long-term, to provide water to
the population, industry and agricultural produc-
tion. In Kazakhstan, water in ponds and reservoirs is
mainly used for water supply, irrigation, fish farm-
ing, and partly for irrigation of agricultural fields,
orchards and orchards, and cattle watering.
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The flow regime of small rivers in flat Kazakh-
stan is characterized by extremely uneven long-term
and intra-annual distribution. The main part of the
runoff occurs during the spring flood (90-100 %
per annum). In this regard, pond farming has found
wide development here. In order to save water for
economic use, dams and dams are built on the rivers,
accumulating part of the spring runoff. The water
accumulated in spring is annually used for house-
hold needs in the rest of the year.

The influence of ponds and reservoirs on the flow
of rivers manifests itself in different ways. The annual
and spring runoff tends to decrease, which is associat-
ed with the filling of containers, additional evaporation
and the economic use of water accumulated in reser-
voirs. Ponds and reservoirs built on rivers that dry up
or with very low flow increase the flow in the summer.

The change in annual (seasonal) runoff under
the influence of ponds and reservoirs can be deter-
mined by two methods:

1) by the volume of filling of reservoirs;

2) by additional evaporation from the water sur-
face of reservoirs compared to evaporation from
land before their creation.

Therefore, it is natural that the use of these
methods for calculating the effect of ponds on river
runoff gives different results, in some cases easily
comparable with each other. When evaluating this
influence of ponds in terms of filling volumes or tak-
ing into account in the direct form of water intakes
for economic needs, the influence of not only ponds,
as artificial elements of the landscape, but also other
factors of economic activity is revealed.

The decrease in runoff occurs mainly due to dry
years, while in high-water years these disturbances
are not significant. With an increase in the areas of
flooding, not only the average long-term runoff val-
ues change in a certain way, but also the coefficients
of variation and asymmetry. Therefore, when de-
signing water management facilities in areas of in-
sufficient moisture, the use of statistical parameters
of natural runoff series, even if the averages remain
homogeneous, is not legitimate. Failure to take this
circumstance into account can lead to an overesti-
mation of runoff indicators, especially in the area of
high availability.

When assessing the impact of economic mea-
sures on the elements of the hydrological regime of
rivers, including the creation of reservoirs for long-
term regulation, it is absolutely necessary to assess
changes in the climatic background.

Methodological techniques based on the use,
mainly, of network observations, give only an in-
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tegral assessment of the influence of a complex of
anthropogenic factors in the basin, but do not allow
us to identify the role of each factor separately and
thus do not always provide the possibility of scien-
tifically based forecasts of the river regime for the
future, taking into account economic development
plans. Therefore, for watersheds with intensive use
of water resources, the ongoing changes in runoff
should be assessed in parallel by two mutually inde-
pendent methods, namely: by a differentiated water
balance calculation of irretrievable water losses in
the basin and by analyzing long-term fluctuations
in water discharges in hydrometric sections (taking
into account fluctuations in meteorological factors).
When calculating for the future, it is important to
assess the changes in runoff under the influence of
economic activity not only for average water con-
tent, but also for exceptionally dry and high-water
years.

To assess the impact of the existing reservoirs
on the annual runoff of the rivers of Central Kazakh-
stan, a simplified method of the State Hydrological
Institute was used. This technique makes it possible
to quantify runoff changes in the outflow gate due to
a complex of factors that act during channel regu-
lation (additional evaporation losses from flooding
and underflooding zones, water accumulation in the
bowl of reservoirs, compensation for runoff losses
as a result of reduced flooding of floodplains in the
lower pond).

The influence of ponds and reservoirs on river
flow manifests itself in different ways. The annual
runoff under the influence of reservoirs and ponds
tends to decrease, which is associated with the fill-
ing of their reservoirs, additional evaporation and
economic use.

The change in runoff under the influence of
reservoirs was determined by two methods: by ad-
ditional evaporation from the water surface of res-
ervoirs compared to evaporation from land before
their creation, and by the volume of filling of ponds
and reservoirs. These methods are not equivalent:
according to the first one, irretrievable losses in-
clude only losses for additional evaporation from
the water surface, according to the second, irretriev-
able losses include, in addition to evaporation loss-
es, spending on various economic needs.

The influence of ponds and reservoirs on river
runoff can be taken into account in absolute terms or
with the help of runoff change coefficients (in frac-
tions of a unit). Data on the total volume of filling
of ponds and reservoirs (on the share of the annual
drawdown volume) in the study basin are borrowed
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from the materials of the Committee for Water Re-
sources of the Republic of Kazakhstan. The layer
of losses for additional evaporation for an average
water content year for Central Kazakhstan is given
in “Resources ...” and is 800 mm. Precipitation and

Table 1 — Precipitation and evaporation (calculated provision)

evaporation of different probability are given in
Table 1. Modular coefficients were used to transfer
from the average long-term values of evaporation
from the water surface to the provided values.

Water content of the year The amount of Evaporation from the Evaporation from land, E=E, —E,, mm
(calculated provision), precipitation for the water surface during the E, mm
P% warm period (IV-X), P | warm period (IV-X), £,
mm mm
10 334 696 300 396
25 280 744 300 444
50 227 800 250 550
75 180 848 175 673
80 170 920 158 762
95 125 936 125 811

Table 2 shows the results of calculations by
the first method, which takes into account ad-
ditional evaporation from the water surface, per-
formed for three sections along the Yesil Riv-
er. When calculating river runoff losses due to
evaporation from the water surface, the follow-
ing data were used:

— Water content of the year, P, %;

— Total water surface area of ponds and reser-
voirs, Y .F s, km?;

— Precipitation on the surface of ponds and res-
ervoirs, X, mm;

— Loss of runoff for evaporation from the water
surface, W, million m*;

— Annual runoff, W, million m?;

— Decrease in natural runoff, R,.

Table 2 — Calculations of river runoff losses on the evaporation with water surface

River — point P, % 2Fy km? E, mm X, mm E,, mm Wis rrr]:lhon W, r:lrghon R,
10 396 334 62 3.92 329 0.99
25 444 280 164 10.4 212 0.95
. 50 550 227 323 20.4 116 0.82
Yesil = Nur -Sultan 75 63.2 673 180 493 312 57.2 0.46
80 762 170 592 37.4 46.5 0.20

95 811 124 687 43.4 17.3 0
10 396 334 62 9.87 2688 0.996
25 444 280 164 26.1 1730 0.98
Yesil — Ka}mennyi 50 1592 550 227 323 51.4 946 0.95
Karier 75 673 180 493 78.5 467 0.83
80 762 170 592 94.2 380 0.75
95 811 124 687 109 141 0.22
10 396 334 62 17.7 4045 0.996
25 444 280 164 46.8 2588 0.98
. 50 550 227 323 92.2 1396 0.93
Yesil — Petropavlovsk s 285.6 673 180 493 141 668 0.79
80 762 170 592 169 536 0.68

95 811 124 687 196 171 0
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To track the change in runoff under the influ-
ence of economic activity in years of different water
content, a decrease in natural runoff was calculated.
An analysis of the calculations shows that in high-
water years (10 and 25 % supply), the runoff de-
creases due to additional evaporation from the wa-
ter surface of artificial reservoirs to 5 %. In average
water content years (50 % availability), the annual
runoff decreases to 18 % (Yesil — Astana).

In dry years (80 % availability) — the decrease in
annual runoff is from 25 to 80 % (the Yesil River —
Astana, the decrease is 80 %, the Yesil River — the
village of Kamennyi Karier, the decrease is 25 %,
the Yesil River — Petropavlovsk, the decrease is
32 %. In exceptionally dry years (95 % availability),
the entire annual runoff is retained in reservoirs and

is irretrievably lost due to evaporation and use for
household needs.

For the period from 1982 to 2018 years the de-
crease in runoff was calculated according to the
volume of total water consumption for regular ir-
rigation, the flooding of estuary irrigation areas,
domestic and industrial needs, as well as the pond
economy of the Yesil Water Management Basin.
The calculation results are summarized in Table 3.

When calculating river runoff losses for filling
ponds and reservoirs, the following data were used:

— Water content of the year, P, %;

— Total volume of reservoirs, ¥, million m?;

— Runoff losses, W, , million m?;

— Annual runoff, W, million m?;
— Decrease in natural runoff, R,.

Table 3 — Calculation of river flow losses on the filling ponds and reservoirs

Year P, % W, million m* ‘ W,,, million m* ‘ W, million m? R,
Yesil — Astana (Vyvacheslav reservoir)

1 2 3 4 5 6
1982 82.2 410.9 37.2 13.9 0
1983 15.6 410.9 40.4 198 0.80
1984 48.9 410.9 44.9 150 0.70
1985 6.67 410.9 46.4 297 0.84
1986 17.8 410.9 51.6 257 0.80
1987 20.0 410.9 56.6 216 0.74
1988 31.1 410.9 56.4 195 0.71
1989 57.8 410.9 55.3 63.3 0.13
1990 8.89 410.9 55.6 328 0.83
1991 35.6 410.9 56.6 199 0.72
1992 86.7 410.9 44.5 413 0
1993 28.9 410.9 54.5 410 0.87
1994 22.2 410.9 42.5 46.3 0.08
1995 40.0 410.9 50.4 157 0.68
1996 44 4 410.9 42.4 188 0.77
1997 37.8 410.9 20.2 138 0.85
1998 75.6 410.9 22.5 19.8 0
1999 91.1 410.9 26.6 6.30 0
2000 95.5 410.9 37.6 6.62 0
2001 60.0 410.9 323 33.1 0.02
2002 13.3 410.9 52.3 177 0.70
2003 71.1 410.9 41.9 58.9 0.29
2004 55.6 410.9 342 71.8 0.52
2005 24.4 410.9 20.4 140 0.85
2006 88.9 410.9 20.7 14.9 0
2007 4.44 410.9 22.0 113 0.81
2008 66.7 410.9 20.2 106 0.81
2009 84.4 410.9 20.1 37.9 0.47
2010 77.8 410.9 20.8 140 0.85
2011 73.3 410.9 20.4 453 0.55
2012 64.4 410.9 20.3 59.9 0.66

62



L. Makhmudova et all.

1 2 3 4 5 6
2013 62.2 410.9 20.1 123 0.84
2014 11.1 410.9 20.7 210 0.90
2015 333 410.9 19.5 175 0.89
2016 26.6 410.9 19.2 85.9 0.78
2017 222 410.9 35.1 119 0.71
2018 10.8 410.9 33.4 216 0.85

Yesil — Petropaviovsk (Sergeevskoe reservoir)
1982 80.0 1103.9 188 479 0.61
1983 17.8 1103.9 185 3528 0.95
1984 48.9 1103.9 171 1364 0.87
1985 6.67 1103.9 152 4064 0.96
1986 20.0 1103.9 165 3497 0.95
1987 222 1103.9 171 3371 0.95
1988 333 1103.9 156 2766 0.94
1989 57.8 1103.9 191 1096 0.83
1990 8.89 1103.9 145 4001 0.96
1991 35.6 1103.9 186 2388 0.92
1992 84.4 1103.9 172 422 0.59
1993 31.1 1103.9 144 2819 0.95
1994 15.6 1103.9 179 3560 0.95
1995 37.8 1103.9 195 2243 091
1996 46.7 1103.9 146 1474 0.90
1997 40.0 1103.9 107 2123 0.95
1998 77.8 1103.9 144 488 0.70
1999 91.1 1103.9 174 331 0.47
2000 95.6 1103.9 158 284 0.44
2001 60.0 1103.9 157 851 0.82
2002 13.3 1103.9 148 3623 0.96
2003 68.9 1103.9 134 743 0.82
2004 55.6 1103.9 146 1103 0.87
2005 28.9 1103.9 143 2911 0.95
2006 86.7 1103.9 145 400 0.64
2007 4.44 1103.9 154 4379 0.96
2008 73.3 1103.9 141 605 0.77
2009 82.2 1103.9 141 447 0.68
2010 88.9 1103.9 146 378 0.61
2011 71.1 1103.9 143 646 0.78
2012 64.4 1103.9 142 788 0.82
2013 62.2 1103.9 141 819 0.83
2014 11.1 1103.9 145 3843 0.96
2015 26.7 1103.9 137 2930 0.95
2016 24.4 1103.9 134 3182 0.96
2017 222 1103.9 246 6174 0.96
2018 51.1 1103.9 234 3150 0.93

An analysis of Table 3 shows that in high-
water years (2018) at the hydrological post Yesil
— Astana, the runoff decreases by 15 %, in the hy-
drological post of the Yesil — Petropavlovsk, the
flow decreases by 4 % (2014). In dry years, the
flow decreases by 50-100 % in the upper reaches
of the river, and by 30-50 % in the lower reaches
of the river, respectively. Table 4 shows the re-

sults of assessing the impact on the runoff of the
filling volumes of reservoirs. According to these
data, economic activity from 1974 to 2018 led to a
decrease in runoff in the alignment of the Yesil —
Astana in the average years of water content (50 %
availability) by 30 %, and in the hydrological post
of'the Yesil — Petropavlovsk, the decrease in runoff
is up to 7 %.
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Table 4 — Comparison of the water content of the Yesil River during periods with conditionally-natural and disturbed flow, m*/s

. . Conditionally- Disturbed
River — point P, % natural period, period, 0, ms R, R, 0.0 xR, 0.,=0 %R,
0, ms PE2
10 13.5 8.16 0.99 0.85 13.4 11.5
25 5.41 5.14 0.95 0.85 5.14 4.60
Yesil — Astana 50 4.43 2.68 0.82 0.70 3.63 3.10
75 2.01 1.22 0.46 0.55 0.92 1.11
80 1.59 0.96 0.20 0.47 0.32 0.75
95 0.44 0.27 0 0 0 0
10 127 123 0.996 0.96 126 122
25 80.7 77.9 0.98 0.95 79.1 76.7
Yesil — 50 42.5 41.1 0.93 0.93 39.5 39.5
Petropavlovsk 75 19.5 18.9 0.79 0.70 15.4 13.7
80 15.5 15.3 0.68 0.61 10.5 9.46
95 4.37 5.51 0 0.44 0 1.92
Note: Q. — corrected value

An analysis of the obtained data shows that the
decrease in runoff from the conditionally natural
period to the disturbed period cannot be entirely
attributed to the influence due to the influence of
reservoirs. Apparently, the anthropogenic impact is
due to agro-technical measures and climate change.
Anthropogenic and climatic components (Table 4)
of runoff reduction are determined by correcting the
river runoff (multiplying the runoff of a conditional-
ly natural period by the runoff reduction coefficients
R,and R,). In the case when there is no climatic
trend, an approximate coincidence of the runoff
of different probability and the “corrected” runoff
is expected. In high-water years, there is a differ-
ence in these values, apparently, when the runoft is
not significantly distorted by economic activity, the
main role is played by the climatic trend.

Conclusion

At the end of the twentieth century, the fait ac-
compli of global warming began to be recognized
as proven (Klige, 20006), (Georgievsky, 1996: 93)
however, discussions about the causes of modern
climate change remain unfinished. Many scientists
recognize the fact of anthropogenic climate change
as a result of the accumulation of carbon dioxide
in the atmosphere, others are firmly convinced that
the energy power of the processes occurring in the
natural cycle is several orders of magnitude higher
than man-made energy capabilities. Space rhythms,
natural rhythm and its phases have a significant
impact on many processes occurring on Earth, in-
cluding long-term fluctuations in river flow, which
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are an integral indicator of climate change. As for
the anthropogenic changes in the runoff of the last
modern period, they are quite justifiably disturbing
for humanity. They really exist, but their values are
not comparable with natural cyclic climate changes
of different nature. The danger of anthropogenic
changes lies in their irreversibility.

In addition, the totality of accumulating an-
thropogenic and cyclic natural climate changes
is dangerous because there are periods of years
when anthropogenic and natural changes are di-
rected in the same direction and can manifest
themselves with alarming speed, so minimizing
the anthropogenic component is a safety option
for humanity. As a result of the conducted sci-
entific research, the following main conclusions
were obtained:

1. To track the change in runoff under the influ-
ence of economic activity in years of different water
content, a decrease in natural runoff was calculated.
An analysis of the calculations shows that in high-
water years (10 and 25 % supply), the runoff de-
creases due to additional evaporation from the water
surface of artificial reservoirs to 5 %. In average wa-
ter content years (50 % availability), the annual run-
off decreases to 18 % (Yesil — Astana). In dry years
(80 % availability) — the decrease in annual runoff
is from 25 to 80 % (Yesil — Astana, the decrease
is 80 %, Yesil — the village of Kamennyi Karier,
the decrease is 25 %, Yesil — Petropavlovsk, the
decrease is 32 %. In exceptionally dry years (95 %
availability), the entire annual runoff is retained in
reservoirs and is irretrievably lost due to evapora-
tion and use for household needs.
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2. For the period from 1982 to 2018 years the
decrease in runoff was calculated according to the
volume of total water consumption for regular ir-
rigation, the flooding of estuary irrigation areas,
domestic and industrial needs, as well as the pond
economy of the Yesil Water Management Basin.
Data analysis shows that in high-water years (2018)
at the hydrological post of the River Yesil — Astana
city, the runoff decreases by 15 %, in the hydrologi-
cal post of the River Yesil — Petropavlovsk city, the
flow decreases by 4 % (2014). In dry years, the flow
decreases by 50-100 % in the upper reaches of the
river, and by 30-50 % in the lower reaches of the
river, respectively.

Analysis of the results of assessing the impact
on the runoff of the volumes of filling reservoirs.
According to these data, economic activity from

1974 to 2018 led to a decrease in runoff in the align-
ment of the River Yesil — Astana city in the average
years of water content (50 % availability) by 30 %,
and in the outlet section of the River Yesil — Pet-
ropavlovsk city, the decrease in runoff is up to 7 %.
The decrease in runoff from the conditionally natu-
ral period to the disturbed period cannot be entirely
attributed to the influence due to the influence of
reservoirs. Apparently, the anthropogenic impact is
due to agro-technical measures and climate change.
In the case when there is no climatic trend, an ap-
proximate coincidence of the runoff of different
probability and the “corrected” runoff is expected.
In high-water years, there is a difference in these
values, apparently, when the runoff is not signifi-
cantly distorted by economic activity, the main role
is played by the climatic trend.
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