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RESEARCH ON QUANTITATIVE EVAPORATION
OF WATER FROM THE KOSHKAR-ATA TAILING DUMP

The Koshkar-Ata tailings dump, with a volume of accumulated waste of more than 105 million tons
today, poses a potential danger to the health of the population of nearby settlements when the wind
blows toxic dust from the dried surface. Currently, due to the decline in production rates, a significant
part of the dried pulp waste has been exposed, forming “dusty beaches”. In order to minimize the nega-
tive impact of tailings dumps and improve the environmental situation, it is necessary to develop and
implement highly efficient and cost-effective solutions. Solving the issues of stabilization of the water
phase level and dusty “beaches” is a difficult task in terms of technical solutions, capital and operating
costs.

The article presents the results of experimental and computational studies to determine the evapora-
tion rate in the Koshkar-Ata storehouse. According to the literature data, the average annual air tempera-
ture of the regions of the Mangyshlak region is +9.05 ° C. It was necessary to determine the average
level of evaporation of water from the Koshkar-Ata tailing dump at an air temperature and a water tem-
perature equal to +9 ° C. The results of the experiments established that there is a direct dependence
of water evaporation on temperature, regardless of the content of mineral salts, and the average level of
evaporation of water from the Koshkar-Ata tailings dump at air and water temperatures equal to + 9 °
Cis 0.3 cm.

According to calculations over the past fifteen years, the value of water losses for evaporation and
filtration in the settling pond of the Koshkar-Ata tailings pond is 1,201 m/year. It can be tentatively as-
sumed that the share of filtration waters accounts for about 9-10% of the total losses, then these losses
in height will amount to 0.106 m, i.e. 8.8% of the total loss level.

Key words: pond, evaporation, water inflow, temperatures, tailings, process modeling, dry air, water
vapor, temperature, element.
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Kowikap-Ata KaAAbIK, KOMMACbI CYbIHbIH,
CaHADIK, 6yAaHybl 60MbIHLLA 3epTTeyAep

ByriHri TaHAQ >XMHAKTaAFaH KAAABIKTApAbIH KeAaeMi 105 MAH. TOHHaAaH acaTbiH «Kolukap ATa»
KAAAbIK, KOMMACbIHbIH, KYPFaK, GETIHEH YKEAMEH YAbl LUaHAbI TapaTybl KE3iHAE >KaKblH MaHAAFbl €AAI
MeKEHAEPAIH TYPFbIHAAPbIHbIH, A€HCayAbIFbIHA bIKTUMAA Kayin TeHaipeai. Kasipri yakbiTTa eHaipic
KapKbIHbIHbIH TOMEHAEYiHEe GANAAHbICTbI KEMNTIPIAreH KAAAbIKTapbiHbIH €A8YIP GOAIri aLlbIAbIM, «LLAHAbI
>Karakanaap»nanaa 60AAbl. KaaabIk KOMMaAAPbIHbIH TEPIC 8CEPiH a3aiTy XKOHE SIKOAOTUSAIK, XKaF AANADI
JKaKCapTy YLLUiH )KOFapbl 3KOAOTMSIABIK, )KOHE 3KOHOMMKAABIK, TUIMAI LLELIMAEPAI ©3ipAeY XXBHe eHrisy
kaxxeT. Cy hasachblHbIH AEHreliH YKaHe LaHAbI «wKaFayKaAapAbly TYPAKTaHABIPY MOCEAEAEPiH Lelly
KYPAEAI XK8HE ManAaAaHy LWbIFbIHAAPbI TYPFbICbIHAH KYPAEAT TEXHMKAABIK, LIELMAEP GOAbIN TabblAAAbI.

Makanapa Kouikap-Ata KaAAblK, KOMMaCbiHbiH 6OYAQHY >KbIAAAMADBIFbIH aHbIKTay 6OWMbIHIWIA
SKCMEPUMEHTTIK JKOHE eCENTiK 3epPTTEYAEPAIH HOTMXKEAEPI KeATIpiAreH. Oaebu AepekTepre comkec
MaHrbiwaak, 06AbICbI BHIPAEPIHIH OpTallia XbIAAbIK, aya TemnepaTypacbl +9,05°C. IKCNepuMEHTTIK
3epTTeyAep HOTMXKECIHAE MMUHEpPaAAbl TY3AAPAbIH KypamblHA KapamacTaH CyAblH OyAaHYbIHbIH
TemriepaTtypara TiKeAel TOYeAAIAIri XXeHe aya Temrnepartypacbl MeH CyAblH TemrepaTtypacbl +9°C-ka
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TeH 60AFaH ke3ae Kolikap ATa KaAAbIK, KOMMAaChl CyblHbIH opTalia 6yAaHy AeHreiti 0,3 cM KypanTbiHbl
AHbIKTAAADI.

CoHfbl OH 6ec XbIAAaFbl ecenTeyAep OoribiHia «Kowkap-ATa» KaAAbIK, KOMMACbIHbIH TYHABIPbIAFAH
TOFaHbIHAQ OyAaHyFa XK8He Cy3yre CYAbIH LWbIFbIHbI XKbiAbiHA 1,201 M KyparaH. Cy3ri cyAapbiHbIH YAECI
LIbIFbIHAAPAbIH, >KaATbl KOAEMIiHIH wamameH 9-10% Kypanabl aAen 60AxayFa 60AaAbl, COAAH KeniH OyA
LWbIFbIHAAP OMiKTIr 6orbiHWA 0,106 M, SFHM XKAATbI WbIFbIH A€HreniHiH 8,8% KypanAbl.

TyiiH ce3aep: Kolwkap ata KaAAbIK KOMMAachl, HEraTUBTI ©cepAep, Cy TemrepaTypachbl, CyAblH
OGyAaHybl, KAaAAbIK, 6T, yCaK, LLaH, >XEAAETY.
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NUccaepoBaHns MO KOAMYECTBEHHOMY MCMAPEHHIO
BOAbI XBOCTOXpaHMAMLLA Kowikap-ATa

XBocToxpaHuamiue Kolikap-Ata, ¢ 06beMOM HAKOMAEHHbIX OTXOAOB Ha CeroaHst 6oaee 105 MAH.
TOHH, NMPEACTABASIET MOTEHLMAAbHYIO OMACHOCTb AASl 3AOPOBbS HAaCeAeHUs1 BAM3AEXKALLMX HAaCeAEHHbIX
MyHKTOB MpPW pa3HOCe BETPOM TOKCMYUECKOWM MbIAM C BbICOXLUEN MOBEPXHOCTU. B HacTosee Bpems B
CBSI3M CO CMAAOM TEMIMOB MPOM3BOACTBA, OOHAXKMAO 3HAUYMTEABHYIO YaCTb BbICOXLLMX MyAbMOOTXOAOB,
006pa3oBaB «MbIASLLME NASKM». AAS AOBEAEHWUS AO MMHUMYMa HEraTMBHOIO BAMSIHWS XBOCTOXPaHUAMLL
M YAYULLEHWS 9KOAOTMYECKoi 06CTaHOBKM, TpebyeTcs pa3paboTka 1 BHeAPeHUe BbICOKOI(MEKTUBHbIX
M 3KOHOMMYECKM BbIFOAHbBIX pelleHuii. PelleHne BONpoCcoB CTabGMAM3aLMKM YPOBHSI BOAHOM (hasbl U
MbIASILLIMX «MASDKEN» SBASIETCS CAOXKHOWM 3aAaueit C TOUKM 3PEHMsl TEXHUYECKMX peLleHnid, 0O6beMoB
KanUTaAbHbIX M 3KCMAYaTaALMOHHbIX 3aTparT.

B cratbe npeacTaBAeHbl pe3yAbTaTbl 3KCMEPUMEHTAAbHbIX M PACYETHbIX MCCAEAOBAHMI MO
OMNPEAEAEHMIO CKOPOCTM MCMApeHus XBOCTOXpaHuAamile Kowkap-ATta. CoraacHoO AuTepaTypHbIM
AQHHbBIM CPEAHEroAOBasl TEMMEpPaTypa BO3AyXa PervoHoB MaHrucrayckoi obaactv pasHa +9,05°C.
Heo6x0AMMO 6bIAO OMPEAEAUTL CPEAHUIA YPOBEHb MCMAPEHUS BOAbI XBOCTOXpaHMAMLLA Kolikap-ATta
npy TemnepaType BO3Ayxa W TemrepaType BoAbl, PaBHON +9°C CPaBHUTEAbHO C AUCTUAAMPOBAHHOM
BOAOW. Pe3yAbTaTamm 3KCNEPMMEHTOB YCTAHOBAEHO, YTO MMeeT MeCTO NPIMas 3aBUCUMOCTb MCMapeHunst
BOAbl OT TemnepaTypbl, HE3aBMCMMO OT COAEP>KaHMS MWMHEPAAbHbIX COAEN U CPeAHMIA YypPOBEHb
MCrapeHns BOAbl XBOCTOXpPaHMAMLLA «KoLkap-ATa» Npu TemrnepaType Bo3AyXa M BOAbI, paBHoM + 9°C
( H_) coctasasie 0,3 cm.

[1o AaHHbIM pacyeToOB 3a MOCAeAHME MATHAALATb AT BEAMYMHA MOTEPb BOAbl HA MCMAPeHMe M
bMAbTPaLMIO B OTCTOMHOM MNpyAe XBocToxpaHuAmia «Kolukap-ATta» coctaBasgeT 1,201 m/roa. MoxHo
OPUEHTUPOBOYHO MPEAMNOAOXMUTb, UTO Ha AOAID (DUABTPALMOHHbLIX BOA MPUXOAMTCS OKOAO 9-10 %
OT 06LLEN BEAUYMHBI MOTEPb, TOrAA 3TU NOTEepU Mo BbicoTe cocTasat 0,106 M, T.e. 8,8 % oT obuero
YPOBHS NOTEPb.

KatoueBble caoBa: XBocToxpaHuaniwe Kouwkap ATa, oTpuuateAbHble 3(pdekTbl, Temneparypa
BOAbI, CMapeHne BOAbI, MOBEPXHOCTb XBOCTOXPAHMAMLLA, MEAKOAMCNEPCHDIN MblAb, BEHTUASLIMS.

Introduction

Formed by discharges of waste from the
Caspian mining and metallurgical plant, sulfuric
acid plant and untreated household waste, Koshkar-
Ata tailings, with the volume of accumulated waste
today is more than 105 mln. tons, currently due to
the decline in production rates, exposed a significant
part of the dried pulp waste, forming «smoky
beaches», representing a potential health hazard
for the population of nearby settlements when
the wind blows toxic dust from the dried surface.
To minimize the negative impact of tailings and
improve the ecological situation, it is necessary

to develop and implement highly effective and
economically beneficial solutions. This question,
as a priority of environmental policy, was reflected
in the main documents of the economic and social
development of the Republic of Kazakhstan for the
period until 2030.

Created by industrial wastes of the Caspian
mining and metallurgical combine, sulfuric acid
plant and untreated household sewage, Koshkar-
Ata tailing pond, with more than 105 million tons of
accumulated waste as of today, currently, because
of the decline in the rate of production, uncovered
a considerable portion of the dried pulp wastes,
creating «dusty beachesy», potentially damaging to
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health of the population of nearby settlements as the
wind spreads toxic dust from the dried surface [1].

The ecological situation in the area of the tail-
ings dump determines the nature and degree of im-
pact on the environment of the industrial toxic waste
accumulated in it. Numerous studies conducted by
various scientific organizations have not allowed to
solve the problems of reducing the harmful impact
of tailings in a complex way.

Water level movements may be considered as
some phenomena of the global scale. On the basis
of these researches, the following statement is ob-
tained. Thus, for the considered sedimentation pond,
water balance equalization can be valid:

W_[Ub(f)_gb(t)}s(t), (M)

dt  \ S(H)

where: V' — the volume of the reservoir at the mo-
ment of time #; U, (¢) — water inflow per unit time;
E, (1) — visible evaporation layer (E, = E — P), lost
per unit time; £ — vaporization; P — precipitation; S
(f) — pond surface area.

Meanwhile, considering the absence of incom-
ing drains, the water balance equation can be pre-
sented in form below:

dH _Uy(1)
dt  S(H)

E,(1) > (2)

where™ H — is water level in the pond at the time ¢,
S(H) — the surface area of the pond for determining
the value of H.

Consider that the success of the study will de-
pend on both the accuracy (methodology) of deter-
mining the components of the water balance, and the
causes of their changes, the inflow of water, the area
of the pond, as well as the water level in it are mea-

Table 1 — Evaporation intensity for evaporation ponds, g/m?

sured instrumentally and only evaporation is calcu-
lated. The lack of study of evaporation leads to the
highest uncertainty in the use of water balance equa-
tions. Vaporization intensity is greatly influenced by
the air flow formed over the water surface. If new
masses of air with low water vapor content enter the
free water surface, evaporation can intensify. How-
ever, with evaporation from large water surfaces, a
significant influx of dry air is limited.

It is known that an increase of temperature by
only 1 ° C, under otherwise unchanged conditions
increases the process of evaporation of moisture by
a factor of 10 [2]. In this regard, to achieve condi-
tions of minimum evaporation from the surface of
toxic water, it is necessary that the temperature of
the outside air was higher than the water tempera-
ture by 1-3°C. The following parameters are set for
evaporation ponds: air temperature 28-30°C, water
temperature 25-28°C, relative air humidity 65-70%.
Evaporation of moisture from the water surface of
the tailings, in addition to the environmental load,
also entails an impact on the humidity of the sur-
rounding air. The intensity of evaporation, will de-
pend on the area of water surface, water tempera-
ture, air humidity and airflow rate. There are quite a
few calculation formulas for calculating the amount
of moisture evaporating [3].

According to experience, empirical dependen-
cies derived from measurements most fully take into
account changes in moisture conditions (in closed
ponds). Hence Table 1, and graphs to determine the
amount of moisture evaporating from 1 m? of the
surface of the evaporation pond (figure 1).

Numerous literature sources point out the diffi-
culty of modeling water evaporation under labora-
tory conditions. It is known that when water evapo-
rates, its molecules form water gas called water
vapor. The atmosphere also contains water in the
liquid state in the form of cloud droplets and rain-
drops [4].

Air tempe- 24 25 26 27 28 29 30
Water |rature, °C
tempe- -
rature, °C | Ratio
moisture, | 50 60 50 60 50 60 50 60 50 60 50 60 50 60
%

22 204 | 182 | 197 | 174 | 190 | 165 | 185 | 156

23 217 | 194 | 209 | 187 | 203 | 178 | 199 | 169 | 187 | 158

24 230 | 208 | 223 | 200 | 216 | 191 | 211 | 182 | 118 | 172 | 192 | 162
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Table continuation

Air tempe- ) 25 26 27 28 29 30
Water |rature, °C
tempe- -
rature, °C | Ratio
moisture, | 50 60 50 60 50 60 50 60 50 60 50 60 50 60
%
25 235 | 213 | 229 | 204 | 221 195 | 213 185 | 205 175 196 | 169
26 244 | 219 | 236 | 210 | 228 | 200 | 220 | 190 | 211 | 179
27 250 | 223 | 243 | 215 | 235 | 205 | 226 | 194
28 259 | 230 | 250 | 221 | 241 | 209
29 268 | 238 | 259 | 227
30 277 | 244
300
" 250 |
&
o 2001
E
5 1150 A —— toe = 24°C 0= 50% -
] —B to. = 24°C ,p=60%
§ 100 | —k— toc =27°C ,p=50% -
-
; : tor =27°C 0= 60%
= A —H— o = 30°C 0= 50%
=

22 23 24 25

26

—— toc = 30°C ,p=60%

27 28 29 30

Water temperature,”C

Figure 1 — Dependencies of evaporation intensity of the evaporation pond on temperature and humidity

Unlike most other gases in the atmosphere,
the content of water vapor can vary greatly. It
depends on air temperature and the condition of the
evaporating surface (water, wet or dry soil, ice). In
very cold and therefore dry air, water vapor can be
present in small, barely measurable amounts; in hot
air, its content can reach up to 4 percent of the air
volume and then such air becomes humid [5].

In this regard, to determine quite accurately the
amount of moisture evaporated a laboratory unit is made
(figure 2) [6]. The tank itself with the liquid (water) is
made of vinyl plastic sheet (thickness 10,0 mm). As
a level to determine the volume of the liquid is used
mounted on the tank from the outer side of an ordinary
ruler with the divisions, the division value is 1.0 mm.

Part of the cylindrical space along the length of
the ruler is made of plexiglass, which allows to fix

the liquid volume in the tank without any difficul-
ties. The volume of liquid in the tank is 30,0 dm?, the
upper level of the liquid is opposite to the mark «0».
The price of each division by the height of the fluid
(from top to bottom) is 0,1 dm? (100 cm?®), which al-
lows you to quickly take readings when conducting
experiments.

The device works in the following way. The lig-
uid is poured into the tank (1) up to the zero mark.
At the contact thermometer (1-3) by means of the
upper washer set the set temperature at which the
liquid must evaporate (for example, + 20°C ; +
25°C and etc.). After turning on the starter P-6 into
the mains there is a gradual heating of the liquid to
the preset temperature, and then the relay (device
on thermostors) is activated and the liquid heating
is switched off.
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220 E IJ
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1 — pond; 2 — level for determination of liquid volume; 3 — heating element; 4 — contact thermometer;
5 — thermometer; 6 — starter P-6; 7 and 8 — racks; 9 — exhaust ventilator (10x air exchange per day).

Figure 2 — Device for determining water evaporation

The reference thermometer (1-4) allows you
to record the desired temperature of the liquid. Af-
ter carrying out the experiment (it is calculated in
days) switch off heating of liquid, its temperature
is brought to 20°C and take readings. The proposed
technique makes it possible to clearly determine the
amount of water evaporated from the surface of the
liquid per unit time, as well as to estimate this figure
by introducing into the evaporated liquid surface-
active and other substances that could slow down
the process of evaporation of water from the speci-
fied liquid.

The average annual air temperature for the region
of Mangistau region is 9.05 °C. Nevertheless, during
five months (May-September) it fluctuates within an
average of (+20 o + 28) °C. Considering the fact that
it is advisable to carry out environmental activities in
the comparatively warm time of the year, it was nec-
essary to choose specified temperature parameters
for the experimental works. After analyzing average
monthly and annual air temperatures in this area we
came to the conclusion that the parameters on water
evaporation should be set at the temperatures of (+20,
+25, 430 and +35) °C. Evaporation of distilled water
results are presented in the table 2.

From table 2 we can see that, as one would ex-
pect, when the temperature rises, the amount of wa-

30

ter evaporated increases within 3,7 — 7,4 dm¥/day.
For calculating the specific evaporation of water
from the surface we proceed from the fact that the
area of the circle (S) is determined by the formula

[7]:
S=r R, 3)

where R — circle radius.
Since the tank in the device has a radius of 17.7
cm, the area of the evaporated surface will be:

3,14 - (17,7)2 =3,14 - 313,29 —
—983,7306 - 983,7 cm’= 0,09837 m*

During calculations it is necessary to divide
average quantity of evaporated water by the
specified area. The obtained experimental data show
that specific evaporation of water from the surface
increases in the range from 37.6 to 75,2 dm*/m?*day,
and degree of water evaporation will increase within
the range from 3.7 to 7.5 wt %. It should also be
taken into account that experimental works were
carried out on one system, practically containing
no mineral salts. Figure 3 shows graphically
dynamics of distilled water evaporation depending
on temperature [8].
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Table 2 — Quantitative evaporation results of distilled water at elevated temperatures and over time

Air Water . Quantity of Average water Sgszgii;t‘ifzfr Degree
Ne experience | temperature, | temperature, EYaporatlon evaporated evaporation, from the ofwa}ter
oC oC time, day. . w}ater, dm?’ /day surface evaporatl(?n per
m? /day. dm¥/miday day, %
1. 12 20 1,0 4,0 3,7 37,6 3,76
2. 12 20 1,0 4,0
3. 12 20 1,0 4,0
4. 12 20 1,0 2,8
1. 12 25 1,0 3,6 4,1 41,7 4,17
2. 12 25 1,0 4,0
3. 12 25 1,0 4,0
4. 12 25 1,0 4,8
1. 12 30 1,0 6,4 6,4 65,0 6,5
2. 12 30 1,0 6,4
3. 12 30 1,0 6,4
4. 12 30 1,0 6,4
1. 12 35 1,0 7,6 7,4 75,2 7,5
2. 12 35 1,0 7,6
3. 12 35 1,0 7,6
4. 12 35 1,0 7,6

Itis remarkable that for all 4 types of experiments
there is a direct correlation of quantity of evaporated
water with its temperature. Thus, the higher
temperature of water, the straight line is closer to the
abscissa axis characterizing quantitative parameters
of liquid.

Experimental works to define the degree of
evaporation on the water taken from the «Koshkar-

Atay tailings pond were carried out according to the
developed method on the above-mentioned device.
Meanwhile, as in the case of distilled water, we took
the same temperature regimes (+20, +25, +30 u
+35)°C. Experimental works to define the degree of
evaporation on the water taken from the «Koshkar-
Atay tailings pond were carried out according to the
developed method on the above-mentioned device.

degree of evaporation for a series of experniments, %%

water,dm® day

== o

Amount of evaporated distilled

g

= 130

25wt

n fpp= 295

w b= 0%

LL T

3 L]

experiment numbers

Figure 3 — Evaporation dynamics of distilled water over time as a function of air temperature
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Meanwhile, as in the case of distilled water, we
took the same temperature regimes (+20, +25, +30
u +35)°C.

The obtained data on water evaporation of the
tailings pond are presented in the table 3.

The graphical dynamics of water evaporation of
the tailings dump “Koshkar-Ata” depending on the
temperature is shown in Figure 4.

It can be clearly seen that for all four types of
experiments there is a direct dependence of the
evaporation of water on the temperature of the
environment. The higher the water temperature,

the more the straight line approaches the abscissa
axis characterizing quantitative indices of water
evaporation [9]. It is established that when the
outside air temperature in the “pond” of the tail-
ings pond is within 28-30°C and 70% air humid-
ity, the amount of moisture evaporated is 200 g/
m? an hour.

Comparing the results on evaporation of distilled
water and Koshkar-Ata tailings pond water and
dynamic dependence of evaporation on temperature
(Fig. 4,5) it is seen that evaporation rate practically
does not depend much on temperature.

Table 3 — Experimental results on quantitative water evaporation of the «Koshkar-Atay tailings dump at elevated temperatures and

over time
Air Water . Quantity of Average water ngeggiiazzfr Degree
Ne experience | temperature, temperature, EYaporatlon evaporated evaporation, from the of we.lter
oC oC time, day. ; w}ater, dm® /day surface evaporau;)n per
m® /day. dmmiday day, %
1. 12 20 1,0 2,8 3,12 31,7 3,17
2. 12 20 1,0 3,6
3. 12 20 1,0 32
4. 12 20 1,0 32
1. 12 25 1,0 3,6 4,1 41,7 4,17
2. 12 25 1,0 4,0
3. 12 25 1,0 4,4
4. 12 25 1,0 4.4
1. 12 30 1,0 6,4 6,3 64,0 6,4
2. 12 30 1,0 6,0
3. 12 30 1,0 6,4
4, 12 30 1,0 6,4
1. 12 35 1,0 7,5 7,575 77,0 7,7
2. 12 35 1,0 7,6
3. 12 35 1,0 7,6
4. 12 35 1,0 7,6

Particular evaporation for both variants differs
very little at the same temperature. For instance, at
temperature +25°C specific evaporation of distilled
water from the surface is 41,7 dm /m-day, and water
from the tailings pond also 41,7 dm’*/m*day, and at
a temperature of +30 °C these data are consequently
65,0 dm*/m*day. and 64,0 dm3/m? -day. As for the
water from the «Koshkar-Atay tailings dump, there
is also a direct dependence of water evaporation on
temperature, regardless of the content of mineral
salts [9].

32

According to the above data, the average annual
air temperature of the regions of Mangyshlak oblast
is +9,05°C [10]. It was necessary to determine
the average level of evaporation of Koshkar-
Ata tailings dump water at air temperature and
water temperature equal to +9°C. Since such air
temperature was established in the room where
experimental works were carried out, we carried
out the following preparatory operations for
the experiment. Water from the «Koshkar-Atay
tailings pond was placed in the device (Figure 2)
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up to the «zero mark» (total volume of 30,0 dm3),
and then disconnected the relay of the contact
thermometer. Two coils connected to the thermostat
were lowered into the tank of the device and the
water temperature was set to +9°C. Air flow was
carried out by exhaust ventilation and fan. The
observation data of the above experiment are given
in table 4 and the corresponding graphs are plotted
(Fig. 6). Proceeding from data of table 2, average

mpRty
PRty

npite

Ft et

mpite

evaporation level of «Koshkar-Ata» tailing pond
water at air and water temperature equal to + 9°C
(AH_.) is 0,3 cm. Conventional transfer of this
result to the annual time, the fall of the average
annual water level (AHav.y.) is:

AH, . =0,3 mm- 365 days =
=109,5 mm/y = 1,095 m/y.

e =12°Cm tp=20°C
e =12°Cw tp=25°C
e =12°Cn = 30°C

e =12°Cu tne=35°C

The amount of evaporated water Koshkar-Ata

——degree of evaporation for a series of experiments, %

3

experiment numbers

Figure 4 — Dependence of quantitative evaporation of tailings pond water

average amount of evaporated water, dm® day

—+— distilled water
—B—tailings storage water

day

Figure 5 — Average amount of evaporated water of the tailings pond
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Table 4 — Findings of the dependence of the level of evaporation of the tailings dam water on the air temperature, water equal to +

9°C, and time

Ne Air Water Height of initial Evaporation Height of water Average vs.fater
i 0 o . evaporation,
experience temperature, °C | temperature, °C | water level, cm time, day. level, cm 3
dm?® /day
1. 9,0 9,0 300 1,0 298 0,2
2. 9,0 9,0 1,0 295 0,3
3. 9,0 9,0 1,0 292 0,3
4. 9,0 9,0 1,0 288 0,4
S. 9,0 9,0 1,0 285 0,3
6. 9,0 9,0 1,0 282 0,3
7. 9,0 9,0 1,0 279 0,3
AHav.=0,3 cm
height of the initial water level, em
305

g aw

(5

=) \
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g 290
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’é” _ 7 '\
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g 275 "—'_“_The evaparation level of the tailings

—E 270 — fwater at a water and air temperamure of 8°C
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experiment numbers
Figure 6 — Level of evaporation per day at equal temperatures
of the tailings pond water and the environment
Conclusion the tailings pond “Koshkar-Ata” is 1.201 m/year.

In this way based on calculations for the
last fifteen years, the value of water lost to
evaporation and filtration in the settling pond of

Approximately 9-10% of the overall losses can be
assumed to be filtration water, then these losses
by height will be 0.106 m, i.e. 8.8% of the total
level of losses.
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