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Quantitative Assessment of Water Balance and its
Components of Ahangaran Water Reservoir

Dilshod Nazaraliev, Jasurjon Hamroqulov ?, Satbay Nurjanov, Gulnara
Jumabayeva, Zulxummor Baxronova, and Safarmurod Juraqulov

"Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” National Research University,
Tashkent, 100000, Uzbekistan

? Corresponding author: hamroqulov1993@mail.ru

Abstract. The article aims to investigate the water balance of the Ahangaran reservoir, encompassing the
analysis of evaporation from the reservoir's surface and filtration from its bottom to determine their
respective quantities. One of the objectives of this study is to examine the relationship between water release
from the reservoir, evaporation, transpiration loss from the reservoir's surface, and overall consumption.

Keywords: Reservoir, water balance, evaporation, filtration, water level, stream volume, water level, air
temperature, atmospheric precipitation.

INTRODUCTION

It's known that the volume of water in reservoirs isn't constant. Its size fluctuates due to natural and human-
induced factors that influence the inflow and outflow from reservoirs. The components of saturation and
consumption within reservoirs constitute the water balance of these systems.

The elements that make up the water balance can be divided into two groups:

1) a group of saturating elements. This group includes:

precipitation falling on the surface of the reservoir — X;

— water from rivers to reservoirs — U;;

— underground water connected to the reservoir — U;gnq;

— condensation of water vapor from the surface of the tank — K;

2) agroup of consumable items. This group includes:

— evaporation from the surface of the water in the tank — Z;

— runoff from the reservoir — U,;

— water flowing down to the bottom of the tank bowl — Uy;

— for the use of the reservoir for national agricultural purposes, drainage waters — q.

Taking into account the above, the equation of the water balance of reservoirs for a certain time (month, year,
long-term) can be written as follows:

X+ Ui+ Ugng + K =Z + Uy + Uy + q#4W 1)

here: +#AW — it represents the change in the volume of water in the reservoir over the studied period (month, year,
multi-year period). All expressions in the equation are expressed in units of volume (m?, km?). The water balance of
the Ahangaran reservoir depends on the quantitative changes of all the organizers listed above. However, not all of
them are equally important for the water balance of the reservoir.

In particular, the saturation of water formed as a result of condensation of water vapor (K) on the surface of the
reservoir, the elements of which make up the input part of the water balance, is relatively small in comparison with
the volume of water that accumulates in the Ahangaran reservoir. Therefore, there is no need to take into account its
values in practical calculations. The Ahangaran reservoir may also have a condition similar to the above in the
elements of the output part of the water balance.

Water, Energy and Food Security in the Context of Global Climate Change and Water Scarcity
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MATERIALS AND METHODS

The organizers of the water balance of the Ahangaran reservoir divided it into 2 main entrances and exits and
expressed the water balance of the Ahangaran reservoir in the form of the following equation:

X =0 + (W) £ AW (2)

here: Y1 is the sum of the total amount of water or tributaries poured into the Akhangaran reservoir during the
reporting period is; O is the total amount of water consumed from the Dongaron reservoir during the reporting
period, or the sum of the components consumed; W is change in the volume of the Akhangaran reservoir during the
reporting period; AW is the amount of residual water.

The reservoir water balance equation can be written as input and output components as follows:

Z[ = UR + Uside + X (3)
0 =U, +Z+F (@)

here: Uy is the water consumption from the Ahangaran River is estimated at.; U;4. is the consumption of water that
enters the Ahangaran reservoir from the side; X is the Atmospheric precipitation falling on the water surface of the
Ahangaran reservoir; U, is the amount of water discharged from the reservoir drain device is; Z is the amount of
water spent on evaporation from the surface of the Ahangaran reservoir; F is the amount of water lost from the base
of the Ahangaran reservoir during filtration.

Atmospheric precipitation. When calculating the water balance of the Ahangaran reservoir, data on the average
long-term precipitation of the Angren meteorological observation point are used.

Evaporation. The amount of water used for evaporation in reservoirs depends on the evaporation area (water
surface area) and climatic conditions (primarily evaporation conditions). Therefore, the method of reducing the
amount of water lost during evaporation is based on the maximum possible reduction in the surface area of the tank.

To reduce the amount of water lost during evaporation from the surface of the tank, the surface area of the tank is
reduced by surrounding it with risers. However, in small reservoirs around it, trees are planted that weaken the wind
speed and, thus, reduce evaporation from the water surface.

The monthly evaporation layer (Eo, mm) from the surface of a reservoir located in flat and mountainous areas is
determined according to the data of the ggi-3000 evaporator as follows:

EO = 0.14 . T (eo - 6200) . (1 + 0.72 . Uzoo) (5)
For reservoirs in mountainous areas:
EO = 0.19 . T (eo - 6200) . ( 1 + 0.51 N Uzoo) (6)

here: T is the number of days in a month; eq is elasticity of saturated water vapor; e,y is absolute humidity; Uagg is
wind speed at a height of 200 cm above water level, m/s.

We determined the amount of water lost during evaporation from the surface of the reservoir by the following
expression:

()

here: F is the surface area of the tank is., km? E is the monthly evaporation thickness, mm:; transition coefficient
from 1000 mm to M.

Evaporation water losses are calculated for the surface area (F) of the tank for each month.

Filtering. The bottom of the tank consists of various soils, which mainly consist of two:

a) are divided into water-permeable and b) water-repellent soils. Self-compacting soils include rocks and dense
clay soils with heavy mechanical composition. These soils are practically accepted only as waterproof soils. The
filtering current acts through the pores of the ground soils, moving from the base of the structure to its other parts.
However, in the case of silted reservoirs, the flow has a reflective effect on the speed and direction of movement.

Such an impact between the filtration flow and the reservoir is the main task of accounting for filtration to
determine the forces and, in accordance with them, determine the shape and dimensions of the structure.
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There are two types of filter flow: under pressure and without pressure. A filter flow that does not have a free
level is called a pressure movement, and a filter flow that has a free level is called a pressure-free movement.
The formula for calculating losses of filtered water:

V== (8)

100

here: w is the tank capacity is., mIn. m*; 7 is the average monthly losses from the reservoir, %.

RESULTS AND DISCUSSION

The volume of water in the tank is not always the same. Although it decreases in various ways (evaporation from
the surface of water in reservoirs, suction into the bottom of the reservoir bowl), this decrease is compensated by
water added to the reservoir, that is, by water coming from rivers and streams, as well as by precipitation. The main
saturating element of the water balance of the Ahangaran reservoir, which we are studying, is the Ahangaran River.
When the reservoir is saturated, there is also a proportion of precipitation and small shades. Depending on the
dynamics of the flow flowing through these channels, the amount of water collected in reservoirs varies in different
years. The flow of water discharged from the tank, absorption from the tank bowl, and evaporation from the water
surface form the main consumable components of the tank.

In this work, we studied the water balance of the Ahangaran Reservoir in the period from 2010 to 2022. Initially,
the data of the main feeder and consumables were summed up separately, and the elements of the input and output
parts were calculated in units of volume by year and month to compile the water balance of the reservoir. The
following are the primary data obtained by the organizers of the water balance of the Ahangaran reservoir for the
specified years and the sequence of their use in the water balance equation.

TABLE 1. Elements of input part of water balance of Ahangaran Reservoir -
Total consumption of water poured into Ahangaran reservoir, m*/sec

Year/

Months

2010 76 134 315 8032 8073 345 133 573 27 192 835 84 240
2011 62 64 652 744 9043 581 186 58 41 253 333 52 284
2012 46 133 224 7446 7926 251 848 24 29 110 109 56 217
2013 47 93 366 1073 819 371 152 554 22 18 21 38 257
2014 38 52 301 3949 522 129 439 19 16 103 1741 7.2 156
2015 82 107 382 6283 1106 739 265 1142 7.3 433 453 58 304
2016 74 158 492 1051 9869 656 222 797 80 837 757 28 332
2017 21 57 161 48 3215 102 33 175 12 24 156 86 123
2018 62 58 214 1115 9008 464 144 417 27 245 542 51 263
2019 65 95 265 5579 7341 318 7.9 249 19 223 317 68 190
2020 58 65 235 6043 1083 39.7 102 133 08 489 815 63 230
2021 71 156 226 69.17 81 287 107 216 2 855 157 84 227
2022 88 109 26.1 1095 1261 475 146 376 24 639 247 34 302

I 1 i v \Y Vi Vil vl IX X Xl Xl Year

The monthly values of the water consumption of rivers and streams, which are the main input of the reservoir
water balance equation, were obtained. This information was obtained from the Ahangaran Reservoir
Administration.
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TABLE 2. Elements of input part of Ahangaran reservoir water balance - Atmospheric precipitation, mm
Year/
Months

2010 1012 609 1509 39.2 280 160 272 233 0.0 460 1258 1208 739
2011 89.7 1751 1077 399 251 114 0.0 140 13 78 547 865 613
2012 1162 718 915 428 257 112 58 00 299 826 663 594 603
2013 338 876 1636 982 799 102 31 18 00 04 235 842 586
2014 320 955 381 808 133 00 186 00 132 1152 863 768 570
2015 61.4 1016 1375 109.7 441 151 830 39 238 21 387 810 702
2016 101.2 1996 480 810 858 554 50 07 271 269 171 293 677
2017 336 1491 603 193 352 118 00 18 6.9 487 1851 920 644
2018 52.2 1056 1348 600 235 381 162 00 0.0 115 106.8 107.7 656
2019 860 574 864 1156 1060 00 06 64 51 151 310 784 588
2020 1514 677 809 1254 261 22 00 00 33 679 935 406 659
2021 969 1269 904 458 799 691 10 214 6.0 833 1062 77.7 805
2022 84.1 6.4 1423 363 1039 125 378 173 7.5 468 450 1299 670

I i v \% AV VA | I VA I B D7 ¢ X Xl XIl Year

The monthly data observed at the Angren Meteorological Station were selected for the calculation of
atmospheric precipitation, the constituent of the water balance of the reservoir.

TABLE 3. Elements of outlet part of water balance of Ahangaran Reservoir -
Water consumption from Ahangaran reservoir, m*/sec

Year/
Months
2010 4.0 40 150 678 660 522 266 280 110 84 7.6 77 249
2011 53 111 494 462 806 595 301 267 71 106 7.3 57 283
2012 5.0 7.6 6.7 447 738 286 291 207 7.1 6.3 5.7 50 20.0
2013 4.9 45 239 967 733 399 351 223 123 11.0 80 41 280
2014 4.0 4.0 50 100 403 216 274 198 81 132 70 112 143
2015 4.0 40 136 562 1036 772 416 342 151 194 51 50 316
2016 5.0 43 146 964 950 621 384 295 138 120 101 46 322
2017 4.0 4.0 4.0 203 277 195 213 17.7 6.1 7.1 4.0 4.6 11.7
2018 45 60 230 883 839 460 270 211 126 114 52 40 277
2019 4.0 4.0 76 410 680 332 289 219 121 93 6.8 40 201
2020 4.0 4.0 87 298 1023 404 285 228 106 838 4.1 40 223
2021 4.0 73 186 429 736 307 295 226 83 8.1 6.0 102 218
2022 4.0 40 139 858 1197 448 307 288 87 9.1 8.2 40 301

1 i v \% Vi Vil Vi IX X Xl Xl Year

The main output component of the reservoir water balance equation is the quantity of water released from the
reservoir. This information was also acquired from the Ahangaran Reservoir Administration. When computing
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evaporation from the water reservoir's surface, a factor in the outflow component of the reservoir, we initially
determined the monthly evaporation depth from the reservoir surface using expression (5) (Table 4). Subsequently,
the volume of water lost due to monthly evaporation from the reservoir was calculated based on the monthly
evaporation depth and the reservoir's surface area.

While determining the volume of water lost to evaporation, it was considered that the reservoir's surface varies
with its level and volume. In other words, the changes in the reservoir's surface area on a monthly basis were
computed using the curved relationship equation between the reservoir's volume and surface area (Fig. 1). The
volumetric values were derived by multiplying these monthly changes in surface area by the corresponding values of
monthly evaporation depth.

TABLE 4. Elements of outlet part of water balance of Ahangaran Reservoir -
Monthly evapotranspiration calculated based on GGI-3000.

T, months
[ 11 11 v V VI VIl VIII X X XI Xl
T, day 31 28 31 30 31 30 31 31 30 31 30 31

Uype, m/s 098 111 143 157 1.62 15 1.34 1.43 1.25 1.05 094 098
€0 7.7 8 101 158 204 26.3 30 28.5 23.4 165 121 86
€200 561 573 7.64 1067 1185 13.05 1578 15.09 10.88 888 734 57

eo—exo 2.09 227 246 513 855 133 14.2 13.4 12.5 762 476 29

Ep, mm 185 189 25 527 949 1338 1408 1365 1167 689 40.1 256

F. km2
7
y = -JE-05x2+0.0407x+ 0,4499
6 RE=0,9869 L

F=f{W)

0O e

0 50 100 150 200 250 300

[y

W.mln m3

FIGURE 1. Graph and expression of relationship between water volume and water
surface area Ahangaran reservoir.

When calculating the suction loss from the steel reservoir, we utilized the table depicting the relationship
between the reservoir's size and suction loss (Table 5). Based on this table, a graph correlating reservoir volume and
suction loss was plotted, and an equation describing this relationship was derived (Figure 2). Using this derived
equation, we computed the monthly volume of water lost to suction from the reservoir, employing the monthly
reservoir volume data. The calculation results are presented in Table 7.
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TABLE 5. Elements of outlet part of water balance of Ahangaran Reservoir -

Filtration loss of water from iron reservoir.

vV =2 min.m®

3
H, cm W, min. m T 100’
985 0 0 0
1010 13.095 0.157 0.021
1020 27.466 0.329 0.09
1030 46.92 0.563 0.26
1040 71.03 0.852 0.61
1050 103.23 1.24 1.28
1060 144,58 1.73 2.5
1070 194.65 2.34 4.55
1080 254.14 3.05 7.75
V. mln. m3
9
g y.=0,0001x2 - 2E-05x + 00,0002
§ \ = .
) Ri=1 ;
EJ -
. V=W
] I--__-
4
3 I:
L
2
! - e
0 @@ B
0 50 100 150 200 250 300
W, min. m3
FIGURE 2. Graph of relationship between volume of water in reservoir and amount of water
used for pumping from it and its expression.
TABLE 6. Components of water balance equation of Ahangaran reservoir
expression in volume unit, min. m®
Years Months Year
I i v \% VI VIl VI IX X Xl X1
The total flow volume poured into the reservoir
2010 206 324 844 2080 2164 894 356 154 70 51 216 226 758.6
2011 16.8 155 1747 1927 2424 150.3 500 157 105 6.8 8.6 14.1 898.1
2012 126 322 601 1929 2124 651 227 64 75 295 283 151 684.9
2013 128 224 982 2780 2195 962 409 148 56 50 54 104 809.3
2014 103 126 80.6 1023 1399 335 118 51 42 277 451 192 4924
2015 221 261 1023 1627 2964 1916 712 306 189 116 11.7 157 961.0
2016 199 383 1319 2721 2645 1699 594 214 208 224 196 7.6 10478
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Continuation of table 6.

Months
Years Year
I i v \Y VI VIl VI IX X Xl X1
The total flow volume poured into the reservoir
2017 58 140 432 1243 86.2 264 88 47 31 64 406 231 @ 386.6
2018 16.6 142 574 2889 2414 1204 385 112 7.0 6.6 140 139 830.1
2019 174 230 713 1445 196.7 826 214 67 50 60 82 183 6010
2020 158 158 63.1 1565 2904 1030 274 36 21 131 211 170 7288
2021 192 378 607 179.2 2171 745 287 58 52 229 409 227 7145
2022 236 264 700 2836 3381 1233 392 101 62 171 6.4 9.6 953.6
Average 164 239 845 1989 227.8 1020 350 116 7.9 139 209 161 759.0
Atmospheric precipitation

2010 040 0.27 0.07 021 0.16 0.09 014 010 0.00 014 0.39 0.38 2.35
2011 0.28 048 043 0.22 0.14 0.07 0.00 0.06 0.01 0.03 0.16 0.26 2.13
2012 034 025 041 024 015 0.06 0.03 000 0.10 030 0.27 0.25 241
2013 014 038 083 054 046 0.06 0.02 001 0.00 0.00 0.04 0.15 2.63
2014 0.06 018 0.15 044 008 0.00 0.09 000 0.04 031 030 0.25 1.88
2015 0.22 041 073 061 025 0.09 042 001 0.07 0.00 006 0.14 3.02
2016 020 056 024 044 048 031 0.03 000 0.09 0.08 0.05 0.08 2.57
2017 0.08 040 022 010 020 0.06 0.00 001 0.02 012 0.60 0.33 2.13
2018 019 039 048 032 013 021 0.08 0.00 0.00 0.03 027 0.29 2.39
2019 0.24 019 040 0.63 060 0.00 0.00 002 0.01 0.03 005 0.15 2.33
2020 0.32 0.16 0.29 0.67 0.15 0.01 0.00 000 001 017 027 0.12 2.16
2021 031 048 037 025 045 039 0.00 0.07 0.02 025 040 0.28 3.27
2022 0.34 0.03 058 0.19 057 0.07 020 0.07 0.02 012 0.10 0.26 2.54
Average 024 0.33 040 0.39 029 010 0.08 0.03 0.03 012 021 0.22 2.45

TABLE 7. Constituents of output part of water balance equation of Ahangaran reservoir
expression in volume unit, min. m°.
Months
Years | 11 i v \Y VI VIl VI IX X X1 Xl Year
The volume of flow released from the reservoir

2010 107 9.7 402 1755 1769 1351 712 750 285 225 198 20.7 7858

2011 141 269 1324 1196 216.1 1541 807 717 185 284 188 153 896.5

2012 134 184 180 1157 1979 741 781 556 183 169 148 134 6345

2013 132 109 641 2504 196.3 1033 941 598 319 296 206 10.9 885.1

2014 107 9.7 133 26.0 1081 560 735 532 211 355 181 29.9 4551
2015 107 97 365 1456 2775 1999 1115 917 39.0 52.0 13.3 13.4 1000.7
2016 134 105 392 2496 2546 160.8 103.0 79.1 358 322 262 122 10165

2017 107 97 107 525 743 505 570 474 158 19.0 104 123 3703

2018 12.0 144 616 2286 2247 1192 724 564 327 306 135 107 8771

2019 107 97 204 1062 1822 859 775 586 314 249 175 107 6357

2020 106 9.7 232 772 2740 1046 762 611 275 236 105 10.7 709.0

2021 107 176 498 1112 1971 794 791 606 214 218 155 272 691.6

2022 107 97 374 2221 320.7 1160 824 773 226 244 212 10.7 9553

Average 11.7 128 421 1446 207.7 1107 813 652 265 278 17.0 152 762.6
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Continuation of table 7.

Years Months Year
| 1l i v \ VI VII VI IX X Xl Xl
Evaporation from the surface of the reservoir
2010 0.07 0.08 001 028 055 077 075 056 042 021 012 0.08 391
2011 0.06 005 010 029 054 076 075 057 046 0.23 012 0.08 4.00
2012 0.05 007 011 029 055 076 068 050 040 025 0.16 011 394
2013 0.08 0.08 013 029 055 076 070 052 035 0.16 0.07 0.04 3.73
2014 0.03 003 010 029 055 075 065 047 034 018 0.14 0.08 3.63
2015 0.07 0.08 013 029 054 076 072 050 036 012 0.07 0.04 3.67
2016 0.04 005 013 029 053 076 072 052 040 021 011 0.07 382
2017 0.05 005 009 029 053 071 061 043 033 016 0.13 0.09 3.46
2018 0.07 0.07 009 028 052 074 070 054 039 018 0.10 0.07 374
2019 0.05 006 012 029 054 075 066 047 031 0.14 0.07 005 351
2020 0.04 0.04 009 028 054 075 069 049 033 0.17 011 0.08 3.62
2021 0.06 0.07 010 028 054 075 068 048 035 0.21 015 0.09 376
2022 0.07 008 010 027 052 076 075 053 034 018 0.09 0.05 374
Average 0.06 0.06 010 028 054 075 070 051 037 019 0.11 0.07 3.74
The volume of water lost by filtration from the reservoir
2010 1.14 169 150 329 447 446 3.06 134 087 057 059 060 23.58
2011 0.63 043 120 339 4.09 428 306 137 118 0.75 055 052 2145
2012 050 085 177 385 449 417 221 096 076 094 129 135 2313
2013 134 161 260 361 447 419 236 1.06 056 025 013 013 2231
2014 013 014 111 356 490 398 191 0.79 051 039 081 069 18091
2015 091 126 312 369 435 406 261 095 059 011 011 0.12 21.86
2016 0.17 046 253 339 379 417 264 1.06 0.78 058 0.47 040 20.46
2017 034 039 092 335 387 301 151 0.64 045 0.29 0.66 0.88 16.30
2018 0.97 097 089 300 360 365 242 120 071 0.36 0.36 0.39 1850
2019 046 067 191 343 406 394 201 080 039 019 011 0.16 18.13
2020 0.21 027 085 325 406 400 231 0.89 047 033 047 055 17.66
2021 0.67 102 125 331 404 38 215 0.83 056 057 1.00 092 20.17
2022 120 121 125 278 345 406 319 114 049 039 023 0.18 19.58
Average 0.66 0.84 157 333 407 399 249 103 0.63 044 050 051 20.06
TABLE 8. Water balance of Ahangaran reservoir, 2010-2022 (min. m°).
Water balance components
- - The
Years . Incoming water Outgoing waters difference
Rivers and S Total Released . . . Total
Precipitation Evaporation Filtration +-
streams amount  water amount
2010 758.6 2.349 760.9 785.8 3.91 23.58 813.31 -52.41
2011 898.1 2.129 900.2 896.5 4.00 21.45 921.99 -21.79
2012 684.9 2.407 687.3 634.5 3.94 23.13 661.59 25.72
2013 809.3 2.625 811.9 885.1 3.73 22.31 911.18 -99.25
2014 492.4 1.882 494.3 455.1 3.63 18.91 477.61 16.70
2015 961.0 3.024 964.1 1000.7 3.67 21.86 1026.26 -62.21
2016 1047.8 2.565 1050.4 1016.5 3.82 20.46 1040.79 9.57
2017 386.6 2.132 388.7 370.3 3.46 16.30 390.05 -1.31
2018 830.1 2.393 832.5 877.1 3.74 18.50 899.39 -66.91
2019 601.0 2.329 603.4 635.7 3.51 18.13 657.32 -53.95
2020 728.8 2.161 730.9 709.0 3.62 17.66 730.26 0.66
2021 714.5 3.275 717.7 691.6 3.76 20.17 715.54 2.19
2022 953.6 2.537 956.1 955.3 3.74 19.58 978.58 -22.46
22%12% 759.0 24 761.4 762.6 3.73 20.16 786.45 -25.03
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CONCLUSIONS

1. The information concerning the input and output components of the water balance of the Ahangaran reservoir
has been summarized. Regarding the input section of the water balance, the total water consumption from the
Ahangaran River and streams flowing into the reservoir, along with atmospheric precipitation, were determined. For
the output section of the water balance, data included water usage from the reservoir, evaporation from its surface,
and absorption loss from the reservoir bottom.

2. The water balance equation of the reservoir was analyzed for the period between 2010 and 2022. To express
the water balance of the reservoir in volume indicators, the units of measurement for the components of the water
balance were converted to a standardized unit of million cubic meters. Reservoir level curve, reservoir volume, and
area curve graphs, along with their respective equations, were utilized for this unit conversion.

3. When studying the water balance of the Ahangaran reservoir from 2010 to 2022, the annual average amount
of water from the main river was 759,0 million m*, atmospheric precipitation was 2,4 million m®, and the total multi-
year average inflow equaled 761,4 million m®. The values for the output part of the water balance totaled 786,45
million m®, wherein the volume of water released from the reservoir dam was 762,6 million m®, the annual average
evaporation from the reservoir surface amounted to 3,73 million m®, and absorption from the reservoir bottom
accounted for an annual average loss of 20,16 million m?.

4. The difference between the totals of the input and output components of the water balance averaged -25,03
million m® during the studied period. It was observed that the minimum value for the reservoir water balance was -
99,25 million m* in 2013, while the maximum difference between incoming and outgoing water volumes was
+25,72 million m® in 2012.
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