* X 3k
* W
i *
B .

* 4 *

d Interregy

Latvija-Lietuva

European Regional Development Fund

EUROPEAN UNION

Ecological flow estimation in Latvian — Lithuanian Transboundary river
basins (ECOFLOW) LLI-249

Case study sites and hydrographs
for Venta river basin district, in Latvia

Riga, 2017

Gsflow @ vovc



1 Selection of case studies

The case study of regulated rivers have been selected taking into account
severity of hydrological regime’ alterations or number of HPPs on the river, fish
species existence and water body type.

In Venta RBD 3 type specific case studies were selected for assessment of HPP
impact on river ecosystem and E-flow evaluation: Ciecere, Vanka and Eda rivers

(Fig. 1).
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Figure 1. Case study territories in Venta  RBD, Latvia



2 Hydrographs for selected case study sites

1.Ciecere River

Ciecere River outflows from Ciecere Lake and inflows to Venta River. River
basins is 539 km?. It is 51 km long, river bed gradient is 1.7 m/km in upper stretch
and 1.0 m/km in down stretch. Elevation is 23 — 101 m LAS.

Ciecere River is classified as water body of 3-d type.

River has small U- and V- shaped (in upper reach) valley, 150 — 200 m width.
Slopes are sandy loam, moderate, overgrown with brush. In some places, there
are outcrops of bedrock.

Floodplain is also sandy loam, covered by brush and meadow vegetation,
inundated.

Channel is sinuous, 10 m width in average and 0.3-0.6 m depth. There are bars
and artificial riffles in the upper stretch near Saldus.

River bed substrate: boulders, cobbles, gravel and mud.
Fish: trout, roach, perch, pike, burbot and others.

3 hydropower plants are located in stream:

HPP Pakuli that was constructed in 1958 and operated until 1987. From 1988 to
1995 this HPP wasn’t operated, but in 1996 has been renovated.

Ciecere HPP is operated from 1996, and
Dzirnavnieku HPP is operated from 1999.

The only HPP Pakuli has reservoir. All of 3 hydropower plants are working in
inflow regime.

Hydrological regime is characterised by spring flood, summer low flow and rain
flood during winter and autumn seasons. Water runoff data of Ciecere — Pakuli
HPP for period of 1961-1987 were analysed taking into consideration lack of data
for period 1988-2007 and construction of two additional hydropower plants
upstream Pakuli HPP.

Hydrological regime is regulated by Ciecere Lake and hydropower plants. Hence
water hydrographs shows both runoff fluctuations from frequent rains and HPP
operations. There is no possible to find river-analogue with long data series and
reference conditions for Ciecere River due to lake regulations.
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2. Hydrograph of Wet Year, Ciecere River

Hydrograph of Wet Year
(Fig. 2, Table 1 in
Annex) was created on
the base of daily
discharge for 8 wet
years with module
coefficient higher than
1.30. There are high
spring flood from the
beginning of March to
the end of May and high
rain floods from July to
December.
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Figure 4. Hydrograph of Dry Year, Ciecere River

Figure 3. Hydrograph of Normal Year, Ciecere River

Data of 3 dry years with
runoff module coefficient
from 0.56 to 0.65 were
used for creating of Dry

Year Hydrograph  of
Ciecere River (Fig. 4,
Table 3 in Annex). A

spring flood in dry years
is not higher than rain
flood in winter, and a low
flow period lasts until late



autumn almost without rains.

2. Vanka River

Vanka is a right tributary of UZava River. Basin area of Vanka River is 96.85 km?,
length — 30 km. Elevation of river basin is 11 — 93 m. River bed average gradient
is 2.7 m/km, in upper stretch — 4.9 m/km.

Vanka River is classified as water body of 1-st type.
River has small U- and V- shaped (in upper reach) valley.
Slopes are sandy, moderate, overgrown with conifer forest.

Floodplain is also sandy, covered by meadow vegetation.
Channel is sinuous, 30% of river length are shortened.
River bed substrate: gravel, sand and mud.

Fish: trout and others.

Edole HPP is located in the middle stretch of Vanka River. HPP was constructed
in 1999.

Hydrological regime is characterised by spring flood, summer low flow and rain
flood during winter and autumn seasons. Water runoff data of Riva-Pieviki
monitoring station for period of 1961-2015 were analysed for preparing of Vanka
River hydrographs upstream Edole HPP (Fig. 5).
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Figure 5. Wet, Normal and Dry Y ears Hydrographs of Vanka River



For Hydrograph of Wet Year daily discharge data of 11 years with runoff module
coefficient 1.27 — 1.65 were averaged. For calculation of Normal Year
Hydrograph data of 7 years with water runoff module coefficient 0.91-1.07 was
taken into account, but for Dry Year Hydrograph — data of 6 years with water
runoff module coefficients 0.51-0.60. Data tables in Annex include daily
discharge of Wet (Table 4), Normal (Table 5) and Dry (Table 6) Years.

3. Eda River.

The Eda River (in the middle and upper course also known as Skéde River)
originates in the western slopes of Eastern Kurzeme Upland and flows into the
Venta River.

Catchment area of the Eda River is 303 km? River length is 46 km; stream
gradient varies from 1.46 m/km in lower reach to 1.75 m/km in upper reach.
Elevation is 16.4 — 92.0 m above sea level.

Forests cover about 43%, lakes 0.2% and swamps 1.9% of the catchment area.

Water body Eda V046 is classified as a river of the 3-d (third) type (medium ritral-
type river).

Channel is mainly sinuous, only in upper course it is straight. Average width of
the Eda River is 5-8 m and average depth 0.4-0.8 m. There are riffles
downstream of HPP Skéde.

Reclamation works were carried out on the floodplain of upper reach, therefore
river valley is weakly expressed here, while in middle and lower reaches of the
Eda River slopes of riverbanks are moderate steep to steep, overgrown with
shrubs, broad-leaved forest and mixed forest.

Underlying bedrock of the Eda River catchment is mainly comprised of clay loam,
sand clay and sand.

Riverbed substrate: cobbles, gravel and sand.
Fish: trout, grayling, pike, perch, roach and others.

There are 2 hydropower plants located in a stream: Spiku HPP and Skédes HPP.
Spiku HPP is operated from 1997, it was constructed on already created
reservoir. Skédes HPP is operated from 1999.

Hydrological regime of the Eda River is characterized by spring flood, summer
low flow and rainfall flood during autumn and winter seasons. Water runoff data
of hydrological monitoring station ‘Imula River, nearby Pilskalni’ (catchment area
207 km?) for the periods 1961-1994 and 2009-2015 were used and analysed in
creating hydrographs of the Eda River upstream from Spiku HPP (Fig. 6). During
the period of 1995 to 2008 no monitoring was done.
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Figure 6. Hydrographs of Wet, Normal and Dry Years,  Eda River

Hydrograph of Wet Year for Eda River was prepared on the base of daily
discharge data for 5 years with water runoff module coefficient 1.37-1.78. There
are high spring floods from the beginning of March till early-May and rainfall
floods from the end of July till December.

Hydrograph of Normal Year was created using daily discharge data for 9 years
with runoff module coefficient 0.85-1.17. Spring flood in normal years lasts about
2 months (as in wet years) but rain floods are not so frequent - from mid-October
till December.

Hydrograph of Dry Year is based on daily discharge data of 4 years with runoff
module coefficient 0.48-0.75. The Dry Year is characterized by spring flood from
the end of March till May, followed by low flow period, which in turn continues
until late autumn almost without rains.

Data tables in Annex include daily discharge of Wet (Table 7), Normal (Table 8)
and Dry (Table 9) Years for Eda River.



Table 1. Wet Year daily discharge (m °/s), Ciecere River — Pakuli HPP

ANNEX

Jan. | Feb. | Mar. | Apr. | May | June | July [Aug. | Sep. | Oct. | Nov. | Dec.
1 6.03 | 289 | 222 | 10.2 | 564 | 1.14 | 2.02 | 6.17 | 7.91 | 3.23 | 5.93 | 6.88
2 452 | 246 | 2.16 | 118|552 | 1.22 | 1.50 | 457 | 7.23 | 3.42 | 6.80 | 5.47
3 334|245 | 212 | 13.7 | 573 | 110 | 166 | 3.11 | 497 | 430 | 6.80 | 5.95
4 480|280 | 1.88 | 144|559 | 128 | 1.55]| 290 | 359 | 438 | 658 | 7.39
5 5.62 | 3.12 | 2.04 | 172 | 509 | 149 | 1.74 | 285 | 319 | 571 | 6.46 | 8.89
6 5.33 | 426 | 250 | 154 | 447 | 1.36 | 1.60 | 2.38 | 3.35 | 5.95 | 6.02 | 8.17
7 3.85| 361 | 3.73 | 15.0 | 447 | 1.47 | 1.44 | 252 | 354 | 550 | 5.62 | 7.89
8 335|403 | 3.03 | 150 435| 141 | 164 | 3.10 | 3.95| 527 | 548 | 7.97
9 3.04 | 5.08 | 248 | 13.2 | 406 | 1.30 | 1.41 | 3.33 | 3.68 | 6.56 | 5.65 | 7.39
10 | 313|383 | 491 [1283.72|1.03 | 1.50 | 3.03 | 3.39 | 743 | 530 | 8.21
11 | 355|355 | 3.11 | 12.4|3.87| 1.39 | 1.60 | 3.08 | 3.40 | 6.35 | 559 | 9.79
12 1388|360 | 3.11 [ 105|342 | 156 | 1.83 | 3.71 | 496 | 6.92 | 6.24 | 8.82
13 | 398|400 | 3.11 [9.03 |3.64 | 1.49 | 1.67 | 4.22 | 483 | 749 | 6.24 | 7.78
14 1429|361 | 3.63 [854 325|105 | 166|406 |3.11 | 764 | 6.23 | 10.1
15 | 541|352 | 462 [ 841 295|107 | 1.63 | 4.17 | 3.26 | 7.70 | 6.23 | 114
16 | 547|325 | 7.27 [ 868 299 | 1.26 | 1.86 | 493 | 3.28 | 7.27 | 8.40 | 9.97
17 |5.15)3.00 | 6.88 [8.01 | 268 | 1.22 | 1.81 | 4.76 | 412 | 7.24 | 8.98 | 9.59
18 | 500|261 | 564 | 720|259 | 160 | 2.31 | 391 | 3.97 | 6.84 | 9.09 | 8.50
19 | 587|291 | 528 [6.39|232| 154 | 312 | 3.67 | 429 | 6.79 | 9.27 | 8.94
20 |6.07|307 | 455 634|211 | 149 | 379|381 |511] 6.13 | 9.30 | 11.0
21 | 571|357 | 431 | 565|221 | 185|465 | 3.44 | 565 | 5.14 |10.98 | 8.24
22 | 548|351 | 586 | 524|214 | 1.67 | 554 | 3.41 | 541 | 5.80 | 10.17 | 6.50
23 |531]305| 729 |[510|1.73| 158 | 4.08 | 3.06 | 512 | 7.10 | 8.16 | 6.59
24 1510|261 | 668 | 549 |1.74| 1.67 | 252 | 275 | 3.94 | 8.66 | 7.75 | 6.26
25 | 509|258 | 634 | 634|146 | 197 | 255 | 2.45 |1 3.26 | 8.20 | 8.19 | 8.67
26 | 516|255 | 647 | 795|131 | 170 | 259 | 2.25 | 3.63 | 6.99 | 8.70 | 10.3
27 4741231 | 892 | 739 125|140 | 262 | 235|364 | 498 | 871 | 9.15
28 | 373|250 | 947 | 6.29 |1.33| 149 | 2.74 | 248 | 3.75 | 5.10 | 9.79 | 8.36
29 ]334 941 | 487|139 | 163 | 9.78 | 2.86 | 3.58 | 5.47 | 9.32 | 7.45
30 | 3.05 9.39 | 521|137 ] 150 | 115|479 | 3.04 | 7.23 | 8.39 | 6.55
31 | 3.08 10.2 151 8.71 | 6.61 7.25 6.68




Table 2. Normal Year daily discharge (m

%/s), Ciecere River — Pakuli HPP

Jan. | Feb. | Mar. | Apr. |May | June | July | Aug. | Sep. | Oct. | Nov. | Dec.
1 110]192 | 223 | 965 | 351 | 132 | 154|203 | 1.76 | 1.36 | 1.17 | 5.27
2 1131189 | 217 | 871 |3.43| 132 | 144|206 | 199 |135]| 196 | 4.72
3 166|192 | 430 | 858 | 357 | 1.35 |1.09 | 2.02 | 0.94 | 2.62 | 3.69 | 4.68
4 241 | 193 | 440 | 9.47 | 347 | 0.81 | 0.73 | 2.02 | 1.46 | 2.73 | 4.27 | 4.66
5 328|196 | 461 | 10.3 [3.32| 1.34 | 0.39 | 1.28 | 2.73 | 2.32 | 3.37 | 4.24
6 323 /195|395 | 11.8 |3.20| 253 | 0.39 | 0.42 | 280 | 2.04 | 3.31 | 4.26
7 299|192 | 3.62 | 11.8 | 290 | 2,53 | 0.38 | 0.73 | 3.33 | 2.13 | 2.69 | 4.80
8 142|234 | 3.83 | 10.8 |2.06| 2.20 | 035| 1.21 | 3.39 [ 1.34 | 295 | 3.94
9 1.09| 235 | 259 | 9.75 | 1.63 | 247 | 032 | 1.84 | 3.44 | 1.42 | 455 | 3.79
10 | 250|243 | 279 | 877 |256| 171 |032|1.82 | 1.60 | 214 | 559 | 5.65
11 | 248 | 3.05| 222 | 895 /338|079 | 032|131 |1.49|236| 483 | 752
12 | 245|202 | 407 | 7.88 |3.43| 0.72 | 032 | 1.17 | 219 | 2.38 | 3.02 | 8.85
13 | 221|198 | 491 | 744 | 3.08| 0.68 |0.31|0.80 | 1.75|1.84| 1.05 | 6.32
14 114|224 | 535 | 653 |245| 066 | 031 | 0.78 | 1.72 | 1.77 | 1.72 | 4.39
15 1080|268 | 515 | 684 |1.66| 1.20 |0.31 | 150 | 3.13 |1.20 | 1.82 | 3.48
16 | 110|267 | 482 | 6.46 |1.84| 0.64 | 030 | 2.45 | 3.24 | 1.15 | 2.98 | 4.23
17 1163|242 | 485 | 659 |2.35| 0.60 | 0.30 | 2.07 | 253 | 1.30| 2.35 | 3.75
18 | 213|169 | 487 | 6.65 | 259 | 057 | 090 | 137 | 221|157 | 171 | 421
19 218|190 | 483 | 721 |2.60| 111 | 093 | 1.30 | 1.67 | 155 | 151 | 4.17
20 1128|197 | 475 | 723 |259| 158 |0.35|1.38 | 240 | 163 | 1.89 | 431
21 103|245 | 531 | 861 | 088 | 157 | 031|278 | 175|114 | 2.75 | 4.08
22 1075|244 | 585 | 9.00 | 083 | 157 | 031|152 |138|1.28| 2.21 | 3.36
23 1099|241 | 580 | 869 |185| 0.78 |0.30 | 1.55 | 164 | 154 | 2.84 | 3.58
24 1162|239 | 580 | 951 | 3.18| 047 | 031|233 | 115|281 | 3.10 | 3.56
25 | 254|276 | 514 | 883 | 346 | 046 | 0.30 | 2.38 | 1.77 | 455 | 4.12 | 3.07
26 | 371|274 | 578 | 6.13 | 342 | 1.04 |0.63 | 1.34 | 243 | 3.12 | 3.79 | 3.80
27 314|193 | 6.20 | 574 | 219|178 |0.88 | 0.99 | 2.87 | 3.09 | 3.68 | 3.74
28 | 260|393 | 599 | 540 | 137|208 |035| 165|259 |1.86| 6.69 | 5.19
29 |11.88 108 | 467 |0.80| 248 | 032 | 1.75 | 2.83 | 159 | 784 | 5.77
30 | 1.52 874 | 325 | 136 | 2.44 | 032|227 | 215|187 | 6.95 | 551
31 | 1.68 10.5 1.34 0.31 | 1.94 1.64 4.85




Table 3. Dry Year daily discharge (m ¥/s), Ciecere River — Pakuli HPP

Jan. | Feb. | Mar. | Apr. |May | June | July | Aug. | Sep. | Oct. | Nov. | Dec.
1 0441041 | 156 | 1.25 | 059 | 0.98 | 043 | 0.27 | 0.32 | 0.89 | 0.32 | 4.09
2 215|041 | 221 | 2.73 | 3.03| 1.00 |0.92 | 0.27 | 0.98 | 0.88 | 1.33 | 4.55
3 217 | 041 | 1.27 | 3.96 | 2.16| 0.38 | 032|141 | 1.02 [ 0.28 | 1.79 | 2.59
4 392|040 | 1.42 | 2.78 | 422 | 0.38 | 097 | 1.45 | 1.00 [ 0.30 | 1.95 | 3.05
5 3.90 | 2.37 | 2.68 34 |354]1.00 |153|0.86 | 0.90 | 1.47 | 3.16 | 3.20
6 321|240 | 276 | 47 |216| 150 | 036|134 | 028 |[1.14 ] 1.38 | 3.02
7 3.03 | 2.30 | 2.13 54 |[3.10| 045 | 037 | 093 | 1.01 | 0.86 | 0.33 | 4.74
8 4.15 | 2.33 | 0.47 38 [334| 224 1037|096 | 098 | 162 | 0.34 | 4.88
9 352|271 | 333 | 454 | 1.42| 2.39 |0.70 | 0.92 | 0.72 | 2.10 | 1.98 | 4.90
10 | 3.06 | 3.67 | 232 | 5.08 |1.02 ]| 239 | 0.71 ]| 057 | 0.97 | 142 | 2.26 | 550
11 | 331|262 | 226 | 559 |3.01]| 3.00 |0.66 | 056 | 1.94 | 1.35]| 243 | 4.74
12 1090|359 | 332 | 540 | 252|107 |037]0.29 | 203 | 151 | 419 | 3.88
13 | 129|361 | 2.08 | 540 |3.03| 0.70 | 0.69 | 0.28 | 0.68 | 1.10 | 3.85 | 3.19
14 129|165 | 191 | 577 |4.08| 0.38 | 0.69 | 0.28 | 0.86 | 0.90 | 250 | 5.14
15 | 237|154 | 136 | 545 | 299 | 187 | 067 | 0.48 | 0.73 | 1.16 | 421 | 6.11
16 | 246|268 | 193 | 553 |1.46| 2.20 | 0.66 | 0.27 | 0.32 | 1.17 | 3.15 | 5.85
17 | 246|254 | 093 | 545 |1.04| 147 |130]| 0.74 | 1.36 | 1.15| 454 | 5.75
18 | 155|241 | 083 | 539 | 299|155 125|072 | 093 | 090 | 426 | 479
19 | 050|301 | 294 | 553 |1.35| 162 |0.99 | 0.26 | 0.23 | 1.22 | 3.82 | 3.58
20 1132|254 | 283 | 553 130 1.02 |1.12 | 132 | 0.83 |1.23] 3.11 | 2.19
21 132|242 | 161 | 477 194|101 |058| 048 | 2.01 [ 123 ]| 2.84 | 351
22 1132|296 | 151 | 287 | 193] 1.15 | 056 | 0.27 | 143 [ 3.21 | 2.85 | 3.23
23 1129|227 | 207 | 345 |1.78| 057 |1.47 | 0.27 | 0.32 | 156 | 3.94 | 2.59
24 1129|250 | 218 | 3.19 |1.02| 044 |0.29 | 0.27 | 2.00 | 1.56 | 3.86 | 2.82
25 1074|304 | 215 | 3.93 |1.28| 046 |1.47 | 0.27 | 1.45 | 0.32 | 3.98 | 3.07
26 | 039|212 | 226 | 1.86 | 0.76 | 0.45 | 0.26 | 0.27 | 0.94 | 2.34 | 4.71 | 2.90
27 1129|213 | 229 | 3.13 |1.26| 0.45 |0.26 | 0.27 | 0.93 | 1.54 | 6.09 | 2.47
28 1129|214 | 1.46 | 3.60 | 099 | 0.44 |0.26 | 0.29 | 0.26 | 1.51 | 4.45 | 3.39
29 11.49 14 | 2.69 | 0.63| 0.44 | 0.26 | 0.29 | 0.26 | 2.08 | 3.29 | 3.99
30 | 1.57 3.36 | 246 | 0.37 | 0.43 | 0.26 | 0.29 | 0.27 [ 0.96 | 4.26 | 3.67
31 | 0.49 2.2 0.37 0.27 | 0.30 0.31 0.44




Table 4. Wet Year daily discharge (m °/s), Vanka River — upstream Edole HPP

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. | Oct. | Nov. | Dec.
1/174] 103 | 094 212|072 | 037 {032 093 | 081 | 0.71 | 2.00 | 2.23
2168|113 [ 103216070 | 0.37 |0.29 | 0.78 | 0.89 | 0.85 | 2.00 | 2.00
31164 | 123|114 |[206|065]| 0.40 |0.28 | 059 | 0.85 | 0.97 | 2.08 | 2.02
4186|132 | 1.17 | 198 | 0.63| 041 | 0.27 | 0.45 | 0.77 | 1.09 | 2.08 | 2.19
5/200] 139 [117[191]065] 033 /025|042 |0.67 | 1.10 | 2.00 | 2.44
6]1203] 139|117 [171]066] 031 |025|039|061| 113 | 1.91 | 242
7]1215] 118 [ 113 155|073 ] 029 |024|037 059|117 | 1.80 | 2.11
8224|123 (113 (148|068 | 0.29 | 023|036 | 053 | 1.20 | 1.70 | 1.91
9220|147 {129 (139|060 | 028 | 024|036 | 049 | 1.30 | 1.63 | 1.81

10211 | 157 | 1.37 |1.26 | 0563 | 0.27 | 024 | 0.35 | 048 | 1.41 | 1.66 | 2.01
11 1207|142 | 142 |1.16 | 051 | 0.26 | 023 | 0.38 | 047 | 154 | 164 | 2.30
121231 ] 1.10 [ 159 |[1.10 | 050 | 0.25 | 0.22 | 0.40 | 0.46 | 1.60 | 153 | 2.36
131263 | 095 | 1.67 |1.03 | 048 | 025 | 022 | 042 | 047 | 1.69 | 148 | 2.20
141272 ] 090 | 1.53 | 0.98 | 0.46 | 0.25 | 0.22 | 0.42 | 0.48 | 1.72 | 151 | 2.12
151249 | 086 | 1.44 | 093 | 046 | 024 | 024|041 | 048 | 1.60 | 1.68 | 2.11
16 12211 0.79 | 1.36 | 0.88 | 052 | 0.26 | 029|039 | 049 | 157 | 191 | 197
171195| 068 | 1.26 | 0.83 | 0.55| 0.27 | 0.37 | 0.38 | 052 | 1.52 | 1.97 | 1.89
181190 | 068 | 1.19 | 0.78 | 0.48 | 0.27 | 043 | 0.39 | 056 | 1.43 | 2.07 | 1.67
191193 | 066 | 1.24 | 0.76 | 0.42 | 0.28 | 0.50 | 0.40 | 069 | 1.34 | 2.22 | 1.52
20/185| 069 | 1.33 |085|0.40| 0.30 | 054|043 | 0.77 | 1.32 | 2.34 | 152
211186 | 074 | 1.58 | 0.930.39 | 0.38 | 055|047 | 091 | 1.31 | 2.28 | 155
22 1183|071 | 186 087|038 039 |[052|047 |1.06]| 1.34 | 195 | 155
23165| 080 | 225 1084|037 | 034 |055|049 | 109|135 | 1.66 | 156
24 1143|109 | 230 | 082|040 | 035 | 055|050 | 1.06 | 1.47 | 1.62 | 1.83
25146 | 132 | 210 |0.78 | 0.41 | 0.48 | 0.52 | 055 | 097 | 1.64 | 1.69 | 2.12
26 /158|133 182075041 | 062 |0.45| 056 | 088 | 1.61 | 1.83 | 2.17
271157125 185 ]0.75]0.44| 058 {039 055|082]| 155 | 2.03 | 2.05
28 146 | 1.18 | 2.11 | 0.73 ] 0.40 | 0.45 | 0.44 | 057 | 0.78 | 1.63 | 2.14 | 2.13
29 | 1.30 189 |[0.75]|1038| 039 | 064 | 062 | 0.72 | 1.73 | 2.32 | 2.53
30 | 1.10 184 | 0.76 | 037 | 0.34 | 0.81 | 0.69 | 0.69 | 1.84 | 2.42 | 2.46
31|1.01 2.01 0.38 0.98 | 0.71 2.02 2.24




Table 5. Normal Year daily discharge (m

¥/s), Vanka River — upstream Edole HPP

Jan. | Feb. | Mar. [Apr. | May | June | July |Aug. | Sep. | Oct. | Nov. | Dec.
1/150| 090 | 062|159 063|028 | 016 | 0.15 | 0.31 | 0.28 | 0.69 | 1.18
2112709 | 058 |161]060| 0.28 | 016 | 0.14 | 0.30 | 0.32 | 0.78 | 1.09
3156|087 | 059|168 |063| 027 | 016 | 0.14 | 031|041 | 089 | 1.05
411341080 | 077 |162|060]| 027 | 015 | 0.14 | 0.34 | 042 | 093 | 1.13
5]1118 | 0.77 | 0.86 | 1.50 | 0.58 | 0.27 | 0.15 | 0.15 | 0.35 | 0.42 | 0.92 | 1.14
6124|076 | 078 |1.34|056| 027 | 0.15 | 0.16 | 0.36 | 0.42 | 0.94 | 1.18
711191074 | 074 |1.30 053 | 025 | 0.15 | 0.16 | 0.36 | 0.39 | 1.04 | 1.23
81121073077 |112]045| 025 | 0.16 | 0.16 | 0.33 | 0.37 | 1.11 | 1.36
91148 | 069 | 095|121 1048 | 0.25 | 0.16 | 0.17 | 0.33 | 0.34 | 1.12 | 1.36

10| 165 | 0.67 | 0.77 | 115049 | 0.23 | 0.16 | 0.19 | 0.32 | 0.32 | 1.05 | 1.19
111132 | 0.67 | 0.79 | 1.02 |1 0.48 | 0.23 | 0.17 | 0.23 | 0.31 | 0.32 | 0.94 | 1.27
121119 | 0.68 | 0.91 | 0.90 | 046 | 0.22 | 0.17 | 0.27 | 0.29 | 0.33 | 0.85 | 1.56
131111 /071|115 ]0.86|045| 0.21 | 0.18 | 0.28 | 0.28 | 0.33 | 0.81 | 1.72
141141 | 071|118 |0.79 1043 | 0.20 | 0.20 | 0.29 | 0.27 | 0.33 | 0.84 | 1.67
15| 165 | 0.66 | 1.13 | 0.80 | 043 | 0.20 | 0.19 | 0.28 | 0.28 | 0.33 | 1.02 | 1.40
16 | 1.75 | 0.65 | 1.14 | 0.75]|0.39 | 0.20 | 0.18 | 0.24 | 0.30 | 0.33 | 1.37 | 1.28
171160 | 0.52 | 1.13 | 0.74 | 040 | 0.20 | 0.17 | 0.20 | 0.31 | 0.34 | 1.30 | 1.27
18| 1.40 | 051 | 1.04 |0.7710.40| 0.21 | 0.17 | 0.17 | 0.33 | 0.38 | 1.30 | 1.27
191151 /062|111 |0.75]0.33| 0.23 | 0.17 | 0.16 | 0.33 | 0.38 | 1.24 | 1.43
20132 | 058 | 110 ]0.76 |0.32| 022 | 017 | 0.15 | 0.31 | 0.36 | 1.12 | 1.12
21120059 | 111|069 |031| 025|016 | 015|029 |037| 1.19 | 1.13
221143 | 057 | 1.03 | 0.68 | 0.35| 0.23 | 0.16 | 0.15 | 0.28 | 0.39 | 1.29 | 1.04
231115 | 055 | 1.06 |0.69 033|021 | 015 | 0.15 | 025 | 045 | 1.24 | 1.04
241138 | 055 | 1.62 | 0.75|0.37 | 0.20 | 0.16 | 0.15 | 0.25 | 0.51 | 1.12 | 1.14
2501121 | 054 | 1.50 | 0.67 | 0.35| 0.20 | 0.17 | 0.16 | 0.24 | 0.56 | 1.15 | 1.30
26 103|068 | 175|061 |033)| 019 | 017 |0.17 | 024|060 | 1.25 | 1.35
271127 | 063 | 165|058 032|018 | 018 | 0.23 | 0.24 | 065 | 1.49 | 1.11
28 11.09 | 0.64 | 1.57 | 0.60 |0.31]| 0.18 | 0.18 | 0.28 | 0.24 | 0.68 | 1.28 | 1.27
29 | 1.01 1.79 | 0.67 |0.31 )| 017 | 0.17 | 0.29 | 0.25 | 0.62 | 1.21 | 1.30
30 | 0.93 1.78 | 0.67 | 0.30 | 0.17 | 0.16 | 0.31 | 0.26 | 0.61 | 1.22 | 1.46
31| 0.90 1.66 0.29 0.15 | 0.33 0.65 1.55




Table 6. Dry Year daily discharge (m */s), Vanka River — upstream Edole HPP

Jan. |Feb. | Mar. | Apr. | May | June | July | Aug. |[Sep. | Oct. | Nov. | Dec.

1| 153 |058|025|0.74|050| 028 | 0.12 | 0.10 | 0.09 | 0.13 | 0.21 | 0.69

2] 153 /086|031 /074]053| 028|012 010 | 0.09]0.123| 0.23 | 0.63

3] 117 | 088|030 /085|049 | 0.27 | 012 | 0.10 | 0.09 | 0.14 | 0.26 | 0.54

41115 087031107 |069]| 028 |0.12] 0.10 | 0.10 | 0.14| 0.29 | 0.52

5] 1.10 | 086|049 |1.07 068 | 0.27 | 0.12 | 0.10 | 0.10 | 0.15| 0.28 | 0.55

6| 1.08 | 081|047 | 089 | 063 | 0.26 | 0.11 | 0.10 | 0.11 | 0.15| 0.29 | 0.57

7] 1.07 | 070 045|081 059|025 | 011 | 0.10 | 0.11 | 0.15| 0.32 | 0.59

8] 095 | 061|044 077 055|023 |0.11] 0.10 | 0.11 | 0.15| 0.33 | 0.60

9] 097 | 052|046 093|052 022|011 0.09 |0.11 |0.16| 0.50 | 0.63

10| 1.15 | 051|047 | 0.89 | 050| 0.21 | 0.09 | 0.09 | 0.11 | 0.16| 0.54 | 0.75
11 081 | 049|045 085|049 | 0.20 | 0.09 | 0.10 | 0.11 | 0.16| 0.49 | 0.78
12| 069 | 046 | 041 | 0.78 | 050 | 0.20 | 0.09 | 0.09 | 0.11 | 0.16 | 0.50 | 0.77
13| 061 | 0441038 |0.76 057|019 | 0.09 | 0.09 | 0.11 | 0.16| 0.50 | 0.75
14| 054 | 040|036 |0.74|0.61| 0.18 | 0.09 | 0.09 | 0.11 | 0.16| 0.50 | 0.73
15|/ 082 /039|034 |085|052|0.18 | 0.08 | 0.09 | 0.11 | 0.16| 0.49 | 0.74
16 | 0.71 | 040 | 0.33 |0.82 049 | 0.17 | 0.08 | 0.09 | 0.12 | 0.16 | 0.45 | 0.68
17| 062 | 040 | 0.33 | 0.80|0.48| 0.17 | 0.08 | 0.09 | 0.12 | 0.17 | 0.43 | 0.67
18| 0.56 | 0.39 | 0.33 |0.91 | 045| 0.17 | 0.08 | 0.09 | 0.12 | 0.17 | 0.51 | 0.66
19| 054 | 0.36 | 0.31 | 0.84 | 0.43| 0.16 | 0.08 | 0.09 | 0.12 | 0.18 | 0.61 | 0.65
20| 055 | 035|032 |10.76 | 0.40| 0.16 | 0.08 | 0.09 | 0.13 | 0.18| 0.64 | 0.63
21| 0.67 | 035|030 |0.72|0.33| 0.15 | 0.08 | 0.09 | 0.13 |0.18| 0.78 | 0.63
22| 108 | 033/0.31]083|0.32|0.15 |0.08| 0.09 | 013 |0.19| 0.99 | 0.56
23| 119 | 033029089 |032]| 015 |0.08| 009 | 013 |0.19| 0.93 | 0.46
24| 111 | 033|031 |0.80|030| 014 | 009 | 0.09 | 013 |0.19| 0.90 | 0.61
25| 104 | 032032069028 013 | 009 | 0.09 | 013 |0.19| 0.94 | 0.53
26| 1.00 | 035|033 1063|036 013 | 0.09 | 010 | 0.13 |0.19 | 0.93 | 0.49
27| 080 | 028|032 064|033 013 | 009 | 009 |0.14|0.19| 0.83 | 0.46
28| 0.72 | 030 | 035|064 031|012 | 0.10 | 0.09 | 0.14 | 0.20 | 0.76 | 0.42
29 | 0.66 0.44 1053 0.29| 012 | 0.10 | 0.09 | 0.14 | 0.20 | 0.75 | 0.42
30 | 0.59 0.59 | 050 |0.29) 012 | 0.11 | 0.09 | 0.14 | 0.20 | 0.74 | 0.41
31| 0.58 0.69 0.28 0.10 | 0.09 0.20 0.39




Table 7. Wet Year daily discharge (m °/s), Eda River — upstream from Sp iku HPP

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. |Sep. | Oct. | Nov. | Dec.
1173 109|050 |276|0.85 | 074|064 | 292 | 271|069 | 1.68 | 1.59
2| 180|126 | 053|427 |084 | 074 |060| 1.91 | 221 | 0.74 | 1.46 | 1.38
3| 121 |135| 055|518 | 093 | 061 |[056| 1.10 | 1.55 | 0.78 | 1.99 | 1.54
4] 1.15 | 140 | 0.57 | 800 | 0.87 | 053 | 056 | 0.79 | 1.25 | 0.74 | 1.76 | 2.20
5| 102 | 135|058 |11.3|1.04 | 048 | 0.65| 0.72 | 1.05 | 0.74 | 1.43 | 2.85
6| 090 |159| 056|110 1.15| 046 | 0.61| 0.72 | 1.02 | 0.70 | 1.54 | 2.54
7| 116 | 152|056 |9.99| 093 | 042 | 054 | 1.83 | 0.87 | 0.78 | 1.37 | 1.91
8| 131|162 | 0.76 | 844|100 | 041 | 051 | 2.23 | 0.86 | 0.90 | 1.30 | 1.53
9| 144 | 227|063 | 641|079 | 0.39 | 048 | 1.33 | 0.86 | 2.16 | 1.33 | 1.36

10| 1.76 | 1.80 | 5.32 | 5.01 | 0.66 | 0.41 | 0.49 | 0.97 | 0.73 | 2.28 | 1.22 | 1.96
11| 153 | 151 | 445 | 3.30| 0.64 | 0.44 | 063 | 096 | 0.71 | 1.74 | 1.13 | 3.13
12| 1.37 | 1.33 | 2.61 | 2.78 | 0.67 | 0.46 | 0.69 | 1.19 | 0.91 | 2.88 | 1.22 | 2.89
13| 154 | 121|259 | 242|059 | 048 | 0.72 | 1.05 | 1.21 | 2.77 | 1.37 | 2.62
14 | 274 | 115 | 2.74 | 218 | 0.57 | 0.45 | 0.69 | 0.86 | 1.18 | 1.90 | 1.24 | 3.71
15| 3.76 | 1.07 | 262 | 2.01 | 0.54 | 0.43 | 0.73 | 0.76 | 0.93 | 1.48 | 1.16 | 3.91
16 | 3.23 [ 099 | 2.38 | 1.97 | 0.59 | 0.41 | 0.64 | 0.62 | 0.81 | 1.69 | 1.26 | 3.51
17 | 255 | 0.87 | 253 | 1.78 | 0.55 | 0.44 | 0.86 | 0.60 | 0.76 | 1.67 | 1.54 | 2.86
18| 2.78 | 0.81 | 2.02 | 1.53 | 0.53 | 0.48 | 0.98 | 0.59 | 0.73 | 1.40 | 2.09 | 2.06
19| 3.13 | 079 | 1.67 | 1.36 | 0.50 | 0.49 | 091 | 0.61 | 0.88 | 1.73 | 2.36 | 1.79
20| 287 | 075|137 | 129|049 | 066 | 0.86 | 0.87 | 1.51 | 1.59 | 2.08 | 2.02
21| 239 | 072|209 | 127|055 | 098 |185| 090 | 1.85 | 1.46 | 2.45 | 1.97
221 213 | 071|394 | 114|054 | 0.85 | 209 | 1.02 | 1.87 | 1.33 | 2.65 | 152
23| 230 | 066 | 684 | 1.05| 055 | 0.74 | 192 | 111 | 153 | 1.92 | 2.12 | 1.25
24| 3.05 | 061 | 6.95 | 095| 0.55 | 0.78 | 1.19 | 0.99 | 1.01 | 2.69 | 2.09 | 1.49
25| 212 | 058 | 861 | 096 | 0.56 | 0.93 | 0.86 | 1.07 | 0.89 | 2.00 | 3.03 | 1.86
26 | 1.81 | 054 | 653 | 090 | 0.56 | 0.91 | 0.72 | 1.20 | 0.79 | .78 | 3.09 | 1.81
271138 | 051 |6.73 09| 057 | 081|069 | 154 |0.74 | 1.75 | 2.15 | 1.67
28 | 1.15 | 053 | 578 {098 | 0.60 | 0.70 | 0.86 | 1.56 | 0.70 | 1.44 | 1.99 | 1.58
29 | 1.08 3.28 |1.05| 054 | 0.65 | 2.05| 2.17 | 0.80 | 1.55 | 2.17 | 1.38
30 | 0.99 228 | 092 | 0.60 | 0.66 | 293 | 223 | 0.76 | 2.96 | 1.90 | 1.47
31| 1.02 2.19 0.54 3.25 | 1.86 2.32 1.44




Table 8. Normal Year daily discharge (m %/s), Eda River — upstream from Sp  7ku HPP

Jan. |Feb. | Mar. | Apr. | May | June | July | Aug. |Sep. | Oct. | Nov. | Dec.
109 |075| 045 | 213|062 | 0.34 | 0.28 | 0.46 | 0.62 | 0.57 | 0.64 | 1.13
2] 102 | 072 | 0.44 | 3.65| 0.65 | 0.33 | 0.26 | 0.42 | 0.61 | 0.57 | 0.69 | 1.17
3] 083 069|044 | 398|060 | 031 |025| 037 | 058 | 0.62 | 0.80 | 1.45
41099 | 074 | 045 | 465 | 065 | 0.33 | 0.26 | 0.37 | 0.79 | 0.60 | 0.75 | 1.38
5] 091 | 099 | 047 | 461 | 0.67 | 0.31 | 0.28 | 0.37 | 0.89 | 0.66 | 0.73 | 1.18
6| 071 | 1.16 | 0.48 | 3.69 | 0.62 | 0.31 | 0.27 | 0.37 | 0.92 | 0.66 | 0.78 | 1.24
7] 105|112 | 051 |2.89|0.78 | 0.31 | 0.29 | 0.36 | 0.75 | 0.56 | 0.95 | 1.26
8| 119 | 1.10 | 0.49 | 2.37 | 0.87 | 0.33 | 0.33 | 0.37 | 0.70 | 0.50 | 1.01 | 1.34
9] 1.27 | 090 | 0.47 | 220 | 0.72 | 0.33 | 0.38 | 0.37 | 0.60 | 0.47 | 0.95 | 1.17

10| 1.51 | 082 | 0.86 |1.98 | 0.62 | 0.31 | 0.37 | 0.38 | 0.52 | 0.48 | 1.00 | 1.06
11| 1.26 | 0.77 | 081 |1.71| 058 | 0.30 | 0.35 | 0.37 | 0.49 | 0.46 | 0.93 | 0.96
12| 1.32 | 0.77 | 0.84 | 157 | 0.53 | 0.28 | 0.42 | 0.44 | 0.45 | 0.47 | 0.84 | 0.85
13| 1.27 | 0.73 | 093 | 149 | 052 | 0.31 | 050 | 0.41 | 0.40 | 0.49 | 1.10 | 0.81
14| 1.11 | 0.72 | 1.06 |1.47 | 050 | 0.31 | 045 | 0.37 | 0.35 | 0.48 | 1.01 | 0.77
15| 129 | 0.72 | 1.18 | 147 | 051 | 0.40 | 041 | 0.38 | 0.38 | 0.78 | 0.67 | 0.72
16 | 1.21 | 0.79| 1.32 |1.29 | 049 | 0.39 | 035 | 0.35 | 051 | 1.12 | 0.64 | 0.88
17| 1.05 | 0.74 | 1.13 |1.18 | 045 | 0.38 | 0.34 | 0.34 | 0.62 | 0.88 | 0.96 | 1.03
18| 0.99 | 063 | 1.26 |1.24 | 0.49 | 0.32 | 0.37 | 0.34 | 0.60 | 0.74 | 0.92 | 1.11
19| 095 | 058 | 1.31 |1.14| 049 | 0.31 | 041 | 041 | 0.63 | 0.69 | 1.41 | 1.13
20| 087 | 054 | 1.33 | 1.15| 0.44 | 0.37 | 0.41 | 0.42 | 0.62 | 0.65 | 1.55 | 1.40
211080 [051| 199 |1.14| 041 | 042 | 041 | 0.38 | 0.58 | 0.66 | 2.17 | 1.85
221 095 (049 | 235 | 1.02| 040 | 0.38 | 0.38 | 0.36 | 0.62 | 1.13 | 1.62 | 1.34
23127 (041|237 |091| 038 | 0.36 | 0.37 | 0.35 | 0.60 | 1.37 | 1.35 | 1.18
24| 130 | 042 | 240 | 088|038 | 0.35 | 0.41 | 0.34 | 053 | 1.47 | 144 | 1.22
25| 124 | 042 | 254 | 088|037 | 0.31 | 0.45| 0.35 | 0.62 | 1.33 | 1.65 | 1.74
26 | 1.09 | 043 | 293 | 087|038 | 031 | 049 | 048 |0.73 | 1.20 | 1.56 | 1.34
271 098 | 046 | 3.43 | 086 | 0.45 | 0.29 | 051 | 0.71 | 0.60 | 1.16 | 1.57 | 1.14
28| 092 | 044 | 262 | 081|047 | 028 | 0.61 | 0.68 | 0.64 | 0.98 | 1.57 | 1.02
29 | 0.87 2.66 | 0.72| 0.41 | 0.33 | 0.69 | 0.64 | 0.79 | 0.88 | 1.33 | 0.95
30 | 0.86 2.18 | 0.68 | 0.37 | 0.37 | 0.60 | 0.65 | 0.65 | 0.79 | 1.31 | 0.85
31| 0.77 2.01 0.34 0.49 | 0.56 0.71 0.74




Table 9. Dry Year daily discharge (m */s), Eda River — upstream from Sp iku HPP

Jan. |Feb. | Mar. | Apr. | May | June | July | Aug. |Sep. | Oct. | Nov. | Dec.

1|/ 077 | 046 | 0.24 | 1.85| 0.59 | 0.30 | 0.13 | 0.30 | 0.33 | 0.50 | 0.35 | 0.39

21089 | 044|024 141|062 | 0.30 | 0.11 | 0.28 | 0.28 | 0.46 | 0.44 | 0.52

3|1 075 ]039|025 (143|051 | 028 |011| 0.29 | 0.24| 0.40 | 0.38 | 1.12

4] 067 | 036 | 025|142 | 051 | 028 |0.11| 0.28 | 0.23 | 0.38 | 0.39 | 0.89

5| 060 | 034|025 (166|052 | 0.27 | 011 | 0.26 | 0.21 | 0.39 | 0.40 | 0.67

6| 042 | 033|024 (252|049 | 0.26 | 0.11 | 0.26 | 0.21 | 0.35 | 0.74 | 0.48

7] 082 032|038 234|045 | 027 | 011 | 025 | 0.21 | 0.34 | 0.73 | 0.51

8| 073 1030|033 (188|043 | 030 |0.12| 0.25 | 0.21 | 0.35 | 0.51 | 0.50

9| 078 | 031|033 (193|046 | 029 | 0.11| 0.25 | 0.21 | 0.32 | 0.44 | 0.59

10| 0.64 | 0.30 | 0.33 | 1.55| 0.45 | 0.27 | 0.13 | 0.23 | 0.21 | 0.30 | 0.44 | 0.59
11| 055 | 0.31 | 0.31 | 1.37 | 0.43 | 0.26 | 0.13 | 0.22 | 0.21 | 0.31 | 0.43 | 0.52
12| 0.47 | 032 | 0.31 | 1.16 | 0.41 | 0.26 | 0.12 | 0.21 | 0.23 | 0.34 | 0.39 | 0.50
13| 045 | 0.35 | 0.30 | 1.17 | 0.42 | 0.26 | 0.13 | 0.21 | 0.23 | 0.35 | 0.43 | 0.44
14| 0.45 | 0.39 | 0.29 | 141 | 0.37 | 0.25 | 0.13 | 0.21 | 0.24 | 0.38 | 0.43 | 0.42
15| 0.43 | 0.38 | 0.30 | 1.16 | 0.38 | 0.25 | 0.12 | 0.21 | 0.25 | 0.44 | 0.35 | 0.37
16 | 0.37 | 0.38 | 0.30 | 1.08 | 0.36 | 0.27 | 0.12 | 0.21 | 0.38 | 0.46 | 0.35 | 0.82
17| 0.38 | 0.38 | 0.34 | 1.09 | 0.32 | 0.25 | 0.11 | 0.22 | 0.43 | 0.45 | 0.81 | 0.72
18 | 0.42 | 0.36 | 0.40 | 1.00 | 0.33 | 0.23 | 0.11 | 0.22 | 0.47 | 0.43 | 0.78 | 0.59
19| 049 | 035 | 0.24 | 1.11| 0.41 | 0.22 | 0.13 | 0.22 | 0.37 | 0.40 | 0.72 | 0.50
20| 063 | 034 | 025 |1.14| 041 | 0.21 | 0.12 | 0.23 | 0.31 | 0.41 | 0.65 | 0.44
21| 058 033|149 |1.03| 0.36 | 0.20 | 0.13 | 0.25 | 0.28 | 0.41 | 0.58 | 0.50
22| 054 | 036|125 |095| 033|019 |0.19 | 0.28 | 0.30 | 0.33 | 0.60 | 0.50
23| 066 | 034 | 105|088 | 032 | 0.19 | 0.18 | 0.22 | 0.30 | 0.31 | 0.54 | 0.44
241 056 | 030|084 |0.85| 0.36 | 0.19 | 0.17 | 0.24 | 0.30 | 0.29 | 1.19 | 0.41
25| 050 035|075 | 085|033 | 0.18 | 0.18 | 0.26 | 0.28 | 0.31 | 1.13 | 0.38
26 | 053 | 026 | 0.79 | 0.84 | 0.29 | 0.18 | 0.19 | 0.29 | 0.28 | 0.36 | 0.90 | 0.40
271 063 | 025|079 | 0.74 | 0.27 | 0.13 | 0.23 | 0.37 | 0.29 | 0.36 | 0.60 | 0.41
28 | 066 | 0.25 | 0.76 | 0.66 | 0.28 | 0.11 | 0.24 | 0.34 | 0.37 | 0.35 | 0.81 | 0.41
29 | 0.64 114 | 059 | 0.30 | 0.11 | 0.24 | 0.32 | 0.46 | 0.34 | 0.42 | 0.39
30 | 0.55 2.03 | 0.60 | 0.29 | 0.11 | 0.27 | 0.34 | 0.49 | 0.36 | 0.37 | 0.36
31| 0.50 1.88 0.27 0.31 | 0.36 0.34 0.32




