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Meteorology and Hydrology
Observation Network on Meteorology and Hydrology

In the Maritza river basin, there are 97 meteorological (37 climatic and 60 precipitation)
and 48 hydrometric stations (7 on Maritza mainstream and 41 on tributaries) that are
presently operating and are under the control of National Institute of Meteorology and
Hydrology (NIMH) of Bulgarian Science Academy. Detailed listings of the meteo-
hydrological stations are given in Tables 2.3.1 and 2.3.2. Locations of the stations are
shown in Fig. 2.3.1 and 2.3.2. Among the meteorological stations, 14 are automatic and the
rest 83 are manual type. Among the hydrometric stations, 1 is telemetric, 15 are automatic

and the rest 32 are manual type.

The meteorological stations are well distributed with an average area of 220 km? for each
station. But the hydrometric stations are sparsely distributed along the Mainstream. There
exists only 7 hydrometric stations along the Maritza mainstream, i.e. 1 station for each 44

km. Hydrometric stations along the major tributaries are also very scarce.
.Meteorological Characteristics
General Meteorological Condition
Monthly average precipitation, temperature and relative humidity distributions at 7
'climat_ic stations are shown in Fig. 2.3.3. Annual average precipitation varies from 491-652

mm. Morithly maximum and minimum precipitations vary from 56-84 mm (in May) and

26-46 mm (in August) respectively. Monthly maximuni and minimum temperatures vary

: from 19 to 24°C (in July) and -2 to 2°C (in .Tanuary) respectively. Monthly maximum and

_minimum relative humidities vary from 75-85% (in December) and 6.0-70% (in July)

respecti_vely.
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Selection of Representative Stations

After analyzing the amount of annual precipitations, correlations of annual precipitations
and quality of data; 22 representative meteorological stations have selected for detailed
analysis on precipitation. Fig. 2.3.4 shows annual precipitations at all the stations including

the representative ones.
Basin Mean Precipitation
Thiessen Polygon method has been applied to calculate basin mean precipitation (Fig.

2.3.5). Monthly distribution of basin mean precipitation is shown'in_ Fig. 2.3.6. Annual

total basin mean precipitation is calculated to be 597 mm with maximum and minimum

‘monthly precipitations of 70 mm (in May) and 34 mm (in Sepfember) respectively. It can

be seen that annual precipitation had started decreasing in the mid-1970s and had been
continued to decrease until early-1990s with 1992 as the most sévere drought year in terms
of precipitation. However, in recent years (since around 1993), annual tofal precipitation
has an increasing tendency. Fig. 2.3.6 also indicates that. the critical drought months and

corresponding precipitations would be:

Period Critical Drought Month(s) Basin Mean Precipitation (mm)
1-month September ' o 34
2-month September-October 72
3-month August-September-October . 117

Probability Analysis on Minimum Préci_pitation
Probability analysis applying Gumbel’s and Log-Normal Distributions and Thomas

(Weibull’s) Plotting Position formula which is suitable for drought flow has been carried

out for the 22 représentative meteorological stations. Probable minimum 4 and 10-year
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annual basin mean precipitations (using Thiessen Polygon method) are calculated to be 507

and 452 mm respectively,
Outer-basin precipitation

Analysis on 12 nearby meteorological stations lying within other river basins bordering the
Maritza river basin (Fig. 2.3.4) shows that, compared to annual precipitation in the Maritza

river basin:

. low annual precipitation is observed at stations in the Tundza (Elhovo, Sliven and
Kazanlak), Iskar (Murgash Peak, Central Meteorological Station at Sofia and Iskar
Reservoir) and Struma (Blagoevgrad) river basins;

e -mioderate annual precipitation is observed at stations in the Mesta (Bansko and

Dospat) and Arda (Raikovo and Kardjali) river basins.

As in the Maritza river basin, very low precipitation was observed in 1992 in the Tundza
river basin whereas for other outer basins, very low precipitation was observed mainly in

1993,
Estimation of Potential Evaporations

Monthly potential evaporations for the Maritza mainstream and major tributary basins have
been estimated using modified Penman method. It is estimated that annual total potential
evaporation varies from 883 mm (at Vacha) to 1,072 mm (at Sazliyka). Monthly maximum

and minimum potential evaporations vary from 141-181 mm (in July) and 17-22 mm (in.

‘December) respectively.
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Relation between Elevation and Meteorological Parameters

There exists good correlation between elevation and meteorological parameters as can be
seen from Fig, 2.3.7. However, analysis based on simple linear relations between elevation
and meteorological parameters indicates that with a rise in elevation of 100 m, there will be
an increase in precipitation of about 21 mm, a drop in temperature of about 0.5°C and a

decrease in potential evaporation of about 17 mm.
Hydrological Characteristics
General Hydrological Condition

Analysis on discharge has been carried out at 14 hydrometric stations: 6 on the Maritza

rainstream and 8 on major ributaries: Monthly average discharges along with averages of

.mont_hly ma_ximum' and minimum discharges' are shown in Fig. 2.3.8. In general,

~ discharges are high during March to May and are low during July to Septermber. Averages

of monthly minimum, 'averag'e and maximum discharges at Svilengrad station in August
(the lowest) are 22, 37 and 86 m'/s respectively and in March (the highest) are 86, 151 and
367 m’/s respectively.

‘Monthly minimum and maximum runoffs at Svilengrad station are 100 (in August) and

405 (in March) million m® respectively. Annual total runoff élong Maritza mainstream’

varies from 239 to 3,130 million m®.

Yearly variation of annual total runoff (Fig. 2.3.9) shows that funoff has considerably been
decreased during the last two decades starting from mid-1970s vﬁth_l 1994 as the most
critical recent year in terms of runoff. The reason for sharp decrease in runoff can partly be
explained by decrease in precipitation during the last two decades, const.m'ction' of storage

facilities during the 1970s and high water uses for different purposes. The figures show no

tendency in recovering the runoff.
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Specific Discharges and Runoff Rates under Disturbed Condition

Results on specific discharge (Table 2.3.3) and runoff rate (Table 2.3.4) analyses show that
both the specific discharge and runoff rate are the lowest at Pazardjik station, possibly due
to diversion of discharge through Channel Pashaark. Annual average specific discharge

and runoff rate at Svilengrad station are calculated to be 4.66 1/s.km’ and 0.24 respectively.

Mass curve analysis on runoff rate (Fig. 2.3.10) shows that monthly accomulated runoff

rates gradually increase during January to June with maximum in March due to effect of

snow melting, after which they remain almost constant

Evaluation of Natural and Disturbed Runoffs and Base Flows

Analysis on natural and disturbed runoffs (Fig. 2.3.11) indicates that for a moderately sized
catchment with an area of 3,000 km? (about the size of Sazliyka river basin), natural runoff
is likely to be about 25% more than disturbed runoff.

An evaluation on base flow for 1995, which represents average year in terms of
precipitation, indicates that natural base flow is likely to be about 15% more than disturbed
base flow for the entire Maritza river basin.

Relation between Disturbed Annual Runoff Rate and Landuse

Analysis indicates that annual runoff rate for a catchment with forest area of 30% can be as
low as 0.23 whereas that for a 100% forest arca can be as high as 0.6; which implies that

with increase in forest area, annual runoff rate is likely to be increased.

Probability Ahalysis on Minimum Runoff
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By applying Log-Normal Distribution and Thomas Plotting Position formula, probable
minimum 4 and 10-year annual runoffs at Svilengrad station are calculated to be about
2,211 and 1699 million m® respectively. The tesults are summarized in Table 2.3.5 and

shown in Fig. 2.3.12.
River Bed Morphology

A morphological study on river bed along Maritza mainstream and major tributaries
indicates that, in general, degradation'/ aggradation Eas been taken place during the two
decades of 1970s-1980s. It is found that, degradation has been taken place at Svilengrad on
Maritza river, Harmanli on Harmanliyska river, Marko Nikolovo on Chepinska river by
about 2, 4 and 0.5 m respeétively whereas aggradation hés been taken place at Belovo on
Maritza river and Bania on Stryama river by about 1.25 and 1.5 m respectively. River bed

at Galabovo on Sazliyka is found to be unstable. -
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TABLE 2.3.1 INVENTORY ON METEOROLOGICAT STATIONS OF NIMH (1/2)

CLIMATIC STATIONS
Neo. [Regton Code No,  |Localion Date of Elevation | Geographic Coordinates | Measurement
Establishment | (EL. m) Lalitude Longitude Type

1 |5liven ) 41030 Sadicvo 01-08-1957 136 26°05° 420327

2 41050 Lyubenova Mahala 24-07-1929 170]  25°58° 42°21° M
3 Stara Zagora 42010 Stara Zagora 01-02-1893 200 25°42° 42°22°

4 ’ 42020 Chirpan 01-04-1915 173]  25°20° 42°12° A
5| 43010 |Haskovo 01-07-1898 194]  25°357 41°57°
6 Haskovo 43011 Dolno Boievo §5-03-1940 2401 25°4% 41°45°
T 43020 Svilengrad 21-09-1929 54| 26°12° 41°46° A
8 43030 Harmanli i8-02-1930 78|  25°53° 41°56°
9 45010 Snezhanka Peak __01-03-1969 2,000)  24%41° . 41°407
10 45030 Chepelare 01-07-1892 1,100 24°42° 41°44°
i1 Smotyan 45060 Hvoina 16-09-1929 707 240427 41°52” M
12 : 45090  |Mihalkovo - 10-03-1930 525 24°25° 41°50°
13 | 45120 Rozhen Peak 24%44” 41°53"

14 45130 Devin - 15-12-1914 710} 24%247 41°45°

15 46010 Plovdiv 01-07-1891 160 24°45° 42°09° A
16 ) 46015 Brestnik 0F-03-1958 197 .24°44° 42°03" M
17 | 46020 Sadovo 01-09-1891 ES3F 24957 42°09° . A
13 Plovdiv _46030 Assenovgrad 01-09-1934 230 24°527 42°01° M
19 46040-  |Boikovo 23-07-1937 1,108 24°3%” 42°00” :
20 | 46060 Karlovo - : 01-01-1895 400 24°49° 42°39° A
21 ' -46070 Hissarja- © 01-06-1929 278 24°40° 42°30°

22 46000 Botev Peak 01-11-1949 2,306]  24°50° . 43°40°

23 47010 : [lvailo (Pazardjik) ) 01-10-1947 214 24°20° 42°13"° A
24 47020 - [Vetren 01-07-1967 400 24°03” 42°17° M
25 : 47030 Yundola 25-02-1929 1,380 23°527 42°04”°

26 o : 47040 VYelingrad . i2-05-1529 755]  23°587 42°02°

Pazardjik - g > e A

27 S 47050 Panagyurishte 01-07-1829 565 24°11 42°30

28 | : o 47060 Kozarsko . 10-05-1934 © 252 24°25° 42°03° M
29 | - 47070 Peshiera 01-01-1893 432)  24°18° 42°02° A
30 47081 V. Kolarov Reservoir 01-03-1949 1,535 24°08" 41°49”

31| 64101 Ihtiman 04-07-1892 0371 23497 42°26°

32 | ’ 64115 Georgi Dimitrov / Kostenetz 01-10-1896 8371 23°50° 42°15”
33 ' 64120 Koprivstitza - . ) 16-04-1901 © 945 24°21° 42°38°

34 |Sofia 64132 Zlatitza - 01-01-1943 6851  24°09° 42°43° M
35 . - 64215 Mussala Peak 01-12-1932 2,925 23°35° 42°11°

36 64230 Sitniakovo 01-01-1506 1,741 23°3T° 42°14°

37 B 64330 Vakarel - Military Station 01-12-1939 851 23°43° 42°33°
Measurement Type : M => Manual (Non-Recording) -

A => Automatic (Recording : Float-Limnigraph)
T => Telemelric
Station Code Mumber : mSnn rr=> Region Number; S => Type of Station; nn => Order Number

rr =29 Yambal Region

r =41 : Sliven Region
=42 : Stara Zagora Region
= 43 : Haskovo Region

rr =457 Sinolyan Region
=46 : Plovdiv Region

r =47 ; Pazardjik Region

17 =064 Sofia Region

: Climati¢ Station

=0-
4-7: Precipitation Station

-



TABLIE 2.3.1 INVENTORY ON METEOROLOGICAL STATIONS OF NIMH (2/2)

PRECIPITATION STATIONS

No. |Region Code No.  {Location Date of Elevation | Geographic Coordinates | Measurement
Establishment (BL.m) | - Latitude Longitude Type

] Yambal 29520 Skalitza f Kunevo ©01-02-1941 160] - 26°14° 42°18°

2 Sliven 41480 - |Polski Gradetz. 01-02-1953 165]  26°07° 42°11°

3 41520 Elenovo 25-09-1953 220 26°09” 42°23°

4 | 42401 Sarnevo 19-11-1953 128 259517 42°22°

s 42420 Dalboki 0§-11-1930 162  25°47° 42°20°

6 |Stara Zagem 42540 Bratia Daskalovi 01-04-1950 235 25°12” 42°20°

7 42570 Radesthe 11-08-1929 200 25°41° 42°19°

8 42620 Orizovo 01-01-1930 - 151 25°10° 42°52°

9 43401 -{Merichled 01-11-1949 150] - 25°30° 42°08”

10| 43402 [Dimitrovprad 01-09-1947 103} 25°35° 42°05°

1 43410 Mineralni Bani / Brestovo 01-01-1944 - 390 25¢22° - 417567

12 43420 Simeonovgiad f Maritza 01-12-1896 108} - 25°507 42°02°

13 Haskovo 43430 Izvorovo | 01-08-1929 350f  26°09° 41°58°

14 | 43460 Orcshetz 01-02-1930 276) . 25°55 - 41°46°

15 43470 Elena . 01-12-1939 210)  25°487 41°50”

6| 434590 Konush B 01-12-194] T 200 25°31° 41°52°

17 43520 Tzareva Poliana - 18-08-1940 <220 25°36° 41°47"

18 | 45450 Mugla 01-01-1938 1,360 24°30° 41°33°

19 | 45470 Borino 15-04-1954 1,150] - 24219 41°42

20 45500 - |Trigrad " 17-01-1951 200 24°2% 41°37

21 Smolyan 45510 Shiroko Laka 15-05-1952 1,045 24°23” 41°37°

37 45530 |Manastir 01-06-1950 1,450 2452 41°4%

2 45540 |Zabardo . 16-01-1952 1,140]  24°35° 41°48° M

24 45550 Lakki - 01-04-1947 1,000]  24°51° 43°48~

25 45570 .. INarechenski Bani - 23-03-193¢ 597 24°46” 41°54°°

26 46410 |Topolove - 01-01-1905 405]  25°00° 41°54°

27 46420 Briagovo 21-07-1930 _ 235pF -25°1)7 . 4§°59"-

28 46430 |Popovitza 01-01-1905 140} 25°03° | 42°09°

29 | 46440 Parvomay 27-03-1929 132 25°14", L 42°07°

30 46460 [Bachkovo 01-01-1941 406] . 24°5%" 41°57°

3 46560 Zdravetz Chalet 01-05-1952. 7 1,165 24°457 - 42°007

32 46510 - [Brestovitza 0E-06-1960 207]  24°36" | 42°03"

33 46540 |Krichim 01-12:1938 185] - 24°28° C42°05°

34| 46550 |Proslav “01-01-1943 165] . 24%41° 42°07°

35 |Plovdiv 46560 - |Sekirovo 01-11-1940 170]  24°56" 42°157

36 46_5'80 Chernozem 01-12-1925 229 24°47° 42°24°

37 46610 |Belovitza 01-01-1951 295| - 245327 42°25°

38 Belovo 01-08-1947 320 24°01° - 42°13°

39 46620 Saedinenie 16-06-1899 200]  24°337 42°16°

40 ] 46680 |Svezhen 01-02-1949 74| 25°02° 42°30°

al 46690 [Bania (Plovdivske) 01-02-1949 205 24°50° 423y

4z 46700 Rozovetz 09-01:1915 430 25°07° 42028

a3 46750 |Rozino 01-01-1905 . 535 24°33° 42°43"

44 46760 Klissura 27-07-1928 711 24°27° 42°43°

45 474014 Pangyurski Koloni 10-08-1930 1,054] 24°12° 420357

a6 47420 " |Suelcha 10-01-1905 486] 24%19° 42°30°

4 47440 |Poibrene 10-11-1930 420] " 24°00° 42°30° A

48 | 47460 Lessichevo 01-08-1906 228 24°%07° | 420217

9 47520 |Sestrimo 01-01-1941 Uss0] 23055 | 4rtia M

50 |Pazacdjik 47540 [Patalenitza 01-08-1929 340] T 4m12 42°07°

51 47560 Ravnogor 01-07-1940 1,320] 24°22° _ 41°57

52 47570 |Batak Reservoir 01-07-1892 - 1036 24137 | 4i°ss” A

53 47660 [Chehlova 01-02-1935 1,450] ~ 25°00° 41°48" .

54 47670 Tzvetino 11-01-1952 1,000] - 23°49° 41°48°

55 47680 |Kurtovo ‘ 01-01-1952 1,750] © 23°48" 42°06°

56 "64501 _[Topolnitza Reservoir 01-05-1961 420 . 24°02 42°325" M

57 61507 [Dolna Bania 01-09-1851 637 23°45° 42°18 S

58 Sofia 64525 - |Anton 01-07-1949. 1,700 - 247167 42°44°

59 64540 [Mirkovo 01-01-1903 673 24%00° 42°42°

60 64555 Smolsko 01-01-1952 635 23°57° 42°38"




TABLE 2.3.2 INVENTORY ON HYDROMETRIC STATIONS OF NiMH

N, Siatien River Nane Location of Daw of 0" Gavge JICA Swdy NIMH Measurement
Code Ne. e Station Fistabiishment Lewed Catctanent Tristance Carchinent Bistance Type
New d Ancaof - Trom the Amaof Tromthe
the Station | Maowth /Border | the S1ation | Mouth / Bocder
(1L, m} {kn2) {kimn) (km2) [150)]
1] 1330 Mdda b Danska t. Dinirevgrad-Durbana 01-12-1953 97.62 32600 245
HOFRG(2b Biala Reka o il Kurtovo 11-05-1951 195.33) 7388 13.69;
3] 21160 [425 Tunovska vil, Bunuvo 17-06-195% 721,34 23.00 12.08
4| 22030 [472 Chairders vil. Trigrad- Chaira 01-09-1970 1027.87 2315 10.30 M
5] 72040 436, Chainders vil. Giovren W11-966 | 8egsn - | ti5.70 2.00
& 71801 [2520.K Chanpel Pashaark 1. Pazandjik 01-01-1937 201.73 - -
7F 724501323 Chepelarska vil. Narechenski Dani 23-11-1946 $07.08 44.50 392.60 49.40)
Bl _724608R4a.byy Chepelarska vil. Bachkova 01.08-1949 35371 839.00 26.50 824.90 30,57 T )
91 71390 j25tab.y Chepinska Chelliovo 21-05-3950 1456.85 62.00) 2340 JOME M
10} 71400 J254 Chepinska 1. Vetingrad 0111947 7811t 4250 43110 51.00 A
V1) 71429 |249 Chepinska Marko Nikolovo 07-06-1951 370.53 892.00 400 §81.00 14.95
12| 72150 |266 [Cherno Dere Reservoir V. Kolaroy" 23-08-1949 153031 2129 7.80] "
13| 73030}345 - [Chinardere vil. Dalbok favor 1-12-1953 20046 4830 1.2
t4] 72170 2775y Drvinska t. Devin 08-09-1946 7083k 417.30 247 A
15| 73550308, 30BA.B {H liysk t. Harmanll 12-05-1932 &§7.95 983.00 230/ 952.00 3.83
16] TEIR0 1432, 432A Inienilza vil, Goliama Belave 11-§2-1962 312,05 12850 2,90 N
179 -72230|281abved  |fugovska vil. Lakki 08-10-1959 633.84 : - 8.56/
18] 71550 J25tab * {Luda Yana vil, Shor 26-10-1941 27159 593.00 26.20 569.80 25.65
19 71650 [231 Marilza vil. Raduil 13.09-1946 £23.81 286,50 96.68 201,90 A
20| 71700 |248ab,y Marilza 1, Belovo 20-08-1912 316.71 75200 251.50) )
211 71800 |252 Marilza t. Pazardjik 18-10-1911 199.58 402700 219.50] 4,126.00 222.2)) M
22| 72700[301ap Moarilza t. Movdiv 01-03.1912 15508 3,076.00 178.70] 1.926.00 £89.30! A
23] 72850(304 Marilza t. Parvomay 24-04-1912 116.98) 1291800 !3i.50l 12,728.00 138.00 M
24| 137150[307 Maritza t. Harmanli 23-07-1912 65.21] _ 19,864.00 5!.00‘ 19.693.00 5225 A
25| 738501309, 309A Maritza 1, Svilengaad 18-09-1914 46.88) 20.360.00 I?‘SQI 20,857.00 18.20
26} 71250 [431 [Mativic vil. Mirovo 01-11-1962 614.03 16.70 248.50 16.20) M
27t 71330 |236ab,v Dchushnitza vil. Ochushs QE-11-1950 586.2 - 57.75% 14.60)
28F 12420130320 Parvenctska vil. Hrabring i804-1950 1 28298 179.10 12,18 A
29| 73480§342 Sazliyka i. Galabavae 27497-1954 81.85 19.79, 3.040.00 19.50 M
303 73400:305a,b Sazliyka vil. Rakitnilza = . 04-11-1925 205.26 353.00 33.50 346.00 108.20 A
31 72100 |278a.b,y Shirokolashka vil. Shiroka Laka ~_§9-07-1850 1045.76 £5.20 $3.80 16.92
A 72120 J477- Shiroiolashia |t Devin-Dobrasten 01-11-1974 735.07 100 21800 1.30] M
3] 73040 [255a.b.4 Sofanderz Taveting - 20-05-1950 1470.60 7320 628
‘34| 2340 237 Stara Georgi [¥mitrov 01-14-1947 321.68 4730 11.7) A
as| 72260337 Stara (Kaslovsko) . {Hyd, Cenier Karlavo 01-07-1952 480.14 12.50) 51,00 J0.G9) M
_ 36| 11250 |336a,b Stielchanska Luda Yana t. Stelcha 13-09-1954 431,87 450 95.10 17.35 A
37} _72500|326a,b Stryama t. Klissura 07407-1552° 648.23 93.00) 50.50 95.85
38| 725201325, 325A Siryama Left & Right vid, Bania 10-08-1%14 26842 838.00 50.00, 832.50 51.50)
38 72060 2160,k Tenesdere vil, Mugla 01.06-1950 1330.35 4340 1754
401 72070 1428 Tenesd vil, Giovien 19-11-1966 86979 1 L 1 I £ M
41| 7t450 J422 Topolnitza t. Koprivshlitza 19061959 999.19 12060 57.60 135.00
__ @] nwrelsoaby - [Tipolnitza Medet 01-12-1962 $77.79) 339.00 91,10 33920 100.60
43] TEAR0 12402 b A [ Fopolnitza vil. Poibrene 25-08-1912 403.83 913.00 58.60, 910.80 67,521 A
44] 72020 |275a.b Trigradska vil. Trigtad ) 14-06-£950 17194 54.28 3.32 M
45] 71140 3424 " {Tsarkvishienska laninza, sb.fsarkvishie 16-06-1959 T88.79) 19.30 9.35
46| _72330]27%a.b.v Vacha 1. Devin-Nastan 07-09-1946 71127 1.50 416.00 77.65 A
47| 72340]421ap, 4220 |Vacha | Ixevin-Zabral 07-09-1946 684.95 668.00 6900l 63740 7430
48] 72320|471 Yacha (Buinavska) Hyd. Center Teshel 01-¢1-1970 367.83 £4.001 146.00 £9.50)]
§ *| 71410 |257, 2574 |Chepinska vil. Draginove 01-¢1-1953 1764 34004 750.70 31135 bl
1+ 72140 264, 2684 |Devinsia (Boghishka) Kessrvoir "Beglika” 01.12-1942 1494.42 8660 39.29
T *f 72142 [265 Devingka-Tuncla Reservpir "V, Kolarov” 02.02-1952 1525 38 59.05 -
1V *] 72240 [343a.b lupovska vil. lugove 07-68-1954 487.84 326,60 3.02 A
V¥ * 71130 J42%ab A Medet 18-06-1059 605.01 31.00 0.66
VI 723100434 Vacha (Buinovska) Popina | aka 03-11-1966 1074.07 047 1224 99.60) M
VII +] 71280 |2713,b Zvezdilza Zveadilza QL-10-194) E135.65 2740 G.SSI

Measurement Type :

M = Manual (Non-Recording : Staff Gauge)
A => Aulomatic (Recording : Floa-Limnigsaph)

T => Telemélric

*  Notin eperation. Glosed in 1996

Stavion at (,"I:ennr! Fasheark (71801} is located on a diversion channel from the Maritta nurinstream near Parardjik.

Stavion at Bania (72520} gives combined discharge of twa stations toceted on the lefi and right branches of Stryana river upstreans of confTueace with Bivida river.

JICA Study © remeasured by the HCA Study team by using topographic maps with scales of 1/100.000 and 1/200,000

NIMH : According 1o Narignal Instinuie DfMeleorology and Hydrelogy, Bulgariar Science Academy

250a,b,v stard for change in lecaiion of the stution durbiy different rime period.

The last alphabet represent the latest location and the siation parameters in NIMH columas are for the laiest focation

abbreviation :
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TABLE 2.3.5 PROBABLE MINIMUM RUNOFFS ALONG MARITZA MAINSTREAM

Station Non-Exceedence | Return Period Probable Minimum RunolT (million m3)

Code No. |Location Probability (%) (Years) I-Month | 3-Month | 6-Month | 9-Month | 12-Month
so | 2 4.0 17.85 5562 10563 21064

R 4 261 12.27 38.87 76,04]  140.88

80 5 2,24 10.76 3430 67.85 133,16

71700 [Belovo 90 10 1.65 8.26 26.64] - 53.82 104.75
95 20 1.29 5.64 21.62 4445 85.92

98 50 0.97 5.19 17.09 35.85 68.75

99 100 .80 441} 14.61 31.06 59,26

50 2 A4.74 26.58 103.38 239.49 481.53

75 4 2.26 13.39] 64.75 165.02] . 326.68

: 80 s 170 10,36 54.78 144.85 285.06

71800  |Pazardjik % 10 1.00 6.32 39,29 111.34 216.67
: 95 20 0.64 4.21 29,36 39.60 172.76

98 50 0.39 2.66 21.93 70.18 133.90

. 99 100 0.28 1.96 " 17.85 59.63 11298

50 2 33.83 137.10 392.51 766,33 1,355.06

75 4 21.81 91,16 285.42 58L.71)  1,016.00

. 80 5 18.66 71894 255,62 529.24) 92022
72700 {Plovdiv 90 10 13.67 /5914 204.25 436.05 751,55
' : 95 20 10.57 46.59 169.71 371.62 635.86

98 50 7.92) 35.62 137.78 31043 526.84

99 100 6.53 2579 119.90 27535 464.76

50 g 4926 226,46 660.70]  1313.57]  2,307.74

75 4 28.73 150.80 473.99 998.11}  1,743.63

80 5 23.62 130.66 42259 - 908.42f  1583.68

72850  |Parvomay 90 18 16.08 97.99 334.241 749000  1,300.51
' 95 20 11,70 7127 27551 638.70)  1,105.29

9% 50 8.19 59.14 221.67 $33.89 920.46

99 100 6.45 49,49 191,76 473.71 814.76

S0 2 6005  277.28 807.96| - 1,61176] . 2,847.63

75 4 sne| 175.15 582.90] - 1,224.10}  2,133.53

_ 80 5 2447 148.68 52052 111390 193189
73750  [Harmanli 90 10 107,31 413.34) o181 1,576.95
95 20 8198}  342.00 782.68] 133362

98 50 60.56 276.20 654.03]  1,104.42

99 100 J 49,49 239.53 580,25 973.98

50 2 57.54 263220 794.00] 158961 2,847.23

75 4 3173 167,67 579.14F - 1,23595|  2,211.27

80 5 24.94 142,80 . 519270  1,134.26]  2,028.52

73850 |Svilengrad 90 10 16.11 103.70] 41581 950.64|  '1,698.79
95 20 11.22 79.63] . 346.12 820.67) 146736

98 50 7.48 59,15 281,57 697.36]  1,244.43

99 100 570 48.52 245.38 625.13)  1,114.99
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ANNUAL DISTURBED RUNOFF RATE ALONG MARITZA MAINSTREAM
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FIG.2.3.11" NATURAL AND DISTURBED ANNUAL RUNOFFS (1963 - 1995)
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2.4 Water Use and Water Resources

P

2.4.1

(1

Water in the Maritza River Basin is extensively used for irrigation, hydropower, domestic
water supply, industry and others. Surface water in the basin is very mﬁch disturbed by
numerous man-made structures including dams and intakes as well as by inner-basin and
inter-basin water transfer facilities and used mainly for irrigation and hydropower.
Groundwater is also disturbed by numerous groundwater wells and used mainly for
domestic water supply and industry. In relation to water resources in the Maritza River
Basin, present condition of water use, water resources potential and water balance were

analyzed.

By these analyses, it was found that the water use in the basin is conducted in inefficient
way due to lack of management of water use from river basin point of view, Furthermore,

surface water is used excessively and groundwater is used almost with sustainable {evel,

- As the water resources in the Maritza River Basin is limited and it is one of the key factor

“for sustainable development in the basin, it would recommendable to conduct management

of water resources including water use and water resources potential from river basin point

of view.

Water Use Systems
Trrigation systems, hydropower systems, domestic water supply systems, industries are the
major users of water in the Maritza River Basin: Other usets are animal breeding and fish
breeding.

Irrigation Systems

There are wide irrigation areas in the Maritza River Basin owned by Irrigation Systems Ltd.

and private coopératiVeS (refer to Fig, 2.4.1). As the private cooperatives are being
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formulated after collapsing of former state cooperatives due to on-going agrarian reform,
their real situation is still not clear, There are 16 state irfigaticm systems with estimated
total arca of 255,900 ha in the Maritza River Basin. 6 branch offices of the Irrigation
Systems Ltd. composed of Pazardjik, Plovdiv, Stara Zagora, Haskovo and others manage

the state irrigation systems.

Command area and actual irrigated area with crops in 1996 for the state irrigation systems
are shown in Table 2.4.1. Actual utilization rate of state irrigation systems in the present is
estimated to be only 16.4 % and that of the cooperative irrigation systems is said to be

probably smaller than this percentage.

Major water resource of the irrigation sjt_st_erns is surface water supplied fromi major
irrigation reservoirs. of Topelnitza, Pyassachnik and Trakietz Reservoirs, about 680
numbers of medium and small size reservoirs/ponds, river -intake weirs and major
hydropower/multipurpose reservoirs of Belmeken, Batak and Krichim Reservoirs in the
Basin. Main water sources of Stara Zagora IS and Nova Zagora IS are the transferred water

from Koprinka and Jrevchevo Reservoirs in the Tundza River Basin (refer to Table 24.2).
Hydropower Systems

Electric power generation composed of thermal power,' hydro_power. and -nuclear power

generation is conducted by the Nasionalna Electricheska Kompahia AD (NEK). Dams and

- Cascades  Enterprise, which  is a  subordinated agency. of NEK, controls.

hydropower/multipurpose reservoirs and relating hydraulic facilities.

There are three major hydropower systems in the Maritza 'River_ Basin: Belmeken-
Sestrimo-Chaira, Batak Cascade and Dospat-Vacha Cascade Schemes. (refer to 'Fig.2.4.1‘)._
Thermal power systems in the basin are the Maritza East LILIII and Maritza IIL Amqng

the total power generation of - Bulgaria (42003 GWh _in.1996),.Mar'itza'., River. Basin

- produced 14155 GWh (34 %), which is composed' of thermal 'power generaﬁon (12783

2-4-2



&)

(@)

GWh) and hydropower generation (1372 GWh).

The major water sources of the hydropower systems are the hydropower/multipurpose
reservoirs such as Belmeken, Batak, Antonivanovtzi and Krichim. Inter-basin water
transfer has been conducted from Struma and Mesta River Basins to Maritza River Basin.
On the other hand, water has been sent to Iskar River Basin from the Belmeken S'chcme to

supplement domestic water for Sofia City.
Domestic and Industrial Water Supply

There are 7 water supply and sewerage companies (VIKs) of the MoORDPW and 5 VIKs of
the municipalities in the Maritza River Basin. They are Sofia, Plovdiv, Pazardjik, Smolian,
Peshtera, Batak, Velingrad, Haskovo, Stara Zagora and Sliven VIKs. Almost all the
population in the Maritza River Basin is served by public water supply. Sewerage

treatment is also conducted by VIKs. About 95 (%) of domestic water comes from

- groundwater and about 5 (%) of it comes from surface water. A

There are about 530 industries in the Maritza River Basin composed of food processing
(24 % of 'numbf_:_r), machinery (20 % of number), chemical (8 % of number), pulp and

paper (2 % of number) and others. About haif of the industries have their own water source

- of groundwater and about half of them use municipal water supply, so industries depend

mainly on. groundwater. Some industries such as Agrobiohim in Stara Zagora receive

surface water from irrigation systems. -

Others Water Use

Animal breeding:

" Based on NIS's data, there are about 156000 cattle, 660000 sheep, 422000 pigs and
12763000 fowls'in the Maritza River Basin in 1994, Among them breeding farms have

about 36000 (23' %) cattle, 46000 (7 %) sheep, 286000 (68 %) pigs and 442000 (16 %)
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fowls and rests of them are bred by private farmers.

Fish breeding:
Fish breeding is conducted by using ponds and reservoirs in the Maritza River Basin.

Along the main stream of the Maritza River, there are fish breeding ponds and they depend

_ on surface water supplied through irrigation canals.

Environmental Discussion about Hydraulic Facilities

Hydraulic structures such as dams and intake weirs are used for irrigation, hydropower and
others. A recommendation for post-evaluation of environmental impacts for some of the
existing hydraulic structures is described below to achieve sustainable water use

considering balance with environment.

Dams: :
Outflow from outlet of some of the dams to the downstream river reach is vcry' small

(Belmeken, Batak Pyassachnik and Trakietz Dams), aithough the total outflow is not so

small,

Irrigation intakes:

In relation to irrigation systems, there are 22 intakes in the basin composed of 4 major
gated weirs, [ river closing overflow dike, 3 temporary river closing dikes and others.
Water is very much taken from these intakes and closing dikes, so that very small quantity

of water flows in the downstream reaches between spring and autumn.

Hydropower intakes:
In relation to the Belmeken-Sestrimo-Chaira and Batak Hydrbpdwer. Systems, there are
complicated water collecting systems composed of intakes and feeder canals to collect

water from Maritza River Basin as well as from neighboring river basins of Struma and

Mesta.
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JICA Study Team conducted site investigation for one of the major water collecting
systems of the Belmeken Scheme called Granchar Feeder Canal in the Rila National Park,
The feeder canal is composed of conduit and tunnel with intakes at the galley streams. The
intakes stop stream flow and take almost all the water to the feeder canal. According to
MoEW, almost all the water is taken to the feeder canal and there is no water in the

downstream galley especially between spring and beginning of autumn.

Necessity for post-evaluation of environmental impacts;

Considering the above situation of the existing hydraulic structures, it is highly

recommendable to assess the environmental impacts by these existing facilities to -achieve
future sustainable water use by the irrigation and hydropower systems considering balance

with environment.
242 Wéter Demand
(1) ~ Irrigation

' Irrigation'water demand in the Maritza River Basin was estimated for Year 1994 (4-ycar

drought) and Year 1995 (recent average hydrological year) based on FAQ’s method. Water

{3 is used for irrigation during April to September. Annual water demand by the state
iI'r_igation systems in the basin becomes about 260 (mil. m®) in 1995 and 295 (mil. m®) in

1994 (refer to Table 2.4.3).
On the contrary, actual supplied water to the state irrigation systems during 1992 to 1996 ,
‘was almost 7 to 10 times larger than the estimated demand. Thercfore, irrigation water
supply has been conducted with almost same level before 1989, when the irrigation

systems were fully utilized.

(2) Hydropower
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In relation to the major threc hydropower systems of Belmeken-Sestrimo-Chaira, Batak

and Dospst-Vacha Schemes, there are 13 hydropower stations,

Total water used by the hydropower systems was 737 (mil, m®) in 1995 and 550 (mil. m’)
in 1994, |

Domestic and Industrial Water Supply and Others

Annual domestic water demand in the Maritza River Basin was estimated to be 153 (mil.

o). On the other hand, actual supplied water was 199 (mil. m’) including loss.

Annual industrial water demand in the Maritza River Basin was 310 (mil. m®). 20 biggest
industries use about 90 (%) of industrial water. Among the 20 industries, 6 food processing
factories, 3 machinery factories, 2 chemical factories and 3 pulp and paper factories are

included.

As the other water demand, annual water demand of animal breeding was about 24.8 (mil,

m3) in 1994,
Total Water Demand

Following table shows summary of estimated annual water demand as well as actual

supplied water in the Maritza River Basin in Year 1995 and Year 1994 (see Table 2.4.4 as

well).
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Estimated Present Water Demand and Actual Supplied Water Volume

Water demand Actual supplied water

ftem Year 1994 | Year 1995 | Year 1994 | Year 1995

: (mil. m®) (mil. m*) (mif, m*) (mil. m*)

1. Total water volume
1) Gross volume 1391 1536 2505 3819
~2) Netvolume 841 800 2376 3082
2. Surface water volume
- 1) Gross volume 929 1073 1998 3312
2) Net volume 378 337 1869 2576
3. Groundwater volume _
1} Gross volume 463 463 506 506
2) Net volume 463 463 506 506
Notes: 1) Gross volume includes water for hydropower.

2) Net volume does not include water for hydropower.

It is clear that the actual supplied net water volume in Year 1994 and Year 1995 were much
“bigger than the real water demand. Therefore, water use is necessary to be conducted in
more efficient way. Coxﬁposition of the surface water and groundwater in Year 1994 and
- Year 1995 for the net water demand is estimated to be 42 ~ 45 % and 58 = 55 %
respectively. That of actual water supply was estimated to be 84 — 79 % and 16 - 21 %

respectively.
243  Water Resources Potential
(1) Surface Water Resources

Natural poténtial of surface waler resources was estimated for Year 1995 and Year 1994.
The estimation was based on the basin mean monthly rainfall and runoff rate in the basin.

Fig. 2.4.2 shows estimated natural potential of surface water in Year 1994 and Year 1995,

Fig. 2.4.3 shows estimated disturbed potential of surface water in Year 1994 and Year 1995
‘considering outflow from major reservoirs into river basins as well as the comparison with
the natural potential. Also the disturbed potential includes inter-basin water transfer.

Amount of the inflow volume to the Maritza Ri_vcr Basin by inter-basin water transfer
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between Year 1987 and Year 1996 is 234 mil.m’ (Year 1994) to 433 mil. m* (Year 1996)
including 250 mil. m* (Year 1995). Outflow volume to Iskar River Basin from Belmeken
Scheme (from Grancha Canal in Mesta River Basin) between Year 1987 and Year 1996 is
min. 44 mil. m’ (Year 1990) to max. 111 mil. m® (Year 1991) including 64 mil. m® (Year
1994) and 106 mil. m’ (Year 1995). Following table shows estimated ‘water resourcés

potential at the most downstream point of the Maritza River (at Sviiengrad: Jet.1) in Year

1994 and Year 1995.

- Water Resources Potential at Jet.1 (at Svilengrad)

Water Tesources potential Year 1994 Year 1995
_ _ (mil. m*year) | (mil. m*year)
Natural surface water potential 3536 4294
Disturbed surface water potential 3584 4411

- Disturbed potential of surface water resources are almost same amount as the natural

potential in terms of annual amount as well as seasonal amount except Jet. 6. Therefore

‘reservoir operation as well as inter-basin water transfer would necessary to be revised to

attain more effective utilization considering balance with environment.

Total Potential of Water Resouirces

Total potential of water resources composed of surface water and grbundwater was
estimated for Year 1994 and Year 1995 at junction points in the Maritza River Basin as

shown in the following table. In terms of groundwater, recharge pbtential to the

groundwater was estimated from precipitation.

Water Resources Potential at Jet.1 (at Svilengrad)-

Water resources potential Year 1994 Year 1993
(mil. m*/year) | (mil. m¥year)
Natural surface water potential - 3536 4294
Groundwater recharge potential 1298 - 1692
Total potential 4334 5986

Among the total potential, natural p’otenﬁal of surface water of Year 1994 and Year 1995
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was estimated to be 33 (%) and 31 (%) respectively and groundwater recharge potential

was estimated to be 12 (%).
2.44  Water Balance
(1) Surface Water Balance

Fig. 2.4.4 shows actual water balance of surface water in Year 1995 and Year 1994 at
junction points in the Maritza River Basin, which are based on the estimated disturbed
potential and observed discharge volume. Present actual utilization rate of surface water is
49 (%) at Junction 1 to 75 (%) at Junction 6 in Year. 1995 (average vear) and 69 (%) at
Junction 1 to 85 (%) at Junction 6 in Year 1994 (4-year drought), These utilization rates are

very high, so the surface water is too much used actually,
If water is utilized efficiently, water utilization rate becomes less than 10 (%) to 11 (%) and
it will create large possibility for another utilization for human aétivity as well as for
enhancement of natural environment (refer to Fig. 2.4.5).

(2) Total Water Balance

Utilization rates of water at Jct. I are shown in the following table.

Water Utilization Rates at Jet.1 (at Svilengrad)

Water resources potential Year 1994 Year 1995
| (%) (%)
Natural surface water potential 33 60
Groundwater recharge potential | 39 30
Total potential- 49 51

Notes: 1) Net water demand is applied for above calculation.

Total water resources in the Maritza River basin is too much utilized especially for surface

water. As the groundwater level is almost stable with dropping water level in limited
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places, groundwater utilization can be said almost in sustainable level in the present.
Therefore, management of surface water as well as groundwater is very important for

sustainable development in the basin.
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TABLE 2.4.1 - AREA AND PATTERN OF CROPS OF IRRIGATION SYSTEMS

1 Estimated Crop Areas by Irrigation Systems in 1996

Irdgation System Command | Actual Percznt of Maize Tobacco | Sugarbeei | Luceme § Vepetable | Fruitfrees Rice Other
area iriated ates] irrigation
; {ha) (a) ()] (a} ) ) ) (hay (ha) (hay Cha}
1} _Pazardjik Irrigation Branch 49421 5013 10.1 1675 582 [1] 30 7 620 1% 1024
Karabunar IS 9578 972 10.1 3i8 11 D 6 0 L1IB 155 94
Varvira IS 7033 i 1018 234 81 0 4 52 85 114 143
Aleko Pazardijik IS 274105 2780 318 910 MHé 0 & %2 337 443 556
Peshicra IS 3145 319 i 124 43 '] 2 3 A6 0 76
Velingrad IS - 2255 229 - 101 - 8% 3l 0 2 20 33 0 -54
2) _Flovdiv Irrigation Branch 13016§E 20147) 15.5 5891 1622 1] 342 2039 1148 2353 £132
Topolnitza 1S 631 9813 15.5 2606 8 9 151 502 508 1942 "
Stryama Chirpan 18 13403 2075 135 551 152 2 32 181 107 411 630
Domlyan iS £BOS) 1363 5.5 431 124 2 26 3] 88 0 516
Karlovo IS 2817 A3 15.5 144 40 0 8 50 28 0 165
Krichim Cheshnigizove 1S FI98H 4706 15.5 1588 . 437 5 92 550 309 Q 1814
Small ISs of Pasvomay, Assenovgrad :
i8s 10739 1667 155 350 152 7 32 150 107 0 629
3) Stara Zagora Irrigation Branch 36572 7820 214 3560 332 120 502 123 636 165 1382
Stara Zagora i85 32198 GBS 24 3125 311 105 441 284 602 165 1652
Small ISs i Sazliyka Basin 4374 93 2.4 435 71 s 61 39 84 O 230
4) Sliven Irvigation Branch : 128631 2750 21.4 1279 209 43 180 116 246 1] 476
Nova Zagorz [S 12863] 275 214 1279 209 43 186 1i6 246 1] 676
5)  Haskove Irrigation Branch 26877 6253] 23,3 2285 EEL] 0 50 1207 13 L3 1411
Trakietz {S 21383 4979 23.3 1818 983 0 i - 960 20 0 1123
Biser 18 . 5454 1278 233 467 252 0 13 247 5 T 0 288
‘Whoie Sysiems 255900 431983 | 164 14690 $230 133 1144 4056 2725 kyryy 11725
Note: n Intigation Systera (1S), Irrigation Branch (IB)
2y (Utilized arca of IS)=(Command area 0f 1S} x (Percentage of irvigation of ID)
3) Crop areas of IS with rice cultivation:

(Rice area of IS)= (R.:ce area of B)x (Max area of IS)f((Max arca of IB)-(Area of IS without rice))
(Area of other sropsy=({Total crop area) - (Rice area)) x (crop percentage without rice)

- 4) Crop areas of IS without rice cultivation:
(Arez of other crops)‘(Total crop area) X {crop pe:ccntage without rice}

5) Crop areas of Topolnitza IS is estimated based on the crop patiern of Plﬂvdiv B.

. 6) Crop arcas of Aleko Pézar&jik 1S is estimated hased on the crop patiern of Pazardjik 1B.

2 Estimated Percentage Crop Areas by frrigation Systers in 1996

. § , X (Unit: %)
. Imigation System Maize Tobacco | Sugerbect | Lucemne Vegetable | Fruit trees Rice Other Total

1) Pazardjik Irrigation Branch 33 12 [] 1 7 12 14 20 100
Karab 15 33 11 [ 1 7 12 16 20 100
Varvara IS 33 11 [ ] 7 12 L& 20 100,
Aleko Pazardiik IS 33 it [ 1 7 2 13 20 100
Peshtera 18 - .39 214 0 1 g 14 ] 24 100
d18 . 39 14 0 -1 9 14 0 24 100

2} Plovdiv Irrigation Branch - 29 8 [] 2 10 6 12 33 100
‘Fopolnitza I§ . 1 1 g 2 2 5 20 30 100]
Stryania Chirpan IS 21 .7 0 2 9 5 20 ki) 100]

" _Domlyan IS 33 g 0 T 1 & ] 38 160
Karlovo 18 - 33 .9 )] 2 i1 [3 [) e ¢
_Krichim Cheshnigirovo IS 33 9 0 2 11 6 0 8 105,

Srall [8s of Pa:vumay, Asscnuvgmd

135 33 0 0 2 11 6 0 38 100

3 Stara Zagora lrrlgg 46 7 2 [ 4 3 2 24 i
Stara Zagora I8 45 i 2 [ 4 9 2 24 100
Smialt ISs in Sazliyka Basin 47 g i) 7 4 9 0 25 100

4) Stiven Iryigation Branch S 47 ] 2 7 4 9 ] 25 i)
" MNava Zagora IS 47 8 2 7 4 9 13 - 25 100!
5) _1laskove Irrigation Branch 37 P21} [i] 1 19 0 ] 23 10
Trakiefz IS i a7 20 0 1 19 0 0 23 160
Biser IS - 17 20 ] 1 19 0 0 23 190
Whole Systeos 35 10 [] 3 1 6 [] 28 100
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TABLE 2.4.2 MAJOR RESERVOIRS IN THE STUDY AREA WITH RELATING

RESERVOIRS :
Reservoir River Purpose Reservoir Dam Height
Volume

_ {mil. m3) {m)
Topolnitza Topolitza River Irrigation, hydropower 14135 78.0
Trakietz Harmanliyska River Irrigation 114.00 44,0
Pyassachnik Pyassachnik River Irrigation 211.40 4.0
Ovcharitza Ovcharitza River Cooling water of thermal 45.80 22.0

PP _
Belmeken Kriva River Hydropower, irrigation, 144.04 08.0
. water supply L
Batak Matnitza River Hydropower, irrigation 310.30 " 35.0
N 3 {Chepinska R. Basin} ' :
Antonivanovtzi Vacha River Hydropower, irrigation 226.10 1440
Krichirm Vacha River Hydropower 20.30 1045
Relating reservoir
(other basin) _ : ;
Koprinka Tundza River Irrigation, water supply 14220 44.0
Jrebchevo Turi_dza River Irrigation, water supply 400.00 53.0
Dospat Reservoir Nestos River (Mesta R.- {Hydropower, irrigation; 446.38 -60.5
. Basin) water supply :
Vasil Kolarov Reservoir |Upstream of Vacha Hydropower S 6211 46.5
River Basin : ' '

Shiroka Poliana Left tributary of Nestos |Hydropower 24.00 16.0
Reservoir River (Mesta R. Basin)
Beli Iskar Reservoir Iskar River Basin Water supply 400.00 53.00

Data source:
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TABLE 244  WATER DEMAND AND SUPPLY FROM

SURFACE WATER AND GROUNDWATER

1 Water Demand in Year 1995 (average year)

{Unit: 1000 m3/Year)

No, Water Demand " Tistimated Demand Esimated Supplied Amount
Surface water | Groundwater Total Surface water | Groundwater Total
P Imgaﬂon water demand (iR) 312428 b 3124281 2,549,108 2,549,108
1) |State irrigation 20357 260 357 2,124,257 _ 2,124,257
' 2} _{Cooperative irrigation 52,071 52071 424,851 424,851
2 Mydropower 1 0p - 0 01 BN,
1) |Demand (HD) . ) 736,706 b meel 736,706 736,706
2 |Outflow _ -736,706 736,706 ~736,706 _ =736,706
Domestic waler supply (DW) 7,632 145,004 152,636 . 9,928 188,638 158,566
~ |Industrial water supply {IW) 15,481 204,135 309,616 15,481 294,135 309,616
3 Animal breeding (AW) : 1,242 23,607 §. 24,849 1,242 23,607 24,849
— 1 Gross Demand (GD) 1,073,489 462,746 | 1,536,235] 3,312,466 506,380 1 3,818.846 .
T Percentage 69.9% 30.1% 100% 86.7% 13.3%] 100%, %
Net Demand (ND) - 336,783 462,746 - 799,529 2,575,760 506,380 3,082,140 ”
N 42.1% 57.9% 100% 33.6% 16.4% 100%:
2 Water Demand in 1994 (4-year drought)
. _ ¢ (Unit: 1000 m3/Year)
No. |Water Demand ‘ - Estimated Demand Esimated Supplied Amount -
L ) Surface water | Groundwaier Total Surface water | -Groundwaier | - Tolal .
1 llrrigation-water demand 353,877 - 353,877 842,740 - - 4 - 1,842,740
T fswimigion | 2088 poo | 535617 | s
"2} |Cooperative irrigation 58,980 - 58,980 (307,131 307,123
2 Hydropower ~ _ 0f . - .01 0 o 0
1) |Demand 550,496 5504961 - . 128,993 L I 128,993
2) |Cutflow | - -550,496 550,496 ---1?8 993 |. : 128,993
2 Domestic water supply - 7,632 145,004 152,636 9,928 188,638 | 198,566
3 [Industrial water supply 15,481 - 204,135 309,616 - 15,481 204,135 . 309616 )
4 Animal breeding 1,242 23,6071 24,849 1,242 23,607 | 24,849
. Giross Demand {GD) 928,728 - 462,746 1,391,474 1,998,385 .-~ - 506,380 | - 2,504,765
Percentage 06.7% 33.3% . 100%) 79.8%) 302% 100%
77777777 Net Demand (ND) R 462,746 840,078 1 1,869.392| 506,380 2,375,772
Percentage 45.0% 55.0%] . C100%) 78.7%} 203%0 100%
Note: Proportions of surface water and groundwaler were set a5 follows,

State irrigation: Almost all water (about 100 %) supplied by surface water:

Supplied water in 1996 was used for the supplled water amount in 1995.
~ditto - : :
Demand and supphed amount was supposed to be 20 (%) of those of‘
state irrigation systems

3 (%) from surface water and 95 (%) from groundwater

5 (%) from surface water and 95 (%) from groundwater

5 (%) from surface water and 95 (%) from groundwatcr

Cooperative irrigation:

Domestic water supply:
Industrial water supply:
Animal breeding:
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THE OBSERVED DISCHARGE
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ANNUAL BALANCE IN 1995 (AVERAGE YEAR)

ANNUAL BALANCE IN 1994 (4-YEAR DROUGHT)

Pd : Suriace water potenlial with major ams (mil.miyeas)

NDs : Nel water demand cmposed of irigation domeslic WS, industriat WS

and animal breeding (mil.m year}
NDsIPd : water utilizalion rate (%}

F1G.24.5 POSSIBLE SURFACE WATER BALANC_E IN THE PRESENT
BASED ON THE ESTIMATED WATER DEMAND
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