Table C.9 (2) Collector Disch‘ngc Rate (1976 to 1993)

Section : Kerki - Dargan Afa - Tuyamuyun : uait : mitlion m3/day

A san | reb | Mar Apr | May | Jun | Jul Aug. Sﬁp Oct | Nov | Dec jverace
1076] 374] ses| 7.22] 727] 670] 647] 7106| 767 6.54] 298] 222 17 5.4
1977] 291 368 6.03] 69s{ 640 7.17] 770] 7.82] 6.55] 4.25| 239 362 s47
1978) 4.14] 6.18| .10 778 7.83| 842| 99| 839 678 s.s52| 347| 244] 6.54
£ | 1979] 364 sau| 9.54] sosl 6728] 706 844 955 661 as0| 236] 230] 621
1980 401 24| 676 9.12| 702| 790 ss5| 762 621] 375 226| 250} 584
1981] 475 7.49] 1034] g.19] 720! ‘810 1022] 965| 7.16| 52| 3.01] 224] 608
1982 s42| 793 10.00] 1083 7.55] 857 s85] 892 833 648] 4.6 238 746
~to83] 23s| 44| 2.8 144 1as] 221 958l 967] s49| 6.40] 474 328] 461
i984] 230] 249 7.09] s5.26| 633 890] 10.20] 10.18] 8.93| 7.03] s40] 2.59] 6.39
108s] 657 875 10.49] 13.10 13.10] 12.10] 12.60f 10.80| 9.89] 9.15| 6.09] 4.14] 9.73
198¢f 5920 987] 842 775| 861 7.54] 934] 906 7.46] 591 3ss| 243 7.8
1087 5.590 s72| 498] 7.82] s84] 11.60] 13.70] 1195] sa8| 4s1] 434 244 750
1988 s70l ses| sa0| 7.97] s8] 1180 1337 12.0s] 83s| 492| 4a4s| 250] 758
1980 1127] 25.55) 1697] 952} 787 5.4 2340 187] 138 370| 310] 254 760
1990 4.15| 9.84] 1227 9.52| 836 7.12| 6500 6370 601 552 4.85] 390f 7.04

€] 1091] 51| 307 591 69a 3ar| 443 as3| a0 30| ss1| aas| as0] 462
1992 548) 3.05| 5.73] 7.53] 303| 4.64] 4.56] 396] 3.19] 421) 388| 343] 4.40)
1993 . 3.96] 8.35] 10.17) 803| 745 6.14] 4.99] 492] 466 | | 652

NVERAG] 4.84| 7050 8.19] 7.9s| 703 7.52] 84s| 803] 659 s.20f 387 2.84
Non-exceading robabilily: | - e
90%| s8] 99 1.yl 9ol 89 vz 13| 1| 86l 67| 5| 39
75%|  ss| 79] 104 ‘89 ‘82| 85| 10of 97 80| 59 Las) i3’.ﬁ4"
so%] 420 sab 7l 79l 74| 74| ss| sa| 72| tsal 3| 2s
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Table C.9 (3) Collector I)lscharge Rate (1976 to 1993)

Scction : Tuyaruiyun - Sumambay

umt million m‘ilday

Jan

¢h

-Apr

Jun.

Avg

Ot

l\m

Dec

NVERAGE

Mar

May

J u.l

Sep

1976

1977

1978

1979

1980

- 1981}

1982

1983

1984

0.03

0.11

004

0.07|-

0.067

' 0.06

1985

0405

0.03

0.0

0.03

0.06] :

. 1986

0.07

-0.04

1987

1988) -

1989

14

12

N

143

1990

03

20

32

33

23

19

25!

28

1.5

09

0y

1.93

1991

0x

1.2

35

4.2

‘22

24

39

43

44

20

1.0

09

2.57

1992}

08

1.7

2.3

‘3.2

27

L 29].

4.2

4.0

3.5

2.3

1.7

2.61

1993

(10

1.6

39

3.1

23

28

3.3

34

20

14

2.71

VERAG] " 0.8]

1.6

33

3.6

2.5

28

350

29

1.9

Non-ex

36

0%

cceding probabi!ily .

5%

0t
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" Table C.10 (l)Cana! Flow Rate

Section : Termez < Kerki

unil : million m3/day

Jan | Feb Mﬁt Apr | May ﬁ:h Jul Au:g Sep | Oct | Nov | Dec |AVERAGE
1976] 254| 322 37.4] 260 307 444| seal s3] 16| 20| 204] 170 34.0
1977 12.8] "26.3] 338 3570 397] s29| s18l s64] 387] 245 200 197 35.3
c1978) 304 3a7| 47| 298] 37s| 464| 624] 600] 389 266 213] 216 38.9
_1979) 213 352| 41.4] 409] 396 ss.1| e44] 630] 454] 308| 258 28 416
| 19s0] 251 209 43| ane] saal 630 676 633 ar2| 364] 258] 258 428
1981 3s.1| 428 302| assl azsl sso| s41] e28 494 387| 316 210 43.0) .
1982f 397 36.8| ss.a| 406 6171 72.3] 64s] 612| s32| s27| 304] 178 49.3
1083] 193] 28| 314 288 353| s06| esal 6| sas| are| aze| 214 40.3
1984) 25.5] 398 sia| 493] sas| eo.a| 704 709 478 420 405 264 48.1
1ogs] 189 35.6| 600 562| 57.8] 615! 61.5| 613 44.3] 420| 340| 353 474
1086) 40| a60| 27.5| 357| 3a4] 409] e29] 614] 400} 37| 89| 4i9] . 424
tos7l 392| 398| 86| sss| 633] 282l esi| 744] sssl 40a| dsal 04| sas
1988] 39.i] 40.6| 3s4| sis| ss7| 7851 617 624] 535 416] 443] 352 50,0
1o80] 358} 325 412 s76| 66| 61| 635 609 464l 4as| soel 485 50.4
1900] 343} 319| 42 46.3| - 584] 8.3 68.1f 67.0 469] 40.5| 450] 44.2 48.8
1901 1790 170] 17.8| 214] 260] 259| 273] 264 206] 3921 345 339 25.7
19920 12.6] 134] 14.4] 218] 245| 225 201 270 238] 284] 338 s3] 232
1993 ‘2171 269] 400| 523] 533 41.0] 41.6] 368 24. | 37.5
Naverad 27.8] 328| 383 'a13] 4s2| ssal ssa| szo| 420 376l 341 205
Non-exceeding probability - - _ e '- |
90| 309] 43| seal s78| 620 so4l cse| 71.5] sas| 470] a72| ass
75| 37.5] 308| 4ss] sio| ssi| es7l 66s| 671} se3| ar9] 43| 353
so%| 25.5] 347 392] 409 444 55| 635 624] 469] 40.1| 339] 284




l‘ableC 10 (Z)Canal I low Rate

“ Section : Kerki - Fuyamuyun

unit : miflion m3/day

Jan | Feb | Mar| Apr M'a:y Juﬁ Jul | Aug| Sép | Oct Nov [_)gi:_AVERAGE
1976) 17.4} 19.7] 16.8] 8.6/ 11.0] 33.6] 43.4] 37.1[ 204] 72| 02| 02 18.0
o77] 3.6 9.8]330] 133 12.6| 37.0] 49.3| 45.6] 21.6[ 10.3] 8.7) 1448 216
1978] 22.7) 24.5[ 212 15,3} 18.2) 42.4| 51.2) 46.9] 26.6| 6.8 0.6 3.5 233
1979] 15.0] 31.3] 16.5] 11.6] 17.8| 39.7| 48.9] 48.2| 28.4] 1.4 | 269
1080] 18.2| 24.7] 30.5| 22.1] 25.4) 46.0] 8.2 57.9 20.1] 159] 52| 2.4 279]
19814 25.9{ 31.0] 26.0] 19.9] 26 5] s0.1} 61.3] 58.7| 33.4] 13.8] 43| 28] 295
1082]] 38.8] 31.8] 30.9] 31.6| 43.7] 81 5] 61.2] 63.2| 375 199 40| 42] 381
1083] 20.6] 29.7) 17.8] 16.8] 21.6] 52.0| 66.7 68.1] 36.1| 15.6] 41| 31] 294
1984) 23.6| 27.4] 42| 32.0] 378) 59.6] 742 71.3| 332| 15.6] 49| 30 354
1985] 13.4] 26.2] 38.7| '31.8] 40.2{ 56.9] 63.9{ 58.9] 293 16.2| 4.8 6.0“5 322
1986} 33.3| 31.9] 19.1] 20.4] 21.4] 34.5] 585} 54.4| 27.6] 14| 47| 64| 272
1987} 30.0| 31.7| 309 35.7] 40.1] 78.0] 62.3] 65.2| 41.5| i5.1] 56| 37 367
tossll 31.0] 32.6| 27.3] 31.0] 36.0| 66.2| 63.5] 56.8| 37.4] 15.5| 54| 48] 340
1089)| 28.5| 27.8] 30.7] 31.9] 38.0 51.0| 57.5| 53.0] 32.6| 167 62| 70| 317
1990] 27.2| 32.2} 27.8] 26.7] 39.6| 59.5| 63.1] 58.3| 36.0{ 154] s.s|. 53] 331
1001) 16.6] 15.0] 21.3] 143] 18.5] 27.2] 20.1] 24.8] 20.6] 148 42| s} 176
1992] - 97| 18.5 10.5] 13.7] 18.2] 20.7] 2.9 27.0] 17.8] 109] 4.1} 6.1 14.9
1993] 19.9] 24.6] 28.9] 32.5| 35.3| 34.4| 36.3] 32.4| 234 | 29.7
weraal 220] 26.1] 266 227} 27.0] 48.4] s3.9] 51.5] 205] 13.8] 45| 49
Non-exceeding probability | IR '
00%) 34.4| 32.3] 40.4] 33.1] 409} 78.7] 68.2| 68.7] 3831 17.7] 7.0] 9.2
75%] 29.3] 31.8] 32.0] 31.9 38.8 59.6] 63.3] 61.1] 36.1] 158 5.5] 6.1
s0%| 22.7] 27.8] 27.8] 22.1] 26.5] 50.1] 58.5| 56.8| 293 15.3] 48| 4.5
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TableC.10 (3)Canal Flow Rate

Section: Tuyamuyun - Sumambay

unit : miltion m3/day

Jan | Feb Mar Apr Mai Jun | Jul | Aupg | Sep | Oct | Nov | Dec JJAVERAGH
197¢] 31s| 88| 313 45| so2|  994] 1270] 13n3l 252 a9 03| 212 ssy
o17] 56 124 300] 455 361  8s54] 1469 1253 16| 18] snal aio] $1.9)
1978] 246 21.8] 423] 383 595| 107.3| 1532] 1553] 514 3| d454] 486 62.6
1979] 24.8] 311 378 494] 774] 1013] 1488] 1523 21| 32 48] sse 62.4
1080] 260 272| 46| 473 829 10sa| ise8| 34| 159 103] 43s| si3 62,5
1osi] 27.8] 230| 330 54| 779 ssa| 1359 1354] 359] 04| 49| 602 sse
1982 222|248 455] 204 55.8] 97.2] 645] 1085] 270 03] 298] 365 444
1983 - 26.6] - 26.1] 137 343 765]  ss4] 1304] 1224 190] 170] 369 w00 52.4
1984] 204| 5| 05| 279 637] o79] wass| 14| 327 52| 153] ise 511
19851 3.9 4i0] 7721 450 92.5| 1039] 129.1] 1321 138 119) 488 63.6
1986 s3a| 2002 339 299 489 624 1319 112.4] 238] 200| 420/ 658 548
1987] 2620 04| 726! 872] 1004 1763 1263] 136.3] e39] i1l 63 106 70.7
1988l 390| 324 epo] 4s9] 1007 117.0] 2153] 1304] 356} 556 148 307 739
1989] 3890 366] 64.4] s30| s10] 87| nir7f 1o15] 3sof 269 430 587 61.0
1900] 34.4| 658 &0 ss1| 1338] 1268| 1370] 112.5] €34 41s| 204] 107 72.3
1991 110l 31.6] 77.6] 457 729 1054 1048] 699 30| 233] 242] s2. 542
1992] 93] 245] 209 368 81.0]  55.1F 7530 956] 29.] 394 410] 868 49.6
1993 55.2| 408| 562] 84.0] 1095 5950 533] 674 359 ' 62.4

\VERAGIH 267 282 473 462) 795 07.5] 127.5) 12121 327 19.6] 313 439

Non-exceeding probability .' : ' K

ooal 538 460] 773] 846l v1a4] 136.7] 1669] 1500] 63.5] 471l aso| 74s)
sl 363 3as| ese| si2] ose| 1079 1489} 1388|350 304 428l s2e]
son]| 260| 272] a16| 4ssf s02] 994 1319} 1303 320 170 49| 487
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RESEARCH REPORT

“HYDROGEOLOGICAL STATUS AND WATER QUALITY
OF RUSLOVOYE (BED) AND KAPARAS RESERVOIRS”

SANIRI

Tashkent - 1996

~ Infroduction to This Research Report _ e

This report was compiled by the Central Asian Scientific Research Institute for
Irrigation & Land Reclamation (SANIIRI) under the guidance of the JICA Study
Team to evaluate of a usability of (he Kaparas reservoir as a drinking water source

“in Karakalpakstan and Khorezm. The evaluation results are shown in Chapter 5 of
main report (Part 1),
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INTRODUCTION

Currently the Repubhc of U?bcklstan is suffering a hcavy situation refated to drinking water supply

for the population. The problem is cven much more. acute with the population living in the

downstream of Amudarya river where during last 10-12 years exlremely negative consequences
resulted from utilization of poor quality water have been observed.

‘The major reasons to deterioration of the natural water quality are mainly as outlined below: firstly,
increase in water consumption voluiues for irrigation purposes; angd secondly, discharge of highly
mineralized trapped and drained water into rivers, where the said water is highly contaminated with
various substances of both orgamc and inorganic origin (the compounds of nitrogen, phosphorus,
pesticides, phenols, cte.).

Similar to other Ceniral Asian repuhhcs, the sources- of drinking water in the Republic of
Uzbekislan are surface waters of rivers and reservoirs, and also the fresh ground waters. However,
the general water sources are in deficit in the Republic. For instance, only about 1 percent out: of
68.996 river streams mapped in the ‘Aral sea basin is located within the boundary lines -of
Uzbekistan, whereas the main part of those does not reach even to the major rivers of Syrdarya and
Amudarya, i.e. being yet in piedmont zones the water is taken off by the multiple irrigation
systems.

As-the same time the stock of fresh ground water in major aqlﬁfcrs of the Repubtic is limited to
about 48.802.000 m’/day. The distribution of the stock is uneven, being quite limited on ihe major
patt of steppe, desert and flatland areas, or even inavailable at all.

Given the deficit of ground fresh water volumes in the Republic, recently the surface fresh waler as
amajor source of drinking and useful water supply for the population has beconie growing in the
importance.

Thus, for instance, one of the surface water sources knowa as Kapmas and Ruslovoye (Bed) water .

resetvoirs included to the. reservoir system TMHU (Tuayamuyun Hydro *Unit) has: been
recommended by the Research-&-Industrial ‘Association SANIIRY to be used for watcr supply of
the population in the clownstrcam of the Amudaryariver. . : . '

In connection with the above described situation, a problem h’lS becn conie to ex:stenc; related to.
the compreheuslve studies of hydroecological stalus and development of operation condxlions
aiming at the improvement of the drinking water quality from the abmcnamcd sources.’



1. WATER MANAGEMENT ACTIVITY OF RUSLOVOYE (BED)
AND KAPARAS RESERVOIRS AT THE CURRENT LEVEL

liydrogéologlcal level and altuvial pcfl'ormailcc data’ for 1985 through i993 period has been
collected to analyze the current water management statis of Ruslovoye (Bed) and Kaparas water
IeSCIVOIrs,

1.1, PHYSICO-GEOGRAPHICAL AND MORPHOMEIRIC CHARACTERISTICS
OFTHE WATER RESERVOIRS -

Ruslovoye (Bed) and Kapams waler reservoirs are inchided 1o the TMHU of water reservoirs. All
those are located at a boundary line of mid- and downstream of the Amudarya tiver in Tuyamuyun
ravine at the joint of administrative boundaries of Karakalpakistan, Khoresm Region of the
Republic of U?bckrstan and Chardjou region of 'l‘urkmcmstan

The Anmdmya river hiad been dammed in the sectlon of hydroumt as far ds in November 1979, but

before 1981 the river outflow was not controlled, Staiting from 1981, first the Ruslovoyve (Bed)

and Kaparas interconnecting water reservoirs have been filled with water, followed by the

Sultansadjar reservoir - in October, 1983, and Koshbulak - in June, 1985.
Morphometri¢ specifications of TMHU are fusnished in Table 1.1.

~ The initial Gross capacity of all water reservoirs was equél to 7.80 kn?®, and the useful capacity was
5.27 km’.

The Ruslovoye (Bed) reservoir is getting permanently silted up, with the result that its volume by
now has been somehow reduced. Data on silting of this reservoir aré summarized below.
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1.2, HYDROGFD!DG'ICAL CONDITIONS OF THE AMUDARYA RIVER

Mainly the Amudarya river is fed by the Pyandj River (%50 of the total outflow in the river at Kerki
Hydro Scction) and Vakhsh (%33), aid to a smaller extent - from the rivers of Kaphirnigan and -

Surkhandarya.

The catchment area volume of the Amudarya river up to the TMHU section is 227.000 k. The
source of feeding the river is ice and snows. Averagc volinne of dlschargc for many years is 65.1
kv, whereas at %90 of supply is equal to 55.6 kni'. Period of spring flood for many years is
usually between Aprit and Septeimber with the discharge volume of 50.0 ki’ Usually, the rise of
outflow starts' in March-April and reaches its peak value in June-July. Starting from August-

September the outflows fall down and continuc to decrease up lo January-February. S!artmg from
November the major feeding sources are the ground walers. :

Analysis of outflows and turbidily of walet has been carried out at Kerki sectu)n (1985 1989),
Darganata and Tuyamuyun (1985-1993). Their monthly average values are summarized in Table
111 and 11.2.

During the years under consideration the Anwidarya river dlscharge rale in the section of Kerki has
been changed to 1.7 times. In 1988, noted for its low water level, it was 53.7 km’, The highest
oulflows were observed in June-August. Inlow water level year the outflow did not exceed 2780
m?fs, while in a year wilh the high water-level the outflow, reached 4240 ni’/s. Lowest outflows
were observed in February- March and October-November. ‘Those were ranging between 430 and
1040 m'fs, i.e. summer outflows during the years under consideration werc4 7 times higher than
during low water period.

As the result of water consumphon in the mid-stream, the annual dlschargc in Darganat section has
been reduced by 10-13 km?, totaling to 18 km?® in 1986, and 44 kin® in 1988.

During a high water period of 1992 the dlschargc reached 54 km Similar to Kerki section, the
maximum outflows in the section of the river occurred in summer time, where the peak values of
outflows were observed in 1988 (3580 m’/s) and 1992 (3912 m’/s), and minimum outflows were
registered during autumn-wintér season, when the outflows reduced down to 204-230 m¥s in
1986-1987, and to 600 m*/s < in 1992.

_In lhe downslream of the river (section of Tuymuuyun) the aniual chschargc values as the result of
'momlormg the outflow by Tuyamuyun Hydro Unit, have béen rangmg belween 16.8 km® (in 1986)
and 49.4 kn?® (in'1992), i.c. those values decreased by 1.2- 4.6 kny' as compared with Darganat
section, The range of values was similar to Darganat section.

Larger water outflows (1410-2990 m/s) have been discharged to the tail race in the spring and
swnmer, while in autumn and winter - smaller (70-440 m*/s) outflows. In this section the summer
- outflows cxcccd the winter va!u:,s by 7-20 thmes,

In the Kll’kl seclion, the river carrled detritos ranging from 0,58 to 9 0 kg/nt'. 'The most turbid

' slrt,am was observed in April-July, whlle the least turbid stream - in chbcr—March

In Darganala section, the amount of detntus reduced and ranged between 0. 50-3 8 kglm3

Pract:ca]ly clarified water has been fed into the downstream of the river, as the result of afﬂuent of
levels in the Ruslovoye (Bed) Reservoir and sedimentation of detritus. ‘The water lurbidlly was
registercd at the value of 0.02-1.30 kg/m’, The peak values of turbidity were reglstered during
sununer period, while the minimum values - dlmng autumn and winter.

~




" Thus; the discharge of the mid- streamt of lhc river, between the uppcr section (Kerki) and lower

{Tuyamuyun), reduced by 13 kay® in 1988 which was peculiar for its high water level, while in
1986, which was lower watered, - by 14 ki’ per year. At the same time, the reduction of water
turbidity in certain months was ranging between 2 to 200 times.

As per data collected by lhc R&D lnshtutc “Srcdazgtprovodkhtopok” currcnlly the annual

~discharge of drainage water (DW) from the irrigated massifs in the mid-stream of Amudarya river

(Kerki-Tuyamuyun sections) makes 3.5 km?, that affects the quality of the river water.

Itis worth to note that in the mid-siream of the Amudarya river one can find the largest massifs of
the state-of-drt irrigation, namely: Karshinskaya Steppe and Bukhara Oasis in the Republic of
Uzbckistan, Chardjou région in 'Purkmcnistan.

1.3. OPFRATIO\' MODEOF RESERVOIRS

The “Rules of TMHU Operallon contain pmws:ons of the operation process for Tayarnnyun
Hydro Unit water reservoirs, which process, under notmal conditions, envisages for:

+ - Safe operalions of water head structures forming the water rescrvoir; as well as safety of
the poputation and farming in the surrounding zone of the reservoir and the river flatland at the
lower section,;

- supply of consumers living in the downstream of Amudmya river wnh water.

0perat10u Schedule of water reservoirs has been developed with the view of the operations of
Nurek water Reservoir,

The major priaciple of 'adjusllng the Amudarya river discharge by TMHU water reservoirs to secure
a stable development of water consummg scctors of the Amudarya region in its downstream as
recommended by the “Rules...”, is as follows:

- during the penod of September to May, all basins of reservoirs arc gelting filled, in cyclcs |
with periods of some minor emplying. Whereas the first to fill are the Ruslovoye (Bed) reservoir
and Kaparas; filling of the two other basins, i.c. Sultansandjar and Koshbulak:becomes possible

~ only when the first two basins - Ruslovoye (Bed) and Karapas- have been completcly filled.

In the period between June to August all basins of the TMHU reservoirs are compktély
emptied in the following scquence: first - Ruslovoye (Bed) and Kap'uas, and lhz,n Sultandjar and
Koshbulak. _ : : :

Accordmg toa dlspatchmg Schedule the adjusiment of incoming Amudarya dncha:gu flow is
mainly maintained by Ruslovoye (Bed) and Kaparas basins. The Sultansandjar and Koshbulak-
basins, after having been fully filled by Janvary, do not play any role in adjustment until July, and
then, during the following two months - July and August, are completely emplicd down to the level

- of DVL (Dead Volume Level).

The dynamics of water levels during 1985-1993 for both Ruslovoye (Bed) and Kaparas rescrvo:rs .'
is shown in Table 1.3, o ‘

' I)urmg the first year of filling the volume of reservoirs reached 1.5 km® by Deccmbcr 1991, and

thereafter the filling volume of reservoirs has becn increasing every year to reach 6 7 kmt* by
Oclobet of 1987.

During the years of operations, the filling of Ruslovoye (Bed) and Kaparas reservoirs up to HBL
level and close to that has been noted sincc 1983 and up to 1992. ‘

- In order to compensate the water deficit marked during low water level years (i.e. 1982, 1986,

1989), as well as in September of 1991-1993 and August 1993, the water reservoirs were allowed
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to be emptied to a level lewer lha{ the DVL. level. The water lcvels durmg this penod went down to

routing valies of 112-114 m in Ruslovoye (Bed) reservoir, in Kaparas down to 113.3 m,

Sullansand_]ar to1§3.2'm; I{oshbulak 137.0 m.

‘The level conditions of TMHU reservoirs wére characterized with accinmulation of volumes during
autumn and winter s¢ason, and cmpilcd for the irrigation purposes during (he period of spring
scasonal soi! flushing procedures prior to seeding, and during summer vcgc!atton During high
water level years the suramer empltying was insignificant,

In order to:estimate the level condmons of the Ruslovoyc (Bcd) reservoir, the operating

hydromelric office of TMHU carries out their obscrvations. in waler gaugmg station at the dam. The '

performance of this reservoir betwecn October, 1991 to August, 1993, 1s shown in Fﬂb!el 2.

Filling and emplymg of Tuyamuyun Hydro Unit basms is effected through the Ruslovoye (Bed)
reservoir. Since the Ruslovoye (Bed) basin is interconnected through a canal wnh the Kaparas the
water levels in those basins are practically equal.

This canal was dammed in August 1991 to'cons{ruct an adjustinent unit thereon. A perinanent low
water level was setin Kapaxas, where its value was at 116.2 i that corcesponded to the volume of
280 min m’. However, in Aprit 1993 this level went agam down reaching the level of 115.7 m,

thus, the volume of water has been reduced to 250 min m’,

Upon the conipletion of construction of the adjustment unit in the mid-September 1993, water from
the Ruslovoyc (Bed) reservoir started to be fed again into Kaparas. The losses of the head al
passmg through the adjustment vnit do not exceed 10-15 cm, thus allowing to assume the water
levels in the both water reservoirs to be equal. As a rn,sult by the end of Séptember, the level in

Kaparas reached 121.04 m, equal to volume of 390 mln n’, as reported in observation data of the -

watet gauge slation at the Ruslovoye {Bed) reservoir. By the end of September, the level raised to
123.33 m, and volunie - to 600 min . By lhc end of November, the level came up to the level of
126.7 m, with the volume reaching 790 min n?’,

- The alluvial conditions of the TMHU reservoirs are characterized by the fact that river detritus
entering the Ruslovoye (Bed) basin (D‘uganala section) at the afffuent of levels, is settied down to
thc tall race also, and clarified water is fed into reservoirs.

For the ycars of the Hydro Unit operation, the losses of useful capacaly due lo silting of the

Ruslovoye (Bed) reservoir, as per data of ficld observations, reached 565 min m® by the October,
1989, whcruas by the end of 1993, as per preliminary estimations, this figure reached about 850

min o’

More exact estimation of silted volume of the Ruslovoye (Bed) water reservoir currently requires (o
undertake some special ficld observations and computations.
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2. RUSLOVOYE (BED) RESERVOIR WATER QUALITY EVALUATION -

2.1, Rescarch tcchmquc

This work has b—ecn performed on the basis of generaluauon and systemahmnon of materials .
gained in the result of hydrochemical observations undertaken by Department - of -

Hydrometeorologlcal service of the republics of Uzbekistan and Furkmenistan in the Amudarya
river (sections: Termez, Kerki, Darganata, Tuyamuyun) during the petiod of 1986-1991, as well as
per data of field observations (Darganata, Lebap sections) and also Ruslovoye (Bed) and Kaparas
water reservoirs, during the period of 1982-1993 by salt composition, and during 1987-1993 by
the rated indices of the water quahty to be used for domesuc and drinking purposes :

The samples of water to estithate the mmcmhmtlon and major ions wcrc taken from the specified
sections and observation points located throughout the water area of rcservmrs whllc sampling for
analysis of all other indices was performed seasonally.

Hydrob:ologlcal, microbiological and radiological s[udics'ihcludcd the estimation of the following
indices: _

- petcentage of phyto- and zooplankion, and benthos;

- total quantity 6f microorganisms;

- quantity of saprophytic group bacteria;

- quantily of Escherichia coli group bacteria

- gamha-radiation background;

- specific beta-activity.

The water qualily estimation as to drinking and domestic purposes has been developed to meet the
requiremerits of appropriate standard and regulative codes (i.e. GOST [USSR Standard] 2874-82
“Drinking Water”, and SanPiN {Sanitary Rules and Codes) # 4630-88).

2.2. HYDOROCHEMICAL CONDITIONS

"The Ruslovoye (Bed) Reservoir® hydrochclm'cal conditions materially differ from same in river

- water. The Amudarya river water, being fed to the reservoir, gets mixed with water. With this
effect the physico-chemical composition changes, where the extent of changes is usually inadequate

- at different sections and depth of water area.

']‘he anaiysss of physnco -chemical mdlccs of water properly (e.g. hydmgen index [pH], dissolved
“oxygen, odour, taste, color index and turbidity) showed the following:

Both in the Amudarya river {(Lebap section) and in water reservoir, the medinm of water used to
change during studies from neutral to alkaline. The hydrogen index ranged between 7.00 to 8.30,
averaging to 7.80. The dissolved oxygen content never decreased lower than 5.4 mg/l and reached
'13.7 mgAl.'As arule, in benthonic decp laycrs the concentration of dissolved oxygen was Jower by
"10-15 percent as compared to suiface ongs. In general, during the whole period of field
observations the content of dissolved oxygen in water of the reservoir was substanhal cnough for
development of hydroblonlhs : :

During the whole period of researches neither a specific odour, nor the taste of water was
identified. The color index of water was estimated in degrees. Its intensity was mainly connected
wilh the presence of humic acids. The GOST requitements allow the color index to be ma)umum 20
degrees. The index did not exceed three-four degrees in the reservoir.

Water turbidily index was cstimatcd by nicasuring the content of suspended substances of both

organic and inorganic origin. The water turbidily in the reservoir dccrcased gradually from lhe inlet
section and further to the dam. :
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‘The highest turbidity was noted in Lebap scction where it ranged from 0.4 to 3.7 g/l. The water

flow ratc sharply decreased at the inlet to the reservoir. Sedimentation of suspended particles is
noted, and water becomes niore transparent, In the main part of reservoir the water turbidity was
maximum 2.0 gfl, whereas at the dam it got down 10 0.02 g/.  Due to this, waler fed into the tail
race of the reservoir and to lhe Kaparas resérvoir is much more lransparcnl and clarified.

Smnlarly, thc water salt composition in the réservoir is not homogencous at dszcrcnl sections.
Dynamics of mineralization and gencral hardness of water is shown in Tables 2.1 and 2.2.

For the period of observations, the mmcmhmhon of water al the inlet of the reservoir (Lebap
section) was fixed within the limits of 0.5 0 1.6 gl Peak valies of water mincralization were
registered in auturhn-winter scason, and minimum values were noted during summer ‘period. ‘The -

“water mineralization starts to decrease in April-May and continues up to August. Then a sum of
- fons is again growing (Fig. 2.1.)



Table 2.1.

Minéralization of Ruslovoye (Bed) Reservoir Water
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‘Total water hardness in Lebap sccl'ion was high enough (meq/l): in 1990 itwas ranging from 6.8 to
14.0, in 1991 - from 5.61013.8; in !992- from 6.3 to-!2.6° and in 1993 - from 5.6 to 1 1.9,

* Walter mineralization at the reservoir dam, for the years of SlUdle, was ranging from 0.5t 1.6 g,
~ while the total hardnéss - from 4.8 to 13,5 ineg/). The dynamlcs of such indices sometinies differs

from same at the main part of the rescrvoir, where the main difference is in time of decrease and
growth of major ions and sums thereof (Fig. 2.1.)

Synchronized dependence exists between waletr mineralization and major ions. The concentration of
sulphate ions has a prevailing significance in the mineralization composition, Their nuimber in the
Ruslovoye (Bed) reservoir at different section ranged between 0.15 to 0.60 g/i.

The cohcentratlon of chloride jons is by 20-50% less than ihe sulphate ions. ‘The same is true in

* respect to’ summarized ions of sodium and potassium. The concentration of hydrocarbonatc ions

ranged between 0.11 lo 0.20 g/i.

The following biogemc elements were subject to analysis: nitrogen compounds, iron and silicon;
whereas the organic substances have been ¢stimated by the following indices: BOD,, and COD

ot

(Table 2.3.).

The concentration of nitric compounds in the reservoir is not high. Nitrogen of ammonium was
limited to 0-0.21 mg/; nitrogen of nitrites - from O te 0.081 mg/); nitrogen of nitrates - from 0.15 to-
3.80 mg/l. The iron content was not higher that 0.£2 mg/l; while that of silicon - 7.4 mg/i.

“The content of organic substances was much greater in the reservoir water, both easily and hard

oxidizing. The BOD

tot

concentration ranged from 0.30 o 4.83 mg/l, that of COD - between 1.7 to

130.2 mg/l.

Among the pollutants such substances as phenols, oil producls specific surfactants and pcsﬂc:des
and also heavy melals were subjected to analysis (Table 2.4).

The MAC excess has been applicable to phencls in the major part of all pollutants, whefe the
concentration of phenols reached 0.007 mg/l. The quantity of specnﬁc surfactants dld not, cxcefcd
0.07 mg/l, while in some periods those were not detected. - -

From time to tlmc the following were Idennﬁed rogor carbophose and bulhyphose no srgns of
chlororganic pesticides, like DDT or analogues and methaphos were noted. ‘ : :
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At the same time alfa- and gamma hexochldreyclopenthanes have becn systcmallcally detected,
However, their concemrahon was some ten- thousands fractlons of mg/l.

"The concentration of oil producls was also ininor and ranged bctwecn 0 and 0.15 mg/l.

Copper and zinc {(up to ts g/ made the major part of the heavy metals Individual samplcs taken
during 1990-91 showed that the reservoir water contained such heavy metals as chromium (up to
2.2 pg), molybdenum {up to 31 ptg/), led (up to 41 ugﬂ) nickel (up to 15 1ig/), aluminium (up to
27 ug/) and mercury (up (0 0.30 ugll)

It is worth to note that observation of the content of bidgenic eleménts, organic and pollutants in the
Ruslovoye (Bed) water reservoir showed that this reservoir plays a rolé of natural settlmg basin,
anid due to the effect of various factors such as solar radiation, mixing of water masses, high
concenitration of dissolved oxygen, sedimentation of suspended patlicles, a rather active self-
cleaning occurs there whlch facititates the improvement of water quality.

Observation of the hydrochemical behaviour of the reservoir tail race showed that the essence of
water qualily indices here differs from the sane in lhe reservoir section at the dam by some +5-
$0%. :

2.3. Hydrobiological and bacteriological conditions

‘The Ruslovoye {Bed) water rescrvoir was studied in the upper part and at-the-dam reach. Totally, 9
water samples were laken and 27 microbiological analyses were carried out, as well as 13
hydrobiological samples were analyzed (May, August, 1993, October, 1991).

~ ‘The upper part of the reservoir was noted to have rclalwcly high mlcroblologlca] indices, namely:

~ the total quantity of mlcmorgamsms reached 1.36-1.72 min.ct/eny’, the quantity of saprophite

- group of bacleria was ran§mg between 6.28-9.21 thous. cliom’, L‘sdzenchm coli group bacteria
(ECGB) - 13.5-20.0 Cl!cm

In the reservoir part near the dam, the water gets clearer due to sedimentation of suspcndcd

- particles, and the quanmy of mlcroorgamsms subslantlally decreascs. Their tofal number in winter
- and autumn was ranging from 0.42 to 1.12 min.clen’, the quantity of saprophltc group of bacteria
© . was rangmg between 0. 06-0 23 thous. clien?’, and FCGB 0.01-0.4 cl!cm

‘ Duc to hlgh water lurblchly water vcgctauon is abscnl in the upper part of the reservoir.
Phylocenosis is insigninficantly représcated by periphython basically consisting of diatoma algae
and other groups of phytoplancton are fully absent.

Zooplancton is represented by occasional forms of organisms carried 10 the river bed from the
floodplain rescrvoirs. Mainly, these are cyclopes and diapthomia.

L Sandy soils are pracucally hvclcss The organisms of benthos can be met only at the banks with
' ;hard sandstones, hard clay. and silted sands. Bas1ca!ly, they are algae of caddis flics which quantity
*did not exceed 30-40 pce.fm

n the central part and at the dam of the reservoir the conditions for dcv’clopment of hydrobionths
. are more favorable. Here moplanclon is represented with 8 forms of microorganisms and reached
 the qu'mmy of 2436 pes/m® in spring and 152 pes/m® in autumn. At the same time, when the
reservoir is practically emptied and turbidity increases, zooplancton has been practically absem

Therefore, the water qualily m1a1y51s for micro- and hydroblologlcal indices allowed to makc the
following estimate. The upper part of the reservoir, during all seasons and for all of microbiological
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indices, the water is classified as moderately polluted, at the dam - as very clean in autumn and
spring, and as moderalely polluted - in summer, when the water level is sharply decreased,

2.4, Radio]ogicél siluation

The estimation of radiologica] situdtion in the Ruslovoye (Bed) reservoir included the study of
natural ganima-radiation background and specific betta-activity of bottom depositions.

Gamma-radiation background of the reservoir area was ranging between 10-15 mer/hr, gamina-
activily was about 12-15 mcrfr, specific belia-activity of boltom depositions was about 6.2-

6.4 10‘9 CuriCIkg.

The results of analyses showed that all indices of radiological sitvation of the Ruslovaye (Bed) -
reservoir are lower to some nagnitudes than the radiation permissible timits, therefore it shall be
considered to be completely safe.

2.5. Water Quality Analysis at thie Current Level

The ana!yms was made in otder to determine seven indices of water quality in the Ruslovoye (Bed)
teservoir which are referred to general sanitary LIH (Limiting Index of Hazdrdousness), 15 indices
referred to organoleptic LIH, and” 13 (o' 15 indices - (o sanitary-toxicologic LIH. Thus, e\cry
sample of water was used to analyze the content of 35 to 38 indices of water quality.

The resulis showed that the major part of the water quality indioes did not exceed the MAC for
reservoirs of drinking and domestic water supply. These are: dissolved oxygen, zine and pH related

to general _sanitary LIH; odour, taste, color index, methaphosis, carbophos, &-1ICCP, rogor, iron
and copper referred to organoleptic LIH, and all indices referced to sanitary-toxicological L1H.

The analysis of data collected showed that dirring different periods 8 indices of water quality were.
higher than the MAC requirements. Maximum mineralization ¢xcess by 1.5-1.6 times were noted: .
during sprmg season, while during June to September, the water mineralization was lower than

MAC going down to 0.5-0.7 values. The concentration of sulphale ions reached to and soniclimes

exceeded the MAC values in certain years in autemn and spring, going up to 1.2 valuc, while that

of chloride ions - only in spring season. The rest of the year those values were ranging bclwccn 0.3
t0 0.9.

During the whole year the water in the reservoir is substantially hard, with its total hardncssf('l‘lb
being minimum 0.7 of the values allowed by MAC in summer time and maximum values (1.5-2.0)
in spring season.

Concentration of phenols was rather high as well excccdmg the MAC values by 7 values.
However, in some months phenols were not detected, and in average, for the years of obscrvauons
their excess over the MAC was ranging between 2.0 to 4.0 values. _

In certain periods the excess over the MAC values was noted from a part of indices of organic
substances: BOD,, - up to 1.6 times and COD - by 2.0 times.

The water turbidity in the upper parl of the reservoir as much higher thai in the centeal part and at
the dam. ‘Therefore, the excess of the turbidity value over the MAC values reached to several
hundreds and even thousands of values, while closer to the dam it went down to dozens and
hundrcds of valucs



Asa whoic it shouild be noted that the best water qiiatity, from the vncwpmm of chemical indices
and bio-bacteriological situlation, was noted in the Ruslovoyc (Bed) reservoir durmg June-July to
August-September. :

3. KARAKAS RESERVOIR WATER QUA[ ITY BVAL UATION

In order to arrange the Kaparas reservoir in the Karakas depression, as well as in other depressions
to be further uscd to construct flooded water reservoirs of TMILU, the rescarch works have been
undertaken by the “Hydroproekt” R & D Institute to study lhc bottom s:luauon of thosc depressions
so that to esumatc the depositions of salts therein. '

Pursuant to surveys, rather substantial dcposmons of eas:ly solublc salts have been identifi cd 1o be
present in bottoms of those dcpressmns Rather substaiilial areas coming up to the bottoins were
formed with saline soils of various types and saline lakes consisting of the following formations:

=  stains of subciust nalural brine deep up to 0. 10 ny
=>  layer of novosadka [salt deposited in alake during one season] u p to 0.07 m of thlckness
= thin interlayers of silt up to 0.04 of thickness; :

= _ loose salt-granatka {sodium chlond'e] mixed with dark grey snll (where snlt content is aboul 5

to 25%) with a thickness ranging between 0.10 to 1.40 my;
=>  deep-well dense cws!alhscd salt, with a thickness of up to 12-13 m (Sultansandjar),
=3

saline soil depositions ranging in thickness between 1.0-3.0 laying in-between the silt loan,.
which is upper layer and heavy loam with gypsum crystals below.

Bedrock is found below.

Easﬂ:y soluble salls in deep-well deposits and novosadkas contained, mainty, 80 to 85% of hallité

{NaCl) and about 6% of mirabilite (Na,SO,- 10 H,0), while in crusts of saline soils - up to 50% of
hallite and thenardite (Na,SO,) - up to 20% as lo absolutely dry substance.

© 3.1, Jmipact of salt deposits in the Kaparas basin
S on the salt composition of thc reseivoir.

' I‘hc following were 1denuﬁcd in the flooded baSm of the Kaparas reservoir bed: decp~well salt i on

“ ! thearea of 1.5 min n?, saline soils with the content of salts up to 20% on the area of 16.6 min m?,

various salted lakes of thc total arca of 0.2 min m?, novosadkis of 0.1 m thickaess and covering thc
area of 3.5 min m’.

' Basing on the data collected by l{ydroprockl for salt stock in TMHU depressions, we have
estimated more preciscly that the salt stock in the Kaparas basin which was found to be 8.7 min
~ tons (including the upper loose layer of decp-well depositions, novosadka, natural brine and salt in
“grounds of 2 m thickness).

Observations by Hydroproekt: allowed (o establish that there was a drainage of giound waters
occurring in the basin of all depressions which was mainly due to the infiltration of the Anmuidarya

river water. In the meantime it was noted that during spring and summer season the sources were.

with greater abundance of water, while in autumn their flow rate used to dec;éa_se; It was also
‘cstablished that the aggregate flow ‘rate of sources in K'ip'u'as was 1.65 Vsec (5.2- 10" m’fyear)

with weighted average mineralization cqualling to 9.1 kg/im®. Thesé sources brought in to the
depression as much as 473 tons of salts annually. S :



B

In Junc of 1981 they stailed to fill in the Kaparas teservoir via a watercourse connecting the said

© reservoir with the Ruslovoye (Bed) water reservoir, Emplying was also effected through the same

watcrcoulse

' QbScfvalions for water mineralization dynamics carried out during the initial period of the Kaparas

reservoir cxistence showed that- 920.000 tons of salts were dissolved during the first round of
filling, and leaching of salts in the bed was observed to be the most intensive during the first years

ofits operations, with the peak value reaching 25 thousand tons. During the last years (1988-1993)

the intensity of salt leaching has been materially reduced, with the average rate of 8.000 tons per
menth. By the end of 1993 the stock of potentially soluble salts in the reservoir decreased by 30%
according to the preliminary estimations. Ft should be noted that a part of soluble salt is filtered
through the bottom and side walls of the reservoit basin.

-The dynamlcs of vohuncs and watcr mmerahzaiion in lhe Kaparas water reservoir for the 12 year of

its existence (1982-1993) is shown in Fig. 2.1

The whole period of the reservoir opcralion may be subdivided into three periods:

Ist - June, 1981 - August', 1991, - irrigation mode operation period;
Ind - August,1991-September, 1993, - period of isolation when the watercourse

_ was dammed to constiuct a adjusting unit;
Uled - since September, 1993 and by now, - the rehabilitation period for water’
recirculation, when the construction was completed and water was fed again.

Prior to the Kaparas isolation period, the reservoir was filled six times up to the HBL [Highest

* Back-up Level] (130 m) or close to that: in 1983-1985, in 1987-88 and in 1990. During the years

with low water the reservoir was emplied to the evel of DVL {Dead Volume Level].

During the isolation period the volume of water in the reservoir was 280 min m*; while at the initial
rehabilitation stage of waler recirculation, i.c. from Seplember to December 1993 the level in the
walter reservoir reached 126.7 by December, and the voluime - up to 790 min m’,

Studies carried out durmg many years showed that the major factors influencing upon the dynamics
of water mineralization in the Kaparas water reservoir werc the operational pcrformancc of the
reservoir itself (emptying, filling), mineralization and the composition of salts in the influx water
coming from the Ruslovoye (Bed) water [esSCIvoir. '

During the first year of’ opcmuon water mmcrallzauon in average for the reservoir was rangmg

between 0.7 to 1.55 gfl. Whereas, Ihe sum of ions lower than 1.0 'gfl was observed from July-

August to September-October during the period of 1982 to 1988 (except for 1986-1987). Besides,
in 1985 and 1989, the value of water mineralization lower than 1.0 g/l was detected during the -
wiater scason. Since 1989 and up to August, 1991, the sum of ions lower than 1.0 g/l was noted to
take place from March to May and in August-September, 1989, while it never reduced to lowcr
values during other periods, at certain periods reaching 1.2-1.5 g/l. :

Dursing the second period, i.c. lhe period of isolation, waler mmerahzanon has been gradually
increasing, and by January, 1992, reached 1.3 gf, by Junc - 1.4 g/, by July - 1.5 gA; by
Septcmbcr 1.7 ¢/1; by October - 1.8 gfl; and by December -1.9 g, In January, 1993, the sum of

ions increased up t0 2.0 g/l and continucd 10 raisc up to September when it teached 2,4 g/l.

Thus, during the isolation périod mineralization of water increased (o 2.2 times, accompanied by a
certain nwtmncrphozatxon of ionic-salt composmon of water related with migration properties of
individual ions and biochemical processes occurring in the reservoir.

" The increase in water mmerahzation dunng the pcnod between August, 1991, to May, 1993 was

caused due o increase in the number of all the ions, excluding hydrocarbonate ions. Then, during
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the summer period of 1993 the process of ion-salt coniposition metamorphization was noted to
becoine more and more stable. With the further growth of wa(cr nuneralizauon, the quantitative

ratlo of ions was noted to start re-distributing. The quantity of Ca® ions decrcased by 25% during

the period from May to Scptember that of magnesium - by 37%, sulphates - by ‘10%. In the
meantime, the quantity of sodivim and chlorine increased by 43% and 27%, respectively, while the
content of hydrocarbonate iéns increased negligibly. The water chemical ° composition changed as
well, where, being a sulphate-sodium type before the isolation period, by ¢nd thereof it became the
chloride-sodium type. '

During the isolation period in Kaparas (26 months), water mincralization increased by 1.3 g!l i.c.
the average monthly growth rate was 0,05 g/. Calculatiohs made for salt iicrements showed that
during 26 months the tolal quantity of salts increased by 280.000 tons, whercfrom: 80.000 tons -
due to evaporation and filtration of highly mincralised water from the side walls of lhe reservair,
and 200.000 tons - by means of salt leached from the reservoir bed.

During the third period, i.¢. the period of Walcr_ exchangeability rehabllitation, when Waler'delivery

from the Ruslovoyc (Bed) reservoir was again restarted, water mineralization in Kaparas began to
slow down, since the sum of ions in water delivered was about 0.7-0.8 g/fl. Under such situation,
the volume of water in Kaparas grew to more than 3 limes by December, while the water
mineralization decreased almost tw 1ce and was about 1. 3 g/t (Table 3.1).

Change of mineralization values can be explained by the content of basic ions and, first of all,
sulphate and chloride tons which are classified as “Drinking Water" pursuant to GOST.

Durmg the first period of the water reservoir existence the concentration of sulphate:ions was
ranging between 0.32 and 0.49 g/l During the isolation period their content increased reaching
0.84 g/, then by Decemmber 1993 - reduced to 0.47 g/. Same dynamics was noted in respect o
chloride ions. Their concentration did not exceed 0.39 g/l during the first period, and then, during
the isolation period it increased to 0.69 gN. After filling the reservoir by December, 1993, it went
down to 0.37 g/l

- The total water hardness was always high enough (6.3-10.7 11leqﬂj, and reached 17.0 meq/l d'uring _

" the isolalion period, and thereafter, by Decembcr. ‘1993 ildroppcd down to 11.9 meg/.

~“Thus, disturbance of the Kaparas reservoir operallon modc caused by suspcnsmn of water
; cxchangc with the Ruslovoye (Bed) reservoir during the period of August 1991, to October, 1993,
- resulted in severe deterioration of the water quality in this reservoir as o its sall composmons
~ However, in 1994-95 the waler mineralization dynamics was rehabilitated reaching the previous
" level (as before 1991).
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3.2, Performance of Hydrochemical Indices and
‘Water Quality Evaluation

The previous Chapter was devoted to dcscriplaon of results Of studying the Kapans resetvoir water
quality as to mineralization and basic ions - sulfate and chloride - contained in the composition of
rated indicators, as well as to dynamics of the total water hardness. Table 3.2 presents the values
for the calculations of AMAC {Average AnnualfMaximum Perinissible Concentration] for the period
of four years, namely, 1990-1993, showing changes of water quality during a year as fo it salt
compositions in respect (o the requirements of GOST for drinking and domestic water.

As it has been a]rcady noled above, prior to 1990, the water inireralization in Kaparas did not
excecd the MAC values during summer season, and during some years - even'in spring season.
Since 1990 to 1993, the sum of ions in average for the reservoir was ranging from 1.0 10 2.4 of the

MAC values. After the filling of Kaparas started again, the mineralization MAC values began’

decreasing reaching 1.3 by December of 1993, and 0.8 g/l by July- August of 1994.

Estimations of AIMAC for the other indicators of waler quality (about 35 to 37 mdlcators on each
sample were analyzed) allowed to claborate the following conclusxon

For all the years of observations in the Kapq_ras waler reservoir, the MAC values wete overiun over .

by eight indicalors of water quality. Part of those is feferred to the general sanitary LIH
(mineralization, total hardness, BOD,,, COD), while the other part - to organoleptic LIH. (sulfate
“and chloride ions, phenols and turbidity). Neither of sanitary-toxicological indicators exceeded the
MAC values (RI. Tables 3.3; 3.4).

With the abovesaid in view, values of AMAC of (he eight indices noted, at least, once to exceed the
MAC values are shown in the Table 2.3. As itis seen from this Table, the sulfate ions were noted
to start exceeding the MAC values since July 1992 only, while the chloride ions - since March,
1992. ‘The total water hardness during all the years was reaching to, or exceeding the MAC valies,
with the peak excess of 2.4 times at maximum. The MAC values of phenols have been also noted to
exceed the rated values by 6 times naximum, excluding March and August, 1992, when those were
not detected. The excess of MAC for organic substances, during certain periods, was to 1.6 times
for BOD,,,, and for COD -2.4 times.

© Clarified water mcommg from the Ruslovoye (Bed) reservoir to Kaparas resulted in lhe fact that lhc
. turbidity in the basin 'did not have significant values. However, as per GOST requirements: in

respect to the wirbidity, the water in Kaparas was still higher than the MAC values reaching 20-45
values'in certain months (MAC rated value is 1.5 mg/t).

Thus, the analysis of dynamics of the water quality indicators studicd which are refersed to various
LIH showed that during the period of field observations the Kaparas reservoir water did not have
- “any spécific odour or taste, ls colour index was not more than 3-4 poinis (the MAC rated value is
.20 pomls) The dissolved oxygen ¢oncentration never deceeased lower than 7.0 mg/t (whereas the
: minimum MAC value is 4.0 mg/l), and was quite favorable for vital activity of hydrobionths.

The water medium was ranging from weak-alkaline to alkaline: pH rangcd between 7.2 10 8.3
whereas the rated value is between 6.5 and 8.5,

While comparing the content of waterﬁqualily indicators in the Ruslovoye (Bed) reservoir, in ils
main part with that of the Kaparas teservoir, it becomes clear that due to self-cleaning property of
the said reservoirs, the concentration of biogenic clcmcn{s, orgamc substance and pesticides in the
Kaparas reservoir reduces' by 25-40%, or more, in average, ‘and the ‘turbidily - by 1.5-2
magnitudes.




The major hydro'chemic'af indicators exceeding the MAC values during the suimmer petiod and
needed to be purified are the total hardncss; phenols, COD and turbidity.

‘Currently there are cerfain cconomicaliy acceptable techniques of water purification to remove the

abovesaid indicators. Thus, for instance, the water turbidity (suspended particles) may be cleaned
by means of horizontat sctilers. The total hatdness can be reduced by means of chenical reagent
method which is widely used. The method is to add the lime (Cof OH)E) in water. This admixture
resulis in transforming both calcium and magnesium bicarbonates into hard soluble compounds

(i.e. calcium carbonate and magnesium hydroxide) which are removed after setiling and filtration.

It is worth to note that softening of water facilitate the reduction of mincratization down by 15-25%.

Phenols are removed by chlorinali'ng in combination with ammonization. This method prevents the
formation of chlorphenols, since the chlorine is first redcting with the ammonia with the resultant
chloramines produced and thereafter the latier reacts with phenol. This method allows to reduce the
content of phenols down to 6 MAC al the absence of chlorphenol odour.
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‘Fable 3.3

Maximam Corncentration of Biogenic Elements
and Organic Substance Indicators
in Kaparas Reservoir Water -

. S L L - (Unit:mg/)
Year N-NH,' | N-NO, | N-NO, BOD,, | COD | " Fe Si
1990 0.010 0.005 0.110 0.660 12.600 0.010 2,400
0.080 0.023 1.420 | ~ 1.450 17.200 0.040 | - 5.300
1991 0.000 0,002 0.160 1.560 6.300 | 0.000 2.300 | .
- -0.050. 0.090 | - 0.430 3.900 21200 | - 0.100 - 5.800 ' @
1992 0.010 0.000 |  0.020 0.720 | 3500 |- 0.010 . 2.600
0.150 § - 0.050 -0.520 4.000 39.500 | - 0.030 5.800
1993 - 0.020 0.003 0.000 2200 | 11.600 | - 0.010 -
0.370 0.028 1 . 0.970 5720 | 26300} 0.120 -

MAC for above indicators

[ 20] 1071  100] 30 150] 03] 100
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Organic subslanccs (BOD & COD) mcluded o the composuton of suspcnded subsianccs are
removed by means of coagulants (Fe,0,) and flocculants (polyact ilamide) with the subsequent
filtration. As a summary, let us note that issucs related to the prepatation of water by methods of
reducing the concentrations of cerlain hydrochemical indicators of the ‘water quality require for a
~ special consideration that have not been planned to in this report. At the same time, such téchnical
and operalional measures shall be envisaged that allowed to keep the water mineratization at the
level of 1.0 g/l per yearly cycle.

3.3 Biological and Bacteriological Conditions
and Radiological Situation of Rcscrvmr

The Kaparas reservoir water quallty pcrformancc by its mwicro-"and hydroblologlcai indicators is
given on the basis of three field trips occurred’in May, August and October of 1990-1991. Saidies:
were carried out for threc sections; at the upper part (Section 1), middle part (Scction 2) and the
lower end of the reservoir (Section 3). Sampling of water in each of the sections was performed
fram three levels - surface, middle part, and at the bottom. Totally 27 Sampias were taken and 81
microbiological analyses wete completed.

The hydrobmloglcal studies were carried out both in the above sections and for the entire area of the
reservoir. Totally, 18 qualitative and 9 quantitative samples of p]ankton were taken and analysed.

-Microbiological studies included: the determinalion of the total quamily of micro-organisms (direct
counting), quantity of saprophyte group bacteria (method of serial culiure at peptone agar-agar
mixture [PAM]) and Escherichia coli group bacteria (membrane method).

Hydrebiological studies included qualitative and quantitative estimation of phyio- and zooplanctone.
‘The results of wmicrobiological studies showed that the fotal quanuty of mlcmorgamsms in the

-reservoir water  reached its pce&: vatues of 0.7-0.99 mln.clem’ in summier time and minimum - in
autumn: 0.16-0.44 min.clem®. In the meantime, the quanuty of mlcroorgamsms has been

decreasing from the upper part to the lower part of the reservoir. Distribution of microorganisms -

along the vertical section of the water thickness was practically homogeneous on the enlire aquifer
of the reservoir. —

Quanuty of saprophytc baclcna was rangmg in sprmg time it was about 0.01 to 0. 09 lhous clien??,
in summer time - 0.18-0.89 thous.clem' and - in autumn - 0.01-0. 04 thous.clfeni’, In summer
period the saprophytes become more numierous when the thermal mode gets more favorable for
development of this very group of bacteria. However, " in general, the total quantity of saprophyte
bacteria is not too high in the reservoir water. 'the explanation is in the fact that the concentration of
organic substance was not very high, and such a situation scems to prevent their intensive cultwe
development.

The quantity of Lschenchm coli group bacteria was mSIgmﬁcanl throughout all of the seasons in the
entire water arca of the reservoir reaching some 0. 001-0.3 cl/em3, the fact (esufymg to the absence
of any fecal pollution sources in this region. ‘

The zooplancton of the FCSCIVOIT S mainly rcprcscnted with -8 major forms of organisms Both
qummlywlsc and quatitywise, it becomes nchcsl in autumn (2.3-25. 2 thousand pcsfm’) and lcss
rich in spring - 0.068-10.9 thousand pes/m’.

"The quantily of organisins was increasing while getting closer (o the ceniral stretch of water where
it reached its peak values, Copepoda crayfishes were the dominating group of organisms
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throughoul the whole year where in spring thc;r quantity was 87-91% of the tolal quantity, i
summer it decreased to 54-64%, and in autumn is raised up agam to 74-91%.

Higher aqueous vegetahon is practically absent. T he phytocenosis is rcprcscntcd by agglomerates

- of blue-green algac forming bright green films at the bottom of shallow water part of the reservoir

nearby the banks. The phytoplankton is mainly formed with diatoma algae, namely, diatoma,
cerarium, asterioncla and others, The total quantity of phytoplmlklon reached 29-94 thous. ¢l in
spring season, in summer it was about 173-560 thous. cl/l, and in auturan - 132-316 thous. clA.

During the summer perlod of 1991, when the Kaparas reservoir was under isolation, the total
quanlaty of micro-organisms was lower than during the same period of 1990, thus proving that the
micro-flora was delivered from the Ruslovoye {Bed) Reservoir. At the same time zooplankton of
the Kaparas water reservoir is much richer than that of the Ruslovoye (Bed) reservoir (Rf. Table
3.5).
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 Waler quality evaluation was carried out in accordance with GOST 17.13.07-82, supplemented

with data on ECGB (Escherichia coli ‘gronp bacteria) as assumed from water classification
developed by the Institute of Hydroblology of (he Ukrainian Academy.of Science. The water

 guality gradc was estimated as per GOST 2761-84. - The saprobility index calculation was

performed using the lechmquc of Pantlette and Bukk.

The water quahiy evaluauon results showed that by mxcrobiologtcal indicators the rescivoir water
might be defined as very clean in spring and autumn, and in summer time - as very clean with signs
of minor microbial pollution facilitating the transition to the gradation of clean (saprobility index -
1.3).

As a whole, from the viewpoint of microbiological and hydrobiological indicators the reservoir
waler may be classified as follows: in spring and summer seasons - as clean (saprobility index - up
to 1.75), while in the autumn - as inferiny, being belween vety clean and clean (saprobility index is’

“up lo 1.5), so that considering the Kaparas water reservoits as the source of - centralized water

supply, it shall be referred to as the first grade reservoir by the water quality indicators.

It should be noted that the water qualily in this reservoir during the autonoimous period of 1991 was
even higher from the viewpoint of inicro- and hydrobilogical indicators than that in 1990. This fact
proves that the Kaparas reservoir is pccuhar with the process of natural self-clcanmg, with the
result thal the quality of waler incoming from the Ruslovoye (Bed) water reservoir  becomes
higher.

The radiation situation of the Kaparas reservoir was investigated through studying the gamina-
radiation background and specific beta-activity of the bottom depositions.

The gamma-radialion background was studied by a technique of route survey using a SRP-68-01 -
device. The gamma-radiation levels were measured directly against the soil surface and at the height
of 100 em, The measurement of specific beta-activity was performed with RKB-4-1 device in a led
protective case. The own backgroung of the device was 3-5 pulses/sec, measurement time of the
device was 2100 sec. :

Prior to measurmg the soil samples were subjecl to drying, grinding and screening through 208
mim mesh sieve. The specific weight of a specimen was 300 g The device seasivity at calculanon ;

- of the samples aclivily was assumed to be cqual to 6.6- 10 Bk/kg, or 2.4- 10° Cunclkg

" The radiation siluation of the area is 1dcnnﬁcd by mtensny ‘of both natural and technogemc -

radiation, The natural radiation background is formed by adding up space emission to the surface
radiation. The intensity of space emission depends upon the solar activity, geographic location of
the region and increases with the value of the sea level. Average soil-surface radiation background

is assumed to be 4.5- 107 uGr/r (4.5 mCr/hr). Major contribution to this dosage of radiation is
provided by gamma-emitting nuclides of uranium-radivm and thorium range, as well as ‘°K. -

The level of radiation background is the factor dclcrmmmg the level of radioactive danger. ‘The

- governing document to regulate the levels of impact on the people is known as “Limits of

tadioactive safely” (NRB [Radicactive S(y"ety Nomis) 76/87) in pursuance to which the dosagc

- ultimate level, ignoring dosages obtained in niedical institutions and natural background, is the

value equal to 50 mZ/hr (0.5 remyr.}, which is approximatcly 60 mCurie/br (Maximum allewable}

* of gamma-radiation. 'As far as specific beta-aclivity is concerned, accordmg to the “Prmc:ple
- Sanitary Rules of Handling Radioactive Substances and other sources of ionizing emissions” (OSP-
" 72/87) which is the basic normative document in the field, solid substances are considered to be

radioactive if the pollution level exceeds 50 B- -particles/min- cm 2, wilh the capacity of gamma-
radiation at a close contact with surface being more than 0.3 jtremvhr, or 315 mCurie/hr. (AAC).
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“The results of studies showed that gainina-radiation backgrouvd In the reservoir area was ranging
between the limits of 8 to 15 mCurie/hr and was about 0.03:0.09 of - MA, whereas gaimma--
radiation of soil was 12:15 mCurie/hr that makes ap 0.04-0.05 of AAC;: specnflc beta-activily -of

boltom dcposuuons was ranging between 0.56-0. 63 B- “particles/min- em?, or 0.002 of AAC.

As one can see from the data collected, the radioactive background level in the area of the reservoir
was found to be by 2-3 magnitudes lower lhan the allowable valucs, and, thus no radiological
danger is anticipated here.

3.4. Lvaluation of Conditions and Possibilitics of Eutrophication
and “Blossoming” of Waler in Kaparas Reservoir

‘The previous chapters were devoted to considering the issues conneclcd ‘with the water’ quiality
dynamics by chemical, micro-biological and hydrobiological indicators. This Chapter is’ mainly
focused to the issue related with the possibility of eutrophication and blossoming of Kaparas
reservoir water which materially affect the hydroceological ‘statis ‘of reserveirs and, thcrcforc
deterioratc its quality for drinking and doinestic water consumpllon

The cutrophication of natural reservoirs, that should be understood as the procéss of their natural

aging, is a consequence of enrichment of reservoirs with nulriménts (biogenic sUbstanccs) and,

fiest of all, with phosphorus and nitrogen componnds. Butrophication manifests itself in enhanced

development of plankton and benthos (especially, phytoplankton ~which cause “water and

phytobcnlhos to “blossom”), and also in changed water quality as to ita physico-chemicat

propcrucs in s:lled soils, change of ichtyofauna and in gradual over growth and marshing of
. [ESEIVOIrs.

* Natural cutrophication of reservoirs is a rathér slow progess, but at the same ume the anthropogenic
factors do promote Stlbslmlllal intensification of this process.

- Waler eutrophication level, along with its bio-bacteriological indicators is the characteristic to the
- water gquality. There are four grades of biological water quality:

1.0l igosaprobe - uncontaminated;’

- 2. B-mesosaprobe - slightly contaminated;

" 3. - mesosaprobe - moderately contamtinated;
4. Polysaprobe - highly contaminated.

‘Depending upon the content of biogenic elements and organic subslanccs there are three grad'illons
of cutrophication level:

No.| Gradation | ~NH* NOy POy PO COD BOD, -
- _ g/ g/ mgPi mgOf ngoN mgOﬂ _
I | Oligotrophic 0. 0.2 0.03 -3 10 - 1.5 -
11 | Mesotrophic 0.8 0.3 0.07 3 30 5.0
111 | Euthrophic 3.0 - 0.4 0.15 12 70 - 8.0




@

In oder to deterimine the eutrophication level in Kaparas resetvoir, average value for the reservoir
is given hereinbelow in rcspect to the coitent of biogenic and organic substances detected in water
of this reservoir during spring-summer (S-8) and Automn-Winter (A W) penods of 1990-93.

NI, No, | PO, ] 1BoD, “Cob

Indicators mgNA . mgN/l mgPl | g0 mgOil
. 1SS ]AWISS|AW]|SS|AW]|SS|AW|SSJAW
Concenteation 0.08 ] 005 1035|030 [002] 001 |1.46] £33 120.6¢ 19.1
Eutrophication : ‘ ' _ ,
tevel 1 I HI | 1 i I _l h I I} 1

As scen from- the results obtained, the Kaparas reservoir waler is mainly referred to cligotrophic
gradation, and only by the nitrogen of nitrates and COD - to mesatmplnc i.e. this reservoir is not
rich with the content of biogenic and casily oxidising organic substances, aithough the
concentration of hard oxidising substances is somewhat excessive.

It should be noted that the eutrophication of iji:scrvoirs is the main reason for “blossoming” of water
which shall be recognised as one of the major factors of biological pollution of the reservoir.

The following major abiotic conditions will promote the development of water ‘blossoming”:

§

water lemperature: minimum §7-19°C and maximum 30-33 °C, with the optnnum being 20-25
OC .

waler {low rate - less than 0.2 nifsec;

permanganate oxidization - at least, 20 mg OVl;

aminonia nitrogen concentration - 3.0-4.0 mg/l, minimum;

mineral phosphorus concentration - 0.25-0.40 mg P/I, minimum

water pH - within the limits of 7.8-8.5;

transparency - high.

LR | R A

- Field multi-year studxcs of abiotic factors in Kaparas reservoir have provcd that there are no

optimal conditions for water “Dlossoming” in this réservoir, because these conditions are .
favourable only by temperature indicators, water flow, pH and transparency, while such significant
indicators as permanganate oxidization, ammonia nitrogen content and phosphorus content are by, -
at least, a magnitude smaller than required to cause the water * blossommg ‘Thus, for instance, the -
permanganate oxidization does not exceed 2.0 mgO/l; ammonia nitrogen - 0.1 mg/l; phOSphOrllS -
0.05 mg/t.

As it has been already noted above, the phytoplankton of water reservoir is mainly represented by
diatoma algae, while green, periphotonic, goldén and blue-green algac are substantlally less
significant,

Thus, the total quantitative development of algac in water reservoir, cspec:a]ly, ‘the blue- grccn ones,
which cause the blossommg of water, both during the first years of this reservoir opcrauon, and
during the period of isolation, is so negligible that it is not adequate even to define the 51gns of such

' phcnomena (“weak blossoming’ happens at their biomass equal (o 5-10 g/m’, while in (he water

feservoir it never exceeded 0.2 gfm’) Therefore, the water “blossommg"; as the factor of
biological pollution, may be neglected. Besides, there is 0o sense in awailing any deterioration of
biological quality of water, neither in Kaparas, nor in Ruslovoye (Bed) rescrvoirs, due to the
prospective plans on a complex of measures and arrangements ditected towards the improveiient of
environmental situation in the basin of the Aral Sea.
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4. RECOMMENDED MEASURES ON KAPARAS
WATER QUALITY IMPROVEMENT -

]mprovement of walcr quality'in Kaparas reservoir will be grcally facmtated through a hitmber of

recomiicnded measures, some of which qhou'd be implemented soonest, while the others - in the

nearest future.

First of all, the filling of Kaparas should be effected in the period when the quajlty of water in the
Ruslovoye (Bed) rescrvoir is the best.

Ficld observaltons for the Ruslovoye reservoir water quality durmg 1989-1993 carrlcd out by

ourselves, as wéll as analysis of data presented by the Department of Pollution Monitoring under
Main Hydromelereological Station of the Republic of Uzbekistan collected during 1981:1993
showed (hat the optimal period to ﬁ]l in the K’iparas waler reservoir is lhc end of June-eatly
Seplembcr

Durmg the filling of Kaparas, water to supply the populallon in the downstream of Amudérya shalt
be provided from the Rustovoye (Bed) reservoir, and during the period of September to June -
from Kaparas, .

Secondly, in order to ensure propet control over the w*ater quality in Ruslovoye (Bed) and Kaparas

waler reservoirs, aresident supervising bureau shall be established which wouild be rcspons:ble to

carry out systematic monitoring for the water quality parameters in those reservoirs and control
during the Kaparas filling period. Such a bureau shall: work in co-ordination wilh the operation
-~ service gronp maintaining proper functioning of TMHU water reservoirs and with water treatment
plant.

Third, water prolective and sanitary zones shall be arranged within the region where the reservoirs
are located in.

Prior importance in sanitary and water protection zonation shall be paid to réservoirs and facilitics
connected with drinking water supply in the dowastream of Amudarya. These facilities include:

— waler supply source - Kaparas filling water reservoir;
-3 Ruslovoyc (Bed) reservoir carrymg the river water to K'iparas
— waler intake facilities and pumping station at Kaparas water reservoir;

— main water ml'tke stations at the left and rlght banks of the Amudarya river in the tail race of -

- Tuyamuyun HydroUnit; :
—> pipelines connectmg the pumping station at Kaparas with the main upstream water intake lunts

We have made certain ¢fforts to designate samtary and water protective zones on the basis of
~ standard and methodological materials.

Sanitary protection zoncs (SPZ) in the territory and water area of both Kaparas and Rus!ovoye

~+ reservoirs should be arranged in two slripes: first - of strict mode; second - reslriction mode. The
1 both two stripes have been mapped starling from waterline at the Normal Backup level (NBL).

The ﬁrst SPZ stripe.” The most nnporlanl objecl for sanilary protection is the water mtake unit at
Kaparas. The first SPZ stripe at the water intake facility shall cover the water area at the distance of

100 m from the NBL spreadmg in all directions. The stripe boundary liie in the water area shall be

marked with warning signs and beacons.

@
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. Applicably to the territory of purmping stations at the Kaparas reservoir in the TMHU l'ul race, the
first SPZ siripc boundary line coiticides with fcncmg of sites with structures and has been

deszgnated to be located with the followmg distances:

~3 30 ni'minimum from the walls of reservoirs with filtered (drmkmg) water, filters (exccplmg the
head filters), contact clarifiers with the open water surface;

~> 15 m minimum from lhc walls of other facilitics and from the bodies of water head towers.

The first slrlpe territory is to be delineated, fenced and lmldscapcd with greenery, whercas the

" fencing shall be installed as per subclause 14.4. of SNiP {Construction Codes & Rules]-2.04.02-84

(dead-end -2,5 m; dead-end with barbed wire - 2.0 ).
The sccond SPZ stripe shall also cover the water area and territory of reservoirs;

This zone shall lm,lude lhe total water area of the Kaparas reservoir as belng the water arca of water
supply soufce.

The Ruslovoye (bed) rescrvoiris a water flow feeding the Kaparas.

The second ‘stripe zone of the R_uslovo‘yc (Bed) reservoir shall be inclusive of - the water arca at a
distance of 5 km from the water inlet seclion entering the Kaparas.

Bank boundanes in the Ru:.lovoye and Kaparas reservoirs shall be provided at a distance of 500 m
from the NBL waterline, that will be also corresponding to the width of water protection zones

- (WZ).

Bank SPZs (WZs) shall caver the Kaparas reservoir banks along the entire perimeter of water area .
at NBL. ‘

The upper border of SPZ (WZ) at the Kaparas zeservoir inflow including the Ruslovoye (Bed)
reservoir and a part of the Amudarya river was calculated with the lag time in view.

The following data was used for calculations:

- low water year, 95% of supply (1986);
—» minimal level at which the Kaparas reservoir may be filled - 18- 123 my; :
— minimal monthly average consumption rate during the filling at minimal level - ’%00 1113fsoc, B

—» river flow rate in emplied reservoir, averaged by w:dth and lenglh of bed in lhe head race - 0 61
nysec; _

— lagtime -3 days.
The calculation was made using the following formulac:

 Z=3t.V,, =3 86400- 0.61 = 158 km;
where: Z is a rated consumpuon lag ume L
t.- is a total of seconds per 24 hours; -
V - is the a\crage estimated river flow rale.

Thus, the calculation showed that the upper border of SPZ (WZ) should extend to the section of

- Darganata seftlement. This distance corresponds to lag time to reach the Kaparas reservoir wilh

rated consumption of 300 m_’fscc within 3 days.

The second SPZ (WZ) stripe “Jower border in the TMHU tail race shall be placed at a distance of
1.2-1.5 km far from the dam at the main water pipeline stations’ section.



It should be noted that the widtk of sanitary protechon slnpc of water’ supply pipetines (d > 1000
mm) laid from the pumping station at the Kaparas reservoir up to the main water pipeline stations in
the tail race of TMHU shall be designated in accordance with lhc standard requirements and be at
the following distance from the end water pipelines: ;

—» if laidt down in dry soils - not less than 20 ny;
—» ‘in wet soils - not less than 50 m.

Water pipelines at 'lhc left bank and in the tail race partially cross through the cultivated areas,
therefore, certain steps shall be made to arrange the profective siripes along the pipelines, in
qccordancc- with sanitary and water protection requirements as per SNiPs mentioned abave. '

Fourth in order to improve lhc water quality -in Hoth Ruslovoye and Kaparas water sloragc
‘reservoirs, no sewage and drainage water (SDW) shall be discharged into the Anwdatya river
“during the period of filling the Kaparas reservoir (i.c. June-September), This wzll fac:htatc lhc
decrease of concentrations of the major part of pollutants by 20-50%.

'Thercforc, l'rom this point of view, the c¢onstruction of the Right-Side Bank mainline collector
should be treated as-one of the first prioriiies in waler'prote(:lion arrangements to be implemented
in the basin of the Amudarya river. Same is true in respect to the arrangenients undertaken fo .
diverse the SDW in the left bank of the Anudarya river niid-stream. :

Fifth, implementation of preventive measies ccnnectcd with a thorough flushing of Kaparas and
possibility of filling it with somewhat lower levels of the Ruslovaye resetvoir will urge to study a
project to construct the second open type water infake unit nearby the dam # 3. However, the
expediency of this project may be defined after 5-7 years of the Kaparas reservoir operation with a
single water adjusting unil.




3. PREL]M.IN'ARY PROGNOSIS OF THE KAPARAS RESERVOIR WATER
" QUALITY WITH THE VIEW OF WATER MANAGEMENT ARRANGEMENTS AS
- IMPLEMENTED AND RECOMMENDED

“The prognosis of the Kapards reservoir water quality has been carried out on the basis of

“Methodological Recommendations”

The prognosis of (he water qualily components’ concentration was cstimated using the following
balance equation:

M V,+ M, V- M- V)48,

Vi+V, -V,
where: M - water quality index concentration

V - water vohuhe :

f,n, c- respe)ctiwly initial valiie in the reseivoir, of
- infiux; - discharge,

S . - content of salts delivered from the reservoit bed, duc to evaporation (difference
between precipilation and cvaporation) and water drainage through the reservoir
side walls.

In order to evaluate the water quality, major indicators have been selected which may result either in
changes, or in deterioration of the feservoir water qualitative composition.

The analysis of relrospcctwc current and prospective conditions of water quahly formation in the
Kaparas reservoir allowed (o determine the composition of such indicators:

1) . General sanitary LIH: mineralization, total hardness, BOD,,, COD.
2) Organoleptic LIH: sulphates, chlorides, phenols, o-HCCP, copper. :
3) Sanitary toxicological LIH: Specific: surfactants, nitrogen of nitrates, nitrogen of: nitrites,

ammonium nitrogen, 3-valeni chromium; 6-valent chromium, led, mercury, y- HCCP

Water quality prognosis has been performed for the worsl hydr010g1cal condmous - low water

' years of 90-95% supply, as based on the data of field observations.’

5.1. Walter Quahly Prognosis by Salt Compositibn=

Accordmg to GOST 2874-82 “Drinking Water”, the following salt composulon indicators are
subject to rating: mineralization, sulphates, chlorides and tolal hardness.

As it was noted above, the Kaparas - water reservoir was isolated from the Ruslovoye (fccdmg

“source) reservoir starting from August; 1993 and by Scplcmber 1993. Dunng this pcrlod the

reservoit was emptied up to the dead volume, i.c. 280 min.m*.

Durmg the above period we were performing certain observations to detect zmy changcs of lhe :
water quality indicators. Those observations allowed, pafticularly, to evaluate the increment of salts
during the isolatien period.

Taking into consideration that Kaparas would be filled up, mainly,. during two months (July-
August), while the remaining ten months would be isolated from the influx, basing on ficld

observalions we have cvaluated the value of increments of salis during 10 months which is

assumed as a basis of the prognosis computations. This value was 0.33 g/, i.e. in August 1991

‘waler mineralization was 1.10 g/l, whereas in 10 montbs thereafter, i.e. in June, 1992, this
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figure raised up to 143 g/l (Table 5.1). This incremeat of salts included the amount of leached salts
from the reservoir bed, salts which had been brought in together with the drained water from the
side walls of the rescrvoir and also duc to evaporation from the reservoir surface (S,,0).

Coinpulaiiohs'showed that S, for the 10 months"réachf_:d the figuré of 92.4 thous.tons, i.c.
monthly average increment of salts for the said period would be equal to 9.24 thous.tons. At V; =
280 minaw’, the S, value will make:

S =280 0.33 =92, 4 thous.tn/10 months

Whereas, from the total quanmy of salts the sulphate ions make 30%, chlorlde ions - 35%, sodzum
and potassium - 27% , and 8 % is the total hardncss _ ; o : %

- : - " Table 5.1
Averages of Mineralization and Major Ions _

in the Kaparas Reservoir Water in August, 1991, and June, 1992 '

' . _(Unit:g/l)

Year, Month | Qnty of averaged | Ca* | Mg* | NA4K* | HCO; | SOF | CI | Minerali
: samples : b ' -zation
1 2 3 4 5 6 7 3 9
| 1991, VIIL 31 0.i1 1] 004 ] 020 } 0.15 | 0.34 10.26 1.10
1992, VI 15 0.i3 0.05 0.30 AN 0_.45 10.39 1.43 -

As seen from the dala above, water mmerahzauon in Kaparas raised by 30% during 10 months,
- while the increase of chiorides was 50%, that of sulphate - 32%, magnesium ions - 25%, calcium
18%. In the meantime, the concentration of hydrocarbonates reduced by 27%.

Therefore, basing on thé materials avaitable, we have assumed the following initial data for our -
compulations:

- waler mineralization in Kaparas as on the date of filling staited (MH) 1.0 gﬂ (Table 5. 2),
— water volume (V) - 280 min, mn’;

— mineralization mean for the filling pcnod M) -0.75 g/l;
' ~» total influx volume as to NBL. of Kaparas (V,) - 680 min.m’.

- | Whereas, the concentration of other salt composition indicators in (he influx as averaged for the
- filling period was the following:

— sulphate ions -

0.27 g/l;
— chloride ions - 0.20 g1,
- -3 total hardness - 6.5 meqfl.

* In the meantime, before filling, the concentration of the same indicators in Kaparas was as below:

0.33 ¢/I; &
0.22 ¢fl;

9.0 meq/l.

- = ‘sulphate ions -
_ > chloride ions -
= tolal harduess -



Table 5.2

Mingratization and Major Yons
in the Kaparas Reservoir Water in June, 1994
_ o : o o , (Uni{:@
© Section,” | Depths, | Ca® [ Mg” [ NA*+K* | HCO, [ SO,* | Cl | Aggregate
Vertical nieters : of ions
S.l, vl Surface 1010: 0065 0.14 ; 028 {0.19: '0.90

0.13
bottom (15) 10.111°6.66 1 G.17 1 0.i4 1 0.40 10231 71

TS va surface 0.0710.057] 016013 0033TT0.201 0004
10.0¢ 0.92

3.0 0.13

093
106
(.10

0.1
................... : 0 16
R SRLI LI TTTT TR T E Y TRTTSY . PRI bo‘t()l]] 19 4 . 0 18

100

St v3 i suface 100810047 021 1 03 1038

- ... boltom 6.0 0.081 0.08 | 0.16

32, vd i suface - 10081 006 0.17

i boltom 16.3 0.1210.07 ] 0.13°

.S2,v.5 T surface 0111004 0.4 °
""""" 50 1010: 0031 0.8 1
10077770001 0.05 70015

mlS 0 0.13 1 0.04 012

e d 03

....:::bolfoml .0 101677004019
53, v b surfacc 1007 § 0.06 023 : 013.
bottom 26.7 10,08 1°0.06 1 6.2

$3ve surface 10,111 0.04 7 6.7 ¥

“boiiom 29,01 008 T 0.07 1052014
surface 0.11 £ 0.04 : 0.15

m_'bollom 13.3 "1 0.121 0.04 0.15

surface 1 .08 | 0.07 ! 0.4

" boltom 10,0 '1°0.06 170,071 0,17
100008 T 0.06 10,14 .

________ boltom 12,7 10.06 1 0.06 1 0.19
' “boitom 10.0 10,07 10051 0.i8 .

" Average Tor teservoir V0,061 666 1016
out of 34 samples




Résuhs of prognostic computations by the salt composition indicators, given the monthly uniform
discharge rate (V) equal to 68 mln.m® dre summariscd in Tables 5.3 and 5.4. below.

Table 5.3
Prognostic Values of Water Mingralization in Kaparas
(as of the end of each month)
[ Month kg/nw Cmlny’ | kg’ minm’ | ‘000tons [ mgn | @
P 1. 2 3 4

vir 1 1.0 10075 1 ..280

X 3083 - 892

X D8 824
XL b 085 & - 1306

X1 086 i 638
B 1 710 et
o dl 1088 1 - 1532
L1089 e 54

WINO1.080 4 - ale

B X7 S T T CYN I T D )

Table 5.4

" Results of Prognostic Computations of Water Quality by the Kaparas Reservoir Salt Composition
“in Low Water Years as (o the Level of Year 2005

- _ o o : R (Unit:mg/)
Index . JVII[IX | X J XE XU L[ U MWV ] V]
% 0831084:085i086]087:083:10.89:{090i0.92:0.941{0.97

SO, 1029102910625 02510.291029;0.30] 030031032 | 033
Ko 03110311631 1031 1021 10.3310.2310.34'16.3370.26710637 |

.......................................................................................................

TPH, megh (74176 178180182184 1861881909271 94

X, - mineralization
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- excess the MAC rates, where (wo of those are referred to general s'imlary LIH, namely - BOD,

~ As scen from Table 5.4, water mineralization, sulphate and chloride ions will not exceed the MAC

rates, while the total hardness, after Kaparas is filled, is expected to be within the MAC limits, bu,
however, will be then gradually growing to reach 1.3 value of MAC for the 10 months.

The Ministry of Health Sh_all study and address the issue on the total hardness MAC rates, since the
GOST 2874-32 allows for this indicator to be at 10 meq/l.  In this case, it is anticipated that the total
hardness of the Kaparas reservoir water would be within the standard limits

5.2. Water Quality Prognosis by Biogenic Elements,
Organic and Other Polluting Substances

Imual data needed to make prognosis on b:ogcntc clcmcnls organic and other polliting substances

are shown in Tablc 5.5

- Average for lhé reservoir values of water qualily indicators’ concentration arc provided for the

Kaparas water reservoir which were registered in July, 1991, prior to isolating thereof from the

. Ruslovoye (Bed) resetvoir.

Maximum averaged concenlfations durmg low water years are shown for the Ruslovoye (Bed)
reservoir, registered in July-August al the dam as the influx water of Kaparas.

From among the water qualily indicators presented for the prognosis, the major part is non-
conservalive, i.e. subject to the self-cleaning process in the reservoirs.

Table 5.6. provides the résults of the prognostic computations with the self-cleaning process
ignored. In the meantime, it is worth to note that according to our observations during many years,

‘the self-cleaning process in Kaparas facifitates the decrease of concentrations of various substances
by 20-25% in average, and ¢éven mof¢ as compared to the initial one. Sclf-cleaning is caused by

intra-reservoir physico-chemical and bio-bacteriological processes (i.e. absorption, sedimentation,
feeding of micro-organisms: reductases and consummates, as well as phytoorganisims, and others).

As scen from Table 5.6, the waler quality prospective estimate has been given on the basis of
CMAC calculations made in accordasice with the GOST 2874-82 and SanP&N 4630-88.
Individual indicators as to SanP&N have somcwhal “stricter” MACs. And, even if thosc are
assumed as the basis, it is clear that during the period by the year 2005, under the worst
hydrological conditions assumed for prognosis reasons, only three indicators can be expected to
ot
and COD, and the one referred to organoleptic LIH is the phenols. All othet indicators of water
quality, including sanitary toxicological ones, will not exceed the smndards for drmkmg and
domestic water consum ption. - ‘

Thus, summarising the results of studies in respect to the Kaparas reservoir water qualily prognosis
challenging by the year 2005 for the worst conditions that might occur in the low water years, is
should be stressed that in the long-term plan, among the hydrochemical indicalors under analysis
(up to 36) referred to various LIH only the following five indicators would probably exceed the
MAC values rated for drinking and domestic water consamption:

-3 turbidity - up'lo: 25 values;
= ‘total hardness - up to 1.3
— BOD,, -upto 1.03;

—y COD-upto 1.15;
— phenols - up ta 3.0.

Al other indicators will be ranging within the allowcd rated limits.



Table 5.5

- Maximal Concentration of Watér Quiality Indicators
in Russtovoye {Bed) and Kaparas Reservoirs during
~ the Filling Period

{Unit:mg/) |

Ruslovoye'(Bed) Kaparas

No. Indicators \ ;
_ : . Reservoir _ ‘Reservoir

i 3 3 ' 4

ABODG et i 3200 0 TREUR: 1 SRR
cop
1 Phenols .

..............................................

....................................................................................

FSE IR

.............................................................. ’ 0‘01 : . 0‘01

......................... Ammontumnitrogen_ 00,006 L0010
{0} Niirogen of nitrtes 0.005 TTTE0ES

"1 €-valent chromium """ “6.001 | "0.003
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Table 5.6

_ Prognoéué Maximal Concentrations of the Major Indicators
: “of the Kaparas reservoir Water Quahly within 1¢-month Periods
(belween the beginning of filling at V=960 min.m’* and cmptying up to V=280 min.m')

vo. | Water Quality Indicators | MACasfo] MAC asto | Prognostic CIMAC

and Hazard Grade of GOST | SanR&N | concentratio |'Asto | Asto
. Substances - | 2874-82 | 4630-88 | - n,mgd | GOST 1SanP&N
1 2 3 | 4 5 |6 7

~ L_General Sanitary LIH

1 BOD,_, - 3.0 3.0 3.1 1.03 1.03

2 CODb - 15.0 15.0 17.2 1.15 1.5

3 Zinc 3) 5.0 1.0 0.002 0.0004 0.002

If. Organoleptic LIL

I Phenols @) 0,001 0.001 0.003 3.0 3.0

2 QOil Products 4 6.3 0.3 0.02 0.07 0.07

3 w-HCCP )} 0.02_ 0.02 0001510 007510 0.07510°

4 Copper 3) 1.0 1.0 0.008 - 0.008  0.008
% 11L._Sanitary-Toxicological LIIE

1 Sp.Surfactants  (3-4) 0.5 0.5 001 002 . 002

‘2 Amunonium nitrogen (3) 2.0 2.0 0.007 10.004 0.004

3 Nitrogen of nilrites (2} 1.10 1.0 0.008 - 0.008 - 0.008

4 Nitrogen of nilrates (3) 10.0 10.0 0,23  0.023 0.023

5 6-valent chromium  (3) - 0.1 0.05 0.0015 0.0015 - 0.03

6 3-valent chromium (3) 0.5 0.5 ~ + 00003  0.0006  0.0006

7 Led (2) - 0.1 - 0.03 . 0.0001 ° 0.000 -0.003

8 Mercury Cm 0.005 - 0.0005 - 0.00015 0.03. 03

9 y-HCCP (1) - 0004 003 10° & = - 0008

Note: Danger Class of Substances is given in brackets:

1 - extremely dangerous; 2- highly dangerous; 3- dangerous;
4- moderately dangerous; :

: C/MAC - ratio of prognostic concentration (C) of water quahty indicators to maxmmm ‘
(% allowed concentration (MAC} :



CONCLUSION

The followin g 'pri nciplc conclusions may be formulated from the results of sttidics‘illlpfenlellle’d:

1. One of the most acute problems i in lhc Amudarya river basin is cu:rcntly the problun of drinking.

water quality.

2. This problem can be addressed by a complex method counting for the availability of a limited
number of waler sources with good qualily indicators. Namely: by means of expanding the
construction of desalination plants; construction of supplementary wells to pump oul ground water
of good quality and exploring the surface water sources and prowdmg enoligh facilities to
accumu!atc and keep the water with a good quality. :

3. ‘This réport con_sxdcrs one of the options to detect and use sources of public water supply in the
Amudarya river basin downsteeam. Itis theé Kaparas and Ruslovoye (Bed) reservoirs. With this in
view, analysis was performed for the results of field observations by hydrological, hydrochemical,
bio-bacteriological conditions and radiological situation during the period of 1986-1993, using the
materials available from Glavgidromet (Main HydrometeoStation) and the Dcparlmenl for operation
of TMHU reservoirs. .

4. The Amudarya river, being a tributory of the Ruslovoye (Bed) waler reservoit receives waste
water discharged from industrial énteprises, utilities and recirculated collecting and drainage water
from the irrigated lands. That is why, the river water, starting from Termez section and up to
TMHU, shows the presence of certain indicators  exceeding the MAC values for drinking and
domestic' water supply. These are, first of all: tolal hardnéss, indicators of organic substance
(BO . COD), phenols, ‘and in Darganata seclion - these also include mineralization and sulphate
ions.

. 5. Both Ruslovoye and Kaparas reservoirs are operated in the irrigation mode that effects the
- dynamics of the water qua]itativc composition.

- 6. Oul of 35-38 indicators referred to general samhry, organoleptic and samtary toxwologlcal
limiting indicators of hazard which were analysed in the Ruslovoye reservoir; only 8 of those
" exceed the MAC values. In the meantime, the maximal exceeding values have been detected durmg
: sprmg and autumn-winter seasons, whereas in the period from June to Septemnber the walter in this

- very reservoir has the best quahtahvc indicators. Water. mineralization, sulphate and chleride fons

- are usually by 30-50% lower than the MAC values.

7. As for bio- -bacteriological situation, the best water quality is also observed in the Ruslovoyc
reserveir during the summer season, from June-July to August-September.

8. The Kaparas depression was started to be filled from Junc 1981 through the watcrcourse
“connecting this reservoir with the Ruslovoye water reservoir. This: depression, prior to filling
thereof, contained the salt amounting to 8.7 smin.tons. By the end of 1993, the stock of potentially

‘soluble salt reduced by 30%, as to the preliminary estimation. Durmg the last years, the leaching of

salls was about 8.000 tons per month,

9. The whole period of the reservoir operation may be subdivided into three periods:

Ist - June, 1981 - August, 1991, - irrigation mode operation period,;

Had - August, 1991-September, 1993, - period of isoltaion when the watercourse
was damimed to constnict a adjusting unit; -

IMed - since September, 1993 and by now, - the rehabilitation period for water

recirculation, when the construction was completed and water was fed again.
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- Those periods were charactensed wilh the pcculmr water quahty indicators, cspccrally, by the salt
- composition, _

10. During the fist year of the Kaparas tescrvoir existence; the lowest water mineralization was

obscrved between June-August and September-October, getting lower than 1.0 g/,

During the second period, when the water volume was 280 min m3 and there was no water
exchange, water mineralization was gradually increasing and by the end of the period it reached 2.4
g/l. In the meantime, for the 26 months of the reservoir isolation period, the total amount of salt
increment became equal to 280.000 tons wherefrom 80.000 tons were due to evaporation and
filtration of salt water from the reserveir side walls, and 200.000 tons - through feaching of salts
from the bed. In average, the water mineralization was monthly increasing by 0.05 g/l during this
period.

During the third period, when water from the Ruslovoye (Bed) reservolr again started to be fed,

- water mincralization started to decrease, and by December, 1993, it dropped down to 1.3 g/l, and

by July August, 1994, - it reached 0.8 g/l.

11. During a]l years of observations in the Kaparas water reservoir, out of 35-37 indicators
analysed ‘only eight indicators showed the excess of MAC values, Part of those is referred to the
general sanitary LIH (nincralization, total hardness, BOD,,, COD), while the other part to
organoleptic LIH {sulphate and chloride ions, phenofs and turbidity). Neither of saiitary
toxicological LIH exceeds the MAC values.

Prior to the period of isolation, the best quality of water was observed during June to August.
During this period, the water mineralization, sulphate and chloride ions did not exceed the MAC
values, while the major indicators which needed to be clarified were the total hardness, phenols,

- COD and turbidity,

12. The results the Kaparas water quality estimation by bio-bacteriological characteristics showed
that as by microbiological and hydrobiological indicators, the water could be referred to as a very
clean grade during the spring and autumn season, while in summer time it should be referred to as a
very clean grade transitional to clean, and so, as a source of centralised water supply, the Kaparas
water reservoir shall be referred to the first grade as for the water quality indicators. -

13. Results of radialion. siluation on the Kaparas water reservoir (gamma-radiation ba'ckgronnd ‘
specific beta-activity of bottom depositions) showed that the level of radioactive background is by -

2-3 magnitudes lower than allowable (NRB 76!87 and OSP-72/87) limis, so the sﬁuahon does not .

represent any radiological danger.

14. Many years of ficld studies aimed at evaluating the probability of water “blossoming” in the
Kaparas reservoir allowed to establish that there were no optimal conditions connected with abiotic
factors that might cause any waler “blossoming’ effect. Total quantitative development of algae in
the reservoir, especially, blue-green ones which cause water to blossom, is so ncgligib‘c both in
the period of isolation and during the first years of this reservoir’ cxus{cncc that it is not adequate
even to detect any signs of the phenomcna

15, Stock-taking of water unmgemem facilitics in the Kaparas waler Teservoir showcd that
currently the construction of water ad_mshnem unit has been completed thus allowing to adjust the

- filling and emptying of the reservoir. A water intake station ‘is also under construction curcently. A

water pipeline has been planned to be constructed from the pumping water intake station and up to

* (reatment plant facilities (totally 4 pipetines, 11:km long each), with the passage across the

Amudarya river.

Cursently, therc are treatments plants under operalmn wth']] consist of settlers and sand filters, with
partial use of activated coal.



The R & D Institule “U?komnmnmjproekl” is ch|gmng a projéct of {reatment plants where
aclivated coal will be used. - . ' :

16. The concept of illlprbving the Kaparas reservoir watcr'qualily includes lhé"‘folldwing '
arrangeiments:

— partial or comp!etc termination of any colleclor and drainage water dlschargc in the mld stream
of the Amudarya river;

adjustnient of the water quality whilé filling the reservoir (July-September);

establishing a system of water quality monitoring and mformauon dsstnbutlou usmg automated
hard- and software; :

-3 arranging watér prolection and sanitary zones around: lhe reservoirs and hydrotechmcal
slructures.

._.>
_>

17. Pre]mnnary prognosis of thc Kaparas reservoir water quallly has been performed on the basis
of ficld observations of the water quatity of this reservoir during the penod of isolation lhereof from
the Ruslovoye (Bed) rescrvoir (1991-1992).

Computahons showed that before the year 2005, under the recommended mode of filling and
emplying, the MAC values should be expected to be overrun by the following indicators: turbidity
(by 25 times, max.), BOD,ol to a smaller extent (by 1.03, max.), COD (by 1.15 times, max.),
phcnoIs (by 3.0 times, max.) and total hardness (by 1.3 times, max.} All other 1ndlcators will be
ranging within the specified limits.




. R _ E " Attachment 2
WATER MANAGEMENT UNITS AT RUSLOVOYE
AND KAPARAS RESERVOIR

The Kaparas waler rcscrvmr is onc of waler managenicnt units uwludcd to I‘uyamuyun HydroUml
(TMHU).

The total system of TMHU facilitics is a complicated system with more than 20 major
hydroengineering units which are subdivided into (wo groups:

- 1. River hydro-unit with Ruslovoye reservoir.

2. A complex of facilities at flooded teservoirs of Kaparas, Sultansandjar and Koshbulak.

The first group includes the following facilitics:

1. Hydropower station buitding with assembling site.

: 2. Tiyamuyun Hydropower St'mon operating under icrigation mode with six turbines of
{50. ODG thous. kWt capacily.

' 3. Concrele waler discharge dam, which has 8 spans with bottom holes (12x6 m}) and water
dlscharge hole (12x12 m) to discharge wastes and sludge. The total dam length is 141 m, width is
41 m. The water discharge hole thieshold leve! is 118.0 m.

4. The left side bank water intake facility of iwo-stage type with six openings (5x5 m) with .
the threshold level at 114 m. The water intake unit is provided with the bottom flushing galleries
which s¢rve to prevent the boitom detritus in front of the unit, and to participate in maintaining the
passage of flood water and levelling of lincar flows in the Hydro Unit tail race.

S. The left side bank conjuncnon consisting of the upper and lower Conjugatmg walls and
stream-directing pier.

6. The right side bank walcr intake two-slage type unit with three water intake holes
{5X5m), with a threshold level of 115.0 and three flushing gallencs with the cross-sections of
2.5x5.0 at the inlet, with a threshold level of 110.0 m.

7. The right side bank conjunction consisting of same structures as the left side.

8. Fore apron, apron, downstream apron of major concrete structures.

9. Soil dam

'10. The right side bank dams #i# 1 & 2.

11. A left side bank dam overlapping the slot for the railroad.

12. The left side bank dams ## 3, 4,5, 6, 7,8.

13. The left side bank main canal (LMBC) with the throughput capacuy of 500 m’/sec

14. Inverted siphon and regulating watergate (S RG) at the left side bank canal. SRG apron
consists of 4 rows of reinforced concrete plates with the total length of 52 m. Along the apron end

row there are reinforced concrete supports for pipeline passage for domcsitc ancl dnnkmg watcl =

supply of the Druzhba town through LBMC,

15. The left side bank settler is located between lhe lower conjugating wal!s and mvcrt»d
siphon, rcgulating watergatc on the LMBC. Scitler with mechanic cleaning of detritus. ks length
without fransilions is 560m, width at the bottom - 108 m, design level of the settler bouom - 110.0

" m, level of dams’ ridge - 119.5 m.

The second group includes the following facilitics:

1. Filling and emplying water intake facility of Sultansandjar water tescr v01r -Water mt'ikc ‘
facility is a water discharge dam with 4 bottom openings sized 5x5 m, with the threshold level of
117.0 m. The water intake upper pait level exceeds the NBL by 4 meters, i.¢. 134.0 m

3. Water intake of clarified water from Sultasandjar water reservoir. The plant is located at
the initial part of Sultansandjar dam and is designed to supply the clarified water from the
Suliansandjar water reservoir in the LMBC, Water intake consists of four scclions of outlet
_doorway with the total length of 87.0 m, a board section of 42.5 m length and 2 sections of the
' pron supporting walls, T11e water intake threshold level is 112.0 m, thronghiput capacily is 500
m lsec



4. Filling and Emplying Canal of Koshbulak water reservoir. Total lcngth is 24 km with the
maximal throughput flow rate of 100 iw/sec, _

5. Sultansandjar dam and dam #9. Located ‘dt the wcstcm bank of the deprcssmn Total
lcnglh is about 20 k. :

In 1993, aconstruction of water ad_mslmg unit was c0111pTctcd al the Kaparas water reservoir. with |
the ihroughput capacity of 200 w3/sec allowing at present to adjust filling and emplying this
TCSCTVoir.

Two pumping stations are planned to be consinicted which will be used for water intake from
Kaparas, 10 be further fed through the water pipeline to treatment facilities.

The first water intake station is currently under construction. The second s{anon is planned to be
conslruclcd after the year 2010. : :

Thc water pipelinc from the pumping station up to treatment plants i is planned to be conslrucled with
four pipelines consisting of 1400 mm diameter p1pcs Every lme will be 11 km long. This water
pipeline will be crossing through the Amudaiya river. ' '

At prcsént watcr treatment plants are constructed and operated which consist of settlers and sand
filters partially using the activated coal. The R & D Institute “Uzkommuninjproekt” is now dealing
with designing a project of water treatment plant wilh activated coal used as a filtering agent.




Annex #3
- HYDROCHEMICAL TESTING METHODS

Chemical composition of water was investigated under ficld conditions during expeditions and also
in laboratories,

In the first case, the researches were carried out to measure (he water temperalure, transparency,
pH-value, oxidisation, alkalinity and content of dissolved gases. The concentration of other
chemical components: in water was determined in a laboratory, Water sampling was performed by
means of Molchanov bathometer following the instruction outlined in the “Manual...”

1. Surface water layers temperature was measured by a spring-type mercury thermometer
with 0.1°C intervals, while in subsurface deep layers - with tilting thermometer.
- 2. Transparency was estimated using a Sekki disc.
3. pH-values were determined by electrometric niethod:
- under field conditions: pH-meter # 5123 (mfd. in Poland)
- in laboratory: universal ionmeter EV-74. _
4. Oxidisation was ‘estimated using the following two methods: permanganale and
bichromatic. .
4.1. The permanganate mé¢thod (A Kubel method) is based on oxidation of easily oxidising
organic substances present in water, by 0.01 H with KMnO, in sulphuric acid medium at boiling. -

4.2. A bichromate method (chemical absorption of oxygen) is based on oxidising all organic
substances present in water with strong oxidising agents, namely, K,Ce,O, and 1,80, added as a
catalyst. The excess of K,Cr,0, is then subject to titration with a solution  of

(NH,),S0,: Fe,S0, 6- H,0)-ferric ammonium sulphates.

- 5. The suspended particles were determined by filtering of 0.5-1.0 litec of water lhrough an
ash-free filter with subsequent drying at 105°C. The weight dlffCi‘CllCO characterised the quantity of
those particles in a certain volume of water.

6. Water coloutr index was determined on a simulated platmum cobalt scale (standard
solution of potassium hexochlorplatinate and cobalt chloride). - :

Determination of dissolved oxygen was performed by oxymeter (Tlcnonuczz #5221, mfd
in Poland)

7. Biochemical oxygen demand {BOD) was dcu,rmmed by mcuballon of - water samplc :
within 5 days at 20°C, while BOD,,
by a difference in the content of oxygen before and after the incubation. |

8. Free carbon dioxide content was determined by velumetric method whlch is based on
titration of dissolved carbon dioxide by alkaline solution in presence of phenolphthalein.

9, Determination of total alkalinity was performed by direct titralion of water tested with
hydrochloric acid solution in presence of methyl red (and methyl orangc) mdlcator with subsequent
blowing through of CO,-free air.

The method prlnmple is in transition of HCO, ions conlammg in. watcr tcsled into H,CO,
while adding hydrochloric acid. Simultaneously CO % jons, if any pnscnt in- water,  are
transformed into CO,, '

10. Calcium and magnesium ions were defermined by titrometric mclhod (‘with Tr:lon B-

disubstituted sodmm bicarbonate of ethylenediaminetetraacetic acid).

11. $O,* (sulphate) ions - by weighing method using BaCl2

12. Hydrocarbonatcs (HCO,) and carbonates (COI } - by reverse tivation (adding the
hiydrochloric acid -HCI and titration of the excess of the acid with borax solution - Na,B,0,)..

13. Chlorine ions (CI) - by argcntomelnc method using silver nitrate - AgNO,.

14, Sodium and potassium jons (Na*+K*) - by computation, by a difference between the
sum of meg/l of anions and cations analylically found. Empirical coefficient (25) was used to
recalculate nreq into mg. For individual samples - on flaming photometer ARNO-4.
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was determined within 20 days. The BOD result was csumalcd o '



15. Waternuncrahzahon was cstimated as a sum ofma_jorlons anions and cations.
16, Biogenic elements (all cmnpounds of nilrogen, phosphates, silicon, ion} were
determined by pholometric method uisirig a KFK-3 photometer.
17, Fuorine (I“) was “deterittined calorinieirically, using zirconalizatine, and also by
potentiometiic method using an fon-selective electrode.
18. Oil praducts - by lamellar chromnatography. _
19. Phenols (volatile) - by spectrophotometric  method - (S¥-<16)  using
dimethylaminoantipyrine.
20. Pesticides (chlor- and phosphororgamc) by gas chromatographic melhod using a
“Gasochrom-3700" device; :
- 21. Heavy inctals - by spcctrographlc method using a ISP 28 30 type spectrograph,’ and
also by atomic absorption method using a spcclrophotomcter :




Table of Water Quality Data Analyzed by Uzbeki Side

@



Sampling Felnl ; Surkhandarya - Termiz
Indicator :Mineralization (mg1)

May

Ton.

Tol.

Nov.

Dec,

M ax.

Min.

“Jan. | Feb. | Mar. | Apr. Aug. | Sep. | Ont ; ~Ave,
197 | . 1LI130] . 1L1&0] 1,000 L Lo - = - 1,090] 1076F 1,050 1,i60] . 1,100] 1,050
1975 | T 1as0] C1120] 1,020]- 140 925 Ao 4] 110601 - 5y 978]- 1,i50] 1,035 929
1576 1030 1,200 T180] 1,200 910[ 70| " 1,050] 940 990] “1,280] 1,070 1,060 1,280] 1.07F| - 710
1977 -1 1350 -|- 1.230] - 1,320 - - - onis0] 1,200 -] 1,350 1L268] 1,160
1973 14801  1.410] 1,040 670 - - -1 L450] 1,140 9200 T180) 1480 "1,197] : 670
1979 g60y - - . 1 1L040] 1,380 - 583 1,170 . -1 1.380] 1,062 583
1980 118D - 790 18] 1,200 - - - -] 1,340 -l L240] 1,050 648
198} 1,209 | 1,289 696] 1,038 1313 Lags] g 1073 1,231 1,395] 183 - 696
1982 1.210{ 1126] 1,289 1,214] 1249 - 12N 13221 140e6] 1,200] 1,303) 1416 1265 T.026
1983 13181 20 ~ | 1348] 1208 - LISEL 1200 13880 1,353 1,285] L 1,338 1,293 1158
1984 1,296 724 LIT3 1,129 1,354 - 1n] L LLe - 128 1354 L] 74
1985 LI L3S -l 90 1,256 -1 902 1,131 ) e 1419) 408 L2220 902
1986 1,270] 1AL 1MS] L8l 1374] 10690 1,493]  1.2901 T L210] 17| 17 1,129 L 1,493 1,260 1,049
1987 Lol 1L2lo] 1,1230 - 12441 -0 23] - 403 1141 - 1,148] 1,369 LU 1234 1063]  1,369] 1011 7413
1938 1,145 168 6751 - 1,059 9261 912 977 -l L3s] 1403] 1314 1,549] U549 109 673
1959 1,061 A83] 1.338] 1091 1679 17 140%) 1918 1307 1,137 L LSIE] LT3 1.079]
1990 10991 1i79] LU16] 1, 090] o 722] O S44]. BI6S] L 1,647] 1,027 123 1,152] 1,280 (,280] 1,661 U544
1991 1276) 12351 1160 - E147] 075 LG T0) 1.005] 835 T B44] BRI 1,200] T1,278] 1.084] 844
1992 1,207] 1,175 602 845 5 519 461] - 7561 1,034 956 987 1.095] LI Bol[- 461}
1993 1,23 1335 959 1,017 984] 450 - T -] T 4071472 1,249] ¢ -] 147 106] 450
1994 10441 - 735): 668] .~ 766] 1.084] 1,236 1,080 -l LA 1,255] 1.335] 1,347 1,347 1,091 6568
Max. 1,297 1L 480] . 1,438 1,289 1,343] 1.354) 14931 19181 1.450] 1422 1,353] - 1,549] (,918] 173|160
Ave, 1174 LIST]. 1,066 1084 916l o7 1,129] 1,164] 181 1,186] 1,140] . 1,220] "i.378] 1,145] 789
Min. 1044] 735 658 766 517 413 461 156] 533 B44] £83 9781 1,150 841 413] .
N of Smp! 12 21 17 17 12 17 10 12 17 13 i? 16 2] 21 21
Sampling Polnt : Surkhandarya < Termez
“Indicator : Total Hardness (meq/l) ) ) . : : : .
Jan, | Feb. | Mar. | Apr. | May | Jun. |  Jul. | -Aug. | Sep. Oct.- ] Nav. | Dec. | Max. | Ave. | Min.
1974 13.8 132 123 12.3 1.2 12.1 - - - 145]° 132 143 148 1312 11.2
1975 133 133 1] 132 128 - - - - 15.1 135 140 158 136] . 114
1916 124 142 -1 158 10.9 89 - {18 141 -] 141 331 158 136 55
1917 - 132 - 11.5 139 - - - 139 142 142 135 1S
1918 14.0 123] 123 7.8 94 - 137 128 . 93 134 14.0 120 13
197% 12.5 - - - 14 10.1 - 138 144 - - 14.4 28 10.1
1980 136 - 89 82 a1 - - - - 124 -1 136 16.8 8.1
1981 138 -] 143 74 1L 138 150] 137] 40| 37 150 133]: 74
1982 - 13.1 i4.3 1.6 13.3 14.04 12.7 148 160] 134 {19 160 139 116
1983 - 123 12.2 - 13.5 138 13.9 1317 149 142 - 149 137 122
1984 - 146 6.3 127 13.0] - 146 13.9 15.2 - - 154 154 136 6.3
1985 -l R 12,5 e 14.3 137 -l 85 154 - - 15.2 15.4] 135 8.3
1586 13.7 4.1 14.2 13.3 i34 129 1428 132 134 14.3 14.3 12.6 148 118 12.6
1987 14.9 16.6 155] 168 HE 33 [60 - 184 152 13.2 148 184 145 53
1588 §5.2 158 9l 134 7.3 120 12.2 . 16l 193] 119 215 215 153 73
1939 143 17.0] 1946 116 139 153 19.6 9.8 17.3 13.0) - - 198 17.1 i36
1990 149] - 139 173 1331~ 89 7.3 144 14.2 14.9] 138 151 16.4 16.4 134 7.3
1591 16.7 14.9 152] 149 36 14.5 13.6 13.6] 150 135 129 14.6 16.7 113 36
1992 160 4.5 30 16.2 61 60] 512 87 115 i06] . 110 119 160 101 52
1993 13.7 123 119 105 13.1] . 45] . 4 - 12.1 13.1 1281 - -] 133 113 4.5
1994 i - 78 69l - 716 9.3 0 N4 109 - 13.5 14.5 11.8 11.5 14.5 0% = 6%
Max. 167 170 196] 168 143] T 153] 96| 108 18s6] T 192 178 3| S Tid 136
Ave. 14.4 13.7 122 127 10.7 109 13.0 133 147 14.4 13.5 14.0 158 13.2 86
| Mia. 112 78] . 63 76 56 45 5.2 §5] 1i5] 1086 9.5 55 136] 101 45
Np of Smp] 12 21 16 18 20 9 9 1 17 13 17 135 21 21 21

&



Sanipling Polnt : Surkbandazya - Termez
Indlcator t BODS (mg/)}
Feb.

- .,4‘ Jan. Mar, { Apr. } May | lua. Jul. Aug. 1 Sep. | Ot | Nov. | Dec. | Max. | Ave. | Min.
1976 26| T8 - 07 [1E] - Y ] R X - pX1] I [i¥]
1977 08 - 02t 03 e E R E -1 . 04 0.3 - 08 . 05 0.2

1978 e 09 L 1.0 20 2.0} . - 038 06 0.5 - 20 1.2 [V 5]

1979 ik 1.2 - - P 1.1 1.7 - sl - 08§ - - &1 35 [(F]

1980 . . I 07 1.8 22 - - - - - 22 1.7 Q0.7

1981 - 1.0 -1 09 09 1.1 - 1.8 - - 02 03 18 1.1 0.2

1982 - 20 1.5 - 0.2 1.0 - 23 04 . 00f - 08 09 23 1.2 0.1

1983 . - 0.7 08 1.3 - T.{ 2.1 06 035 - 2.1 12 05

1984 Ao | 03" 04 08 o1 X I O N S Y|

1933 19] 10 09 - [¢X:] 05 1. 18 1.1 - - 10 1.9 1.1} - 05

1986 [iF] - 24 1.7 0.8—" .5 02 1.5 30 09 04 N 04! 30 3 - 02

1987 E 20 05 0.6 1.2 1.4 0.6 2.6 0.1 B 02 - 25 2 0.1

1988 19]. 25| 15 - 27 5] 11 - 12 1.81. - 03] 27 . 16 03

1959 o] . 40 19 13 4 12 21 04 10 09]- -l - 40] i8] - 04

1990 |~ 01 .06 0.6 05] . 34] 02 19 - 23] . 05 04 0.2 1.2 4] 12 0.2

191 25 23 09 1l . 0d4] -3z ‘1.4 201 09 4.2 1.3 1.7 32 17 0.4

1992 Q. .19 0.4 03] - 14 20 32 28 04] - 32 0.6 0.6 33 1.7( . 0.3

1973 [ 23 04] IS e 1.2 . - 0.5 i.8 1.8 . 285 - LS 0.4

1994 i3 10 05 I8 1.6] 08 08 - 13 03 04] 1. 18 10 .03

Max, 23] 40 1.9] . 19 340 32 3230 BA] 32 T8 . 1.7}  B.1 15 [1X3

Ave. {3} 16 10 09 12 2] 1s] 131 13 1.0 01 - 09 26 1.4 Q.3

Min. 0t - 06 0.4 0.2 Q2] 02F o065] 02 [N A 02 - 03 0.7 05 0.1
- {Noof Smp 1 1y 13 131 1§ 17 -9 12 16 13 1] 10 19 19 19

Sampling Polnt : Surkhandarya - Termez -
Indicator : Cr* {0/}
- Jan. Feb. | Mar. | Apr. | May | Jun. | "Jul .} Aug. | Sep. | Oct. | Nov. { Dec. | Max. | Ave. | Min.
1974 - R - - .
1975 - - - .- i - - - -
1976 - - s - - - - - -
1977 -I- 5 - - . - . N
1978 - - - I
1979 . . - - 1
1980, . - - - -f . - - -
1981 - . ; - -
@ 982 [ - - - : D
- 1933 | - - - - -. - - -
1984 - - 4 - - L - -
" 1585 e - - - - - - . -
1986 - - - - . - - - . . - -
1986 |~ 14] . 00 1.0] 12 040 08] 08 - - 0.6 34 13 1.3 35 0 12 00
1983 A4 - - - . - R oo - - - 0.0 0.0 0.0
1990 28] 1.0 30 i 0.6 33 B ) 03 03] 18 13 50 20] - 03
1991 23] 10 22 0 Al 23] o3 15 1.2 07 27 L5 [
1992 - 12( 39 15 ] . 3 00]. 15 - 15 kX B X! 39 {5 : 060
1993 45 20 12 0. 1.2 [ 4 - 121 - 18] "2l - 45 1.8 0.1

[0

Z

|

RN AR

1994 2.4 2.1 1.0 1.5 - - - 12 - 20 - oo 24 16 0.7

Max. 4.5 39] 590 23 ER] 3Ny 20 i5 kX 10 ‘21 30 20 0.7
Ave. | 23 17 200 L 1.0 [ 14 1.3 16 - 17 1.3 14 i1 14] . 02
. Min. 1.0 0.0 1.0 03 00 00 06 00 06| ~ 03 1.2 0.7 0.0 0.0 0.0
§No of Swg 6 [ [ [ 6 5 k] 3 6 [ 3 4 7 ? 7




Sampliﬁg Polnt : Amndarya river - Termez
Indicator : Mineralizatlon {rig)

Jan. Feb. | Mar. | Apr. | May Jun. Jul. Aug. | Sep. | Ot | Nov. | Dec. | Max. | Ave. | Min..
914 | . - = N
975 ' . bl : P . L . N
976 - 9331 13231 113631 - 713 576] . 650 636 51|, 02 741 T46] 1,361 857] . 351
1977 frE] J60] 631} 727 5581 323 454 369 - 725|630 Gl T Gil) . 328
1918 638 §07F . 694 640) - 433 457 452] ~ 436] . 505] T 515 366 356 8071  575]. 41
1979 - 1356 693 -i - 585 3 301] 500 Y6 72% - 133% 749) 3
1980 -1, 186 726 137 543 415 196 334 4131 - 808f = - 808 [0 384
198 - 671 850 809 730 5591 482 199 601] 583 634 633 i 0] 660 395]
1952 761 §22 805] - 827 592 626] - 507 501 19 615 o831 - 834 834 694 501
1953 g48] 49| - 801 1,053} - 531 479 339 409 378] 329|619 . 648] L0al] T 633 329
| 1984 752 §18] - 66h 657 461 412 m 368 372 461 631} - 378 8I18]. 536] 368
1985 ] 687 ot 603 552 448] - 414 H L So4] .7 620 - 639] 794 SR 356 %
1986 | 6d48] 7261 - R 6811 . 701 514] 317 438|458 9 4N 328 726] - 568] 377
1987 631 633] - 673] | 563 566[: 364] - 304 4i6) 365] . S45| T -F 3¥6) L 6is| si6l - 3
1988 | 6d4] 669 568 5611 511 392] 7235 2] 538 569 663 60] 669 s13] 320
1989 |- 74| 70} 864] 01 728 48] @ 437 - 452 492 e - . 864] .- 636 437
1990 978] 8349 891| 840|526 433] 319 368 0N SIS 703 663 978] © 63| 339
1591 5201 5%0] -] 900 880 950] 750 700 410 930 910] 740 - 9%0] - 822 . 410
1092 [$]] 135 687 gi4]- 514 512 445 453] - 461 527 8% 962 962 6H][ - 445
1993 - - 889] 1.,288] - 849 242 397 701 786 oc0] &% [ 1.288]  90%] ¢ 597
1994 I - 919] 1033 9621  749] - 6i8] 494 628 - - . - 1,133 830 494
Max. 918] 1,35¢] 1,323 1,363 952] . 960 750 701 186 o0 o0 962 {3631 B0n 557
Ave. 718 " 788 784 821 632 S45] . 450(. 463 303 634 TI0| &4 033 665 403
-~ Min. 320] - 590] . 563 563 431 364 304 321 365 329 474 528] . e69] - sl16] . 304
No of Smp 14 1 .18 18 1€ 19 19 19 19 16 18] 14 19 9 19

Sampling Polnt : Amndarya tiver - Termez
Indicalor : Tolal Hardness . : ' o : _ L
Jan, Feb, | Mar. | Apr. | May | Jun. Jul, | Aug. { Sep.- | Oct. | Nov, | Dec. | Max.'| Ave, | Min.

1974
1915 . : : .
1976 - %3 78] 80 64 55 s2f 49 421 57 69l .. 66 93 671, 42
1977 6.6 74 6.4 59 39 34 31 3.8 39 34 6.4 38 74 5.6 31}
1978 59 6.7 56 5.6 438 45 32 4.4 41 47 58 5| 61} 52 A2

1919 - 6.5 62 - - 497 33 15 46| 547 763 T esp s3] 3s
1980 - 7.3 6.3 3.9 45] . 36 35 35 33 .54 s T3] 57 as
1631 53 6.6 6.2 54| . 48 14 3.4 54 43 5.3 6.2 690 6.6 54| 34

1582 6.3 68 66 64 49 412 39 33 4.5 69 49 6.1 6.9 335 335
1983 538 55 62 63 46 4.6 4.1 37 37 5.2 o4 &l 65 33 31
1934 6.9 10 39 60 4.6 43 3.9 32 13 4.1 6.5 w10 5.2 iz
1985 | 58 7.1 56 56 56] 19 49 33 53] 58] 73 59 i3 56 33]:
1936 67 5.4 56 59 5.7 11 38 45 - 42 5.2 54 3o 1) 54 38

[ 1537 6.0 6.6 1.6 12 .0 . 46 39 538 49 135 - 1.2 1.3 5 64 39
1988 | - 82 - 87 70 62 6.5 4.5 4.2 4.1 13 9.8 19 82 9% 71 - 41]
1989 9.1 g8 10.7 9.4 9.6 64 58] -46] | 57 - - . 0.7 30 4.6

1990 [EX] 104 114 10.9 6.6 54 49 4.6 b A 80 18] . 131 79 46
199} 83 92| - 19 5.7 L] R 44 11 10 6.2 80 92 6% 44
1992 82 83 89 86 63 65] 4% 5.0 ¢ 44 52| 90| ioo] 100] 73] 44
=l 92l M26] - 92 93] 89 1 97l 99 104 Po-

1931 . - 126 9.7 69
1994 . BN A 80 69]. 5.1 50 5.8 - - oA 87 OS]
Max, (kX 104 114 2.6 26 3.3 6.9 XX 2] 104] - 160 KX 97 69
Ave. 23] . 15[ - 69 78] 62 54 44 44 - 51 63 68 6.7 86] 63 kX
Min. 57 54 0.3 54 4.5 16 3.1 32 iz 47 49 30 65 52 03]

oS MR DL NG £ ) RN T I T DL I ) NS I I A T} SN ) I £ I £




'5

Sampling Pelnl : Amndarya river - Termez

Indicator : BODS (mg/) . . i _ - -

o] Jan.if Febo | Mar | Apr. | May | Jun, Jel, | Aug. [ Sep. | Oct. | Nov. | Dec. | Max. | Ave. | Mis.
19740 - o . : . _ - :
19250} . . :
19760 e - - - - ns . - - - 00 00 0.0
19710 P - - - B - - - . - - - 00 0.0 0.0
19780 - i - P - - - i - . - ‘- ) 0.0 0.0
19790 - 1.6 1.3 - - 3.2 4 Ll 1.5 i3 1.6 32 24 i1
1,980.0 B e 1.5 0.6 2.4 0.5 0.4 1.0 Y . - 2.1 1.2 04
1,981.0 1.0 (K8} 24 132 52 [k I 1.7 13 21 . I.§ 3.2 22 0.7
19820] - 1.2 21 06 6.9 22 09 §.6 12] 03] . 31 1.0] 12 3.1 135 03
19830 0.3 - L. 07 18 AL I R Y RN 0.9 25 1.5 [iX]
,984.0 9.8 1.0 04]. -1 02 21 %] I L 03 14 0.1 2.8 ig 0.2
2850 10 22 0% 01 03 01 13 08 05 05 (¥} 0.9 22 09 0.1
986.0 25| . 23 - 24 25 12 0.4 1.2 - 20 20 16/ 1.8 2.7 19 0.4
9870 19 | R 02{ 05| =03 10, 18/ 01f 14 - - 19, 1¢ 0.1
98807 " 05 16 3.1 038 - L 29 c19 olf 03 - 30 1 0.1
1,989.0 [ 0.3 bI]: 0% Q.7 3% 15 0.7 04 - - - 38 1.5] 04
11,9900 i.7 0% R 0.7 4.2 0.6 06 0.5 08 03 0.3 03 42 1.3] 03
1,991.0 90 09 - 16 39 29 09 20 1.7 16]. - .01 39] 20 0.1
19920 13 0.5 cl] - 05 1.7 04] - 06 14 04 09 15 03 i1 09 01
1,591.0 . - 21 18 26! 08 0.7 - R 09 B 2.1 1.7 0.7
1,994.0 - - - 14 10 2.8 40 30 23 - oo 4 0 40 2.6 10
Max, - 93 21 3l 2.5 5.2 32 ‘40 30 25 31 1.6 18] 9% 2.6 1.1
Ave. 211 14 14 10 - 20 i.6 14 14 1A i1 0.9 31 14 0.4
Min. .05 05 0.1 0.2 02 01 04 0.5 0.1 0.3 0.2 01 0.0, 0.0 0.0
Na'ef Smp 12 2 14 M 14 13 C 14 I 14 " 12 9 g 19 19 19
Sampling Point : Amndarya river - Terimez
Indicator : Cr* {ug} - : : : : )

; Jan. | Feb. | Mac. | Apr. | May | Jun. . Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Max. | Ave. | Min.

1974 ] '

1975

1976 . - : i

1977 - - - . . -

1978 - - - . -

1979 - - - - -

1980 - - - - -

1981 - - - - - -

1982 - - . - . - -

1983 - e - - - -

1081 - - - - - - - - -

1985 - - - - - - - -

1886 - - - - - - - - - - I

1987 48] - 37 00l 00 1.8 1.8 0.0 0.0 0.0 3.7 - 6.3 6.5 ] 00
1953 10 8.8 29 03 03 0.6 23 1.0 03 2.1 i3 1.3 83 235 g3
1989 18] 05 il 08 07 38 15 07 04 - N 15] 04
1390 1.1 09 16 07 42 0.6 0o6] - 05 03 0.3 035 03 4.2 13 03
1991 34 1.3 4 03 10 18 13] 21 1.0 21 07 - - 34 137 03

1592 : 36 39 kX] 18 5.1 - 1.3 33 1.8 36 5.1 33 1S

1993 - - SR . T : : : ~ : .

1994 - - - I - - A - - - -

Max, 48 85| - 29] " 39 4.2 kX 5.1 21 I3 37 i 65 8.8 33 P.5
_Ave. 33 ) 14 16 19 17 18 09 0.7 23 12 2% 33 0] 05
Min. 1.0 a5) - 00 0.0 03 0.6 00] - 00 0.0 03 035 03 14 1.3 0.0
No of Smpl 5 6 4 6 6 6 6 5 6 5 4 4 6 6 6




Sampling Polnl : Amudarya . Tu}amu}un gorge (8Knm downsiream the dam)
Indicator : Mineraliration (mg/M) ] 3 L . . N o
Tan, | Feb. | Mar. T Apr. May Jun._ Tl T Aug [ $ep. | Okt ] Nov. | Dec. | Max. | Ave. Mm

1974 . -1 1,530 - L137 631 cy8] - ] - P o L330]C ti6l]-. 688
AN R - -l 1330] 1,420 6i% 7M03] - 442] . 462] o664 671] i 864 S9l 1,330] — 830] 442
1976 o] - 1.062] 1519 1605 89 368 - 665] - 315 616 859) .- 910| - 876] " T.605]  980F - 365
1977 -1 -] Cr20s] 104y LAY -1 - 550 TS ) 758 1.054) 1208 915 351
1978 - | tei8] i BY 744 561 8671 462 660 171 852 - 1eiB) 899 462
1979 - - 1321 1006 791 161 352 556 -1 1.008] 925 K] 926 352
1520 - e || 1,420] 938] 871 565 617 768 1,273 1006 | 1420 986 365
1983 LI62] 1373 1470} 1,24%] . 920 662 543 734 - 578 ot -1 8470] 1,000] © 543
1982 9841 11,0301 1,284} 1,639 1,166 943 817 692 | 1.469] 1418 163 1311 692
1983 1022 TE38] 1 AR AT 1393 A 1,042 W0 - 803] 1,039 eI 1264 701
1984 - -l L38F 1Sy 1103 205 332 5551 - sO8] - ] 1079 N RRE]L 933| . 504
1985 - - voie]  1,402( - 1,330] 1O48] - 7G0] 48] 769 - 867 “1,402{ 1,070 - T69

1986 S n238] 1,569]  1.505] 1,129 608 673 685 A 1019 B A 09
1987.1 - LB 1038 882 &Il 7 605] 571 6661 - 743 738 -f 12 823 314
1988 - i R R AL 748] - B73] . 801 763 6981 -~ 815 9387 LI 900 - 698
1989 | - -] LIES] Ly 1344] 1.030]  1,010]. . 845 697 !409 1,206 -} o r409] 1,138 697
1930 - - 130 TI00] ¢ 835 6881 - sM|. - 526 . 73 630 795 1132 R 376
1991 - - 859 . 1,288 849 842) 5. 01| . TRe) 960l -390 - 288 909] - 597
1992 [ . - 919) 1,133 982 149 618 4947 - 628 .- e - LI3Y 83 494
1993 . -1 1155 - §95 61d] -] BOS 980 i Ak B ERNE: IR )
1994 - © el 1,331 - 943 713] 633 627] = 700 - - i of L3N] 905 627

Max. Lis2]  1373] 1618 4,147] 1,5G65] 1,139 1,042 9361 TOR0[ TV IGI TATE|” 1054 LIFi| - 1364 169
Ave, LO44] 1,056] 1.277] L2953 1,009 . 997 675 639] - 702] " 912| TTSI3| 930 1408 933|597
" Min, 907] 1,030 859 832 618] 56110 442]. 462 S04 - 5781 7138 859 (117 828 442
No of Srap! 4 K 20 18 2 20 20 20 i5 14 17 3 21 21 z1

Sampling Point : Amudarya - Tuyamuyun gorge (Km downstream the dam}
Indicator 1 Telat Hardness (negfl) - ) - ) . L . ‘ ;
Jan. Feb, | Mar. | Apr. | May | Jun. Jul. ] Aug. | Sep. T Oct. | Nov. | Dec. “Max,_|_Ave. | M.

1974 . -1 -los - EXI L 5.3 - - - e o g 6% 3.3
1815 - - 117 1.0 6.2 61 40 39 3.5 35 80 713 137 79 49
1976 | ~ 82 10.8] 142 124 7.3 64l 64 30| - 53 7.0 69 R LY N 30
1971 1. - 2.6 87 95 - 45] = 56 . 6.2 6.6 1.0 98] -~ 13 435
1973 - - 16 . 60 6.2 32 7.1 44 57182 - - 11.6 71 44
1979 - - 109 10.2 6.8 62 42 54 - 79 . 80 - 10:% 73 42
1930 - - - 10.3 72{ 64 43 53 65 93 - 85 103 16| - 47
1981 - - 19 165 2.9 12 45 45 43 - 85 - 105 16] 45
1982 82 82 101 113 1.6 6.1 66 53 - 129 101 - 117 89 35
1983 1.1 88 100 148 .5 6.1 8.4 66 - 63 21 -] HE 9.6 63
1934 - 1. 19 105 99] 71 45 45 47] - 85 - 10.5 7.6 4.5
1935 - - &5 11.6 9.7 1.2 5% 6.6 6.6 - £s - L6 83| . 5%
19286 - - 9.9 129] 116 139 48 53] 6.1 -] 115§ -] 129 9.2 438
1987 - - 133 1] 2 15 68 39 PR IR X X . 133]: 95 39
1983 - 1.2 127 - 39 17 10.3 84 LX) B! il4 - 127] . 91 3.3
198% - 142 153 1R ERIA 190 08 9.1 - - - 153 113 (K]
1990 - - 128 10.7 82 812 65 48] 81 - X] 9.0 - 12.8] . 9.0 48
1991 .- - 9.2 126 32 93] . 69 1.1 9.7 99 10.4 - 126 9.7 69
1992 - - 03 1.1 8.0 69 il 5.0 3.8 . - - (TR X [
1593 - . 9.3 - 65 3% -] 68 713 - 2.5 21 95 78] 59
1994 - - 104 - 65 5.9 48] . 49 69| - - - 104 7.1 4.3
Max, | 821 108[ 143 153 116 1.3 1K1 8.6 9.7 11 11.5] - 85 153 118 69
Ave, 80| - 93] B3 it4] .86l 71 6.1 58 6.8 8.1 89 17 129 85 49
Min. 1.2 82 03 610 59 7 4.0 44 4.3 3.3 6.6 7.0 9.5 67 . 05
[ of Smip! k] 3 20 18 2 20 20 20 i6 12 15 4 21 21 21




B

D

Sampling Polnl : Amudarya « Tuyamuyun gorge (BKm downstream the dam)

Indicator : BODS {rig/l) . : . :
5 Jan.- | Feb. | Mar, | Api | May | Jun. ol | Aug. | Sep. | Oxl. | Wov. | Dee. | Max. | “Ave. | Min.
73 - - . o - . - | - - . 7 _
1973 - .. - e - - - .. - -
1976 - . - - - - e i- - -
1972 - : - - - i - - o -1
l978 - T - M - = - - = . - . .
1979 - - [1X:] 03 03] 06 03 04 | 0% 29 - 29 10 03
1980 - -1 . 07 -t 25 24 13 3.9 - - i.4 3i9] i3 07
1981 - - - - - - - - . - - 0.0 00 0.0
1982 - 12 14 30 43 . 19 03 6.0 04 1.9 6.0 28 03
1983 0.7 .9 19 2.8 53 23 2.1 69 . 14 18 6.9 34 1.4
1984 - - 6.2 29 26 LS 15 52 25 - i4 6.2 14 1.4
1985 23 .92 1.8 i 18] 41 4.8 1.3 9.2 43 13
_1986 - 23 - 09] 138 i3 18 - - 23 18] - 09
1987 - 1.7 13 09 LI o3 13 - 2.5 1.1 25 14 03
1943 - - - 1.9 32 3] - 151 15 0.5 09] : 01 - 12 17 0.1
1939 - -b 33 34 . 39 o34 1 - - - - - A9 33] 16
1950 - - 3318 22 (] 23], 071 24 1.9 09 - 33 19 0.1
1991 - - 27 18 26 038 03 - . -1 09 - 27 17 07
L1992 - - - 14 1.0 18 4.0 30 23 - e 49 26 10
1693 - -l - 06 - 1.1 29 - K| 1.6 - 10 29 18 05
1594 P - - 1.2]. - 0.7 0.7 06 1.4 04 - - - 14 039 04
“Mar. a7 19 63 92 55 3% 4.0 69 48] 235 29 14 9.2 13 i6
Ave, 07 g 23 %5 23 17 17, 26 23 13 1.3 14 sl - 21 (]
Min.’ 07 12 0.4 03 a3 0.1 0.3 (] 04 - 04 al 14 0.0, 00]. 090
No of Smpi 1 2 11 13 13 13 14 14 8] 8 10 1 i6 6 I6
Sampling Point : Amudarya < Tayamuyun gerge (8Km downstream the dam)
- Indicatér : Cr* (ugh) . ) ) ) .
; Jan. | Feb. | Mar. | Apr. | May | Jun Jol_ | Avg | Sep. | Oct [ Nov. | Dec. | Max. | Ave. | Min.
1974 - - - 4 - - 3 IR - :
1975 - - - - - - - - :
1976 - - - - - - -
1977 - - - - - - -
1978 - - - - - - - - - - -
1979 - - - - - - - -
1980 - - - - - - - - - -
1981 - . - - - - -
1982 - - - - - -
1983 - - - - . -
1934 - - - - - .
1985 - - - - - .
1986 - - - - - - :
1987 - - - - - -
1988 - e - 1 - - - -
1989 00 6 . - 6.0 - - - - - 1.6 s3] - 6D
1990 - 33 18 2.2 0.1 25| 01 24 1.6 09 33 9] 01
1991 - - 2.7 18] 26 03 0.7 - - - 09 TEY L7 0.7
1992 - - L - - - - - - : - 4 : L
1993 - - 5.0 A - - - - - - 5.0 5.0 3.0
1994 -] - (%] I R Y 00 1.0] 00]: 00 ;- - - 12 056 0.0
Max. 00 0.0 50 16 26 6.0 2.5 07 24 i6 09 0.0 16 53 50
Ave. . - 23| 733 20 1.7 14 04] 1.2 1.6 09 - 4.0 29 12
Min. 0.0 00 0.0] L8 I.2 00 07 00 00 1.6 09 0.0 1.2 0.6 0.0
Ha of Smp 0 0 5] 3 1 4 3 2 2 { 2] 0} 5 5 5

C- 817



Samp!lng Peinl : Amndary - - Nukus (12Kns dounslream from Nuokus - Sumanbay)
Indicator: Mineralization (mg{i} . . . i
Jan. | Feb, | Mar. 1 Apr, May Jun.. L Ang Sep. “Oxt, | Fov, | Dec. | Max, Ave Mn

1974 - - . - - - e 480 600 726 e 799 - 681 484
1975 -1 795 18] ~ 7% 654 357 483 323 748 o 793 (795] &60] . 481
1976 - - - Ao ] 669 6155 7% BOI} V276|137 T BBIl 613

1917 1,237] 0 1.089] 906 - 870] 1,438[ . 951 SeAl 526] 547t A3N &2} 133 15H 960 326
1978 1Li8L] 1,283] 1,350] 1,266] 766 ~005] . 660 526 623 TU3] - B2} 756] 1,350 B! 526
1979 ' 8n 990] . 1,108) 1,214 925 sot] 576 e17 75| T,183] 1,080] 1,146] 1,214 971 576
1680 998} 1.397] 1,236] 1.546] 1364]  CT4H 6T €d|  Eil 959 2,110 1,148] 2111) 22t &0?
1981 BBV 1.7066] 2,170 1,538 944 724 [&] 7 g03]  Li8 . 1,167] " 1.249] 2170} 1.261 691

1982 1218] 1,003 1463 2,009] 1,65} 1152 910 889]  805] ' LI87 1,508 o 2&9 1334 £05
1953 2361 1,342 10013 1326|1514 1024 1,065 89| 1,568] 911 953 1,352] . 1.838] 1224 - 789
1984 433 - 1,345) 1.113] 1,310 975 638l . -] &R 640 S 1057] 1483 1020 622
1985 1 LIS (L7 1,033 "1,5i0] 1.044] 11,2800 i TARLRO2{ 973 107N 1283 E310) 10090 738 @

1986 [ . 1,300} '1,582] 1,340] 23i2] 169 " 1764 1,178 7601 10921 1,339] 1.210] 1073 2312] 1480 F60
1987 932 - 930] 1,019 Liss| 1,212 137 743 800[ . 676]  TI?] . B66] - 930]. 1,213] 9|76
1988 10271 1290] - 9331 1,286]: 9281 - 337] - 447 . . 596 736] . 97| i02l 1037] 1 1,290 943 4N
| 1989 795] LI34] 1,113] 1.409]: 1,354] . 1,326 810] - 400] 833 257)  4,1997  1.090] . 1,409] - 1070] - 357
1950 1,065]  1.025] 1,110] 1206 1,539 §73] - 618 610] - 1.006] © 804 846 63| - 1,539 387 513

1591 878 727 810 - 941] - 9s5] . 648 (S 630 8% 82| gl 6% 814 630
1592 925 9| 1,033 1296 1312 E0Z 669]. 526] - 679]  B4s 31 S66] 1,012 942 5%
1993 |- 989| 1063] V. 223] 2000|1639 - 714l & 660l 1,02 846] - LORI] - -l 2018 TA75] - 641
1694 1,732]  L102] L HIR{ 1,540 . 1,629 965 713 650 0 794 1M} L275|: 1019 C1,732] 1,149 690]

Max. 1,836 1,706] " 2,170 “2312] 1601 "1,764] 1,176 889] 1,568 T._r?)‘) 2,10 1,534 2,312 1,480 . 805
Avye. 1,138 LLI&d] 1,i56] 1412 1,350 924 S 51 800] . =84 - L007] 1.074] - 1,517] 1,030 603
Min. 795 727 518 126 654 557 447 400 537 357 8 36] 795] - &0 257
[%o of Smpt 18 18 19 i8] 19 19 20 20 2 20 18 1% A A 21

Sampling Polnt i Amudacy - Nukus (lzxmdou nstream from Nukns . Sumanhay)
. Indicator 3 Total Harcdness (meq/l) - ) : : . .
lan. Feb, - 1 Mar. | Apr. May Jun. Jul. Aug. Sep. | Ocb. | Nov. | Déc. | Max, | Avé.-| Mia.

1974 - = - - - - - 33 6.5 9.2 99 99 B2 53
1975, - 140 49] 65 61 56 4.1 52 - - - 70 3.9 4.1
1976 - 5 - - - -l - 45 65 83] . 84 8.4 72| . —4—51
1977 96 g5 6.1 - - 7.2 50 46 30 64 68 -l 98 66| - 45]
1978 8.5 - - 10.2 6.8 5.6 56 45  66] 6.6 1.2 69 102 1.0 4.5
1919 14 94 100 106 68 69 30 52 . 64 78] -85 . 106 19 590
1980 1.8 114 - 185] . 68 5k - 34 69 69 8.8 93] - 189 2.9 54
1581 9.7 129 168] - 112 13 3.3 58 39 6.1 9.2 2.9 9.2 168 2.8 5.7
19382 8.5 94 11.2 131 104] " 89 6.3 34 3.1 89 107 - 137 94 51
1933 144 1031 . 87 109 127 86 93 58 l3 .9 13 38 . 104 144] 10| - 59
1984 1.1 -1 9h - 109 78 38 - 3.1 57 . 251 111 82 50

1985 9.9 101 ] 1.7 10.9 2.8 6.8 5.3 12 ‘88 102 11.7 9.1 53
1986 101 113 129 226] 117 144 9.2 59 2.8 103 127 3] 7%6] 132 5.9
1987 941 109 130 147 153 93 94 10.3 84 89| - 97 121 153]  115] - 84
1988 13.0 14.6 11.8] 124 9.5 25 438 14 57 104 122] . 120] 146 10.7 4.8

1989 104 14.9 144]  156] 165] 144 87 219] 103] 215 o 4 e 17.2] . 87
1590 135 1338 145 16} 182 68 ¢ 11 15| 128 837 102 g 182 122] . 68
1991 10.2 8.1 9.9 9. -f 118 118 1] 85 114 10.2 %4 118 100 g1
1992 98]. 120/ 123 142 5.6 68] . 36 48] 59 69 80] - 80| 142 30|~ 48
1933 90]. %o 10.1 3B 126) od] T 35 33 8.3 £8 85 ~o| 138]. -.93 53

1994 102 837 34{- 103 121 13 35 80 61 17 IO.S_; 1.8 121 -86] - 585
Max. 144 4% 168] 226 182 154] - i1.8] . 279] 139 1.5 127 12.1 219 17.2 8.7
Ave. 101] - 107 10.9 131] 112 (3] &7 72| 16 8.8 9.5 - 96 13.9 9.6 3.3
Min. 7.4 10 4.9 [ 6.7 36 4.1 45 45 37 ‘i 68 69 0] 59 4.1
N of Smp 18] - 17 17 17 7 i9 18 1% 20 20] 17 16 21 2l 2




Sampling Polal : Amndary - Nukus (i2Km downstream from Nukos - Sumanbay)

Indicator : BODS (mp/) ) ; . . . _
i Jan. | Febo | Mar | Apr. | May [ Jun. Jub | Avg | Sep. | Oct. | Nov. | Dec. [ Max. | Ave. | Min.

1974 - - - ot - - 1.2 i2 03 - o8] 13- 10] 06

1975 - - .- oS - - - - 0.5 05 s
1976 - - - | - - - - 03 0.4 10] 04 1G 0.6 0.3
EZZ N R ) 33 1 - 26] 26 357 - - 00 - 33 30 00
1978, o I 2.1 290 1.3 01 :0z2 il 0.2 - [1¥] 21 1.0 0.0

1979 R 12l 09 1.4 11 I.1 - 13 N 04] 19 s 12 04

1980 04 04 - 20| . 22 50 - 18] - 26 36 - 1. 3l 26 1.0

1981 | 19 (] R 16l - 314 19 EX) X! 28 23 16 24 39 22 6
1582 T8 16 12 1.1 1O 03] - 67 03[ ol 13 21 N A Lol

1983 19 1.7 1.6 09 1.8 - 24 212 1.5 22 1.3 0.4 24 1.7 04

1984 09 - 0.5 27 0.8 (12 IR N 07 - 0.6 - - 27 L3 03

1985 - 1.3 08 1.4 35 17 05 039 0.7 0.1 08 02 36 1.2] : 02

1986 1 - - -~ 02] 06 0.5 03l ol 16 17] . 03 04 : 07 09 i.7 081 D1

1987 0.6 1.7 (0.9 1.3 .- o8] 1.1 0.5 02 - 05 - - 17 1.0 0.2

1988 o 0l 04 s 03 00]. 07 10 01 0.2 [ - 1.0 035 0.0
- 1989 - 02 02 05 0.3 0.1 03} . 0% 03 (5] - i - 09 0.4 Q.1] .

1990 Y] ] ] 1.8 4. .06 R0 K] i6 0.3 1.8 1.2] .05

1931 L. . 0.7 0.6 14] 09 ‘09 02l 0% = - 02 02 14 07 0.2

192 | QS 4.5 24 0.3 05] 04 0% 04] 08  1e6]. 03 1.2 43 1.5 03

1693 : 07 0.6 08 04 04 0.7 0.5 04 0.7 08 ‘04 - 08 06]. 04

1994 © 09 1.2 - 12] 06 - 15| 08 1.4 0.9 03 b5 1.2 k1 1.5 [ 06
Max. ) 4.5 33 36 0 58 50 39 S 28 36 21 24 5.7 30 1o
Ave. 10 120 1.2 13 - 16 1.2 14 ¥ (X L] 0.9 08] - 24 1.2 04
Mis. 02 (1} 04 03 0.1 00 0.1 02] Gl 02  0C 02 05 04 0.0
Na'of Smip ] 15 16 15 15 17 15 20 17 6 14 1 21 21 21
Sampling Polnt : Amndary - Nukus {12Kni downstream from Nrkus - Sumanbay)
Indicator : Cr* (vgA} . . .

: Jan, { Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep | Oct. | Nov. [ Dec. | Max. | Ave. | Min,

1974 - - L - - L - - - - -

1975 - - - - - - - - - -

1976 - - - - - - - - -

1917 - - - - . - - : - -

1978 - - - - - - - - -

1979 - - - : - N

1980 - - - - - -

1581 - - - - - - - -

1982 - - - - - -

1933 - - - -

1984 - . - - - -

1985 - . - - e - - -

1936 T . L. - _ . - ) - ~ . ~ R B

1987 44 30 40 11 0.0 Q0] - 090 21 30 13 40 97 97 32 00

1938 05 1.6 16] 06 0.6 03] 12 0.0 06 i0 0.5 00 16/ 08 00

1989 - 1.9 0.6 08 00 0.3 18] 06 00] e 1 18 03 00

1950 21 161 21 08 41 00] - 06] 03 0.0 00] - 048 0.8 4.1 i3 0.0

1931 i3 13] 13 03 i3 07] 10 1.0] 18 1.2 04 09 13 il 00
1992 10| 74 1 00 07 7.5 54 0% 48 1.2 12 24 15 30 0.7

1973 13 42 12 15 0.7 {3 1L2] 12 1.8 o] 15 - 42 18] 07
1593 04 0.4 0.4 10 %) 10 1.3 1.2 0.5 S0 1.5 $.04 0.4
. Max, 44 42 401 131 4i 1.5 5.4 21 48 13 40 97 9.7 32 07
_Ave. 1.7 1.9 1.6 10 1.1 L5 1.5 0e 1.6 10 14 26 4.0 16 0.2

Min.-|- 04] .04 0.4 0.6 0.0/ 0.0 0.9 00 [ 00 04 0.0 L5 03 0.0
Nz of S 1 8 8 ] g 8 8 8 8 [ 6 5 8 8




Sumpling Pelnt : Amudarya - Kijzildjar

Indicator : Total Hardness (meg/) o s — , ‘
Jan. Feb. | Mar, Apr. ‘May '§ dun, 1 Jul |-Avwgl | 8ep. | Oct Nov Dee, | Max.: Me Mm
1574 -] 83 6.6 L A 1.2 - - -1 %4 ol 109 85] .- 66
1975 - 66| - 66 53 8.0 41 65 5.6 - - 80 65 4.1
1976 . 66l .98 9] - - - 33 L. . - 9.8 8.1 3.3
1977 - - 68l . - §4 - 65 43 - . 58 6.8 84] 841 - 69]. 33
1978 36| 118 93] . 96 -1 60 58 - 5.1 39 1.2 B R Y 5.1
1979 - - 838 158 . 8] 39 iR 82 g1 -l 158 93 5
1930 - N X 9.1 - 7.8 52] . 55 63 89 94 494 78 5.2
1981 - 134 M3 1 - 59] 118 5.1 51 . 19 - 94 - 1701 109] 57
1982 - 1.5 165 138 - 94| -13% - 65] 114 22 RIEEE R E T
1983 - 10.2]  275]. 159 -1 122 A - - 9] © 10| 13 - 1.5 142 10
[ 1984 - 125 96| 103 - §.7 3l - 55 55 82 1o 12s 87 51
1985 - 98] 738 1.8 -1 123 19 96 - T &9 123 93 7.2
1986 NN R LY 41 -1 128 165]. 95 100] 109 163 126 9.5
1987 107 1] 194 -1 1t 60| 9 - 89 87 1194 ll’i’ 5.1
1958 1L tos] 49 B IEE R 9.2 - 1i4 1.5 P C ) IR 1] I )
1989 NI EX] BN 160 1186 138 128 - - BIPNET] IER 128
1950 101 106 193 1 . 65 87 - 67 A ’?.4 80 : 193] 105 . 63
1931 83 87 : 1238 -l . 81 18] 15 ol 86 84 128] 83 . 38
1992 112 98 110 - 69 36 - 61} - 69 79 120l - 87 56
1993 -1 B4l 100 126 L 68] - 59 - 81| .90 86 126 o1 59
1994 - Y 98 - 1.3 37 - el 18 88l - - 9.8 83 57
Max. 861 134]° Z715f  19.4] 109] -i86]  163] 128 92] 124] 122 8d] S| 05| 123
[“Ave |” B8] i02f 107] 13.0] 9.1 89 80 251 . 87| - 89 39] - 84l  140] 98] 62
Min. 8.6 6.6 6.6 53 80] 47 kX3 43 5.4 56] 638 84 8.0 65 33
Ko of Smp 1 18 21 19 3 19 20 11 0] 17 18 I 2 21 24
Sumpling Point } Amudarya - Kijzildjar
Indlcator : BODS (mp) . S R ;
Tan: Feb, | Mar. Apr. May { Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dee. | Max. | Ave. | Min.
1573 - - - - : — n 1 _
1915 - - - - - - - - - - -
1916 - - - - - - - - - .
1971 - - - - - - - - - -
1578 - - - - - - = - - :
1979 - - - - - - I 14 - 035 14 LI 0.3
1980 - - - - 04 0.1 0% 02 0.1 - 03 04 0.1
1981 - - 09 02 05 1.0 - 05 08 - 1.0 01 .02
382 - - - - 05 . - 04 05 | 05 Q.5 04
1983 03 03 06 - (] - - - - - 0.6 03] 05
1984 - - - - - - - - - - - .
1985 ¥ 04 13 - - 04 - - 04 0.7 - 131 - 09 04
1986 04 14] 02 - 0.8 - - - 0.5 - L4l 0f: 62
1987 04 04] 11 - 0. 15 68 . - 0.6 0.5 - L9 09 0.0
1938 10 o8] - 1 - 15 el 04 6.6 - 66] 27 (]
1983 06 33 4.3 - 9 33 . 34 - - - 143 34 13
1990 04 0] 03 - 13 14| 7 35 - [ 46 -l od46] 221 038
1591 38 34] 145 - 06 38 191 . - 1.2 12 A3 27 0.6
1592 34 1.0 [ 0.9 [N 13 3.1 19 18] 20| - 06
1593 - 13 0.9 1.6] - 10 ' 038 0.7 08 33 (14 06
1994 - 04 0.7 13l - 1.6 I -l o9 IEI e 19 12 0.1
Max. a0 iz kX 4351 00f . 39 13 i3 3 17 6.6 03] 66 3.4 31
Ave. - 1.5 13 1.5 - 1.0 15 1.9 0.7 08 18 (3] 26 B4 05
Min. 0.0 C3 04 0.2 00 0.1 0.1 0.8 0.1 02 (A 0.5 0.5 G4 0.1
%¢ of Smp [4] 11 12 1 0 12 11 3 3 12 12 1 15 13 15




Sumplﬁ:g Polnt { Aindarya - Kijzlidjar

* Indicator : Ce'+(ugl) ’ : :
'-.“ Jan, | Feb. | Mar. | Apr. | May T Jun | Jul. [ Aug. [ Sep. | Oct. | Nov. | B¢ ] Max, | Ave. | Min.
57 R DR EOE S I : " 2 G B
575 - : : . . -
576 - - - - - : -
S - . : - =
1978 T : ; B - X :
1979 . : : . - : -
1950 - : . . - - -
1981 : - - - - -
1982 - - - - : :
1983 3 : - - - - - - -
1983 L - - - - - - - -
1985 I - - - - - - - - -
@ 1985 : - - - - I -
: 1987 - - - . . R ]
- [C19ss : - X - - 3 : -
1989 - - - - - N E R - N
1551 - - - - - - - - :
1532 - - - - - : :
1593 : - X . - - - : : y ]
1991 | ] 04) 03 13 130 08 - T 00 00 % I LY B
Max. [ 00 04} - 07 1.2 0l - 30| 0% 0.0 0.0 0.0 0.0 090 0 1.1 0.0
Ave. L. 04 07 - L2 - 30 08 - - - 0.0 0.0 -| 30 1.1 0.0
Min. Q.0 04 07 1.2 (X 3.0 0.3 Q.0 Q.0 Q.0 0.0 0.0] 10 0.1 0.0
Na of Smpi) 0 1 ] 1 0 1 1 (1] 0 1 ll ()I i |

I







	C: WATER SOURCE AND WATER QUALITY

