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Abstract

The utilization of Georgia’s hydropower potential is considered in terms of
possible complete compliance with ecological requirements, as well as rational
development of hydropower.

The thesis discusses the issue of quantitative determination of the necessary
discharge of water into the dehydrated section of the derivation HPPs, taking into
account the compliance with environmental requirements.

Chapter I discusses the environmental protection (ecological) valuesof
water discharge based on different principles of assessment, calculated in other
countries of the world. The results of calculating the environmental protection
amount ofculvertof prospective hydropower plants to be carried out on the rivers
of Georgia according to the above-mentioned ratios in different countries showed
a high scattering range, which confirms that the amount of environmental
protection culvert from each HPP should be determined individually according to
specific conditions.

Chapter II Methods for determining ecological surface runoff are discussed,
which can be divided into the following groups: hydrological reasoning, functional
interrelationship reflection, hydraulic analysis, living environment simulation,
complex approach. The complex approach is a method of joint depiction of
hydrological, hydraulic methods, as well as the living space of organisms. This
approach envisages a whole ecosystem approach in the process of determining
environmental protection water discharge. The latter approach most fully responds
to meeting environmental protection discharge requirements to ensure the
sustainable functioning of the river ecosystem.

Chapter III lists the environmental and technical factors determining
environmental protection water discharge. Among the ecological factors
determining the environmental protection discharge are: the length of the site, the
impact on wildlife, the impact on vegetation, the impact on ichthyofauna and
algae, the impact on the sanitary-ecological condition of the water conduit. As for
the technical factors — the demand for drinking water and the demand for
irrigation water in the area of drying-up as well as the impact of drying-up on the
demand of other participants of the complex of water economy.

Chapter IV river water content analysis is conducted according to river
hydrographs and sustenance types. The formation of river surface runoff is caused
by surface and groundwater, which determine the types of river sustenance.
Georgian rivers are characterized by different types of sustenance. For rivers with
a pronounced high-water period, the environmental protection water discharge in
this interval should be 10% of the average monthly water discharge, and in the
low water period - not less than the average minimum water discharge observed
when the surface runoff is less than 40% of the annual surface runoff or not less



than the minimum water discharge of each month of this period, when the low
water runoff is within 50% of the annual runoff. For rivers which do not have a
defined flood regime, environmental protection water discharge can be calculated
as 10% of the average monthly water discharge for each month, but not less than
the amount of the observed minimum water discharge. The proposed assessment of
environmental protection water discharge is mainly based on the features of the
water content regimes conditioned by the type of river feeding. It can be used at
an early stage of design to assess environmental protection water discharge.

Chapter V presents a quantitative assessment of environmental protection
water discharge with differentiation for operating and to be constructed
hydropower plants. For operating hydropower plants, when the reported
environmental protection water discharge for a particular month is higher than
currently calculated for design and operation activities (10% of the average multi-
year water discharge), then the environmental protection water discharge should
remain at 10% of the average multi-year water discharge. This assumption is based
on the fact that it is not permissible to reduce the electricity generation of the
operating HPP. As for the determination of environmental protection water
discharge for those months (for the period) when its reported amount is less than
10% of the average multi-year water discharge, it should not be calculated less
than the average daily minimum water discharge that the river can actually
produce in the low water year. In any case of shortage in a similar situation, there
should be an economically and ecologically sound alternative to electricity
replenishment. As for the determination of the environmental protection water
discharge of the projected stations, it should be carried out taking into account all
the above factors, as well as evaluating the feasibility of the efficiency of the
technical-economic characteristics of the project HPP. The determination of
environmental protection water discharge for operating hydropower plants is
discussed on the example of Zemo-Avchala hydroelectric station (ZAHES), and for
prospective hydropower plants - Matchakhel HPP.

Determining environmental water discharge will help maintain the
ecological balance of the environment, while allowing us to determine the amount
of water discharge for hydropower purposes, which will essentially determine the
main technical and economic characteristics of prospective hydropower plants and
their economic and objective characteristics.
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1dgdol dobggom 1533930 IX Msombolsmgol (bsb. 54, [36]),(3b6.53, [36]) .

Bogbmo-399mopdol 3gHomeobsmgzol a=1,20 b =0,056

BHodm®ob 39mom@obsmgol a=1,08 b =0,067. 39L5d530bo

0,056
m75%“h.\(3k";]g‘\nu =9 (mj = 1184 @/68_382> (14)
0,067
m75%“n.\ﬂm.sr7m = 9’18(mj = 1’75 @/66 _362 (15)
1,84 x 20800
Q75%(boclqlﬁ”3g”0 = W = 38’2 83/68 (16)

_ 1,75x20800

‘ = = 36,4 33/%0. 17
Q75% bodms®o 1000 6 ( )
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300 254

200

103

100 | 484 482 646

39

H| H| W W)V mV =V =Vl =V X mX mXl

55 37,2 44,3 55,4 52,2 49,9

Xl

Bsb. 28. B33gloL iyser8odmgdol gsbfim®do ©s330603989800 Jomgdmero 3.

333300l 30603s¢0w®o Ls8wsm mz0vMo ffgamol babxgdo

bbgoolibgs MBEOHWB3zgmymaol 30608se)mH0 ®YVIFME@mO s 30 EEosbo
fyarol botrxgdol doloegdo© 3L5MRJOCMIM d995LmMgd9wo

3M95803096¢ 9000, (3b6. 58, [36], bsb. 59, [36]).

562560030l 990093900 IM3EdmEos 3bMowgddo 32 s 33.

GbOoo 32. Bbgsslibgs MBOMB39eymaol ( P,% ) 8oBodser®o fgwmol bsGxgdo

Dogbrye-dgdmamdol 3gHomolismgols

Ubgoslbgs Mmb&HMb3geyma3ols ( P,% ) 806085¢re@o Fyerol botrxgdo Boggberyam-

d99mamdol 396H0m@olomzols

p,% 75 80 85 90 95 97 99
©OY- 35,1 33,0 31,6 28,8 26,7 24,6 22,7
0509960
10 38,2 35,9 34,4 31,3 29,0 26,7 24,7
0560
30 42,0 40,2 38,5 35,0 32,5 29,9 27,3
©Eosbo

gb®oo 33. Lbgoslbgs MBEHmbEzgmymaol (p %) 3obodservy®o fywol basbxgdo

53060l 39MHomEolsmzol
Lbgoslbgs MHBOHMb3gwymaol (p %) d060dseMo Fywol batrxgdo Bsdmmol
39600olsm30l
p,% 75 80 85 90 95 97 99
QY- 32,8 31,1 30,2 28,8 27,5 249 22,3
0509960
10 36,4 34,6 33,5 32,0 30,6 27,7 24,8
0560
30 39,3 37,4 36,2 34,6 33,0 29,9 27,8
Q0560
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gb®owgddo 32 s 33 dm3gdnwo  Lbgsslbgs  MHOMBlgarymaol
Bogbme-399dmEamdols s Bsdm®ols dobodswwrmemo (yarol botrxqgdo dg@os
L5dMoErm  IM35WHeomemo [ywols bobrxols 10%-Bg, 96 Fglodwgdgeros
39099533000 {gogs83900L 30MMBOL 35YMToEgds  [godEoMmdols
3960mdo.

5.5. @sba3MmgdGHgdgeo 30EMmgmgdBHMmlsammgdowsb
29090533000 §i945¢19583900L fgeols batrx ol dga3sligds

b90mm 50bodbmo 0y, (QION] ©5B33MHMYJBHJdgwo
3000MHMYgdBHOMLIOAMIO00B  236M93mb330000 Yoeysd39d0lL  Hyaob
bostrxo  Mbs  gobolsBez®mb  yggws Bgdmm  Bmyzsbowo  gog@mmol
3903500069000, 5356 FE0bsMOL Yol Fglsderm Esdsd0bdwmEMmgdgo
090l Lobom Mbs 0dbsli 9gxnsLgdmwo bsdgm@bgm s LogmEBoEbMZOIOM
Bo80bsMg Fyargdol 39mL3gdEHomwo mgbmds s s0ygRdmL dobo Loy
50 8mb5399900L LoxgwydzgwbHy.

dogomomol  Loboom  gobgobommo  sFsMol  Mgaombdo  d.
35Fobeobfysc By sBsdgbgdgwro 39GmL3gdEHomwo 39b0, Mmool fyswdodmgdo
39690 mo  0dbgds 328 3 60dbMHg DBE3z0L  Mbosb. dobsdol
2399909 mgdgeo Mdbol bog™dg 7000 3-b & MmE)ds.

dgmmbg ms3do  dmyzsboo  3wsliogogzsgoom 9. 3sFoberolfigoro
909379336905 80bsMxgd0L 39-5 FH03L sdsbILBOIMYdJo  godmzs0bol
9:10900. dobo LsFMsEM FMOZ5¢H0mO Yol bodxgdol 30MOHMYMIG0
(3390 V328 0) 0myzsbowos bobsbbg 29. 9@obo®ol  Bsdmbogbols
1MOI0M905d0 59935605 )300900. . dsFoberoliffyarobmzol GMIgulisg o6
3o9Bb0s 4593390000  Y5eEOE™MdOL 095030, 256M9dMbEs3300m0 {ywol
bsbrxo dgodegds dogdme 0dbgl mommgo 30l LYFIsM  1M3099M0
Dgarol bobrxol 10%, sy 5M9bs3ergdo 3306039090  dobodser®o
Pgamob botrxol 36033690mdsBg. gl 39653690 1,09 83/{8-ob GHmaros [38].
LodMmoerm  m3060  figewols botrxgdols 10%,-00 2556356008900 .
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3sFobolyol  gomfigermgdmer  3owsdm@do  dobofimgdgwo  LodMswm
030100  256M9dmbsg300m0 Yol  bostxol  Looggdo  IMEgIME0s
3bModo 34.

300 34. 9. 35F5bgolifiyeols 1553w5¢rm mz0M0 Hymols babxol 10%

39 I II III v \Y% VI | VII | VIII | IX X XI | XII

Pgeol | 0,95 | 1,16 | 1,55 | 2,49 (2,55 | 1,72 | 1,20 | 1,05 | 1,15 | 1,56 | 1,42 | 1,27
boGxo,
a3/(o

domomgden  Imbs33gmBg  8obsdol  Fyseo 56 25dm0yqbgds
1539gEP0MOS30Mm s LOGoMTMgool  [godmdstmoggdol doBboom. dobsmol
0065050 193%Hgd0L LobgMdYO0s: 300G, MMM, bEsd Mo [47]. 3BOOEO
29-0b 9dobg3000 ™93Bl 53 Lobgmdgdol JoacsEool MHBMHMblgElsymas
906560l 8mbs3390Bg igoedodmadls s 3gbol Fgbmdsl ImEol 635000l
90b0dsem®o Dp3mwo LboBdstg mMbs ogmb sMemdgBgl 0,6 —1,2 9/§a.
093b0L o305l dEobsmol 0bgdol Lsfobsswdwgam FodsOrmmEgdom
500 543t Fo0L-LgdBHgddmOL  3gMomEdo,  MHMIELsE  Tgglodsdgds
39099mbS33000 Yol bodrx ol J0bodser Mo ooy (bL4dMsEMm MZ30IMHO
Pgeols bobxol 10%) 1,05 3%, 505606 o0go bogzegdos 3 339080
©53306390  obodsgr®  fgamol  bobxbg — 1,09 /3. s9o@HmI
LoobRoMm0dMm© Mbs 0dbgl Fowgdmwo gl 35653690, A9b3LIBLIOM™M
Bogool  LoBJotrg dobsMol  Aomhyarmadme BB Fool-LgdEgddmol
396G0mol  dobodsgrméo 1,09 33/H0 s doduodoery®o 2,55 3%/F3 Fyaol
b6 9d0LsmM30L. 49BLoboggw Md6EBY 8. FoFobgarolifiycrols asbogo 339000

d90d@gds 300gdwo 0dbgl 35M5d0MMs©, 35d0b Jgodgds  Bs0MZoEMU,

6md R :éh, @ :g-b-h, Lsog b =15,0 8 8obsol 3owadmEol Logobgs

3oblobogger  339mdo. 53 PBDBY GFLIGOOL  LsdMem  Jobmdos =0,032,
Lodgdobob 3mgxo3ogbdo  n=0,065 [48]. sb6a5(0T0 FoOrTMIOL 3oGMoa6M0x 5.4-30

9my3560¢00 308g30M™Md0m. 90093900 OO0 35 M0l sLobYo.
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()
H| | = WV my ®V| l\%? VIl =X EX ®EX =Xl

24,9 255

gbGowo 35. 093Hgdol dogh 65350l doEslisgmsbo BLzGMEo LoBJstggdo T.

Bob. 29. 8g. 8s3sberolfigemol 30MMa®sgo (33900 V 328 8)

ds3sbemolsfgeroliogols
Gogo | h,9 | o, R,d y C, v=C+Ri | Q=wxv

00 0 a%5/0 ; ,

Ne 8/%0 /50
1 02 | 20 | 0,13 | 0,465 5,96 0,38 0,76
2 0,4 4,0 0,27 0,447 8,57 0,80 3,2
3 05 | 50 0,33 | 0,440 9,45 0,97 4,85

4 06 | 60 | 040 | 0,434 10,34 1,17 7,02

GbGool 35 dmbs39d9d0L dobgpgzom sggdmwmo Q= f(v) (ob. bob. 30.)
365530300056 Bsbl, G 1,09 33/ Hyolb bostrxol O™l bs3sol Lydrswm
LoBJotg GHmenos 0,44 9/§0, 2,55 3%/§3-0Lsb - 0,7 3/, Mo Lodswgdsl Jol3gdlb

093D90L 2505500309l I0bIMOL 0bYdOL Bofiobssmdgyme.

1,4
1,2 :
1 — //
g. 0,8 "
c:,— 0,6
0,4 -~
0,2
0
0 1 2 3 4 5 6 7 8
Q, 83/%9

Bob. 30. ©s8m30gdrmgds Q = f(v)
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4m39w03g  9myg3s600ol oM@,  gomgdmliszomo  fywmol  badrxols
boool 1,09 83 3oOHmdgddo mbs ogmlb  MBOHYb3gymaowo
Lododmggermdo  dmddgo  2oMmgdmbisazomo  dmmbmgbgdols  [33], [34]
d9Lodsdolo d0bstols Dycol d0mdodo®o 35639690 9d0l
9600936903900l d9bsBmB9ds 900090 DL3MHIWs© L3900 LOWOY9dOL
d9L50530L Fotagddo: pH — 6,5 — 8,5, JobgmoeoBsizos — 1000 dg/ww, gserdo
2oblboo 55680500 - = 6 A/, Bo@ms@o (NOs) — 40 3/, bo@®o@o (NO2)
— 0,08 3/, sdmbomdo (NHs) — 0,39 /a0, 59b620500L domemyowy®o
dmbdoGgds — 6 JY/am, 79605000l Jodomo dmbdocgds — 30 T/,
993036560930 Bofloszgdo — 30 dp/ew.  90bsmOL  gomfiyrrmgd e
9mb533900bg bbgzoLbgs sB0TbIgdol MmBd0gdEHI006 fywols Bsdzqgdolsls
80bs6ol {gamolb bomolbo mbs 5305ymxz30gdgl s¢0bodbrmo bmMdgdols
dmbm3zb9dL.
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1.

©sls336s

AbmREoml 60y 939469030 LoobMmOdM© 90090990
39090mbs330m0 Yol bobrxol LooYgdolL sbs5E0Bol s oo
d9L58580bo Bogo®mggeomls 30610980L5M30l BoGo690M@0
390MmmM3w 300 J0MqdwIo 99 00 bollosmgds OO oxsbEH30m,
Go3 3bsymxzl, MHmd dombgogs 0dolbs, v G MHOMB3lgEwymzom
5MH0L  49dmbobwo  oMgImls330m0 Yol bsbxo, 3 Loool
Mbogo306M9dMWws© 3990my9gbgdos 439d 90bs®ols 439d
3oLHMOOLsM30L 56 046935 3MMgdEo.

39090mb33000 45059390900l 995356930l Lb3gsslbgs dgommgdol
d9bPogasd sh39bs, MM 3MM9gdE o 0dbgds mommgmwo dobsmols
39390 45c000qd0L  golimEmolomzol  4oM9gdmlis330m0  fywols
bobrxol  ©oygbs 06030 MIMS©,  MODOMINWO  Mmd0GJEHoL
95962-93mbMm303mM0 30Bs6ghHmbowmdols s 93mEmyomMo Mol3-
2399GHMM900L Ibg39wMd5d0 J0EJdIOm.

3909933000 Yol bstrxol gobdloBmaMgumo 93mEwmao©mo s
39460300  FodBHmEmgool  Lobomm  Mbs  0dbgl  gobbogrmemo:
39909mgdgemo  dbols  LogMdg,  blgbgdmeo  «dbol  go3egbs
3bM390ms  Bodygs®mmBy, 93396509 LBogs®DBY, 0bGHOMRBIMbIBY ©d
09083966990 Y, Hgolioobs®ol  Lobo@s®ven daMAsMgmdsbY,
399909 mgdol sGgoedo dmmbmgbs Lolidge, LaMfysg s LEdGM9H3gE™m
0905 8M356159905BY.

d0bstrgms LoBOHOMMBOL Lbgoobbgos G03900bm30l
©535bslosmMgdgo 30OHMAM73900L  Bsobosb  BbL,  HMI
D9ombgmdol go8m3zgmowo 39Homol dJmbg dobstrggdolbomzol »d
06@96M35do  356M9dmbs33000 yeol bodxo mbs gobolisbrgmmls
Lodmoem 309600 yerol bodxol 10%-0m, bmerm {godzo®mdols
3960mdo — 5330603900 806035¢ GO fyerol boGxol Lodwswm
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96003690359 96965300900, GmEs  §Ysed3ommodol  Bsdmbowgbo
Paomeo  Bsdmbogbols  40%-%g  bogergdos, 96 53 39MHomol
00mMgME0 ®308 d0b0doerm® ywols botxbg 565bs3wgd0, MMz
09o00300Mmdol  Bsdmbogbo oo Bsdmbogbol  50%-0l
R9MYgdT0s.

. 00006569 900LsmM30L,  MHMIGOLSE 9O 2osBbosm  459Mm339000¢0
P9o@o@mdol ©9:5000, 256M9MmbEs33000 figeol bosbrxo 8godwgds
30090 0gdbgl ®0mMMEo ™30l LBodsm M3049M0 yeol boGxol
10%, 859658 5656530900 533060390990 J0b0ToEEmo igeols batrxols
360083690 md5%g.

. 39699330000 Pgarob botrxo mbgos 3560LsDP3OML
9du3msdoEgosdo  dgmuo @O 39OL3gIBHoMwo  39L9dolomzol
©OxIMOIB3009dMwws©, 9dsbmsb  0go  Mbs  NHBOHMbzgymaIL
d0bségdo 093%9d0L 069008 Lafobsormdgyme Q-
5Q30gdolom3zoL  vEowgdge  LoBdotgl s d0bdMEm9dOL
AoboliosmgdEgdol  9bsebmbgdsls  bmMdgdom  ©sLLA39d  DL3mWW
LOOEYJOOL BoMRWGdTo. 53 30MHMDOJOOL OBEZ00  PosbYIMOTOJOO
d9L6H)g0E05 93 YSGSE0530 8Ymazo Bo3glol s 39MLidgdGowwo
dsFobgan3glolsmgol.

. 396995330000  figeols  boGxol  4obLlaBOgMs  bgwl  JgmHgmdl
93MEMYO0MEISE d0bsbdgfimboro 3006MMgb96M93H 030
3m39b30swol  ©ogbsl, Moz  860d3bgermgzsbos  3gdL3gdEowmwo
3000MOMgbgMgBH03wo  Mmd09dBHJdoL  F9IMIIOMO  93MEMA0IOHO
95399GO™d0L F9a35900L5300.
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