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00 3100303000  obByYoLbdo  ZobmogLgdymm
AaOH™MBg  (3ooMgoymoo  oobemmgdoo 80
Bemob 606) omdgdonemoo bo3oemobmgbs go-
Modobbgzolb bozdome MMAY, (30(390M3IOeMYO0-
0b0 bgmdo, mdoemobol bobgemadBoggm ybogzgMbio-
h9(ho0b. donbotg dh33Er0L Bgbozogdol dogh
Bo®mdmgabogmo oLgmngg ImMBMENManYMo 0g-
Mol dgmbg ghmBoyemo bgzgdomes o bgmdgdom
0gm 0bo693Mg0em0 Joemog mdogmobol ooMm-
LYddg dobo ©3godbgemo gobodgbnobgdyemo
BoB0gmol 4398 degdotg hgemogazol dgedoto.
Joemogdol gogommmgdol 3Gmzgbdo ogbodbyemo
b93900 o bgmdgdo doboo o0gbs ©dm3Lgdmo,
30006069900 3ghBoem dg3mbzg3080 — nboligzgdo
33060009080 gohoMmgdynemo, bamenm do6oo ogge-
oMo bgzgdobo o bgmdgdol Bgedntgdo, bo-
399Mbgm-yMdobyemo obndbyemgdom (Fnhgdobo
o, doomoo, LoEbmaMgdgmo Lobemgdol
obodgbgdemo) 0gdbo godmygbgdymo. dJogmogol
LOdM3Mgddn dnbotg dh33G0l Bgbozogdol
390m03mtoL30MmO Edomo hgMohmGmgdol (do-
Bodoemy®mo Byoemdzommdol ®mmb dnbotol
Mb0ob Lodyomme 2-4 dgh®ob bodomengdy
80090069 doemo o bbgoobbgo 3ymboom ob-
M0emo 30m03mAob30Mmo 300mmgon) LodgyEOHbgm
0060861090001 ©030L9d0 303 J0dE0bIMgMY-
o (00, bLdBYbOMM, Mgdg 30d0botMgmMIL
9emgdgbdhotymo  Loobygobm-g3memmagnyMo
3mmbm3bg00Lb LGP 0gbmEMOMgdm. Foemo-
3mdhob3oMo odoemo Bhgbodhm®mogdol Bobeoybg-
033> Lo0bYobEOM-93mMMMz0YH OLBOYMYOSL
dm3emgdymdo LdgYEHBgM ©™M30Lgded gobodon-
Mmdo 6yoemdgd3tgd 03989030 demogdmo mogLbdo
6300900L PGO™L Botmdmgaboemo dogdbodocmyto
3mEYmmMo0L AodmMbogbol moz0byaomo godo-
900l 33390000 89830 3E0bOMgMO Joemo-
3mh90d0. LEMMgE gL gobo doGmomon dodgdo
00000, OMA 30em03MmHOL30GMO OdOEMO Hgtohm-
0gd0L by YBRGO™ o YRM™M B0 Hgddom
LETGYEHBgM ©M30Lgdol Fgbododobo gondoto
99bhMgdoemyMo Byoemdmzotbgdol dmmb o3
h9ohm®0900L demoghmo ohdMM30Lo o Fom
8900030609089 gobemoggdymo bbgoolbss hn3ob
LOEBYNbOHM BoggdMBgOL OBNVBYdL-goboaY-
900b 890mb393900, Mobog, LEdEYbOGOM, b
obemogly 0eeednobmo dbbggth3emo.

Bo®mImagboem  31dem03030080 Zoobogmodgdy-
0o goemogd mdoemobolb LoBm3athgddn dobotg
333M0b 396035009089 30HOLAHGMBY0 Jgg-
3900L dmBchobo Byoemdmzobgdnl Botdmgadbol

The photography (made about 8o years ago) placed
at the beginning of the present publication depicts
the quite deep, steep sloped gorge of the creek-
sized Varaziskhevi river at the building of the Thilisi
State University. Before the foundation of the city
of Thilisi, the surface of the terrain under its pres-
ent developed part were dissected by eroded gorg-
es and ravines of similar morphological features
formed by the tributaries of the Mtkvari river. Dur-
ing the expansion of the city, the mentioned gorg-
es and ravines were filled up with earth, the river
mainly enclosed in underground channels, and the
surfaces of earth filled gorges and ravines — used
for economic and urban development purposes
(for construction of streets and mainly residential
houses). The development of low-lying riverside ar-
eas (floodplains that are located 2-4 meters above
the water level during low waters and differently
inclined riverside slopes) has been always taking
place and unfortunately occurs nowadays in vi-
olation of basic engineering and environmental
requirements. Careless development of riverside
areas without engineering-environmental justifica-
tion resulted in limited capacity of river channels
to convey peak runoff of heavy rains in a timely
manner. Increased rates of economic development
of lower riverside areas have led to increased risks
of inundation and damage/destruction of differ-
ent engineering structures located on these areas
which are often accompanied by human fatalities
during extreme flash floods.

The present publication contains the analysis of
physical-geographical and geoecological precondi-
tions for the occurrence of catastrophic flash floods
on the tributaries of the Mtkvari river within the
limits of the city of Thilisi, the assessment of reha-
bilitation works undertaken for the eliminations of
the consequences of 13 June 2015 Vere River flash
flood and general recommendations for mitigation
or prevention of negative effects of this extreme
natural event.

From the Editor
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308039M-3gMBOIBOYNO OO FIMIIMTOM0Y-
M0 3060©mM0900. 39a30L9d1em0d nbothg 396989
2015 Bemob 13 0360LL dmdbrootmo Byoemdmgom-
b0m 3odmB3gyemo butgodogmohoom MMbOL-
dogdgd0 o dm3931emoo dmdozoemadn demogho
Bygoemdm30Mbgdoly beomdnemgdnom dmbogmmeo-
Bgmo bggothon®o d90093900L dgEmdoemgdol ob
00300000 9(300m900L Bmgogn boboomolb MHRgzgdo.
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39MaMox30

dohmbo 0do3m 15 Bgmoo, Moz CENN-ob gy-
Bonb 6936r00. 030 IGMNRILO0M ggmatogoo 60
BgmBdg dgtho dndomdol bhogoom. doboggdnemo
093L 3913609690000 EMmghmGob botobbo mdo-
mobob  bobgemdbom bozgdbohghol dog.
ool Lodo dmbmgmognobo o obdg dgho bo-
3930096mm bhodoob v3hmEo. dobo 33emg300m0
0bdhaMgLgdo Mmool 30do3n® ggmamogool,
39MIMOHBMEMa0oL, 30emgmagmamognolo (o
30M93mb 93mmmzgoY® 3MMbeNgdgdL. ob mom-
g4dob 30 Bemolb gobdogemmovdn 30mbyemmds
m9d3090L  bogoMmmzgemmb  Lbgoolbgs ydo-
gl bobBoggdgemao.

CENN-80 3930m00b 3960me80 dodhmbo dodo3m
oJdhoyMo 3Pdomdl mMzgobodoiool momdgdol
g39emo m9dohy®o d0docmmyemgdol 3Gmgdhdg,
300 dmMmob, 3o6gdmb o330L, IgMmoo gobgon-
moMgdob, 30m0dohob (33cm0emgdobo o MHgbyb-
bgOoL Foerm3z0l FnBotMNYNgd9d0m o bbg. vdo-
39 MM, 0b oghoYMo 9&0L Romyemo mMmgo-
6030o300L LgebIVBOMNENgdMM oo gdgd-
3o - 300bymmmOL mgdi3090L gotgdmbios330m
3mmdemgdg08g CENN-0b obogmgoddmms gotg-
3mbeood(3390m90m06. Mo30bya3om MmLLE 30
dohmbo  40303m  O303909m00  ggmaMmoxnoly
3693900l 336m9300, 3obbozymb&gdom 30,
30mMOOMYMH0 OMIMONL bz0mbdg 3ndomdno.

Professor Chihiko Janelidze
Geographer

Dr. Janelidze has been a member of CENN’s
team for 15 years. He is a Georgrapher with
60 years of experience in the field, holding
a PhD from Thilisi State University. He has
authored three monographs and over 100
scientific papers. His research interests
include physical geography, geomorphol-
ogy, paleogeography, and environmental
issues. Dr. Janelidze has taught at several
higher education institutions in Georgia for
almost 30 years.

At CENN, Dr. Janelidze is involved in each
of CENN’s thematic directions, including —
environmental protection, sustainable de-
velopment, climate change, and resource
management. He is also involved in the
educational activities of our organization,
and frequently delivers lectures to young
environmentalists. In his spare time, Dr.
Janelidze is busy studding different envi-
ronmentalissues, specifically global warm-

ing.
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d9Log00m0 Introduction

Jogmog md0emobob bedm3Mgddo deonbotrg dh3zoMmb dycodo-
30 Bodmboggbol 3gmbg Mo3cgb03g dconbotg Pgtrmgdd
(3696060LOLBYSEMO, gmgm3mobg3zn, 3969, omdnbByoemo,
3emoobobbgsn, bgzddo®mo, m®bgzo o bbs.). Joemodol go-
608960069070 6oB0eNmOb PIgoemme B0dgdetg wgk-
mOgd89 30 ©MgYEm®I0m 890Mgd0m dm3emg 3RO
bg300 gobemoggdymo, GmIemgddos Byoemo dbmemme mo-
3Lb3o o6 3oddYmo 6303900L EMHML gognbgodo.

0060390060m39  3060mdg0d0  Mmdoemobolb  LoBpgMmgddo
903360L 396030009089 3ohoLHMMABYEo d90093900L dm-
3obo Byoemdmzatbgdol Botmdmdabs beogds dbgdMonzn
0 96GOHM3MggbycH0 BoghmME9d0L ghmmdmozgo dmdag-
09000 890093000. LoY3YO69gdL Bob 30 63 Fgbo309d0LOM-
30L odobobnomgdgmo ogm d1bgdtngo doGmm0bodo-
3960 99080, MOE 39mo3mAg0d0 oo dogdbodoemyto bo-
demog®mol Byoemdmgatbgdol 8gymgmbgdemo gohoMg-
ool nBMYOb39mymM®s. 08 EOML dh33E0l dgbozogdnl
39mo3mbob3o®o  odoemo  hgkmodhmEogdo  LodgyMbgm
0608670m900L M30embOBMOL0M 96 ogm vm30LgdYEo.
o80¢hm3 03 896030009089 demngh Byoemdm3otbgdl oM
999demm, dmghobo 3ohobdhmmaemo 8900930."

®d0emobo  300gdoMmgmdl  ghmBoym-hadhmbozndo Bo-
3mImdol Jg3009mmB8o, HGMImol B0B03YM-3gmaMmoxgo-
P00 goMmgdm  LodybgdoLdghyzgmmm oMmaol b3gioo-
mobhgdolb dog®m bozdome Ldagyd3mNobo vMol dgbbo-
3em0em0. Joemogdol hgMohmGos 0mboddyemo J3003mob
9t dym boBoemlb dmoEo3L, HmIgemos Ih33G0b bgmdol
139300 bmazgem IPboma39e b (Jogmodob AMnmm
bLOdM3060) BMBodommol  obobemgdodeg (LodbMmgmo
bLodM3ot0). 03 LoBM3GMgdBo dh33M0l bgmdo Bgdmbo-
B3OYMm00 MgMmgmol, 3mIG0L, MedMMOb, brmmmeme-
30L, 00006306c00L, LoyoMmoymmb, owammob, cobob,
dbbogmool, 3gbomazghmol, Logn®odmb, dobomob
dmgdobo o bgkmgdol Lbgoobbgo gdu3mBozool &g-
Hmdgd00, HMIMd0(3 d. mboob 500-1,700 39t
Lodogmengdgo gobemoggdyemo.

30m(3960L bobolb ObLELMYMNEYL (10-12 3eMmb. Bemob Bob)
0d0emobob 43007em0b vgomBg 9&LgdYmo BHabodhmtmos
B30L0g06 ™O30LYWEMEgde o IMBEg3bm Igtomedn
dobo  g3gmeEmanyM-3gmImOHBMEMma0 Mo  3obzomotg-
b0 3mbhnbgbhn® Mggnddo 30d0botgmdL. J30demol
m0bodgthmzg mMmamognymo dmbodymmdol 8994dbo-
30 13603369emm3z0bglo Mo BgolMyme ©Ogd0mMId
(003030em3d) hagdhmbozndd dmdEmomdgddo, HmBgemms
bogbhom gmbdg 0bhgbboyMmo d0dnbothgmdos gby-
O309M0 3GM39Lgd0. 3obLO3IYNEMIOm YOO ©bETbML
3h33obo oo dobo d9603000900L gEHmBoyemo dmddggdo,
Mobo 3oodbysgho 9609369cmmdd 3gmboo mbogmabob
4390900l dotob mobodgthmszg ggmdmbhamemmaoydo
0030090960 90900L Rodmyoecm009dedo.

md0emobol  gobodgboobgdyemo Bobogmol g398 ggmemm-
30960 Lpdbh®oho, 30000900609 BIHOMOGIME gehmoc,
93909cm00 dgbodgyemo, 3gmomeol hywrmagbyto Jgzodod-
39000, 10bo@0gemgdom, hemdMHgzRogdom, Mododotos-
60 0bgdomo o dgmmbgymo 3gMhomol deobotgyemo,

1 Bomgdnemod, M3 816906030 bhngdoo 08 3gdmbagzados Johobhmazy-
om0, 007 3oL 3mbEog3L ©eddnobmo lb3gM3emn o6 vEEBNvBOL bgemoom
899860cm0 Motgdemgdgdnl sbdhodneo 63Gg3o-goboayMgde.

Several rivers (Krtsanisistskali, Legvtakhevi, Vara-
ziskhevi, Vere, Digmistskali, Gldaniskhevi, Khevdz-
mari, Orkhevi, etc.) with permanent flows enter the
Mtkvari River within the limits of the city of Thilisi,
while the slopes located close to the urban part
of the city are dissected by relatively short dry ra-
vines where water is present only during heavy or
long-lasting rains.

Currently, disastrous flash floods in the tributaries
of the Mtkvari River within the boundaries of Thilisi
may occur as a result of the combined effect of natu-
raland anthropogenic factors. Centuries ago, these
tributaries were characterized by natural hydrody-
namic regimes ensuring the conveyance of maxi-
mum river runoff. At that time, the lower riverside
areas of the tributaries of the Mtkvari River had not
been used for economic purposes, therefore, flash
floods occurring in these tributaries did not result
in disastrous consequences.1

The city of Thilisi is located within an erosive-tec-
tonic depression, which has been thoroughly ex-
amined by natural scientists. An axis section of
the depression covers the gorge of the Mtkvari
River from the village Mukhatgverdi (the northern
limit of the city) up to Ponichala settlement (the
southern limit) which is bounded by differently
exposed slopes — Teleti, Kojori, Tabori, Sololaki,
Mtatsminda, Sakaraulo, Didgori, Lisi, Mskhaldidi,
Mukhatgverdi, Saguramo, Makhata mountains and
hills. This mountainous/hilly zone around Thilisi is
located at an elevation of 500-1,700 m.

Towards the end of the Miocene Epoch (10-12 mil-
lion years ago), the area under the Thilisi depres-
sion came out of the sea and its geological-geo-
morphological development occurred mainly in a
continental mode. The positive (upward) tectonic
movements occurring under the surface caused in-
tense denudation, and the gradual erosion of the
Mtkvari River and its tributaries played an impor-
tant role in the development of the modern oro-
graphic configuration of the depression and the
geomorphological features of its bottom.

The geological substrata of the developed part
of Thilisi and adjacent slopes are made up of ter-
tiary tufogenic sandstone, clay slates, tuff breccia,
gypsum clays and quaternary riverine, prolluvial-
delluvial and partially lacustrine sediments (i.e.
sands, pebble, clays, etc.). The rocks of the Thili-
si depression are characterized by low resistance

1 Anatural event is considered disastrous when it causes human
deaths or large scale damage and/or loss of man-made physical
and natural capital.
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3OMEMY309M-gemY300M0 o, BoBoemmdM3, Hdoydo
oboemgdo gobgdom (9308900, 3963900,m0bg00 o bb3.).
®00emobol  g3009emdo  go3MEgemdYemo  Jobgdo gadm-
396960 3Mm39b9d0L Imgdggdol dodotan JgotMgdom
Bo3emgdo LEdH30300 bobromEYdd, G0l godms bozdome
0b¢h9bLoYEO 30800060MHgMOL Fomo B3YMO godmaz0-
30 o 9hmBov. v0bodbymol 890093000, Md0MLoL nt-
33em03 3obemo3gdYem BIMEMIGBY 2Py bg3gdbo
00 bgm0d9030 MMM gobdogemmdvdn 3Mmm3g00 NN
3mEyemmd0Lb 6o3oemo Fobogms, Mo bgemb YBYmdL demog-
M0 BgoemBm3oMbgdol, M3oMEM®Id0LY o Lb3d bydodo
LHoPGo IOM39L900L BoMIMYabo-gob30mOEMGOOL.

000em0obob Bro-gomoMmmnmgool 3Gm39bdo (Mo gotgdy
3bhgtmo 999mbgagool godm 3geomeyemo 393gMbgdgdom
809000606gM0O©S) 00bEOMBMB0m demoghgdmes dob
06H330m03 90M3oMHMYeM0 3;ogmM0obo Bmemol dybgdtogon
39M93Mmmz0Mho 306Hmdg00L Sbmdmm3mggbyto Gm3g-
30L 3Gm(39L0. 9300 godmoB300 Jogmogdolb d0dgdothg 3g-
Momdgd8g 996yMm9dnL, J30mo33960L, 30bLOIYNMgdom 30,
Byoemdm30o6bgdol godmngtgdo o gobdntmgds. oodo-
0b0b dmgdggdnm godmogtmgdymo Lhndon®o dnbgdtoso
36m39L9000006 y39emoBg dgho doMoemo mdogoboby e
dobo dmbobemgmdobomagol dm3gmbeos o mgdog dmod-
3L 3080900ty BWIMEMB9dBg 3obemoggdyem bgzgdlo o
bgm0gddn 3m30b306mymo 6309900L Bggge Botmdmd-
360¢m dgmogt Byoemdmaotbgdl, vty 033000000 —
3003139006 MObbemgdom.?

XIX bop3nbol 8yo bobgdoob mdogmolol 8gotgdom
LBGO®O (H933000 Fogwadmmgdol 3Gmigbo dh33tolb 8g-
003900900L0030L EOFobOLOVMYOgEMO d7bgdMZ0 oM m-
060303960 o IMOHRMEN603039600 306HMmdgdol gomge-
0obB0bg9d0l m0omddol LYo 0gbmtMotgdom d0dnbo-
Mgmdd. Joemogdolb gobodgbnobgdyem Bobnemdn drgdotMg
bg3900bo o bgmdgdol oo boBogmo, LobmgMgdgemo
LobemgdoLo o dbogmo Jyhgdol gobmogligdol d08bom, me-
B00mbmMd0m 30600 ©dmogLm, Beeobotggdo 30 dghBoem
990mb393580 d0B0m ©3m3LgdYEm0 bgzgdol dotmBg dmBym-
d0em 33060090800 gohoMgdymo.

903360l  d9bo3000900L ©1Bgo0L  B98mBgmdn  (hyggdol
0bhgbLbonM3o goBgbod gobodotmdo Jogmodol LoBmagtgd-
80 demogto Byoemdmzotbgdol gobdotmgde. o3 dgbozo-
©900b  30ema3mAHob3nto odogmo HabohmMogdol mo-
0omobMd0m 0330L900L 30690 FoheMIS Fom
890003069089 gobemoggdynmo dgbmdo-6og3gdmdgdnl o-
8006900L 06 BaMg30-3oboaRM9d0L bdodthmgdd boowm-
3690000 OHOMM30L 890093500. 3obdnMmgdymmo demogho
ByoemIm3zotbgdologodb domogdol dmbobemngmdobo o
990md-60390m09d0L  o330L d0Bbom dobotgmo  3o-
mO3mHhgdo deMog-oemog dghmbol 39000mgddn dmodzngl.
d9hmbol 39000mgdle o 3060Lg39d0 g30Mod9d80 dmdi3g-
D30 30emo3mbgode 396 PBMNB3gemym demogho 3m3o0b-
3oGyemo 6309900L MHML Bo®mdmddboemo dogdbodoemyo
3mEYmmdol  Rodmbogbol 3gyxmgmbgdemom  gohoMy-
do. 930L godm gobdoto 0boMgms 30emMO3mHgdood
demogho boomatgdol godm3otbobo o 3306modgdols
9Lob3EMgEMgdmMOb domo Jghdm®zol 8gdmbggsgdn, Go-

2 Byogmdmzombo — dnbomgdo Bymol mbolb LEGOgE vB693,
Hm39emo(3 vbg3g LEMOMW 30mgdem Jmo3MEgdY. bgdmbydo Bys-
0mdgd0bogod gdoblbbioggdom, Byomdmaotbs dgndemgdo
Bemob ymggem Mmmb gobznmomal.

against exogenic processes, and, as a result, they
are prone to quite intensive weathering and ero-
sion. Consequently, large quantities of debris ac-
cumulates on the slopes around Thilisi which facili-
tates the development and increased occurrence of
strong flash floods, mudflows and other hazardous
processes.

During the development and expansion of the terri-
tory of Thilisi, which was periodically attacked and
invaded by enemies, deterioration of the hilly area
around the city was becoming more intense. This
led to an increased occurrence and magnitude of
landslides, rock falls and especially flash floods in
the surrounding slopes of the city. Among human-
induced natural disasters, strong flash floods often
accompanied with mudflows that have occurred in
adjacent gorges and ravines have affected and are
still affecting Thilisi and its inhabitants2.

The relatively intensive expansion of Thilisi that
began in the mid-19'™ century was characterized by
almost full ignorance of the natural hydrodynam-
ic and morphodynamic conditions of the Mtkvari
River and its tributaries. Most of the gorges and
ravines within the developed part of the city were
filled with earth for the purpose of building resi-
dential houses and roads, and in most cases the
rivers were enclosed in artificial tunnels laid at the
bottom of earth-filled gorges.

Intensive forest felling upstream of the tributaries
of the Mtkvari River has led to an increased occur-
rence of strong flash floods within the city limits of
Thilisi. The continuous development of low-lying riv-
erside areas posed an increased risk of infrastruc-
tural damage or destruction located in these areas
as a result of inundation. To protect the population
and property, certain sections of the river channels
have been enclosed by concrete walls. Riverbeds
that have been enclosed by concrete walls and un-
derground tunnels failed to convey peak runoff of
heavy rains in a timely manner. Therefore, cases of
river bank breaching and impoundment of tunnelin-
take sections resulting in flooding of low-lying river-
side areas and damage or destruction of residential
houses and infrastructure have increased. Disas-
trous consequences caused by the Vere River flash
floodinJune 13, 2015 can serve as proof of increased
risk of natural disasters (this flash flood resulted in
the death of about twenty people, destruction to a
major part of Thilisi Zoo and damage and destruc-
tion to residential houses and infrastructure).

2 Flash flood - a rapid and sharp increase in water level in a
riverbed that ends with a rapid decrease in water level. In
contrast with seasonal floods, flash floods may occur at any
time all year round.
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303 3o00306HMAL IboMOL30GO EOdOMN HgMohmEmg-
d0b (300m3916M0 P06g00L EOHIMM3Y, Ldgbmadgdgmo Lo-
bomgdobo o 06xGOLHGYIHYGYmMO MIngdhdolb wodoo-
Bgdo 06 bgtMmggo-gobogytgde. 2015 Bemob 13 0360LL 39-
989 dmdboMo Byoemdm3zatbom godmB3gnmo 3odo-
b®mBYmo Jggan v0bndbymob Bomgemo obhytos
(BgoemBmM30660Lb 390093000 O0MY3S ME MY
000000060, 3ob60aYMO Bmmmmmzgonmo JutM3zob 3603309-
mm3060 6oB0gM0, EOBNODY 06 (300M3919cm 893mbig3903d0
0006360 LoEbM3MIdgEMO bobemgdo s PbRGOLHMYIHY-
M9em0 M0099dh9do).

0d0¢mobdo dh33G0b 896030009089 demogho Byoemdmage-
M0bgdol 3obdotmgdol a30dhgdo gobLozym®mgdym yyte-
©mgdol dmombmsl. 3cmododnMo 3Gmagbmbgool dobgo-
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The increased occurrence of flash floods in the
tributaries of the Mtkvari River within the city lim-
its of Thilisi requires special attention. According
to climate forecasts, the frequency of heavy rain-
fall will increase in the near future. Considering
the projected change of climate and the occur-
rence of flash floods in the tributaries of the Mt-
kvari River, the risk of damage or destruction of
residential houses and infrastructure located in
low-lying riverside areas will increase. The situ-
ation is further aggravated by the fact that rapid
expansion in Thilisi (especially in its central part),
during the last few decades, is taking place with
limited availability of land for construction. Struc-
tures are often built on complex and steep ter-
rains which, according to construction norms and
standards, is either unacceptable or undesirable.
Under such conditions, there is an increased risk
of damage or destruction of riverside buildings by
powerful flash floods.

According to hydrological and hydro technical
guide books, the capacity of river channels and
adjacent flood plains to convey peak runoff of flash
floods should be calculated by planning water-re-
lated activities in such areas. Unfortunately, the
conveyance capacity of the channels and flood
plains of the tributaries of the Mtkvari River has
not been taken into account in the process of urban
development in Thilisi. This issue is not given due
consideration even today.

The day after the Vere River flash flood on June 13,
2015, CENN conducted field observations to deter-
mine the causes and assess the consequences of
this natural disaster. The results of the field obser-
vations have been published in the CENN publica-
tion, “The Vere River Flash Flood of 13 June, 2015”.
As identified in the publication, the main reason for
the disastrous consequences of the flash flood was
unreasonable intensive development of the Vere
River channel and flood plains without obeying
construction norms and standards.

Analysis of the Vere River flash flood shows that
there is a high probability of increased occurrences
of flash floods in other tributaries of the Mtkvari Riv-
er within the city limits of Thilisi. This is confirmed
by the increased occurrence of flash floods in the
Mtkvari River and its tributaries during the last cen-
turies that has resulted in large-scale material loss
and some fatalities. Based on the aforementioned,
CENN considered it necessary to assess geo-eco-
logical, namely, the hydrodynamic conditions of
other tributaries of the Mtkvari River within the
city limits of Thilisi. Based on visual observations,
a group of experts (Ch. Janelidze, M. Tkabladze, N.
Davlianidze, R. Getiashvili, and L. Basiladze) ana-
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lyzed the hydrodynamic and morphodynamic con-
ditions of the tributaries of the Mtkvari River with
a permanent flow and assessed the risks of likely
damage or destruction of buildings (first of all resi-
dential buildings) in case of another occurrence of
a strong flash flood. The results of the study have
been published in the CENN publication, “Natural
Disasters of Thilisi” (2016).

Many publications have been written and even
more has been said about June 13, 2015 flash flood
and its disastrous consequences, however, neither
relevant state agencies nor the majority of the pub-
lic have adequately considered the main reason
for such a catastrophic event. As previously men-
tioned, the main reason was not a strong flash flood
that was triggered by an unnatural hydro-climatic
factor, but unadvised and unreasonable intensive
development of the flood plains of the Vere River
and low-lying riverside areas, which began in the
thirties of the 20" century and is still taking place.

As a result of intensive economic development of
the bottom of the Vere River channel within the city
limits of Thilisi, the water conveyance capacity of
the river and its flood plains have been consider-
ably reduced. Reduced conveyance capacity of the
river channel due to anthropogenic pressure was
the main reason for the disastrous consequences
of the Vere River flash flood.

The problems that were caused by June 13, 2015
Vere River flash flood are characteristic for all other
tributaries of the Mtkvari River that flow in the ter-
ritory of Thilisi. This current publication is focused
on these problems and underlying reasons. Along
with newly obtained data, materials from other
relevant documents that have been developed by
CENN were utilized to write this publication.

Introduction
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Conditions for the development of hazardous
flash floods in the tributaries of the Mtkvari
River within the limits of the Thbilisi depression

During the expansion period of the urban area of
Thilisi (which began in the mid-19th century) the
following suburban areas: Krtsanisi, Ortachala,
Vere, Navtlugi, Chugureti, Kukia, Nadzaladevi, and
the newly created housing complexes: Digomi, Didi
Digomi, Gldani, Mukhiani, Zgvisubani, etc., were
annexed by the city. As a result, the middle and up-
per reaches of almost all tributaries of the Mtkvari
River appeared within the city limits of the devel-
oped part of Thilisi. A major portion of the channels
and flood plains of these rivers are currently occu-
pied by residential houses, roads and other infra-
structure.

The expansion of the urban part of the city (which
often occurred in natural disaster-prone areas) has
led to the increased frequency of disastrous flash
floods in the tributaries of the Mtkvari River, which
has been proved by data from various published
sources. The earliest report on disastrous flash
floods in Thilisi is attributed to the Armenian his-
torian, Zakaria Agulets. He described strong flash
floods that had occurred simultaneously in all trib-
utaries of the Mtkvari River on 11 August, 1651 that
led to disastrous consequences for Thilisi and its
inhabitants.

Due to an increased occurrence of catastrophic
flash floods due to the intensive expansion of the
developed part of the city, various printed media
concerning devastating flash floods has increased
since the mid-19'" century. The following is an ab-
stract from an article published in the newspa-
per “Kvali” (N223) in 1897: On 29th of May at nine
o’clock, terrible thunder and lightning flashed over
the city. Then hail and heavy rain started. Water
from large ravines flowing down Avchala and Mtats-
minda streets caused much damage and killed peo-
ple. At the Navtlugi railway station, flooding wa-
ter washed away a wagon coming from a hayfield
with three horses and 19 soldiers from the dragoon
regiment. Flooding water carried this wagon with
horses and people into the channel and then into
the Mtkvari River. Only one drowned man has been
found since.

Various media stories are available in archives
covering strong flash floods that have occurred in
the tributaries of the Mtkvari River within the lim-
its of the Thilisi depression during the 20 century.
Flash floods in the Vere River in 1924 and 1936, in
the Tsavkisistskali (Legvtakhevi) River in 1902 and
1955 and flash floods that occurred simultaneously
in several tributaries of the Mtkvari River in 1940

Conditions for the development of hazardous flash floods in the tributaries of the Mtkvari River within the limits of the Thbilisi depression
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led to disastrous consequences. Storm runoff that
developed as a result of heavy rains in the Tsavki-
sistskali River in 1902 and 1955 led to the destruc-
tion of the central part of Abanotubani (the old
district of Thilisi known for its sulfur baths). Based
on unofficial data, the flash flood of 1955 killed up
to 100 people. The flash flood in the Vere River of
1924 drowned peasants with their araba carts stay-
ing the night at the junction between the rivers of
Vere and Mtkvari. The strong flash flood in the Vere
River that occurred in 1963 led to the devastation of
a major part of the Thilisi Zoo.

Strong flash floods that occurred simultaneously
in some tributaries of the Mtkvari River on 10 May
1940 resulted in catastrophic consequences for Thi-
lisi. Many streets were inundated and covered with
stones and mud, basements and first floors of resi-
dential buildings were filled with water, and transpor-
tation was restricted for some days. This flash flood
resulted in the death of more than twenty people.

Generally, flash floods in rivers develop because
of the physical and geographic conditions of their
watersheds. First of all, flash floods are triggered
by meteorological factors — intensive heavy rains
occurring in a short period of time (tens of minutes,
and rarely 1-1.5 hours), or in some cases, by rapid
snowmelt. It should be noted that the daily maxi-
mum precipitation in the middle and upper reach-
es of the tributaries of the Mtkvari River within the
Thilisi depression can exceed 150 mm, while the
amount of precipitation in 1 hour can reach 90-100
mm. The conditions that may trigger strong flash
floods and mudflows in the tributaries of the Mt-
kvari River within the Thilisi depression are created
when the amount of precipitation in 20-30 minutes
reaches 30-40 mm. Such conditions are often ob-
served in the environs of Thilisi, therefore the prob-
ability of strong flash floods occurring in the devel-
oped part of the city is quite high.

The Thilisi depression is characterized by convec-
tional heavy rainfall, which occurs mainly in May-
June (rarely in late spring or early fall). Within the
watersheds of the tributaries of the Mtkvari River
(which are characterized by smaller watersheds)
the convergence of air — a rapid rise of humid air
on steep slopes and its sharp cooling, leading
to abundant precipitation — is periodically ob-
served.

According to data from meteorological stations, the
all-time maximum intensity of heavy rains was re-
corded on 23 August 1900, when the amount of pre-
cipitation in 11 minutes reached 75 mm, about 1/7
of the annual amount (the amount of annual pre-
cipitation in Thilisi from the bottom of the Mtkvari

Conditions for the development of hazardous flash floods in the tributaries of the Mtkvari River within the limits of the Tbilisi depression
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river gorge does not exceed 500 mm on average).
The amount of precipitation in 180 minutes during
a heavy rain on 6 June 1969 was more than 330 mm
— more than half of the annual amount. On 12 June
1972 the sum of rainfall in 60 minutes was 100 mm.
Short-duration heavy rainfalls in Thilisi have also
been recorded on 30 May 1897, 14 August 1902, 3
July 1903 and 5 October 1955.

Due to the joint impact of air circulation patterns
and local processes associated with the specific
terrain of the Thilisi depression and the surround-
ing mountain slopes, heavy rain often occurs in
only one part of the city, while the weather in adja-
cent areas is cloudy or even sunny.

The relative height of mountains and hills around
Thilisi varies between 200-1,400 m. Their slopes
are steep and in some locations cliffs descend
towards vastly populated parts of the city. The
tributaries of the Mtkvari River that flow on these
slopes are shorter (the length of the largest tribu-
tary — Vere — does not exceed 40 km). The height
and steepness of slopes and the limited size of riv-
ers flowing on these slopes determine rather large
indices of their elevation drop — the difference be-
tween source and junction points of the river — and
a high gradient of their watershed — the average
drop in elevation of the 1 km long stream channel.
For example, the Vere River is a height of 1,700 m
above sea level, while its junction point is located
at 395 m above sea level. Therefore, the drop in el-
evation of the Vere River is about 1,300 m, which is
quite high considering its size (about 40 km). The
gradient of its watershed is high too, meaning that
the elevation of the riverbed drops by about 30 m
every 1 km.

All other tributaries of the Mtkvari River within the
Thilisi depression are characterised by almost sim-
ilar indices of elevation drop and watershed gradi-
ent, meaning that all the tributaries of the Mtkvari
River within these areas are mountainous rivers
with high velocities which, together with meteor-
ological factors, are one of the preconditions for
strong flash floods occurring.

It should also be noted that the watershed of the
tributaries of the Mtkvari River within the Thili-
si depression are V-shaped. They are narrow and
sharply descend towards junction points from their
middle and upper wider parts and, consequently,
the tributaries of the Mtkvari River flow through a
few tens of meters-wide channel within the popu-
lated part of the city. The shape of watersheds and
the significant drop in elevation contributes to the
increased magnitude of flash floods during heavy
rains within the city limits.

Conditions for the development of hazardous flash floods in the tributaries of the Mtkvari River within the limits of the Tbilisi depression



®d0emobob J3007emB8o obothg dh3360b 896039009089 LdB0B0 ByomBM3MEBgBEL BotIMJabol JoHmdgd0

boymagmmom (36md0emo, MMA ByoemIm3zotbgdol
bodemoghyg 39360 vM0L OIM30gdYo dnbodg-
oo B6gom8gdzdgdo 018900l (Yoo dgdmboemmdol bo-
®obbdg. (hyg 36083690mm300 ByoemAgdo303909¢™ O
ByoemBotmgzmomgdgem  i3ybdiool  obtymgdl. do-
momo bobdomob (93GPmmdnl), Lobgdgyzemamo,
106906030 hyom ORGP vYPB0 BgoMHId0m -
bobl ©39390L 630390000 BotImMdaboem Bgo3ntyem
Byoemb, obobgMmdmmn3zgdl mm3mol bmdnl 3G m3gLl.
bob 30630 396 JobLO O BWMNENYINVD ghmoe Bgroo-
306ymo Byemol Lozdome 3603369tmm396 BoBogmlb
0309390L, bmemm hyob 9398 3obzomo®mgdymo boogo-
3900 o 3OYbHhgoo Byemol 8mobmddol 306g0 Yoodom
303m0®mA93006 O Lo3FoMm HOMEIOMONM Jmobmdo39b
63099000 06 mM3MolL LEGOBO bMBOM BoGdMIIbNm
Bgoemb. o3 80898000 Lobgdgy3tmgmo dyom oo-
e 09830 v6oMEoYHmH0 BOOMMOEL, Hgmmogmdo
0 30030 G0 306HMdgooL 3Jmbg Yhygm b vvdoo-
Bob 8096 dem0g® 93HOE0MdINMO Hyg-dnhdbotgdom
0O 998mMob dgotgdom, Bgodotymo Bysemo
NIOOMO9000006 3E0bOM0L  3oema3mpdo RAowobgdol
390 O™L 9bEMmAgRL. Sbgm JoMmMdgddo dgbgemgdy-
0o ByommImzotbolb Botmdmdgabobs o dobodmob
39mo3mh8o dobo gogmob 3GmEgbo, bozmmgdos dnbo-
ol 30gLodomYE0 boMF03, 30modmbdo Bymmolb mbg
39000609000 bgemo FodhmmdL o, MmamM Bgbo, 89-
LIRBY35 FoMoem 60dbyeb 396 vMBy3L.

30006 939969080 (300 GGl — bogoemgzgemmaon) Rocyo-
©9dyemo 9330600 3odm 330939000 O39b0m0o,
™3 domoemo bob3oGmol 30639emo0 Hyom OeOMY-
oo o380l Rodmbogbol dmEyemmds o dogbodoemy-
0 bo®m$gdo oobemmgdom 9-396 bozemgdno dbgogLbo
9098 Ho, 3g9hgmMmenmaoy®mo 306Mmdgool dgmbg
0b9m039 BOIMNMBOL YHhygm dPBMOb dgoMmgdom.

06906030 hyob 0b6dhgbloY®AS> bgmmmzby®do gate-
0033000 LogMdbmdmoE dmBogms dEboMhgms oyd9g-
dob Byoemdg00393909em0 o Byomdotmggnmodmgdgmo
@Y6J300, Gob godm vndgdds oobym LEGOGN Mgo-
306900 mo3Lbdd 6303908g. 9396 Zodm0b300 0botg-
oo RBodmbogbobo o Byemob dogdlodomy®o botsg-
dob dmEymm®dgdol 33390060 godkwms. dgbododoboc,
3m0doto demoghmo ByommImzotbgdol LobdoMmgd o
3000 3030l EMHML 30mo3mtgddo Byemolb Embob bo-
3omemgd. 300botgmo 30emM3MmAHgdds 39mot PBGMYL39-
mym 33390000 godtmomo dogdlodoemydo bobhigdol
003009800 gohotmgds, Mol godm gobdoto boowm-
369000 30MO3MHhgonEsb godmzotwbol, 30dgdothyg
H9G0HmM0900L ohdM®30bY o dom dge30®mBg gob-
™o3909m0 Lobgobtm 63gdmMdgd0l BNObgdNL ob
b3 g30-3oboaytgdol 899mb3zg3900.

0d0emobol 43003em3do 3330l d9bo30009089 demog-
0 6gommIm3zoembgd0L bobdoMmol Brolb ¢Hgbrgbizno
990mmE 3030060900 Md0emobol oombgool (V
bOY3Y0g) o 899cama33n dobio gobodgboobgdymo bobo-
0l 00600m0bMd0m Bro-gogoMmmmgdol 3Gm39LUL.
39Mdmthob03nMo dmbo393900L dobg30m, MdMOLOL

3 30dL0doemyMmo bodmFo — 30emo3mdob gob03339:80 ghom 65380 go-
byemo Byemob dmEnmmds.

16

It is well known that the severity of flash floods
greatly depends on the degree of forest cover in
watersheds. Forests have important water re-
taining and water regulating functions. A river
watershed covered with dense unaffected for-
ests retains surface flows generated by precipi-
tation for much longer than a similar watershed
without forest cover and prolongs the snow melt-
ing process. Tree canopy along with timber and
leaves retain a considerable portion of surface
flows. Humus and soil under such forests are
characterized by a high water holding capacity
as they absorb larger amounts of surface flows
generated by rains and snow melt. For this rea-
son, surface flows in a watershed covered with
unaltered forests need much more time to reach
a riverbed than surface flows generated in a de-
forested watershed of the similar size, terrain
and climate, or a heavily degraded watershed
covered with shrubbery. Therefore, in water-
sheds covered with dense forests, flash floods
need more time to develop and pass through the
riverbeds, the maximum runoffs3 are lower, and
the levels of water in river channels increase at
lower rates and usually do not reach very high
levels.

Empirical studies carried out in mountainous coun-
tries, including Georgia, show that a watershed
covered with dense primary forests produces about
9 times smaller surface flows and maximum dis-
charges than a deforested watershed of a similar
size, climate condition and terrain.

The degradation of natural forests due to anthro-
pogenic pressure deteriorates the water holding
and water regulating functions of forests. As a
result, watersheds react more promptly to heavy
rains leading to increased volumes of river flow
and maximum runoff, as well as an increased oc-
currence and magnitude of flash floods and in-
creased water levels in riverbeds during peak
flows. Under such circumstances the river chan-
nel’s conveyance capacity is not sufficient to trans-
port increased volumes of water that often lead to
river bank breaching, flooding of low-lying river-
side areas and destruction of buildings located on
these areas.

The increasing trend in flash flood frequency
occurring in the tributaries of the Mtkvari River
within the Thilisi depression is directly linked
with the founding of the city of Thilisi (in the 5t
century) and the further expansion and devel-
opment of the city’s densely populated area.

3 Maximum runoff of a river — volume of water passing through a given
cross-section of the river channel per unit time expressed in m3/sec.

Conditions for the development of hazardous flash floods in the tributaries of the Mtkvari River within the limits of the Tbilisi depression
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According to geobotanical data, until that time,
the bottom of the Thilisi depression and adja-
cent slopes was almost completely covered with
deciduous forests (i.e. oak, hornbeam, linden,
ash-tree, beech, etc.). Flood plain forest stands
growing along the Mtkvari River and its tributar-
ies provided not only protection of river banks
from erosion during flash floods, but also were
distinguished for its valuable natural heritage
and biodiversity.

The gradual expansion of the city and the
growth of its population led to an increased
demand for forest resources in terms of the
use of timber for heating and construction pur-
poses (firewood was also used for manufactur-
ing brick, tile and pottery, cutting glass and
bronzing items). Firewood and timber harvest-
ing took place on the adjacent slopes and the
aforementioned flood plains. During the Mid-
dle Ages, the slopes adjacent to the city of Thi-
lisi were almost destroyed. This is portrayed in
the writings of the famous French traveler and
philanthropist, Jean Chardin, during his stay in
Thilisi in 1672, where bare, completely defor-
ested slopes are depicted.

View of Thilisi. 1672, Etching from J. Chardin’s book “Travelling to Persia and Other Oriental Couniries”.
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Photo 1: Writings by Jean Chardin, 1672, illustrating bare
(deforested) slopes of Tabori, Sololaki and Mtatsminda
mountains that had been covered by dense broadleaf
forests when the city of Tbilisi was founded in the 5th
century.

We can also refer to the words of the French bota-
nist, Joseph Pitton de Tournefort, who visited Thilisi
in 1701 and said: Tbilisi is built on bare slopes in a
river gorge that is too narrow.

Conditions for the development of hazardous flash floods in the tributaries of the Mtkvari River within the limits of the Thbilisi depression
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MAP 1. TRIBUTARIES OF THE RIVER MTKVARI WITHIN THE CITY OF TBILISI
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A General Analysis of the Geo-ecological
Conditions of the Tributaries of the Mtkvari
River Within the City Limits of Tbilisi
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A General Analysis of the Geo-ecological
Conditions of the Tributaries of the Mtkvari
River Within the City Limits of Tbilisi

The tributaries of the Mtkvari River with permanent
flows within the limits of Thilisi will be discussed
below. First, the Vere River will be discussed. The
strongest flash flood that occurred in the Vere River
on 13 June 2015 led to catastrophic consequences
for the city of Thilisi and, therefore, this river has
relatively been better investigated compared to
other tributaries of the Mtkvari River flowing within
the limits of the city.

Vere River. The Vere River is the right tributary of
the Mtkvari River. The area of its watershed var-
ies between 190-200 km?, and the length is about
40 km. The Vere River originates from the eastern
slopes of the Trialeti range at a height of about
1,700 m above sea level. The Vere River enters the
Mtkvari River at 395 m above sea level from the
right side. The slopes of the watershed steeply in-
cline towards the bottom of the river gorge and are
heavily dissected by numerous periodical or shal-
low erosion gullies. The bottom of the river gorge is
narrow. The width of the major part of the bottom of
the Vere River gorge at 100-150 m height, does not
exceed 150-200 m. The upstream and middle reach-
es of the river are characterized by rapids and the
riverbed is predominantly braided.

Therefore, the drop in elevation of the Vere River
based on the ratio of its length and the average ele-
vation of the watershed is 1,300 m, and the average
incline of its riverbed is 30 m. Based on these figures,
the Vere River is considered a typical mountain river.

The forest cover of the Vere River watershed has
been exposed to human economic activity for a
long time. According to large-scale topographic
maps produced during the 1950s, a considerable
portion of the Vere River watershed, especially
the left slope of the watershed, were the remains
of old settlements: Mukhatskaro, Nakhshirgora,
Kvemo Tskluleti, Napetvari and modern villages:
Mskhaldidi, Vanati, and Dre, and had already been
covered by secondary thorny fields and thorny
shrubbery. Forests massifs of the Vere River water-
shed displayed on these maps comprise of oaks,
hornbeams, beeches, etc. of around 15 m in height,
with trunks measuring only 20 ¢cm in diameter. This
indicates that these are cutover forests, since the
height of full-grown trees would be at least 30 m,
and the diameter of their trunks would exceed 1 m.
This points to high levels of anthropogenic degra-
dation of the forests of the Vere River watershed.

The degradation of natural forests due to anthro-
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pogenic pressure has considerably deteriorated
the water holding and water regulating functions of
forests. As a result, the Vere River watershed start-
ed to react more promptly to heavy rains leading to
increased volumes of river flow and maximum run-
off, as well as an increased occurrence and magni-
tude of flash floods and increased water levels in
riverbeds during peak flows. The river channel’s
conveyance capacity within the limits of Thilisi was
not sufficient to transport increased volumes of
water during the flash floods leading to river bank
breaching and flooding of low-lying riverside areas.

The mean annual runoff of the Vere River is 0.9 m3.
Before the flash flood of 13 June 2015, the max-
imum runoff of the Vere River with 1% probability
of occurrence had been estimated at about 105 m3/
sec (considering peak flows of the flash flood that
occurred on 5 August 1982). The maximum runoff
with 1% probability of occurrence for the Vere River
on 13 June 2015 had been estimated at 220, 320,
468 and 480 m3/sec using standard or semi-empir-
ical formulas.

A group of CENN experts recorded the imprints of
the maximum water level (in the form of stems, roots
and leaves of plants and different household waste
suspended in the storm flows) that had occurred
during the peak flow in the transiting channel of the
river near the city of Thilisi by taking photographs
at many cross sections. It has been determined that
during peak flows of the 13 June flash flood the wa-
ter level at its narrowest — up to 25 m wide sections
of the river channel — was raised by 4.2 m.
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Photos 2, 3, 4: Imprints of the maximum water levels of the
2015 Vere River flash flood. Maximum water level at High
Building of the University — 3.6 m, maximum water level 1.3
km upstream from the University - Bagebi Bridge — 3.9 m.
The width of the riverbed at one of the narrowest sections of
the gorge — 18-20 m. Raise in water levels — 4.2 m above the
river channel.

The strongest flash flood on 13 June 2015 in the
Vere River was caused by the combination of phys-
ical-geographical factors (i.e. hydroclimatic, ge-
ological-geomorphological), while its disastrous
consequences were determined by the impact of
anthropogenic factors. This assertion is supported
by the fact that the disaster affected only about an
8 km-long confluence section of the riverbed with-
in the city limits of Thilisi that had been exposed
to extensive human economic activity. This event
could not cause serious damage to those sections
of the Vere River gorge that are located outside of
the developed and populated part of the city, ow-
ing to the fact that these areas have not been de-
veloped and populated due to the narrowness and
steepness of adjacent slopes.
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Photo 5: During the 1930s. Reconstruction of Heroes’ Square.
The building of the circus is not yet constructed (built in
1940). Vere River is already enclosed in an underground wa-
ter tunnel.

The alteration of the natural appearance of the
bottom of the Vere River gorge within the limits
of Thilisi started in the 1930s with the construc-
tion of Heroes’ Square. Heroes’ Square occupied
the whole area of the confluence section of the
Vere River. At this section the natural channel of
the river was substituted with an underground
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water tunnel, the intake of which was located at
the border of Heroes’ Square with the Zoo (estab-
lished in 1927). Before that, the Vere River flowed
into the Mtkvari River at the Laguna Vere pool (a
fragment of the old riverbed of the Vere is still ob-
served along the road from the Laguna Vere pool
up to the beginning of the Varaziskhevi ascent;
currently this area is occupied by the Laguna Vere
pool and the former silk-weaving factory).

During the 1950s, the rapid development of a
section of the Vere River gorge located between
Heroes’ Square and Bagebi Bridge began. The
area of the Zoo was expanded (mainly on the
left flood plain of the Vere River) and residen-
tial houses were built along the riverside (the
streets of S. Chikovani, Tskneti, G. Svanidze,
etc.). In 1958, the rocky ridge of the Natsikhari
hill was cut for the purpose of constructing a
road connecting the Vake and Saburtalo dis-
tricts (Tamarashvili street) and the Vere riverbed
was enclosed in a tunnel constructed under the
cut ridge (the tunnel was covered with earth and
rock from blasting and on its flattened surface a
road was laid).

Photos 6, 7: A section of the road connecting Vake and
Saburtalo districts (Tamarashvili street) that is cut
through the rocky ridge. Road opening ceremony (1959).
Imprints of maximum water levels of the 2015 Vere River
flash flood are visible at the top of the intake of the water
tunnel. During the 2015 Vere River flash flood at this in-
take the water level increased by at least 8 m. The water
level at the intake of the water tunnel at Heroes’ Square
increased by 7 m, which can be seen by photos of flood
waters on trees.
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The terrain of the bottom of the Vere River gorge
between Heroes’ Square and the Vake-Saburtalo
highway has been significantly changed as a re-
sult of the construction of a new bypass in 2009-
2010. The water tunnels located beneath Heroes’
Square and the Vake-Saburtalo highway were ex-
tended about 100-130 m on average and at the two
sections of the new bypass the natural channel of
the river was substituted with rather long tunnels.
Moreover, at certain locations the natural riverbed
of the Vere River have been artificially narrowed
and enclosed in concrete walls during the construc-
tion of the bypass.

As a result of the aforementioned, the water con-
veyance capacity has been considerably decreased.
The extended tunnels and narrowed riverbed failed
to transport increased river discharge within this
area in a timely manner. This was the main reason
for the impoundment of storm waters, rise in the
water level and catastrophic flooding of low-lying
streamside territories on June 13, 2015 (it should
be noted that the impoundment of river waters at
the intake of about a 300 m long tunnel beneath
Heroes’ Square that led to the destruction of the
adjoining part of the Thilisi Zoo in 1962 was caused
by similar reasons).
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Photos 8, 9, 10: At some sections the Vere River gorge within
the limits of the city is narrowed with concrete walls, while
some sections are enclosed in underground tunnels leading
to the reduction of natural water conveyance capacity of the
river. This is the main reason for the disastrous consequenc-
es of the June 13, 2015 Vere River flash flood.

There is every reason to suppose that the cata-
strophic consequences caused by flash floods of
1924, 1962 and 2015 were determined by inten-
sive development of this section of the river gorge
rather than hydro meteorological factors (natural
strength of flash floods). Specifically, the substitu-
tion of certain sections of the natural river channel
with underground tunnels led to the narrowing of
the riverbed, which in turn have led to a significant
reduction of the conveyance capacity of the river.

The consequences of the strong flash flood of 1962,
namely, the destruction of a considerable portion
of the Thilisi Zoo, were soon forgotten and the re-
habilitation of the destroyed part of the Zoo on the
left flood plain of the Vere River that had been dam-
aged by this flash flood began the second year af-
ter the disaster. Moreover, during the construction
of the bypass in 2009-2010, the aforementioned
long tunnel (300 m) beneath Heroes’ Square,
which was built in the 1930s, was extended about
120-130 m upstream from its initial intake. The new
section of the tunnel occupied the natural riverbed
of the river. Due to the limited size of the tunnel
intake, the tunnel failed to convey the runoff of the
13 June, 2015 flash flood leading to the impound-
ment of water at the tunnel intake, rapid rise in the
water level at least by 7-8 m, devastation of a ma-
jor part of the Zoo located on the flood plain and
disastrous flooding in low-lying streamside areas.

Other tunnels that had been built on the bottom
of the Vere River gorge also failed to convey max-
imum runoff in a timely manner. Specifically, the
tunnel located beneath the Vake-Saburtalo High-
way that had been extended by about 100-120 m
in the 1980s (its initial length did not exceed 35
m) did not ensure the unimpeded conveyance of
the runoff of the flash flood. Due to impoundment,
the water level at the intake of the tunnel rose by
8 m and resulted devastating G. Svanidze Street.
Storm and river water covered all residential hous-
es and public buildings located within the stream-
side zone. This flash flood also severely affected
infrastructure located close to the water tunnels
that had been built during the construction of the
bypass.

Krtsanisiskhevi River (Duknishevi, Tabakhmelask-
hevi). The right tributary of the Mtkvari River with
a permanent flow. The river originates from the
hilly inclined Tabakhmela plane at 1,025-1,030 m
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above sea level. The river is 8.5 km long. Its aver-
age annual discharge is 0.2 m3/sec, and its drop in
elevation is 645 m. The middle and upper reaches
the river flow through a canyon-like gorge and rap-
ids, while the lower reaches flow through the de-
veloped part of Thilisi (Krtsanisi). From Vakhtang
Gorgasali Street downstream up the confluence
point the river is enclosed in about a 0.5 km-long
underground tunnel. The surface of the tunnel and
adjacent areas are occupied by a bus station, resi-
dential and public buildings.

The natural hydrodynamics of the Krtsanisistskali
River is completely deteriorated within the devel-
oped part of Thilisi from Vakhtang Gorgasali Street
1 km upstream as a result of the construction of
different residential buildings and infrastructure
within the riverbed and on small fragments of the
flood plain. At some sections the riverbed is nar-
rowed with concrete walls, while certain sections
of the river are enclosed in tunnels, the surface of
which are occupied by residential houses and oth-
erinfrastructure. The intensive urban development
of this section of the river channel is still taking
place.

Photos 11, 12, 13: Intensively developed bottom of Ktrsani-
sistskali River gorge (river channel and flood plain frag-
ments) within the limits of the city.
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Due to the artificial modification of hydrodynamic
conditions, the conveyance capacity of the Krtsani-
sistskali riverbed at this section has been reduced,
which poses a risk of destruction to various struc-
tures located within the riverbed and streamside
zone in the event of strong flash floods. Accord-
ing to local residents, even medium-sized flash
flood events cause a threat of damage and destruc-
tion to their houses. A flash flood accompanied
with a mudflow occurred in the Krtsanisistskali Riv-
er on 12 May 2013, which severely damaged resi-
dential houses and infrastructure located along the
channel of the river within the limits of Thilisi and
resulted in human fatalities..

Tsavkisiskhevi River (Legvtakhevi, Samarkhikhevi).
The right tributary of the Mtkvari River with a per-
manent flow. The river originates from Mount Udzo
at 1,200 m above sea level. The confluence point
is located at 385 m above sea level. The length of
the river is 9 km, the area of its watershed is 21.3
km?, and the drop in elevation is 815 m. The river
is characterized by the occurrence of strong flash
floods. Flash floods that occurred in this river in
1903 and 1955 led to the destruction of Abanotuba-
ni and the death of people (the runoff of the flash
flood of 1955 exceeded 100 m3/sec). The confluence
section of the river is occupied by various types of
buildings (including residential houses) and motor
roads beneath which about a 130 m long water tun-
nelis built. It is hard to say whether this tunnel will
be able to convey peak flows similar to those that
were recorded during the flash flood of 1955. How-
ever, it can be ascertained that the buildings that
are located above the underground tunnels, includ-
ing the baths, are under the threat of damage and
destruction in the event of strong flash floods.

A General Analysis of the Geo-ecological Conditions of the Tributaries of the Mtkvari River Within the City Limits of Tbilisi
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Photos 14, 15: Intake of the Tsavkisiskhevi River tunnel (Aba-
notubani). It is not known whether the intake will be able to
convey peak flows of major flash floods. There is a risk of
damage and destruction of Abanotubani in case of a major
flash flood occurring. Within Abanotubani the riverbed is ar-
tificially narrowed.

Avanaantkhevi River (”Sololakistskali” accord-
ing to “The Description of Georgian Kingdom” by
VakhushtiBagrationi). The right shallow tributary of
the Mtkvari River. Originates at the slopes of Mtats-
minda Mountain at 530-540 m above sea level. The
Avanaantkhevi flows into the Mtkvari at the present
Baratashvili Bridge at 388 m above sea level. Filling
up of its riverbed has been started from its conflu-
ence section in the mid-18th century. The section
beneath Pushkin Street and Freedom Square was
filled up in the 1840s (during the construction of
the so-called “Yerevansky” Square, the present-day
Freedom Square). According to the plan of the city
in 1867, at that time the Avanaantkhevi riverbed
from its source up to the junction point had already
been filled up and the river had been enclosed in
an underground tunnel. The intake of the tunnel is
located at the bottom of the slope of Mount Mtats-
minda and runs under Amagleba Street, Lermontov
Street, Leonidze Street, Freedom Square, Pushkin
Street and Baratashvili Street.
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Photo 16: The intake of the Avanaantkhevi River water tunnel
is not properly maintained. It is almost filled up to the top
with garbage which may cause the impoundment of water
during heavy rains.

Gabanaantkhevi River (the name of the river origi-
nates from the name of Duke Gabashvili). The river
rises on the northeast slope of Mount Mtatsminda
at 520-540 m above sea level (near D. Chonkadze
and K. Makashvili Streets). Until the 1860s, the
river was flowing in an open natural channel
sharing a junction point with the Mtkvari River
at present-day Galaktioni Street at 390 m above
sea level. At that time, the process of filling up the
Gabanaantkhevi River gorge and diverting water
into a tunnel had already begun. The Vere descent
(formerly called Elbakidze and currently called M.
Javakhishvili descent) and Moscow Street (pres-
ent-day Kakabadzeebi Street) had already been
depicted on the map of the city in 1876. The pres-
ent-day Makashvili Street and a section of E. Gab-
ashvili Street has existed since the beginning of
the 2oth century. The river flows through the tun-
nel that is laid beneath these streets. Its intake is
located at the convergence of D. Chonkadze and K.
Makashvili Streets. From this point, Gabanaantk-
hevi runs in tunnel, crosses Rustaveli Avenue (un-
der the monument of Shota Rustaveli), flows un-
der M. Javakhishvili Street and enters the Mtkvari
River.

The intake of the tunnel is clogged by different
types of waste. In the case of heavy rains it may not
be able to convey storm waters and lead to the in-
undation of those parts of the streets that are locat-
ed at the intake of the mentioned tunnel.

Varaziskhevi River (Vardiskhevi). The right tribu-

A General Analysis of the Geo-ecological Conditions of the Tributaries of the Mtkvari River Within the City Limits of Tbilisi
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tary of the Mtkvari River, dries up in summer, orig-
inates on the north-faced slope of Mount Mtats-
minda at 350 m above sea level. Until the 1930s,
the river was flowing through about a 6 km-long
narrow steep gorge sharing a junction point with
the Mtkvari River at Heroes’ Square at 403 m above
sea level. The drop in elevation of the river is 427
m. In 1947, the process of filling up the confluence
section of the river began and in 1958, the river
was redirected into an underground tunnel built
beneath Varaziskhevi Street. Later, in the 1950s,
about a 0.8 km-long middle section of the river
(present-day Kekelidze Street) was filled up with
earth and the stream was enclosed in a tunnel. The
intensive urban development of the middle sec-
tion of the Varaziskhevi River (N. Zhvania Street) is
still taking place.

It is noteworthy that hundreds of m3 of rocky mate-
rials were generated as a result of the construction
of multi-story apartment buildings on N. Zhvania
Street and were deposited on the bottom of the
Varaziskhevi River in the form of an embankment
100-120 m upstream from the end of this street.
This 15-20 m high and 80-90 m wide embankment
may cause an impoundment of storm water dur-
ing heavy rains. A culvert built beneath this em-
bankment with the diameter of 2.6 m will be easily
clogged with rocky and natural debris transported
by storm water and fail to convey peak river flows
(it should be noted that the intake of the culvert
is already partially clogged). The impoundment of
storm water potentially could weaken the embank-
ment, posing a risk of damage or destruction to
apartment buildings on N. Zhvania Street.

Serious discussions have not taken place regarding
the possible inundation of N. Zhvania Street with
storm water in the event of heavy rains, which, as
mentioned before, threatens apartment buildings
in the area as a result of blocking the bottom of the
Varaziskhevi River with this artificial embankment.
They are focused mainly on threats posed by strong
flashfloods that may develop in the upper reaches
of the Varaziskhevi River in the event of heavy rains.
Moreover, the Vere River flash flood on 13 June 2015
can be used as an example for assessing the like-
ly catastrophic inundation of N. Zhvania Street. It
should be noted that the size of the watershed is
among those main factors (intensive heavy rains,
gradient and dissection of the terrain, its geologi-
cal structure, forest cover) that determine the likeli-
hood of a strong flash flood occurring. In the event
of heavy rains, large watersheds produce greater
volumes of surface runoff than smaller watersheds.
Therefore, the likelihood of strong flash floods oc-
curringis higherin large watersheds. The Vere River
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watershed is around 200 km?, while the area of the
upper reaches of the Varaziskhevi River does not
exceed 2 km? (the length is 3 km and the width is
300 m). Therefore, the development of flash floods
similar to those that are characteristic in the Vere
River in the upper reaches of the Varaziskhevi River
in the event of heavy rains is not expected as the
lower and middle reaches of the Varaziskhevi Riv-
er watershed are occupied by residential buildings
and other infrastructure. Surface runoff generated
by rain flow into storm drains and wells and, there-
fore, flash floods are unlikely to occur.

Photo 17, 18: The section of the riverbed of Varaziskhevi Riv-
er that is blocked with an embankment built of excavation
waste. Intake of the tunnel is beneath the embankment.
There is a multi-story apartment building about 100 m away
from the embankment. Upstream reaches of Varaziskhevi
River. Turtle Lake is on the right.

Digmistkali River (Digmula). The right tributary of
the Mtkvari River with permanent flow. Originates
on the south-faced slopes of the Satskepela range
at 1,400 m above sea level. It enters the Mtkvari
River at the Sh. Shalikashvili Bridge (formerly the
Didube Bridge). The length of the river is 22 km, the
area of the watershed is 73 kmz, the drop in eleva-
tion is 980 m, and the mean annual discharge is
0.25 m3/sec. In the beginning of the 1950s, about
a 0.8 km-long section of the river from its source
to Marshal Gelovani Avenue flowed on a sloping
plane through a 10-15 m wide channel with a rela-
tively narrow discontinuous strip of flood plains on
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both its sides. In about a 1.3 km-long section of the
river upstream of Marshal Gelovani Avenue (within
the limits of Thilisi), the bottom of the river gorge
was developed in a hilly terrain, where the width
of the channel varied by 8-10 m and the flood plain
was represented in the form of small fragments.

During the last six-seven decades, the bottom of
the Digmistskali River gorge along the mentioned
sections has been developed without observance
of basic engineering and geo-ecological require-
ments. Residential houses and infrastructure were
constructed in the riverbed and flood plains, and,
as a result, the natural hydrodynamic and morpho-
dynamic regime of the river has deteriorated. The
natural channel of the river is artificially narrowed
and its water conveyance capacity is decreased. If
major flash floods occur in the river, the buildings
that are located at the bottom of the riverbed and
in the low-lying streamside areas may be damaged
or destroyed.
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Photo 19, 20, 21: The channel of Digmistskali River within
the limits of the city of Tbilisi. To protect newly constructed
private residential houses from strong flash floods, the river-
bed has been narrowed with concrete walls and waste heaps.
In the event of moderate flash floods and flooding, the nar-
rowed riverbed becomes almost half full with different types
of wastes.

Gldanistskali River (Gldaniskhevi, Gldanula, Lelub-
nistskali — in the upper reaches). The left tributary
of the Mtkvari River with a permanent flow. It orig-
inates on the south-faced slopes of the Sagura-
mo range, at 1,160-1,180 m above sea level, flows
into the Mtkvari River in Avchala at 416 m, and the
drop in elevation is 760 m. The length of the river
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is 18 km, the area of its watershed is 63 km2?, and
the mean annual discharge is 0.2 m3/sec, charac-
terized by frequent occurrences of powerful flash
floods.

The length of the Gldanistskali River gorge with-
in the limits of the urban part of the city of Thilisi
is up to 3 km. Almost the entire area of the river
channel and small streamside fragments of the
floodplain within this section are occupied by
residential houses and public buildings. At cer-
tain locations the river channel is surrounded by
worn concrete protective walls. The bottom of the
Gldanistskali River gorge within the limits of Thilisi
has been used for the disposal of household and
industrial-construction waste for decades (the con-
fluence section of the river where the fragments of
degraded flood plain are observed is still used as a
dumping site). Due to this reason, the natural water
conveyance capacity of the river channel is signifi-
cantly reduced.

Photo 22, 23, 24: The confluence section of Gldanistskali
River is still used for the disposal of household and in-
dustrial-construction waste causing to the pollution of
the river and the reduction of its water conveyance ca-
pacity.

Strong flash floods lead to a rapid rise in water lev-
els and the increased risks of inundation of stream-
side low-lying areas. The flash flood that occurred
in the river on 23 June 2010 resulted in the rise of
the water level in the riverbed within Thilisi by 6-7
m, severe erosion of river banks, destruction of
the bridge and human fatalities. The river water
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is heavily polluted due to the discharge of sewage
into the riverbed at certain locations.

Khevdzmari River. The left shallow tributary of the Mt-
kvari River with a permanent flow. Originates in the
foothills of the south-faced slope of the Saguramo
range at about 9oo m above sea level, and flows into
the Mtkvari River in Avchala at 410 m above sea level.
The length of the river is 13 km, the drop in elevation
is 490 m, and the area of the watershed is 56 km>2.

Two temporary streams: Saaptrekhevi and Saa-
garako Dasakhlebis Khevi (the name to the latter
stream is conditionally given by us based on the
location of its major section within a large holiday
village; Saagarako Dasakhleba translates to “hol-
iday village”) flow into the middle reaches of the
Khevdzmari River from the left side. Another tem-
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porary stream flows through the territory of the Zg-
visubani housing complex, a suburb of Thilisi that
enters the river from the left side at its junction
with the Mtkvari River.

Within the central part of its watershed, the
Khevdzmari River flows along the 1, 1, V, and VI
urban districts of the Gldani housing complex in an
open riverbed and separates these urban districts
from the Mukhiani housing complex. Within the
mentioned section, the river flows through a number
of short tunnels that are laid beneath motor roads.
These motor roads are constructed on the flattened
surface of household waste accumulated at the bot-
tom of the riverbed. These sections of the riverbed
have been used for the disposal of household and
construction waste for a long period of time and, as
a result, the river is heavily polluted. The accumu-
lation of waste at the tunnel intakes during flash
floods lead to the impoundment of storm waters and
the swamping of streamside areas. Swamped and
littered sections of the riverbed deteriorate sanitary
conditions and create an unhealthy environment for
the residents of adjacent residential houses.

T ET—

Photo 25, 26, 27: Within the limits of the Gldani housing
complex, some sections of Khevdzmari River are enclosed
in underground water tunnels. Intakes of the tunnels are not
properly maintained and in some cases, adjacent areas are
used for illegal disposal of waste causing the impoundment
of water and swamping.
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From the Gldani metro station about 1 km upstream
(within a dividing zone between the | urban district
of the Gldani housing complex and the Mukhiani
housing complex), the Khevdzmari River enters
the main underground tunnel and flows about 2.5
km under Gobronidze, Sheshelidze, Sarajishvili,
Tskalsadeni and Peikarta Streets. The river leaves
the tunnel at a distance of about 0.4 km from the
Mtkvari River. From this point up to the confluence
with the Mtkvari River, the Khevdzmari River flows
through heaps of household and construction
waste.

The construction of underground tunnels of the
Khevdzmari River and its tributaries started in the
1950s and this process is still going on. Currently,
a water culvert is being constructed, about a 1 km-
long section of the tunnelthatis under construction
in the riverbed of the Saagarako Dasakhlebis Khevi
— the left tributary of the Khevdzmari River that is
currently being covered with natural, household
and construction waste. Within the limits of the
Saagarako Dasakhleba holiday village, the Khevdz-
mari River flows through the tunnel that was built
in the 1980s. Surface runoff inlets of the tunnel are
out of order. The tunnel fails to convey peak flows
that occur during heavy rains. Storm water flows
out from damaged inlets and inundate streets.

Photo 28: A water culvert in the central part of Saagarako
Dasakhleba is damaged. Sewage water flows on the roadway
of the street.
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The left tributary of the Khevdzmari River — Zgvi-
subniskhevi creates serious ecological problems.
Zgvisubniskhevi is a shallow temporary stream
flowing through 20-30 m channels with gentle
slopes. The mentioned tributary originates at 625-
630 m above sea level on a hilly plane covered
with mugwort that is located along the north-west-
ern shore of Thilisi Sea. Zgvisubniskhevi enters
the Khevdzmari River at the cross-section of
Sheshelidze and Sarajishvili Streets (150-200 m
north of the Sarajishvili metro station).

Middle and upper reaches of this tributary of the
Khevdzmari River are located between the so-
called Military Settlement of Zgvisubani housing
complex and Khevdzmari housing complex (the
construction of these housing complexes began in
the 1960s). Currently, the middle and upper sec-
tions of Zgvisubniskhevi have deliberately been
blocked with embankments that are built of house-
hold and construction waste. The roads built on
these embankments connect Zgvisubani housing
complexwith the Khevdzmari, Mukhiani and Gldani
housing complexes. The blockage of the bottom of
the Zgvisubniskhevi stream with heaps of accumu-
lated garbage led to its swamping along about a 3
km-long section which currently is covered with a
heavily polluted reed and sedge swamp, causing a
nuisance to the neighboring population.

b ,{|| e . g g % ‘. i

Photo 29, 30: Swamped sections of Zgvisubani River gorge.
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The lower section of the Zgvisubniskhevi stream -
from the crossing point of Chargali and S. Lekishvili
Streets up to the junction with the Khevdzmari River
— flows through about a 1 km-long underground
tunnel. At some locations the roof of the tunnel is
covered with large rectangular concrete slabs on
both sides of which private houses on Khevdzmari
Street are located. Some sections of the tunnel are
damaged. Sewage flows directly onto the streets
and into the yards of houses causing a nuisance
and threatens the health of local residents.

Kukiiskhevi River (Didkhevi, Arsenaliskhevi). The
right shallow tributary of the Mtkvari River. Originates
on the Makhata Mountain at 600 m above sea level,
enters the Mtkvari River at the Saarbrucken Bridge
(formerly known as the Vorontsov Bridge) at 387 m
above sea level, and the length of the river is 2.7 km.

-
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The middle and upper reaches of the river have been
used for the disposal of household and other waste.
Some sections of the riverbed are blocked with waste
heaps leading to the impoundment of water and
swamping. The open part of the riverbed ends at the
railroad (G. Gedevanishvili Street). At this point the
river enters the underground tunnel flowing under
Chaisubani, P. Bukhaidze and St. Nicholas Streets

and Didkhevi descent, and joins the Mtkvari River.

Photos 31, 32, 33: The riverbed of Kukiiskhevi River
blocked by waste heaps causing the pollution of the river
water and facilitates swamping of some streamside are-
as.
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Chuguretiskhevi River (Avlabriskhevi). The left shal-
low tributary of the Mtkvari River. Originates on the
slope of the Makhata Mountain at 580 m above sea
level, and enters the Mtkvari River at 385 m above
sea level at Baratashvili Bridge. The length of the
river is 1.5 km. The river flows between the old dis-
tricts of the city of Thilisi — Alvabari and Chugureti.
Currently, the river is almost entirely enclosed in
an underground tunnel. The tunnel runs along the
so-called Military Settlement and under T. Mujirish-
vili, Pshavi, P. Bukhaidze, E. Akhvlediani and K.
Khetagurov Streets and joins the Mtkvari River.

The process of filling up the Chuguretiskhevi river-
bed started in the mid-19'" century. Its junction sec-
tion at P. Bukhaidze, K. Khetagurov, N. Chkheidze
and E. Akhvlediani Streets had been already en-
closed into the underground tunnel, while its mid-
dle and upper reaches (Pshavi and T. Mujirishvili
Streets and the former so-called Military settle-
ment) were covered in the 1960s.

It should be noted that culverts and collectors of
the intake of the tunnel that are located under the
railroad are damaged. Sewage water flows onto
Pshavi Street and deteriorates sanitary conditions.

Photos 34, 35: The damaged underground water tunnel
of Chuguretiskhevi River within the developed part of
the city. Sewage water flows on the roadway of Pshavi
Street causing a nuisance and a health threat to local
residents.
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Dolabaurlskhew Rlver The left trlbutary of the Mtkvan
River with a temporary flow. Originates on the Makha-
ta Mountain at 600 m above sea level, and enters the
Mtkvari River at 368 m above sea level. The length
of the river is about 3.6 km. The river flows between
the old districts of the city of Thilisi — Shavsopeli and
Navtlugi. Major parts of its middle and lower sections
flow through underground tunnels. The natural mor-
phological appearance of this river is partially pre-
served in its upper reaches (from the end of A. Tan-
dashvili Street up to the bottom of the slope of Mount
Makhata). This part of the riverbed has been used as
a dumpsite for a long period of time. As a result, some
sections of the riverbed and its slopes are covered
with waste heaps. At such locations the bottom of the
nverbed is heawly polluted and swamped
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Photos 36, 37: Upper reaches of the Dolabauriskhevi River
have been used as a dumpsite causing the impoundment of
water and swamping at some sections of the riverbed. The
intake ofthe tunnel is almost filled up to the top with garbage
which may result in the impoundment of water during heavy
rains.

The Dolabauriskhevi River enters the underground
tunnel at a distance of about 2 km from its source,
at the end of A. Tandashvili Street (currently the in-
take of this tunnelis almost filled up to the top with
garbage). The tunnel runs under A. Tandashvili, G.
Bush, A. Zurabishvili and Atskuri Streets, the rail-
road, the square in front of Isani metro station,
Queen Ketevan Avenue, S. Chrelashvili Street and
ends at the Mtkvari River bank.

The Dolabauriskhevi River flows through an open
riverbed only at the Isani metro station. This is
about 250 m long, 40-50 m wide and a 8-10 m
deep river gorge with steep slopes, the bottom of
which is almost entirely covered with household
waste. A water culvert and control well are dam-
aged allowing sewage waters to flow into the open
riverbed. On the slopes of the riverbed the houses
and yards of local residents are located. This sec-
tion of the Dolabauriskhevi River, where (newly
constructed multi-story apartment buildings are
located, is a source of pollution. This part of the
riverbed located within a densely populated area
has been used as an illegal dumpsite openly in re-
cent years.

A General Analysis of the Geo-ecological Conditions of the Tributaries of the Mtkvari River Within the City Limits of Tbilisi
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Photo 38: The intake of the water tunnel of Navtlugiskhevi
River, which is covered with vegetation, littered and almost
completely blocked with household wastes.

Navtlugiskhevi River (Niagvriskhevi). The left shal-
low tributary of the Mtkvari River. Originates on the
south-east faced slope of the Makhata Mountain
at about 560 m above sea level, enters the Mtkvari
River at 358 m above sea level in Dirsichala, below
Saint Nino Church. The length of the river is 4.15 km.

The upper section of the Navtlugiskhevi River di-
vides the Metromshenebeli and Vazisubani hous-
ing complexes. About a 2 km section of this river
within the limits of Thilisi flows through an un-
derground tunnel. The intake of the tunnel, where
large amounts of garbage accumulate, is located in
the upper point of A. Matiashvili Street.

Some sections of the tunnel and storm water that
drain under A. Matiashvili Street are damaged.
Sewage waters are seeping from the damaged in-
frastructure. According to local residents, strong
surface floods that occur during heavy rains flow
on the roadway of A. Matiashvili Street and pose a
threat to neighboring houses.

From A. Matiashvili Street, the tunnel of the
Navtlugiskhevi River crosses V. Koptsov, S. Jikia, and
Orbelebi Streets, Samgori metro station, Kakheti
Highway, the railroad that runs under Queen Ketevan
Avenue and Neveli and Gabriel Salosi (former Bogdan
Khmelnitsky Street) Streets. The tunnel ends at a dis-
tance of 150-200 m from the Mtkvati River bank.

Orkhevi River. The left tributary of the Mtkvari Riv-
er with permanent flow. Its source is located in
the western mountainous part of the lori Plateau
(south of Thilisi Sea) at 850-900 m above sea level,
and flows into the Mtkvari River at 350 m above sea
level. The length of the river is 14 km, and the area
of its watershed is 34 km2. The Orkhevi River origi-
nates from the confluence of two rivers: Tetrakhevi
and Porakaantkhevi. These two rivers meet each
other south of the Kakheti railway, near Kiziki
Street. On the territory of Samgori and Orkhevi res-
idential areas, some sections of the Tetrakhevi and
Porakaantkhevi Rivers are enclosed in short under-
ground tunnels (the tunnels that are located under
the aqueduct of the Lower Samgori irrigation canal,
Kakheti Highway, Kakheti railway and the carriage
ways of Kiziki Street).

The Orkhevi River mainly flows through an open riv-
er gorge. It enters tunnels only under A. Enukidze,
G. Lortkipanidze, Kindzmarauli Streets and Gard-
abani Highway. The Orkhevi River joins the Mtkvari
River with an opened channel at a distance of 250
m from the Gardabani Highway. The tunnels of the
Orkhevi River and the Tetrakhevi and Porakaantk-
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hevi Rivers were built during 1950-1960 and are not
properly maintained. The intake and outlet sections
of the tunnels are used for the disposal of house-
hold waste and, as a result, the local environment is
heavily polluted (water and air pollution result from
decomposition, dissolution and decay of wastes).

It should be noted that rather large fragments of
flood plain forests of high ecological value can still
be found at some locations of the bottom of the
Orkhevi River and the Tetrakhevi and Porakaantk-
hevi Rivers. Their ecosystems are heavily degraded
primarily due to the use of these sites for disposal
of household wastes.

Photos 39, 40, 41: Some sections of the bottom of Orkhevi

River gorge are not properly maintained and are in a severe
environmental condition.

A General Analysis of the Geo-ecological Conditions of the Tributaries of the Mtkvari River Within the City Limits of Tbilisi
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Based on the information above, among the
geo-ecological problems that are characteristic for
the city of Thilisi, the increased occurrence of dis-
astrous flash floods in the tributaries of the Mtkvari
River within the city limits is one of the most crucial
issues facing Thilisi. The expansion of the city dur-
ing the mid-19th century took place in conditions of
limited land availability. Plane or slightly inclined
areas that were suitable for construction within
this section of the Mtkvari River gorge had already
been completely utilized and developed. There-
fore, the city has been expanded mostly within the
geological-geomorphological environment that is
susceptible to erosion-denudation processes — on
a steep, heavily dissected terrain built of relatively
loose rock.

Due to the above-mentioned reason, those ele-
ments of the river that are most vulnerable to ma-
jor flash floods — riverbeds and flood plains with
flat surfaces that are located along the riverbeds at
about 1-3 m relative altitudes — are still being used
for construction purposes. Moreover, the riverbeds
are being developed without taking into account
their natural hydrodynamic and morphodynamic
features. The riverbeds and the flood plain of the
tributaries of the Mtkvari River that are developed
in such a way constitute up to 1/7 of the urban area
of Thilisi.

It is well known that a flood plain is a small or
medium-sized noncontiguous area of land with a
flat surface along both sides of the river channel.
The flood plain together with the riverbed forms a
flooding zone which experiences periodical (once
every couple of years or every decade, and rarely
once in a hundred years) complete or partial flood-
ing during periods of flash floods and high water
discharge.

Therefore, the implementation of construction
activities in this zone is not advisable. If the con-
struction of an engineering facility in the flooding
zone is unavoidable, it should be done with strict
observance of relevant construction norms and
standards. As a priority action, the water convey-
ance capacity at the cross section of the construc-
tion site for the strongest likely flash flood should
be assessed.

Ashasbeen stated above, unfortunately not enough
attention has been paid to these specific require-
ments. The process of careless urban development
is still going on in riverbeds and flood plains of the
tributaries of Mtkvari River and this is the main rea-
son forthe increased occurrence of disastrous flash

Conclusion
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floods in these rivers within the city limits of Thilisi.
Abandonment of certain sections of the riverbeds
(in a few cases the whole riverbed) of the tributar-
ies of the Mtkvari River and their substitution with
underground water tunnels was not advisable. Dur-
ing the construction of such tunnels usually their
capacity (including suspended wood debris waste,
household waste and bottom sediments) to convey
peak flows has not been properly studied and as-
sessed.

Photo 42: The channel and the floodplain of the Vere
River at the beginning of the 20" century (present-day
Heroes’ Square). Pikris Gora is depicted on the left and
the southern slope of Natsikhrisseri is in the back-
ground where present-day Khiliani and Dolidze Streets,

the Sports Palace and surrounding residential and pub-
lic buildings are located. The decision to build an unnec-
essarily large four-span bridge (built in the 1640s and
demolished in the 1950-70s during the construction of
Heroes’ Square) over the small river was determined by
the strategic importance of the road that was laid on
this bridge. This road connected Tbhilisi with highland
and lowland parts of central and western Georgia and
the northern Caucasus, and also was a part of the Silk
Road. Strong flash floods occurring periodically in the
Vere River led to the damage of a previous small bridge
and interruptions in travel (especially for caravans and
araba carts). Therefore, the four-span bridge was built.

Itis widely known that the conveyance capacity of a
tunneldepends on the size of its cross sections and
the gradient of its bottom. The length of the tunnel

Conclusion
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is also an important factor. If during flash floods
the tunnel is filled up with waster, the velocity of
water decreases due to the frictional resistance be-
tween water and tunnel walls. Therefore, the longer
a tunnel is, the slower the flow is in it. This cases
the impoundment of water at its intake, rapid rise
in water levels and the inundation of adjacent are-
as.

Photo 43: The intake of the extended section of the tun-
nel beneath Heroes’ Square failed to convey the runoff
from the June 13, 2015 flash flood that led to the inunda-
tion of the Zoo and riverside areas around Mziuri Park.

Photo 44: The intake of the extended section of the tun-
nel beneath Heroes’ Square damaged by the June 13
2015 flash flood after reconstruction. As a result of reno-
vations, the right bank of the river has been reinforced,
but its left side is still protected by the old wall which
was damaged by strong water flows that led to the inun-
dation of the motor road.

Photo 45: Only the right bank of the river upstream from
the intake of the extended section of tunnel beneath
Heroes’ Square has been reinforced. The left bank is
protected by the remnants of the almost completely
destroyed old protection wall. The motor road built on
this section of the left bank received the most damage
caused by the June 13, 2015 flash flood. The height of
the protection dam at this section does not exceed 3.5-4
m. During this flash flood, the water levels at this sec-
tion of the river channel at the intake of the tunnel ex-
ceeded 7 m.

Conclusion
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One of the main reasons for the disastrous conse-
quences of flash floods occurring in the Vere River is
the substitution of certain sections of the riverbed
with water tunnels and the later extension of some
of the tunnels. Substitution of the natural riverbed
of the Vere River with about a 250 m long tunnel dur-
ing the construction of Heroes’ Square in the 1930s
was a mistake. The intake of this tunnel was located
at the border of Heroes’ Square with the Zoo, un-
der the present pedestrian way at the head of the
Varaziskhevi ascent. The result of this mistake was
first demonstrated in 1963, when the intake of the
tunnel had failed to pass the maximum runoff of the
flash flood that occurred in the Vere River. This re-
sulted in the impoundment of river water at the tun-
nelintake and the destruction of a part of the Thilisi
Zoo located on the flood plain of the river.

It should be noted that the devastation that oc-
curred at Thilisi Zoo was soon forgotten and the
surface of the flood plain destroyed by this flash
flood was used to rehabilitate the devastated part
of the Zoo. Recently, in 2009-2010, the tunnel lo-
cated beneath Heroes’ Square was extended about
150 m upstream from its intake. The new intake of
the tunnel failed to convey the runoff of the June
13, 2015 flash flood leading to the impoundment of
water at the intake, rise in the water level by 7-8 m
and the devastation of the part of the Zoo that was
located on the flood plain.

Conclusion
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Photo 46: The intake of the water tunnel beneath the
Vake-Saburtalo highway two weeks after the June 13, 2015
flash flood. Imprints of maximum water levels of the flash
flood which exceeded 7 m and resulted in the damage and
destruction of riverside buildings on G. Svanidze Street are
visible at the top of the intake of the water tunnel.

Photo 47: Intensive construction takes place on the top of
the tunnel laid beneath the Vake-Saburtalo highway. This
will create unfavorable conditions for the implementation of
preventive measures aimed at improving the water convey-
ance capacity of the tunnel. At the same time, the surface of
the right bank of the river at the intake of the water tunnel is
being elevated with extracted soils to use this area for con-
struction which leads to the narrowing of the riverbed. It is
unlikely that the tunnel, with its current water conveyance
capacity, will be able to convey large volumes of runoff gener-
ated by strong flash floods. Under such conditions, water lev-
els may reach higher marks than those that were observed at
the intake of this water tunnel during the June 13, 2015 flash
flood.

The water tunnel located under the Vake-Saburtalo
highway failed to convey the peak flows of the June
13, 2015 Vere River flash flood. The main reason for
this was the extension of the initial 35 m long tun-
nel by about 120 m. The tunnel was extended in the
1980s along the right bank of the river during the
construction of the residential houses on Tskneti
Street. The new section of the tunnel was laid into
the natural riverbed and covered with earth along
with the relevant section of the river channel. This
new section of the tunnel, like the extended sec-
tion of the tunnel located beneath Heroes’ Square
impeded the flow of storm waters that occurred on
June 13, 2015 in the Vere River through the tunnels.
This led to the impoundment of water at the intake
and a rapid rise in water levels by 7-8 m that result-
ed in the damage of a major part of Svanidze Street.

Conclusion
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Photo 48: One of the sensitive sections of the artificially nar-
rowed riverbed. It is well observed that the intense process of
sediment accumulation caused the elevation of the riverbed.
Under such conditions, in the event of strong flash floods,
the risk of rapid water level rise increases. At this section of
the riverbed, rehabilitation works have not been conducted,
however, it is necessary to widen and straighten the river-
bed, which will extend into the river’s right bank.

It is well known that under natural conditions the
bottom of the river channel is adapted to convey
peak flows of the strongest flash floods. However,
the construction of engineering facilities within the
river channel and its flood plain destroys the natu-
ral hydrological regime of a river being established
during thousands of years. The bottom of the chan-
nel completely or partially loses the ability to con-
vey peak flows. Under such conditions strong flash
floods may lead to disastrous consequences for the
population.

Large scale rehabilitation works have already been
implemented to eliminate the consequences of the
13 June 2015 Vere River flash flood in the bottom of
its riverbed within the limits of Thilisi. To protect
the city from disastrous impacts of strong flash
floods, the Thilisi authorities made a decision to
build two relatively small bars in the bottom of the
Vere River. According to the official statement of the
Municipal Amenities Department of the Thilisi City
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Photo 49: Bars built in Vere River near the city of Thilisi.

Hall4, all issues that posed risks in the Vere River
gorge after the 13 June 2015 tragedy have been al-
most completely resolved. Reinforcement works are
at their final stage. A dam has been constructed at
Mziuri Park and the riverbed has been reinforced.
Moreover, the construction of two concrete bars on
Akhaldaba and Tamarashvili Streets has begun. The
bars will be able to convey boulders, vegetation de-
bris, silt and other debris. The intake of water tun-
nels have been rehabilitated. 9o million GEL has
been spent from the budget of the city for the imple-
mentation of the above-mentioned activities.

It should be noted that the location of prospective
bars at the bottom of the channel is narrow, and the
surface area where trapped sediments willaccumu-
late is quite limited. A morphodynamic situation
may develop on o-5, 0-7 ha sized surfaces in front
of the bars, and if they trap sediments similar to
those that were deposited during the June 13, 2015
flash flood in terms of composition and amount, it
is certainly possible. It is highly unlikely that the
two relatively small bars to be constructed in the
bottom of the channel of the Vere River will be able
to prevent disasters caused by strong flash floods.

4  Monthly publication “Mediator” N22 (46), June-July 2017.

Conclusion



ob3360

80339R0600, H™3 LogoMm oym YRM® FoLBEHodMo 3Mg-
3963090 Mbobdngdgdol gobbmdzngemagds. demoghn
ByoemBmazotbgdo 39Mgdg Bombymdons 393039t ym-
QOO 0O, dEMOVM, dMIo30¢mB0(3 0969d0. vdodmd dgbo-
d030L0 369396(3076M0 MMBOLJNgdgANL FobbmEZ0gIMgdNl
3960939 Joemogol Lddm3Mgddn 3969l bgmdol doto, dobn
0bhgbboyMo POBS6YM-0bREOLHGYIH MY vm30Lg-
dob g3odm, IYod 0dbgde demogdo Byoemdmaatbgdol
69300 0Ycm0 899mgdgegdol dogmoemo MolzoL §39d.

donbotg 396989 2015 Bemob 13 0360b0L Byoemdmzataco-
Bob o mb dobo o8l BIHPMIgYNOD boomathgdol Jogk
bgmdob do6Bg godmoboemo oo ImEyemmMdol Mm3o-
HEm@Ymo Jobogms (Mol 3608309¢mm30bo boBogmo
bol 30603900L0 O FMMgoologod Bgagdmeo) ddemozk
36mM390000 gondogmo Joemodol LodM3M9ddn dgdotg o3
900boMmob coodbemmgdom 8 39 Log&mdob bgmdolb dotdg. gb
dmbgoo 030dhm3, HMB 3306009030 EMHMYMOE 396 gooho-
o 1bgdn Boboemobogob 89c03960emo bodobo. LEmMg gb
3obooo 30hebhmmaelb dotomogoo dodgBo.

CENN-0b 8096 2015 6gemb godmgdszgybgdnem 3ndemoge-
30080 — 3006069 396M9b 2015 Bemob 13 0360L0L Byo-
mIM39MHEbs* — godmmgdymo dmbLodMmgdgdol dobgeo-
300, Joemogdob LoBM3Mgddo . 396M9L bgmdol doMmBg
3dem0gMgbo Byommdm3oMhbgdom dmboemmbgmo 30-
HOLHOMBIOI0L 300006 d30eMmgdol yzgemodg 9am3gdho-
0b mmbobdogdo doRbgnemo ogm d0Bobgzgde Byogmge-
3o 330600900b gdmbhHogo o 3eEnbdM0lL 30mO3m-
Hob 96906030 Lobom dMEagbs, Bmaob — Lvoghmam-
dogmm aBobo o 060bg3930 330600900L gbdho390900m
Bobo33emgdo. dgho Momymo 130bobLyM-06g0bMHymo
306m0900L doybgroogzo, CENN-ob 3096 390m03089d9-
0 mmbobdogdol gobbm®mEngemgds 308306896mbomo
80330R600. B3960 mLOBdGGOm, 396gL bgmdol dotdg
396emoggdmo Loobygobhm boggdmdgdl Ydemogtglo
ByoemIm3o6mb900Logob oE30L Lbgo dmmbgtbodoy-
™m0 mmbobdngdgdol gobbmMEogmgds JBG® Hoymo,
000bmobo39, 66309099 dh0obo 0gbgodo.

CENN-ob 30g®  8900308909cm0  ¢mbolidngdgdngoob
9OM-90m0 Y390medg MHmYmoE 3obLsbm®ngemgdgemos
3006mhmo dmgbol LodbtMgmo ool goLBzGos Mgemog-
BIOP, $96 300093 30MoE 3gdm®Agbacmo 39Mgl 30-
mO3mhob 81bgde030 Ldbom vMEagde, deEobotmol goyddg-
9o 30mo3mA3o gobemoggdymo ymaznemo sdM9dyndol
QdM030L, doMomos, ©3mMAHNBgdNmo  3gomdgdolo
o 36ymIGsb godmbyemo ,emognbo 39GMmab” LogyMom
o980l oMLGIMBNL 306HMOgdBN. 9MOL OO SENISMMBD
000bo, MHMI dmbrogdd ©mbndbyemo Boggdmdgdal gdm-
Bhogo o 300 5g0emb on30390L IG3embMmYMM0s-
B0 LoEbM3MYdgEMO s LEBMZOEMIIMN30 EBNBYMgdNL
Boggdmdg00. dbgm 898mbggzodn Joemogdol LoBmathgddo
dogdotg 396l bgmdol dotob ydemoghgbio Byoemdmage-
000900L03800 O30l 3MMICMBS ZoEOdMgmo oMAg-
0. 08 300060M0L FgLoGM300006 odbemmgdom 3 30 Lo-
36dgdg dgdomg bgmdol doto Bmmemmgoytmo 3oém3zobo
o 3809Mm0ob 30630L gobBstog 3omodmboblndo doemgdn
30000 oMABgdd Pdemogtglo Byoemdmzatbgdol dogme-
o Mobzob 9398. gb 0dodhmad, Hm3 XX boyzybol 30-006
Bomg0d0 3969L 303993907em0 30emO3mAol g39tnm ©3g-
Bgdyemo 3060bg398s 3306030 BgyWgGbgdemo 3960 dho-

62

We believe that larger scale preventive measures
would be more appropriate. Strong flash floods in
Vere River have occurred many times in the past
and will occur in the future. Therefore, due to in-
tensive urban development, the bottom of the Vere
River channel in Thilisi will be threatened by the
risks associated with disastrous flash floods unless
adequate prevention measures are implemented.

As a result of the June 13, 2015 Vere River flash
flood, large amounts of mudflow debris (consisting
mainly of tree branches and logs) transported from
the slopes of the river’s watershed accumulated on
the 8 km long section of the bottom of the riverbed
within the city limits. This happened due to the fact
that the water tunnels failed to convey debris in a
timely manner and led to disastrous consequences.

One of the most effective measures to prevent the
reoccurrence of disasters caused by strong flash
floods occurring in the Vere River within the lim-
its of the city, as identified in the CENN publica-
tion, “The Vere River Flash Flood of 13 June, 2015”
(2015), is the demolition of underground water tun-
nels and the restoration of the natural riverbed of
Vere River and at certain locations, substitution of
highways and underground tunnels with overhead
roads. Notwithstanding unfavorable financial and
engineering conditions, we believe the measure
proposed by CENN is the most appropriate. The im-
plementation of alternative measures aimed at pro-
tecting structures located within the channel of the
Vere River from the impact of strong flash floods
will require more efforts and resources and will be
less effective.

The restoration of Vere River’s natural riverbed, the
fragments of which can still be observed along the
southern edge of Heroes’ Square along with the
presence of the former silk-weaving factory and the
abandoned Laguna Vere poolinthe former channel,
is the measure that is the most difficult to imple-
ment among those that are proposed by CENN. It is
expected that these structures will be demolished
to use the area for the construction of multi-story
residential and public buildings. In this case, the
issue of protecting the Vere River channel located
within the limits of the city from the impact of dis-
astrous flash floods will remain unresolved. 3 km
upstream from the junction point, the riverbed and
riverside flood plain located along the Zoo and Mzi-
uri Park will remain at high risk of disastrous flash
floods due to the fact that the underground water
tunnel built along the abandoned channel of the
Vere River in the 1930s fails to convey peak flows
of strong flash floods. This was the main reason for
the rapid impoundment of storm water at the intake
of this tunnel and the raise in water levels by 7-8 m
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leading to the inundation of riverside areas during
the 1963 and 2015 flash floods. The restoration of
the natural riverbed of the Vere River at this section
would be the best solution to prevent the negative
consequences of natural disasters.

It is noteworthy that the water tunnel located be-
neath the Vake-Saburtalo highway ensured the
transport of peak flows of the 1963 flash flood.
However, the 250 m long tunnel located beneath
Heroes’ Square failed to do so which led to the im-
poundment of water at its intake and the destruc-
tion of a major part of the Zoo.

To ensure the conveyance of peak flows of strong
flash floods through the Vere River channel, along
with the demolition of water tunnels, the natural
parameters of the riverbed which is narrowed by
concrete walls should be restored. In this case,
it should be noted that the water level during the
June 13, 2015 flash flood in the narrowest section
(20-22 m) of the Vere River channel exceeded 4 m.

The aforementioned cases demonstrate the impor-
tance of the length of tunnels and culverts in terms
of the ability to convey peak flows during flash
floods. Therefore, the restoration and maintenance
of natural morphodynamic regimes of channels
and floodplains of the tributaries of the Mtkvari
River are considered the most appropriate meas-
ures for preventing the disastrous consequences
of flash floods occurring in these rivers. However,
these measures are difficult to implement since a
considerable part of the developed areas of the city
are located within the channels and flood plains
of these tributaries. Therefore, to restore the nat-
ural conveyance capacity of these rivers, the struc-
tures located within their channels and flood plains
should be demolished, which would be a challenge
for the city to do.

Utilizing early warning systems for preventing
catastrophic consequences of strong flash floods
should be discussed separately. The early warning
system has been installed in the Vere River water-
shed and therefore, it has been designed for this
specific watershed. During the last 100-130 years,
several catastrophic flash floods occurred in other
tributaries of the Mtkvari River (Krtsanisiskhevi,
Legvtakhevi, Digmistskali, etc.) flowing within the
Thilisi depression, and likely will occur in the fu-
ture. Early warning systems are lacking in the wa-
tershed of these rivers, and as a result, the devel-
oped parts of their channels within the city limits
are at a higher risk.

It is not yet certain whether the early warning sys-
tem of the Vere River watershed is effective. In this
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case time is one of the most important factors. The
length of the tributaries of the Mtkvari River with-
in the Thilisi depression is about 15-40 km. Their
watersheds are characterized by high gradients de-
termining high velocities of the runoff. In case of a
prompt identification of a catastrophic flash flood
and a prompt transmission of the notification, rele-
vant agencies and the population of the risk zones
will have maximum 10-15 minutes to respond to the
expected disaster. During disastrous flash floods,
peak flows are formed at the last section of the river
at a distance of 8-10 km from the junction point.
Strong storm flows cover this distance in 10-15
minutes which is an extremely short time for local
residents and relevant agencies to respond to and
prevent the disaster.

Uncontrolled disposal of waste at the bottom and
slopes of the gorges of the tributaries of the Mt-
kvari River is also a factor that is associated with
flash floods occurring in these rivers. Although the
illegal disposal of household and industrial waste
is prohibited by the city’s authorities in the flood-
ing zones of these rivers and adjacent slopes, ille-
gal dumping still occurs. Surface water and air are
polluted with toxic chemical and biological pollut-
ants released as a result of decomposition, disso-
lution and decay of waste, creating a health hazard
for residents living nearby. Often waste (especial-
ly industrial and construction waste) accumulates
in the bottom of river channels and cause the im-
poundment of rivers that lead to swamping of riv-
erside areas. Clogging the intakes of tunnels with
waste that are laid on the bottom of the tributaries
of the Mtkvari River prevents the movement of wa-
ter and leads to swamping.

Polluting the Mtkvari River and its tributaries with
sewage water in Thilisi is a serious problem. There
are no water treatment plants on the Mtkvari river
oron its tributaries to clean the surface water that
is polluted with harmful biological and chemical
components. One of the main causes of river wa-
ter pollution is the release of toxic matters as a
result of decomposition, dissolution and decay of
waste that accumulates in river gorges. Seepage
of waste water from the city’s sewage system into
storm water drains is alarming and needs to be
addressed.
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