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Geological and geotechnical findings of the catastrophic debris
flow near Tskneti, Georgia, June 2015
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!Baugeologisches Buero Bauer GmbH, Munich, Germany, mail@baugeologie.de
2Trumer Schutzbauten GmbH, Obertrum, Austria
3Technical University of Munich, Munich, Germany
4Caucasus Road Project Ltd., Thilisi, Georgia

In June 2015 a flash flood caused by a failure of a natural dam originated by a hazardous
debris flow in the Vere valley hit Thilisi. 23 persons lost their lives and property damages
were huge. The catchment area is a region of high landslide susceptibility with a range of
active and expectable processes with differing intensities/volumes. The event of 2015 must
be seen as mega-event with recurrence periods of several 1000s of years or more. However,
the landslide has created even more unstable conditions and weakened an already semi-
stable system. As conclusion, the likelihood for medium to large subsequent events has
risen significantly. Along with the planning of the reconstruction of the Tskneti-Samadlo-
road and the Tskneti-Akhaldaba road some detailed geological investigations, e.g. large-
scale engineering geological mapping, laser scanning, monitoring of groundwater level,
movement measurements etc. were carried out or are still in progress. These first results
brought some evidence of geological, hydrogeological and geotechnical setting in the
Tskneti region and the types of processes (weathering, changes of water level) and
landslides (rock slides, rockfalls, creeping etc.) that provided debris for the catastrophic
event in 2015. This paper tries to give an idea of the general geomorphological and
geological setting and the processes and shows which measures have been taken already
and what is planned in the future to protect both roads and Thilisi from further catastrophic
hazards.

debris flow, flash flood, geological mapping, geomorphology

eonoruyeckne U reoTexXHUYECKNE YPOKU KaTacTpodmyeckoro
cens okono LixHetu, py3us, B noHe 2015 roga

I1. Hoiimann', M. Baysp!, M. Xaiian?, K. Kaitnur! 3, 3. Menaoae*, JI. lymo6anze’
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4Kasxazckuii doposcwiii npoexm JImo., Tounucu, Ipy3us

B mrone 2015 roga B TOmIMCH Ipon30IIJI0 BHE3AMTHOE HABOJHEHHE, BEI3BAHHOE IPOPBIBOM
€CTECTBEHHO IUIOTHHBI, MOJIPYKEHHOH OMoyi3HeM B JloinHe peku Bepe. 23 yenoseka
moruoJiv, a MaTepuanbHBIA ymiepOd ObLT OTpoMHBIM. BomocOopHasi 30Ha SBISIETCS
00/1aCTHIO MTOBBIIIEHHON OIOJI3HEBOM OIMMACHOCTH C pPAAOM aKTHUBHBIX W IMMOTCHIHAJIBHBIX
MPOIIECCOB PA3IMYHON MHTEHCHUBHOCTH M obObvema. Katactpoda 2015 roma momkHa
paccMaTpUBATHCA KaK BbIAAIOMICECA CcOOBITHE C TIOBTOPACMOCTBIO B HECKOJIBKO TBICAY JIET
mwin Gonee. OIHAKO OIOJN3EHb CO34aJ HEYCTOHYMBBIE YCIOBHS M OCTHAa0MI  yXKe
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HEJIOCTaTOYHO CTaOWIIBHYIO CHCTeMY. B HTOre, BEpOSATHOCTH CPEAHUX M 3HAYNTEIBHBIX
MOCJIEYIONINX ~ COOBITMH  3HAUYMTENbHO BO3pocia. Hapspy ¢ mmaHHpoOBaHHEM
pekoHcTpykuuu  noporu  Lxmetn-Camamno u  goporm llxnern-Axannmaba Obuin
BBINOJIHEHBI U MPOAOJDKAIOTCA B HACTOAIIEe BpeMs MOAPOOHBIE TeO0JIOrMYecKHe
UCCIIEJIOBAaHUSl — KPYHHOMAacCIITaOHOE WH)KEHEPHO-T€OJIOTHYECKOEe KapTUPOBaHUE,
Jla3epHOe CKaHWPOBaHHE, MOHUTOPUHT YPOBHSI TPYHTOBBIX BOJ, U3MEPEHHUS BUKEHUS U
T. 4. IlonmydeHHble mnpeABapUTENbHbIE pe3ynbTaThl BbIABWINM B llxHeTu criens
Te0JOrMYEeCKUX, THAPOTre€0JIOTHUECKUX U T€OTEeXHHUUECKUX YCIOBUM U TUIBI MPOLIECCOB
(BbIBeTpHBaHME, M3MEHEHUE YPOBHS BOJIbI) U MACCOBBIX CMEILEHUI (0OBaJIbl, ONOJI3HH,
MeJUICHHbIE CMELIEHUSI 1 T.JI.), KOTOPBIE JJaJI MaTepHal Ui KaTacTpO(QUIECKOro COObITUS
2015 roma. B craree nmaercs mpexncrtaBieHue o0 oOmieid reomopdosormdeckoid u
Te0JIOTHYECKOH 00CTaHOBKE, O MpoLeccax U MOKa3bIBAeTCsl, KaKUe MEPHI YK€ IPUHSTHI U
YTO TUIAHUpYETCS B OyaylieM JUisi 3alliuThl AOpOr M ropoia TOWIHMCH OT AanbHEHIHMX
OIIACHOCTEM.

celly, cenesoi naeodok, ceojloeuvecKkoe kapmuposeaHnue, 260M0p¢0ﬂ02uﬂ

Introduction

On the night of 13-14 June 2015, a disastrous flash flood hit the Georgian capital Thilisi
directly affecting more than 700 people, causing 23 fatalities and over USD 24 million in
physical damage [UNDP, 2015]. The flash flood originated in the Vere river west of Thilisi
[UNDP, 2015; Gaprindashvili et al., 2016]. It was caused by exceptionally long and heavy
rainfalls in the previous ten days resulting in an already high discharge and a large landslide of
approx. 1 million m3 temporarily blocking the river and ultimately causing the flash flood after
failing of the dam [UNDP, 2015; Gaprindashvili et al., 2016]. Peak discharge during the event
has been estimated to be 468 m?/s almost doubling the discharge during the catastrophic flood
in 1960 (259 m?/s discharge) [UNDP, 2015]. Following a flood recorded on 4 June (155 m®/s
discharge) this were the highest consecutive floods ever recorded in the Vere river [UNDP,
2015]. Vere river flows into Mtkvari river in Thilisi.

The landslide leading to the blockage of the Vere river occurred between Tskneti and
Akhaldaba south of the Vere river and was a highly complex process of different types of
landslides, such as rock slides, debris slides, earth slides and debris flows [UNDP, 2015;
Gaprindashvili et al., 2016]. In the landslide area two important roads were completely
destroyed by rock slide (upper Samadlo road) and debris flow (lower Akhaldaba road), isolating
Akhaldaba from Tskneti, which is the villages main source for supplies and food [UNDP, 2015;
Gaprindashvili et al., 2016].

Caucasus Road Projects, Ltd. (CRP) is currently reconstructing the roads, while a group
of international experts including Trumer Schutzbauten from Austria and Baugeologisches
Buero Bauer (BBB) from Germany is consulting CRP in topics about landslide hazard
assessment, mitigation and development of an early warning system (EWS). This paper will
give an overview about the first geological and geotechnical findings regarding the landslide.

Study site

The landslide area is located about 10 km west of Thilisi between the villages of Tskneti
and Akhaldaba (Fig. 1). The upper scarp of the landslide is located at 1410 m amsl, almost at
the ridge of the mountain range west of Tskneti. From the scarp to Akhaldaba road (910 m
amsl) the average slope angle is very steep at about 29°. From Akhaldaba road to Vere river
(620 m amsl) the average slope angle is much lower at about 6.5°.
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Fig. 1. Location of the Landslide area between Tskneti and Akhaldaba. Orthophoto provided by
Municipial Development Fund

Rock basement consists of two sedimentary formations of Tertiary age [Gudjabidze,
2003]. One formation is of Oligocene age and consists of clay- and thin layers of sandstone
[Gaprindashvili et al., 2016]. In the lower horizon of this formation claystones are more
dominant, while in the upper horizon sandstones are predominant [Gaprindashvili et al., 2016].
Thickness of this formation can reach 2.000 m [Gaprindashvili et al., 2016]. The second
formation is of Upper Eocene age and is formed by thick-bedded sandstones with alternating
layers of claystone as result of flysch deposits [Gaprindashvili et al., 2016]. The rock
formations are strongly faulted and fractured [Gaprindashvili et al., 2016].

Methods
Geological-geomorphological mapping

In order to develop an early warning system for the reconstructed roads BBB was
assigned by CRP to carry out detailed geological mapping with focus on spatial distribution
and properties of rock formations, geomorphological landslide features and possible landslide
processes. The first stages of mapping were performed in November 2017 and March 2018.
About 80 ha were mapped on a scale of 1:1.000. Mapping is fundamental and builds the
essential basis for all further steps, like safety of construction works or development of EWS.

UAV mapping

Additionally, UAV mapping and photogrammetric reconstruction was carried out in
March 2018 to create an up to date digital elevation model (DEM) of the landslide area (Fig. 2
A). This can provide a DEM at very high resolution and give us valuable information about the
geomorphology of the landslide area. Future surveys are planned to quantify geomorphologic
changes following the approach of multi-temporal DEMs of Wheaton et al. [2010]. About 27 ha
were mapped with the UAV from the scarp of the landslide until 600 m below Akhaldaba road.
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Terrestrial laser scanning

Terrestrial laser scanning (TLS) was performed on two locations inside the landslide area
in March 2018 (Fig. 2 B). Above Samadlo road we scanned a suspected hazardous rock slide
in order to accurately determine the volume of the rock slide. With consecutive TLS surveys in
the future possible movement can be quantified, e.g. with the M3C2 algorithm developed by
Lague et al. [2014]. Furthermore, we surveyed the area above and below the Akhaldaba road
to quantify mobilizable volumes for debris flows and evaluate slope stability. Here we plan to
carry out additional surveys in the future as well to quantify geomorphic changes.

-*-—-*"*'q

o - 7 2 b \
Fig. 2. UAV (A) and TLS (B) surveys were carried out in the landslide area in March 2018

Results

While data of the UAV and TLS surveys is still in extensive post processing, first results
of geological and geomorphological mapping can already be presented (Fig. 4). The Oligocence
formation (Fig. 3 A & B) is very thinly bedded and is predominantly composed of clay- and
siltstones. Bedding is spaced between 0.5 cm and 15 cm (average ~0.02 m). Interlayers of
sandstones are common. The formation crops out mostly below Samadlo road and dips north
with and average angle of 30-35°, it is folded and faulted.

The bedding of the Eocene formation (Fig. 3 C & D) is spaced closely to widely.
Sandstones are predominant in the formation with interlayers of clay- and siltstones.
Furthermore, conglomerates (Fig. 3 D), partly very coarsely grained, were found in this
formation. Conglomerates exist both as concordant interlayers and unconformable fillings of
erosive channels. Bedding is spaced between 1 cm and 2.5 m (average ~0.8 m). The formation
crops out mostly above Samadlo road and dips north with and average angle of 30-35°, it is
folded and faulted. Up to now it is not completely clear if the contact of the two rock formations
is concordant or unconformable or even faulted.

As mentioned above, the rock formations dip north with an average angle of 30-35° and
therefore bedding is more or less parallel to the slope itself. This geological setting makes the
whole mountain range west of Tskneti highly susceptible to landslides. During mapping
landslides were detected, that have not been active during the 2015 event, but have a much
older movement history of a suspected 60 to 150 years (grey detachments in Fig. 4). Although
there has been no full reactivation of theses landslides there are indicators for recent
movements, that could lead to a reactivation in the future.
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Fig. 3. Rock formations of the study site. A: Outcrop of thin-bedded rock formation at Samadlo road. B:
Close up of thin-bedded rock formation with predominant claystone. C: Sandstone of the thick-bedded
formation. D: Conglomerate of the thick-bedded formation. Photos: K. Keilig
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Fig. 4. Simplified geological-geomorphological sketch map of the landslide area (left), based on the high-
resolution mapping (A and B)
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Fig. 5. Map showing different types of movement types (colours) and probabilities (symbols)

Based on the geological-geomorphological findings we generated a map that
distinguishes the different types of occurring landslides as well as their activity or the
probability of failure (Fig. 5). This can help deciding which types of retaining structure,
monitoring system or immediate measure should be installed in the future.

As a result of mapping we developed a preliminary concept for the triggering mechanism
of the landslide (Fig. 6). We suspect groundwater and pore pressure to be the main trigger
during the 2015 event. The groundwater level must have risen significantly during the ten days
of heavy rain prior to the event. The stratification and jointing of the rock formations lead to
groundwater flow parallel to the slope and possible clay layers could prevent groundwater from
leaking on the surface. Therefore, in the lower parts of the slope pore pressures must have risen
immensely leading to explosion-like escapes of water and destabilising slopes until failure in
the area around Akhaldaba road (“groundwater explosions”). The landslide then prograded to
the upper parts of the slope.

Findings about the degree of jointing and block sizes during mapping were used to
quantify rock fall energies and dimension a rock fall barriers for Samadlo road (Fig. 7).
Construction of the rock fall barrier started in April 2018 and it will be installed along the whole
width of the landslide area of 2015 above the Samadlo road.

Simplified Hydro-/geological Section

N S

Samadlo Road

200

theoretic water y
Akhaldaba Road Bridge pressure 35 bar| <<
¥

Fig. 6. Preliminary model of triggering mechanism for the large landslide near Tskneti
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Fig. 7. Ongoing construction in April 2018 of posts for rock fall barrier by Trumer protecting the Samadlo
road. Photo: D. Dumbadze

Conclusions

Climatic conditions before the disastrous flash flood in 2015 were exceptional and were
caused by the unfavourable combination of very high water discharge in the Vere river and a
landslide that temporarily blocked the river and eventually failed. The mountain range on which
the landslide occurred is very susceptible due to the unfavourable dipping of the bedding and
the alternating sequence of ductile claystones and brittle sandstones.

Mapping is essential for creating a geotechnical model of the slope, determining the
factors for slope failure, guaranteeing safety of construction works and developing an EWS.
Since there are indicators for further movements, mapping should be continued on the
remaining parts of the slope in our opinion.

Outlook

Mapping of the uppermost part of the landslide scarp and its surroundings have proven
essential, but extension of the mapping area will be needed to qualify the danger for Akhaldaba
village or get more information about other potentially unstable parts of the mountain range.
Further surveys with UAV and TLS are already planned for this fall and are going to be
continued in the next years. Installation of several crackmeters is currently in process in order
to measure deformations in suspected rock slide locations. Deformation of shallow and deeper
landslides will be obtained with wire extensometers to find out if movements still continue in
new slides or old slides are being reactivated. Boreholes for both deformation and groundwater
measurements are already planned and drilling and installation works commence. Additionally,
it is planned to carry out geophysical measurements in 2018. This will be fundamental for
verifying the currently preliminary model of the triggering mechanisms for the landslide as well
as determining deformations, depth of sliding plains and other important aspects of the slope.
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