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Abstract. Landslide-induced wave in lakes or offshore isa 1 Introduction
natural hazard of significant concern throughout the world.
In Turkey, several dam reservoir areas suffer from this prob-

lem, motivating for the exploration of this phenomenon. In X ¢ ) )
this study, the potential for landslide-induced wave generaYe!OCity, generate impulsive waves, which propagate, reach-

tion and the possible adverse effects of such an event wer9 Sillages and causing considerable destruction, as has oc-
investigated for the Kurtun Dam reservoir area. This area i<Curred previously (Pastor et al., 2009). Two dramatic ex-

prone to translational debris-type landslides, and such slide@MPIes of such events are the Vajont Dam disaster and the

represent a threat with respect to wave generation. To inLituya Bay megatsunami event. In both examples, extremely

vestigate this problem, a potential landslide was initially in- 1279 rock masses slid into reservoirs, and these slides pro-

spected with respect to key geometrical and index parameduced waves hundreds of metres in height. The Vajont Dam

ters, such as the internal friction angle and unit weight of thediSaster was particularly serious, as it caused the deaths of
landslide material. After obtaining these data, the potentia?000 People, and this case has become an important exam-

of sub-aerial landslide-induced wave characteristics such aE'e of such problems, prompting other communities to take

wave height, wave run-up on the opposite slope and wave Ver_emedial measures (Genevois and Ghirotti, 2005; Bosa and

locity were calculated using existing empirical relationships. Petti: 2011). To evaluate the risks posed by these waves, it
Based on the obtained wave properties, a potential damag

Rapid landslides can entre reservoirs and, depending on their

is necessary to use models that can accurately provide in-

assessment was performed for vulnerable areas in recogniormation on all slide phenomena such as triggering, propa-
gation, entering the reservoir and the propagation of the re-

tion of the fact that the Kurtun Dam and Kurtun district are i : ;
threatened by potential wave occurrence. According to the®Ulting impulsive wave. To model all these aspects, engi-
findings obtained from the potential damage assessment, [{€€rs and geologists must use several empirical relationships
was determined that the Kurtun district and the Kurtun por-2nd @ series of models. The assessment of impulsive waves
tion of the Kurtun-Gumushane highway are located within triggered by_landslldes in artificial reservoirs plays an im-
the run-up impact area. However, the Kurtun Dam was delortant role in the planning and management of dams and

termined to be relatively safe due to the distance between thgeservoirs. In artificial basins where significant landslide risk
landslide area and the dam. exists, water is kept well below the maximum level, thereby

preventing the potential impulse wave from overtopping the
dam and reducing the wave run-up on the opposite shore-
lines (Panizzo et al., 2005). In the literature, there are several
studies on the modelling of landslide-generated waves and
the adverse impacts of such waves. These studies have been
grouped into three categories, including mathematical the-

Correspondence toA. Akgun ory (Stoker, 1957; Prins, 1958; Kranzer and Keller, 1960; Le
BY (aykutakgun@gmail.com) Mehaute and Wang, 1996), physical modelling experiments
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(Wiegel, 1955; Wiegel et al., 1970; Kamphuis and Bower- [FF
ing, 1970; Slingerland and Voight, 1979, 1982; Huber and = %= /

Hager, 1997; Watts, 1997; Walder et al., 2003; Fritz et al., PREEEEESE BLACK SEA

2001, 2004; Panizzo et al., 2005, Pastor et al., 2009; Basu ejigs s o Turkey :
al., 2010), and numerical simulations (Heinrich, 1992; Watts, | Istanbul . oNaAp- LS
1997; Monaghan and Kos, 2000; Watts et al., 2005; Wiec- 5 g St R
zorek et al., 2007; Romstad et al., 2009; Biscarini, 2010). |
In this study, empirical relationships based on experimental f»
models proposed by Hall and Watts (1953), Chow (1960),
Weigel (1964), Noda (1970), Synolakis (1987) and Huber &
and Hager (1997) were applied to a landslide developing atj#
the Kurtun Dam reservoir area (Gumushane, Northeasterrfees
Turkey). The potential landslide was first recognized in 2002
by the State Hydraulic Works (DSI) during surveys of the
reservoir area. The developing landslide could potentially
generate a wave extending across the reservoir area. This p¢
per aims to describe the potential landslide mass, to discus:
monitoring of the landslide movement using geodetic defor-
mation measurements, and to investigate empirical models
for determination of the height, speed, run-up and adverse
effects of the potential landslide-generated waves. For this
purpose, index parameters and some geometric features ¢
the landslide mass were initially determined. Using these
features, the results of modelling waves in the reservoir area
using previously developed models to derive a range of val-
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2 Geographical and geological settings
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The study area is located in the southern part of the Easterr e

Black Sea region of Turkey (Fig. 1). Due to the climate char- meters

acteristics of this zone and the hydrodynamic properties of

its rivers, the Eastern Black Sea Region has become the sifglg- 1. Location map of the study area and a general view of

of important hydropower structures, such as dams and hyghe Kurtgn Dam (NAF: North Anatolian Fault is presented by red

droelectric power plants. Kurtun dam is located in the East-92shed line) (Google Earth).

ern Black Sea Region, 27 km northwest of the town of Torul

on the Harsit River in Gumushane province. The main pur-

pose of this dam is to provide energy and the facility has anarea is the Turonian-Santonian age Catak formation (Ct),

annual output of 198 GWh (State Hydraulic Works, 2010). which is composed of clay, sandy limestone and andesite in-

Construction of the dam embankment began in 1997 and finterbedded with pyroclastic deposits. The Catak formation is

ished in 1999. The reservoir impounding process began omonformably overlain by the Kizilkaya formation (Kz) con-

8 February 2002, and the water level reached an elevatiosisting of biomicritic limestone, dacite with marl and pyro-

of 650 m on 30 April 2002 (Ozkuzukiran et al., 2006). Kur- clastics. The Kizilkaya formation is conformably overlain by

tun dam is 133 m high from the riverbed, and the crest ex-the Campanian-Maastrichtian age Caglayan formation (Cg)

tends 300m. The dam is constructed on a relatively narrowconsisting of clayey sandy limestones, basalts interbedded

valley with steeply sloping walls approximately 45 m apart. with marls, andesites and pyroclastics. These sequences in

Abutment slopes average 8hnd 52 for the left and right  the study area were cross-cut by the Kurtun granitoide (Kr)

abutments, respectively. intruded during the Upper Cretaceous. The intrusion consists
The lithological units in the study area consist mainly of of hornblende and biotite. This intrusion is in turn cross-cut

thick volcanic, volcano-clastic and intrusive rocks (Fig. 2). by dikes of quartz porphyry, dacite and dolerite (Ceryan et

According to Guven (1993), the basement unit of the studyal., 2008). Considerable hydrothermal alterations at the outer
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Table 1. The landslide characteristics and the other values used in

511000 512000 513000 514000 515000 516000 517000

calculations.
N
W®E Characteristic Value
8 * 8 Elevation of top of scarp 1035m
: 2 Elevation of base of scarp 850m
Slide length (base of scarp to toe) 645m
Average slide width 330m
Maximum slide width 340m
3 s Average slided mass thickness 26m
g 2 Landslide travel distance to shore of reservoir 645m
4 Legend i Density of slided mass 2.5tm
@ Landslide Maximum slope gradient of landslide to reservoir °35
/ Fault Average slope gradient of opposite shore °45
1 Sionits: arandionts, 1 Internal friction angle 35
g 5G] Clavey,sandy limestone |2 Landslide area 88000
E Anifedite nevd pyrocinstic. || Maximum volume of landslide mass 1320008 m
) 23521t Interbedded Maximum water depth of reservoir 150 m
oaimctiog
- I‘;::i::::e, pyroclastic

4500000
4500000

was composed of granite, granodiorite and diabase blocks
(Fig. 4). During field studies, it was observed that the land-
slide material belonged to an old landslide mass and that
heavy precipitation caused this material, which was critically
balanced, to be triggered again. At the top of the landslide
topography, tension cracks 40 and 50 cm in length were ob-
served. The triggering point of the landslide, namely the top
511000 512000 513000 514000 515000 516000 517000 of scarp, was recorded at an altitude of 1.035m (Fig. 3; Ta-
ble 1). The elevation of the base of scarp was determined
Fig. 2. Generalized geological map of the study area and its vicinity.;q he 850 m. The distance from the base of scarp to the toe
of the mass was 645 m. The geometrical shape of mass was
an ellipsoid (Fig. 3). To facilitate the calculation of potential
‘wave properties, average and maximum slide widths were
measured and determined to be 330 and 340 m, respectively
(Table 1). From the drilling data collected in the area, the av-
erage thickness of the landslide mass was determined to be
26 m. The density of the material is one of the basic inputs

In the Northern part of Turkey, large landslides such as the©r calculating wave properties. In this context, the density
Catak (Genc, 1993), Dagkoy (Ocakoglu et al., 2002), Kuzuly©f the slide matengl was found to be 2.5t The surface
(Gokceoglu et al., 2005), Tuzla (Gokceoglu et al., 2009) and2"€@ Of the landslide mass was calculated to be 88 Goom
Tortum (Duman, 2009) are frequent. The Hardisagir land-and using both this surface area and average thickness val-

slide, which forms the basis of this study, is a large landslideU€S; the maximum volume of the landslide mass was ob-
located on the left abutment of the Kurtun Dam reservoir {@ined as 1320 O_OO?'r(TabIe 1). In addition to the afore-
area. The distance between the dam body and the landslid@entioned landslide mass, small-scale debris flows and de-
mass is approximately 1800 m (Fig. 1). The main trigger- bris slides ql;o_occu_rred, both on the slide mass and in its
ing for the landslide is considered to be precipitation, due?erY close vicinity (Fig. 3). Some of these movements were
to the fact that major earthquakes have not been recordelpcated near the maximum water level of the reservoir. As a
at or near the study area in recent times (the North Anatolesult, the lower part of these mass movgments remalneq at
lian Fault located approximately 150 km south of the study©" below the water Iev_el. Therefore, there is also the potential
area: Fig. 1). A close inspection of the local geology of for underwater landslide-induced waves to occur.

the landslide mass revealed three lithological units (Fig. 3). The first engineering geology studies in the area were per-
From bottom to top, diabase, granite-granodiorite and slopdormed in 1990 by DSI. However, after the aforementioned
debris units were determined and mapped (Fig. 3). The landlandsliding began in 2002, a monitoring programme was
slide occurred mainly on the slope debris material, whichstarted in the area. For this purpose, geodetic measurements

4498000
4498000

0 05 1 2

zones of the Kurtun granitoid and along the faults can be ob
served in the area.

3 Engineering geology of the Hardisagir landslide
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Fig. 3. Detailed lithology map of the Hardisagir landslide and its vicinity (Modified from Kutlu, 2009).

Fig. 4. Views of the landslide area and the slope debris matd@glA close view of the landslide from the opposite slofi), A part of the
main scarp of the landslidéC) A deformation example on the landslide mass @DA view of the slope debris material of the landslide.

were performed at six observation locations (Fig. 3) duringand 4. At these locations, a vertical deformation changing
the period from 2002 to 2008. These deformation measurefrom 1 m to 3m was observed. In addition to this obser-
ments are presented in Table 2. In Fig. 5, a graphical repvation, a horizontal deformation could also be determined
resentation of these deformation measurements is also prext the same observation locations. All these deformation
sented. According to the graphs,the most considerable demeasurements revealed that the inspected landslide shows
formations could be observed at observation location 1, 2, 3an important vertical movement in the area. In addition to
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Table 2. Deformation measurements obtained by geodetic records and by observation pipes in the bore holes.

Measurements in 24.05.2002 (A) \ Measurements in 20.06.2002 (B) \ Measurements in 04.04.2003 (C) \ Measurements in 02.06.2005 (D)

Obs.No X Y Z(m) Obs.No X Y Z(m) Obs.No X Y Z(m) Obs.No X Y Z(m)

ON1 511159 4503649 924 ON1 511159 4503649 924 ON1 511160 4503649 924 ON1 511161. 4503651 922
ON2 511213 4503776 820 ON2 511213 4503776 820 ON2 511213 4503776 820 ON2 511214. 4503651 819
ON3 511016 4503804 884 ON3 511016 4503804 884 ON3 511016 4503804 884 ON3 511016. 4503804 884
ON4 510861 4504113 890 ON4 510861 4504113 890 ON4 510861 4504113 889 ON4 510861 4504113 890
ON5 510925 4504890 673 ON5 510925 4504890 673 ON5 510925 4504890 673 ON5 510925 4504890 673
ON6 510773 4504905 719 ON6 510773 4504905 719 ON6 510773 4504905 719 ON6 510773 4504905 719

Measurements in 21.12.2006 (E) \ Measurements in 26.04.2007 (F) \ Measurements in 11.07.2008 (G) \ Measurements in 25.11.2008 (H)
Obs.No X Y Z(m) Obs.No X Y Z(m) Obs.No X Y Z(m) Obs.No X Y Z (m)
ON1 511163 4503651 921 ON1 511164 4503652 921 ON1 511166 4503652 920 ON1 511165 4503652 919
ON2 511215 4503778 819 ON2 511215 4503778 819 ON2 No measurement ON2 No measurement

ON3 511016 4503804 884 ON3 511016 4503805 884 ON3 511016 4503804 884 ON3 511015 4503805 885
ON4 510861 4504113 889 ON4 510861 4504113 890 ON4 510861 4504113 889 ON4 510860 4504113 890
ON5 510925 4504890 673 ON5 510925 4504890 672 ON5 510925 4504890 673 ON5 510925 4504890 673
ON6 510773 4504905 719 ON6 510773 4504905 719 ON6 510773 4504905 719 ON6 510773 4504905 719

Bore Hole  Deformation Depth (m)

HSK1 23

HSK2 24

HSK3 16

HSK4 -

HSK5 No deformation
HSK6 -

HSK7 12

3500000 X (m) 3500000 | Y (m)

3000000 ' . . . i . 3000000 LN
——0 —a—
2500000 : ™ e 2500000 ™ UG
2000000 NS 2000000 “ NS
ON 4 ——ON 4
1500000 1500000
~#*—ON 3 ~#—0N 3
1000000 : : : : : :: 1000000 : : : : : 2
—#-0ON 2 —#-0ON 2
500000 500000

~+—ON 1 ~+O0N1
o 1]

Deformation measurement
values

Date Date

1000
9200
80
700
60
500
40
300
200
100

Z (m)

=ON 1

=ON 2

“ON3

=ON 4

=ON 5

=ON 6
A B c D E F

Date

o

values
=] =]

Deformation measurement

Fig. 5. Graphs showing the measured deformation results. The A, B, C, D, E, F, G and H are the observation date given in Table 2.

these measurements, seven bore holes were drilled in the aréatermined to be a translational debris slide, and the mass
(HSK1 to HSKT7), and observation pipes were placed in thesavas determined to be active based on the WP/WLI (1993)
bore holes to determine precisely the slip surface. Accordingclassification system.

to these measurements, the sliding depths were determined to

be 23 m at the HSK-1 bore hole and 12 m at the HSK-7 bore

hole, respectively (Fig. 3). According to the landslide classi-

fication system proposed by Varnes (1978), the landslide was
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1346 A. Akgin: Assessment of possible damaged areas due to landslide-induced waves

4 Potential landslide-induced waves wheren is wave height in metres, F is the Froude number,
which is expressed as v/(dtP) (v: landslide velocity calcu-

To assess the potential for landslide-induced waves to octated by Eq. (1)g: acceleration of gravity (9.81 nm$) and

cur in natural and artificial reservoir areas, many methodss: water depth of the reservoir), ands the maximum thick-

have been applied. Several empirical and numerical modness of the landslide mass. Using the velocity of 72.40m s

els have been suggested to analyse waves generated by langhd the Froude number of 1.88, Eq. (2) yields a potential

slides using deductive or inductive approaches (Slingerlandvave height in the reservoir area of 49.07 m.

and Voight, 1979). More recently, interactions between land-  Slingerland and Voight (1979) used data from a study on

slides and water bodies have been incorporated in a hydrodymica Reservoir in British Columbia to refine a previously de-

namic model using force terms (Kofoed-Hansen et al., 2001)veloped model and developed the following regression equa-

To evaluate the potential of landslide-induced waves to caus€on for first wave height:

damage in the Kurtun Dam reservoir area, previously devel-

oped models were used to derive a range of potential Wavéog(nma"/d) =a+b log (KE) )

height, run-up and wave speed values. The calculations ofvherea andb are constant values, which ard..25 and 0.71,

these data are based upon the measured parameters for tt&spectively, and are neither dependent on the site nor on the

landslide mass in the study area listed in Table 1. reservoir geometry, and KE is the dimensionless kinetic en-
ergy. KE has a value ranging from 1 to 100 and is expressed
4.1 Landslide velocity by Eq. (4).
_ 3
Landslide impact velocity is one of the primary parameters<E = 0-2Uhw/d*) (ys/v)(vs/gd) )

to be used for modelling landslide-induced waves. For thiswherel is the length of the landslide magsis the thickness
purpose, the velocity relationship proposed by Slingerland<f the landslide bodyw is the average landslide widtH,is
and Vought (1979) was used. According to this relationship,the water depthy; is the density of the landslide material,

landslide velocity can be modelled as: y is the density of water (1.0 g cmi) andus is the slide ve-
locity. Substituting the above values into Eq. (4) yields a KE
vy = vo+[2g s(sSing — tanpscosp) ]2 (1)  value of 7.22, which in turn is substituted into Eq. (3) to yield

a wave height of 34.36 m. Huber and Hager (1997) proposed
whereus is the slide velocity, computed as a mass sliding ona forecasting model for impulse waves into reservoirs. The
aplaneyyg is the initial slide velocity, which is assumed to be input parameters for their model were the slope angle at the
0ms1, g is the gravitational constant (9.81 1, s is the  impact site, the plunging slide volumes) over a finite shore
landslide travel distance from the toe of the landslide mass talistancg), equal to the width of the slide at impact with the
the water’s edgef is slope angle in degrees apgdlis the an-  water, the slide velocity and direction at the impact site, the
gle of internal friction. The angle of internal frictiog) for water depthd) near the impact site, water body bathymetry
agiven soil can be determined by plotting the shear stress angind the distance (x) from the impact site to the location under
the normal effective stress at which shear failure occurs on &onsideration (Wieczorek et al., 2003). According to Huber
Mohr’s Diagram. To accomplish this, direct shear tests withand Hager (1997), wave heigi#/) can be calculated as:
consolidated-drained (CD) condition were performed on the . 0.25 05 0.25
landslide material.¢s was found to be 35(Table 1). Ac- H =0.88 sina (ys/y)™=(Vs/b)™>(d/x)"" )
cording to the relationship given in Eq. (1) and the measuredJsing the values previously cited fat y;, y, andd, a land-
landslide characteristics given in Table 1, the impact velocityslide volume ¥s) of 1320000, a distance (x) of 330m

was calculated to be 72.40 m%s to the middle of the reservoir area and a finite shore dis-
tance (b) equal to the width of the region of impact along
4.2 Wave height the shore, which correspond to the average width of the land-

slide (340 m), Eq. (5) yields a wave height of 32.11 m. The
In the case of a rapid movement of the landslide mass into thgvave height(H) is mainly influenced by the impact angle
reservoir water body, the resulting waves will have a certainand secondarily by the specific landslide volurifg/lf). The
height, and this height will adversely affect both the Kur- remaining factors in Eq. (5) are of minor importance (Wiec-
tun Dam and the Ozkurtun settlement area. To estimate thgorek et al., 2003). Based on the above findings for wave
adverse effects of landslide-generated waves, the height dieight, an average value of 38.51 m can be proposed for the
these possible waves must be determined. To estimate thisudy area.
height, three different empirical relationships proposed by
Noda (1970), Slingerland and Voight (1979) and Huber and4.3 Wave velocity
Hager (1997) were applied. According to Noda (1970), the

wave height can be modelled as: Landslide induced waves propagate in semicircles over an
open water surface, and the wave height varies with this prop-
n =Fx (2) agation direction and the travel distance. The largest waves

Nat. Hazards Earth Syst. Sci., 11, 134350 2011 www.nat-hazards-earth-syst-sci.net/11/1341/2011/



A. Akgiin: Assessment of possible damaged areas due to landslide-induced waves 1347

travel in the dlregtlon of maximum momgntgm, while lat- Table 3. The values calculated by empirical relationships.
eral waves travelling along the shore are significantly smaller

(Wieczorek et al., 2003). To compute the possible wave ve-
locity in the reservoir area, two empirical relationships were
applied. The first relationship was applied by Wiegel (1964) Landslide Velocity

Calculated property and Calculation Method  Obtained Value

to determine wave celerityC). This relationship, given in Noda (1970) 72mst
Eqg. (6), can be written as: Wave Height
Slingerland and Voight (1970) 34m
C=[g(d+H)1>® (6) Noda (1970) 49m
Huber and Hager (1997) 32m
A water depth, of 150 m in the reservoir area and an av-  Average Wave Height 389m
erage wave heightd, of 38.51 m results in a wave velocity =~ Wave Runup on Opposite Slope
(C) of 43.00ms?. The second relationship used to calcu- Chow (1960) 267m
late wave velocity was proposed by Huber and Hager (1997). Huber and Hager (1997) 30m
According to this relationship, th€ value can be found us- ~ Synolakis (1987) 61m
ing Eq. (7): Hall and Watts (1953) 78 m
Average Wave Runup 189107 m
C=(g- d)%° 7 Wave Velocity
Weigel (1964) 43mst
Based on this relationship, a water depthef 150 m results Huber and Hager (1997) 38md
in a wave velocity of 38.36 mTs. These two results show Average Wave Velocity 463mst

similar wave velocity values and the average wave velocity
for the reservoir area can be given as 40.68t's

4.4 Wave run-up and Hager (1997) should be used because this value represent

When a landslide mass suddenly moves into a reservoir, th he wave height in the middle of the reservoir, and this wave

resulting wave often reaches the opposite slope of the Iandéieb'%h\fvazorzﬂfjueregé?nbe,{;g:e”\]/;z;;uéce (%(;'n:e?(;;gev\?;;
slide, and this phenomenon is known as wave run-up in the P 9  E0-(5) Y

literature (Mueller, 1995; Huber and Hager, 1997; Wieczorek'UN"UP of .30 m on the shore opposne.the landslide. Another
et al., 2007). This phenomenon typically destroys all na,[u_relauonshlp for wave run-up calculations was proposed by

ral landscapes and anthropogenic structures on the oppositgéymlakIs (1987). According to this relationship, the wave

slope. To determine the run-up values of possible waves ifun-up can be calculated as:
the study area, four empirical relationships were used. Ac-g/q = 2.831(cot 8)°°(H /d)+%° (10)
cording to Chow (1960), wave run-up on a slope on the op-

posite shore of a landslide can be calculated using Eq. (8): Using 48 for the opposite slope angle, 32.11m fdrand -
150 m ford, a potential run-up of approximately 61.83 m is

h= v§/2 8 (8) calculated for the slope opposite the studied landslide. The
last relationship used for calculating wave run-up was pro-
vided by Hall and Watts (1953). This relationship is given
below:

whereus is the landslide velocity, which can be found using
Eqg. (1), andg is the acceleration of gravity. According to
this equation, a landslide velocity of 72.40 mtsresults in

a wave run-up of 267.16m. This means that any structurer /d = 3.1(H /d)**° (11)

in the reservoir area, such as fishponds, that is in the impact ] ) )

area of the landslide could be expected to be displaced by #8@s€d on this relationship, the wave run-up was calculated as
much as 267 m. Huber and Hager (1997) also provided a rez_alppro?(lmately 79 m. All the calculated wave properties are
lationship for wave run-up. This equation is as given below: 9IVen in Table 3.

R/d =1.25(/28)%2(H /d)*?>(H /L)~ %> (9) 4.5 Assessmentof possible damage to the reservoir area

whereR is the wave run-up height over the level of the water To assess the potential adverse effects of landslide-induced
body, 8 is the angle of the opposite slopé,is the approach- waves on the reservoir area, a geographical information sys-
ing wave height found using Eq. (51, is the wave length, tem (GIS)-based assessment was carried out using the wave
which is typically 5 times greater than the water depth andcharacteristics calculated from the above empirical relation-
d is the water depth (150 m). When calculating wave run-ships. In this assessment, two wave properties in particu-
up values, thed value obtained from Eq. (5) was used by lar, run-up and wave velocity, were taken into consideration
considering the study of Wieczorek et al. (2003). Wieczorekbecause these two parameters are especially likely to affect
et al. (2003) suggested that tikevalue proposed by Huber man-made structures such as settlement areas and the dam
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ing Gumushane city to the Black Sea coast are located in the
wave run-up impact area (Fig. 6). The settlement areas, Kur-
tun district and Kurtun Dam, were also digitized. Due to the
fact that the crest altitude of the Kurtun dam is approximately
700 m, the dam body was shown at this altitude. The distance
between the landslide site and the dam body is approximately
1800 m. As the average wave velocity was calculated to be
40.68m s after entry of the landslide mass into the reser-

/‘ \ﬁ = ; = 7 : voir, the lateral travel time of the wave created by the land-

UHWN =

4500000
4500000

4498000
4498000

\ W slide was estimated to be 44 s. When considering an average
=SW//A ’ A\ wave height of 38.51 m, it seems unlikely that such a wave
oS ST Tt e spseyy Ml will overtop the dam. This prediction remains valid even for
the maximum wave height suggested by the above models,
Fig. 6. Potential damage assessment for vulnerable areas using GI149.07 m, because the highest wave amplitude will be some-
media and visualization of the possible damaged areas. what diminished by the time the wave reaches the dam body.
However, the impact of such a wave on the dam body will
naturally produce a dramatic effect, and this effect must be
body located near the site of the potential landslide. As giverfaken into account. Because wave impact analysis is beyond
in Table 3, all the considered wave properties were calcuthe scope of this study, the problem was not handled in de-
lated using more than one empirical relationship, and averagé?il here. However, a close inspection of Fig. 6 also reveals
values of these properties were also given. When conductother settlement areas close to the landslide site. These ar-
ing the potential damage assessment for vulnerable areas, &Rs should also be evaluated as areas that could potentially
the wave run-up values calculated were taken into considerbe threatened by a landslide-induced wave. One of these ar-
ation. For this purpose, five possible damage levels from 1€as is located on the north side of the landslide area, and
to 5 were differentiated (Fig. 6). In this differentiation, level the distance between the landslide and the settlement area is
1 shows the areas that would probably be affected by wavépproximately 1400 m. When considering this distance and
run-up with a 30 m run-up range. Levels 2, 3, 4 and 5 showcomparing it with the distance between the landslide site and
the possible damaged areas of waves with 61.38 m, 78.99 nihe opposite side of the reservoir, it is clear that it is unlikely
109.38m and 267.16m run-up ranges, respective|y_ Thesg) be a Iarge potential for run-up in this area. However, minor
results suggest that when the landslide mass enters the res@ffects of a potential wave could be expected in this area. For
Vvoir water, the resu|ting wave will run-up some Significant this reason, the pOSSible adverse effects in this area should
amount on the opposite side of the slope. On the opposité0t be neglected.
slope of the current site, a new settlement area, Kurtun dis-
trict, has been established (Fig. 7). After the construction of
the Kurtun dam, some parts of the Kurtun district stayed be-
low the reservoir water level. Currently, a new settlement site
in the Kurtun district, the DSI camp that was constructed dur-
ing the Kurtun Dam construction, and the highway connect-
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5 Discussions and conclusions adverse landslide-induced wave impacts on reservoir areas
in Turkey, this study may be used as an example for solving

In the present study, the potential properties of landslide-similar problems in other locations.

induced waves in the Kurtun Dam reservoir area were cal-
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