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Abstract

Land use in the Buylik Menderes River basin of vvestern Turkey has been
changed from ancient civilizations until today and erosion in different
intensities has been experienced. Especially right bank (as to flow) streams of
lower Bliyuk Menderes River basin had caused major torrents until 1970s. In
Kayran creek vvatershed, which was chosen as a representative of the right
bank, torrent control vvorks started in 1948 and vvas completed in 2003.
Administrative, technical and biological torrent control vvorks vvere
implemented in the area. In the context of technical vvorks, classical
consolidation dams vvere used for bed stabilization. Results shovved that no
torrent has been experienced since 1984 and 92.6% of check dams vvere
constructed until that time. While forest land increment vvas occurred only
1.06% in Vllhand VII1 land capability classes via slope stabilization vvorks,
classical check dams have prevented bed degradation and stabilized the
slopes by supporting toes vvith storing sediment.

Key vvords: Torrent control, Check dams, Forestry, Land misuse, GIS.

1. INTRODUCTION

Bilyik Menderes River, vvhich is the largest river of Aegean region of Turkey, has a
length of 584 km, a drainage area of 24873 km2, and an annual llow of 3.8 km3. Geographical
term of ‘meandering’ comes from the ancient name of the river “Meander”. VVritten history of the
area starts vvith Carians in XIl,h century BC. Forests of the upper basin had been destroyed since
ancient civilizations to modem times. Sediment yield of the river is 519-ton/km2year. As Biylk
Menderes River drained tovvard the Aegean Sea, ancient city Miletos, vvhich vvas an ancient
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harbour, has been silted up and now is 9-10 km inland dver a 2000 year period (ANONYMOUS
1982b; CAVUSOGLU 1991; ATALAY 1986).

The reason of high sediment yield in Ure lovver basin vvas determined as northern right
bank tributaries (ANONYMOUS 1983). 80% of the problematic tributaries of lovver and middle
Buyuk Menderes River basin are in the right bank as to flovwv. 64% of this part of the basin has
experienced soil erosion (ANONYMOUS 1982a). Sediment yields of these creeks are high and
major torrents had been experienced by 1970s. These torrents caused loss of life and property, and
gave damage to communication, transport and irrigation facilities. Additionally, high sediment
loads from these tributaries gave permanent damage to agricultural areas in the Bilyiik Menderes
plain.

High flovvs in upper vvatersheds of tributaries are called as torrents. and in valleys they are
called as floods. Innumerable combinations of variable climatic and physiographic factors
produce floods/torrents of ali degrees and severity. Some climatic factors that affect floods are
form, amount, duration, and intensity of precipitation; the amount of previous precipitation, vvhich
vvould affect the moisture content of the soil, air temperature vvhich may result in frozen soil or
may determine the rate of snovvmelt; and the direction of storm movement. The principal
physiographic factors of a drainage basin that determine flood flovvs are drainage area, elevation,
soil type, shape, slope, aspect, and vegetation cover. The only parameter of a vvatershed that could
be affected by human being is land use changes, especially from forest to agriculture
(ANONYMOUS 1998; UZUNSOY/GORCELIOGLU 1985).

Main reasons of floods can be grouped into as increases in streamflovv, irregularities in the
flovv and decrease of channel capacity (UZUNSOY/GORCELIOGLU 1985). Humans can affect
these situations vvith land misuse. Vegetation cover in the upper vvatershed can be changed, i.e.
from forest to agriculture, and as a result of it high runoff can be observed. Channel capacity can
be decreased in the lovver vvatershed by high sediment yield originating from upper vvatershed,
vvrong infrastructure, bridges that have inadequate cross sections and vvrong urbanization ete.

Improvement vvorks against torrents are administrative, teehnieal and biological
(GORCELIOGLU 2003). Administrative measures inelude preventing illegal human activities
through socio-economic and physical measures. Teehnieal measures are to maintain bed and slope
stabilization through check dams, spurs, silis, terraces and vvattle fences ete. Biological measures
are to cover slopes by soil bioengineering. The funetions of classical dams are consolidation and
retaining.

Nevv approach in torrent control has been in practice since 1970s in Austria. The funetions
of the older constructed torrent control measures are consolidation and retaining. Storage
capacities vvere not corresponding to disaster potential and for that reason disasters vvere not
prevented only lessened in severity. Torrent control engineer has the problem of preventing the
disaster by countermeasures vvithout disturbing the regular bedload transport and the environment.
That means generally to maintain the bedload diseharge for the stability of the dovvnstream course
and the receiving system. Torrent control measures vvith a small influence on the natural torrent
system have to be developed because they will influence the debris and bedload produetion
(FIEBIGER 1997). Main difference betvveen structures of classical and nevv approach is energy
dissipaters. These structures of neww approach are made by concrete, reinforced concrete or
concrete armored vvith Steel and they are useful especially for rainy areas. Their construction costs
are higher than classical dams and after construction they need extra cost for maintenance. If
classical masonry check dams give expected results, it is not necessary to change the structures
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with the expensive ones. It is knovvn that 80% of the Turkey’s land needs torrent/erosion control
and expensive structures should only be used when necessary.

Improvement vvorks of right bank of the Biyik Menderes River basin started in 1940s
(ANONYMOUS 1961). The improvement was held by different govemmental bodies, which
have different official duties on land improvement. General Directorate of Afforestation (AGM)
vvorked on slope stabilization, State Hydraulic Works (DSi) on bed stabilization and TOPRAKSU
(iater General Directorate of Rural Affairs, KHGM) agricultural land improvement on alluvial
cone. With conlinuing works, tens of torrents have been taken under control, some areas on the
alluvial cones of the torrents of the river have been opened to agriculture and settlement and some
areas have been started to irrigate.

The aims of this study are to give the situations before and after torrent control works,
compare these situations (forest cover, land use type changes), and investigate the effectiveness of
classical check dams and other torrent control works implemented in the Kayran watershed.

2. MATERIALS AND METHODS

Problematic right bank of the lower Bilyuk Menderes River basin is very large
(approximately 2000 km2). Therefore, Kayran creek vvatershed having also steep slopes and
elodible soils like other tributaries of this part of the basin and intensive improvement vvorks was
selected as a study area.

Location: Kayran creek vvatershed is one of the tributaries of Bliyik Menderes River basin on the
right bank (as to flowv). It lies betvveen 28°29T5"-28°33'50" East and 38°03'34"-38°53'55" North,
in Aegean Region, vvestern Anatolia, Turkey. Kayran creek has an area of 66.03 km2 vvith long
narrovv shape (Fig. 1).

Topography: The topography of the vvatershed is broken. Elevation inereases from soulh to north
direetion reaching the maximum elevation of 1469 m. Average slope is 38.5% (Table 1). Mean
altitude of vvatershed is 796 m and 46.19% of vvatershed stays in 800-1200 m elevation range.

Table 1: Slope elasses of the Kayran creek vvatershed
Tablo 1: Kayran deresinin havzasinin edim siniflari

Slope Classes (%) Area (%)
0-6 5.1
*6-12 7.7
12-20 8.1
20-30 14.1
>30 65.0

Climate: There are tvwo meteorological stations in the area: Nazilli (37°55’ N, 28°19'E, H=60m)
vvhich has long term records (1929-2003) in lovver altitudes elose to vvatershed and Kayran
precipitation station (38°00' N, 2S°33'E, H=600m) vvhich has relatively short term records (1970-
2000) in the middle of the vvatershed. According to Kayran station, annual precipitation is about
744.7 mm. Distribution of rainfall throughout the year is not even, and 4% of it falls in summer,
20% in autumn, 27% in spring and 49% in vvinter. VVettest month is January and driest monlh is
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August. Maximum daily rainfall is 102.5 mm in December. In study area, Mediterranean climate
dominates vvith hot and dry summers and mild and rainy vvinters. According to records of Nazilli
station, annual mean temperature is 17.5°C, hottest month is July (28.4°C) and coldest is January
(7.5°C). According to Thomtvvaite method, the climate of the area is semi arid-semi humid,
mesothermal, vvith very strong vvater deficit in summer, very strong vvater surplus in vvinter,
subordinate climate type close to ocean effect. Maximum daily rainfall records of Kayran station
are given in Table 2.

MAP OF KAYRAN CREEK VVATERSHED
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Figlure 1: Location of the Kayran creek vvatershed
Sekil 1 Kayran deresinin havzasinin konumu
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Table 2: Maximum daily precipitation (mm) in Kayran between 1971 and 2000 (DSi).
Tablo 2: Kayran’da 1971-2000 arasindaki giinlik en biyik yagis (mm)
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Vegetation Cover: Study area lies in the Mediterranean vegetation region that consists of
xerophytes (Atalay, 1983). Vegetation cover in the vvatershed is made up of two zones. First zone
that climbs up to 1000 m is Pyrenean pine (Pinus brutia Ten.) zone. Oak groups are dominant in
the Pyrenean pine forests that are the main tree species of the area. Second zone starting from
1000-1100 meters is Austrian pine (Pinus nigra Am.) zone. But vegetation limits in the area are
not natural. Natural vegetation cover was disturbed by human and cultural plantations climbed up
to the 800-1000 meters. Because of overgrazing, soil is bare, topsoil eroded and surface of
rangelands covered with stones and non-fodder plants. Some rangelands are used for agriculture.
Viilagers use open areas in the forest as a rangeland. Some coppice forest areas seen in 1962
dated air photos turned into fig and chestnut agriculture until 1983 (ANONYMOUS 1983).

Land use in the vvatershed is composed of forest (68%), agriculture (27%), rangeland
(3%), sedimentation (1%) and settlement (1%). 60% of the forests are productive and 40% are
degraded. Forests are used for timber production; oak forests are managed for fuel vvood as a
coppice system, pine forests are managed by selection System. Pyrenean pine forests are
degraded. Forests consist of 70% deciduous, 20% coniferous and 10% mixed (OGM 2001).

Geology and soil: Biyuk Menderes River basin lays dovvn cast to vvest on Buylk Menderes
Graben. The basement of the region is formed of Paleozoic and Mesozoic aged schists, marble
and dolomitic limestones of the Menderes massive (BARGU/TURGUT 1991-1992-1993). Over
the ancient basement there are Neocene lake deposits and south feet of the graben is formed of
Plio-Quatemary and Quatemary colluvial deposits.

Soil is generally light, partly moderately textured sandy loam and loam. Topsoil is
shallovv but subsoil is very deep (ANONYMOUS 1968).

Soil erosion: 23% of the study area is prone to moderate, 24% severe and 52% very severe
erosion (KHGM, 2001).

Population: There are three villages in the vvatershed vvith a total population of 2022 according to
2000 census of population. While village population of upper vvatershed, vvhich is more forest
dependent, decreased 18.4%, village population in alluvial cone stayed stable betvveen 1980 and
2000 period (DIE 1963, 1973, 1981, 1991,2003).

Socio-economic situation: Economics of population of vvatershed is dependent on agriculture
(grain, fig, apple, olive and chestnut), livestock and labour in forestry and other vvork areas. j

Flooding history: Kayran creek used to flood every year, but big torrents vvhich used to make
damage to agriculture, transport and irrigation facilities started in Febniary of 1966
(ANONYMOUS 1983). According to available records, floods occurred generally in vvinter vvhen
soil vvas saturated (Table 3).
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Table 3: Avaiiable historic torrent records in Nazilli and Kayran watersheds
(ANONYMOUS 1983; DSi 1961,1966,1990).
Tablo 3: Nazilli ve Kayran havzalarinin mevcut tarihi sel kayitlari

Torrent dates - Sel tarihleri

May 1930 August 1959
May 1936 28 December 1960
February 1940 January 1965
December 1942 27 December 1965
July 1945 20-21 January 1966
1948 Febmary 1966
1949 10-11 March 1968
January 1950 12-15 March 1968
August 1956 1981 December
July 1957-14 June 1957 1982 January-February
15 March 1958 1984 December

Runoff and Sediment Yield: Average sediment yield is 25 m3ha (ANONYMOUS 1983).

Iniprovement Plans: First study vvas carried out in 1940s. Kayran creek study plan for bed
stabilization vvas prepared by DSi in 1961. This plan vvas revised later and newv version wvas taken
as a basis for improvement vvorks. Slope stabilization plan vvas prepared by forest service in 1983
(ANONYMOUS 1961, 1968, 1983).

Iniprovement Works: in alluvial cone, masonry bank pavement wvith a length of 675 m vvere
constructed in the right bank and 1748 m in left the bank to protect agricultuial areas in 1948
(ANONYMOUS 1961). Bed stabilization vvorks in headvvaters started in 1970. Ak, Oluk, Girlen,
Eskihisar, Aci, Yelli and Akyatak tributaries that take place in middle right bank of vvatershed
vvere given much debris to main bed wvith some active landslides and gullies. Check dams vvere
constructed to control bed and bank erosion in these tributaries and in main channel of Kayran.

Some tributaries yielding unimportant quantities of debris vvere not improved. Main
channel bed wvvas improved wvith systematical consolidation and auxiliary dams. Some dams
constructed over fills of older dams after Eskihisar junction (8+500 km) through to the mouth.
Duties of dams vvere to decrease the slope of bed, align channel and store the debris. The heights
of masonry check dams varied betvveen 2 andI2 m. On little streams and gullies maximum 2 m
high dry masonry or mixed silis vvere constructed. Fiil material on back of silis afforested wvith
some deciduous species. Slope stabilization vvorks vvere implemented according to 1983 plan.
Degraded oak forest lands due to overgrazing and l'uel vvood collection vvere teiraced against
runoff, completed vvith sovwv and improved. Pyrenean and Austrian pines vvere planted in pure or
mixed wvith oak stands. in rangelands, rangeland type gradoni terraces vvere used. Stones that
cover the surface vvere collected and placed in the channels dug paralle! to contours. Undesirable
forage vegetation vvas removed in improved areas. in alluvial cone, bed vvas cleaned to give
appropriate channel cross section to flovw and slopes of the channel vvere covered wvith stone in
early 1980s. Watershed has been excluded and bed and slope improvement areas has been fenced
off and controlled by rangers (Fig. 2).
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Figure 2: Location of rehabilitation works
Sekil 2: Islah calismalari haritasi

Effectiveness of the improvement works and role of the classical dams vvere investigated
in the study. First, climatic and physiographic factors affecting the formation of torrents vvere
studied and torrent probability of the vvatershed vvas analyzed. Main climatic factor affecting the
formation of torrents is precipitation. Therefoie, form and amount of precipitation vvere taken into
consideration. Records of Nazilli meteorological station and Kayran precipitation station vvere
used for climatic data. Physiographic factors such as drainage area, slope, direction of slope
(aspect), and land use type of the vvatershed vvere studied. Next, bed and slope improvement
vvorks and precipitations vvere studied and effects of vvorks in the period of improvement vvere
analyzed. Topographic maps vvith a scale of 1/25000 and forest management stand type (land use)
maps vvere digitized and maps of digital land capability and erosion classes vvere used for
physiographic factors. Slope, aspect, elevation and area analysis vvere made vvith Geographic
Information System (GIS). t

To investigate the effects of torrent control vvorks in preventing the torrents, relation
among precipitations, constructed check dams, forest coverage and its change in time vvere
studied. It is knovvn that a prodiictive forest can intercept 50-80% of the rainfall and prevent
torrents up to precipitation rate. For this puipose, study plans, land use, stand type maps made in
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1990 and 2001 vvere studied. Forest management plans vvere evaluated to figiire out vvhether
forest area and/or cover increased or decreased. Available precipitation and torrent records, and
return periods of precipitation vvere investigated. Maximum daily precipitation records of Nazilli
and Kayran stations before and after improvement vvorks vvere compared vvith the precipitations
of different return periods, vvater budged and torrent records in order to find out if these
precipitations generated a torrent.

Information obtained from various maps vvas superimposed as layers into GIS and vvere
evaluated for effectiveness of improvement vvorks.

3. RESULTS AND DISCUSSTON

Torrent probability, situation after torrent control vvorks and their effectiveness wvvere
studied. Torrent probability vvas evaluated in the context of climatic and physiographic
characteristics of the vvatershed.

According to Kayran meteorological records, average yearly snovvy days are 1.7.
Therefore, the effect of snovw on formation of torrents is accepted as negligible. 61% of
precipitation falls from December to April. Due to the fact that only 20% of vegetation cover
coniferous and 10% is mixed, forest trees and agricultural crops are generally leafless in that
period. Yearly average rainy days are 67, and 62% of these days are in dormant season.
Furthermore, interception and evapotranspiration decrease due to dormant period and cold
vveather. According to Thorntvvaite method, soil has vvater surplus in December-March period. As
a result, due to leafless canopy intensive precipitation falling 6ver almost bare to soil that has
vvater surplus increases the height of runoff and torrent probability in the vvatershed.

With respect to observations, 1etum periods of daily maximum precipitation records are
smaller than 25-years and only one record is greater than 25-years return period in Kayran (Table
4).

Table 4: Frequencies of certain amount of daily precipitation in the vvatershed (DSi 1990)
Tablo 4: Havzadaki glinliik yagislarin tekerrir araliklari

Return Period (years) Precipitation (mm)
2 57.81
5 71.86
10 82.16
25 96.29
50 107.65
100 119.75
Annual mean 744.7
Daily maximum 102.50 (December 1981)

Annual maxima 1112(1981)
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The precipitation between 1971 and 2000 shovved fluctuations. Mean precipitation was
744 mm and there was not important change in precipitation rates during improvement works
(Fig. 3).

Years

Figlre 3: Annual precipitation in Kayran vvatershed.
Sekil 3:  Kayran havzasindaki yillik yagis

There is no coincidence betvveen long term Nazilli precipitation records and available
torrent records. According to Kayran precipitation records there is one coincidence betvveen
December 1981 precipitation and torrent record. In December 1981 vvatershed received 102.5 mm
daily precipitation. Same vveather conditions may not be seen in these two places because there is
considerable distaiice betvveen Nazilli and Kayran stations, 70 km horizontally and 540 m
vertically. Furthermore, it is knovvn that there are many factors affeeting formation of a torrent
such as antecedent precipitation and soil moisture before torrent event. It is not aimed here to
investigate the reasons of torrents happened in the vvatershed. Hovvever, no torrent has been
recorded after improvement vvorks.

According to forest management plan, 68% of the vvatershed is used for forest, 27% for
agriculture, 3% for rangeland, 1% for settlement and 1% of the area has been covered by sediment
(OGM 2001). According to land capability elasses, there are no elasses Vth and VIlIth in the
vvatershed. 82% of VI and Vllth land capability elasses is covered vvith forest, 14% are practiced
agriculture and 4% is rangeland. Furthermore, 40% of forests are degraded (Table 5. Table 6;
Fig.4; OGM 2001; KHGM 2001). According to land use criteria, lands from Vthto VIIIth land
capability elasses must be covered vvith good forests or rangeland, and agriculture must never be
practiced on. Torrent probability is high in the vvatershed due to 14% forest cover deficit,
cultivation on the forestlands, 40% degraded forest coverage and coppice management system in
oak forests.
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Table S: Land capability classes of Kayran creek watershed (KI11GM 2001)
Tablo 5: Kayran deresinin havzasinin arazi yetenek siniflari

Land capability classes | 1 11 1\ \% Vi VIl VIl
W atershed Area (%) 0.36 0.02 8.42 19.42 0 14.14 56.89 0

Table 6:  Actual land use in the Kayran creek vvatershed according to land capability
classes (OGM 2001; KIIGM 2001)

Tablo 6: Kayran deresinin havzasinda arazi yetenek siniflarina gére gincel arazi kullanimi
LAND USE
LAND & .
- [ W L
capability %] , D _1 TOTAL
w = © 0 - = EE
CLASSES o4 x4 zz a2 = 2 (Ha)
o 0> << w w Y
s < O [a »n = n =
VI-VII (FOREST) 3878,74 642,37 171,43 8,03 20,86 4721,42

1-1V (AGRICULTURE) 634,72 1131,92 18,50 56,29 39,88 1881,31
TOTAL 4513,46 1774,29 189,92 64,32 60,74 6602,73

Kayran creek vvatershed vvas improved by teehnieal, biological and socio-economic
torrent control measures. in the context of teehnieal measures, bed stabilization took place first
and socio-economic and biological measures follovved it.

Forest villagers vvere encouraged to raise fruits after ORKOY (General Directorate of
Forest Village Relations) built a refrigelated depot in the context of socio-economic measures.
Villagers vvere employed in dry or irrigated agriculture, animal breeding, forest improvement and
forest harvesting. They vvere given 80% of forest produet they harvested vvith price of harvesting
cost and 20% wvvith market price for sale. These socio-economic measures increased legal incomes
of villagers. in 2000 census of population, there has been a decrease in the upper village
population of vvatershed after 1980 (DIE 1981, 2003). improvement in people’s Standard of
living, and decrease in the village population resulted in a decrease in the destruetion of forest.

Bed improvement vvorks started before slope improvement vvorks. During first years of
dam construction period (1970-2003), vvhile frequency of most precipitations wvas less than 25
years, torrent flovw estimations depending on land remarks and empirical formulas vvere 100.
Reasonable explanation of this imbalance may be mass movements and land misuse. Mass
movements occurred as a result of degradation of channels, toe digging and destabilization of
slopes. The channel vvas temporarily dammed up by debris of mass movement. A big torrent was
occurred vvhen this natural dam broken by vvater pressure. Both in main channel and tributaries of
Kayran creek, there are high and steep banks like a wvall reaching 20 m in places. Teehnieal
structures in beds vvere mainly check dams and auxiliary dams. Given duties of check dfims are
stabilization of beds, slopes and landslides in 7 tributaries. in dam construction period, dams in
the main channel vvere revised and heights of some vveirs vvere increased as to volime of flovw and
debris. After mass and bed stabilization in main channel and tributaries, torrents vvere not
repeated. Classical check dams in the Kayran creek prevented mass movements in both main
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channel and tributaries and the slopes were stabilized. Effectiveness of classical check dams was
maintained, and considerations of disturbing regular bedload transport were prevented through
step-by-step construction. Projected check dam heights vvere not applied at a one time. This
method did not disturb bedload transport and maintained economy, and if this height of dam wvas
enough, construction of dam wvas stopped. After being filled by sediment, height of dam wvas
increased vvhen necessary. If some maintenancc and repair costs are excluded, there is no
operation cost of classical dams. Classical dams can be easily projected and constructed by less
qualified labour and lovww povvered construction machines. Channel reactions of systematic dams
and adaptation processes of classical dams are less complicated and homogenous.

Figlre 4: Cultivated area in the VIIh and VII'T land
capability class in Kayran creek vvatershed.

Sekil 4:  Kayran deresinin havzasinin VI ve VII sinif
arazilerinde tarim yapilan alanlar

In the beds of the vvatershed, classical masonry vveight consolidation check dams and dry
masonry spills vvere used but not concrete, since concrete vveight dams cost approximately dotible
the amounl of masonry dams. Totally 223 masonry check and auxiliary dams, 1 mixed check dam
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and 5 dry masonry silis were constructed into the tributaries and main channel. 69 of check dams
and auxiliary dams with heights changing betvveen 2 and 12 meters were made for main bed
stabilization. 92.6 % of check dams constructed until 1984 in vvhich slope stabilization vvorks
started, and last check dam vvas constructed in 2003 (Fig. 5). One check dam wvith auxiliary dam
on 7+000 km from mouth collapsed during a high flovv wvhile spillvvay vvas vvorking in 1984.
Clean vvaters due to trapped debris by check dams dug basement of this dam and cracked it and
toppled dovvn. Water mass behind the dam could be trapped behind the other consolidation dams
through the gorge. Holding capacity due to vvide (approximately 100 m) bed, the other check
dams could hold this extra vvater before gorge and not caused any damages. This is another
example that classical dams vvere sufficient in torrent control in this vvatershed. After this event,
any torrents vvere not realized in Kayran. These consolidation check dams vvere effective to raise
the bed, lovver the bed slope, and stop the landslides in tributaries.
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Figlire 5: Constructed dams and slope stabilization vvorks in years.
Sekil 5: Yillara gore insa edilen barajlar ve yamag 1slah calismalari

1060 ha area vvere stabilized by different kinds of terraces and plantations vvith oak and
pine species. improvement areas vvere fenced and vvatched by rangers. According to comparison
of 1990 and 2001 forest management plans, forest area increased only 1.06%, but productivity
and canopy cover increased 57% in forest area in vvatershed (Fig. 6). i

In the lovver vvatershed of the Kayran creek, fruit grovving is practiced on some high
slopes on stone-reinforced terraces. Wide flood plains are not used for other puiposes like
agriculture or settlements. Therefore, high flovws could be deposited behind check dams and
torrent peaks could be decreased.
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During bed improvement works, there vvere not slope stabilization vvorks, except for
fences, in the seven problematic tributaries until 1984. Torrents repeating every year, after
February of 1966, have decreased vvith constructions of dams and stopped after completion 92.6%
of dams until 1984. Therefore, check dams have played an important role in preventing torrents.
After fence wvas installed and area protected, grazing and other harmful activities stopped and
degraded forest structure may be regenerated until slope stabilization startcd and this could be
helpful in prevention of torrents. Slope stabilization vvorks took place in the middle vvatershed
near Kayran village and they vvere mostly oak improvements (Fig 6).

MAP OF FOREST CHANGE ANALYSIS iN
KAYRAN CREEK VVATERSHED
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Figlire 6: Change detection result of forest management plans of 1990 and 2001 in Kayran
creek vvatershed. 1: no change, 2: improvement in deciduous forests, 3:
improvement in coniferous forests. |

Sekil 6: Kayran deresinin havzasinin 1990 ve 2001 orman amenajman planlarina gére degisim
analizi. 1: degisim yok. 2: yaprakli ormanlarda iyilesme, 3: ibreli ormanlarda iyilesme
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There are less than 1 m3s runoff after the improvement vvorks (check dams and biological
measures) after 1984 from Girlen tributary and 1987 Eskihisar tributary. Maximum discharge at
the vveir of check dams on the Kayran creek gorge is about 7-8 m3s and maximum 12-13 m3s.
Debris size on the back of check dams of the main channel aiound 8+500 km (Eskihisar tributary)
is about 20 mm and around 7+000 is about 2-3 mm. Before improvement vvorks partide size vvas
boulders on these points. Check dam vvings that lie through the vvide floodplain created extra
depot capacity.

Results shovved that torrent probability in the Kayran creek vvatershed wvas high due to
climatic and physiographic factors. Integrated torrent control vvorks, primarily bed stabilization
vvorks wvith check and auxiliary dams and secondarily slope improvement vvorks vvere used in the
area. While precipitation stayed nearly same betvveen 1971 and 2000, and forest area increased
only 1.06% betvveen 1990 and 2001, classical check dams vvere effective to lovver the longitudinal
gradient, prevent bed and toe degradation, and stabilize the slopes. Dams have prevented the
torrents before slope stabilization vvorks started in 1984. Forests, even if they are unproductive,
might have positive influences on preventing torrents. Slope stabilization vvorks improved forests
and increased the effectiveness of dams and sustainability of improvement vvorks. After tvventy
years from 1984 in vvhich 92.6% check dam constructions completed, any torrents have not been
experienced in Kayran vvatershed. Therefore alluvial cone of the Kayran creek and flood plain of
Blyuk Menderes River became safer for practicing agriculture, settlement, communication,
transportation and irrigation Utilities ete.



BATI ANADOLUDAKI SEL KONTROL GALISMALARINDA
KLASIK TASINTI BARAJLARININ ETKINLiIGi: KAYRAN SEL DERESI
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Buyuk Menderes nehri havzasindaki arazi kullanimi eski
medeniyetlerden giunimize kadar degismis ve cesitli siddetlerde erozyon
yasanmistir. Erozyon Bliyuk Menderes nehrinin asagl havzasinda odzellikle
akisa gore sag sahil derelerde 1970’lere kadar buyik sellere neden olmustur.
Asagl havzadaki sa§ sahili temsil etmek Uzere secilen Kayran deresi
havzasinda sel kontrol calismalari 1948 yilinda baslamis ve 2003 yilinda
bitmistir. Bolgede selleri 6nlemek amaciyla idari, teknik ve kulturel sel
kontrol 6nlemleri uygulanmistir. Yatak stabilizasyonu i¢in klasik tasinti
barajlari kullanilmistir. Sonuclara gore, tasinti barajlarinin %92,6’sinin
tamamlanmis oldugu 1984 yilindan sonra bir sel meydana gelmemistir.
Yamac islah calismalari ile VI-VII sinif arazilerdeki orman alani ancak
9%1,06 artmasina ragmen, klasik tasinti barajlari yatak kazilmasini 6nlemis
ve depoladigi sedimentle topuklara destek olarak yamaclari stabilize etmistir.

Anahtar kelimeler: Sel kontroll, tasinti barajlari, ormancilik, yanhs arazi
kullanimi1, CBS.

1. GiRis

Biuyik Menderes nehrinin asagl havzasina gelen fazla miktardaki sedimentin sag sahil
derelerden kaynaklandigi belirlenmistir (ANONYMOUS, 1983). Sa§ sahil derelerde 1970°li
yillara kadar blyik seller meydana gelmistir.

iklimsel ve fizyografik degiskenlerin sayisiz kombinasyonu cesitli biytkliklerde
seller/tagkinlar meydana getirebilir. Havzanin fizyografik faktdrlerinden, sel olusumunda etkili
olan arazi kullanimi insan tarafindan etkilenebilir, ormandan tarima donustirilebilir ve seller
meydana gelebilir (ANONYMOUS 1998; UZUNSOY/GORCELIOGLU 1985). Sellerin ana
nedenleri derelere ulasan akimdaki artis ve duzensizlikler ile kanal kapasitesinin azalmasidir
(UZUNSOY/GORCELIOGLU 1985). Arazi kullanimindaki yanhsliklar sonucunda orman
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ortistinin kaldiriimast ve kanal kapasitesinin &énceki akimlar veya yanhs kentlesmeyle
daraltilmasi seller/taskinlara neden olmaktadir.

Sellere kargi islah calismalari yénetsel, teknik ve biyolojiktir (GORCELIOGLU 2003).
Yatak ve yamac stabilizasyonunu saglamak amaciyla kullanilan teknik énlemlerin basinda tasinti
barajlari gelmektedir. Klasik tasinti barajlarinin ana fonksiyonlari yatagin egimini azaltmak,
tasintiyr tutmak ve yamaclara destek olmaktir.

Avusturya’da sel kontrolunda 1970’lerden beri uygulanmakta olan yeni yaklasima gore
yatak yukunu tutan klasik tasinti barajlari yerine yatak yukini ve cevreyi fazla etkilemeyen ancak
depolama kapasitesi blytik olan yeni tip tasinti barajlari kullaniimaktadir. Klasik tasinti barajlari
ile yeni yaklasim arasindaki temel fark enerji kirici barajlardir. Beton, betonarme veya celikle
karisik olarak yapilmakta olan yeni yaklasim vyapilari 6zellikle yagish alanlar icin uygundur
(FIEBIGER 1997).

Calismanin amaci Kayran havzasindaki sel kontrol calismalarindan &nceki ve sonraki
durumu ortaya koymak ve sel kontrol c¢alismalarinda klasik tasinti barajlarinin etkinligini
irdelemektir.

2. MATERYAL VE YONTEM

Blylk Menderes nehrinin asagl havzasinin sellerden etkilenen sag sahilinin alani ¢ok
genistir (yaklasik 2000 km2). Bu nedenle, dik yamaclari, erozyona hassas topraklari ve yogun
1slah calismalari ile alani temsil etmek tzere Kayran deresi secilmistir.

Dar-uzun sekli olan Kayran deresi havzasi 28029'15"-28°33'50" dogu ve 38°03'34"-
38°53'55" kuzey koordinatlari arasinda yer alir (Sekil 1). Havza arizali bir topografyaya sahiptir.
Ortalama egim % 38,5 (Tablol), ortalama yikselti 796 m’dir. Havzanin % 46,19’u 800-1200 m
kusaginda yer alr.

Kayran meteoroloji istasyonuna gore (1971-2000) yillhik yadis 744,7 mm’dir. Yagisin
mevsimlere dagilisi dizenli degildir; yagisin % 27’si ilkbahar, % 4’0 yazin, % 20’si sonbahar ve
% 49°u kisin diser. En fazla yagisli ay ocak, en az yagish ay agustostur. En buyik giinltik yagis
102,5 mm ile 1981 yili aralik ayinda dusmustir (Tablo 2). Thorntvvaite yéntemine gdre havzanin
iklimi yari kurak yari nemli, mezotermal, yazin kuvvetli su a¢igi, kisin kuvvetli su fazlasi bulunan
deniz etkisine yakin subordinate iklim tipidir.

Arastirma alani kurakgillardan olusan Akdeniz bitki bélgesinde yer alir. Bitki ortiisi 1000
m’ye kadar mese gruplarinin egemen oldugu kizilgam (Pinus brutia Ten.), 1000 m’den sonra
karagam (Pinus 1ugra Arn.) olmak Ulzere iki zondan olusur (ATALAY 1983). Ancak bitki
ortistinin sinirlan dogal degildir, asiri otlatma nedeniyle toprak ciplaktir, st toprak erozyona
ugramistir, meralar yem degeri olmayan otlar ve taslarla kaplanmistir. 1962 tarihli hava
fotolarinda baltalik orman olan bazi alanlarin incir ve kestane tarimina dondstigu goérulmustur
(ANONYMOUS 1983).

Havzanin % 68’i orman, % 27’si tarim, % 3’0 mera, % |’i sediment ve % |’i yerlesim
olarak kullaniimaktadir. % 60’1 verimli olan ormanlarin % 70’i yaprakl, % 10°u karisik, % 20’si
ibrelidir (OGM 2001).
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Toprak genellikle hafif, kismen kumlu balgik ve balgiktir. Ust toprak sigdir ancak alt
toprak ¢cok derindir (ANONYMOUS 1968). Havzanin % 23’inde hafif, % 24’Unde siddetli ve %
54’unde cok siddetli erozyon gérilmektedir (KHGM 2001).

Havzada bulunan i¢ kéyun nifusu 2000 genel nifus sayimina gére 2022’dir. 1980-2000
doéneminde yukari havzadaki nifus %18,4 azalmistir (DIE 1963, 1973, 1981, 1991, 2003).
Havzada gecim kaynaklan tarim, hayvancilik ve ormanciliktir.

Kayran deresinde her yil meydana gelen seller, 1966 yilinin subat ayindan sonra tarim,
ulasim ve sulama sistemine biylk zararlar veren boyutlara ulasmistir. Seller genellikle kisin
toprak doymusken meydana gelmistir (Tablo 4). Havzanin sediment verimi 25 m3ha’dir
(ANONYMOUS 1983).

Havzada islah amaciyla ilk etiid 1940’larda yapilmistir. Yatak islahi amaciyla DSi
tarafindan 1961 yilinda yeni bir etid yapilmistir. Bu plan daha sonra revize edilmis ve islah
calismalarina temel olmustur. OGM yamag¢ Islahina 1983 yilinda baslamistir (ANONYMOUS
1961, 1968, 1983). Aluvyal konide tarim alanlarint korumak amaciyla 1948 yilinda kiyr duvari
yapiImistir (ANONYMOUS 1961). Yatak islah ¢alismalari 1970 yilinda baslamistir. Ana yatak,
sistematik tasmti barajlari, kontr barajlarlar ve énceki barajlarin tasintisi Gzerine yapilan barajlarla
islah edilmistir. Barajlarin yapim amaci yatagin egimini azaltmak, yatagi dogrultmak ve tasintiyi
depolamaktir. Harclitas tipindeki barajlarin yukseklikleri 2-12 m arasinda degismektedir. Kuguk
derelerde ve oyuntularda maksimum 2 m yiksekliginde kurutas veya miks esikler yapilmistir.
Esiklerin arkasindaki dolgunun uzeri bazi yaprakli turlerle agaclandirilmistir. Yamag islahi 1983
yilinda hazirlanan plana gére yapilmistir. Bozuk mese ormanlari yiizeysel akisa karsi teraslanip
ekimle tamamlanarak 1slah edilmistir. Karacam ve kizilgam ormanlari dikimle tamamlanmistir.
Meralar teraslanmis, yem degderi olmayan otlar kaldirilmistir. Aliivyal konide yatak temizlenmis,
kanala yeterli kesit verilmis ve yatak 1980’lerin ilk yarisinda tasla kaplanmistir. Havzaya giris
yasaklanmis, havza ¢itle cevrilmis ve bekgi ile kontrol altina alinmistir (Sekil 2).

Galismada klasik tasinti barajlarinin etkinligi arastirlmistir. Once iklimsel faktorler
Nazilli ve Kayran meteoroloji istasyonunun verilerine gére degerlendirilmistir. Calismalardan
onceki ve sonraki yagis miktarlari, yagislarin tekerrir araliklari, su bilangosu dikkate alinarak
yagislarin sel dretme olasihigi irdelenmistir. Sayisallastirilan topografik, orman amenajman ve
arazi yetenek haritalarindan CBS ile fizyografik faktorler elde edilmis, bu veriler CBS ortaminda
degerlendirilmistir.

Sel kontrol calismalarinin etkinligini anlamak amaciyla tasinti barajlari, orman &rtisi ve
zaman icgindeki degisimi irdelenmistir.

3. SONUG VE TARTISMA

Kayran havzasinda Thomtwaite yontemiyle hazirlanan su bilancosuna gore aralik-mart
doneminde toprakta su fazlasi vardir. Bitki ortustiniin yapraksiz oldugu bu dénemde yagan
siddetli yagmurlar sel olasih§ini artirmaktadir. Gunluk maksimum yagislarin tekerrir aralhigr -bir
deger disinda- 25 yil tekerrirrli yagistan kicuktir (Tablo 3). 1971 - 2000 déneminde yagislarin
yillik bazda fazla degismedigi gozlenmistir (Sekil 3).

Kayran meteoroloji istasyonunun kayitlari daha kisa sireli oldugu icin, Kayran deresinde
meydana gelen mevcut sel kayitlari (Tablo 4) ile Nazilli meteoroloji istasyonunun yagis kayitlan
karsilastiriimis ancak bir iliski bulunamamistir. 1970 yilinda c¢alismaya baslayan Kayran
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meteoroloji istasyonu kayitlarindan 1971 yilinin aralik ayinda bir glinde diisen 102,5 mm yagis ile
sel kayitlari arasinda iliski bulunabilmistir. Islah yapilarindan sonra sel meydana gelmemistir.

Havzanin orman amenajman plani ve arazi kullanma durumu Kkarsilastiriimis ve orman
ortisu altinda bulunmasi gereken VI-VII sinif arazilerin % 14’tnde tarim yapildigr gorulmustir.
Mevcut ormanlarin % 40’1 verimsizdir (Tablo 6; Sekil 4, OGM 2001; KHGM 2001). Usulsiz
tarim ve verimsiz ormanlar sel olasihgini artirmaktadir.

Kayran deresi havzasinda yatak stabilize edilmis, yamac¢ islahi ve sosyoekonomik
o6nlemler daha sonra gelmistir. Orman koylileri meyve tarimina yonlendirilmis, trettikleri orman
Grinundn % 80’i Uretim maliyetine, % 20’si pazar fiyatina kdyluye verilmistir. 2000 genel nufus
sayimina gore yukari havza kdy nifusunda 1980 yilindan itibaren % 18,4 azalma goérulmaustur
(DIE 1981, 2003). Kdéylinin gelirinin artmasi ve nifusunun azalmasi orman tahribinde azalma
seklinde yorumlanmistir.

Tasinti baraji yapim ddneminin (1970-2003) ilk yillarinda disen yagislarin tekerrir
araliklari 25 yildan kiiciikken, meydana gelen sellerin biyuklugd 100 yil olarak tahmin edilmistir.
Bu dengesizligin acgiklamasi Kkitle hareketleri Ve yanhs arazi kullanimi olabilir. Yatak
stabilizasyonu c¢alismalarinin % 92,6’sinin tamamlandigi 1984 yilindan sonra sel meydana
gelmemesi, kitle hareketlerinin durdurulmasiyla agiklanabilir. Klasik tasinti barajlari hem ana
kanalda, hem de yan derelerde kitle hareketlerini durdurmus ve yamaglari stabilize etmistir.
Klasik tasinti barajlarinin etkinligini saglamak ve yatak yukini etkilememek amaciyla, tasarlanan
baraj yuksekligi bir defada uygulanmamis, barajlar kademe kademe yapilmistir. Barajin arkasi
dolarsa yuksekligi artirildigi icin bu yéntem ekonomi de saglamistir. Eger bazi bakim ve onarim
masraflari haric¢ tutulursa, klasik tasinti barajlarinin isletme masrafi yoktur. Klasik tasinti barajlari
daha kolay projelendirilebilir ve daha az kalifiye is glcl ve is makineleri ile yapilabilir. Klasik
sistematik barajlarin kanal reaksiyonlari ve adaptasyon sireci daha az karmasik ve homojendir.

Y ataklarda harclitas agirhik barajlari, kurutas esikler kullaniimis, harclitasm yaklasik iki
katma mal oldugu icin beton kullanilmamistir. Ana ve yan yataklara toplam 223 harclitas tasinti
baraji ve kontrbaraj, 1 miks baraj ve 5 kuruduvar esik yapilmistir. Barajlarin % 92,6°si yamag
1slah calismalarinin basladigr 1984 yilina kadar insa edilmistir.

1060 hektar yamac teraslar ve mese ekim ve cam dikimiyle i1slah edilmistir. Alan ¢itle
cevrilmis ve bekg¢i ile korunmustur. 1990 ve 2001 amenajman planlarina gére orman alani sadece
% 1,06 artarken verimlilik ve kapalilik % 57 oraninda artmistir (Sekil 6).

Tasinti baraji yapimi 1970 yilinda baslamis, 1984 yilma kadar yamaclarda ¢alisiimamistir.
1966 yilinin subat ayindan itibaren her yil tekrarlayan seller barajlarin yapimi ile durmustur.
Yamag islah calismalari havzanin orta kisminda yer almistir (Sekil 4).

Islah calismalarindan sonra bazi yan kollarda akim 1 m3san’nin altina dismistiir. Kayran
deresinin bogaz bélgesinde akim en fazla 12-13 m3san tahmin edilmektedir. Calismalardan 6nce
yatagin orta kismimdaki malzeme iri kaya boyutunda iken calismalardan sonra 2-20 mm boyutuna
inmistir.

iklimsel ve fizyografik faktérlere gére Kayran havzasinda sel olasihigi yiksektir. Havzada
dnce tasinti barajlari ve kontrbarajlar, sonra yamag islah ¢alismalari uygulanmistir. 1971-2000
déneminde yagisin yaklasik ayni kalmasina ve orman alaninin ancak % 1,06 artmasina karsin,
yatak stabilizasyonunu saglamak amaciyla yapilmis olan tasinti barajlari boyuna e§imi azaltma,
yatak ve topuk kazilmasini énleme ve yamaclari stabilize etmede basarili olmustur. Barajlar 1984
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yilinda baslayan yama¢ islah calismalarindan 6nce selleri dnlemistir. Verimsiz olsa bile
ormanlarin selleri 6nlemede olumlu etkisi olmalidir. Yamag¢ 1slah calismalari ormanlari
iyilestirmis ve barajlarin etkinligini ve 1slah c¢alismalarinin sdrdardlebilirligini artirmistir.
Barajlarin % 92,6’sinin tamamlanmis oldugu 1984-'yilindan bu yana Kayran havzasinda herhangi
bir sel yasanmamistir. Dolayisiyla Kayran derenisin alivyal konisi ve Buylik Menderes nehrinin
taskin yatag! tarim, yerlesim, iletisim, ulasim, sulama vb. icin tehlikesiz hale gelmistir.
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