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ABSTRACT 

Lake Hazar is extremely significant as being one of the rare resort area for Elazığ 
and neighbouring cities such as Malatya and Diyarbakır. It also has a large fisheries 
potential. However, the lake has been under the threat of pollution since it is bound 
to receive wastes from nearby settlements and to some extent emissions from vehi-
cles passing by. In addition the lake is also facing with high degree of erosion due to 
steep mountains around it. Because of this, the running waters are carrying large 
amounts of solid materials (alluvion) into Lake Hazar. Naturally this is, in return, 
give rise to fasten filling up of the lake.  

There are 10 running waters discharging into Lake Hazar named as Behremaz 
and Kürk Streams, Matar, Melem, Salık, Değirmen, Mogal, Baharın, Sevsak and Zık-
kım Brooks. A few of these have continuous flows into the lake whilst most of them 
flow only during the wet seasons. Physical and chemical properties of the inflows are 
found to be dependent mainly on the geomorphology of the river basins and mor-
phological characteristics of river beds. In addition velocity, discharge and morpho-
logical features of river beds are affected the limnology of the inflows. In this study, 
some of the limnological properties of the running waters discharging into Lake 
Hazar and their effects on siltation and pollution to occur in the lake were investi-
gated. In addition, necessary measurements for restoration of the inflows to reduce 
these risks are evaluated. 

Key words: River Restoration, Lake Hazar, running water, Behremaz Stream, 
Eastern Anatolia, Türkiye 
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INTRODUCTION 

Lake Hazar formed tectonically with faulting of Eastern Anatolia Fault is one of 
the largest and deepest lakes in Eastern Anatolia. The lake is 1248 m above sea level 
and surrounded with high mountain ranges at southwest-northwest line and with 
high plateau thresholds at east and west. The surface area of the lake and its basin 
are 80 km2 (20x4 km)  and 73 km2 respectively. The average depth of the lake is esti-
mated 93 m [Şen et al. 1999]. The maximum volume of water of the lake is 
7.000.000.000 m3 at maximum water level (1242 m). 

Lake Hazar has a position of being an indispensable resort area with numerous 
beautiful bays not only for Elazığ but also neighbouring provinces such as Malatya 
and Diyarbakır. Some of the beaches around the lake have been awarded with blue 
flag by the European Environmental Education Foundation. The lake also has a great 
potential for fisheries.  

The lake and its surroundings have been declared as SIT area with I.. II..and III. 
Degree for its historical and cultural significance by the Association for Conservation 
of Natural and Cultural Existence (Diyarbakır) in 1991. In addition the lake has been 
included in B Type International Wetlands by the Ministry of Environment according 
to the Ramsar Agreement which was signed by Türkiye in 1971.  

Despite its great significance, Lake Hazar has been under the threat of both pol-
lution and erosion due to nearby settlements (Sivrice, Gezin and summer resorts) 
and steep mountains around it. In fact, seepage and overflow of domestic sewage 
from nearby settlements is a great danger for the pollution to occur in the lake [Şen & 
Topkaya, 1993]. In addition runoff from animal farms and agricultural lands contrib-
ute to eutrophication and pollution. Erosion has become another serious threat for 
the lake as a result of insufficient protective vegetation and tree plantation together 
with wrong usage of agricultural lands. Intensive erosion naturally results in trans-
portation of large amounts of alluvion through running waters into Lake Hazar. In 
this case, erosion naturally appears to be one of the most responsible factors for fill-
ing up of the lake. 

There are 10 running waters discharging into Lake Hazar named as Behremaz 
and Kürk Streams, Matar, Melem, Salık, Değirmen, Mogal, Baharın, Sevsak and Zık-
kım Brooks (Fig 1). A few of these have continuous flows into the lake whilst most of 
them flow only during the wet seasons and dried up for the rest of the year. Physical 
and chemical properties of the inflows are found to be dependent mainly on the 
geomorphology of the river basins and morphological characteristics of river beds. In 
addition velocity, discharge and morphological features of river beds are affected the 
limnology of the inflows [Şen et al. 2002].  
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Figure 1. Location map of Lake Hazar and running waters entering it 

 
 
 

In this study, some of the limnological properties of the running waters dis-
charging into Lake Hazar and their effects on the pollution and siltation are investi-
gated. In addition, necessary measurements that should be taken in the concept of 
river restoration in order to reduce these risks are emphasized. 

 
 

Materials and Methods 

Samples were collected to plastic bottles with volume of two liters which are 
previously rinsed with stream water. When the analyses were not completed on the 
same day, preservation procedures were applied according to APHA [1985]. The 
samples for analysis of nutrients were filtered through Whatman No 40 filter paper. 

Concentration of total organic matter (TOM) was determined titrimetrically by 
using permanganate oxidation method. Nitrate- nitrogen by phenoldisulfonic acid 
method; nitrite-nitrogen by NED method; reactive phosphorus (RP) by stannous 
chloride method; total phosphorus (TP) by stannous chloride method after digestion 
procedure with sulfuric acid-nitric acid were determined via visible spectrophotome-
ter [APHA, 1985].Information and photographs related to restoration practice per-
formed on Behremaz Stream are kindly obtained from Bilgin Elektrik and DSI IX. 
Regional Directorate. 
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Results and Discussion   

Behremaz Stream, Kürk Stream, Matar, Melem, Salık, Değirmen, Mogal, Baha-
rın, Sevsak and Zıkkım Brooks are 10 inflows discharging into Lake Hazar (Fig 1). A 
few of these have continuous flows into the lake whilst most of them flow only dur-
ing the wet seasons and dried up for the rest of the year. Physical and chemical prop-
erties of the inflows are found to be dependent mainly on the geomorphology of the 
river basins and morphological characteristics of river beds. In addition velocity, 
discharge and morphological features of river beds are affected the limnology of the 
inflows [Şen et al. 2002]. There are many alluvial cones especially at the north and 
south shores in which steep mountains meet to straight shore. These geological struc-
tures around the lake are major factors on the location and size of the discharged 
running waters into the lake [Özdemir, 1995, Tatar et al., 1995]. 

Behremaz Stream which is fed with springs at southern foots of Hazar Moun-
tain has a catchment area of 101 km2. The Stream discharges into the lake from east 
shore. The basin area of Kürk Stream which arises at south of Hazar Mountain with 
contribution of many small springs is 76 km2. The Stream flows through a deep val-
ley and discharges into the lake forming a wide delta from west shore. Somun and 
Kavak creeks are two branches of the stream. Bed slope of the stream is calculated as 
3 %. Zıkkım Brook (basin area is 16 km2) is formed by joining of two springs at 
northeastern foots of Mastar Mountain. The brook flows through a valley and dis-
charges into lake from this shore [Emiroğlu et al., 1998]. 

Matar, Melem (basin areas < 1 km2), Salık (basin area 3.8 km2) and Değirmen 
(basin area 5.5 km2) Brooks which are fed with springs originating from fault at 
north of Hazar Mountain are small inflows whilst Mogal Brook (basin area 7 km2) is 
relatively larger than them. Baharın Brook (basin area <1 km2) that arises from a 
wetland in Kürk Delta and discharges into the lake from this delta area is a small 
running water. 

LIMNOLOGICAL PROPERTIES OF THE INFLOWS 

Limnological properties of the inflows related to pollution and siltation should 
be known in order to yield their effect on the lake. For this purpose, annual mean 
values of some parameters are given in Fig. 2. 

Discharge 

Behremaz Stream is found to carry the largest amount of water into the lake 
since it has a larger basin and larger river bed than those of other inflows and fed 
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with high amount of underground water. This situation makes Behremaz Stream the 
most import running water discharging into Lake Hazar. A total of 4.1 x 107 m3  water 
is  annually discharged into the lake and  2.7 x 107 of the total water  is carried only by 
Behremaz Stream. This is followed by Kürk and Zıkkım streams that are found to 
discharge annually 5.9 x106 m3 and 2.2 x 106 m3  water respectively. It is apparent that 
67 % of the total water discharged is carried into Lake Hazar only by Behremaz 
Stream. The contributions of Kürk Stream, Zıkkım Stream and other inflows are 14 
%, 5 % and 14 % respectively [Şen et al 2002]. These findings clearly show that the 
running waters are greatly contributing the water budget of Lake Hazar. 

Turbidity 

The running waters erode materials which are momentarily suspended or dis-
solved are transported downstream with no opportunity of return causing turbidity 
in water. Thus, turbidity naturally shows a strong relation with the amount of sus-
pended matter in the water. The lowest turbidity is determined in Matar, Melem, 
Salık and Değirmen Brooks as 4 JTU before the period in which the snow start to 
melt. The highest turbidity is recorded as 395 JTU in Behremaz Stream, Kürk Stream 
and Mogal Brook during snow melting period [Şen et al 2002]. It is obvious that 
running waters are one of the major reasons for the turbidity in the parts where they 
discharge into Lake Hazar. This situation gives rise to deterioration of water quality 
of the lake and exerts a negative effect on the benthic organism and juveniles of 
fishes inhabiting in the littoral region. 

Chloride 

A total of 1448927.34 kg chloride are found to be carried annually by the running 
water into the lake. The annual concentrations of  933041.93 kg, 251572 kg, 92182.55 
kg, and 81558.24 kg chloride has been reported to be brought into the lake by Behre-
maz Stream, Kürk Stream and, Baharın Brook and Zıkkım Stream respectively [Şen et 
al 2002]. The contributions of Kürk Stream, Zıkkım Stream and other inflows are 14 
%, 5 % and 14 % respectively. It is apparent that 67.8 % of the total chloride dis-
charged into Lake Hazar is carried only by Behremaz Stream. The contributions of 
Kürk Stream, Baharın Brook and Zıkkım Stream 17.4 %, 8.5 % are 5.6 % respectively 
[Şen et al 2002]. It is obvious that the running waters are contributing to the salinity 
of lake water particularly in littoral region. 
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Fig 2. Annual mean values of discharge, turbidity, chloride and organic matter  

of inflows discharging into Lake Hazar. 
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Organic Matter, Total Phosphorus, Total Nitrogen 

A total of 10488865.15 kg /year organic matter, 2345.48 kg /year total nitrogen 
(TN) and 13035.43 kg/year total phosphorus (TP) are carried by the running water 
into Lake Hazar [Koçer, 2001]. These concentrations apparently indicate that the 
inflows are among major factors playing great role in siltation and eutrophication to 
occur in the lake [Şen & Topkaya, 1993; Şen et al 1999]. 

Drifting Materials 

Drifting materials are among the noticeable factors threatening the water quality 
and future useage of the lake. It has been reported that 80 000 ton/year of clay and 
silt are transported by only two running waters (Kürk Stream and Mogal Brook) into 
Lake Hazar [Sağıroğlu & Çetindağ, 1995]. These researchers also added that this 
amount of drift can occupy a volume of 32 000 m3 in the lake. It is noteworthy to 
mention that amounts of gravel, sand and fine sand are not included in their estima-
tion. One should appreciate that if these materials were included in the estimation, 
the volume that would be occupied by solid materials would be larger than that 
estimated by above authors.  

A recent investigation [Şen et al 1999] yielded that a total of 178479636 kg/year 
(annually almost 180.000 ton) solid materials are transported by running waters into 
Lake Hazar .It is obvious that extremely high amount of solid materials are being 
carried annually into the lake by the inflows.It may be well appreciated that inflows 
play an important role in respect to siltation which is a great threat of Lake Hazar. 
Therefore, urgent measurements to block drifting solid materials before entering the 
lake seem to be necessary for sustainable useage of Lake Hazar. In other words, if the 
necessary measurements are not taken urgently, sustainable useage of Lake Hazar 
would be in great danger. Blocking the drifting material by sediment collectors along 
the stream channels and making sediment ponds in certain parts of stream beds are 
primarily measurements to be taken in the first place. To build terraces on the re-
gions with big slopes and planting trees in the watershed of the lake should be con-
sidered as long- term issues.   

RESTORATION WORKS ON BEHREMAZ STREAM 

Of all the inflows, restoration practices are performed only on Behremaz Stream. 
Therefore, in this study, restoration applications done on Behremaz Stream are given 
as an exemplary case study. 

Soil materials easily eroded by the running waters and all materials momentarily 
suspended or dissolved in water and are transported down stream with no opportu-
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nity of return. It is, apparent from Fig. 3 that large part along the channel of Behre-
maz Stream are made of soil. Thus, the stream erode large quantity of soil from its 
channel that mixes in water as suspended materials causing turbidity. The disturbed 
soils also cause an increase in the amount of solid materials drifted into Lake Hazar. 
To prevent this, channel of the stream are stabilized with stones on both sides as seen 
in Fig. 4. 

 
(a) 

 
(b) 

Fig. 3. The soil channel of Behremaz Stream (A) and parts stabilized with stones (B) 

Stabilization of stream channel  made a great contribution to decrease turbidity 
and the amount of drifted solid materials in the stream. Within the restoration pro-
gramme it was also planned to construct sediment blockers in certain parts along the 
stream bed. For this purpose, 6 sediment blockers were built with stones allowing 40 
m3/sn water passing through. Building of sediment blockers took six years since one 
sediment blocker was built in each year. All sediment blockers are cleaned regularly 
to make the blockers operate efficiently. 
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Fig. 4. Construction stages of the concrete sediment blocker on Behremaz Stream  

However, a bigger and a concrete sediment blocker was decided to be con-
structed in 2004 since these 6 small blockers are found insufficient to block the exces-
sive sediments. This concrete sediment blocker was completed in one year (Fig. 4). 
Then, it has become possible to hold a great amount of solid materials being drifted 
along the stream bed by means of this concrete sediment blocker. In addition, an-
other sediment blocker was also built before the stream actually discharges into the 
lake in order to realize the final precipitation of solid materials before entering the 
lake. 

Within restoration programme, a temporary sediment blocker was constructed 
on Gezin Brook which is a tributary of Behremaz Stream. This blocker was also 
found insufficient and it was replaced with a proper sediment blocker in 2004. Addi-
tional sediment blockers are also being planned to be built on Gezin Brook which 
also carries a large amount of solid materials in Behremaz Stream. Sediments blocked 
in blockers are regularly being cleaned in order to make them operate sufficiently. 
Certain restoration practices are also thought to be performed on other tributaries 
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which join Behremaz Stream. It is worth to mention that flood passages were also 
built on the necessary points on Behremaz Stream in order to prevent the extraneous 
solid materials brought by flood from mixing with stream water.  

All these works in the concept of river restoration greatly contributed to de-
crease the amount of solid materials being transported through Behremaz Stream 
into Lake Hazar. This also, of course, gave rise to a reduction in turbidity of stream 
water. In conclusion, Behremaz Stream now flows into Lake Hazar with less turbid-
ity and transports less amount of solid materials than that recorded before restora-
tion practice. 

We are now certain where much of the sediment comes from and to what extent 
it can be controlled and at what cost. Therefore similar restoration programme 
and/or practices should urgently be put in action for Kürk Stream which is known to 
be the second most significant inflow as it carries a great amount of solid materials 
into the lake. 

The followings can be considered other useful restoration applications to de-
crease the impact of siltation and pollution of the running waters on Lake Hazar . 

a. Minimize the amount of disturbed soil 

Such applications can be considered as vegetative and nonvegetative practices. 
Preservation of existing natural vegetation, temporary seeding on the stream banks 
which should be later replaced with permenant seeding and planting, formation of 
buffer zones, stabilization of stream banks with sods and soil retaining measures are 
major vegetative practices. 

b. Prevent runoff from offsite areas from flowing across disturbed areas 

Construction of soil and drainage channels on stream basins, preservation of 
natural vegetation, useage of sand bags and grassing activities are included in these 
practices. 

c. Slow down the runoff flowing across the site 

Activities for gradient terraces, surface roughening, permanent seeding, mulch-
ing sod stabilization and sediment blockers should be put into practice for his goal. 

d.Remove sediment from creeks joining the main stream  

The major practices under this title are sediment trap, silt fence, gravel filter 
berms, temporary sediment basin, earth dike, interceptor dike and swale. 
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