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EXECUTIVE SUMMARY 

 

The hydroelectric power plant (HEPP) issue in Turkey is a hotly debated one between 

energy agencies, construction companies, local people and environmental groups. 

 

This report was prepared to pinpoint the environmental effects of specific construction 

and operation activities of small (under 20MW) run of the river hydroelectric power 

plants in Turkey and to provide recommendation for the Gold Standard Foundation 

about issues to consider in the certification process. The report does not hold any 

political views, and concentrates purely on the effects of the different activities on 

ecological processes. It is based on best available scientific knowledge. 

 

The report explains the environmental impacts of construction activities such as dust, 

air pollution, noise, erosion, dynamite explosion, excavation debris, gives examples of 

the way these issues are treated in Turkey, and provides recommendations and 

references on best practices for HEPPs. 

 

The report also explains the environmental impacts of the different HEPP structures 

and their operation, provides a picture of the current situation in Turkey regarding 

these, and suggests recommendations on environmental best practice. 

 

The report then goes on to discuss the importance of basin-wide planning in the use of 

water resources, and argues that only the combination of the efforts of individual 

projects’ best practice and their abidance by a well prepared integrated watershed 

management plan could answer to the needs of ecological systems.  

 

The major recommendation for the Gold Standard certification process is to consider 

project applications at two scales. At the individual HEPP scale, The Gold Standard 

Foundation should require environmental best practice on both construction and 

operation phases of HEPPs. At the watershed scale, the Gold Standard should require 

the abidance of the HEPP existence and operation to an integrated river basin 

management plan.  
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INTRODUCTION 

 
 

 

According to different sources, the number of hydroelectric power plants (HEPPs) 

planned to be built in Turkey range between 1780 and 4000. HEPPs are presented as 

the most eco-friendly way of producing energy. The Minister of Forestry and Water 

Resources, former general director of State Hydraulic Works Mr. Eroğlu states that 

Turkey is now using only 36% of its 140 billion MW hydraulic potential and the aim 

is to be able to use all of it as soon as possible (DSI, 2010). The Minister is in the 

view that HEPPs have absolutely no damaging effect on the environment as the water 

is not consumed, and that it would be “insane” not to use every potential hydraulic 

power available in Turkey (CNN Turk, 2011). However scientific evidence claims the 

contrary:  “This staggering increase in the number of HEPPs will severely damage 

riparian ecosystems and will leave virtually no healthy river ecosystems”(Şekercioğlu 

et al., In Press). 

 

The HEPP issue in Turkey is a hotly debated one between energy agencies, 

construction companies, local people and environmental groups. 

 

This report was prepared to pinpoint the environmental effects of specific construction 

and operation activities of small (under 20MW) run of the river hydroelectric power 

plants in Turkey and to provide recommendation for the Gold Standard Foundation 

about issues to consider in the certification process. The report does not hold any 

political views, and concentrates purely on the effects of the different activities on 

ecological processes. It is based on best available scientific knowledge. Although 

many more points of the HEPP construction and operation could be discussed, the 

report touches on the major ones.  

 

The report explains in what way a certain activity effects ecological processes, gives 

examples of the way the activity is generally practiced in Turkey, and provides 

recommendations to lessen the ecological impacts of these activities. 

 

The report also explains the environmental impacts of the different HEPP structures 

and their operation, provides a picture of the current situation in Turkey vis a vis the 

latter, and suggests recommendations on best practice. 

 

The report then goes on to discuss the importance of basin-wide planning in the use of 

water resources, and how only the combination of the efforts of individual projects’ 

best practice and good integrated watershed management could answer to the needs of 

ecological systems.  

 

The report additionally provides recommendations for the Gold Standard Foundation 

to update its certification criteria specifically for small hydroelectric power plants. 
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PART I: POTENTIAL EFFECTS OF HEPPS ON THE NATURAL 

ENVIRONMENT 
 

CONSTRUCTION PHASE 

 

 DUST 

 

ENVIRONMENTAL IMPACT 

 

Many studies exist on the different effects of dust according to their chemical 

composition which can range from highly alkaline (limestone) to acidic (coal). 

However in general, dust will have physical effects on plants such as blockage and 

damage to stomata, shading, abrasion of leaf surface or cuticle, and cumulative effects 

such as drought stress on already stressed species. Dust causes reduced photosynthesis 

due to reduced light penetration through the leaves. This will in turn cause reduced 

growth rates and plant vigour. It can also be important for horticultural crops, through 

reductions in fruit setting, fruit size and sugar levels. 

 

Dust also causes increased incidence of plant pests and diseases as the dust deposits 

act as a medium for the growth of fungal diseases. Additionally, sucking and chewing 

insects do not seem to be affected by dust deposits to any great extent, whereas their 

natural predators are affected (Ministry of Environment, 2001). This is all the more 

important in the Black Sea region as the region’s forests are battling with bark beetle 

infestations. Bark beetles are animals that suck on the sap of the tree and eventually 

lead to mass tree losses. This is the major natural problem the forests and the forestry 

industry are facing at the moment in the Black Sea region. The general practice is to 

clear the forest of infested trees so the beetle does not produce mass losses. Trees that 

have been compromised in some way are much more open to bark beetle infestations 

(Ülgen and Zeydanlı, 2008). Therefore the effect of dust on the Black Sea forests can 

be devastating as it can introduce the pest by debilitating a group of trees, from which 

the beetle can spread to the entire forest. The ecological and economical losses of 

these infestations are immense. 

 

The chemical effects of dust, either directly on the plant surface or on the soil, are 

likely to be more important than any physical effects. Dust deposited on the ground 

may produce changes in soil chemistry, which may in the longer-term result in 

changes in plant chemistry, species competition and community structure. This 

change can be a serious hazard especially in ecologically sensitive areas.  

 

 

GENERAL PRACTICE IN TURKEY 

 

Very detailed models are being produced for the 

HEPP projects’ dust emissions, however there is no 

discussion about the potential effects of the dust as 

stated above, and the possible mitigation measures. 

The only mitigation measure taken is water 

sprinkling on the roads close to settlements.  
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RECOMMENDATIONS 

The dust issue should be taken seriously and real mitigation measures should be in 

place from day one of construction because of its detrimental effects on the 

surrounding vegetation, soil and water chemistry. Dust is produced in two ways 

during construction. One way is when vegetation is stripped and the soil is exposed to 

wind. This type of dust can be very extensive as the construction of access roads, and 

water intake channels and other HEPP structures may span over many kilometers and 

many months. The other way is through the operation of quarries.   

 

Some possible dust mitigation measures are as follows:  

 

Sprinkling water on exposed areas to avoid wind from aerating the dust particles. This 

is perhaps the cheapest and mostly practiced dust mitigation form. Watering should be 

performed in natural environments at least once a day, and sometimes more as climate 

conditions dictate. Sprinkling is further advised in particular around ecologically 

sensitive areas, including the riverine ecosystem.   

 

Tilling soil may reduce 80% of the potential dust formation from exposed soil. 

However tilling should ONLY be applied to flat areas as it may increase soil erosion 

due to rain on steep slopes. The furrows should be at least 15cm and run 

perpendicular to the wind direction.  

 

Dust screens are a good way to stop from dust spreading. They come in many shapes 

and materials. They should be used in particular around quarries, and around newly 

constructed roads close to ecologically sensitive areas.  

  

More detailed information on dust control can be found at: 

http://construction.about.com/od/Compliance/tp/Several-Dust-Control-Mesureas-

Available-To-Use-In-Your-Project.htm 

and  

http://www.goodquarry.com/ARTICLE.ASPX?ID=59&NAVID=2 

 

  

http://construction.about.com/od/Compliance/tp/Several-Dust-Control-Mesureas-Available-To-Use-In-Your-Project.htm
http://construction.about.com/od/Compliance/tp/Several-Dust-Control-Mesureas-Available-To-Use-In-Your-Project.htm
http://www.goodquarry.com/ARTICLE.ASPX?ID=59&NAVID=2
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 AIR POLLUTION 

 

ENVIRONMENTAL IMPACT 

 

Air pollution consists of chemicals, particulate matters, and biological matters that 

harm living beings and cause damage to the natural environment. Dust is one form of 

air pollution caused by construction activities and is dealt with in the previous section. 

The other type of air pollution that arises from construction is through the emissions 

of vehicles and other motor engines such as fossil fuel operated generators.  

 

Motor engines emit many greenhouse gases while they are operating. Greenhouse 

gases are the gases in the atmosphere that absorb and emit infrared radiation. 

Although specific concentrations of greenhouse gases are found naturally in our 

atmosphere, human activities increase the concentration of these gases. Since these 

gases absorb the radiation from the sunlight, and emit it to the Earth’s surface, the 

more of these gases in the atmosphere means more ultraviolet radiation absorbed from 

the sun, and emitted to the Earth. This process changes the average temperatures of 

the Earth, and causes climate change. 

 

The main greenhouse gases emitted by motor vehicles are carbon dioxide, methane, 

nitrogen oxides. Carbon dioxide is one of the most important of the greenhouse gases 

as it has the largest volume in the atmosphere after oxygen and nitrogen. However, 

even though methane occurs in lower concentrations in the atmosphere, its warming 

effect is 21 times higher than that of carbon dioxide. The concentration of nitrous 

oxides are even less than that of methane, however its heating effect is 200 to 300 

times that of carbon dioxide. It is therefore very important to control the emissions of 

these gases during all motor vehicle operations.  

 

 

 

GENERAL PRACTICE IN TURKEY 

 

 

By law, vehicles have to pass emission tests in Turkey. Although most vehicles have 

emission stamps, it is hard to miss the disproportionately large amounts of emissions 

emanating from many large vehicles travelling on the roads, including construction 

trucks.  

Turkish law also requires emission tests for fossil fuel operated generators that 

operate more than 500 hours in a year. However most generators operate less than 500 

hours and therefore are not subject to emissions tests. There are however no control 

mechanisms for this regulation.  

 

 

RECOMMENDATIONS 

 

All fossil fuel operated engines, including vehicles should be tested for emissions 

from licensed agencies. All fossil fuel operated engines, including vehicles should 

undergo regular maintenances.   
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 NOISE 
 

ENVIRONMENTAL IMPACT 

 

Human made noise is a crucial issue for birds and wildlife. Wild animals view 

humans as potential predators and therefore react to even the smallest levels of noise, 

such as quiet speech, for self-preservation purposes (Bowles, 1995). Wild animals 

may have to forego their favorite feeding, breeding, resting or hiding grounds in order 

to avoid areas impacted by human made noise. These aversion behaviors affect their 

survival in many ways such as gaining weight to survive the winter, concentrating on 

finding the best breeding partner, carrying pregnancies to full term and even their 

parenting abilities. Many wildlife use sound as integral part of their survival 

mechanism. Sound is an important cue that signals the approaching predator, or the 

calling of a potential mate. Wild animals are left a great survival disadvantage when 

human induced noise masks their necessary sound cues.  

 

Noise thus can have a real detrimental effect on wildlife populations. Controlling 

noise becomes all the more important in and around wildlife conservation areas, set to 

offer the rare wildlife species a safe haven to live and reproduce in. 

 

There are two types of human made noise in and around construction sites. One is a 

constant noise produced by operating machinery. The other is the noise of dynamite 

blasting. Although some animals may be able to adapt to the constant noise as they 

realize no direct danger is coming their way, and therefore see a reduction in their 

stress hormone levels, some will always avoid the noisy area. However the noise 

caused by intermittent dynamite blasting may cause dangerous startles in many 

animals and produce a flight reaction, which will use very valuable energy that would 

have otherwise been used for other survival strategies. Startling sounds such as the 

one of dynamite blasting may also cause abortions in wildlife populations (Stoebel 

and Moberg, 1982). Sound levels above about 90 dB are likely to cause adverse 

effects to mammals and are associated with a number of behaviors such as retreat 

from the sound source, freezing, or a strong startle response (Manci et.al, 1998).  

 

 

GENERAL PRACTICE IN TURKEY 

 

The noise simulation models in pre-EIA files of HEPP projects reviewed show an 

average of 120dB to 50dB in a two kilometer range, with sound level decreasing at a 

very slow rate hereafter. All pre-EIAs state that these sound levels are acceptable 

according to Turkish regulations in that sound level does not go beyond 70 dB limit 

near settlement areas. However there is no consideration of the effect of noise on 

wildlife, and therefore no mitigation measures undertaken.  

 

There is partial use of engine motor cover to attenuate sound of running engines.  

 

 

RECOMMENDATIONS 
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As summarized above, controlling noise during construction is very important in 

terms of the well-being of surrounding wildlife. The major noise control mechanisms 

for construction are as follows: 

 

 Choosing machinery with lower noise levels. A good reference document for this 

type of machinery can be found at 

http://www.nyc.gov/html/dep/pdf/construction_guidance.pdf 

 Using new machinery or very well maintained older machinery. Noise levels tend 

to increase as machinery age due to loosening parts and aging engines. 

Maintenance can help keep machinery operating at a lower noise level.  

 Using silencers for machinery.  

 Using covers for machinery to contain noise.  

 Using noise barriers, in particular in ecologically more sensitive areas.  

 Refraining from construction, and in particular from dynamite blasting during the 

breeding season of birds and wildlife.  

 Refraining from dynamite blasting in ecologically sensitive areas.  

 

A good reference document on different techniques for noise control is “Controlling 

Noise at Construction Sites” and can be found at  

http://www.lhsfna.org/files/bpguide.pdf 

 

 

http://www.nyc.gov/html/dep/pdf/construction_guidance.pdf
http://www.lhsfna.org/files/bpguide.pdf
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 EROSION AND TOPSOIL MANAGEMENT 

 

ENVIRONMENTAL IMPACT 

 

Turkey is a country that has a serious erosion problem. According to TEMA, a 

leading Turkish NGO working on erosion control and awareness, 90% of Turkey’s 

land is subject to varying degrees of erosion, with 63% suffering from ‘severe’ 

erosion. Turkish rivers carry valuable topsoil 7 times more than the US, and 17 times 

more than Europe into the sea. Each year, an equivalent of 400.000 hectares of topsoil 

of 25 cm depth is being lost to erosion.  

 

Topsoil may as well be the most important substance in the world that supports the 

existence of the majority of living beings, along with water. Topsoil is the upper most 

layer of soil with a depth of 5 to 30 cm, depending on location. Topsoil is the layer of 

soil that is productive and that supports the majority of plant life and an immense 

diversity of micro-organisms. Without topsoil, very few plants and trees could 

survive, and agricultural production would be dreadfully low. Life as we know it 

would not be able to exist as there would not be enough food for animals and humans 

(Magdoff and van Es, 2009). As a former US president correctly stated: "The nation 

that destroys its soil destroys itself" (Roosevelt, 1937). 

 

Soil is formed by the weathering of rock over hundreds or thousands of years 

depending on the original rock formation and climatic conditions. Topsoil, in turn, is 

formed with the biological activities of many micro-organisms that start to live in the 

upper layer and can also take hundreds of years to form under natural conditions 

(Jones, 2002) 

 

It is therefore of utmost importance that every construction project take all the 

measures possible to conserve this very valuable resource.  

 

 

GENERAL PRACTICE IN TURKEY 

 

Construction activities in Turkey are not mindful 

of the erosion they are causing and of the loss or 

degradation of topsoil. In HEPP construction, 

meagre erosion control measures are undertaken 

only to prevent erosion damage to HEPP 

structures and operation. The extent of erosion 

control measures is limited to terracing. Serious 

erosion and landslides have been noted during site 

visits to HEPPs. The general vision for erosion 

control is to wait about 10 to 20 years for the 

natural reforestation to occur in the area.  

 

 

 

 

 

No Structures to control erosion. 

Photo Source: Oğuz Kurdoğlu 
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Money is paid to the General Directorate of Forestry for every tree cut for the project. 

However there is no verbal or written commitment that this money will be used to 

reforest the affected area. The GDF makes its own regional reforestation plans and is 

not influenced by the needs of specific projects. Therefore the money paid will 

perhaps be used to buy seedlings which will probably be planted elsewhere in the 

region. 

 

 

RECOMMENDATIONS 
 

Serious erosion control measures should be undertaken from day one of construction.  

 

Below is a table that gives a visual assessment of erosion severity classes. Projects 

should aim to have at least a class 3 severity or lower (BTC, 2010): 

 

Erosion Class 

 

Erosion 

rate 

(t/ha/y
-
)  

Visual assessment 

1 Very slight < 2 No evidence of compaction or crusting of the soil. No wash marks 

or scour features. 

No splash pedestals or exposed roots or channels. 

2 Slight 2-5 Some crusting of soil surface. Localised wash 

but no or minor scouring. Rills (channels < 1m
2
 in 

cross-sectional area and < 30cm deep) every 50-100m.  

Small splash pedestals where stones or exposed roots protect 

underlying soil. 

3 Moderate 5-10 Wash marks. Discontinuous rills spaced every  

20-50m. Splash pedestals and exposed roots  

mark level of former surface. Slight risk of  

pollution problems downstream. 

4 High 10-50 Connected and continuous network of rills every  

5-10m or gullies (> 1m
2
 in cross-sectional area and 

> 30cm deep) spaced every 50-100m. Washing out of seeds and 

young plants. Reseeding may be required.  

Danger of pollution and sedimentation problems downstream. 

5 Severe 50-100 Continuous network of rills every 2-5m or gullies  

every 20m. Access to site becomes difficult.  

Revegetation work impaired and remedial measures  

required. Damage to roads by erosion and  

sedimentation. Siltation of water bodies. 

6 Very severe 100-500 Continuous network of channels with gullies every  

5-10m. Surrounding soil heavily crusted. Integrity  

of the pipeline threatened by exposure. Severe 

siltation, pollution and eutrophication problems. 

7 Catastrophic > 500 Extensive network of rills and gullies; large gullies  

(> 10m
2
 in cross-sectional area) every 20m. Most  

of original surface washed away exposing pipeline.  

Severe damage from erosion and sedimentation  

on-site and downstream. 
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Many erosion control techniques are available to control erosion and achieve the 

desired level of severity.  

 

Cellular confinement systems 

Cellular Confinement Systems, or geocells are widely 

used in construction for erosion control, soil 

stabilization on flat ground and steep slopes, channel 

protection, and structural reinforcement for load 

support and earth retention. (Wikipedia) 

 

 

Erosion Control Fabric made of Natural Fibers 

These products protect open soils from erosion when 

establishing vegetative cover. Specifically, they 

create excellent micro-climates for the propagation of 

seeds. They protect the soil from direct erosion from 

rain, wind, and water flow. They are cost-effective 

means of establishing vegetation where steep slopes 

or high erosion conditions exist. Once vegetative 

cover is established, the covers made of natural fibers 

bio-degrade into mulch. These should be preferred as 

they are eco-friendly products that do not linger in 

the environment after they have served their purpose. 

 

Hydroseeding  

Hydroseeding, (or hydraulic mulch seeding, 

hydro-mulching) is a planting process which 

utilizes a combination of seeds and mulch in a 

thick liquid form. The mix is transported in a 

truck and sprayed over prepared ground. 

Hydroseeding is an alternative to the traditional 

process of sowing dry seed. The mix often has 

other ingredients including fertilizer, tackifying 

agents, green dye and other additives (Wikipedia). 

It is extremely important however that the seed 

mix chosen for hydroseeding consist of native 

seeds to avoid the introduction of non-native 

plants to natural habitats. Non-native species have 

been known to cause serious ecological hazards 

and it would not be advisable to take such a risk. 

Photo source: http://www.miracell-ccs.com/ 

Photo source: http://www.northidahohydroseeding.com/ 

Photo Source: 

http://www.canadaculvert.com/ecbs.php 

http://www.miracell-ccs.com/
http://www.northidahohydroseeding.com/
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The selection of the seeds and the location to apply the procedure should be best 

applied under the surveillance of ecologists or botanists familiar with the area. 

A combination of hydroseeding and erosion control covers made of natural fibers can 

result in very successful erosion control results.  

Silt Fences 

A silt fence is a temporary control device that 

prevents the loss of silts from a construction site 

during rain or other run-off events. This product 

prevents silt contamination of sensitive areas such 

as streams. Silt fence is often used on construction 

sites where the soil has been stripped of natural 

vegetation. 

 

 

 

Fiber rolls 

A fiber roll is a temporary erosion control and 

sediment control device used on construction 

sites to protect water quality in nearby streams, 

rivers, lakes and bays from sediment erosion. It 

is made of straw, coconut fiber or similar 

material formed into a tubular roll. Properly 

installed fiber rolls are effective at trapping 

sediment, generally more effectively than straw 

bales. During rain storms, the rolls intercept 

surface storm water runoff (but not 

concentrating or channeling the runoff) and 

reduce the velocity of flow. Water passes 

through a fiber roll while leaving behind the 

sediment on the uphill side of the roll, thereby 

reducing sediment erosion (Wikipedia). 

 

 

Straw bales 

The straw bales work much the same way as fiber rolls and might be easier to access 

in Turkey. They can be installed along the contour of the land to form a sediment 

barrier, which will follow a slight gradient towards a natural channel, watercourse or 

Photo source: http://www.layfieldenvironmental.com/ 

Photo source: 
http://thebestgrassintown.com/pages/Construction.html 

http://thebestgrassintown.com/pages/Construction.html
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lined chute, into which these will drain. Bales must be bedded into the ground and 

anchored with reinforcing rods to form a continuous barrier. Bales should be 

monitored and replaced as necessary. Used bales can then be broken up and used as 

straw mulch. Accumulated sediment can be spread back on to affected areas if not 

contaminated (BTC, 2010). 

 

Gabions 

Gabions are stone-filled galvanized or coated wire baskets placed along a streambank. 

Gabions are particularly effective for protecting the submerged part of the 

streambank. They provide the same basic protection as riprap, but can be utilized 

when the streambank slope cannot be cut back due to physical constraints (e.g., roads, 

utilities or buildings) or when larger rock is not readily available (Wikipedia). 

 

 

 

 

 

 

 

 

 

 

Reforestation 

Photo source: http://www.fs.fed.us/t-

d/pubs/html/wr_p/99771804/99771804.htm 

 

Photo source: http://phdfire 

blogspot.com/2010_10_01_archive.html 

Photo Source: 

http://ecesalabama.com/products/gabions.html 
1. Original bank profile 

2. Gabion structure 

3. Berm of cylindrical gabions 

4. Erosion profile 

Diagram Source: 

http://www.concrib.com.au/rockmattress_gabion.html 
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Reforestation is an erosion control 

measure that starts working in the 

longer term, as the trees grow and 

provide cover from rain and wind, and 

stabilize soil with their developing 

root structures. However this measure 

should be used only after immediate 

and medium-term erosion control 

measures are put in place. Otherwise 

erosion will be imminent for at least 

10 to 20 years, or until the relative 

growth of the trees. It is also important 

to use local tree and shrub species in 

the reforestation to avoid introducing 

non-native species into the natural area. There are unfortunately many non-native 

species used for erosion control such as acacia throughout Turkey. The project must 

insist on the fact that only local species be planted. In fact, a registry of cut trees 

would be a good guide as to which species to replant, and in what numbers.  

 

Terracing 

“Terracing is one of the oldest means of saving soil and water… Existing literature 

and information shows that terraces can considerably reduce soil loss due to water 

erosion if they are well planned, correctly constructed and properly maintained. If not 

maintained, they can provoke land degradation. Terracing has to be combined with 

additional soil conservation practices, of which the most important one is the 

maintenance of a permanent soil cover” (Dorren and Rey). 

 

An in-depth analysis of the effectiveness different terracing types on erosion control is 

discussed in Dorren and Rey’s “A review of the effect of terracing on erosion” article 

found at http://www.ecorisq.org/docs/Dorren_Rey.pdf 

 

 

 

  

 

 

Photo source: www.ogm.gov.tr 

Diagram source: 

http://www.ecorisq.org/docs/Dorren_Rey.pdf 

http://www.ecorisq.org/docs/Dorren_Rey.pdf
http://www.ogm.gov.tr/
http://www.ecorisq.org/docs/Dorren_Rey.pdf
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Slope breakers and water ditches 

 

 

Slope breakers are constructed to divert surface 

flow to a stable area without causing water to pool 

or erode behind the breaker. In the absence of a 

stable area, energy dissipating devices should be 

constructed at the end of the breaker (FERC). 

 

 

 

 

 

 

 

 

Special measures for topsoil conservation 

 

Topsoil contains the seed bank and is therefore an essential component of re-

vegetation. Maintenance of topsoil quality, particularly its structure and the integrity 

of its seed bank, is vital to both biorestoration and erosion control (BTC, 2010). 

 

Before construction begins, the topsoil should be carefully stripped to its full depth 

and stored separately. Topsoil should shall be stored where it will not be compacted 

by vehicles or contaminated and should be stored in a manner that will minimise its 

loss and/or degradation. Topsoil should never be mixed with subsoil (BTC, 2010). 

 

Stripped topsoil should be kept free from the passage of vehicles and plant. Topsoil 

and sub soil stacks should be placed to ensure that they are free draining. Topsoil 

should be stored in a stockpile not more than 2m high with side slopes less than 45°, 

drained with open ditches. The surface of the stockpile shall be lightly compacted to 

reduce rainfall penetration but not enough to promote anaerobic conditions. Where 

necessary, the stockpile should be protected from flooding by placing berms around 

the outside and seeded to prevent loss of soil.  

 

Diagram source: http://www.greenstone.org 

Diagram source: 

http://www.elibrary.dep.state.pa.us/dsweb/Get/Renditio

n-757909/index.htm 

http://www.greenstone.org/
http://www.elibrary.dep.state.pa.us/dsweb/Get/Rendition-757909/index.htm
http://www.elibrary.dep.state.pa.us/dsweb/Get/Rendition-757909/index.htm
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During handling, damage to soil structure should be avoided. Soil handling under wet 

conditions is to be avoided other than in areas having obviously sandy soils. Soil 

removal should be delayed 24 hours following a 24-hour rainfall of 10mm or more 

during the preceding day, after which soil conditions should be reassessed. Soils that 

are plastic when wet should not be worked until their dry consistence increases to 

slightly hard or harder or until their moist consistence increases to firm or harder 

(BTC, 2010). 

 

If excavation is not an issue, compacted topsoil by heavy vehicles should be ploughed 

by a hydraulic tractor with ripper in order to help the rehabilitation of the topsoil after 

construction work is completed. If the level of compaction is significant and the 

impacted vegetation may not recover as a result of this compaction, reinstatement 

methods such as seeding, fertilising and jute matting should be used to mitigate the 

impact (BTC, 2010). 

 

Topsoil should be segregated and should not be mixed with spoil material before or 

during replacement. Only topsoil should be segregated and re-spread over the surface. 

Topsoil from unstripped/undisturbed areas should not be used to cover adjacent 

disturbances. Topsoil should not be handled during excessively wet conditions or at 

times when the ground or topsoil is frozen. Once the disturbed areas have been re-

contoured and compacted, topsoil should be re-distributed over the entire disturbed 

area from which it was stored. When the topsoil is replaced, a slightly rough, loosely 

consolidated texture shall be achieved in order to promote vegetation growth (BTC, 

2010). 

 

A helpful document on overall erosion control in construction sites are:  

“Upland Erosion Control, Revegetation, And Maintenance Plan” from the Federal 

Energy Regulation Commision found at 

http://www.ferc.gov/industries/gas/enviro/uplndctl.pdf 

 

 

Some helpful documents on slope stabilization to avoid erosion and landslides are: 

 “Slope Stabilization”,  http://www.itc.nl/~rossiter/Docs/FM5-410/FM5-

410_Ch10.pdf 

 “Stabilizing Coastal Slopes on Great Lakes”, 

http://aqua.wisc.edu/publications/PDFs/StabilizingCoastalSlopes.pdf 

 

 

  

http://www.ferc.gov/industries/gas/enviro/uplndctl.pdf
http://www.itc.nl/~rossiter/Docs/FM5-410/FM5-410_Ch10.pdf
http://www.itc.nl/~rossiter/Docs/FM5-410/FM5-410_Ch10.pdf
http://aqua.wisc.edu/publications/PDFs/StabilizingCoastalSlopes.pdf
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 DYNAMITE EXPLOSION 

 

ENVIRONMENTAL IMPACT 

 

The main ecological impacts of dynamite explosions are sound, dust and potential 

landslides. Please refer to the relevant section for explanations of the ecological 

impacts of sound, dust and landslide.  

 

 

GENERAL PRACTICE IN TURKEY 

 

Dynamite explosions do not take into consideration ecological factors in Turkey. 

 

 

RECOMMENDATIONS 
 

For landslides: the terrain type and structure should be well assessed and the power of 

explosives accurately calculated to avoid landslides. Projects should refrain from 

using explosives in and near ecologically sensitive areas.  

 

For noise: projects should refrain from using explosives in and near ecologically 

sensitive areas. Explosives should also not be used during the breeding seasons of 

important birds and wildlife species living in the area.  
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 EXCAVATION DEBRIS 

   

 

ENVIRONMENTAL IMPACT 

 

Effects on water quality 

Excavation debris that end up in the stream either by direct dumping or erosion create 

high concentrations of suspended solids and cause many problems for stream health 

and aquatic life.  

High amounts of suspended solids in the water can block light from reaching 

submerged vegetation. As the amount of light passing through the water is reduced, 

photosynthesis slows down. Reduced rates of photosynthesis causes less dissolved 

oxygen to be released into the water by plants. If light is completely blocked from 

bottom dwelling plants, the plants will stop producing oxygen and will die. As the 

plants are decomposed, bacteria will use up even more oxygen from the water. Low 

dissolved oxygen can lead to fish kills. High amounts of suspended solids can also 

cause an increase in surface water temperature, especially in low water flow times, 

because the suspended particles absorb heat from sunlight. This can cause dissolved 

oxygen levels to fall even further (because warmer waters can hold less DO), and can 

harm aquatic life. 

The decrease in water clarity caused by suspended solids can affect the ability of fish 

to see and catch food. Suspended sediment can also clog fish gills, reduce growth 

rates, decrease resistance to disease, and prevent egg and larval development. 

Terrestrial wildlife feeding on aquatic species will also be affected by the decrease in 

water clarity.  

 

Effects on the stream bed  

 

When excavation debris settle to the bottom of a water body, they can smother the 

eggs of fish and aquatic insects, as well as suffocate newly hatched insect larvae.  

 

The debris can fill in spaces between rocks which could have been used by aquatic 

organisms for shelter and breeding areas. 

 

Debris will also change the structure of the stream composed of pools, riffles and 

glide areas. A pool forms in deeper segments while riffles form in shallow areas. A 

glide is the smooth, fast-moving area that often separates pools from riffles. Debris 

and excessive sedimentation will change the structure of the stream and may turn a 

pool area into a riffle area, which in turn will affect all the associated biodiversity. As 

mentioned under ‘water flow regime’ section, aquatic biodiversity are highly selective 

of water speed and therefore pools and riffles are host to different species. 

Sedimentation may turn a stream with a healthy number of pools, riffles and glides 

into one without pools for long segments, whereby seriously affecting the aquatic 

biodiversity. 
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Depth also determines how much sunlight reaches the stream bottom, which in turn 

determines many of the water qualities such as the rate of dissolved oxygen and 

temperature. The shallower the different segments of the stream become, the warmer 

they may get, and therefore the less oxygen they may carry, which will adversely 

affect the aquatic fauna and the terrestrial fauna feeding on the latter.  

 

Whether excavation debris reaches the stream bed through dumping or erosion, it 

changes the structure and composition of the benthos. Both benthic organism and fish 

are depended on whether the stream bed is composed of silt, sand or gravel. Changing 

the structure and composition of the stream bed with excavation debris or erosion will 

affect aquatic life’s ability to shelter, feed and breed.  

 

 

Effects on the Vegetation and soil 

 

Excavation debris that is either intentionally dumped over the slopes, or that erodes 

during construction has devastating effects on both terrestrial and stream bank 

vegetation. The vegetation is either crushed under the debris, or uprooted while debris 

is sliding downhill. Sliding debris not only damages the vegetation but also carries 

with it the valuable topsoil of the slopes. The exposed soil then becomes defenseless 

against erosion (Please see erosion section). Additionally, the stripping of vegetation 

increases the risk of floods during high precipitation periods. The ecological impact of 

the construction project thus becomes many-fold higher as the impacted areas consist 

of not only the construction areas themselves, but all the areas the debris damages 

while sliding down and settling in the riverbed.  

 

 

GENERAL PRACTICE IN TURKEY 

 

Excavation debris is re-used for 

building the different HEPP structures, in 

particular access roads. However many times 

debris is excavated at much higher volumes 

than is needed for construction. It is 

unfortunately common practice to just push the 

debris downhill.  

 

 

 

 

 

 

 

 

 

 

 

 

An excavator in the act of pushing debris 

downhill. Photo Source: Oğuz Kurdoğlu 
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Although projects are required by law to dispose of 

excavation debris in sites designated by the local 

unit of the Ministry of Environment and Urbanism, 

transportation cost to the designated site, time 

pressures, and the lack of control mechanisms may 

push projects to take the easy approach.  

 

 

 

 

 

RECOMMENDATIONS 

Reusing the excavation debris is very good practice 

both environmentally and economically. The projects use the debris mainly in the 

construction of roads.  

 

Excess debris can be managed in several ways: 

 

Stored in pre-determined excavation debris storage sites: 

Some issues need to be considered in the storage conditions. Ideally the debris should 

be stored on site should space permit it. This will save on transportation cost and 

emission of additional greenhouse gases. However it is very important to contain 

erosion from the debris onto the vegetation and stream. It is also important that debris 

piles do not cause visual pollution. The debris piles should be given forms to fit the 

surrounding landscape. The surplus topsoil that could not be spread after construction 

and reinstatement can be used to cover the pile, and seeding or planting can be carried 

out to further stabilize the pile and decrease any negative aesthetic effects.  

 

Used in other construction activities 

A type of industrial synergy can be accomplished by finding out projects close by that 

may need the material. A way of identifying where this material may be needed would 

be to talk to the muhtars (village heads) in close by villages, especially during 

stakeholder consultation meetings.  

The construction of roads and highways necessitates the use of these materials. It 

would be environmentally beneficial to start a partnerships between the energy sector 

and the General Directorate of Highways to assure the reuse of excavation debris, and 

to decrease the damage done by quarries for road construction in Turkey. This action 

could potentially be considered as an offset action as it would help decrease the 

number of quarries opened for road construction. This issue can be dealt with while 

preparing the Integrated River Basin Management Plans (See Part II of the report). 

 

Used in the remediation of quarries 

The excess excavation debris could be used in the remediation of quarries near by. 

The remediation of quarries is an important issue both environmentally, socially and 

aesthetically.  

  

Construction debris pushed over the hill damages the 

slope vegetation. Photo Source: Oğuz Kurdoğlu 
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OPERATION PHASE 

 

 AMOUNT OF WATER FLOW   

 

ENVIRONMENTAL IMPACT 

 

The physical structure of the environment in rivers, and thus, of the habitat, is defined 

largely by physical processes, especially the movement of water and sediment within 

the stream and between the stream and the floodplain. Streamflow quantity and timing 

are critical components of water supply, water quality, and the ecological health of 

river systems (Poff et al., 1989).  

 

Streamflow is strongly correlated with water temperature, channel geomorphology, 

and habitat diversity, and can therefore be considered a "master variable" that limits 

or regulates the distribution and abundance of riverine species (Power et al. 1995. 

Resh et al. 1988). 

 

 
Flow regime is of central importance in sustaining the ecological integrity of flowing 

water systems (Poff et al., 1990) 

 

Modification of the natural flow regime dramatically affects both aquatic and riparian 

species in streams and rivers worldwide. As a result of variation in flow regime within 

and among rivers the same human activity in different locations may cause different 

degrees of change relative to unaltered conditions and, therefore, have different 

ecological consequences.  

 

With the modification of the natural flow regime, terrestrial life adapted to the regular 

water flow will also be affected. With less water running in the stream, ambient 

humidity will be lower. Additionally, streams have a function of recharging 

underground water tables. Underground water close to the ground is vital to sustain 

the gallery forests and vegetation, and the associated fauna. With less ambient 

humidity and underground water, the vegetation and the associated biodiversity near 
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streams will be affected. Vegetation near streams has a function of attenuating floods. 

Decreased vegetation in that sense also means decreased flood control.  

 

Less water translates into less water depth, warmer water in the summer, colder or 

even frozen water in the winter. All these are critical characteristics for the different 

life cycles of aquatic fauna. Fish need to be able to migrate and will need enough 

water depth to do so. Water temperature is also a limiting factor for fish. For example 

trout is a cold water species and will not be able to survive above temperatures of 

15°C. If the water heats above 15° because of its decreased depth, trout populations 

will be endangered in that stream. If the water flow becomes so low that it freezes in 

winter, this obviously hinders the populations and movements of aquatic species (Poff 

et al., 1990).  

 

“Many species are adapted to a narrow temperature range for their metabolic 

functions and normal behaviour. Such species can only tolerate a limited degree of 

deviation from their temperature optimum. Even a slight warming of running waters 

through thermal pollution (input of water warmed up in ponds, cooling water from 

thermal power stations, etc.) or warming of impounded waters through intense solar 

radiation can limit their colonization by such temperature sensitive organisms.” 

(FAO/DVWK. 2002) 

 

Water flow speed changes the composition and morphology of the stream bed because 

different speeds of water carry different sizes of suspended and non-suspended solids. 

This in turn changes the depth and structure of the stream bed, which also changes the 

temperature and water quality in terms of dissolved gasses. As aquatic species make 

their habitat preferences according to water temperature, water quality, water depth 

and water speed, a change in water flow speed is bound to affect the composition and 

distribution of aquatic life. In addition, water velocity governs the re-aeration rate 

which is highly correlated with the dissolved oxygen concentration in the water body. 

 

The Tennant method (Tennant, 1976) also referred to as the ‘Montana” method, is the 

most commonly applied hydrological methodology worldwide and in Turkey. 

Recommended minimum flows are based on percentages of the average annual flow, 

with different percentages for winter and summer months as shown below: 

 

 

 

Narrative Description 

of flows* 

Recommended base flow regimens 

Oct.-Mar. Apr.-Sept. 

Flushing or maximum 200% of the average flow 

Optimum range 60%-100% of the average flow 

Outstanding 40% 60% 

Excellent 30% 50% 

Good 20% 40% 

Fair or degrading 10% 30% 

Poor or minimum 10% 10% 

Severe degradation 10% of average flow to zero flow 
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The recommended levels are based on Tennant’s observations of how stream width, 

depth and velocity varied with discharge on 11 streams in Montana, Wyoming and 

Nebraska. At 10% of the average flow, fish were crowded into the deeper pools, 

riffles were too shallow for larger fish to pass, and water temperature could become a 

limiting factor. A flow of 30% of the average flow was found to maintain satisfactory 

widths, depths and velocities. An important limitation of Tennant’s method is that 

application of the technique to other streams requires that they be morphologically 

similar to those for which the method was developed. Also, since the method is based 

on the average flow it does not account for daily, seasonal or yearly flow variations. 

Therefore, although the Tennant method cannot be directly applied to every stream in 

Turkey, it can constitute a very general guideline to be followed for the time being.  

 

 

GENERAL PRACTICE IN TURKEY 

 

 

The State Hydraulic Works has chosen the 10% flow as a general minimum flow level 

for the majority of the streams. HEPP projects have to abide to this rule and release at 

least 10% of average annual flow into the river. However Tennant indicates that rivers 

flowing at 10% of original flow are bound to severely degrade in the long-term.  

 

As mentioned above, rivers have a function of recharging underground water levels. 

Therefore in recharge areas, some of the water will be filtered underground, leaving 

less than 10% running in the stream.  

 

In many places, stream gauge stations have not been installed, therefore the minimum 

10% flow is not monitored. There is also great distrust on the correctness of the water 

gauge station’s readings among scientists in Turkey. The stations are constructed by 

the HEPP projects. Kurdoğlu (Personal communication, 2011) states that in many 

cases he visisted, the construction is “adjusted” to show more flow than actually 

present. He adds that although the readings should in theory be done by the State 

Hydraulic Works teams, in practice staff of the concerned HEPP ‘read’ the 

measurements, and DSI accepts them as official readings (Kurdoğlu, 2011).  

 

Finally, the effects of climate change on flow regimes have also not been considered 

in determination of the 10% minimum flow requirement. 

 

 

RECOMMENDATIONS 

 

The use of the Tennant method has been extensively discussed in the literature and the 

overall consensus is that if the Tennant method is to be used, special attention has to 

be given to prevent any irreversible damage to the ecosystem. Geographical 

conditions, climatic conditions, altitude, slope, habitat and ecological sensitivities 

have to be well examined to decide whether the Tennant Method can be applied to a 

project site. Since the Tennant method gives crude estimates of minimum flow 

requirement with a minimum of cost and time, this method should only be used in the 

preliminary studies. For the preliminary studies we can suggest to the project to make 

their calculations based on at least a minimum flow of 30% for October-March period 
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and 50% of monthly average flow for April-September period. According to the 

Tennant method, these ratios correspond to ‘Excellent’ conditions and this approach 

will come close to securing the health of the ecosystem. It should still be noted that 

even a minimum flow of 30% is 2 levels lower than optimum conditions. But again, 

this rule should only be used for the preliminary analyses, and the final optimum 

minimum flow requirement should be determined based on a comprehensive 

integrated river basin management study that should span over a few years. A brief 

explanation about Integrated River Basin Management strategy is given in Part II. 

 

As a candidate country, Turkey is facing a challenge to harmonize its environmental 

laws and regulations with the European regulations and meet the environmental 

criteria set by the European Union (EU). In this context, The Water Framework 

Directive (EU, 2000/60/EEC) is an EU directive which commits the member states to 

achieve good qualitative and quantitative status of all water bodies by 2015. To 

achieve 'good surface water status' both the ecological status and the chemical status 

of a surface water body need to be at least 'good'. "The good ecological status" of a 

water body is defined as "slight changes in the values of the relevant biological 

quality elements as compared to the values found at maximum ecological potential" 

(Borja and Elliott, 2007). It would be impossible to achieve a ‘good’ status with the 

majority of the Turkish rivers flowing at 10% of original flow. 

 

The Water Framework Directive also mentions that where good water status already 

exists, it should be maintained. According to EU Water Framework Directive, "good" 

status can be achieved through Integrated Basin Management approach. Integrated 

basin management approach considers all designated water uses and aims at 

protecting the ecosystem without disturbing the designated water uses. More 

information on this can be found in the Integrated Watershed Management Section. 

 

Please refer to Annex A for more detailed recommendations for the minimum flow.  
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 TIMING OF WATER FLOW 

 

 

ENVIRONMENTAL IMPACT 

 

It might be beneficial to repeat a sentence from the former section: “Streamflow 

quantity and timing are critical components of water supply, water quality, and the 

ecological health of river systems (Poff et al., 1997).” 

 

“It is important to follow the natural seasonality of the river. A large body of evidence 

has shown that the natural flow regime of virtually all rivers is inherently variable, 

and that this variability is critical to ecosystem function and native biodiversity.”  

 

Over many years of evolution, the biodiversity living in a river has adapted to the 

river’s specific variations in flow. Varying flow means varying water levels, sediment 

levels, water temperature and other important characteristics of a river. The adaptation 

of aquatic biodiversity’s life cycle to these variations have been such that the fish 

migration takes place when the water is expected to be high, or the laying of eggs 

takes place when the sediment is expected to be favorable etc… Altering with the 

‘expected’ changes in flow places the local biodiversity in a highly disadvantaged 

position, leading to severe degradations.  
 

“Historically, the "protection" of river ecosystems has been limited in scope, 

emphasizing water quality and only one aspect of water quantity: minimum flow.” 

 

“The natural flow of a river varies on time scales of hours, days, seasons, years, and 

longer. Many years of observation from a streamflow gauge are generally needed to 

describe the characteristic pattern of a river's flow quantity, timing, and variability 

that is, its natural flow regime… Five critical components of the flow regime regulate 

ecological processes in river ecosystems: the magnitude, frequency, duration, timing, 

and rate of change of hydrologic conditions” 

 

Different rivers form different flow regimes as “all river flow derives ultimately from 

precipitation, but in any given time and place a river's flow is derived from some 

combination of surface water, soil water, and groundwater. Climate, geology, 

topography, soils, and vegetation help to determine both the supply of water and the 

pathways by which precipitation reaches the channel.” 

 

 

 

GENERAL PRACTICE IN TURKEY 

 

HEPPs with larger reservoirs have the capacity to withhold water and therefore to 

alter with water flow. The timing of water release from those HEPPs is dictated by the 

economic supply and demand cycles. Energy needs, and therefore the price of the 

energy varies within the day and within the year. The HEPPs with large reservoirs 

release more water to produce energy when energy prices are higher to maximize 

profit. In total, in a year, it can seem like the released water is over the required 
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minimum flow amount, however the critical point here is that the timing of the water 

released may not fit with the ecological requirements of the river and its associated 

biodiversity. The river’s ecology is adapted to its natural flow regime, which typically 

means more flow during spring, with regular or irregular floods, specific variations 

within and between seasons. The market based flow regime will not be able satisfy the 

ecological needs of the river and its associated biodiversity in terms of when more or 

less water is needed, or when finer sediments need to be flushed by higher water 

levels, etc…  

 

 

RECOMMENDATIONS 

 

Historic flow regimes of at least the past 25 years should be analyzed to determine the 

daily, monthly, seasonal, yearly, and decadal variations in flow. The operation of the 

HEPP should be such that water released should mimic these variations in terms of 

timing, duration, magnitude, rate of change and frequency. In addition, timing and 

amount of water released must reflect natural trends based on historic flow regimes. 

 

Recommended HEPP type: a run of the river type HEPP without a weir, and therefore 

without the capacity to ‘regulate’ waterflow will be best option to keep the natural 

variation in water flow.   
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HEPP STRUCTURES 

 

 

ENVIRONMENTAL IMPACT 

 

As per the nature of HEPPs, they are constructed on areas with steep slopes. 

Steep slopes are very sensitive areas as they are prone to extreme erosion and 

landslides. The General Directorate of Forestry is careful about conserving forested 

areas on steep inclines specifically for erosion and flood control reasons. However 

cumulatively speaking, large amounts of forested areas will be deforested in order to 

accommodate the HEPPs and all the related structures such as access roads, energy 

transfer lines etc. Once the habitat integrity is compromised on a steep slope, it is 

extremely difficult to stop the consequent erosion and landslides. Most of the times, 

unless state of the art erosion control measures are in place, the deforested area grows 

as landslides become more and more serious. More floods and more erosion become 

then imminent.  

Another effect of these constructions is habitat fragmentation of forest 

ecosystems. Habitat integrity is the major fact supporting healthy biodiversity. On the 

other hand, habitat fragmentation is known to have serious adverse effects on 

biodiversity, such as decreased migrations, increased edge effects, etc. 
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 WATER CONVEYANCE WAYS  

 

ENVIRONMENTAL IMPACT 

 

Degradation of the river bed and aquatic life 

Ecologically speaking, water conveyance ways may be the structure, along with the 

weir crests, that creates the most damage. The structure diverts around 90% of the 

river’s water away from its original course and into a tunnel or canal for a few 

kilometers. As a result, the river ecology downstream of the water intake structure 

(until the tailwater is released) suffers from severely diminished levels of water. 

Please refer to Minimum Flow section for the crucial importance of water levels for 

aquatic biodiversity.  

 

Degradation of the underground water table 

 

Surface waters and groundwater are intricately 

connected. Water exchanges are continually 

occurring between these two. Consequently an 

important function of rivers and wetlands is to 

recharge underground water. The recharge can 

occur diffusely over large areas, or at specific 

locations. “Currently the boundaries between river 

and groundwater ecological research are 

dissolving, and both fields are beginning to merge 

towards a comprehensive ecological 

understanding of the hydrological continuum” 

(Brunke and Gonser, 1997).  

 

Groundwater levels are affected as water is 

prevented from flowing in the original stream 

bed in two ways. With diminished levels, 

surface water is no longer able to replenish 

groundwater. To make matters worse, the 

stream may start to receive an inflow from 

groundwater as its water level falls below that 

of the groundwater, further leading to the 

depletion of the latter.   

 

Just as surface water, groundwater has great 

ecological importance. Many terrestrial 

vegetation communities depend on groundwater for survival for at least portion of 

each year. Groundwater also sustains river bank vegetation which has the valuable 

function of attenuating the destructive forces of floods, providing habitat and food 

riverside fauna. 

 

 

Expressway into the Sea 

Streams have also an important function for marine life in that they provide valuable 

sediment and nutrients into the marine ecosystem. Marine biodiversity is higher 

Stream replenishing groundwater 

Diagram Source: 

http://pubs.usgs.gov/circ/circ1139/htdocs/natural_process

es_of_ground.htm 

Groundwater replenishing stream 

Diagram Source: 

http://pubs.usgs.gov/circ/circ1139/htdocs/natural_process

es_of_ground.htm 
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around the areas with stream outflow into the sea. Where morphology is appropriate, 

the sediment and nutrients form a delta, one of the world’s most productive 

ecosystems. This ecosystem supports a great variety of wildlife, aquatic life, marine 

life, and humans.  

 

In practice, from the first HEPP with water conveyance way to the last one the water 

is transferred almost all the way inside canals, and into the sea, devoid of its nutrients 

and sediment As the water is transported in tunnels or canals for the majority of the 

length of the river, it is unable to accomplish its many ecological functions such as 

irrigating natural vegetation communities, replenishing sediment in rivers, floodplains 

and deltas, providing adequate habitat for the feeding, reproduction and migration of 

aquatic, terrestrial and marine biodiversity, recharging valuable groundwater. 

 

 

Production of Excavation Debris 

The construction of water conveyance ways produce the greatest amount of 

excavation debris. Please refer to the Excavation Debris section for information on the 

environmental impacts.  

 

Barrier to wildlife movements  

The water conveyance ways in the form of canals or pipes can span over many 

kilometres and can hinder the crossing of terrestrial wildlife from one side to other of 

the canal. Considering that in Turkey many HEPPs are built in a row, the canals 

becomes a real obstacle in the landscape. The animals may have to spend valuable life 

energy to reach the river for feeding, hunting and drinking water, or to migrate 

elsewhere. Tunnels are the best option in terms of not creating obstacles for wildlife.  

 

GENERAL PRACTICE IN TURKEY 

 

Groundwater 

Around 90% of the river water is diverted away from the river bed and into a 

waterproof canal in almost every run of the river HEPP. As explained above, this 

prevents the recharge of groundwater. Where groundwater levels are above the 

diminished levels of the stream, water may seep from the groundwater into the river 

bed thereby partially replenishing the stream water. Consequently the HEPP operating 

downstream will actually be using this “replenished” water load. In other words, a 

portion of the water that will be used by the downstream HEPP will be groundwater. 

As the next HEPP diverts the water away from the stream bed and into water 

conveyance ways again, the ground water will again replenish the stream water. This 

process will continue with each HEPP operating on the hydrological continuum. The 

result is diminished underground water levels, degraded surrounding vegetation, less 

water for biodiversity and human activities (such as agriculture).   

 

Wildlife migration 

In many cases wildlife is not considered and the conveyance ways pose a serious 

obstacle for daily and seasonal wildlife migrations.  

 

Fish kills 
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The water intake structures have fine bar screens to prevent debris and large objects 

damaging the powerhouse turbines. However the bars are generally 8 cm apart. Fish 

that is narrower than 8 cm can easily pass through and end up in the turbines. No 

studies have been done to prove the safety of this passage for the sensitive navigation 

organs of the fish and other aquatic life. It is possible that, even if the fish survive the 

tumultuous trip, their navigation capacities may be compromised.  

 

The conveyance ways eventually lead to the penstock. Penstock is the structure that 

drops the water from a higher altitude into the powerhouse in a lower altitude. A 

difference of 10m in a penstock full of water means a difference of 1 bar of pressure. 

The fish that becomes stuck in the lower parts of a 100m long penstock will bear an 

atmospheric pressure of 10 bars. This is impossible for river fish to survive. Some 

HEPPs start and stop operating electricity on a daily basis and therefore start and stop 

water flow from the penstock. This means daily fish kills. And since most of the river 

biodiversity will not exceed 8cm of width, this means daily fish and other aquatic 

biodiversity kills.  

 

 

 

RECOMMENDATIONS 
 

The best practice option for the environment is to build run of the river HEPPs 

without water conveyance ways. This will solve the problem of minimum flow and 

avoid many threats to aquatic and terrestrial biodiversity.  

 

Building tunnels instead of over the ground canals or pipes is a second alternative 

ranking far behind the above option. This option avoids the fragmentation and loss of 

terrestrial habitat and does not hinder wildlife migrations. Some projects link the 

tunnels directly to the penstock, without the use of loading pools. This also has the 

advantage of causing less habitat destruction.  

 

A solution has to be found to prevent the entry of aquatic life into the water intake 

structures.  

 

In the case of overland canal or pipes, passes have to be built over and/or under to 

secure wildlife migration.  

 

Canals should be covered to prevent wildlife from falling into them.  
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  RESERVOIRS 

 

ENVIRONMENTAL IMPACT 

 

Changes water flow regime 

 

The major factor controlling the distribution of aquatic biodiversity is the water flow 

speed. Benthic organisms are also extremely sensitive to water speed and primarily 

make their habitat choices according to water flow speed. The slightest change in 

water flow will alter the distribution and abundance of aquatic biodiversity. (Power et 

al. 1995, Resh et al. 1988) 

 

Changes water chemistry including dissolved oxygen.  

 

As the running water of the river is slowed down in the reservoir, the aeration rate of 

the water diminishes, which in turn decreased the levels of dissolved oxygen. 

Adequate dissolved oxygen is necessary for good water quality. Oxygen is a 

necessary element to all forms of life. Natural stream purification processes require 

adequate oxygen levels in order to provide for aerobic life forms. As dissolved 

oxygen levels in water drop below 5.0 mg/l, aquatic life is put under stress. The lower 

the concentration, the greater the stress becomes. Oxygen levels that remain below 1-

2 mg/l for a few hours can result in large fish kills. 

 

Emits greenhouse gasses 

 

New research shows that hydroelectric power plants emit sometimes even larger 

amounts of carbon dioxide and methane into the atmosphere: 

 
 “This is because large amounts of carbon tied up in trees and other plants are 

released when the reservoir is initially flooded and the plants rot. Then after this first 

pulse of decay, plant matter settling on the reservoir's bottom decomposes without 

oxygen, resulting in a build-up of dissolved methane. This is released into the 

atmosphere when water passes through the dam's turbines. 

Seasonal changes in water depth mean there is a continuous supply of decaying 

material. In the dry season plants colonise the banks of the reservoir only to be 

engulfed when the water level rises. For shallow-shelving reservoirs these 

"drawdown" regions can account for several thousand square kilometres. 

In effect man-made reservoirs convert carbon dioxide in the atmosphere into 

methane. This is significant because methane's effect on global warming is 21 times 

stronger than carbon dioxide's.” (Graham-Rowe, 2005) 

 

Causes water evaporation 

As reservoirs tend to have more surface area than the original river, more water is lost 

through evaporation. 
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Forms a barrier between upstream and downstream populations of aquatic species 

Neither fish nor benthic organisms can cross the weir crest or dam. This causes the 

fragmentation of local populations. In ecological terms, fragmentation of populations 

is a situation to be avoided at all costs as it causes inbreeding within the isolated 

populations and opens the ground for epidemics and genetic disorders, which may 

eventually lead to the populations’ extinction.  

The structures also become barriers to migrating fish such as trout, which need to 

reproduce in the upper levels of the stream. The young fish will swim downstream to 

grow to maturity before returning upstream to reproduce in their turn.  

Fish passages intend to diminish the effect of these barriers. The effectiveness of fish 

passages depend on having chosen the correct technology for the correct landscape 

and ecological processes, and the correct management style (see fish passage section 

for more on this). 

Forms a barrier to the river’s natural sediment flow 

The river ecology and the floodplain ecology are depended on regular levels of 

sediment for survival. While larger grained sediments usually serve to form breeding 

and resting grounds for aquatic species, finer sediments, usually suspended sediments 

will carry food particles for the latter. The reservoir bodies which do not allow 

sediment to flow through regularly create serious damage in the downstream river and 

floodplains, and affect the associated biodiversity. As the water erodes the river bed, 

the river banks and flood plains, the sediment-free waters of the river fall short of 

being able to replenish these habitats, and therefore support the biodiversity. Sediment 

is carried either with daily flows in regular amounts, or during floods in large 

amounts. 

Causes erosion of river deltas 

Deltas are formed by the deposition of sediments carried by rivers at the junction of 

the river with the sea. They are habitats extremely valuable for wildlife, aquatic life, 

marine life and humans as they are biologically very productive. In fact the Ramsar 

Secretariat describes deltas as one of the most productive ecosystems on Earth. 

However they depend on the regular supply of sediment. For example the Ebro Delta 

in Spain needs around 2 million cubic meters of sediment yearly just to maintain its 

current status (Ramsar, 2011). By withholding the sediment flow, reservoirs around 

the world damage the most productive ecosystems and habitats for plants, animals and 

humans.  

Flooding of potentially ecologically sensitive habitats 

A reservoir may flood over a potentially sensitive ecological zone while filling a 

previously dry habitat. Turkey has over 3000 endemic plant species. Many of them 

are found in valleys, in places appropriate for reservoirs. Other ecologically sensitive 

sites can host nesting sites for rare bird and wildlife species. Wetlands are also very 

productive and sensitive habitats that can be damaged by reservoirs. 
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GENERAL PRACTICE IN TURKEY 

 

All of the above mentioned consequences occur in Turkey in varying degrees 

according to the location and hydro type constructed. Cumulatively, they have a 

tremendous effect on the natural habitats as per the sheer number of existing and 

planned HEPPs in Turkey.  

 

Especially sediment passage is seriously hindered by weirs in Turkey. Although some 

type of sediment passageways are built within weirs, they are almost never used to 

actually let the sediment go through. They are kept closed the majority of the time, 

and when sediment accumulates behind the sediment sluice, the sediment is excavated 

by machines and carried out of site. The river thus never gets the benefit of the 

sediments held by the weir structure.  

Deltas and the associated biodiversity are increasingly affected by the decreasing 

levels of sediments (Altan and Erdem, 2005).  

 

 

 

 

RECOMMENDATIONS  
 

Best alternative would be to build HEPPs without reservoirs, or weir crest. The next 

best alternative would be to build the weir crest with a mechanism to let sediment 

flow regularly at all times. It is important to let the sediment flow daily to allow 

regular sediment passage, but it is also important to let all the sediment carried by 

floods go through. Construction and operation should allow for the ecologically 

crucial sediment to pass through the weir both daily and during flooding. Sluice gates 

should be constructed as large as possible and should be opened during floods. 

 

On the other hand, while planning the location of the reservoir in depth biodiversity 

studies should be conducted. Should the location turn out to be of high biodiversity 

value, other options for the location of the reservoir should be sought. Any rare 

endemic species should be translocated to a safer area yet with similar environmental 

conditions, to be selected by experts on botanic.  
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 FISH PASSAGES 
 

ENVIRONMENTAL IMPACT 

 

The river is the habitat of fish. The reason we are stating the obvious is to reinforce 

the understanding that fish living in the river can only live in the river, but also can 

and will use most of the river continuum to fulfill the different requirements of its life 

cycle.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trout is a typical example of a species whose different stages of life cycles require its 

migration from the sea into the river and up the upper reaches of the river. Aside from 

trout, sturgeon and eel species are the three species in Turkey that need to move 

between marine and riverine environments to complete their life cycles.  

 

Similarly, all aquatic fish need to migrate to lesser or greater extents to fulfill their life 

cycle requirements. Obstruction on migration will cause many species to be extirpated 

from a river. The number of fish species in the river will decline first to represent only 

the species able to cope with minimal migration possibilities. As the species that go 

extinct on the river are inevitably part of the food chain, the species dependent on the 

extinct species will also be in danger of extinction. With the changing of species 

composition, the balance of herbivores and carnivores will shift, most probably in 

favor of herbivores. With too many herbivores, and not enough piscivores to pray on 

them, the aquatic vegetation may be over-grazed. The dwindling aquatic vegetation 

will decrease the habitat quality in terms of it being able to provide sufficient hiding, 

breeding and feeding ground for the remaining species.  

 

In summary, the obstruction of migration not only presents perils to the migrating 

species themselves, but is a precursor to the degradation of the whole ecosystem.  

 

Source: http://www.slocity.org/naturalresources/steelhead.asp 
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Fish passages may be a way to decrease the effects of river obstruction. However 

studies show that fish passages have not been very effective in facilitating migration 

(FAO/DVWK. 2002). 

 

Fish passes have to be designed and adapted to accommodate for the migration 

patterns and behaviours of the local fish populations for each river. 

 

Different species of fish have different nutritional behaviors. While some prefer to 

feed close to the water surface, others find their food in the substrate, on the river bed. 

It is thus important that the fish passage accommodate the migration needs of the fish 

swimming on the bottom, middle and upper portion of the water.   

 

It is also desirable and many times necessary for other benthic organisms such as 

crabs, shrimp, mollusks etc to be able to migrate to for them to be able to sustain 

healthy populations. The design of the fish passage should also be able to 

accommodate for these taxa.  

 

 

 

GENERAL PRACTICE IN TURKEY 

 

The design of the fish pass is provided by DSI and the construction is done by the 

HEPP projects. However even a general observation of the fish passage design 

suggests many problems with it. 

 

The downstream entrance of the fish pass is usually placed around 20-30m 

downstream of the weir. Although a small pipe with running water is place close to 

the entrance of the fish passage to attract fish with its ‘splashing sound’, it would still 

be very easy for fish to miss the entrance and swim all the way to the weir, never to be 

able to migrate upstream. Furthermore, the splashing sound assumption has not yet 

been proven.  

 

The upstream entrance of the fish pass is usually placed level with the water surface. 

This may be usable for fish swimming in the upper portion of the reservoir, but 

bottom dwelling fish may never be able to find the entrance and thus may never be 

able to migrate downstream.  

 

The slope of the fish passes seem to either be on the higher end of acceptable limits, 

or over the limits. The resting pools are too small and would fall short of providing 

effective resting areas for climbing fish. In other words, the volumetric energy in the 

small chambers seems to be too high. There are no structures to diminish the kinetic 

energy of the water inside the resting pools. Water velocity running from the fish pass 

also seems to be too high. All these conditions create unfavorable to impossible 

conditions for the migration of fish and other benthic organisms. 

 

The fish passes do not seem to be maintained in terms of clearing the debris that may 

block the passage and hinder migration.  
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There is no monitoring of the effectiveness of the fish passes. Although some 

technicians say that the fish passes are being used because when water is cut they see 

dead fish in the fish pass, there is no way of telling whether those fish were migrating 

upstream, or entered the passage from the weir reservoir to float downstream. But in 

general there is no knowledge whether the fish passes are being used, and if so, to 

what extent (TMMOB, 2011).  
 

 

 

RECOMMENDATIONS  
 

Researchers have yet to find very efficient designs for fish passes. However there is 

still proven information we can use in the design of fish passes for HEPPs. The most 

important issue to take into consideration is the fact that one design does not fit all, as 

is now being done in Turkey. Every stream morphology and species composition is 

different and thus necessitates tailor-made fish passes.  

 

An FAO report on fish passes is a very valuable resource to use while designing and 

operating fishways (FAO/DVWK, 2002). Although we would like to refer the reader 

to the report for any detail of the fish passes, we will here quote some of the passages 

from the report. 

 

 

Location of the fish passage entrance 

 

“Fish passes are usually only relatively small structures and therefore have the 

characteristics of the eye of a needle, particularly in rivers and large rivers. In 

practice, the possible dimensions of any fishway are usually severely limited by 

engineering, hydraulic and economic constraints, particularly in larger rivers.Thus the 

position of a fishway at the dam is of critical 

importance. 

 

Placing the outflow of the fish pass (and thus 

its entrance) in the immediate vicinity of the 

dam or weir minimizes the formation of a dead 

zone between the obstruction and the fish pass 

entrance. This is important, as fish swimming 

upstream can easily miss the entrance and 

remain trapped in the dead zone. A fish pass 

that extends far into the tailwaters below the 

dam considerably limits the possibility that fish 

find the entrance, a design fault that has been 

responsible for the failure of many fish 

passes.” 

 

 

 

 

 

Source: passes – Design, dimensions and 

monitoring. FAO/DVWK. 2002 
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“Underwater rock filling ramp can help to connect the fish pass entrance with the 

river bottom, thus accommodating fish swimming at all levels within the water.” 

 

“Furthermore, linking both entrances of the fishway with the natural bottom or bank 

substrate by means of a ramp facilitates the movement of migrant benthic organisms 

from the fish pass into the headwater.”  

 

“Where the fish pass is installed at a hydroelectric power station, its water inlet (exit 

into the headwater) must be located far enough from the weir or turbine intake so that 

fish coming out of the pass are not swept into the turbine by the current. A minimum 

distance of 5 m should be maintained between the fish pass exit and the turbine intake 

or the trash rack. If the current velocity of the headwater is greater than 0.5 m s-1, the 

exit area of the fish pass has to be prolonged into the headwater by a partition wall. 

 

 

In general, if the headwater level of the 

impoundment is constant, the design of 

the water inlet does not present a 

problem. However, special provisions 

have to be made at dams where the 

headwater level varies. Here the fish pass 

either has to be of such a type that it’s 

functioning is only slightly affected by 

varying headwater levels, or relevant 

structural adaptations of its water inlet 

area must be incorporated. A vertical slot 

exit has proved appropriate for technical 

fish passes if the variations in headwater 

level are at maximum between 0.5 to 1.0 

m. Where variations in level exceed one 

At the side of the impoundment, several water inlets (fish exits#) at 

different levels guarantee that fish can leave the fish pass even at 

varying (lower) headwater levels.  

Source: passes – Design, dimensions and monitoring. 

FAO/DVWK. 2002 

 

Source: passes – Design, dimensions and monitoring. FAO/DVWK. 

2002 
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metre, several exits must be constructed at different levels for the fishway to remain 

functional.” 

 

  

 

Mind the migration preferences 

 

“Since diurnal fish avoid swimming into dark channels the fish pass should be in 

daylight and thus not covered over. If this is not possible the fishway should be lit 

artificially in such a way that the lighting is as close as possible to natural light.” 

 

 

Turbulence, water velocity and slope of the fish passage 

 

“The turbulence of the flow through the fishway should be as low as possible so that 

all aquatic organisms can migrate through the pass independently of their swimming 

ability. LARINIER (1992) recommends that the volumetric energy dissipation in each 

pool of a pool pass should not exceed 150 to 200 W per cubic meter of pool volume. 

In general, current velocity in fishways should not exceed 2.0 m s-1 at any narrow 

point such as in orifices or slots and this limit to velocity should be assured by the 

appropriate design of the pass. The average current velocity in the fishway must be 

significantly lower than this value, however. The pass should incorporate structures 

that form sufficient resting zones to allow weak swimming fish to rest during their 

upstream migration. Furthermore, the current velocity near the bottom is reduced if 

the bottom of the fish pass is rough. As a rule, there should be laminar flow through 

the fish pass as plunging (turbulent) flow can only be accepted under specific local 

conditions, such as ver boulder sills. 

 

The body length of the biggest fish species that occurs or could be expected to occur 

(in accordance with the concept of the potential natural fish fauna) is an important 

consideration in determining the dimensions of fish passes. The fact that fish can 

grow throughout their whole lives must be taken into account when gathering 

information on the potential fish sizes. 

 

For more technical constructions the maximum permissible slope ranges from 1:5 to 

1:10, depending on the construction principle chosen, while close-to-nature 

constructions should show maximum slopes less than 1:15 corresponding to the 

natural form of rapids.” 

 

 

Swimming ability of fish 

“The swimming ability of the fish species of the potential natural fish fauna and all its 

life stages has to be considered in setting the 

length of a fishway.” 

 

 

Resting zones 

“Resting zones or resting pools should be 

provided in fishways. Here fish can interrupt 

Technical fish pass with resting pools 

Source: passes – Design, dimensions and monitoring. 

FAO/DVWK. 2002 
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their ascent and recover from the effort. In some types of pass, such as slot or pool 

passes, resting zones are inherent to the design. In others, such as rock ramps, they 

can easily be created. Resting pools where turbulence is minimal should be inserted at 

intermediate locations (Figure 3.13) into types of fishways that have normally no 

provision for resting zones due to their design. The dimensions of a resting pool 

should be set so that the volumetric power dissipation must not exceed 50 W m-3 of 

pool volume. Valid data on the maximum permissible length of fish passes are not 

generally available. However, for types of pass without rest zones and of a length that 

is excessive for fish to negotiate in a single effort, it is recommended that resting 

pools are placed at intervals of such lengths as defined by the difference in level of 

not more than 2.0 m between pools. Denil passes must be broken up by resting pools 

at least after every 10-m-stretch of linear distance for salmonids, and at least after 

every 6 to 8 m for cyprinids.” 

 

 

 

“The bottom of a fish pass should be covered along its whole length with a layer at 

least 0.2 m thick of a coarse substrate. Ideally the substrate should be typical for the 

river. From the hydraulic engineering point of view, 

a coarse substrate is necessary for the creation of an 

erosion-resistant bottom. However, the bottom 

material used for this should be as close to natural 

as possible and should form a mosaic of interstices 

with a variety of differently sized and shaped gaps 

due to the varied grain size. Small fish, young fish, 

and particularly benthic invertebrates can retreat 

into such gaps where the current is low and can then 

ascend almost completely protected from the 

current.” 

 

 

 

Maintenance of the fish passage 

 

“The need for regular maintenance must be considered from the start of planning a 

fish pass as poor maintenance is the chief cause of functional failure in fishways. 

Obstruction of the exit of the pass (i.e. the water inlet) and of the orifices, damage to 

the fish pass structure or defective flow control devices are not rare but can be 

overcome through regular maintenance. There must be unhindered and safe access to 

the pass so that maintenance can be assured. 

 

The water intake of the fishway should be protected from debris by a floating beam.” 

 

 

 

 

 

 

 

Coarse bottom substrate 

Source: passes – Design, dimensions 

and monitoring. FAO/DVWK. 2002 
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 SEDIMENT PASSAGES 
 

ENVIRONMENTAL IMPACT 

 
The information in this section is cited from the presentation of Francis Fruchart on the Sediment 

Management and River Morphology given in the context of Preliminary Design Guidance for Proposed 

Mainstream Dams in the LMB, Dialogue Meeting 20.  

 

The river ecology and the floodplain ecology are dependent on regular levels of 

sediment for survival. While larger grained sediments usually serve to form breeding 

and resting grounds for aquatic species, finer sediments, usually suspended sediments 

will carry food particles for the latter. The reservoir bodies which do not allow 

sediment to flow through regularly create serious damage in the downstream river and 

floodplains, and affect the associated biodiversity. As the water erodes the river bed, 

the river banks and flood plains, the sediment-free waters of the river fall short of 

being able to replenish these habitats, and therefore support the biodiversity. Sediment 

is carried either with daily flows in regular amounts, or during floods in large 

amounts. 

 

Reduction in waterflow means reduction in the stream power to carry sediments. 

While smaller sediments suspended in water may be carried at lower water speed, 

larger sediments will have a hard time being transported downstream by the reduced 

stream power.  

 

Weir structures retain medium to large sized sediments and cause lower levels of 

sediments to flow downstream. The result is what “sediment-starved” water with 

excess energy. The water now has by definition excess stream power to transport than 

available sediment. As a result, the sediment hungry water will start to capture 

sediments from stream bed and banks causing the erosion of the latter. The effects of 

this erosion can extend over 100 

kms.  

 

With the erosion of finer sediments 

from the stream bed, the bed 

morphology changes into a coarser 

structure, whereby affecting the 

spawning and feeding grounds of 

aquatic life.  

 

A good sediment management plan 

is necessary to keep the ecological 

health of the river. The sediment 

management should aim at:  

 Maximize sediment transport 

through the reservoir and past the 

weir crest 

 Maintain the seasonal 

distribution of sediment transport 

 Maintain the natural grain-size distribution of transported sediment.  

 

With sediments captured by Weir structures the river bed becomes 

coarser as water erodes existing finer sediments.  

Photo Source: http://www.mrcmekong.org 
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There are also many economic and operational benefits of a well management 

sediment transport which include the extension of the life of the reservoir, reduction 

in the expenses of dredging, reduced risk of blocking intake structures and bottom 

gates, and reduced risk of damaging turbines.  

 

The environmental benefits of a good sediment management can be described as the 

reduction in stream bed and bank erosion downstream, maintenance of the supply of 

nutrients downstream and to the floodplains and wetlands, and reduced deformation 

of river pools within the storage area through less sediment deposition (Refer to the 

ecological importance of river pools described in the Excavation Debris section). 

 

 

GENERAL PRACTICE IN TURKEY 

 

The operation of sediment sluice gates in Turkey is very irregular. The smaller 

sediments may pass with the opening of the sluice gates but larger sediments do not 

find the necessary stream power due to the slowed water in the reservoir to be carried 

to the other side of the weir crest. The sediment that is still trapped behind the weir 

crest is therefore excavated and carried elsewhere, away from the river. The river does 

not get its original sediment flow. It is also not a solution to dump the excavated 

sediment back into the riverbed as the concentrated sediment would take a long time 

to dissipate, and in the meantime it might cause habitat damage to the area it was 

dumped.  

 

 

RECOMMENDATIONS  
 

In designing the sluice gates, the following questions should be answered for every 

river system: 

 Are the sediment sluice gates in a suitable location to be effective? 

 Are the sluice gates large enough for the incoming sediment load? 

 Will the sluice gates pass all grain sizes? Coarse sand gravel, cobbles? 

 If not, what other strategies will need to be employed? 

 What would the effects of irregular opening of sediment sluices be on downstream 

water quality and fish spawning area? 

 Will the location of the sediment sluices adversely affect the operation of fish 

ladders or navigation locks? 

 

The information needed to be able to answer these questions is: 

 What are the annual and monthly sediment load, both suspended and bedload? 

 What is the grain side distribution of suspended bed-material? 

 What is the spatial distribution of sediment transport? 

 What are the relative effectiveness and environmental impact of different sluice 

gate designs? Running hydraulic and sediment transport models will help define 

these.  

 

A good practice for sediment transport is to open the sluice gates flood times and 

times of high sediment transport. If the reservoir has mid-level gates, these should 
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also be opened to minimize the effects of high bedload sediment transport on water 

quality.  

 

It is however more than likely that sediment sluices will not be enough to ensure 

adequate sediment flow. Sediment flushing and dredging may be necessary.  
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 ACCESS ROADS AND ENERGY TRANSFER LINES 
 

ENVIRONMENTAL IMPACT 

Some bi-products of the construction of access roads and energy transfer lines are 

noise, dust, erosion due to cleared land, air pollution. Please refer to the relevant 

sections for information on the environmental impacts and mitigation measures of 

these issues. 

 

Additional effects of increased road network are as follows:  

 

Habitat fragmentation. 

 

Habitat fragmentation is considered a primary issue of concern in nature conservation 

(Meffe and Carroll 1997). This concern centers around the disruption of once large 

continuous blocks of habitat into less continuous habitat, primarily by activities such 

as land clearing and conversion of vegetation from one type to an-other. 

Fragmentation reduces the value of the landscape as habitat for many faunal and floral 

species. Aside from a few species adapted to live in “edge” of undisturbed habitats, 

most species require large undisturbed patches of land to proliferate. The structures of 

such as roads and energy transfer lines decrease the size of the undisturbed patch by 

breaking the bigger patch into smaller units.   

 

 

Roads for pests and invasive species 

 

Openings such as roads are also used for invasive or pest species to colonize a 

previously undisturbed area. The bark beetles are pest species that seriously threaten 

the health and integrity of forests in particular in the Black Sea Region. The bark 

beetles rarely form epidemics in undisturbed forest areas. However they enter a forest 

patch by first colonizing and multiplying in the trees that have come under stress by 

the effects of road construction (Ülgen and Zeydanlı, 2008). Roads and energy 

transfer lines that encroach into the previously undisturbed areas threaten the health of 

the ecosystem by opening a road for invasive species into the area.  

 

Additionally wild animals have an instinctive fear of humans and will change their 

life strategies (feeding, resting, etc) to avoid areas close to roads. This will further 

decrease the available habitat for these animals.  

 

 

Red carpet for hunters 

Roads into the undisturbed forest areas make previously inaccessible areas accessible 

to various people including hunters. The biggest threats to wildlife in Turkey are 

habitat destruction (including habitat fragmentation) and over-hunting. New roads 

make it possible for hunters to access previously un-hunted areas whereby increasing 

the hunting pressure on already sensitive wildlife species.   
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GENERAL PRACTICE IN TURKEY 

 

 

The routes of the roads and energy transfer 

lines are not planned taking natural habitats 

into consideration.  

 

 

RECOMMENDATIONS  
 

Biologically important habitats should be 

avoided while planning the routes of roads and 

energy transfer lines. The information on 

biologically important habitats can be found 

from different sources: 

 

Biologically important areas as defined by:  

 

 Strategic Conservation Planning. These areas can be found from  

 www.nuhungemisi.gov.tr 

 http://eski.dkm.org.tr/anadolu-caprazi/  

 

 Key Biodiversity Areas. These areas can be found from 

 http://www.dogadernegi.org/yayinlarimiz.aspx 

 

 Important Bird Areas. These sites can be found from the Important Bird Areas of 

Turkey (Türkiye’nin Önemli Kuş Alanları). Murat Yarar, Gernant Magnin. 1997. 

Doğal Hayatı Koruma Derneği. ISBN 975-96081-6-2  

 

 Important Plant Areas. 122 Important Plant Areas of Turkey (Türkiye’nin 122 

Önemli Bitki Alanı). Andrew Byfield, Neriman Özhatay, Sema Atay. 2003. ISBN 

9789759243302 

 

Additional information should be sought from the local unit of the Ministry of 

Environment and Urbanization.  

 

If it is impossible to avoid biologically important areas, the length of roads and energy 

transfer lines should be well planned to be kept as short as possible.  

Access roads built for construction purposes should be decommissioned as much as 

possible, reinstated and biorestoration should be performed. 

 

 

 

  

Habitat fragmentation and destruction caused by 

badly planed energy transfer lines.  

Photo Source: Oğuz Kurdoğlu 

 

http://www.nuhungemisi.gov.tr/
http://eski.dkm.org.tr/anadolu-caprazi/
http://www.dogadernegi.org/yayinlarimiz.aspx
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PART II: INTEGRATED RIVER BASIN MANAGEMENT APPROACH 

 

ENVIRONMENTAL IMPACT 

 

 

“Integrated watershed management is an effective means for the conservation and 

development of land and water resources. As an interdisciplinary approach, it 

integrates the socio-cultural and economic as well as the biophysical and 

technological aspects of development. An over-riding concern of integrated watershed 

development is the improvement of the livelihoods of local communities on a 

sustainable basis. This requires balancing their economic needs and expectations with 

environmental concerns so as to avert degradation of the natural resource base, in 

particular soil and water components”. (Zoebisch et al., 2005) 

 

A comprehensive management should take into account all uses of water system and 

other activities that affect water flow and quality and information about the 

watershed’s full hydrological regime. 

 

Watershed planning process that should be developed for the watershed in which 

HEPPs are planned should have the following steps (Novotny 2002): 

 

1. Define objectives: Agencies and stakeholders define the problems and 

imbalances between the desired status and perception of the water resource 

within the watershed context and define the objectives of the planning. 

Planning objectives are mostly narrative statements based on the stakeholders 

and mandates of the agencies. 

2. Develop design criteria: The mostly narrative objectives of the plan must be 

converted to numerical criteria and standards 

3. Use or develop numerical pollution criteria: Receiving water quality criteria 

and standards are available for drinking water resources, aquatic life and 

human health protection.  

4. Water Body Assessment:  This step is for planning process establishes 

quantitatively the disproportions and imbalances between the present and/or 

projected future status of the resource and numerical criteria and guidance 

values of the plan. Data must be collected and analyzed for many categories of 

parameters. Data must be collected for the water body in question and its 

upstream reaches, as well as for the reference water bodies.  

5. Develop alternatives: Alternatives are developed to meet to the objectives. 

The best solution will propose alternatives that are not too costly and will 

provide multiple benefits. It should be noted that not only market goods but 

also non-market goods such a environmental quality has to be considered in 

the economical analyses. 

5. Determine the implementation plan: Implementation is accomplished by state 

and local agencies, individual landowners, an other stakeholders affected by 

the plan.  

6. Perform post-implementation monitoring: Monitoring is necessary to measure 

the success (or failure) of the plan.  

 

GENERAL PRACTICE IN TURKEY 
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The main problem related to water management in Turkey is the lack of Integrated 

River Basin Management strategies. For example, in a small watershed in the Black 

Sea Region, there might be 10 to 20 river type hydroelectric power plants (HEPP) 

planned to be built, with no concern to predict or measure the total effect of those 

HEPPs to the environment.  

 

Aside from not having integrated river basin management plans, there are also no real 

regional or national plans for hydroelectric power production. All the sites that can 

potentially produce hydropower are identified and declared in the internet site of the 

State Hydraulic Works. This identification is based on technical feasibility of the 

projects and does not assess economic or environmental feasibility. Individual 

entrepreneurs pick a site they want to invest in and apply to the Energy Market 

Regulatory Authority (EPDK) for a license to build HEPPs. The applicant can then 

either build the HEPP or sell the license to other investors. To date 4000 applications 

have been made to build HEPPs. Close to 1000 of these have been built. Out of the 

3000 potential projects, some will never be built because in reality they would 

actually not be economical profitable. Some have been built only to realize later that 

original waterflow estimates do not correspond to reality. Others are coming across 

tremendous opposition from local people and environmentalist for ruining the 

livelihoods of people and nature. Some had to stop construction due to court order 

because the latter reasons. In short, no planning causes many victims; the environment 

looses its integrity, the local people loose their healthy way of life, the project owners 

loose the already invested money. 

 

In short, HEPP licenses are given individually and do not form part of a plan that 

considers economic, social, environmental or even energetic concerns. The license is 

given if it is technically feasible to build a HEPP.  

 

Some of the results of the lack of planning are: 

 

An example from Kelkit River:  

The following measurements were made by positioning the weirs and powerhouses of 

three projects in Resadiye on Google Earth: 

 

 SEGMENT WITH 

MINIMUM FLOW 

SEGMENT WITH 

ORIGINAL FLOW 

Diverted segment in Resadiye I over 12.5km  

Segment between Resadiye I and 

Resadiye II 

 1.5km 

Diverted segment in Resadiye II about 14km  

Segment between Resadiye II and 

Resadiye III 

 1.5km 

Diverted segment in Resadiye III about 11.5km  

Totals 38 km 3 km 

  

 

Over 41 km of Kelkit River, a 38 km segment is left with minimum flow. Or 93% of 

the River over a 41km stretch is left to flow with minimum flow. The rest of the river 

suffers a similar plight as there are 1 HEPP and 2 dams upstream, 2 HEPPs 
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downstream and one more being planned. This 

example demonstrates how a river is left to flow with 

minimal flow for over 90% of its length. 

Unfortunately this example is a very typical one and 

it is replicated throughout the country, in particular in 

the Black Sea Region. 

 

In this case, the individual environmental 

performances of HEPPs become almost irrelevant as 

the river’s ecological health is seriously compromised 

over its totality. Water is the most important 

element for the river ecosystem. If over 90% of its 

length the river is left with a meager 10% of its 

original flow, there can be no hope of conserving 

the ecosystem or the related ecosystems.  
 

 

 

RECOMMENDATIONS 
 

 Integrated River Basin Management Plans need to be prepared for all 26 

watersheds in Turkey. 

 The preparation should involve all concerned and affected parties, including local 

people and environmental NGOs. 

 An individual HEPP should not be able to get a “good practice” certificate if it 

contributes to the elimination of the river ecosystem due to too many HEPPs on 

one river, no matter how perfect its own operations might be. 

 HEPPs in Turkey should only be able to apply for Gold Standard Certification if 

there is an Integrated River Basin Management Plan present for the watershed, 

and if they are in accordance with it. 

 

 

 

 

 

 

  

This photo shows how the tail water of a HEPP is 

immediately taken in by the next HEPP. 

Photo Source: Dr. Oğuz Kurdoğlu 
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CONCLUSION AND RECOMMENDATIONS FOR GS 

 

 

Our recommendations for GS are divided into two sections. The first section deals 

with individual environmental performance of HEPPs, at a more locations specific 

scale. The second section brings suggestions of the environmental performance of 

individual HEPPS on a basin wide scale.  

 

Our recommendation to GS is to consider both scales for the applicants. 

 

 

RECOMMENDATIONS FOR ASSESSING INDIVIDUAL HEPPS 

 

Construction 

Both construction and operations activities have impacts on the ecosystem to varying 

degrees. Applying best environmental practice during construction will decrease the 

negative impacts. More specifically, good management of dust, emissions, noise, 

erosion and topsoil, dynamite explosions and excavation debris as per the 

recommendations included in report is important.  

 

Our recommendation to GS is to identify acceptable levels of damage for each of the 

above mentioned issues, and to include the environmental performance of the 

construction phase into the certification decision-making.  

 

Minimum water flow 

The electric production capacity of a HEPP is not necessarily directly linked to the 

amount of environmental damage it is causing. HEPPs with small capacities (under 20 

or even 10 MW) are set up in streams with smaller flows. Their impact is 

proportionately the same as all HEPPs, small or large leave a flow of 10% to run in 

the original water bed. As described in the minimum flow section of the report, this 

amount will cause severe degradation in the river ecosystem.  

 

Our recommendation for GS is to refrain from accepting the applications of projects 

that leave around 10% minimum flow into the river as it is a sure way to cause 

environmental damage. GS should require the abidance of the project minimum flow 

by the figures stated in the integrated river basin management plans for the related 

basin (please refer to the section “Recommendations For Assessing HEPPs At River 

Basin Level” p. 51). 

 

Confidence in streamflow gauge stations 

In many places, stream gauge stations have not been installed, therefore the minimum 

10% flow is not monitored. There is also great distrust on the correctness of the water 

gauge station’s readings among scientists in Turkey. The stations are constructed by 

the HEPP projects. Prof. Kurdoğlu (personal communication, 2001) stated his 

concerns about wrong measurements associated with the stream gauging stations at 

the HEPPs that he visited. Since the amount of water that is released back to the river 

bed is the most significant parameter to be monitored, QA/QC protocols related to the 
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gauging station installed upstream from the regulator and downstream from the power 

house must be established to confirm continuous and correct flowrate readings. 

 

Our recommendation for GS is to inspect the construction of gauge stations, and 

assure the correctness of the flowrate measurements by independent third parties such 

as national or international accreditation organizations. GS should require instant 

flowrate readings to be reported to the related governmental organizations. 

 

Seasonality of water flow 

Seasonal variations in water flow is just as important to river ecology as the amount of 

water flow. Currently the seasonality of water flow is not taken into account. 

 

Our recommendation for GS is to require a HEPP management plan or a least a 

feasibility report that includes calculations of cost-benefit analysis in line with the 

natural seasonal variations of water flow.  

 

 

Sediment flow 

Similar to the minimum flow issue, all HEPPs with weirs or dams, small or large 

interfere with the natural sediment flow of the river. Water and sediment are the two 

most crucial elements for the river ecosystem and the associated ecosystems such as 

floodplains and deltas. Without the necessary sediment flow it would be impossible to 

sustain healthy ecosystems in and around rivers.  

 

Our recommendation for GS is to ask for a sediment modeling of the river before 

construction, and a sediment management plan with information ranging from the 

positions of the sediment sluices to daily operation of the sediment passes and actions 

to be taken during high flow periods.  

 

Economic and environmental feasibility of HEPPs 

Currently economic feasibility studies do not internalize the cost of the damage done 

to the environmental services and values (non-market goods) by the construction and 

operation of HEPPs. The studies also exclude costs such as the ones for building 

energy transfer lines to connect the HEPP to the national grid system, the ones for 

building new roads to access the plant etc… 

 

Our recommendation for GS is to require a cost benefit analysis that clearly shows the 

economic and environmental benefit of the HEPP and its related structures, having 

included all tangible and intangible costs. Intangible costs and benefits can be 

determined via non-market valuation techniques. 

 

Migration of aquatic biodiversity  

The design of the fish pass is provided by DSI and the construction is done by the 

HEPP projects. However a general observation of the fish passage design suggests 

many problems in terms of them being efficient in facilitating the migration of fish 

and other aquatic biodiversity.  

 

Our recommendation for GS is to require the inspection of blueprints and construction 

of fish passages by internationally or nationally renowned expert on the issue.  The 
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passage of the fish should be monitored whether the HEPP has started to operate or 

not. A sound protocol for monitoring migration success should be designed by the 

internationally renowned experts. Monitoring should be performed by independent 

third parties expert on the issue.  

 

Safeguarding aquatic biodiversity 

Water intake structures do not have appropriate mechanisms to prevent aquatic 

biodiversity from entering the canals and the turbines. The different sections of the 

water intake structure (canal, loading pools, penstock, turbines) affect the biodiversity 

in different ways ranging from disorientation to mortality. 

 

Our recommendation to GS is to require effective biodiversity screens to prevent 

biodiversity from going into the water intake structures and to monitoring the success 

of the screens. The screens and the monitoring should be prepared with the support of 

internationally or nationally renowned experts on this issue.  

 

Groundwater 

Water conveyance channels carry around 90% of the stream water over long 

distances, preventing the recharge of groundwater in most places. GS does ask 

whether the project causes a vertical or lateral disconnectivity of waters, yet this 

question is largely misunderstood and responses are highly unsatisfactory, generally 

replying that there will be no disconnection, without any proof. 

 

Our recommendation to GS is to require regular monitoring of groundwater associated 

with the section of the river affected by the specific HEPP. The recommendation 

about minimum flow will also help alleviate the decreasing levels of groundwater.  

 

Planning of access roads and energy transfer lines 

The construction of access roads and energy transfer lines can cause great damages to 

the ecosystem in terms of erosion, habitat loss, degradation and fragmentation.  

 

Our recommendation to GS is to require an ecologically sound planning of the above 

structures aiming to cause the least possible environmental damage. The structures 

should be kept at a minimum, avoid important natural habitats as much as possible 

and their construction should be performed with highest environmental standards.  

 

Capacity building 

Engineers working in the construction and operation of HEPPs are largely unaware of 

stream ecology. Most do not even know a simple fact as the length of the river that is 

affected by their minimum flow implementation. More information on the ecosystem 

they are affecting may be incentive enough to try to adopt better environmental 

practices.  

 

Our recommendation to GS is to require project engineers to take a basic river and 

riverine ecology class. Since these are not readily available in Turkey, Gold Standard 

can organize periodic trainings on this issue.  

 

Enforcement of regulations 
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There are laws and regulations in place concerning almost all the issues discussed in 

this report. The project proponents answer the questions of the Gold Standard 

claiming that the project will abide the relevant regulations. However it is a fact that 

enforcement takes place seldom at best.  

 

Our recommendation to GS is to require official assessment by the relevant 

government authorities concerning the performance of the project vis a vis the 

existing laws and regulations. 

 

Requirement of EIAs 

Although the Turkish regulations do not require Environmental Impact Assessments 

(EIAs) for HEPPs below a production capacity of 25 MW, as stated above, the energy 

production capacity is not necessarily proportional to the amount of environmental 

damage caused.  

 

Our recommendation to GS is to require full Environmental Impact Assessment 

reports from the applicant HEPPs. In order to quantify the levels of impacts, 

Ecological Risk Assessment has to be included to determine the potential risk 

(impacts) and any effectiveness of mitigation options. 

 

 

 

RECOMMENDATIONS FOR ASSESSING HEPPS AT RIVER BASIN LEVEL 

 

 

Any change in the amount, speed, depth, timing, temperature, sediment load of water 

flow will inevitably have consequences on the aquatic and associated terrestrial 

biodiversity. In practice, from the first HEPP with water conveyance way to the last 

one the water is transferred almost all the way inside canals, and into the sea, devoid 

of its nutrients and sediment As the water is transported in tunnels or canals for the 

majority of the length of the river, it is unable to accomplish its many ecological 

functions such as irrigating natural vegetation communities, replenishing sediment in 

rivers, floodplains and deltas, providing adequate habitat for the feeding, reproduction 

and migration of aquatic, terrestrial and marine biodiversity, recharging valuable 

groundwater. 

 

In Turkey, protecting the integrity of the ecological functions (ecological integrity) is 

assured under the Law of Environment (Resmi Gazete, 1983). Turkish Law of 

Environment which was established in 1983 is the main law that defines general 

principles for the protection and improvement of the environment and prevention of 

pollution. In this law, environment is defined as “biological, physical, social, 

economic and cultural media where living things exist and mutually interact during 

the course of their life span”. In the same law, pollution is defined as “any negative 

impact that occur on the environment and may deteriorate wellbeing of biological life, 

environmental values and ecological balance”. Thus, a HEPP that poses a risk on the 

integrity of the ecosystem is considered as “pollution” according to the Turkish Law 

of Environment. 
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Hence, according to the Law of Environment, a decision based on “Selection and 

Elimination Criteria” of the EIA Regulation should not conclude that there is no need 

to complete an EIA study for a HEPP project unless a comprehensive feasibility study 

showing that the SHPP will not damage the integrity of the biotic community has 

been prepared. Secondly, designated water uses in a watershed have to be determined 

in advance and watershed wide planning has to be developed to see the big picture. 

Integrated River Basin Management plans aim to allocate water resources for different 

uses efficiently, control pollution and provide sustainable water resources for next 

generations. Integrated River Basin Management is also the suggested tool to provide 

sustainable water management by the E.U regulations (E.U Waterframework 

Directive, 2000) 

 

 

It is therefore of utmost importance to determine the following at a river basin scale: 

 

 What are the designated water uses (drinking water supply, irrigation, recreational 

purposes, energy, ecosystem and wildlife, fisheries, industry etc) 

 Which streams and their associated ecosystems (floodplains, deltas, vegetation 

communities dependent on groundwater etc) can tolerate change in specific 

quantities concerning the above parameters,  

 How much change can be tolerated for each parameter.  

 Which streams need to be left untouched for their ecological value and the 

irreplaceability of their function 

 How much water can be available for HEPPs after considering all the needs on 

water resources at a basin level 

 How much water can each HEPP use 

 How long of a segment of each river can have water diversions 

 Which segments of each river can tolerate water diversions so as to create least 

ecological damage 

 

 

Until satisfactory answers are found to the above questions, it would be impossible to 

regulate HEPP construction and operation so as not to cause cumulative 

environmental degradation in a water basin. 

 

No matter how perfect a HEPP’s operation may be, it cannot be deemed to be 

performing at best practice level if it contributes to the degradation of a river basin. 

This should hold true even if it is not the individual HEPP’s fault, but a lack in proper 

national planning of water resources.  

 

 

Although there are no existing IRBM plans at present, the Turkish government 

pledges to prepare these for the 26 watersheds in Turkey by 2014 as per the 

requirements of the EU Water Directive (Ministry of Forestry and Water Resources, 

2011).  

 

We recommend GS not to consider the applications of HEPPs that are not located 

within a river basin which has an integrated management plan as the environmental 

damage caused by unplanned operations is unavoidable. On the other hand, we do 
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recognize the incentive GS provides for performing best practice and believe it to be a 

loss of opportunity for individual HEPPs trying to achieve best practice for lack of 

national water resource planning. 

 

On the other hand, there are many ongoing or finalized court cases deciding on the 

fate of HEPPs built or to be built without a basin wide planning. The Turkish courts 

are increasingly ruling against the construction of HEPPs in basins without a proper 

Integrated River Basin Management Plans. They are rejecting the approved EIAs, 

claiming that the EIA will not be able to assess basin-wide effects of the HEPPs 

without proper studies on the whole basin. These decisions are based on scientific 

expert reports about the damage HEPPs will produce in basins whose water use has 

not been planned.  

 

We will conclude with an example of a court ruling in 2010 which reads as the 

following (T.C. Rize Idari Mahkemesi, 2010/312, unofficial translation): 

 
“For the projects there is a need to decide how many HEPPs can be built in the relevant 

basin (the existing number of HEPPs are already above capacity), to identify the order 

in which HEPPs will be built in the basin (starting from downstream and moving 

upstream), to find a common solution by a central planning approach for the 

transportation routes and the power lines of the region, to supply the sand and the 

cement that is required for the construction either by the local producers or by 

establishing a central facility near by the river mouth, to determine the number of trees 

which should be cut before the construction and properly harvest them, not to store the 

excavations debris in the basin, instead transfer them to the river mouth (in which case 

the current storage areas are inappropriate under the terms of nature conservation), to 

obligate to hire an environmental management team consists of environmental engineer, 

geological engineer, forest engineer and biologist, that all of the above stated issues can 

be achieved through river basin management, that there is a need for river basin 

planning for all the above stated reasons (p.7) 

 

…Even if utilizing the hydraulic capacity of İyidere (Kabahor) Brook to obtain energy 

and enhance the national energy capacity could be considered as reasonable project, 

without integrating it in a plan or programme, and without realistic and dependable 

feasibility studies, which assesses other useful option of water use, the floral, faunal and 

endemic structure of the region, topographic features and the sensitivity of the local 

people, without the observations of the experts assigned by the court, and as the only 

reference being the Environmental Impact Assessment Report prepared by the HEPP 

owner, it would without doubt be inconsistent with the 2872 Number Environment Law 

and EIA Regulation which is defining the aims and the environmental policies (p.15)”. 
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ANNEX A: PARAMETERS TO TAKE INTO CONSIDERATION FOR THE 

ASSESSMENT OF MINIMUM FLOW 

 

 

Biological integrity is commonly defined as "the ability to support and maintain a 

balanced, integrated, and adaptive community of organisms having a species 

composition, diversity and functional organization comparable to those of natural 

habitats within a region" (Karr and Dudley, 1981). Biological integrity is equated with 

pristine conditions, or those conditions with no or minimal disturbance.  The reference 

condition is commonly associated with biological integrity, and the threshold is some 

proportion of the reference condition. The integrity of a water body is related to 

biological, chemical and physical characteristics of the ecosystem. Any negative 

effect on one of the components of the ecosystem can cause the disturbance of the 

integrity of the ecosystem. Therefore, in order to evaluate the effect of a river type 

hydroelectric power plant on ecosystem, a comprehensive study has to be conducted 

and a detailed evaluation has to be conducted to determine the minimum river water 

released to the river system. For example, if amount of water withdrawn is going to 

effect the velocity requirement for aquatic life to sustain their life, integrity of the 

ecosystem will be affected irreversibly.  

 

 
Interaction of water body integrity with several parameters 

 

 

Water body assessment is necessary to understand the current status of the water body 

to develop sustainable management strategies. A comprehensive water body 

assessment that should be carried out in the HEPP sites should have the following 

components and the parameters (Novotny, 2002): 
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1) Assessment of the physical integrity of the water body: Includes habitat 

conditions, hydraulic and hydrologic conditions, substrate, slope, etc.  

a. Flow 

i. Ephemaral versus perennial flow 

ii. Effluent dominated stream 

iii. Flow variability  

b. Hydraulics 

i. Depth 

ii. Velocity 

c. Habitat Parameters:  

i. Slope and velocity: Based on the river can be divided in to 4 

categories: 

* Mountain streams: These streams have steep gradients 

and the streambed consists of rock, boulders, or pebbles. 

Width and depth are variable, often quite shallow and 

water is well aerated and cool, rarely exceeding 20 C. 

The streams in Blacksea region usually fall in to this 

category. 

* Piedmont streams: Streams are larger with depths up to 

2 m and gradients less than for trout zones, with 

alternating riffles and pools. 

* Valley Streams: Rivers have moderate gradient and 

current with alternating rapids and quite water. 

* Plains and coastal stream: Streams include lower 

stretches of rivers and canal. The current is slight. 

ii. Pool/riffle, bend run ratio 

iii. Substrate 

iv. Embeddedness 

v. Physical alteration of habitat 

vi. Elimination of riparian wetlands 

vii. Loss of streambank vegetation 

viii. Types of riparian ecosystems 

 

2) Assessment of the biological integrity: Biological surveys are needed to 

identify composition of the biota living in water (fish, macroinvertebrate, 

zooplankton, phytoplankton and peryphyton) and benthic layer (benthic 

macroinvertebate composition).  Biological diversity indexes such as index of 

biotic integrity (IBI) or invertebrate community index (ICI) can help to 

evaluate the current status of the rivers in the dam sites. Evaluators can 

speculate effects of the proposed dams using these indices to show the level of 

possible impairment in biological diversity. 

 

3) Assessment of the chemical integrity: Routine monitoring and survey data are 

needed on key water quality parameters, generally divided into physical ( e.g., 

temperature, turbidity, clarity, color, pH), biodegradable organics (BOD, 

COD, TOC). Nutrients (organic and inorganic nitrogen compounds and 

phosphorus) and organic and inorganic priority pollutants.  
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ANNEX B: RULING OF THE RIZE COURT ON 2010 AGAINST A HEPP 

FOR CONCERNS OF ENVIRONMENTAL DAMAGE AND LACK OF RIVER 

BASIN PLANNING 
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