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l Figurerv.14. Isohyetal Map of Mean Annual Precipitation of Kizilirmak Basin : 135
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l Figure V.16. Layout of the Boyabat Reservoir | | 137




Sl . . e
f\-) \.\ = KILLIK VETHD .
I e S ( o e KARA DENIZ
e ALAMKDP & kurws ' VS g p— : BLACK SEA
BUCAKLAR 7T . saDiBEY Y By s Mmu‘/gumé.w- / E A N
AKIF L Eeres s = .. B v
!.’ / \V___L __U ) . g Tomtel s INOZU_ N

2 24 / )
5 ‘ Ok (stoty + 87 O\%;_——Lgém’% r,f { / o /,_J/ SAMSUN /
e ¥ & I — i )
s \1/ \ & / n f’ rf CaREvEL
20 ' i o ( . -

— L
Ters
i

~ rJ B b - g ) /
. /‘\/\ G)ORD EEEE W

2 Py —z . T
8! . waetK [ Boyabat Dam 77T, 0. ] . |
¥ SN valjiennanl S e . ®
{DEGIRMEN NU N % )
N P A ~e P e, S0 2 N
ot "‘\;: D\‘ AVSAR HOP : = 4 g . L0 e \
— % ; / s . - o ) & ~—
V L : 4 — " HZRIECR -
/ ﬁ;“ e —_ | — L3y Sxiusn .
1 $ioaae s H
oF l \fy \‘ ] j \ ~Zes \ p—
i e P, s ) o, 2 R—\ “
N / i ; 3
o k, S . ./ o ‘,w“f \\ £Raza \ . o —
N ¢ G, — A o
¢ 1 BN\ g = : Masa K\ R, o~
KALFAT 3 Y | g ' / Lo ) ) y
A ANKIRI— 5 “
IHLAR—"-7 . = Bavar . K /_J
J-'\ YCANKIR| -~ 7\ S MUS DM %

KOZAYAG!

\- ? P ‘- :.'. e . - /::‘ ! : = e~ e . Ve
¢ & vnsdy g z ; A 2 [ o7 T T ——
- P8 L A 0 ¢ it s

GOKKA"A, .
YILOIZEL]

: 3 .‘5' X ‘ 27, .
; X O AN ,
. u . — - ( " 2 & .
R 2 , 3 -
T : - - ,6_\‘_' rr}‘\/‘téﬂ_iiums
o oA —
5 & ’ = :

\ LEGEND
K[RSEHIH R
KUCUrBOGAZ o DSI Working Run -off Gauging Stations
- ® 0Si Closed
® EIE working
B EIE Closed . «
0 0 10 20 30 40km
(S Fad & | ¥ L] -}
Tuz GoLU
SALT LAKE s
— LS
138

I Figure V.17. Run-off Gauging Stations in the Kizilirmak River Basin I
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VI. ENVIRONMENTAL IMPACTS

Environmental impact analysis is concerned with three different environments, as in
the baseline data: the physical, biological, and socioeconomic environments. The
impact analysis is carried out from two perspectives: the impact of the project on
these environmental components and the impact of the environment on the project.
Impacts incurred during construction and operation are discussed separately.

VI.1. Physical Environment

The impacts of the project on the physical environment and the impacts of the
physical environment on the project are examined in this section. The impacts
during construction and operation are discussed together with the beneficial and
adverse impacts in the following subsections. The environmental impact analysis and
assessment generally follow the outline of the previous section in order to address
the impacts based on the baseline data provided. This section is divided into
subsections on physiograhy, geology, climatology and hydrology.

VI.1.1. Physiography

The geology of the dam site and the reservoir area has a complex struciure. The
geological characteristics of the site are such that subsidence due to the weight of
the reservoir water will not be a problem.  The dam site will be located on,
principally, a limestone foundation, which has been found to possess adequate
strength for construction of a concrete gravity dam.

V1.1.2. Geology

Geological surveys undertaken at the dam site indicated that the geology at the dam
location generally consists of microcrystallized limestone. This formation will provide
adequate support as bedrock for the dam and no significant problem with respect to
the watertightness of the reservoir is expected.

Vi1.2.1. Watertightness

When the reservoir area of the project is considered, there is no problem with regard
to either watertightness or slope stability. Faults in the area and the foundation soils
will not pose a problem, since the necessary grouting will be done in areas with
cavities and fauits during the construction phase.

VI.1.2.2. Seismic Risk

The project area is located immediately north of the North Anatolian Fault Zone. The
earthquakes that have occurred within a radius of 50 km from the projected dam site
were indicated in Figure V.9, according to the data obtained from The Ministry of
Reconstruction and Settlement, and the *Earthquake Catalogue of Turkey and
Surroundings,” prepared by Istanbul Technical University.
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The dam and the other structures will be designed to withstand the loading created
by the maximum credible earthquake (MCE). This is the largest reasonably
conceivable earthquake that appears possible along a recognized fault, or within a
geographically defined tectonic province, under the presently known or presumed
framework. The MCE is generally defined as an upper bound of expected
earthquake intensity.

The seismic risk to be considered can be evaluated in accordance with the
recommendations of the International Committee On Large Dams (ICOLD, 1989).
Evaluation of the MCE is possible by using a deterministic approach. In this
procedure, critical seismogenic sources representing a threat to the site are identified
and a maximum magnitude assigned to each of them. The effects of these faults are
ascertained through historical data and checked by geological criteria, such as the
rupture length-magnitude, the fault movement-magnitude relationship, or the rupture
area and slip vector-magnitude relationship. The design MCE will be obtained by
considering the most severe combination of maximum magnitude and minimurm
distance to the site independently of the return period.

In summary, the Boyabat Dam site is close to the North Anatolian Fault Zone and
has a seismic risk of the second degree. Design of the structures would be done
according to the maximum credible earthquake. Based on recent studies, the project
area may be subjected to earthquakes producing a maximum ground acceleration of
0.45 g with a 10,000 - year return period. This value is taken as the MCE for
confirming the stability of the dam, though seismic risk of the project area is second
degree, and the past records show no such a severe earthquake. Earthquakes that
would cause severe damage on the periphery of the reservoir are highly unlikely.

VI1.1.2.3. Reservoir Induced Seismicity

Many seismic events induced by filling large reservoirs (e.g. Krematsa, Kariba) have
been documented with maximum magnitudes of 6 to 6.5. The impoundment seems
to act as a triggering mechanism, whereby elastic strain release is accelerated. The
scientific community accepts that reservoir impoundment can induce seismicity only
in systems that are already near failure.

The physical mechanism causing induced seismicity is not fully understood, but is
accepted to be related to higher fluid pressures resulting from increased head.
Stress changes because of surface loading may increase the likelihood of crustal
failure in areas of normal and transcurrent faulting. However, this may inhibit failure
in areas of thrust faulting. Induced seismicity mainly occurs in areas that combine
steeply dipping faults, relatively high strain rates and either extensional or horizontal
shear strain.

The Boyabat Dam site and project area is close to the North Anatolian Fault Zone.
From the seismic activity recorded, this fault is considered active. The seismicity of
the area and the earthquakes observed in the last century (having a magnitude
greater than 4 on Richter Scale) are discussed in Section V.1.2.1 in detail. No fault
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exists at the project site, which would create a problem for stability of the dam. The
brittte portion, including weathered parts of the F-5 fault at the left bank side, is of
large scale. However, it lies outside the stress field of the dam, and the existence of
the proposed reservoir is not considered likely to significantly effect the seismic
behavior of the fault.

As a result, triggering strong earthquakes by the impoundment of the Boyabat
Reservoir seems to be unlikely. The dam will be designed to withstand the
maximum credible earthquake and reservoir induced seismicity would not cause a
significant problem. In any case, induced seismicity will be monitored by the strong
motion accelerographs installed in the dam and its foundation.

V1.1.2.4. Dam Safety

The microcrystallized limestone is found to provide more than adequate support as
bedrock of the dam (DOGUS, 1995). The design of the dam described in Chapter
IV will produce a structure that meets all engineering standards. As noted in the
Chapters on Mitigation (VIII) and Monitoring (IX) further actions will be taken to
protect the public and the integrity of downstream structures.

V1.1.2.5. Impacts of a Catastrophic Failure

in evaluating the potential impacts of a catastrophic failure of the Boyabat Dam,
there are two major concerns: The settlements downstream of the dam that are
relatively close to the site; and Altinkaya Dam, downstream of Boyabat Project.

A catastrophic failure of the dam, in the absence of protective measures, would
cause serious injury and drowning of downstream residents, in addition to destroying
buildings in the path of the flood. The villages of Erduasi and Beybuku wouid be the
hardest hit. Erduasi is situated above 330 m elevation but the height of the
downstream wave can only be determined by a flood routing analysis, which would
be prepared for the Emergency Action Plan (EAP). The Boyabat Camp alsc would
receive part of the wave of water, with attendant damage and possible loss of life.
The protection of downstream residents will be accomplished through the
preparation and implementation of an Emergency Action Plan

The upstream part of Altinkaya Reservoir is about 3-4 km downstream of Boyabat
Dam. Altinkaya Dam is a rockfill dam with a clay core. The height of the dam is 195
m from the foundation and 137 from the riverbed.

The reservoir has a total volume of 5,763 x 10° m® and an area of 118 km?. The
spillway capacity of the dam is 11,800 m/sec. When the average annual flow rate of
Kizilirmak is considered (approximately 5,780 x 10° m3), Altinkaya Reservoir has a
total capacity that is nearly able to store all the annual fiow of Kizilirmak.

The water released by a collapse of Boyabat Dam would traverse a gorge about 4-5
kilometers before reaching the Altinkaya Reservoir. In a catastrophic failure, the
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characteristic parameters related to Altinkaya Dam and Reservoir become very
important. These parameters are;

the total reservoir capacity of the Altinkaya Dam,

the height of the Altinkaya Dam,

the capacity of the spillway of the Altinkaya Dam,

the water level of the Altinkaya Reservoir at the time of failure and,

the speed at which the spillway gates of the Altinkaya Dam can be opened.

The risk of temporary overtopping of Altinkaya depends on the above parameters.
Here it should be pointed out that, for the last two years, water elevation in Altinkaya
Reservoir has been about 165 m (about 25 meters below the maximum water level;
minimum water level is accepted as 163 m). Water storage in the reservoir was
initiated in 1987. Since 1987, the water surface level in the reservoir has reached
an elevation of 188 m once and stayed at that elevation for about 6-8 months
(personal communications, DSI VII. Regional Office). As a general trend, the water
surface level has stayed at about elevation 165 m from 1987 and 1996. The annual
precipitation during this period was about 450 mm, slightly higher than the mean
annual precipitation, 400 mm.

Considering the water level of the Altinkaya Reservoir, it is unlikely that there will be
any instant overtopping of the Altinkaya Dam in a failure occurrence. In addition, it
should be noted that for overtopping to occur, the water level in Altinkaya Reservoir
would have to be higher than elevation 195 m. During years with annual
precipitation much greater than the mean annual precipitation, water level in the
reservoir may reach the maximum water level (180 m). If the initial water level in
Altinkaya Reservoir is at 190 m elevation (which has never occurred) there would be
a risk of instant overtopping, depending on the opening time of the spillway’s gates.

The tailwater of Altinkaya Reservoir reaches Beybuku village at the maximum water
level. Also, when full, Altinkaya Reservoir reaches 4-5 km upstream of the
confluence of the Gokirmak with the Kizilirmak. This area was previously
expropriated with the construction of Altinkaya Dam, so there are no settlements in
this area. For this reason, in case of a failure of Boyabat Dam, no settlements in this
region would be affected, but people working in fields would be at risk.

In conclusion, the readings of the instruments (pendulums, extensiometers, join
measurement devices, etc.) monitoring the Boyabat Dam should be regularly
interpreted and evaluated. Total failure of the dam is highly unlikely. In addition, if
the dam is carefully monitored any failure would become foreseeable. As a major
dam operator states, “a regularly monitored dam always warns before undergoing a
failure or any major disorders.” In addition, however, a warning system linking
Boyabat to Altinkaya and Altinkaya to Derbent would be beneficial.

When a problem is foreseen as a result of monitoring, the responsible operating
engineer at the Altinkaya Project can be placed on alert and notified of any failure
immediately by a redundant communication system. Furthermore, if the probiem or
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danger seems to be significant, the water level at Altinkaya Reservoir can be lowered
or limited to the minimum operating level (low water surface) to prevent an
overtopping. The EAP will include a plan to notify settlements within and adjacent to
the drawdown zone of Altinkaya Reservoir, immediately downstream of Boyabat
Dam, as well as the camp facilities.

VI1.1.2.6. Landslides and Erosion

The impact of the project on landslides and erosion should be considered both
during the construction and operation phases. Slope wash is distributed on the left
bank side, at the gully and at the portion of change in topography on the right bank
side, upstream of dam axis. These slope wash deposits are around five meters
thick.

Construction activities may increase the potential for landslides and erosion in
various ways, which include destabilization of rock masses by cuts in slopes,
improper stockpiling of materials, destruction of vegetative cover during site clearing
and uncontrolled surface run-off {slope wash) during storms.

There are many landslides in the Kuzkoy Formation, distributed about five kilometers
southwest of Kamil. They are about one square kilometer in area and five to eight
meters thick. The nearest is about two kilometers from the reservoir surface and will
not directly affect the reservoir. These landslides are indicated on the geological
map of the reservoir area (Figure V.7).

Exploration in the project area has shown that there are no formations that have a
potential for landslides and slope collapses. Therefore, no problem is expected with
regard to slope stability and unstable soil-rock masses in the reservoir area or at the
dam site. Thus, it is not expected that construction activities would create any
important slope stability problems and landslides. The diversion tunnels, access
roads and site camp facilities caused no landslides, erosion, or slope instability
during their construction (personal communication, DSI).

V1.4.2.7. Sedimentation of the Reservoir

Measurements of the concentration of suspended sediments in the Kizilirmak River,
were made by the State Hydraulic Works at Cetinkaya Bridge at Bafra up to 1889,
until Altinkaya Dam and HPP was placed in operation. Similar measurements were
made by EIE at the Inozu Gauging Station downstream of Altinkaya Dam. These
analyses show the suspended load of Kizilirmak River to be 26% sand and 74% silt
and clay, with an average concentration of 6,000 ppm (a range of 300 to 9,000 ppm).
Prior to the construction of the downstream darms, the measured sediment loads at
those two gages were considered to exist also at the Boyabat Dam site. The relation
between suspended load concentration and run-off at the Altinkaya Dam site by
months is expressed logarithmically in Figure VI.1. The 37-year monthly average
run-off duration curves at Altinkaya and Boyabat Dam sites are shown in Figure
Vi2.
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Sediment that will enter Boyabat Reservoir has been evaluated using “Sediment Key
Curves” and monthiy averag;e discharge values. Sediment density has been
computed as W = 1.183 ton/m for 50 years by USBR method. ltis considered that
additional material in a quantity of approximately 20% of the suspended matter of the
river will reach the reservoir via tributaries. Thus, on the average, 25.2 x 10 m®
suspended solids and 5.0 x 10° m’ transported material, totaling 30.2 x 10% m® of

sediment will enter Boyabat Reservoir every year.

When it is considered that the minimum reservoir volume of Boyabat Project is 2,147
x 10° m°, every year 1.4 % of the minimum reservoir volume would be filled with
sediment. As sediment is deposited in a reservoir, an alluvial fan is formed, which is
cut and resuspended as the reservoir is drawn down. This complex process
continues through the active live of the reservoir, with the percent of incoming
sediment retained gradually decreasing until eventually none is retained. By the end
of the 50-year economic life of the Boyabat Project, 70 % of the minimum reservoir
volume would be filled by sediment, reducing the storage capacity but not hindering
generation. The control of deforestation and clearing of land in the vicinity of the
reservoir area {(and watershed) would contribute to the efforts for preventing erosion
and for prevention of sedimentation in the Boyabat Reservoir.

The trapping of sediments in reservoirs is known to exert serious effects on river
deltas, especially when the dam is the first on that river. The Kizilirmak Delta is one
of the most important wetlands of Turkey. When the cumulative impacts of the
downstream Altinkaya and Derbent Projects are considered, the effect of Boyabat on
Kizilirmak Delta will be negligible. Boyabat Project will hinder the transport of
sediment, thus nutrients and alluvium, reducing the primary productivity in Altinkaya
Reservoir. However, Altinkaya Reservoir will receive water with less turbidity.

VI.1.2.8. Downstream Effects

No downstream effects regarding geological formations and issues (such as
seismicity) are expected on Altinkaya Reservoir .

There is a disposal area located about 1,000 m downstream of the Boyabat Dam
axis, with a capacity of 565,000 m?. This area will be used for the materials excavated
during construction. Necessary precautions regarding this disposal area will be
taken to prevent any adverse impacts on the downstream river quality. Also, this
area will not impose any impacts on slope stability, erosion, seismicity and
sedimentation.
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V1.1.3. Climatology
V1.1.3.1. Impacts During Construction

During construction, the main impact on the air quality would be dust generation,
particularly under windy conditions. There are two different sources of dust :

1. Dust from civil engineering works equipment, such as trucks, loaders, bulidozers,
etc. used in the processes such as earth moving and construction of access
roads.

2. Dust from blasting operations.

Dust may also arise from the use of access roads by the trucks. Blasting will cause
significant amount of dust, but highly localized. Dust is more disturbing to people
when there is little or no wind.

Since the nearest settlement (Kepez) to the dam site is about 4 km away, the
impacts of construction on this settlement, particularly dust, will not be appreciable.
Nor wili dust adversely affect the camp facilities.

Necessary precautions will be taken to protect the health of the workers in any
operation and from any adverse affects as well as dust. This will be achieved as
required by the regulation, numbered 14453 and dated February 1973, of The
Ministry of Labor and Social Security. The air in underground works will be kept in a
condition suitable for the heaith of the workers, as required by the technical
specification, civil engineering works, May 1991. Workers directly exposed to
particulates in the workplace will be protected by respirators. The equipment used in
construction will be periodically examined for protecting the health of the workers.

V1.1.3.2. Impacts After impounding

The project will not lead to a significant change in the microclimate of the zone
around the future reservoir. There will be only a small change in relative humidity
near the reservoir. This affect would be naturally limited to a narrow zone around the
future reservoir, although about 640 mm yearly evaporation is expected in the
Boyabat Reservoir. Weather systems are so broad and contain so much moisture
that the evaporation from even a large reservoir has no regional effect.

V1.1.4. Hydrology

Large dam projects have various and extended impacts on river hydrology, affecting
water quality and seasonal flow pattern. These impacts are both upstream and
downstream of the dam, and occur during construction and operation of a project.
The impacts are important from a watershed perspective, as well as the immediate
project area. Watershed level impacts are examined in relation to management and
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development plans for the river basin. Project area impacts are examined from the
perspective of affected local resources.

V1.1.4.1. Compatibility with the Master Plan of State Hydraulic Works

The Boyabat Project was developed as part of the Master Plan of the Turkish State
Hydraulic Works (DSI) in the 1970’s. The project feasibility report was prepared in
1979, and the project was justified on an economic and technical basis. In January
1987, the initial design of the project was completed and construction was started by
DSI. However, during this development period, no serious environmental studies
were carried out. This report is the first extended evaluation of the environmental
issues and impacts related to the Boyabat Project. '

In the mean time, DS has built the access roads to the dam site, the bridge to pass
to the right bank of the river, the diversion tunnels and the camp facilities. Future
developments in Kizilirmak Basin will not be affected by the construction of Boyabat
Project as they are already planned taking this project into account. The future
development of hydro-projects in the Kizilirmak basin, as proposed by DSI, are
shown in Figure V1.3, Hydro-Development Plan of Kizilirmak River. In addition, a
longitudinal profile of the existing and proposed general development of the
Kizilirmak River is presented in Figure V0.4.

This project will be developed under the Build-Operate-Transfer Model. Boyabat
Electricity Production and Trade Company, the concession company (CC), in which
DOGUS is a major partner, will construct the dam and the power plant, and operate
the project for 15 years. Then, DS will be in charge of the project and will continue
operation for the rest of the economic life of the dam.

VI.1.4.2. Water Quality
V1.1.4.2.1. Impacts of Project Construction

During construction of a dam, turbidity and sedimentation in the waters downstream
of the site will unavoidably increase due to in-river construction activities.
Additionally, excavation of the foundation, construction of access roads, processing
aggregate, and batching concrete all result in turbid or sediment laden wastewater.
If the water is discharged without treatment into a watercourse, it can adversely
affect the quality of water for irrigation, and physically harm aquatic biological
resources and their uses. It can also adversely affect water-related recreational
activities, such as fishing.

Concrete dams require more wastewater treatment than earthfill dams. Water is
required to wash aggregate, and batch and cure concrete. Typically, wastewater
from these operations is polluted and extremely basic with a pH greater than 10.5.
Concentrated sulfuric and hydrochloric acid can be used as a buffer to reduce the pH
close to neutrality. In the construction phase of Boyabat Dam, clarification and
neutralization will be applied to prevent pollution.
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V1.1.4.2.2. Impacts of impoundment

When a free flowing stream is impounded, a number of physical, chemical and
biclogical phenomena occur as a result of the change from a flowing water
environment to an essentially standing or lake water environment. One of the most
significant changes is in water temperature or heat distribution within the
impoundment.  This factor largely determines what takes place biologically,
chemically and physically in the reservoir (Smalley, 1978).

Additionally, the general effect of reservoir releases on downstream water
temperature results in changes in the species composition of the downstream biotic
communities. These effects could be similar up to a point for a reservoir that
remains isothermal and for a reservoir that stratifies into temperature caused density
layers. In general, the overall effect of releases from an isothermal reservoir would
not be highly significant since the temperature of these releases would tend to
approximate that of the riverine environment, provided that retention time of water
within the reservoir did not allow for additional heating. On the other hand,
hypolimnial releases of cold water from thermally stratified reservoirs have had
pronounced effects on the downstream biotic community to the extent that some
changes have occurred in response fo the changed thermal regime.

Altinkaya Dam and Hydroelectric Power Plant is located downstream of the Boyabat
Project Site and it is anticipated that the future Boyabat Reservoir would have similar
characteristics to those of the Altinkaya Reservoir. Thus, the possible changes in
water quality due to the formation of the Boyabat Reservoir can be inferred from the
characteristics of the Altinkaya Project. Therefore, the characteristics of that
reservoir are described below.

V1.1.4.2.3. Altinkaya Reservoir

Relevant characteristics Altinkaya Dam and Reservoir, and those anticipated for
Boyabat Project are compared below:

Boyabat Altinkaya

Maximum water elevation (MWL) in the reservoir: 330 m 190 m
Minimum water elevation in the reservoir: 305 m 160 m

Surface area of the reservoir at MWL: 65.4 km” 118 km?

Total reservoir volume: 3557 x 10°m® 5,763 x 10°m’
Active volume: 1,410 x 10°m® 2,892 x 10° m’
Dead storage: 2147 x 108 m® 2,871 x 10°m®
Annual flow: 4,109 x 10°m® 5,785 x 10° m’
Height of the dam from the river bed: 150 m 137 m
Elevation of top of water intake 305m 160 m

Elevation of bottom of water intake 285 m 139 m
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a) Water Quality Studies in Altinkaya Reservoir in 1988 and 1989

In March and October 1988, and in June 1989 a series of vertical profile water quality
measurements were carried out in the Altinkaya Reservoir by the State Hydraulic
Works. Four sampling stations were identified within the reservoir (Figure VL5).

Sampling station | was about 7 km upstream of the dam axis. Stations li, ill and IV
were located, approximately 23 km, 34 km and 45 km from the dam axis,
respectively. At all of the stations, sampling was conducted at 5-m intervals from the
surface to a depth of 20 m. Thereafter, sampling intervals were increased to 10 m.
The maximum sampling depths of Stations |, i, lil and IV were 90 m, 50 m, 50 m,
and 40 m, respectively. Sampling and analysis of water samples were carried out in
accordance with the methods and procedures given in “Standard Methods for the
Examination of Water and Wastewater, 13th Edition (American Water Works
Association et al., 1971).

The analytical results of the chemical parameters measured in the vertical profiles at
each station on each sampling date are provided in Tables V1.1 through VI1.8. The
results of these analyses show that the parameters do not fluctuate appreciably
with depth. The values for physical water quality characteristics and most of these
chemical parameters are summarized in Table V1.9. The findings of the water quality
studies performed in Altinkaya Reservoir in 1997 are presented in Table VI.10. The
results of the vertical profiles of temperature and dissolved oxygen are tabulated in
Tables V1.11 and Vi.12, and are discussed in the thermal stratification and dissolved
oxygen sections.

According to the Turkish Inland Water Standards, given in Table V.4, the Altinkaya
Reservoir would be considered as Class It waters because some of the parameters
fall in that category. This class of water is designated to be used only for industrial
purposes, although after proper treatment it can also be used for some other
purposes, such as irrigation. Here it should be pointed out that the waters of
Altinkaya are second class waters for most of the parameters, except suifate and
sodium. However, the measured levels of sodium and sulfate do not have
appreciable adverse effects on aquatic life. Further, Altinkaya waters can be utilized
for the irrigation of most crops.

The maximum pH is 8.5 and the minimum is 7.6 in Altinkaya Reservoir according to
the results of the measurements provided above. This parameter did not vary
appreciably with depth and is acceptable for any water use.

Dissolved oxygen concentration varied between 6.0 (48 % saturation) and 12.7
mg/L (supersaturation), having an average value of 9.0 mg/L (89 % saturation).
These values are sufficient for aquatic life. More detailed discussion on DO is
provided in the following sections.
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Table V1.1, Vertical Profiles of Water Quality Parameters in Altinkaya Reservoir,
March 1988 (Station )

Parameter Depth (m)

0 5 | 10 | 45 { 20 | 30 | 40 | 50 | 70 | S0
pH 81| 83 84 81 82 82 83 83 81 82
EC (umhos/cm) 1440] 1470 1464] 1440 1440| 1476| 1420| 1428] 1452 1440
Alkalinity
(mg/L as CaCQO;,) 180.0! 172.5 177.5| 172.5| 177.5{ 170.0{ 172.5| 175.0{ 177.5] 172.5
Cl” (mg/L) 193.5| 184.6, 186.0| 184.6] 200.5! 184.6| 186.3| 186.3| 186.3; 186.3
NH4-N (mg/L) 020l o020 0.40] 0.40 0.10] 0.10] 0.10} 0.15] 0.10] 0.15
NO2-N (mg/L) 0 0 0 0 0 0 0 0 0 0
KMnO, (mg/L) >4 16| 2.5 21 21 20/ 19 186 20 20
Orto-P (mg/L) 0011 0.01] 0.67] 0.02] 0.00] 0.00] 0.00! 0.00] 0.00] 0.01
SO, (mg/L) 285.0| 306.7] 288.5| 301.4] 267.5| 304.8] 299.0{ 288.9 291.3 290.0
Na' (mg/L) 150l 140 147] 144] 144] 147] 144 144] 144] 140
K" (mglL) 46| 45 46| 46 44| 450 48] 45 45 45
Mg"™ (mg/L) 400 420 350 419 39.5 37.1] 38.3] 36.5 419 39.5
Ca’ (mg/L) 1011 108| 107 102] 103] 108| 108! 108 101} 106
Total Hardness
(mg/L as CaCOg) 447.5| 442.5| 415.0| 427.5| 420.0| 422.5| 427.5| 420.0] 425.0; 427.5
Dissolved sifis {(mg/L) 84 86 80 80 78 80] 80 82 86 86

Table VI.2. Vertical Profiles of Water Quality Parameters in Altinkaya Reservoir,
March 1988 (Station Hi)

Parameter Depth (m)
0 5 10 15 20 30
pH 8.0 8.5 8.4 8.4 8.3 8.0
EC (gmhos/cm) 1380| 1392] 1308]  1404] 1416] 1428
Alkalinity (mg/L as CaCOg) 185.00 172.5] 170.0f 175.0 175.0{ 1775
Cl (mg/L) 188.0 186.3] 181.0{ 17750 177.5] 1792
NH4-N (mg/L) 0.10 0.20 0.20 0.25 0.10 1.20
NO2-N (mg/L) 0 0 0 0 0 0
KMnO, (mg/L) 1.8 1.7 2.8 2.2 2.1 10.0
Orto-P (mg/L) 0.00 0.00 0.00 0.00 0.00 0.26
S0, {mg/L) 279.8] 308.6) 307.6] 296.6] 307.6 2976
Na' {mg/L) 144 144 147 144 147 147
K' (mg/L) 4.6 4.6 4.7 4.6 4.6 4.5
Mg (mg/L) 38.9 42.6 38.3 34.6 36.4 37.7
Ca'’ (mg/L) 105 105 105 109 108 104
Total Hardness (mg/L as CaCOg) | 4226 437.5( 42001 4150 420.0{ 415.0
Dissolved silis (mg/L) 8.8 8.8 8.6 8.2 8.8 9.8

153




Table VI.3. Vertical Profiles of Water Quality Parameters in Altinkaya Reservoir,
March 1988 (Station ill)

Parameter Depth {m)
0 5 10 15 20 30 40 50 70

pH 8.4 8.3 8.2 8.2 7.9 8.3 8.3 8.2 8.2
EC (umhos/cm) 1488| 1390 1380| 1416 1392 1368] 1416| 1380! 1452
Alkalinity

(mg/L as CaCOs) 177.5| 177.5) 177.5| 172.5] 177.5| 170.0} 175.0] 175.0| 167.5
Cl {mg/L) 193.2] 175.7| 175.7| 179.2] 177.5] 181.0l 177.5] 188.0] 188.0
NH4-N (mg/L) o010l 005 025 0.10f 0.10| 0.5 0.10] 0.20] 0.30
NO2-N (mg/L) 0 0 0 0 0 0 0 0 0
KMnO, {(mg/L) 1.5 2.1 1.8 1.4 1.8 1.2 1.4 1.4 1.6
Orto-P (mg/L} 0 0 0 0 0 0 0 0 0
SO, (mg/L) 302.80 272.0 283.2! 310.0] 291.8] 244.8| 296.6] 254.4) 323.5
Na' (mg/L) 154]  138] 140| 147] 144] 140] 144| 150 150
K (mg/L) 46| 46 468 4.6 46 46| 4.6 45 46
Mg'" (mglL) 395 353 352 40.7{ 34.6{ 37.0f 37.0{ 37.0] 37.0
Ca' (mg/L) 106] 103 108] 102| 108] 105 105/ 113} 114
Total Hardness

(mg/L as CaCO3) 477.5| 402.5! 410.0] 422.5! 412.5] 415.0{ 415.0{ 435.0) 437.5
Dissolved silis (mg/L) 11.0 9.6 9.4 9.6 9.8 9.6 9.8 9.8 10.2

Table VI.4. Vertical Profiles of Water Quality Parameters in Altinkaya Reservoir,
March 1988 (Station V)

Depth (m)

Parameter
0 5 10 15 20 30 40
pH 8.3 8.3 8.4 8.3 8.3 8.4 8.2
EC (umhos/cm) 1404] 1476] 1412] 1404 1404] 1450{ 1548
Alkalinity (mg/L as CaCOs) 177.5] 175.0] 175.0] 175.0{ 175.0{ 177.5] 180.0
CI' {(mg/L) 181.0] 179.21 179.2| 179.2] 177.5| 179.2| 188.0
NH4-N {mg/L) o020l 0.20] 0.10] 0.05] 0.05 0.05] 0.05
NO2-N (mg/L) 0 0 0 0 0 0 0
KMNnO, (mgil) 2.0 2.0 1.4 1.4 1.4 1.8 1.6
Orto-P (mg/L) oool 0.00f 0.01 0.00{ 0.00 0.00 000
SQ,4 (mg/L) 289.4; 298.0 194.2) 299.0| 312.4| 318.7] 3624
Na' (mg/L) 144 140 144 144 147 150 178
K" (mg/L) 4.6 4.6 4.6 4.6 4.6 4.6 4.4
Mg™ (mg/L) 395/ 346 3280 31.6] 352 418 419
Ca’’ (mg/L) 101 114 112 116 112 103 103
Total Hardness (mg/L as CaCQOjy) | 415.0) 427.5{ 41 5.0 420.0] 425.0{ 430.0) 430.0
Dissolved silis (mg/L) 9.4 9.4 9.0 9.8 9.0 9.8 9.6
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Table VI.5. Vertical Profiles of Water Quality Parameters in Altinkaya Reservoir,
October 1988 (Station 1)

Parameter . Depth (m)

0 5 10 | 15 | 20 | 30 | 40 | 50 | 70 | 80
pH 77| 7.8 8 81 81 79 81 78 8 8
EC (umhos/cm) 1321] 1300| 1285] 1273 1285| 1214| 1214| 1226 1309] 1416
Alkalinity .
(mg/L as CaCOy) 125.0! 137.5| 125.0| 135.0| 97.5| 145.0| 137.5] 160.0{ 162.5] 152.5
CI (mg/L) 166.8| 159.8] 159.8] 159.8| 159.8{ 159.8| 159.8| 158.0] 161.5] 195.3
NH4-N (mg/L) 0.15] 0.05] 0.10] 0.01] 0.05] 0.10] 0.05] 0.10] 0.10; 0.10
NO2-N (mg/L) 0 0 0 0 0 0 0 of .0 0
KMnQO, (mg/L) 18 15 171 1.6 14 17 17 12 17 13
Orto-P (mg/L) 0.04] 0.00] 0.02] 0.00] 0.00[ 0.00] 0.00{ 0.00] 0.00| 0.00
S0, (mg/L) 355.7) 289.9] 319.7] 306.7| 348.5| 307.9| 302.9| 208.8] 307.2| 312.0
Na' (mg/L) 130 126! 130] 126/ 130l 130} 130} 130; 138] 162
K* (mg/L) a3l 43 43 43 43 43] 43 39 39 43
Mg"" (mg/L) 46.8] 34.7| 34.7| 36.5 34.7| 359 37.1] 334 37.1; 383
Ca"" (mg/L) 100 971 101 100l 102i 102] 95! 100f 101} 95
Total Hardness
{(mglL. as CaCOs,) 442.5! 385.0| 395.0{ 400.0| 397.5| 402.5| 390.0| 387.5; 405.0] 395.0
Dissolved silis (mg/L)|_ 8.6] 92| 88 86| 92 9.0 88 104] 10.0] 10.2

Table VI.6. Vertical Profiles of Water Quality Parameters in Altinkaya Reservoir,
October 1988 (Station 1)

Parameter Depth (m)

0 5 10 15 20 30

pH 8.0 8.0 8.1 8.1 8.0 8.0
EC {umhos/cm) 1300| 1285] 1309] 1309] 1309] 1309
Alkalinity (mg/L as CaCOs) 132.5{ 1375 1375 135 137.5} 1375
CI (mg/L) 172.18] 170.40[ 172.17|- 172.17| 170.40{ 173.95
NH4-N (mg/L) 0.15]  0.20 0.25 0.10 0.10 0.15
NO2-N (mg/L) 0 0 0 0 0 0
KMnO, {mg/L) 1.20 1.92 1.48 1.44 1.60 1.36
Orto-P (mg/L) 0.00 0.02 0.00 0.00 0.22 0.01
S0, (mg/L) 317.3| 310.6] 327.4{ 310.6; 322.6/ 3348
Na“ (mg/L) 138.0/ 13509/ 1359 1359/ 1359; 1358
K" (ma/L) 4.3 4.3 4.3 4.3 4.3 4.3
Mg"" (mg/L) 33.4 35.3 37.1 32.8 32.8 38.9
Ca" (mg/L) 105 102 106 106 111 108
Total Hardness (mg/L as CaCOys) 400.0] 400.0; 420.0{ 400.0f 4125 4300
Dissolved silis (mg/L.) 8.4 8.8 8.6 8.8 9.4 9.0
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Table VI.7. Vertical Profiles of Water Quality Parameters in Altinkaya Reservorr,
October 1988 (Station lil)

Parameter Depth (m) J
0 5 10 15 20 30 40

pH 8.0 8.0 8.0 7.9 8.0 8.1 8.1
EC (umhos/cm) 1333| 1309 1333] 1202| 1321 1321] 1309
Alkalinity (mg/L as CaCOg) 142.5| 142.5] 140.0] 130.0] 137.5] 140.0{ 140.0
Cl" (mg/L) 179.3| 177.5] 177.5] 159.8{ 175.7] 179.3] 179.3
NH4-N {mg/L} 0.20f 0.5 0.0 0.25] 0.05] 0.05 0.10
NO2-N {(mg/L) 0 0 0 0 0 0 0
KMnQ,4 {mg/L} 116 1.320 1.28] 1.60f 140f 152 140
Orto-P {(mg/L) 0.03] 0.05] 003/ 0.121 0.00] 0.05 0.06
SO, (mg/L) 353.8] 313.0! 307.7] 299.5| 328.8{ 313.0] 317.8
Na' {mg/L) 135.93| 135.93} 138.00! 126.04| 135.93} 135.93{ 135,93
K" {mg/L) 4.3 4.3 4.3 4.3 4.3 4.3 4.3
Mg™* (mg/L) 47.420 31.00] 3526| 35.26] 40.74] 32.83| 35.87
Ca' (mg/L) 107 116 104 97 104 113 110
Total Hardness (mg/L as CaCO;) | 462.5| 417.5] 4050l 387.5| 427.5 417.5 422.5
Dissolved silis (mg/L) 9.2 9.4 7.6 7.2 7.2 8.2 9.2

Table VI.8. Vertical Profiles of Water
October 1988 (Station V)

Quality Parameters in Altinkaya Reservoir,

Parameter Depth (m)
0 5 10 15 20 30
pH - 8.0 8.1 8.0 7.9 8.0
EC (umhos/cm) - 1333} 1333 1333} 1333} 1333
Alkalinity {(mg/L. as CaCO3) - 137.5! 1425 1425 1375 140.0
Cl" (mg/L) - 188.15] 179.39} 179.39| 181.05] 181.05
NH4-N (mg/L) - 0.15 0.05 0.10 0.10 0.05
NO2-N (mg/L) 0 0 0 0 0 0
KMnO,4 (mg/L) 2.36 1.64 1.20 2.18 1.60 2.04
Orto-P (mg/L) 0.03 0.00 0.06 0.00 0.03 0.03
SO, (mg/L) - 305.3] 317.3] 325.0{ 329.8] 3298
Na’ (mgl/L) - 138.0] 138.0] 144.0( 144.0{ 1440
K" (mg/L) - 4.3 4.3 4.3 4.3 4.3
Mg'" (mg/L) 36.48{ 36.48| 37.08] 34.05| 37.70
Ca" (mg/L) - 106 108 105 111 106
Total Hardness {mg/L as CaCO;) - 415.0] 420.00 4150| 4175 420.0
Dissolved silis (mg/L) - 8.8 9.0 3.4 3.8 9.0
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Electrical conductivity (EC) in the reservoir was between 1,073 and 1,548
umhos/cm, with an average of 1,335 ymhos/cm. The electrical conductivity values
varied slightly with depth on all sampling dates. The average EC value of Altinkaya
Reservoir is close to the EC value of the Kizilirmak (1,411 umhos/cm) and indicates
the conservative characteristic of this parameter. Given these EC values, the water
of the Boyabat Reservoir will be as suitable for irrigation of crops as the existing
condition of the Kizilirmak.

The average alkalinity in the reservoir was 161 mg/L (as calcium carbonate). The
maximum level was 185 mg/L and the minimum was 98 mg/L. Thus, the reservoir
water is slightly alkaline. The alkalinity did not vary significantly with depth.

The measurements show that the average secchi depth reading was 408 cm, and
was between 330 cm and 460 cm. This indicates that the water is very clear in the
reservoir. This occurs as the reservoir acts as a settling basin with its high detention
time.

The maximum hardness observed was 534 mg/L (as calcium carbonate), with an
average hardness of 426 mg/L. These levels are high, indicating that the water of
Altinkaya Reservair is very hard. However, these hardness values are in agreement
with the hardness values measured in the Kizilirmak, and it is anticipated that the
water of the Boyabat Reservoir will also be very hard. Hardness is an important
parameter for some industrial water supplies, but neither the Altinkaya nor the
Boyabat Reservoirs will be used as an industrial water supply. Hardness is also
important for metal toxicity to fish. Soft waters increase the sensitivity of fish to toxic
metals. For instance, in hard water, insoluble copper compounds precipitate and
amount of toxicity reduces. Thus, this water will be suitable for fish and aquatic life.

b) Water Quality Studies in Altinkaya Reservoir in 1997

During 1988 and 1989 numerous water quality parameters were measured in
Altinkaya Reservoir by the State Hydraulic Works. However, there were no data for
the summer season, which is a critical period with respect to thermal stratification.
Therefore, water quality parameters having significance for aquatic life were
measured in Altinkaya Reservoir in August 1997. The vertical profile measurements
of pH, temperature, dissolved oxygen (DO), electrical conductivity (EC), and salinity,
were carried out at Sampling Station | of the State Hydraulic Works (Figure V1.5).
Sampling started from the surface and proceeded to a depth of 45 m. The results of
these measurements are presented in Table VI10 and the change of these
parameters with respect to depth is plotted in Figure VI.6.

The results are evaluated by parameter in the foliowing paragraphs. They are

compared with the results obtained in different seasons and their variation with
respect to depth is described.
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Table V1.10. Vertical Profile of Water Quality Parameters in Altinkaya Dam Lake,
August 1997 (Station 1)

Depth Parameter
pH Temperature DO EC,25°C Salinity
(m) (°C) {mg/L} (umhos/cm) {%o)
1 8.14 24.5 8.6 1160 0.70
3 8.05 24.0 8.3 1140 0.70
5 8.12 24.0 8.9 1150 0.80
7 8.09 24.0 8.6 1140 0.75
9 7.94 24.0 8.7 1150 0.80
11 . 8.08 24.0 8.5 1140 0.80
13 7.87 24.0 8.0 1145 0.80
15 7.99 23.5 7.9 1155 0.80
20 7.96 19.0 5.0 1180 0.85
25 7.97 17.0 5.0 1180 0.85
30 7.99 23.0 6.1 1185 0.80
35 8.10 23.0 6.5 1185 0.85
40 7.99 16.5 9.1 1290 0.85
45 8.40 . 18.0 7.0 1210 0.80

The maximum pH measured in August was 8.4, and the minimum, 7.87. These
values are very close to those obtained in the other seasons. This range of pH is
favorable for all uses of water and the variation of pH with respect to depth is not
significant.

In Altinkaya Reservoir, salinity changed between 0.70 %o (parts per thousand) and
0.85 %o in August. The change of salinity with depth is negligible and based on
these salinity values, the water would be suitable for irrigation. However, for
domestic uses, proper treatment would be necessary.

The values measured for EC changed slightly with depth, and were between 1,140
and 1,290 pmhos/cm. These values are in the range of maximum and minimurm
values measured in other seasons. The EC values measured in the reservoir are
lower than the EC values measured in the Kizilirmak. Based on this parameter, the
water would be suitable for irrigation of some crops, but it would require proper
treatment if used for domestic water supply.

The vertical profile of water temperature in August was between 24.5°C and 16.5°C.
The temperature at the surface was 24.5 and did not appreciably change with depth
to 15 m. Below 15 m, temperature decreased to 17 °C at 25 m, then became 23°C
between 30 m and 40 m, and decreased to 16.5°C at 40 m. Thus, a thermocline
was apparent below 15 m.

Dissolved oxygen levels in Altinkaya Reservoir were 100 % to 105 % air saturation
in the upper 10 meters and above 8.0 mg/L to a depth of 13 m. Within the
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thermocline, the DO values in the reservoir did not deplete below 5.0 mg/L (53 % air
saturation) and similar characteristics are expected in the future Boyabat reservoir.
The water is suitable to support aquatic life in the reservoir with this amount of DO.
The minimum DO values were observed at 20 and 25 m depths and DO values
began to increase again below 30 m depth, reaching 7.0 mg/L at 45 m depth.

Vi.1.4.2.4, Sedimentation

The sedimentation of the Boyabat Reservoir has been discussed previously.
Suspended and bedload sediment carried by the Kizilirmak River will settle in the
Boyabat Reservoir. These river-borne particles will cover the bottom of the reservoir,
forming a silt/sand substrate in the upper portion of the Boyabat Reservoir.

V11.4.2.5. Eutrophication

When an excessive amount of carbon (C), phosphorus (P) and nitrogen (N) are
introduced into a lake, the nutrients promote the growth of algae, which, when it dies,
sinks to the bottom and becomes a source of carbon for bacteria. Aerobic bacteria
will use the available dissolved oxygen and create anaerobic conditions in the bottom
waters (hypolimnion). As more algae is produced in the surface waters (epilimnion),
the bacteria in the lower portions will use more oxygen. If the process continues for
an extended period of time, the mid-waters (metalimnion) might also become
anaerobic. The aerobic biological activity would then be concentrated in the upper
part of the lake. All these processes cause turbidity, thus decreasing light
penetration and limiting algal activity. The amount of DO contributed by the algae is .
then further decreased. Because of limited light penetration, the algae concentrate -

on the surface of the lake forming algae blooms.

Incoming phosphorus, nitrogen, and carbon are the primary water quality parameters
affecting eutrophication. The nifrogen and phosphorous values measured in
Altinkaya Reservoir are very low. Phosphorus is generally the parameter controlling
the level of eutrophication. The phosphorus values measured in Altinkaya
Reservoir, which exhibits oligotrophic conditions, are very low, being 0.02 mg PO4/L
on the average. These phosphorus levels, and the existing nitrogen levels, indicate
that eutrophication is not a probiem in Altinkaya, and will not likely be a problem in
the Boyabat Reservoir. It is also likely that turbidity and BOD in the Boyabat
Reservoir (usually) will not be high. This conclusion is supported by the secchi disk
and dissolved oxygen measurements in Altinkaya Reservoir. However, the primary
productivity of the Boyabat Reservoir is expected to be higher than the river, and this
would enhance fish production.

V1.1.4.2.6. Reservoir Thermal Stratification
If heat is not distributed evenly throughout a reservoir, but rather, heating occurs to
limited depths, density differences occur leading to thermal stratification (the dividing

of the reservoir into horizontal layers of differing temperature and density). Inflowing
water may travel through a thermally stratified reservoir in one of several ways
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depending upon the temperature of the inflow. During summer, when the reservoir is
strongly stratified, no remarkable density overflow or underflow is expected.
Because the temperatures of the inflowing water and the surface of the reservoir are
about the same, the inflow will find its own density layer, the top layer in this case,
and flow through the reservoir as a density interflow. However, during spring and
fall, when the temperatures of the reservoir and the inflow may be different, density
overflow or underflow can occur. Density overflow would occur in spring, when the
inflow is warmer than the reservoir. Density underflow is expected in fall, when the
lake is warmer than the inflow.

Reservoirs result in many improvements in the water quality for most water uses.
Nevertheless, the chemistry and the aquatic biota of impounded water, whether
isothermal or stratified, inevitably will differ from that of the original free flowing
stream. In isothermal reservoirs, temperature has much less effect on reservoir
water quality than in stratified impoundments.

Thermal characteristics of the Boyabat Reservoir are anticipated to be similar to
those of the downstream Altinkaya Reservoir. Vertical profiles of temperature in
Altinkaya Reservoir during the 1997 field studies are plotted in Figure V1.6, and by
sampling season, for each of the DSI sampling stations during 1988-1989, in Figure
V1.7, Figure V1.8 and Figure V1.9. From the plots, it can be observed that, during
spring and fall, measurements at each station produced similar results. In March
1988, the surface water temperature was found to be between 10 to 12 °C, and the
temperature, at depths where final samples were taken, decreased to 8 °C.
Likewise, in fall, there was not an appreciable difference between the temperatures
at the reservoir surface and deeper portions. In October 1888, temperature was
unchanged throughout the sampling depths to about 40 m, and the average
temperature was 20.1 °C at each station. Atstation 1, the lake depth reaches about
90 meters. !n October 1988, the temperature began to decline below 40 m depth at
this station, and decreased to 10 °C at the bottom of the lake.

As expected, the reservoir undergoes seasonal variations in water temperature and
as the warmer weather approaches, the top layers begin to warm. Because water is
poor conductor of heat and warmer water is lighter, a distinct temperature gradient is
formed. As heat is not distributed evenly, but rather, heating occurs to limited
depths, density differences occur leading thermal stratification. The vertical
temperature profiles in Altinkaya Reservoir (Table V1.11.) show the seasonal change
in temperature with respect to depth. Profiles in the summer season indicate that
there is strong stratification in the reservair.

The thermal stratification phenomenon can be seen in Altinkaya Reservoir from the
data obtained for June 1989 and August 1997. In June 1989, the thermocline began
at a depth of approximately 10 m and the hypolimnion began at about 30 m. During
August 1997, the thermocline formed below about 15 m. Because the water intake
at the Altinkaya Hydroelectric Project is about 30 m below the maximum water
surface elevation, water is drawn into the turbines from the hypolimnion during the
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summer. This coldwater release from Altinkaya supports a commercial trout venture
in the Derbent Reservoir downstream of Altinkaya.

A similar situation will occur at the water intake structure of the Boyabat Project. The
top of this structure will be at an elevation of 305 m (at a depth of 25 m from the
maximum water level) and the bottom of the structure will be at 295 m (at a depth of
35 m from the maximum water level) elevation. Thus, the water discharged from the
Boyabat Project will also be from the cooler hypolimnion level.

Cold bottom water releases from stratified impoundments will affect the aquatic flora
and fauna downstream from the dam. Fish have optimum temperatures for growth
and reproduction. They also show a preference for water of a definite temperature
range. If the temperature of the water below a dam is decreased, it is probable that
some fish species will avoid that portion and migrate to other reaches. These
species may be replaced by coldwater species of fish. Warmwater species presently
living downstream of the Boyabat Project can be expected to continue to survive in
the Gokirmak during periods of cold water releases. Thus, without any direct
mortality, the composition of the fish community downstream of the Boyabat Dam
will change in response to these temperature changes.

At maximum water level, Altinkaya Reservoir may reach to nearly within 3 km of the
Boyabat Dam, leaving 3 km of river environment. However, because of the
drawdown of Altinkaya Reservoir (Photograph V1.1), the reservoir presently ends
approximately 15 km downstream of the Boyabat Dam axis. The distinction between
the end of the river and the beginning of Aitinkaya Reservoir can be seen in
Photograph VI.2. Thus, during the drawdown, the riverine portion below Boyabat
will have more potential to warm during the summer months. This may mitigate the
impact on warmwater species, but may also limit the suitability of the area for
coldwater species.

Table VI.11. Depth versus Temperature Values in Altinkaya Reservoir

Temperature (°C)

March 1988 October 88 June 1989
Depth |Station|Station Station |Station |Station [Station | Station | Station | Station | Station | Station | Station
(m) i il i v I li i v | I i Y]
0 iool 1200 110} 11.0f 21.0f 210 195 19.5 200} 250; 240 24.0
5 100! 10.4| 100l 10.0] 205| 21.0;f 195 195/ 185 210 21.0] 220

10 10.0] 100 9.8 g.5| 205/ 210, 195 195| 17.0f 200/ 20.0; 210
15 10.0] 10.0 9.6 9.4] 205 21.0f 19.5 19.5] 16.5] 18.0f 18.0{ 20.0
20 10.0 9.8 9.5 9.2\ 205 21.0f 195 195 150f 130} 150/ 150

30 9.6 9.5 8.5 8.0/ 205! 21.0; 195} 195 120/ 100 9.0, 12.0
40 9.2 9.0 8.0 7.6 20.0 19.5 9.0, 80

50 8.6 8.6 8.0 18.0 8.5

70 8.5 13.5 8.0

80 8.0 10.0 7.5
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Stratification of a reservoir will indirectly lead to changes in other water quality
parameters. Thermal stratification creates a density barrier, thus the .hypolimnion
can become depleted in DO. The epilimnion maintains high DO levels through
surface reaeration and photosynthetic activity; DO often becomes supersaturated
during the day due to photosynthesis. In productive reservoirs, epilimnetic
production of biomass leads to a rain of organic material in the form of dead plankton
which settle down through the water column and into the hypolimnion. Decay of this
organic matter depletes DO and eventually the hypolimnion may become anaerobic.

The vertical profiles of DO in Altinkaya Reservoir at different stations are given in
Table VI.12 and show just slight differences with depth. DO concentration, with
respect to depth, is almost constant in October and March 1988. The maximum DO
concentrations are observed at the water surface (as expected) and were found to
be 12 mg/L in March and 7 mg/L in October. In October, DO concentration remained
fairly constant through the depth of the reservoir. At a depth of 30 meters, DO
concentration was recorded as 6.5 mg/L, indicating 70 percent saturation. Percent
saturation of DO declined to about 50 below 40 m depth, but DO concentrations did
not go below 6.0 mg/L in October. The DO concentrations in March fluctuated
between 9 and 13 mg/L, but DO did not drop below 9 mg/L at any depth. The change
of DO with respect to depth is plotted, for each sampling season, for each station in
Figure V110, Figure V1.11 and Figure V1.12.

in June, the concentration of dissolved oxygen remained around 9 to 10 mg/L, and it
did not drop below 7 mg/L at any depth. At the surface the maximum recorded
concentration in June 1989 was 12 mg/L at Station 1. From these data it can be
seen that biologically adverse low levels of dissolved oxygen did not develop with
depth in the reservoir. There was sufficient oxygen for the existing productive
organic activity, and no significant depletion of oxygen occurred at any depth.

Dissolved oxygen concentrations are closely related to water temperature and the
level of percent saturation of a gas is temperature dependent (Corbitt, 1989, AWWA,
1990). This phenomenon can easily be seen from the data for Altinkaya Reservoir.
A seasonal comparison of dissolved oxygen and temperature for Altinkaya Reservoir
and the Kizilirmak River are given in Table VI.13. Because water is released at 30
m depth (when the reservoir is full) during Altinkaya Project operation, the average of
the dissolved oxygen and temperature values at this depth are listed to obtain some
idea of the possible effect of release such waters from the Boyabat Project on the
river environment.
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Photograph VI.2. Distinction Between the End of Altinkaya Dam Lake and The River
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Table VI.13. Comparison of Dissolved Oxygen and Temperature Values in Altinkaya
Reservoir and Kizilirmak River Waters

Temperature (°C) Dissolved Oxygen {mg/L)
Altinkaya Kizilirmak River Altinkaya Kizilirmak River
Reservoir Reservoir
(at 30 m depth) {at 30 m depth) |-

March, 1988 9.6 11.0 10.3 12.2
June, 1989 12.0 21.0 8.8 9.0
August, 1997 23.0 23.8 6.1 84
Qctober, 1988 20.5 13.5 6.5 9.0

VI.1.4.3. Evaporative Loss and Effects of Downstream Releases on Water
Quantity and Quality

As shown above, thermally stratified reservoirs can have a large effect on the quality
of the water discharged downstream. When these reservoirs have low-level intakes,
low temperature and reduced DO waters are released. This is well demonstrated in
the case of Altinkaya.

The evaporative loss, because of releasing cold hypolimnial water, would not
significantly increase. In addition, the annual evaporation estimated for Boyabat
Reservoir is 640 mm, which is not a significant amount compared with the reservoir
volume. :

When Altinkaya Reservoir is full, the Boyabat Project will be located about 3 km - |

upstream. As a result, the downstream effects on aquatic life and water quality by
the project would be limited. However, when Altinkaya Reservoir is drawn down to
its present level, the riverine portion of the Kizilirmak between the Boyabat Dam axis
and the upstream end of the reservoir is about 15 km. Under these conditions, the
effect of the Boyabat Project on the riverine biota will be much greater. However, for
the most part, it is anticipated that the Boyabat Project will supply better quality water
to Altinkaya than the existing conditions. Nonetheless, the present seasonal flow
patterns in the section of the river between the Altinkaya Reservoir and the Boyabat
Dam will change to reflect the generation pattern at the Boyabat Project.

Vi.1.4.4. Sanitary Risk

The main parasitic diseases that could develop or spread due to the deveiopment of
a reservoir are summarized in Table VI.14. According to the studies and statistics of
The Ministry of Health, among the parasitic diseases, only Mataria is found in Turkey.
However, this disease has not been seen in the Black Sea Region, where the Project
area is located, because of the weather conditions. The viral disease, Dengue Fever,
has been recorded occasionally in Turkey, but only a few scattered cases have
been reported. No adverse health impacts have been reported to have occurred as
a result of developing the Altinkaya or Derbent Reservoirs.
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The Boyabat Reservoir will not be used as a source of drinking water for any of the
people in its vicinity. For this reason, bacterial diseases (such as diarrhea) are not
expected to deveop or spread as a result of the impoundment. Therefore, the
Boyabat Project will not impose any increased risk to human health.

Table VI.14. Main Waterborne Diseases

Diseases [ Means of Transmittal | Presence in Turkey
Parasitic
pMalaria Mosquitoes (Anopheles) with part of their life cycle
in aquatic surroundings Yes
Onchocercosis Transmittal by sandfiies (dipterous) with part of
their life cycle in agquatic surroundings No
Schistosomiases |Molluscs (whelks and planorbid snails) serving as
intermediary host No
Filariasis aquatic crustacea (Cyclops) intermediary host of
the Guinea worm No
Virai
Yellow Fever Mosquitoes (Aedes) with part of life cycle in water No
Dengue Fever Mosquitoes (Aedes) with part of life cycle in water Sporadic cases
Bacterial
Various infectious | Transmitted by means of fecally-contaminated
cases of diarrhea |water (and containing for example Collibacillus, Yes
Vibrio, Salmonelia, Shigella, etc.

VI.1.4.5. Groundwater and Springs

The impoundment of water in the reservoir will most probably result in some
subsequent rise in the water table level in the close vicinity of the reservoir.
However, no significant leakage from the reservoir is expected because of the
characteristics of the geological formation (limestone) in the area. This formation will
provide a watertight barrier (except at the locations indicated above under
geotogy,which will sealed by grout). Grouting will be done using the grouting
galleries, and grout curtains will be installed at the dam site.

The baseline water quality data show no appreciable differences for the parameters
measured in the groundwater and the river. The water quality in Altinkaya Reservoir
is similar to the quality in the Kizilrmak. Thus, the Boyabat Reservoir should not
have any particular impact on the water quality of the groundwater aquifer.

V1.1.5. Impacts of Impoundment on the Water Use

Irrigation (primarily for rice production) is the main existing domestic use of river
water. The rice fields in the Boyabat Reservoir area will be inundated by the project.
After impoundment, a rise in the groundwater table is expected. Thus, both the
reservoir and groundwater would be available to irrigate the remaining fields and
orchards surrounding the project.
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The terrestrial faunal species would be able to use the reservoir as a source of
water. The impact of the impoundment on the aquatic biota and the faunal species
living in the area are discussed in more detail in Sections VI.2.1 and Vi.2.2.

V1.1.6. Impacts of Noise and Blasting

The effects of project construction and operation on villages surrounding the
project were evaluated. Because the nearest settlement to the dam site (Kepez)
is 4 km away, the impacts of construction (due to blasting during excavation and
noise from the site) on this settlement is not expected to be objectionable to the
inhabitants. In addition, construction of the access roads, and then use of these
roads by the trucks and construction machines will not adversely affect Kepez.

VI1.2. Biological Environment

Dam and hydroelectric power projects have many direct and indirect effects on the
environment, though they do not cause significant pollution problems. There are
positive and negative effects of these projects, inciuding the changes in the
biological environment.

By the construction of the dam, riverine and terrestrial habitats are transformed into a
lentic environment. The area covered by the reservoir is no longer a river habitat
and terrestrial ecosystem, but becomes more like a lake ecosystem. Reservoirs,
however, do not behave quite like natural lakes, which retain water and nutrients for
long periods. Reservoir water frequently has a short residence time, depending
largely on how the dam is operated. The topography also is influential. The water
body of the proposed reservoir has a significant impact on the limnetic ecosystem.
This artificial water body will have a maximum capacity of about 3,557 x 10° m°, a
length of 60 km and cover an area of 6,540 ha.

Depending on the topographical conditions of the Boyabat Reservoir shoreline and
the annual drawdown in the reservoir, different types of habitats will be formed. The
annual fluctuation in the reservoir surface elevation is expected to be iess than 3 m,
but this is sufficient to exert a considerable effect on the littoral ecosystem,
depending on how long the surface remains at the maximum and minimum levels.
As Altinkaya demonstrates, vegetation that grows when the water is high is
desiccated when the surface drops, and plants established when the water is low are
denied light when it is high. This tends to result in a lack of aquatic vegetation in the
drawdown zone. The development of water dependent vegetation along the
shoreline, which may occur in hollows and depressions, is beneficial for waterbirds
and some mammals. For wildlife, this water dependent vegetation will serve as a
nesting place and feeding ground .

Terrestrial plants vary in their tolerance to flooding. Although many plants will be
unable to survive near the reservoir edge, others, such as willows, are able to
tolerate alternate periods of flooding and drying. The altitudinal distribution of
common plant species identified in the project area are given in Table A5.1. As can
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be seen from this table, no plant species currently exist solely below the maximum
water elevation of the future reservoir, so no piant species in the area would be
completely fost. A number of species will be substantially affected by the
impoundment, but all of these are widespread.

Access roads and the diversion tunnels of the Boyabat Project are already
constructed, imposing minor effects on the forests in the area. During dam
construction, there can also be negative impacts on the wildiife, as existing habitat in
and around the dam site would be degraded to some extent. Most medium to large
mammals and birds will leave the area, due to the noise, dust, and human activity of
construction.

Although the proposed reservoir will be very narrow in most places, it will be an
obstruction for terrestrial animals to cross to the other side of the valley. However,
since these are casual movements, the negative impact of the future reservoir on
some members of fauna in this respect, would not be significant. At present, there
are few bridges permitting people, and wild and domestic animals to cross the river.
The reservoir will have a slight negative impact on some members of the fauna in
this respect.

V1.2.1. Effects on Aquatic Fauna

The development of the Boyabat Project will affect the existing aquatic fauna by the
formation of a reservoir and by downstream releases from the dam. The formation of
the reservoir will inundate riverine habitats and change existing water quality. The
water quality of downstream releases will be different from that presently existing in
the river due to the water quality changes in the reservoir, and project operation wil!
alter present flow patterns. All these changes will affect the aquatic biota in the
project area.

VI1.2.1.1. Effects of Reservoir on the Aquatic Biota

The aquatic fauna in the project area will change with the development of the project
due to the formation of the reservoir. The faunal elements that live in flowing waters
will be replaced by lake dwelling species. Most of the fish species in this basin can
readily adapt to this new environment. Nonetheless, with the development of the
Boyabat Reservoir, the composition of the fish community will likely shift from that
found in the 1997 aquatic studies of the Kizilrmak River (Table A5.10, Annex 5) to
that found in Altinkaya Reservoir (Table Vi.15) .

Although the species comprising the Boyabat Reservoir community will not likely
change appreciably (because species such as carp, chup, zander, siraz, and barb
will adapt to the reservoir environment), the percent composition of these species
can be expected to change. Whereas barb was the dominant species in the river in
1997, based on the percent composition of the Altinkaya fish community, the
dominant species in the Boyabat Reservoir will likely be siraz. Increases in the
populations of chup, carp, chub mackerel, and zander can also be expected. Most
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of these species have some economic value. Commercial fishing in the reservoir
may develop for species such as carp and chup. Furthermore, a trout fishery may be
established in the Boyabat Reservoir, as was the case in the Derbent Reservoir
downstream of Altinkaya.

Table V!1.15. Fish Species in Altinkaya Reservoir

Fish Species Percent Composition (%]}

Siraz Capoeta tinca

Capoeta capoeta sieboldi 512
Chup Leuciscus cephalus sp. 21.2
Carp Cyprinus carpio 14.5
Carp Cyprinus carpio var. royal 1.0
Wels Silurus glanis 4.8
Chub mackerel Chalcarburnus chalcoides 0.3
Rudd Scardinius erythrophthalmus 0.3

The composition of the zooplankton and phytoplankton communities will also change
from that of the river to that of a lacustrine environment. Based on studies in
Altinkaya Reservoir in March -and October 1988, and June 1989, the seasonal
composition of these communities in the Boyabat Reservoir will likely be similar to
those shown in Table VI].16.

Table VI1.16. Zooplankton and Phytoplankton Composition in Altinkaya

March 1988 October 1988 June 1989
Phytoplankton Species Composition (%) | Composition (%) | Compasition (%)
Bagillariophycae 94.7 2.2 7.8 '
Chlorophyceae 4.8 1.2 3.5
Dinophyceae 0.4 87.2 76.4
tuglenophyceae 0.1
Cyaneophyceae 9.2 12.3
Rhodophyceae 0.2
Zooplankton Species March 1988 October 1988 June 1989
Cladocera 1.1 39.2 49.1
Copepoda 2.8 28.2 33.3
Rotifera 93.8 224 17.6
Ciliata 2.3 10.2

V1.2.1.2. Fffects of Reservoir Releases on Downstream Biota

The relation of the depth of the thermocline to the depth of the water intake will
have an effect on the downstream biota. Depending on season, the existing fauna
will change due to the quality of water released by the project. If water is drawn from
the epilimnion, the downstream release may be equivalent to, or warmer than,
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normal river temperatures, and will have DO levels near air-saturation. If drawn from
the hypolimnion, the downstream release will be colder than normal river
temperatures, and may have reduced fevels of DO. In any event, as seen in Table
VI.13, the temperature of the downstream releases from Boyabat can be expected to
lag behind the normal temperature cycle in the river. These physical changes will
affect the seasonal distribution and abundance of downstream aquatic species.

When the Boyabat Reservoir is at its maximum elevation, water will be released from
a depth of 25 to 35 m. As indicated in the Water Quality Section, the temperature
and dissolved oxygen conditions in Altinkaya Reservoir provide a good indication of
the likely conditions in the Boyabat Reservoir. In summer, if water is drawn from an
average depth of 30 m, the downstream release water temperature at Boyabat
(assuming it is similar to Altinkaya Reservoir) can be expected to be between
approximately 12°C and 23°C. However, if the reservoir is drawn down, the release
water temperature will increase. For instance, if the water depth above the intake
becomes 10 m, the release water temperature at Boyabat would be between 17°C
and 24°C. In summer, the river water temperature is normally between 20 °C and
23°C. The difference between the temperature of the released water and the normal
temperature of the river will thus depend on the water level during operation.

The effect of reservoir releases on downstream water quality will likely result in some
changes in the species composition of the downstream biotic communities. These
changes may not be appreciable when the reservoir is isothermal and for releases
from the epilimnion when it is stratified. However, releases of cold water from the
hypolimnion when the reservoir is thermally stratified will have pronounced effects on

the downstream biotic community, shifting it from predominantly warmwater species . |

to coolwater/coldwater species. Under such conditions, it is likely that most of the
present fish species would be displaced from the project tailwaters.

V1.2.2. Effects on Terrestrial Fauna

in realization of water development projects, loss and destruction of habitat are main
threats for mammals, as like as other animals. Self rehabilitation for mammals is
expected due to the existence of reserve places, over the elevation of 335 m Above
Sea Level (ASL), for the terrestrial animals.

By the impoundment of water in the reservoir, terrestrial faunal elements are
expected to escape to the nearby areas. This in turn, will push carrying capacity of
the receiving sites to its limits overloading the ecosystems. In addition to this, in the
region there are sites surrounding the project area that are preserved as reserves for
the endangered species, such as Kargi-Kosdag, Taskopru-Elekdagi, Tosya,
Vezirkopru-Karanar reserve areas. The future reservoir will not inundate any land of
the surrounding reserve areas. Hunting is already prohibited in the reserve areas,
with heavy punishment. In the parts that are inundated by the reservoir, terrestrial
flora and fauna will be lost.
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Some of the bird species affected will be visitors that live in the hills or in towns
outside the reservoir area, but depend on the valley bottom for foraging. Foremost
among these is the white stork, about 40 pairs of which nest between Kargi and the
dam site. Eleven of these are in Yayalcili (to be inundated) and another 20 or so in
Kargi. Although the neighboring towns will provide more than enough rooftops to
support those pairs whose nest sites have been lost, the loss of rice fields will force
most of these birds out of the valley.

Some short-term effects may be expected, both adverse and beneficial.
Townspeople in towns not inundated may experience a “plague of rodents” (inciuding
meadow vole, house mouse, and black rat), nonvenomous reptiles, and amphibians
(frogs and toads) as these animals are flooded from agricultural lands and villages.
These smali animals can attain surprising densities (up to 1,000 per hectare in voles)
and may prove annoying pests for a short time.

To the extent that a littoral ecosystem develops in the reservoir, with small fish,
 amphibians, and insects, certain waterbirds, such as cormorants, herons, ducks, and
rails may be expected to colonize the reservoir margins. As at Altinkaya, wintering
waterfow! (mostly coot, in that case) probably will use the reservoir for resting and
feeding.

Vi.2.3. Effects on Species of International Concern

Amphibians, reptiles, birds and mammals observed during the field studies in the
Boyabat Project area are listed in the relevant tables in Annex 5. In these tables, the
status of fauna in the Boyabat Project area is specified according to the Convention
of Bern and the European Red List categories. The Project will not adversely affect
any ERL/IUCN species, but many Bern-isted species will lose habitat. None of
these species is limited in its distribution. A few Bern-listed species, such as the
herons and waders, may benefit from the presence of the reservoir.

There are three fish species of international concern that will be impacted by the
Boyabat Project. The barb, chub mackerel and wels are listed as “protecied” by the
Appendix 3 of the Convention of Bern (Table A5.9, Annex 5). As such, the survival
of the populations of these species in the project area is required. Because all these
species will adapt to the Boyabat Reservoir, the change from riverine to lacustrine
habitat will not be detrimental. Further, it is anticipated that the formation of the
reservoir will be generally beneficial to the populations of chub mackerel and wels.

Although the development of a reservoir will be beneficial for most life stages of the
chub mackerel, the presently available spawning habitat will be reduced by the loss
of riverine conditions. This species migrates from lacustrine areas to rivers to spawn.
Populations of chub mackerel in the Boyabat Reservoir can migrate to suitable
spawning sites upstream of the reservoir in Devres Creek and to the first upstream
irrigation diversion barrier in the Kizilirmak. Populations in Altinkaya Reservoir will
continue to have access to the Gokirmak and the portion of the Kizilirmak
downstream of the Boyabat Dam.

172



VL.3. Impact on Socio-Economic Environment
V1.3.1. Impact on Population

Approximately 12,000 people will be affected and/or displaced by the project. Young
males who spend most of the year away from their villages as seasonal workers would
be the least affected people, because their chances of finding employment in the
nearby towns are higher than those living permanently in the village. The young
female population living in the villages can also be considered as a group who would
be least affected by the Project, owing to the tradition of "going outside the village after
getting married".

Married young men living regularly in the village and sharing the same houses with
their fathers would be adversely affected by the Project to a degree, especially if their
fathers use their choice of expropriation. Because, it is very likely that their fathers
would take control of the compensation for expropriation. However, in such a case if
they require, they would be resettled by the Government.

Children and young people in school age could have a significant chance to benefit
from the education opportunities when they settle in the towns and province centers.
In case of rural settlement however, education opportunities can increase or decrease
according to the characteristics of the place of settlement.

The construction of the Project would have adverse effects on the elderly population.
Because:

e Abandonment of the village settlement, known as “home-land” will have a negative
impact, especially on elderly people. Problems such as familiarizing themselves
with a new physical and social environment and the problems of adaptation will
occur more frequently.

e It will be harder for elderly people who sustain their livelihood in the village by giving
their land for sharecropping. They may not establish the same relations in their
new place of settlement. Due to their decreasing physical capacities, it will be
difficult for them to set up a new agricultural enterprise. Finding employment
opportunities is equally difficult in urban areas.

e Female heads of household may have difficulty in earning their living if they now
live with the support of their neighbors and relatives in their villages. Urban
settlement may also be difficutt for this group due to the scarcity of jobs for women
in urban areas. In the case of receiving compensation for expropriation, the
effective use of this money may be problematical and risky for women who are not
used to dealing with money and capital. :
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V1.3.2. Impact on Employment

The level of education is very low among the villagers. Few villagers have
occupational qualifications other than having a driving license. In the case of urban
settlement, the villagers thus would be adversely affected and might remain
unemployed due to their low level of education and skills.

A possible positive effect of the Project might be the provision of employment for the
people in the region. People whose houses and/or land will not be submerged under
the water can continue to live in the region and may find employment in the
construction site and thus even could increase their incomes. It is most likely that
towns in the region will not be considerably affected by the resettiement out of the area
of people living in nearby villages.

V1.3.3. Impact on Social Interactions

Dispersion and disassociation of the villages and separation of the villagers from
friends and relatives, due to the different choices (expropriation, urban and rural
resettlement), would weaken the solidarity and dependency ties, which have been
functional in case of poverty, sickness, indebtedness, and marriage.

Families that decide to live in urban places plan to move to their sons' and daughters'
houses in cities. This is a reasonable behavior as far as the young people are able to
support their parents. However, in case of limited wage income and overcrowding, the
receiving families would also be affected by this move.

Emigration following the construction of the Project would not only cause changes in
social relations, but would also affect the psychological state of the villagers. Already
one can observe uneasiness among the villagers.

VI.3.4. Impact on Standard of Living and Poverty

At present, most villagers do not indicate extreme dissatisfaction with their income
levels. Care must be taken during resettlement to avoid any decrease in living
standards of the villagers.

The present standard of living in the villages is maintained through the participation of
all members of the families in the agricultural activities. In this context, the contribution
of women, children and elderly people is important. In the case of urban resettlement,
the likelihood of finding employment for these groups would be quite weak.

In the villages that will be affected by the Project, the subsistence economy protects
people from exireme poverty. They thus are able to consume commercial goods less
frequently and to live without much cash income. In selecting urban resettlement,
villagers opt to sacrifice this cushion on the expectation of achieving better living
conditions in the city. This depends on the head-of-household finding a job that pays
enough to make up for the lost labor of children and elderly family members.
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V1.3.5. Impacts of the Project in Terms of Submersion and Living Standards

The villagers whose land will be completely or partially submerged will be affected by
the Project in various ways. The realization of the Project will have different impacts on
the villagers which are relatively rich and poor. Rich villagers do not prefer to leave
their villages, since they are the ones whose land losses would be the highest.
However, it is equally plausible that they will also have the highest opportunities of
setting up a new business with their compensation. On the other hand, poor villagers
may take advantage of the Project, provided that their needs are met. If resettied in
productive areas and given sufficient land, the poor villagers will benefit from the
Project.

V1.3.6. Impact on People Living in the Project Area

Information gathered through interviews and focus group discussions in the villages
reveal that there are four main preferences among the villagers in terms of their future
plans for action. The first group of villagers prefer to receive compensation for
expropriation. The second group is in favor of rural resettlement. The third group
wants to live in urban areas and therefore opt for urban resettlement.

Finally, the last group wants to stay in their villages despite losing part of their land, if
suitable conditions are provided. Although losing part of their irrigated will cause
economic difficulties for these villagers, they will have job opportunities in the
construction phase of the Project.

V1.3.6.1. Impact on Those Who Opt for Expropriation

The villagers have various reasons for preferring expropriation for their immovables
that will remain under the reservoir:

e Young people, both the ones living in the villages and those who work as seasonal
workers, have a strong tendency to live in cities. The realization of the Boyabat
Project will provide them this opportunity. Young villagers thus want their fathers to
receive the compensation and emigrate together to cities.

e FElderly heads of households prefer to receive the compensation and settle in the
nearest district or the town center where their children are living. They think that it
would be very difficult in their old age fo continue agricultural production.
Therefore, living close to their children will be advantageous for them.

e As for the relatively well-off villagers, owners of large areas of land, some think that
expropriation would be advantageous for them. Since most of such villagers
already have houses outside of the village, they plan to set up businesses with their
compensation money.
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Some of the villagers in this group have ideas about how they would use this
compensation, such as buying a house and setting up a business in the city or deal
with trade if they already possess a house. The villagers who opt for compensation for
expropriation may face problems regarding the determination of the real value of their
property. However, if they think that the compensation is not the real value for their
expropriated property, they may bring suits for value increase. In the case of payment
of the compensation in instaliments, their attempt to set up a business or to buy a
house would be delayed.

VI1.3.6.2. Impact on Those Wheo Opt for Resettlement

There are two possible types of reseftiement, rural and urban. The group preferring
rural resettlement consists of adults and some of the elderly in the middie or lower
middle income categories. Young villagers are mostly not inclined to prefer rural
resettlement. Below are the reasons why rural resettlement is preferred:

e Wariness of urban resettlement and living in cities.

e The uncertainty about the advance payment of the compensation and how to use
the compensation fee efficiently.

e Being accustomed to agricultural production and animal husbandry as an accepted
form of activity, they are inclined to continue with such work.

e Continuation and the survival of the village traditions and social interactions, which
would be better pursued in the case of rural resettlement. In addition, the solidarity -
would continue and less adaptation problems would be encountered.

Urban resettlement is preferred more by those villagers who have already formed links
with the urban centers. Households that have sent their children either for education,
or seasonal work can be considered as “semi-urban residents”. Those with a skill that
they think they can use, also prefer urban resettlement.

Relevant and essential capital items are provided, such as land, houses, and
business premises for resettlers. Immovable property provided to the settlers by the
Turkish Government can not be sold, or pledged in any manner for a period of ten
years. The only exception to this rule is the use of such property as guarantee to
receive credits from the Turkish Agricultural Bank. Settlers under Government
sponsorship are exempt from building and land taxes for one year after the new
properties are registered in their names.

VI1.3.7. Impacts Created by the Project up to the Present

Boyabat Project was incorporated into the plans of State Hydraulic Works (DSI) in
the late 1970's and JICA prepared a feasibility report in 1979. Later, in January
1987 design documents were completed by EPDC and three previously mentioned
Turkish engineering and consulting companies. Construction of the Boyabat Project
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was started in 1987 by DSI and to date, access roads to the dam site, including a
bridge to the right bank, camp facilities, diversion tunnels, and access tunnels to the
crest were completed.

When the studies on Boyabat Project were initiated in late 1970's, the locals in the
project area were informed about the Project. With the start of the construction of
project components in 1987, the villagers became aware that the Project would be
realized in the near future. There have been several effects on the local people during
the planning of the Project and construction of the Project components since 1987:

e The houses have not been renewed or repaired by the villagers and no
maintenance services have been provided for infra-structure by the State. The
State has not invested in the villages either, owing to the fact that these villages are
located in the project area.

o The villagers have refrained from investing in real estate and in forest.

e The demography in the villages has changed. The younger people have emigrated
out. Emigration has gained momentum and the ratio of elderly population has
increased.

The environmental specialists of the United States Bureau of Reclamation had
reviewed five water resource development projects in Turkey in 1993, which include
the Boyabat Project as well, pursuant to an agreement between the United Nations
Food and Agriculture Organization (FAO) and the U.S. Bureau of Reclamation
(USBR). In the context of this study, they had carried out interviews in Yaylacili Village
on January 1993. The issues mentioned above and especially the decrease in
population were also mentioned during their interviews and discussed by the authors in
their reports dated April 1993 (Ellis, April 1993).

As a result of these circumstances, the villagers have looked for alternatives both
individually and collectively. People with savings have invested in houses in nearby
towns. Some groups have attempted to purchase land to build apartments.

VI1.3.8. Impacts on the Transportation Network

The Boyabat Reservoir will inundate three bridges across the Kizilirmak River, near
Asikbuku, Asagidaricay, and Maksutlu. The loss of these bridges will eliminate direct
contact between the villages on the right hank and the left bank, where the road
parallels the river. These crossings are utilized for the movement of livestock, and for
access to markets, health services, and social activities.

The road along the left bank of the river (much of which was constructed by DS} as
an access road) will also be inundated by the Boyabat Reservoir. The portion of this
road constructed by DS! as an access road is mostly unimproved, and is vulnerable
to weather conditions. During rain storms, portions of the road are impassable.
Although this portion of the road is currently being used by the local populace as a
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matter of convenience, there are several alternative roads at higher elevations
between the various villages and settlements. A segment of the road along the left
bank (near the upper portion of the reservoir area) is paved. The main highway
connecting the cities closest to the project (Havza, to the east, and Kastamonu, to
the west) crosses the Kizilirmak River downstream of the Boyabat Project. Therefore,
the project will not greatly affect the traffic pattern on this highway during
construction or alter the route between these cities.
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Figure Vi.1. Relation between Suspended Load Concentration and Run-off at Altinkaya Dam Site
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Vil. ANALYSIS OF ALTERNATIVES

Vil.1. Background

The Boyabat Dam and Hydroelectric Power Plant (HPP) Project, located in the
downstream part of the Kizilirmak River, will be one of the important projects for
electricity production in Turkey. The Electricity Works Survey Administration (EIE)
initially performed a survey on the proposed dam site in 1958 and a further study
was undertaken in 1968. The project site was later revisited by the State Hydraulic
Works (DS!), which commissioned a feasibility report with funding and assistance
provided by the Japan International Co-operation Agency (JICA).

DS! included the project in its 1986 Construction Program and commenced
construction of access roads, camp facilities and diversion tunnels during the year.
The access road to the dam site, including a bridge to the right bank, camp facilities,
and construction of diversion tunnels have been completed. In this chapter five
different classes of alternatives are analyzed: project type, project location (site),
project size, operating mode, and the no action alternative.

VI.2. Project Type

The economic and environmental impacts of the Boyabat Project are evaluated by
considering a standard-type fuel-oil fired thermal power plant as an alternative
facility. It is assumed that the fuel-oil fired thermal power plant (TPP) would be
constructed at the load center in the West Anatolia Region. The general features of
the TPP are indicated in Table VII.1.

The economic life of TPP is assumed as 25 years. For this reason, another TPP
having the same capacity would be constructed in order to meet the 50-year
demand. This economic evaluation and comparison was done in the JICA Feasibility
Report (1979).

The benefit-cost ratio (B/C) for the Boyabat Project, taking into account the additional
benefit at Altinkaya Power Station, which is located downstream of the proposed
Project, was calculated as 1.197 in the JICA Feasibility Report.

Table Vil.1. Properties of Alternative Thermal Power Plant

item Unit Description
Installed Capacity MW 600 (300 x 2)
Annual Utilization Factor % 73
Thermal Efficiency % 35
Annual Energy Production GWh 3,840
Economic Life Year 25
Station Service Use % kW 2.5, kWh 2.8
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The cash flow, for economic comparison between HPP and TPP were given in the
JICA Report. These values provided in the JICA Report (1979), which were in
Turkish Liras, are escalated to 1998 values and converted to U.S. Dollars, and
presented in Table VIL.2.

Table VI1.2. Cash Flow for Economic Comparison, { X 10° $) (JICA, 1979)

Hydraulic-Power Thermal Power
Cosis Costs
Year | Construction|Construction|Operation} Total |Construction |Operation| Fuel & | Total
{Civil) {Electrical) oil

ist 9.723 9.723

2nd 13.664 13.664

3rd 10.371 10.252 20.623

4th 23.691 5.437 29.127 B.288 B.288

5th 25.048 14.287 39.335 33.148 33.148
6th 21.553 11.247 32.799 33.148 33.148
7th 14.044 12.158 26.202 8.288 8.288
8th-

28th 3.996{ 3.996 5.586] 11.794F 17.380
29th ' 3.896, 3.996 8.288 5.686] 11.794] 25667
30th ~3.905{ 3.996 33.148 5.586| 11.794] 50.528
31st 3.996| 3.996 33.148 5.586| 11.794| 50.528
32nd 10.262 3.996] 14.2498 8.288 5.586| 11.794! 25.667
33rd 5.437 3.996] 98.433 5.586] 11.794] 17.380
34th 14.287 3.896; 18.283 5.5861 11.794] 17.380
35th 11.247 3.996; 15.243 5.586] 11.794; 17.380
36th 12.158 3.996] 16.154 5.586] 11.794] 17.380
36th- 3.996| 3.996 5.586| 11.794; 17.380
57th -

TOTAL (at the end of 57 years) | 264.818 339.539

The comparison of potential environmental impacts of this alternative type of project
and Boyabat Project are discussed in Table VII.3. As indicated previously, it is
assumed that the thermal power plant would be located in the West Anatolia Region,
since most of the industries are located at that region.

One major difference between these projects is that the thermal power plant uses a
non-renewable resource to produce energy where Boyabat Project uses a renewable
resource. Various estimates of fossil fuel resources indicate that they would be
exhausted in about a century. However, it is a fact that energy is one of the primary
inputs for an economy and a primary concern for human welfare. Therefore, the
reconciliation of the present economic growth and the continuing productivity of
resources should be maintained, which is generally referred as sustainable
development. The estimates of fossil fuel resources increase the importance of

renewable energy resources, which hydropower is one of the most important, for
sustainable development.
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Table VI1.3. Comparison of The Potential Impacts of an Alternative Thermal Power
Plant and Boyabat Hydroelectric Power Plant Projects

Potential Negative Impact Thermal Power Boyabat
Plant Hydroelectric
Power Plant

Air emission effects to the environment Yes . No
increased noise and vibration Yes Yes'
Change in surface and groundwater quality Yes Yes®
Toxic effects of chemical discharges and spills Yes No
Thermal shock to aquatic organisms Yes ‘No
Change in surface water flow and discharge No Yes
Human population displacement Yes® Yes
Disruption of traffic Yes® Yes
Worker exposure fo dust from ash and coal Yes No
Worker exposure to foxic gases leaking from boilers Yes No
Worker exposure to excessive noise during operation Yes No
Effects of power transmission lines Yes Yes
Loss of fand No Yes
Loss of wildlands and wildlife habitat No Yes
Sedimentation of reservoir and loss of storage capacity No Yes®
Salt water intrusion in estuary No No®
Vegetation removal and habitat loss Yes' Yes
Effects on aquatic fife Yes Yes
increase of water relaled diseases No No

1 Only in construction phase.

2 Adverse downstream effects on river water qualily, positive impacts on impounded water, and no effect on
groundwater

3 Depending on the project location.

4 Except indirect effects because of air and water emissions.

5 Sedimentation will not cause a problem in the economic life time of Boyabat Project.

6 Because of the location of Boyabat Project.

7 Relatively minor loss when compared with hydroelectric projects.

In summary, it can be said that the environmental impacts of a hydroelectric power
plant are mostly initial and those of a thermal power plant are mostly during
operation. Overall, the Boyabat HPP Project is more viabie from the environmental
impact and economic point of views when compared to an alternative thermal power
project.

ViL3. Project Location

In the feasibility report, issued in 1979, a concrete gravity dam at the present axis
and a fill dam five kilometers upstream of the present axis were evaluated. The
location of the alternative site is given in Figure V.2. Since the concrete dam was
believed to be more economically viable, DSI commenced soil investigations at the
appropriate site and design works for the project were carried out by Electric Power
Development Company of Japan and local companies SU-YAPI Musavirlik
Muhendislik and TMB Terzibasoglu Musavir Muhendislik. Final project drawings
were subsequently completed in 1986.
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The comparison study between the proposed project (Boyabat) and the alternative,

at five kilometers upstream, is summarized in Table Vil.4,

Table Vil.4. Comparison of Boyabat and Alternative Project

item Unit Boyabat Project | Alternative Project
Catchment (drainage) Area km* 64,724 64,675
Annual Flow (of Kizilirmak) 10° m® 4,109 4,109
Reservoir
Normal Water Level m 330.00 330.00
Minimum Water Level m 305.00 305.00
Gross (total) Storage Capacity 0°m’ 3,557 3,040
Effective Storage Capacity 0°m’ 1,410 1,410
Available Depth m 25.00 28.80
Reservoir Area km? 65.40 58.71
Dam
Type Concrete Gravity Rockfill
Crest Elevation m 335.00 335.00
Crest Length m 265.00 670.00
Foundation Elevation m 140.00 140.00
Dam Height {from foundation) m 195.00 195.00
Dam (embankment) Volume 10° m’ 2,300 20,060
Spillway Capacity m"° /sec 9,300 9,300
Generating Plan
Maximum Discharge m° /sec 471 471
Effective Head m 125.5 112.9
Number of Unit Unit 3 3
installed Capacity MW 510 459
Annual Energy Production
Firm Energy GWh 925.4 823.6
Secondary Energy GWh- 543.0 517.9
Total Energy GWh 1,468.4 1,341.5
Construction Cost 10°US $ 850 915
Economic Evaluation
Annual Cost (C) 10°US $ 74.738 105.248
Annual Benefit (B) 10°US $ 89.465 80.846
Surplus Benefit {B-C) 10°US $ 14.727 -24.402
Benefit Cost Ratio (B/C) 1.197 0.768

Environmental impacts of the alternative site are similar to those at the Boyabat
Project site. The normal water levels of both of the projects are the same, so the
upstream end of both reservoirs will be at the same location. The number of people
to be resettled is the same for the two alternatives. The area to be flooded is about
six and a half square kilometers less for the second alternative. As the two
alternative sites are very close, the wildland and habitat loss will be only about
670 ha greater in the downstream alternative.
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The Boyabat Project site is located approximately 5 kilometers upstream of Altinkaya
Reservoir (at full pool). As a result, downstream effects of the project, both on the
aquatic life and water quality, would be limited. However, the alternative would
inundate less riverine habitat, when compared to the Boyabat Project site. From the
terrestrial perspective, the embankment volume of the alternative rockfill dam is
about ten times that of the Boyabat Dam. More construction material would be
needed if this alternative were selected. This may increase the impacts of the
construction phase on the habitat and aquatic life, unless borrow areas are within the
reservoir area.

As can be observed from the above discussion, the proposed site for the project is
economically much more feasible when compared to the alternative site. When the
potential environmental impacts of the two alternatives are considered, the two sites
would result in roughly equal, though different, environmental impacts.

ViL.4. Project Development Scale

In order to adjust the seasonal and yearly fluctuations in inflow and develop the
water resources in the most effective manner, it is necessary to secure a storage
capacity making it possible to effectively utilize the inflow to the reservoir,
supplementing water not only in dry seasons, but also dry years, aiming for long term
stabilization of generating output. Reservoir normal water level and effective storage
capacity must further be such that there will be the greatest merit in the economics of
power generation.

In contemplating the normal water level, comparison studies were made for four
cases: 310m, 320m, 330m, 340 m, taking such factors as submergence
compensation costs, sedimentation, dam height and effective storage capacity into
consideration.

Regarding the effective capacity of the reservoir, the cases below were selected in a
range of 300 x 10% m® to 2,200 x 10° m? for the various normal water levels stated
above. Comparisons were made for energy costs per one kilowatt-hour and benefit-
cost ratios. The reservoir capacity and area curves that were obtained according to
the four different effective storage capacities given in Table VII.5, are shown in
Figure VIL.1.

Table Vil.5. Effective Storage Capacities According to Normal Water Levels

Normal Water Selected Effective Storage Capacities
Level (m) (16°m*) .
Case 1 340 2,200 1,800 1,410 1,150
Case 2 330 1,640 1,410 1,150 1,000
Case 3 320 1,000 800 600 400
Case 4 310 500 400 300 -
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The study on optimum normal water level and effective storage capacity of the
reservoir is shown in Figure VIL.2.

The area to be ﬂooded was estimated according to the normal water ievel changes.
This area is 78.6 km? at a normal level of 340 m. It decreases to 65.4 km” at 330 m,
58.2 km? at 320 m, and 51.2 km® at 310 m. Cases 3 and 4 (normal water levels of
320 m and 310 m) are not economically and technically viable as the effective
storage capacities decrease sharply, when compared to case 2. In case 3, the
effective storage capacity decreases to 57% of the volume calculated in case 2.

In cases 3 and 4 the habitat loss is less than the proposed normal water level for the
project (case 2). The difference between the areas to be flooded in cases 2 and 3 is
seven square kilometers, and in cases 2 and 4 is 14 km® The loss of land in case 3
and 4 is 10 and 20% less than the loss in the proposed case, respectively. On the
other hand, in case 1, the area to be flooded is 13 km? larger than the area in case 2.
In this case the loss of land is about 20 % more than the cne in case 2.

As discussed in the previous chapters, the land to be inundated mainly consists of
agricultural land, forests and shrubby vegetation. In cases 3 and 4, mainly the loss
of orchards, forest and shrubby areas will be less when compared to case 2. The
loss of rice fields, which are the main constituents of the agricuitural land to be
inundated, will not change significantly.

When the normal water level is accepted as 320 m (case 3) and 310 m (case 4),
instead of 330 m, the number of people that will be affected by the project wouid
decrease to approximately 11,600 and 11,350, respectively. In case 3, there is
about a 3.3 % decrease in the number of people that will be affected by the project.
In case 4 the decrease is about 5.4 %. On the other hand, Case 1 would produce
increase in the number of affected people of approximately a four percent, bringing
the number of affected people to 12,500.

As can be seen from the results, the selection of 330 m for normal water level of the
reservoir and effective storage capacity of 1,410 x 10° m® was the most economic,
and, thus, considered to be the optimal level. Accordingly, it was decided that the
normal water level would be at an elevation of 330 m, with available depth of 25.0 m
and effective storage capacity of 1,410 x 10° m®. It can be concluded that although
cases 3 and 4 have less adverse effects on the environment, when operational and
economic aspects are taken into consideration together with the environmental
issues, case 2 is more beneficial.

VIL5. Modes of Operation

Several operating modes have been analyzed in selecting the proposed mode for
the Project; base load only; peaking or load following only; and a combination of
these. Each alternative would exert its own environmental impacts and benefits,
some of which could be mitigated.
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In a strictly baseload operation, all generators would operate continuously, (unless
one were out of service for maintenance or repair). If the reservoir could not be
maintained at a high enough level to provide the required minimum head, one unit
would be shut down. By maintaining a constant downsfream flow (except during
periods of spilling, which wouid be rare), this mode would avoid ecological damage in
the river reach between Boyabat Dam and the headwaters of Altinkaya Reservoir.

in a strictly peaking (or load following) operation, the Project would cease to operate
during an overnight period when energy demand is low, from about 8:00 p.m. to
about 5:00 a.m. In the absence of a downstream minimum release, the river would
be dried out between the Boyabat Dam and the upper end of the Altinkaya Reservoir
(at full pool), although some water would remain in depressions. Even with a
minimum release, the aquatic ecosystem downstream of the project would be
substantially affected by varying tailwater levels. Daily fluctuations would be induced
in the reservoir, but they would be small. The annual drawdown would remain
essentially as in the baseload mode.

The selected mode of operation (see Section 1V.3.4.) will be a combination of
baseload and load following, with one turbine in continuous operation and the others
operating in response to system demand The operation will be such that at least the
estimated minimum flow of 24 m¥sec (seven day 10-year low flow) will be provided
to the downstream section continuously. Although the selection of this mode was
made largely on technical and economic grounds, it compares favorably with the
others in adverse environmental impacts and the problem of fluctuating water level in
the river downstream of the dam is less extreme. The daily high flows during full
operation may increase the scour of the channel, but will not pose a risk to local
residents.

Vil.6. No Action Alternative

If this project is not realized, the following alternatives and consequences may take
place:

e There would not be any adverse ecological impacts, such as effects on existing
river hydrology and sedimentology and aquatic life, that would be caused by the
realization of the Boyabat Project. Wxidhfe habitat and agricultural land would not
be lost since the flooding of 65 km? of land would be avoided. In addition, about
12,000 people, who currently live within the limits of the future reservoir area,
would not be displaced.

e However, not developing this project will inevitably result in the utilization of other
sources to meet the increasing energy demand of the country due to the rapidly
growing population and industry in Turkey. Since, hydropower is one of the most
feasible energy sources for Turkey, not developing the Boyabat Project may
result in the establishment of alternative plants, such as coal-fired thermal power
plants, or the utilization of gasoline, diesel and fuel-oil fueled individual gensets in
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the case of insufficient grid-based energy supply. These alternative sources
would be less economic, have more adverse impacts on the environment, and
are not environmentally sound for sustainable development.

From a broader perspective, failure to make full use of the availabte low cost and
peaking energy resources may ultimately limit social and economic development.
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Vil MITIGATION PLAN

Although some impacts are unavoidable, the losses may be replaced (in-kind or out-
of-kind); others can be avoided. Thus, mitigation measures may take different forms.
The mitigation activities required to avoid or reduce the adverse environmental
impacts discussed in Section VI are summarized in this section.

The Concession Company, Boyabat Electricity Production and Trade Company (CC),
will develop the Boyabat Project and will be responsible for arranging the mitigation
actions. However, there are several other organizations that are responsible for
mitigation activities. The CC will arrange for those actions. For some of the
mitigation activities, CC is the only responsible party. These activities will be
accomplished by CC. The proposed mitigation activities, and the designated
organization responsible for carrying out the respective activity, schedule, cost and
funding are listed in Table VIil.1.

VIli.1. Catastrophic Failure

The dam will be monitored continuously with regard to dam safety and seismicity by
the help of the devices installed. A redundant communication system will be
established between the Boyabat and Altinkaya Dams. When the monitoring system
indicates a possible problem, the responsible engineer at Altinkaya Reservoir will be
placed on alert and any local residents considered at risk will be warned.

Additionally, an Emergency Action Plan will be established for public coordination, to
notify settlements within and adjacent to the drawdown zone of Altinkaya Reservoir,
immediately downstream of Boyabat Dam, as well as the camp facilities. in addition,
establishing a communication system with some of the settlements immediately
downstream of Boyabat will be a means of emergency preparedness.

VIll.2. Erosion and Sedimentation

On the average, 25.2 x 10° m® suspended solids and 5.0 x 10° m® transported
material, summing up to 30.2 x 10° m°, will be deposited in Boyabat Reservoir every
year. When the minimum reservoir volume of Boyabat Project is considered (2,147 x
10% m*) there will be no problems due to sedimentation in the economic life of the
dam, which is considered as 50 years. Nevertheless, some mitigation measures will
be taken to reduce the sediment load coming into the Boyabat Reservoir.

Mitigation will consist of developing a basin management plan for proper
management of land around the reservoir area and the watershed of the dam. [t will
prescribe forest protection, soil management, and land use goals in the basin. The
lead agency is to be the Ministry of Forestry, with the active support of the Ministry of
Agriculture. These organizations would provide funds and/or manpower for this
purpose. The Concession Company would also provide funds for this purpose if
required by the Ministry of Energy and the Ministry of Forestry, This will help in both
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preventing any increase of erosion rate, being a benefit to the community, and
minimizing the sedimentation in the Boyabat Reservoir.

VIIL.3. Water Quality and Water Use

The reservoir water guality should be protected from release of pollutants from any
source that might adversely impact the water quality. This should be achieved by a
buffer zone around the reservoir where setflement would be prohibited by the
Ministry of Energy and Natural Resources. The management of the watershed in
collaboration with the related agencies, as discussed above, would be beneficial for
many issues, including water quality. Necessary precautions will be taken during
construction to prevent landslides and erosion, although they are unlikely to occur.

The turbid wastewater resulting from dam construction facilities, and other
construction waste originating from equipment and vehicles, wiil be treated before
discharge. However, the normal level of furbidity in the river water is so high that
addition of small amounts of turbid waters from construction facilities may not cause
appreciable changes in the water quality of the Kizilirmak River.

Although no adverse water quality conditions are expected to develop in the project
reservoir, project operation will affect the quantity and qualiity of water downstream
of the project. Because spillage will rarely (if ever) occur at the dam, the number of
turbine units in operation and their operational characteristics will regulate the
volume of water discharged downstream. The level of the reservoir determines the
temperature and dissolved oxygen concentration of the water drawn into the turbines
and discharged when the reservoir is stratified. The discharge thus determines the
flow and water quality in the river downstream of the dam.

To maintain sufficient flow and adequate water quality to support all existing uses in
the Kizilirmak from the dam to the Gokirmak, one turbine unit will be in continuous
operation at the Boyabat Project. Based on the firm energy production of the project,
the minimum volume of water discharged is estimated to be 101 m¥sec. This is over
four times the historical minimum flow (24 m® /sec) of the Kizilirmak at the Boyabat
Dam site. Additionally a facility will be constructed at the dam to provide a minimum
release of 24 m%sec to maintain water quality and existing uses during reservoir
filling and during periods when all turbine units may be out of operation. Because
low river flows, reservoir drawdown and stratification of the reservoir generally all
occur during the same period of time, the facility will be designed to maintain the
desired flows and water quality under this combination of conditions.

VIii.4. Air Quality

Adverse air quality impacts, such as dust, that could affect the health of construction
workers will be mitigated. The roadways will be watered to minimize dust. This wil
be achieved as required by the regulation, numbered 14453 and dated February
1973, of the Turkish Republic, Ministry of Labor and Social Security. The air in
underground works will be kept in a condition suitable for the health of the workers,
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as required by the Turkish Technical Specifications, Civil Engineering Works, May
1891. The exhaust systems of equipment used in construction will also be
periodically examined and maintained so as to protect the health of the workers.

VIlL.5. Biota

The present and future impacts of Boyabat Project on the biological environment will
be minimized by implementing a series of mitigation actions. In the future, a more
detailed Environmental Management Plan (EMP) will be developed by a team of
consultants consisting of the representatives of allied organizations and the CC.

Mitigation actions related to construction will be the responsibility of the CC.
Necessary precautions {proper disposal of solid wastes, wastewater treatment, etc.)
will be taken to minimize the adverse effects on aquatic and terrestrial habitats
during construction. It is recognized that construction activities will adversely affect
the environment in a limited area. Damage due to these activities will be restored
after the completion of the dam. Restoration of damage to the nature due to the
construction activities will improve the appearance of the area and prevent localized
erosion. Additionally, a minimum downstream release of 24 m’/sec (7-day 10-year
low flow) will be maintained during reservoir filling to sustain aquatic biota between
the dam and the Gokirmak (the first major tributary downstream of the dam).

The activities proposed to mitigate adverse impacts on terrestrial and aquatic
biological resources are listed in Table VIil.1. Most of these are understood to be the
responsibility of organizations other than the developer (CC). For example,
afforestation of the watershed of the Boyabat Reservoir will be performed and funded
by relevant Regional Forest Directorates. The CC will also contribute to the funding
of afforestation activities for an area equivalent to the forest area to be inundated by
the reservoir. Preparation and implementation of landscape and wildiife habitat
developments would be similarly carried out. Preparation and implementation of a
fishery management plan for the project reservoir would be carried out and funded
by the State Hydraulic Works.

The loss of feeding habitat for white storks will be mitigated by improving stork nest
sites in other areas. This will be accomplished by seeking potential feeding habitat
(rice fields and pasture) that lacks nearby nest sites for storks. A preliminary survey
by the environmental team suggested that such areas exist along the main highway
(Rt. 190) between Corum and Merzifon.

Fifteen to twenty nest piatforms will be placed in areas that appear suitable for stork
nesting. if the land is privately owned, the permission of the owner will be obtained.
Each platform will be a wooden structure approximately one meter square, set atop a
ten-meter wooden pole. The use of such platforms for storks and some large raptors
has proved highly successful in many other countries.
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VIil.6. Resettlement

Land and properties to be submerged will be expropriated, and their owners will
receive a compensation or, if they request it, the government would resettle them.
The compensation would be paid by CC, and the expropriation would be done by the
Ministry of Energy and Natural Resources. It should be noted that if the owners of

the land or property that is expropriated disagree on the price offered, they would be
able to go to court {o increase compensation.

For the group that requests resettlement from the government, urban resettlement
(for merchants, artisans and professional people) or rural resettiement (for farmers)
choices are provided under the Turkish Resettlement Law. According to the
selection, General Directorate of Rural Affairs takes the responsibility and provides
resettlement assistance to these people.

Relevant and essential capital items are provided, such as land, houses, business

premises, and operating capital on credit for resettlers. For those who select urban
settlement, for each family:

e a house (either as a Iong term credit with the repayments starting five years later,
or as a donation),

e training in a field in which there are job opportunities, as a means to earn their
living, is provided by the government {(General Directorate of Rural Affairs).

Farmers receive sufficient land, animals for farming, equipment and tools, seeds,
barns, storage areas and other facilities. In addition, the Turkish Government
transports the people being resettied along with their goods and animals. For the
group that prefers to be located in rural areas and earn their living in agricuiture,
each family receives:

e A house (either as a long term credit with the repayments starting five years later,
or as a donation).

e An adequate amount of irrigated 1and of at least the same quality as the land lost
(depending on the compensation judged for the land or property expropriated or,

if the family or person does not have some land or property, depending on the
person’s occupation).

e Required equipment and tools, such as a tractor (generally as a long term loan).

e An appropriate amount and type of seed is provided by the government (General
Directorate of Rural Affairs).

e Barns, storage areas and other opportunities such as courses given to the
women to make them more productive.
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immovable property provided to the settlers by the Turkish Government cannot be
sold, pledged or otherwise liened in any manner for a period of ten years. The only
exception to this rule is the use of such property as collateral to receive credits from
the Turkish Agricultural Bank. Settlers under Government sponsorship are exempt
from building and land taxes for one year after the new properties are registered in
their names. '

It should be noted that because of the sequence of steps in the resettlement process
it is not possible to prepare a detailed plan based on people's final resettlement
decisions until after the cadastral surveys of land and inventories of property are
complete, and values put on such property. To reach this stage may take years in
some cases, extending into the dam construction period.

VIIL.7. Employment

It is estimated that about 750 workers will be required in the construction phase. In
construction and operation activities that do not require high skills or special fraining,
local residents will be hired and trained. The local residents will be preferred for
employment during both construction and operation phases, for positions relevant to
their skills. This will provide job opportunities for the local residents and economic
benefits for the area. |

VIIL8. Infrastructure

Interruption of the transportation network could be prevented by raising or relocating
roads that are to be inundated. Several stretches of the road on the left bank fall in this
category, along with the approach road to the Maksutlu bridge. These roads are
mainly used for access to the dam site and they carry limited traffic. Therefore, the
inundation of these roads will not impose severe social and economic hardship. |If
required, a traffic study may be conducted in the course of preparing the EMP and
necessary mitigation actions can be proposed accordingly.

The inundation of the three bridges at Maksutlu, Asagizeytin and Asagidaricay will not
pose severe impacts on the transportation nétwork, since two bridges, one at Kargi
and one downstream of the site facilities, will be still serving the area after water
impoundment.

VIIi.9. Socio - Economy

A sound fishery management program would be carried out by DSI as the reservoir
would be managed by this agency. Fishing rights will be granted to cooperatives of
villagers, as it is the custom in Turkey, and they will pay the Government, the owner
of the lake, in return. Besides, public access to the reservoir for recreational and
aesthetic purposes would be allowed.
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There are no archeological or cultural protection sites in the project area. If any
archeological or cultural resources are found during construction, the Ministry of
Culture will be informed, in accordance with Turkish Laws. Necessary actions to
protect these resources will be undertaken by the Ministry of Culture.

VIil.10. Institutional Development and Environmental Coordination

An- environmental coordination unit in CC will be established to monitor the
environmental issues discussed in mitigation and monitoring. Consultants will also
be employed.

Coordination with the relevant agencies will be ensured either by the consultant(s) or

the coordinator. Compliance with environmental regulations will also be seriously
considered and professional assistance can be required for this purpose.
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IX. MONITORING PLAN

In this section, the monitoring activities during the construction or operation phases
are described. The schematic representation of the monitoring plan is given in Table
iIX.1. All of the monitoring activities will be carried out in coordination with the
monitoring team of the Boyabat Electricity Production and Trade Company, the
Concession Company (CC). The activities discussed briefly below will be described
in greater detail in the Environmental Management Plan (EMP).

IX.1. Seismicity

Seismicity around the dam site will be monitored by the use of several strong motion
accelerographs, some of which would be installed in a foundation gallery, and the
rest in the dam at various elevations.

IX.2. Dam Safety -
Throughout the construction phase:

e Routine quality control measurements will be implemented by inspectors from the
government organizations,

¢ The same sort of measurements will be done by the experts of CC, as the
constructor, and the results of those will be sent to the controllers for review.

Throughout the operation phase:

e Studies of dam safety (especially for stability) will be made and compared with
the results obtained at the planning stage,
e Routine monitoring of all instruments used in the construction phase will be

carried out by the workers and reports prepared to compare with the assumed
values.

IX.3. Catastrophic Failure

The public will be informed of the risk of failure by coordination and participation
meetings. Additionally, an Emergency Action Plan will be prepared and the public
informed about all aspects of it. Periodic tests of the communication system for the
Emergency Action Plan will be carried out as well.

IX.4. Erosion and Sedimeﬁtation

As discussed previously in this report, sedimentation would not create any significant
adverse impact within the economic life of the dam. However, the depth of the
sediment will be measured annually to confirm this assessment.

To ensure erosion control, a land management plan, covering the dam site and its
vicinity, will be prepared in the coordination with the Ministry of Forestry, starting at
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the construction phase. Application of this plan will be monitored at the operation
stage. The vegetation and forests, needed to reduce erosion, will be an important
component of this plan.

1X.5. Water Quantity and Quality

The volume of water released downstream will be monitored daily by the CC. The
quality of water upstream and downstream of the dam site will be monitored monthly
by the CC. The water quality parameters that will be monitored will include
temperature, dissolved oxygen, BOD, pH, conductivity, nitrates, phosphates,
ammonia, and suspended matter. In addition, development of aquatic resources,
such as fisheries, will be monitored.

IX.6. Health

Health problems arising from water-borne diseases, althocugh not expected, will be
monitored. by -the Ministry of Health. The Environmental Officer of the CC will
maintain contact with local health agencies to monitor any conditions that may be
associated with the project.

IX.7. Wildlife

After the implementation of the project, detailed field observations and records will be
required, to determine conditions of wildlife and fish habitat and populations in the
project area. The effectiveness of the fishery management program set forth in the
EMP will be evaluated and program adjustments made, if necessary. Such studies
will provide an important means for efficient management of the reservoir and its
biological resources, as well as effective implementation of the EMP.

Studies of characteristics of the wildlife populations will be conducted in the project
area. During these studies attention will be focused on the species of international
concern. Utilizing these studies, CC will work with the Wildlife Directorate to develop
effective management plans.

Plantation forests, restoration activities, implementation of the landscaping program,
and habitat development activities will be monitored by means of field observations
and participation meetings.

The success of the mitigation plan can be assessed by the quality of implementation.
According to the proposed mitigation plan, the negative impacts defined for Boyabat
Project will have been remediated or mitigated, and environmental advantages
should be enhanced.

To be successful, monitoring should be done by a specialized team that reports
regularly to the environmental officer. This specialized team may be established by

CC or independent consultants, knowledgeable of the area, may be employed for
this purpose.



After implementation of the mitigation plan, the monitoring evaluation should
continue throughout the operation period. Initially, it will be performed quarterly, untii
the success of the mitigation program has been established. Thereafter, some
aspects of the monitoring effort may be reduced to the schedule in Table 1X.1.
Results of the monitoring program will be assembied annually in a report by the
monitoring team of the CC.

IX.8. Economy

The productivity of the fishery management program will be monitored to evaluate
the impacts on the resource. |n addition, the impacts of the project on the energy
production of the other dams, upstream and downstream of Boyabat, will be
monitored in the operation stage, to determine the overall project benefit.

1X.9. Cultural Resources

Within the framework of Turkish legislation, if any cultural or archeological site is
found during the construction, the closest office or directorate of the Ministry of
Culture must be informed, either in writing or orally. Specialists from the responsible
office examine the site and evaluate the means of preserving this cultural or
palaeontological resource. Therefore, monitoring is not advised for this resource
category.

1X.10. Resettlement

MENR will carry out the expropriation and the General Directorate of Rural Affairs will
resettie the people requesting urban or rural reseftiement. The progress of this
resettiement process will be monitored by the MENR and General Directorate of
Rural Affairs which are responsible agencies for the expropriation and resettlement.

[X.11. Environmental Coordination

According to the Environmental Impact Assessment Regulation of Turkish Republic,
all items in the mitigation scenarioc mentioned in the report are accepted as
commitments by the investor, and the monitoring and follow-up of those are handied
by the Ministry of Environment. Reports will be prepared annually by the monitoring
team to describe the monitoring activities.
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LIST OF PREPARERS

ENCON Cevre Danismanlik Ltd. Sti.

Selale ATABERK
Tolga H. BALTA
Ozlem BOZOGLU
Okan BILKAY

|. Haluk CERIBASI
Cagatay NUHOGLU
Huseyin TEKIN
Sebnem SAHIN

Environmental Engineer, M.Sc.

Environmental Engineer, M.Sc., Project Coordinator
Economist

Mechanical Engineer, M.Sc.

Environmental Engineer, M.Sc., Project Coordinator
Civil Engineer, M.Sc.

Environmental Engineer, M.Sc., Project Coordinator
Environmental Engineer, M.Sc.

DOGUS Construction and Trade

Tugba BOZKURT

Environmental Engineer

HARZA Engineering Company, Infernational, L. P.

Dr. John W. MELDRIM
Dr. Peter L. AMES

Chief Environmental Scientist
Senior Environmental Scientist, International
Projects Coordinator

Hacettepe University, Department of Biology

Assoc. Prof. Dr. Sedat Yerli

Assoc. Prof. Dr. Levent Turan

Asst. Prof. Dr. Galip Akaydin
Dr. Ali Fuat Canbolat
Burak Ali Cicek

Biologist (Aquatic Ecology)
Biologist (Terrestrial Ecology)
Biologist (Botany)

Biologist (Aquatic - Terrestrial Ecology)

Biologist (Aquatic Ecology) '

Middle East Technical University, Department of Sociology

Assoc. Prof. Mehmet ECEVIT : Saciologist

Assoc. Prof. Yildiz ECEVIT
Reyhan CEYLAN
Nurten CANBEYOGLU
Fatime GUNES
Nadide KARGINER
Nogman KILICALP
Aysin KOCAK

Hatice YESILDAL
Cayan YILMAZ

Hakan YORULMAZ
Kamil KALELI

Kivanc AYDIN

Sociologist
Sociologist
Sociologist
Sociologist
Sociologist
Sociologist
Sociologist
Sociologist
Socioiogist
Sociologist
Saociologist
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KEY TABLE FOR THE DAILY FLOW DATA SHEETS FOR FLOW GAUGES 1538 AND 1536

15 - KIZILIRMAK BASIN
1538 - DEVRES CREEK-CELTIKCIBASI
LOCATION (33° 46' 29" E - 40° 54’ 14" N) 16" km of the road between ligaz Town and Tosya Town (Kastamonu Province)

RAINFALL AREA 11962 Km® ELEVATION 75 m
OBSERVATION PERIOD :01/10/1970 - 30/09/1994
AVERAGE FLOWS : During chservation period : 8.184 m3/sec (24 Years) in 1984 water year :2.712 m3/sec
INSTANT MAXIMUM AND MINIMUM FLOWS:

In 1994 water year maximum flow 1586 m’/sec 13/05/1994

In 1994 water year minimum flow 0.678 mS/sn 27/07/1994

During observation period maximum flow  558. m’/sec 28/03/1980

During observation period maximum flow ~ 0.322  m’/sec 12/08/1985
Level Measurement : Equivalent - Limnigraph
NOTES :

16 . Key Curve (Levels, cm - Flows, m’/sn.)
Level Flow Level Flow Level Flow Level Flow

110 0.430 235 76.0 360 258. 485 570.
135 6.10 260 103. 385 315. 510 645.
160 17.2 285 135. 410 377.
185 32.9 310 169. 435 440.
210 52.5 335 210. 460 502.

FLOWS, from 1 October 1993 to 30 September 1994 (as m:‘fsec)

fDayiMonth Oct. Nov. Dec. Jan. Feb. Mar. April.  May June - July Aug. Sept.

1 103 260 283 333 333 444 680 341 158 123 0926 0926
2 193 260 283 333 305 444 610 287 158 123 0926 0:926
3 193 260 283 416 305 510 545 263 158 123 0926 0.926
4 215 260 283 477 305 544 545 239 140 123 0926 0:926
5 238 260 283 444 305 610 545 215 123 123 0926 0.802
6 238 260 283 416 305 610 610 173 105 105 0926 0.802
7 238 283 283 388 305 510 610 173 105 1.05 0926 0.802
8 238 260 283 361 333 477 513 173 105 123 0926 0.802
9 238 260 283 361 361 477 480 239 123 123 0926 0.802
10 238 283 283 361 361 510 513 263 123 1.05 0926 0.802
11 215 283 283 361 361 510 480 335 105 1.05 105 0.802
12 215 283 283 333 361 477 480 578 105 105 0926 0.802
13 193 283 305 305 361 477 451 104 105 105 0926 0.802
14 175 283 283, 305 361 477 422 723 0926 105 0926 0.802
15 158 283 238 333 333 477 393 610 0926 105 0926 0.802
16 158 283 260 333 305 510 393 544 0926 123 0926 0.802
17 158 305 260 305 260 723 335 444 0926 123 0926 1.05
18 158 283 260 305 283 100 263 416 0926 123 0926 1.05
19 140 283 260 305 305 960 239 388 0926 123 0926 0.926
20 158 283 260 283 305 100 215 361 0926 105 0926 0926
21 193 283 260 283 305 960 287 333 0926 105 0926 0.926
22 215 283 260 283 333 960 263 283 0926 0926 0926 0.802
23 215 283 260 260 333 919 335 260 105 0926 0926 0.802
24 215 283 260 260 361 680 480 215 0926 0926 0.926 0.678
25 215 283 260 260 361 578 451 193 0926 0.802 0926 0.678
26 215 283 305 260 416 578 451 193 105 0926 0926 0678
27 215 283 333 260 444 680 393 175 105 0.802 0926 0.678
28 215 283 416 260 444 830 393 175 140 0.802 1.23 0678
29 215 283 388 283 - 914 393 175 140 0.802 1.23 0678
30 238 283 38 305 --— 830 364 158 123 0802 1.23 0678
31 280 e 361 361 -— 755 - 1.68 s 6802 128 ——
Total 636 833 901  101. 945 204. 131. 101. 335 325 300 246
Avg. 2.0 278 291 327 338 659 438 326 112 105 0.969 0819
Lt/s/km? 105 141 148 167 172 336 223 166 0569 0535 0494 0417
Leyel,nm 280 367 397 446 416 900 578 444 148 143 132 108
10° m 550 720 779 876 816 177 113 872 289 281 280  2:12

Water Year (1994)  Yearly Total Flow 990.0 m’/sec 855 10°m” 43.6 mm 1.38 Lt/sec/km”
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15 = KIZILIRMAK HAVZAS|
1538 - DEVRES CAYI-GELTIKGIBASI

ERI :( 33" 46' 29" D - 40" 54" 14" K) Kastamonu 111 Ilgaz {lgesinden Tosya ya giden yolun 16.km,
:sindek i Qelt{kbasy kdyine 1| km. mesafededir.

YAQIS_ALANL : 1962 Km? YAKLASIK KOT : 775 m,
Q5ZLEN SO :01/10/1970 = 30/09/1992

ORTALAHA AKIMLAR :65z1em siresinde 8.436 m3/sn. (22 yallik )

1992 Su yilinda 9.272 m3/sn.
ANLIK EN QOK VE EH AZ AKIMLAR:

1992 Su yilinda anlik engok akim R 187. m3/sn 259/03/1992
1992 Su y1linda anlik enaz akm 1 0.430 m3/sn 15/08/1992
G5zlem sdresinde anlik engok akim 3 558. m3/sn 28/03/1880
Q5zlem sGresinde anlik enaz akim $ 0,322 m3/sn 12/08/1985
SEVIYE BLCEG] :Esel-Limnlgraf
LOGUNCELER :su yilr doinde 17 akim 81¢Gsa yapiimistir, Su yily akim deferlendirmesinda 10
:nolu (01.10.1991-09,04,1932) ve 15 nolu (10.04,1992-30,09,1992) akim anahtar
regrileri kullaniimistar,
15 . Anahtar e@risi (Seviyeler cm. - Akimlar m3/sn.)
Seviye Akim Seviye Akim Seviya Akim Seviye Akim
10 0.430 135 16.0 260 258, 385 570,
35 6,10 160 103. 285 315, 410 645,
60 17.2 185 135. 310. 371,
85 32.9 210 169, 335 440,
110 52.5 235 210, 360 502,
AXIMLAR 1 EXIH 1991 'DEN 30 EYLOL 1992 'A KADAR SANIYEDE METRE KOP OLARAK
GUH/AY EKIN KASIH ARAL LK OCAK SUBAT HART H|SAH HAYIS  HAZIRAN TETUZ AGUSTOS EYLOL
1 1.21 2.50 3.06 3.34 2.50 3,62 41,0 18,9 2.15 13.6 0.802 1.05
2 1.21 2.50 3.06 3.34 2.50 3,90 51.7 16.7 2.15 28.3 0.802 1.05
a 1.21 2.50 3.06 3.34 2.50 4.23 1.0 15.0 2.38 16.7 0.802 1.08
4 1.21 2.50 3,06 3.34 2.50 4.23 7.0 14.0, 2.38 13.6 0.802 1.05
5 1.29 2,50 3.06 3.34 2.21 4.56 75.0 13.1 2.60 15.6 0.802 1.05
6 1.21 2,50 2,78 3.62 2:.21 4,23 84.1 12.2 2.60 13.6 0.802 1.05
7 1.9 2,50 3.06 3.34 2.27 4.23 101. 11.8 2.38 10.0 0.802 1.05
B 2,05 2,50 4.23 3.06 2,05 4,23 118, 11.3 2.60 7.98 0.802 1.23
9 2.05 2.50 5,55 3,34 2.05 4,23 121, 10.9 2.38 6.48 0.802 1.23
10 2.05 2,50 3.90 3,34 1.82 4.23 80.0 10.0 2.60 5.1 0.802 1.40
11 2.27 2,50 3.234 3.34 1.60 4.23 80.0 9.19 2.38 5.44 0.802 1.75
12 2,27 2.50 3.086 3.62 2.78 4.23 107. 8.79 2.15 4.44 0.802 1.+93
13 2.05 3.62 2,50 3.06 2.50 4.56 97.5 8.79 1.93 3,33 0.678 1.93
14 2.05 2.8 2.50 3.086 2.78 4.89 51.7 8.79 2,60 2.83 0.802 2.15
15 2.05 3.06 2.78 3.34 2.78 4.89 31.2 8.79 5.44 4.717 0.678 2.15
16 2,05 3.06 2,50 3.06 2.78 5.55 32.2 8.79 -5.1 3.88 0.678 2.38
17 2.05 3.06 2,217 3.34 3.06 8.24 30.3 5,44 5.717 3.33 -0.678 2.38
18 2,05 3.086 2.21 2.78 3.62 4.1 30.9 5.10 6.48 3.05 0.678 2.60
19 2.05 3.06 2.27 2.50 4,23 36.3 30.9 4,16 8.79 2.83 0.802 2.60
20 2.27 3.06 2.27 2.21 3.90 20.1 50.9 3.88 10.4 2,15 0.926 2.83
21 2.05 3.06 2.50 2.21 3.62 18.4 46.9 3,61 10,0 2.38 0.926 2.83
22 1.82 3.06 2.50 2.27 3,62 15.7 35.8 3.05 8,38 2,15 0.826 2.83
23 2.05 3.06 2,50 2.50 3.62 13.7 30.3 2.83 7.60. 2,15 1.05 3.05
24 2.05 2.78 2.50 2.50 3.62 13:7 25.6 3.05 6.85 2.15 1.23 3.05
25 2.05 2,78 3.62 2,50 3.62 14.2 24.3 2.83 6.10 1.93 1.23 3.05
26 2.21 2.78 3.62 2.50 3.62 24.1 22.4 2.83 5.10 1.58 1.23 3.05
21 2.217 2.78 3.62 2.50 3.62 46.2 21.8 2.60 6.10 1.40 1.23 3.05
28 2.27 3.06 3.34 2.78 3,62 82.0 21.8 2.60 7.60 1.23 1.23 2.83
29 2.2 3.06 3.34 2.78 3:62 125, 20.0 2,38 13.1 1.05 1.05 2.83
30 2.50 3.06 3.62 2,50  =asmes 14.0 20.0 2.38 14.5 0.926 1.05 2.60
3t 2.50 -==-- 3.62 2,50 ----- 60.3 o 2018 eess= 0.802 1.05  ==e--
TOPLAM 60.0 84,2 95.4 91.4 85.3 654, 1649, 236, 161, 185, 21.7 63.1
ORTALAMA 1.94 2.81 3.08 2,95 2.94 21.1 55.0 7.61 5.38 5.98 0.895 2.10
LT/SN/KH® 0.987 1.43 1.57 1.50 1.50 10.8 28.0 3.88 2.74 3.05 0.456 1.07
AKIH M. 2.64 3.7 4,20 4,02 3.76 28.8 12.6 10.4 7.10
HIL., M3 Ts 8.24 1 143, 20.4 13.9
" 283, HILYON H3 143, M,

1538 =~ DEVRES QAYI=-CELTIKQIBASI



15 - KIZILIRHAY HAVZASI

1530 - DEVRES CAYI-CCLTIKCIOASI
YERL t{ 33° 46' 297 0 - 40° S4* 14" K) Kaslatonu ili Ilgazr ilgesinden Tosya ya gicen yolun 16.ka,
tsindehi Celtikbasy kéyine 1 km. mesafed:adir.
YARIS _ALANT : 1962 Ka* YAKLASIK KOT : 775 a.
cozLen sURESE :01/10/1970 = 3070971991
ORTALANHA_NKTHLAR :Gézlen clrescinde 0.397 m3/sn. ( 21 Yallak ) 1991 Su yilinda 3.054 m3/sn.

ANLTK_EN_COX_VE_EN_N7_AKIHLAR:

1991 Su yilinda anlik encok akia : 26.4 pd/sm 1970371994
1991 Su yilinda anlik enaz akin H 0.550 m3/sn 16/00/1991
Glzlen sOresinde anlik encok akim : 558. n3/sn 2070371580
Gozlea slresinde anlik enaz akim H 0.322 e3/sn 1270871905
SEVIYE _OLCEGE tEgel-Lienigrafl
PUSUNCELER sakim duru=u ivi.Yil icinde 12 akim 8lgicsl yapilmigtir.Deyerlendirmede 3 ayri

zakia anahtar edrisi kullamilaigtir. (10: 06.07.1591-30.07.1991)
:(11: 01.10.1990-31.10.1990 / 20.02.1991-05.07.1991)
:(15: 01.11,1950-19.02.1991)

15 . Anahtar efrisi (Se\_.'iyelcr ca. - Akimlar m3/sn.)

) Scviye fkin Seviye Seviye fkim Sevive fkin Seviye Aki=
10 0.430 40 90 36.5 190 141. 290 327
15 1.05 50 110 52.5 210 169. 320 402.
20 1.93 60 130 71.0 230 201. 350 477.
25 3.05 70 150 92.0 250 237. 300 555.
30 4.44 00 170 115. 270 200. 410 645,

' GUH7sAY EK1H KnsIH ARALIK 0CAK SUBAT HART H1SAN HAYIS HAZIRAN TEHHUZ nGusTOos EYLUOL
1 1.93 4.77 3.33 3.33 3.0% 5.04 6.45 6.14 4.01 1.25 0.714 1.60

2 1.93 4.16 3.33 3.33 3.05 5.53 6.45 7.15 3.46 1.10 0.714 l.02

3 1.74 4.16 3.33 3.61 3.33 5.23 0.33 6.14 2.90 1.10 0.714. 1.60

4 1.724 3.08 5.44 3.05 3.33 4.92 9.52 5.04 3.46 1.10 0.714 1.60

5 1.55 3.61 4.44 3.05 3.33 4.31 0.33 5.53 3.70 1.10 0.p878 1.60

& 1.55 3.33 4.77 3.33 3,05 4.01 7.15 5.23 6.75 3.34 0.714 1.60

7 1.40 3.33 4.44 3.33 3.33 4.01 6.45 4.62 5.04 3.62 0.714 1.¢60

a 1.40 3.33 4.44 3.33 3.33 3.70 7.54 4.31 4.92 3.90 0.550 1.60

2 1.40 3.33 4.44 3.33 3.05 3.70 19.2 4.01 4.31 3.34 0.714 1.60

10 1.55 3.61 4.44 3.33 3.05 3.46 13.5 3.70 9.12 2.70 0.714 1.60

11 1.55 3.33 4.16. 3.33 2.03 3.46 10.7 3.46 10.7 2.50 0.714 1.60

12 1.55 3.33 3.00 3.33 3.05 .22 9.12 3.70 8.73 2.50 0.550 1.60

13 1.55 3.05 3.00 3.33 3.05 3.70 7.94 3.46 0.33 2.27 0.550 1.37

— 14 1.55 3.05 4.44 3.33 2.03 0.73 7:15 3.46 6.75 2.05 0.550 1.37
) 15 1.35 3.05 4.27 3.33 2.03 10.3 7.15 3.22 5.53 2.05 0.550 1.37
16 1.55 3.05 5.44 3.33 3.61 9.52 8.73 4.62 4.31 1.82 0.550 1.37

17 1.55 3.33 £.05 3.33 3.33 7.54 g.12 4.62 3.22 1.60 0.714 1.37

18 1.55 3.33 6.05 2.03 3.61 15.9 9.52 4.01 2.50 1.21 0.550 1.37

19 1.55 3.33 6.10 2.60 3.00 21.4 8.73 3.46 1.93 1.c4 0.714 1.37

20 1.55 3.05 £.10 2.30 3.70 10.1 0.73 3.22 1.55 1.21 0.714 1.60

21 1.55 3.05 5.77 2.60 4.31 15.3 0.73 4.01 1.55 1.21 0.714 1.60

22 1.55 3.05 5.44 2.03 4.01 14.4 7.94 4.62 2.12 1.04 0.714 1.60
23 1.74 3.05 5.10 2.03 4.01 12.5 7.94 4.92 3.46 1.04 1.37 1.60

24 2:12 3.05 4.44 2.03 4.62 12.1 7.54 4.31 2.50 1.04 1.60 1.60
25 2.50 3.05 4.16 2.03 5.04 11.6 0.33 3.70 1.93 1.04 1.60 1.37
26 2.74 3.05 3.61 3.05 10.7 0.33 3.70 1.55 1.04 1.60 1.37
27 2.74 3.05 3.33 2.03 10.3 7.94 4,31 1.55 0.070 1.37 1.37

20 2.90 3.05 3.33 2.03 9.12 6.75 4.31 1.55 0.0780 1.21 1.37

29 2.74 3.05 3.61 3.33 7.94 6.45 4.31 1.40 0.870 1.21 1.21

30 2.74 3.05 3.61 3.33 7.94 6.14 4.01 1.25 0.078 1.21 1.37

31 4.0).  cemms 3.05 3.33 ) 6.75 L 4.01 S 0.714 ;21 2 wmmeme

TOPLAH 59.1 99.9 140. 100. 265. 256. 136. 121. 51.5 27.1 45.1
ORTALAHA 1.91 3.33 4.53 3.06 0.56 0.53 4.39 4.03 1.66 0.0674 1.50
LT/SH/KH® 0.972 1.70 2.31 1,97 4.36 4.35 2.24 2.06 0.047 0.446 0.766
AKIH HH. 2.60 4.40 6.10 4.76 11.7 11.3 5.99 5.33 2u27 119 1.90
HIL. H3 5.11 0.63 12.1 9.34 22.9 22.1 10.5 4.45 2.34 3.07

az==g= =zzsx===

SU YILT ( 1991 ) YILLIK TOPLAH AKIH 1406. H3/SH. 121. HILYON H3 61.9 HAd. 1.96 LT/SH/KH®

1538 = DEVRES CAYI-CELTIKCIONSI
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15 - KIZILIRHAK IIAVZAST

1538 - DEVRES CAYI-CELTIKCIBASI

1530 - DEVRES CAYI-CELTIKCIBASI

YERL 1{ 33° 46 29" D - 40° 54" 14" K) Kastamonu §}{ Tlgaz {lgesinden Tosya ya glden yolun 16.ka.
tsindeki Celtikbagy Kdydne L kn. mesalededir.
YAGLS ALANT : 1962 Ka® YAKLASIK KOL : 775 ..
GOZLEH SUREST 10171071970 - 30/09/1990
ORTALAMA AXIMLAR sGozlen sOresinde 0.624 a3/sn. ( 20 Yallik )} 1990 Su yilinda 6.921 al/sn.
ANLTK_EM_COX VE EN AZ AXTHLAR:
1990 Su yilinda anlik engok alim H 107. a3/sn 0170371990
1990 Su yilinda anlik enaz akim : 0.520 a3/sn 0l/10/1989
Gizlea sOresinde anlik engok akim H 550. a3/sn 2870371980
Gézlem shrecinde anlik enaz akia : 0.322 a3/sn 1270071985
SEYIYE OLCEGL s€gel-Limnigraf
DUSUNHCELER :Akin durumu fyl.vil Iginde 16 akim 8lghsQ yapilmiglar.Deerlendirnede 2 ayri
ahia anahtar edrisi kullamlmslar,
12 . Analitar egrisl (Seviyeler ca, - Akimlar m3/sn.)
Seviye  nkim seviye Akin Seviye Aklm Seviye Akre Seviye Akin
15 0.420 50 9.460 100 41.0 190 ‘141. 290 327.
20 0.%20 60 14.5 110 50.0 210 169. 320 402,
25 1.65 70 20.3 130 60.5 230 201, 350 477,
30 2.45 BO 27.0 150 90.0 250 237. 380 555.
40 5.55 - 90 34.0 170 115. 270 200, 410 645,
AXINMLAR L EXIH 1989 *DEN 30 CYLUL 1990 *A KADAR SAHIYEDE HETRE KUP OLARAX
GUH/AY EXIH KASIH ARALIK 0CAK CUDAT HART HISAH HAYIS  NAZIRAN 1EHHUZ  AGUSTOS EYLUL
1 0.720 1.85 7.17 13.5 2.94 £5.7 19.7 10.7 9.91 1.40 1.55 0.950
2 0.720 1.85% 5.96 10.6 2.94 34.0- 15.9 10.7 9.91 1.40 1.55 0.950
3 0.820 1.&5 4.97 10.1 2.94 23.9 13.5 11.2 7.94 1.40 1.10 0.950
4 0.020 1.65 4.97 8.39 2.94 29.8 11.6 12.1 6£.75 1.25 1.10 0.950
5 0.%920 1.65 4.39 6.77 2.94 10,1 13.0 14.4 6.14 1.25% 0.950 1.10
[ 0.920 1.65 3.01 4.39 2,94 14.4 13.0 10.6 5.23 1.2% 1.25 1.10
7 1.07 1.50 3.61 2.94 2.94 131.0 13.0 19.7 4.01 1.10 1.25 1.10
o 1.21 1.65% 3.52 3.2 2.94 12.1 12,5 19.2 J.46 0.950 1.25 1.10
9 1.36 1.8% . A.52 3.52 2.94 11.2 14.4 l18.1 3.22 0.950 1.40 1.10
10 1.36 1.65 3.01 3.52 2.9 14.0 .0 17.0 2.98 1.40 1.40 1.10
11 1.50 1.8% 3.81 3.23 2.94 22,0 22.0 16.4 2.31 1.93 1.25 1,10
12 1.65 2.05 4,60 3.23 3.23 . 14.0 42.6 15.3 2.12 1.724 1.25 1.10
13 1.65 2.05 7.58 3.23 3.23 12.5 30.5 13.0 1.93 1,40 1.40 1.40
1d 1.50 2.05° 6.36 3.52 9.20 14.0 32.6 11.2 1.74 1.40 L.40 1.74
15 1.50 2.25 5.55 3.52 10.1 16.4 52.7 9.91 1.74 1.40 1.40 1.74
16 1.45 2.45 5.26 3.52 7.90 13.0 41.0 8.73 1.74 1.55% 1.10 1.724
17 1.85 2.45 5.26 3.52 7.17 10.7 29.1 11.2 1.55 1.40 1.10 1.55%
10 4.10 2.45 6.727 3.23 6.36 10.7 27.0 13.0 2.74 1.25 0.950 1.55
19 2.94 2.45 11.6 3. 5.26 13.0 . 23.9 15.3 3.22 1.25 0.800 1.74
20 2.94 2.65 14.0 3.23 4.60 19.7 19.7 12.5 2.50 1.10 1.10 1.93
21 2.94 2.65 11.6 3.52 4.10 22.0 10.1 12.5 1.93 1.10 1.10 1.93
22 2.65 2.45 10.1 3.23 4.10 25.1 17.5 11.2 2.12 1.10 1.10 1.93
23 2.65 2.45 9.20 2.94 4.39 27.7 15.3: 9.52 2.12 1.10 1.10 1.93
24 2.45 4.39 0.39 2.94 4.39 26.4 13.9 7.94 2.12 1.10 0.950 1.93
25 2.45 4.68 7.50 2.94 4.3% 26.4 13.0 6£.45 1.93 0.000 0.950 1.92
26 2.45 B.79 6.36 2.65 4.39 27.7 12.1 5.53 2.12 0.000 1.10 1.74
27 2.45 15.7 6.77 2.L5 7.50 27.7 13.0 4.31 1.93. 0,950 1.10 1.74
rd:} 2.0% 1.1 7.90 2.94 16:0 28.4 12.1 5.23 1.724 1.258 0.950 " 1.74
29 2.05 13.5 9.60 2.94. L 29.8 10.7 4.31 1.55 . 3.70 0.950 1.74
30 2.05 1.1 13.0 3.23 ————e 25.1 10.7 . 3.d6 1.5% 2.31 0.950 1.93
3 2.0  -----  10.¢ 3.2 ----- 214 —eene 431 =-ee- 1.93 0.950 -----
ToPLAn 57.4 116. 226, 134, 140. £72. 604, 353, 100. 42.9 35.8 44.5
ORTALANHA 1.85% J.8g 7.29 4.31 _ 4.99 21.7 20.1 Ll.4 3.34 1.30 1.15 1.48
. LT/SH/XH" 0.944 1.98 3.72 2.20 2.54 - 11.1 10.3 5.80 1.70 ‘0.706 0.508 0.757
AKTH hi. 2.53 5.13 9.5 5.08 6.15 29.6 26.6 15.5 4.41 1.89 1.57 1.%%
HIL. K3 4.9¢ 10.1 19.5 15 12.1 50.1 52.2 ,30.5 8.66 .71 3.09 3.85
I.IﬁlllIIllllIIIllllllllllllllllIIIIIIIIII.IIIIIIIIIIIII.‘III!I.l--.IIIII'IIIll'I..‘l-llIIIIIIII-.II....II---IIIII-II.
SU YILT ( 1990 ) YILLIX TOPLAH AKIN 2526, H3/SH. 218. HILYON H3 111, HA. 3.53 LT/SH/KH®
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15— KIZILIRHAK PAVZAS]
{538~ DEVRES (AYI- CCLTiKCIPASI

1(33 47'08° 'D- 40 54'23''K) Kastamonu'nunllyaz ilgesirden Tosya'va giden karayo-

2
Ku.
11 Ekia 1970 30 Eylil 1989
{5
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ARALIK

:Ak il durveu iyi.uYil iginde 2 ayri anahtar edrisi kullanilwiz; 43 akiw Slelsi
yapilmigtir.

{unun 22.ku.sindeki Celtikgibagi kiyine | ku.

Gozlew siiresinde en gok akiu

Gozleu siresinde en ar

11989 Su y1linda en gok
:Esel.

:651lea siresinde
1989 Su vilinda en a:

{2.Anahtar edrisi

11962.0
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YER{

YAGLS ALANT
GOZLEH SUREST

ORTALAMA AKIHLAR

EN COX VE EN AZ AKTHLAR :

SEVIYE OLCE&]
DOFTHCELER

{5~ KIZILIRHAK [AVZAST
1538~ DEVRES (AYI- CLLTiKCilAfI

Lunun 22.itu.sj,|\deki Celtikgibagy kizine ¥ kw. uzakliktadir.

14962.0  Ku.
:| Ekiu 1970- 30 Eylit 1988

Akim durusu iyi Yol iginde 12 akiw Blgist yapilmigtir,

(33 47'00" 'D- 40 54'23''K) Kastawonu'nunllgar ilgesinden Tosya'ya giden karavo-

YANLASIK KOT @ 775 w,

:6d2les slresinde B.920 uxfm. (10 yellik) 1900 Su yilinda B.02% lzlm.
{988 Su yilinda en ok akim : (1é. szlsn. ( 22.04.17¢8 )
1988 Su vilinda en a1 akim : 0.750 ¥ ( (9.00.1580 )
Girlew siresinde en fok akia H 5508. Ly ( 28, 3.1{980 )
Gozleu siresinde en az akim : 0.322 L (12, 0.1985 )
:Egel.

3
f4.Anahtar efrisi (Seviveler Cu. -Akiular a /sn. dir.)

fevive fkin Seviye Akiua
20 0.400 0o 25.0
0 2.40 100 9.7
40 5.10 150 0.0
50 2.:60 00 155,
&0 13.3 =50 237.

ARTHLAR § EXIH 1987 DEN 30 EYLIC (700'C KADAR VE SANIYLDE HCTRC-KUS OLARAK

04 ENiH KASTH ARALIK OCAK JURAT HART NisAl HAYLIS  BAZIRAH  TEMMUZ ASUSTOS  CYLul
i 1.77 3.90 3.40 4.50 £.95 5.47 20.1 10.4 12,9 7.49 1.35 (.20
2 1.98 3.90 3.60 3.%0 1.32 5.04 32.2 16.7 1.5 6.58 1.35 1.20
3 1.96 3.90 3.60 3.90 5.84 5.04 . i5.86 13,3 5.u4 1.35 1.20
4 1.98 3.90 3.90 3.90 5.47 5.47 23.9 14.4 12.4 4.80 1.20 f.2
9 1.98 3.90 3.90 4.50 5.10 4.00 33.1 122 13.9 4.20 1,038 1.2
& 1.98 3.90 3.40 5.10 5.10 4.80 4.7 12.0 12.4 3.90 1.05 1.05
7 {.98 3.90 3.34 5.10 5.10 4,80 43.3 13.3 2.0 3.42 0.900 1.05
8 1.98 3.90 3.36 5.10 4.80 4.50 34.7 12,9 0,05 2.60 0.750 1.05
9 .98 3.90 3.40 4.00 5.10 4.00 37.7 12,0 0.0 2.40 0.750 1.2
{0 2.40 1.90 8.04 4.50 5.10 7.32 46.0 1. ?.70 .47 0.75 1.35
§f 2.40 1.90 6.95 4.50 5.47 12.4  41.3 10.2 8.80 i.78 0.750 1.20
{2 2.40 3.90 6.58 4,50 6.21 10.4 32.7 2.5 0.80 1.5 1.58 1.05
13 2.40 3.60 5.47 4.50 £.93 2.25 8.2 ?2.70 B.43 2.8 1.2 120
14 2.40 3.60 4.80 4,20 7.32 B.00 8.0 92.70. 0.43 2.40 1.35 1.20
S 2.64 3.60 1.50 3.90 7.69 2.2 30.0 2.5 7.9 1.98 1.35 .20
16 2.88 3.80 4.80 3.36 7.32 13.9 7.2 0.00 0.04 1.58 1.35 1.05
17 3.42 3.40 7.32 3.3 6.21 12.0 28.0 0.43 7.25 V.77 (.20 1.20
8 2.68 3.40 1.49 3.12 5.10 29,5 40.4 0.05 1.5 1.54 .20 1.20
19 2.08 3.90 6.95 3.3 5.10 33.7 30.9 7.67 4.4 1.35 1.20 1.05
20 3.42 3.90 5.04 3.50 5.10 22,0 40.6 b.43 5.0 =N .20 1.05
24 3.60 3.90 3.10 3.60 5.40 3.7 61.0 1.47 30.0 1.56 1.20 1.05
2 3.4 3.90 5.10 3.90 5.10 12.3 93.6 0.05 17.9 1.717 1.35 1.05
23 3.40 3.90 3.47 J.90 4.80 13.2 65.0 2.70 12,4 1.56 1.20 1.20
24 3.80 3.9 5.10 3.90 3.90 22.0 9.7 10,2 1.9 1.58 1.20 1.20
5 3.3 3.90 4.50 3.90 3.90 44.2 30.0 0.80 10.6 1.56 .20 .20
24 3.38 1.90 3.40 3.90 4.50 592.0 26.9 0.08 ?.70 1.54 .20 1.20
27 3.60 3.8 3.12 3.90 4.00 39.7 23.3 15.0 4.80 1.1 .20 1.20
28 3.60 3.40 2.80 3.9 5.10 33,9 22.4 20.2 0.80 1.20 1.20 1.0
2 3.90 3.40 3.346 3.90 5.10 46.7 20.8 14.4 0.00 1.35 1.20 i.25
30 3.90 3.60 3.60 3.%0 = 34.4 10.4 16,7 D.%4 1.35 1.20 1.20
u 1.9 =S 4.2 4.20 ey 30.1 et 15.6 =t 1.35 .20 —

TOPLAY A7.15  114.00  147.51  §26.90 1£0.45 574.74 1147.2 382,22 341.54 79.00 35,350 34.%5

CRTALAMA 2.811 3.800 4,758 4.094 5.540 (0.54  30.97 1.7 11.28 2.548 §.173 1.145
LT7SH/AH 1.43 1.94 2.43 2,09 2.82 ?.45 9.2 5.7 5.00 1.30 0.598 0.574
H(}.Him. 3.84 5.02 4.50 5.59 7.07 5.3 5.5 16.0 15.0 3.4IB 1.40 1.54
10 H AKIH 7.53 9.85 2.7 1.0 (3.9 47.7 01, 31.4 29.5 . 6.83 3.14 3.02

rzzmas

3 2
279.5 KiLYOH H . 142, M4, 4,50 LT/SI/RH .

SUYILT € 1988 ) YILLIK TOPLAN AKIH.
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15- KRIZILIRKAK IWZAST
1530~ DEVRES CAYI- CELTiKCiBATI

YERi 2(33 47'08'*D- 40 S4'23''K) Kastawonu'nunllgaz ilgesinden Tosya'ya giden karayo-
— tunun 22.ku.sindeki Cellikpibagy koyine | ku, uzakliktadir,
L 5
YARTS ALAHI 11942.,0 K, YHRLASTK KOT & 775 u.
GHZLEN SURES: :f Exin 1770- 20 Eylil 1907
3
ORTALAHA AKTHLAR :Gdzlea siresinde B.925 u /sn. (17 yillik) 1987 Su yilinda 9.4650 u /sn.
3
EN (0K VE EN AZ AKTHLAR 1987 Su yrlinda en ok akim 191, u /sn. ( 31.1.1907 )
1907 Su vilinda en a2 akim 1.03 s { 10.10.1984 )
Gazlew siresinde en gok akia 550. ' ( 28, 3.1900 )
Gozlem siresinde en az akim 0.322 y ( 12, B.1985 )
SEVIYE OLCEX: :Egel.
DUSUHCELER fkin dui;unu ivi.vil iginde 2 avr1 anshlar efrisi kullanilur§ 13 akim olpusu va-
---------- piluwigtir,
3
{4.fnahtar efrisi (Seviyeler Cu. -Akiular w /sn. dir.)
Sevive fikiu Seviye kia
20 0.600 80 5.0
30 2.40 (00 3%2.7
40 5.10 150 20.0
50 8.00 200 155.
40 13.3 23 231,
AKIMLAR | EXiH 1984'DAM 30 EYLUL 1987'YE KADAR SANIYEDE HETRE KGF OLARAN
Gutl EXiH KASTH ARALIK 0CAK FUBAT HART NiSAN HAYIS HAZiRAN  TEHMHUZ naUSTOS  EYLuL
i (:49 2.00 2.44 2.80 0.7 7.52 3.5 31.4 16.2 4.50 3.3 1.39
2 1.15 2.22 2,44 1.10 24,5 7.4 2.2 37.2 16,7 3.50 2.08 .35
3 1.15 2.22 2.44 3.10 10.6 6.76 5.5 2.2 17.9 312 3.2 §.20
Ll (.15 2.7 2,44 3.10 14.0 6.4 44.1 25.4 16,7 2.08 2.864 1.20
5 .15 2.22 2.44 4.55 1.7 8.20 2.4 24.4 13.9 2,84 Al § 1.20
& 1.15 2.66 2.44 4.55 7.42 6.7 33.3 23.0 12.9 3.64 2.1% 1.05
7 1.15 2,86 2.2 4.2 ¢.04 6.76 9.7 24.4 14.4 5.47 1.77 1.20
8 1.15 2.6b 2,22 3.97 0.66 6.76 t0.0 256.9 12.4 6.9 1.56 1.20
2 1415 2.0 2.22 4.26 6.26 6.30 56. 1 23.2 115 5.47 1.58 1,20
10 | I 2.60 2.00 4.26 7.14 6.38 44.2 22.6 10.6 4.00 1.35 (.35
11 {.15 2.80 2.00 1.26 6.76 6.0 49.4 17.9 9.70 1.20 .20 1.2
12 (.15 2.44 .2 3.48 b6.74 6.00 B3.{ 15.0 0.43 338 1.35 1.29
13 {.15 2.44 2.44 3.97 L. 76 6.00 S56.1 (4.4 0.06 3.3 1.20 1.35
14 1.15 2.44 2,44 3.97 71.52 5.42 39.7 16.2 7.32 312 §.20 fiad
15 1.32 2.44 2,44 4.55 2.04 4.55 Jo.o 22.0 &4.58 2.80 1.20 .35
16 1.55 2.44 2,22 4.04 10.7 5.13 29.5 20.8 6.50 2.64 1.20 1.56
\7 1.55 2.44 2.44 4,55 {5.7 5.42 29.5 20,2 6.95 2.64 © 1,35 1.35
18 {3 2.44 2.2 4.26 5.4 5.1 26.9 19.6 Tas2 2.40 1.35 1.35
19 1.49 2.44 2.44 3.97 14.0 il 231.0 19.0 7.32 2.40 1.35 1.56
20 1.49 2.44 2.44 3.97 12.2 5.42 19.0 20.0 13.9 2.9 f:35> 1.56
2 (.49 2.44 2.44 3.97 10.7 5.13 (7.3 19.6 10.6 2.19 £.20 {.56
22 1.49 2.44 2.44 4.2 11.2 .78 20,2 17.3 9.25 1.98 Jieas, 1.56
23 2.00 2.44 2.44 3.97 1.1 .04 2.4 17.9 8.00 {.90 1.77 {.56
24 2.0 2.44 2.88 3.68 17.4 2.00 25.0 16.2 0.43 1.90 .12 1.56
25 2.0 2,44 3.8 3.8 23.0 15.0 20,2 15.4 7.69 B 2.40 .56
26 1.83 2.44 3.19 3.39 14.0 18.6 17.9 15.4 6.93 {1 2.19 1.58
27 (.83 2.44 3.10 2.88 11.2 16.2 17.3 15.6 6.50 1417 1.90 1.56
28 (.83 2.44 2.88 3.39 B.66 24.3 20.2 15.6 6.21 1.1 (g 1.56
29 1.03 2.44 2.4 4.55 B 38.7 28.2 15.0 5.84 107 127 1.56
30 1.83 2.44 2,54 31.9 — 50.1 26.9 15.0 . 5.0 4.50 {.56 1.77
3 1.83 e 2.63 {19, s 65.7 i 17.3 ——— 3.60 1.54 it
TOPLAH 45,35 73.84 70.05 264,72 343.84 392,49 (2.2 6446.3 300.01 76,64 56.04 42,24
MTNJM’, 1,463 2.482 2.510 8.537  12.%9 12,45 20.74 20.03 10.03 J.4017 1.000 1.400
LTIS?_UKH- 0.746 - 1.5 - (.20 4,35 6.62 6.45 19.7 10.6 5.41 5% 0.922 0.710
AK}’H-_.SHH. 2.00 335 3.44 .7 16.0 17.3 5.2 20.5 13.2 4.26 2,47 1.846
10 H &XIH 3.92 6.78 6.74 22,9 31.4 33.9 100. 55.0 26.0 0.35 4.84 3.45

SUYILD € 1907 )

YILLIK TOFLAH AKIN.

3
304.3 HiLYOH H .

»n
155. B4 . 4.92 LT/SH/KH .
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15- KIZILIRMAK HAVZASI

1538- DEVRES GAYI- GELTIKGiBASI

YAKLASIK KOT : 775 m.

3
4,998 u /sn.

(24, 2,1985 )
(18, 8.1986 )
(28, 3.1980 )

YERL 1(33 47'08"'D- 40 54'23''K) Kastamens'munllgaz ilgesinden Tesya'va giden karaye-
—— lonun 22.k|.sélde’¢i Celtikgibasi kayiire 1 km, wzakliktadar.
YARIS ALANL 11962.0 Kn.
BGZLEH SUREST 11 Ekim 1970- 30 Eyliil 1986
3
ORTALAMA AKINLAR :6izlem siresinde 8.880 B /sp, (14 yillik) 1986 Su yilinda
3
EN GOK VE EN AZ AKINLAR :1986 Su yilinda en gok akim ! 34,0 n /sn,
1986 Su yilinda en az  akm ' 0.654 A
Gizlem siresinde en gok akim 558, '
0.322 v

Gizlem siresinde em 3az akim !

SEVIYE 6LGEGT Esel.

tAkam durumu iyi.Yiliginde 12 akim dlgisiyaprlmstir.

3
13.Anahtar edrisi (Seviyeler Cm. -Akimlar = /sn. dir.)

Seviye Akn Seviye
15 0.530 60
20 1.15 80
30 .10 100
40 6.00 15
30 9.80 200

Ak

im

14
27
41

=]
0
.8

0.0
155.

AKIKLAR 1 EKIH 1985°'DEN 30 EYLOL 1986'YA KADAR SANIYEDE HETRE KGP OLARAK

( 12. 8.1985 )

EXIN KASIH ARALIK _ OCAK  SUBAT HART

GG HISAN MAYIS  HAZIRAN  TEMMUZ ABUSTOS  EYLUL
i 1,46 2.88 4.84 4,26° 5.42 13.1 11,7 1.83 4,55 2,00 0.778 1,03
2 1.68 2,66 4.5 4,B4 5.42 11.2 12.7 1.83 3.97 1.66 0.778 1.03
ki 1.49 2.66 4.5 7.14 5.42 10.7 12,7 1.83 3.68 1.49 0.778 1.49
4 1.49 2.88 4,26 8.46 6.00 10.7 11.2 1.83 5.13 1.32 0,778 1.49
5 1,49 3.10 4,55 7.%0 6.00 16.2 9.80 1.83 6.7 1.03 0.778 1.32
[ 1.66 3.39 4.35 7.90 6.00  22.3 7.42 1.83 6.38 1.03 0.778 1.32
7 1.66 3.48 4,55 10.3 3.7 24.3 8.66 1.83 5.42 1.03 0.778 1.15
8 1.46 4,26 4,55 21.0 5.71 22.3 8.28 2.00 4.84 1.03 0.778 1.15
d 1.66 5.42 4,55 14.5 5.42 20,3 8.28 2,00 5.76 1.03 0.778 1.32
10 1.66 5.42 4,53 10.7 5.42 19.7 7.52 2,44 7.14 1.03 0.778 2.44
i1 1.66 3,13 4,55 7.42 5,13 19.7 7.14 2.88 13.1 1.03 0,778 1.83
12 1,66 5.13 3.97 B.28 9.42 18.4 6.76 2.66 10.7 1,03 0.778 1.66
13 1.83 5.13 3.97 7.52 5.7 17.4 6.76 2.66 1.7 0.902 0.778 1.66
14 1.83 4.84 3.97 6.76 .71 15.7 8.36 2.88 14.0 0.902 0.778 1,49
15 1.83 4.26 3.97 5.71 5.42 13.46 5.71 2.88 12.6 1,03 0.654 1.49
16 2.00 3.97 3.97 4.84 9.42 12.2 5.42 3.10 10.3 0.902 0.778 1.49
17 2.00 3.68 3.97 5.42 5.13 10.7 5,42 3.10 8,46 0.902 0.778 1.32
18 2.22 3.68 3.68 13.1 5.42 10.7 4.84 3.39 7.14 1.03 0,654 1,32
19 2.22 3.68 3.39 12.2 6.76 9.80 4,84 3.3% 6.38 0.778 0.4654 1.49
20 2,44 3.68 3.39 7.52 7.42 7.42 4.84 4,26 5.13 0.778 0.778 1.49

21 2,44 3.48 3.39 6.76 9.04 4,84 4.55 4,84 0.778 0.778 1.49
22 2.44 3.68 3.39 6.38 9.04 4.84 5.13 3,97 0.778 0.778 1.49

23 2,44 3.68 3.39 6.00 8.28 4,55 5.13 3.48 0.778 0.778 1.49
24 2.44 J.48 3.10 9.71 8.28 4,24 4.55 3.68 0.778 0.902 1.49
23 2.22 3.68 3.10 5.42 8.28 3.97 4,26 3.3% 0.778 0.%02 1.49
26 2.66 3.68 3.39 5.13 8.28 3.68 4,26 2.88 0.778 0.902 1.32
27 2,66 3.68 3.48 5,13 B.66 3.10 4.26 3.10 0.778 1,03 1.32
28 2.68 3.68 3.97 5.13 9.80 2.66 3.97 2.88 0.778 1.03 1.49
29 2.66 3.3% 3.10 4.84 10.7 2,22 3.48 2.66 0.778 1.03 1.32
30 2,66 4,55 3.48 4.84 11.2 2,00 4.84 2,22 0.778 1.03 1.49
a1 2,66 Eoi 3.97 4.84 Cifi 10.7 e 5.42 smee 0.454 1.03 i
TOPLAK $3.72 116,69 122,49 238,15 290,56 410.88 194.47 100.50 137.44 30,368 25,378 43.37
l]llTthh.’m2 2.055 3.8%0 3.951 7.482 10.38 13,25 6.482 3,242 6.253 0.980 0.819 1,446
LT/SH/KH 1,05 1.98 2.01 3.92 5,29 8.75 3.30 1,65 3.19 0.499 0.417 0.737
AKlHéHH. 2.81 S.14 5.3% 10.5 12.8 8.1 8,56 4.43 8,26 1.34 1.12 1.91
10 K AKIK 5,51 10.1 10.6 20,6~ 25.1 35.5 16.8 8.68 16,2 2.62 2.19 3.75

== -_“ . = = =

SU YILI ¢ 1986 )  YILLIK TOPLAK AKIM. 157.6 HILYON K , 80,3 KM , 2.55 LT/SH/KK .
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15- RIZILIRFAN HAYIAZE
1538~ DEVRES gavl- yELTINIEATT
YERt (I3 47°08°'D- 40 S4'23''K) hastavonu'ounltgar ilgesinden losya'ss giden karavo-

—_— tanun ‘_‘:’.ku.iindekl Callihilhas ! eovde | ks, uZaklikiadsr.

-

YAAI§ ALANI :1962.0 Rt YANLASIN NOT & 775 m.
GonEN TUEST L4 Ekie A790- 30 CrLUL 6903
3 3
CRTALAMA AKTHLAR 16317 lem siiresinde 9.138 w /sn. U5 yillik) 1785 Su yilinda 6.021 a /sn.
3
N (CK VE EH AZ AXIMLAR :19GS Su yilinda en gok akiu 2 138. W /sn. (f. 4.1983 )
1985 Su yilinda en az  akiu 0.322 e { 12, B.1983 )
Gozles siiresinde en gok akia : 558. v (28, 3.1980 )
Garleu siiresind2 en az akiu : 0.322 A ¢ {2, 8.(9685 )
SEVIYE CLCESR ‘gfel.
DOSURCELER ‘&kim durumu ivi.Yiliginde 2 ayri anahtaredrist kullanilmi§, 12 akia Glclsi yepi1l-
— = wistir.
k]
{3.Anahtar edrisi (Seviyeler Cu. -Akimlar & /sn. dir.)
Seviya Akin Sevive Akiu
i 0.530 &0 i4.5
20 1.15 5 LT )
k) 3.10 o 41.8
40. 5.00 120 99.9
59 ?.80 250 153,
MKIMLAR § DREM {984'DEM 20 EYLLL i905'E NADAR IAHIYEDE HETRE nUP OLARAN
GLH EXiH KASTN ARALIK CCAK surar FART Hzavi HAYIZ  HAZiRad  TERRUZ AZUSTOS  EYLWL
| 2.05 2.45 .03 2.94 1,49 2.9 83.1 12.4 7.4 1.83 {.32
2 2.05 2.45 2.94 2.1 4.10 3.33 57.2 10.1 6.76 1.83 {.15
7 2.05 2.4 .45 2.54 .40 3.52 5.9 Y020 6.75 1.83 45
- 2,05 2.2% 2.45 3.3 3.5 3.52 39 233 .75 2.00 LS
5 2.05 2.45 2.45 .52 3.24 4,10 28.4 1.58 4.34 2.0 (R
& 2.05 2.65 2.45 3.52 .94 4.39 28.4 6.3% 4.00 1.83 {.15 1.32
7 2.05 2.94 a2 3.52 2.94 4.¢8 29.8 i.y8 5.7 1.83 1.15 1.49
2 2.05 3.52 2.3 K52 2.74 5.55 4.0 47 4.9 1.83 {.03 {.47
G {.65 2.23 2.94 3.81 2.5 4.57 .3 a. il 3.9 1.83 0.702 1.49
10 {.85 3.52 2.94 7.58 2.94 4.97 8.4 6.36 339 1.83 0.502 {.49
i {.85 3.52 2.94 8.77 4.97 4.77 34.0 395 3.97 .43 0.778 1.66
{2 |.85 3.52 2.45 5.2 5.%6 4.97 36.3 5.%6 5.13 1.83 0.530 {.64
13 2.05 352 2.94 3.81 10.5 5.2 25.3 4.57 4.25 1.86 0.654 i.50
14 2.5 3.23 2.9% 2.94 2.6 7.i7 25.7 4.57 3.43 1.49 9.902 {.64
s 2.35 3.23 2.94 23 1.4 B.79 231 I'Wii 3.3 \.47 2.00 1.66
16 2.5 3,23 2.94 2.94 6,36 20.3 16.8 9.04 3.10 1.49 1.49 1.66
i7 2,45 3.23 2.9 2,45 S5.96 3490 15.17 9.42 3.10 .47 1.03 .66
18 2.45 3.3 2.94 .94 4.68 34.8 17.4 8.8 2.88 1.66 0.902 .49
19 2.5 3.23 2.94 2.94 5.24 MW 8.9 7.50 2.88 1.6 0.902 1.64
2.5 3.23 2.9 3.23 .39 8.7 16.8 1.0 3.40 1.66 0.902 {.66
2 2.5 3.23 2.94 3.23 5.26 28.4 153 7.44 3.10 i.66 0.902 1.6
e 2.5 3.52 2.94 3.23 5.26 20.3 13.5 6,38 3.10 1.49 1.03 .66
23 25 4.10 2.9 3.23 4.97 (7.4 i3.0 5.7 2.88 1.49 1.03 1.49
24 2.5 3.84 2.94 3.23 4.97 16.3 2.4 5.13 2.4 {.66 {.15 {.49
ol sl 3.81 2.94 .23 3.84 i7.4 1.4 &.00 2.2 1.49 {.03 1.49
2% 2.25 3.81 2.94 3.52 3.52 5.7 (0.4 5.43 2.22 1.49 (.15 (.66
7 2.2 1,52 2.94 3.8 3.2 5.1 190.8 4.55 =y 1.49 1:19 {.006
28 2.2% 3:52 2.94 3.64 3.23 4.5 1.6 4.94 2.2 1.32 1.03 {.eb
2 .5 3.23 2.94 3.21 i 2.2 11.5 u.lo 2.0 {32 1.15 {.86
30 2.25 2.94 2.7% 4.10 o 5.7 1= 7.42 2,00 1.32 1.03 {.66
3 2.45 —— 2.7 4.10 e 33.3 i Bool —r— 1.32 1.4 —
TOPLAM 84.95 94,77 B2.20  115.59 f4L.9L 552,28 VEDLD La3 Wi SuYS 32,746 43.232
CRTALAYA 2,160 3.226 2.845 3727 2247 14,90 5.8 1.0k 3.9 1.644 1.063 1.500
LT/DI/RH 1,10 . .64 1.45
N(!HiKH. 2.95 4.2% 3.88
/,
160 N &KIH 5.7 8.73 T.482
SUYILT (1965 ) YILLIK TCFLAH AKIh.

Yil igind2 2, Fik
Yil icinde 3. Fik

Akia beterd
Akla 24z

B
1.9

@ /3N,
'

lerinn 12, 41585
far il 2y, 3.1Yu2



775 m.

YAKLATIK KOT :

B /s,

12,644

(16, 4.1984 )
(20, 7.1964 )
( 28, 3.1980 )

)

3.8.1974

(

TERLZ ASUSTOS  EYLUL

2.45

3.23

59.90

£9.24

49.21

1.997
1.02
2,44

5.18

2,234

2.213
1,14
3.05
3.98

14

3.05
5.98

—mgxz=-zc=a

2

171

4
4

(N

u /sn.

19l.
0.429
Ak 1w

3

(14 yillik) 1984 Su yilinda
W /sn. dir.)

=-Akimlar

I
u /s5n.
Seviye

KAYIS  HAZiRAN
10
B
i
18
i1

Mmoo oNECd T N CNFIC] v v wmm e mm = ——
S~ — O
Nwo N

2 -G OMa =M~ NP OO - non nenea ocorm

P i g B4l P o T S O A R I . e
. ~r~T —r Qo P r~~oon i ~r=r=in -
£ SARdM &ano RQAaNT m“_{ﬁ:ﬂ < mmmls NN
-—
O~ IN=OMF~M FM=0T0 —OnNtit OoOMNOoOY

6.344
3.2
8.18
3.198

16.4

190.32

b.44 LT/SWKN .
1.

19.546
9.97

26.7

52.4

10.6
crs=rz=s-z-s—SgmzmsE=aceces

Tarihi 11, 2,198

£08.29

u /sn. Tarihi

37.39
52.0
102.

204. Bn ,

1181.7

15.7
922.2
2.7
15.2
40.8
.7
3
18.

{5~ KIZILIRWAK HAVZASI
{538- DEVRES CaYI- (ELTiKCiBAfI

(33 47'08"'D- 40 S4'23''K) Kastawonu'nunllgaz ilgesinden Tosya'yva glden karayo-

2

K,

lunun 22.%m.sindeki Celtikplibagi kdyine | km. uzaklikiadir,

:1962.0

YAE1F ALART

GOTLEM SURESE

+f Ekim 1970- 30 Evlul 1984

:Gozlen siresinde

ORTALAMA AKTHLAR

9. 31

akin.

:1984 Su yilinda en gfok

EN COK VE BN AZ AKTHLAR

akis

1984 Su yilinda en az

Gozleu siresinde en gok akim

akim

Gotlen siresinde en az

iEfel.

SEVIYE OLCERL
DUFUNCELER

:Ah-tdurunu iyi.YiligInde 3 ayr1 anahtaredrisi kullamilmi§, 12 akim Slpisi yapil-
uiftir,

(Seviyeler Cu,

{2.Anahtar edrisi

Akin

Seviye

ARALIK

AKIMLAR | EKiM 1983'DEN 30 EYLUL 1984'E KADAR VE SANIYEDE METRE-KUP OUARAK
KASIH BART
7
T
3
0
{

EXiH

0CAK JURAT
1
N
.80
80
80
L)
8
80
80
2

12.7

4.38

J.48

3

454,44

413.72 31180

244.88

93.10

ToFia

16.02

10.05
5.12

13.35
3.7

8.163
4.16
10.8

3.003
1.53

4.10

10 M AKIH B.OA

ORTALAHA
LT/SW/KH

AKIH. M.

2

817

0.5

6.80

i8.2

35.7 26.9 40.1

21.2

63

399.7 HILYGH H

YILLIK TOPLAH AXIH.

(1984 )

SU YILL

Pik Akim Deferi

Yil iginde 2, Pid.&in Dafarl 1".!-6.

Yil iginde 3.



15 - KIZILIRMAK HAVZASI
1538 - DEVRES GAYI - CELTIECIBA§I

) Kastamonu'mun Ilgaz 1lgesinden Tosya'ya giden

. Km. sindeki Celtikcibagi KiyUns 1 Km. mesafededir.

L}

° 54 23 K

47 08 D - 40

T

karayolunun 22

YABIS_ALANL

2775 m.

YAKLASIK K

2

1962.0

g
a
-~
L}
~”
3
o
(2]
—
I
2%
b~ ]
7]
~”
@
@
—
~
-
-
[an]
-
q
@m
e
o d
Py
2 g
W o
3
o o
~
I »
o E
g3
= 13
ml
mm
=
A3
[=
<
m X
E-4
.w m
E
w
r -
Nl =
Ol
o| O

)

w/en. ( 6.6.1983

265.

Su yilinda engok okim

1983

1983
Gozlem slresinde

AZ

E

EN

)

(28.8.1983
(28.3.1980
( 3.8.1974

en ar akim 1.55 *
558.

Su yilindo

)

an gok akim

0.429

akim

an ar

Gizlam suresinde

Alan durumi iyi. Yal iginde 2 ayri anahter egrisi kullanilmig, 12 akim glelall yapil-

migtir.

Egel.

SEVIYE QLGESL
DUSUNCELER

)

(Seviyeler Cm.._— Akimlar m3/8n. dir.

Anghtar nﬁrlsl

11.

Axim

Saviys
100
150
200

250

Saviye

Akim

41.8

15
20
30

90.0
155.

237.

40
50

352.

300

10.7

AKIMLAR 1 EKiM 1982*DEN 30 EYLUL 1983'E KADAR VE SANIYEDE METRE-KUP OLAFRK
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9.

10.7,1979, 19.9.1979 ile 25.9.1979 ginleri arasinda gift tatbik adilmistir.
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15 -~ KIZILIRMAK HAVZAST
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MEV K SR 47 08 » - 40° '54' 23 ¥) ¥astamonu'mun Ilgaz Ilgesinden Tosva'ye giden karayolunun
22 .Km. sindekd §eltikgibagi Kéylne 1 Km. mesafededir.
YABIS ALANE | ! 192 Ox»:m‘é TAKRIBI RAKIM! H T79 m.
ASAT SURES] ! 1.Bkim.1970 ~ 30.Eylill.1978 . - 3.
ORTALAMA AKIMLAR : Rasat sOrasinds 7.79 m3/gn, (8 yillik) - 1978 Su yilinda  8.473 r /an.
AZAi VE ASGARI AKIMLAR 1978  Su yilindo azemi  okim @ 1539. w'/en. (16, 2.1978 1}
1978  Su ytlinda asgarl akim ¥ 0,960 '™ { 9. 8.1978
Rosat siiresinde araml  akim ¢ 186, w ( 13.12.1976 }
Rasat sdresinde aagari alam 0.429 L 1 3. 8.1974 }
SEVIYE OLGES! . Egel.
DUSUNCELER : Akim durwm iyi. Yil iginde 2 ayri anahtar egrisi ku}lanl}m1$t1r. 3.19.197’! i?f.e 19..10::!:9?'1,
14.17.1977 ile 31.12.1977, 10.7.1978 ile 21.7.1978 giinleri arasinda gift tatbik nd:.lm:_,_.,-‘tlr.
. 3
9. Anahtar egrisi {Saviyaler Cm, —Akimiar m /Sn. dir .}
) Saviya Ak im Saviye Akim
’ 35 0.430 ao . 20.5%
40 1.1% a0 27.5
50 4.25 100 15.0
: A8} 9.00 150 B5.0
T0 14.4 210 168.
AXTMLAR 1 EXIM I9TT'DEN 30 EYLUL 1978B'E XKADAR YE SANIYEDE METRE-KUP OLARAX
GUN EK IM RASIM ARALIX OCAK SURAT MART R1SAN HAYLS  HA2IRAN  TEMMUZ AGUSTOS  EYLUL
I} 2e13 ],Bs 5,70 6405 EPES 4343 1642 3515 7,990 1,85 ja22 04960
: f1gs 1.85 2.70 $i32 5:90 35,8 5i8 2313 6150 : 1.58 §:380
% 1182 I 2118 385 150 i e 24,0 Sl80 1:85 1:33 1:13
5 1e85 1.8% 2.70 2.70 B.50 35,0 516 19.9 4.70 1.85 1.55 1.15
& 1,55 1.85 2.70 3.70 2.9 35,8 1340 18.1 4,25 1485 155 115
7 145% 1485 2480 3,05 24,0 3248 Ba3d 13.2 i 3akeh 1,85 1.55 1a15
a I.5% 1.85 2.05 2.70 2648 2948 2E,3 1 3 308 1.58 1hk2 1.15
9 _};1% 1.85% 2,05 2,70 29.0 2940 39,2 12, 3.05 1.55 *1,15 130
1¢ o3 1,85 2,40 2440 19,9 27,5 4.0 11,7 2,70 1,85 0.960 1.B5
11 * 1,32 * 2,05 2.0% 2a 80 14,7 2045 n31.3 12,2 2.70 1.85 0.960 2465
12 1.32 2.05 +B5 2470 $.54 17,5 2145 1745 2. 40 +15 Q.40 205
13 1,32 2,05 .85 2,40 il.7 laale 25,4 22.4 2,05 1,85 0.960 2,65
14 l.32 205 +55 2.40 11.7 #1142 23.3 16,0 2.0% *1,55 0«960 2.05
15 1,55 2.0% .85 2,40 18,1 11,7 3.3 12.8 Z.05 255 04950 Z.08
18 1485 2,05 +B5 2,40 928 1044 28.3 1444 2,05 255 0.960 . 1.85
17 1«85 205 «85 {AOS 40,0 _3_._?_“_ 30.5 15,0 1.85 o 3k ?.960 1.685
18 L85 2.05 W55 H 24,0 i 21.5 12.2 1.85 + 34 W15 1,85
19 1,85 2,40 «B5 ‘7"‘52‘ 2843 106 22.6 11.2 L.85 34 1.15 1.85
20 1,85 4470 255 2,40 27.5 il.7 24,1 1041, 1.85 1,34 _0.960 1,85
T 21 tas5 4425 55 40 457.0 1540 23.3 54 1.8 24 04950 Lags
) 52 1.88 3.8 1,34 5:49 367 i3 «200E x 2126 1182 19 Q1560 2033
. 21 1455 3.05 *Te 3% 2.70 21.9 1444 23,3 7.50 1,85 +55 ?-960 9gg0
24 1.55 2,70 ¢34 2,70 21,2 1949 21,9 T.00 1485 L+ 34 15 «
25 1.55 2,70 +534 3,05 0.5 19,3 21.9 6450 1,85 Lo 34 1.15 3.6k
256 1.5% 2270 1,55 2.05 18.7 19,3 21.2 6450 1.85 2 34 i.l5 3.05
1,55 2,70 1.a85 3,45 1847 36,3 22.6 £.00 i 2 1.15 2,70
1.5% 2.40 1.85 3,08 416 24.0 29,6 8.00 . i‘g‘ i.l% 2.40
1,85 2.;0 2405 w345 —— il.z 35-5 700 1;55 15 1,15 5.40
1,85 Z.70 2,05 3,45 —— 7u5 32,8 800 .55 W15 G950 e
31 1.85 == 2,40 3,85  meam 15.6 ——— 7450 — 1.15 0,950
TOPLAM 51,177 Tl.75 51456 94,40 857,56  692.2% Bl6.Z . &l3.64 B4 BO 41,37 36,190 5.710
ORTALAMA .65l 24392 1,986 3,045 23,48 22433 27,21 13434 Z.827 t.528 1.167 2,190
LTZSNARM G.841 1.22 . 1.0 1,58 12.0 1la4 13,9 6+B0 lekts S04 T79 0.5%5 lat2
AK MMM, 2425 LT 1Y 2,7 4418 29,0 30,5 35,9 18.2 3.73 2.09 1,59 2489
10 4 AKIM° 4a42 620 532 8,18 5648 5%.8 TCe5 357 Te33 409 3.13 5468
R X A E s R N AN R E S S R A L R R e R L RN L S L N R R E T r NI S S e kN SN AN Sk R EEEME S XEEE TR RS E R EEC IR TR CECTIOCE g s rt==MCEEEX TS
/ 3 2
SU YILE ¢ 19TBE b YILLIK TOPLAM AKIMa 26742 MILYON M 1 1364 MM 0 4632 LT/SN/KM o

€ %) ARIM OLCUSUNUN'YAPILDIGI GUNLERI GOSTERIR. Y1l fginde 2.Pik Akim Defieri 66.5 m /sec. Tarihi 5.4.1978
154 Yal iginde 3.Pik Akim Deferi 54.4  n Tarihi 1.3.1978




- 15 = EIZILIRNAK-HAVZASI
1538 - DEVRES CAYI - CELTIKCIBARI

paev : (33° 47" 08" D= 40° 54"+ 23" X) Kastamematmin Tigaz 1lgosinden Tosya'ye giden Xareyolumm
27 ,Em.sindakd Qeltikeibagyl XGytme L K. masafpdedir.

YABIS ALANI : 1862.0 bg " TAKRIBl RAKIMI TS
sasaT gRES] T L.¥kimi1570 - 30.Eyiil.2o77 . .
ORTALAMA AKIMLAR & fosat slresinde 7,699 w3/fn.  (TyAILK) 1977 Su yalanda 7,787 - B/,
AzAM VE ASGARI AKIMLAR 1977  .Su yriinde wremi cokm 196,  m/en. ( 13.2.1976

1977  Bu yilrnda asaarl  akim 7  9.920 . {24, 72877 )

Rasat ;Er.qihde' .arxami akim H 195. w 13.12.1975 b)

Rosat sGresinda asgari akim ! 0.429 " ( 3. B.1974 ?
sevivE OLGESI ! Egel.
plIgINCELER : Akim dwrumi iyi. ¥il iginde 2 ayri anahtsr egrisi kullanilmagtir. 9.6.1977 ile 16.6.1977

ginleri arasinda gift tatbik edilmigtir.

]
B. Anahtor agrisl {Seviysler. Cm.— Alimiar m /ZSo. dir, )

g Seviye ‘Adam Seviys Akim
) 35 ©.530 B0 22.8
) 40 ‘ 1.55 100 38.0
50 . 5.10 150 87.0

£0 10.3 - 200 153.

70 15.3 250 237.

AKIMLAR 1 EKIM 1976'DAN 30 FYLUL 1977'E KADAR VE SANIYEDE METRE~XUP QLARAK

GUN EKTIH KAS!M ARALIK OCAK SUBAT MART NISAN MAY]S HAZIRAN TEMMUZ AGUSTOS EYLLWL.
i 1 1,96 3,33 4269 7 6.3 5.1 5,60 5 . k2B
2 13 3198 3 ﬂ‘ﬁ 5% 9 }g:? lgia i;:I 5.70 i : La328 L8R
3 «B5 3.96 “4.68 .48 beb 12,1 15,7 15a 489 2 V4720 4e28
i 65 3,33 B84 3,08 1.60 10.3 17:6 17.0 tel0 41 0,920 4,28
5 .85 3,33 10,3 3.05 Bela 10,3 ig.2 . 160 2,15 0.920 4,28
6 85 1,06 9,27 3,05 7460 10,3 17.0 13.9 Tu60 «85 0.920 4069
? B85 3.06 Bakl «05 6460 9.;2 i#sﬁ 13,2 «85 0-9%5’
8 .85 3.08 626 ;,_E 3160 vla 2.1 la.% 50 455 D.920 253
9 a85 19 &£,26 . ®t a9 10,9 b 580 55 G920 N
1 ces 2219 54D 3,08 §128 % Ts B. 68 i1.3 4069 e55 G.926 3.87
11 «BS 3, oh 3,44 6410 7.}0 n B.l4 #1247 442 * 3 0.920 3. 4b
12 .85 3:08 ke Jiee  3gia 148 3168 1.7 3!3? 133 02920 308
i 1 £ T SO 1 ST T £ D 7 PO BN LA 111 L
15 1285 2.79 20:9 3,05 . 1415 ;'.?Q I 1 4169 1z w0920 1,85
1s 1485 2.79 12,9 2,05 52,8 20.9 1410 B.58 4428 1,12 0.920 1.§5
17 i.8% 3108 2.1 3146 TN 2212 1943 i0.3 4449 ¥ 0.920 zigs
i8 1,85 ® 31,33 9476 Sekh 2d.b 1643 2,1 Ged? S50 12 0,920 2.1%
19 1eB5 3.33 8114 3,48 7:1 HH j63 $.78 6160 42 0.920 . g.13
io 2,05 3,05 6460 3,05 L5 N 0.2 Belg 5,10 . 0.920 N 11
21 2.25 3406 % 5.60 3.05 i5. 19.6 9,22 7410 3,87 1 .l
. 33 2.0% 5.33 “.g0 3i08 x%.I %2323 9:;5 °:i° 1146 i:i% B 1 133
o 23 108 3180 “:2g 5.45  ii.3 i‘%"‘? 2344 510 3.0 ¥ I3 s
; 24 3,08 3.93 4.69 3.05 1049 ] el 9.2 75 '8‘3‘5'8 .gs 1255
i 25 * 9,27 ] LYY * 3,05 10.9 2_6.4 * 9,76 Bsla st . 2.1% 1.85
7455 3.96 b6 3446 12.1 22.8 18.9 §el0 2e45 0.920 Zak5 ®.1.55
5140 3396 4169 346 §313 . 0.8 %2_:,3_ iilo 2145 2:333 2:9% 132
- Ga3 3496 ~139 3-57 15,1 19.9 . 3.05 Q+920 3,46 1-?5
2y 6425 3,60 by 9 H.28 - 1 -g L1b, . 3-05 0920 3,87 215
50 468 3,33 3.8 4,28 — 16, 13.% 8. .45 0.920 a.ar 2,15
. S 4032 mom= 3BT hg28  meme 15,1 — 5460 - 0.920 4,28 —
TOPLAM BB.41 100,44 375,22 104420 678.10  4BE.20 271,010 322464 142,00 42,220 47,070 BleuTh
ORTALAHA 2:852 3368 12410 3351 26422 15468 12.37 losal 4733 1e382 1518 20825
LT/SH/M 1eds 1+71 4217 la7} 12.3 . Ta¥9 6.30 5431 2441 0694 CaTTh ladd
AR JHgtH. 3,89 bak2 1645 4459 2949 2144 163 1442 6,28 1.86 2,07 3.73
10 M AKIMN 7485 B85 3244 9400 586 4240 32.1 2149 12.3 ETTY ) 4,07 782
z-:an-zs:nxg:gggz::g;::::::;::::;gu==g=:=7==gz::n::n;_:::xl:g:::n-::I-—-:zngs-n-:l=z=:x‘-==n:----n.-gs-;au.‘-snunn---lltl-u---
R 3 '
S YILD L 1977 )} YILLIK TOPLAM AKIMa 24546 MILYON My 1285+ MM » 3497 LT/SK/KMS.

{ % ) AKIM OLCUSUKUN YAPILDIGI GUNLER! GOSTERIR. Yil iginds 2.Pik Akaim Deferi 159, _ré3/aeo. Tarihi 14.3.1977
152 Y1l iginde 3.Pik Alom Deferi 57;5 ° tarihi 22.3.1977
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MEV K e ia0 sk @ ST Y B . .
(33" 477 08 "D - 40° 54 23 X) Tastasomi'mn Iigar $Tgasinden Toaya'ys giden karayolunun
22, Xm, sindekl Qeltikoibagy kiylne 1'Em, mesafededir.
YAGIS ALANI : 1962.0 K22 TAKRIB! RAKIME @ T75 .
BASATSURES| © 1.Ewim.1970 ~ 30.EyR.1976 . : :
ORTALAMAE AKAAR : fosat sdresinde - 7,685 RB/nn. {6 ya1rix) 1976 Su yilinda  §.250 ‘13/51:.
AZAM VE ASGARI AKIMLAR 1976  Su yilinda ozemi ‘som 1 932 m/em. ( 25.3.1976 )
1975 Su yilindo asgarl akim § 1.00 ‘a " 15.7.1978 )
fosat sGresinds ‘ozaml  ekim ' 175. = ¢ 1.5.197% )
Rosat sGresindas asgori akim 0-429‘ . {  3.8.1974 }
sevivE OLGESI I Bgel.
DUSONCELER ¢ Akim dwruma iyi. 1.10.1975 ile 5.10.1975, '14.12.1975 ile 19.12.1975, 18.2.1976 ile

22.2.1976, 15.6.1976 ile 17.6.1976, 29.7.1976 ile 9.8.197¢ gilnleri arasinda gimleri
araaindas gift tatbik edilmigtir.

T. Anchtar egrisl] {Seviyelar Cm. — Akimiar ma/-Sh. dir . )

- - Bavige Aam 0 Seviye  Akm
) 40 0.630 50 22.0
50 2.25 100 29.3
&0 5.40 120 45.5
10 9.70 150 76.0

80 15.4 200 140,

| AKIKLAR 1 KKiM 19TSYDEN 30 EYLUL 19767 YA KADAR VE SANIYEDE METRE-KUP OLARAK

GUN EXIM . KASIN  ARALIK  OCAE  StiBAl MART  NISAN  MAYIS HAZIRAN  TEMMUZ AGUSTOS  EYLUL
3 : :
t 08 2.79 2644 5.40 1445 1e85
z 3108 5 2479 424 4 #5483 343 s #4 W25 1o
3 W 3128 2319 $:28 3218 i1z g1 gasl 1 §:08 13 1563
o - S8 il1% i3 $e19 119 o a1z 2104 13 a3 1145
3 v08 5152 P 2235 3119 5179 Za02 6126 A H 1288 1:13 itas
& «05 Z2e32 2479 ’ 52 2.79 219 2TeL .Sk 3480 'YL Y] fal3 Y]
7 et $i3 £279 Y 5152 5.73  Za.9 Be2é 3032 1225 1113 i
s 08 3.8 EMT Nt 2135 3.1 z5.7 6ub9 s5B ii3 vas
9 oS 2.8 $i19 13 1 5233 Féea 8e26 _".12 “s - 1li3 ad
10 « 05 2:52 279 25 -8B 5,40 2442 Skl W12 . de25 w13 ledd
5 2as5 _2.79 2 2205 [ TY4] L3 Q% AQ . 5 3 4%
1 32 5.8 2i52 33 a3 §38 A1 .93 :8 132 H§] e o
3 o 2.3 2.8 Vit 2.52 5787 . a3.8 12 3160 s 3 Jagh
3 08 5 2153 i 2:52 Si40 ' 28.6 a2 3:60 23k 113 1
5 3.08 5les 2.53 11 5115 5080 2as9 w 5326 aniz a1 a3 S
8 .05 3.0 2.79 A 2419 3.06 142 *33 5,40 3060 13 a3 45
H » 5.08 3.0 5104 M 2,06  18. 8104 #3206 vai g “ad
. 08 30 3132 3i08 3.08 33.2 . 5126 2.79 155 . vk
g 105 ile 23,33 ] 3,06  a2al 36:1 5383 333 MY 00 4k
0 ‘08 350 a.32 125 #3108 sl.a 20:8 £e26 EM T 2% i3 45
1 » 3422 5 2,06  33.9 7 5.83 19 25 3 1e4
: a i 3.3 a4 KT % ad 1.1 3o04 3:19 ] 3 joad
: OB B BE Em OGBS W3 my m o Bh f BR
L] .
55 5128 FAH 3306 155 T 13 ihte 4% 4132 ‘1a1d 13 :
ot 5 3432 3.0 2452 5847 1he8 4468 : 3 2% 1285
j 3 4238 8 3133 3040 2082 3l ises g:ev : Mt %1 iigs
e s %-ég ;-g 2‘;; 1,33 %.;g 33-% %617 .stig 5-13 .ﬁ Iag-;i
; -
0 2.0 3.0 1132 1188 LI 1R tR ni? a3z 213 R 1]
31 2,05 - 2,08 3,33 — 1044 ———ee 5uBY | mmem 1.85 1.85 —
TOPLAM 85.02  §0.17  90.91 Blabb  TV.55  695.35  Té3.T  £B9.06 120468  k4s27 40,80  AT.T0
ORTALAMA 24065  3.026 24933 24834 4,674 22,46 28479 64102 4a023 1428 1.318 145990
LY/5H/KM 1405 1.54 1.49 1.34 1.36 Fled 12,6 “3a11 2,05 0,728 D671 Q.B1D
AX THghe 2,82 4200 4,00 3460 3042 3047 32,8 8433 5.31 195 “1.80 2e10
10 M AXIM 5,53 P 7.85 7,06 6470 8042 6403 1643 1044 3.82 3.83 La12
R e E AN AR KA EARNENEARIEAEREREAREREREAmCE N EERE AR OE KR XN RICACRARNAARTA fE S NAn AR KA AR IR RS RAN TR AR iR
.
s e 2
50 YIL! [ 1976 1 YILLIK TOPLAM AKIM 197.6 MILYON H s 101 M4 s 3419 LT/SH/KM o
t % 1 AKIM DLCUSUNUN YAPILDIG! GUMLER! GOSTERIRe
150 )
TILLIK TOPLAM = 2287457y  ORTALAMA = 6,250, 1538 DEVRES C.CELTIRCIBASI )
NININUK 1ea50 24050 14B50 1,850~ 1.850 2.520 104300 3.960° | 24050 12130 1,000 1e250

‘KAKS1HUM 24520 5.040  4.680 3.960 © 34330 66.100 524700 92270 Tal20 7 3330 3330 2.050




15 - ETZILIRMAR\HAVZASI
1536 ~ DEVRES QAYI - GELTIRGIBASI

MEVKE L (33° 47" 08" D - 40° 54’ 23" X) Kestamonu'mun Ylgez ilgesinden,Tosye'ye glden karayolunun
22 .Km.- sindeld {eltikeibagi. kiylne 1 Em. .mepafededir. .
YAGIS ALANI : 1962.0 K= TAKRIBI Rakmar : 175 m.

RASAT SORES( ! 1.E1m.1970 ~ 30.EylUL.1975

ORTALAMA AKIMLAR ; Rosat siires!nde 7.2 wifem. (5 yillik) 1975 Su'yalinda 12,0 -~
AZAMI VE ASGARI AKIMLAR 1975 Sy ytlinda azrami akim 175. m3/3n. { 1.%.1975 Y

-

1975 Su yi1lindo asgorl akim 3 0.764 - { 2.9.1975 )
Rosat sicesinde azami okim ! 175. . { 1.5.1975 )
Rasot sireslnds gsgar! akim 3 0.429 n ( 3.8.197'4 H
sevVivE OLGEGI . Egel, : ‘
oUsUNCELER .

. Alom durumi iyi. Yil iginde 2 ayra aunahtar efxai ullanylmigtar. 1,2.1975 ile 28.2.1975,
1.3.1975 ile 25.3.1975, 30.3.1975 ile 15.4.1975 glnleri aresinda gift tatbik edilmigtir:

3
6. Anahtor egris! (Seviysier Cm. — Akimlar m /Sn. dir . }

Sl Saviye Adam Saviye Akim
- ) 40 0.550 100 31.7
50 3.30 130 57,0
60 T.65 160 B

O 12.% 150 127.

o 18.0 230 185

AKIHMLAR L EKIM 1974°¢DEN 30 EYLUL 1974'E KADAR VE SANIYEDE METRE-KUP OLARAK

GuN EETM  KASIM  ARALIK  OCAX  SUBAT MART  NISAN  MAYIS  MAZIRAN  TEMMUZ AGUSTOS  EYLUL
- it . S BACIRAR IRAE il e
1 [ 5 S+18 2.32 & 665 46 8,0 & 1.96 1
) 19 jree * 2133 =3 4 %3 Bn +#9 Pk 1.96 CR L]
3 1a22 155 3181 3.23 4101 3181 B3er 85,2 11.0 2198 iie2 ival
H 1.52 .38 2.8% 5.83 1lel 4001 foio 62.7 5159 2.98 sal 1062
5 1432 1.3% 5132 a1 3.61 4r4ab  47e1 ahis 3.3% 3.96 1341 1.62
5 1022 1455 2432 2.57 3.22 5,57 3643 35,5 18.0 2.96 1e61 5.89
7 1.22 Ie5% e 5132 7:83 Ji8k  33.2 2820 13:1 7.96 iaal Erye]
8 1.2% 1.55 5252 5133 3183 9:46 2847 2307 10.6 5i63 1aa] 2.29
% 1e22 1255 5i08 Z.83 7e83 li-1 3403 31z idel Zi63 1296 1262
19 1237 .33 si06 i3 Z.587  12.5 i0.5 e 21 1z.56 5.3 Bila 2.8
11 1e22 1.81 2,08 2.57 2,32 19,9 %18.b 57.1 11.0 2463 T.21 2.29
12 Lzz <1igl 5i06 3106 57 29.2 1649 5354 1513 2:29 4o it Zi59
13 1.2 1281 2e08 108 5127 580 1614 253 11:0 ii5e 2ei3 1156
1% 1022 1481 Z.06 8 5183 4B.0 15.4 33.% 3159 1,98 3130 1.96
15 1053 ivBl 5106 . SiR3 51.0 a2 a7.6 9.1i 1182 ST fi62
16 1,22 2.06 2008 2406 2.83  5T.0 3,1 75.1 Balt  wlabZ 2496 1.62
17 122 2006  %2.32 2208 2183 56.0 184 51.g 7ozl 14 2.94 1398
is 1153 2106 205% 2106 5183 a7 33.0 3613 6253 4 563 %1196
15 1,38 iia1 5137 «%Z.i0e 5157 48.0 2645 3708 5Tab i1 T 1296
30 1:38 l.sl 5157 FR 5:83 490 7840 Bib 5,02 1043 1096 1.96
21 1.38 YaB) 2132 1.81 2,63 60.0 35,5 4840 4,59 lesl 1.62 1.96
. 32 1.2z isel 233 18] <3123 5640 342D 4643 PAT toal 1041 1198
53 %i.25 1181 5133 1:81 "4150 ®h8.0 3742 ansk ~ 3278, 141 1162 2123
: 35 1022 1281 2206 1281 4340 5740 73.7 507 Fob5 1162 1.83 3128
L 23 ia23 ) 3132 Zi08 4at01  b9.6 $ui3 37.8 EM T 1296 1a4t 5129
26 138 81 2032 2408 4,01 419 58.0 5,02 162 1.4} 2429
27 isda 1.8t $.3% 737 PRI s } azab N 4aib 3073 Iexé 5.3
5 55 1281 5.06 5135 3161 310 4809 3216 4a1d 3163 T ]
A 1281 Zi06 2.32 2122 3.2 821 2518 5302 1.62 97 2.9
.38 2:32 3332 5%l p—— 5.5 87,6 28.5 5.45 1162 §278 ii9s
33 1455 m—— 2432 54,79 B— 6s ——— 212 — leal 0.978 ——
TOPLAM 39,77  52.95  75.38 73,07  92.20 1079.23 1067,8_ 1551.2 263.99 89,17 71024  64.365
ORTALAMA 14283 1.765  2:432 24357  3.293 34,81  35.59  30.04 8.800 2.231 24291 24165
LTZSN/ZXM.  Da856 04900 le24 1420 1468 1741 181 25,5 “eh9 1eld 1417 1209
AX JMy M, 1075 . 2.33 3.32 3.22 4,06 4745 47,0 68,3 1146 3.05 3.13 2,83
10 M AKIM  3.64 4.58 6451 6.31 7.97  93.2. 9243 134, 22.8 5,98 B.l4 5456
==g==kﬂ=l2-=zt=I====='=~1=.—;I====='l==l:EHBI=I======KB=,=ﬁ======]:5‘—':::l:.ﬂ:==:==EI==I====:==‘_‘Z=I==-=:.==I-.‘=‘=3===E’kl:‘
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15 - KIZILIRMAK HAVZASI
1538 - DEVRES QAYI - GELTIKCIBASI:

MEV K . o ] " 1 u
= - {33 47 08 D - 40° 54 23 K) Kastamonu'mun Ilgaz ilgesinden, Tosya'ya giden
karayolunun 22. ¥m.sindeki Geltikcibag: kiyline 1 Km. mesafededir.

YASIS ALANI : 1962.0 =i

: _ TAKRIBI RAKIMI : 775 m.
RASAT SURESH ! 1.Exim.1970 ~ 30.Eyliil.1974

ORTALAMA AKIMLAR : Rasat aorssinde
AZAMI VE ASGAR] AKIMLAR

- 6.884 ml/an. (4 yillaik) 1974 Su yalinda  3.611 m3/sn.

1874 Su yitinda arami akim ¢ 148. m3/sin- { 15.3.1974 )
1974 Su yi1lindg oagarl alim 3 0.429 - ( 3.8.1974 }
Rosat sGresinde azami akim 1 148, ot { 15.3.1974 }
Rosat sdresinde asgari  akim 0.429 " { 3.8.1974 }
SEVIYE OuLcESi ' Egel,
pUSUNCELER :

Aom durums iyi. Y2l iginde 2 ayra anghtar efrisi kullanmilmgtir. 15,.3.1974 ile
21.3.1574, 12.5.1974-ile 20.5.1974 giinlari arasinda sift tatbik edilmigtir.

5. Anahtar egrisl (Seviyslear Cm. — Akimiar n?/Sn. dir .}

7) . Saviya Akirn Seviya Akim
50 0.720 100 27.5
60 2.83 120 46.0
T0 6.75 140 66.0
80 12.2 160 90.0
90 19.0 200 140.
AKIMLAR | EKIM 19T3'DEN 30 EYLUL 1974%E KADAR VE SANIYEDE METRE-KUP OLARAK
o e e e e L e i e e e CO ———— — ——— Y _———— - ———
GUN EKIM  KASIM  ARALIX  OCAK  SUBAT MART  NISAN  MAYIS  HAZIRAN  TEMMUZ AGUSTOS  EYLUL
1 1162 2463 6 1:96 3.30 5.18 5.67 3,81 L 0.526 1.05
z 1:62 g 2.63 31 1317 3i30 5IE 5.0 7,83 i3 0524 105
3 1163 3129 3:83 2183 1.96 TR 1y 3 5157 0r886 4 1:05
4 183 229 3.43 2129 2139 o 6136 1048 5157 GiBR6 . 1.08
5 1.65 2124 2.2% 2:29 5159 PRET 3.97 a.93 5152 Ci886  0.429 1.05
6 1.61 1.96 2.29 2.29 2429 3.73 5.57 8.39 &40 0,886 Q.42 1.0
7 182 1196 3.%9 2.29 1.56 3273 5097 6.75 3781 0.886  Qaki9 1022
8 1:62 196 5159 Si%e 196 3.73 3797 S.18 2183 9vga6  0s44%  Tedd
s 1063 196 2,33 T 2.29 5102 5157 5979 5157 0i886  D.AZ9 1232
10 1:62 2.29 3.59 156 3183 2102 3:87 3197 5106 1:03 6v429 1:2%
11 1.62 2.29 2429 1067 2.96 4.59 5.18 9,48 2,06 1.05 0.526 1.05
12 3.29 2429 2.39 1Es 2196 8102 5,18 17.0 1261 #0.886  Q.823 1.05
13 258 2229 3139 1.6% 2.96 9r64 557 1514 1a61 UWBBE  Da623 Lad5
i% 135 FL 5159 1162 Zi63 2044 Bi36 1341 138 0,886  0.643 1105
15 1056 wZ.39 2e63 1v63 563 §o.0 wbi75 7i30 s1.22 0v886  0.623 105
16 1:96 2029 2.96 1.62 2063 #4740 6475 5,97 1.22 0,886  Debl3d 1.05
17 2.29 2.29 FT13] 1763 2096 2548 8193 Be39 1.22 0.886  0.643 0,88
18 3.%9 2259 «Z.83 1,96 3.96  19.9 G.4d % Ba39 1238 S.886  Dibd3 “huEtE
: 19 1.96  w2.39 7283 1198 2166 Iia? T30 6136 3106 0vHEE Ve 0.386
i) 20 1+98 2.9 3183 118€ 7296 loas 730 TiB4 161 01886 LeT2u divso
- 21 1.96 2429 2463 1.96 2:96 #1040 6.75  17.0 2.7 0,886  Da720 0.886
22 1496 2.29 2.63  #1.96 296  10a0 BeT5 1249 2.086 0.886  Qa886 0-BB6
i3 %196 .29 5l83 1.96 2:56 1040 6+15 §ran Sius 0:886 . DLEBG
34 1496 3.39 5129 1162 2.96 1242 6473 % bi1s 1eB1 prage  D.bHG 1,05
7" 2.29 2.29 5163 1.62 w3130 1isd MK 8136 1281 Oi864  «0.720 1105
2463 2.29 2.63 Leb2 3,73 8,93 5.57 5,18 1455 0.886 U720 1.09
2 .63 2.29 2.63 1.96 EFNED 8439 5.36 4uhC 1.22 G886 D.T2U 1.05
28 3:29 2159 2163 1496 .73 7id4 8i38 4201 1.22 0i886  0.720 1495
i 1456 5.56 5165 W LI 5le7 I T 361 1232 0:720  w.720 1.95
4] 198 T Zi83 1:96 3ZD dley ara0 3.22 1282 0.730  o0.72u 1.05
31 1496 ————— 2463 1.96 wemms 5457 memmm 4440 mmemm 04623 0.BHE  —mmee
TOPLAM 61.12 67.73 78¢12 61435 76.53 380,73 188,13 263,132 62,98 270697  19.296 31,03
ORTALAMA  1.972 2,258 2.520 1.979 2,733 12.24 62274  Bu4BE 2,099  0.893 0,623 14034
LT/shsRMS 1401 1.15 1.28 1.0} 1.39 6.26 3,20 4.33 1.07 0455  0.31H 045i7
AX [uybots 2469 2,98 3ehs 2.70 3,37 16.8 8.28 1146 2.77 1.22 D.B5U 1.37
10 M AKIM 5428 5,85 675 5,30 6261 329 1643 227 5,44 239 1e67 2.6k
ZTECE=STFEREIRSEER =========-‘»B=_=======Z=k===€=====:========::-1:::=:====;===:::::::::::Z::::W:z:k=============:=====
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15 - KYIZILIRMAY HAVZASI
1538 - DEVRES JAYI - GELTIKCIBASI
MEVKIi 0 o' " o m
F—r—a 1 {337 47 98 D - 40° 54 23 X) Eastamonu‘nun Ilgaz ilgesinden, Tosya'ya giden ¥arayolunun
22. Km, sindeld, Qeltikeidagi kiyime 1 Km. mesafededir.

N :
YAGIS ALANI $1962.0 K.m?

RASAT SORES[ s 1L.Eki=, 1970 - 30.Ey1il.1973

ORTALAMA AKIMLAR : Rosat slresinde

TAKRIBI RAKIMI ¢ 775 m.

7.974 m3/sn. {3 yallik) 1973 Su yilinda  7.560 m3 an.

AZAMI VE ASGARI AKIMLAR 1973

Su ytlendo ezami  akim 135, m3/sn. € 15.3.1973 )
1973  Su yihindo asgart ckim ! 0.550 » { 1.8,1973 )
Rosat siresinds azami akim  ° 135, n ( 16.3.1973 3
Rasat siresninds asgarf akim 0.550 " ( 1.8.1973 )
SEVIYE OLCEGI : Egel.
DUSUNCELER

Aarm duruma iyi. Yil icginde 2 ayr: anahtar egrisi kullanxlmigar. 13.2.1973 ile 26.2.1973,

17-3-1973 ile 28.3.1973, 15.5.1973 ile 20.5.1973, 2.8.1973 ile 13.9.1973 ginleri arasinda
§ift tatbik edilmigtir.

- ) 4. Anchtar egrisi (Seviyelar Cm. - Akimlar msfsn. dir . )
) Seviya Akem Saviye Akim
40 0.550 100 36.0
45 1.62 : 120 52.0
50 3.30 140 70.0
35 5.45 160 91.0
£§0 B.30 200 140.

AKJMLAR 1 EXIM 1972'DEN 39 EYLUL 1973't KADAR VE SANIYEDE METRE-KUP OLARAK

GU Ex]v KASTH ARALITK CCAK SURAT MART HISAN MAYIS HAZIRAM TEMSUZ  AGUSTUS EYLuUL
__________________________________________________ U Vo P i - - e e
1 GalC 2.47 3.77 Z23.3 3z2.5 il.g EPE-] Us Iel¥ 1.1%
2 3217 31 EYLT] 2.47 3,77 N 31,1 T2 3la §e22h %,Eu 11y
3 3245 Fel? Ga32 2e7 345 1i.+8 311 1041 EXR 0+55C . l1.1%
& 3ah5 Tel? 4457 2alt 3.45 9. 04 32.% Se58 .12 04550 1419 1.1%
5 3a85 6456 4210 Fel] 3.12 8.50 29.17 YeSa ) D154 [T 21 1el¥
L] 1.17 6.66 .77 280 EFL Y] 2,58 3245 Y04 2.26 2429 veYTH l.4¥
7 Jale 6,20 317 280 J.05 1041 gg.g B.5U 2elts 2029 Ce¥le %._‘{Jﬁ
8 3.12 HeTH 3.77 2.BD EFLY] A 04 . Ta54 Zadh 2463 Ga5TH 2 1Y
s 3412 9+78B 3445 3.12 3.4% 6.20 24,0 bbb 2alh 2429 G Thu laly
15 3al2 5.78 3.12 3.12 345 64+ Z0 2241 6e20 2eln le64 ~e55u 1.1%
1% 3.12 Se 306 3.12 Jel2 .77 8450 2247 SuTH 25.+% lekl eSOy laly
1z +B 5.36 .12 3.12 158 la,.1 2241 S.7b ) laa} Sebbuy Loy
13 S*E% 5.36 2s80 3412 wld.l 2440 2.6 494 Ba¥7 1uti] Gabbu 2429
14 280 5.35 2480 2.80 17.0 2247 216 4,452 b5y Latel 2.55U lu9e
15 2.80 5436 * 2+ BY 2.d0 la.% * fg,0 1. ! Lelu SaU2 2496 JeP2U iebe
15 4410 5.6 2480 Z450 1240 1Ub. %15.48 4ulu LEYET £ab3 Jeubu A lepz
17 1841 S 38 3.12 % 2.80 1644 LY 6.7 4,10 Saidi latb2 vaedby lebd
18 « 6420 4444 3,12 Z2.82 2241 2529 1244 4452 4459 la62 [VIS-T-1V) lebe
16 Ta12 4430 Jadd 2uk? 2343 ig.7 lie2 % 4aSE bdalb lasl vespi leb2
26 9.0 HaTh EFE’L] 2.80 i9.9 18.7 1947 “allU 3.73 1.19 Vaedpu lab62
Z2i £+04 6,57 3.45 3.12 11.3 15.48 10.7 3,77 2 E Da978 T+55u
22 Ta58 4252 .45 3.17 11.8 14,7 10.7 Fabd 2+63 1,19 ey
23 1641 be52 145 ERR Y 1246 1148 10. 7 3.l 2e2Y 1419 D bbbyl
24 1548 G52 3.12 3.12 13.7 Kll.8 9.54 £189 labog Lal9 Dabhd
25 2343 4,10 3.12 2.680 9,58 [ V5T 241 Loul .19 D.5h0

25-2 4,10 Ik 2280 21.0 2241 26.3 whal0 i.lz 0.3;5 ':]r-;bto

. aylG .32 3,17 284 27 n G4 o3 1] i cTou
e 3 452 3.50 3113 b 5741 2004 P Oiwia ds578 Sivlty
29 14al 4252 2.80 Jeuy  —mwoe 9.2 17.0 3,45 Ju%TH Ge97d Cevld
30 11.2 bah2 Aats? 33T e J2.1 12.9 3.1¢ Ualba G.97TH “ 5978
31 9458 247 37T 27al PR Y V278 1l
TOPE AM 209440 163,00 104,01 90,70 315.64 BHA, 26 638,28 175456 1264719 Ll 760 eTelul 59138
ORTALAMA Rabug Se633 34355 24826 13,42 2220 21.28 Seb0 s Ly in?¥ L.379 JBBU 1e9%1%
LT/SHIKY Lkl 2.77 T.71 La49 [39:1] 11.3 10.H 2.8y 2.1 G.702 Deauy 1.0}
AX TV oM, 11a9 7.18 4256 399 1645 30.1 28al Tal3 5.4y 1+68 1.29 2463
b 3
10 v oAkl 23,3 Tu.l 3,59 T.80 32,5 59.5 55,1 1942 16 3.69 2e3b 516
FREREZTESS =S IR T iECn iz fELSEZIoSTEEIRETSFSfo LI ITEmELiolEESLIIZLEZTECRiZEiSsFoosraio.ziLTICSSZIiSTESSICSLECIEAETSYo=o¥SZSISSSESEESEFS
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MEVKIT

yAGIS AL AN’

RASAT SUREST
ORTALAMA AKIMLAR

AZAMI VE ASGARI AKIMLAR

15 - ETZILIRMAE HAVZASI
1518 - DEVRES QAYI - CBLTIXCIRASY

1 L] i
: (33° 47 08 D~ 40° 54' 23- K) Esstamonu'nmun Ilgaz ilgesinden, Tosya'ya giden karayolunun
22. Em. sindeld geltikeclbag: kiylne 1 Kl mosafededir.

sevive SLGESI
DUSUNCELER

: 1962.0 K> TAkRiBi Rakeai @ 775 m
D 1.Ekim,1970 - 30.Ey141.1972
: Rosat sures |nds 8.181 m3/sn. {2 y1ll1k} 1972 Sswyrlinda 7.8%0C mj/an.
1972 Suyitinde azami akim ¢ 88.8 mB/Eln- { 10.6.1972 ) '
1972 Su yeilinda asgorl akim ! 1.04 " ( 21.8.1972 )
Rasat sireasinde azami akim 1 94.3 u { 26.3.1971 }
Ragat suresinde asgarl  akim : 1.04 * { 21.8.1972 }

+ Egel,

s Akam durumua iyi. Yal i¢inde 2 eyri anahtar egrisi kullamilmigtir., 12.311.197) ile 31.11.1971,
15.2,1972 ile 11.3.1972, 30.3.1972 ile 4.5.1972, 13.5.1972 ile 9.6.1972, 24,8.1972 ile
23.9.1972 glnleri arasinda pift tatbik edilmigtir.

3. Arnahlar egrisi (Saviyaier Cm. - Akimiar m3/5n‘ dir . )
‘Seviye Axam Seviye Akim
30 0.610 100 36.0
40 2.47 126 52.0
50 6.20 140 T70.0
60 11.2 160 9.0
70 17.0 180 114,

ACIMLAR 1 FXIM 197L'DEN 30 EYLUL 1972'YE XADAR VE SANIYEDE METRE~KUP OLARAK

GUR EKlM

OCAK

LASEM ARALIK

SURAT MART NISAN MAYLS HAZLIRAN TEMMUZ AGUSTOS EY¥YLUL
1 [+] S5at8 3.16 Bets 2 23.3 18.7 8,50 9.04 2ah7 4452
z 4158 123 Beak 3,18 $:20 16.1 TS 1740 §158 9,58 5:01 6120
3 2405 2.80 5.0k 3,16 2.55 1327 ; 19.9 10.7 1447 1.78 4.52
y 2405 Z.80 44560 .16 255 11.3 3 2044 Ba50 15+3 Tabs 245
5 2:0% 2+8B0 LR 3.16 2:55 15.5 19.9 2549 G 04 A5.3 1455 2«80
? 22730 280 Lagt 3.l6 Z2abb 217 252 43-% 9. 04 21,0 1255 Z2aln
2430 280 3.88 316 2455 1948 FATY S - 10.7 12«4 1abs 2ol
8 2+30 2.80 Ge2h 3.16 255 18.0 24e0 25.9 «i2.4 10v1 ®i.55 3.45
9 230 280 Gu2lb .18 2-35 2lsl FLTY:) 19.9 1beu B+04 t.sﬁ 4elD
16 7435 3,80 424 316 2,380 3503 51,0 1543 42.0 Er66 185 .12
11 % 2«30 *24.80 T.88 3.52 2.80 316.0 2.7 1441 3la1 B3.04 1432 .12
12 2430 2480 25 3488 280 gg.g 2B+5 141 Z1la.U .04 Ta32 2+80
13 2430 2s RO N T.98 280 . 23,3 lba 12.9 ® Ba0OuU 1edb 2ok
14 2+30 7,80 13.1 11s 2.80 2148 21508 L4a7? 1044 7.58 1455 2e24
15 230 2.80 be38 255 3,62 1345 11.2 13e5 T.58 P-4 1785 -x3.s7
16 2430 ZeBO &35 255 hall 1447 12.4 101 606 3.12 155 2ei?
17 2.30 2.80 5492 2.55 1,88 2247 1543 8450 5,78 2,80 1237 2020
18 3.30 2,80 5,92 2455 3,88 2540 12.% Bu 04 5,36 4252 1.32 2,01
19 2430 2+80 5104 2:5% baeli A2Za41 Tle2 Tall 4a52 536 1.32 d=01
20 2455 2+ B0 4o 60 2455 LYY4] 193 181 6420 G4a52 410 is18 2401
z1 2455 42,80 K 4.50 2,455 44a20 17.9 1.1 5,78 Bab0 3,45 lelt 201
32 2455 3.57 Gebd 2.80 4024 1146 16.6 5,78 B0 2.80 1.32 2.0}
5 T E R TS VO T S £ S 13 O 1 R 15 S b1+ S 64 - B #4.7 B iy ERY
w O -
54 =8 4z Liou PR 4e80 101 %1518 Tii2 98- 1.55 Lt 371
2 R A IR B I T A - S 4 4+
& -
i S0 1% 3,57 5.B0 3104 5318 1871 Zisg : T Be%0 4r10
29 280 LeZh ® 7280 280 5.92 . 15.8 hall fah2 9.04 4410 8450
30 2480 474 Y 1] 2.55 T2 2844 i7.0 3.7 P 5,78 345 TLTE
31 2480 —— 316 2455 -— 2448 - bbb —— 345 2480 _—
TOPLAM 75405 96,79 19296 91439 102,86 588480 577.8 41799 302,20 2u4l.63 99,30 10109
ORTALAMA 2421 3.226 &u22% 2a948 1.547 18499 19«20 L3s4B FCa07 TaT19% 3-503 3-370A
LT/SR/KM 1423 1a64 3a17 1450 1481 9,68 9462 Ba87 5413 3.97 1.53  la72
AR [ gms 3.30 4,26 8450 4,02 4,53 25.9 25,4 1844 13.3 10.6 4,317 P
10 M AKIM HebB Belb 6.7 7.90 B.BY S50.% 4949 36.1 26al 20.9 8.58 Ba73
--lstl:-:::-lxizn:::-x:::-:nl-.e:.—_:gg:-z:ﬁktzsl:z:n:-x::z:az:x..===a==;=::x;=:====::=x:=====sa::::=.-.-:=:=====ull-‘-‘===Il=lil==
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