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Fig.8-3 Flow Net Diagram of Right Bank (Slice Section EL.80M)
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Fig. 8-4 Flow Net Diagram of Left Bank (Slice Section EL.80M)
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Seepage Flow Distribution (%)

Seepoge Flow Distribution (%)

Fig.8-5 Seepage Flow Distribution {Slce Section EL.80™M)
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(2) <Cross Section Analyses

The cases for which analyses were performed on the

cross sections selected in (1), are shown in Table 8-2.

The calculatfon wodels for the various cross sectfons
are shown in Figs. 8-6 through 8-11. The rvesults of the
calculations are showa fn Tables 8-3 through 8-5 and Figs.
8-12 through 8-19. Tables 8-6 and 8-7 indicate total
amounts of leakage from the reservoir conputed based on the

seepage flows shown in Tables 8-3 through 8-5.
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Table 8-6

Total Amount of Leakage from the Reservoir

Unit: n3/nin
T
Perceability . Grout (A) Grout (B)
Coef. Ron Grouted (EL. - 60 n) (EL. ~ 120 n)
6.51 5.66 5.64%
25.24 17.28 15.29
K3 46.67 2%.29 23.29
Table 8-7 Apount of Leakage at Dan Foundation
Unit: nd/oin
Permeability , Grout (A) Grout (B)
Coef. Kon Grouted (EL. - 60 m) (EL. - 120 m)
K} 1.68 0.85 0.8%
K? 71.68 2.72 1.88
K3 15.21 4.60 2.87
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As is clear from Table 8-6, the amounts of leakage for Xi
are 6.51 n3/nin in case of non grouted and 5.66 n3/nin and
5.64 n3/nin 1a the case of grouts (A) and (B), and the differen-
ces are small. This is because the coefficient of the bedrock
(K = 10 Iu, facles of Koprilcay Conglomerate) is low and there is
practically no difference compared with the coefficient of the
grout curtain portfon (X = 5 Lu) so that the effect of the grout
curtain does not appear prooinently. On the other hand, the
amount of leakage is 46,67 n3/nin in case of the extended coef-
ficient K3 with non grouted, approximately 7 tices the case of Kl1.
As for the cases of K2 and K3, the effects of curtain grouting
are proainently seen, and compared with the case of nen grouted,
the reduction rates im amounts of leakage ave 32% (zrout EL.-60 m)
and 39% (EL. -120 =) for K2, and 37% and 50% for K3.

The relationship between this amount of leakage and the
water balaace of the reservoir (annual average inflow and storage
capacity) expressed graphically is shown in Fig. 8-20, and in
case of K3 with non grouted, the amount of leakage will be 0.09%
of the annual average inflow, and 0.013% of the total storage
capacity. Although there is especlally no criteria f{on the way of
an allowable maximum value of quantity of leakage, fron the
standpoints of safety of the dan and the storage effect of the
resexvolr, there is sone exanples of rules shown in Table 8-8,

which eriteria can be used as a reference,
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Table 3-8

Hinistry of Agriculture,

——

Examples of Peraissible Maximum Leakage Volume

Within 1% of Reservoir Inflow

Forestory and Fisheries Japan Hithin 0.05% of Reservoir
capacilty
Semator Wash Dam U.S.A 240 n}/oin
(Earth Dan, H = 29 n) foen
S 7 _—
Feistritz Dan s
(Rockff1l Daw H = 22 m) Australia 180 #t/min
Bistrita Pam 3
~
(Rockfill Dam, K = 13p g¢) | Fumania 60 % 120 n°/nia
(Reference) K3, Non grouted
Begkonak bDam Turkey 0.9 Z of Reservoir Inflow
{Concrete Dam, H = 165 o) 0.013 Z of Reservoir Capacity

46.67 nalnin
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Fig.8-8 Calculation Model of Right Bank (R-2)
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Fig.8-9 Calculation Model of Right Bank (R-3)

Permeability

Legend Coefficient (cm/sec)
{R1 River Deposits Ki= i x1072
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B5] Shale 8 Sandstone (Surface Zone) Ki= 2 x 1074
(E] F-1 Foult Zone Ki=4 x10™*

FM) Fault Zone Ki=3xt0o*
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Fig.8-11 Calculation Model of Left Bank {(L-2)
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Fig.8-12 Seepage Flow Diagram of Right Bank (R-1-01)

Condition ; Grout None
Permecbility Coef. Ki

X HWL 15000

¢ TWL 4000

Max Velocily 4.23 x 107 am/sec
Seepage Flow 7.78 L/min/m
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Fig.8-13 Seepage Flow Diagram of Right Bank ( R~1-03)

Condition ; Grout None
Permeability Coef. K3

_150™ g HWL. 150.00

Max.Velocity 1.85 x 10 SemAec
Seepoge Flow 52.30 £/min/m
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Fig.8-14 Seepage Flow Diagram of Right Bank (R-1-Al)

Condition ; Grout  £L.-60M
Permeability Coef. Ki

v HWL 150.00

Grout

Moax.Velocity 2.74 x 104cm/sec

Seepage Flow 7.75 L’'min/m
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Fig.8-15 Seepage Flow Diagram of Right Bank (R-1-A3)

Condition : Grout EL.-epoM
Perrneability Coef. K3

Max Velocity 1.47 x K 3cmsec
Seepage Flow 39.78 #/min/m
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Fig. 8-16 Seepage Flow Diagram of Right Bank (R-1-8I)

Condition ; Grout EL.- |120M
Permeability Coef. Ki
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-100
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Fig.8-17 Seepage Flow Diagram of Right Bank (R-1-B3)
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8.1.5 Secepage Flow Analysis in Case of Existence of Predontnant
Joint

Tthe seepage flow analysis perforced in 8.1.4 considers the
bedrock as a homogeneous continuum, and the amount of leakage was
computed according to Darey's law, assuning eacroscopically
equivalent coefficient of permeability. On the other hand, in
case of existence of predoninant solution cracks in the bedrock
assumed to be a homogeneous continuum, the seepage flow in the
bedrack may be considered to Pass malinly through the cracks.
Bowever, in case cracks is not uniformly distributed and the
bedrock cannot be handled as a continuun, it is necessary in
seepage flow analysfs to consider the joint elecent as a model of

cracks shown in the Figure below,

Seepage Flow in the Crack

In considering the seepage flow through cracks in the
bedrock, by assuaing that

(1) Both sides of the crack are fmpervious

(2} Soil particltes are not contained in the crack, and only
seepage water exists

VIIL-5Y



(3) The seepage flow {s laminar flow only
(4) The Kavier-Stokes equation is applied to seepage flow

the average flow velocities Vems Vyn and V,. in the cracks may be

expressed by the following equations:

- _8{2a)? au aH

Vxm ~ 12y 5x ﬁ'ax

2 3

v, - -8{(2a)" aun _ H

ya 12y ° 3+ K:i'ay
Vag = 0

According to the above equatfons, the hydravlic charac-
teristics of the seepage flow in the bedrock may be said to be a
potential flow where pereeabllity coeffictent (Kj) 1s a function

of the coefffcient of kinezatic viscosity Y of water aad crack
width 2a.

Figs. 7-17 and 7-18 show the results of arrangeoent of the
widths and distribution of solution cracks in the bedrock based
on boring logs and test adit data. As is clear fron the figure
the distribution of cracks in the bedrock 1s extrerely frregular,
there are calcite and clay intercalated in the cracks, and it is
NOt an easy matter to select the effective widths of eracks

through which seepage flows pass,

According to the core boriags,

(1) In the viclalty of the dam site, solution cracks are
recognized to occur at the space of 7.8 n on the

average.
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(2} Average width of solution cracks s 0.9 ¢m and thoge
cracks, which are wore than 2 cnm wide, comprise

approximately 10% of al} cracks.

{3) At the permeability tests in drillholes, those sections
where injection pressures didn't reach the required 19
kglcaz, are estimated to occure at the space of 25.2 i

on the average.

In additfon, according ta the test adits, average width of
solution eracks ts 2.3 cam.

In performing seepage flow analysis in case that predoninant
solution c¢racks exist in the conglomerate, it 1is necessary to set

the effective width and the space of cracks.

Effective widths of cracks were set to be 2 ca making
reference to measured values in drillholes and test adits. While
taking consideration of calcite and clay intercalated in the
solution cracks of 2 cn wide, effective widths were also set to

be 2 mn, which corresponded to 10Z of 2 cm.

According to the above items of {1) and (2), solution cracks
are esticated to occur at the space of approximately 80 n
{# 7.8 + 0.1). On the other hand, by the results of permeability
tests in drillholes, continuous cracks are esticated to exist at
the space of about 25 n. Therefore, solution cracks of approxi-

wately 2 cg wide ace considered to exist at the space of 25 - 80 pn.

In seespage flow calculations, the space of cracks of 2 ca

wide were set to be 40 - 60 n in the range of EL. 60 n - EL.-120 n
referring to Fig, 7-9.

The calculation cases were shown in Table 8-9. The results of
calculations are shown in Fig. 8-21 and Table 8-10.
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Table 8-9

Calculation Cases

Effective Calculation Cases
Section width of —
crack Non Grouted Grout {A) Grout (B)
Right Bank 2 oo - R-1-A1-C} -
(R - 1)
2 ¢nm R-1-91-C2 R-1-A1-C2 R-1-B1-C?
Table 8-10 Result of Seepage Flow Analysis Along Solution
Crack (R-1)
Unit: f£fpin/o
. Grout (A) Grout (B)
Non grouted | oi 60 @) | (EL. - 120 n)
Considered width 2 12.6 7.8 1.7
Crack width 2 cn 148.0 91.3 40.8
Non Considered Perceabilicy
Coef. K1 7.8 7.8 7.7
Crack " K2 28.3 23.5 21.6
{Reference) " K3 52.3 39.8 32.8
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As a result of calculations, conmpared with the case of no
cracks and assuning the bedrock to be a homogeneous continuum,
the amounts of leakage in case of crack width of 2 cm with non
grouted are 19 tipes larger (= 148.0/7.8) for Kl, 5.2 times for
K2, and 2.8 times for K3,

Although it cannot be declared at the present that predoni-
nant solution cracks are continuous throughout the bedrock in the
vicianlty of the dan site, it is predicted that leakage of the
extent fndicated in Table 8-10 would occur at parts,

¥Yor the sake of reference, when the ratio between leakage
azmounts in case of considering cracks of 2 cn widths at this R-1
cross section and In case of assuning a homogeneous continuun, is
applied to the entire range studied in 8.1.4, the amounts of
leakage from the reservoir will be shown in Table 8-11,

Table 8-11 Total Amount of Leakage
along Solutfon Crack

Unit: @3/ain

Grout Condition Leakage
Non grouted 123.7
Grout (A) EL. ~ 60 p 66.2
Grout (B) EL, - 120 & 79.9

8.1.6 Considerations Regarding Seepage FPlow Analyses Results

As a result of the seepage flow analysis perforced under
8.1.4 and 8.1.5, it was succeeded in numerically grasping the
leakage from the reservofr and the leakage prevention effect by
the grout curtaln.
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The Lugeon values of the Kipriscay Conglomerate in the vici-
nity of the dam site obtained from results of pressure tests are
high at 10 - 70 Lu in the 20 - 40 m of the surface layer. Deeper
than 40 o the average 1s 5.9 Lu, with 74% of the whole indicating
1 L or less and 7% showing 10 La or more. While, there were
7.9% of the whole wheve injection presures at tops of holes were
less than 0 kgfcr_r.2 in permeability tests, and it is thought that
karstification has progressed at these sections. The Kdpriicay
Conglorerate at this portion has a complex geological structure,
and it is imagined that a considerable acount of cavities such as
solution cracks, exist in parts with Lugeon values being higher

than the seasured average of Kl.

In general, it would not be erroneous to assume that seepage
flow inside bedrock will conform to Darcy's law in case Lugeon
values are low, but when Lugeon values are higher than 20 Ly, the
condition of seepage flow may be consfdered to be close to pipe
flow. In addition, observed data of actual leakage greater than

calculated values have been reported.

It has been observed that the groundwater level in the vici-
nity of the danm site Is lower than the river water level. This
is thought to be due to the Képricay Conglomerate in this zone
having been subjected to karstificatfon so that the watertight-
ness is small. However, the relationship between this state of
the groundwater level and the fact that the Lugeon values fn

perceabllity tests are low, has not been clarified.

In spite of there being an above problem, according to the
geological investigatton perforred so far, large scale and con-
tinuous selution cracks and seepage paths have not been confirced
in the bedrocx in the vicioity of the dam site, while measured
Lugeon values indicate low values as a whole, Consequently,
vithioe the scope that the lnvestigation data provided by DSI are
applied, particularly the data of permeability tests and the

laformation about solution eracks, the behaviors of seepage flows
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8.2

8.2.1

and amounts of leakage obtained by this analysis can be used as
reference data for the curtain grouting plan. If additional
information concerning the bedrock ia the vicinity of the danm
site can be obtained by more detailed hydrogeological investiga-—
tions hereafter, it is expected that Lugeon values of even higher

accuracies will be attained.

Curtafn Grouting

Proposal for Curtain Grouting

Curtain grouting works were planned to be 200 m of the danm
site, 1,200 a of the right bank of the reservoir, and 650 m of
the left bank in order to prevent leakage through the bedrock in
the vicloity of the dam site.

The directions of faults and solution cracks were northeast
to southwest as described in 7.3.4(3). leakage prevention effect
could be secured with a direction orthogonal to the streanm line
direction of seepage flow obtained as a result of the plane ana-
1ysis in 8.1.4(1). Therefore, the grout curtain courses were
selected to be along the reservolr in a westward direction froa

the dan site at the right bank and in an eastward direction fron
the daa site at the left bank.

The greater part of the leakage will occur conceatrated in
the vicinity of the dam site according to analysis in Figs.
8-7(a) and (b). The anount of leakage will not be increased so
ruch evea if the length of the grout curtain were to be halved.
Bowever, It was decided that the curtain grouting shouvld be per-
formed in ranges thought to be high-perceability zones. 1In
effect, the grout curtain should cover the faults P-1 to F-3 and
thelr sheared zones at the right bank side, and to the line of
partial contact with the fampervious Beskonak Foreatfon at the
left bank side. With tespect to the left bank side, although the
boundary between the Beskonak Formation and the subjacent
Kipriucay Conglomerate is indistinct, since the greater part of
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the surface portion contacting the reservolr is covered by the
Beskonak Pormatfon, it s judged that a natural water barrier is
constituted. The grout curtaln was planned to contact the

Beskonak Formation distributed at the surface,

With regard to depth of grouting, for the dam site vicinity
it was taken as EL. -70 p of the zone where solution cracks are
proninent, while for the wings at both banks it was wade EL. O

which reaches below the groundwater level.

According to the above, the total area of the grout curtain
will be 380,000 n2,

Through provision of the above grout curtain, leakage from
the reservoir according to numerical anz2lysis would bde the

following:

(1) In case the bedrock is considered as a honogeneous con-
tinuuz, if the perceability coefficient is assured to be
approxinmately 10 tices (K3) the average lugeon value of
Kgpriicay Conglocerate, the total amount of leakage will be
approxirvately 310 m3lnin, and there will de a reduction of

approximately 377 fron the case of non groukted.

(2) In case it is assuned predoninent joints exist in the
bedrock and there are cracks of 2 cm wide at intervals of 40
to 60 n, the total amouat of leakage will be roughly

70 a¥/nin, and the reduction will be approxiwmately 46X fron

the cace of non grouted,

The above esatter will thus serve as reference data for the

grouting plan.
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8.2.2 Considerations Regarding Grout Curtain

Curtain grouting has been planned for a very large area of
380,000 m2, The main purpose of this grouting is to detect cavi-
ties in the bedrock such as solution cracks, and since the non-
carstified portion naking up the greater part of the Kspricay
Conglonerate indicates low Lugeon values, the actual armount of
grout fnjected is thought to be very small. However, con-
centrated grouting will be required at the solutions and sheared

zones detected as a result of boring.

It can be said similarly regarding Oymapinar dan now under
construction on the adjacent Hanavgat River, where the amount of

grout infected is shown to be very small as a whole,

The range of the grout curtain in the vicinity of the dan
site was planned over a horizontal length of approxicately 2 kn
and an area of approxicmately 380,000 52, giving thorough con-
sideration to the geological structure and hydrogeology of the
surrounding bedrock, and referring to the results of seepage flow
analysis. It is thought some leakage will not be avoidable even
when a grout curtain has been provided. The Beskonak dam will be
@ concrete dam and there will be no problea in particular about
the safety of the Structure, in additién. it is judged that the
function of the reservoir will be amply fulfilled,

This grouting plan was considered on the basis of the
iavestigation data obtained up to this tice. Tt is necessary for
further detafled boring and test adie iavestigations to be made
aloag the range of this grout curtain course in order to study in
succession for confirsation of the range of the grouwt curtain.
Especlally, it is necessary for the geological boundary bdetween
the Beskonak Formation and the Kdprilcay Conglozerate at left bank
side to be made distinct.

As reference data, the actval results of the curtain grout
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for the dam and reservoir at limestone and karst zone are shown
in Table 8-12,
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CHAPIER 9  DEVELOPMENT PLAN

9.1 Fundasental Matters

A survey and study on the Beskonak project at the recon-
naissance level had been made by DSI since 1965, and f{a 1975 it was
incorporated in the long-range development progran with a scale of
around 100 Kd. The original plan formulated by DSI consisted of a

concrete arch daa and a power station of 86 MW at the Beskonak site

and a power station of 16 MW downstreanm.

As a result of the latest survey and study, the following has
coce to lighe:

(1) In southern part of Turkey (especially in Antalya region),

there have been few power facilities to supply power energy
during peak tice.

(2) The discharge of the Xjpriicay River shows a substantial
seasonal varlation between the rainy and dry seasons, and

therefore, it will be effective to carry out annual regulation.

Taking into consideration the above matter, it was decided to

study the optimun development scale as a reservolr-type peaking

pover project.

9.1.1 Developrent Systea

The Kipriticay River, which is of sediun scale fn Turkey, fs an
undeveloped one so far as hydroelectric power generatfon is con-
cerned, but has been developed for irrigation purposes. ¥dpricay
diversion daa (an intake daa for irrigation) was constructed by DSI
in 1966 approxipcately 18 ka downstrean of the Beskonak dan site.
Fig. 9-1 shows the existing and projected irrigation areas and the
fntake quantities on both banks of the Képrilcay River. In the

downstrean area of the dan sfite, a total of 31.19 nalsec
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(25.83 n3/sec existing and 5.36 n3/sec planned), is to be drawn fron
the Kdpriicay River during the irrigation period (June - September).
Accordingly, in formulation of the Project, it is necessary to con-
sider securing of frrigation water for the downstream area. The
following three cases are considered in order to secure the

downstrean water utilization.

(1) Provide a small-scale turbine & generator for irrigation

at Beskonak power station.

(2) Provide a regulating pond (Kisik dan) between Beskonak

pover station and Kidpriicay diversion dam.

(3) Utilize the diversion dam as a regulating daa after
rebuilding.,

The existing diversion dan doesn’t have any regulating capa-
city. In order to utilize it as a regulating dan it 1is recessary to
install gates at its crest. Dam body, piers and connecting bridge
should be rebuilt to install the gates. At this study there are no
detail drawinés of the diversion daa aund its appurtenant structures,
in addition, the dam foundatfon is unknown. Therefore the study of
case {3) was not pevforcmed. It would be favorable to perform its

study at final design.

Studies were made of the two cases of (1) and (2). As will be
described in 9.4, the two cases are approximately the same in the
aspeet of econonics. However, the construction of Kisik dam in case
{2) wouvld tnundate agricultural land corresponding to approximately
70% of the Bucak-Akbas-¥avatas ircigation project presently under
developument by DSE. A part of irripgation works now under censtruc-
tion would also be affected. Consequently, it is feared that there
will be various difficultles with regard to land acquisitfion within

this irrigation project area,

For the above reasons, It was decided that the Project was to
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be made of the various pertinent studies on only case (1) of pro-

viding a small unit without a regulating pond.

9.1.2 Fconoaic Evaluation

In order to select the optimun development scale, an economic
evaluation was made based on construction costs as of HMarch 1982

without considering cost escalation in future.

The annual cost (€) and benefit (B) equalized for the service
life were obtained for this purpose and the econonic effects was
studied by net present value (B - C) and benefit-cost ratio {B/C).
The costs of a hydroelectric power station are conposed of interest,
depreclation, repair costs, and operation and maintenance costs.

The annual cost is determined as the product of eultiplying

equalized annual cost factor by total construction cost.

The benefit is considered to be the annual cost required of an
alternative power station having an equal power generatlng capabi-
lity to the Beskonak project. The alternative power source for this

project was taken to be the oll-fired thermal power plant indicated
in Table 13-4,

The kW and kWh prices obtained based on the above are as
follows:

k¥ price : 15,509 TL/kW

k¥Wh price: 7.58 TL/k¥h
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9.2 Reservoir Operation Plan

9.2.1 Reservoir Operation Plan

The operation rules for the reservoir are to be prepared

considering the following:

(1) In order to make the dependable discharge in the dry
season as large as possible, operation is to be carried
out with the runoff during the rainy season stored and

regulated for supply in the dry season.

(2) Operation §s to be carried out to secure output as
stable as possible over a long perloed, and further, to

fncrease energy production.

(3) Operation is to be carried out to make waste over—

flow from the reservoir as less as possible,

(4) The irrigation water for the downstreanm area is to be
secured fron June to Septe=mber through the operation of

the reservolr and power station.

9.2,2 Energy Calculation

Calculation of electric energy production at the power

station is to be performed according to the conditions below
and the procedure shown in Fig. 9-2.

(1} The sonthly average runoffs im Table 6-1 are used
for runoff data, and upon consideration of evaporation
fron the reservoir surface, calculations are pade for the

40 years fron October 1940 to September 1980.
(2) Giving consideration to variatfon in efficfencles of

turbines and generators according to water level of the

reservolir, the available discharge s held down in step
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with the maximun output when the water level is higher

than the normal intake level.

{3) In order to secure the irrigation water (June —
Sept.), 30 n3/sec of pover discharge of a small unit will
be made 24 hours a day even on a day when downstrean water

vtilization can be adequately satisfied with the residual

ruanoff.

{4) With the discharge mass curve at the dam site as the
basis, dependable discharges are respectively determined
for the irrigation season (Jun. - Sep.) and non-irrigation
season (Oct. - May) in order that a stable output can be

secured throughout the year.

(5) The probable annwal energy production is to be the

average annual energy production for the 40-year perfod.
(6) The dependable capacity is to be the 40-year average

of ponthly oinimun 5-day averages at the required peak
duration {6-hour).
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Fig.9-2 Procedure of Calculation of Power and Energy

Run-off Data

Plan of Reservoir and Power
Plont

[

Calculation by Operation Rule
of Reserwoir

Calculation of Evaporation,
Water Surface Level, Tail Water
Level , Power Discharge and

Overflow .

Calculation of Loss Head ,
Effective Head , Efficiency of

Turbine and Generaotor .

Calculation of Power and Energy
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3.3

9.3.1

Study on Development Scale

Study on Reservoir Scale

Fig. 9-3 shows the mass curve prepared based on the
40-year ponthly average tunoffs of the reservolr. River Flow
is divided into rainy season {December - May) and dry season
{June - Hovember), The average annual total inflow for the
40 years s 2,635 x 109 33, the inflow in the rainy season
(Deceaber - May) is 1,934 x 100 n3, and that in the dry season
(June ~ Koveaber) 1s 701 x 10% 3, The inflow fn the rainy
season is approximately 2.8 times that of the dry season. The
dviest year during the 40 years was 1950 with fnflow of 1,539 x
108 a3, while the wettest year was 1953 with 4,387 x 106 »3,

In fornulation of the Project, it is necessary for
thorough consideratfon to be given to effectively utilizing the
abundant water resources of the Kdpricay River by storing and
regulating the inflow which varies by season and by year. The
storage capacity of the reservoir (see Fig. 9-4) is not of a
size to regulate the inflow over the years, but of a size that
the seasonal variations of each year can be annually regulated.
It is necessary to aia for stabilization of generating output
over a long term by both efficieatly operating the reservolr
and effectively regulating the inflow in the ralny season for

supply during the dry season.

The nigh water level aad the effective capacity of the
reservoir must be selected so as to be most advantageous fron
the standpoint of econonaics. With respect to the high water
level of the reservoir, the upper lioft is to be EL., 155 m
taking into account the topographical conditions of the danm
site. Further, considering sediventation volume, effective
storage capacity, etc., comparison studies were nade of the

three cases of EL. 155 m, 150 @ and 145 n.

On the other hand, from the result of sedfimentatfon calcu-
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lations described in 6,7, the lower limit of the low water
level of the reservoir was set to be EL, 115 m, Concerning the
effective capacity of the resexrvoir, comparlson studies were
made of the cases below for the various high water levels in

the range of 160 x 10° a3 to 390 x 100 w3,

Bigh Water Level (m) Effective Storage Capacity (166 n3)

155 350 330 275 230
150 305 260 220 180
145 230 195 160

The followings are various conditions considered in the

conparison studies of high water level and effective storage

capacity:

(1) That the project site is relatively close ta the
demand area, and that the datly-load curve would gradualiy
peak ia the future were taken into consideration and it
was judged desirable for the power station to bear a peak

duration of approximately 6 hours.

{2) The caxirum available discharge and installed capa-
city of the power station were selected to mateh the peak

duratfon tize (6 hours) for the dependable discharge.
(3) The benefit was cozputed based on the annual costs
per kW and kWh of the alternative thercal power station

described in 13,2,

(4) The cost was coaputed cultiplying ronskruction cost

by the equalized annual cost factor.
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Table 9-1 and Fig. 9-5 indicate the results of comparison
studies of high water levels and effective storage capacities
of the reservoir., As a result of comparison studies of the
various cases, it was found that the case of high water level
of EL, 155 m and effective storage capacity of 275 x 100 3
gave the highest B/C and (B - C), for the greatest eccononic
effect., Consequently, it was decided that the reservoir should
have a high water level of EL. 155 n, available drawdown of
20.5 m, and effective storage capacity of 275 x 105 w3,
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Curulative Inflow {m¥s-d)

Cumulative Iatlow (md-d)

Fig.9-3 Mass Curve at Beskonak Dam Site
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Fig.2-5 Study on Optimum High Water Level

and Effective Storage Caopacity of Reservoir
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9.3.2 Study on Installed Capacity

The maximunm avafilable discharge and fnstalled capacity of
the power statlon must be of a scale matching the peak duration
required from the aspect of demand and supply balance, and

further, be the most econonical.

In general, if installed capacity is made larger, the out-
put would becoxze lateant and the econorics poor, while in
contrast, when installed capacity It made smaller, the depen-
dable peak capacity would be held down by the critical maximun
output, the peak duration will becore long, and the economics

also poor.

Comparison studies were pade of the four cases of
installed capacity of 170 MW, 200 MY, 230 MW and 260 HM with
the purpose of selecting the optimum developnent scale for the
Project. The results of the studies are indicated im Table $-2
and Fig. 9-6.

As a result of copparlison studies, an installed capaclty
of 200 HMd was selected as the opticun development scale for the

Project.

IX-18



Tt €547 1 $84" 1 T9L°1 - (5/9) 0FITY 3807 - 3TIOUIEY
L98°€ 00v°¢E 80% € 6L1°% 10T (0 » @) ONITA IuDSDAL AN
9EL Y At 6EC°y 94T Y 11401 (0) 3ased Tunuuy
98T 1Y 05T 6¢ LzLiLe 60£°9¢ TLg0T 150D WOTAONIAISVOD
2509
€01 8 YAT-R AT §5€°L 90T (g) Teacl
806°2 £TL'e $95°2 9227 11907 1330udg M
S61°S T61°¢ Z8T'¢ 621'S TLg0T IToudg UM
AT Jouny Tenuay
?° 589 8789 L°£89 97949 UMMg0T UOTIONPOXg A3aouy TERULY
§*L8T 9°¢¢T AT ¢ EnT N A3roede) dTqrPUddag
092 0€Z 002 0Lt M A37ovde) poYTOISUY
642 9%e 212 8T 298 /W DBXPUDSTY IOMOZ TOWLRBY
LT $LT iz sLz £9g0T A3yoede) 280i03g 2A¥30I37F
0681 0°SST 0°§sT 0§51 w 1497 I03TH YITH
a D g v 370 w3y
43roedey poTYvlIsuy wnnydy wo APn3S  T=§ FTAWY

X119



(B/C)

Benetit = Cost Ratio

(B=-C 108 TL)

Presant Value

Na+?

Fig. 9-6  Study on Optimum Instailed Capacity
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9.3.3 Study on Rumber of Units

In setting up operation of the power station, pover
discharge of 30 m3lsec must be considered for 24 hours a day
during the irrfgation period (June ~ September) in order to
secure irrigation water for the downstreanm area. Turbine
operation must be performed with the small arount of 30 n3/sec
for a long period of 4 months. Tt will be necessary for the

turbine and generator to be of small scale From the electro-

mechanical aspects.

A comparison study was made on the twe cases below, fixiag
the ianstalled capacity at 200 M4, with regard to the number of

units including turbines and generators of spall scale.

Installed

Case Capacity (MW) Units
A 200 155 ¥4 | unit, 45 M¥ 1 unit
B 200 85 ¥ 2 units, 30 M¥ 1 unit

From the aspect of operation and palntenance in the
future, Case A (155 MW, 45 MW) is iaferlor to Case B because of
its different size unit. While investrent cost of Case A is

less than Case B especlally in electro-mechanical equiprment and

eivil works of power structures,

The results of the study are indicated in Table 9-3, As a
result of the comparison study of the two cases, Case A was
found to be more econonfeal, and it was decided that the pover
station should be provided with a total of 200 MW of turdine—
generators, consisting of 1 unfit of 155 KW and 1 unit of 45 MW.
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Table 9-3

Study on Nusber

of Unfte of Beskonak P.S,

Tten Unit Case A Case B
_ _
Installed Capacity MY 200 200
Haximum Power Discharge o3 /sec 217 214
Number of Units - 155 ¥4 81 unit 85 MW @2 units
45 M4 831 unit 30 ¥4 @1 unit
Annual Energy Production 165kwh 659.9 683.7
Dependable Capacity A 161.8 ~165.4
Annual Benefit
kWh  Benefit 10811 S, 002 5,182
kW Benefit 10%1L, 2,509 2,565
Total (B) 10%7L 7,511 1,747
Construction Cost 10%7y, 35,478 37,127
Annual Cost {C) 10071, 4,080 4,339
Net Present Value 16611, 3,431 3,408
Benefit - Cost Ratio (B/C) - 1. 841 1.785
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9.4 Study on Regulating Pondage

As described fn 9.2 and 9.3, the Project is to consist of high
water level of EL. 155 m, effective storage capacity of 275 x
106 93, maxlinua avallable discharge of 217 m3lsec and installed
capacity of 200 MR (155 Hd, 45 Md). Requirements of downstream
water vtilization during the frrigation scason is to be met through
operation of unit of 45 MW,

Heanwhile, another study was also made of a scheme in which a
regulating pond (Kisik dam) and power station would be provided bet-
ween Beskonak power statfon and Kdprdcay diversfion dam. 1In this
case, it would be possible for Beskonak power station to be operated
only at peak time throughout the year, and it would be uUNNecessary

to provide a small-scale unit, and the installed capacity would be
200 K¥ with the 2 units of 100 MW.

Regarding the downstrean Kisik project, it will be discussed
in detail in Chapter 15. Table 9-4 indicates the results of a coa~
parison study of the following different development systems,

Case A: Beskonak power statfon (155 MW + 45 MW = 200 M)
Case B: Beskonak power station (100 MY @2 = 200 M¥)
Kisik power station {8 MW €2 = 16 MW)

Case A is a scheme for Independent developnent without pro-
viding a regulating pond, the downstrean frrigation water being
secured with the power discharge of Beskonak power station. On the
other hand, Case B is a schece for Beskonak and Kisik projects to be
developed simultanecously. The peak power discharge of Beskonak
power station is to be stored and regulated at Kisik Danm for uanlform
discharge to the downstream Kipricay diversion danm,

Case A, because of 24-hour power generation discharge during
the irrigation season, will have anaual energy production of 659.9 x
106 kWh, which is the smaller than that of Case B, Case B is a

scheze for developing the Xsprilcay River in the most ideal manner,
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with the annuval energy production {including Kislk power statfon)
being 139 x 105 kWnh larger than Case A, and BfC will be 1.789 and (B
- C) 4,039 x 10% TL.

Case A does not involve any problem in particular regarding
land acquisition and other aspects. However Case B, by construction
of ¥isik dam, will result in fnundation of flat cultivéted land
upstrean of the dam to affect the Bucak-Akbas-Karatas irrigation
project of DSI,

As a result of varlous studies regarding the above two cases,
Case A was selected as the optiecum proposal for the Project. The

reasons for the selection are given below.

(1) <Case A has slightly less annual energy production and less
effective output compared with Case B, but is not accompanied
by any problea in particular. On the other hand, Case B, as a
result of construction of Kistk dam, would conflict with the
Bucak-Akbas-Karatas irrigation project which Is already par-
tially under construction, and approxiwately 70¥ of the agri-
cultural land in the irrigation project would be inundated.
Consequently, there Is concern that various difficulties will

be encouvntered in land acquisition,

(2) 1if, after Beskonak project of Case A has been developed
independently, the above various problems concerning the Kisik
project are resolved to sake construction of ¥isik dam and
power station possible, it will be possible to use Beskonak
power statfon (155 Hd, 45 HW) exclusively for peak power
generation by changing the operation rule, In such case the
annual energy production of Beskonak power station is estirmated
to be 43.1 x 10% kWh larger, and effective output alse about v
29.5 HW larger., The econonfc effect of the Kisik project will
be B/C of 1.638 and (B — C) of 654 x 100 1L as of March 1982
when the above fncrezental benefft of the upstream Beskeonak
preject is considered.
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As a result of the studies of 9.3 and 9.4, it was decided that
the Beskonak Hydroelectric Power Development Project should consist
of Beskonak reservoir with high water level of EL. 155 m, effective
storage capacity of 275 x 106 u3, and available drawdown of 20.5 m,
and of Beskonak power station with maximunm available discharge of
217 n3/sec and ianstalled capacity of 200 MW (155 Md, 45 ¥d).

Table 9-5 indicates the i{nflow, the avallable discharge, eva-
poratfon, and overflow when operating Beskonak reservoir for the
40-year period of 1941 to 1980. The storage quantities, supply
quantities and reservolr water levels for the individual ponths are
shown in Fig. 9-7, and the monthly energy productions of Beskonak
power statfon in Table 9-6 and Fig. %-8.



Table %-5

Susmary Operatfon Study of Begkonak Reservoir

Year inflow T Eraperstico Outflow for fecrgy | Outflow from Spiiifvay
U#aY) (10%1) (10%3) (155a1)
1951 1,217.9 M.0 3,195.7 62.1
1352 | 3,017.9 17.8 3,658.1 0.0
325 T 2,610.2 20.1 2,650.2 0.0
1954 3,133.2 19.7 3,112.9 6.1
1945 2,851.9 20.0 2,841.9 0.0
1355 3,325.0 0.6 3,255.2 0.0
- -
1957 2,697.3 n.0 2,.635.4 0.0
1948 2,119.1 19.9 2,753.2 0.0
. _ S
1357 1,935.9 18.9 1,£58.0 ¢.0
1550 1,532.3 18.7 1,551.3 ;‘ 0.0
1351 2,515.8 2.0 2,155.3 0.0
1952 2,353.5 0.7 2,457.9 0.0
1953 4,355.9 0.2 3,578.1 1536
1954 2,081.%9 19.2 2,062.8 0.0
1355 2,438, 193¢ 2,518 7 0.0
1958 2,110 19.3 2,091.7 0.0
1557 1,575.3 18.6 1,585.6 9.0
1938 2,850.7 195 7,632.2 170.0
1952 2,153.1 19.3 7,121.9 £1.5
1959 2,022.1 19.3 1,976.2 0.0
1351 2,185.5 18,7 2,161.3 9.0
1382 2,161.¢ 9.1 11834 0.9
1553 3,119.8 13.8 3,12.9 0.0
1984 1,735.5 19.3 1,715.2 0.0
1555 3.048.8 19.3 2,976.0 51.3
1955 3,833.7 19.9 3,330.2 937
1542 72,7020 19.7 1,65).2 0.0
1948 3, 3. 2.0 3,179.1 23.5
1959 3,253.9 13.9 3,31 191
—

1912 3,371.¢ 12.4 3,218 3.5

: —

N 213 19.5 2,159.6 0.9 J

s

1972 1,952.2 i 12,8 1.912.5 0.0
131 1,954.1 19.1 1,949 0.0
1914 1,554.4 8.2 1,955.3 0.0
1975 3,021.3 9.7 3,001.5 2.0
1376 1,458 10 2.458.7 0.0

-y

1972 2,839 0.0 2,414.8 : 2.0 !

+ <

1928 3,185.% 15.5 2,951.8 : 5.4 i

‘ —

1959 3.082.2 2.1 2,914.7 : 157.¢ .
153 2,68%.1 0.0 2,682.1 0.0

Aerege 2,648 13,1 2,551.8 53.3 .
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Table 9-6

Energy Production of Begkonak P.S.

Cale: &

Fﬂ( 0-::;_] =L N { I;e:‘ r-_.u_:a-.ﬁ Fed, Mar, Apr. L——’J’ .l-.'a:_— Juld. .l.'.‘;- Sep. Tatal
—} ’_.; — —
1311 3.7 1t.2 53.7 132.7 91.7 91.7 5.6 61.3 3.3 £5.4 50.% 45.8 £25.0
——— —

1937 33.¢ E1 N ] ; s 9:.0 .7 124.2 95.5 13.5% t5.8 £5.6 2.6 [E W | 81,2
[$13 ) 1.6 33.3 - 5. e 119.8 2.5 57.6 ar.r 71.5 4.0 L1 | 9.0 LY ¢ (22 |
R SR S —
1344 321.9 33.8 303 51.6 1335 110.6 .7 79.6 530 31.3 31.3 ir.o 1582
1945 32.4 32.) : 5.1 110.2 ar.a 1.3 £5.7 E5.6 43.) 8.6 51.6 4.9 130.8
1514 339 1 3.8 1 a3 81.5 L) 3.3 0.2 55.3 5.4 51.¢ 51.% 50.4 813.}
. ——-—-,——_.; e
1957 kL 3 32.3 ] L33 } 91.6 25.2 .0 56.8 52.2 378 kL 381 qss-s €92.2
_f_?l!:_ 3.3 E1 : 55.9 ul:;.s nr.o 61.2 5.0 63.6 .8 LI LLN | 5.8 712.8
1313 1.2 154 l 19.1 iy ta.7 1.6 £2.1 .1 3%.9 8.7 .1 39 €35.2
1352 1.0 1.8 | 3.3 2.3 19.2 22.% &2.7 E¥.5 1.8 3.7 374 LIS | 3558
13531 16.9 15.5 : 2.6 5.3 1.4 85.4% .5 85.5 613 3.0 313 3.4 €278
1352 35.3 )ST 5.4 8.2 1.3 9.3 70.3 5.6 4.6 2.6 7.2 7.8 €13.%
1333 23.5 3.8 7 1358 1827 [ 12 5% ) F3.4 55,6 B34 54.7 51.3 5.3 3.7 $25.2
1933 7—23,1 24.5 T_I‘Q.i.’c 3.1 £5.3 £3.0 7.4 £3.2 ix 5 8.2 3.0 5.2 523.3
1953 5.2 31.2 35z 125.8 £1.5 65.6 £1.4 56,7 37.3 313 37,6 35.5 6241
1955 25.% 334 19.4 2.4 727 92.1 €22 L 11.} LI | L 4 359 531.6

1957 1.3 5.6 : 19.3 .1 19.% 39.1 5.1 £1.5 33 3.7 3.3 3.1 55,8
1358 13.0 13.2 . 13 k7.8 338 110.9 a8r.s 63.4 5.5 3.3 &2.7 31.1 €526
i 1959 i31.1 18.7 355 1257 65.8 439 L1 | 2.5 3.3 3.7 3.4 .2 351.0
1352 19.2 5.4 19.3 5.1 178 518 (2.9 .9 52.4 3.3 37.7 3.6 3. 509.0
1351 ¥5.5 22.1_ 3.2 3.3 s 51.1 [ 3 l;.i 373 3.7 3r.0 3.8 358.27
—195! 17.0 17.0 133 228 %1-1 95 £3.5 3.5 3.8 3r.7 4.0 3.5 548.8
1353 .2 3.8 564 i12.7 128.2 8.2 M 1.6 .0 8.5 £9.4 .s €31.1
iges 3.9 25.% 15.1 .9 3.4 3.3 45.6 iz 3 .3 3.7 it.6 3.6 50,2
155% 25.% 238 7 138 Ir.s 123 i15.8 1181 JELLS | 54.3 i5.1 5.8 2.2 161.8
15256 i Fe %) 5.6 I 7L.5 142.7 1455 S0 08 1 107.2 16 ¢ 1.3 £3.9 2.3 £5.1 357.%
—_—
1352 7.9 .2 3.9 85.7 £0.9 .7 .8 3.0 £5.3 15,5 5.9 1.0 €39.1
1348 12.4 1. & 55.8 1s2.7 55.2 (L1 5o 65.8 42.5 43,4 L9 r 43.3 1205
155% };.6 3.5 .0 12,7 £).8 53.% 93.7 9.8 515 9.9 5.3 5.6 a2
1970 .z 22.3 351 121 1239 111.1 8.1 5.3 5.8 £2.4 31.1 5.4 £43.9
R 3% 31.2 1.4 1.6 811 &).9 1.4 &2.7 ir.® L LA 5.8 118 } 572.8
_1—9?) 261 3.7 359 35.3 4.5 £2.5 51.3 i%.1 1.7 418 §1.1 3.t L5859
:J) 3.7 31.1 25.5 i 8 .85 8.6 6.0 5.8 s ¥ L5 3re 135.0
1374 7.3 13.1 197 3.8 57.5 £r.9 3:.9 5.7 LES | .y n.e a7 500
[ 153 3.7 3.2 e 155.% £5.7 1.0 $».3 3.7 3.0 458 5i.2 41.3 171.6
1376 1.4 3.7 5 &2.7 &1.7 1.7 9.7 L3 41.5 4).2 £33 41.1 611.%
1117 33.0 313 75.% 5.3 55.3 )7 81.5 Ey.8 3.2 v .3 1.3 625.0
1973 29 5.7 i9.§ 41.9 118.9 EaO.& 3.1 1.3 s’ 45.5 3.3 4.5 759.8
199 azy 2.8 51.% ALy 19,8 63.1 3%.3 £5.6 55.8 4.9 L% 4 81.7 52.5
1330 31.% 1.6 r.s LIEN ) €38 8.2 £3.1 47.4 2.2 9.3 .8 L1 | LR Y
:7‘: ] _!s.i IB.OJ 3.6 ..'\JJJ 9.7 !'LEJ 4.2 &7.2 3.1 3.1 5.8 0.5 659.%
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CHAPTER 10

TRANSMISSION LINE PLAN AND
SYSTEM ANALYSIS
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CHAPTER 10 TRANSMISSION LIRE PLAN AND SYSTEM ANALYSIS

10.1 Outline of Power Systen

The major transmission lines of the electric power system of
Turkey are composed, in order from bigh voltage, of 380 kv and 154 kv,
Rhereas power consumption areas are situated in the western part of
Turkey centered at Istanbul and Iznir, the principal power generation
areas are concentrated fn the eastern Turkey more than 1,000 kn
distant from these load centers. Because of this, the power flows of
the 380 kY transnission lfnes connecting the two areas are toward the
west in all sections, and series capacitors are employed in some of
the sections to maintain the system stability. The 380 kv power

transnission system is shown in Fig. 10-1.

X-1






Fig. 10-1 380KV Transmission System in 1982
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10.2  Power Transmissfon Scheme for Beskonak Project

It is forecast that the power demand in Antalya raglon will be
approximately 500 MW around 1993 when the Beskonak project 1s scheduled to be
completed. Consequently, the power transmissfion scherme was set up

assuning that all of the electric power of the Project would be con-
sumed in Antalya region.

The following items were studied in forrulating the power

transmission pattern:

- Receiving substation
~ Transaitting voltage
- Conductor size

- Munber of circuits

- Transnission line length

10.2.1 Receiving Substation and Lead-in Point

Kepez substation located in Antalya city was taken as the
recelving substation. The following two places were selected as

the lead-in points for transmission lines.
(1) Kepez substation in Antalya city

(2) Projected 380 kv transnission line passing vicinity of the
project site

Besides the above, there could be a schene to connect to an
existing 154 &V transnission Huae, but power-carrying thermal
capacity of that transmission liae would be insufficient for
transmitting the power of the Project, and it was therefore taken
out of consideration. A dlagran of the Xepez power systea and
the route of the Beskonak transaission line are given in Fig.
10-2,
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10.2.2 Selection of Yoltage and Conductor Size

The coanductor sizes presently adopted by TEK for the dif-
ferent classes of voltage are

154 kv: 477 MCH and 795 ¥CH

380 kv: 954 HCH x 2B and 954 MCM x 1B

and the appropriate sizes were selected from the above.

10,2.3 Rumber of Circuits

The nunber of cfrcuits for the traosmission line wag studiegd

respectively for one- and two-circuft.

10.2.4 Length of Transmissfon Line

The project site - Kepez substation : 65 kn

The project site - projected 380 kv
transpission line : 25 ko

10.2.5 Transamlssfon Pattern

The foregoing study fteas were rearranged and the five pat-
terns below were made up.

Trans- Yoltage No. of Length Lead-in
eission | (yy) Conductor | Gircyits Point
Pattern (kn)

A 154 795 HCH 1 65 Kepez

B 154 477 MCH 2 65 Kepez

C 154 795 HCH 2 65 Kepez

D 380 954 MCM x 2B 1 25 380 kV line

E 380 954 MCH x 28 2 25 380 kV line

The networks of the five patterns are shown In Table 10-1,
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Table 10-1 . Economic Comparison of Transmission for Beskonak

Transgnieslon (A) 154 kV Line (B) 154 kY Line {C)} 154 kY Line {D) 380 kV Line (E) 380 kV Line
Pattern (1-circufe) {2-circutlt) (2-circutt) (l-circuit) (2-circuit)
477 KCH x 1 B 795 HCHM x 1 B

Rote

1: 777713 Scope of construction cost

for economic comparison

'2: Annual factor

(8) 0.0965 for transmission lfne

(b) 0.1046 for station equipaent

Power Systenm 200MW 200MW v
_ ; 200MW 2000 )
BESKONAK BESKDNAK
Diagras 1 - J BESKONAK  BESKONAK
Es [ gw|
KEREZ 200MW . ¥EPEZ 200MW | :
T Tr
s LT
Itexs —{ - . .M ‘; L_}'STE H I ESata\d
. |
Unit of cost: = L_i
6 360 OYMAP OYMAP, 3%0kv omMap 380y OYNAP
x 10°7L : : :
Transmlssion Line
Yoltage 154 k¥ 154 kv 154 kv 380 kv 380 kv
Length to be Constructed 65 km 65 km 65 km 25 ka 25 km
Muaber of Circuits 1 Circuit 2 Circuits 2 Circulits 1 Circuit 2 Circuits
Size of Conductor ACSR 795 HCM ACSR 477 MCM ACSR 795 MCH ACSR 954 MCM x 2 B ACSR 956 HCK x 2 B
Construction Cost 345.5 416.0 545.0 290.,0 580.0
Annual Cost 33.2 40.1 52.7 38.0 56.0
Statlon Equipzents . ) ]
Stop-up Trans. and Feederd 14.4/154 kv, 225 HvA 14.4/150 kv, 225 MVA, 14,4/154 kY, 225 Hva, 14.4/380 kv, 225 HVA 14.4/380 kY, 225 MVA,
1 FPeeder Lt Feeder - 1 Feeder
154 kV Outline Feeder 2 Feeders 4 Feeders 4 Feeders _ -
380 k¥ Outline Feeder — — — 1 Peeder 2 Feeders
Static Condenser —_ _— _ 22 MVA : 35 HvA
Construction Cost 405.5 459.7 459%.7 482.8 601,9
Apnnual Cost 52.4 48.1 §8.1 50.5 63.0
|
Transalssion Losses
Peek Power Loss {8.8 MW) 136.5 (7.32 Hw) 113.5 (4.4 M) 68.2 {3.38 HW) 52.5 (6.18 i) 95.9
Annual Energy Loss (16,728 x 10% kwh)  134,7 | (13,915 x 105 b)) 112.0 (8,366 x 105 xwb)  67.3 | (6,433 x 106 kwh)  51.8 (11,753 x 105 xwh) 94,6
Annual Cost 271.2 225.5 135.5 104.3 190.5
Total Construction Cost 750.0 875.7 1,005.7 172,8 1,181.9
Total Aannual Cost 346.8 313.7 236.3 182.8 309.5

3: Cost for power loss and energy loss
(a) 15.5 x 103 TL/XM/year

(b) 8.05 TL/kvh
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10.3 Systen Analysis
System analysis were performed on the two cases below,

Calculations for selecting optimun power transnission rethod

for Beskonak project

~ Calculations of entire 380 kv system after start-up of
Beskonak project

10.3.1 Conditions for System Calculations

The following conditions were set for carrying out various
system calculations,

(1) Power Flow and Yoltage Calculations

Systea voltage : 95 - 1102
Generator operating voltage : 160 + 5%
Transforrer tap ratio : 1.00 - 1,05
load powver factor : 0.95

(2 Stability Calcelations

For stability calculations, the faulting conditions of
2 transaission line should be set in accordance with the
reliabllity standards of the systenm, but here, a 3-phase
ground fault (386) was applied.

The transnission voltage classes and thefr fault

sequences are as follows:

{a) 154 kv transaissionline; fault is to be cleared in

0.12 sec. after occurrence of 346G

(b) 38D kV transnission Hne; fault is to be cleared

in 0.10 sec, after occurrence of 34g

X-11



(a) 154 kY Transmission Line {b) 380 kV Transmission Line

(Fault) {Clear) (Fault) (Clear)
C.B.on 324G _C.B.off C.B.on 3¢G C.B,off
= 1 , ]
0 0.12 sec. 0 0.10 sec.
>Time — >Tiwe

(3) Short-circuit Current Calculation

Generater reactance : Transient reactance (Xa')
Transformer tap ratie : 1.00

Operating generators

All generators (22,780 MVA)
in Table 10-2 are paralleled

in the systenm

(4) DPemand and Supply, and Power Flow Patterns of Trunk

Systems

The conditions for demand and supply were set as indi-
cated below based on the power development program and 1oad
sorecast up to around 1993 when the Beskonak power station

is scheduled to be started.

Power source output : 20,378 MY (rating)

Depand 16,500 MW

The outputs of power stations are given in Table 10-2 and
the demands of substations in Table 10-3.

For power flow conditions, two patterns were set up in
accordance with the power flows froa the power source area in the

eastern part of Turkey teward the Ankara area,

These two patterns were set up in order to obtain a yardstic
on the extent to vwhich the electrfc power of eastern Tuekey can
be transmitted through the transaission line facility according
to the expansion plan for the 380 kv systea. For the power flow

patterns, the ratios of power source outputs of the west and east

X-12



with ankara at the middle were varied and the power Elows from

the east to the ankara area were made the two kinds below,

Fattern-1 is of small power flow to the west while Pattern-2 is

of large power flow.

Power Flow Power Flow |
Pattern-1 Pattern-2
Power source ocutput 71,478 ¥u 6,058 HW
(west of Ankara)
Pover source output
{east of Ankara) 9,952 11,728 MW
{Total) (17,430) (17,686)
io?er flow toward 6,800 8,300
nkara
{a) Power Flow Pattern-1i
{west) ISTANBUL ANKARA ELBISTAN (east)
and others
o— O0—< O
Power Source 6,800 M Power Source
7,878 ¥ 9,957 MW
{t) Power Flow Pattern—2
{west) ESTANBUL ANKARA ELBISTAN {east)
and others
O o—<¢ -0
Power Source 8,300

6,058 ¥w

X132

Power Source
11,628 MW



(5) BRetwork

The network was based on the 380 kV transmission lines
for around 1993 planned by TEK. The network of the 380 kv
systen and Its details are shown in Fig. 10-3,

X-14



Table 10-2

Ratings of Generators and Transformers used

for Calculation

Sym.off Power gziz:tfi:w Rating of Generators Rating of Transforoers Sya.off Power gzig:tfi:w Rating of Generators Rating of Transformers
Gen. Stations study- Output Capacity Capacity Iap.Yoltage(Z) | Gen. Statfons study Output Capacity Capacity Inp.Voltage(X)
{HW) (KW) (MVA) {HVA) 100 HVA base (M) (M) (KVA) (HVA) 130 MYA base
(Pattern-1i}

A BABAESKI 540 600 670 670 2.39 s KEBAN k, 400 1,530 1,700 1,700 0.94
ﬁ SOMA 620 660 740 740 2.16 T FARAKAYA 1,400 1,800 2,000 2,000 0,80
C ALIAGA 240 260 290 290 5.52 L} ELBISTAN 4,402 3,560 6,200 6,200 0.26
p |sexix 540 570 640 640 2,50 vV | ATATURK 300 300 360 340 4.71
E YATAGAN 590 630 100 700 2.29 W ILISU 1,000 1,200 1,340 1,340 1.1%
F SEYITUMER 570 600 670 670 2,39 TOTAL 17,660 20,378 22,7380 22,180 -
G GOXCEKXAYA 278 278 310 310 5.16
H BAYFAZART 570 600 670 670 2.39 (Pattern 2)... Difference of "Pattern-2" froa "Pattern-_-l"
1 OYHAPINAR 540 540 600 600 2.67 J AKXUYU 570 1,600 1,800 1,800 0.89
3 AKXUYUY 1,420 1,600 1,800 1,500 0.89 N AMBARLI 0 - - - -
K | RAYRAXTEPE 520 420 470 470 3.40 0 | Bovasar 510 510 570 510 2.81
L BURSA 380 400 450 450 3.55 ¥ ALTINKAYA 700 500 700 780 2,05
K BESXONAK 200 200 230 230 5.22 Q R.UGURLY 500 500 - 580 5380 2,76
N AMBARLI 570 600 670 670 2,38 S KEBAN 1,530 1,530 £, 7060 1,700 0.9%
0 BOYABAT 500 510 570 570 2,81 T KARAKAYA 1,800 1,800 2,000 2,000 0.80
P | ALTIEKAYA 500 700 780 780 2,05 U | EBLBISTAN 4,738 5,560 6,200 6,200 0.26
Q R, UGURLU 400 500 580 580 2.76 v ATATURK 600 600 670 670 2.38
R KAKGAL 280 320 360 360 4.44 VH 1LISU 1,200 1,200 1,340 1,340 1.19
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Table 10-3

Demands of Sub-stations Used for Calculation

(in 1993)
Sub-stations De?ﬁsgs Sub-stations De?ﬁggs
BABAESKI 558 ALIAGA 1,769
HALKARA 803 1ZMIR 1,264
OSMANCA 259 YATAGAN 324
EREGLI 170 KEPEZ 500
G.0.P, 939 OYHAPINAR 284
UARANLYE 1,109 SEYDISEHIR 461
GEBZE 1,063 CARSAMBA 315
ADAPAZARI 1,060 KEBAN 110
ANKARA 874 FERROKROM 182
GOLBASI 1,109 KAYSERL 394
BURSA 268 ELBISTAN 213
SEY LTUMAR 292 OSMANIYE 710
ESKISEHIR 153 KARAKAYA 630
SOHA 137 Total 16,500
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10.3.2 Transmission Scheme of Beskonak Project

System calculatfons were perforred on the varfous
transmission patterns given i{n 10.2.5 fn order to select the
optimum transmission method for the Project. The power flow pat-
tern of the 380 kV system to be the condition for calcuvlations
was Pattern-1 descrided in 10.3.1, The reasons for this are that
there are small effects by difference in power flow patterns on
the 380 kV system fn the vicinity of Antalya, and that Pattera-1

is considered to be similar to the actual system operation.

{1} Power Flow and Yoltage Calculations

The results of power flow and voltage calculations for
the individual transmissfon patteras are shown in Fig. 10-4,
In 380 kV transmission method (Pattern-D and -E), since
power would be supplied through the transforeers (3807155
kV) of ¥epez substation, the voltage of the 154 XV bus of
the substation will be lowered to 93-94% due to reactive
pover consuzption by the transforeers. In order to conpen-
sate for this voltage drop to the same voltage level as the
case of 154 kY transnission nethod (Pattern-A to -C), static
condensers of 25 to 35 MVA will be Necessary.

In the aspect of voltage malntenance at Kepez substa-
tion, 154 kV transpission will be advantageous conpared with
380 k¥ transaission. In the aspect of traansmission loss,
380 kV transmission is advantageous as losses are snmaller

coppared with 154 kV transmission,

{2) Stability Calculatfons

The p&ints of 3-phase ground faults applied in calcula-
tions of transient stabilities of the each transmission pat-
tern wetre set in accordance with the nunber of circuits as
indicated in the diagrass below.
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(a) Pattern - A (b) Pattern-8,C

BESKONAK
KEPEZ BESKONAK KEPEZ o »
Tr. Tr. \6“
154%!
356G
OYMAP foult OYMAP
¥ * 3BOKY
3pg 380K
foulf
(c) Pattem-D (d) Pattern-E
BESKONAK @wsxoum
396
/| KEPF_Z fouls 4 \
KEPEZ OYMAF: 4] OYMAP
* * 380KV
3p; 80K
foult

The swing curves according to transient stability
calculations are shown by the pattern in Figs. 10-5 to 10-8,
while the voltage and power output perturbations of the
Beskonak generators are shown 1n Figs. 10-9 to 10-11
(Patterns-8 to -£), Aaong these transmission patterns the
swing of the Beskonak generators is greatest Ia case of
Pattern-C (Figs. 10-6 and 10-9), folloved by Pattern-E
(Figs. 10-8 and 10~-11). These swings are of snpall anplitu-
des and since they are staying 1n synchronism in the each
transmission pattern, there i{s ng problens froa the stand-
point of stabilfty,
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Note ; .
P+)Q ; Active Power (MW) ond Ructm Power ( MVar)

V /© ; Bus Voltoge (%) ond Leading Angie (deg)

Fig.10-4 Tronsmission Pattemns of Beskonak Power Station
Base Genrotor ls ELBISTAN.

ond their Power Flow Diagrams
Pattern-D ; 380KV Transm. Line (1- Circuit) 954 MCM x 28

Pattern- A | 154%V Transm. Line (I-Circuit) _795_MCM xIB
0204133

S00¢)i64 | AR T

A
KEFEZ $60/-325
500+ 2328

185141808
B B i5HI2I6 er2iepes]  am2s
- <_ < Srisjeer -~
THA 1084.1+ 193 8 1078. 141238 7501 | aee 741001 - 503191388
twe 540+] 164 e T swoniear
981 L2088 /_ '
2848103 2404 ) 260 2844193 4§ B40t}28e
OYMAPINAR OYMAP INAR
100 [-88 100.3/93°

Pattern - B : 154K Transm. Line {2-Circuits) 477MCM xIB

I154kV Transm. Line (2-Circuits) 795MCMxIB

Pattern-£ | 380kV Transm. Line (2-Circ1.l'fs)_ 954MCM x 2B

Pottern - C ;
100/-18 5
200+ ]70.3
500 +) 164
SITL2RS
WEPEZ )_J SX0H}T0T
P '
48 | 70s 1955+) 3.1 994 L04
+i513] +¥d2
P . 184.6 +]666
<, < 6379+ )88
1]6:526 10648 + )77 I0T85+}26 8 -
' | 340 ¢ )82
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{3) Short-circuit Current Calculations

Short~civeuit current calculations were carried out for
transmission Pattern-D only. In general, the short-circuit
current is deternined by the characteristics of transmission
lines and genevators connected to the network at the tiee of
the short-circult. Since there is a small differences in
short-circuit currents according to variances in
transmission patterns of the Project, Patiern-D was selected

as representative of the five patteras,

The results of calculations are shown fn Fig. 10-12,
According to this figure,

380 kY bus of Yepez substation : 6.8 kA (= 4480 MvA)

380 kY bdus of Beskonak power : 6.1 kKA (= 4020 MVA)
statfion

The power statlion closest to Beskonak power station 1s
Oymapinar power station, but the supply of short—circuit
current from the latter is small, and the short-circuit
current of Beskonak is of low level coampared with other
power stations. Therefore, the fnterrupting capacities in
selection of circuit breakers will not be of any problea in

particular,

X-3t
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10.3.3 Analysis of 380 ky Transmission Systen

The 380 kY transmission system consists of long transmission
lines which are more than 1,000 ka connecting the main power
source area of the east with the load centers In the west, Here,
system calculations are perforced for the case of transmitting
fron the large power sources of the east, and the transient sta-
bilities of generators including Beskonak were checked. The
povwer flow conditions of the 380 ky transmission system were
based on Pattern-1 and Pattern-2 described in 10.3.1{(4). “The

calculation results by power flow pattern are shown in Table
10"4.

(1) Voltage Calculatfons

Since the transmission line length is extzemely long, con-
suaption of reactive power of the system 1{s Increased and voltage
drop in the toad centers {Nestera Turkey) 1s proainent. To com—
pensate for this voitage drop, it is necessary to install static
condensers equal to or greater than reactive power depand at
substations in the vicinities of Istanbul and Izair. The power
demands and capacities of condensers for voltage compensation at

380 kV substations in Ankara city and to the west are shown in
Table 10-4,

(2) Power Flows and Power Losses of Transmission Lines

The results of power flow calculations are shown by pattern
in Fig. 10-13 (Pattern-1) and Fig. 10-14 (Pattern-2). On the
whole, there are many sections of heavy power flows on the
transaission lines, and as a consequence, transmission losses are
large. The transmission lines where power flows exceed 1,000 MW
on single-circuit sections and 1,500 M4 on double-circuit sec-
tions are as indicated bdelow.



Power Flow Patggrn-l

Eskisehir to Elbistan
Ankara to Elbistan

1,316 MiW/elircutt
1,098 Mid/circutt
1,506 M4/2-circuit
1,503 MW/ 2-clircuit

Bogz to Osmanca

1

Osmanca to Cankiri

113

Power Flow Pattera-2

Eskisehir to Elbistan

1,462 ¥W/clrcult
1,278 MW/fcircuoit
Bogz to Osmanca : 1,845 MR/ 2-circuit
Ospanca to Cankiri 1,764 HR[2-circuoit
Giélbasl to Kayseri 1,552 MR/2-circult

Ankara to Elbistan

Power flow calculations were performed for cases of opening
one circeit of heavy power flow transeissfon lines in order to
judge allowances for power-carrying thermal capacities in the
network. As a result, the transmission line influenced the rost
by opening one circuit is the line going west from Elbistan where
heavy power flow transmission lines are concentrated., The power

flow diagrans fn case of opening one circuit are shown in the

following.

X-36



(o) Power Flow Pattern — |

KAYSE
ANKARA - GOLBASH H25MW (55MW
(WEST) i 839my, isomy  EAST)
ESKI'TEHiR 77Ol 1659y -
L 4334 MW
'} ELBISTAN

(j)\ss
i &
OSMANIYE 203MW

Note : [t770]: Thermal copacity of power carrying.

X% ! OQver the

{b) Power Flow fattern - 2

(WEST)

thermal copacity.

W

KAYSE
ANKflRA GOLBASH 183641:9 9\\&""
o4s > (gAST)
- T —=Mw ™ 298 MW
ESKi?EHiR \\*lessmw -~
70| MW -
o 4734 MW
1 ELBISTAN

13MW

With power flow Pattern-l, there is ro transmission line

which exceeding its thereal capacity at the time of opening one

circutt,

With power flow Pattern-2, when the single-cfreuit section

between Eskisehir and Elbistan is opened, the power flow on the

single-circuit section between Ankara and Elbistan is increased

to 1,860 HW, and that transmission line will exceed its thereal
capacity of 1,760 MW by 100 Md,

The thermal capacities of 380 kV transmission lines coaputed
based on TEK data are the following values:



Conductors Thermal Capaclty

954 HCM x 28 1,170 MW/ circuit
954 MCM x 38 1,760 M/ clrcult

The current-carrying capacity of transnission lines

according to the working conditfons set by TEK are glven in Fig,.
16-19.

Pover losses in the transmission lines, as shown In Table
10-4, are increased with output of the eastern pover sources, and
its loss ratio of watt loss to peak load is Increased from 5.3%
in Pattern-1 to 6.7% in Pattern-2, This is a very high rate for

the loss ratio of a primary network,

X-38



Table 10-4 Comparison with Power Flow Patteras of
380 k¥ Net Work

Power Flow T
Pattern
Itenms Pattern-1 Pattern-2
Demands in Turkey
(Peak time in 1993)
Active Pover (MW) 16,500
Reactive Power (HVar) 5,420
Active Power at sending end 17,430 17,686
{breakdown)
East of ANXARA 7,478 6,058
West of ANXARA 9,952 11,628
Transmission lossas
Active Power (MW) 330 1,186
(loss ratio: 1) (5.3) (6.7)
Reactive Power {HvVar) 3,620 5,970
Derands In West of ANKARA
Active Power (HW) 13,946
Reactive Power (Mvar) 4,580
Static Condeasers in
West of ANKARA (¥vYA) 3,925 5,488
Transient-stability
following 34G-fault Stable Un-stadle
(ILISU is Step out1
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(3) Stability Calculatfons

The two transmission lines were selected as that of fault
occurring. The one is Eskisehir-Elbistan section of heavy power
Elow and of largest phase angle of the two eads, and the other is
the Ilisu power station site farthest from demand areas., The
following diagram shows the points where 3-phase ground faults
applied in traansient stability calculations, the power flows of
the disturbed transnission lines before faulting, and the outputs
of power stations in the vicinity of Elbistan,

(a) Power Flow Pattern-i
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As a result of calculatins, the system stability can be
maintained under power flow Pattern-1, but under power flow
Pattern-2, the system is unstable because of that the generators

of Ilisu power station will be step-out.

With a fault applied at the closest to Elbistan all genera-
tors will be stable. 1In case of power flow Pattern—1, the
generator swing of Elbistan and Ilisu are great immediately after
the fault, but Elbistan danmps its swing pore quickly compared
with Tlisu (Fig. 10-15), since transmission lines in the vicinity
of Elbistan are in the form of a mesh. In case of power flow
Pattern-2, the swingfng of generators in the east will be great
and cmore than 10 sec, will be required until damping {Fig. 10-16).

On the other hand, with a fault closest to Ilisu, in case of
power flow Pattern-1, the swing of the Ilisu generators is large,
but all of the generators até stable (Fig. 10-17). 1In case of
pover flow Pattern-2, there will be step—out of the Ilisu genera-
tors in 1.5 sec. after the faulting (Fig. 10-18). This Is
becavse the stability of the system cannot be maintained as the
phase angle difference of the generators continues to Inerease

due to being too nuch power flow of the pain trunk lines towards

the west.

The stability of the Beskonak generators is stable under

each power flow pattern, there is alwost no difference due to the

difference between power flow Patteras—1 and-2.

(4) Short-circuit Current

Since the network of Turkey is composed of long distance
transaission lines, the short-clircult current is small .throughout
the systen, while the breaking capacities of circuit breakers are
of levels which will not be any problem in particular except for
a part of the power stations in the east.

The short-circuit curreats of 380 kV buses of all the
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substations and their flow are shown In Fig., 10-12., The largest
short-circuit current in the network fs 33.9 kA at Elbistan.

The locations where short-circuft currents of 380 kV buses

exceed 15 kA are the following:

Elbistan ; 33.9 kA (= 22,310 MVA)
Keban : 20.9 kA (= 13,760 MVA)
¥arakaya ; 20,8 kA (= 13,690 HVA)
Ankara H 17.3 kA (= 11,390 HVA)
Gilbasi 15.9 kA (= 10,470 MVA)

The other power stations and substations are all around
10 kA,

(5) Conclusion

Accoxding to the tesults of the above studies, as seen in
the calculations for power flow Pattern-2. when the westward
power flow (to Ankara) is increased more than 8,000 MW, there
will be problems concerning the thermal capacity of the
transalssion line and the system stability with the present 380

kV transmission line plan.,
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10.4 Study of Econonics

The results of econonie conparisons of the five patterns of power
transmission from Beskonak power station are shown in Table 16-1, The
econonie comparisons were made regarding construction costs, annual
costs and transnmission losses for the transnission lines and the faci-

lities of the power station and the substation.

As a result, {n the comparisons of construction costs, Pattern-A
(154 kV, l-cet Proposal) 1s found to be the lowest, and Pattern-E
(380 kv, 2-cct proposal) the highest. On the other hand, in con-
parisons of annual costsg including transmission losses, Pattern-D (380
kY, l-cct proposal) i1s the wost econonmical and Pattera-A the 20SE une-

cononical,

10.5 Conclusions

Pattern-b is recorzended as the transmission method for the Pro-
Ject. The transaissfon line facilities of Pattern-d are as listegd

below.

Fransanission voltage: IB0 kY

Kuaber of circuits 1

Length Approx. 25 kn

Y

Expansion section : A section of minfrun length fron
Beskonak power station to the pro-
Jected 380 kV transmission line
(Oymapinar - Kepez)

The eerft and demerit of this transmlssion pattern are as

follows:

(1) This is the post econoaical compared with other

transnission patterns.

(2) ‘The system reliability 1s lower conpared with the
double-civcult transmission line proposal, since it is a
single circuit.



Regarding the systenm reliability, sfnce the output of the power
station f{s 200 MW and the ratio to the demand of the Turkish power
system of 16,500 MW (in 1993) is an extrerely low 1.2%, the reduction
in service capacity due to isolating of this power station caused by
transnission line faulting will hardly be a problenm. Therefore, the

econonically advantageous Pattera-D is recom=ended.

10.6 Proposition for System Analysis

In proceeding with the transnissfon line expansion plan suiting to
the electric power developzent program for the eastern part of Turkey,
the transmission facflities nust be in harmony with the development sca-
les and developzent order of pover sources, and with the deaand distri-
bution, and those facilities must be high in the systen reliability and

econonfcally advantageous,

As shown in the results of analysis on the 380 kV transmission
systea of 10.3.3, as the demand is enlarged, conmplex problems lateant in
the power systea will come into the open. Because of this, fn the
expansion program for the electric power system, the problematic points
existing in the pover systea must be extracted and also their solutfon

rnust be alered for on each occasion.

The following itea may be listed as the probleas which can be
izagined for the 380 kV transmission systea in 1993 or later.

— Heavy power flow and voltage adjustment
- Transalssion losses

- Systea stability

In order to resolve these probless it fs considered fundamental

to carrylng out system analysis by TEK based on its systea expansion

policy.

It is proposed the following fteas should be added to the study
thexes fu step with the power source development of the eastern part
of Turkey.
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The system scale which can be met with a 380 ky

transmission system and the Lime when a lieft will be
reached

Introduction of the next higher voltage {e.g., AC 750 kv)

Introduction of a direct-curreat transmission systen
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CHAPTER 11 PRELIMINARY DESIGN

11.1  Design Conditions

Prelininary design was performed in accordance with the con-
ditions described below.

(1) The crest elevation of the Beskonak dam is to be

EL. 160.00 m, taking into consideration design flood water
level, wave height, etec., with the high water level of

EL. 155,00 m studied in 9.3,

(2) The spillway is to possess a capacity to safely discharge
the design flood flow of 4,500 a3fsec (PMF) calcuvlated in 6.3,
while a flip bucket systen is to be adopted for energy dissipa-

tion in consideration of the downstreaa river cenfliguration.

(3) For the design discharge of the diversion tunnel, the
3-year retuin period fiood of 1,259 malsec is to be adopted ia

considexation of dam type {concrete) and its construction
period.

(4) A secondary dam fs to be constructed at the saddle of
Eortu Creek.

(3) The maximun output of the power station is to be 200 MW,
with 6-hour peaking power generation as standard. The faclili-
ties are to be such that it will be possible for pover
discharge of 30 m3/sec to be made 24 hours a day during
June-September in order to secure irrigation water for the

downstreanm area,

{6) Each structures were designed at standard prelininary

level, and at final design stage they should be desfgned in
detail.
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11.2

11,2,

Dam and Appurtenant Structures

! Begkonak Dam
(1) Selection of Dam Site

The Beskonak dam is planned at the upstrean part of
Beskonak gorge on the Képriicay River. This gorge, as shown in
Dwg. 1-2, has an extremely narrow river width of about 20 m for
a section of approxieately 600 m, where both banks are almost
vertical cliffs of the Kdpriicay Conglorerate. The left bank
side opens up approximately 200 n downstrean from the entrance

of the gorge, and the ridge there is lower.

Therefore, the dan site would be 1limfted to a section of
approximately 100 o from the entraace. Comparison studles of
dan sites were carried out for three cases in this section
indicated in Fig. L1-1. Table 11-1 gives comparisons of these
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Table 11--}

Comparisons of Dam Sites

Iten Case A Case B Case C
Length of
diversion Shortest Slightly longest
longer than A
tunnel
Dam type Concrete Concrete Concrete

curved danm

straight-line
gravity dam

curved dan

Dan volure Slightly more Largest Slightly less
than € than A
Spiliwvay Spillway Requiring Spillway
layout extensive layout
advantageous excavation difficult
for spliliway
Construction Upstrean space | Valley width Saze as
vOorks wide and and excavation| Case B

Dan concrete
placezent

excavation and
access easy

By jib crane

and access
difficulre

By cable crane

By cable crane

As a result of studies on the three cases above, the loca-

tion of case A, which was superior with regard to structural

design of the dam, layout of the spillway and easily executfon of

the work, was selected as the dan site.

{2) Selection of Dan Type

The projected Beskonak dam site is topographically suited

for a concrete dan, and studies were carvied out for both an arch

dam and an arch-gravity dan.

Hith an arch dan, the dan itself would have a small concrete
volure and be econonfcal, but because the valley has extrepely
spall width in the downstrean of the dam, there are many disad-

vantageous aspects from a structural standpoint. With respect to
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the spillwvay design, it is feared that it vould adversely affect
the stability of dam itself to overflow the design flood
discharge of 4,500 w3/sec at the center of dan crest directly
onto both downstreas banks. Therefore, a tunnel Lype would be
suitable for the spillway of the arch dam. In this case, it {is
conceivable for spillway tunnels of 12 m diameter to be provided
at both banks. ‘The streams of the two are to be pade to collide
with each other f{n the air downstream of the dam for energy

dissipation, but the energy dissipation mechanism would be extre-

mely coxplex.

On the other hand, with an arch-gravity dam, the concrete
volure would be 2.2 times that of an arch danm, but it would be
possible to make the spillway an overflow type of the dan crest,
while a simple flip bucket type can be adopted for energy dissi-
pation.

A conmparison by construction costs of the two cases

including spillways will be follows:

Arch dan 3,816.4 willion TL

Arch-gravity dan  3,647.1 pillion TL

A&s described above, the arch-gravity dam is pore advan-
tageous from the techanlcal and economic aspects of the danm struc-
ture including the spillway, and therefore, this was taken as the
optimun proposal.

The arch-gravity dam, which is the opticunm proposal, is

shown In Dwgs. 11-4 and 11-5, and the arch dam 1n Dwgs. 11-11 to
11-13.

(3) Spilliway Gates

Spillway Gates were planned to be four sets of radial gates
of 12 m wide and 10 n high. These gates are wsuvally operated

XI5



with wire rope type hoists by the electric power of the Beskonak
power station. In an emergency it is desirable to use the power

of diesel generators.

It should be favorable to reexanine spillway gates in

detail at the final desiga stage.

(4) Outlet

It is desiradble for outlet to be provided in the dam body
other than the spillway. The outlet is to be used to adjust the
water level when impounding water in the vreservolr at the tive of
cospletion of the dam, and to be used in case it is necessary to
lower the reservoir water level below low water level in an

ecergency. bDetails of the outlet should be reexamined at the
tire of the fin2l design.

{5) Foundation Treatment

Foundation treatzmeat of the dam is to be executed by con-

solidation grouting and curtain groutiag.

Curtain grouting was planned, shown fn Dag., 8-1, in order to

prevent the leakage fron the dam Foundation and the resecvolr as
described in 8.3,

Forther, caves and soft foundation portions, if any, are to
be treated by replacemeat with concrete or by concentrated

grouting.

11.2,2 Diversion Tupnels

The routes of the diversion tumnels were selected .at the
tight bank side shown fn Dwg. 11-2 taking into consideratfon the

topography and the access road for the construction work of the
dan.
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The cross sections of the diversion tunnels were selected so
that the constructfon cost of the upstrean cofferdam and the tun-
nels would be a winipun for the design flood discharge of
1,250 a3/sec. and as shown ia Fig. 11-2, tvo tunnels of economi-

cal cross section with P = 8.00 n were planned.

Xi-7
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11.2.3 Cofferdams

The upstrean cofferdan was designed as crest elevation of
EL. 60 m based on the capacity calculations of the diversion tun-
nels. This dan, shown in Dwg. 11-3, is to be arrangad at the
upstreanm side so that an daccess road for the river bed excavation
for the main dan can be secured, and a rockfill type was adopted
to be banked on river-bed sand-gravel of approxinmately 25 n in
thickness. Foundation treatment of the river-bed sand-gravel is

pPlanned to be achieved by a grout curtain.

The downstrean cofferdam 15 to be a rockfill dam provided

approximately 260 o downstrean of the main dan,

11.2.4 Secondary Panm

A secondary dam was planned at the saddle of Hortu Creek

approximately 1,300 n east of the Beskonak dam.

Judgiag by topoéraphical and geological conditions, it is
thought suitable for the secondary dam to be a rockfill type
shown in Dwg. 11-6.,

The crest elevation of the secondary dan was made at
EL. 161.00 n adding an allowance of 1 B to the elevation of the

Beskonak dam since the former is tg Be 3z rockfill dan.
11.3 Waterway and Power Station

llta.l Outline

Designfng of the waterway and power station was done on two
Proposals, the optimun Proposal selected in 9.4 and an alter-
native.

The optizup proposal is that which plans the Beskonak project
independently without a regulating pond provided downstrean., The
power station is to accomzodate two nain units, large and s$mall,

of 155 M¥ and 45 Mu, taking into consideration the supply of
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irrfgation water during June - September. In effect, frrigation
water is secured in the period (June - September) through the

discharge of 24-hour power gearation of the smaller main unit.

On the other hand, as an alternative, a study was made of
the Project in case a regulating pond is provided at the Kisik
site shown in Dwg. 15-1. This aiternatfve is a proposal which
would be valid in case the Kisik project 1is simnsltaneously deve-
loped with the Beskonak project. 1In case of the alternative,
Beskonak power station would perform only peaking power genera-
tion with two wmain units of 100 ¥4 each, and irrigation water for
the downstrean area would be discharged after storage and regula-
tion at Kisik dan.

11.3.2 Power Intakes

The location of power intakes was selected at a gentle slope
at the lefr bank. Sloped intakes were adopted in consideration
of the topography shown in Dwg. 11-8, The intake sills were
selected at EL. 105.00 a in order to secure a depth that intake
could be done safely at low water level of 134.50 n.

The maxfwmua fntakes of these facilities are to be 167 m3lsec
for ¥o. 1 and 50 B3Isec for Ko. 2.

The intakes of the alternative are shown in Dwg. 11-15,

11.3.3 Headraces and Penstocks

Two tunnels of diaceters 4.3 n and 7.3 m were planned as
headraces shown in Dwg. 11-7. The cross sections of the tunnels
were dectded in Fig. 11-3 on calculation of the econoaical cross
sections. The headrace tunnels are to be in a section of thick
rock cover by natural ground at the upstrean part of the water-

way, and are to be concrete-lined.

The downstrean part of the waterway will have oanly a thin
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raock cover by natural ground, and therefore, is to be protected
by steel lining. This section to the power station was planned
to take the form of penstock lines. These penstocks were planned
as buried lines over their entire lengths in view of the

topography.

A surge tank is not to be provided. The total length of the
waterway is short at approximately 600 m, the total head s
small, ete., so that water hac=mer pressure will be low and there
will be no hindrance to functioning of the turbines. Since the
downstream part of the waterway would be protected by steel
lining, there is little to expect In the way of reduction in

construction cost of the waterway by provision of a surge tank,

For the alternative proposal, the waterway in general s
showa in Pwg. 11-14.
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1E.3.4 Power Station and Switchyard

The location of the power station, shown in Dig. 1-2, was
selected as the confluence with the Hortu Dere approximately

600 n downstreanm from the dam site,

This power station, as described in 11.4, will have two main
units, large and small, and was planned as a peaking power sta-
tion with the installed capacity of 200 M4, The outline of the
power station is given in Dwg. 11-9,

As for the pover station of the alternative proposal {two

wain units of 100 HR), the outline is given fn Bug. 11-16,

The switchyard is to be provided im—ediately downstream of

the power station, excavating and developing a gently sloped lot
at the left bank.

The access road to the power station and the switchyard,
shown in Dwg. 1-2, is to be a length of approximately 1.5 kn

branching from a existing road downstream of the secondary damn.

11.4 Electro—mechanical Equipment

$11.4.1 Selection of Uanits

This power station is planned for normal effective head of
105 n, rmaxicum available dischargé of 217 B3Isec, and 1installed
capacity of 200 MH. In consideration of both the development
scale and the irrigation discharge durirg the dry season, a
proposal for two wmain units of differing capacities was

adopted.

The No. 1 unit is to consist of a 158 Xw vertical-shaft
Francis turbine and a 172 MVA synchroaous generator, and the
No. 2 unft of a 47 MW vertical-shaft Francis turbine and a

51 MVA synchronous gensrator. The coupositions of the units
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are given below.

Electro-rechanical BEquipment of Power Statior

- Outline Specifications -

Installed Capacity:

200 MW

Ko. | Unit:

Turbine;
Type
Nunber
Noreal effective head
Maxinua discharge
Standard output
Revolving speed

Generator;

Type

Nusber

Capacity

Frequency

No. 2 Unit:
Turbine;
Type
Rusber
Normal effective head
Kaximun discharge

Standard ocutput

Xt-14

Vertical-shaft Francis turbine
1 unit

105 w

167 n3/sec

158 X%

167 tpa

3-phase, AC, synchronous
generator

1 unit

172,000 kVA
(povwer factor 0.9, lagging)

50 Hz

Yertical-shaft Francis turblae
1 unit

105 n

50 n3lsec

47 UM



Revolving speed

Generator;

" Type

Kumber

Capacity

Frequency

Maia Transforeer:

Type

Nunmber
Capacity
Yoltage

Switchyard:

Type

Nunber of transmission

line

11.4.2 Power Station

300 rpm

3-phase, AC, synchronous
generator

1l unit

51,000 kVA
{power factor 0.9, lagging)

50 Hz

Outdoor type, single-phase,
oil-irmrersed, forced-oil-
cooled, with Forced-air-cooled
type

3 units
75,000 kva

380//3/14.4 kv

Conventional

1 cct

The power station is to be indoor type of 24,50 m wide and

66.00 n long equipped with two units of turbines and generators,

large and small,

In additien, one overhead travelling crane, one

hauling crane, and auxiliary equipnent are to be accomodated,

A layout of the power station is shown in Fig. 11-5.
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11.4.3 Main Circuft and 380 kv Switchyard

The so-called central system is adopted, where two generators
are connected to one main transformer, the generators and Lhe

main transformer installed outdoors being connected by enclosed

bus.

The electric povwer produced is stepped up to 380 kV by the
eain transformer and sent to the 380 kv switchyard by aerfal bus.

The switchyard is located at the downstream left bank side
approxinately 200 o fron the power station. The switchgear is

planned to be of conventioral type.

The single line diagranm of the main circult and the
switchyard equipment layout are shown in Figs. 11-4 and 11-6.

Xt16



Fig. 11-4  Single Line Diagram
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Fig. 11-8  380kV Switchyard Layout
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1.5 Construction Schedule and Planning

11.5.1 Basic Condltions

The structures to be constructed in this Project consist of

an arch-gravity danm of 165 m high as pain, and powver Intakes,

headraces, penstocks and a power station., Further, there is the

nost

important work consisting of grout curtain of the reservoir

amounting to an area of approximately 380,000 nZ., The quantitfes

of the main civil works are given in Table 11-2,

dule

An outline of the matters affecting the construction sche-

and planning of the Project is described below,

(1) Meteorology

Concerning the ceteorclogical conditions at the project
site such as temperature, precipltation, the number of ralny

days a year, it is already described in Chapter 6,

The ceteorological conditions at the project site are
extrerely favorable for placing concrete and banking a f111
dam, and the construction schedule was formulated assualng

that construction work can be perforred throughout the year.

{2) Transportation

The road situation to the project site is very good
with paved roads froa Antalya to the viciaity of the dam
site. However, in delivery of principal equipment, it will
be necessary for access roads to be constructed to the dan

and the power station,

The Antalya port is the nearest one froa the project
site. This port is being used for unloading naterials and
equipment for the Oymapinar Froject presently under

construction on an adjacent river, and cargo handling faef-
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Hties of this port are adequate.

(3) Construction Materials

(a) Cement

It is desirable for moderate heat cement to be
used for construction of the dam. The cement mill at
Isparta 220 ka apart from the project sfte will be the
rcain plant for supplying cement. Further, if fly ash
can be obtalned, it will be possible to reduce heat of
hardening by replacing 20 to 30 Z of the cement with
fiy ash, and will be helpful in strenghtenlng concrete.

{b) Aggregates

The sand-gravel} deposited at both banks of the
Sagirin River, approximately 10 ka downstream from the
dan site, will be used for concrete aggregates, The
physical properties of the aggregates are described in
7.5. The total volume of concrete required for the
Project is expected to reach approxfrmately 630,000 m3,
and all of the aggregates needed for this concrete is

to be collected froa the above deposit,

{c) Enbankrment Materials

Of the embanksent eatertals to be used for the
cofferdan and the secondary dam, the impervious core
raterials is to be taken fron a borrow area adjacent to
the aggregate deposit, while for filter eaterials,
river-bed gravel upstrean of the daa site, z2nd for rock
materfals excavation euck diverted from the intakes,

power station, etc., are to be used.

Xk



(4) Electric Power for Construction

It is considered that approximately 3 MW will be
required as electric power for constructicon, This electric
power is to be supplied branching off from the 34,5 kY

transnission line ruaning through Begkonak village.

{(5) Constructfon Facilities

An aggregate plant is to be installed at the aggregate
deposit site. The capacity needed for the aggregate plant,
in consideration of both the concrete volune required and

the construction period, will be of 250 tonfhr. class.

A batching plant is to be provided at the left bank
side of the dam. The nominal capacity is to be 140 n3lhr.
Placing of dam concrete s to be executed by }ib cranes with
two cranes of 13.5 ton ctass and one crane of 9 ton class to
be provided.

Cecent silos, a cooling plant, etec., are to be provided
in the vicianlty of the batching plant., The construction
facilities including the above are mostly to be procured
indigenously by the contractor, but large slzed cranes for
placing concrete and special equipnent such as the many

boring and grouting pachines anight be iwsported from abroad.

11.5.2 Construction Schedule and Planning

The construction work of the Project 1s thought to require a
period of 72 months including preparatory works, in consideration
of the scale of the Project, the layout of structures aand
regional conditions. Coraissioning of the Project is targeted to
be at the end of the sixth year after start of construction, and
the construction schedule was set up shown #n Fig. 11-7, 1In this

Project, the work quantity of curtain grouting of the reservoir

Xe-22



will be especially large, and this work will be the factor with

the greatest amount of influence on the work schedule,

The outlines of the construction schedule apg planping are
described below,

(1) PFirst Year

Simultaneously with start of construction, pteparatory
works will be courenced such as accessg roads, teaporary
bridges, water and air supply facilities, electric power for
construction facilities apnd temporary buildings for
construction. Following these works, ia the latter half of

the year, exeavation worxs of both of the diverston tunnels

will be sieultancously started,

(2) Second Year

Preparatory works will be continued. Preparation of
installation of the aggregate plant and the concrete plant
will be cacrfied out, Excavation and <concrete linlng of the
diversieon tunnels will be ccmpleted and river diversion done
before the autumn filood season. A small amount of concrete

at the inttial stage will pe eade with handy Facilities.

Sieultancously with diversion of the river, excavation
and grouting of the cofferdanm foundation will be carried out
and the embankzent work started from the end of the year.
Tunnel excavation for the gaiiery to perfora curtain
grouting will be started fronm four work adits on the right
bank side and two adits on the left bank side.

{3) Third Year

Tezporary works such as on the aggregate plane,
concrete plant, conctete placing cranes, etc., will be

carcied out, Banking of the cofferdaa will be at irts



busiest and at the same ticme excavatfon for the dan witl be
started. Foundation grouting will bdbe begun as soon as exca-
vation at the river bed is finished, and placement of dan
concrete will be commenced. The placenent of concrete is
taken to require 37 wonths in consideration of the 1ift
schedule and crane capacitfes. ¥eanvwhile, the grouting
gallery will continue to be excavated, concrete lining pro-
vided, and part of the grouting work started, The grouting
will be performed divided into right and left banks and is
planned to require approximately 36 months. Excavation of
the intakes will be started at an early date, and the muck
will be diverted for use as rock material for the cofferdan.
Further, manufacturing of electro-zechanical equiprent will

be started.

(4) Fourth Year

The construction work will be at fts peak, and place-
ment of dam concrete, perforsmance of curtain grouting and
banking of the secondary dan will be started. Rock
materials for the secondary dan will be diverted muck frop
the power statfon excavatfon as much as possible., Also,
manufacture of hydraulic equipment and transnlssion iine

will be started.

(5) TFifth Year

TIn the fifth year, concrete placing and curtain
grouting will be at their peaks. As for the intakes and
headrace tunnels, concrete and grout works will be chiefly
performed. Excavation for the penstocks will be coppleted,

and steel pipe fnstallation and concrete fi1ling work will
be started.
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(6) Sixth Year

Construction will be at its final Juncture, and the
stage of finishing the dam concrete and grout curtain works
will de entered. Installation of gates and penstocks will
be at the busiest. The dry season in the summer tice is
selected for closing the diversion closure gates, and
sitmlitaneously with starting water inpoundeent, plug
concrete for the diversion tunnels will be placed.
Installation works of turbines, generators, auxiliary equip-
eent, switehgear, ete., will be completed, and overall
adjustoents started in the autusn, Construction of the
transnission line will de coppleted in the first half, Wet
tests will be perforeed on awaiting rise in reservoir water

level, and operation will be started at the end of the year.
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lz’ig. I1-7 Construction Schedule

WORK ITEMS QUANTITY Ist Year 2nd Year 3rd Year 4th Year S5th Year 6th Year
Preparatory Works
R . ] m E . o - Ply
Diversion Tunnel ‘ngjé ﬁ. 3?‘2:11 — =L
e Exco. Grout ] ]
Coffer Dom EE:ncg.' 3‘}%% , Emb
Exca.
Beskonak Dam Exca. 412,000
conc.
Corc. 488000 3
t
Grout 20,000 Grou
Grout Curtain Works
qoom Galt t
Left Bank gﬁuﬁ"’ 9!:!»:000?“ ery : Grou
. Galfe 2,300m Gallery Grout
Right Bonk Grout | 172,000m ]
] a00m Exca. Grout Emb.
Secondary Dam E}‘,ﬁj_ leﬁg:eoom I
. 182,600m3 . 1 Grout | Cone¢
Power Tntake | FiCch ggm.: —Em"‘—"’:“%_____.____ mptark ple el i
= Ex Cone,
Headrace Tunnel ﬁg‘_';_, f. ",7‘3,82 = ==
] = 7m Exca. Conc.
Penstock Tunnel Sg_é .f. 4339m —= =
’ A i Exco Conc. Su St
Powerhouse & Switchyard | £X9- o per Struc
- Mcnufac & Tro Inst,
Hydraulic Equipments = _T._._;_E)—.F*_.— ity alniyed
Qutlet Works L.S || _ Moufac. 8 Tmnsp. | | | Inst
Spillway Gates 4 Sets —t—t—Ft—=F-F—F=== :
Mmufoc. 8T Inst.
Intake Gates 2 Sets - — _3:—_”?:":_ —=kE=Fr=
- "b‘_.”f"f.-.a_“.’i“."’_&_ Inst.
Penstock 2,900t wabyunle ol —— =
] _Manufac. & Transp.
Tailrace Gotes 4 Sets s ol __._:—_:-_w- et
Electro-Mechanical Equip, Qperation
Manufac & Tra Oraft tube Crane
Draft-nbe 8 Crane L.S Snnr vy Sangen i?.}_, —— iyl
Manufac. 8 Trons Inst Test
Tubine 8 Generotor x L?::_‘::..‘“:‘.‘__—:r‘ —:.":::::'_2‘::::.::::@ ==
. i M_qn_ufac__&_‘rrog_sg_ ] | R Inst.
Auxiliory Equip. n Tr—r-t—-———==F—E=fc-F=
) Manufac. & Trons Iost.
Switch Gear " '-—.:u'__g.r_ r_ p__":::::_'::::..:‘- pekimay wese o
Transmission Line A=25km _Mic:";t.'“_.i_i:a:gg P Inst.
Access Road & L2 Gkm
Relocation Road £= 41 km —pecess Rood Relgtalion Rood
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