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CHAPTER 11 FEASiB!LI:T_Y DESIGN

Qutline

The feasibility design of civil structures, electro-mechanical equipment, transmission fine,
and temporary facilities for construclion will be descnbed in thss chapter for the Bayram-
project and the Bagilk pro;eci respechvely

For principal structures - such as’ dam and appurtenant structures walerway  and

powerhouse, comparative designs will be included, and the results of studies described.

1.1 ' Bayram Project

- 44.1.1 Dam and Appurtenant Structures _.

(1) Outline and Selection of Dam Axis

The 'candida{e'darn site is located apprcximately 25Kkm downstream from the confluence of

. two tributaries {Meydancik, $avsat) of the Berta river, the locatron being identical to the one

proposed in the master plan report. The left- bank slope at the dam site has a compara‘uve1y

gentle gradient of approximately 40 degree while the nght bank slope is approximately 50

degree close to the river-bed and approxrmateiy 30 degree al parts of h:gh clevation, the

‘riverbed confrguralron berng symmetrlcal on the whole.

The valley width at the dam site is approx:mately 80 m at the river bed and approximately
380 m al the crest (HWL. 740 m). The embankment volume of the dam on this darn axis is a

. smaller volumae than for other sites in the neighborhood and since there will be no obstacies

to the Iayoul of the sprilway and other appurtenanl structures, the dam axis in the original

~ proposal will be adopled _

:The lhickness of river-bed sedlment is approx:mately 33m, the deposrts overlying hard
: basement rock be!ongrng to ihe 8erla Formation and havmg been comparahve!y densely
' compacted At the ground surfaces there is almost no growth and weathered rock are

exposed over the entire’ surfaces. The depths of ._weatherlng of basement rock at the two

“banks are thought to be about 116 2m. The basement rocks at the two banks and the river
“bed are composed of basalt {lava, intrusive rock), volcanic breccia, and tuff of the Berta

Formation, and although the surface layer portion down to 70-80 m has development of

11-1



cracks and permeability is comparatively high, the rocks are hard and large faults have not
been confirmed to exist.

(2) Selection of Dam Tybe

Cohéidering the topographical and geological conditions of the dam site proposed for the
N project, it is judged poSéibré from an engineering standpoint for either of two dam types, a
E.rockfiil dam and: a concrete gravity dam, to be constructed. From the standpoint of
; conditions éoncerhing materials, embankment materials such as core material, filter
._material, and rock material can be collected within a range of several kilometers from the
~ dam site and transported. As fdr a concrete gravity dam, use of the abundant river-bed
- sand-gravel as concrete aggregate can be considered, s that there will be no problem. .
Consequently. the companson of the two dam types would be an economic one based on

construchon costs, but because the va!rey width is large and there are thick river-bed

 deposits, in case of 2 concrete grawty dam, ‘not only will there be the volume of exc_aval[on ‘

to be coped with, but the volume of concrete will also be huge. - The comparison of
- construction cost was made of the dams proper wnh care of river, splllways included, and
- the rockﬂli dam was shown to be more econom:cal Consequenkly‘ a rockf Il dam was
selected as the dam type o ' |

Yable 11-1 shows the comparison of dam type.

3) Design of Dam and Appurlenant Structures .

(a) bam

The topography and geok"igy of the dam site will not be a probrém in particular as previously -

mentioned, and it was decided that a zone'd rockfill dam havihg’ an ihwpeNie‘)Us core al the

center with ﬁiter and rock zones al upstream and downslream srdes respectlvely, would be

applied. . Regardmg the type of the: :mperwous ‘core, a central impervious core’ type was
adopted since a smaller quantity of row streng!h core matena_f would suffice. - Funher, since
the:core=ma'teria! planned to be used would contain a large pr0p6rlio'n of fineigraihed soil,

| ﬁne_-paﬁicled filter zones and coarse-particled filter zones were provided at both upstream
. and downstream sides of the core with the purposes of preventing loss of particles from the
impervious z'ohé and safely draining infiltration water,
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The crest elevation of the dam was selecled lo be at EL. 745m giving consideration td
design flood waler level, freeboard for waves due to wind and eanhquake and gate
operation. The dam height is 145 m at maximum from foundation rock to the crest.

The basic configuration of the dam was set for upstream and downstream siope gradients of

'1:2.3 and 1:2.0, respectively, upon carrymg out stability analyses (circular slip method) of

the dam faces assuming the design eanhquake motion (design horizontal seismic coefficient |
0.15) eslimated for the dam site and assuming the physical property values of embankment
materials. The thickness of the core at the crest is;_ to be 8m and that at the foundation

‘about 65 m (B/H=0.45) and togelhér with’ the consideration that ‘the coefficient of
~ permeability of material to be used is low (order of 107), it is thought walertightness of the

dam would be amply secured. However al the delaﬂed dessgn stage, it will be preferable
for the final cross-sectional configuration of the dam to be decided upon carrylng out not
only stabmty analys:s based on the physscai property values from materials tests to be
conducted hereafter but also dynamic stability analysis by input of ea.rthquake motion. The
embankment volunie of the dam will be approximately 6.2 x 10° m® (HWL., 740 m) with rock
materials (4,367 x 10> m®) plannéd to be transported from a quarry at the right bank located
3 or 4 ki upstream of the dam site. On the other hand, for fiter materials (802 x 10° m?),
river-be‘d.' sand-gravel near dam sile and for core material (868 x 103m3) talus deposds '

coliecled from a borrow area p!anned at the left bank immedaalely downs{ream of the dam

" are planned to be used.

Further, the gully stream runnmg :n from the right- bank side at lhe toe of the dam slope is of

-comparatwely farge scale, and the depos;ts confirmed !o exist in the v:cm:ty of the junction

-with the mainstream are thought to have been brought down from the guity dunng floods,

and it is lhoughi that several small dams would be necessary to construct along this gully in
order to the main dam to be safely protected. Consequently_. at the tume of detailed design,

it will be necessary for the flow conditions of the gully to be ascertained and sonie protective

works against sediment outflow should be conlemplated.

- (o)  Spillway
" The spillway, from the ‘standpoint of topography, is to be provided a-the left-bank side

‘ tak!ng into consideration the existence of the comparalwe!y large gully atthe nght bank Side;

near the toe of the dam, . . : : _
The design flood discharge is the probable maximum flood discharge of 1,660 m¥s, and the
structure is to be such that this can be safely discharged downstream at the high water fevel
of the reservoir. For this purpose, the spillway intake is to be of a structure having a totat ' '
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width of 23.0m with two radial gates each of widlh 10.0m and height 12.5m. The
“waterway is (o be a chute type of width 23.0 m, with energy dissipation to be by a hydraulic
" jump-type, horizontal-apron stilling basin at the end of the chute.

- 1{c} Care of River

Cofferdams at upstream and downstream sides and a diversion tunne! are to be provided
prior to excavation of the dam foundation at the river bed, and the flow is to be diverted.
Care of river is planned based on a 50-yea'r return period flood (Qf =" 317 m*/s) in
‘accordance with tﬁe views of EIE and the optimum combination of upstream cofferdam
- height and diVersion tunnel insidé diameter was determined. The upstream cofferdam was
- positioned tb be inside the cross section of the main dam, while the diversion tunnel was
made a single line taking flood discharge into consideration. _

. As a re;s‘ult of examinalion, it was found that crest elevation of the upstream cofferdam al

1659 m and inside diameter of the diversion tunnel of 5.70 m would be the most economical.

As for the downstream cofferdam, the dam crest elevation was set at a height at which the
: downslream waler Ieve! nn the flood season would not overflow the dam, and similarly to the

_ f'upstream side, it was Iocated to be positioned inside the cross section of the main dam.
The spillway shlhng pasin wou!d be located below the downstream cofferdam, and a
separate simplified cofferdam is to be provided in the dry season to carry out construction.

(d) Dam Foundation Treatment

The dam foundation roc-_k,: at both banks and also the river bed, will have parts of high
permeability over a comparatively wide area, and bedrock of high permeability of 30 Lu and

over has been confi rmed at parts. At the left-bank side, the range of high permeability of -

30 Lu and over reaches down to around 70- 80 m from the ground surface, the’ permeablllty

becoming abruptly lower deeper inside. At the other s:de the right bank, bedrock mcﬂcatlng' RN

high permeabnlsty in the same range has heen conﬂrmed whlle IocaHy, values hlgher than
30 Lu have been confirmed in deep bedrock {100 m) also. ‘

The groundwaler fevel is fundamenlally low ‘Al both banks near the river bed it is only
about that of the river-bed elevation. Although it fises somewhal accordmg to the slope of
the natural ground from ¢lose to high water level groundwater level is confirmed at
approximately 80 m from the ground ‘surface on the left-bank side and at approximately
90 m on the right-bank side.
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As the foundation treatment plan for the dam, with the purpose of suppressing infiltration of B

-stored water through the foundation rock, curtain grouting to form an impervious zone in the |

foundation rock along the dam axis, and blanket grouting to improve the imperviousness of
the foundation rock contacting the core zone and to assure the effect of curtain grouting
were planned.

In case of a rockfill dam, the range of execution of curtain grouting is normatly considered

with the target of improvement as about 5 Lu, but as mentioned above, since the zone

indicating high permeability is around 70-80 m from the ground surface with the exception of

a small parl, this was made the princlbal zone of work execution, end giving consideration to

~ the fact 'that the groundwater level was low, the range"of grouting was ‘extended to both |

wings of the dam crest (grout hole fayoul: two rows at 2-m intervals). Since the range of
grouting extends to a greal deplh, a grouhng gallery is to be prowded from the slandpomt of
the work execution’ plan '

The range of blanket grouting is to be the core bed and the depth of groullng isto be 10m
(groul hole Iayout 5-m gnd) '

(e\)ii _ Discharge Facilities

Discharge - facilities are to be provided - for discharge downstream during initial water
impoundment and for emergency discharge. The diversion tunnel is to be utilized for the

discharge waterway with a valve chamber proxrided, but since only one diversion tunnel is-

plannéd, the structure is to be.made such that when the diversion tunnel is plugged, a
branch remains at the discharge waterway sectron The dlscharge facmlles would consist of

“a discharge condui, discharge valve, and a hlgh pressure slide gale for emergency use
“The intake structure is to be of reinforced concrete provided at the intake section of the

: diversieh tunnel, the elevation being around the design sediment level of the resenvoir.

Besides the emergency discharge facilities for the dam, a simple discharge facility (less than

0.7 m¥s) for discharge of water for downstceam river maihteha‘nce is also to be provided.

111.2 Weterway and Powerhouse -

(1)  Location and Outline

The Bayram Project consists of a rockfill dam of height 145 m to be constructed at a point .
approximately 2.5 km downstream from the confluence of the Meydancik and Savsat rivers,
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~ - a connécling underground powerhouse immediately downstream of the dam, angd a tailrace

~* tunnel approximately 8 km in length for discharge of water after power generation to a

planned location at the end of the downstream Baglk reservoir backwater, for a dam and
conduit type power generation project (tailrace type) having a maximum gross head: of
192m. |

The waterway route of the project was p!an'ned at the right bank of the Berta river, in
consideiaiion_ of thé river regime alignment being bent toward the lefl-bank side, the thick
“deposited tayer on the left bank downstream of the dam(Savail Slope}, and the existence of

~ “the tributary Cakar river. - Further, the tailrace tunne! was planned with a layoul connecting

‘the undergr_ound powerhouée_énd the outlet by a straighi'line 50 that it will cross the Berta
“river at around approximately 3,600 m downstream on the tailrace. (covered ground depth
approximately 40 m) ' '

(2)  Design of Structure

(@ = Intake

The intake is to be provided at a dale on the right-bank side approximalely 200 m upstream

of the dam axis taking into consideration the topography, geology, etc. of the waterway
route and its surroundlngs Thls dale presents a comparalwely gentie mc!mahon and the
. Tidge next to the dale are covered densely with talus deposns And the infake was p1anned _

to put on the dale part escaping lhe exislence of these depos:ls As the lype of the intake,
another type (Inc!med type) of intake were compared. And in case of the’ mchned lype

excavation volume is Iarge, if open’ excavation for the foundation were to be camed out

excessively, it would be disadvéntageous from the aspect of economics and slope stabiiity'
considering the big reservoir drawdown (H=54 m}.- So, the mtake struclure was made a lype '

separatmg the infet part and the gate shaft. _

Selection of the: |niake bed e!evauon was done takmg into. constderatzon reservorr
sed[mentahon ‘and it was set at FL 676 m, 10m deeper than the low wateér !evel so that
“harmfut flow condshons such as vortex would not occur even at times of Iow water in lhe
reservoir. . ' ' '
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(b) Penstock

After the intake gate shaft, water is to be conducted via intake tunnel of length 65m and a
embedded penstock {1 fine) to an underground powerhouse turbine. The penstock is to
have an inclined shaft gradient of 1:1.0, length of approximately 321 m, inside diameter
3.3 m (average flow velocity 5 m/s), and the diameter is ro be gradually reduced to ultimately
be 2.5 m al the end of the line. | | .

The design maximum head of the penstock, taking into acc‘ount pressure at the time of-
turbine load rejéoli_on, was set at approximately 259 m at the turbine center, with the design
for the entire he-ad to be loaded by the penstock atone. However, if it were to be succeeded

“in determining the strength characteristics of the surrounding bedrock in a rational manner,

an economical design making the surrounding rock to bear some part of the design hea_d

" could becorne_ possible, and it will be necessary to confirm this at the stage _of detailed

design.

. With regard to buckling from groundwaler pressure when the penstock has been dewatered _
' basscally, this is to be dealt with by stiffeners, and the weight of steel prpes agarnst mtemal _

pressure was increased by the weight of stiffepers.

Furlhermore it was decided to make the cross seclron of excavalron for the penstocx as

“small as: possrb!e wrlhm limils lhat rnslallauon oi penstock pzpe and . weidrng operatrons

“would not be hindered, and the clearance was made 60 cm.

(ic)I : Underground Powerhouse

The underground pdwerhouse is to 'be located approximately 250 m deep u:nderground ina
rock body al the right bank -approximately 50~60m downstream from the dam axis.

- According to the results of surface reconnaissances and exploratory boring carried out in

this area,’ lhere is no large-scale fault in the vicinity,: whrle the rock character is hard with

: RGD values- 80 to 100%, and there is no problem recogmzed to exist in- parlrcular
‘However, the foundatron rock for the underground powerhouse requrres slrength o amply

fwrthstand excavation of a Iarge-scaIe underground cavern, "and rt is necessary for lhiS to be

conr rmed hereafter by a means such as an exploratory boring.

- The underground powerhouse is to be composed of the powerhouse proper, a powerhouse

access tunnel for delivery of main equipment, and a cable tunne! for leadmg out a power
cable from the powerhouse to switchyard. ‘These lunnels can be used as mucking tunnels
during excavation for the underground powerhouse.
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The powerhouse access tunnel is planned from a point on an existing road approximately
1,000 m downstream of the dam to the powerhouse at a gradient of 1:10 and with a {fength
of 801 m and inside diameter of § m, while the cable tunnel! is also 1o be an inclined shaft
with 2 length of 369 m and inside diameter 4 m (gradient 1:4.02) from an exisling road
“approximately 400 m downstream of the dam.

‘The cross-sectional shape of the main cavern of height 41 m and width 19 m, at the present -

stage of design,’is to be a mushroom type provided with a main equipment hall'(1 unit),

‘main lransformer hall, etc., with the ceiling arch and side walls to be lined with concrete lin:

addition to the shotcrete rock bolts comprising the excavation support for NATM, bedrock

strengthening with prestressed rock anchors is to be done aiming for stabilization of the -
surcounding bedrock from during construction up to and including operating stage, while

“ further, because of the proximity ‘to the dam and reservoir, drainage lunnels are to be
arranged in the surroundmgs of the underground powerhouse
The elevation of the turbine center is to be 533 m in relallon to the tail water level (530 m

Baghk reservoir HWL) considering the necessary lurbme static draft head.
)  Tailrace

The lailrece is to be a standard horseshoe-shape non-pressure tunnel of length 7,930 m and
~inside diameter 4.6 m for maximum. generatlon drscharge of 43 ms, Smoe this tailrace

tunnel will be crossing the Berta river at’ around 3, 600m from the porverhouse il is to be

provided al that sectron o have ongmal groung overburden of a mmrmum of 40 m.

The gradient of the tailrace tunnel was selected to be 1:1,400, the optimum gradlent as
determined as the gradient at which the sum of annual expense obtained from conslructron
cost and annual benefit loss obtained from the head (see Figure 11- 1) would be minimum.

Lining of the tailrace tunnel was classified according to standard section (concrete Iining

thickness 40 cm'35%) good geology section (sholcrete 50%) and poor georogy section __
(concrete lmlng ihrckness 60 ¢m: 15%)and each length was decrded on the base of thef

: proportlon ratio agarnst the total length consrdenng the geological condntrons :
Construction of the tunnel of total length 7,930 is to be done providing two work adile
atong l_ne way for: excavation from maximun'r of 6 faces including excavation from the
poWe'rhous‘;e side, The_se work adits are to be plugged after complation of construction.
To deal with load rejéclion" or sudden load increase at the powerhouse, a surge chamber of
* height 162m and fength 30 m is to be provided at the starling point of the tailrace tunnel,
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along with which a draft gate at the end of the draft tunnel connecting to the surge chamber
and an outlet gate (stop logs) at the end of t_hé tailrace tunnel are to be respectively
installed.

14.1.3 Electro-Mechanical Equipment

{1)  Seleclion of Number of Units

~ Generally, if capacity of turbine-'generator is:bi_gger,' the efficiency is better and cost per:unii

output is smaller.

- The installed capacity of Bayram pmJect and Baghk prOJect are 68 MW and 59 MW

respeclweiy In the case of Berla project, |f number of unit is one, lhere is no problem for

power system.

' On the other hand, when operatlng at Iow load, effimency of turbine- generator decreases

:and under the influence of acmdent of equspment itis rmpossﬂ)le to operate the power prant

Berla project has reservoirs and this pkoject can operate al peak load. This means if

number of unit is one, there is no preblem for above mentioned.

To confirm one unit is optimum choice, comparison of number was carfied out. ‘Shown as
Table 11-2, one unit is more profitable than two units. There is no other restriction, so one

unit has been selected. :

. (2)  Type and Ratings of Major Equipment

‘From the maximum d|scharge and the effective head, a vemcal shaft Francis type is judged
as appropnate for thls pro]ect ' ' '

; :The generator is directly coup!ed to the turbine shaﬂ and is a vert:cal shaﬁ three phases

“alternating current, synchronous generator :

‘The type of main transformer will be of three phases, oilimmersed. As the underground

powerhouse is refatively far from ouldoor switchyard, the main transformer is instalied in the

11-9



powerhouse to reduce the cost of power cables connecting between the underground
powerhouse and the outdoor switchyard. '

The voltage of main circuit is 13.2 kV. A parallel-in circuit breaker is equipped at the low
voitage side of the main transformer and is used for synchronizing generator to the power
“system. '

For conneclion betweeh the main transformer and the outdoor switchyard 154 KV XLPE
power cable will be adopted. ' |

" 'One circuit of 154 kV transmission lines will be connected to the single bus plus transfer bus ;

system in the outdoor switchyard. It is the TEAS's standard to provide a transfer bus to |

enable an inspection of the circuit breaker for the transmission line keeping the line alive. -

" To secure station service power in any failures on the transmission line or the switchyard

equipment, a diese! engine-generator set will be installed in this power station.

© Power hne carrzer syslem {earth return) is provided for cormposing telecommumcahon
' 'c;rcuns for power generatuon and dam operation,

Table 11 3 shows the ratlngs of ma,or equlpmenl and F:gure 11 11 md:cates the smgre lme' _

_ diagram of the power slation and Flgure 1112 mdicates the ouldoor switchyard plan
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11.2 Baghk Project

14.2.4 Dam and Appurtenant Structuras

‘(1) Outiine and Selection of Dam Axis

" The candidate site for the dam is located at |mmed|ately downsiream of the conftuence wrth

; the Sungu river, where the slopes at both banks of the river form a steep V-shaped valley
“which has hardly any topsort or timber growth with weathered rock exposed throughout.

: :Geologscally, there is a geological boundary at a po:nt approxumalely 250 m downstream.

' "from the confluence, with the upstrea-m side of this boundary consisting of the Yusufeli

' Formation and the downstream side being a rock body of granite.

The Yusufeli Formation pait has a somewhat broader valley width and it may be expected '

-that the dam votume would be tncreased lo some extent but geologrcalty, it is mainly

" hornfels, for a rock body which is hard, dense, and stable.

On the other hand the granite part is of a rugged gorge topography, has comptex conlour
lines from rough ground surfaces, and although the basement rock is extremely hard, joints

are distinct and, moreover, densely developed

- ‘Studies for setection of the dam axis were made for both the Yusufeli Formation and the
: 'gramte rock ‘body. Frrstly, for the granite rock body, a study was made on a location

{Original Dam Site) proposed in the master plan, while in the Yusufeli Formatron a site

(Selecled Dam Site) fusther upstream by approxrmately 150 m was examined.

=The comparison study was made applying concrete gravily dams which were con3|dered _

definitely possrb!e to construot at the two dam sites from a technical viewpoint. In the case

- of Original Dam Site (in the granite rock body), it was judged necessary for a consrderabte

_ amount of excavatlon to be done lo remove the unstable bedrock btock due to development

of dsstrncl joints in order to secure a foundatron for a concrete dam, while to prevent

-~ infiltration of reservorr water, curtain grouttng to great depth’ would be required and the

range for groutrng_ woutd he greatly enlarged.

So ‘Selected Dam Slte (|n the Yusufelr Formalron) would be clearly appropnate and it was

- finally adopted Table 11-4 shows the comparison of dam axis.
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(2) Selection of Dam Type

As previously mentioned, the dam type in the sludy to select the dam axis was limited to a
concrete gravity dam, but when the topographical and geological conditions of the dam sile

proposed for this project are considered, from technical aspects it is juc_lged'possible for a

rockfill dam, a concrete gravity dam, or a concrete arch dam to be constructed. ' Of these,
with regard to a rockfill dam, material for an impervious core is not available in the vicinity so
~ that a concrete facing rockfill dam was made the object of coniparison.

The comparieons were made with care of river, spiliways, slilling basin _in'cluded with 'thel _ |

dams proper. In the cases of concrete dams, the Spiilwéys were center overflow types for

¢ both proposals, with stiling works being bucket type for the gravily dam, and free-fall type

for the arch dam. -

© After comparison, the gravity dam was shown 10 be more economical. As for the concrete

facing - lype rookflil dam, open excavation for the Spillway wourd be of an enormous volume -

and it wou!d crearly be uneconomnca]

Based on the above, a concrete gravity dam is to be adopled as lhe dam !ype
Teble 11~573-how$ the comparison of d_em type.

(3) | .D_ee_ig.n of Dam and A'ppu'rtenaht S'_tmuctures .

(8) Dam

The dam site has slope gradients of approximately 40-50 degree at both right and left banks

with a roughly symmelrical transverse configuration. The valley width at the river bed is
approximately 30-40 m and narrow, while at the dam crest it is 'approximalely 170 m {(HWL

EL. 530 m). -The thlckness of river-bed deposns is approximately 6m and small, while at

both nghl and left banks lhere IS hardly any topso;l and the thtckness of weathered rock is

eslimated to be about approxmately 10m. .
‘The basement rock al both banks and the river bed is composed of hornfels The rock body

is of CM Cii class and aithough joints are somewhat numerous, it is hard and dense, wh;le:

large faults have not been confirmed to exist. The RQD values are 30 1o 80%, and it may
‘_ be said that the bedrock condltlon is that ample shear strength is possessed for construction
of a concrete gravity dam.

The crest elevation of the dam was selected to be at EL. 633 m giving consideration to
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design flood water level, freeboard for waves due to wind and earthquakezend'gate
operation. The dam height is 74 m at maximum from foundation rock to the crest. The
basic configuration of the dam was made a standard triéngular'cross section with the
upslream dam face 1:0.1 and the downstream face 1:0.8'upon stability analysis of the dam
with the design earthquake motion {design horizonta! seismic coefficient 0.15) estimated for |
the dam site and assuming shear strength of the foundation rock. However, at the de‘taﬁe‘d”
design stage, it will be: prefe'rable'te'decide the ultimate cross-sectional conﬁguratioh orr'
carrying out not only stability analysis based on detailed 'physice! property values of the
foundation rock such as by in-site rock tesls to be performed bul also dynamic. stabrhty
analysis by input of eaﬂhquake motion '

The concrete volume of the dam is approximately 195)( 103m whrle alluvrum avariab!e

- from the surroundrngs of the Bayram dam site is planned to be used as concrete aggregate.

by _spmway

' The spr!iway is to be provrded at roughly lhe mrddie of the dam and its dlreckron rs to be

made to agree more of less with the direction of the ﬂow axis on the downslream srde The

type of the sp:llway is to be center overflow type equrpped wrth gates.

The design flood discharge rs probable maxinium flood of 1,830 mafs and the construction
is lo be such that this amount can be safely dlscharged downstream at reservorr h:gh water

o Ievel For this purpose the structure of the intake part is to be for a total width of 31.0 m

with- two radial gates of width 14.0m and height 11.0m. Energy dissipation of the
discharged water is to be achieved by prowdmg a bucket at the end of the spillway chute for
the water stream to be made to fall in the stilling basin formed by a downistream auxiliary

dam in a manner not to damage the dam proper and the ground.

(¢)  Careof River

5 _ “Care of river is lo be done by pamal river closrng method. ThlS wrii consist of partitioning off

a part of the river by means suchas a retamrng wall, carrying out foundatron excavation and .

concrete placemenl of that part, and when the dam body has risen to a cedarn extent

“diverting the river to a diversion channel provided in the dam body. continue carrymg out

excavation and concrete p!acement of the remarnlng part.
it will be necessary for the diversion channel in the dam body 1o be piugged before waler
impoundment in order for it to function as a part of the dam body.
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‘ {d)  Dam Foundation Treatment

At both right and left banks of the dam foundation rock, there are paits of high permeability

of Lu = 30 or higher in the section of 50 to 60 m from the ground surface, with parts deeper
“indicating low permeability as a whole. On the other hand, the basement rock under the .

river bed is fresh and permeability is estrmaled to be extremely low.
“As for the groundwater level, it is basrcaﬂy low, and although it rises somewhat along the

natural ground at both banks, groundwater levels have been confirmed at approxrmately |

35 m below the ground surface on the left bank side and approxrmately 45m on the -right
bank side.

The foundation treatment plan for the dam has the purpose of suppressing infiltration of '.

stored water through the foundation rock. This is to consist of curtain grouting which forms

- an impervious zone along the dam axis. in- the foundation  rock to improve the

imperviousness of the foundation rack contacling the dam bottom, and consolidation’

grouting to |mprove the foundation rock under the bottom of dam body to make the efrecl of
cuﬂam groutrng posdwe '

In case of a concrete gravrty dam the zone of curtain grouimg is usua!ly contemp1ated-

aiming for :mprovement of about 2 Lu, but since the range of high permeabrhty extends to
about 50 to 60 m from the ground sun‘ace except in certain parls as mentioned above ‘that
range was made the main zone of treatmenl (grout hole Iayoul 2 rows, 2- m intervals). '
The range of conso!ndalron grouting was made the boltom surface of the dam with depth of
groutmg to be 10 m {grout hole Fayout 3m gnd)

(e} Discharge Facilities

Discharge facilities are to be providedfwilh the purposes of downstream discharge during _

initial water rmpoundment and of emergency drscharge The discharge waterway is to be
provided by branchlng off parl way along the penstock to be ms!al!ed at the downslream

back surface of the dam and this is to be’ merged with ihe sprtlway chute.  The dlscharge.

facilities consist of drscharge canduit, dlscharge valve, and high- -pressure slide gate.

Further, besides the emergency distharge facilities for the dam, a simple discharge facility
(less than 0.7 m*ls) for discharge of water for downstream river maintenance is also to be

provided.
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11.2.2 Waterway and Powerhouse
(1) Location and Outline

The Baglik Project consists of a concrete gravity dam of height 74 m lo be constructed

immédiate!y' downstream of ‘the confluence with the Sungu river, "an underground

“powerhouse that follows immediately dcv\insi_ream'of the dam, and a tailrace tunnel of length -

approximately 4.5 km for discharge of Water_ after power generation to the planned end of
the downstream Deriner reservoir backwater, for a dam and conduit type power generation
project of maximum gross head 6f 136.5m. : ' . ' _

The waterway route of the project, in consideration of the river regime ‘align‘menl of the Berta
River being bent toward the right-bank side, was set on the Ieft-bank_s'ide'cf the river. The

ailrace tunnel is of a layout with a bend at the vicinily of approximately 2,100 m downstream

 along the tailrace for reasons of providing a work adit part way down for carrying out '

“excavalion.

(2)  Design 6f Structures

(a) - Intake

The intake is to be a type'aééessory to the dam and provided in a block placéd at the left-
bank side of the dam body. - Selection. of the intake ‘bed elevation was done considering

re'sénA.rqir‘ sedimentation, and was made EL. 517 m, 10 rm deeper than low water level, in

“order that harmful conditions such as vortex would not be produced even during low water

of the reservoir.

' {b) Pensiock |

After the intake, Wate:r is to be conducted :by a penslock ( 'Iine) embedded inside lhe dam

" body to the downslream back face of the dam, and then go underground by a verlical shat

provided at the downstream toe of the dam. The layoul of the penstock 1o the underground
powerhouse turbine was made for the penstock Iength to be as shéﬂ as poss_ib!e (hrough :
the combination of vertical shaft and horizontali tunnel. _

The penstock has a length of approxim'ateiy' 213 m and inside diameter of 3.6 m (average
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- flow velocily 5 m/s), and is gradually reduced along the way to become 3.0 m in diameter at
- the end of the penstock.  The  design maximum head of the penstock was made
- approximalely 165 m at the turbine center taking into account pressure rise at load rejection
at the turbine, with the design for the tolal head to be loaded by the penstock alone.
"However, if the strenglh characteristics of the surrounding rock can be ralionally
rdetermmed it will be possible for an economical design making some part of the design

head o be borne by the surrounding rock, and it will be necessary for this to be ascertalned »
- at the slage of detaited de31gn '

'_Wn!h regard to buokhng under groundwater pressure at time of dewatering of the penetock
“this Is to be basically. coped with by stiffeners, and the penstock weight reqmred agas_nst

.Internal pressure was increased by the amount of stiffeners,

- As for the cross seclion of excavatlon for the penslack, it is to be made as small as possub!e ‘

Wllhll‘l Ilmais that mstallal:on of penstock plpe and weld%ng operauons will not be hlndered

and the clearance is to be 60 cm.
(¢).  Underground Powerhouse

: The underground powerhouse-will be l'oca_ted at a deplh of approximately: 120 m

underground in a rock body at the left bank approximately 100 m downstream of the dam

axis. - From the resulls of surface reoonnalssances carried out in this area and exp!oratory
boring :n the vicinity of the dam site, there are no !arge -scale faults in the vicinity, the rock
quahty is massive and hard with RQD values 60-80% and there is no prob!em in pamcular.
However, the foundation rock of the und_erground powerhouse requires strength to ampfy
withstand excavation of a large-scale underground cavern, and it is' necessary for
confirmations to be made regerding these hereafler by means of exploratory boring.

The powerhouse is composed of the powerhouse proper, an access tunne! for delivery of
main equipment, and a céb!e tunnel for Ieading out a power cable from the powerhouse o
the transmission line. These tunnels can be used as muckmg tunneis dunng underground

powerhouse exeavahon al the lmtlal stage of the project.

The access tunnel is pfanned from an exsshng road approxrmately 620 m downstream of Ihe:

dam to the underground powerhouse at a gradlent of 1:10, length of 560 m, and’ msnde
diameter of 5m while the cable tunnel is also to be from the existing road approxrmaleiy
320m downstream of the dam in the form of an inclined shaft of length 264 m and inside
.- ‘diameler 4 m (gradient, 1:5.73).

- The oross-secﬁonal configuration of the main cavern of height 41.5 m and width 21 m is to
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be a mushroom type according to the present design'with a layout consisting of a main
equipment hall (1 unit), main transformer hali, switching equipment room, etc,, with' the
structure being that of concrete lining for the ceiling arch and side walls. In addition to
excavation support for NATM consisling of shotcrete and rock bofts, bedrock strengthening
is to be done with prestressed rock anchors aiming for stabilization of the surrounding rock .
from during construction to the operating stage, while further, because of the proximity 1o -
the dam and reservoir, dralnage lunnels are’ to be arranged in-the surroundrngs of the
underground powerhouse ' '

The turbrne center elevation is to be 394 m consrdenng the necessary slatrc drafl head of
turbine in relation to the tail water level (392 m; Deriner _res.ervoir HWL).

(d) ~ Tailrace

 The tailrace is for dlscharge ‘of the maximum available water of 52 mfs o 1he downslream

Denner reservoir by a standard horseshoe shape non- pressure lunnel of length 4454 m

'and msrde diameter 4.9 m.

The gradrent of the tailrace lunnel was selected to be 1:1, 400 with the gradlent at which the

sum of annual expense delermsned from conslruclron cost and annual benefit loss obtalned

- from head will be minimum as the optrmum gradlenl (see Figure 11- 13)
' Lrnrng of the tarlrace tunnel was. drvrded rnto standard section (concrete lining thickness
40 cm: 10%) good geology section (shotcrete 80%) and poor geology seclren (concrete
. “lining lhrcaness 60 cm: 10%) and each length was demded on ‘the base of the proportion
' ratro agarnsl the total lenglh con5|denng the geologrcal condmon '

Conslructron of the lunnel of total length 4,454 m is to be done prowdrng a work adit along

~ the way for excavation from maximum of 4 faces including excavation from the powerhouse

side. Thrs work aditis to be plugged after completion of construction.

To deal with load re;ectron or sudden load increase at the powerhouee a surge chamber of

'herghl 15 1 m and length 30 m is to be prov:ded at the slartrng point of lhe tarlrace tunnel,
- along W|th whrch a draft gate at the end of lhe draft tunnel conneclrng lo the surge chamber

and an oullel gate (slop logs) at the end of the larlrace tunnel are to be respectrvely
mstalled ' ' '
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11.2.3 Electro-Mechanical Equipment

(1} Selection of Number of Unils

From same reason as Bayram project, number of units ie se]ecle_d to one,
c (@)  Typeand Ratinge of ;M.ajor Equipment

- From the maximum dlscharge and the effective head a vemca! shaft Francrs type is judged |
“as appropnate for this project. :

The generator is dlrectly coup1ed {o the turbrne shaft and is a venlcat shaft, lhree phases |

_alternating current, synchronous generator '

There is no place lo install main lransformer end switchyard e'quipmeht These equrpment

will be rnstalled in powerhouse and GIS (Gas Insu!ated Swrtchgear) will be adopted
The voltage of main circuit is 11kV. A perallel in circuit breaker is equipped at the low
vo!tage srde of the main transformer and is used for. synohron:zang generator to the power

system. Generalor is connected with GlS by IPB (Isofated Phase Bus)

-For connection between GIS and . ouls;de slructure 154 kV XLPE power cable wrll he
'adopted ' '

To secure station service power: in any failures on the transmission fine or the switchyard
equipment, a diesel engine-generator set will be instaiied in this power station.

Power l|ne carrier. sys!em (earth relurn) is provrded for composrng te!ecommunrcahon,

circuits for power generallon and dam operalion

Table 11- 6 shows the ralmgs aof maror equrpment and Flgure 11—21 mdlcates the srngle Ilne .
d|agram of the power station.
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11.3 TfansrnissiQn Line
11.3.1 Transmiission Line Route

From power development plan, Deriner power plant will be built before Berta project. From

" this, existing roads will be under water and new roads will be necessary. So, transmission
~ line route for Berta project should be avoided from under water area and should be near and

- parallel with 'c_onsirucliori road. F‘_o.r conélfuél_ioh WOrk, whether: existing road can be used or

not to transpoﬁ construction materials_isjvery importani for construclion cost.
Transmission Iine;route;_ shoijld be along right bank from upstream.
11.3.2 Cbnductor Size aﬁd Tower

(1 _Tr'ansmissioh Line Voltage a_nd'Number of Circuits

Transmission line voltage is 154 KV. Number of circuits is as shown below:

Bayram-Baglk 1ol |

o Bagltk-Deriner 2c¢el

(2)  Conductor

Taking into account current capadity adOp.ted this project, mechanical strength, insulation

‘coordination and condition of existing 154 kV transmiission line as well as TEAS's plan, type

- of conductor is shown as follows:

- (8} ~ Bayram - Baghk:8km -

154 KV, ACSR 477 MCM, 1 conductor 1 cct

~(b)  Baglk - Deriner : 20 km

154 kV, ACSR 477 MCM, 1 Conductor 2 cct
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** The ambient conditions for the transmission fine are as follows:
Snow deposit: -~ Max. 214 cm
‘Rainfall; " Annuai total 624 mm
‘Temperattre:  Annual average 9.9°C, Max. 38.8°C, Minimum -19.9°C
- Wind velocity: © Average 24.2m/sec

,(3) _ Ground-wire

~n order to reduce hghtnmg slrokes as Iess as posmble and lo enhance lhe stability of the

system, an overhead ground -wire 70 mm GSW 2 lines) is fitted.
4) Insulator

Taking into account the results of electrical and niecha'nical_ studies and “insutation

* coordination with the existing 154 kV transmission line, the number of insutators per one

string and type are taken for 12 units of sUspensiori insulators with 250 mm in diameter. _
{5)  Supporting Structure

in view of the geographical features and meteorO!egical ce'nditions steel towers which are
provided with higher mechamcal strength are adopted As a desugn condmon for lhese steel

towers, the following loads due to wmd pressure were consrdered

Conductor: 68 kgfim®
Steel tower: 90 kgfim?

Figure 11-22 (two-circuit desrgn) and 11-23 (one crrcwl desrgn) show typlcal lower types to
be adopted into the design of this transmrssron fine.
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