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INTRODUCTION

In the industrisl and agrioultural development of Turkey, Power
Generation and Irrigation w:ill play & major role. Indeed, in the last
few yeax?s contimous research has led to the discovery and utilisation
- of many different project areas, one of these faeing the Almus site
which will benefit considersbly by the dem now envisaged.

" The initial plamning and study for the .élmus dam was first
performed by the D.S.I. and then improved by E.I.E. The report of -
this investigation was presented in 1943. A second end more camplete
study of the project was concluded by the DaSeI. in 1953

I chose this as the subjeot of my thesis as I am eépecially
interested in hydremlics and hope to specislise in this £ield as &
practising engineer. | | '

In my thesis I have taken the ‘l;opcgraphic map' of the dem site
and acoepted the ohoice of the location of the dam axis from this
‘ report. I have used to é great extent the information given in the
Prelininary Projest Report of the D.S.I., assuning to be true the '
deteil contained therein to which I have referved in footnotes. As
the cost caleulations for the earth dem ere slready given in the D.S.T.
report, it was necessary _fof me only %o adjust the given figures in
order to bring them up to date and £it them into the suggested
improvements. I hade use of ell the literatuxe (referrga to in the
bibliogrephy) I oould find on the subject, as well as nw ;c.J;ass notes.

" Inuny criticism of the D.S.I. design I have made seversl
alterations to the structure of the dam which, in my cpinion, will
give it a higher sefety margin. Hm%evar, the D.S.;Q_f peoyie have also

o/«



sta.tea’ their intention to review the stebility of the cross~section
after material characteristics are fully studied. I have assumed
nonnal materials and conditions, but due to ny lagk of pra.ctical
e:gaez'i_enc_e, vtherve_ may well be elements in my criticism of design
vhich would prove to be impractical, although theoretically in order.
However, T have triea"to keep these to a minimum by teking dems
alreaay in existence as examples to amplemant by theory.

I can 'by no means say that a ﬁzlly camplete analysis of the
elternative d‘es_igns,of the Almus Dam is suhnit'«‘:eb‘., but I have done

.nxsr"best in the *Eime a'tv my‘dispbs’al. A ‘ |

I sliould like to express my sincere appreciatién of the helpful

advice given 4o me by Dr ?fe:c.fem who is the Professor in charge of

my thesis. ‘



GENEHAL DESCRIPTION OF THE REGION

Tecation and area @

The Upper Yegilirmak region is lecated in the North-Bast
 of Central Anatolia. The region is bounded on the North and
East by the Kelkit valley :,in the south ly Kizilarmak and en the

VWest by the Corum River.
. Topography, Geology, aand Earthqm nkes
This is a fairly mountaneous‘regidn,of’Turkey'aﬁthdﬁgh

7:pr?ad’plains‘stxgtch~betwggn;thg hills, The area'adjacentftﬁitﬁe

~river is . in general made up of fertile plains which receive

. 3ré1atively high precipitation: The most important plains

* within the area are Umala, Kazova; Turhal, Amésya,vandfpérf_”

t}'Pf the Geldingen plain,

The axis of the daﬁ‘is~on a #ery's{;ggf;ﬁlgpg4;§ a -

R e e

relatively wide gorge of andesite composition.
- The project area has many earthquake zones. The section
where the dam will be located lies within a zone rated as -

first degree of severifya

- Heteoxrology :

Due to the lack of aveilable stations that have the

,jfrecoids of precipitation, one can not judge fairly the

(1)
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"precipitation that falls on the Unwer Yesilarmak region..

Records of precipiiatinn are obtained'fro:vtgree stations -~ -
F 7 o ok
( Tokat, Niksar, Fatly ) for the last fifteen years but lpu conayy

r7 .. d
Pl g o

the records from these stations d0:= not indicate trulyﬁfﬁ i/
Vi e e

the precipitation that falls on the area that contributes

to -the Almas dnm, as none Of '\'\\ese s\n\-\o“s are within Yhe f.\fnmu%e area. '

—_— - . ! . .
," i

The preparatlon of an isohyetal map on thls 1n£ormat1uu
will be meaningless because the map will not indicate the ‘7
wide extreﬁes that will make such averages. For example ; :
24 yearg.ni record at Tokat shows an annunl precipitaticn of

48% mme but tae range of exiremes is from IS8 mme (I030)

742 mm. (I509) . PrEE h~q>hAn4- />”f7*4?¢; LT e
,(/ AT PO RN S T Tamoon :

/ ¢

/ The average annual 130Jyetalb also. would nat indicate

/

]
/
i

I the fact that throughoﬁt that poriion of'the Yegilxrmak region

below Tokat there are often perlods of: 30-60 days uurln the

|
Pl
4- AR Y a2 Ve IO Y]
{ growing season when there is no weasurable ra:afail. ’] - r"//"/
’ e Cl stegw  dha

From the short perlod of reccrds.avallable it is

1mp0»51§1e to determlne whether precﬁpitatlon follows any

X_,5°rt‘°f;°ycllc pattern. o g,, Z‘Jkayc -f'éutﬁ ol
\ I ineclude the rainfall datd ot the fokat’ station 3§$H&»““:%
\ However I accepi for rny calculations an'average rainfall of

N '

'QGG nn. on the area as.ﬂiven in the D.8.I. report.

7
l"] Q/ 0) (IZ‘A.L '/(/\/V 0/ L P\.I‘ﬁ r‘-"_/)/’f ’(/1/ i" l;*

Evaporation :

There is only one statlon for measurement of evaporation
in the rlvcr hasxn. Avera&e evaporaixon at this station %z

located at Tokat, coverlnv a I7T-year period, is approximately

(3)



RAINFALL DATA
TOKAT-. STATION (mpy)

YeArRs | MoNTHS

1945 |54 |4 |2 [ gr |40 {57 | 5| 6 |28 |29 | 9 | 22| 44/

/946 20 | 50 | |45 |78 | 80 | 50|76 |23 |89 (/9 |22 | 440

1948 | 9g |50 |49 | 9 | w9 | | 7|/ |38 |28 |78 |32 | 403
1948 29 | 24 | 50 | 3/ 8/ 62 | / 36 | 40 | 24 | 3/ | 4 %0

1969 |57 |79 | 28 (14 |58 | é5 |22 |2 |29 | 30 |2/ | &/ | 542
1950 |24 |57 | 94 |22 | & | 50 /= V3 |24 |23 43¢
¢8 |22 | 42 | 50 | 55| 525

/8 | 74 | 44 | 21 | 473

/953 | 49 | 6% | 45 | 39 | 63 | 4/ 29 | 29 | 60 | 3/ | 443

6

/957 34 | 40 | 42 | 49 %zo 7
/952 | 67 |28 | 88 |44 | |20 | 5
5
/

1954 O\ M |4 |43 | 82 | Bg /o /| 20| 69 | 388

1954 | 28 | 34 | 40 | 80 | 20 | .3, | 2 /2 | B0 | 38 | 29| &

Nfoo|g=| &

/957 34 | 48 | 2/ | & /00 | /9 | 4 25 | 6 | 48 | 57 | 3%3

Jon.| Feb.|Mar. | Apr | May |Tune |Tuly | Aug. Sept| Oct. | Mov. | Dee, 7b£alz




RKRUINFALL

Torns Srazron (0,,)

L7 T A

VAR P ONTHS

7933 s |76 [v2 |95 |48 | 87 |3 | 4 | 30|28 | 55|65 | s0/ |
J924 |33 |56 |24 | 77 |50 |57 |6 | 4 | 6 | 53| s5 |17 | 389 |
/955 |30 | 39 |sy|s0 | = | — |8 | /5|36 |25 |57 |25 | 345
r92¢ | 40 | 70 | 33 | 70 | 96 |z |To-| 20 | 9 | 20 | 50| 47 | 634
/937 $¢ | 0| 29.| 90 | 93720 | = |30 | 3 20 | 74| 67 | 52/
/935 120 | &3 (3o }7/, V19 | 7 /9 | 3 |4/ | & |32 | 86| 364
/Y39 25 | 38 | 73 1. 60 53, w5 | 63 | 63 {/:,7f 40 | &5 | 80 | 742
/940 | 58| 73| &r |97 |07 | 80| 4 | & | 9 |58 |5 |29 | 42

1947 87 | 47 26 |20 |77 |2/ |30 6 | 42 48 | 576 |
/942 | 54 | /7 | 4/ |82 |68 |2/ (/7 | 6 | 32|03 |04 |37 | 642
/943 | 60 |33 |2s [ 40 |42 |42 | 5 |2 | 9 |35 |22 |59 | cas |

1944 1 ¢8| 43 |60 |36 |50 | 47 |r2 | 4 |2 |30 |58 |6 |48/
| 5747/’ /Z/) /"/L7/ /)/n/‘/uy Junc ju/y /iy ‘Sﬁ//g‘f Oct AVV/\/’(")V\/, [),_cc 707N/




be relied on, because I do not think that evaporation rate Ao Lo
at the reservoir site on the lower river would be as high as

those at Tokat. v -

Cities and population @

ey 7 ¢ L ’ ol [ ( , Yoo, . /
; ety Tty ey e, Voponntng - (’;' VS I 2

[N
AR > A

The Almus dam project is a multipurpose project and

it would be

T e -

usefg} to cbn;i@eg;the pumber of people related

A -
to different,purposesﬁgggggaﬁglxij,

,Peopie in'the project area live scattered in small &
towns and villages. Numberrof‘people,that will make use of € st ton i
the irrigation project is estimafed to beVGO,OOO. . aﬁaa{p\:”§ ?
After comparison of the previous population records, ,
and by using thevUniform percentage growth method ,(1) ‘
I came {o the conclusion that the population will be 72,000
in 1976 and 88,000 in 1990, Cop o (o Ot e,
| (d1 7qry%A7 ad };yc¢;yh4 ad Ha e f?
' Bailroads and Mighways : 7“7 /- ot e = oo Jowwe e 197,
O b - _
s Transportation does-mot"cause a problem in this region

asASamsun-Sivas railway ﬁasses through Amasya and Turhal and
will_afford the necessary facilities. |

Sivas~ Tokat highway is the principai bighway that
would be used for_constructiun transportation ; the route has
water-bound macadam and gravel surfaces.

Transportation is open to traffic all year. This will

enable the use of the Samsun port.

(6)
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Labor and Vages :

Sufflclent unskllled labor is avallable for the project
under dlscussion and there are some skilled craftsmen in the
area. I believe that when_an earth dam is 00351den§, however ,
addit;oﬁal skillgd men will be regquired, particulariyeeqﬁipméut
opérators and mechanics,

(g)

Current wages are :

T.L. /day

Laborex : 8-18

Carpenter I8~ 26

‘Hechanic 286~ 30

Driver ,  18— 26

Foreman 27- 40 [IPRRING GRS

Bookkeeper 24~ 35 ‘ ' H»~mM&wf&ﬁ¢g
. ) A ' C ' o - : : FIO TE STy
Engineer 53- 350

In add1t10n to daily wages approx1mately IG—Iuﬁ snould be added '

[ SNBSS

to cover vgcat1op, 81uk_legve, eccident insurance and workers'
compensation.
YMost of Turkey's reéuiréﬁent-in gasoline, diesel oil
and lubricants are being imported. All major eqnipment ras to
be imported and the majority of it will probably be coming frém‘ :Z
- ¢

the United Statesvagd Ge?manyy

(1) ZTlements of Hydraulic Eng'n Linsley and Franzini
He. Graw Hill I965

(2) Information. obtalned frem T.C. IS ve 1301 bulma kurumu

(¥



| M f/erb é’ff'] f/y\ﬁ_ ;u £ { / 5 ‘rc,vm/,, {l.fx.c,,,
NYDROLOGY | Fre
DRAINAGE ARBA |
The drainage afea.of Yegilarmak, a map of the rive: with
its tributaries on a scale of 1:800,000 is taken from the
. preliminary project report of D.S.I.
The total drainage area of Yegilirmak is 36114 kmg but

£

the drainage area that contributes to the Almus dam is 2337 km&

and the average rainfall on this area is QOO*mm.

FLOOD FLOW :

The méximﬁm flood to be accggxéated from a eatchment area
may be approximately determined hj*several different ways. 1
bave used two methods, namely Tﬁe Basic Stage method and the
Yearly Flood method but'I have also kept in mind tihe fact that
"a few stream flow records are not sufficient to be truly,representative'
of average conditions and made a compariséﬁiaf the record flows
of other catchment areas of about the saﬁe sige aﬁd characteristics.
For comparison I have made use of the enveloping curves of Creager.
A khqvledge of the physical factprs affecting the magnitude of
floods is necessary in order that a logical comparison can be made

The most important of tlhiese factors ére:>

a) Tybe of storms
b) Presence of lakeé, swaups, and ground storage
‘c) Characteristics of the river bed and banks

d) Shape and slope of the drainage area

« 'DST Reper/’ Estimabion.

)



b=I.85  P=7 years

X = 325 m°/ sec b= 3.5 t = 33.3 years
check point , _
X =290 n°/ sec b= 2.72 t = 5.2 years

" The Gumbel mgthpd i; based on sound stafisticgl principles
and has been checked with data from stations having long

periods of records." (2)

(1) This method is also Qalleﬂ GUMBEL method.
(2) Elemenis of Hydraulic Dngineering

Linsley and Franzini, Me. Graw Hill 1055

Qu)



e)  Torests and vegetgtion

£) - Treezing conditions of the soil

Physical indications of past floods would also be»very helpfuli
but I cdﬁi& not fiﬁd.any”déﬁa:aboﬁt'the hiétdricﬁi £ioods,on

this area.

(10)



BASIC STAGE BETHID
X & of future
T " n " flood -
“ad/cec posaibility
102 1 10 500
130 9 g0
e 7 |
156 X t EO R
176 I 7 70
‘ 1
102 : 5 50
200" 1 e no
225 1 3 30
215 I 2 20
300 1 1 10

(1)

NO\:ution‘. same Qs 1§ used m text.

g\eme-v\\s 6Q \'\\Jd. Enﬁ‘n
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(2)

THE ANNUAL FLOOD METHOD

. Year  Peak Flow t w  oxx (x-;;: :
W/ e R
. 1es3 a0 10.00 I 107.4 1I500
1952 275 © 5.00 2 82.4 . 6800
1055 225 3.33 3 a2.4 820
1954 200 2.0 4 Ti4 50
‘1088 182 2,00 5 £10.6 I20
X951 180 . I.66 6 2.6 | - Iy
0 I8 L4371 16,6 280:
T09  Is6 1.5 8 -36.6 - I340
- 1956 130 III 9 -62.6 3000
I47 102 100 10 -00.6 8200
265 x | 33160 K-~

X = 192.6 ma sec
o e SEGRRSE
Standard deviation of the seriesi) - (|~~~ % 3318 = &8

Rt
1 : . b
be = (Ko 45T ) P .o

X is the flood magnitude with the probability P u
‘ 7i,ig the arithmetic average of all floods in the series

when X = 250"7§¢»

(13)
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tion the e city of ¢ reservoir :

Lot amd duvente . s flny
et veoils L. e !/ e pall ot 1S
In order to determine the roqnired capceity of the
reservoir it is necessary to draw an inflow mass curve
( cumnlative plotting of the net reservoir inflow for a period
of years) and a mass curve of demand and loss.
The required capaecity is found by ;npcrinpooing fhc mass curve
of demand and loss on the inflow mass curve of the driest
years of the record. The maximum departure between the demand
curve anﬁ the loss + inflow mass curve will yield the reservoir
capacity required.
. I bave constructed the mass curve on the basis of
the driest 3 years of the stream fl;v rocordvsuinittod in
Teble I A.

The water demand (1) for irrigation is shown in

Table B. This table includes an assumed less of 118, i

- 589.3x10° »°/ year or 49x10° 1 / montn. ,, e |

b

The demand for power is constant and is equal to
/‘/.: "
Evaporation loss is directlyproportional to the
reservoir src./hut since the evaporation loss is very mineor
in conyurilon with the demand and the difference between nax.

and minimum pool level is mot large, the effect of evaporatiom

and precipitation need not be computed on the basis of the

//(,0 bl é\'&,( Vi / AR, P o gL A

(1) Irrigation and power demand values are taken from the "7

preliminary projeect report of the D.S.I.

M



TAgLE

WazZer Cumulative Mass
ears Months Tnflow curve ordinates
50,7 50.7
/949 5une ot P~
uly 3
A 10-8§ 79
e Jo3 go./
/950 0 29, & 703.%
N s /774.3
2 s0. € /25-4
2 | 723 /37-#
a 75-2 /52.9
N 97.7 243-¢
A 207 -2 450.2
™M r g B 563.3
J 37-8 §or .1
J /7.6 £r8.7
:"; /0.8 629 :5
&9 £98.5
/957
0 §-5 206.0
N
0 Z-Z_ 7/3 '7
7 8:7 721.2
- 3 729.9
il o 737.9
e ;”: 788. 9
A by 8§56 . 4
Ve — 945 .5
3 /7:7 /7005. 3
A /3 /7622.0
o /3.2 R0 f
1952 O 28.8 7948. 2
N /9'2 /077 .0
ys) 22.5_ /70946 .2
o ¢ ‘0' je //18 . 7
& < « /778 -2
5 i 1281.7
S0k B 1787.7
" /78.0
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7 ABLE OB S A ke C 7 AanBLe D
Months
/RRI1E6ATION QDEMAND LEVAPORATION RPRECIPITATION

Tan. o .
Fes. i . 6
HMorch .3 %7

- Aeed 4.8 7 Va7

£ A 2d &% 7 .22
June 30-4 & & £ .30
Tuvly 45. 9 b s
Augus? 1.5 £ 2. 5% 8 74
Sep?. 22: 5 £ =
Oet. 3.2 v . 3F
NMov . : . 3 -
Dec . T o

7T o07RL

181.7%x70% m3/year

73.0x/0%5 m3/year

T ,7x/0‘ ”’3/year~




estimated water surface elevation for each month.
The values given in table C and D are found on the basis
of an average constant reserveir area.
The gain through precipitation on the reserveir is also of
little importance compared with the total demand, however
I have included the precipitation figures. Table D
The monthly water requirement for povor.ic greaté r
than the maximum irrigation demand of any month therefore the
quantity of water necessary for irrigation donahd is assumed
to be used completely by the power plant first.
With the assumptions made the rate of demand may be
considered uniform and equal to the demand for power.
Due to the very minor effect of the difference bhetween
evaporation and the precipitation this will not include any
~ objectionable error.
Demand curves representing a uniform rate of demand
are straight lines having a slope equal to the demand rate.
In order to provide the necessary amount of
water for the driest three years of the record the mass curve

Y

shows that a useful storage of 8!0:!60 m 5 q! c.pnoitgﬁs
required. SN - :
. The problem of sedimentation is very serious in
every region of Turkey and the most advisable procedure in
dealing with the sedimentation problem is to designate a

portion of the reservoir as sediment storage.

s 1 BT T P v Le_Geegpt ARG

pd A

i Sator ci



The freguency curves constructed by two differet methods do not
show a significant variation in results.
Maximum possible flood found by the basie stage method is 50&:‘/500
and by the annual flood methed is 88&-3 sec.
Comparison. with the enveloping curves of Craeger:
According to Craeger's emveloping curves, for a drainage area of
2337 kn®, the maximam fleéd flow may be as high as 2800-I0,000m°fsec
The values of Craeger's cﬁveloping curves are too high compared
-with the values I found by the other two methods. Therefore it
would be advisable to have a further check; the precipitation on
the drainage area.

The precipitation (average) is 900 mm. on an area of

2337 km", This will give a total precipitation of

PIERENG Jomene- %%/ year

Assuming that a maximum flood will cause I0% of the total rainfall
in 24 hours and m o! thh precipitation will constitude the
l. Fatal P

5}& L
streanflow,( This is an oxtro-cly macrl.uﬂ assumption)
the maximum flood flow will be

6
2.Ix10 x.8x.\ o
24x3600

2,000 -3/ sec

The preliminary projeet report of D,5.1I. has assumed a max.

X
flood of 2243 -‘/ sec,But I will use 2,000 -‘/ sec in my design.

o e e ot
AL ,l Lty -,/ rd o "’}! a4 f( ( /1 (.» 9 t . s
H o fant AR S sy i



Vsea

¥

AN

AL

e

N e e
RN v

s

p

i

w3

T

S

T

i

ERas

Ji

frriTr

\<h

Flow m

i

iy

-

T ot

"

T

t

17

b

4L oy

gt acts
PRgan
e

Tin

(i

BRI SN
B9t SWHeS

Yo

i
B

HekEy
!

T

Sk

T

20

[ E




In the absence of'the'necessary detd for the sedimeét inflow
‘rate at the dam site the thing to be done is to ascume a'£g7&/,
‘{conservauzveivalue. |

Tha 1nflow rate of sediment is assumed to be 1% by wel&ht

21 p )
of the total inflow. = o S ’”iJ/>vrh¢wu&ls o Lo )

- A method is suggeste&’by_LinSIej to find the érdbable @S/ f{?“wﬁ
life of a reservoir'limitéd by tﬁe sedimentation. This methoed
can also be used in determining the capacity required to deéignate
as sediment storage.,rw
S8ince the capacity—inflow rate is quite small Irﬁse a trap

eleclency of 90% and assume that 25p of the 311t Wlll be washed

P
through the sluzces prov1ded. Taklnﬂ the specific grav1t* of g{;MU

the sediment deposits as 1.2 , the silt deposits will cover

a total volume of

758.8xE0x - 0Ix. 75x50x.9

. &
= 182210 m ©
L4 '
) . : ‘ ) 7 ,/\ v . ":\ » ,.; '7(, ‘ g o - . l/_.

i ‘)0 years. ooty (O\/(/t‘\ &u\r,ud“{/f// L—‘JT/:«_.} »//’ et . /r) D / ) '\(Md\ A ! 2,

, ' oy b lole -’"é; ¢ :!3 S A -RAa W,

Accepting a dead séorage of 180x10° ™ and an .

additional reserve of'68x106 m 3', the total normal capacity ~
of the reservoir is 570xI0 ° m 2, |

The elevatlon capaczty curve shows that in order
to malﬂtaln this capacity the nermal pool level is to be at an

elevation of 790 meters.

(22)
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AllOWin" a vol‘nme oi’ IQG-XI.GG n 8 for p~art‘ia1 flood conti‘ol

‘i S "L")‘L\,J“:} v
'{;he moximum capaclty of the reservoir will bhe 670x10 Tat e
AT

an elevatlon oi‘ 73 meters. R S o

If the engineer in cha,rge 1s informed of an approachlng great

n advance by the meteorolwy statlon, the

proper operatlon of the slulces m.ll perm.t an addltlo"xal

g
A

flood control volume of \ dq 2 oo - / A,
. i : o N g il " v,_);7 — g,.~/‘~;w-. Ly A
(2)
33,000x3600x36 _ 155 706 mD
. ' 36,3 ’/ L
./ ! : h 7 P iyt I i~ LL Z' 3 7 """" o
; L ,M,Ll ’,L,Q“)/»\/““QL . /LL i/‘/l‘vu—\ &J h AR LAl _ad g~ Pt .
' / o, 20 ;’) 5 5 ¢
. 5 Lu_ovv( (,;-L 30 X %o /W ’- }/I o-"m( AL 5 \I‘v{, "’f'»"-/ﬁb v L‘;’ -~ - b
/
) 0 (v R B EAV AP
Ny ;[“:) Yl /(c,u,«« W ['/ »@,;MH v WhRre s SO }.\J :
o \7\‘~~_»“
S . 2 7 K - ' //-; /) ,: .~/,
gf\/}/lm ; My’ I«w’c. /"‘ b "M’U*T {ﬂ el P e

orfaclid Fetil vl
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/b:. M W/W //C—Lﬁ’._.‘v\f“),r. '~!’LL9J /‘—\WL-J J‘..u» : ,\
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The total discharge through the sluices is found on page 57.
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(ST P B Y »LL A / (w \
: |
! /
?
R ; {og vl l

(23)



DISCUSSION OF TiE SUITABILITY OF VARIOUS TYPES OU DAMG

The choice of the type best suited to a particular location
or use is a matter on which even very expericnced engineers
will differ considérably, and is to a great extent a mafter
of judgement and experience, #bwever/an intelligent study of
existing conditions and requirements is of coursc the best’
guide for the choice.

Safety sﬁould be the main consideration in the design. The

cost of the dam; affected by the availability and price

- of comnstruction materials is also of prime importance.

I have made a conmnparison of the usual types off dams and
stated my'Opinion of the suitability of the type uhder ,

consideration,

Thé‘ushal types of dams are classified as féllows;

‘i.)fConcrete arch dams

2.) Concrete hollow gravity dems

8.) Concrete solid gravity dams

4.) Barth and rock embankments

Concrete arch dam j;

_ The weight of the arch danm is not counted on to assist in the

resistance of external loads. The sirengih of an arch dam

depends on the sides of the;valley which must be composed

of good rock that will resgist the end thrust.

KTUPHANES!



v

(Arch dams are only adaptable if the dam lengih is small in

o : .
., i . /
- . N
N SO AR S
/

proportion to the height. }
The design of an arch dam is wegz'complicated)and many skilled
workers are necessary for the construction.

Considering all these factors I do not believe that the arch dam
will be a suitable choice because;

a) The shape of the gorge is’ so that the ratio of leagth to
height is large.

b) The sides of the valleyythough composed of rocg;are formed

in 1ayers;aﬂd the rock is decomposed;'iherefore it will not

be veIR% séfe éithout extensive grouting}which will be vexy
expeﬁsive;

c¢) Though unskilled labor is available, itraining of additional
skilled men will ﬁe required}which will take a long time and

be very costly.

Concrete/ hollow gravity dam ;

Ve

tiollow dams, heing lighter.per square _foot of the area, exert .

less unit pressure on the foundation than solid dams.

Forxr this reason the hollow dam is soumetimes adoplted where a
gtrong foundation for a solid dam is lacking.

Due to the high reinforcement required this type of dam
requires a great number of skilled workers.

A study of the existing hollow dams shows that tiiis type of

dans is not practiced if the height of the dam ispver 50 m.

(26)



A ¢ Fruw
The constructlon of a hollow gnvlty dem in an active earth—

guake &one'zs qutte dangerous.

s

Since the dam will“rest'on'a rock foundétibn, the unit présgﬁrne
dn”thé'foﬁndation will not be é'goverﬁihg factor; on the other
hand)stéél and steelwork”is‘very expensive, and the gudlity

of concrete ﬁséd'in'a hollow dam must be very good which

requires éareful”inspectioﬁ,‘therefore is'COétly. ,

. ) ) /l—\\/\ CLO(\/\F\ . »l/éi’gf_/

On thé whole I would think that a hollow dam will be inconvenient
Br(

,and/uneconomzcal*to ‘build-in this location.

Solid gravity dam § _ :

L : ”yf_‘\ T { Ly
A solid gravity dam is adaptable to 21l localities exeeﬁt _

Cdx(/\ﬂ ;,_l/ & PQ—L//L ('f/rJ ‘i [N S ]Z'O Y(/)/V;:.)— "’l (b( L /./*f(/n INCC 0’/ [AS RSN RS Cons g 'ZL‘

L&(; + where there is a greut uplift p0551b111ty¢ -£t~ts~kowaven-

necessary~tnat»thls klnd_ci~&amwbe_bulltaon~rockwiounnatzonv“
Ilfv*,v\ u/ﬁ-vl\.l‘-)b rl, b'—..L.A,M LLp\\.Lu\,| }JL«-\‘\,V‘\ »» ‘rwaf" ~; \‘_‘»[ )i"“\,?.',",‘f-! ‘
A cerient’ facto&y, a-good- quarry and- a'nonvenlent san& banL T e

near tlie location of the gravity dam are absolutely necessary‘

in order that this type of dam may be con31dereu.

o b
In my'oplnion in this case a concrete gravity dam may be

considered as one of the alternatives, for:
“\/»J{‘ KY/Q. L\U,‘ n’éi::«f‘

a) Bvck~f§un§5%xon liesﬁat an average depth of seven meters
Ay

unaer the alluvial 5011«vf d-vwﬂ$7 b’¢@WM~

b)The railway station connecting the Sivas cement factory

to the site ig very neatr. VLLI%k”L”ﬂ /ﬁgtaf v *Wﬁ?~x>w,j;uu )huﬁﬁ ]
e)A sandbank is only I.5 kms. away from the dam site.

N
H

d) A good quarry is available in the v;clnxty f 1h,~f%w»f

()



Earth and rock embankments j

If there are sufficicent materials availabié in the vicinity,
earth and rock £ill dams can bé built at é’low cost;ﬁ%wever,
‘a knowledge of the flood flows of the stream én wa1ch an
earth dam is proposed is of great importance. The overtopping

of a non-overflow concrete dam may cause some .damage  but over—~

/
<L /

topping of an’ earth dam ig disastrous. Therefore, uFSPillway f}/;uL

D b Jsond Wity boure o 4P Loty quwdi, L‘s:"bm[ Lo iﬁ,,;(inwﬂ&
ro£~morc’sattab}e*égaracter—as~a~neceasary“adgunct. K

Lugete Cm(,koku‘Ln, mmfw Aok & ermertle 0L;u—«.o) I Y TV A S e 7"‘~:\L‘LL)

The ‘question-of Snlllng requlrenents is, . paramount. 1mportance Lo

-l /‘\Aj\.. [P /(\(' D . GQJ/V(\(“)\/\C/ Lk/\ﬂ N'/r\z' Ll NS N e L:\,w"':,g
ﬂ dei &

ermining whethexr or not it is ccoromical to construct

.

an earth dam at any locatiom. ™
_— x'
LFn the neigliborhood of‘fgg/acﬂepted dam site the necessary

naterials for the/cGEE;rnction of an ecarth dam are available.

ey

hut tne/ n

.L

illway problen may present a serious problem since

.

/ :
we do not have a long record of sirearnflows. )
e , -

<A high froeboard wust be allowed as well as a great spillway
capacity to compensalte the danger of overtopping.
To sum up, I would say that, the earth dam has some ve¥y~ulst1nct

advantages over the concrete gravity dem for this site, for:
A ! ;
Vol

TO b
I.) ¥ost of the material necessary for the fill is ouly at an
averaze distance of one kilometer.
7,

b‘*"i‘ {‘/ ( ‘ - -
2,) It wmay not be nccessary to excavate to solid rock in-ease—
~of—gnmearth-dan ,vhich will reduce tiae cost.
3.) The e earthguake problem will be less serious for aan ecarth-

damfhan it would for a concroete dam.
LA N SR T U SR

4.)If_a complete flood control is wanted, thlsmW1ll“Lesult

A Lt P O _! St
in.a-greater—co p%cljy'%nd~thexeartu'uam willtmost likely—be—

] N ey / ;
AL )‘ bt PREME]

Yomd by e ]

-more. economicgl, because. the gravity dem will become wery %77

(29)
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’héavy‘due~ﬁo—gneater upllft and carthquakeje£*eci*_
0n the other hand the gravity dam has the following

obvious advantages* : -

l.\, 3 L
1. )'Tne secpage 1095 aﬁd danger will be practlcally cl1minated

by the constructlon of a concrete gravity dam.

,,\ e

2.) ”he splllway w11y&epresent no problems,
2.) Maintanence costs of 2 solid gravity dam are unch less
than the mointanence costs of an earth dam.

4.) The time required to build a gravity dam will be éonsiderably

—
[ N

shorter, S bt s D egedoce L e s ey R
o f / ,

oy

5.) Less construction equipment will be reguired in the 7

R !
'constructioa}which means less expenditure of foreign currency.

/ ."f vy "

e .
5,) Sedimentation w;llnbe~wgshed to some extent thrcugh the

Clocl th o twveeaende Lo
SRV P W L S A o VAl Ly A

provided slu1ces‘whlch will result in an increase of the

useful life of the reservoir.

e see that both the comerele gravity dam and the
earth danm héve some(&ery?distinct advantages, over eachother
~and/%t this pointbiﬁ is inpossible io come to a definite

Ayuseg
conclu51on as to the choice of the mere sultable and
economical type.
In the following pages I will mﬁke & preliminary
design of a concrete dan in order to compare the cost of
this dam with the cost of the suggested earth dam design

of D;S.I;, The suygeuted D,5.I. design is for 2 larger

Y ’,« e .f,

dan wwth & maximum capaclty of 9&02106 n, but I will he

]

'“L m)
able to estimate the cost of an earih dam of ¢ ual height
, g &

with the use of the improved, up-to-date D.5.1. figures

(29)



After the cost calculations I will state which of the two

1 would prefer.

I will also include a critical discussion of the suggested

D.S.i. design.

(z0)



v'f8§)mﬁeightaof~t&emdam

- FORCES ACTING ON THE CONCRETE GRAVITY DAN

The forces acting on a dam consist of the following;
. N f .
I.) BExternal eartd pressure

NS
2.) Barth pressure

. = e B e x
8.) Tplift [ el poiaion Thaweeh e
4.) 1Ice pressure
5+) Barth quake forces
6.) Wind pressure
7.) \Vave pressure . L
/ ’ .al,‘\\_:--.’i‘« ,«” Yoo, p‘) ?{‘wz‘\ “*""“’( G Al ey it L I;‘-§‘>}:“.." ’ i’ o !

In the desigh of the concrete gravity dem I have not accounted
e | | o -
for cavrth pressure, wind pressure, and wave pressure in the
stability calculations for the following reasons.
[l ot R
S WA T
- Barth pressures have a ninor effect on the stability
of the structure and sinece in the design f will give a place
to the sluice coastruction in the lewer part of the dam which
will periodically flush, the depth of such deposits will ke
linited.
Ice pressure; The climagte of the region where the
reservelir is located is quite mild,and there is no reason
4o believe that the water will be frozen to a degree which
will require atitention in the consideration of the design.

-

Wind pressure; VWind pressure is seldeom a factor

in the design of any dau because dams are almost always in

shkeltered lecations, and even if they are not, the maximun

(31)



possible wind pressures are very small iﬁ comparison with the
loads for ﬁhich.thé.damris deéignéd. |

Wave pressure; The upper portion of the dam is exposed
tg thé:impaét of waﬁes/hutithé‘préssure exerted onzthe structure
is of llttle 1mportance Since the fetch distonce is small,
yowever,prov1sions will be made for the wave helght in the free-

board consideratlon.

A. External water pressures .

N Theidensity of fresh water is I000 kg per cubic meter.
?he total fressure 0f guiet water on a submerged rectangular
area A. is ZS'A{}/2 where Y is the density of water. The force
is nérmal to the surface.
B, _Uplift

Uplift is the upward force exerted by the water that

iy vt W do

percclaues through a dan. £h1s oceurs at all levels. A% the
heel of any section the Qore water_pressgre‘cgi?es?pgﬁq%to ﬁhe
head of water above the section. The resuiiX:swﬁ‘gégﬁ;fion in
bﬁhe effecfive weighﬁ-of tﬁe structure aﬁove 1t,wn1ch~1s~unfa
desirable. |
”Inklﬁﬁﬁ a report hagig;en‘published by a Sub-Committec
of ghe Anerican Sociéty of civil Bngineers Wko reviewed the

data available for masonry dems. Unfortunatelyy the‘evidenée

was not suffiéient‘for the Committee to prepare a specific

code for dealing with the éffects of uplift. However the najority

had the opinioh that éhen designing a new dam it was advisable

to assume that the uplift pressure affected the wholc arca

(30



of the dam at 2ny level and it would be advisable to assume | R

A : ) : . 1

~ that this pressure varied linearly from full hydrostatic

- head at the heel to. the actual‘prGSSure‘ét the toe.

C.  Earth quake forces;

I'have‘cgreiqllyfstudied the 1ocalbconditions and
'~particular1j'the'seismographical‘history’af the fedion and
»found that the site is very close to tﬁé”knovn active fo ults.
Therefqre the_,dam:must be so designed that it can safely
resist the inerfia effects caused by the sudden movements
of the earth's crust. |

" In regions of known earth_guake activity,accelerations
of .Ig arc usually assumed to act oz the dan. This value of

;Ig secems to be standard'for dams in seismically aetive regions"{l)

The horizontal force Inm on the cﬂncrete block acts at the center

of gravxty of the block and is equal to\éé > =

In the " Ezscu531on of pressnreéwon 2 dan durlnw
earthquakes  Trans. ASCE Vbl. g8 , 1938. T, Vbn Karman
' suggests that the inerease in ﬁhe hy&fostatlc p;essure on the
dam be.computed from Bw=.555 kH“ where k is the ratio of
acceleration caused by an éérthquake to that of gravity.
The force Iw acts at the distance 4iI/3w aﬁbve the botton of
the reservoir.

“An eafihquaké movement, nay take place in any
L

dlrectlon but for a grav1ty dam reserv01r full the most

unfavorable dircction is upsgéean normal to the axis,.

/ . . :I H
AL s Pa vy vena

(1) Elements of Hydraulic Engineering, Linsley and Franzini T

He. Graw #Hill 1560

(=3)



The corresponding force acits downstream. For reservoir empty

a downstream acceleration is more unfavorable. - ' V7V3L¢tn)wu

A vertical acceleration chaﬁges the weight of the conecrete

and the water in fﬁé‘éame‘ratié.‘Cbnaidering these elemehﬁs
_alone the resultant is not displaced from the posivion it
would oééﬁpy‘if there'ﬁere’ﬁo’éérthqdake. However the stresses
are changéd. If the acceleration is upward the stress is equal
to thévho—éarthquake stress mnltiplied by ( I+c¢ ). which is
generallylless than’the stress for an equal horizontal
acceleration. If the acceleration is downward, the multiplier
is ( I-o¢ ). Tor small deviations from the horizontal the
maximum stress may be slightly pgreater than for a horizontal
acceleration of eéual‘value but the uncertanities in the
vaiue of &KX is greater than the difference in the stresses."‘(l)
If the desiga, an order to be on the safe siée, ¥ will adopt
an earthquake acceleratibn of .I5g and aiso assume that the
eartnguake_agd the_h_i;ghest ;‘m; act at the same bime.

I vill_glsqvalloy a IO% increase ih the mazimum e#isting
st:esses“fqr compensation ;& a deviation from the horizontal

acceleration,

b, The weight of ﬁhe/dam;

fhe ﬁpiﬁ weigﬁt of the concrecite varies slightly
depending on tﬁe iﬁgredient& ‘but in the absence of ezact
information I will assumé 2400 kg./ ma'for the design weight

of concretejwhich conforms to modern practice.

(1) I:ngincering for Dams, Creager ‘Vol, & John Wiley and

sons, 1946

(3¢4)



E. Reaction of the foundation

If we letl =_V be the reéultant of all vertical :t‘oi'ces acting
ofl the dam above the foundation amd = I , he resultant of
all horizohtal forees,the res.ultant o ZV aﬁd = ¥ will
represent the resultant of forces acting.

,In_brderb that static equilibrium is:’cstablished this resultant
. R must be balanced by an equal and opposite reaction of the
~foundation. |

Therefore the total vertical reaction of the foundation will
he Z.V and the total horizontal shear or friction egual o

Eud.

(z5)



DESIGN ASSUKPTIONS : -

I.- All loads are carried by the gravity action, or wéight,
of vertical, parallei—side’cantiievers7which receive no-
supportffiom-the adjaceny elements on either side.

2, - :Unit‘Vertical-pressurés;*or»normal siresses on horizontal
planes,'aré assumed to vary‘uniformiy as & straight line from
the ‘upsiream face to the.downstream face.

3. Horizontal shear stresses arve assumed to have a parabolic
variation across:horizontal‘planes from the upstream face to

.the'downstream face of the dam.

(ze)



' REQUIREMINTS FOR STAPILITY :

The principalyfactors in safeguarding gravity dams are to

ensure,under all kinds of possible loading ,
L. The principal vertical and inclined stresses at anypoint
in the dam or the foundation shall not exceed the safe value.

2, At no point in the structure, tensile stress shall be

allowed. ( Since this criterion means that the resultant force /: ;.

within the middle third of the baselthe danger of overturning
- is automatically eliminated.)

3. The tangent of the angle hetween the vertical and the
resultant of all forces acting on the dam above any horizontal
plane shall not exceed the alloﬁable coefficient of friction

~at that plane.

4, - All assumptions of forces acting on the dam shall be on
the safe side and unit stresses will provide ample margin
égainst rupture.‘ |

With regard to overturning, a gravity dam will be stable-

against overturning if stabilty is obtained against sliding,

if the stresses are within allowable limits, and if adequate

measures are taken to secure a stable foundation. Tor this
reason the computation of an overturning factor of safety

is unnecessary.

(=%)
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CRITERIA FOR DESIGN =

Allowable working stresses:

" Under normaliloading conditions an allowable compressive
stress of 400-600 psi (280-420 T/mg) is generally speecified for
nmassive concrete dams. The max. allowable shear siress is
generally specified as 200-300 psi (I40-2I9 T/mg) or 50% of the

. - p
allowable compressive stress.” (2)

The allowable_stresses_that I will use in the design
will be conservative in order that safety and permancnce- is
secured. An allowable cémpressive stress of 280 T/m%Aaﬂd an
allowable shear stress of 140 T/mg arc specified.

¥ For dams built on poor rock, the sliding factor is
generally ﬁsed as the criterion for sliding. Since it includes

no resistance other than friction this foctor should net exceed.8%{1)

Foundation pressure:
" In general, a value of 2.0 or more is o desirable
-ratio of foundation strengih to allowable bearing pressure.
Factors of safety for pressnreé of conrete dams on rock foundations
are of large magnitude,
The average compressive strength of rock foundations

range from I000-30,000psi "(2) , L

!
o4 ¥
Wl
%y o
' U
I

The roeck foundation of the Almus dan is relatively Uoahort s
pooxr but even the lowest allowable compressive strength value
will provide the desirable ratio of %/as the nax. couwpressive

stress allowed in the concrete will not surpass 400 psi.

(1) "Working stresscs for axially loaded concrete"
Lab. Report Mo C-GT77 U.8.0.I.B.0. Pemver, €olorado

(2) Barth lanual, U.8.0.I.B.R, Denver, Colorado X8I
LW
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-~ NOTATIONS

Bise....florizontal compdhent of the reservoir load.

Uew....Total uplift force on horizontal section.

W.......Déaé 16adeeight ébbve'éeétiﬁn

Ew......Increase in‘uhit wateripressure céused by earthquaké

BtiessesaThe inertia.forée caused by the earthquake on the dem

ELV;..;.Algebratichéummation of the vertical components of ali
forces, including upiift but exclusive of the reaction
of the joint. | | |

€ H.....Resultant horizontal forcéxébove section

Tan & ..Angle of inclination of the resultant B of ﬁhe forces
with the vertical

e.......Becentricity, distance from the center of gravity of a
section to the resultant force

¥y - +--Unit weight of water T.T/m3

& ...Unit Weighé of concrete Q.Q,T/mg

g......Bistance,-in meters, of the resultant of all forces

~aeting on a sectionjfrom the lowest pointof the downstreanm

face of the section

ST

ceaae® Diétgnce > ip meters » of the qentroidvof_ﬁhe dan from
the lowest point of the downstreawm face ol the seetion

S ~MY...Sumnation of fshé overturning monents

ﬁﬁ&&.,Suﬁmation of the righting moments

(G”....Normal stresses at the extrene fibers

Gr:...StreSSes parallel to the face of the dam

T ....Average shearing stress along the plane hetween the blocks

(39)



FREEBOARD
Freeboard is the vertical distance bejween the crest of
the dam and the maximumﬁreservoir elevatién that would be
ettained during spillway design flood.
. The amount of freeboard is generally determined after a
consideration of the following factors:
‘I, Moximum wave height |
é. Relation of spillway capacity to flood runoff
3. Steepness of upstréﬁm;face. |
Since the upperipdrtion of the upstrean face that will be
exposed to the wave action is vertical and the design capacity
of tne spillway is very eonservatlve these factors are of
llttle 1mnortance.

The height of waves depend on the reservoir fetch and
wiﬁd velocity. The maximum wave height corresponding to an
assumed wind velocity of 60 mi/hr and a reach of é miles is
calculated by the Stevenson-Molitor formuia

fw= JITVL + 2.5 = ST
where Vw is the wind velocity in mi/hr
L is the fetch
. 4w is the wave height in feet

fw= 7 fGOSE + 2.5 - }T =8.85 PSIT = 1.I5 meters
A freeboard of 2 meters is accepted in order to get beyond
_the reach of vaves , gppearence and for other 1nclaental
purposes. This is provided by cne:meter of. paraphhpmuail
—and-one mneter ol ﬁhéﬁéééenSlﬂn of the den sectf;é ;ﬁgggjthe

high water level ,nd Ahnl,hNT ?V&VL#ML -2 :? WU Lee

! 5
- )\l. Cuwtn l f’l" ‘:';-A ‘/J\C.(,»,«.,v

/\r_, { frae 4,:,]1 v

i
(

(40)



HEIGHT OF TR DAM : -
. The crest of the dam including the freeboard allowance

is at an élevation o£ 795 n.
- 4 study of the profile of the dam site will reveal the fact

that the maximgmvheightvof'theVStntiOn 0+831 is 5% nmeters

above the original foundation level and the dan ﬁill extend

an aﬁditional 17 meters below the original soil level so that ,V“” f%ﬂ’

' S ety o,

it will rest on a reasonabie sound rock layer. - e 2
; ’ ¢ : : h hafades . N9 “/\’vl_" L\,LC/(/\,, £,

L
.. 4
TOP WEIDTH

. The width of the crest of gravity dams of moderate heights
‘vnryAbetWeen 105-15% of the height. Though a heavy top ‘section
is a disadvantage when earthquake forces are involved; after

some trials I had to choose a top width of 10 meters (.1u1)

in order to provide the necessary widbth for the lower scetions,

- (ar)



LOCK L

- I0m -+ — 395
i — 394
Max. Wafer level -~ 393
, ‘ «—T83
- I5m AN
7 -
P Sj7 -
< 7 1.?2\1 310 X10 ‘
\2 8 T
9= 2.__5_53‘33'\’“0"55 - 5,05 m.
\3S
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e
- -

Reservo:u' £u11, Earthezake upatream normal to the axi.s.

Yer’ca.cal forceat. .

Forces Lever Homant
Tons Heters - Heter- Tons . ,
. . . “ e “'}f
Wb 2.4x135 324 1 {"/9.3> ' 3,000
u 10218 { -5 10.0 | =750 oy iy
. et ! { s 1
Zy=2h9 | Z+ ¥ = 3,000 .
Horizontel forcess R e A R
B | 2xI0210 i 50 | 3453 -167
Em ‘1535215 i 1*8;5 (5.»'®~ -211'5
Ew |.oommasx1o® | 8.4 425 - 35,6
= B=306.9 | g u=1197,6 )

3]

- 3,000 = 1196.5 = o3> I5  Resultant within the middle”
. z

2~ g
third,

= 106,80 = 69
Tan. & 27{9

At this height inclined and vertical compressive stresses need

not be c':heci_ced since they cam:’ not be critié:al.

(43)



e,

. Besemoi;i full, Earthouske upetreamvnormal %o the axis, KO UPLIFT

3,000 « 447.6 . 15 . Resultant within the
TRk = 9 F 5 "

niddle third.

i

’ U..’ L(QA—’
Reservoir empiy, Earthquake downsiream normal to the axis,

- 5,000 & 245
32l 10 = I5%2  Resultent =t the wmiddle

third,

Ton U= LI5

 (44)
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BLOCK

Sm.

\35x 233 = 5\8o
300 x 2\»5 = B4S0 _ o ]
20 % 26.71 = €Soo X = ns€o -

\S-q m. -?l"om tz.
t4o x 28 = 13w . . =95

—

Tz | —
s9s . ng¢o

IS x2S = 33%0 y = F44S | {0S m. from base
Too x Ww =

3 oo sas
20X 6.£6%= .
63




Reservoir full, Earth ke upstremm normal to the axis
~ Vertical forces. - :

Forces  Lever ' Homent

Tons Yoters ! : Heter- Tons
w | smx24 | 22 EV X 27620
v 2210+ 3xI0x20] 30 512 | 956
U 1x30x31 b 465 20,5 0440
| =V-567 o N 28556

Horizontal forces
BE | 2x30%30 ; o0 | 10,0 | 4500
En | JIss22 | 23 ) 125 2660
| s " v 2 ’ ‘ .»‘: .

Bw | W555x.I5230 | 75 1 127 ~ 50
T =u= 738 =3 17550

2855617550 | ppi3 > 3! pesultant withia the widdledicd .

- 8 3 *75 »
Tar OF 057
. Ge 28T g 4 6xk,2 ) _
G _EVY (1zB) = 31 S vaad the
’\‘31'."'. B |
| : R 234 PP
R N W
~ ey T ' . - )
-p ¥ % ; . n
X 5.9 {ﬁ’ T e o= W28 L% wm
'i:gﬁ{.i:. = gﬂﬂk%’ = 'E}% = e

Al shas e d

V(fv\ fore Lo Jonys 53
(46) o



Reservoir full, Earthgquake upatresm normel o the axis, no uplift assuzede

- 28%56-81&} - Ih.lyg,  Hesultant within the middle third.
¥.S 192 ’ '

38 = 51
Tan 6‘ =m0

The inclined ond tho vertical streszses at the too are obviously
lese then the previous case thercfore need nob be calculated.

LS % Bﬂ 1)
’(y;igL = 34 ( =

qt—_tee\. = 33.5 T/m’; '
; -
qwaetz 35 l/mi'

Begervoir emply, Farthoquake downetrean norzal to the axis.

- = 2 52?&*265&, —_ 21.5>20-T e resuitant “alie e olicdhtly
2 iize | _out of the niddle third.

v
4

tan &= 317%';22’5}“ = '15_

~ 9. / Gx5»8>
Qe = A ("-"’_;},T'_.

: o
3 I beliove that under the worst
7 =T[ - 777 conditions euch n emall tencion o/
= =5 /m eapecinlly at tho toe may ba /

neglected, Therefore I do not %
nake another 4rinl, : :

G-‘HEEL = \,D\ . 4 T/ml Tmax = 3 %975 = 63 T/m* /

(4%)
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w
r
o
£
A
E

J38
ty &L

59s x ¢L.4 = 23200
T3S x 320 = 29300
23t x S0 = 4 2%0
62.5x SS. T 14350
A—————
Ty 62,430
595 x3q.7 22, 200

33 X127 = b X -1
ey x B = 58 Su

ip———

34850

82130 _ 325.3  from -\-_,5
13y ,

x|
|

f

V= 34350 - 20.3 {rom \3m¢og¥\oc\&§\_
iy




Rééervaii? £ull, Sarthquake upsiresm normal to the aziae

Vertical forces ¢

Porces Lover . Homent -
Tons leters Hoteres Jons
F | I7vizas hies 3643 - T49,500
U~} 2x55858.5 1600 5849 -525C0
: - EVans =+ B = 163,399 -
Horizonta} Porcest: |
§
B LRI5R55 1520 18.3 -27,800
Bu | o550Re 15855455 252 22,9 5,500
= Bo paxa -4 '
é peal 00 g é"‘ -~ Qi‘g,’ﬂ}a
2 o 157y LE8:2. L -
AR2TErE £ fepultant within the middle third.
~ ”ao - .85 _ T e e e b . HEEAT 2 Skt TR
Lan g" - 2??7&5
o i/ g,‘a.&- _
o P - SANN
U o YT VR ":'"’f}
Nd T W 2.5 K TER
- 4 AR
& . a5 O e T
\*‘l‘;ﬂ"'ﬁ. ey - o . “Tad .
& TS ; L
ngEL = ;E‘.;L fm {‘:Y“ff EL S{& &




Reservoir full, Eartheuake normal to the axis, no uplift assumed

- _ 15 = 26.Bm. Resultent within the middle third.
X 578 : . ‘

| 2580
Tar &= 1578 =
B A L 3)
q:xsex = 53:; ( a% S
, - .0 /m
G"ne&’\. = S

’ Tlm\/
et 5
Waeah-= 5%.3

Reservoir emptys®Carik quake downétream norxeal 1o the axise

§ e mw‘&\&“’hﬂ;

. , D .
= WGSBS 4o SEE XY Rewladt of
X="TZus
. 8% - s
Ton &= oS
/ v

| ’Tm“ = -¥xib2 = 995 Vet /

* The pinimum weter Ievel could be assumed but mixew this assumption

is on the safe side and faciliates the problemy

(s0)



May. Waler Levc]/ - T, - - - - - - ¥ EL. - /
_\S_w\._____ — o _v—"_EL-__ I T
— Bw. __.____f_é.l_ifj
17
3\)\(/{”::\“/':)2/ - ) }’x‘/
i e v
Li5B.Sm . e N\ T LR
e '3
. - M K 1
fax fos b 3
€3.5m. _V—__Ejj
i - ’ q
\ )
[ ,
‘ ~
:")000 /(
Rigxqs =
000 X343 = 3Y4,%00 X = ‘E_"L‘?_‘l = 358.8a. Lom tq
16 X6Z'8 = 23?50 2.:‘%‘.
Gsxz3 =7 __ VS8
2397 e 108,000
AT AvHY = Ghovo Y= I3oeo, - 98 m. §rom bane
8.5 X 1000 = 3100 239v
E Y oox [y, = ,_._.S_Q_"l_
13000 !
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- Resarvolir full, Farthgeke upstresn norzel 4o the axie

%rti;:ai ,fcrcéa’

(52)

“'- Forces Lever - Zament
Tons Heters Hotorg- Tong
] 27sEEEL 6700 38,8 240,000
fu | R V3 62.5 28,300
g &xéa.gx,as 1720 k5.0 } 77,500
‘ ' g ?« 5,452 s+ 288,500
i | a55e55 © I5I0 35.5 =554200
s | .i5x6700 1000 2.0 26,000 .
TR | Jooxaisx 550 | 252 39.9 -10,000
=1 2152 s B, 166,600
SN .;iz 0 2245 _ 225 - Sesultant at the niddls third,
® - TEmEe TS RS
- | (»»o’%\ o0 gfw'f\-
2 .5 .
Tan g £ 52 =
q..-°
G:L L = s:’ Fivt &
[
. T
N ey Tet G = 1387
Osoe === (M) 7
vk é‘;_i . }




Reservoir full, Larthouake normal to the axis, no uplift assumed

- _ 199,100 o  27.9.3> 22,5 Resultent within the middle thirds
& 7:152 S ' o '

anf= 2,752 L .39
o 1152 :

<§ - e ‘T/fh)”
EE Y Sin ey T ass
2 T > o

L - e R A4 N
N pegy = 3 ED

Reservoir empty, Earthquake dewnstream normal to the axis,

5y

. 288,000 | . |
= ""Sf-?o"ﬁ = 1@. <‘.’ %', ‘.Resu}.tan&lg%'&l:in f,he middle

3= o
a8 B0 T P
£7en f ~: i'\g,f’:jé\
G:‘a’:}{f - Q:"“‘X } ‘S?f? ;
Taec = 203 ot
t
. 259 /o
el F ‘
: ; The mox. shearina Steess = .Ixr7%
(YR - ' | - {Q_(,T/m‘—
7/ " This is well withia the
gsﬁ%i&. = 186 o ‘ ‘ allowed wvalve .
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AROUT THE CENTER CROSS SECTION
I have to accept that I ended with & heavier cross
~secti§n than I expected; ilowever the_specifications to which ,vvl'h
I conformed the design are more restricted than the essumptions
mnade in the design of the ex 1st1ng dams.
I. Uplift in most of the existing dams has been assumed to
vary from .5-.67 of the full hydroutat1c pressure from heel
to the toe.‘But,recently The U.S. Bur. of rcclamation has
suggested the use of full hydrostatic pressure ratler thaﬁ
a percentage. Therefore I had to consider full hydrostatic
pressure.
2. The accepted acceleration of the earthquake (,Iﬁg) is
algo'greater than the'assumption nade in the design.of-most
of the existing dams, however I belicve that this is not an
oversafe assumptionfor the site.
3. T#e assumption of thq‘earﬁhquake and the maximum woter
actihg at'the»same instant is also Very conservative but
reqnires‘g_heavy section.} 7 _
A Study of‘;%%vexisting dams in the U.S. shows that
the vertical‘and the inciined compressive siresses allowed
in this design is very near to the allowed stresses ia the

doms of equal he1ght. '
e Yie .fafkg, l’r(, Covn N ,<le' \‘("V”‘G' W‘\rtc( s 74-\_ 5(.}”\%—- 1']‘

X . have—i «0weé~e%resses~1n Norris dam u |
e ;y al,ﬁmq, _L;. h«. T‘QL.M—«: ! v—;vx.\;‘ l:\_,{«.n. a,(,g_ -‘v—(n (_,v\}
vuﬂu.ion~$4e_sake,n£_conner ave«converﬁeé/tae»unitaato

5‘ n- { —L‘F
el i&efEr1t1sh un:ts.

(?59)



 Haximum compressive stresses

: _ Vertical : Inclined
Height Heel Toe eel Toe
CHOBRIS 242 33,700 28,000 356,000 41,000
| AEUS 243 36,000 -.32,500 . 38,300 ..36,200 = -
| C 10§ increase 59,600 85,750 42,100 39 soo\
nb

The unlts are p51

$ ﬂriétibﬁ'fadtorfhul53&11b€éqﬁn the de51gn is .85, ‘Usually
a frietion factor of .76 is assumed and my ussumntlon may not
be con51dered zgfy safe but this flgure is solely for the earth~
quakes.‘ Agaln a study of the ex1stlng dams reveal that in
the desigh'of'ShaSta“dém at about 200£%. above-base Tan & =.90
is allowed. - Blephant Butte danm is designed with zespech $o a

friction factor of .85,
'w}, ’{“ oy gf\“ ,{ al -‘*‘“ ¢L-- FN A By /

e,.

' No tension is ailowed 1n thewconcrutﬁ*body except at an
elevation of 763m. at’ the ‘toe a ten51on of 3 psi exists ol (RL>Ttp~N
o ) Le o ;Vw’
This is a very slight value and anyway the practical dimension
of'the eross  section will?deiiéte tq some exitent from the=tﬁeoretica1?
cross section:désignéd,'3150;%hé assunption of fhe minimum
waférfievelgnStéad‘of empty reservoir assumption would diminish
this tensi;né o

‘Since the dam is placed quite déeblyiihto'thg foundations ZZ
I‘do nét find it'nedessary to'provide‘a key. o )

’

((5-5)



oPIuBﬁAY AND- SLUICEWAYS ;

- The purpose of a epillwa& is to provide a meané for ﬁhe
passage of flood fldws without damage,to the dam or its appurtenant
‘structures. Therefore a spillway must have the capacity to dis~
charge the max. flood estiméted. However sluicewajs may help to
share the max. load. | | |

Sluiceways for a concrete dam pass through the structure.
It is advantagcéus to have a number of sluiceways rather than
a single large capacity sluiceway both for siructural reasons
and éﬁe*faczlalty of ﬁhe control Jéiéﬁgnﬁity,o£~dlschaz&eana£

\Ii,also~ﬁermtts**ﬁ@*reguiatien~of—oﬂ%£}ow;w¢$h~$hewvalxes~w1de-
&rﬂar‘% ﬁﬁ@m?&, ' '
sefuli—to=use EIbhﬁ sluices ( circular,

) '““{V‘{ oty '{‘M .
because 9qnare~gdged‘entrances_may causgﬁcavitatlon.),

located at_two,différent’levels. These sluieces will also permlt

PRy WP

dlecharge of the fine seuzments.
e et e R O

The wax. discharge { in case of floed) througn the

sluices is found by the formula

Qz T4 \i 2gh

The diameter of the\sluicewayg is 8 meters and the average head
: ] _ | 5%
is 25 nmeters,
Assuming that three of these sluices become in-

operative to be on the safe side though trash-racks are provided.

(56)



the total flow is  5( .7X76 {2n52.9%82 ) =83,500 £t/ sec.
The aiseharge of an ove;ﬁlow 3p111way is glven by tne formula
weonn” ety ww ’
“where Q is ﬁlscharre in £t / sec.A T
"L is the lengih of erest in feet
i is the head on the splllway in feet

"Cw is a coefficient which varies from 37 at low heads

to 4 at hlgh heads.  5¢i

- The max. ilooﬁ was estlmated to b '7Q,°00 fta/ sec (2900 m [sec.
Q= 70,500 - 33, 000 = 37 000 ft_/.sec B
Assumlng ‘Cw = 3.5 and 2 max. head of 3 meters (G.Q:fé.)

~the requlred.lenstn of the crest is - o |

37,000 |
T = 324 1t

768

3;5}:‘ 9.9

'VThg‘§ﬁoice of gate :
 In general, the‘valugé of the comerete im the crest of

a spillway'dhd the cost of the gates and their oéerétinéiméchaniéms
increa$e=aé'the‘discharge head incrcases. This indicates that the
spillway should be as long as possibie in order to effect a
reduciion in head.

The most commoh types of gates are: radial gates,

vefticai-lift gates, d:um.gutes, znd roller gates.

Badial gatesv and vertical;liftx gates are simple in design

but th@se'gates are for relatively short spans while the drum gate

offers.a long unobstructed crest .

<, (5%
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I believe that it would be advaniageous to use three IGS it span / o
‘ : A v
drum gates instead of providiﬁg 6 or T shorter spans and using Ui :

radial or vertical-lift leaf gates. e Lol el

Another advantage of the drum gate is that it is operated ¢u4(
entir;iy b?’iﬁﬁ% hydraulic pressure.vThis feature introduces an = &?WAJF”VOAJA
additional factor of safety in that‘its operation is assured in
the event of failure of a station power system.

A drum gate also conf;rm to the shape of the ogee'cfest

- , . . A o LY -
when ]_()wex-ed7 /i"'h,\L 6‘(.(/\« (Sﬂ» g (,, Caf‘(,ﬁ"L« "6‘&&0“&\:(“» &“?‘*};V{‘LVL/U M.ul = -f{" e ﬁ)//

Prasiracks:

Trashracks are‘used tobkeep out of the condnit any objéction—
able’large debris whieh may result in rendering the sluices inoperative.
The load on a-trashrack strueture is normally very small.

Prashbars will consist of flat steel bars set on edge and
spaced I8 cm. apart. The bars will be assembled into sections énd

‘held in place by guides in the trashrack stracture.

(59)



FOUNDATION THRATHENT =
m\p W w";b ‘{'

%hc_alilma$e—goal—‘nggiée foundcation treatment is the formation

of a souné, 1mperv1ous, and consoligdated base canablo of thhstaannﬁ

all 9%—%he stresses 1n uced by the superz&nc 2o }eaée&-structurevuhwﬁu &h&{
Merprved Londlotiom dreadaand
i ite may be divided into 4two paris:

SR gn ,1: reesboedo
A ﬁhg sxcavation op i consisting of the removal of

an average depth of 8 meters of a11u71a1 soil and decomposed rock

b

above #ﬁeﬂf@“@onab&y sonnd rock fuun&ﬁtfﬁﬁf“

B. »¥he*§u‘bsequent mwem‘trbns%tﬁnﬂa.ﬂtlnw"af* grou"bln; and /y'mm\rw\ %
drainage,ﬁxeatﬁﬁﬁfﬁt"’

The excavatlnf operation must be conducted in sueh a manner that the

underlying sound rock will not be damaged.

- C Ay LY : '
The~£3§ié2?'egﬁlresults&showathat sone varts of tae rocit is crachked
' ' g wredl an e Wi rwr/ e,
and conta1ﬂs seans and faults. In order to clean out the seamsﬁlt

will be necessarj to uéec?ets of a mixture of air and water uinder
1 hlwh pressure. Sugh.éﬁe%wwfrrmﬁréﬁ”éiéﬁﬁ"thévrntk“snrfaEETWW»~wL
A clean rock surface is necessary so that the concrete dam shall
‘ TR *khritﬁ"
haya~ihe_max&mum»pbssahle bond with the foundation.
,Narrow gseans and faults must be grontea therL§§§§E§%=é; case of

/ide seams, broken rock Wthh fllla thea must be excavated and the
.seans musl be refilled Wlth conc”ete.

he principal objective of ;oundut1on grouting is to

‘establish an gffective barrier to seepagé, thereby reducing hydrostatic
uplift under the structure. A secondary objeétive is to comsolidate
the‘rock gndef the structure and thus secure 2 moﬁolithic

P §. 1, T2
foundation., gzwwagrvgé 5$?vri .

f

(e0) | | /



The flnul treatment nf the foundation is tc provvée dralLawe.

Although a well executed groutlng yrogram w111 coneldorably

reﬁnce seepage'fam@~means must be provided to 1ntercepu the.éLbrueuJ,wwif

mwater which wr&1uneznglaig‘$hx0ugh~anﬂa1f not removed may
N S

’bulld up prohlbxtlve hydrostatlc preséureQ orr the base of the

tructure.
® A¢“7(~W&J
Drainage is provided hy dr1111ng-sewe~%tnes~o‘ holes
near the downstream face. The holes are 3 inches in diameter

at a spaeing of 1.5 nmeters and the depth of the heles is about

i R

30, sf the hydrostatlc head. ()

R ST ?Jm#. v u‘iJ [N i“&}”‘b ~
In order to prov1de dra1nage for water percolat ; tsrough
‘ : : ?J.! & )
' the upstream face or s Pi through the foundatzonjand(prov1de

" access to the 1nter10r of the structure for observ1ng 1ts
f‘behav1or after completlonﬁare constructeﬂ in the strucuure. :

g .. galleries T

k”he faunuatxon gallery extends the 1engtn of the dan near tne
'.trock surface, in plan 1t is near and parallel to the axis of the dam.
B A supplementary dralnuwe gallery is 1ocated further
:downstream. These galleries ‘also serve as 1nspection galler:es.‘
B Steel relnfocement is reuulred 1n the vzclnlty of the -
"gallefies since stress concentratlons will be 1nduced. The

1'ar.uz.u.m; of the relnforcement must be based on the experlmental

'g”determ1nat10n of stress concentratlons obtalned by model tesus.

,*(1);.;; This is the suggestion of the U:S.Dept: of the interior

' Bureau of Reclamation:

D)



" f*'"gw*z £ 07 TR CONCHETD GRAVITY DA \

b LAl dml

Zeneral Information

furposes  Storsge for 1rr*fatich, yover gencration and partial
flood control

Drainage areas 2557'La2

. i fa o 4 - 7
Conerote Volume: 556,460 w2 Jood  fap T boon So 5L¢*¢“ffiﬁi%
—mee s S e Lated o
llezervoir capacity:  67ozi0” m” . ,
- Irrigation and pover 384,000,000 1
lead storage 120,000,008 2y
#lood conbrol 104,000,000 w”
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Foundation @  ‘ndesite

Iype : bireight concrote gravity

Sinepsions ¢ . Biructural height 74w
Uydravlic helght 5D &
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£LEVA TION = meters
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station ' Blevation - ‘Avera,_,e Voluma . Distance VYolume
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Q25 722 w0 5 1370
e _ -
0-205 . 72:; 2800 5
| 5

0w230 721 2800 34000

@s)



Station

. Elevation of

soil”

4verage Volmme - Distance Volyme
per linear By, m
v |

0 * 235

 v?55¢ .u  D B 32Q755‘§

0 4 2hT.25

0 TS I5%00

- 0+ 20 B

200 30 25,000

o426

oo IO . 10 18300

S oa20

360 30 I6,500

04280

S T00 ot 30 Thy000

Va2

oo W00 0 10 30,000

04300

:-YZ‘!‘O?L e 39 ... Tsh000

0 4;337t§:.

043355 -

600 a0 6,000

FECRE

:?79  :  L

e R

0435

'E"?Zaf:’

3 I 5,800

w365

e

380 30 3,80

07*-575 :

776 . SR - "

B R

0 I 550

04395 .

 :78?§;§w.::,f,J(;f

0410

700

S 3s0L 0 1,500

R R Ty T T B T ST SN

0+ 418

om0 10 400

195

-

Total Tolume 23565450
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Estimation of the total amount of cement required/

The measuring of thedqdéntities of the constituent
materials of concrete is doﬁe either by volume,or’by weight.
The latter method is much more accurate and will be used here.
Tor the interior of the gravity dan a lean mixture of I1:3:6
will be used (240 kg of cement/ n° of concréte) .

For the faces of the dam a richer concrete of I:2.5:4.5 will
be used (300 kg of cement/,m3 of concrete) .

Assunming that~I/4 of the structure will be constructed
with richer conecrete an average of

240x3
300xI

20
300 | 5
1020 /4 = 255 kg of cement/ m'

1]

will be used in thg construction.
This will amount to a total of 356,000x285 = 9I,000

tons of cement. Assuming an additional cement consumption
of %20 of the estimated figure, for foundation treatment waake

I !

and spillway requirements, the total consumption of cement

is 109,300 tons.

Cost of cement:

The price of cement is I40 T.L./ ton. The total cost
of cement is I108,200xI40 = I5,250,000 T.L. |
Cemeﬁt willvbe trauspdrted'from Sivas, where the cement factory
is, to Artova by freight train and from Artova to the danm

site by trucks.

(%)



Required equipment and machinery:

Price I
Item’ : capacity  number unit total
- Concrete Lab. equip.
FCarpenter shop
Concrete mixzers ~ 4 1660 2000
“oomerete engestors | e sl e tfnaly Gl
| . | 4000 20000 oMb
vibrators .. 10 \ 300 k_,3g@@ }
Wagon dfill Igg'gg 2 B 1 1111 B 10000 %
~ Conveyor belts Csoufur 8 4000- 1000
Trucks 0T . 22000 220 800 |
5T 5 15000 96'099 ;
| 31 3 12000 36 000 2
- Dulldozers 2 30000. GO 800
'?owershowel ‘ g SEOO0 vl 55 660
\1C?§n§s 2 22000 62 000 -
High level mixing plant 80000 . 80 060&\}?_;
‘Low level nixng plant | 45000 4 ';Aé5~€;ggl§wfw
Cableways - o : 36300 35 680
Dumping buclkets G 500 3 060
Station wagons 4‘ 5oéo j | _ 25 000
Jeeps 6 4000 24 000
. Busges ’ 3 L0000 3@ 000
**§91 000 |
Unforeseen 20% of the expected 160 260
T0TAL & 96I 200

(6%)



The total cost of the necessary\equipment and machinery
is estimated to be & 961,000 or T.L. 8,650,000 .

-Assuming an average useful life of 7 years , the direct cost
of the machinery is the number of yearslthe dam is under

construction multiplied by

-

A

i ,

~8.680,000  _ 5 35 800 7.5,
7 _ R _
: (Annual depreciation) <o antfedrftad 31

Aly ey i"“l-\‘:ia»’»-\%!‘ 2

Cost of the spare parts willramouni to an estimated Yy
) i : aft, 13 /o \
‘ ,i

30% of the annual depreciation.

7 U oo

4ﬁwﬁh§:“'h» | /
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Estimation of(persqnnel required and total paymeht;

Humber Average daily Total daily

' : " paynment payment
Engineers and Administrators - ... - 1I2 Lo A5 0 800
- Superindendents.and Foremen .- = RO | AECUT ;0' mi-~:i 1600
- Skilled worlwmen .. . .. - .. -I20. a5 3000
Equipment operators = = . 80 28  asap
¥Mechanics: | Lo . o 24 : 28 . | 673
Unskilled laborers A II 4440
‘ Physieians  ‘ o L9 60 B 180
—— 12993

In addition to gross daily wages, I2% is added to cover vacation ,
- - | Tee———

sick leave, accident, insurance and workmans compensation.

Total payment to the peréonne& is estimatéd to be 14,889”T.L./ Pay.

(=0)



Estimation of the total construction time:

The time required té construct a high concrete dan

is usually long because the maximum height of a single pour is
about 1.5 meters and each block ¥s—id be permitted to stay few

days before another is poured next to it or on top of it.

ho owd
im%«ég—th1s case this will not be a speed llmltlnw problem since

" the dam is relatively long and not very high.
If, 1nc1uu1ng the foundation treat?e?t it is assumed that .
1
the daily average use of cement is about 200 Tons , the time

required to construct the body of the dam will be

169, 300

= 547 days

260

ass lmzn.n«r that the work will be coantinuous, , -
Edamp  DILLEF T

However an additional time due to camping, plggiggﬂiggmggggssary

machlnery on the 31te and the excaVatlon to solld rocL need be taken

i

lnto con51deratlon.god ‘Hrt SL»N

Conszderzng all these factors my estimation is that the total
, ; A o - ‘ 5
construction time will be_é years., 1 ﬁzﬁi&uJ I tri”*ia

(2) Average deily use of cement 0f the Sariyer dam vas aboub
I60 tons. Howevr dve to insufficient transportation the work

hac stopped for quite a fow timessd

(=)



/)'W\Lr/{’ WL C&‘s:{ & f"’bL\»MF{Q;.

—!v*a 0. m® @ Tl Zeo & Tl 4beg oo
} , .
, . ,b
TOTAL FIRST COST OF THE CONCRETE GRAVITY DAM o ' ‘\
| .5, %
Cost of cement . - 1%,200 000 A
¢ i
Transportation of cement by freight 7 ]IZS4J 060 (1) {
@ ﬂ?ﬂ“&_ Reinforcement Steel ' . 1,525,000 {2) E
Depreciation, of equipment and machiner _ 2,470,606 N L
‘VU 4‘“13 P g hﬂﬁkﬁw %R)P Y} s 403 0' b
7 k_parc arts ' 749,00 _g éLuJ
gﬁafé “Fotal payment to the personnel 10,850,000 g t
qﬁﬂkaﬁgf($ Cost qf water » " i, JOO 000™* }
L. «g/dao ovp Cam’pmg expences _ . ' 800, 000 - ZM {
. : y , |
ﬂ/awvv L G_gj;e@cm’ . Jf‘h’w, e 10— 600,000 ( ) |
»~5Q ”(WT Cost of fuel - : | 4,100,000 j
;&Qqﬁv - Unforeseen charges I0% . : | 3,957,800 '
m,ch,g ' Esrnuatno TOTAL FIRST COST . 48,535,800 T.L.
Ci’,w’m%f | - . [jy M;ul Ve /
- . h A kaqtvp iLwn~$ Q*wohl {0 g v j
?( ) ‘ Lo F\xgw&m "'MLQ- ;Yl-”'yJUW"l) //'
(?71'1’)5“3'9 , \f )

TL. €0 %o; o7

3w

(1) Freight rate for ccment . . 0975 Tela/1/K
Distance from blvas to Artova = 126 Kms
I26x.0975x109, 00 I 343 ,G00 T.L.

(2) Assumed to be IGH of the cost of cement

 (3) No basis for estlmatlon

"2 (4) Corrclated from Sarlydr dhm

(5) A distance of I,585,000 km must be covered by trucks
to carry cement-iromfﬂrtova.to the dem site. 77 km.
"Appr. 635,000 T.L. of fuel is used for this purpose;'
The rest is used for hduling materials and all other

" gorts of transportation.

(37)



Gﬁﬂ* WAL FEATURES OF TUD ZAMQY ARD ?L u-“ILL LXY CELECTED TY D.S,1.

Geners 1 Iinformation
Purposes  storage for 1rrlgatwon, power nenevatlon and partial
flood control

o
Prainage area: 2337 knm

- 5

Ze rth and rock-fill volume 2,470,000 w

Reservoir-capscitys 650,000,000 n”?
irrigation and pover 750,000,000
Tlcod control ii%,000,000 n°
Zead storage I35,000,000 o~

Lam

Foundation : BRiver sand and gravel

Dipensions :  Structural height  79.50m
Hydraulic height 68,59
axe Lase widib 383, =m
Top width 15 o
Crest lenth 542 m
wmeeunard 5 .

Lype ¢ Parth and rock-fill

Pace slopes : Upstremn 2.75: I  cofferdsa '3: +

lownsirean I,8: 1

Cut-off trench 3 fepth below sireambed I5m

2ide slopes ¥:2
Zobbon width bm

Fover plant
Location: Left bank of rivey

Capacity? 27 000 Ly

(33)
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CRITICAL ﬁISGESSIGR CF TUBE DAM DESIGN SELECTED PY DiS.i.

The suggested DJS.X. design is au earth and rocklel

w, oy o

embankment. (Jaxlmum cross section submwi%eé—ln Elgulef?qﬁ

'The use of the rockfill makes it 90551ble to steepen the slopes

Ang byt of gonai-pr oot N

of the ‘eab}e/éarth and the impermeable core ané»

thetelore in added stability and economy/31nce a plentiful and

1ﬂexpe381se SLpnly of suitable rock is gvaila ble in the ne;ghborhood
3» r“(\\f f‘(!

while ﬁheﬁ?mperneﬁhle core is 1o be haulea from a distance of 2

-

N ke TS 4 )
e S e s

miles. The use of the rock-fill is governed by cbnsiderations of
economy and stability besides slope protection.

The designer of an carthdem can not, to the samé degree
as for a concreite sitructure, rely upon the application of
mathematical analys®s or formulae to determine the eross section.
Soils and rock oécur in nature with infinite combinations of size,
gradation and composition. Present practice in determining the |
required cross section of an earth dam consists lavgely in_ﬁes;gning
to the slopes and characteristics of existing dams of siﬁiiar
foundation pharacteristics.
Dowastrean Slope:

The doanstream slopg“ox the suggested design is chosen as 1.9

5o o
F A";h'; 3 ? v;/ :s'E

horizontal to I vertical. \?n tha existing dams,. where- a downstream‘

7
loose rock{fill ig-used, the outer rock slope is generally established
as 3:I or 2.5:1 . In the table below I list some success ful existing

dems in U.S.A. of various heights that have similar foundation

characteristics.

| (=)



SLOPES

DAM . HEIGHY DOWNSTREAM - UPSTREAM ° TFOUNDATION
’ - rock-fill colicsionless ,
. Echo-Utah Ias! 2: o 3:X River sand, gravel
“ 1930 8:I —_ ,  8:I .

EEA R i - f[oi’wo évf‘ t)‘edz auwf ‘-Svt,
Deer Creek 80! 2 .

, . «20:1 Q~v 3:1 Sand and gravel
Gtah - I94I B N 5:1
Green Hountain 274' 2.256:1 ‘ g:1 . .Sand and gravei
“Colorado. I84L . . ' T BrL T '

. Anderson Ramch- 344' . 2:X o 3:1 " Sand and gravel
Idaho, 1947 - 2.5:X . | .. 8.5:1 - -
Granby R AN . A.a5:X f/ , é:1 Sand and gravel

- Colorado ‘L5530 ‘ o 5:I 5:1 ~ :

 Tabulated results of the lﬁ.léver;‘(‘!ornﬁ’éllil) method of stability
analysis show that the steepest slopes for the stability‘gfvéry
cohesionless f£ill with o coefficient of friction bfl.?5-and Qith
an earthquake consideration of .IGg is I. 8‘ hor1"onta1 to I vertzcal.

— INERYRE )] .
Hlso, the existing dams,ﬂﬁﬁ”%h they are not locatea aa such,g/

BRI ce sl ~—iy

e
- seismically active: zoneg)are de51gned to have flatter slopes.uuvuw/
) / .

- Bearing all these in mind, I do—not«thlnk that the choice
-‘:\'.")s,f ,D\(. P"’\/
of the downsitream slope is coniservative. I vou?? thinlk that the
Aayd Ta fCu ity 2
&) Lo »)\l;,« Py

mazximun slope of the dowastrean face should not- etceed u.I .

(1) Treatise on dams
-United States Dept. of“ﬁheminterior Buregu of lleclamation

Chapter 8, Barth dams Upp. IT0-208)

(a6)




The earth Siope unﬁerlyihg the rock downsitream face is designed

as 1.1 horiééntal to I vertical, but the maximum élope of the"
repose for loose and dry materlal is about I.o and it is not

good vractlce, even though the materlal is under a néavy stabilizing
rockwflll- to‘surpass the slope of repose = therefore I believe

that 1t wou‘d be advisable not to exceed this llmlt.
f (- AL SRS

The upper part of the §e§ﬁéable earth unuerly:ng~themroc

cnuerlls{not prov1ded with a leter. Thls.must not be 1llowcd fvi’”'_

Lo peala
because the ralnwater taat percolates through the rock surface—

I8}
b (‘ul i

ean easily wash awey the sand that_ms_nn~ﬁ~gteepﬂs lope into the

. 7 ‘I
rock and cause intermal instabllity) AAy Py el

¢ i HAPTEN e
L e R P

A A, [T e

) Deae et Pk . 2

1.

e
R

Upstream Slope
The upstream face of the dam is designed to have a slope of
2;75 horizontal to I vertical. -However,—the-same-reasoning-for-

'_the«dnwnstream_slope~h01ds*true*fnr*thé upstream-slope. This
-_’?-'!-')

slope is steeper than generally practlsed.
Referrlng again to the Glower-Qornwell method, we see that

forfcohe51onless materials on the upstream face, for stablllty of

Py i f‘t-{'».l e Crrifatieod ¥ "')
fllls\saturated and alning, the steepest slope must be not-less

. ‘than 2 82 horizontal to I wvertical, forwthe~f111“poasessxng»a-—

re s
,,«"

*frietion~coefficient of . T. (This-is tLe accepted assunptlon for
/-’r)u/ !
the coefflc1ent of frlctlon of cohes1on1eas naterlals)

’
;7 - . A, AR
y ! ..; § ' LE L \‘( ")5 &.»\f, R -,‘\‘ byl \l

SRR SR LR i
R “Ifan egruhquake of Iﬁé ntenswty is assume& to occur

4\

at the same t:me with the drawdown, the.tabulated results show
that the. steepest- slove‘for ‘the upstrean—face-for-stability is.. -

t <2 » (1)
3.20:1 and for an eaxthquake of .Ig 1nten51ty the steepest

(1) Treatise on Dams, U.5.D.I.B.I. Chap.8 p. I80 Appendix C

(33)
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3.31’ ”
slope to be allowed is ﬁ.GI:i,.’

My opinion,after studying these figures, is that the slepe

of the upsirecam foce must not he steeper than #.3:I, whereas
A
in the D.5.f. design this slape in accepted a3 F.74:1

The cofferdan is later made use of as an inlegral part cof
tie main structure and tihis has uade possible an econowy of

uateripls, but hag the cross section of fie cofferdam been
\ .

-

designed ¢ entlf, it could rave increased the path ol percolation

or creep distance in tie fouadation.

Water can freglz-giifgiifg%'thruugh the permcatle fill and
the rock to the foundation even at & distance of ?ﬁ‘metcrs.awdy
from the heel. This could bé very much improved by the use of
se::neraegble ats! zerial for the downstirecam part of t.e coiferda;
and the continuation of the impervious section below the upstreanm

zone,ps siown inm the inmproved cross gection.
/)
I find it =uch more ﬂ804h11 to distribute the semiperneakble

I
[T

. o

materiel as shown on_@ne flgure. This ehiauge will result in

lengtiening of the path of pereolation without & significant
‘ i L.‘ RN

avditional amo.nt «cnl:er:eabie uaterlal reguired.

I
liowever tae izmpervious bhlanket helow the upstrean face
will require an adéitiounl amouat of impervious wmaterial, but
tie path of percolation will he douhleﬂ/resulting in & considerable
& ,;:i

deerease 1n seepugc Lixvoughz the founduiion. 7Thevefore 1

od. -

‘«'
H-

believe that tuiz change is woll justid



- s ) L
¢
H

Iin the Qxigiﬁgi construction of the éofferdam, a rock toe

drain must be provided in order to allow an easy escape of seepage"
7

I
s 1'\

hE AN

vatcr ; and tﬂereuy prevent saturation and consequent reduction 1n” §

stabzllty of the material in the downstream toe of the cofferdam .

%“ﬁi/%s the construction of the main dam proceeds, this roclk fhjdalf

drain will be replaced by impérﬁeable and semipermeable material

_as shown in the fipgure.

Cut-off {trench:’ i

;‘: ' - ’

slope, o IR T Ay e

The sides of the cut-off trench is chosen as I I. ;
Since the foundation material is a mixture of sand and gravel ,

-ia»brder—te*fﬁﬁiIlﬁfteﬁproper compactlon 9f the back—flll in

b«rg [ by i,\ r\:"\; 1!,- r! j'}/ 1 ;/Yu:.,r’
contact with the slopes, . I,helle.ewiaai.liwwoulebeWu sefull

to-allow. flatter slopes. This would also increase the width of
T~y

the impermeable layer and result in a reduction of seepage with

gy

a minor increase 1nhthegconsumptxon of impermeable materzalﬁx

T

——

It is also advisable o provide a second smaller cut-~off
trench under the cofferdam that will reduce the seepage while vf
the main dom is under construction end will be of great help

in reducing the scepage later on when the structure is completed.

Crout curtain : ‘ (,Mﬁfiﬂ
’ ?

A grout curtain varying from 20 meteps to 40 meters in

. . .
! P 1ol
PAx B S L R NS S U

depth is given place in the de51gn of D.S.Ii.
i Thxs is an extremely expensive and time consum1nv~arocess sinee--
tie rock Toumdgtion—must-be drilled to_such a-depth; and also-
“the” chances are wery hlph that, while drilling, the water tahle

/Lp; L\f(’LLVl\ CLU}U A/r “‘@"7\1\1{
will be reached zad-—it-will be a wery difficult problem to pump

)

(29)
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-J.’ /ALHC,C/LC ( ’
the water so- “that edgcrﬁte can be geug;h.

The'heavy‘reinforcement-necessary for the grout curtain

L

- /
zi g
, 1
w111 be another source of expense that must be considered. ﬂ/\
I’ } \/I ‘L" Bl f h
Loaf s luge \
I fxnd"if;quaatiunable'tv“spenﬁmsuch a greau deal of %

7 L ’,ir“.»'x‘mwl (r.\' A 4 e.',"‘ ,\/,

|
money and time for a deep grout curta1n\1n~avspot where eartn— {

|
quakes are very probable, because the rigid body of the high \

grout curtain, though buried in rock, will be ﬁeryisensitive \
tb“éfengthe slightest earth movements. ; B \

Mﬁch time‘and money éan be saved by the use of a carefp%{ Y
groutzna systemn in two different places, urder tne cofferdam ;Cf :c¥¢;§z

e i

cut—off trench ‘and the main cut~off trench, instead of- the

deep grout curtain. r)'w-é ﬁ-;b, %LW{L;; Ws.e,ﬁ,,gwe, DSI j
. Dead storage: Co . %Ccpx~u~ng( oL - ?CaQ,,Cﬁ»VLM&V@V} Cu~f@&da
In the D.S.i. design n dead storage of I35xI0° m 2 is

allowed. Annual Inflow to the reservoir is 758,8x106~§ 3.

Since the useful life of the dam is estimated to be 50 years,
the assumed inflow rate of sllt 15
135x20% - = .00356 or .356%
50x758. 81106

by volume - of the total 1nf10w. . I
by e of Dfli i o o SR ) f' B "*{"h{:"“w""/’ A
, This-isa- v@fy-optzmlstlc assumytzonwmmbecausen“1n4.
}‘:‘:), c{/“o,»n_,g, v)é } 7;,:4; J(rc/ [y
-Turkeyfer051 n is~ veryﬂhlgh,_and_thls assumptlon W%l%‘ﬁﬁ#“‘b L oS
g ' ’

’ 7
be—PermtssabLe*y e

; 1. A
R B R e TE AE AR LR R P oy S 0T e

F ' i
4 ; :
Vla#"ﬁ\minimum'dead storage of 270x106m. 3~mnst“be allowed,

vfha o
twrs corresponds to an asswmption of .7I2% by wvolume or

"Ip by weight of the total inflow. Cl;y o4pﬁuﬂ;Q LA 2L b 'Hntu&/

-
/Q: .J“fbbtf'éza.r'&/ ,Om"’*of(u( b} wAem \J A,

(&)



In the design of the Sarzyar dam .2% by volume of the total

1nflow was assumen tn be s1lt but this as sunmption is found:
°}

k,l\lx‘ E . .
highly unsat;sfactory. znxyerts Lave renorteu that the useful -
&,
llfe of the barlyar &am wxll be on?y ‘0ﬁ25'year° due to sedimentatlon

as aga;nst to an estimated life of 50 years.

Parapefrwallf

It’wiilfbé nore economicalAto Schée eﬂe nmeter of freeboard
b& the use of a parapet wall of masonry, since sultable roch is
avallable.. |

The additional placement ﬁf enbankment materials and slope

protection for a crest one meter higher will be more expensive

than a parapet wall one meter high. I Canratvam,
' . , ' ‘ T TOPR N B,
The volume of earth saved= 330xI0zI = 3380m3 : {de”& A

* i R
F L B R

The volume of masonry required if the suggested Pﬂrapet“}”’ g

: * 3 ' ;
wall shown below is used = 836 ( .5+.3+.I5+.2) = 380 a". i
Ao g o
3951des being econom1cal this wall will also provzde & o ;
o . 5;“ CW1UVQ&MK
finished treatmeant for the crest. é 0. Ny
' . » . 3 o (’('/ Crarn i

Bm, = T

le= 3 ~ =
v 3 :

3 o—;-—’

N “ .
bt I—‘/ \“

3

-



Capacity of the reservoir ::

In determining the capacity of the reservoir I

have based my calculations on the possibility that the inflow

at the dam site during the three driest years of the past 30 Kl)

'l/‘, ll““‘
years of record will regccur in the following 50 years.

Hovever I have allowed a nargin of GBXIOG m3 volume of. water

‘! ‘J)/ “f\f(f(

to compensaie a period of sllghtly drier charactier.
The D.S.I. design has assumed 5 consecutive dry
years of the same intensity . This has almost doubled the

required capacity of useful storage. , ,
) 4 “'} d -~ FASY ;,.,A,f‘»‘/;/u;‘¢,‘_
‘e I believe that this is an—owver-safe assumption,
Lihd ‘ ! L
: . . ‘ N S R
and it has considerably increased the cost of the sirhictare.

The choice of the lower capacity will also pérmit

7

Y

the/use'of GGO hectares of fertlle land for arrlculture,

( refer to The elevatlon Vs area curve p.aé) vh1ch w111 increase

the Eross natlonal income appr. by ¢ 500 GOO T. L.:and«reduce the

A

Courper

amount paid for éxpropriation whieh is estimated to be 14,000,000 T.L.

The 6onstrﬁction of the Hirfanla dan is very stroangly

o F Y

R -\ Gald

crltlcued because thaushands of fertzle land 'is covered by water.'

(1) Records of inflow are given im the D.S.I. report for
; -
J, ~ "e /'/g:

the years 1930—1954 and the last ] years no consecutive

dry years are recorded any wiere in Turkey.




cosT FIGURES OF THE FARTII AND ROCK-FILL DAM e e
_.Cost calculations of en earth and rock-fill dem. were redone— |
bY DeSels in 1958 after the devalua‘b:.on of the Turkish Lira. The
’ fzgm-es that T give in the following page are taken from the DeSeIe
reports - ‘ |
These figures, however, are for a dsm of 79 meters height
and a capacity of 950 x 10 6 5 and therefore need to be adjusted

as follows:

(1) 4An increase in cost due to the improvements suggested.
(2) A reduction in cost due to the differcnce in volume

- between a dem of 79 mts height s.ma 66 sﬁts* height.
() a change in cost values due to the substantial

}’Ly; S x/; 13 r/’ S #Lf,
aiffeeencwi;& the ‘cost of cement and am increase|dus
L /r\/h“.) .
- $o—thé chang, wages from 1958 to 1961.

v~ END
P NIRRT

#* The hydraulic height of the earth dem is 55 mts and at the maximm
cross~section an excavation of 6 mts is foﬁnd» t0 be necessary by
D.SeI. Also the freebosrd of the earth dsm will be 5 mts so
55+ 6+ 5 = 66 meters. |

(84)



COST FIGURES OF THE SELEGTED > ARTH AND ROCK-FIL DAY
" OF 79 VETERS HEIGHT

. . 1
- 20 /I R . - H trte
5(1/1')’*",‘,,'.,.(,/’;[ e, ik /{f G l/"’” vy

. Bxcavation of esrth for themaindsm .. +e s  T0 12,600,000

Excavation of rock for the main dem e ee  we 4,152,000
Compaction of Soil . 1 | .o ey 0w ;. .. | ‘09 2,968,000
Tra:n@ortat:.on . .‘qo‘ LY | .o .; e " 20,600,000
Water used in fomﬁaﬁoni ve e .o . L7 L 1,000,000

' Water fOI‘ materials s 00  s - a» .n | .e -. 2’520’000
Spillway Excevation costrs‘ e es . as e | « 3,000,000
Cement ’ e on .. .s | .. . ;o{ A 3’231-1-3000
Reinforcement Steel s e ss me se as 2,316,000
Foundation Treatment 1) .. .e > .o . 875,000
L 53,565,000

DIERESEEE=

2 This figure includes depreciation of machinery, fuel, and labor
involved in transportation of meterials. o

(35)



(1) Adjustment to the =sugg_es‘ted jmprovements.

- The volune of the Eerth end Roek»fm amm is 2,670,000,
With the suggestea improvements the cross-section of the

asm will ber el
2.1 1012::79 ;5.3 =79
2 ( ) = L4387
391.3

z 16+ (10 + 1.8 x 79 + 2.9 x 79)

or 1.121 times es great,
- Assuming roughly that the volume of;ﬂze dam will j.ncrease_ in
proportion with the maximum c:ossgsgc‘lﬁipn, and that the total
- cost will 'be:proportiénat.e to the volume, the tota;._ﬂrst |
© gost of rtﬁeaimyrgyad DaS.Is dam of 79 meters height is:
1,121 x 53,565,000 = 60,046,365 T.L.
.:(2) - I£ the dsm is to be only 66 meters high, under the seme .
 aeswiptions the cost of the damwill bes
65 10+(10+2x66 + 3.3 % 66)

. ' = 2)41&608
12?»‘ 10 + (10 + :t,g:;:; 279 + 3.3 x 79) 34657 +5

or o704 times the cost of the higher dem. |
or J704 x 60,01,6,565 = u2,272,a,1 T.La

g (3) Statistics show that in Turkey in the last three years the
vages and salaries have gone up about 12%, but the price of -

~ - cement has very much decreased (from IL 251/ton_ in 1958 to
TL 140/ton in 1960). The price of fuel hes not altered since

( 26



(3) Contimed:s

- 1958 ana the veil.ue of f‘orezgn currency in relation to Turkish

liras renained unchangea.

" Due to 'l:he zeanction in the cos‘!; of cement the total cost

will reauce to an amount of's

3,234,000 x 222 =

L 230 .
a decrease of

3. 231]-’ bt 1’970,0%

total :E'irst cost of the dam will be:

(42,272,841 - 1,2&,mo)1.02 =

(z3)

1,970,000
1,264,000
coul
\/l l ..
) ,35/%5,:., % it
4 .}‘:’/‘ «-: \,J, ; -/
Y {
R
AT R AR
u,sze,am T.L. R A
o1
2R N SrcON ’\
sl
{’ t (.}‘L“r-’{‘ ‘To}
;0
’.,R,:u.,; i ~,/ {) /J
A _" ! fr



CﬂiPﬂRIuGH or TJL TWO0 ALTERNATIVES

The results of the cost calculations for the concrete
gravity dam and the earth and ‘Tock-£ill dam show that the

first cost of the concrete gravity dam is about 1,707,600 T.,L., 7 7 .
| G QR 2

NN AV A A RVRN
higher than that of the carth and rock-£ill dam. = ;. "= " 1

e J
LJh\uAAﬂvj' Frle e
However the d:fference in the first cosbts is so sua ll'cqmpared

o of |
to the total firset costs that when the high“maintanence cost’
of the earth and rock-fill danm inﬁcomparison»wrth»theﬁconnngjg\\

gravity-dem are taken inte consideration fo¥ the 50 Fear life 4\

. ez tn
“of--thedams, the concrete ‘gravity dam will uefrnzéeiy be found g
more economical.
In IQBBIWheB the final cost caleculations of the
Almus den were maae;the price of cement was 28I T.L./ T+ (2)
This price decreaseé to X40 T.L. in I860. The drop in the
price of cement reduced the cost of the concréte gravity édm .
by 10,000,000 T.L. Probaﬁly the most imporiant factor in the /VL, ''''
choice of an earth and roelk~fill dam instea&vof a concrete /;'1i;:iz; «
gravity dam by D.S.iewas due to this extra 6,000,000 T.L. {]m {/ iz:-,\f&i{\ Y,
There are also some other imporient factors that f@bw; il

favor the choice of a conerete gravity dam rather than an bondda; ears

. R 7 T ’;' . ) ey )
earth and rock-£ill dam; ol whick [ conn Lof 7 sl
‘ . i b ro [ /
] ) v‘ ety ’,7‘{:-(4'1 aeayy Ly
] .
’ v Con e !
! / .
o . FATRN Y ‘l, ioykp
{1) Please refer to the cost figures of the D.5.I. design . | .
. . . ‘ {’;;’1'!'. 1 , . ety L
y vy 7 &
gl sl .
\)' 'y AN /

o\



A.) Tﬁere islpractically’no seepage loss throngh the concrete
‘body/vhereas even the most carefully constructed earth dam w111
‘snffer some seepage loss. The earth and rock-fill dam w:ll rest
on a foundation of sand and gravel and even though cut-of?
ﬁfehches'aré_provided~the seepage loss will be greater than. that
of the seepage loss tﬁrough the rock f&undation underlying the

concrete gravity dam.

B;) Flood control capacity of the concrete gravity daﬁ can be-
_'1ncreased by allowing discherge through sluiees in advance, as

bQ‘u\ £ ’Lu L1y ,-";. {r;\r/& ot //( jl Wt
has already discussed on page 23. To »nrovide a—means~xor~mhzsj /

L “"({ fe. a;c :ﬂ'\b( (.
w111~be“very~costly—tn—ease~o£—ths—eanth~anddrvuk~fitr“ﬂam“

‘C.) Total first cost of the earth and rock-£ill dam incluues
an item of 1,880, 000 (1) dollars for equipment to be used in
the-construction whlch wlil be ;mported. Por the concrete
gravity dam this item is found'to be QGIAOOO dollars.

More fuel will be consnmed in the construction of the earth and .

. /LL( vu/)'\ Lw.b}r/ Lo
rock—£111 dam vhi”%riﬁ—a&su*tq be 1mported.
Thereforerwith the choice of the concrete gravity dam a

considerable amount of foreign currency will be economised.

(1) Figure taken from the D.S.i. report. Only the machinery
that will be used in the construction of the main dam is

considered.

(g9)



\i)\,\\ . "'/‘/;\1 /{.« u/l\
D.) ,Ernx;ded slulces{(ln the concrete dam% will be nscﬁ%! An {\/

washing away some silt and -reduce sedlmentatlon of the reserv01r/

but since it is not’good practise to allow pipes running through

o

the earth body'hoésluices.can be provided in the earth dam and

scdimentation will"iepresent a more seriocus problem.
J
o ‘ L \
The estimated time t’"constructwthe gravity dam is about. one >

H

Lo iild s
yvear less than the requlred time for the construction of the { /7Y i

earth and rock-£ill dam, however I am not jﬁstified to make

a benefit analy81s, for; the construction of the transmission
assumed to be
11nes, power house and 1rr1gat10n channels must beYcompleted

before the bengf;t items can be considered.
The possibility of constructing the péwer house as

an gral part of the concrete grav1ty dam must be stualed

£ /‘4
Gty bt

/
hecause_ﬁﬂanﬁtunnel and probabj? surge tank expenges;w111 be
eliminateder Lok can

T

Iis . As e conclu31on I may say,that at the chosen cauaclty
. S : A

the concrete wrav1ty dam is more econom1cal and auvautaweouS;

l Lw /.\,{'”
%bwever}if‘it is insisted - that ‘@ dam of greater capacrty be
H M d
\ built,?thﬁn the earth and rock-f£ill dam may be found more economicalJ
A R S : o - ; : /
since there will not be a great difference in &= the cosis of the

spillway construction and foundstion treatment which are the

| most costly items of the total cost of the structure.

o \/[/ ( el A / - ’l WL L § LU S ST S SRR oLy
. (t /A '
; i’ |
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