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GENERAL INTRODUCTION

With the continuous pvogress of industry and power con-

suming machinery either in our homes, fields, factories, or

elsewhere, we are coming more and more to realize that we do

greatly need means to generate power to run such appliances

and machinery.

It is not only that we need power, but we need it safe,

continuous, easily manageable, convenient, and especially,

economical. Instead of running our machines by steam energy

or thermal energy of fuels, it 1s now becomling universally

preferred to utilize electric energy for such a purpose.

Electric machines are replacing thermal ones in magy

of the new enterprises wherever electridity is available

for that
machines
of these

(1)

(2)
(3)

(4)
(5)
(8)
(?)

use. They are gaining preferance over the other
because of the many advantages they possess. Some
advantages may be the followlngs:

They are simple in construction, durable, small,
and light in weight.

They are easily controlled in putting on or off.
They are elean (free from the products of wombustion
such as smoke, ashes, and fumes) and not noisy.
They have high efficiency.

The are cheap in price.

They require less maintenance and repairs.

They have longer 1life of work -- about 20 years in
contrast €& that of thermal units which i1s 10 years
only.



In Lebanon, the éountry at present i1s offéring room for
industrial and agricultural developments. And 1t 1s quite
true that for the stimulation of such constructiva developments
cheap electric power has much to contribute.

One of the effective factors in such enterprises i1s the
quality and the quantity of the power to be used. Very fre-
quently we find the cases where fndustries are attracted to
locations where cheap power 1s avallabgke. As polnted out
above, electric energy 1s now universally preferred for the
use in running industrial progects. But thls energy need be
generated. It can be generated by the falling waters. In
places where water discharge and avallabe head (the two re-
quisites for water power) are potentially at hand, hydroelec-
tric power plants can be developed for the production of
electrickty.

Eventhough for some cases the generation of electricity
from water may be more costy than from the other sources, There
are actually many other consglderations which should offset this
probability. In a country like ours, instead of importing the
necessities for the other sources, why not to utilize the po-
ss1bllities of making use of our natural résources in connec-
tion with this field of hydroelectric power plants?

There is no doubt that by making use of our national
resources we shall be bullding a stronger economic standing
and a begger industry. Moreover, the supply of power will be
more continuous, safer, and more economical., It will be more
stable and not easlly affected by the fluctuations in the out-
slde wordly affalrs as wars or other troubles which have a
great begring on the importation facilities, prices, and avai-

labllity. Our oll presses, flour mills, saw mills, incubators,



tanneries, p@mps, lighting power houses, factories, indus-
tries and all the related equipment will be able to run for
the production of our own supplies or even for exportation

in any time of crisls in the national situations.

Gilded by these considerations, the candidate has un=—
dertaken this study with the intention of acquainting himself
with this field of wide'applications and with the hope for
the great benefits the country will have when all its potential
power resourcesg are harnessed into hydroelectric plants in

conjunction with irrigation projects.

Part 11
PRELIMINARY STUDY OF THE EXISTING CONDITIONS

To prepare for the planning of this project some in-
formation about the following subjects had to be obbained.
(1) The availabke gross head through which the stream
flow may be utilized in the development of power,
(2) The available water discharge in the stream.
(3) The variations in the stream flow.
(4) The topography of the region where the plant is to
be set.,
On the 29th of October; 1950, a trip to the Dog River
was made, accompanied by Professor Antippa from the A. U. B.
with the intention of choesing the appropriate site for the
location of the project and to obtain the necessary (] had

better say possible) data and information for carryling on

the design work,



It is well known that the city of Beirut gets its water
supply from the Dog River. The headworks for that supply are
at a point 3.5 km. above the highway bridge across the same
river on the main Beirut-Tripoli road. The time of the visit
was in the drdught periods of the year. It was ebserved then
that the water in the river channel below the Beirut Water Co.
headworks was a trifling amount. Definitely it was out of
questlon to choose a site for the project below the Beirut
Water Company headworks.

Going higher along the river from the above mentioned
headworks for a distance of about 500 meters, there is cons-
tructed the hydroelectric power plant which supplies the
town of Jounieh with electricity. Going still higher than the
headwo;ks of the latter plant, 1t was found out that the river
valley was getting narrower and narrower and thus making the
posslbllity of having a plant site above those points quite
impossible, without interfering with the Jounieh's Plant
headworks. Moreover, there was the difficulty of reaching
those high places as there was no regular or convenient road
to lead to the phace.

With thosé considerations in mind and the observation that
the only amount of water which can be depended on for a new
project is the water used by the Jounieh Plant and that which
1s lead into the Belrut Water Company headworks, it was found
out that the only advisable site for a new project would be
between the outlet from the Jounieh's Plant draft-canal and
the headwork structures of the Beirut Water Company._ This
distance 1s approximately 350 meters long. In that area
there 1s an existing bridge which permits easy crossing of the

river. Also the convenience of utilizing the existing road



along the river was another Justification for that choice.
Moreover, along one of the river banks there is flat land which
provides a convenient pa#be for the construction of the Power
House structure. By having the project built in that area, 1t
was thought to use the avallabe water dischar@ed from the draft
tube 68 the Jouniehls Plant and then discharge the same water
from the new Project's draft tube into the river again before
the Beirut Water Company headworks. Thus the water power can
be utilized and then dlscharged into the river without inter—
fering with any of the two existing developments in that vici-
nity.

The possible information which we could obtain from the
place was (1) the avallabe gross head or fall in elevation
between the outlet of Jouniehidraft canal and a Point above
the Belrut Water Company headworks where it was observed to
be a convenient place for discharge into the river, and (2)
the avallable water flow in the JouniehsPlant! suppli canal.

The availab2d gross head was measured by a transit and
stadia. The water flow in the canal was obtained Py finding
the velocity of the water by the floats method and by measuring
the cross section of the canal. This data and the calculations
for the required information are shown on vages 57-59 in the
appendixe.

Unfortunately the necessary information related to the
flow variations could not be obtained to help for a better
study of this problem. And concerning the topography of the
area, 1t was not possible to obtain a contour map which will
help showing correctly the exlsting features of the land.
According to the "Cadastral® Office in Beirut, there 1s not

even a Cadastral plan for that region.



Part Iil
Discussion of the Project Elements and Method of Analysis
Adopted in the Design.

This project will consist of the following elements which
are necessary for 1ts completion:
(1) The headworks
(2) The supply canal from headworks to the connection with
the turbine in the powerhouse.
(3) The Intake and the Powerhouse--stmctural, hydraulic,
and electric considerations,
(4) The apartment house to lodge one family for the opera-
tion of the plant.
(8) The draft tube and the tail race canal.
A discussion of each element will follow and the all integrated,

(1) The Headworks. The headworks (or diversion) will con-

sist of (a) diversion structures across the river channel,
(b) canal headgates or flow regulators at the head of the supply
manal and (¢) overflow spill way in the canal Just below the
head gates.

Refer to plate nos 11 for the general layout of these
structuses.

_igl For the diversion structure across the river, it was
considered that a proper dam construction i1s unnecessary. To
act as one, there has to be improvised on the site a dam made
up of dumping some boulders in the river bed and interconnecting
them with some other filling materials to block the flow and
increase the water?%g’that needed on the canal headgates. When
the flow in the river i1s more than what can be carried Atothe

powerhouse, the excess water will overflow over the dam materials,



ggl To control and regulate the water supply admitted
at the head of the canal system, headgates will be installed.
These gates willl be of the undershot type and built up of steel
plates and ste2l framing with the necessary masonry structures
as shown on platesNo. I ,1I.

_(c) On the canal just below the headgates, there will be
bullt one spillway designed to carry away into the river channel
the excess water which may enter the canal in the case of faulty
operation of the headgates or fluctuations in the water level
in the river. This spillway will be of the overflow fixed crest
type.

(2) The Supply Canal from Headworks to Inlet to Turbine.

Before proceeding on the canal design, it is necessary to de-
cide on the shape of cross-section to be used. It is wall
known that the cross-section of the canal will vary with the
material through which the canal will pass. In rock the sec-
tlon would be approximately rectangular, whereas in earth 1t
would be trapezoldal with side slopes depending on the materaal.
For this project, the land being made out of a soft rock re-
gion, the rectangular section will be adopted all through the
work.

For best hydraulic section, whether rectangular or trape-
201dal, the hydraulilc radius is one half the water depth. In
the case of rectangular section, this means that the width is
twide the dppth.

The area of cross-section and, hence, the veloclty of flow
for the given discharge depends on (1) the allowable loss of
head or slope of water surface in the canal such that the an-
nual cost plus power lost in friction heed is a minimum, i.e.,

the best section of canal; or (2) some limitation in velocity



necessary to avold scour, or washing of banks, in the case of
unlined canals in earth

(1) To determine the best sectitmn of canal, the cost per
unit length of several different sections, varying in depth,
is estimated and the annual cost of each section is computed--
based on a sultable percentage allowance covering fixed charges
of interest, takes, depreclation and maintenance.

The loss of head per unit length is estimated for the avai-
labe discharge. Then the power lost is computed in horsepower,
using the (assumed) combined efficlency of whedls and generators
at the switchboard. The sale value of this power 1s estimatéd
from existing plants in that regilon.

Thus the total annual cost for each assumed depth of canal
will be the yearly cost of canal plus value of power lost.

By plotting a curve of unit annual costs as ordinates
against depth of canal sections as abscissa, the minimum point
on the cumve or depth giving the least annual cost may be readily
determinéd,.

(2) Limitations in velocity are not taken into considera-
tion here because of the canal being bullt of stones (lined or
unlined) or of concrete where there is no fear of scour, silting
or weed growth,

Items of Cost

The 1tems of cost for a water power project are:
(1) fimed charges and
(2) operating costs
(1) The fixed charges will include: interest plus taxes and in-
surance, depreclation, and loes of energy due to grade.
(2) The operating costs will consist chiefly of wages and main-

tenance work on the plant.



Fixed Charges

(A) Interest plus taxes and insurance: Judging from current

and local transactions, this item 1s assumed to amount to a total
of 11% of the capital Anvolved.

_igl_Depreciation: This 1tem depends on the cost of every
element of the water plant and the life expectancy of the period
of use of that element. The depreclation value can be obtained
by two methods, vis, straight-line basis, and the sinking-fund
method.,

With the small difference between the results of the two
methods, 1t was considered quite feasable to use the straight-
line method in this case due to its simplicity for calculation
of the different parts.

_jgl_Loss of energy due to grade: Due to the velocity of
the running water in the canal, there will result a loss of
head thru friction. Lost head means a loss of power which other-
wide could have been developed and made use of. By calculating
the head lost through this and by finding out the power which
would have been developed from it and evaluating the price of
that power annually, we can obtain the value of this item and
include it in the fimed charges.

Operating Costs: This item 1s assumed to be 0.5% of the

capltal involved in the canal structure of stone-line surface

and 1% of the capital involved in that of cement-rubble surface.

Appurtenances to Canal

(1) spillways
(2) Escapes and wasteways

j}) A splllway structure will be used to prevent a rise in the



canal water level above the normal full supply water level.

The splllway to be used will be of the overflow fixed
crest which consists of! (a) an overpour bank formed by a
length of the canal's retalning wall, where the crown of
overpour crest 1s made level with the normal water level in
the canal; (b) a receiving basin in which the overpour water
1s collected; (c) a wasge channel leading from the splllway
recelving basin to a point of discharge in the river's channel.

The capacity of the spillway has to be enough to dsacharge
the surplus water entering the canal, in excess of its normal
or desired capacitye.

The length of the splllway will be determined by using for
the depth of overpour sheet the maximum increase in depth which
can be safely allowed to continue down the canal beyond the down
stream end of the spillway. Thes depth will be equal to the free

board allowed along the canal.

(2) Escapes and Wasteways: The canal will be provided with an

escape for emptying in case of an emergency such as a break or
P6r the purpose fof scouring out of silt deposited in the canal
section above the escape.

This structure requires a gate and a waste channel from
the canal to the point of discharge into the river's channel.
The waste channel may have to run down a steep grade and will
have to be either a canal with a series of drops to take up
the excess fall or a chute. The capacity of the escape have

to be designed to discharge the full canal flow,



(3) The Intake and the PowesBhouse

_(A) The intake structures will include (a) trash rack
(b) check gate, hoist, and operating platform (¢) flume for
setting the turbine.

The Trash Rack: To intercept material carried by the

water in the canal which may not be readily passed through

the turbines, racks will be placed at the end of the canal Just
before the entrance flume leading into the tur¥ine propeller.
The racks are to be made of rectangular flat steel bars spaced
about 3" apart in the clear. The rack bars are spaced and held
in place by crosstied and spools. the spools are placed near
the back of the bars so as to allow the rack teeth to pass
readily. To facilitate racking or cleanning the plane of the
face of the racks will be inclined away from the vertical at

an angle of about 15° with upper end farthest downstreanm.

The racks will be made in one section only since the re-
quired sizé is convenient for handling and will be supported
at top and bottom and at such intermediate points as may be
necessary by steel beams or channels set into the concrete
flooring or side walls of the canal.

The total met rack area for the waterway 1s made large
enough so that undue loss of head will not result through
the racks.

The proper interval in the clear between the rack bars
1s quite an important detail because if too small, the rasks
will frequently clog with twigs, leaves and other bodies and
require an excessive amount of cleaning. If too large, mate-
rial will pass thry and may clog or injure the wheel runner.
¥he maximum allowable size of openlng depends somewhat on the

slze of wheel passages and the type of the wheel used.

//
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The propeller type of wheel (as the one to be used for this
project) permits a large rack-bar spacing for relatively large
material will ﬁass through this type of wheel without difficulty.

The design of the rack crossbeams and supports is made
upon the basgls of full hydraulic pressure occasioned by possible
full clogging such that for a short time little or no water is
passing thoough.

The top of the racks is placed a little above the high-
water level in the canal. Provision has to be made at the
river side for a plt in the side wall into which waste material
may be dumped and from which it may be occasionally flushed into
the river by means of a small gate opening into the head water

near the racks.

Check Gate, Hoist, and Operating Platform:

The entire of this structure 1s located Just outside the
wall of the power house. lhere wf;li%e provided a d&oor from
the inside of the engine room to the operating platform for
regudating the gate opening or for cleaning the racks.

Flume for setting the Burbine:

The open-flume tgpe of sétting is chosen for this project.

The details of this setting are shown on plate no. V .

This is the usual wheel casing used for such a low head. The
open-~flume wlll consist of a simple rectangular pit in which
the wheel 1s set. The supply canal will go through the wall

of the power house to a pit Just under the floor slab of the
engine room which will act as the roof of the pit. ‘he floor
on which the wheel pase rests will be made of reinforced con-
crete. Speclal care has to be taken to prevent or reduce set-
tlement and vibration to a minimum in order to eliminate one

of the very important causes of loss which i1s encountered in
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water power plants. Due to defects of this kind, the water
power plant may give an efficlency at the turbine shaft of
about fifty per cent only and evenless, where at least it whould
be about eighty per cent.

(B) Power House and its Equipment

The powerhouse 1s considered as a protective covering for
the equipment to be housed. <the equlpment to be provided for
in the lay out of the power house may be considere as follows:

(a) Turbine -- the prime mover

(b) Generator, governor and exciter

(c) Switch board and control

(&) Crane

(e) Workshop

(f) Lavatory

(g) Storage room

(h) office
No transformers are considered to be necessary. As the plant
1s to supply a nearby factory, low voltage 1is generated directly.
(a) Turbine: The hydraulic turbine i1s the prime mover of the

water power development and is the most important element which
should receive careful consideration. The scope of this thesis
can not include a part on the design of the turbine runners and
the different accessories related to it. What could be treated
here 1s the decision on the tgpe of wheel to be used, as con-
trolled bg the availlabe head and conditions, and the type of
settlng to be adopted to fit the existing features and charac-
teristics of this small project.

However an apppoximate data could be obtained and that will
serve as a tentatlve basis for conference with turbine and gene-

rator manufacturers who may, in the light of the information
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supplied, furnish dimension sheets of the appropriate dsign
along with & cost estimate for the installation.
Wheel Type: The availabe head is the controlling factor

for the choice of the wheel type and the setting of the wheel.
For the avallabe low-Bead a high-speed runner is best adopted.
As the speed of a wheel varies as Vh » the inherent tendency
under a low head 1s toward a low actual r.p.m. Hence a type of
wheel that will counteract this effect as far as practicabbe
1s desired to obtaln as low cost as may be of wheels and ge-
nerators. According to the present conditions then, and the
limitations of the specific speed, it is found out that the
propeller type of wheel 1s the one which is convenient B8ér
this development. This wheel is particularly adopted for low-
head installation and is in wide use now for such plants,

Wheel Setting: The whedl may be set with its axis either

horizontal or vertical. Yor the case in question the vertical
shaft turbine will be adopted as this is the one recommended
for such conditions.

(b) Generator: The generator, like the water wheel, will be

of the vertical shaft type. Its characteristics will be given
later in the design part.

(c) Switch Board: The connection between the generator and

the switchboard is to be made by cables laild under the floor

in the ducts so as to keep the overhead space free fop the

crane. The switchboard will have to contain the control, me-

tering and the switching equipment of the station. The switch-

board 1s usually supplied as a part of the generator equipement.,
It will be fixed in a place in the power house where the

operator can keep an eye on it when on another job in the engine

room. It will be set about 150 cms. far from the wall and the



space behind it will be enclosed by steel grilles with one
access door to it. The height of the panels will be made
high enough so that all instruments can be placed within easy
reach to the operator.

(e) Crane: The crane to be provided for this power house will

consist of a "block and tackle" system of pulleys mounted on
a tripod which can be moved along the floor of the engine room
from one place to ansother.

(£) Workshop: For carrying on any minor repair which may be

needed for the powerhouse, there 1s g work bench placed in the

turbine room. The operator can carry on such repairs and also

keep a watch on the switch board which i1s at a near sight from

the place of the work bench.

(g) Lavatory: One lavatory is provided which the operator and

the office personnal can make use of.

(h) Storage: This rpom is provided for the use as a storage

space. However, 1t may accommodate a small work shop if needed.
This store has an entrance from the engine room and another from
the outside to facilitate the transfer of the stored equipment
without interfering with the engine room.

(1) office: A small room is allotted for the office equipment

which is aasumed to include one desk, closet, and a telephone.
As Bhown on plate no. IV , the office is provided with one
door leading to the inside of the turbine room and with another
leading to outside the powerhouse. <‘he latter was thought

/.

essential for 1p'persons coming for some business with the office,

they carry on their work without interfering with the turbine
room at all.

General Features of the Turbine Room: It is shown,from

what has been said before, that special care was taken to have
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the t urbine room somehow secluded and free from the unnecessary
circudation. The dimensions of the room were made large enough

to equip the necessary machinery (turbine, generator and appur—
tenances, switchboard, and bench) and a free space for easy
circulation inside the room. ZThe clear height of the ceiling 1is
made about 460 cms. to give a good clearence for the crane action.

The floor of the engine room will be covered with tile to
have a smooth finish for a clean upkeep of the place.

The frame of the room will be made of stene bearing walls
with a plaster finish in the inside and painte& with a light
colored tint for better lighting effect and to harmonize with
the floor finish.

The windows which are an important detail in the structubde
constitute a large portion of the area of the main wall of the
powerhouse., The sashes will be made of metal and the windows
of glass panes and provided with iron railings.

The main door is set at one ends of the room and mide of
sufficient size to permit easy transportation, 4in and out, of
the powerhouse equip¢ment and machinery, It will be made of
rolling 1lift door which 1s well adapted for suchaslarge door.

The roof will be a slab of reinforced concrete which can be
used by the apartment house above it,

The powerhouse includes one generating unit only. No
auxiliary one will be installed. As this project is hoped
to serve for a private enterprise like a small chemical in-
dustry, saw mill or something along this lime, 1t was thought
inadvisable to go into the expense of installing an auxiliary
unit. In case of breaks, there will not be much danger or public

responsibllity i1f the power is cut off for some time.



(4) The Apartment House. This apptment is bullt to lodge

the pdant's operator and this family. As shown on plate no. IV ,
1t consists of one living and dining room combined, two bed rooms,
one kitchen, and one bath room. With the intention: of keeping
the cost of the ppoJect as low as possible, the apartment was
combined with the powerhouse structure and built as the first
floor of the building. As the location of the plant is in the
country, it was thought advisable to provide before the apart-
ment a vast outdoor area which the family can make good use of
in the summer. This porch area is provided by the roof of the
turbine room. From the living and dining room there is a French
window to lead to this popch. Bullding above the turbine room
was avoided for the i1dea of keeping the living wuarters some-
how detached from the vibrating structures and also to do away
with the making of beams in the roof slab which might have to

be inconveniently placed.

(5)Draft Tube and the Tail-Race Canal: The draft tube is an

extension of the turbine passages from the point 6f exlit from
turbine runner down to the tail race level. It 1s meant to
serve two purposes. The primary one is to permit the placing
of the turbine and connecting machinery at a level above that
of the water in the tall race under high-water or flood con-
ditions of the river. The secondary purpose 1s to reduce the
velocligy-head losses of water leaving the turbine.

The latter purpose is affected by the shepe of the draft
tube which 1s usually made flaring or increasing in dlameter,

as Bhbwa in the figure, so as to decrease the velocity from
the exlt of the tube.
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The draft tube 1s usually made of steel and 1s furnished as
part of the turbine equipment supplied by a manufacturing com=
pany. Hence the design detalls will not be attempted herey;

Turbine

Draft
TUube

LU

d77777777777?777777777777777
As to the tail race, it will actually have to carry the

same wAter as that of the supply canal and hence have the same
capacity. However, the limitations due to 1ts position and
function may require alterations in 1ts shhpe and size. To
prevent high-water or flood water in the river from interfering
with the wheel pit or the water flow in the tail race canal
itself, it may have to be prolonged down along the river to

& point where easy discharge into the river may be resolved

to. These conditions will have to be finally and definitely
decided on a8 the site.
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A BT 1V

ECONOMIC STUDY OF THE SUPPLY CANAL

In this tudy the following points are taken into con-

sideration:

(1) The cost of the canal cross section 1s calculated per

unit length.
(2) Fifty per cent of the candl run in a loose gravel area.

(3) Fifty per cent of the canal run &n a rocky region.

(4) The cross section of the canal 1s half in cut and half in
i1l as shown in the following sketch.

(5) All prices are shown on the price 1list page
(6) The canal construction is studled for the following
conditions: a:.Stone-lined surface

b. Cement-rubble surface

¢. Concrete walls surface

9.



2.
STONE - LINED SURFACE CANAL

(1) In The Loose Gravel Area

The following sketéh shows a typical cross section
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Average thickness for the high battered wall is as-
sumed to be about 50 cms. Actually the average thickness
varies with the depth or the height of the retaining wall
but since the depth of the water 1s though to be somewhere
near 1 meter, the average thickness of 50 cms. 1s taken
for the whole range of d4's considered in the investigation.
The values for 4 around 1 meter will more or less be near

to the actual price values.

The Total Annual Cost Is Considered to Be Made up
of The Following Ifems:

A, Depreciation:--

(1) Excavation and fill where needed.

(2) Wall construction with stones and cement marter; The
stones are expected to be obtained from excavation
on the Job.

(3) The floor blocage for the canal base.

(4) The #loor concrete mat with expansion reinforcement
cast on top of the floor blocage.

(5) Plaster above the stone wall in the case of the lined

canal.



The sum of these 5 items constitutes the total money
invested in the construction of the canal. This sum divi-
ded by the expected period of use of the canal gives the
depreciation value on the straight-line basis.

B. Interest plus taxes and insurance.
C. Maintenance

D. Power lost in friction in the canil.

CALCULATIONS

A. Depreciation value

(1) Excavation: (d-!—0.5)2/2 e 2 L/m5

= a4 0.6440.09 L
Where 4 1s the.variable depth in meters.
(2) Walls:
[(2d+0.75)0.5 +(d+o.2)o.:5J @ 23 L/md
= (1.3d+0.44)23 L
(3) Floor Blocage:
[(2d+ 0.5)0.2_] @ 2 L/mS
= 0,84+ 0,12 L
(4) Floor Concrete:
[(2d+o.5:+o.5)o.1] @ 50 L/md
= 104+3 L
(5) Plaster:
[2(d+0.5)] e 2L/m°
= 4442 L
(for 2% cms. average thickness)

g



Be Interest plus taxes and insurance

11% of the capital involved is considered
C. Maintenance

0.5% of the capital involved is considered
D. Power Lost in Friction

From Chezy's formula, V= C mS, 8 can be expressed

in terms of V, C, and m,
Ay

L
canal's bed, he the head lost in friction, L 1length of

From the formula S= where S i1s the shape of the

cansal, we have for a unit length S=hs .
) A

In Manning's Formula, ¢ _ _ 1.49 n
n
teking n = 0.012
and m=d4/2 since for best hydraulic section

m=4/2

N
we get C — 1,49 (;__)
0.012 \ 2

Since these calculations are being carried in the metric system

1t 1s necessary to change the value of C to the metric relations.

This is done as follows:

G = 1.49 m}z
n
Y
- 1.49 Lz) since m - A
n L P
= l.49 ﬁ&
n
Yo
K in meters _ ;. -
i test o o LARE 0,004
= log 1.49 + 1/6 log 0.3048
= 0017319 + 1/6 ( =1+ 0.48401)
= 0.,08724
antilog = 1488

Hence K (6n meters) = 1.22 K (in feet)

22



and C in metric system

%
- 1,49 ( d) x 1l.22
0.012 \ "2~

= 124 x 1,22 x (%_)yé

= X8 q0+167 - 151 30+167 ~ 134.4 q0.167
004167 1.123

c? = 18,100 40334
From g% =V, We have 1.82 - C \| &/2 8
. z! aﬂ.

2 2 2
ve- (1.82)“ — C~ d4/2 8
4 4

Hence S _ 2x(1.82)%2 _ _1.65  _ _1,65
444 x 02 a c2 a8 18100 45+334
- i =he meters/meter length.

11000 a°+334
Therefore money lost in friction is

he (1.82 X 1000 x I%‘Sx 3/4) X 24 X 380 X 0el

where 1.82 X 1000 = Q in Kgs.

_:.I-._ SElET [
125 =E f- 75 k’m rl.r hP = /Qc;,"?s-

3/4 = 1 HP = 750 watts = 3/4 K.W
24 = hrs. per day

360 = days per year

Oel = L. price per X.W,H.

e 1820 X 3 X 360 X 24 X 0ol _
e 20 LE2A588 = hy X 9450

_ 9450 y 1
11000 ¢354 1.184 35+834

Values for different d's are calculated for items A, B, C, &D

and are tabulated in table 3 page 53,
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(2) In the Rocky Region

The following sketch shows a typical cross-section

oz
ems P r
s —— 64-5 J, N -"/A.
| 45
e o B < e T ,“ﬁ'r—
s * P
5 dors”
| aras Rock.
J 1 -k ‘ .4 A ‘ et
% ~ o ,zo_._i"—f—
2d+é&o C Z

The total annual cost 1s considered to be made up of the
following items:

A. Depraéaciation

(1) Excavation and fill where needed

(2) Wall construction with stones and cement mortar--
on the downhill side only. The stones are expected
to be obbvained from excavation on the Jjob.

(3) The floor blocage for the camal base over the filled
area only as shown in the above sketch,

(4) The floor concrete mat with expansion reinforcement
cast over the blocage and the rock base as shown in
the above sketch.

(8) Plaster above the stone and the rock wall surfaces

The sum of items (1) to (5) divided bj the expected period of
use of the canal (30 years) gives the depreciation value.

B, Interest plus Taxes and Insurance

8. Maintenance

B. Power Lost in Friction in the Canal




£5,

CALCULATIONS

A, Deprecilation
(1) Excavation: Ld4-0.20)2 @ 8 L/mS
2

= (424 0.44+0.,04) 4 = 442+1,6d+0.16 L.

t2) Wall: [(2a+0.6)0.5] e 24 L/ud

= (Ad40.3) 24 = ©24d+7.2 L.
(3) Floor Blocage: [(d - 0.15) 0.2] e 2.L/mS

%(O.Bd - 0.3) 2 = 0.4d - 0.06 L.
(0 Fioat Gosasine: [ (@ - 0.18) 0.1 4 (4+0.20) 0.05] @ 50 L/a®

=(0.15d = 0.005) 50 = 7,54 = 0.25 L.
(8) Plaster: (2.5 cm. thick)

(24+ 0.7) @ 2L/m° = 4d+1.4 L.

Be. Interest plus: Taxes and Insurance:

11% of the capital involved.

C. Maintencance:

0.5% of the capital involved.

D. Power Lost in Friction:

1 . (Same as in D for case I above)

1,164 @5+554
Values for different d's are calculated for items A, B, C, and

D and are tabulated in table 4 , page 53 .



2c.
CEMENT - RUBBLE SURFACE CANAL

I, In the Loose Gravel Area

For typical cross section refer to figure on
page 20 o Here the plaster is not considered.

Terms Making up the Total Annual Cost:

A. Depreciation

Same as in "AY for case I in the Stone-Lined Surface,
except for item (5) where for this case there is no plaster.
B. Interest plu Taxes and Insurance.
C. Maintenance

D. Power Lost in Friction in the Canal

CALCULATIONS

A. Depreciation Value
(1) Excavation
(a+0.3)%/, e 21/m® a%+o0.ea+0.08 L.
(2) Walls
[(2d+ 0.75) 045+ (d+ 0.15) o.sJ @ 26 L/m® #»
= (1.3d+ 0.,42) 26 = 33,74+ 1l.1 L.
(3) Floor Blocage
[(2a+0.3) 0.2] @2 r/md= o.8a+0.12 L.
(4) Floor Concrete
[(2d+0.3+0.3) 0.1J @ 50 L/mS = 10da+3 L
B. Interest plus Taxes and Insurance
11 % of the capital involved
Cs Maintenance

1% of the capital involved

#* Refer to price list page 5S¢ .



D. Power Lost in Friction

é
O 1.49 (d) X 1.22 #%
0.025\ 2,
Y

= 5946 x 1.22x(g) _ _72.7 g0+167 _ g4 n 304167
2

¢°= 4200 40+334

V- @ - CJa/2 s - 1.82
A

2 a2
v2_.e2)® _c® 4 5
aat 2
S - 2X(1.82)% - 1.66 - 1.65
4., 2 c® a° 54334
4 a%*x c*x a 4200 45+
1 = Wy meters/meter length
o550 4°+534

Money lost in friction is h, x 1820 X 3 X24 X360 X 0.1
125X 4

— 1X9450 o Bumy
50334

LL.
2550 a°*%%% g

Values for different d's are calculated for items A, B, C, and

D and are tabulated in Table / , page 52 .,

IT. In the Rocky Region

For typical cross section refer to figure on page 24
The items making wp the total annual cost are the same as for

case I above in this tgpe of Canal Construction.

n=0,025 in Manning's Formula is a fair value for cement rubble
surface, obtained from Handbook of Hydraulics by King.

1.22 18 the factor to change C from English to Metric system;
refer to page for derivation.

27
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CALCULATIONS

A, Depreciation Value
(1) Exsavation: (d+0.2)2 @8 L/mS - 442, x.8d+0.16 L.

(2) wall: [(2a+0.68)0.5] @ 27 ** L/nB- 27 a45.1 L.

(3) Floor Blocage: | (d = 0.15) o.z] @ 2L/m%= 0.4 4~ 0.08

(4) Floor Concrete:

[(d - 0.15) 0.1+ (d+0.20) 0.0?] @ 50 L/m5:= 7.5d = 0.25

B. Interest plus Taxes and Insurance

11% of the capital involved
C. Maintenance

1% of the capital involved
De. Power Lost in Friction

Same as in D for case I in this type of canal = 3.71 L.

a 5¢334

Values for different A's are calculated for items A, B, C, and

D and are tabulated in Table 2 , page 52.

Having 50% of the canal running in loose gravel and
. the other half in a rocky region, it is quite Justifiable to
add the thséal coét per meter per anhum - for each type of sur-
face finish and divide the sum by two to obtain the average
total cost per annum for the type of construction studied.
This 1s done in table S , page 54, for the
Stone -~ Lined Canal and in table < , page 54, fbr the
Cement - Rubble surface Canal.
In figure on pPage ss5 , there is plotted,
first, a curve giving the average annual cost per meter length

for the stone-lined canal; second, a curve glving the average

** Refer to Price List for 27 L/m° (p- 52

L.

L.
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annual cost per meter length for the cement-rubble canal.
Both ocurves are plotted in relation with the dppth of the
cross sectlion considered.

It 1s quite apparent from those graphs that the
gstone=-1ined canal 1s cheaper than the cement-rubble one for
corresponding values of the depth of the cross section. It
is also seen in the above mentioned graphs that the stone-
lined canal curve has a minimum around the depth of 90 cms.

This cross section with the depth equal to 90 cms.
and therefore the breadth of 180 cms. 1s considered to be the
best economical section for the stone-lined surface as found
out by the above analysis. This cross section is the one
adopted for the supply canal not only because it does satisfy
the efficlency and the economy problems but also because 1t
meets the practical considerations which should be observed
in such a choice. It i1s not deep to the extent of endangering
a person if he falls in the canale It 1s not wide to the ex=~
tent of requiring a large land strip for 1ts erection.

CONCRETE - WALLS CANAL

In regards to analysingthe cost of a canal cross
section bullt from reinforced concrete with a depth of 90 cms.
of water, i1t appears quite clearly, especlally at the present
trend of high prices of steel, that this section will be much
more costy, than the two previously discussed sections. Since
stones are abundant and cheap in that region, why to use con-

crete and steel where-ever this can be avoided?
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DESIGN OF CANAL CROSS - SECTION

Up-hill side

B = 45°
@ = 45°
h=4 +20°28 _ 1370°m8 _. 3,81

W.of earth = 110 #/£t°
W.#f stones =140 #/£t°
K= 0.28

1

P=# Wy h® X = 110 , 3BT 0.26=187#
2

P,= 187 cos 450 — 132F

W =140 X 3.61xb

x=b/2
h/5=102'
Overturning required F.S.=2
2 — 140X 3.8l XbXb . be_ _2X2X132Xx1.,2 —1.24
2 X 132 x 1.% R 140 x3.61

‘b= I\’ le24 =1.11' — 34 oms,

Down-hill side ,su,-.: horge

for 4 =90 cms. ‘ "
p

" = g8in
T twh/.:ie.r-
o oY T T Y- het 3h h!
ht- 255 r
Sy 260""
120" earth ht= 260 cms = 8,53!
i | W. of water=62.5 #/ft5
1
oA of Concir ’Z S-”$—uc74.ﬁ~é’f
aken from concrete book, Qéﬁ/ﬂn 4 ere <
B oo L/r,?u/;ar/ ane C.E.OpFrourke % [’, /494 /93?6




3/

4.92
5,90! above base

0657 X2.95 = 1.68' = Q!

' 2
) P1=¥, B~ _
. /-2 | 1l e
\_\\‘\\ SR =T o
l \f*\\_\\_ 2953 acting at 0,98
i :\ = ,
[ 1“( \ JoN -0-984
NN
:; QRN 4 Surfhaspeon lower part
! { ‘\- b, \ /50 = 4 92 /
\ \ 623 i 0.5%
\ [ \ I 110
NNE
O-_ﬂua| !
33"

Po=% 110 X 4.92(4.92+ 2 xl.ee)T_T__l = 0,707

+ 0,707

Y=4o +3x4.,92X 1.68 =1,97 !
3(4.92+2 x1.68)

Trapezodial Section:
iuo : 1.2 X 8053 )‘(2.1-{-0.6) = 2706
2¢1 X853 x 2.1X2 _ 12,5
2 d

!
ZA : 3.3+1.2 X 8¢53 = 19.2n
2
X - EM = 40.1 =297 O from O
T A 19.2
Overturning

— 385 #

27,6 +12.5 = 40,1

Overturning moment: 272x 5.90=1600 ! #

+ 385x1.97- 780 ' #
2360 ! #

Restoring moment: 19.2x1x 140 x 2.1 =5620 ! #

F.S. - 5620 _
5360 2.38 OK,
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Slope of the battered face of the down-hill wall

|—sz

7[zﬂ_;

k___aag——vg

A slope of _H 1
= o

section along the length of the canal.

2,11

8.53"

iy | 18 3
8.6 4.08

1s to be used for the other

This wall is to be 1.2' wide at the top throughout the

whole length of the canal.
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HEADWORKS

Design of Head Gate @nd Appurtenances, Relative Elevations of
Canal Normal Supply Water Level, Dam Crest, Bed of Canal, and

Top and S111 of Gate Openingse.

The normal discharge in the canal is 1.82 m9/sec = 64.3
The eBess-sectional area of the canl 1s 1.62 m® — 17.4 £t
The velocity of the water in the canal 1s 1.12 m/sec=3.87 Pt/sec.
The gate tolbe used i1s a steel gate of the undershot type.
The crest of the dam is to be 0.7' above the full supply water
level in the canal. The flow thru the gate opening 1s submerged.
The coefficlent of discharge is taken as O.?. Hence for a head
of 0.7' , the discharge per square foot of gate opening 1s
Q=CAVUZ2 gh = 0.7x 1| 6444 X 0.7 = 4.7 cusec per sqe ft.

Then, the required area of gate opening is 643 - 13.7 Pt°
4.7

t 91X 4.75! R —
Let opening be 2.9%X 4.75 | —— 1
Using 6" overlap of gate on | 479 ||

2.9 I 3.9..27
each side, the gate outside | } :
dimensions are 5.9/)( 5.26! . | = e d _L

e
i x — _“# el
—— ——— 1 — —] LB 03
ey o
FEL s anle ®  slsade [ iy 7 \|j2”
C ;
FEEE LY catmmastes tgwemtes. m. ///,?
x,

s 752

P,=Wh=1X0.3=0.3 tons/m?
= 1.6 tons/m2

g

1l
P: 1.5+ 0.3 X 1.2x1.75:1.9 tons on gate
_——é—_
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The gate 1s to be composed of a steel sheet of uniform thick-
ness, stiffened with ribs so spaced that they will receive

equal pressure, and therefore be of equal dimensionse.

Suppose that 2 horizontal ribs are placed as above, thus

dividing the gate into 3 areas., Each area carries ;ég;=o.es tons.
The slope of the pressure diagram 1s 1.5/1¢5 = l.o

The distances xl, x2, x5 and x4 shown above are calculated

as follows:

Por X, : o.fz _ (03 +0.3 +:l) 1,75 Xy ; 064 =1,05K) +1.76 X2

1,75 xf,«l.os - 064 = 0

xl T 1005_":\/11005)2 + (é x 1478 v 0.64) e 1,05 ol -/-4.5
= 2 X 1075 505

_= 1,05 +2,37 1,32 - 0,38 1
=T 3.5 -

Por Xp : 0483  (0.68,0.88+Xp) 1.75 Xz ; 1.26-2.38 Xp+1.76 Xg°

/ 2

2
1475 Xp°+ 2,38 X, = 1,260

X, .= 2,38 * V(2.38)2 1 (4 x 175 1.26) _ = 2.38 #Vb,65 +8.8
L4 1.75

3.5
_ = 2.38 £3.,81 _ 1,43 . 0.,41 ©

i Sed T 345

2
3 : 9.63 - (1.09 51.09-/-)(32 1,78 Xz ; 126 =3.82 X3 +1.75 X3

/

For X

1.75 X5° » 3.82 Xz = 1.28 = 0

X5 = 3.82 + \/(5.8§)§ £(4:1.9621.26) - 3.82% 14.5 +6.8

_ = 3.82 *4.,84 _ 1.02 . 0,29®
¥ 3.5 b T




k)

For X4 , 0.32 _ (1.38 +%.38+x4) 1.75 X4 _ 4.82 x42+1.75 X4
/
0.64 = 4.82 Xy 7 1.75 X,°
X4 = =y 4082 = %4.8@12 -+ (4 x 175 x 0064) =
4 3.5 5
- = 4.82+5.27 _ 0,13%
3.5

The Thickness of the steel plate 1s calculated by the following
formula:~- t —_abd \J CP

2 8 (al+ b2)

Where C 1s a constatit - 0,8 1f sheet is fixed to internedliate ribs.

g

= max., watér pressure in kgs/omz on the section considered.,

n

= allowable stress in kgs/ém2,which i1s 1200 for steel.

vertical distance between horizontal ribs, cms.

b = horizontal distance between vertical ribs, cms.
t - thickness of plate in cms.
Using 2 vertical ribs and 2 horizontal ones as shown above,

&-35cms , b=657 cms  P_ 630 . 0.318 kgs/em?
35 x 57

Then t_.35,57 |0. 8 x 0.318

2 x 1200 (1220 -5240)

2000 \JO.255 — 2000 \'0.000,000,0237
2400 x 4460

2000 (00000154) = 0,308 cms,
Add 50% for rust and other factors= 0.15 cms.
Total thiclmess = 0,308 +0.15 = 0.46 oms.

The minimum allowable thickness for a gate steel plate 1is

6 m/m. Hence use here a 6 m/m plate.

Design of the ribs: The horizontal ribs are considered to be

carrying the load. The load on each rib is 630 kgs as found

before.



The bending moment,
M -1/8 WL -1/8 x830 «1s71 =135 kgm.
=135 2.2 x 3.28 x12 = 11700 1in=-1b.

@ 1800 psi i1 _ 11700 _ o.835 1n%
' = = 13000 i

Use 1/ @ 4,1%/1  3n 13u (-1~ 1.1)

For vertical ribs use//Z2 2k 23+ 3% @ 4.1 #/ 4

Design of the Lifting Device
The total horizontal farce acting on the gabe 1s 1.9 tons.,

Assumed that the coefflcient of static friction is 0.40

The vertical force necessary to -overcome this friction is

V = 1900 x 0.4 =760 kgs. The 1lift has to account for this V

and the weight of the moving parts of the gate. They include :

m m m
Steel sheet: 1.75 x1.2, 0,008« 7850 = 99 Ay
4 rivs 5.4 .1.75 -4.1 5.?? = 43
4 ribs é 4 1.2 x4el 9% 3028 = 30
2.2
Strips at two edges for water proofing = 40
Add about 20% for details =__ 50
262 kgs.
Total to be 11ifted 760
262
1022 kgs,

Use a hoist with a capacity of 1% tons.

Summary:

1) The diffdrence of elevation between the crest of the
dam and the full supply water level in the canal is 0.7'.

2) The gate opening 1s 2.9'yx 4.75!

3) The gate dimensions are 3.9! x 5.75¢

4) The gate opening i1s below the panel wall which is to
be extended up to the operating platform above high water level

in the river,

3e.
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5) ThHe top of the gate opening, formed by the lower
edge of the panel wall, 1s at the same level of the full sup~
pY¥y water level in the canal.

8) The position of the bed of the canal 1s 2.96' (90 cms)
below the top of the gate opening.

SPILLWAYS

(1) spillway just below the head gates. The normal capa-

city of the canal 1s 1.82 ms/sec = 64,3 cusec, The excess
capaclty which may enter the canal due to faulty gahes;assu-
med to be 33% of the normal capacity = 21 cusec. The spill-
way 1s to discharge this emcess of 21 cusec. Agsumed that the

overpougr depth is 6" which is the allowed free board.

Using Fré&is' formula for flowover a sharp crfsted weir,

Q =3.33 L H3/2, the required length of spillway crest, L, is:
21 = 3.33 L 0.5%/2

= 3633 L X 0,354

o

717,'7_@'}/ L 2 s €
b oo 21 - Al 2 b 5 2
3.33)( Oe354 4 Sﬁe:ffw.r,} est o

(2) Spillway just above the racks #8 the intakes to the

powerhouse,

This splllway is assumed to carry away an excess quantity
of water over the normal capacity of 25% which may be due to
surface run-off or drainage water from higher lands collecting
into the @anal system.

Q = 0.25x 64,3 = 16 cusec,

Using H= 6" = 0,5 1y /6 T o b
33 Xx0.TF5H
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CROSSING OVER THE CANAL

This crossing is designed as a sglab supported on two

sldes only. J -4.~“ foi:
caorto /

=)
Crossng
L R R R e S Wk N Vi Ed
i V.7
A
o |
/. 8 O————/ e
/ 7 +—¢ /.80
7

i %

{
T7RZ77777 7777 77777
éecv(/cn-y o2e-2C

[
e
|
(- -

Design of Slab

L.L, = 300 kgs/m2 L,»__,.,_

D.L. = _350 kgs/m? Assuming a 14 cms slab

Total - 650 kgs/m<
Considering the slab to be simply supported, and the distance
1s 2™ from c. to c. of supports,

M = 1/8 x 650 x 2° = 325 kgm. —~ 32500 kgem.

Using d4=0.0335 / K % | Where 4 - effective depth of
. tension steel in cms. &
= 00335/ 32500 = 6,05 cms. M - Bending moment in kg cm
Then As = 0.833 @ #%

= 04833 x 6,05 X 5.05 cn/m
Use 6 =~ 12m/m @& bars (As=6.78 cmz/m) and total height of

slab equal to 14 cms.

Design of Ralling
The railing is to be made of iron pipes embedded in a con-

crete border edge. Dwm = /%

Refer to plate IT for details.

* From Bé;on Arme by Dunod.
From Beton Armé by Dunod.



39.
ESCAPE GATE or WASTEWAYS

The capaclty of this gate is to be equal to that of the

canal, namely 64.3 cusec.

The dimensions to be used are the same as those of the

head gates.
Refer to plate itl for details.

CHECK GATE

The dimensions used for this gate are 1.22 x 2,00

e
! : ‘2m

o T [
—25"—
The remaining design parts are the same as those of the headgate.

SWITCH BOARD FRAMEWORK

The framework consists of a sill, uprights, and braces.
Sill: 6 in steel channel bolted and grouted to the floor.
Uprights: 1% * standard black iron pipes or angle itons,
braced to the wall by similar pipes or angles.

Eggg;:k This will be supplied with the generator unit.



Design of the Racks

Let the rack bars be 2" thick

and 3" clear distance‘apart.

L oem

90

Let n= number of bars needed.

bt SO B
then: nx %' 4 I:(n+-1)x 3]—_ 70,84 {258 pogr
n+3n+3="70.8"
1 | i
n+12n+12 = 70.,8% i |
e
63"‘5 =/7

13n=4X 70,8 = 12=271,2
n=271.2/13=21 bars approx.
for n=21 bars exactly

21X % +22x =70.8"

s/bac.«'nj =+l

x= 2;98”_ as exact spacing clear between bars,

2.95'X 5.,9'=17.4

—

cos 15° 0,968

174 = 17,4 - 1

D'

gross area

f

21X _ 1 4 2495 _ 7.09"
b2 e

!

a
1.29 :m1-29 = 1,335 Dbars area

f

(d+ over board)

cos 15° .
P——
"“"’4, IZJ: A3 1 n
M Ay=18 = 1.33 = 18.67
]
Az=18"
Rack Bars <
23
% 9] T“
7 4 1 =
5:'1 e 3¢5
|| gl
= A s—
No intermediat

e horizontal cross beams are considered necessary.

40
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TN P, = Wh=62.5x3.5=219 #/rt2
b Total load on bar (beam)

35’
i S it
219y 3 S8 =95,7 " P
’ xl'é'x %

Considering the beam to be simply supported

2
My_ P -
X—TX(]. —Lz)

Mmax occurs when x=0.5774 L

¢ Mmax = 0,128 PL = 0.128X 95.7X 3.5=43 ! #
= B1g" #

@ 1800 psi wtress

I/6 = __518 _ = 0,0287 ind needed.
18000

Having considered the bars to be #%* thick, we have for a
2% depth, I/6 = b &°

i H !
e —
4 5 —_L

3
b 4" * 8 = 0,167 in
br- b v

I . 0.187 — 0,167 in®
(¢ I

-

I

1

for a 1.5" depth

I-%2x I8 - 3.375 in%*= 0.0703

I/oc — 3,375 _ 3,375 = 0.l in
48X 0.75 3§08

Hence a bar 1.5"X $" 1is enough.

3

The bars will be cross tied by steel rods as will be shown on

the detall drawing -n r\a+e -

41
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CALCULATION FOR ThE HuaD UnDER WAlCH

THE TURABINE Or BRATES

The net head is the gross available head minus the losses
before the turbine, The losses are @
a) Friction losses in the canal (slope of the canal],

A
Sinec

P

=

" For the canal used, it was found out that the slope 1is

1 1 p

® 11000 45,334 ~ 11000 x 0.57 6270

0.00016
e hf - SL and L~ 260 meters

hf = 0.00016 x 260 =4.2 cns,

b) Loss in the Racks

—v0 0 @ v

ec -1,12 m/sec,

€3]

Xedles]

885, .31 3,79
T X0

0|

<
|-

. .82%x35,31L _4'/sec - 1.82 m/sec,
m A1 1.1 ¥
The lo i

o
n
"

s in the racks is actually due to sudden contraction,

m

friction, and sudden enlargement,The first and the last only
are considered. The friftion is neglected,

(1) Loss Due to Sudden Countraction

Tn the Hendbook of Hydraulics by King (pace 167, formula J3&) the

Fal

followine is given for loss of head due to sudden contraction im pipes:

By Ky T Where Hz is the head lost in %,

K3 ig a coustant
¥ is the velocity in the smaller pipe,

, ratio of diameter



43,

2 2
Since A dz . _4e 42
4 d A, 42

d& - A& Hence the ratio of the sguare root of

ey

the areas of the canal section is taken in place of the ratio

of the diameters of the pipes as in the tables mentioned abovse,

ﬁ;g . ]1zj4 e oL ) using a value of 1.1,
AT T8

this gives Hz (with a V:4'/sec) equal to 0,01 ft. = 0.3 cus,

(2) Loss Due to Sudden Enlargument

In the avove mentioned Handbook, the following formula

is given for this loss 1in pipes,

&

Hg. - E3 V where H, K and V are as in (1) above,
2 g
VA2 - 1.04; wusing 1.2, Hg (with V - 4'/sec) is equal to 0.0&'
A
equal to C,6 cms, (L] plus (R) = 0,3450,5 =0,9 say 1 cm,

H:=C \/2,25 Where H is the lost head in ft. for 90° bend
¥ 18 the veloeity in 1., sec, :
C 1s the coefficient varying with the
radius of the centre line of the bend,

With V- 4t'/sec, Rs15', bend = 90°
1 = B 1T P

For a 45* bend 0,11 2 - 0.0BES?
4
For a ceanal : 0.,0888 x 1 = 00,0411 = 1,85 cms,
2

1) From Handbook of Hydrauliecs " by King, Page 168,



With V -4'/sec, R -407, bend = 90°
H-0.1% |
For a 45° bend 8. 17 % 3/'4 = 0,187"
For a canal 0,187 x1/2 =0.064Y _ 1.98 oms,
5,17 cms,
The Total Head Lost
4.2 +1 + 3.8 = 8,4 say 9 cnmse,

The Net Head under which the Turbine Operates

44

e _ N
o e T e ———— _,—T—q‘—
0‘5 ‘/’l/l'r, g T > —— S— <2 N c #::
77777?7777777=1p77-; j"_:h[l ':E B
/,95”’ (measured) 4 \ l
‘ A —
L P G ¥//
1.95 + 0,50 4 0,90 =  D.,90
3.35 - (0.90 4+ 0.09) = 2.36 meters
The Power Delivered to the Turbine
P = W H = 1,82 x 1000 x 2,36 PR hp,

i

The Power Delivered by the Turbine

HP out put = H P input x Effictency
=87.28 x 0.8 = 45,76 hp.

= 34,1l kw.



Tentative Selection of Turbine and Generator

The et head, h = 2,36 m, = 8!
From Figure 85, page 245 in Water Power kugineering by Barrows,

for a head of 8', " . Luropean Kaplan and Propeller Type-Karpov"

Turbine is suggested with an Ng cf 190 r.p.n.
From N§ _ Ne Vb hp 1) Where N_ is specific speed and
5/4 Ne is the value of re.p.m.at
which the max, efficiency uunder
the given head is attained.

Ne.Ns b _ _190 x &%
Jo h p = 5n.2

180 x 13.86 - 360 r.p.nm.

Approximate Wheel Bige

(1) From N -1840 ¢ Jdh 11) where D is the nominal diam of
D the turvine,@ is a speed ratio,

or "relative speed" coeff ha-

ving a range of 1,5-3.0 for pro-

using § = 2.5 peller type turbiunes,
nd N = Ne = 360 b o S

we get D _ 1840 x 2.5 J8.,00 _ 36" nominal
360

(8) Prom h p = Pu D& p 9/& 111) where Pu=unit power coustant

or power of the wheel under
l1-ft,head, (range for pro-
peller types = 0,0015 -0,0085)

Pu=0,0023 as obtained from fig. 76, page 235 in

. S T - ey e e g o S e W W e S G . . o i, e gt it B i e . ) i e s . [ -

1) From Hvdraulics by R.l, Paugherty page 404

11) From Water Power Engineering by Barrows, equation 13, page 229

111) From Water Power bogineering by Barrows, equation 15,pagec 2&9



" Water ;n rineering" by Barrows which is based on outlet
diameters,

7’;p _ 45,76
PO S 0.0023 (8.0 3%

D=3C" outlet

Generator
Assumed efficiency = €.9
Power delivered by turbine - 34,1 X, W,

Output from generator - 34,1 x 0,9 = 30,69 K.w,

Surmary

One Turbine

Vertical shaft

Propeller type

g ="1%0 »r. p. o,

N =380 T, b.B.

D = 35" Nominal

b h p=45.76 hp ( with 0.8 efficiency)

One Generator

Vertical shaft

110/190 volts

3 phase, star connected

50 cycles per second

Capacity of 40 Ev.A ( at 0,8 P.F, . 32 K.,W.)

N =880 1. p. 0.

4c.



COST mSTIwATE CF THE PROJECT
The items of coast for a waterpower are (1) fixed

charges and (&) operating costs,

(1} The fixed charges include
a) Interest b) Insursuce c¢) Tgxes aund

d) depreciation

4

(2) The operating costs iunclude wages and maintenance,

e

The cost is made up as follows :

Headworks

Juantity Unit price Total Price

L,L, L L,
Rubble masonry 12 m3 25 300
Ashlar masonry 3 30 90
Dam masonry structure 40 20 8C0
Cyclopean coucrete 8 45 J60
Plain concrete 30 55 1650
Reinforced concrete 0.8 . 98 920
 sas0
+ 5% accidentals : 170
3460
Interest, insurance,and taxes : 11% = 380
Depreciation, 40 years % = 865
llaintenance , &9 & 69

Total per year = - 1314



400 kgs 1.5

48

x d <400

Interest,insurance,and taxes, 11% o <64

Depreciation, 25 years " 96

Maintenance , &7 = 48
To-t-j\l "_')e:. JTC:*I. & ¢ 8 880500000 =

Trash Racks

Steel in place 120 kgs. LB

Painting of racks 2,88 ma 2,5 7.8
Pipes 1 1/2m ¢ 21 iR, P2 4e

w9,z

Interest, insurance,and taxes , 1oy 5,8

Depreciation ,280 years i1.8

Maintenance 0,5 4 L T

Total per year

Spillways (2)
Catch basins 10 M. R, 10 100
Channels to river 38 R, 4 1958
Crossings (2)
Reinforced concrete 1.2 m3 95 114
s
</r



il

BlF (766
Quantity Unit Price Total Price
Riadts L.L,
Interest, insurance,and taxes, 11l% 40,2
Depreciation , 25 years 14,6
liaintenance, 19 5,7
Total per year .:j::::::— o9
Canal (including tail race)
300 L R, 10 3000
Interest,insurance, and taxes, 1l% $30
Depreciation, 30 years 160
Maintenance , 1% X0
Total per y=sar ...:jj:?:— 460
Power House
Building Foundations 3000
Building Superstructure
Turbine Room 80 Lz 75 6000
destwing ground floor 77 ma 70 0400
Westwing lst floor 9& ma 70 6400
20,800
Interest,insurance,and tazes, 1l% 2300
Depreciation, 50 years 415
Government tax on building 60
Maintenance, 1% , 208
Total per year ...:Tj:::_— 28835



S0

Bl 5258
Quantity Unit Price Total Price
Lole bl

Tourbine, Generator, Control Board & Other Equipment

Interest,insurance, and taxes, 1ll% &750
Depreciation, 85 years 1000
Maintenance, 2 % . 500

- = e T me v

Tot.‘:‘l T el' ::’rear ® 8 &6 3 4 ag s e e e 3 42%

e

About 6000 e C.4 2400

Interest, 6 124
1z4

[#4]

per

S e
£10n
— —

Day operators
1l 8t 200/month 2400

1l at 90/month 1080
Night operator 1 at 150/month 1440
Reserve to indemnify operators 440

Potal pPEr Fell siewsiin DOBO

Available FPower from Generator is 30 K.W;
Avallable Energy per year is
300 x 24 x 30 = 216000 K W H,/Year

Cost per K, W.H, _ Annual cost
K.W.H, per year

1500000 . 6,95 Lebanese Piasters
216000 W e e e



&/

As shown above, the cost per K ,W,H, of electricity,

this figure with the current prices of

market, it is

found

=

generated in this plant is about 7 Lebanese Piasters,By comparing

electricity in the present

out that even with such a small project with

its low head, a good, reliable,and cheap source of electric power

is made available in that limited &rea

where the plant is set.

On the other hand, if this figure is compared with

those of the cost prices of large hydroelectric power plants,

1t would seem that this project is quite expensive and g cheap

source isg not the result,

actually it may be so, But I may point asut-

here that the larger the power developed the smaller the cost of

development per unit

varies inverseély as

capacity. Moreover, the cost of the developmeut

the available head utilized by the plant,
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APPE~NDIX A

CEMENT - RUBBLE CANAL

in
LOOSE GRAVEL A
_ oo La/ Inferes/ ; . e hrer 7ot/ Cost
bﬂ..ﬁ th |Excovation| Wolls Flocr %\n«d} n‘MﬂsﬂnTn\ﬂ mu.ﬂhwh\\“l. uh”“”!”h\ Ul\w.n‘s\i Muntermance M.Q ﬂ“\h \Uﬂu\ﬂ.&m“w\\%\ﬁ
P \w-.“ﬂ.&&w .m.u.w..-.\m._\\.\ a.hM\..‘M.\u xoM\M.m o 1" Wn.h»\n n“,mkﬁ o.o.MMv b.v..\nl..”..uum. .Nm......\n.
1.50 3e24 6l.65| 1.32 18 84.21| 9.26 2.81 0.842( 0.428 | 13.338
1.40 2.89 58.28 | 1.24 17 79.41( 8.74 2465 0.794| 0,614 | 12,798
1.30 2:;56 54,91 | 1.186 16 74.63| 8.21 2.49 0.746| 0.914 | 12.360
1.20 2.24 51.54 | 1.08 15 69.88| 7.68 2.33 0.6899| 1l.400 | 12,109
1.10 1l.96 48,17 | 1,00 14 65613|| 7.17 2.17 0.851| 2.180 | 12,171
1.00 1.70 44,80 | 0.92 13 60.42| 6.65 2.01 0.604| 3.710 | 12,974
0.90 l.44 41.43 | 0.84 12 56.71| 6.14 1l.86 0.557| 64550 | 15,107
0.80 1l.11 38,06 | 0,76 11 50.93| 5.60 1.70 0.509(12.370 | 20,179
0.70 1.00 34.69 | 0.68 10 46.37| Se.11 1,54 0.464| 24,740 | 31.854
0.680 0.81 31.32 | 0.80 e 41,73 | 4.59 1.39 0.417| 55,400 | 61,797
CEMENT - RUBBLE CANAL
in
ROCK Tolle 2.

. 4ddiidiore |27 +5.) |o-4d-0.06| 7.5d-025 ” . " " v
1.50 11.56 | 45.60 | 0,54 11.00 mmLQO 7.56 2.29 0.687| 0,426 | 10.963
1.40 | 10,24 | 42.90 | 0,50 10635 | 83689 | 7603 | 213 | 06839| 0814 | 10.413
1.30 9.00 40.20 | 0.46 T9.50 | 59.18 | 6451 1.97 0,592 | 0.914 9.988
1.20 7.84 | 37.5 0.42 875 | 54451 | 68.00 1.82 | 04545| 1,400 9.766
1.10 B8.76 | 38.8 | 0.38 moOOf 49,94 | 5,50 l1.66 0.499| 2,180 9.839
1.00 5.78 | 32.1 0.34 725 | 45,45 | 5.00 l1.61 0e454 | 34710 | 10,674
0.90 4,84 | 29.4 0.30 B8¢50 | 41,04 | 4,52 1.37 0e410| 8455 12,850
0.80 4,00 | 26,7 0.28 575 || 38471 | 4,04 1,22 | 063687 12,37 17.997
0.70 Je24 | 24,0 0.22 5¢ 00 | 3248 | 3,57 1.08 0.325 |24.74 20,715
0.680 2.56 | 213 | 0.18 4,25 || 28,29 | 3.11 094 | 0.,283|55.40 59733
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STONE - LINED CANAL
in
LOOSE GRAVEL
7o ble 3.
~ e~ i I.M.n.._lw.llx , ete / \Mv eres ] i Arom 70t/ @st
Depth |Excovetion | Walls M\wn S ! nﬂﬂnxm\h Plaster _ w\uhen.w - ul...\unnh\ Deprecioon Moinfenonce Mlb i \M: ..ﬁw.:: \M.q\._\
_L‘._d_\ﬂu, & N_Jﬁr\_.lll_ann = . LT a9
ters Pegdaei|ity el cbdoin [led 73 |adr2 | £ [ 0% el S50 [cees & Vg™ £ [
1.35 | 2.72 | 5040 | 1.20 | 16,50 | 7.4 78422 8462 | 2.61 | 0.391| 0,173 | 11.794
1.30 2.56 | 48,90 | 1,18 | 16,00 | 7.2 A 75.82 | 8435 | 2,53 | 0.379| 0.212 | 11.471
1.25 2.40 | 47.40| 1,12 | 15.50| 7.0 | 73.42| 8.09 | 2.45 | 0.387 0.260 | 11.187
1.20 2.24 | 45,90 | 1.08 | 15.00 | 6.8 r 71.02 | 782 | 2,37 | 0355 0,326 | 10.871
1.15 2.10 | 44,40 | 1.04 14.50 | 848 | 68484 | 756 | 2.29 | 04343 0.410 | 10.603
1.10 1.96 | 42,90 | 1.00 14.00 | 6.4 66426 | 7430 | 2421 | 04331 04518 | 10.359
1.056 | 1.82 | 41.40 | 0.96 | 13.50| 6.2 63.88 | 7.04 | 2.13 | 0,320 0.668 | 10,158
1.00 | 1.70 | 39.90 | 0.92 13.00 | 6.0 81.52 | 6,77 | 2,05 | 0.308| 0.890 @ 9.988
0.95 | 1l.56 | 38.40 | 0.88 12.50 | 6.8 59,14 || 6,51 | 1.97 | 0.295 B.130 | 9.905
0.90 l.44 | 36.90 | 0.84 12.00 | 546 || 56,78 || 68425 | 1.90 | 0.284| 1.47 9.904
0.80 | lel1l | 33490 0,78 11,00 | 5.2 | 51.97 | 5,72 | 1.73 | 0.260| 2.87 |10.580
0.70 | 1.00 | 30,90 0.88 10.00 | 4.8 | 47.38| 5.22 | 1.58 | 04237 5.73 | 12,787
_ |STONE - LINED CANAL
| in

F ROCK

m “

_ Fodle 4.

H\.\|1 _AM\M\;.R _m.any 7.2 o4 -c.0b ?75d-0.25 4 wﬂ\.wu . ||..|| -
1,50 | 11.56 | 43,20 0454 | 11,00 | 7.40 | 73.70 | 8.11 | 2.46 | 0.368| 0.098 |11.036
13407 | 10424 40480 0450 | 10425 | 7.00 | 88¢79 ||7.57 | 2.29 | 0.344| 0.142 | 10.348
1.20 7.84 36,0 0.42 8.75 | 6,2 59421 (| 6452 | 1,97 | 0.296| 0.326 | 9.112
1.10 B.76 | 3346 0.38 8.00 | 5.8 54.54 | 6,00 | 1.82 | 0.272| 0.518 | 8.6810
1.00 5.76 | 31.2 0,34 725 | 5.4 49,95 || 5450 | 1.68 | 0.250| 0.860 | 8,270

0.90| 4.84 'mm.m 0.30 | 6450 | 5.0 45.44 || 5.00 | 1.51 | 0.227| 1.47 8.207
0.80 4.00 | 26,4 0.26 | 8.75 | 4.6 41,01 ||4.51 | 1.37 | 0.205| 2.87 80955

_ M.Mw Se24 ‘m».o 0.22 5.00 | 4,2 064868 | 4404 | 1.22 | 0.183| 5,73 |11.173

ﬁllu 2.56 | 21.8 _oon 4.25 | 3.8 F_...w.m.,.uw 35458 | 1.08 | 0.162(12.80 |17.802

~

-l




o 4.

STONE - LINED CANAL

7able s -4
Depth 50% in 1lo-}50% in | Total Average Cost |
6ms. ose Gravell Rock pér annum
e TG _ FE. : T O i = : ; =
1,36 | 11,794 |
1.30 | 11.471 | 9.702 | 21.173 | 10.586
.26 | 11.187 ‘ 5.3 ' |
1.20 10.871 794112 19.983 | 9,992
116 = 10,808
1.10 | 10,359 | 8.610 | 18.969 9,484
1,05 | 10.158
1,00 | 9,988 8.270 18.258 | 9,129
0.95 9.905
0.90 | 9.904 84207 18,111 | 8+055
0480 | 10.580 8,955 19,535 . 787
0470 | 12,767 11,173 23,940 | 11,970
0,80 | 19.143 17.602 36,745 | 18,372
|
CEMENT - RUBBLE SURFACE CANAL |
i o . . T2b/e & |
1.50 13,338 | 10,963 ' 24,301 | 12,150
1,40 12,798 10,413 | 23,211  11.805
1.30 12,360 9.986 | 22,246 11,123
1.20 12,109 9,785 21.874 10,937
1.10 12,171 9.839 | 22,010 11.005
0490 15,107 12,850 | ©7.,957 13.979
0.80 20,179 | 17.997 | 38 .176 19.088
0,70 31,854 | 29,715 61.569 & 30,785
0.60 61,797 59,733 121.530 | 60,770 '

. | y
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AppeE~DIx B’

72dle /.
Frice List Used for Bstimating
The Cost of the Project.
Bxcavation in Loose Barth _ L.L, &/md
i T Rock g 8/ma
Cyclopean concrete N 45/md
Plain Concrete o 55/md
Cement 6 bags : 26
cand and aggregate R -
Steel (70 kgs) + B8
Labour 20
-_—;:ﬁ--n’—: 95/md
Concrete lining ( 2 1/2 cms thick) 2/ma

Concrete { 10 cms, thick) with eXpansion reinforcement 50/md

Rubble masonery with mortar &3 -&'7/md
Floor blacage &/md
Ashlar masonry H/md
Tron work in vlace 150/kes
Rail pipes 1 1/2m ¢ S/l R,
Painting iron grilles 2.5/m2

Electric energy purchased 0.1/K.w.H,

S6



Measurement of Cross section of the water canal of the

Jounieh's Hydroelectric Power Plant on the Dog River , Beirut,

Lebanon. Date: Oct. 22, 1950
7 able 2.
Wigggers Depth Calculatgd [ Average Aré;.
meters area m | m

2,00 1.65 3430 |

2.30 ¥ 3.80

1.90 » 3.14

2.20 o 3463

2.35 o 3.88

2.40 1.70 4,08

2.30 s 3.91

2,00 " 340

2.00 ' 3.40

2,00 o 3.40

2.25 ¥ 3.83

2.20 1.65 3.63 |

2.20 L 3.63 |

2,50 . 4.12

2.00 1,70 3.40

54,55 3.64




S8

Measurement of the Gross Avallabe Héad between the Water

level &n the river at the point where the Tallrace of the

Jounieh's Plant discharges

(point B)

and the water level

in the River where the Taillrace of the Proposed Project is

to be located (point C).

Date: Oct., 29, 1950

Meamurement taken by Transit and Stadia

Tells 8.
Transit | Sight | U. H. | M. H, | Hz 2
at at L~ Ko |
bricge]
A. B 1,54 1.0 198%- 30'| =-2° - 88 . = _.af
&
0.46 ,&c ¢
c 2,37 1.5 82%- 24! | =20 20t |
0.63

CALCULATIONS FOR THE AVAILABLE HEAD

Refer to Table 3 , page 52 .

Between points A and B.

Distance = 100 X 1,08+ 0.3 = 108.3 meters

h =108 sin 20 - 58!
= 5.6 m.

Beéween Points A and C,.

h=174,3 sin 2° - 29!
<3 7055 Me

Distance =100 X 1,74+ 0.3 = 174 ,30¢



Between Points B and C.

755 = 5.60=1.95 m. 1s availabe head

Distance Between B and C.

198° - 30!
62° - 24!
136° = Bgt= £4

qP== b2+ o2 - 2bc cos A
= (174.5) %+ (108.3) 24 2X174.5 X 108.3 X 0.72
= 30,380 +11,730 + 27,180

69, 290

]

a = 264 meters

Measurement of Velocity by the Floats Method in the

Water Canal of the Jounieh's Hydroelectric Power Plant on

the Dog River, Beirut, Lebanon.

Date: Oct. 29, 1950

T sd/e 4.

Time Distance moved Calculated velocityI Average Surface | Mean Velo-
sec. meters m/sec velocity m/sec  city m/s
48.5 30 0.619 |
50.9 30 0.590
50.8 30 - 0,591
53.7 30 § 04557
5642 30 | 0.534 | |

2,891 | |

- 5 = 0.578 x 0.85°"
| - 0:50

*#Since the surface velocity is usually greater than the mean
veloclity 1t is necessary to multiply the observed average sur-
face velocity by a coefficient (usually about 0.85) to reduce

the average surface velocity to the mean velocity in the ver-
tical,
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