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INTRODEDCTION,

Hydro-electric developments play a vital part
in the economic 1life of a country becanse they cons-
titnte one and, in most cases, the most important sonrce
of electric power, the availability of which determines to
a large extent the degree of progress of a community. Inex-
pensive electric power is essential for the industrial and

sgricultural development of any country,.

The advantages of hydro-electric developments
reside in the fact that they use water and thus do not
depend on a supply of ccal cr oil, both of whieh are subject
to interruptions dns to strikes, war situations or an
increasing scarcity of these materials in the world. To this
advantage can be added the cleanliness and comparative sim-

plieity of hydro-electric plants.

This does not imply that water is the only source
for the economiec development of electric power. Indeed, it
has several disadvantages, such as large investment, distance
to load centers,; reguirement for a high load factor ete.,

that might wmake thermal energy more sconomical or even nace-—



ssary in the absence of adegunate water power. Moreover,
the development of atomic energy might before long supersede

all other forms of energy.

T
v

Lebanon at present is experiencing a shortage of
electric power which started with the end of Worlid WarIX
and is being felt more acutely ever since. The choice as
to the source of energy to use for the develcopment of electric
power is in most cases an economic problem and shonld be
treated as such. However, the fact that Lebanon is relatively
rich in potential water power should not be overlooked and
every effort be put to study the possibility of a co-ordinated

development of these resources.

The tablss given in Appendix A indicate the

possibilities for hydro-eleciric developments in Lebanon,

Having thus considered the importance of hydro-
electric developmenuts in general and their significance in
Lebanon, the candidate decided ta chose this subjeet for his
thesis with the idea of getting acquainted with this fiesld
of engineering as much as possible. Hence in studying and
designing the project the main stress was laid on the _method
of design and procedurs to be followed rather than on any
great accuracy in the data for design. However, the project

25 finally submitted conforms well with the actual condi-

L

tions existing in place.

: . i
The project prepared in collaboration with
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Mr. Samir Bardawil, B.&. 1949, B.S8SC. candidate, comprises
the use of the waters of Fawwar(Spring) Antelias for the
pnrpose of developing electric energy to be consumed in a

neighboring private electrochemical factory.

After a first survey of the whole site it was
decidedlthat a concentrated head development, where the
whole head is created by building a dam across a river course
and raising the level of the water, would be impossible due
to the lack of any suitable site for a dam. Hence it was
found that the best procedure would be to capture the watems
of the spring near its highest point by building an overflow
welr and divert these waters infto a side canal that will
follow the hill side almost parallel with the main stream

but at a much flatter grade until it reaches a snuitable

2

ite for a forebay. The head thus gained wonld then be
ntilized for the generation of power by leading the water
throungh a penstock from the forebay to the turbine in the

powerhounse, and back to the stream by a short tailrace canal,

The design submitted in the subsequent pages deals
with partII of the project and includes the following
sections:

1) Forebay
2) Penstock

"

3) Powerhonse and tailworks




CHAPTER I

PRELIMINARY OSURVEY AND DATA

Preceding any study of the project a recon-

nalissance survey of the whole site was made on Sept.28, 19483.

s
[

()

The data collected during this survey consisted of the
following:

A) Stream flow mesasurements : This was made

-

by the velocity-area method of measurement-- the surface
velocity being determined by means of flozats placed at
varions points of the cross—-section. Measurements were

taken for the discharge in the north canal and main stream(i),

the zombinesd discharge giving the total flow from the spring.
In addition the flow in the sonth canal was also measured

45 a check, The data taken and the calculations made are
given in Appendix B. Since during the time these measure-
ments were taken the spring flow weas at a minimum and since
the minimum flow is sustained during the greater part of

the year, and in the absence of any other reliabls flow

(1) See Planm No. I
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measurements for any length of time the available discharge

- Ll . Led 3
for the design of the project was taken as 0.3 m/sec.
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B) Topographie Study: During the reconnaissance

survey a study of the region was made with the idea of

or
~

deciding on the type of development and thence on the locatimn

8 2
LYY a

he dam, canal, forebay, penstock, and powerhouse.

Following this, an approximate stadia traverse was run fronm
the spring to the location of the foreba

£ 3
=

evel of the water in the stream
near the powerhouse site was found to be 10 metzrs. The slope

-

of the hill along whose side the forebay was to be construc-—

ted was found to be &8-3 The nature of the ground at this

These data were later suprlemented by a cadas-
tral map of the region obtained from the Government Offices,

and a few phtographs shown at the end of the/chpter.
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CHAPTTER b

FOREBAY

Location, capacity, and dimensions_

A) The location of the forebay was chosen along
g straight stretch of the hill side because of the inclined
rocky nature of the ground( except on the downhill side
where the ferraces indicated in Plans No.II and IV start),
and the convenient location with respect to the powerhouse
and stream. Its orientation was thus fixed by the direetion
of the hill side and in this way some economy conld be realized
because the forebay could be created by building a retain-
ing wall on the downhill side and excavating behind it to
the width required for the capacity of the forebay. The
broken stone thus obtained from the excavation in rock
wounld be used for constructing the dabsh masonary retain-

ing wall.

B) In choosing the capacity of the forebay the
following points had to be considered:

a

1) The intake of the penstock at the forebay
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should have a sufficient water seal of about 4 to 5 ft.(1)

to prevent the formation of whirlpools and the consequent

carrying of air into the penstock. Thus the normal water
il

level should never be allowed to fall below this/hight.)To

provide for this water seal and at the same time not to

logse all the capacity of the forebay to a depth of 4 ft., the

bottom of the forebay at the loecation of the penstock in-

take is to be excavated Z2.00 meters lower than the general level

of the forebay bottom and the penstock centerline placed

70 cms above the bottom of the cavity. This provides about

1.00 meter of water seal during the lowest allowable level

of water in the forebay. Although not in exact conformitly

with the above regqnirements, this much water seal was

considered sufficient due to the_tempurary ocecurance of

snch conditions and the relative insignificanee of efficiency

at such a stege.

2) The capacity of the forebay is not
I ¥ 5

suprosed to provide any storage or pounda

E
—

-cjthe reguired to
store the discharge for any length of time { say a few hours)l
proves to be too large to be economical and justifiabhle for
such & project., Hence the forebay capacity was chosen with

the idea 'of taking care onl, of temporary accidental
fluctuations in flow without causing great variation in

head. Moreover, the dimensions of the forebay had to he

reduced to the minimum compatible with convenient funetioning

(1) Water Power Engineering- Barrows p: 74
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so as to redunce the cost of the structure and the land( partly

picultural land with fruit trees) to a minimum.

With these considerations in view the capacity
of the forebay was made sufficient to hold 450 m-of discharge,
equivalent to a flow of 25 minutes{ 0:3x55x80« 450) . This
does not include the cavity at the intake to the panstock.
In addition, a freeboard of 50 ems. was provided above the
highest level of water to take care of any accidental rise

in the level of the water.
C) Caleulations for retaining wall

Data assumed

: B 3
Weight of masonary..........2400 kgs./m
Bearing power of rock ......4-8 kgs./cm:
Coefficient of sliding

friction{ dry masonary
o I ooV T Ve O

=
.
=2

1) Low side (see fig.1 )

Taking moments about O,

3.50x1.00x2400= 8400x1.30 = 10920 kg-m ,
2.00x0.40x2400= 1930x0.60 = 1182 n
1.00x0.40x2400=__ 080x0.20 = 192 n

W= 11280kgs. 12264 ”




Overturnine F.8. = 12264 = Bl B
2 END
LW
§liding F. B, = 11280x0.7 = 1.75 ( can be
D LS e S = v ! . £
4500 {\ incresased by
{ a rough
( base
Base nrassure
12264 X = 77684 = 0.68
11280
~ 4500 (within
7784 kg-m (middle
(thirad
o= MC + W
I A
= 1500 \J » S5 A0 s I L LSO
£} + -
(1.80)7/12 1.80
- 1.09 kg/em’ C.K
= 1.09 kg/cn ey
2) High side ( Penstock intake cavity)(see fig. 2)
Taking moments about O, .
Px1.87= 1000X285x1 .87 20875 Kg—m
W M
1.00x5.50x23400 = 13200 X200 25700
0.40x4.00x2400 = 3840 X 2:00 = Y&850
0.40x3.00x2400 = 2880 X 1280 "= 480
O'v?r_}xn.f_\nxn,cr\r\ = Y- Yo X 4.f\I: 7E 270



VAL

Hence, -
W= 24000 kgs.
M= 52100 kg-m
Overturning F.B. = B2100 = R.49
7 ~AONE
Sliding F.8. = 24960x0.70 = 1.39 ( can be
A -~ NS . - =
12501 ( increased by
( a rough
( base
Base pressure
52100 A= B1egas = 125
~20875 24980
21225 kg-m ( within middle
( third
I A
= 24960x0,35x1.60 4 243860
3.20) /12 D 20

A
. )

29

0 kgs/ ecnm. 0. K.

It shonld be observed that in thé above calcula-
tions no provision has been made for the presence of a
24 in. I.D. pipe .imbedded in the masonary. This condition,
as found out by a seperate set of caleunlations reduces the
apparent F.S;Eagainat sliding to about 1.28. Though this
is ﬂ;w yet if we consider that the pipe is only at one
point of the high—-side retaining wall and that the high

side cannot slide off without shearing off from the adjacent

wall the F.5. obtained can considered satisfactory.



Vb i)

In this design it i: ssumed that the rock en-
countered in excavation to form the bottom and unbuilt walls
of the forebay. In case the rock proves to be loose a

5—cms. cement—-rubble masona

p

In any case a layer of

forebay is

Accessories

A) Trash Rack

rack being to prevent foreign

ry

plaster

facing would be nacessary.

covering all the walls of the

essential to prevent excessive leakage.

The purpose of the trash

bodies found in the water

from reaching the turbine and damaging it, the important

consideration in their design is the net opening fto be left

between the bars. If made too smell head loss bescomes

apprreciable and frequent glogg g may resnlt. If made too
&xh,”#~’

large harmful objects may reach the turbine. Usually the

turbine manufacturer specifie

es the maximum size of object

that is considered harmless to pass thrcugh the turbine.

The trash rack will then be da2signed with the net opening

between the bars

ad.

cifi

In the absence of suc

commendation that the clear space should be 1 to 3

sioned when the rack is

ras followed. Moreover,

equal or less than the dimension spe-

ch an information the re-

inches

the trash rack was

designed to carry the total hydraulic pressure as occai-

completely clogged. Though this

condition is rather rare yet it should be provided for

el -

: _“v‘-.__‘___- %\ G
in case of unfopsegﬁ accidents.

, SRR



1000 x 8= 5000515/‘""

/noooiso-sooo kgs [eme

' 0.45
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It is observed also that contrary to nsual
practice the trash rack is not carried to the surface
of the water but only to the top of the penstock intake
cavity. It was found out to be unjustifiably expensive to

carry the rack to the surface of the water. Thus at the

(&)

expence of creating some inconvenience to cleaning

ions considerable saving in material is achieved.

onerat

Design of Trash Rack ( see fig. 3 )

2
Max. Moment = 5000(2.02)(1¢ 1) (3)
16 k
(k= 5000
{ 3000

1
=Y
~3
-2
2
w2
o
ur
=
o

at £00001bs./in.
I/c = 8,9 in.

Using 3 X 7/16 in. flat bars

I/c per bar = 0.65 ins
Hence,
3.9 = 413.7 say 14 bars
U0
{(2) Water Power Enginsering— Barrows p. 514
(3) Aide-Mémoire Dunod—— Béton Armé P 28



(13)

Using 2% in. c-to-c, a net space of 1%2/18 in. is obtained.
On top and bottom use angles 5x3%x3/8 in.
Place one 2x3/8 flat bar at every third point for spacing.

Attach anchorage bars to the bottom angle.

For ease in transportation and installation the
trash rack is to be made in two pieces composed of 16-
2x7/46 in. flat bars, giving a total width end to end of
about 97 cms. The anchorage is tu be made 2s indicated in

Plan No. IIIL.

For protection against corrosion the ffaSh rack

should be painted with lead oxide paint and black oil paint.

B) Steel ladder and railing . Weld-Jjointed
gipb railing should be provided as indicated in plan No.III

to insure the safety of the workers crossing the crest of

ﬁﬁﬁn forebay or working at the trash rack.
|
> The steel ladder provides a simple and easy

¢ 88 from and to the crest of the forebay wall-- used
mly by workers cleaning the rack but also as a pathway
iose going to or coming from the canal and hsadworks.
All railing is 1in. standard pipe and all posts

standard pipe.
Lﬂfan ard pipe



CHAPTER III

PENGSTOGCK

The funetion of the penstock is to lead the
water from the forebay to the turbine casing in the most
economic and safe manner. The penstock should follow the
shortest route to the powelﬁuﬁisa while conforming more
or less with the topography of the terrain. Any bends
gither vertical or horizontal will require anchorage blocks

1 losses. With this idea in mind the power-

L{F]

and cause hesac

house was oriented in such a way as to make possible a

straight connection(in plan) between the penstock inlet

=

and turbine casing. In profile, the penstock follows a

straight line without excessive cut and fill.

A) Determination of material and dismeter of pipe

The choice of the material and size of the
penstoek is an economic problem and hence varies with

the time and place of design.

The procedure to be followed i1s outlined

briefly in Appendix C.

The above procedure was applied to the penstock
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under consideration for three different materials: welded
steel, cast iron, and R.C.-ﬁipe. Woodstave pipe was not
considered because of the high price of timber and the
skilled labour required for the work. Complete calcnlations
for the three materials are found in Appendices D, E,

and F.

From a comparison of the three graphs obtained
it is seen thatiR.C. pipe indicates the lowest cost.
However, the expenses involved in the diflicult connections
to be made between concrete pipe and valves and air vent
together with the difficulty of obtaining easy bends

rules out the choice of a R.C. Dpipe.

If adequate manufacturers?’ catalogues had been
available the dimensions of cast iron pipe could have
been chosen more accurately and a reduction of the cost
eould probably have been made—-— resulting in the choice

of a cast iron penstock.

Thus, under the conditions at hand and with
the data available the choice left was the welded steel
pipe. Considering that the project is a low head deve-
lopment and that the penstock is not subject to any
shocks or vibrations under normal conditions, oxyacetelene
or arc welded joints are considered perfectly safe and
satisfactory-- specially if a good supervision is provided

during execution.
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The fact that a reduction in internal dia-
meter is expected in a few years due to scale formation,
and the fact that minor losses were neglected in cal-
enlating the annual value of power lost and the fact that
sueh losses become more with smaller diameters indicate

and jnstify the choice of a 24in. . I.D. pipe instead of the

2%irn, indicated by the curve.,

B) Penstock details and accessoriess
1) Pipe anchorage to forebay wall. The length
of pipe imbedded in the forebay wall will be surrounded by

a concrete shell about 10 ems. thieck and lightly reinforced

with 10 mm bars, both longitudinally and circumferentially.

The purpose of this shell is threefold:

a) Provide a protection for the thih steel

o]

ipe from any external load that might
come on 1t,.
b) Provide a good waterproof bond between

pipe and wall.

Q
~—

Ease in constructing the rubble masonary

wall around the pipe.

Z) Air Vent. The function of the air vent is
to admit air into the penstock when the latter is emptying.
Otherwise a collapsing vacuum will form in the pipe. To
accomplish this properly the air vent is connected as near
the npstream valve as possible and on the side towards the

rowerhouse. It is made up of a pipe large enough to admit



sufficient air without reducing the internel pressure

of the penstbck much, and long enoupgh to extend above the

forebay water level. The top is covered with a protective
/

cap to prevent any dirt from falling into the pipe and

eventually obstrueting the passage of air.

that the air vent be always clean and ready to function.

Determination of vent diameter

The

to be used to calculate the requisite diameter of air

vent is the following:

—2

— R
P’—P‘A-=(L+
(,
The allowabla
the inside and outside of the

end plate thickness.

{
| <

Carr ) this difference should be taken as h
value given by the formula Ap= 50200000 x ( t
. ST
t= plate thick
1= Diameter in

Ap= difference

pressure 1lb

In the case under consideration t= 0

d= Z4 in. Hence,
p= 56.5 lbs./in.
Actually a difference in pressure of

2 loge_\{;) V;—RT

V, ) gA*

formula

L)

difference in pressure between

iipe denends on the diametler

According to tests by Carman and

alf the
(8
’l
)
ness in.
in
e Ly
Byl TN
25 and

S 1be./in.

It is essentisal
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will be takenlend N.T.P+ conditions assumed.

Applying the formnla,

f= 0.015

W= Q@xw = 10.8 x 0.081 = 0.86 1lbs.
R= 96
T= 273 A
(P - B)(P+ P) = fL_ x WRT
z ! 2 ——
a gA*
-4
141350G0
d= 0.860 iny
Use 2 in. vent pipe for ample safety.
2) EBxpansion Joint. An expansion Joint is normally

not necessary in such a short pipe, but the lack of proper

anchorage that would take the stresses resulting from

sxpansion and contraction, and the fact that the pipe is

exposed necessitate +the use of an expansion Joint.

Moreover, its use makes installation easier by adjusting

—

slight inaccuracies that are bound

@

or taking care of th

to oceur in the pipe dimensions.

The amount of expansion to be provided for can

i) See Appendix G

(2) Waterworks Handbook-- Flinn, Weston and Bogert--p.447
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be determined by the following relation,

-6
Al=L x 6,5 x 10 xaT

L= length of exposed penstock= 85 ft.

54° F

>
L]
il
o
49
=
m
D
=
u.yl
=
=
T
@®
i
w
<
fn]
=
e
th]
e s
(-
=
i

Hence,

al= 0,025 ft.

0.7 cms.

i

As to the type of expansion Jjoint to use there are
several possibilities. The one chosen, however, is re-

commended for its simplieity.

4) Valves. Two valves are used in the penstoeck.

The upier valve is to shy he water from the penstock
during an accident or Mh3M repair works are to be undertaken

in the pipe. In high head installations these valves are
nsualiy made automatic so as to close when the wveloeity
of flow increases beyond a certain limit. Such a valve
is not justified here. A hand operated through or gate

valve will be us=ad.

The lower vzlve shuts off the water from the
turbine and is used in emergency closures when reaching

the upper valve will take time , or prove inconvenient.

In pipes of large diameter the valves are made

smaller than the pipe diameter and connected to it by a
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reducer and an enlarger. As to the choice of valve diameter
it becomes an economic study to get the minimum annual

cost obtained by adding the annual cost of valve and the
annual value of power lost through the turbulence cansed

at the valve.

In the present case a reduction of diameter of

LY

the first valve is not Jjustified because the penstock

L=

diameter of 24 in. is not excessive.

For the lower valve, however, & reduction of
diameter is both desirable and necessary. It is desirable
because a reduction in diameter increases the veloecity and
thus creates more steady conditions of flow Jjust before
the entrance to the turbine casing. It is necessary
becanse a connection has to be made to the 18 in. I.D.

inlet pipe attached to the turbine casing.

5) Protective measures against corrosion.

a) Exposure of pipe . The penstock

was laid exposed for the following reasons:

1) Buried pipes are subject to
corrosion more than exposed pipes and hence reguire better
protection,.

2) Exposed pipes can be under
easy and constant inspgbtion.

3) Steel pipes are not efficient

in carrying backfill pressure.
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b) Protective coatings

Adequate protection of penstock lines

against corrosion is becoming more and more important as

the nature of corrosion is being understood more definitely

|—'s

pes are more

I

and its detrimental effects on unprotected p:

glearly realized.

The nature and mechanism of corrosion is
electrochemical and require the presence of an elsctrolyte,
Oxygen, and two different metals. It is usually divided
into atmospherie, hydranlie, and soil corrosion. In the case
under consideration only the first two types are important

because the pipe is not buried underground.

b

a) Atmospheric corrosion . The factors

affecting this type of corrosion are foreign matier
found in the air, and purity of the metal. An adequate
protection consists of_8§§7coat of lead oxide paint and
two coats of white oil paint. The white color will, in
addition, protect the pipe from excessive tempreture

variations.

b) Hydraulic corrosion . This type

of corrosion oceurs mainly in the interior of the pen-
stock and depends on the purity of the metal and the
composition of the water flowing in it. If the water
flowing in it contains a lot of calcium biearbonate this

might deposit as calcium carbonate on the interior of the
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pipe and thus form a natural protective covering. However,

g bituminons coating is usually considered necessary not
only becanse it protects the pipe but also improves the
hydranlic conditions., When applied not less than 1/16 in.
thick to the interior of the water pipe, while the pipe

is being rapidly revolved, these materials give satisfactory
protection. Coal-tar piteh, properly refined seems to be
less subject to deterioration in water or soil than the

asphalts. (3)

¢} Drainage
To provide & good base for the pipe
and the same time drain away the rain water that will
fall on the pipe and around it, a 15-cms layer of broken

v

stone will be placed below the pipe as indicated in Plan

No. IV. Proper drainage is essential for adequate

protection of the penstock against corrosion.

On top of this layer of broken stone a layer of

sand sufficient to smocth up the surface will be put. The
purpose in putting this layer is to provide a smooth

| surface on which the pipes can be placed and eventually
slide( due to expansion and contraction) withonut the
protective_paint being damaged by the rough broken stone
surface. Special attention should be given so that no spot

on the nipe remains nnprotectasd.

-

R — . . e g

- --

(3) Corrosion- Causes and Protection. Frank Speller 1. 348

-
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8) Investigations for water hammer and force

at bends.

ater hammer . The

e

static head,

H=
N= (LV

the condit

normal

B
/ oTH)

due to a sudden closure of the
mted by an equation derived by
h=N H N*4+ N ( us
=8 0 £ \ N+ \ 18

2 : { us

h= pressure rise or dro

in feet

¥
-~

statie head

leng
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- Therefore,

h= 13.7 x 10 x 34 +\(o.0:57)'+ (0.677)°
e ¥

= 0.060 ftn

Obviously, the rise in pressure is completely

gjgligible and no provision for pressure relief is reguired.

specific weight 1bs/ft®
p= pressure 1lbs/fth

V= velocity of flow ft./sec

Hence for the conditions under study,




2
p= 16 ft. = 1000 1lbs./ £t.
B- 16} sin©® = 0.284
cos@ = 0,959
} 5
N,= ( 1-cos©) ( 2.14 x {3,38) x 62.5 +1000x 2,
/ e o
) [
=  QL0dd x E21
= 32 1LbSs
~ Ll #
2 2 ! )

‘2

i

N =(T32 +.928

= 940 1bs,

These forces are too small to reqiiire a special anchorage
mass. The welight of the pipe and the water in it are

snfficient to take care of the thrust.

7) Pathway . As indicated in plan No.III a path-
way about 1.00 meter in width is levelad along the penstock
to serve for pipe inspeection and access for workers going

from the powerhouse to the forebay, canal or headworks.




CHAPTER IV

POWERHOUSE _AND  TAILWOKS

I—- Powerhonuse

The powerhouse forms the nerve center of a
hydroslectric system because it houses the hydrauliec and

electrica! equipment and the main control mechanism.

|

Economy, safety and convenience in its location and design

are, therefore, of prima importance.

A) General plan _and structures

In the arrangement of the powerhouse units the
main aim was economy- through compactness and simplieity
of layout, and convenience. Hence all the secondary units

were compacted to one side of the large turbine room, thus

providing on top a space for a small living quarter for

i

the station operator. Moreover, this arrangement provides
a large degree uffiexibility to the plan because any
future extension to the turbine room, although beyond

probability for the project under consideration, can be

done Just by removing the northern wall and extending the

buila ‘i_ni: A
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The turbine room dimensions are ample to acco-

modate the turbine-generator unit with its governer and
E _ A

ewitehboard. The main door of the turbine room should be
F%pgé enough to pass the equipment easily, and the ceiling
-high enough to provide for raising the turbo-generator

2 it with a crane during installation or repairs. Ample
ht being essential, the windows were made as large as
sible exept in the eastern wall, where the presence

?ho penstoek and the switchboard necessarily reduced

‘window size.

In the secoﬁdary units of the powerhouse the
.ee was put towrds the road for easy access, and

ecent to the turbine room and central among the other
for convenient control, The workshop, serving the

e rocom mainly, was put adjacent to it. The lavatory
.ties are adequate-- considering that the maximum

. of workers in the powerhouse would not exceed 2

" i, . '
e 4. No urinary was considered necessary. ? L,/f,7 ?

In planning the living guarters for the station
», provision was made for a family made up of two
1d one or two c¢hildren st most. The main two aims
hlan n&é,first, to provide a large bedroom, and,

to seperate the toilet facilities from the bath

- 4

vided in front of the Living-Dining room and
| :



‘which can be used for similar purposes.

As to the general location of the powerhounse it
Jﬁ@s made with the idea of obtaining a straight penstock,
'ésaﬁmrt tailrace channel, convenient access from the road,
a sufficient sethack from the river to facilitate

struetion opsrations.

The building wes put in two levels to avoid
3ax@ﬂgaive eut and at the same time provide easSy access
he roof of the turbine room from the living quarters

the operator.

T

The materials to be used for constructing the

house could be summarized as follows:

1) Foundations and f;;;zﬂgfgz)aancrete

2) Ontside walls : Limestone, 'or sandstone
Z) Inside walls: Cement blocks

4) A1l windows : Steel sash

5) Interior and exterior dcors: timber

\ 6) Turbine room main entrance: 81iding door.

ment—~ Hvdranlic, electrical and miscellansous
11

1) Tarbine Room

-—"

- Chogsing the hydraulic and electrical
.%%?_&ny hydro-welactric project is a delicate work

eivil engineer is not wholly gualified.



However, Lefure any preliminary selection of the
;ﬁmits can be made, the total capacity for which the deve-
;idpment is to be designed should be determined. In cases
"where the flow varies through a wide range the whole
ﬁéﬂestiﬂn becomes a complicated problem involving the
;gﬁtormination of the most economic capacity for which the
system is to be designed. Such a problem does not arise in
‘the present case because the system is designed for the

minimum flow which endures during the major part of the

Having thus determined the total caracity, the

; step is to determine the number of units. In large
lopments this also becomes an economic prcoblem

;mying the comparison of the costs of muchinary,
rephonse, foundations,etec., together with the provision

permanence of service.

In the proJject under consideration a single nnit
chosen becanse the nower developed is small and

innous service is not vital. Production in the electro-
eal factory can easily be interrupted for séme time

out muech harm.

Once the total capacity and the number of units

f“rz;ﬂmcideé unpon, the final procedure is to make up

ive selaction of the units and then contaet several
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turbine and generator manufacturers for the final saleqtion
;ﬁ& design of the suitable units., For small developments,
. }ég the one under consideration, the units-- hydraulic and
.ﬁiactrical—— are usually selacted from the standard sizes.
. Through the procedure outlined above the follo-
J ;ﬁﬁg;results wera obtained:
a) Gensrator:  Considering that the electric

sr generated would be supplied tc¢ a nearby electrochemi-
1 plant, it was decided to produce electricity at a low
g e—— 110/190 volts. Hence the tentative generator
selected was a 110/190 ‘volt, 7 phase , 50 cycles/seec. ,

1800 r.p.m. 5, A.C., generator, with a capacity of

(1)

b) Turbine : With the approximate speed of the
@ being known( considering a direct coupling with
tor unit) a tentative selection for the suitable

Lyre of turbine was made Dy the Specific Speed Method.

.lable power = 0.65 x 10.6 x 85.5 x 49.5 = 39 h.p.
] 550 ,

= 29 kw.
C.85 = Overall efficiency
10.6 = Discharge, £t? / sec

s P 49.5 = Gross head, ft.




II— (A

h.p. = horse-power ontputl
- 3 Y
: St
h = h d
N o o U turbine
= «pP.M. urpine
Hence,
%

Obvionsly this indicates a reaction turbine. (2)
Morsover, the N;obtained agrees almost exactly wit!

recommended relation

pitting. (3

H._-\rj_'ra- A .;f, 2 17] inad ‘f‘}l_j. Tu‘r:*._ {.‘]C_‘ 4 -|r“b_"_n:5 .r}_..__i P a—

mains is t lect the wheal settin whethear horizontal

e,
—

or vertical,

2) £yve of turbine Ns
i /
\
Impulse o~ ( Water Power Enginesr-
( ing-- Barrows p. 230
~ A A N
Reaction 10~ 110 (
Propeller 110—- 225
I
’ \ . - .
\:’; Water Power Bnoineering- Barrows Table 7
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narts o
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generato

harm, co

was chos

suitable

U.S.A.

turbi ne

vFt tuhe 1) Losses at elbow

3 Bac copa Hhi i+ 3
Y b, ¢ .) ) 3! HeCesS r_.__-T_ vy T
= il T - 5
5:_]'.|-1 25 J_T-l__‘ i }“,] .
an hnt ") Renuires larre Tloor
23, o B LL p & RIrEe 4 b
exca— arled.

Considering that floor space i not as importan
pensive foundation, and that easy acecess to all
A , i

he turbine is essential, and that turbine-

r unit can be set at the same level withont any

setting

—

nsidering all these points a horizonta

(V]

eTl.

With the above preliminary data at hand several

manufacturers were asked for dimensions of a

i

horizontal reaction turbine.

Only the Fitz Water Wheel Co. of Hanover, Pa.,

was able to supply a detail drawing for a suitabl

unit. (4)

14}
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/Tallwater Elev.
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dpaft tube indicated in the detail drawinZz 1s too short
for the conditions at hand and hence it was lengthened to

about 16 ft. with an end submergancs bhelow tallwater level

of about & to 3 ft.(S) That such lengthening of the
draft tube is not objeetionabls can be shown by the

following calcnlations: ( see fig. 5 )

— —2
I—z-_- == P, - Vz + L‘f + la (G)
W 2¢ 2g

Taking for the entrance diameter 1Z-in. and and to the

fop the drafttubse anbmitiad by the manufacturer) we obtain

the following velocities:
(4) 12 in. Fitz-Hanover Turbine Head = 48 ft.

(Bulletin No.10C p. 14 ) BeDPs = €5:9

Q = 8283 .ft./ min
N = 1121 r.p.m.

It is spscified that max. efficienecy is obtained




Y 4
V., = @ = 10,8 x 344 % 4 = 15.1 ft./seec
A, T ( 12 )°
Y. = 2.8 Lt
<E
V. = 8§ = 10,6 x 144 x 4 = 4,01 ft./ sec
A, 7 (22 )°
¥ = B, 25 t,

h, = The friction loss plus the velocity head

loss at exit, do not exeed 1 ft. as a max

P. = This cannot be less than the vapour pre-

W
ssure of the water at the tempreture
considered and should be at least 2 to 4ft.
of water more. A good limit is-25 ft.below
atmospheric pressure ( this being taken as 0)

Hence,
h= =—(- 25 ) ~ 3.6 + 1

= 25 - 4.6

i
o)
o
.
i
L}
ok

Since the desirable 1imit to the height of the draft tube
is between 15 and 20 ft. the use of thel6 ft. draft tube
will be safe in the case considered. Moreover, the pro-
portions sagree with the recommended veloecity ratios at

the various points of the turbine.

The above selection cannot be considered final

U

because such selections are made after a wider contact
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with various manufacturers. However, the turbine men-
tioned can be considered as suitable for the conditions

at hand.

Together with the turbine is supplied a compen-
sating governer, which, according to manufacturer’s

drawings has a time of closure of 7% sec. This time was

)

the one used in calculating the pressure rise consequent

to full closure of gates.

The switchboard is placed on the generator side
for ease in electrical connections. It is also sufficienbly
far from the wall to allow a workman to go behind and

make any necessary repairs.

A permenant crane in the turbine room was not
considered necessary because the equipment is rather light
and not sufficiently numerous to justify a permenant crane.

In case of necessity a temporary crane can be used.

2) Workshop.

Usually a workshop equipment is

ittle as time goes on. However, a

b

gdded to little by
tentative list of the necessary equipment can be made as

follows:

1) Drill 4) Working table
%) Lathe 5) Tools & small
%) Vice closets




(%8)

3) Storass Battery Room

This room is for the accomodation
of 6 storage batteries and a rectifier. They are kept
charged constantly and are nsed to light important puinﬁs
in the station( i.e. turbine room, workshop, storage
battery room,ete.) at times when the generator is not

running. (7)

C) Engcine bases

The dimensions of the turbo-generator unit base
were made to fit the drawings submitted by the turbine
manufacturer, It consists mainly of a mass of concrete,
lightly reinforced, on whieh rests the steel I-beam
frame carrying the turbinz and the generator. The conerste
mass should be carried down to firm ground to prevent
future settlement. However, a very large masS 1is not
warranted bscause vibration is not a serious problem in

z turbine., Details of the base are given in plan No. VI.

—— e —

(7) This secondary lighting system being operated at
386 volts, it reqires a seperate wiring system and special

v

lamps.




from the point of discharge at the end of the draft tnbe
back to the stream.

This part consists of 2 canal whose section is
chosen according to the same economiec prineciples cut-
lined for the peustock. Howsver, u detallsd sconomic

-

Y
study in this case is nolb Jjustified bscatise gt H. W.}level
the loss of power due to reduced head becomes appreciable

as compared with the frietion head loss,

Nevertheless, computations for the economic

size of cement—lined rubble masonary canal was made and

o]

is given in Appendix H., The final section adopted is

80 x 40 cms. water section. A side thickness of 20 cms is
sufficient because the canal is wholly in cut of rock or firm
ground. A short wing wall at the junction of the canal with
the stream is necessary for protection. The inside of the
canal is plastered to a height of GC ecms. above normal

water level to take care of high water conditions.

The possibility of using other materials for th

Eh

[=]
=

1]

canal was investigated but found unsconomical. As to th:

+

possibility of substituting a pipe for the canal 1t was

also studied and found nneconomiecal., This tatter varia-—

tion has , in waddition, the disadvantage of being in-

gccessible.




CHAPTER 'V

——

_CONSIDERATTONS

AN

The economic aspect of a hydro-elasctric
davelopment is of viftal importance hecanse it determines

"'n:r""_
Jec

In this chapter an attempt is made to estimate
the price of one kwh ( at the switehboard ) of eiectpic
energy produced by the system under consideration. Since
exact data were not nsed in design and since an exact price
list could not bz obftained for the equipment required, the
estimate given can at best be taken us an approximation,
which, nevertheless, gives an idea as to the economic

-

feasibility of the project.




Price List Used for Estimating

the cost of the

project
i -

nbble Masonary absh ) per cubiec meter
. W L &

Stone Ee o e 506
Sand L.L. 1.00
Cement (1) EsLe 6.00

=

Labour L.L. 5.00

Plaster { 9 bags of cement / M”, without lime )

Iron wnﬂk_i_in placa

— e —_—— el

Lolve 2.0809 /) K.

R. Congecrete p=r cubic meter

Cement 6 bags = L.L. 24

|

=
£
o

Band & gravel

Steel 60 ks

i

L.L
Labour = L.L. 18
L.,L

Excavation 3

(1) Obtained from Prof. Yeramisan




Quantity Unit Total

Excavetion & removal Price Price

=
of loose sarth 590 d L.L.3.60y E.L.1770
3

e

M
Bxcavation in rock : 530 M L.L.4.00| L.L.2120

M

M

Rubble masonary 235 M* L.L.15.0| L.L.3500
i L:5.1,50| &.B. 210

Plastepr 135

R.C. 1.00M° E:LoB5:01  Bihav 65

L.L
plng &% accidentals ......... L.L.8000

Interest, insurance & taxes 10%.......... L.L.SO
Depreciation 40 years ... cccecevesin. v aiece gt 200

Maintenance O-E}T ........ e R R L (R e a8

Trash Rack 520 Kgs., L.L.13860, L.L. 780

14 in. pipe 15 MR L:E.4,00| L.L. %8

1 in. pipe 20 MR L.L.4.00| L.L. 80




—
£ 8
(LN
—

Painting of trash rack 8.0 ¥ . L,L.2.00. L.L. 17

Interest , insurance & tazes 10% ......L.L.95
on

Depreciation 20 years ...ee-ccecvsaawsb.bL.47.80

Naintenanee O.ib%F . civwn s« s on v ey dielhs S8

L.L. 148.85

a2 ELE, Tor FORERBALAY (.iouwre L.h. 118

(o]

per anniun

Fs

——— e —— e —————— T —

; Y (Y
RBHETOCE Quantity  Unit Tobal
Price Price
Excavation of loose

earth fob pathway &
pipe bed 70 M L.L.2.0C}] L.L. 210
Broken stone for

drainage T M L.L.4.00| L.L. £8

Sand - N —— 2.0M

L)
N9
3
H
(w
n

i
D
e
|_
&
]
(@)
=3
[l ]
0
o
|l
| =4
'_L
|_>
(@]
]

I_L
s
()

z E "
protective coating 17 M L.L.4.00 L.L. 188




{ AN
\ Sk /]
2 in. vent pipe
WELh 88D s sau Sty o« 2 4,50 MR 5L.5.4.00 L.L. 20.
Guny wires 20 MR L.L. 20
Johnson coupling joint | 290 £ 30
POtBL o..3a:9: L.L.1791
nins 57 accidentals
_Take a8 . .....b,6.1880
Interest, insnurance ERTES TOB w i i ans « s = e a e O
Beprecistion 25 years .. S T A A e « Lobs T8
MBI B CEBRRCE SH st o v i e S e e e e el 74
Total L.L. 897
Annual value of powsr lost ......ss KN, 136
rand Dotel, & ik amnss L.L. 413/ vear
o - LYJ laZaYal
24 im. chough valve ..:-«ssey .L.L. 700
18 in. through valve seseexccisas ...L.L. 8500
L.L.120C
Interest, insurance taxes 108 ..... . b.h. 180
DePreCiatlOn Bs YBAPRSE hssaaiesas anams s Lelre B5
BRINtONARCOTRE cr s e ve v tivmon nmss s ‘ L.L. 24
L.L. 179
Take as L.L. 180
PTOTAL for PENSTOOCK = L.L.52%/vear

fm ad,




POWERHOUSE

Quantity

Unit

Price

Buildin Foundations

Building— Superstrncture

Turbine room

Sonth wi

ne

—

Interest, insurance & taxes
Govt. tax om building

- . 29 at+ 4 A} T =]
Depraciation 40 years ...
Maintenance 1% «ca.osiceosios

Turbine - Generator unit

= insnrance & taxes

Intersst,
5
Deprecinti

a7

Maintenance 77 ..

& Bbtorage -batteriss ..... ..

Interest, insurance & taxes

Dapreciation & years ..

Maintensance J\.nf' s & o S s

Total .

8C M

57 M

10%

10%

- o =

* 7 8 =

0 ]
~

. e
"
LA )
.
- .
. .
.
a =
.
- w
. .

L.L.,€5.0
L.L.120

......... L T 50
N T L.L. 48¢&
SRS S S e
L (R T ) L.L.2576
L.L. 10,000
«xwia e ol Bve 3060
Pl v L.L. 500
DRI B R {1
e ww Dl 1800
. +L.L.480.0
4 ek, 480
atane m | i S8, 0
. o b1, 48:8
eve L,L.182:0 / year




Rectifier

Interest

Depreciation 15

M=

ntenan

Worlk

Interest,

M

shom eani
“E 244

insurance

X
w

N &g
e D.o%k

nment

e -

insurance

Depreciation 20 year
| - P - o
M".ﬁl.‘r"_-‘:n:’-?"'-,'e SR W W

=

Interest

Deprecis

3 L P - =
Maintenance

Annnsal

Fa 72.

Building

Turbins —~generator unilt .......,
Storage batteries ...vcc..c....
Rectifier 2 % A a3 5 A e b e
Workshop eguipment r@s e b

ear

fan

rr'}

i B S e o
taxes 1

5 Ebwe i E e

e i e el

\.Ol'. ‘}_-:_1'..49 10

cost for nowerhouse

....... .
le4
P "y e

e

. ~m
U =
L ] o
I« £\

e R I g, 0 N
A L.L. A.”\r\.' / y-:,w]‘
..... vas il e RO0
, TR o (" )
i1 e L.L. 14
o L.L 5
R S P

L.L.
L.L.
o Rl

9 T8
L.L.




POWERHOTUSE Take as . ....,.0.5L.480

S S S ——

I\. P

e m——

IATLRAQE CANAL

Excavation in rock D

~I

M
Excavation in loose earth M
Rubble masonary 223 M

M

e 7o
Pl;;,: ter a0

Interest, insurance & taxes 10%

e & )
Denreciation 30 vears ........ i e
nI iatio yeny
prles
Iﬂ”"; BRATCE &H o ase s wia e e deE e wW & & o8 = »

o

Annual value of power lost

TAILRACE CANAL o ] ) 5%

LAND

L.L.4.
L.L.3&.

L.L.15

¢ L.L. 3246

L.L.2.50 E.L, 48

e ik, I




OPERATION

Day operator at L.L. 180/ month .....L.L. 2160
Assistant &t L.L. 60/ month ce<essas-b.Le 720

Night operator at L.L.120 /month .....L.L, 1440

.

POERL simednwetss wi s s e . L.L. 432

————————————————— . e

Iotal cost of project

Part I ( taken from Mr. Samir Bardawil, B.A.)

Water rights s iuvevivever bbb 10,180

HEPNEERTeS . asaw i ans s s o5 & s lhis 856
'_l'()‘-‘léil s % o m B I T JJ.!J.. 11_.""'{0
d

POWErhOUSe vv . v vt v onwceen L.L. 4., 800
PRITTARACE & s = vvdsie s afbosrn L L. 110

Boerabion b O v SRS = N i 4., 290

ol Lioian Baln . 21,039

'R A X D5 FRAONTUATIN saneavs Bl 25,078




-——
o

Total amount of electric energy produced

At 857 gross efficiency, available power is

HYL

29 kw as indicated in the section on the sgelection of

the turbine

Hence,
Energy = 310 x 22 x 29 = 128,000 kwh
Hence,
Cost per kwh = 22,075 = 0.4111
198,000

11.1 ps./ kwh

i

CONCLUSILIURN

The price obtained per kwh is qunite satisfac-

— S

tory for such a small development4“inspi§5/bf the un-—
I“"*—-___.-“_‘

usually high value of the water rights. It should be

observed ,however, that the cost obtained depends on the

gmount of energy consumed annually. If for any resson

the annnal consumption is less than the amount “Sg“mfﬂj

the price per kwh will obviously jump up and might even

prove uneconomical.
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Nevertheless, the resnlts obtained prove that even

the smallest of hydro-electric projects might be developed

economically, and thus the poli€y

drop of water is seen to be basically sound.

e T

S
5
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APPENDIX A

Statistical Tables Taken from L’Electricité an Liban

by Mr Omsr Ajam- 19530 .

Variation of_ power production in Lebanor

e e

Ln, 1%)

Your | Thormal Bnerey | Hydraulic Energ x| Togtal Energy,
tnme 905 572 ¥ wh. 26 759 701 kwh 27 665 273 kwh
197y 1 345 238 " 31 904 375 = oo 249 711 "
1938 500 871 » 24 953 491 » 35 460 3628 »
1939 1 510 157 =» 36 479 160 » 37 989 323 =
1940 1 415 200 » 3% 009 071 » J4 424 77 »
1941 1 414 018 » 20 562 181 » 21 977 097 =
1942 2 1 Be7 481 ” 18 238 701 ”» 4% 286 122 ”
1943 2 585 0485 = %9 723 205 = 42 »
1944 4 925 280 n 13 65Z 879 ) 48 508 169 »
ALf)'—IS 3 ';_,1_)1 _’:4: oy "“:7 qﬁa:; C‘Sﬁ 7 :1'? iﬂu’_‘; P ‘-G ”
1546 12 189 000 ” 49 261 000 » 61 450 000 »
1947 . 22 811 5566 ” 50 272 000 » 72 883 556 n
i = s P — . - S—




. Py P, (R b} . g £ Ay AN
_Hydro-electric plants in operation (1948)
£ (=S8 ¥
(De L19)
T T S ——— e ——— —————— e
Name of Plant Installed Capacity Prodnction in
‘{!f‘r
¥ = 'aYalal
S:g_f-i wn(’\)’\, h}n) ?ﬁu (W LW LS
~ ~ 4 el aTala
2oULW L o \ 1
™ A = Ny AYaATe)
ki) wJ / R TIYAY
- P LY A o N~
3 LU L O\ L
Wadi E1 Araic! 700 1 100 000
IJ,I il ‘1,"‘K-_‘ .",1 21aTh 7 v '.r‘./\
Other small
= 1 - AN ANAN
Iﬂ £ = 19 ou wuy
, T AV AN s B MO Anm L
o A L 17800 Kva o0 272 000 kwh




f 54 %

Hydro-electric plants in operation {(41248)

— - - o

'aYalal Cals AL [ATaTa
S‘Lffu A AW AW Feim et 5t (WAWE W
1 - faXntala 4 ™M n a¥alal
Abou Ali 5] 000

Kadicha a0 44

Kab Elias 170 180 000

Probable

Nzme of plant Installed Usables Ener Approx.

11T L B!

Nahr I"‘JT",»}_Y.::_TF- $180 20 1949
Al-Barsd 9000 22 1952
N""!.-“"'-?‘“‘*J"W;" Gnu"'", 4:"\‘ A.\I.."_'.A
Kadiech II 7000 17 19373

Taibe(Litani) 1000 o 1954

=
o
1
=
=




(PR
Abou Ali 6800 16 220 000

=
2
[ars
&

Kb Elias 170 180 000
Wadi E1 Araiche 700 1 100 000

B an A Le e al a¥al
N'ﬁ]‘..a_"‘ - _.K v]__ I 2 3 ) ] G J\J

Instal. 50 60 000
TOTAL 17 860 kv 50 272 000 kwh

Probable

Nume of plant Installed Usable Energy
Capaeitby Million kwl

Nahr Ibrahim 44180 20 1949

A.I*—B ‘-_’!‘-}1 SO00 “‘ -‘!"‘rj.—-

Nahr-el-Jdoz 6000 15 1951

Kadich II 7GG0 157 1953




Main Stream | Sonuth Canal North Canal
1 h (3] ji 1 h S 1 L h 5 t
—uL—--- . - 1 -r
2. 80 [0:55]|8.00] 30 3. 80 10.37 |17 .00 |45 1.0| 0.40]120.0]48
| |
l |'-"-'.F'J'A 5
| | 4 -
l\J-_v) ‘{-"\l
| | |
| 1
0. 40 B
1
NG 42 |
|
B B |
aésd ‘
8% 27
_n__._-.A-_...._L..-.,.t_.-L-.._-,._. .......... l»_i_ _______ NN | .

a1 ~ 1 : 1. -
1 = width of ignnel . meter
]
'r{ = Yant! d J + a m ':L’-:. Sl

t .= time to cover distance S g conds
Nopth Canal
= AV
2
A= 1,00 x 0:40 = 0.40 M
V = § = - 0,478 M/s=e
_.F

o uaf. Ehe masn Vv 1’,.-1‘{“;. in the middle veptic 1=




South Canal

A
'

O =

(2) It was
became
Hence

[~¥al
L

'a)
-t .

— Are ~
— +f o«
a) a ™~
——| L) o Sl
~ -~
= 0.80
o
= 17 «Ul
40
mnean =
~
=1 L s
£y c ™~
= oo
N
== 8_0\3
mean =
4~y
Ve LOU

2
+ o f
5 1 e

%
= -
2rs.

F =" 3

' /
0.85 = 404 cms. /sec or 0.404 M/sec
f 4\
i)
~ A~ >
0.404 = 8,126 M/'._:':'C'
A (hd z
[ D7Ze = (0 M
0.378 M/sec
378 X 0.88 = € i M/se
2
¥ 0321 = 0.0 M/ sec
z
0 .40 = 1.00 M (2)
4—:.3 = C.i?lg M’,/f"ec
i88 .x 0.85 = 0.160 M/sec
- ~ -~ -~ P 3/
1.00 = 0.160 M/ sec
~ 1 & i
LOYX: North Canal= 6.162 M/sac
- ~ A o~ o~ 3
Main Stream= 0.160 M/ s
3
0.322 M/se
H ~ iy
Take: 01" ___f."(y S8e
Vol. II - Breed and Hoshmer 54

water in the main stream
P R

oY
3
|

from the eft bank.
stream was taken as

1
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APPIENDIX C

Procedure to be followed for the determinastion of the

economie size of penstoek

—

1) Determin> the possible materials from which
e / N
the pipe can be made( i.e. Steel, Cast” Iron, f&/}uwncrete,
"

pre~stressed Concrete, wood

2} For each material and for at least three
different diameters, estimate, as closely as possible,
the annual cost of pipe-- interest,dereciation , angd

meintenances— and the annual value of power lost through

friction and other minor losses

5) For sach material nlot the two curves of

value of power lost and cost of pipe and add them together

V-

to obtain the enrve of total annunal cost. The lowest

woint om this enurve will determine the mosgt economice

i

4
|

bt
2

diameter and the corresponding annual cost for

18 sSnedl i

material congsidered

4) Compare the most economie costs thns obtained

for the different mabterials conecerned and make a final
choice as to the material and diameter to use. The final
choice 1is not necessaprily determined by the lowest cost

=1 NS
o LEAATL i

obtained but by practical econsiders




vantages : Lonz life; can stand external

o
-
Wi
£
=
e
=
e+
:-‘?1
D
w
il
[_J
3
N
. g
.

ity to

=

ater

tuberculation by soft w

i

y liab
corro=ion by elsctrolysis ; external corrosion by acidiec
spils; under nsual specifications a waste of material

t

Ui

may be possibhle ; cast-iron pipe specials raise the co

Design . Since cast iron pipes can carry the
external pressure efficiently their design involves
investigation both for internal bursting pressure and

Daeta assumed for deSign

llowable tensile stres=s= 5000p.s.1i.

Static head 35 ft. { 15 p.s.i.)=— ineludin
211y acoida liﬁ] ‘_&1_'? ~ e for ‘f';-_',-‘t by - 3
Calenlated thickne to be increased by
-4 o
0.18 in. for foundary tolerance 7
1 or foundary erance
cor e 1lowance. (1)

(1) Water Supply Enginsering — Babbit and Doland p. 288

weight ;3 high freight
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At least 2/3 weight of refill a@ts as

nniformly distributed vertical load on pipe. (2)

Desiesn Formnlae

a) 2 =P x 4 P= internal pressure,
2t
PSSl
0= lnl_l':’j'_’Tl"‘I diametar,
AT NE. iameter,
TH «
t= thiekness of pipe,
i &l
= tensile stress,
D.8.3.
. 3 i n
b) Stiress due to backfill ( see fig. 5 )
Hxd =2M
o A
o "X
Hence, M = W 4
16
S =¥d xt x 12 <+ N
15 2 R =2t
= Z/6 W 4d & W
,t_l —f‘-t
W = external load per in.
Design of pine thieckness
T!:(‘:‘I '1‘__'{“.-’{-'3 ,f'“)'_r'amw]'I =) u,lr']] he nsed to
- i - i - Sk A F B
(2)- Waterworks Handbook - Flinn,Weston, & Bogert p. 384



fmmy
Vo /
calculate the necessary thickness of pipe for various
diameters.
18 in, Dismeter
Internal pressure:
t= 45 x 18 = 0.027
2 x 5000
0.18
0.18%7 say 0.19 in.
External load
2
t= /8 x W _x 18
3000
¥= dxi8 et x 4002, 2/5 = 385 pRid.
1r- A
L L
t= Os:i i]'l.
Use standagrd thickness of S5.6Z in. (3)

Proceeding in the

same mannar

the thicknesses

for the other diameters are determined as indicated bhelow;
22 in. Diameter
Required for internal pressure: 0.20in.
Reanired for exfernal load : 0.287in.
Use standard thickness of 0.68 in.
24 in Diameter
Reqnired for internal pressure: 0.20in.
Regiired for external load: 0.28 in.
(Z) Water SBupply Engineering - Babbit and Doland p. 2GS
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Use standard thickness of 0. 74 in.

Price = L.L. 21C / ton CIF Beirnt

Life = 40 years
C = B
Hemp = 480 kgs/ m®

" o = ~ AN o el -~ A oL
I x 22.86 X .0.68 X 90 X 450 = B30 ToOons
A A 4 o ~
i - ~ e Ao

el ) 85 40

at L.L. 3.00= L.L. 90




Coating

Mx 60 x 27 = 51 M

oLl

100

=107 = 0.096
X 4.8 = 0.46 'k /joint
¢ L.L. 2.50= L.L. 1.15
_Lead W61 x 1.0 x 7.0 = 1340 cm.
>
£ 10%= 0,154
x 113.50 = 15.2 kgs/Jjo

44

Labour

Hence, L.L. 7.50 per joint

TOTAL PER JOINT = L.L. 20

X S = L.L., 100
Transport and porter = L.L. 10
Valves
2—= Through valves at L.L. 600



Annual

Interest 8
Taxes &
Depreciation

M

snintenance

e b
220
on K
Oou . J
e 0
R

Grang Total .ex .. o
Coat of pipe
o %
Insurance 4% ..... R
{ 40 years ) 2.5% ....... &
1% . o L e stk b
L

Annual Value

]

T a 1{ = _-J__‘J_'__L___'_

oF lost

DO wvenr

@:

C=

Price of

electric

nower

Using Hazen and William®s Formula,

= 1.85

H = C-'O CJO v
1-88 17
C D

H= 5.3 ft. / 1000 = 8.476 ft.

at 70% efficiency,

He 0335 £1./ 90 £t

62.5 x 0:.33 x 10.6 { 0.746)(3210) x 10 x 10 =
550 100

L.L.
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Following the above procedure identi

Q

i

it

[=d
L
~

|

I

similar study was made for the other two diameters. Only the

final results are given below:

Annnal oSt Of DIPE wiewvsrinsana L.L. 350
Annnal value of power lost.... L.L, 2486

24 in. I.D. pipe
Aanual oSt O0f DIDO s s oo Bl SOQ

Annual valne of power lost ... L.L. 61.4
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& P PRENDILIX L

R.C. Penstock

Advantages : Sustained carrying capacity;

durabil

[

ty ; use of local material; efficieney in sustaining
backfill pressure.

Disadvantages : Diffieulty of connections;

developpent of cracks resulting in failure; deterioration

in alkali soils.

The R.C. pipes to be investigated are those

w

cast centrifugally by the Araman factory in Beirnt, Lebanon.

Price list of the various sizes are listed below:

_ Diameter _Shell thickness Price/MR
30 cms. 4 cms, L.L. i6
40 cms. 5 cms. L.L. 24
50 ems. ... 5% cms. L.L. 30
60 ems. 6 cms. L.L. 38

Note: Pipes are desiged for 1 Atmos. of internal
pressure-- which fits exactly with the conditions of the

project.




o dels Dins

R. Conerete

27 MR at L.L. 16 per MR = L.L. 430

Jointing ( Cement mortat at L.L. 37/MC )
10 Joints at L.L. 0.15/joint,. L. L. 41.50

L;\.E_i'v:_l-:.‘ ..x....-.L.L.:‘LE)

Valves

2 —— through valves at L.L. 500
= ik 4040
Grand ToEal .capivvan balis 1632
- s
Intersst 8%

Bépreeiation { 20 years ) 5%...L.L. 82
Maintenance 1% B Ry e I ol 7 W 1 d




6d
Annnal Value of no 27 lost 8
@= 10.68 ft. / sec
d= 1:0 £,
V= 1%3.5 ft./=see
H= 2.86 ft./ 90 ft. ( by Hazen and Willdiam?s :.
at 70% efficiency = 2.70 ft./ 90ft
2.70 x 10.6 x 62.5 x 0.746 x 310 x 10.x 40 = L.L. 755
550 100
Using identically thes same procedure as
indicated above similar stndies were made for the other

diameters. Only the final results are
40 cms, I.D. pipe
Annual cost of pipe ...

Annual value of power

= -
. pLDe

~
\J

ns. I.D

| [¥7]

Annual cost of pipe ...

Annual valune of power

T08% . .

In all these calenlations no
vas given to the speecial and complicat

given helow:

320

0
)

wna g dis  BBH
w o wilde s o D

consideration

ad

connections

These will L—/

required at wvalves, air vent and redncer,
add considerably to the cost of the penstock.

——— e ——




&)

¥

{ TS et

trH e

1




HIAITIOOLNOW T NOSNY D) sz NYW 302Ny

IS e R

lT_H‘mL HEEEREAREENEE EEE




APPENDIX ¥

Welded Steel Penstock

Advantages: A steel pnipe is more chesaply
constructed in large sizes than is cast iron pipe and can
be installed more rapidly; more reliable , and lighter

in weight,

Disadvantages : It cannot be made to take the

external load easily; considerable waste of material

results in low head developments; more liable to corrosion

than cast iron pipe.

Data assumed for pipe design

L.L. 420 CIF Beirut.

il

Cost of steel pine per ton

Head = 33 ft.

Allowable stress in steel= 18 000 p.S.I.
Length of pipe = 90 ft.

16 in. I.D. Steel Pipe

Design of thickness

Internal bursting pressure = 15 p.s.i.

Hence,




Use minimnm sllowable thickness = 6, 25 in.

teal nipe

0.25 xx 16.85 x 90 x 490 = 3900 lbs.
144

8t Lok 420 caunminmes L.L. 745

Broakape & taXxes 10% ..coes swcisasnosnnens L.L. 75

Trensportation

A

1~ TRWOR s B « e v § 5 ae e =S B B Ry 2

Labour 6 at L.lil 4 . can i iaaes necrvaias b

0
W

Excavation

SO MG et lLdc, (& dereneikinieie b1 240 ..L.L. 90

8 = 25.8 say 26 rods

)
o

at 0.70/rod ..L.L.
Transport .......... e Beb. 10

PORERT 5 e scens x s aie o L.L.

(3}

Time LOS8| . 4 se s oie o sd L.L. 3

Coating and nainting

T x 42 x 27 = 36 MS
100

~—~ Throungh valves at L.L. 500.....L.L.1000

22

Grand total <. oiice....... L. L8170



Annual cost of nine

Interest 6%

Paxes & IHSUPANCE A%  conwe s s s anssss oyl 247

Depreciation(25 years) 4% ............ L.L. 87
Maintenance 2% .......... SEPRTR IR R N TSR
L.L. 347

Annuel value of nower lost

A= 1.39 ft.
¥= 7.65 ft./ sec.

Using Hazen and William’s Formula,
H= 22.2 £t/ 1000ft

= 2 tt /90 rt

At 70% efficiency , H= 1.4 ft. / 90 ft,.
Hence,

10.6 x 62.5 x 1.4 x 0.746 x 210 x 40 x 10

550 4100

= L.L. 3982

Using exactly the same procedure,the cost for
the other diameters were similarly calculated. Only the

final results are given below:
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Annual cost of Pinpe............

Annual value of power lost......

20 in. I.D. Steel pine
24 in. I.D.: Steel pipe

Annngl coSt Df DPIPE: S5 ceieiirs

Annual valne of power lost..

- s s

.L.L.

L.L.

410

12
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But,

and

Hence

Substituting 4 & 6

W=

» = =B W

—

ap

~¥
b

-~~~
-
4
—

3
specific weight 1lbs./ Zft.
velocity ft./ sec.

coefficient of frietion for particular

pipe congidered
_ 1 2
= pressure lbs./ ft.
= diameter of pipe , ft.
= 'RT S mla w o saralh A Y
= wVA S RPN SR S R o i
= e orero o i) Ramieyal 1o el el e
D
I.- - - - .Itni4
RT
= W. = cssssisivsea s «D
w A
S A R 6
D A
7 2
= pressure , 1lbs, / ft,.

volume per unit weight

Universal gas constant
absolute temp.
weight of fluid flowing

cross—section of pipe

in the original equation,

2
= D ( WR T) 1 ( f L +
RT ( pa ) 2g ( a



|
—~
D)
=1
Same®
=7}
&
]
=

AL + 2 av
d Vv

Henesa, el z
P-~P =( £1 + 2 logeVz) WRT
{ 4a v, ) g A%
P, = Bxternal pressure 1lbs./ ft.
P, = Internal pressure 1lbs./ ft,.
The second term in the above eqguation is

small and it may be omitted with but small error . (2)

=
V_,-—"‘—_

XXXXXXXXXXXXX

e ———— U ——

Hydranlies-~ Daugherty p. 254



g L
\
Hr_’}l) .'"'I —
P -
The
small and it

(74)
2
- ) dp, = AT db & 2 4%
T) d Vv
— v 4
B =( f£1 +32 loga¥a) WRT

P, = External pressure 1lbs./ ft.
P, = Internal pressure 1bs./ ft.
second term in the above ejuation is
may be omitted with buf small serror . (2)

S

XEXAAAXXANAXAYX

=] o = A
Hydranlics—-

Dangherty pP. 254
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Materials for

e

AP P E N DI X H

wtions for the econcomic =z=ize of ant—

Celst

lined tailrace

rulible

masaona

ry

canal

Note: A rectangnlar water section in the
canal is taken.
Assume a velocity of flow of 1 ft./sec.

ux
I
Ji
-
o
3
[’]
i

Il
S | =2
il
2
o
o
(]
)
o
s

construetion

O
A
(‘C.
o
]

T80 at Bl Lusaieg ans by ke

0
Rubble Masonary

W FER < AR S -

21.2
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Plastar

4.00 x 1.0 = 4.0 M5 at L.L. 2.0

il

£
£
w

Brand totrl swmsvims Lwlie 658

Annual cost of canal per meter length

Interest 6%

Insurance & taxes 4% ....... e T L et G
Depreciation ( 30 years il e ansile®l v wanss Liedin A8

Mt’.i*’ltﬂﬂ"ﬁ.c-ﬁ 1.?: L T O S T T I B N S S L-L. Oul_}&)

TOEDL G s bwaaa L.L. 9.37

Annusl value of nower lost

0.000064 x 9.8 x 310 x 10 x 10 =

70% ¥ 0.3 x 1000
-
L

b 8
000

L.L. 0.041

Following the same procedure as above, the cost
fof the other assumed velocities were calculated. Only

the final resnlts are given below:

gc. velcoceity

< A —

7]

2 tr, /

f i Seetion : 1.00 x 0.50
I Annnal cost of canal/ meter ....L.L, 8

Annual value of power lost..... L.L. 0.26




-~
o |

(74)

ft./ sec. velaecity

4

b

4
L

Section ¢« 0.80 ¥ 0.40
Annnal cost of canal / meter....

Annual value of power lost. ....

. / sec. veloecity

Seetdon : 070 ¥ 0.55
Annual cost of canal/ meter....

Annual value of power lost.......

AXE XXX ALTEE XX XXX XXX 7

L
L

L-
L

7.2

0%
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