Water Engineering Course

Water Intake

Lecturer: Prof. Dr. Jabbar H.Al-Baidhani




Water Intakes:

Surface sources of water are subject to wide
variation in flow , quality, and temperature ,and
structures must be designed so that required row
can be withdrawn despite these natul

.the intake it self normally consist of : important”
(frequently screened in some manner ) and a conduit
which conveys the flow to a sump from which it may
be pumped to the treatment plant .




FEAW WATFR INTARFS, SCREFNING ATNIF AFR A TIOTN

Imtakes are strochares constmaicted in or adjacemnt to lakes,
reservoirs, or rivers for the pwwpose of withdmawing water. Im
oeneral they comnsist of an opemning withh a grate or strainer
throwgh -which the water enfers. anwd a condwt to condhuct ithe
water by gravity o a low—11iff pumipinge station. The < water is
pumped from the low-1ifi puampdng station to the water treatiwent
facilitv. Schematic diagrams of lake and river mmtalke svstems are
shown 1in Figures I-1 and I-2 A]ls-::- =ee plates T-1.
The kew reguiremnents of the intalce strmctares are thiat thiewy are:

1. Reliable.

20O adeguate size o prowvide the requured quantity of water.

F Located to obtain the best gurality water.

4 Protected froonm objects fthat may damage or clogoingo

equipiment. piping and punps.
. Easvy to inspect and maindain.
& IDesigned to muinimnmuime damagoe o agquatic lifie.

T Located to mumdmiize navvigational hazards



Water Intake

Fxamjple

A tero—ocell infake tower located 1 a cold climate reservoilr is being
designed for a winter design flow rate of SGOO0 mesd. The tower
il hawe tlhwes ports at three different elevations in each cell. Each
port mmst e able to deliver the design flow rate operating alome.

Determuine the area of each port ope::imgl
Solntiorm.
For a cold climate reservoir. the intalkee welocity shonild e lirmnated
to less than 010 mu's (| Table I-2 ). UUsing an inftake wvelocity of OO0
s and Eguatiomn:

@ = 174
2 G000 = fd
v (0.087) (B6200 )
This area is a preliminary estimate that will hawve to be enlarged
because if does ot take mito account the area of the screen that has
to be installed to prewvent debris fiom entering the tower.
MNMote that the design flow rate specified was for winter conditions.
Sumuner flow rates generally are higher than winter floww rates,
and the velocities will be hugsher.

A =

= 0.868 m< . or = 0.9 =



Water Intakes

Example
A two-cell intake tower located in a cold climate reservoilr is being

designed for a winter design flow rate of G000 m’/d. The tower
will have three ports at three different elevations in each cell. Each
port nmst be able to deliver the design flow rate operating alone.
1- Determine the area of each port opening
2- Determuine the diameter of a concrete conduit to transport the
water from the infake tower to a low-lift pump station on
shore. A sketch of the munimmm lake elevation and the
TR a]lowab]el dranwrdown 1n the low-Lft pumyp station 1s

shown below

|||L




Water Intakes

SRR EL.

Xp:
For a cold climate reservoir. the intalce welocity shonld e liswmdted
to less thhan O 10 my's | Table I-2 ). UUsing an intake velocitsy of O 0&
s and Egreatiorm:

Q= 1A

Q G000 e® fd
¥V (0.08™) (Bea003)H
This area is a prelimvdinary estimaate thiat weill hawve to be enlarged
because 1t does ot take mto accowmnd the area of the screemn that has
to be installed to prevent debris firom enfterning the tower.

A = = .868 m= . or = 0.9 =

IMNote that the design flow rate specified was for winter comditioms.
Smmmumer flow rates generally are higher than winter flow rates,
amnd the velocities will be hasher.

2=
Froin Table I-4 | the marxinmun floww rate is assuaned to be 2000 O
). that 1= twnice the winter design flow rate.
The winter design flow rate is GOO0 m°/d. The maxinmumn flow rate

is:




Water Intakes

EN AMPY F :
IDesignn @a water intake tower struaciare for the following
requureremn s
1- DNlazmirmmmm daidlsy demand — 1135000 1.113-':121‘_5?
= DIiimimoam reservolrl elevation = 70 m (mean sea lewvel msl)
= NMlazimmun reservoilr elevation = 90 o (sl
2+ IMNMormal water suarface elevation — 85 1 {mnasl)
= Bottoimm elevation = 60 e {msl)
= The velocity through rack screen shonuld be less thhan 8 cmn's
= The velocity through the fines screen shall be less thamn 0.2 mu's
= Fine screen efficiency factor = 056
= U=e two fine screen installed at the pumpdng statiomn
1~ The depth of flow at fine screen chamber = 9. 53 m
11- The orifice discharge coefficient — 0.6
Solwtiom:
1-5Select the size of the intalce cate

The gates are siFed such that the entire maxitnmun Ao of 113500
m 3 day can be withdrasmn from a single lewvel at a mmasisouar
welocity of 008 m's.



Water Intakes

2 2
M 131

Q = 113500 5

2
1317
E S — 16.38 m*=

area of gate . A = — = m

This is too large for a single gate, so select two equal size square
gates of area 16.38 /2 =8.19 m?2 each.

Width = Heigh = (8.19 m?)Y/? =2.86m
Select the next larger standard size gate -
Width = Heigh = 3m

e
Velocity through gate = A = Imx3m = ﬂ.ﬂ??

2-Determine the lavout of the intake gates

Set the highest gate with its top two meters below the normal
water surface elevation of 85 m. resulting in a cenferline elevation
of 81.5 m likewise, set the lowest gate at a centerline elevation of
65 m. providing 3.5 m of head at the 100-vear drought elevation of
T0 m. at this elevation the bottom of the lowest gate is 3.5 m
above the reservoir bottom. In order to provide the flexability to
withdraw water from intermediate elevations. provide additional




Water Intakes

gates at two levels eqgually spaced over the 16.5 m range (81.5 m —
G5 m ).

16.5 7t

Spacing —
Therefore. gates will be provided at centerline elevations of 81.5 |
TE . T0.5 and 65 m
Locate two gates on each side of the iJ:lFake tower. Each gate 1s 3
m wide. So set the width of the tower wall s 8 m Thias will
provide approximately 0.5 m between the gate and the wall and
approximately 1 m between gates. The owverall dimension of the
tower are 10 m x 10 m with high of about 35 m { abowve the

maxinmmun water level by approximately 5 ma).

3-Dresign of coarse screemn
The coarse screen will be located at the intake ports {gates). Llse
13 mm sguare edge bars, 4.8 m long. spaced at approximately 8
cm on centers. This provides a clear opening of 6.7 cm {8 com — 1.3
cm ). the bars cover 3.0 m width over the gate. The number of bars
required is computed as follow:

360 crmn

Nuember of spaces — m — 45 spaces



Water Intakes

Number of bars = Number of spaces — 1 = 45 — 1
= 44 bars

4-Determmine the velocity througslh the bar rack

Open area throwgh the rack
= Total areac of the rack — Area of the bars

Open area through the rack
= (3.6 x 1428 ) — (44 bars x 0.013 m x 1.8 m)

Olpen area through the rack = 17.28 m= — 2.75 m?
= 14.53 m= = (4.8 m x 3.028 m)

Maximum flow rates through the rack is half of the design flow
rate because there are two gates at each lewvel.

2
1.31 7 J—
Flow through the rack % = .66 -
Velocity th h the b = 2 _o0es™ 1
SLOCILY TOTLLY = AT T == A = L. = AL 14’53 -

CTTL
= 0.0541 m /s (5.41T]
This is within the acceptable welocity { less thian 8 co's)

S5-Desicgn of fine screemn

Prowvide two screens ceach with a 9.5 mum opening and flow of -



Water Intakes

m =
1.31——— 2
[ — ﬂlﬁﬁm_
2 =
The depth of flow at screen chamber is 9.53 m. and take wvelocity
through screen is 0.2 m's.
=
o o

Total area of opening = - = m = 3.3 m=

With screen efficiency factor 0.54.

3.3 =
Total area of fine screemn = ﬁ = 5.89 m*=

= width of screen x depth of flow
width of screen = ——5—— = LG22 M

G- Hydraulic calculations
The approach velocity in the reservoir is assumed to be zero. The
head loss thoough the rack is:

(2 — 17,%) 1 (00451 mys)% — (0.0 )= 1
hy = ———————x — = X —
29 o7 2x 9.81 .7
= 0.0001 m

The head loss through the intake port can be calculated by the
orifice equation:

i3a



Water Intakes

mz
: Q _ 96675
velocity through port. v = A= TSmax3m— 00733 my/=s
1 2 1 0.073 m sy~
he = 3 (c‘d) Zx9.81 0.6 = 0.0008 m

The head loss through the fine screen will also can be calculated
by the orifice equation. The total flow is 1. .31 mis Cwhen one
screen is out cfserviceandipeatherscre;ennnlst pass the entire
floww):-

Q

total opening area

relocity through fine screen . v =

a3
1317
v 062 mx953 mx056 20/
1 LI 1 0.396 m /sy -
he = 54 (Cd) = Zxo9s81 0.6 = 0.01m

Total head loss = 0.0001 +~ 00008 - 0.01 =0.011 m (very small)

T-Check the stability of intalke structure

The weight of water displaced by tower and base slab

= Volume of water displaced by tower and base slab x density



In design of intakes, ene must censider the fellowing

DOINES :

| -source of water supply (collection basin , river ,or lake ) .....etc
2-surroundings characteristics of intake (water depth ,or variation of water
level , navigation requirements ,local currents and patterns of sediment
deposition and scour , spatial and temporal variation in water quality ,and
the quantity of floating debris .

3-the intake must be located at upstream of the water source

4-prevent floating materials like plants to in enter to the intake

5-the entrance of intake must be located in place with no fast currents .
6-the floor near intake must be stable enough .

/-the suction pipe should be locate below water surface in order to
convey the cold water and to preventing materials.

8-the entrance of intake should be located at suitable distance offshore of
water source to prevent pollution .



Type of in takes : L

| -lake intakes :-

Lake intakes should be located as for as possible from sources
of pollution , and one should consider wind and current
effects on the motion of contaminants . in particular , winds
may stir up sediment from the bottom which may carried to
the in lake if it is located is shallow water or too close to the
bottom. Inlet velocities should be less than 0.15 m/s to avoid
trapping excessive quantities of floating material , sediment,
ice , or fish.A water depth of ( 6 to 9 m) is necessary to
prevent blocking of the intake by ice jams which may fill the
take to the bottom in shallower depths .




2-river intakes

River intakes should be designed , when possible , to withdraw
water from slightly below the surface in order to avoid both
sediment in suspension at lower levels and floating debris .
some large cities have built elaborate river intakes resembling
bridge piers with ports at various depth to accommodate
variations in water level . small cities may use simple pipe
intakes located so that they are sufficiently below the low —
water level that river traffic is not impeded . such intakes must
also be above the bottom so that materials being carried in
traction will not cover them . these requirement often dictate
that the intake opening be in the main channel , which may be
quite for from the normal bank.




3-collection basins (tanks) intakes .
4-direct intakes (or simple intakes )

Direct intakes are always designed for small cities the

conditions of direct intakes selection are :

| -deep water source like river ,and takes .

2-the embankment of water source has enough resistance
against corrosion and deposition .

This type of intakes is considered the cheaper type of intakes

3-Intakes of Storage Tanks
4-Direct Intakes
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Ex: design a direct intake of water treatment plant which has 3000 m3/hr max .
flow rate .

Solution :- o —

Limitation
F the permissible velocity of pipes of intake is between (60-100) cm/s
3000
Q= flow rate =3000 m3/hr =———=0.83 m3/s
Jald

use 6 delivery pipes plus one pipe as stand — by and each pie is
mounted with one pump.



0.83

= | —| M3/s =0.138 m3/s

Q one pipe 6

D= 0.469 USE D =0.50M = 500 MM

(mD=

Use 0.80 m/s velocity Q=V.—— *0.8=0.138

Check the actual velocity V-

0.138 m3/s

T 2
~(050)

0.6 m/s <V <I| mls

Use 6 pipe plus one pipe as:

=0.7 m/s, satisfactory
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Determine of power of pumps ?
Use 7 pumps (6 pumps are working (and one pump
is stand - by therefore

0.83 -
Q ne pump| o> =0.138

The pumps used of low - lift pumps ,so the head of pump
should not exceed 30 m .



Water pipes

Use head of pump of 20 m

Y-Q.H |
HmHE

P=

power of (kw) pump

o= water density =(10 kn/m3)
H= head of pump (m).
ILm g = mechanical and electrical efficiencies respectively

_10%0.130%20
0.75%0.75

=49 kw







