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1. Population Estimation:

* Given: Pop. & Year
* Required: Pop. (95,2015,2040)

Year Population AP
1940 25000
10000
1950 35000
15000
1961 50000
30000
1970 20000
25000
1980 105000
20000
15910 125000
» aP=100000
k= 1000003 10) = 2000
For Present. at year 1995
P 1995 = 125000+2000 (1995-1990) = 135000 capita
Lor Stage i, at year 2015
P 2015 = 125000=2000 (2015-1990) = 1 75000 capita
13 at year 2040
P 2040 = 125000 + 2000 (2040-1990) = 225000 capita
Geometric Method:
Given: Pop & Year
Reguired: Pop (1995, 20135, 2040)
Year Population LnP ALnP ot alnP/at
1940 25000 10.127
6336 | 10 0.0336
1950 35000 10.436
0.357 10 (L0357
1960 50000 10,820
0.496 LD 0.0469
1970 80000 11.289
0.27: 10 0.0273
1980 105000 11.526
0.172 10 0.0174
1990 125000 11.736
0.1609

TERRSDI4/MA
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For Present. at year 1995
In p 1995 =In 125000+0.3218 (1995-1990) = 146688.86 capita

For Stage i. at year 2015
In p2015= In 125000=0.3218 (2015-1990)=278192.62 capita

For Stage ii at year 2041
In p2040=In 125000+ 03218 (2040-1990)=619129.10 capita

Given: Pop. at saturation stage = 1450 cap./hec.
Total area 176 hec,
Required: Pop (1995, 2015, 2040)

S5 =1450176 = 255200 uapita
Kd=[-In [($-P2) / (S-P1)] / [12-11]
= [-In [(255200 - 125000) / (255200 - 25000 1] / [1990-1960]
=+ 0.0114
P = S-(8-P2)e -kd (t-12)
Eor Present, at vear 1995
P 1995 = 255200-(255200-125000).¢ " #1#9%0= 139213 Bcapita

For Stage i. at year 2015
P 2015 = 255200 - (255200-125000).¢ PN EOF150_ 1 57987 70 capita

Eor Stage ii at year 2040 '
P 2015 = 255200 - (255200-125000), ~"" O 121568 60 capita

1. Fontlation Eistination

Give: Pop. Density 430 cap/hec Area= 72 hec., P1990 = 3985 cap.
(2010-5aturation) — constant growth
1990-2010) —  Geometric inc-ease

=kg =0.055
§ = 450 x 72 = 32400 Cap.
Cap./hec  hec
Saturation 8
op-
(cap-)

" Time 1 ¥ears)

1990 1995 2010 2025 2045
TREE0104/MA
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Present: 1995, (1990 - 2010) geometric
ILn Pn =Ln Po +kg (tn-to)
Ln P1995, =Ln P1990 + kg (1995-1990)
=Tn 3985 + 0.055(5)
P1995 =35246 Cap =35250Cap.
- Ln P2010=In3985+ 0.055 (2010-1990)
P2010 = 11971 Cap

2. Population Estimation :

Given: % increase in pop. 2.7%
L] .

(2010 — saturation) — constant growth/vear
Pn2025= Po ( 1+ 100 )

-

2010 2.7
11971 (1+ Ty ) *eriie

P2025 =

P2025 = 17852 Cap. = 17900 Cap.
7.

P2045 = 11971(1+ 100 ¥ 0

P2045 = 30415Cap =30500 Cap

F

1. Discharges:

Giver: w.c(95=200 l/c/d,
Pop (95)= 5230 cap.

Req: () (2025, 20435)

For Present at year 1995

Qav= popxw.c=35250x 200 = 1050.0 m3/d
1000

Qmax. monthly = 1.5 Qav.

Qmax. daily = 1.80 Qav.

Omax. hourly = 2.5 Qav.

For Ist St at_year 2025

Qav= 17900 x /504 = 4439.20 m /d

QOmax. monthly = 6660 m™/d

Omax. daily=

Qmax. hourly=

1 ALyear 2045
Qav= 30500 x ™/, 5pp = 9028 m™/d
Omax. monthly =13 542 m’/d
Omax. daily=
Qmax. hourly=

TRREM 04/MA i
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200 Vs,  700m

|“1r

107" B

Ry

Pipes BC & CE :

Assume Q=30 L/S.
For pipe BC
_ 1000

]1].[ |'r;|:||:. x19=1%cm
For pipe CE
hly = "% 40 x 40 = 320 cm.

Total head loss betweer B -E=320+190=310 cm.

For the equivalent pipe : (BLE)
Q=505 hl=510cm
Assume L=1000 cm
. 8= e x 100 =51 cm/100 m
From Chart — (=50 L/S, 5=51 cm/100m)
.+ 2= 250 mm
Equivalent pipe  [&= 230m, L=1000m]|

FOR PIPES BD & DE :
Assume Q=501ls
D

Q=350L/S, & @=12' —*5=19 em/100m

=50 1/s, & E=10 —— S5=40cm/100m

Pipe BD:

Q=50ls, &D=10 —s S=40em/1(Dm
. Bl ="/ % 500 =320 cm

Pipe DE:

Q=301 & @=8 — 8=120em/120m
hl, = "%, X 100D = 1200 ¢cm

TREBOI04/MA



For the equivalent pipe: (B 11 E) A
|
hl=hl; + hl, = 1520 cm |I
Assume L=2000 m
o S=""0 0o x 100 = T6cm/100m b
w:ih Q = the same = 50 I/s 5,
8,0 — & =225mm .
Pipes BIE& BITE : L=2000 m™

Assume hy= 200 cm
Pipe 5TE:
S = %, 4qo X 100 = 20cm/100m
5=20,2=250mm —— ) =234ls
Pipe BITE
5= % 100=10cm /100m
S =10, @ = 250mm Qs =17 ls.

Q=0Q;+0Q;=34+17=8, lis.
H; = 200cm (Assumed before)
Assume L= 1000 m
S = " 00 % 100 = 20 cm/L00m
Q=5§,1s,8=20 — @ =300mm.

—_—

200 ifsﬁ 5 B

200mm

D
AB & BD & DF—— in series

take ()= the required =200 I/s,

(& = 400mm, L=700m, Q=200 1/5)
Q. .. 5=52cm/100m

hy ;= "y X 700 = 364 cm

BD — " (4} =300mm, L = 1000m, Q=200 I/s

AB

TERBOIC4MA 5



g, 0 ——=58=270cm/100m
hl, = */,4 x 100 =2700 cm

DF—" (= 350mm, L=60Cm, Q=200 l/s.}
M S = 100 em/1 00
hl;= """ x 600 = 600 cm

For the equivalentpipe ____, hy = hy; + hy»+h - =3664em

, (1=200 ls.
Asgsume L=5000 m

§ =M%, o X 100 =73.28cm/100m
5=173.28,0=200 ., $=225mm
The equivalent pipe = ¢ =22imm, L= 5000 m

TERI0104MA é



Method of Sectioas

Example:

Analyse the network shown by the method of secticns,
the hydraulic gradient within the network is about 2%
total population is 300000 cap, and the consumption is
assumed to be 160 lefday

Knowing that:

population up to section C- GO00  cap,
= s * [3-[ | 5000 cap.
i 1 4 8 ¢ 24000 cap

And fire demand 300 Iz,

Solution :
Pop. =
W.C. =
F.h =

30,000 Ccap.
160 Veddy
300 I/s.

TRRECIOSMA




Section Existing Pipes
a-a 1 600
b-b 263500
c-C 1¢200/23300/50250
d-d L300/ 1 250/ 20 200/ 5 150
e-e 14$300/7 150

Check the shown network ! .

Sec. a-a:
(1) Consumption
Domestic = 30.000x [60=36 /s
24 x 3600
Fire demand = 300 /s
Total 356 176,
(required)
(2) Existi e
1 ¢ 600 mm
Capacity [ ¢ =0600mm, 8§ =2% — Q=330 1s]
(Existing)

Existing pipe (p = 600mm) wil pass 355 Ifs. with:
(6= 600mm & O =356 1/s]
= V=125m/s.

5=2.1% Safe
Sec. h-b:
(1) Consumption:
Domestic = 56 1/s.
ED. = 300 /s,
Total = 386 I/s.
(required)
(2) Existing pipe
2 ¢ 500m {$ 500, 8§ = 2%—— Q=210 U's.)
- Capacity =2x210=42) Is.
(Existing |

Existing pipe will pass 356 I/s.
® = 500mm, Q=356 = 1.78 Is,
2
—* V=095 m/'s.
5 = 1.6%. (Safe)

TREBOLOSMA §



Se¢, -,

600 Cap e 24000 Cap
{Industrial area)
(Papulation = 24000 = */; total pop)
30000
(1) Consumption:
Domestic = /s x 56 =45 I/s.
Fire demand= 300 /5.
Total 345. L/s.
(required)
2) Existing Pipes:

(14200 & 2 ¢ 300, 5 ¢ 250 mm)
29300 (¢=300,8=2%" TQ=551/5)
Capacity =2 x 55 = 110 I/s.
16200 (6=200,8=2%.—0Q=191'5.)
Capacity=1x 19 =19 /5.
S6250 (p=250,8=2%__,Q=7341s)
Capacity = 5 x 34 =170 I/s.

Equivalent pipe Q= 20Q =299 I/,
{existing)
deficiency = 345 - 299 = 46 I/s,

Equivalent Pipe for the Exisiing § ;
Q=2090s §=2%.
Q.5 .. ¢ =600mm,
Existi cifonkss il 145 1/
Q=345 Us., o= 600 mm
S=2.39%,
V=1325m/s (Safe)

TERED 354 a



Sec. d-d
Domestic = 56 x 15000 = Z8 I/s.

30000
Fire demand =300 lis
49T otal 328 1I/s
IF Section ( C-C )
25300, 1¢ 200, 44 150, 1¢ 250
I.  Consumption :
- Domestic = 24000 x 56= 45 1fs,
30000
- F.D. =300 " !
Total 3455 Ifs,

- 24300 (Q=2x55=1101/s)

= 14200 (Q=1x19=19 l/s.)

- 44150 (QO=4x85=3415)

- 14250 (Q=1x34=34 15)
Total Q= CT9 > Us.

Deficiency = 345-197 = 148. L/s.
Eiiiilens Pl far th Eeliting Sysis:
Q=197, § =2%. —=d=( 480 mm)
Eguivalent pipe (& 480) will pass 345 5.
V> (13 =mis &5S=CD %  (unsafe)
3. Added pipes: 1 400, 1¢ 300
lgd400 —— Q=120175,
1 6300 Q=55 Is.
Total = @ I/s. = deficinecy (145 I/s)
Capacity = 197 + 175 =372 I/s.
Equbonlant Pioe for the relat il ‘
Q= (372) ,5=2%. ¢ 65C mm)

TRERDIOSMA 10



E';ﬂlﬂlifﬂiﬁﬂ[ E!_.ﬂﬂl ![.E[ _EEEE i!f gﬁ
V=T1Iom/s, 8= @%.

(= 1.5) (1-3 %) (Safe)
Section e-¢
(Domestic +F.D.) OR (Max. Hourly cons.)
Take the bigger:
1. Consumption:
* | Domestic = 56 x 6000 = 11 Ifs.
FO00)
ED_ = 300 x 6000 = 60
30000 (1)
Total 1/s.

Max. hourly cons. = (250 - 300%) = Average

= 300 %11 =33 1. (2)
100
Take the bigger from (1), (2} :
. cons. = Tlls.

2. Existi i
(14 300, 7 ¢ 150)
19300 = 1= 55 = 55lfs.
WHISC=T=B5=59515
114.5 13
Equivalent pipe will pass 71 I/s.
V=0-6ms..5=0-6%. {safe)

TREEQIDSMA 11



150 150 150 150 150 150m

150

10

150
rJ

150

s,

150

P=
28.5m

Main Feeder

EX: Assume the required fire flow 480 I/s.

Check the main distribution system shown, if the pressure in -he
main feeder is 40 16/ 28.5m.

TRRBDI05MA 12



THE CIRCLE METHGQ

= [900/2 +[900-300) ] /2 = 375
i
~Numiber of pipes cut by the circle are ;

(48,6207
- B’ pipe equivalentto 2.2 x @ &' pipe
= 6" 8" equivalentto 4 x 2.2 = 8.8 pipes & 6"
- Total number of @ 6 * pipes to carry the required flow

=0t B =14BE6"

flow per pipe = 480 =32.5 l/s.

14,8
(Q=325.C6" —— S5=215m/100m
head loss =215 x375=810 cm

100
Residual pressure at the fire hydrant
=285-8.1=204m = 14m (Safe)

Design the ground storage and elevated storzgs tanks required 1o
meet the waler requirements for a city of population of 150,000
capita and an average water consumption 120 lit‘capitadey. The
consumption characteristic data during the day arz given as follows:

(2 MN.2 i O 1 Fr A 1 ol (o [ 18 lit/2 b
2 - 4 L A 4 16 :

i - i 4.0 ' 4 - § 16

6 - 8 L | 6 - 8 B /

B - 10 LED " 8 - 10 4

- 12N, 210 ° Il IZMN. 3

. "Design of ground-storage tanks

Average flow 130,000 x 120 = 18,000m’/day
100D
TRREED D64 A [ I




Maximum daily consumplion = 1.8 "_:'u-a: = 1.8 x 18,000= 32,400 u!"'.-‘da:.-'-
Maximuim monthly consumption = 1.4 Yave=1.4 x 18,000 = 25200 " day.

Fire demand = 120m’ per 10,000  capita

= 150000 % 120 = 1800m°
RRUAET

CASE (a} Capacity C, = (32,400 - 25,200} + 4/5 x 1800
= B640m3

CASE (b) Copueity C, = 25200 x ¥ birs + 4'5 = 1800

14

= 9840 m"

CASE {b) turned eut o be the greater of the swo cases, {1:::-;1 corseguently.
The capacity of ground slorage tanks = 9840=10.000 m’

Assume depth of tank = 5.0m 2
Surface Arca = 1000 = 2000 m
5

Assume length of tank 50 m - breadth = 2000 = 40 m
a0
(Maximum dimensions of tank 50 x 50m)

Irom the consumplion Characteristic dats caleulate the accumulative o ounts of
water at the end of 2 hours period.

Then drivw the necumulitive mass curve ane water supply curve accordi w2 1o the
rate of pumping ol the high it pumps as deseribed below:

Lite accttilated values i acciifated valucs
12 MN.- 2 [5  Tiweap:  1TH- 2 73.0 litfee p,
2 = 4 440 2 1 Bu.0 \

4 - @ 8.0 . 4 B 105.0

(5] - B 160 * fi B 113.0 ’

B & D Bam o B 10 117.0 ;

W - 12N S50 ¢ 10 12 MN. 1200 y

From the mass curve determines the cxcess C, and defficiency C; in water
consumption due to the difference between water demans and water SUPE.-¥ alio,
The excess C' and deficiency C* will be in liters per capita,

Tuotal elevated storage = {C) + Cy) x population + 1/5 fire demanc.

= (23151 x 150,000 + 175 x 1800

L

= G060m
Capacity of elevated tank is commonly rangsd from 1000-2000 m’
assume capacily of tank = 2000 m”

Mo, Of tanks w G060 =3.03
2000

TR0 06/ A 4



choose 3 tanks - capacity of each = 201 m’
High of tank H = 2/3 - 3/4 diameter D
assume that H=3/4 D

Capacity = _[IIF x34D

4
2020 = 300D , D=150mardH=11.0m
16

PROBLEM

For a city population of 30,000 eadita and of an average daily water
consumption of 130 lit'capita, it is requirec to determine the capacity of
clevated storage tanks if the workmg hours of the purification plant are 16
aours per day, The consumption ch=rzcteristic data ‘s as follows :

12 MLN. 2 20it2br 12 N~ 2 2}  lit/2 br
2 - 4 i 2= & q § 3 =
4 - ‘B . il & - € 23 2
] - B gl & - E 3 i3
8 S 1 I g - 10 4 7
10 S e I - 12MLN. 3 o

Draw the mass curve and plc: the supply curve of the purification
plant, taking into consideratio= that the high lift pumps are working
16 hours only. Say, that the pumps are working Tom 6 A.M. 1o 10
P.M. from mass curve we can ge-.

a; excess in demand S lit/capita
a, excess in demand = g "
b, deficiency in demand = 5 3
b deficiency in demand = 3 2l

Fire demand = 50,000 x 126-10,000 = 600 =’
Storage capacity = (bigger of excess + bigzer of deficiency) x
population + L5 fire cemard.
= (23+3)x 30000+ 1/5 x 600 = 1520m’
100C
Take one tank of capacity 1520 =
assume that H=3/4 D

capacity = [OD* x 3/4 D
4
1520 = 3gp?
16
D = 13.70m & H=10.30m.

TRERO] DeMA s



SEWAGE & SEWERAGE SYSTEM
Problem No. (1)

Circular combined sewer is to carry (.51 m3/sec. When running ', at max.
W.W.F., and 0.12m3/sec. at min D.W.E. Determine the diamezer and
minimum slope of sewer. Calculate the velocity and death of sewage flow
at max. W.W.F. and min. D.W.F.

Qfull =3510x4 =680 lit/sec.
3

Qmin = 120 lit./sec
Qmin = 120 =0.176
Qfull 680
Ealanfﬁn'ing to charts of Hydraulic Elements
o= 07, Dmin=0.28

i Df

Minimum slope ﬁfscwcr will be at minimum veloeity of fleaw i.e. at
self cleansing v elocity ' min = 0.6 m/sec.
=106 =085 m/sec
(7
According to V= 0.85 m/sec. and Q=680 l/s.
Fmrg charts & = 39

ami min = 0.0014 {minimum slope)
Ymin=0.28 x39= 1092
=210=0.75
f 680 :
from charts ‘max = 1.12 Vimax = 1.12 x 0.85 = 0.95m/sec.
ﬂéz@an.ﬁd dmax = 0.64 x 39" =22 9%
1 8

Find out the diameter of a main sewer carrving a flow of 6C0 lit/sec
when runmng 3/4 full if the slope of the main sewer s 3.5%.
Determine, also the velocity of flow.

gr 600 x4 =800 lit/sec : stﬂ::i”““
<nowing “f= 800 lit/sec, and§—a 3 Y0  Tyn 2
fmm charts Df = 34 and = 1.4 mfsec 2

= 00 =075 R 3
Qf 800
Emm Hydraulic Elements
.I"—] A2 V=14x1.12=1.57 m/s=c

TREEIE 06 M A 5]



Problem No. (3)

A circular combined sewer having a diameter of 12 is to carry a flow
of 54 lit'sec. When running 2/3 full at Max, W.W.F. and 37 lit'sec at
min D.W.F. Determine the velocity and depth of sewage flow in the
sewer at maximum and minimum flows. [ at the time of minimum
D.W.F an additional flow of 25 lit/sec is to be discharged from & new
established factory-check up the gewar [rom 11e flooding points of

VIEew,
Selution,
“f=54%x3 =81 lit/sec
7
According to IUr=81livsee and “r=12:
from charts Yf=1 15 mfsec and S.=85%0
ﬂmﬂﬂ. = .67 from charts Eﬂlﬂ.}'i_ =1.08
U v
“max=1.08x1.15= 1.24 misec
also EI];1],'1_:_-;_I 0.59
[}Ir
Ymax =0.50% 12 =7.08"
“min = 37. =046 fromchats *min =0.98
it 81 'r

Ymin=0,98 x 1.15=1.12 m/e2c
alse Ymin = 0.48

‘min =048 x 12=5.76"
In case of an additional Industrial wastewater
Total sewage flow =37 + 25 =62 lit'sec.
This flow is less than the flow at which the sewer is running full

(Qf = 81 lit/sec) and therefore the additional fiow will not cause the
tlooding of sewer at min. D.W.E.

Preblem No. (4) !
A 60" circular sewer has a slope ol 0.0025 if n =0.013  find:
a)  (Q, V) when flowing full .
b} (QV) when sewape is lowing 15 deep
e} (V. depth of flow)
when 0 = 1400 1/s.

ITERED] QoM A i



Solution

. 540 lrom table. Q= 1320 Us.
; V= 1.75 mis
0y = Oy MN;
1320 x 0,015 = Q, x 0.013
(1)~ Q=013 = 1320 % 0,015 = 1524 s,
(.03
Vi(n=0.013)= 175 x0.015=2.01 m/s
(A4 3
{2} {dmax= 15"
dmax = _15 = /4
di Gl
fromchat —— &+ Omax=0.14 ¥ =064
(F Vi

Umax =014 x 1524 =213.5 I/s.
vmax =064 x2.015=1288 mfs

{(3)  (OQmax= 1400 I/s)
Omax = 1400 = 0917
or 1524
from chart dmax =078, NMnax = 1.15
dr VI

dimax =078 x 60" =469"
Vimax=1.15x2.0l5 =232 m/s.

WRE B D A I H
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