DEMAND OF WATER

The need of a water development activity arises from the demand for water for some
purpose. After the demand for a purpose is established, the availability of water re-
sources in the vicinity of the demand center is assessed through application of the
principles of hydrology. The reconciliation of the demand with the available resources
in an optimal manner is the objective of water resources planning. Where the re-
sources are restricted compared to the demand, as for irrigation in some regions, the
problem is approached from a consideration of how much demand can be satistied
with the available water resources. There may be conflicting demands when more
llum'onc purpose is involved. These have to be resolved by establishing a priority
ranking among water uses. The location, type. and C()mpon'cnls a0 pro}ccl el
as u.\l tu;;‘(xon;:l chur.uctcri.xlic.s are dependent on the purpose and magnitude of de-
et o some e byt o o py s UL e demand o v
demand is not a static problem that L;iln bf tE ’l””“t— WiltCr. e e icrcft»re.
tive estimates made initially are review ?m : dc[crmmcq at one time. The tenta-

) cviewed at a |ater stage in the planning process.

The project estimates are Vs :

or &tijmulw = d;:x;::da:‘:)o r<.v|lscd accordingly. The procedures for making tenta-
: S Ol dem: I each major : ‘ : { it ‘

subsequent sections, JSSRUIpOse of development are discussed in

2.1 DEMAND FOR WATER SUPPLY

Definitions of relevant terms follow
) Withdrawal uses are di\'cr.\u)nlol' surf,
of supply, such as irigation ang Waler |

ace we - .
supr uch 4Ce water or groundwater from its source
SUCh as navigation and recreation

I \“ )] l I N L 4 E
PPlY. Nony ithdrawal uses are on-site Uses
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j Consumptive uses*® are that portion of withdrawn quantity whu..h Is no longer
i‘ available for further use because it is used up by crops. human beings, industrial plant
processes, evapotranspiration, and so on. _ N
Water supply requirements usually have the highest priority among the dc.vcl'op-
mental uses, and water of good quality is needed. Although the total quantity of with-
drawal in big cities may be relatively large, the consumptive water use is small since
80 to 90% of the total intake is returned to the river system (of course, its quality is
degraded). Water requirements of a city can be divided into three broad categonies:
1. Municipal requirements
2. Large industrial requirements
3. Waste dilution requirements
The order of magnitude of three kinds of requirements is indicated in Figure 2.1
for a typical city of a population of about 150,000, If the sewage and industrial waste
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Figure 2.1 Water requirements of a city of 150,000 population
’ﬂ;c ‘ln(hcumlcunlu'n'ull . the ¢ RS e .
lsé ol water needed for crop :n':\'mlln the consumptive use requirement ol a crop is defined as the amount

Sec. 2.1 Demand for Water Supply
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2.2 MUNICIPAL REQUIREMENTS

mestic uses as drinking..cnol’(in‘g. washlpg, sprinkling,
lic uses such as in public blllldl{lgs am! for hrcnght:ng,
hotels, and laundnes, (4) small indusiry
tem. and (5) losses in the distribution sys.
ariable, depending on such factors &
and size of commercial and in.

| This includes (1) such do
A and air condilioning._ (2) pub_ :
(3) commercial use in shopping centers,
use by industries not having a separate sys
tem. The municipal requirements arc hxghly Vv
size of city. characteristics of the population, nature anc
4 dustrial establishments, climatic conditions, and cost of suppl_\_f.
‘ ' Municipal requirements are estimated by the following simple relation:

‘population at per
required quantity = | the end of | X | capita [L'] (2.1
design period usage

The two parameters for assessing the municipal requirements in eq. (2.1)

-

population estimates and per capita water usage —are discussed in the following
re sections. .

2.3 POPULATION FORECASTING

Like any other natura) phenomenon, the

plex. Any sophisticated model has se
success of forecast lies in the iudurﬁcnl
assumptions, Most methods peﬁ:li; ot

lation are expected to follow the p: =
growth involves continuous dcvlali()?:t:’c

Prfd_lCliOn of future population is quite con-
veral implicit and explicit assumptions. The
of the forecaster on the reliability of thest
rnnd 3:_‘"')’5i% wherein future ch;mgcix In pope
Long-term projection me rom Paslth:rc[::;: \I_-{It‘)\-\v Voo ‘(l‘).jhn;mm‘ huW\lf
four broad categories methods consider the probable y ],Kh TRineub e
matical, (3) ratio - c:j ‘3' Population forecasting tect € shifts in

Two type 4nd correlation - s 'eChniques: (1)
010 )-ca;x and (2

the trends. There &
graphical, (2) mathe

- -y = T _h‘,,\:
S ol est A ) years or more, The ¢
Imates s different, as described below
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2.4 SHORT-TERM ESTIMATES

Certain techniques from the categories of graphical and mathematical mqlhods are
used for short-term estimates. These methods are essentially trend analyses in graphlc
or mathematical form. The mathematical approach assumes three forms of population
growth, shown by three segments of Figure 2.2. These are referred to as geometric
growth, arithmetic growth, and declining rate of growth. Each segment has a sepa-
rate relation. The historic population data of the study area may be plotted on a regu-
lar graph. According to the shape of the plot, the relationship of that segment should
be used for population projection. The short-term methods are used for enth;r inter-
censal estimates for any year between two censuses or postcensal estimates from the
last census until the next census.

2.4.1 Graphical Extension Method

This consists of plotting the population of past census years against time, sketching a
; curve that fits the data, and extending this curve into the future to obtain the projected
: population. Since it is convenient and more accurate to project a straight line, it is
aimed to get a straight-line fit to the past data by making a semilog or logarithmic plot,
as necessary. The forecast may varv widely depending on whether the last two known
points are joined and extended or other points are joined and extended.

) 2.4.2 Arithmetic Growth Method

This method considers that the same population increase takes place in a given period.
g Mathematically,

12 dP .
i kn’
dt
Saturation population, e
m- \ Declining rate of growth
he —~ P a(p, - P
esc S dr -
p 2
(=3 A Y
nﬁn & N\ Arithmetic growth
Ess. gﬁ x
ae
art
(he”
™. Geometric growth
¢ J Q’P =
i {0 dt
|01c¢ Figure 2.2 Population growth curve Time, ¢ (years)
oW

Sec. 2.4 Short-Term Estimates
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here -

[ = time, years

K. = uniform growl
o

h-rate constant

the equation above, W€ obtain

By integrating s - o
o P, = pm_lcctcd population f years after Py
P, = present population
¢ = period of projection
and
3 Ar

where P, and P, are recorded populations at some Ar interval apart.

Example 2.1 gl .
I'he population of a city has been recorded in 1970 and 1985 as 100,000 and 110,000,
respectively. Estimate the 1995 population, assuming arithmetic growth.

Solution From eq. (2.3),

110,000
i 15

100,000

667

From eq. (2.2),
Pigs = 110,000 + 667(10) = 116,667 persons

2.4.3 Geometric Growth Method

This considers that the increase in population takes place at

A : , a constant percent of the
current population. Mathematically. ;

dP
——t—K-P
dt .
By integrating we obtain
) o P
In ,, = In P. 4 AI" l: 4)
where
K = Iﬂ_)-‘—ln Pl
' Ar ity (2.
18
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Example 2.2 | y ‘
In Example 2.1, estimate the population, assuming geometric growth.
Solution From eq. (2.5),

In 110,000 — In 100.000
Pio 15

= (.0064

From eq. (2.4),
In Pgec = In 110,000 + 0.0064(10) = 11.67
P|(”5 - 117.2|6 pchOHS
2.4.4 Declining Growth Rate Method

This assumes that the city has a saturation population and the rate of growth be-
comes less as the population approaches the saturation level. In otl_ler words, the rate
of increase is a function of the population deficit (P ‘= P); thatis;

g Kp(Py, — P)
dt
Upon integration, we have
P, =Pyt (Poy—=Fo) (I — e:2D") (2.6)
Rearranging eq. (2.6) gives
Kp = — Air In(lf::: ___—!’-:—l) [T~] (2.7)

Example 2.3

In Example 2.1, if the saturation population of the city is 200,000, estimate the 1995
population. Assume a declining rate of growth.

Solution From eq. (2.7),

1 {200.000 = 110.000 s
Kp = —— n(—-~~_ — 0.007
: 15 1200,000 — 100,000,

From eq. (2.6),

Piws = 110,000 + (200,000 110,000)[1 — ¢~ 10007 107]
= 116,085 persons

Example 2.4

A city has a present population o
to 220,000 in the next 15 years,
rate ol input to the treatment plan
the treatment plant be adequate?

[ 200,000, which is estimated o increas

The existing treatment pl
Lis 165 g

¢ geometrically
ant capacity is 51 mgd. The
allons per person per day. For how long will

Sec. 24
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Solution
1. From the known populatio
2
In 220,000 = 1 =

or A’r — 0('0615

. erved by the lant:
Population that can be sem¥ cd by P

!J

51.00107 _ 309,090 persons
165

Time to reach the design population:
200000 + 0.00635(r)

-

In 309090 = In

or ¢ = 68.55 years.

2.5 LONG-TERM FORECASTING

made by techniques from all four c;u'cg‘on'cs.’ Thc cn!m
lation data is used in Jong-term pre@ncuons. I'he mathe-
ach is popular because it 1s rclull\'cl>' easy to app]'\
t and ratio methods offer

Long-term predictions are
past record of historic popu
matical curve-fitting appro
MecJunkin (1964) indicates, however, that the componen
greater reliability than the traditional graphical—malhcmmlca] methods.

2.5.1 Graphic Comparison Method

Several larger cities in the vicinity are selected whose carlier growth exhibited char-
acteristics similar to those of the study area. The population—time curves for these
cities and for the study area are plotted as shown in Figure 2. 3. From point O corre-
sponding to the last known population for study area A a horizontal line is drawn in-
tersecting the other curves at O. At Q', lines parallel to OB, OC, and OD are drawn
as O'B’, 0'C’, and 0'D’, respectively. These lines establish a range of future
growth within which O’A’ is extended. This method has a shortcoming since it is

not certain that the future growth of the study area will be similar to the past growth
of the other areas. )

2.5.2 Mathematical Logistic Curve Method

This method able f study
states o(rhr:;:lli‘: \ul(l;bk for l“c study of large population centers such as large cities,
s, b 3; ns. On the basis of the study of the growth curve of Figure 2 2, certain
athe Cal equd S i Iric \ ' ) e (S
ol pmpmch |(\)| u.mr;s of an cmpmgal. curve conforming to this shape (S-shape)
sed. Une of the best known functions is the Ioglsli -

P

P = sat

I
| + ae®

¢ curve in the form

(2.5)

where

P, = population

. at any ume r from an

e = Saturation population
a,b = constants

assumed origin
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The constants are determined by selecting three populations from the record:
one in the beginning, Py, one in the middle, P,, and one near the end of the record.
P,, associated with the years Ty, T, and T, such that the number of years (interval)
between T, and 7, is the same as that between 7, and 7,. This interval between T
and 7', 1s designated as n. The constants are given by

o 2P(|P|P2 S Pi([’n -+ P“)

P‘. - ) - )
- PoPy; — Pj 22)
a=-"m—F 2.10
o (2.10)
l l)ﬂvpu 2 ‘
b = — |n| 20\ s P':' (2.11)
'l P](P‘:' =T P(l' =

' In eq. (2.8), time ¢ is counted from the year T,. From eq. (2.9), P_, must be
positive and must exceed the latest known population. A test of the validity of logistic
growth is that the population data plot as a straight line on specially scaled (logistic)
graph paper. (The graph of log [(P,, — P)/P] versus t is a straighl' line.) k
Example 2.5

In two ;()-yc;:r penods, a city grew from 45,000 to 258.000 to 438,000. Estimate
saturation population, (b) the equation of the logistic curve,
40 years after the last period.

(a) the
and (c) the population

Sec. 2.5 Long-Term Forecasting 21
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Solution
P, = J<M)
Py = 258,000
P, = 438,000
- 10
i ‘ sand),
' ors 1n thOUs
g (2.9) (cxpressing pumbers | - .
o > ) — (258 (40 T 438) _ 469,000
’!Jili.’..’s)(-ﬂ&' oL
Pu =~ 35) (438) — (258)

(b) From cq. (2.10),
469 — 45 _ g 42
_ 462 7 5 9,42

a5 s

lan“‘n cq. (2. l l )v

, [45146‘) = 258)] L e

b= 35 | 258469 — 45)

The equation of the logistic curve:
469,000 = b
P, - ’———I N \_)—‘_42" ﬁ’l:.’

(c) The time from the beginning, [ = 40 + 40 = 80 years; thus

469,000

" T+ 942 02

= 468,740 persons

2.5.3 Ratio and Correlation Methods

A city or smaller area is a part of a region, state, nation, or larger arca. There ar
many factors and influences affecting population growth occur throughout the r
gion. Thus the growth of the smaller area has some relation to the growth of th
larger area. Because a careful projection of the future population of the nation an]
states (larger area) i1s made by the authoritative organizations, these may be used ¥
forecast the growth of the smaller area. 3 .

In the simplest technique, a constant r

auo obtained from the most recent dala
used as follows:

3 P,
kr — ')—f )
P &0
P=Kp'
where ‘ R
P; = po ’
i Pulation of studv e
i i study area at last census
¢ — POpulation of larger areq g last censu
,’, = [ulurc pnp“]a[ 5 L - S5
p & 10N for study areq
't T SSumated fyyy,
¢ populatio
S - ‘ n()' l;r"' lr‘
K, N C()n\(;ml iITZCr arca
22
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In a refined technique using the variation in ratios, the ratios of the mxa“er
area to the larger area population are calculated for a series of census years. B\ u’smg
any of the graphical or mathematical methods of shoﬂ-(em estimates (Sc_c_uon -‘.4_)_.
the trend line of the ratios is projected. The projected ratio in the year of interest is
applied to an estimate of the study area population. | . |

[n another statistical method, the correlation technique described in Chapter 7
is applied. Between the two series of census data relating o lhc\sludy area and !arger
area, a relation is established through the regression analysis. For example, a simple
regression equation may be of the following form:

P, =aPj +b (2.14)
where

P = population of the study area
P; = population of the region (larger area)
a, b = regression constants

The future population is projected from eq. (2.14).

2.5.4 Component Methods

A population change can occur in only three ways: (1) by birth, (2) by death, and
(3) through migration. These components of population change can be linked by the
balance equation:

PP=Py+B—=D=xM (2.15)
where

P, = forecast population at the end of time ¢

P, = existing population

oo
|

number of births during time ¢

; D = number of deaths during time ¢
3 M = net number of migrants during time ¢ (positive
value indicates moving into the study area)
§ PR .
Because migration affects the births and deaths in an area, the estimates of net
migration are made before estimating the natural change due to births and deaths. The
) migratory trends may be estimated by applying eq. (2.15) backward to the past cen-

sus data on population, births, and de

aths during a selected period. The school atten-
dance method, comparing the actu

' al children enrollment to the children from birth
records, is also used for estimating migration
For determining the natural change due to births and deaths.

cedure is to multiply the existing population by
that is,

the simplest pro-
the expected birth and death rates,

B = K, PyAt
D = K,P, At

(2.16)

(2.17)

Sec. 2.5 Long-Term Forecasting
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by, )

K. = birth and death rate. respectively

KiKa: = ;

Ar = forecast period
ral change (births and deaths) are made by the e

s of natu pmj-cctions 1o each subcomponent (factor) ml

hich makes

Better estimate
curvival technique, W
to the natural change.

2.6 PER CAPITA WATER USAGE

y expressed as the average daily rate, which is the mean ap.

ged for a day in terms of gallons (or l.itcrsl per capita pes
hmonlhly. daily, and hourly variauons 1n the ra.tc are given
ge. Which of these should be used for the design capacity
t of the water supply system. The layouts of two water
supply systems —one for direct pumping from a river or from a \.vcllﬁcld and one
for an impounding reservoir—are shown in Figure 2.4. The period of design for
which the population projection is to be made and the design capacity criterna of dif-
ferent component structures of the systems are indicated in Table 2.1.

Per capita use 18 normall
nual usage of water averd
day (gped). The seasonal,
in percentages of the averd
depends on the componen
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TABLE 2.1 DESIGN PERIODS AND CAPACITY CRITERIA FOR
CONSTITUENT STRUCTURES

Structure Design Period” (years) Required Capacity
3 :OUF::C‘:f o [ndefinite Maximum daily (requirements)
b. Wellfield 10-25 Maximum daily
¢. Reservorr 25-50 Average annual demand
2. Conveyance
a. Intake condunt 25-50 Maximum daily
b. Conduit to treatment plant 25-50 Maximum daily
3. Pumps
a. Low-lift 10 Maximum daily plus one
reserve unit
b. High-lft 10 Maximum hourly plus one
reserve unit
4. Treatment plant 10-15 Maximum daily
5. Service reservoir 20-25 Working storage (from
hourly demand and
average pumping) plus
fire demand plus
emergency storage
6. Distnbution \
a. Supply pipe or conduit 25-50 Greater of (1) maximum
daily plus fire demand
} or (2) maximum hourly
requirement
b. Distnbution gnd Full
development “

**Design peniod” does not necessarily indicate the life of the structure. A design penod takes into account

other factors, such as subsequent case of extension, rate of population growth and shifts in community,
and industnal/commercial developments.

2.6.1 Average Daily per Capita per Day Usage

For household use, the per capita requirements of water range between 20 and 90 gal-
lons per day, with a reasonable average of 60 gallons per day. Municipal water use
should, however, also include commercial use, small industrial use, public use, and
losses in the system. A typical distribution for an average city is given in Table 2.2.

TABLE 2.2 TYPICAL AVERAGE USAGE

| Average Usc Percent of
Use (gped)® Total
Household 60 40
Commercial 20 13
Industrial 45 30
Public 15 10
Loss 10 7
Total 150 100

*Liter = pallons x 3.8,

Sec. 2.6 Per Capita Water Usage
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; §. Water Resources Council (1968) has projected average usage i the
Jho Vs ) al requirements become relatively Impog

year 2000 at 175 gped. When
tant in a city, they should be cons

he industri
idered separately.

2.6.2 Variations in Usage
average of the long-term (many yeyp

5 7 refer to the daily .
varies from day to day in (pe

The values in Table 2 : :
usage. The consumption changes with lhc seasons, 3
week, and fluctuates from hour 10 hour in a day. I\ngwlcdg; 0' these variations s
important for the design of project components, as mdlcancq in Table 2.1. There gre
two common trends: (1) the smaller the city, the more \ﬂﬂufjlt‘ is the demand; gng
(2) the shorter the period of flow, the wider is the variation from the average (j¢
the hourly peak flow is much higher than the daily peak). Typical variation in a cjyy
water supply in a day is shown in Figure 2.5. The variations are commonly indicate]
in terms of the percentage of the long-term average value. There are no fixed ratios:

each city has its own trend. However, in the absence of data, the following formulg of

R. 0. Goodrich is very convenient for esumating the maximum usage from 2 hours
(2/24 day) to a year (365 days) for small cities.

180
P="o1 [unbalanced] (2.18)

Dally usage (gpedt)

Farcent of daily averane

]
—

2
A 6
Mid 8 T T
O 12862 e B
night : : | :
U £
Time of day i
Figure 2.5 -
- r\' \ | '
pacal YARALON in ysag
~EC 10 a day
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where
p = percentage of annual average daily usage
t = time, days

From eq. (2.18), the maximum daily use is 180% of lh'e.(long-term) average
daily usage, and the maximum monthly use is 128%. Larger ciies may have smaller
peaks. ,

The maximum hourly consumption in any day is likely to be 150% of the usage
for that day (Steel and McGhee, 1979). For a distribution system, the fire demands
have also to be added. It is unlikely that water will be drawn at the maximum hourly
rate while a serious fire is raging. Hence the capacity is based on the maximum daily
usage plus fire demand or maximum hourly usage, whichever is greater.

For pump design, the information on minimum flow rate which is considered
to be 25 to 50% of the average daily flow is also important.

Example 2.6

For a city having an average daily water usage of 150 gped from the municipal supply,

determine the maximum hourly requirement (excluding the fire demands).

"?-. . T

S s X7 &V e

Solution

1. Maximum daily usage = 180% of average daily

180
= —(150) = 270 gpcd
100\ PY Epe

2. For a maximum day,
maximum hourly usage = 150% of daily use
150

= ——(270) = 405 gpc
IOO( ) gped

2.6.3 Fire Demand

Although the total quantity of water used annually for firefighting purposes (which is
included under the category of “public use”) is very small, whenever demand rises.
the rate of withdrawal is high. The service reservoir and distribution system should
make provisions for the fire demands in their capacities.

Two empirical formulas have been suggested by insurance-related organizations
for estimating fire demands. The American Insurance Association has sugeested the
following relation based on population: B

Q = 1020VP (1 — 0.01VP)  [unbalanced] (2.19)
where
¢ = required fire flow, gpm
P = population, thousands

On the basis of construction t

i e ype, floor area, and occupancy, the Insurance
Services Office proposed '

Q = 18CVA [unbalanced] (2.20)

Sec, 2.6 Per Capita Water Usage
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g the basement, ft*
frame construction,

Q = required fire flow, gpm
= (otal floor arca excludin

e, B
coefficient: 1.5 for wo : sy
0.8 for noncombustible construction, and

20):

1.0 for ordinary construction
r fire-resistant constructjop,

0
i

The following limitations apply to eq. (2.
1. Flow should not exceed 6000 gpm for a single story, 8000 gpm for a sing.
: building, or 12,000 gpm for a single fire.
2. Flow should not be less than S00 gpm.

has to be maintained is given in Table 2.3

ion for which the fire flow oy
The duration fi ainlaincd. the commumt)' INSUrance rates are

the time periods indicated cannot be maint
adjusted upward by the insurance cOmparnies.

TABLE 23 DURATION FOR FIRE FLOW®

Required Fire Flow (gpm) Duration (hr)

<1000 <
10001250 5
12501500 6
15001750 7
17502000 8
2000-2250 9

>2250 10

*Source! Steel and McGhee (1979)
Example 2,7

A city with a population ot'_ 20,000 has an average daily usage of 150 gped. Determin:
the fire demand and the design capacity for different components of a water supply proy-
cct. The working service storage is 1.5 mgd

Solution
1. From Example 2.6,

maximum daily usape = 270 gped

maximum hourly ysape = 405 gped

e

- I\chgc dc'lil)' dr.l“ — 15("2(),00(” e
m— = 3 mgd.
« Maximum daily drafy = M
1,000,000 — °-4 mgd.
» Maximum hourly 405(20, 000"
T()m = 8.1 mgd.

-

Fire flow [from eq. (2.19)):

Q= 1020v35(; 0.0

,)— i
(" I\’ -O' = 4358 gpnl

Maximum daily + fire or 6.27 mgd
OwW =

5.4 z
28 627 = 11,67 mgd,

Demand of Water
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7. Pumps: Assume that the required flow is handled by three units and that one re-
serve unit is installed.

4 . 4
a. Low-lift pumps = T(maximum daily) = -3-(5.4) = 7.2 mgd

: 4
b. High-Lift pumps = —;—(muximum hourly) = ?(8.1) = 10.8 mgd

8. Service reservoir;
a. Fire flow duration (from Table 2.3) = 10 hr
¢ 10

b. Total quantity of fire flow in a day ﬁ(ﬁ.?.?) = 2.61 mgd.

¢. Working storage (given) = 1.5 mgd. |
d. Emergency storage = (days) (average daily draft) = 3(3) = 9 mgd.
I e. Service storage = 2.61 + 1.5 + 9 = 13.11 mgd.

9. Design capacities:

Structure Basis Capacity (mgd)
River flow Maximum daily 5.4
Intake conduit, Maximum daily 54
conduit 1o treatment

Low-lift pumps Maximum daily plus 7.2
reserve

High-lift pumps Maximum hourly plus 10.8
reserve

Treatment plant Maximum daily 5.4

Service storage Working storage 13.11
plus fire plus
emergency

Distnbution system Maximum daily plus 11.67

fire or maximum
hourly

AR

2.7 INDUSTRIAL REQUIREMENTS

Table 2.2 included a typical industrial water component from a public water supply
system. This is not adequate for a community with large witer-using industries. The
large industries are usually served by separate supplies. About 3% of the industries
use 80% of the industrial water demands; 70% of the industrial plants use as little as
2% of the demands. Thermal power stations are the heaviest water users. with a re-
quircyncnl of 600 gped or 80 gal/kWh on the average. Other major water-using in-
dus.mcx are steel, paper, and beverages. The average industrial fcquircmcn( for the
entire country (excluding thermal power stations) is 250 to 300 gped. The requirements
of individual industries per unit of the production are indicated in Table 2.4 ‘

~ More than 90% of all the water used for industries, including thermal power
stations, 1s for cooling purposes. Many measures can be taken to reduce the cooling
requirements, such as constructing an artificial pond, recircul

| . | i ating the cooling water
or using poor-quality water from a different source.

The figures listed are applicable

Sec. 2.7 Industrial Requirements 29
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OR
TABLE 2.4 REOUIREMENTS OF MAJ
INDUSTRIES
d Avcrage Water Use
Industry
80 gal/kWh
Thermal poawer e
o 50,000 gal /ton
P:"pcr 140,000 gal/ton
Woolens i ga“mn
Coke 2 gal."h‘m'

Oil refining

ailable. These can be substantially reduced —in the case

when sufficient water 1s av Sl
hen waler 1S scarce.

of some industries by onc-tenth—W

2.8 WASTE DILUTION REQUIREMENTS

In earlier times it was a common practice to dump raw municipal and industrial
wastes into the same river that served as the source of supply, thus relying on the self-
purification properties of the stream. As long as the streamflow Is at least 40 times
': that of the wasteflow and there is a sufficiently long reach of river to the next city,
both nuisance and unsafe conditions can be avoided. But with the rapid growth of
cities and industrial activities and with increased use of water, the dumping of raw
wastes into rivers is no longer permitted. The problem now is to what extent the mu-
nicipal and industrial wastes* should be treated before discharge into the nver. The
amount of streamflow required for sufficient natural treatment of municipal and in-
dustrial wasteflow is a function of the pollutant characteristics of the waste- and
streamflow properties with regard to oxygen content, dissolved minerals, water tem-
perature, and length of the available downstream reach. This relationship is depicted
In many models, the most common being the oxygen sag curve. For average condi-
tions it has been found that the raw (fully untreated) waste from municipal and in-
dUSlniﬂ sources, excluding thermal power plants, requires a ratio of streamflow 10
:‘d:';l’(‘:)n“lnogktgL:'r‘lki\lf:t;lt:lnshll"\ll:’ntgdﬁ\\as(c rcquirc_~ i ratio of 2, with a linear
ey gure 2.6 (Kuiper, 1965).
. .H water supply is hcmg planned from a reservoir project, there are three annual
‘u),\( t.u.mponcn;\ 1o be considered: (1) cost of storage (o wide the icinal (and
industrial) requirements, (2) cost of storage to pre | E,g PIRICC e e &
dilution, and (3) cost of waste lrc;'llrl~n:nl‘ Ell :(x p?} l.lw the required quantity for waste
that is, when the degree of treatment is 'inckrc:a '(]) Tlnd l.3) RCadPROSIO ) ‘cuch ot
cost of waste dilution storage decreases. and "i:c \ ]F:, cost of treatment rises tfu{ e
ment and the annual costs associated wi'm theen = ‘qus.j V,Thc various degrees ol [ma}j
found that indicates the most economic u-c'Un are considered until the lowest costis
Example 2.8 atment of the City waste.
0 A aity had a 1otal withdrawal
1987 distnbuted as follows: m

(excluding in-stream dilu

. 111 e . - . N ln
unicipal lion requiremnents) of 140 mgd

usag : ; '
sage, 30 mgd; manufactunng industries, 35 mgd:

*Industrial wastes have 10 be

conswlere ¥
ferent source the : ered even e
urce than the municipal supplies. i the industrig] supplics are developed from a dif-

30
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Ratio of streamflow 10 wasteflow

L N e e |
0 10 20 30 40 S50 60 70 80 90 100

Percent of treatment

Figure 2.6 Requirements for waste dilution

and thermal power. 75 mgd. The city had a population of 200,000, which is expected
to rise to 220,000 in the year 2000. An industrial expansion of 20% and a thermal power
increase of 80 MW is expected in the city by 2000. Estimate the total withdrawal in the
year 2000, If the waste is to be discharged after 80% of the treatment, determine the
total requirements of water,

Solution

30010%)

I. Existing per capita municipal usage = 200000 150 gped.

In the year 2000:
(220,000) (150)

2. Municipal requirements :
1,000,000

= 33 mgd.

20
. Manufacturing industry requirements = T -(35) = 42 mgd.
- ( L)

o

4. Thermal power requirements

a. Assuming a plant capacity factor of 0.6, the additional energy produced per
day is

(24 h )00 kW
(80 \IWIT~—”\0(\I“(“~!»}L\" = 1.1 X

S 4 D L
day) (1 MW) ek Wh

b. From Table 2.4, water usage = 80 gal/kWh

80(1.15 x 10°) _ o
10" = 92 mgd.

d. Total thermal power requirements = 75 + 92 = 167 med.

¢. Additional water required =

S. Total for municipal and manufacturing usage = 33 + 42

75 mgd
6. Waste dilution requirements:

a. From Figure 2.5, for 80% treatment the streamflow/wasteflow ratio = 9
b. Dilution requirement = 9(75) = 675 med.

Sec. 2.8 Waste Dilution Requirements
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- 2 - -
an
k _vized as follows:
- Jirements are summarized 1
1 e
- 7. City water supply ™4 e
_,_’—»—"'-i’-—'—’ mgd
- Sectar e
" -~
/-Pl \3
\‘Lllliclpal n\]UlTl’l“Cl“\ 2([0
[ndustnal “.qu,mnt:"" L 013
Waste difution requirements o
2.9 DEMAND FOR IRRIGATION
. overal factors, including the method
- o ation de 1n several factors, including thox
. Ry Fwater {or imgaton decnd.\ C o s RE .
[he demand of water e rown. condition of soil, and prevailing climate. The
! of immigation, type of crop to be grown, .
following terms are relevant in the computation.
1. Consumptive use or crop requirement: the amount of water needed for crop
2 growth. e ;
2. Irrigation requirement: consumplive usc minus effective rainfall available for
! . . 2 . P B ¥ Y oV e
i plant growth. To this quantity the following items, whichever is applicable, are
included: (a) irrigation applied prior to crop growth should be '..uidcd: (b) water
required for leaching should be added; (c) miscellancous requirements of ger-
mination, frost protection, plant cooling, and so on, should be added; and (d) de
= crease in soil moisture should be subtracted. .
3. Farm delivery requirement: irrigation requirement plus farm losses due to
q E !
evaporation, deep percolation, surface waste, and nonproductive consumption,
The losses are measured by the on-farm imgation efficiency, which is the per-
cent of farm-delivered water that remains in the root zone and is available for
crop growth
4. l(:(.'ucs wclm'r requirement; farm delivery requirement plus the seepage losses in
d‘° ‘t‘"“’ system from the headworks to the farm unit plus the waste of water
uc 1o poor operation,
The gross water reauir - ; ]
- . C - - - satar = - op
e lmnabli- o bquuumm' IS indicated in terms of the depth of water over
- IMIE area. The basic quantity of interect ic the ~ : PR
from which the effective pr ; 'l(“u-'\ of interest is the consumptive use of the crops.
; '€ precipitation is subtracted : rars PN Y 1
establish the gross irmigation demand tracted and various losses are added 10 F
A A considerable quantity of the
‘ quantity of the water annlie
system. This includes surface Xy ler quhuJ o farmland returns to the nve !
: ring ati ,
and deep percolation, This may be b '2? imgaton, wasted water, canal seepagé, i
one-half of this reaches the riv m 30 to 60% of the gross requirement. Aboul
e ] € the nver through eroundsw: SO | ; :
: e river as surface runoff during the iy sfoundwater flow. The remainder reaches
Ok 2 14 CANe p : Y 7
use to downstream projects. &alion season and thus becomes available fof !
Irmgation et :
g Projects must include }

subsurface drain

a'E a.lln t \ t_ . :‘ln(lE | dl_ . I'
l ] n Y ]': I\ N I l l‘

age facilities, as a measutt

and salinity. Dy Ch
in Chapter 12.
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2.9.1 Consumptive Use of Crops

The consumplive use and evapotranspiration from a croppgd area are conmdcr.cd
synonymous. Numerous procedures have been devised to esumate the consumptive
use. A method commonly applied to the cropped area is described hcre.‘Some other
methods are discussed in Section 3.8. The data from actual farm experience Or ex-
perimental basins, wherever available, are given preference over the computational
procedures because of the empirical constants involved in the latter.

2.9.2 Blaney-Criddle Method

For the conditions in the arid western regions of the United States, Blancy.an.d C.riddle.
(1945) proposed a relation that determined consumptive use as the multiplication of
the mean monthly temperatures, monthly percent of annual daytime hours, and a co-
efficient for individual crops that varied monthly and seasonally. The coefficients
presented originally were the seasonal values for the entire growing season of crops.
Subsequently, monthly coefficient values were suggested (Blaney and Criddle,
1962). However, these coefficients did not include the effects of humidity, wind
movement, and other climatological factors. The modified Blaney—Criddle method
(U.S. SCS, 1964) split the coefficient in two parts to consider these factors indirectly.
The modified formula 1s

U=SKK.it,—~= [unbalanced] (2.21)
100
where
v : . : e i
U/ = consumptive use for any specified growth penod, in.
) K, = climatic coefficient related to mean monthly temperatures
1 K. = growth stage coefficient

t,, = mean monthly temperature, °F

n p = monthly percentage of annual daytime hours (Table 2.5)
[
The values of K, are based on the formula
K, = 0.0173¢,, — 0.314 [unbalanced] (2.22)
ol
5, For ¢,, < 36 °F, use K, = 0.30.
0 _ The monthly valuc§ of K. are obtained from Table 2.6(a) for a perennial crop
with a year-round growing season. For other seasonal crops, Table 2.6(b) is used
of based on the pcrccnt:ngc of the growing season covered by the month in question. The
monthly consumptive amounts are summed over the growing season to obtain the
] -~ = -
;‘ seasonal consumptive use.
oS Example 2.9
o For the growing scason of sugar beets at Limberly, Idaho, located at latitude 42°4 N
the long-term mean monthly air temperatures are given in column 2 of Table 2.7. The
crop 1s planted Apnl 10 and harvested October 15. Estimate the seasonal consumptive
ure use of water.

Sec. 2.9 Demand for Irrigation
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Solution

pTIVE UsE COMPUTATIOR —
TABLE 2.7 CONSUM - () = =
7 3) @ d Pcfccm p
% 5 M ] " from from
Mowh Percent of X Tab)
Munlhl) T stal T.]bk < o !
ber of $ 2 &(b) K 25 )
Temp Num Season® 2.60 ‘ n.\
o D.-‘v’ Ccl \
i = 5 0.48 0.46 §.98 0.8
2 ' 0.64 1012 -
44.5 ( 0.60 : 218
i 55.2 & l: 0.87 0.73 10.20 i
o 42 4 s 1.10 0.89 109 ' 3
June ) : 51 . 8¢ e
July 69.5 3l 68 | 24 0.87 9.61 i
'\U;: 68.0 :(') 84 I8 ().l?‘) 5 40 3.96
Sept 57.9 3 ok 110 0.52 771 i
Oct. 1-15 479 15
Totl 188
, Number of days up to middic of the peniod ;
“Total days in growing scason
*K, = 0.0173(col. 2) — 0.314
er, _ (ool 2)(col. 5)(col. 6)(col. 7)
Ll —_ lm
Scasonal consumptive use;
2 0.8 2 - 711.-.19(,‘9(1”,
U= 1—0(0.58) + 215 + 394 + 7.02 + 7. 3. (2
= 25.79 in.

2.9.3 Effective Rainfall

The portion of the rainfall during the growing season that is utilized in meeting the
requirements of crops is termed the “effective rainfall.” The remainder is lost through
surface runoff and deep percolation. In humid
tion of the requirements, whereas in and are

necessity of irrigation in humid regions m
the rainfall.

e [;tfc‘cu'\'c r:u?fall 1S |r’1tluc'ncc_d by m.m\ factors relating to the (1) soil moi‘smre.
[; ‘L(;oppl;u‘: pattern, (3) application of iImigation, and (4) rainfall characteristics.
(llt—(r:cl;(x)l?otn‘:hf;)u:’g:\):ncfl:c'rl":glc d)'dlu, 'lhc S.Oil (fqnscn'atiun Service (1964) ngcsmd'
S : able 2.8. The limitation on use iIs given at the bottom of

Whereas the Crop consumptive yse
srr?all_margm. the variations in rainfal)
effective rainfall is made as follows:

areas, this may provide a major por-
as it may constitute only a small part. The
ay arise due to unbalanced distribution of

requirements vary from year to year by 8
are large. As such, the frequency analysis of

1. For the region under conside

= rati avail. S 2
collected, ton, available data on monthly rainfall are
2. Using Table 2 g ) '
. e \ c -,h. [hc Cl etiIve an s
dc(cn Ine ku"k rdlnfull hvu pe [ P e are
nined. 8ures for each month of record a

Demand of Water Chap.
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TABLE 2.8 AVERAGE MONTHLY EFFECTIVE RAINFALL RELATED TO MEAN
MONTHLY RAINFALL AND AVERAGE MONTHLY CONSUMPTIVE USE

Monthly Average monthly consumptive use, U (in.)
S 1.0 [ 20 | 30 | 40 [ so | 60 | 70 | 80 | 90 | 100
rainfall
(in.) Average monthly effective rainfall (in.)*
0.5 0.20 0.25 0.30 0.30 0.30 0.35 0.40 0.45 0.50 0.50
1.0 0.55 0.60 0.65 0.70 0.70 0.75 0.80 (.85 (.95 1.00
2.0 1.00 1.25 1.35 1.55 1.55 1.55 1.60 1.70 .85 2.00
30 1.00 1.85 1.95 2.10 | 220 | 2.30 240 | 2.55 2.70 2.90
4.0 1.00 [ 2.00 | 255 | 270 | 2.90 | 2.95 3.15 3.30 3.50 3.80
5.0 1.00 2.00 3.00 3.25 3.50 3.60 3.85 4.05 4.30 4.60
6.0 1.00 2.00 3.00 3.80 4.10 4.25 4.50 4.80 5.10 5.40
7.0 1.00 2.00 3.00 4.00 4.60 4 80 5.05 5.40 5.70 6.05
8.0 1.00 2.00 3.00 400 5.00 5.30 5.60 5.90 6.20
9.0 1.00 2.00 3.00 4.00 5.00 5.75 6.05 6.35

‘Based on 3-in. net depth of application. For other net depths of application, muluply by the factors shown
below

Net depth of 0.75 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0 7.0
application
Factor 0.72 0.77 0.86 0.93 0.97 1.00 1.02 1.04 1.06 1.07

Note: Average monthly effective rainfall cannot exceed average monthly rainfall or average monthly con-
sumptive use. When the application of the factors above results in a value of effective rainfall exceed-
ing either, this value must be reduced 1o a value equal to the lesser of the two.

Source: U.S. SCS (1964).

3. For each year on record, the total effective precipitation for all the months of

g the growing season is determined.

ou 4. From the resultant figures — one for each year on record —a frequency curve
i iIs prepared by the method of Section 8 6.

1: S. If an irrigation supply is desired which will be adequate 90% of the years (9 of
U4

10 years), the effective rainfall corresponding to the 90% value of the frequency
curve is observed.

lf" 6. The total effective rainfall is distributed over the months of the Erowing season
ﬁ in the ratio indicated by the 10 driest years on record.
0? 2.9.4 Farm Losses
" 'ﬂ\e_losscs. thfﬂ take place from the water delivered (o the farm are measured by the
o on-farm efficiency. Thus
S
_ : water utilized i :
on-farm efficiency = Zt.d —_—0P growth

v water delivered to farm

The principal factors that affect efficiency include (1) the method of applying
. the water, (2) the lexture and condition of the soil, (3) the slope of the land. (4) the

Sec. 2.9 Demand for Irrigation




hed or bordered), (4) the rate of irmigation floy, ;
o C . : :
= he management by the rmgalor The farm Jogg,,
& beyond the root zone Of Crops, (2) the ¢,

of the land (1.€-,
he farm size, and

Prcpardti()n

relation to 1 rcolation it \
(< : wses and no ’ .
take place due to | e ldj p&l[r::d (3) on-farm distribution losse onproductyy, 7~
. S, -
face wastes from the fie 20% of the l o
¢ -~ b 4 y 4 L d » a KL
ComI lation, a minimum allowance of about i( i PPlied wagg, o
o0 ~0Lalon, ; water does not conta
For deep perc aching if the applied N More ke

| e s adequate le | : R
e Lnsl:"‘zis' -a::l‘icd salts and the drained water can be accepted with
than 1300 ppm ol €15 |

lved salts. It may be necessary to pass additional water for Jegcp,
issolved salts. ! ; s R v £ R

6000 ppm ol_’ d‘-f-“; water applied is more saline or if the drained water has to haye ,
: . g yat10 J TR ' (100

ing if lhcl_lr:lz-d:]lr £ the soil requires reclamation. Refer to Hansen et al. (1980) fo,
lower salinity :

= lcuching mqunmmrc:-l‘:;.on_ is inherent in MOSt irmigation systems. This quantity i
hnwc?currfi;so\:'j::fl l3md bccmﬁcs available for use within a grﬂ_lj(t‘]l(”or)rcIIsL:\\-hF,c in
the bnsin'downsln:am The surface wastes usuull_\"umuum;\‘lo lo’ > R L lu‘ quantity
delivered to the fields. Distribution losses vary from a very small quantity in pipe
lines to about 15% in unlined ditches. : Ty : '

On-farm efficiency, which is a product of the efficiency of each of :hg items
above, can be achieved in the range of 40 to 70% for a pmpcrb dc.\lgncd efticient
irrigation system. The higher value in the range above 1s associated with the sprn.
kler system.

2.9.5 Conveyance Losses and Waste

Conveyance losses and waste relate to the water lost between the point of diversion
from a stream or reservoir to the points of delivery to farms and is measured by the
off-farm efficiency. The losses comprise the evaporation through the canal system,
the water sceped through the canal system, and the operational wastes discharged
into drains or streams

Evaporation losses from the canal water surface are not too large unless the
canal is very shallow and wide. Usually, these are less than 1% of the canal flow.

Sccpa_gc lu.\fscﬂ from canals depend on (1) the permeability of the soil, (2) the
\\'clICJ surface of the canal, and (3) the difference in level of \\'.;m‘l in the canal and
the adjacent groundwater table. The ave
States are similar to those

: rage unit seepage rates for the western United
cited by Hart (Worstell, 1975): see Table 2.9

TABLE 29 AVERAGE SE
IN SOUTHERN IDAHD

EPAGE LOSS FROM CANALS

Type of §
— ) Fl" I Soul Seepage Loss (ft/day)
I Medium ¢lay and loam 0.5 S
|
2. Impervious clay T
3. Medium soile g
- -
5. Somewhat PETvious soals I
5. Gravel e
- - N — : S I

Sowrce Har (1963) T

From the lined Canals

(Worstell, 1975). » the loss rates

are betw een abhout 0 : 0 ft/da)
ne the tota| qu pout 0.1 and 1.0 1§,

cnlity of SCEpage from a canal system, i

To determi

a8

-
-

Chap- #

Demand of Water
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Figure 2.7 Chan 1o estimate the seepage 0 ! 2 3

losses from a canal (from Worstell, 1975) Seepage rate (ft/day)

data required are (1) the predominant soil texture to ascertain the av
rates, (2) the widths, and (3) the lengths of the canals.
Worstell (1975), illustrated in Figure 2.7, can be used to estimate the seepage loss in
cfs per mile for different canal widths Broadly, the seepage losses range from I5 to
45% of diverted flow on unlined canals and from 5 to 15% on lined canals.

Operational wastes are unavoidable. These result from the inability to release
into the canal system the quantity to match ex

actly all the requirements, operation of

the canals at high levels to reduce siltation, unexpected rainfalls, and breaches in the

system. These losses range from 35 to 30% of diversions on projects with ample sup-
plies and from | to 10% with limited supplies.

Off-farm efficiency, comprising the fore

ranges between 50 and 90%

erage seepage
The chart developed by

going items of conv
[n cases where water originates on the farm itself, such
as from a well, the off-farm efficiency is 100% . The average irrigation efficiency for
the entire United States is indicated in Table 2.10 ) -

cyance |n\>c\,

TABLE 2.10 AVERAGE EFFICIENCY IN THE UNITED STATES

Trend Efficiency (%) High Efficiency (%)

Year On-farm Ofl-farm System On-farm Off-farm System
1975 53 T8 41

1985 56 80 15 SY 8 18
2000) S N3 49 HhH \'; '.

! 5K

Sowrce: U S. SCS {1976)

Sec, 2.9 Demand for Irrigation
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fficiency obtained by multiplying the on.gy

e anoy sCtS 1Imgation/water i

- . v Trend efficiency F_Cﬂ““ imgation/water i,

: by the off-farm efficiency. i upgradiﬂﬂ of systems. High elficieng,

efficiency by ing the present trend 1n UPE . ation systems and water manga.

provements followi b’d program of improving lflf |4 ’ ge
-anciders an accelerate B - available.

mnns:duc:;\ng the best practical technolog)

ment us S |

<= . wpping patterm™® 1s: alfali-

Example 2.10 . arca of 50,000 acres. The cr( Pp gp e llfa_!d‘

An irigation project scrves I 20%. The monthly consumptive use values fo,

%« cotton, - : :
0% cO the procedure of Section 2.9.2, are given i,

‘heat, 50%; nce,
30(}' “hLI"o - 2 ' : b -
these crops, which arc calculated by fall values, which are calculated by the proce.
The irmigation water applied prior 1,

. offective rain

Table 2.11. The monthly effective l:in i TR
. % : - Ve - ¢ e . T

dure of Section 2.9.3, are also gl withdrawal in certain cases are also indicated in the

and off-farm efficiency is 0% Determine the

iency 18 verall
System efficiency 15 the 0

crop growth and the soil mo_nslu_r(;‘r'
table. On-farm efficiency IS 6 \:j
monthly and total irrigation demands.

Solution Refer to Table 2.11.

2.10 DEMAND OF WATER FOR HYDROPOWER

‘ Water power involves the nonconsumptive use of water. ThlS‘fC:lll‘l'rC ”u.l]::‘i ll:)c W a[; |
utilization distinct in two respects: (1) hydropower generation c.“un ;ed .l. _\. -.L‘Im-.,]h.
grated with other development ohjchs‘. and .(.’.I all resources (slr‘gallnt 0\\‘5) f’“‘“\if e
at a site are evaluated from the consideration of power-producing pplulnal ith

- proper planning, a very high percent of the total available slrculﬁn‘ﬂow In a nver h.a'\:n

may be used for hydropower through a series of power plants. The problem pertains

o fL)caling the potential hydropower sites that are within a reasonable transmission

distance of the power market under consideration. Since hydro energy is the product

of the available head and the available flow (times a certain constant), the sites having

a good combination of head and flow are investigated.

From a consideration of the head, rapids, falls, and dam locations offer good
hydropower potential. Whereas the head at a site is practically constant, the available
flows are highly variable. The study of maximum flows is important from the view-
point of the design or installed capacity of the pow
I“”Um.f“‘“" the consideration of the energy output and minimum flows are rchl-'L“j
10 predict the dependable plant capacity. Since the entire quantity available at a si¢
(.L'\g'cpl the flood flows) is utilized In power production. the \lud'\ of water demands
Section 7.28.2. which e ‘l)hcp‘ ‘a’mn of lh}‘ ‘l'lqw dur
time that discharge is cwccdcd at -n-]%mmdc S

3 & v at a site.

There are WO types of hydropowe
streamflows, and its energy
and (2) a storage plant with

er plant; the average flows are in-

ation curve discussed I
ge against the percentage ™

output | r plants: (1) a run-of-river plant uses dire™
u 10 » - 2
a rp IS .\UD-ILClgd 0 the instantancous flow of the nve:
esery s able ‘ A
I 1s able to produce increased dependable 1
*The cropping Pattern 15 defined a the
during cach of the two Poncipal growing <e
be counted (wice. The . B

crenmal crops
utilization of the land in both e

S . _ & P
percent of the 1o1al urigable area devoted to cad /
Sol g . TG : : Al

ta year. Each aren used for Crops in hoth seasois ote

months will also be counted twice. COME

USING water in gl 12
asons will sum up to 200%

40

o
Demand of Water Chaf
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ase. If servoir serves only A
i sntrolled water release. If the rc‘ Sl y u? smoog
ergy on the basis ol (hctc':\nﬁ in qucumﬂOWS- the planl 1S Sa 2 il [‘h po ndugc Ca- d
g ccKlY Clud si8s n . y \ L - 'Ot Cane.

U e e n|um|]1;lul1d 4 reservoir (hat serves to store waic e Wel seqgy, g

qcity. On the other i i Bt
pacity b .id to have 2 storage cap A .
to the dry season 15 Sait |

roduction from Available

2.10.1 Power and Energy P
Streamflows

of Q ft'/sec over hoft wn.ll relc-asc energy at a rate of
kW units and including the efficiency tem,

be given by

Lowering a water quantity 0 .
(62.4 Qh) f1-1b/sec. Converling this to
an equation for power (rate of energy) can

Jhe -1 :
D etie S prTA) (2.23)
11.8
where uu 2
P = plant capacity, kW o fer (h
0 = discharge through the turbines, cfs
h = net head on the turbines, 1 |
¢ = combined efficiency for turbines and generators
Flow-duration curves developed from long-term monthly streamflow records I where
offer a convenient tool in plant capacity design. The procedure for preparation of a
duration curve is described in Section 7.28.2. A typical curve is shown in Figure 2.8
1'*:):) Y T .
| | [l |
1300 - ' : 4 L ‘ g u)

1200 bt ] |

1100 | | | |
l e | | |
| ~
1000 t Oy +— — mmlm“ :
“ ‘ capacity ‘ —— § L A
000 N— point +—1 1 -—t d]“

| o
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|
|
1
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|
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In eq. (2.23), with an average value of head, the efﬁcienc.y and head are prac-
tically constant for a plant. Thus the power is directly pmponlopal to. the ﬂow. In
other words, the curve in Figure 2.8 indicates the power production with a suitable
modification of the vertical scale. The design or installed capacity of a plant is based
on the maximum flow, which is usually taken to be Qs (i.e., flow exceeded 15% of
the time). Floodflows above this magnitude are allowed to overflow without produc-
ing power. Thus the installed capacity is given by (taking e = 0.84)

s =22 rr ot

where

Piwa = installed capacity, kW
Qs = discharge with 15% exceedence, cfs
h = net head, ft

If the time scale (abscissa) in Fig. 2.8 is expressed in terms of hours in a year,
the area under the curve will provide the annual energy production. Mathematically,

_ Quh

= 14

(8760) [FL] (2.25)

i where

E = annual energy, kWh.
Q,, = average discharge, cfs

8760 = number of hours in a year

Q. is the average discharge under the curve in Figure 2.8 taking Qs as the highest
magnitude of discharge, similar to eq. (7.59).

A plant capacity factor is the ratio of the average power production to the in-
stalled capacity. This is practically equal to the ratio Q,,/Q;s, assuming that the head
and the efficiency are essentially constant. By reservoir storage, both Q,, and o=
are improved, and thus the annual energy production and the dependable (firm)
. power are enhanced. The plant capacity factor also increases, resulting in a more ef-
ficient use of a plant. A plant capacity factor of 0.6 is common for storage-type
power plants.

Energy computations assume that an adequate number and adequate sizes of
| turbine units have been installed to utilize the minimum available flow. If only one

turbine unit is provided, its operative range is generally from 30 to 110% of the tur-
bine design flow, which means that the turbine will be inoperative during the times
| the flow is less than 30% of the design value. Thus the energy production will be for
a shorter period in a year and the total annual generation will, accordingly, be less.

/ . - » . »

Similarly, depending on the turbine type, there is an operating limitation on the
- head. Usually, a turbine can operate in the range 60 to 120% of the design head. It is
‘ M 1 3 i v - " : 5 : " .
) considered that the available head is fairly constant or that an average value of head

is used in energy computations by eq. (2

ised _ - .25) when there are small fluctuations,
which is the case with run-of-riv

er projects and projects with remote location of

Sec. 2.10 Demand of Water for Hydropower
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processing
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Figure 2.9 Water consumplion in refining and conversion processes (from United mdum
States Geological Survey (USGS) Circular No. 703, 1974] wain -npbllll]

power plants. If variations in head are substantial, a sequential analysis 1s made

wherein the energy calculations are made in steps at different intervals Wn;ns,"md SIEMUI
10n acre-

2.10.2 Demands for Other Energy Sources method is that th

e reservoir ¢

In addition to the requirements in thermal power stations for cooling purposes as dis- Nbgnl Site

cu»_xcd in the contg.\l ol industrial requirements and for hydropower generation de- l m

.scnbc;il m[ lhc previous section, water is needed in other sources of energy production e """m

we Q >4 ) > - 2 oy ; z [ “n!

iLlSJ ;L .nl Is needed for the processes related to the extraction of energy Sources, s “d'll

such as the ; Fnt 2 . : : S, |

energy C]]L.Tlp"'g and refining of coal, uranium, and oil. It is also needed for the POVided (!

Watfr' dc‘ﬂ';:;;‘?" processes of heat energy to mechanical energy to electrical energy hd'm -nb

ANUS TOF extraction ¢ ~ e, 5 . TP
are indicated in Figure 2 tl)“ ;dnd “onversion processes of various fuel energy sources Poos, @) "ll:
¢ 2.9. Peru ey : . 0

cooling purpose in thermal pow "“lc"U'S,\ production, the consumption of water for Each

e . €I plants 1s 40 to 150 times greater than f » other i khkﬁ

sources of energy listed in Figure 2.9 RRais SreaEr than Tabite ;{:v*ulb

Example 2.11 i Ighy ; m

Iy U ° u’
At the Rimmon Pond site on the Naupatyck Riv Ihl
2 ern

the Housatonic basin (dr:linagc R B ear Seymourtown, Connecticut, in . “h

flow records are as given in Fy vurd ‘10“ Mi%), the flow—duration data from the monthl) Ilh Mﬂ h.
C Z, M AU e - )

its hydropower potential E 8. The average head is 30 ft. Assess the site 1of N%

. From Figure 2.8 Qi = 810 ¢ )
2. From cq. (2.24) | i

P a 810(30) 'Q[
14 = 1736 kw zh

a6 qw‘

ﬂk ‘
g ¥ e i
Demand of Water chap: ? %
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3. Q.. = 01750, + 0.0750,, + 0.10(Q% + Qu + Q

+00 + On + O + Ox) + O-OSQ-mo
= (0.175(810) + 0.075(705) + 0.10(550 + 430 + 340 + 260 + 180

+ 130 + 90) + 0.05(40)

| = 395 cfs.
| 4. From eq. (2.25),
E = 395(30) (8760) — 741 x 10° KWh
14
: QL9895
: ' factor = — = — = 0.49
S. Plant capacity factor 0. 810

2.11 DEMAND FOR NAVIGATION

There are three different methods to provide navigable waterways: (1) river regula-

tion, (2) lock-and-dam, and (3) artificial canalization. In the first method, a river

channel is improved by means of river training works and dredging. In some sec-

tions of the river channel, the natural depth of water is often not sufficient to main-

tain navigability, which requires release of water from upstream reservoirs. This

demand from the reservoirs is likely to be on the order of several thousand cubic feet
mae per second successively for several months. Thus huge reservoir capacities of several
million acre-feet are needed for navigation purpose. One of the shortcomings of this
method is that the water deficiencies are usually in the lower reaches of a river. while
the reservoir sites are in its upper part. This results in many technical, operational,
and legal difficulties in maintaining the navigable flow in downstream reaches.

as dis In the second method, the depth of water for low streamflow is increased behind
!)llfie a series of dams through a succession of backwater curves. At each dam. a shiplock
uetio? i1s provided to negotiate the difference in water levels upstream and downstream of
e the dam. The water demand relates to the (1) evaporation losses from the reservoir
[orlh' pools, (2) water requirements for locking operations, and (3) leakages at shiplocks.
perg) Each locking operation requires the release of water in the downstream direction
oufcﬁ equivalent to the volume of the lock between the upstream and downstream levels.
tef fof jl'hl.s might mvolye a ﬂuw of over l()ﬂQ acre-ft/day (500 cfs). The water for lockages
,od'd 1S not accumulative sxn;e the \\';{lcr displaced by onc‘lock can subsequently be used
by the next lock downstream. Compared to the locking requirements. the evapora-
tion and leakages are insignificant.
.'cﬂ'i‘ The th.ir_d method provides i'o; an urtiﬁciul_l_\r constructed new channel with a
;Ioﬂw number of ‘shlplocks. This method is adopted either to connect two different river
#‘fﬂ Systems or in situations where the other two methods are not suitable. As regards the

water demand, a flow of several hundred cubic feet per second h
through the channel. This is supplied from a stream with a natural dependable flow,
or by a reservoir. In addition, the requirements of evaporation, lockage operation,
a'nd leakage as discussed for the second method, have to be provided for. If an un-
lined channel is constructed, the secpage losses have to be included also

as to be maintained

Sec. 2.11 Demand for Navigation
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2.3. From the following census dat
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- A community has g population of 28,000,
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on Of
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nt INCrease,

popUlIl(i
: Jatio

» caturation popu
1985. The s ant perce

»5, eSimale :
us figures athematical method.

and (c) decreasing rate of increase
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metc gn)\ﬂh. (

l S ”!! w " L‘Cn.\' x

.
Y Population (thousands)
car
-

5.8

1950 2

1960 :

“O !
1970

1980 433

a estimate the 1965 and 1988 population by (a) the

graphical method, and (b) the most appropriate mathematical method.

Year Population
1950 25,000
1960 28,190
1970 31,780
1980 35,830

A water supply reservoir has a capacity of 25 acre-ft. It is serving a city having 1
present population of 60,000, which is expected to increase to 100,000 in 20 years. For
how many years will the reservoir be adequate to supply the city? Assume anthmetic
growth of the population and an average daly draft from the reservoir of 160 gallons
per person. Neglect the losses.

A community has an estimated population 20 years hence of 15,000. The water trest-
ment plant ql' the community has a capacity of 7.0 mgd, which is adequate for the next
35 years, with an Input rate to the plant of 175 gallons per person per day. If the com:
munity iIs growing at a geometric rate, what is the present population?

[Uis estimated that 20 years hence its popu-
Population is expected to be 80,000. The totd
has been estimated o be 4.0 million gallons per day. The
A Capacity of 9.2 million gallons per day. Determine i
Puon will reach its design capacity if the L"()H"”U“'l.‘“ has 3

lation will be 38,000, and the saturation
wac; consumption at present
EXisung treatment plant has
how many years the consum
declining growth rate.

The continentg) United States re

Saluration population, (b) the
lation in the year 2000,

2istered the

following populations ine (a) the
: »pulations. Determine (@
€quation of the SRYP

logistic curve, and (c) the projected popy

S

car e —

Population (millions)
1520 .
1900 &
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- R 2251
— A
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> 000 in 1960, which is increased to 20 g
Si)‘-;)(]()_ Estimate the 1995 population by (q) arith,

the population for 1990 by (a) the gryy

.10,

L1,

212,
13,
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2.8. A city has the following census data. Fit a logistic curve to the data and determine (a) the

h saturation population, and (b) the population in the year 2000.

h

h Population Population
Year (thousands) Year (thousands)
1860 15.0 1930 67.8
1870 20.0 1940 78.0
1880 25.0 1950 834
1890 32.0 1960 91.8
1900 40.0 1970 96.6
1910 475 1980 103.2
1920 58.8

e 2.9. A community located within the city of Problem 2.8 has the following census data. Es-

timate the population for 1980 by (a) the constant ratio method, and (b) the changing
ratio method using the graphical extension.

Population Population
(thousands) (thousands)

6.5 16.0
8.4 17.4
11.2 19.5
13.5

—
e el
L

- Estimate the 1980 and 2000 population of the community in Problem 2.9 by the simple
regression analysis.

. Average daily usage of water in a city is 175 gallons per capita per day (gped), which
excludes the fire demands. Determine (a) the maximum monthly usage in gped, (b) the
maximum weekly usage in gped, and (¢) the maximum dajly usage in gped.

. For Problem 2.11, determine the maximum hourly requirement for water,

. The future population of a community has been estimated to be 100.000. Determine
the rate of fire demand and its duration.

. The fire demand of a community is dictated by a six-story building of ordinary con-
struction having a floor arca of 20,000 ft*. Determine the daily requirement for fire-
fighting purpose.

For
et
Joas
real-
nett
nor-
o
tots
T

E5

+ Determine the fire flow for a four-story wood frame building having a floor area of
1000 m* which is connected with a six-story building of noncombustible construction
that has a floor area of 990 m?

. If the population of the community in Problem 2.14 is 50,000 and the average daily
usage of municipal supply is 175 gped, determine the design flow for the follow :
(a) Groundwater source development

(b) Conduit to the treatment plant

(c) Water treatment plant

(d) Pumping plant

(e) Distribution system

(f) Service reservoir if the working storage is 2.5 mgd

=

Ing:

Chap. 2 Problems
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{ a city of 500,000 population were as follgys.
Y C - .
= . L‘n(g () C.
2.17. In 1986 the water requirem 87 mad
: Municipal:
Industries: 5 e
Manufacturing < . 7
Thermal power 2 :‘9’ :‘!:J
u
Waste dilution: 6.29 bg
< ’e : Y ¥ ("‘T -~ :
i« expected that the population will increase by 10%, Industries by
e ‘ - x > - 2l » » [ P -
In the year -‘x:‘ . hl'.,x,:\:cr by 100 MW. Determine the ru]unruncn'ls by each sector
X e . : ¢ ssume a plant capacity ..
it .'mdxllht ame level of waste treatment as at present. As P pacity fac.
assuming e si
tor of 0.0, 5 ol ter =i
+» 43°S4'N, the long-term mean m ) peratures gre
2.18. At Boise. Idaho, latitude 43°54 N, the £
as follows
| .
Maonth Temp. (°F) Moath Temp. (°F)
= 7 12.5
Jan 219 July e
Feb 3.6 .{\ug I :
Mar 4] 4 .\(_‘[‘( (.\'l 2
Apr 491 Oxt 50.1
My 561 Nov 19 7
!

June 4 S e 0.4
-

——— e

- Compute the scasonal consumptive use of water for an alfalfa crop having a growing
scason of Apnl 1 to September 15

"o
<

« For the Boise, Idaho, climate in Problem 2 I8, compute the scason
use for potatoes. The growing season is May 10 to September 15
« For the Boise, Idaho, climate in Problen
use for grmn sorghum

al consumptive water

L)
L
-
=

1 2,18, compute the seasonal consumpuve water

I'he growing season is June S to November 2

- An urigation project serves an area of 100,000
40%:; potatoes. 30%

o
=

acres. The Cropping pattern 1s: wheat,
- and citrus, 25%. The monthly consumptive
r these crops are given below
¢ soil moisture with

on-larm imgation clliciency 1s 65%

, Bran sorghum, 35%
use and the effective imgation fo
phied pnior 1o crop growth and th
indicated. The

The imgation water ap-
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ltem Jan Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

(jrzr": i??hum 204 5.36 659 343 1.39 0.49
PP (in.) 1.0
SM (in.)
Citrus
U (in.) 1.35 1.75 2.75 4.1 4.4 5.0 6.8 75 5.9 49 245 1.6
PP (in.)
SM (in.)

Abbreviations:
R = effective rainfall
U = consumptive use
PP = imgation applied prior to crop growth
SM = soil moisture withdrawal

2.22

- Flow-duration data for the Housatonic River near New Milford Town, Connecticut,
are indicated below. The average head at the site is 25 ft. Assess the site with respect (o
(a) potential capacity, (b) annual energy generation, and (c) plant capacity factor.

Flow (cfs) | 450 930 | 180 1370 1680 1950 2180 2360

Percent of time Now 100 a0 S0 70 50 30 20 15
exceeded

2.23. At the Harmisville, New York, site on the West Oswegatchie River, the flow—duration
data are as given below. The average head is 35 ft. Assess the site for (a) potential ca-
pacity, (b) annual energy generation, and (c¢) plant capacity factor,

Flow (cfs) i 1000 600 400 300 200 120 40 20
Percent of time flow ’ 9 12 ] 19 2R 47 85 100
exceeded

2.24. In Problem 2.23, if the plant capacity factor is increased to 0.65 by the storage capac-

| ity, determine the percent increase in the annual CNergy generation.
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