m ' CHAPTLER

TWO

DEMAND OF WATER %
1 . ¢ 3- STeme
)"a} @.g. H AN\{)\D & HDJ(OV 3 3
WOVC\G*\; ((’SS) m_. 73C‘ ee,‘jc_,\\
27,1445,

The need of a water development activity arises from the demand for water for some

purpose. After the demand for a purposce is established, the availahility of water re-

sources in the vicinily 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 satisfied
with the available water resources, There may he conflicting demands when more
than one purpose is involved. ‘These mve to he resolved by establishing a priority
ranking among water uses. The location. type. and compenents of a project as well
as its functional characteristics ae dependent on the purpose and magnitude of de

mands. Thus the project cost is a function of the demand. But the demand for water
is affected to some extent by the cost of providing water via the project. Therefore,
demand is not a static problem that can be finally determined at one time. The tenta-
tive estimates made initially ate reviewed at a Tater stage in the planning process

The project estimates are also revised accordingly. The procedures for making tenta
tive estimates of demand for cach major purpose of development are discussed in

€

subscquent sections.

2.1 DEMAND FOR WATER SUPPLY

Definitions of refevant terms foHow,
Withdrawal uses ae diversion of stface water or proundwater fiom its source
of supply. such as inigation and water supply. Nomveithdrawal uses e on site uses

such as navigation and ecreation
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' (mr.flunpm'(’ uses® are that portion of withdiawn quantity
available for further wse because it is used u .
processes, evapotranspiration, and so on

which is no longer
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Water supp ire i
supply requirements usually have the highest priority among the develop.

mentat uses, and water of good quality
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degraded). Water requirements of a city can be divide

L. Municipal requirements
2. Large industiial requirements

3. Waste dilution requircinents

The order of magnitude of three kinds of requitements is indic

is needed. Although the total quantity of with-
arpe, the consumptive water use is small since

ourse. its quahity is

dinto three broad calepories:

ated in Figure 2.1
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are discharged after a treatment, the waste dilution requirements can be reduced sub
stantially as discussed subsequently. The total water supply requirement in a river
system for a number of cities is not equal to the sum of the requirements of the indi-
vidual city because the dilution requirement is a nonwithdrawal use that is available
(o all cities on the same river, and the consumptive requirement is only a small frac-
tion of the total. Thus, if all cities arc situated on the same river with sufficient dis-
tance in between for purification of the discharged wastes. the total requirements will
be only slightly more than the largest city requirements.

'.2 MUNICIPAL REQUIREMENTS

This includes (1) such domestic uses as drinking. cooking. washing. sprinkling,
and air conditioning. (2) public uses such as in public buildings and for lirefighting,
(1) commercial use in shopping centers, hotels. and laundiies, (4) small industrial
use by industrics not having a separate system, and (5) losses in the distribution sys
tem. The municipal requirements are highly variable, depending on such factors as
size of city, characteristics of the population, nature and size of commercial and in
dustrial establishments. climatic conditions, and cost of supply.
Municipal requitements are estimated by the following simple relation:

population at per
required quantity = | the end of | X { capita Y 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
sections.

2.3 POPULATION FORECASTING

1.ike any other natural phenomenon. the prediction of future population is quite com-
plex. Any sophisticated model has several implicit and explicit assumptions The
success of forecast lies in the judgment of the forecaster on the reliability of these
assumptions. Most methods pertain to trend analysis wherein future changes in popu-
lation are expected to follow the pattern of the past. However, dynamic human
growth involves continuous deviations from past trends, which are difficult to assess.
Long term projection methods consider the probable shifts in the trends. I here are
four broad categories of population forecasting techniques: (1) graphical, (2) mathe-
matical, (3) ratio and correlation. and (4) component methods.

Two types of population predictions required are (1) short term estimates for
1 to 10 years, and (2) long-term forecasting for 10 1o 50 years or mote. The choice
of methods to use for these two types of estimates is different, as described helow.
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2.4 SHORT-TERM ESTIMATES

Certain techni i i i
mc('. il Q'""l:l:]cll(‘ﬂ fn'».m the categories of graphical and mathematical methods are
g lerm estimates. These methods ar i |
. . ds arc essentially trend anal i i
e for e : . 3 analyses in graphic
' ‘" n'mllcnl'fmm. The mathematical approach assumes three forms of pn[ﬁtl"\rt'i nm
wth. show ¢ a T ‘ :
g' . u I\n hy three segments of Fipure 2.2, These are 1eferred to as pcmnl(‘lri
OwW 2 - ’ m [ . ‘
g‘ ; anthmetic growth, and declining rate of growth. Each segment has a s
o it el pe ‘ ! . Each as a sepa-
|..“ .|Il|( X Ihcrlnslnm population data of the study area may be plotted on a rcgl.l
ar graph. According to the shape i 0 j
p shape of the plot, the relationshi
o groph. ! hape ol ’ ationship of that segment should
I for population projection. The short-term methods are used lnrg either inter

censal esti ; {
. ale Immtcls for any year between two censuscs or postcensal estimales fi h
ast census until the next census. S Trom fhe

2.4.1 Graphical Extension Method

This consists of plotting the population of past census ye
curve that fits the data, and extending this curve y
population,

c ars against time. sketching a
into the future to obtain tl i
o e dats il ain the projected
e 6 1| lcc'"| ISI‘(‘(‘H[\'(‘||I(‘"| and more accurate to project a straight line, it is
H astraight-line fit to the past d: i i plo,
st data by making a semilog or | i i
as necessary. ‘The forecast i i i e i,
\ stmay varv widely depending on w
! y. \ ) n whether the | g
e \ i j ast 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 t

Miniherrea e akes place in a given period.
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where
P = population
1 = time, years
o = uni ‘th-rate constant
K, = uniform growth-rate con

By integrating the equation above, we obtain

o= Pyt Kt (2.2)
where
P, = projected population ¢ years after I,
Py = present population
t = period of projection
and
g, =208 gy (2.3
o A,

5 ati interval apart
where P, and P, are recorded populations at some At it al oy

Example 2.1
The population of a city has heen recorded in 1970 and 19RS as 100,000 and 110,000,
respectively. Estimate the 1995 population, assuming arithmetic growth.

Solution  From cq. (2.3),

_ 110,000 100000
“ 15

From cq. (2.2),
Pioes = 110,000 + 667(10) = 116,667 persons

2.4.3 Geometric Growth Method

This considers that the increase in population takes place at a constant percent of the
current population. Mathematically,

By integrating we obtain

InP,=InPyt Kyt 2.4
where
g, e nle s g (2.5
r Ar
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Example 2.2
In Example 2.1, estimate the pepulation, assuming pe
Solution  From cq. (2 5),
) In 110000 In 100,000
K, = e - 00
N
Fromeq (2 4,
M P = In 110000 1 0.0064(10) = 1) 07
e = 117,216 persons
2.4.4 Declining Growth Rate Method

This assumes that the city has a saturation population

comes less as the population approaches the saturation le

ol increase is a function of the population delicit (7

metric growth,

and the rate of growth be-
vel. In other words, the rate
D). that is,

o
dpr o ,
o~ Kol =1
Upon integration, we have
Po= Py + (Pyy — PO = ¢ K1) (2.6)
Reananging eq. (2.6) gives
Lo (T P '
Kp = —— In[=2--.22 T (2.7
LY "(n“. : I’.) e ’

Example 2.3

In Example 2.1, if the saturation pepulation of the city
population. Assume a declining rate of growth

Solution  From cq. (2.7),

) 1 (200,000 - 110,000
Ky = = sl S= T J OB
15 \200,000 = 100,000

Fromeq. (2.6),

Proos = 110000 1 (200,000 -~ 110.000)[1 - ¢ ©

= 116,085 persons

Example 2.4

A city has a present population of 200,000, which is estimg

10 220,000 in the next 1S years. The existing tre
rate of inpnt to the treatment plant is 165 g
the treatiment plant be adequate?

atment p

Sec, 2.4 Short-Term Estimates

is 200,000, cstimate the 1995

ll|7lllll|l

ied 1o increase peometric ally
lant capacity is S1 mpd The

allons per person per day. For how long will
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Solution
1. From the known population data:
In 220,000 = In 200,000 + K (15)
or K, = 0.00635.
2. Population that can be served by the plant:
51.0(10"
_‘.L_) = 309,090 persons
165
3. Time to reach the design population:

Tn 309090 = In 200000 4 0.00635(r)

or 1 = 68.55 ycars.

5 LONG-TERM FORECASTING

Long-term predictions are made by techniques from all four categories. The entire
past record of historic population data is used in long term predictions. The mathe
matical curve-fitting approach is popular because it is relatively easy to apply.
McJunkin (1964) indicates, however, that the component and ratio methods offer
greater reliability than the traditional graphical mathematical methods

2.5.1 Graphic Comparison Method

Several larger cities in the vicinity are selected whose carlicr 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 arca A a horizontal line is drawn in-
tersecting the other curves at 0. At Q" lines parallel to OB, OC, and OD are drawn
as O'B'. O'C'. and O'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 is suitable for the study of large population centers such as large cities,
states. or nations. On the basis of the study of the growth curve of Figure 2.2, certain
mathematical equations of an empirical curve conforming to this shape (S-shape)
were proposed. One of the best known functions is the logistic curve in the form

II
P, = o (2.8)
"o ae™
where
P, = population at any time 7 from an assumed origin

Py = saturation population

a,b = constants
20 Demand of Water Chap. 2
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Fignre 2.3 Graphical projection by
comparison

el |.,.gim,ingm;‘» (Ivlern'lm(;(l by selecting three populations from the record:

» P, one in the middle, 7. and on I .

e In he _ n th o Py ¢ near the end of the record

7. associated with the years Ty, 7 ; )

ars To, Ty, and T, such that the number of v i
: th | b cars (interva

|\(‘l'\‘6(‘|‘| Ty .'l’ld Ty is the same as that hetween T, and T,. This inleti 0

and T is designated as n. The constants are given by

The constants

al between T,

s = o\l - PR Py

’u -]
‘ rye, = ri (2.9)
a= Pa = 1y [
ry (2.10)
b=t | ol = 1)
L V”l”‘m = ,,u) 2.1

- .ln eq. (2.8), time 1 is counted from the year Ty From eq. (2.9), /
:z:::‘nl;c'u:(}: rlnuls( exceed the latest known population. A test of the v’\lid‘il\' of logistic
‘thas that the population data plot as a strai i inlty : ‘
!l atg as a straight line on specially scaled (logistic
‘ ' ally sc: stic
graph paper. (The graph of log (P, — P)/I| versus ¢ is a straight line.) ‘ )
Fxample 2.5

"t Must be

In two 20-year periods, a city grew from 45,000 to 258 .000 10 438 0. Estimate (a) 1}
IR, 1 a) the

saturation po ulation (b) the cquation of the logistic curve and (c) the |"‘|‘|||MN"I
P .
4 ©

Sec. 2.5 Long-Term Forecasting
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Solution

= 45,000
Iy = 258,000
P, = 438,000
n =20

(r) From eq. (2.9) (expressing numbers in thousand).

_245) (25R) (43R) 13?”‘” VAR o000
o (AS)(AIR) - (25RY

From cq. (2.11).

| [45(4(.0~ zsx)l
n
)

h = = -0.122

20 | 258(469 - 45)
The cquation of the logistic curve:

i - AOLUEN. (212
"V 943

(€) The time from the heginning. 1 = 40+ 40 = &0 years: thus

(
Vo= _71(‘;’_-(_?(1“‘.';‘_@_‘ = 468,740 persons
I +942¢ "'

2.5.3 Ratio and Correlation Methods

A city or smaller arca is a part of a region, state, nation, or larger area. lhc'vv are
) . . 5 re-
many factors and influences affecting population growth ocenr ll:mughnnll l):‘ ”c
ati U

gion. Thus the growth of the smaller area has some relation 1o the growth o |c|
larger area. Because a careful projection of the future population of the nation :|m<
) . . oy " ’ 3
states (larger area) is made by the authoritative organizations, these may be used te
forecast the growth of the smaller arca. ‘ _ - .
In the simplest technigue, a constant ratio obtained from the most recent data is

used as follows:

v
"o (2.1
i
—_ & L 14
r=Kr
where
P, = population of study area at last census
P! = population of larger area at last census
I, = futwre population for study aea
P! = estimated future population of larger arca
: s
K, = constant
22 Demand of Water Chap. 2

Ina refined technique using the variation in ratios. the ratios of the smaller
area to the larger area population are caleulated for a serics of census years. By using
any of the graphical or mathematical methods of short-term estimates (Section 2.4),
the trend line of the ratios is projected. The projected ratio in the y
applied to an estimate of the study arca population.

In another statistical method. the correlation technique described in Chapter 7
is applied. Between the two series of census data relating to the study area and |
atca, a relation is established throngh the repression analysis. For example,
regression equation may be of the following form:

car ol interest is

arger
a simple

Pp=al; Vv b (2.14)
)
where

)

f

P¢ = population of the region (larger area)

]

population of the study area

i

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

(1) through migration. These components of population change can be linked by the
balance equation:

Py=rytn-nD=*M (2.15)

where

I, = forecast population at the end of time ¢
Py = existing population
B = number of births during time ¢

D = number of deaths during time 7

>
i
il

net number of migrants duting time ¢ (positive
value indicates moving into the study arca)

Because migration affects the hirths and deaths in an arca. the estimates of net
migration are made before estimating the natural change due to births and deaths. The
migratory trends may he estimated hy applying eq. (2.15) backward to the past cen-
sus data on population. births, and deaths during a sclected period The school atten-
dance method, compating the actual children enrollment to the children from hirth
tecords, is also used for estimating migration

For determining the natural change due to births and deaths. the simplest pro-

cedure is to multiply the existing population by the expected birth and death rates.
that is,

B = K, Pyt (2.16)
D = K, A1 (2,17

Sec. 2.5 Long-Term Forecasting 23




where

Ky, K, = birth and death rate. respectively

At = forccast period

Better estimates of natural change (births and deaths) are made hy the cohmt-l
survival technique, which makes projections to each subcomponent (factor) relatec
to the natural change.

2.6 PER CAPITA WATER USAGE

Per capita use is normally expressed as l|.l(' average daily rate, g’lfich is the mc.::f\ n:r
nual usage of water averaged for a d:\)" in terms of gnlln.ns'(m l}(cnls) pclr capi .\i\|'c“
day (gped). The seasonal, monthly, daily, and hourly variations |n|| w'm.v :\r‘c 5‘ e
in percentages of the average. Which of these should be "'Q.r.d for the « cufgn '(?I"V:le)r
depends on the component of the \\'(ll.(‘r sqppl_v system I'he I:\'vnu'lil;r IIl\\;I : .“"c
supply systems— one for direct pumping l‘mm“n river or lﬁum a \'\c' |;‘ (' ;.l e
for an impounding reservoir—are shown in Figure 2 4,‘ The p(‘l\l.ﬂ( ,”‘ de |grf -
which the population projection is to be made :||.u| !Iw (|(‘R.Iplll -r:vpmlly criteria of dif-
ferent component structures of the systems arc indicated in Table 2.1.

River
- o -
» { b istribution
3%, Lowlin High tift o bl
3 \’ pump pump vstem
A Servies
TN < resetvoir
—]j“ IL] e e I
i e conduit
Woll fietd eandult L mral i
plant
Supply
pipe to
Serviee city
1eseivoir
Conveyanece e \
/\_,_\ conduit ,,<{ J l 1
v Treatment
Impounding ' il 5 -I-
reservoir U Distribution
system

Figure 2.4 Layout of typical water supply systems [from Fair, Geyer, and Okun (1966)]

24 Demand of Water Chap. 2
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TABLE 2.1 DESIGN PERIODS AND CAPACITY CRITERIA FOR
CONSTITUENT STRUCTURES

Structure Desipn Period” fyears)

Requited Capaciry

1. Source of supply

a. River Indefinite Mavimum daity (requirements)
b Wellfield 10 25 Maximum daily
c. Reservair 2550

Average annnél demand

2. Conveyance
a. Intake conduit 25 .50 Maximum daily
b Conduit 1o treatment plant 25 50 Maximum daily
Y Pumps '
a. Low-lif 1n Maximum daily plus one
reserve it
b High-tift 10 Maximum hourly plus one
reserve unit
4. Ticatment plamt 1018 Maximum daily
5. Scrvice reservoir 20 25 Working storage (from
howmly demand and
average pumping) plus
fire demand plie
emerpency storage
6. Distribution
a. Supply pipe or conduit 25 50 Gireater of (1) maximnm
daily plus fire demand
or (2) maximom hourly
requircment
b. Distribution grid Fall
development

design period takes into ac conunt
n, rate of population growth and shifts in community,

™Design period” does not necessarily indicate the life of the structure A
other factors, such as subsequent ease of extensic
and industrial/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 Use Percent of
Use (pped)” Total
Honsehold 60 40
Commercial 20 R
Industrial 45 0
Public 15 n
Loss 10 7
Total 150 100

"Liter = pallons ¥ 318

Sec. 2.6 Per Capita Water Usage 25




avers age in the
The U.S. Water Resources Council (1968) has projected .nc‘m;ic"m '|L Aol
¢ : N 1 o o o latively
2'“(‘;) it 175 gped. When the industiial requirements become rela y
ear at 17 ; . St
(y'\nl in a city, they should be considered separately.

2.6.2 Variations in Usage

i ape m(many years)
T lues in Table 2 2 reler to the daily average of the I('\np m:;\, '”1“‘\' S
i ' i CAsONS, varies from ¢ a\
o \“'l'hc consumption changes with the seasons, \.mr] 1 ; lh‘(.'.;(. oo
apce. b : - ) 56 ; . ‘
“S“('ch and fluctuates from hour to hour in a day. "(“;T“I:‘(ﬁ" [ phese yarations is
e i C ents. as indicatec i 1
i [ i { project components, & _ ' ke e
wtant for the design o ' \ s et
et on trends: (1) the smaller the city, the more \'.llh|||‘|( il
0 comm L city. v o o .
:\";‘ll( |<hm|cr the period of flow, the wider is the \’mt""";-‘ |'¢ N the mverage (i.c.,
e hoo i an the daily peak). Typical vari: 2 ity
§ 'S ‘h higher than the daily \ ina ity
5 wak flow is much | d peak R
- '"‘"".V,:‘ .in aday is shown in Figure 2.5 The variations ;m' con gl
ermsof the pescanian erage value. are atios;
}v.mf QI 5[ lllc pereentage of the long-term average value 'l ;(‘rt" ,‘"(,Wi“g i
o '““" (I its own trend. However, in the absence of data, the {c i
. ooy ; imati axi sage 2 :
(“‘Lh“(".‘ ml ich is very convenient for estimating the maximum usag
R. 0. Goodrich _ i
(2/24 day) to a year (365 days) for small citic

8
= IB(.‘ [unbalanced| Lot
r L

-| 200
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| 1 W
6

-

Flgure 2.5 Typical variation in usage in a day
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Although the total quantity of w
included under the category of
the rate of withdrawal is
make provisions fc

for estimating fire demands. ation has suggested the
following relation hased on population:

where

Sec. 2.6

— R

where

P = percentage of annual
I = time. days
From eq. (2.18).

daily usage, and the ma
peaks.

average daily usage

the maximum daily usc is 180%

ol the (long-term) averap
Ximum monthly use is 128 |

-Aarger cities may have smalle,

The maximum hourly consumption in
for that day (Steel and McGhee, 1979)
have also to be added. It i unlikely th
tate while a serious fie
usage plus fire demand

For pump design,
to be 25 10 50% of the a
Example 2.6

any day is likely 1o he 1501
For a distribution system,
atwater will be diawn at the
is raging. Hence the cap
or maximum hourly usa
the information on min

verage daily flow i

% of the usag:
the fire deman
maximum hourly
acity is bascd on the maximum dail
ee. whichever is preaer

imum flow rate which is considered
also important
For a city having an averape

daily watey usiape of
determine the maximum

150 gped from the muni
houtly requirement (exch

cipal supply.
ling the fire demands).

Solution

1. Maximum daily usage = 180% of average daily
180

T (150) = 270 1
I(N)” 0) = 270 gped

2. For a maximum day,
maximum hourly usage = 1507 ol daily use
150

= i('}-’(ZJIH = 405 gpcd

2.6.3 Fire Demand

ater used annually for fircfighting purposes (which is
‘public usc™) js very small, whenever demand rises,

high. The service reservoir and distribution system should
r the fire demands in their capacitics.

Two empirical formulas have beer

' suggested by insurance-rel

ated organizations
The American Insurance Associ

0 = 1020VP (1 - 0.01Vp) [unhalanced) (2.19)

O = required fire flow, gpm

P = population, thonsands

On the basis of construction type,

floor arca,
ices Office proposed

and occupancy, the Insurance

O = 18CVA [unh:llnn(cdl (2.20)
Per Capita Water Usage
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where
Q = required fire flow, gpm i
A = total floor area excluding the basement, (t° ' .
C = coefficient: 1.5 for wood frame construction, 1.0 (_nr nul,n:uv ('.nnslrm’n.n'n,
0.8 for noncombustible construction, and 0.6 for fire-resistant construction

The following limitations apply to eq. (2.20):

1. Flow should not excecd 6000 gpm for a single story, 8000 gpm for a single
building, or 12,000 gpm for a single fite.
2. Flow should not be less than 500 gpm.

able 2.3 If

. ok i< piven in T
T i ‘hic i ; has to be maintained is given i
The duration for which the fire flow ha o

intai ity insurance r
the time periods indicated cannot be maintained, the communily insurar
adjusted upward by the insurance compantes.

Required Fire Flow (gpm)

<1000 :
1000- 1250 :
1250- 1500 6
15001750 7
17502000 8
2000-2250 9
~2250 10

“'Snurrr ;emliand McGhee (1979)
Example 2.7
A city with a population of 20,000 I‘
the fire demand and the design capacity
ect. The working service storage is 1.5 med.

as an average daily usage of 150 gped. l)clcrminF
for different components of a water supply proj-

Solution

1. From Example 2.6,
maximum daily usage = 270 gped

maximum hourly usage = 405 gped

15020000 _
2. Average daily draft = ~Jo000 mgd.
270(20,000) - & |
3, Maximum daily draft = oo mpd.
405(20,000)
= ——"— = R 1.
4. Maximum hourly draft = 000,000 B.1 mpd

5. Fire flow [from eq. (2.19)]:
0 = 1020VI0(1 = 0.01V20) = 4358 gpmor 6 27 mgd

6. Maximum daily 1 firc low = 5.4 + 6 27 = 11.67 med
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7. Pumps: Assume that the required flow is handicd by three units and th

at one re-
serve unit is installed.

: 4 4
a. Low-lift pumps = 3 (maximum daily) = = (5.4) = 7.2 mpd

; ; 4 ]
b. High-Lift pumps = 3 (maximum hourly) = 5 (R1) = 10.8 mpd
8. Service reservoir: ’
a. Fire Nlow duation (from Table 2.3) = 10hr
& . . ; 10
h. Total quantity of fire flow in a day % (6.27) = 2.61 mpd

c. Working storage (given) = | § mpd
d. Emecrgency storage = (days) (average daily draft) = 3(3) = ) mpd
- Service storage = 2.61 + 1.5 + 9 = |3.1] mpd.

~

9. Design capacitics:

Structure Basis Capacity (mpdy
River Mow Maximum daily 54
Intake conduit, Maximum daily sS4
conduit to treatment
Low-lift pumps Maximum daily plus 72
rescrve
High 1ift pumps Maximum howrly plus 10.8
reserve
Treatment plant Maximum daily sS4
Service storage Waorking storage - nn
plus firc plus
emergency '
Distribution system Maximum daily plus 167
fire or maximum
hourly

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 water-using industries. The
large industrics are usvally served by separate supplics. About 5% of the industrics
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
quirement of 600 gped or 80 gal/kWh on the average. Other major water-using in
dustries are stecl, paper. and beverages. The average industrial requirement for the
entire country (excluding thermal power stations) is 250 to 300 gped. The requirements
ol 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, is for cooling purposes. Many measures can be taken to reduce the cooling
requirements, such as constructing an artificial pond, recirculating the cooling water
or using poor-quality water from a different source. The figures listed are applicable
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Averape Water Use
RO pal/kWh
15,000 pal/ton
SO.000 pal/ton
Waonlens 140,000 pal/ton
Coke A0 gl /1on

Ot refining 770 gal/barrel

when sulficient water is available. These can be substantially reduced — in the case
of some industries by one-tenth --- when water is scarce.

.8 WASTE DILUTION REQUIREMENTS

In earlicr 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 relving on the self-
purification propertics 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 unsale 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 info rivers is no longer permitted. The problem now is to what extent the mu-
nicipal and industrial wastes* shonld be treated before discharge into the river. The
amount of streamflow required for sutficient natueal teatment 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 heing the oxygen sag curve. FFor average condi-
tions it has been found that the raw (fully untreated) waste from municipal and in-
dustrial sources, excluding thermal power plants. requires a ratio of streamflow to
wasteflow of 40, and thoroughly treated waste requires a ratio of 2. with a lincar
variation in between as shown in Figure 2.6 (Kuiper, 1965).

11 water supply is being planned from a reservoir project, there are three annual
cost components to be considered: (1) cost of storage to provide the municipal (and
industrial) requirements, (2) cost of storage to produce the required quantity for waste
dilution, and (3) cost of waste treatment. ltems (2) and (3) act opposite (o each other,
that is, when the degree of treatment is increased, the cost of treatment rises but the
cost of waste dilution storage decreases, and vice versa. The various degrees of treat
ment and the annual costs associated with them are considered until the lowest cost is
found that indicates the most economic treatment of the city waste.

Fxample 2.8
A city had a total withdrawal (excluding in-strcam dilution requirements) of 140 mpdd in
1987 distritbnted as follows: municipal usage, 30 mgd: mannfacturing industiies, 35 mypd;

*industrial wastes have to be considered even il the industrial supplics are developed from a dif
ferent sonree than the municipal supplics

30 Demand of Water Chap. 2

40

w
=

Ratio of streamflow o wasteflow
3 =

e W N S =
0 10 20 30 40 s 60"_7‘6 'Blr)—“‘ o

Pereent of treatment
Figure 2.6 Requirements for wae dilution
and thermal power. 75 mpd
torise to 220,000 in the year 2

C'll("r(‘.’_l):(‘ ol RO MW s cxpected in the city by 200 Estimate
year 2 HN?. If the waste is to be ('i<(h:llp(’(i after RO%.
total tequirements of water. /

The city had a population of 200, 000),

v ‘ which is cxpected
00, An industrial expansion of 20% an :

Ao thermal powes
the total withdiawal in the
of the treatment, determine the

Solution

1. Existing per capita municipal usape :HI{I(I') = 150 gped
o~ ; cC
In the year 2000: .00

Bgﬂ,()("))(lﬁ()}

2, Municipal requirements = — = 1}
Loonoop T M med

3. Manufacturing i i e
anuf; g industry requitements = -=.. =
| 1 s "m(.‘ﬁ) 42 mpd
4. Thermal power requirements
A. Assuming a plant capacity |

day is actor of 0.6, the addition

al enerpy produced per

., (24 1) 1000 kw
(80 M\\)(—i-~ 0.6y T kW) LIS > 100 kw
day) (1 MW) S L b
b. From Tablc 2.4, water usape = R0 gal/k W),

c. Additional water required = 8(’“5-'4‘ - 4

T 92 mpd

d. Total thermal power requirements = 75 1 9) - 167 mpd
(

& T
S, Total for municipal and manubactning usage —= 33 4 47 - 75 |
6. Waste dilution requirements ‘ o
a. From Figure 2.5, for RO
Q. 2.5, o ticatment the stres '/ waste Crati
e Tt o G el imflow/wasteflow ratio — 9.
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7. City water supply requirements are siminarized as follows

mpd

Sector
Municipal requitements n
Industrial requitements 209

Waste dilution requirements n1s

! DEMAND FOR IRRIGATION

The demand of water for irrigation depends on several factors, including the method
ol irrigation, type of crop to be grown, condition of soil. and prevailing climate. The
following terms are relevant in the computation.

1

Consumptive use or crop requirement: the amount of water necded for crop
growth,

2. Irrigation requirement: consumptive use minus clfective rainfall available for
plant growth. To this quantity the following items, whichever is applicable, are
included: (a) irrigation applicd prior to crop growth should be added; (b) water
required for leaching should be added: (¢) 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.

'

Farm delivery requirement: irrigation requirement plus farm losses due to
evaporation, deep percolation, surface waste. and nonproductive consumption.
The losses are measured by the on-farm irrigation efficiency. which is the per-
cent of farm-delivered water that remains in the root zone and is available for
crop growth.

4. Gross water requirement: farm delivery requirement plus the seepage losses in
the canal system from the headworks to the farm unit plus the waste of water
due to poor operation.

The gross waler requirement is indicated in terms of the depth of water over
the irrigable area. ‘The basic quantity of interest is the consumptive use of the crops,
from which the effective precipitation is subtracted and various losses are added to
establish the gross irrigation demand.

A considerable quantity of the water applicd to farmland returns to the river
system. This includes surface runolf during irrigation, wasted water, canal seepage,
and deep percolation, This may he from 30 to 60% of the gross requitement. About
one-hall of this reaches the river through proundwater flow. The remainder reaches
the river as surface runolf during the irrigation scason and thus becomes available for
use to downstream projects

Irrigation projects must include subsuiface drainage facilities. as a measure
against waterlogging and salinity. Drainage is described in Chapter 12
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2.9.1 Consumptive Use of Crops

The consumptive use and evapotranspiration from
Synonymous. Numerous procedures h
use. A method commonly applicd (o ¢
methods are discussed in Section V.8
perimental basins, wherever available
procedures because of the empiric

a cropped area are considered
ave been devised (o estimate the consumptive
h.c_crnppcd area is described here. Some other

The d’mn from actual farm experience or ex
. are given preference over the computational
al constants involved in the Iatter

2.9.2 Blaney-Criddle Method

For the conditions in the arid w
¢ . :
('l 245) proposed a relation that determined consumptive use
! 7
;:‘ nlnmlnrmm‘nh'ly temperatures, monthly percent of annual daytime hours. and a co
clitcient for individual crops that vari coeffici
: s that varied monthly and seasonally ° ici
i and se: lly. The coeff
e : ally icients
L cl ented originally were the seasonal values for the entire Erowing season of crops
Sub ici : .
'(1;(;cquenlly, monthly coefficient values were suggested (Blaney and Criddle
' sueflic : ’ ; .
. ). However, these cocfficients did not include the effects of humidity, wind
mov df] i T :
ovement, and other climatological factors. The madified Blaney- Criddle method

(' 1.S. SCS 'Q("” Q"'i( the coeffici i ( C i
A ubs h fficient N two patts to co 1Stder these factors § irec
\ b o ) ' | hese fact lll(lllC(”y

N '
estern regions of the United States., Blaney and Criddic

as the multiplication of

¥ )
U=3KKu,-"- anc
S KKz, i [unbalanced| (2.21)
where
U = consumptive use for any specified growth period,. in
» = climatic coefficient relateds to mean monthly temperatures
K. = growth stage coefficient
‘=

m = mean monthly temperature, °F
y =

-~

monthly percentage of annual daytime hours (Table 2.5)
The values of K, are based on the formula
K, = 0.0173, - 0.314

Forr,, < 36 °F, use K, = 0.30.
The monthly values of K, are ot

[unbalanced] (2.22)

ained from ‘Table 2 {1 1) for a per i rop
v } - ¢ a ennial ¢
witl ' ‘ : 7 I alocro
Vith a year round "l(!\\lll!' season. For other seasonal crops, 4':""(‘ 2 6(h) is UQ(‘(I'

based o 5 i
< ': (] n the pereentage of the growing season covered by the month in question. The
on g i '
Wly mncnmp!'lvc amounts are summed over the Rrowing season to obtain the
seasonal consumptive use. ' ‘
Example 2.9

For the growing season of sugar heets
the long term mean monthly air temper

cropis planted April 10 and harveste
use of walter,

at Limberly, Idaho, located at Tatitude A2°4 N

atures are given in column 2 of Table 2.7 The

d October 15, Estimate the seasonal consumptive
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TABLE 2.5 MONTHLY PERCENTAGE OF DAYTIM

£ HOURS OF THE YEAR

SE

Latitude (degrees north of equator)
18 30
5 8 30 2 54 36 8 A 2 - °
Month b <6 - % .63 5.49 535 6.17 5.98
=6 7 740 7.30 720 0 6% B gl 5.65 6.8 6.50 6.42 6.32
Jan. 38 L *‘3 2 07 -03 6.97 6.91 6.36 6.79 6.73 c.‘| 0 <5 437 3.5
Fen 7.7 0 e a8 83 836 335 8 393 300 ol o A
R s 32 ses 872 87 330 835 390 l;‘zi 015 1026 1039 1053 1009
Apr. 3.60 : 3 = 9.72 9.81 9.92 02 : < 5 7 10.93
: 2 . : 9.53 9.63 72 5 1054 10.71
May 9.30 9.38 9'f§ 9.49 960 9.70 9.33 9.95 i e :g ig 10.64 10.30 10.99
June 9.20 9.42 ‘; = gt 5o giag 999 1010 0.2 lg-gi 335 9.79 9.89 1000
Juiy 941 9.4 ol 92 93 933 90 947 9.54 2 " $.42 34 3.
Aug. o 3'1‘ g.32 3.34 8.3¢ 3.36 8.36 348 338 -0 763 58 7.51 7.33
Sept. 3.3 - o 7.93 7.90 7.35 7.80 g 7 5.3 6,22 6.07
Oct. 3.09 3.06 .02 7.99 i i 6.92 6.32 8.73 6.62 6.49 9._6 ' f o
4 b 737 719 711 o2 e 57 6.38 sa 6.04 230
Nov 43 .36 = - 6.92 6.79 5.66 6.32 -2
’Dc = & 535 7.2 T4 7.05 92 i "
G, : A 100.0
10000 10000 10000  100.00  100.00 100.00 10000 10000 100.00 i
Annual 100.00 100.00 100.00 100.00 100.
TABLE 2.6 CROP-GROWTH-STAGE COEFFICIENT X, (MODIFIED BLANEY~CRIDDLE METHOD)
{a) PERENNIAL CROPS (NORTHERN HEMISPHERE)
Average &, vaiues by months
Crop Jan. Feb. Mar. Apr. May june July Aug. Sept. Qct. Nov Dec
Alfaifa 0.63 0.74 0.86 0.99 1.09 [.13 L1t 1.06 0.99 0.90 0.78 0.65
Grass pasture 0.48 0.58 0.74 0.85 0.90 0.92 0.92 0.91 0.87 0.79 0.67 0.55
Grapes 0.2 0.23 0:32 0.49 0.70 0.30 0.81 0.76 0.66 0.350 0.35 038
Citrus crchards 0.64 0.66 0.68 0.70 0.71 072 0:32 071 0.70 0.68 0.66 0.64
Deciduous, with cover 0.63 0.74 0.36 0.98 1.09 13 12 1.06 0.99 0.90 0.78 0.63
Deciduous. a0 cover 0:47 0.25 0.39 0.63 0.87 0.96 0.95 0.82 0.33 0.30 0.20 0.16
Avocados 0:27 0.42 0.58 0.71 0.78 0.81 0.78 0.71 0.63 0.34 0.43 0.36
Wainuts 0.10 0.4 923 0.43 0.68 0.92 0.98 0.38 0.69 0.49 0.31 0.15
{b) ANNUAL CRQOPS
K. values at listed ¢ of :rowing season
Crop 0 10 0 30 40 30 50 70 30 90 100
Fieid com (grain) 0.4 0.49 0.58 0.71 0.93 1.05 1.08 1.06 1.01 0.93 0.85
Field comn (silage) 0.44 0.48 0.55 0.63 0.30 0.97 1.06 1.08 1.06 1.02 0.96
Grain sorghum 0.20 0.38 0.00 0.83 1.01 1.97 0.99 0.38 0.76 0.65 0.56
Winter wheat* 1.46 1.4 1.42 1.39 1:33 1.30 .23 kS 1.03 0.36 0.78
Spnng zrains 0.29 0.45 0.67 039 1.09 1.28 1.31 LT 0.90 0.35 0.20
Cotton 0.20 0.2 0.33 .30 0.79 997 1.02 0.95 031 0.65 0.29
Dry beans 0.50 0.39 0.71 0.37 102 1.10 A2 1.06 0.94 0.31 0.67
Suyar beets 0.43 0.50 0.6l 0.79 - 0.95 1.10 1.20 L35 T.3 1.13 [
Potatoes 0.33 0.40 0.51 0.72 0.98 1.47 131 1.37 1.36 1531 1.23
Tomatoes 0.45 .45 0.47 0.36 0.73 0.95 1.03 0.99 0.90 .30 0.70
Meions and cantaloupe 0.44 0.48 0.36 0.65 0.76 0.81 0.81 0.78 0.75 0.71 0.67
Smail vegetables 0.29 0.40 0.57 0.09 0.77 .31 0.32 0.79 0.72 0.38 0.38

‘Data given only for spnagume season of 70 days pnor to harvest (atter last frost). K increases from .30 at seeding to |.46 dunng penod with average tempera-

ture delow 32 °F.

Source: Davis and Sorensen (1969




Solution

TABLE 2.7 CONSUMPTIVE USE COMPUTATION

R
2 ™ A 15 & .? @
M ,‘:c',“ Midperiod “"r*::‘ n
Monthly Percent of K, from 1'1Nc e
Table b
Numher of Total ,u . (i
Period T::;‘l; Days Season® 2 6ih) K, 7» R _
erine ey
— T ) RR
. 20 5 .48 0.6 .98 ( ‘:ﬁ
Apr. 10-10 o " 10 060 0.6 012 7‘0‘
)
May 552 % 1 0 R7 07 10.20 7 "
June a0, 2l <) 10 080 (RY T
July (\9.2 5 P 12 0R7 9.61 .
Ang. f;R o o /4 1R 069 8 40 e
Sept iR ";0 s % 110 0s2 7.1 .
Oct. 1-15 . i
Total 18R ——¢

Number of days up to middle of the petiod

Total days in growing season
bk, = 0.017Mcol. 2) - 0.314
(col. D eol. S)ieol. Gcol. 1
I T
Scasonal consumptive usc:

v

15
v =088 1 215 1 394 4 702 AT 396 A
0
= 25.79 in.

2.9.3 Effective Rainfall

i is utilized in meeting the
The portion of the rainfall during the growing .ﬁc:\%nﬂl!\:;l is ‘I‘2;;(|cr i
quirements of crops is termed the “cffective rainfall. f € rems nvme, Ll
rcl:r\cc runoff and deep percolation. {n humid arcas, this may prl e p_m o
v i ) a @ o 4 .
:‘ j f the requirements, whereas in arid areas it may cnnsmm‘f (‘\n )cd ek st bl
ece : in i { ise due to unbalanc s
ion i se due
i irri in humid regions may aris
necessity of irrigation
Bpron i soil moisture,
e '“I"‘l[f‘cdivc rainfall is influenced by many factors rclnlu;g m.lh;' ‘(ll)dlf"a“crmi“
: —c jcati rainfa :
i tion of irrigation, and (4) ‘
i ing pattern, (3) applica igat : ) i
= ”“‘PP thi rludy o'f extensive data, the Soil Conservation Service (l‘ o h(,%ﬁ,m "
o ) ) g . . . . 2 h
‘:“-"3‘| tionship shown in Table 2 8. The limitation on use is given a
the relations g
i i to year by a
e Whereas the crop consumplive use requircments vary fr(;m ycn“rc "?n‘ygk -
: i eque analys
small margin, the variations in rainfall are large. As such, the freq y
effective rainfall is made as follows:

i i rainfall are
1. For the region under consideration, available data on monthly ;

-ollected. ‘ i e
2 (U ing Table 2.8 the effective rainfall tigures for cach month of record ar
. Using T¢ 8.

determined.
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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. ! (in.)
s e e PR .
rainfall 1o li) J—l L 40 l S0 l 60 l 70 [ RO | a0 | no
(in) B R
Averape monthly effective rainfall (in )
ns 0.20 028 0.10 010 0w 0s nan 048 0 S0 0 so
10 055 N 60 0.65 00 070 n7is 0 RN 0 RS nas 1
20 1.00 1.25 123§ 158 1.5§ 1 S8 1.60 1m 1.8 2.00
10 100 1 RS 195 210 220 2.0 240 258 270 2.9
40 1.00 2.00 2.58 2.70 2.90 295 AN ) 10 1.50 180
50 1.00 2.00 100 12§ 150 160 1R5 | 408 410 4.60
6.0 1.00 200 lon 1R0 410 42§ 4 .50 4 RO s 10 5.0
7.0 1.00 2.00 1030 400 4.60 4.80 508 5 40 s 70 6.058
RO 100 2.00 3.00 4.00 S.00 S s60 SN 6.20
20 1.00 2.00 im 4.00 s 575 (.08 615
"Rased on Yin. net depth of application. For ather net deptht of application, multiply by the factors shown
helow
SC— e T e S
Net depth of 0.7s 1.0 1S 20 2.5 Yo 10 W 50 6.0 70
application
Factor 0.72 077 | 0OR6 | 093y | 097 { 1.00 1.0 104 1.06 107
Not

. Averape monthly effective rainfall cannot exceed averape monthly rainfall or average monthly con
sumptive nse. When the application of the factors above results in a value of effective rainfall exceed
ing cither, this value must be reduced to a value equal to the lesser of the two

Source: U.S. SCS (1964)

. For each year on record, the total effective precipitation for all the months of
the growing season is determined.

"

&

. From the resultant figures —one for each year on record —a frequency curve
is prepared by the method of Section 8.6.

5. If an irrigation supply is desired which will be adequate 9% of the years (9 ol
10 years), the effective rainfall cotresponding to the 90% value of the frequency
curve is observed.

6.

The total effective rainfall is distributed over the months of the growing season
in the ratio indicated by the 10 driest years on record

2.9.4 Farm Losses

The losses that take place from the water delivered to the farm are measured by the
on-farm efficiency. Thus

.. water utilized in crop growth
on-farm efficiency = ——— - o oo Ry
waler delivered to farm

The principal factors that alfect efficiency include (1) the method of applying
the water, (2) the texture and condition of the soil, (3) the slope of the land, (4) the
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preparation of the land (i.c.. ditched or hordered), (1) the rate ol irrigation flow in
relation to the farm size, and (5) the management by the irrigator. The farm losses
take place due to (1) the deep percolation beyond the root zone of crops. (2) the sur-
face wastes from the fields, and (3) on-farm distribution losses and nonproductive
consumption.

For deep percolation, a minimum allowance of about 20% of the applied water
is made. This ensures adequate leaching if the applicd water does not contain more
than 1300 ppm of dissolved salts and the drained water can he accepted with
6000 ppm of dissolved salts. 1t may be necessary to pass additional water for leach-
ing if the irrigation water applied is more saline or if the drained water has to have a
lower salinity or if the soil requires reclamation. Refer to Hansen et al. (1980) for
the leaching requirements.

Surface waste or runoff is inherent in most irrigation systems. This quantity is,
however, recovered and becomes available for use within a project or clsewhere in
the basin downstream. The surface wastes usually amounts to 6 to 10% of the quantity
delivered to the ficlds. Distribution losses vary from a very small quantity in pipe-
lines to about 15% in unlined ditches.

On-farm efficiency, which is a product of the efficiency of each of the items
above, can be achieved in the range of 40 to 70% for a properly designed efficient
irrigation system. ‘Ihe higher value in the range above is associated with the sprin
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 seeped through the canal system, and the operational wastes discharged
into drains or streams.

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

Seepage losses trom canals depend on (1) the permeability of the soil, (2) the
wetted surface of the canal, and (3 the dilference in level of water in the canal and
the adjacent groundwater table. The average unit seepage rates for the western United
States are similar to those cited by Hart (Worstell, 1975); see Table 2.9.

TABLE 2.9 AVERAGE SEEPAGE LOSS FROM CANALS
IN SOUTHERN IDAHO

Type of Soil Seepape Loss (/¢

Medinm clay and loam ns 1S

|

2. Impervions clay 0.8

Y Medinm <oils 10

4. Somewhat pervions soils 1520
s

Gravel 2550

Seonaree Tt (196Y)

From the lined canals, the loss rates are hetween about 0.1 and 1.0 (t/day
(Warstell, 1975). To determine the total quantity of secpage trom a canal system, the
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Figure 2.7 Chant 1o estimate the seepape 0 1 *7 r ‘il;

losses from a canal (lrom Warstell, 1975y Seepa te (11/eay)
; Seepaae tate ({1 /dlay!

data required are (1) the predominant soil fexture (o ascertain the averagpe seepage

rates. (2) the widths, and (2) the

lengths of the canals. The chant developed by

Worstell (l‘)75)_ illustiated in Figure 2.7, ean he
;Lg'y',‘” m.||‘c fon (hllcronl c:m.nl widths. Broadly, the seepage losses tange from 15 (o
5% of (h\(‘,l(‘(l flow on unlined canals and from S0 15% on lined canals
' Operational wastes are unavoidable. These result from the in'||vi'lil'v
info the canal system the quantity to match exactly all the r(‘quiu‘mc‘nl: )
the mnn!ﬁ athigh levels to reduce siltation, unvxﬁcclccl rainfalls, and luh('uch(w in the
system. These losses tange from 5 10 307% of diversions on projects with an Ve « (
plies and from 1 10 10% with limited supplics o e
OIf-farm elficiency, comprising the foregoing items of conveyance loss
ranges between S0 and 90%. In cases where water originates on the I'nh; il.s H‘( ("(lﬂ
as lmn.l awell, the off-farm efficiency is 100%The average irri 'lli(\‘!l I C - ""( :
the entire United States is indicated in Tahle 2.10, ¢ eeney for

used 1o estimate the seepage loss in

to release
operation of

TABLE 2.10 AVERAGF EFFICIENCY IN THE UNITED STATES

Trend Efficiency (%)

M fehency | Hiph Fific feney (7))
Year On-larm . R

7 o - Off farm Svetem On-farm O fam Syetem
1978 st R B A o T o T
1985 S0 R0 15 9 R
2000 9 bR 19 Oy }(9 "

- a8

Somree VIS SCS (1)
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System efficiency is the overall efficiency obtained by multiplying the on-farm
elficiency by the off-farm efficiency. Trend efficiency reflects irrigation/water im-
provements following the present trend in upgrading of systems. High efficiency
considers an accelerated program of improving irrigation systems and water manage gln e o= 5 o
ment using the best practical technology available. = S==RRe €
Example 2.10 )
An irtigation project serves an arca of 50,000 acres. The cropping patternt is: alfalfa, (‘]13 L L 8N @9 $S§
30%; wheat, SO%: rice. 30%: cotton, 207%. The monthly consumptive use values for - - =< - ~ &
these crops, which are calculated by the procedure of Section 2.9.2, are given in y _ _

g . Table 2.11. The monthly cffective rainfall values, which arc calenlated by the proce 213 = =82 » nYy %
dure of Scction 2.9.3, arc also given in the table. The irrigation water applicd prior to =g = ¥
crop growth and the soil moisture withdrawal in certain cases are also indicated in the & - o !
table. On-farm cfficiency is 60% and off-farm efficiency is 90% . Determine the gl 2 = E ] S50
monthly and total irrigation demands. -7 ==

’ I Solution  Refer to Table 2.11. :?j’ » 0 59 = "
w |~ - b o 5 Py v
= DR = R R
2.10 DEMAND OF WATER FOR HYDROPOWER El B f f : -
Water power involves the nonconsumptive use of water. This feature makes the water
utilization distinct in two respects: (1) hydiopower peneration can readily be inte- 3le ""( ’%’ 15
grated with other development objects, and (2) all resources (streamflows) available !
at a site arc cvaluated from the consideration of power-producing potential. With - -
proper planning, a very high pereent of the total available streamflow in a river basin 5|2 2 f = :%
may be used for hydropower through a series of power plants. The problem pertains @
to locating the potential hydropower sites that are within a reasonable transmission Z| ., \ .
distance of the power market under consideration. Since hydro energy is the product s|22 3 =
of the available head and the available flow (times a certain constant). the sites having 8 ! )
a good combination of head and flow are investigated. &1 . & e o
From a consideration of the head, rapids, falls. and dam locations offer good B+ o S Sz = c:' "f f =
hydropower potential. Whereas the head at a site is practically constant, the available g -
flows are highly variable. The study of maximum flows is important from the view- €l sl o pp— o
point of the design or installed capacity of the power plant; the average flows are im G- a3 o o i FE
portant from the consideration of the energy output and minimum flows are required E
to predict the dependable plant capacity. Since the entire quantity available at a site Slals & s S
(except the flood flows) is utilized in power production, the study of water demands ale]= = s Lo Aoh
for hydropower amounts to the collection of streamflow data and their analysis. Usu- g _
ally, the analysis relates to the preparation of the flow- duration curve discussed in Ol elmn gg S o2 =
Section 7.2R8.2, which indicates the magnitude of discharge against the percentage of E R R “ oo e f
time that discharge is exceeded at a site. 2 B
There are two types of hydropower plants: (1) a run-of-tiver plant uses direct g __E
streamflows, and its energy output is subjected to the instantancous (low of the river: & ; | -
and (2) a storage plant with a reservoir is able to produce increased dependable en c| E S = g =2 4
G132 GEfEfaiTaade;
*The cropping pattern is defined as the pereent of the total itripable arca devoted 1o cach crop g = ";" > g, PR ,E L& .'},: é 5 e
during each of the two principal prowing seasons of a year. Each area used for crops in both scasons will ,,<_ = H o e 3 W
; he counted twice. The perennial erops nsing water in all 12 months will also be comnted twice. Complete SISy =
utilization of the land in both seasons will sum up to 200%
40 Demand of Water Chap. 2
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TABLE 2.11 (contd.)

Sept Oct.
May June July Aug. Sep!
Feb. Mar. Apr. y
ltem Jan.
i 630 1042 1253 9.30
Uoan. 900 .
PP fin.} (=) <50
SM n‘n.;i =4 9.00 6.80 IO_J.Z' [;:’j N ?g
[R. zross tin.) ot by 350 p :
regeon 2100 162 256 S8 1
IR. off. iin.)
+ Coton 120%1 .34 2.32 2.96 3.36 6.36 14 114
Lo o "
PP iin.) 1.00 1.5 v;;‘
. 1.00 1.34 2.82 2.96 5.36 ?.36 ‘_.:): l).
b el 0 0 082 156 36 296 03
IR. net (in.,

0 0 0.16 0.31 0.69 0.59 0.07 0
[R. =ff. (in.)

TABLE 211 (contd.)

Item Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.
Total, IR (eff.)(in.) 0.34 1.42 2.3 3.2 2.75 4.50 4.38 2.79 0.74 0.75
IR for area 3.50 5.92 9.29 13.38 11.46 18.75 18.25 11.62 3.08 313
(acre-ft x 107
Farm delivery 5.33- 9.87 15.48 22.30 19.10 31.25 30.42 19.57 3413 5:21
‘a 60% erficiency
(acre-ft x 10%)
Gross requirements 6.48 10.97 17.20 2478 2122 .72 33.30 2152 5.70 3.79
tacre-ft < 10°)
Abbreviations:

R = effecuve rainfall
U= consumptive use
PP = imgation applied prior to crop zrowth,
SM = so1l moisture withdrawal
iR. gross = gross megation required = [/ - PP — S\
IR. aet = net imgation required = [R(gross) - R
[R. effective = [R(ner) « percent imgable area
R for area = Farm area « Total IR (eff.)
) IR tor area . -

Farm delivery = ——.0r i€

© farm erficiency
_ farm delivery
" off-farm conveyance etficiency

Gross req
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2.10.1 Power and Energy Production from Available
. Streamflows

|.owering a waler quantity of ‘) ( sec over hotewill lea nergy at a ré

£ 1 y { / relcase enc at a rate of
V2.4 f "‘/Q(C ((HIV("I"g this to kW units and l“L'll('l“g the C”chlle term,
(( h ft

An C(IIQIJ“()II for power (rate of Cllﬂ[.v’ can be given "y

: 2.23
r= Qhe [FLr ') ( )
1.8
where
P = plant capacity, kW
Q = discharge through the turbines, cfs
/

¢ = ('("“hlll(‘d cﬂi(‘icncy for turbines and l!c“'“,.““'q

= net head on the turbines,

low - duratio urves develo, ed from lon rm month streamilo Corc
I 1 n c es d¢ pec ! gte mont lY streamflow recor Is
acon 1 ool 1in plant capacity « csign proceadur or prepara of ¢
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In eq. (2.23), with ar
tically constant for a plant. Thus the power is

other words, the curve in Figure 2.8 indicates 1
madification of the vertical sc

on the maximum flow, which
the time). Floodflows
ing power. Thus the i

' average value of head, the efficiency and head are p

directly proportional to the flow
he power production with a suit;
installed capacity of a plant is by
aken to he Qs (i.e,. Mlow exceeded 157,

de are allowed 0 overflow without prod
nstalled capacity is given by (taking ¢ = ().84)

Pinan = Qﬁh [FLT ")

‘
where

ale. The design or
is usually
above this magnitu

(2.

Pingm = installed capacity, kW

Qs = discharge with 15% exceedence, cfs
h = net head, f

If the time scale (abscissa) in Fig. 2.8 is ex
the area under the curve will provide the annual

/
e 9.'3'1(8760) (rL

pressed in terms of hours in a ve
encrgy production. Mathematical

(2.2
where

E = annual encrgy, kWh,
U = average discharge, cfs

8760 = number of hours in a year

Q.. is the average discharge under the curve in Figure 2.8 takin
magnitude of discharge, similar 10 eq. (7.59).

A plant capacity factor is the ratio o
stalled capacity. This is practically equal t
and the efficiency are essentially const
are improved, and thus the
power are enhanced. The plant capacity f.
ficient use of a plant. A plant ¢
power plants,

Energy computations assume that an
turbine units have been installed to utilize (
turhine unit is provided, its oper
bine design Now. which me
the flow is less th

g Q)5 as the highe

f the average power production (o the i
o the ratio Q,,/0,s. assuming that the hea
ant. By reservoir storage, both Q,. and (0
annual energy production and the dependable (firm

actor also increases, resulting in a more ¢f
apacity factor of 0.6 is common for storage-typ-

adequate number and adequate sizes o
he minimum available flow. If only on.
ative range is generally from 30 to 110% of the tur
ans that the turbine will be inoperative during the time-
an 30% of the design value. ‘Thus the energy production will be fon
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 i
considered that the available head is fairly constant or that an average value of heac
is used in energy computations by eq. (2.25) when there are small fluctuations
which is the case with run-of-river projects and projects with remote location of
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Fi 2.9 Watcr consumption in refining and conversion processes [from United
pure 2. " n

States Geological Survey (USGS) Circular No. 701, 1974)

ower plants variations n head are s 1hstanti . a sequentia analysis is made
Al er p t If vanat St head are st al, eque | aly
wherein the ener y calculations are made in steps at different intervals.

g =

2.10.2 Demands for Other Energy Sources

i ing purposes as dis-
In addition to the requirements in thermal power stations for ;:v(mh:‘vi: e’:,u.“i,," .
.9 & in the context of industrial requirements and for hyd mpnf f aton e
C“S;‘C 1in the previous section, water is needed in other sources o crnc gy [‘w/ dutio
2 ’:I 1t is needed for the processes related to the cx|r|:\cl(n.m n| cnircgiﬂ.‘ = “.‘c.
ouch as : i 1 oil. 1t is also need
ini B and oil.
ini ng of coal, uranium. X
as the mining and refini s X e i
- nversion processes of heat energy to mechanical energy l;\ cl|cu wm;jzg
NCrRy CONVers S : . ious fuel energy s
(;V'\:f demands for extraction and conversion Processes :;: v:\mly‘\:"mm"“ nfg)‘r\'mcr o
: ed it i luction, the cons
indi in Fi 9. Per unit energy production. ol
dicated in Figure 2.9. . : el
o ::‘ng ['mrpmc in thermal power plants is 40 to 150 times greater th
coo sC

sources of energy listed in Figure 2.9.

mime O A B O wn, " o0
At the Rimmon Pond site on the N patuc k River near Scymouttown Connecticut,
the Housatonic hasin ((‘r.\ll\.\[l(‘ arca YN mi), the flow -duration ¢ at |A'""“ the |“"|“h|)
wv records are as given in Figure R. ‘The average head is 30 ft ssess the site for
{4 v g 2R a jd .
fle a 7

its hydropower potential.

1. From Figure 2.8, Q¢ = R10 ¢ls.

2. From eq. (2.24).
R10(3)

e

1736 kW

insal
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) O = 01750, + 0075(},,, FO00(Qy + Qg t Qa
FOw t O + Ouy + Ou) + 0050,
= 0.175(R10) + 0.075(705) + 0. 10(550 + 430 4 340 + 260 + 180
4130 4 .90) + 0.05(40)
= 1395 cfs.
4. From eq. (2.25).

395(30) (8760 !
£ = 2300@T60) _ oy 1o owh
14
395
§. Plant capacity factor = O 35 _ 0.49
On  RID

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
per second successively for several months. Thus huge reservoir capacities of several
million acre-fect are needed for navigation purpose. One of the shortcomings of this
method is that the water deficiencies arc usually in the lower reaches of a river, while
the reservoir sites arc in its upper part. This results in many technical, operational,
and legal difficulties in maintaining the navigable flow in downstream reaches.

In the second method. the depth of water for low streamflow is increased behind
a series of dams through a succession of backwater curves. At each dam, a shiplock
is provided (o negotiate the difference in water levels upstream and downstream of
the dam. The water demand relates to the (1) evaporation losses from the reservoir
pools, (2) water requirements for locking operations, and (3) leakages at shiplocks.

Each locking operation requires the release of water in the downstream direction
cquivalent to the volume of the lock between the upstream and downstream levels.
This might involve a flow of over 1000 acre-ft/day (500 cfs). The water for lockages
is not accumulative since the water displaced by one lock can subsequently he used
by the next lock downstream. Compared to the locking requirements. the evapora-
tion and leakages are insignificant.

The third method provides for an attificially constructed new channel with a
number of shiplocks. This method is adopted either to connect two different river
systems or in sitnations where the other two methods are not suitable. As regards the
water demand. a flow of several hundred cubic fect per second has to be maintained
through the channel. This is supplied from a stream with a natural dependable flow,
or by a reservoir. In addition, the requircments of cvaporation, lockage operation,
and leakage as discussed for the second method, have to he provided for. If an un-
lined channel is constructed, the seepage losses have to be included also

Sec. 2.11 Demand for Navigation
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