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Water Supply

A supply of water is critical to the survival of life, as we know it. People need water
to drink, animals need water to drink, and plants need water to drink, The basic
functions of society require water cleaning for public health, consumption for industrial
processess and cooling for electrical generation. In this lesson, we discuss water supply
in terms of .
1. Groundwater supplies
2. Surface water supplies

Groundwater Supplies

Groundwater is an important direct source of supply that is tapped by wells, as well
as a significant indirect source since surface streams are often supplied by subterranean
water,

Near the surface of the earth, in the zone o f aeration, soil pore spaces contain both
air and water. This zone, which may have zero thickness in swamplands and be several
hundred feet thick in mountainous regions, contains three types of moisture. After a
storm, gravity water is in transit through the larger soil pore spaces. Capillary water is
drawn through small pore spaces by capillary action and is available for plant uptake,
Hygroscopic moisture is held in place by molecular forces during all except the driest
climatic conditions. Moisture, from the zone of aeration cannot be tapped as a water
supply source.

In the zone of saturation, located below the zone of aeration, the soil pores are
filled with water, and this is what we call groundwater. A stratum that contains a
substantial amount of groundwater is called an aqui fer. At the surface between the two
zones, called the water table or phreatic sur face, the hydrostatic pressure in the
groundwater is equal to the atmospheric pressure. An aquifer may extend to great depths,
but because the weight of overburden material generally closes pore spaces, little water is
found at depths greater than 600m(2000ft). The amount \ ‘
of water that will drain freely from an aquifer is known as
spect fic yield.

The flow of water out of a soil can be illustrated
using Figure 1. The flow rate must be proportional to the
area through which flow occurs times the velocity, or Pore spaces

A=Area

O=Flow rale

Q=Av D Figure 1 Flow through soil
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where Q=flow rate, in m®/sec
A=area of porous material through which flow occurs, in m?
v=superficial velocity, in m/sec
The superficial velocity is of course not the actual velocity of the water in the soil, since

the volume occupied by the soil solid particles greatly reduces the available area for flow.
If a is the area available for flow, then

Q.—_ A-Uza-v’ . (2)
where ©'=actual velocity of water flowing through the soil

a=area available for flow
Solving for ©',

v == (3)

,_Av_AvL v

VT4 T el =1>orosity @

since the total volume of the soil sample is AL and the volume occupied by the water
is alL.
Water flowing through the soil at a velocity v’ loses energy, just as water flowing

through a pipeline or an open channel does. This energy loss per distance traveled is
defined as

energy lose=%h—L €))

where h=energy, measured as elevation of the water table in an unconfined aquifer or
as pressure in a confined aquifer, in m
L=horizontal distance in direction of flow, in m
The symbol (delta) simply means “a change in,” as in “a change in length, L.” Thus
this equation means that there is a change (loss) of energy, h, as water flows through
the soil some distance, L. '

In an unconfined aquifer, the drop in the elevation of the water table with distance is
the slope of the water table in the direction of flow. The elevation of the water surface is
the potential energy of the water, and water flows from a higher elevation to a lower
elevation, losing energy along the way. Flow through a porous medium such as soil is
related to the energy loss using the Darcy equation,

—KA Lk
Q=KA % (6)

where K=coefficient of permeability, in m/day

A=cross-sectional area, in m?
The Darcy equation makes intuitive sense, in that the flow rate (Q) increases with
increasing area (A) through which the flow occurs and with the drop in pressure, Ah/
AL. The greater the driving force (the difference in upstream and downstream




pressures), the greater the flow. The factor, K, is the coef ficientof permeability, an
indirect measure of the ability of a soil sample to transmit water, can be measured by a
permeameter shown in Figure 2; it varies dramatically for different soils, ranging from
about 0. 0005m/day for clay to over 5000m/day for gravel. The coefficient of permeability
is measured commonly in the laboratory using permeameters, which consist of a soil
sample through which a fluid such as water is forced. The flow rate is measured for a
given driving force (difference in pressures) through a known area of soil sample, and the
permeability calculated.

If a well is sunk into an unconfined aquifer, shown in Figure 3, and water is pumped
out, the water in the aquifer will begin to flow toward the well, As the water approaches
the well, the area through which it flows gets progressively smaller, and therefore a
higher superficial (and actual) velocity is required. The higher velocity of course results
in an increasing loss of energy, and energy gradient must increase, forming a cone o f
depression, The reduction in the water table is known in groundwater terms as a
drawdown. If the rate of water flowing toward the well is equal to the rate of water being
pumped out of the well, the condition is at equilibrium, and the drawdowm remains
constant. If, however, the rate of water pumping is increased, the radial flow toward
the well has to compensate, and this results in a deeper cone or drawdown.

Extraction

Ground surface
_ Original water table
So e
P
FlowQ - Drawdown due to
— N water extraction
Area 4 ~*~ Soil sample TTT (MZZann TTT T
Figure 2 Permeameter used for Figure 3 Drawdown in water table
measuring coefficient of permeability . due to pumping from a well

using the Darcy equation

Consider a cylinder, shown in Figure 4, through which water flows toward the center.
Using Darcy’s equation,

iy Q=KA 22 =K 2xr)Sh Q)

L L where 7 is the radius of the cylinder, and 2xrh is the cross-
> < sectional surface area of the cylinder. If water is pumped
| # /4 \ X [™  out of the center of the cylinder at the same rate, as water
I is moving in through the cylinder surface area, the above

equation can be integrated to yield
Surface area = 2nrh Q= ‘rtK(h% “‘h% )
r
Figure 4 Cylinder with flow In r_l
2
though the surface

®
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where hy and h, are the height of the water table at radial distances r1 and r, from the
well,

This equation can be used to estimate the pumping rate for a given drawdown any
distance away from a well, using the water level measurements in two observation wells
i in an unconfined aquifer, as shown in Figure 5. Also, knowing the diameter of a well, it
{ s possible to estimate the drawdown at the well, the critical point in the cone of
depression, If the drawdown is depressed all the way to the bottom of the aquifer, the
well “goes dry” it cannot pump water at the desired rate. Although the derivations
of the above equations are for an unconfined aquifer, the same situation would occur for a
confined aquifer, where the pressure would be measured by observation wells.

Multiple wells in an aquifer can interfere with each other and cause excessive
drawdown. Consider the situation in Figure 6, where a single well creates a cone of
depression. If a second production well is installed, the cones will overlap, causing
greater drawdown at each well. If many wells are sunk into an aquifers, the combined
effect of the wells can deplete the groundwater resources and all wells will “go dry”.

Observation Extraction well 1 Extraction well 2
Extraction well Well 1 Well 2

e

™ - ™ | \Drzlllwdown if bo{
I 100m y—| TTT T l‘le/sl Rl:mpmg TTT T
Figure 5 Two monitoring wells define the Figure 6 Multiple wells and the effect of
extent of drawdown during extraction extraction on the groundwater table

The reverse is also true, of course. Suppose one of the wells is used as an injection
well, then the injected water flows from this well into the others, building up the
groundwater table and reducing the drawdown. The judicious use of extraction and
injection wells is one way that the flow of contaminants from hazardous waste or refuse
dumps can be controlled.

Finally, many assumptions are made in the above discussion. First, we assume that
the aquifer is homogeneous and infinite—that is, it sits on a level aquaclude and the
permeability of the soil is the same at all places for an infinite distance in all directions,
The well is assumed to penetrate the entire aquifer and is open for the entire depth of the
aquifer. Finally, the pumping rate is assumed to be constant. Clearly, any of these
conditions may cause the analysis to be faulty, and this model of aquifer behavior is only

the beginning of the story. Modeling the behavior of groundwater is a complex and
sophisticated science,

Surface Water Supplies

Surface water supplies are not as reliable as groundwater sources since quantities often




fluctuate widely during the course of a year even a week, and water quality is affected by
pollution sources. If a river has an average flow of 10 cubic feet per second (cfs), this
does not mean that a community using the water supply can depend on having 10 cfs
available at all times,

The variation in flow may be so great that even a small demand cannot be met during
dry periods and so storage facilities must be built to save water during wetter periods.
Reservoirs should be large enough to provide dependable supplies. However, reservoirs
are expensive and, if they are unnecessarily large, represent a waste of community
resources, .

One method of estimating the proper reservoir size is to use a mass curve to calculate
historical storage requirements and then to calculate risk and cost using statistics.
Historical storage requirements are determined by summing the total flow in a stream at
the location of the proposed reservoir and plotting the change of total flow with time. The
change of water demand with time is then plotted on the same curve. The difference
between the total water flowing in and the water demanded is the quantity that the
reservoir must hold if the demand is to be met.

A mass curve like Figure 7 is not very useful

wn

W
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if only limited stream flow data are available.

g

Data for one year yield very little information

450 3510 cubig feet c/p/

8
2
-y E
about long-term variations. G 400 o>®
.. . 2 350} 6 irhic’
Long-term variations may be estimated 33| 60x10 C“b'\c/feet/’. ‘\&o‘sg
statistically when actual data are not available. § ;(5)3 ///"' ‘0.\0&6"'/’
. . B 3
Water supplies are often designed to meet < isof $C7
30 &% <7
demands of 20-year cycles, and about once in 20 & 1(5)8 S "’//
. . . . X
years the reservoir capacity will not be adequate R A
JFMAMIJJAS OND

to offset the drought. The community may Month
choose to build a larger reservoir that will prove Figure 7 Mass curve for determining
inadequate only every 50 years, for example. A

required reservoir capacity
calculation comparing the additional capital

investment to the added benefit of increased water supply will assist in making such a
decision. One calculation method requires first assembling required reservoir capacity data
for a number of years, ranking these data according to the drought severity, and
calculating the drought probability for each year. If the data are assembled for n year and
the rank is designated by m, with m=1 for the largest reservoir requirement during the
most severe drought, the probability that the supply will be adequate for any year is
given by m/(n+1). For example, if storage capacity will be inadequate, on the average,
one year out of every 20 years,

m/(n+1)=~1/20=0. 05 ¢))
If storage capacity will be inadequate, on the average, one year out of every 100 years,
m/(n+1)==1/100=0. 01 (10)

This procedure is a frequency analysis of a recurring natural event. The frequencies
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chosen for investigation were once in 10 years and once in 5 years, or a “10-year drought”

and a “5-year drought”, but droughts occurring 3 years in a row and then not again for 30
years still constitute “10-year droughts”. Planning for a 30-year drought will result in the
construction of a large expensive reservoir; planning for a 10-year drought will result in

the construction of a smaller less-expensive reservoir.,

New Words and Phrases

specific yield Bfiif</KE
mass curve R
capital investment # %%
recurring natural event T B4
subterranean adj. #TFH
groundwater n. #F 7K
surface water n. H1FEK
tap n FFR. dgk

v. fE- EFE(FHBEO
swampland 7. JBEEHL
capillary n. EHE

adj. BRW, BAERM

hygro-  [E3k] ®(K), Witk
hygroscopic adj. BIRH
hygroscopic moisture HiE K
stratum n. (1] R, [£] SR
aquifer n. §XKE, BKBE
saturation n. WFICRE), BHE, BE,

HAE
hydrostatic adj. &K 26, Rk
=2ty

hydrostatic pressure #/KEN

water table n. /KO, [E] RWEM

phreatic surface
LR KHE

superficial adj. RMEH, RTWH, LN

porosity n. ZfLtE, HHE, FLERE

unconfined adj. TRHK, TAEKN

n. HF 7K (R 1E) KAE,

permeability n. B&EH
permeameter n. BHEX
clay n #t, Bt
gravel n. B8k, B4
cone of depression n. TREH#Ik, T
-t
drawdown n. (B7KJE) KB REE (B
integrate v, R4

observation . well n. JEiljH

extraction n. HEL, B, #RGE), ¥
BRGE)

derivation n. 3|H, K, ik, GED)iE
", Mtk

deplete wvt. #R, HER
refuse wvt. 4, W4

n. }E%, ﬁﬂ
dump ot HEER), ME
n. iﬁ#&ba iﬁﬁiﬁ

unconfined aquifer n. WK EZKE
confined aquifer n. REEZKE _
homogeneous adj. w2 H, HEK, B
S, K
aquaclude n. RFEKE, BB HEKNBE
offset n. ﬁ@ﬁa Jﬁ?ﬁ, %*"9 é}i’ SF
RRERR, BRER, XH. 5B
ot BREh, $EW, FITRRERR]
vi. W8, FERSTX
sophisticated adj. B, BEE AN

Questions

1. Please give the meaning of drawdown.

2. Try to explain the method of estimating the proper reservoir size.




3. Please give the definition of aqui fer.
4. What is the use of permeameter?
5. What is the definition of porosity of a soil sample?

Reading Material

Water Circulation

The hydrologic cycle is a useful starting point for the study of water supply. This cycle,
illustrated in Figure 8, includes precipitation of water from clouds, infiltration into the

ground or runoff into surface water, followed by evaporation and transpiration of the
water back into the atmosphere,

Zone of Aeration o /'If[l:i'tatl Cf Q
fs Infiltration| ) unoff * {rans onE ‘
Zone of Saturation qg vaporation

Groundwate! N = o
(Groundwater W Ocean
Figure 8 The hydrologic cycle

The rates of precipitation and evaporation/transpiration help define the baseline
quantity of water available for human consumption. Precipitation is the term applied to
all forms of moisture falling to the ground, and a range of instruments and techniques
have been developed for measuring the amount and intensity of rain, snow, sleet, and
hail. The average depth of precipitation over a given region, on a storm, seasonal, or
annual basis, is required in many water availability studies. Any open receptacle with
vertical sides is a common rain gauge, but varying wind and splash effects must be
considered if amounts collected by different gauges are to be compared.

Evaporation and transpiration are the movement of water back to the atmosphere
from open water surfaces and from plant respiration. The same meteorological factors
that influence evaporation are at work in the transpiration process: solar radiation,
ambient air temperature, humidity, and wind speed. The amqunt of soil moisture
available to plants also affects the transpiration rate. Evaporation is measured by
measuring water loss from a pan. Transpiration can be measured with a phytometer, a
large vessel filled with soil and potted with selected plants. The soil surface is
hermetically sealed to prevent evaporation; thus moisture can escape only through
transpiration. The rate of moisture escape is determined by weighing the entire system at
intervals up to the life of the plant. Phytometers cannot simulate natural conditions, so
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results have limited value. However, they can be used as an index of water demand by a
crop under field conditions and thus relate to calculations that help an engineer determine
water supply requirements for that crop. Because it is often not necessary to distinguish
between evaporation and transpiration, the two processes are often linked as
evapotranspiration, or the total water loss to the atmosphere.

The direction of our discussion is that sufficient water supplies exist, but many areas
are water poor while others are water rich. Adequate water supply requires engineering
the supply and its transmission from one area to another, keeping in mind the
environmental effects of water transmission systems, In many cases, moving the
population to the water may be less environmentally damaging than moving the water.
This section concentrates on measurement of water supply, and the following section

discusses treatment methods available to clean up the water once it reaches areas of
demand.

New Words and Phrases

keep in mind 'Eig vt. [} WWPE, B, BIE, FHT

concentrate on g, £MWHEET BRET
hydrologic adj. JK3CH vi. 8%, TE
precipitation n. JLIEWERD, ViYW, Y1  receptacle n. 78§, [#] 7E¥E, [HT]
s BEKED R
infiltration n. ¥iE meteorological adj. K& G
runoff zn RBF(RE), HE; HE; HiEO; ambient adj. AERM
PePE n. JREFE

evaporation n. ¥EEWER)
transpiration n. Xk (W), 8k, [4]

REER, (] ik
baseline n. 3£k

humidity ». BX, #iE, BF
phyto- [iEk] #HY

phytometer n. HYIF|. HYIEBE
hermetically adj. B, RBESH

sleet n. UKf, WEE simulate wvt. B, 5
vi. FHRE, FKE evapotranspiration n. FHEKIEEXKE
hall n. &kaa ﬁm’ *Bu? ﬁ%lé\ﬁ
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Collection Of Wastewater

he “Shambles” is a street or area in many medieval English cities, like London and

York. During the eighteenth and nineteenth centuries, Shambles were
commercialized areas, with meat packing as a major industry. The butchers of the
Shambles would throw all of their waste into the street, where it was washed away by
rainwater into drainage ditches, The condition of the street was so bad that it contributed
its name to the English language originally as a synonym for butchery or a bloody
battlefield.

In old cities, drainage ditches like those at the Shambles were constructed for the
sole purpose of moving storm water out of the cities. In fact, discarding human
excrement into these ditches was illegal in London. Eventually, the ditches were covered
over and became what we now know as storm sewers. As water supplies developed and the
use of the indoor water closet increased, the need for transporting domestic wastewater,
called sanitary waste, became obvious. In the United States, sanitary wastes were first
discharged into the storm sewers, which then carried both sanitary waste and storm-
water and were known as combined sewers. Eventually a new system of underground
pipes, known as sanitary sewers, was a constructed for removing the sanitary wastes.
Cities and parts of cities built in the twentieth century almost all built separate sewers for
sanitary waste and stormwater.

Estimation Wastewater Quantities

Domestic wastewater (sewage) comes from various sources within the home, including
the washing machine, dishwasher, shower, sinks, and of course the toilet. The toilet,
or water closet (WC), as it is still known in Europe, has become a standard fixture of
modern urban society. As important as this invention is, however, there is some dispute
as to its inventor. Some authors credit John Bramah with its invention in 1778; others
recognize it as the brainchild of Sir John Harrington in 1596. The latter argument is
strengthened by Sir John’s original description of the device, although there is no record
of his donating his name to the invention. The first recorded use of that euphemism is
found in a 1735 regulation at Harvard University that decreed, “No Freshman shall go to
the Fellows’John, ”

The term sewage is used here to mean only domestic wastewater. Domestic
wastewater flows vary with the season, the day of the week, and the hour of the day.
Note the wide variation in flow and strength., Typically, average sewage flows are in the
range of 100 gallons per day per person, but especially in smaller communities that



