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UNIT ONE

Text  Historical Development of Municipal Water
Systems in the United States

[1] Today Americans use approximately 150 to 200 gped of water (including commercial
usage) and domestic use is approximately 50 gped. 'On the average. over 37 bil gal of wa-
ter daily are consumed in this country. most of it treated by a public water utility. #

2] The story of the development of the public water-supply systems in the US is not
only the story of the water-supply field. but the storv of a growing country as well; water
and its many uses have been integral facets of the growth and expansion of the US. As a
matter of record. the transformation of the US from a rural. agricultural nation to an ur-
ban. industrialized world power has in fact depended to a large degree on the water supply
and the engineering needed to provide large amounts of water for domestic use, industry,
and that of commerce. ¥

(3] The earliest recorded public water-supply system in the US is credited to the City
ol Boston. Mass. , in 1652. In these early days. people saw little necd for a public water-
supply system because the service offered did not appear to be as good as people could get
from a private well or cistern. Water was “good” if it looked clean - sparkling, clear, cool,
and free {from foreign taste or odor. Such water was readily available from the backyard
well. Most never stopped to think that typhoid, dysentery. cholera, and “summer com-
plaint” could be caused by the water. which all too frequently came from a well not too
distant from the family outhouse.

[4] It was not until after 1875 that scientific knowledge established for certain that wa-
terborne germs caused typhoid and cholera. and it wasn’t until after 1900 that the general
public realized the danger of using impure water-regardless of how it looked or tast-
ed. Unfortunately . until the 1800s and earlv 1900s. when filtration became relatively com-
mon, the public supplies were usually no safer than the private sources. It was common
practice in early systems to take water directly from creeks and rivers. with little or no ef-
fort 1o treat it before the water was pumped into the distribution sysrem. ®

5] In 1800. there were only sixteen public water-supply systems in the US, most of
them originally built for “fire protection and the laying of dust”, with little thought given
to domestic service. Most of these were in New England, or among the larger cities on the
Atlantic seaboard.

(6] By 1850. the number of community systems had grown to 83. none of which had
installed any purification processes with the exception of some basic turbidity control in
the form of settling basins. However, the period around 1900 became known as the “New
Era” in public water supply . primarily because treatment processes began 1o deliver better

1



water and better domestic service than could be realized from the private supply, such as a
well or cistern. ®In 1880 only 600 water systems were in existence. but by 1897 nearly 3.
3640 public water-supply systems were in existence——1400 of which were built between
1861 and 1897!

‘ By 1950. public water systems had reached their maturity. The fears and trepida-
ion of the early years had vanished with the advent of technology . and in the 50 year peri-
od between 1900 and 1950 the success of public water supply became evident.In 1950,
ihere were over 17,000 urban water systems in the US, and treatment techniques using
;oagulation, rapid filtration. 'and chlorination had changed the role of the public water
supply from a “fire protection and laying of the dust” concept to a multi-million dollar in-
dustry.

T8 The technological advances of the past 200 years in the US water-supply field have
possibly been the most important in the entire history of public water supply. Waterborne
disease has been reduced to almost nothing, and the abundance of relatively inexpensive
sotable water has created a unique problem for the industry—the average customer has
t1ken his public water supply for granted! New research and technology, needed to pro-
vide even more and better water, may prove to be expensive.

L9 Although water-supply service is one of the oldest industries in the nation and, in
rerms of volume, the largest supplier of a single commodity in the US, it is faced with sev-
eral other areas of concern. Water quality problems are surfacing in many areas of the
US. News reports flow in daily of pollution of the country’s water by heavy metals. ®Chlo-
rine-resistant viral organisms threaten grave health concerns by rendering currently ap-
plied disinfection technologies impotent. Present facilities in many comrmunities are totally
mncapable of handling contamination from accidental industrial or transportation
spillages. Cross-connection and backflow potentials continue to haunt water systems be-
cause of insufficient regulation and inspection procedures. @

L10] Despite these obstacles, the water-supply field as a whole seems confident that it
can overcome the problems, and rise to the challenge of the future. Using the tools of re-
search, advancing technology, and plain hard work, water men are showing the grit and
determination for which America is famous, and they are confident that they can continue

to provide the best water available to the citizens of the US.

New Words and Expressions

atility [juttiliti] n. AHENARF, AHBVRE
integral * ['intigral] a-  FEH, LEMN, WEBEFLER
facet [aesit] n.  H@

cistern [ 'siston | n. BKH. iEKkEE

backyard ['beekja:d] ne kM, EB

>
v
<



typhoid ['taifoid ]

n.

EES

dysentery ['disenvari] n.  FE
cholera ['kolara] n.  EEL
outhouse ['authaus ] n. (o0 RiFr
all too R, 8T
waterborne ['worteobomn ] a.  IKFEREE . KAEK
creek [kritk] ne  NER NE
distribution [ ,distri'bju:fen n. 5%
lay [lei] v. JHBR
seaboard ['si:bo:d ]} n.  WEL. WX
turbidity [ta:biditi] n.  {BME
settle ['setl] U, f#) e
basin ['beisn ] n.  JKHE. WK, HEK X
repidation [ trepi'deifon ] n.  THER: EBR
advent * ['aedvent] no B, HHE
with the advent of R IEIP
coagulation [kou,zegju'leifon n. BE. BE
chlorination [ ,klo:ri'neifan ] n. FWibabHE, E§SKH
potable ['pautbl] a- AR AE
surface ['sa:fis] v. BBEHXE
chlorine * ['kloiriin] n. & (K)
viral [‘vaiaral] a.  JREN
disinfection [di,sin'fek[an ] no TEE, KB
impotent ['impatent ] a.  AERERK. K5 TN
contamination * [ kon,teemi'neifon n. (5
spillage ['spilid3 ] n. ., BE
backflow ['baekflou ] no [FIFH. BR
grit [grit] n. B HIRS

Notes

(Dgped = gallons per capita per day

2bil = billion

3 As a matter of record.+:-depended to a large degree on-:-the engineering needed+--domes-
tic use, ---and that of commerce.
A]H » As a matter of record fEIRIE. B4 WiE 517 depended on BA-HEIE to a
large degree FF5rBR; needed 5| #4178 1E4E engineering /5 B EiE; that B the

use,

(DIt was common practice*-+to taker--rivers. with little or no effort to treat ite:-.



Al it AR FiE. B EMFEIER to take - rivers; AJKAY with 25 HRE . FILIAP 72
WHH .
'5+-eand better domestic service than could be realized from the private supply, -
BAL A than i #eia]. 51 B LBARIB M), B8 T £ IR E BT ERUA.
i il 18 of pollution:--heavy metals #4f5- 15 News reports., #iEE RO
7'Cross-connection $§7E W8 T A 0K B BEK R R 28 B SO AT & IR A K Z 18] i) %

.
backflow #§ i FE £ 5B WERIT . (7K F M TE i 7K 8 DA A 8 — &b ol i S T8 ALEKR
FABtKBEKE .

Exercises

Reading Comprehension

! . Say whether the following statements are true (T) or false (F) according to the text.

l.

o

Water and its many uses have played a vital part in the development of the US.
9
According to the author, water was good if it looks clean—sparkling. clear, cool ard

free from foreign taste or odor. ¢

- The early public water-supply systems in the US were originally built not only for

fire protection and the laying of dust, but for domestic use. industry and that of com-

merce. ¢ )

. During the period around 1900, which was known as the “New Era” in public water

supply, treatment processes began to deliver better water and better domestic service

than could be realized from the private supply. )

. Despite the problems surfacing in the water-supply field, American water men are

confident that they can continue to provide the best water available to the citizens of
the US. )

I . Choose the best answer for each of the following.

1.

Which of the following statements is the topic sentence of Para. 2°

A. The story of the development of the public water-supply systems in the US is not
only the story of the water-supply field, but the story of a growing country as
well.

B. Water and its many uses have been integral facets of the growth and expansion of
the US.

C. The transformation of the US from a rural, agricultural* nation to an urban, in-
dustrialized world power has depended to a large degree on the water supply.

D. The engineering is needed to provide large amounts of water for domestic use, in-

dustry, and that of commerce.



2. The true reason that in those early days, people saw little need for a public water-
supply system is that
A. the water from the system was not so good as people could get from a private well
or cistern
B. the water from the system was as good as people cold get from a private well or
cistern
C. most never stopped to think that typhoid, dysentery, cholera, and “summer com-
plaint” could be caused by the water from a well not too distant from the family
outhouse
D. 1t was not so convenient to get water from a public water-supply system as from a
private well or cistern.
3. What has been the most important ir. the entire history of public water supply in the
uUsey
A. The success of making the general public realize the danger of using impure water.
B. The success of public water supply.
C. The scientific knowledge that established for certain that waterborne germs
caused typhoid and cholera.
D. The technological advances of the past 200 years in the water-supply field.
4. Why, according to the author, has the average customer taken his public water sup-
ply for granted?
A. Because it is easy to get the potable water.
B. Because the potable water is abundant and inexpensive.
C. Because new research and technology prove to be inexpensive.‘
D. Because waterborne disease has been reduced to almost nothing.

What problems is the US water-supply field faced with?

A. Water quality problems.

B. Cross-connection and backf{low potentials.

C. New research and technology, needed to provide even more and better water, may
prove to be expensive.

D.Both A) and B) .

Vocabulary

t . Fill in the blanks with the words given below, changing the form where necessary.

settle surface pump
L install establish 1
1. Industry will be required to new equipment and meet tougher emission limits.

2. Once the link between waste disposal and disease in the population through drinking

water supplies had been ., steps were being taken to break this cycle.



2
3.

4.

B

As a result of the increase of the population and the contribution from municipal dis-

charges, new problems have _ in the water-supply field.

At the headworks sewage is screened and  before discharge into the Thames
Estuary (7aF[31) .

The company used two steam engines to _ the well water to elevated reservoirs

and then to the distribution system.

I . Match the words in Column A with their corresponding definitions or descriptions in

Column B.
Column A Column B
1. advent a. necessary (to complete something)
2. creek b. coming or arrival
3. integral c. the destruction of disease germs
4. utility d. a small stream
5. disinfection e. a public service
‘{ranslation TN ERE

HIFACMAA AL, — ISR, ERERE-MRANELEBFPEAE

R A R L — BN = EETE: 1. BEEAH T 2. B8 T ek iE X
S RS E AR B S R e 1R .
#1 1. The service offered did not appear to be as good as people could get from a private

) 1.

) 5.

7 6.

(a.) well or cistern.

B LA R 55 PP 2 AR I AT B R KH K7 8.

2. He looked at me. as a colonel might look at a private (n. ) whose bootlaces were un-

done.

EER, MR- LEEE LKA RFEFHFIE.

3. Scientific knowledge established for certain that waterborne germs caused typhoid

and cholera.

PHEMRRE IS TKAEAE T SR GEMEL.

He has been established in New York as a physician.
HCEANTFWITET

In 1950, there were over 17,000 urban water systems in the US.

1950 4, RERAHKREC it 17,000 4,

The social system in China is quite different from that in the US.

H B AL S 1 B ) SR B K A A R

Translate the following sentences into Chinese, paying attention to the underlined words.

{. A large portion of the flow to streams is derived from subsurface water.

)



2. Any notion of “safe vield” must consider each factor.

3. Water can be transported irom either a ground or surface supply source directly to a
community or. if water quality considerations indicate, initially to a water treatment fa-
cility.

4. Service reservoirs are also necessary in the transmission system to help level out peak
demands.

5. Groundwater is an important direct source of supply which is tapped by wells.

Reading Material A

Groundwater and Surface-water Supplies

Groundwater is*both an important direct source of supply which is tapped by wells
and a significant indirect source of supply since a large portion of the flow to streams is de-
rived from subsurface water.

Near the surface of the earth in the zone of aeration soil pore spaces contain both air
and water. This zone, which may have a zero thickness in swamplands and be several hun-
dred feet thick in mountainous regions, contains three types of moisture. ®Gravity water is
in transit after a storm through the larger soil pore spaces. Capillary water is drawn
through small pore spaces by capillary action, and is available for plant up-
take. Hygroscopic moisture is water 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. ‘

On the other hand, the zone of saturation offers water in a quantity that is directly
available. In this zore, located below the zone of aeration, the pores are filled with water,
and this is what we consider groundwater. The stratum which contains a substantial
amount of groundwater is called an aquifer. At the surface between the two zones, labeled
the water table or phreatic surface, the hydrostatic pressure in the groundwater is equal to
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 600 m (2000ft) . The water readily available from an aquifer is that which will drain
by gravity. Each soil type thus has a specific yield,?defined as the volume of water, ex-
pressed as a percent of the total volume of water in the aquifer, which will drain freely
from the aquifer.

Groundwater supplies are often tapped by drilling wells into the ground and pumping
the water up and out.

Many factors help determine the “safe vield” of a given well or a selected aquifer . ¥

* precipitation (P)



* net groundwater flow to the area (Gn)

- evapotranspiration (E)

- surface flow out of the area (S,)

 change in groundwater storage (G,)

+ change in surface water storage (8,)

* cost of pumping.

Any notion of “safe yield” must consider each factor, and must reference a given time peri-
od. If we focus on the quantity of water available for a year, for example, and neglect
cost, we can define safe vield Sy as:
Sg =P+ Gy — Evy— S, — S, — G,

Other factors in the determination of safe yields include the transmissibility of the aquifer™
tcan the aquifer transmit the water to the well (s) at a rate great enough to sustain the de-
mand ) and the location of contaminated bodies of water (including salt water intrusion pos-
sibilities from the oceans and chemical migrations from disposal or spill sites) .

Besides offering a source of well water, aquifers also combine with precipitation to
feed surface water courses. Surface water supplies are not as reliable as groundwater
sources since quantities often fluctuate widely during the course of a year or even a week,
and qualities are restricted by various sources of pollution. If a river has an average flow of
10 cubic feet per second (cfs), it means often the flow is less than 10 cfs. If a community
wishes to use this for a water supply, its demands for the water should be considerably
less than 10 cfs in order to be assured of a reasonably dependable supply.

The variation in the river flow can be so great that even a small demand cannot be met
during dry periods in many parts of the nation. and storage facilities must be constructed
to hold the water during wet periods so it can be saved for the dry ones. The objective is to

build these reservoirs sufficiently large to have dependable supplies.

Notes
DR-ESBREETSRERNKS . EREN, HESENEETHEES, HIUIRKER
AT LT R,
“this zone” $§ “the zone of aeration GESR)”,
@ “specific vield” Bk E.
CHEERETHEE KHBE-RENS KB TEEKE.
“safe yield” AT 4K &.
1 Other factors in the determination of safe yields include the transmissibility of the
aquifer -+~ BeXE O §E Hi7K B9 H A I R AE S KBRB AR,
“transmissibility” &K B agi Ak 3%,

L o ]
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Reading Material B

Water Transmission

Water can be transported from either a ground or surface supply source directly to a
community or, if water quality considerations indicate, initially to a water treatment facili-
ty. by different types of conduits. including .

» Pressure conduits: tunnels. aqueducts and pipelines

+ Gravity-flow conduits: grade tunnels, grade aqueducts and pipelines

The location of the well field or river reservoir defines the length of the conduits,
while the topography indicates whether the conduits are designed to carry the water in
open-channel flow or under pressure. The profile of a water supply conduit must generally
follow the hydraulic grade line to take advantage of the forces of gravity and thus minimize
pumping costs.

Service reservoirs are also necessary in thé transmission system to help level out peak
demands. In practice, intermediate reservoirs close to the city, or water towers, are sized
to meet three design constraints .

« hourly fluctuations in water consumption within the service area

* short-term shutdown of the supply network for servicing

« back-up water requirements to control fires.
These distribution reservoirs are most often constructed as open or covered basins, elevat-
ed tanks, or, in the past, standpipes. If the service reservoirs are adequately designed to
meet these capacity considerations. then the supply conduits leading to them generally
must only be designed to carry approximately 50% in excess of the average daily demand
of the system or subsystem.

Before discussing flow . it might first be useful to review some important fluid proper-
lies.

The density of a fluid is its mass per unit volume.In common units, density is ex-
pressed as slugs per cubic foot, or as Ib. sec?/ft'. Density in the metric system is in terms
of grams per cubic centimeter. The density of water under standard conditions is 1. 94 in
common units and unity in the metric system. ¥

Specific Weight represents the force exerted by gravity on a unit volume of fluid and
therefore must be in terms of force per unit volume, such as pounds per cubic foot. The

specific weight is related to density as

w == “)g

where w=specific weight, 1b/ft’



p=density, lb. sec’/ft?
g= gravitational constant, ft/sec®.
The specific weight of water is 62. 4 pounds per cubic foot.

Specific gravity of a liquid is the ratio of its density to that of pure water at a standard
temperature. ®In the metric system the density of water is one gram per cubic centimeter
snd hence the specific gravity has the same numerical value as the density.

The wiscosity of a fluid is a measure of its resistance to shear or angular deformation
&nd is defined as the proportionality constant relating the shear stress t to the rate of de-
formation du/dy. This proportionality constant is usually written as

r = u(du/dy)
The assumption inherent in this definition is that the shear stress is directly proportional
to the rate of deformation. ®Such a definition holds for many fluids, which are known as
Newtonian fluids. Fluids for which the shear stress is not proportional to the shear rate are
known as non-Newtonian fluids. An example of a non-Newtonian fluid is biological
s:udge. The term viscosity, when applied to biological sludge, is therefore significant only
if either the rate of deformation or the shear stress is also specified.

In the metric system, a unit of viscosity is a poise, with units of grams per centime-
ter-second. Most fluids have low viscosity and a more convenient unit is the centipoise or
0. 01 poise. The viscosity of water at 20°C (68.4F ) is 1 centipoise. In the English system
the unit of viscosity is pound seconds per square foot. One lb. sec/ft? equals 479 poise.

Kinematic viscosity is defined as the absolute viscosity , pt, divided by the density of the

fiuid, or v=p/p. The dimensions of kinematic viscosity are square centimeters per second.
Notes

UPRERA T KRR E ISR AN BN 1. 94, %K 1.
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2to that of pure water = to the density of pure water
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