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THIS... is ZENON's ZeeWeed® immersed
membrane system. A revolutionary drink-
ing water filtration technology that
employs our unique suction technology.

This SUCTION process provides unpar-
alleled advantages over conventional
and other membrane filtration systems.
The innovative ZeeWeetl system operates
in an open environment and gently draws
water through the membrane. This means it can
handle virtually any type of feedwater - from pre-
treated to high turbidity or even filter backwash -
without plugging. This ability to handle high solids
and resist clogging means that ZeeWeed9 can easily
accommodate coagulants or be immersed directly in
a clarifier.

Open tank allows for use
ofcoíí^ulanls and any
type of faeduiater

The MEMBRANE itself is an NSF 61 certified
ultrafilter that is chlorine tolerant and
100 TIMES STRONGER than the compe-
tition. Providing over 6 log removal of
Cryplosporidium, Giardia and other
harmful parasites.

The most remarkable thing about
ZENON's ZeeWeed00 technology may be

its ability to immediately upgrade your current
conventional filtration plant by fitting inside your
existing tanks. Ensuring a reduction in capital costs
with minimal change to your infrastructure.

This... is •why ZENON invented immersed membrane
technology. ZENON's ZeeWeed"* suction system.
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Techniques We Utilize
Today to Treat Our
Drinking Water Came

History of Water
from Methods Used
in the Last Century

Clockwise /rom (op: On jan, 10, 1901, Cedar Rimr wafer fimt flowed through the nowly

completed 28,57 mile, pipeline which carried it Lo Ihr. new Lincoln ¡IIKI Volunteer reservoirs
in Seattle; Sections «/ outfall pipe from Hyperion Waslcwtiler freatrnenl P/unt in the
1920s; A contemporary cartoon depicted the common opinion of the. SouthwarkWotw
Works' abysmal »wj/c.r source (illuslrnllon provided by Trustees of the.
[irillsh Museum); A map of the notion Water System in 1848.



BY JAMES lAUGHIJN

Editor & Associate Publisher

I ince the beginning of recorded time, people
.have been searching for ways to improve the
'quality and safety of the water they drink.

While some may think at the dawn of a new millen-
nium that we have found the answers to making
water safe, in fact all we have done is refined tech-
niques that have been in use since before the dawn
of the last millennium.

By 2000 BC, people in India were filtering water
through charcoal and storing it in copper contain-
ers to maintain freshness. Boiling to improve the
quality of water has been employed from the begin-
ning of civilization. Filtration through porous ves-
sels and even filtration with sand and gravel have
been prescribed for thousands of years. In his writ-
ings on public hygiene, Hippocrates (460 — 354
BC) recommended that water be boiled and
strained before drinking. The cloth bag that he rec-
ommended for straining later became known as
"Hippocrates' sleeve".

In The Quest for Pure Water, M.N. Baker quotes a
Sanskrit source "...it is directed to heat foul water
by boiling and exposing to sunlight and by dipping
seven times into it a piece of hot copper, then to fil-
ter and cool in an earthen vessel."

Baker's book, published by the American Water
Works Association in 1949, is without a doubt the
most comprehensive history of water treatment. It
was updated with a second volume in 1981 but is
now out of print. Baker provides a detailed account
of the history of water treatment, including infor-
mation on many firsts, such as the first municipal
filtration system and the first use of chlorine disin-
fection. Much of the information for this article is
based on his book.

Another source is the History of the Safe Di mkuig
Water Act (SDWA) by Frederick W. Pontius, P.h., a
consultant in SDWA regulatory compliance. His
paper outlines the history of drinking water regula-
tion in the United States. It is available on the EPA
Office of Water Internet site devoted to the 25th
anniversary of the SDWA (http://www.epa.gov
/safewatcr/sdwa25/sdwa.html).

As Pontius points out in his introduction, "To be
safe for human consumption, drinking water must
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be free from organisms capable of causing disease.
It must not contain minerals and organic substances
at concentrations that could produce adverse physi-
ological effects. Drinking water should be aestheti-
cally acceptable; it should be free from apparent
turbidity, color, and odor and from any objection-
able taste. It should also have a reasonable temper-
ature. Water meeting these conditions is termed
potable."

The history of water treatment revolves around the
development of systems to deal with those con-
cerns. The first treatment methods dealt primarily
with the aesthetics of .water, making it pleasing in
taste, color and odor. Later, as a connection was
found between water and disease, i:he greater con-
cern became making water safe for human con-
sumption.

Early Filtration Systems
One of the first steps for purifying water was filtra-
tion. Paintings from an Egyptian tomb built during
the reign of Amenophis li in the 15th century BC
depict men using wick siphons to siphon off .either
water or settled wine. Another painting in the tomb
of Raillées 11, built in tht 13thxciiiury BC: shows
assorted wick siphons m aü Egyptian kïteheri.

Venice was one of the rUsi mode in Jiiics n, Ix
Jargely supplied with filtered \wiCi Because n was
built on islands, Venice depended i,¡¡ catching and
storing ram water m cisterns. Man> or the cisterns
wert surrounded by sand liht-rs and vver¿ designed
so that the rainwater would K^-' dw»vn ¿nd through
the sand, and. chou back up ¡nu, a ¿enLrai reservoir
from which the water was drawn

In Í68.S, lúe Antonio [\>¡¿,\o.. tli, italian phy.Mciavi-
publishud the first knovvn ¡llustiaicd description of
sand filters...The Austro Turkish war of 1685 led
Poi/.iu to wine a book on conceiving the health of
soldiers n E ca.iipo and \vi , ,j..,bt¿bi> thv ri; si. ^.¡b
fished tre.ili.íí. •'>,: ;.nâ,7 .••,¿¡;¡¡.¿u;.~.i"..

Porzio proposed a system of multiple filtration
through sand, preceded by straining and sedimenta-
tion. In his design, the filters could be placed in the
hull of a boat. In one illustration he showed three
pairs of filters, each pair consisting of a downward
flow filter and an upward flow filter. Water entered
the first or settling compartment of the boat
through a perforated plate acting as a strainer. The
top or clearest water in the settling compartment

g
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flowed through two funnels in the top of a parti-
tion, passed down through the first sand filter, out
through oblong openings in the bottom of a second
partition and up through the second sand filter. The
water then flowed through two additional pairs of
filters before being used.

Porzio said his plan was an imitation of nature's
method of passing water through the "bowels of the
earth."

In the 18th century several attempts were made to
commercialize filtration in France, the first about
1750 by patenting, manufacturing and selling filters
for household use. In the 1760s and '80s, promoters
in Paris obtained patents or licenses for filter plants.
One promoter built a filter plant and organized a
citywide carrier system for delivering water in
sealed containers.

Most of the water filtered in Paris up to the end of
the 19th century was sold in containers and was
carried home or delivered by porters. Only a little
was piped to houses. Sponge, then charcoal and
then wool were promoted as filtering media in
France for more than a century from 1745 onward.

In 1749 Joseph Amy was granted the first water fil-
ter patent issued by any country. He also published
the first book on filters to appear anywhere in the
world and founded the first-known filter manufac-
turing operation. His book, "Nouvelles Fontaines
Domestiques," appeared in 1.750. Amy developed
designs for both large and small filters. His large fil-
ter was composed of sponges
pressed into holes in the sides of
an open-topped wooden box float-
ing on the water to be filtered. The
filtrate passed through a flexible
tube to a clear-water boat-shaped
trailer. If desired, multiple filtra-
tion could be had by means of
sponges inserted in crosswise partitions in the trail-
er. For smaller quantities of water, a vessel of lead
or earthenware, with sponges inserted in holes in
the sides, was used.

During the review of Amy's patent request a noted
scientist of the time, Reaumur, tested several other fil-
ter media using Amy's design, including cotton, wool,
silk and sand. All provided good water but Reaumur
concluded that, of these media, sand was the best
media. This was the first known comparative test of
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filter media. When Amy's patent was finally
approved, sand was included as an alternative media,

James Peacock, a London architect, was granted the
first British patent on a process for water filtiation
in 1.791. In 1793, he published a promotional pam-
phlet that included information on the choice,
preparation and placement of filter media. He gave
specific directions for preparing sand for use. He
said the sand should be placed in graded layers con
taining particles of decreasing size. Included was à
diagram showing superimposed spheres of diminish-
ing size, illustrating why coarse filtci ing material
should be placed at the bottom of a filter with lay-
ers of finer material above.

Peacock's filter had a false, perforated bottom and
was cleaned by reverse flow backwash. In special
cases, the filter might contain a mixture of pow-
dered wood charcoal and limestone to further
improve the filtered water.

The first known filter to supply water to a whole
town was completed in Paisley, Scotland in 1804,
but the water was carted to consumers. At Glasgow,
in 1807, filtered water was piped to consumers by
one water company, and immediately after by a
rival. In 1810, one of the companies built the earli-
est recorded filter gallery for water supply.

The Paisley project was the brainchild of John Gibb,
who wanted a clean water supply for his bleachcry,
which served the area's cloth industry. The filtration
facility developed by Gibb included a roughing filter,

The first known filter to supply water to a whole town was complete 1 in

Paisley, Scotland in 1804, but the water was carted to consumers. At

Glasgow, in 1807, filtered water was piped to consumers by one waver

company, and immediately after by a rival.

sedimentation and subsequent double filtration.
Water from the River Cart flowed to a pump well
through a 75-foot roughing filter composed of
chipped stone in a trench about eight feet wide and
four feet deep. A small steam engine lifted the. water
to an air chest about 16 feet higher than the river.
The water then flowed to a settling chamber through
about 200 feet of three-inch bore wooden pipe.

The settling basin, main filters and clear-water basin
were formed by concentric masonry walls. The ling



shaped settling basin and the two filters nested
within it were each six feet wide. The outer filter
was composed of coarse gravel and the inner of
very fine gravel or sand. The clear-water basin was
23.5 feet in diameter. A pipe ran from the basin to
a discharge point where the water was placed into
casks for delivery around the town. The facility
delivered approximately 6,700 gallons a day, with
the water being sold at about 1 cent per gallon.

in 1827, slow sand filters designed by Robert Thorn
were put into use at Círeenock, Scotland. Similar f il—

information on filtration in Great Britain and on
the continent. While he was abroad, the city decid-
ed not to build filters. In a report published in
1869, Kirkwood described and illustrated the filters
and filter galleries of 19 European cities, including
seven of the eight London metropolitan water com-
panies, and filters in Edinburgh, Scotland; Dublin,
Ireland; Marseilles and Nantes, France; and Aitona
and Berlin, Germany.

Notable filter companies in the mid- to late 1800s included the Hyatt,

National, American, Warren and Continental filter companies, Perhaps the

most famous of the 19th century was the Jewell Pure Water Company.

ters designed by James Simpson were completed in
London in 1829. Thorn's filters had a false bottom
and were cleaned by reverse flow wash, features
included in the design of rapid filters developed in
the United States during the 1880s. Simpson's filters
were cleaned by surface scraping His design
became the model for English slow sand filters
throughout the world.

Richmond, Virginia, was the first American city to
attempt water filtration. Early in 1832 it construct-
ed a water works which included a small upward-
flow filter of gravel and sand. When it proved a
failure, a filter operated by downward flow was
constructed, but it too failed. Both of the filters
were small and unable to cope with the highly tur-
bid waters of the James River.

After Richmond's failures, there were no large-scale
attempts at filtration in the United States until
about 1870, according to Baker.

In 1872, Poughkeepsie, New York, built the first
•?\Q\» sand filter m America. Among its engineers was
james P. Kirkwood, the father of slow sand filtration
in America. Kirkwood gamed fame by writing what
is thought to be the first book devoted exclusively to
the filtration of municipal water supplies.

While working as an engineer for the Brooklyn,
New York, waterworks in the late 1860s, Kirkwood
was contracted by the city of St. Louis, Missouri, to
recommend improvements to its water supply. He-
advised filtration and was sent abroad to gather

While at Leghorn, Italy, in 1866, Kirkwood saw a
filtration plant consisting of three pairs of filters

that may have been based on
Porzio's designs. The first filter of
each pair worked by downward
flow, and the second by upward
flow. The filter media in the first
five filters were, from top to bot-
tom, fine gravel, coarse gravel,

wood charcoal and coarse gravel. In the sixth filter,
only gravel was used.

Rapid Filtration
Rapid filtration became the dominant filtration sys-
tem in the United States in the late 1800s. Most
operated under considerable pressure, with water
being pumped from the source through a closed fil-
ter tank and on into the distribution mains. The fil
ters often featured reverse flow wash, revolving
sand agitators or stirrcrs and jets of water on or
just below the surface to keep the sand agitated
during the cleaning cycle.

Notable filter companies in the mid- to late 1800s
included the Hyatt, National, American, Warren
and Continental filter companies. Perhaps the most
famous of the 19th century was the Jewell Pure
Water Company. The three Jewells — Omar H. and
his sons Ira. H. and William M. — received some
50 patents from 1888 1900.

The Little Falls filters of the East jersey Water Co.
ushered in the modern cía in the design of rapid fil-
ters when they were installed in 1902. The filters
were rectangular instead of round and were made
of reinforced concrete rather than of wood or iron.
Instead of adding coagulation at the point where
raw water flowed onto the filters, as had been the
earlier practice, coagulation was added as the water
flowed into a detention basin in which it was held
for a period to permit chemical reaction and floccu-
lation. As an aid to cleaning, compressed air was
introduced underneath the filter before reverse-flow

12 World of Water 2000
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wash to agitate the media, rather than by the old
method of stirring with revolving rakes from above.

Filtration & Disease
During the late 1800s as improvements were being
made to filtration systems, the germ theory of dis-
ease became firmly established as a result of
research by Louis Pasteur, Robert Koch, and others.
In 1884, Koch isolated the causal agent of cholera,
Vibrio cholera.

In 1892, a study of cholera by Koch in the German
cities of Hamburg and Aitona provided strong evi-
dence of the importance of water filtration for pro-
tection against disease. The cities both drew their
drinking water from the Elbe River, but Aitona used
filtration since its water was drawn from the river
below Hamburg and was grossly contaminated.

The two cities are contiguous and in some places the
border between the two follows a contorted course.
Koch traced the incidence of cholera in the 1892
epidemic through these two cities, with special
attention directed to the contiguous areas. The
results of the study were clear-cut: even with a more
contaminated water source, Aitona had a markedly
lower incidence of cholera than Hamburg. Since by
this time it was well established that cholera was

In the United States, cholera was not a problem after the mid-19th century

but typhoid fever continued to kill thousands each year. In England, William

Budd had shown by the mid-19th century that typhoid fever was a conta-

gious disease. The causal agent, now called Salmonella typhi, was isolated

and identified by Eberth in 1880 and Gaffky in 1884.

city of Lawrence. A leader in this work was W.T.
Sedgwick, a professor at the Massachusetts Institute
of Technology. M.I.T.'s influence in water supply
research remained strong throughout the first quar-
ter of the 20th century. One important technological
advance which made water filtration adaptable to
even turbid sources of water was the use of chemi-
cal/coagulation filtration processes, patented about
1884 by the brothers J.W. and I.S. Hyatt.

While the Lawrence experiments were going on, an
epidemic of typhoid swept through the city.
Especially hard hit were those areas of the city using
water from the Merrimac River. As a result of the
epidemic, the city of Lawrence built a sand filter.
Comparing the five year periods before and after
introduction of filtration, the death rate from
typhoid fever in Lawrence dropped 79 percent.

Sedimentation, Clarification
Sedimentation as a form of water treatment has been
practiced for thousands of years. The Roman city of
Laodicea was one of the earliest cities to have set-
tling reservoirs to clarify a turbid water supply. At
about 260 BC, Antiochus Theos built an aqueduct
some four miles long from the River Cap rus to the
city. At the terminus of the aqueduct were two cham-
bers, one 46 x 46 feet and the other 15 x 15 feet. A

study made of the ruins about 1888
led to the conclusion that the cham-
bers were settling reservoirs.

caused by intestinal bacteria excreted in the feces of
humans, it was concluded that filtration was remov-
ing the contaminating bacteria from the water.

In the United States, cholera was not a problem after
the mid-19th century but typhoid fever continued to
kill thousands each year. In England, William Budd
had shown by the mid-19th century that typhoid
fever was a contagious disease. The causal agent,
now called Salmonella typhi, was isolated and identi-
fied by Eberth in 1880 and Gaffky in 1884.

Experiments on water filtration were carried out in
the United States during the late 1880s and early
1890s, notably by the Massachusetts State Board of
Health experiment station established in 1887 at the

14

The first recorded modern-era sedi-
mentation was described in 1804
by Henry C. Engelfield. The system
served a large town in Switzerland
and was built in the late 1700s. It

featured a basin divided by a series of under-and-
over baffles.

Both the Paisley and Glasgow systems featured set-
tling basins, as did a filtration system built in Paris
in I 806. The first American settling reservoir on
record was a part of the water works completed in
1829 for Lynchburg, Virginia. The system was
designed by Albert Stein.

Coagulation agents have been used for centuries to
aid the sedimentation process. One of the earliest
known systems included the use of almonds. The
process was described by Prospero Alpino, Italian
botanist and physician, in a late 16th century book
on Egyptian medicine. He described Egyptians rub-
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bing the inside edge of a vessel with crushed
almonds and then vigorously mixing the crushed
almonds into turbid water. "They let it clarify, and
it was properly clear in three hours' time."

In the late 17th century, the Spanish missionary
Navarette wrote of witnessing Chinese watermen
using alum to settle water from the Yellow River:
"putting a little allum (sic), they shaked about the
jar, then letting it settle two hours, it became as
clear and fair as could be wished..." A similar
account came from General William Sibert of the
U.S. Army in 1914. He reported seeing a man clari-
fy water in China by stirring with a long cane: "I
found that the cane had been pierced with small
holes and that it was full of powdered alum. This
alum, in dissolving, clarified the water ... This
means of clarifying water I found had been used in
China for centuries."

One of the first applications of coagulation on a
public water supply in the United States was in
1885 by the Sommerville 8t Haritan, New Jersey,
Water Co. lhe company installed the coagulation
system as a pretreatment for rapid filtration using a
Hyatt Mechanical Filter. At about the same time,
Peter T. Austen and Francis A. Wilber of Rutgers
University, New Brunswick, New Jersey, conducted

In the mid-1890s, the Louisville Water Company,
Louisville, Kentucky, combined coagulation with
rapid sand filtration, significantly reducing turbidity
and bacteria in its water. The Louisville studies
refined the knowledge of the process and showed
the need for pretreatment, including sedimentation,
for Ohio River water.

Disinfection , •
Disinfection in one form or another has been prac-
tices for thousands of years, with boiling the pre-
ferred method for centuries. Other germ-killing agents
used down through the ages have included copper, sil-
ver, chlorine, ozone and ultraviolet radiation.

Although municipal water supplies grew in number
throughout the 1 800s, health and sanitary conditions
did not begin to improve significantly until the intro-
duction of chlorine disinfection in the early 20th cen-
tury. By 1900 there were more than 3,000 water sup-
ply systems in the United States, but instead of
improving health and safety of drinking water, in
some cases they actually contributed to major out-
breaks of disease, ,1'umpcd and piped water supplies,
when contaminated, can efficiently spread pathogen-
ic bacteria throughout a community.

The first permanent water chlorination plant was put into use at

Middelkerke, Belgium, in 1902. In the system, chloride of lime and perchloride

of iron were fed through drip cocks into the water before filtration. Continuous

chlorination of drinking water began in the early years of this century in

Great Britain, where its application sharply reduced typhoid deaths.

The earliest known mention of chlorine for purify-
ing water was made by Dr,
Robley Dunglinson in his
Human Health, published in
1835 in Philadelphia. He sug-
gested that a small quantity of
chlorine, or one of the chlo-
rides, could be used to make
"the water of marshes potable."

the first scientific investigation in the United States
on coagulation. Their study fixed a reasonable limit
on the alum dosage and suggested that coagulation
as an aid to sedimentation without filtration was a
possible treatment method. They also indicated that
alum could be applied to filters without intermedi-
ate coagulation basins.

After Austen and Wilber's report, several water
works began using coagulation alone as a primary
treatment. As an example, Omaha, Nebraska,
introduced coagulation with sulfate of alumina in
1889. Although the alum additions were refined
over the years, it was not until 1.923 that a rapid
filter system went into full operation.

The first recorded use of ozone
dates to 1839 in Germany, when the natural
process of ozone generation was duplicated in the
laboratory. The first use of ozone as a purifying dis-
infectant for water occurred in 1893 in Holland.

Dr. John Snow used chlorine in the 1850s when he
attempted to disinfect the Broad Street Pump water
supply in London after an outbreak of cholera. In
1897, Sims Woodhead used "bleach solution" as a
temporary measure to sterilize potable water distri-
bution mains at Maidstone, Kent (England) follow-
ing a typhoid outbreak.

From the mid- to late 1800s a large number of
patents were issued in the United States and abroad
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for a variety of water treatment systems using volta-
ic action, magnetic action, electric currents or the
addition of chemical oxidizing agents. The first
American patent on chlorination of drinking water
was granted in 1888 to Albert R. Leeds, professor
of chemistry at Stevens Institute of Technology,
Hoboken, New Jersey.

In 1896, William M. Jewell applied chlorine gas to
drinking water during a filter testing program in
Louisville, Kentucky. Jewell was attempting to sell a

The first full-scale application of liquid chlorine for water disinfection was

begun in 1912 at the Niagara Falls filter plant of the Western New York

Water Co, using equipment developed by Dr. Georg Ornstein with the help

of H.F. Huy, Principal Assistant Engineer at the plant

marked drop in total bacterial count was obtained
at a cost far lower than with any other procedure.

After many months of operation, the court deter-
mined that the company was meeting its contract.
As stated by the court examiner: "I do therefore
find and report that this device fchlorinationj is
capable of rendering the water delivered to Jersey
City pure and wholesome for the purposes for
which it is intended and is effective in removing
from the water those dangerous germs which were

deemed by the decree to possibly
exist therein at certain times."

filtration system to Louisville and set up the chlo-
rine equipment on his own initiative. He generated
chlorine gas by passing a 24 volt DC current
through a brine solution.

The system operated for about 10 days, applying
chlorine at a rate of 0.25 ppm, before Louisville
officials asked that it be shut down. In a letter to
Baker many years later, Jewell wrote that Charles A.
Hermany, President of the Louisville Water Co.,
requested that the experiment be shut down on the
grounds that "it was detrimental to the whole pro-
ceedings, would never come into general use and
was unfair to our competitors in the test."

The first permanent water chlorination plant was
put into use at Middelkerkc, Belgium, in 1902. In
the system, chloride of lime and perchloride of iron
were fed through drip cocks into the water before
filtration. Continuous chlorination of drinking
water began in the early years of this century in
Great Britain, where its application sharply reduced
typhoid deaths.

Following the success in Europe, chlorination of
drinking water was introduced in the United States
by the Jersey City, New Jersey, water works at the
suggestion of Dr. John L. Leal. At the time, the
city's water came from the Boonton Reservoir and
was not filtered. Residents of Jersey City were con-
cerned about the quality of water from the reservoir,
which they believed was contaminated by sewage
from upstream towns. After a court battle, the East
Jersey Water Co. chose disinfection as an alternative
to constructing filters. The results were dramatic: a

The first full-scale application of
liquid chlorine for water disinfec-
tion was begun in 1912 at the
Niagara Falls filter plant of the

Western New York Water Co. using equipment
developed by Dr. Georg Ornstein with the help of
H.F. Huy, Principal Assistant Engineer at the plant.
Ornstein went on to develop a solution-feed process
for chlorine application. The Electro Bleaching Gas
Co. acquired the rights to his U.S. patent and began
marketing the equipment. In 1917, Wallace &
Tiernan Co. became sole licensee of the patent.

The introduction of chlorination led to a dramatic
reduction in the incidence of typhoid fever in the
United States. As an example, in .1.917-18 Wheeling,
West Virginia, experienced 155-200 cases of typhoid
fever per 100,000 population. Chlorination was
introduced in late 1918, and during the first three
months of 1919 only seven cases were recorded. For
three weeks during April 1.919 chlorination was dis-
continued and 21 cases of typhoid were reported.
After chlorination resumed, only 11 cases were
recorded for the last six months of the year.

By the 1920s, a large proportion of utilities that
provided treatment for their water were using some
form of disinfection. Ozone was competitive with
chlorination briefly during the early part of the cen-
tury, but chlorination soon became the dominant
form of disinfection.

Some utilities also experimented with ultraviolet
radiation during the early part of the century. In the
United States, four utilities adopted LIV as a disin-
fectant in the period from 1916-28. The first was at
Henderson, Kentucky, in 1916. The system operated
until about 1923. Berea, Ohio, installed a UV appa-
ratus in 1923 and it continued operation until 1936.
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U.S. Drinking Water Standards
There were no federal drinking water standards
prior to 1912 in the United States. That year
Congress promulgated a regulation prohibiting the
use of a common drinking cup on carriers of inter-
state commerce, such as trains. The first formal and
comprehensive review of drinking water concerns
was launched in 1913. That study led to the adop-
tion of the first federal drinking water standards in
1914.

The U.S. Public Health Service, then part of the U.S.
Treasury Department, was charged with the task of
administering a health care program for sailors in
the Merchant Marine. In 1914, the surgeon general

In the late 17th century, the Spanish missionary Navarette

nessing Chinese watermen using alum to settle water from

"putting a little allum (sic), they shaked about the jar, then

two hours, it became as dear and fair as could be wished .

recommended, and the U.S. Treasury Department
adopted, standards that applied to water supplied
to the public by interstate carriers. These standards
were commonly referred to as the Treasury
Standards. They included a 100/cc (100 organ-
isms/mL) limit for total bacterial plate count.

The 1914 Standards also stipulated that no more
than one of five 10/cc portions of each sample
examined could contain B. coli (now called
Escherichia coli). Because the commission that
drafted the standards had been unable to agree on
specific physical and chemical requirements, the
provisions of the 1914 standards were limited to the
bacteriological quality of water. The standards were
legally binding only on water supplies used by inter-
state carriers, but many state and local governments
adopted them as guidelines.

In 1925, the limit was changed to 1 coliform per
100 mL, and the principle of attainability was
established. In addition to bacteriological standards,
standards were established for physical and chemi-
cal constituents (lead, copper, zinc, excessive soluble
mineral substances). The standards were updated
again in 1942, 1946 and 1962.

The 1962 standards were the most comprehensive
U.S. federal drinking water standards prior to the
Safe Drinking Water Act of 1974. They set manda-

wrote ofwit-

the Yellow River:

letting it settle

tory limits for health-related chemical and biologi-
cal impurities and recommended limits for impuri-
ties affecting appearance, taste, and odor. All 50
states accepted these standards, with minor modifi-
cations, either as regulations or as guidelines.
However, the regulations were legally binding at the
federal level to only about 700 water systems that
supplied common carriers in interstate commerce.

Work began in 1969 to again update drinking water
standards. The U.S. Public Health Service Bureau of
Water Hygiene conducted a comprehensive survey
of water supplies in the United States, known as the
Community Water Supply Study (CWSS). A total of
969 public water systems were tested, most of
which were community systems. The study found

that 41 percent of the systems sur-
veyed did not meet the guidelines
established in 1962. Many systems
were deficient in source protec-
tion, disinfection, clarification, or
pressure in their distribution sys-
tem. The study also showed that

small water systems had the most difficulty main-
taining acceptable water quality, especially those
serving fewer than 500 people.

That study and media reports in 1974 on the haz-
ards of drinking water helped motivate Congress to
enact the Safe Drinking Water Act, which was
signed into law in December 1974. The act required
the establishment of primary drinking water regula-
tions designed to ensure safe drinking water for the
consumer. They were the first regulations to apply
to all public water systems in the United States, cov-
ering both chemical and microbial contaminants.

Interim regulations were adopted on Dec. 24, 1975,
based on the 1962 USPHS standards with little
additional health-effects support. The interim rules
were amended several times before the first primary
drinking water regulation was issued. Over the
years the Safe Drinking Witer Act has been reau-
thorized or amended a number of times, including
in 1977, 1979, 1980 and 1983. To strengthen the
SDWA, especially the regulation-setting process and
groundwater protection, most of the original 1974
SDWA was amended in 1986. The 1986 amend-
ments significantly increased the rate at which
USEPA was to set drinking water standards.
Resource limitations and competing priorities with-
in the agency prevented USEPA from fully meeting
the mandates of the 1986 amendments, however.
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Whenever disaster strikes, the first

priority must be public health and safety.
Has the drinking water been compromised?
If so, with what? At what levels? And
how wide spread is the contamination?

Hach Microbiological Environmental
Laboratories (MELs) can give emergency
teams a fast, accurate, portable solution to
these and dozens of other questions
regarding water quality. Hach's MEL
systems are self-contained microbiological
testing labs with portable incubators,
field-tested lab equipment and ready-to-
use media and reagents neatly packed in

rugged polypropylene cases along with
clear, illustrated instructions for all of
the tests you need to assess basic
drinking water quality after a disaster.

With a Hach MEL, tests can be
quickly started and completed in the
field, providing officials with an accurate
picture of current water quality and a
means to monitor water condition as the
clean-up continues.

Disasters will happen.
Be prepared with a Hach MEL.

HACH

For full details, ask for literature # 3760
800/227-4224 or 970-669-3050

www.hach.com



History of Water

In 1996, the SDWA again was substantially revised
and 11 new sections were added. Further informa-
tion on the progress made to date on implementa-
tion and the status of new and future regulations
may be obtained through USKPA's Office of Ground
Water and Drinking Water's web page, http://www.
epa.gov/safcwater/.

Conclusion
While many of the major milestones in the history
of water treatment occurred in the 1800s and early
1900s, the industry has continued to evolve and
refine the process of water treatment. The pace of

invention and innovation in the 20th century has far
outstripped all the developments that have occurred
over the centuries. It would be impossible to list all
the developments that have resulted in the modern
water systems of the late 1990s. Researchers contin-
ue to refine the industry's understanding of water
chemistry, filtration technologies and disinfection
techniques. The explosive growth of the computer
age and all its related monitoring and control tech-
nologies continue to change the very nature of the
business. The industry's ability to detect and moni-
tor contamination in ever smaller amounts will
impact the treatment of water well into the 21st
century.

Hi
DidYou Know?

Growing a day's food for one adult takes about 1,700 gallons of water (National Geographic Society, 1993).

TOPDRIYE DRILL
Versatility is its Strong point. The 30K has equipment options to
handle several types of drilling methods in unconsolidated or
hard rock formations. Customize with a variety of truck, power
train, air compressor and production-boosting options including
casing hammer packages and selected mud pumps. Features
include single arm loader with 6 pod carousel and field-proven
technology.

Power any way you want it. The 30k is available with proven
helical gear, pressurized oil lubrication and oil-cooled power gear
transfer, or with a deck-mounted diesel engine.
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bar)air compressor
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tophead, retractable
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(13,608 kg) pullback
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History Shows That
Healthy Urban Living
Depends on

History of Wastewater
Comprehensive
Sanitation Technology

CLOCKWISL FROM TOPJhis drrjwing depicts the arrival from
India of the As/an chotera in London ¡n 1832, resulting in the
deaths of 6,000 people:. Illustration provided by 86V, A 1930
map of the. main, intercepting, storm relief, and outfall sewers;
The cover for a process air blower is lowered into place after
being overhauled. The 10,000 hp blower motor is one of four
located aí lhe Stickney Water Reclamation Plant, which treats
an average daily [low of 800 million gallons and generates
400 tons per day ofbiosolids.A writer from the Chicago Sun-
Times called Stickriey the largest sewage plant in the world in
a 1993 article;The Hyperion (Los Angeles) screening plant in
1925.
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BY PAMELA WOLFE

Features Editor
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uman civilization demonstrates an
amazing ability to adapt to diverse cli-
mates, food supply, living conditions

and terrain. The basic nature of humans, how-
ever, has never changed — we eat, drink and
excrete to survive. Humans, as social beings,
quickly realized they would live longer when
they banded together in groups and in. larger
communities to fight off the elements, predators
and starvation. Unfortunately, this concept of
"safety in numbers" is not always applicable to
human health and sanitation issues.

The rise of towns and cities created sanitation
problems that ancient civilizations solved to
some extent 2,000 to 5,000 years ago by
designing and constructing water supply and
drainage projects.

In the Mesopotamian Empire (3500 - 2500 BC)
some homes were connected to a stormwater
drain system to carry wastes away, although
this connection was considered an invasion of
privacy. In larger homes in Babylon, latrines
were connected to 18-inch diameter vertical
shafts in the ground. These shafts were lined
with perforated clay pipe to form cesspools.

For most Babylonians, unpaved streets served as
disposal sites; debris, including garbage and
excrement, periodically was covered with clay,
raising street levels to the extent that stairs had
to be built down to the houses.

In the Indus city of Mohcnjo-daro, located in
Pakistan, the wealthy, as well as many peasants,
used latrines and cesspools which were connect-
ed to drainage systems in the streets. Liquid
wastes entered the brick-lined cesspools or were
transported through drains to the nearest river.
Terra cotta piping and vents connected second-
floor bathrooms to street sewer drains.
Manholes, positioned along the street drains,
allowed access to the drainage system.

At King Minos' Royal Palace at Knossos, Crete,
by 1700 BC, four separate drainage systems
emptied waste through terra cotta pipes joined
with cement into stone sewers. Rain-fed cisterns
and stone aqueducts tapped available water

sources to deliver a continuous flow through
the bathrooms and latrines, which was ulti-
mately discharged into the Kairatos River.

The island's drainage system, which originated
in 2,000 BC, used terra-cotta pipes with bell
and spigot joints sealed with cement. The pipes
conveyed mainly stormwater, but also human
wastes. Water from large jars flushed wastes
into the drainage system. Many of the drains
are still in use today.

Ancient Greece, from 300 BC to 500 AD,
solved the problem in a different way. Public
latrines in Athens drained into sewers, which
carried sewage and stormwater to a collection
basin outside the city. Brick-lined conduits
transported the wastewater to agricultural lands
to irrigate and fertilize crops and fruit orchards.
The Greeks periodically flushed the sewers with
wastewater.

Around 800 BC, the Romans originally built
the Cloaca Maxima — the central sewer system
— to drain the marsh upon which much of
Rome was built in subsequent years. The system
also conveyed surface water and sewage to the
Tiber River. By 100 AD, the sewer system was
nearly complete, and direct connections to some
homes were made.

The streets in Rome, however, were still open col-
lector sewers. Although many Romans used the
public latrines, human wastes were customarily
thrown into the street from homes. Water sup-
plied by the aqueduct system carried away sewage
and wastewater from the public baths and
latrines, then into the sewers beneath the city. The
Tiber River eventually received all wastewaters.

Public and private solutions to reducing street
pollution existed even in Roman times. For a
fee, street vendors offered "modesty capes" and
access to pottery jars to travelers or those in
need of sanitary services. Large jars, placed on
the outskirts of towns, were made available to
anyone passing by - an example of Roman
courtesy. These modest solutions reduced the
amount of waste thrown onto the streets, but
not by much.

O
+4

Ä

World of Water 2000



Security Blankets Come
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Extensive street washing programs, using the plenti-
ful water supplied by the aqueduct system, periodi-
cally cleaned the filth and debris from streets,
sweeping waste into the sewers.

Once the Roman Empire collapsed early in the first
millennium, the sanitary disposal approach imple-
mented by the Romans no longer could be sus-
tained. The continuous operation of large-scale
water and sewerage systems supplied by far-reach-
ing aqueducts depended upon an effective govern-
ment and the protection of a powerful army. After
Roman society and government declined, and the
northern Barbarians advanced upon Rome, its vast
infrastructure lost its once abundant vital resource
— water.

In the Dark Ages, sanitation practices regressed to a
primitive level. In Paris, London and other
European cities, "tout-a-la-rue" or "all in the
streets" aptly defines their sanitation approach.
Residents threw chamber pots full of human waste
directly onto the street. Good manners dictated that
gentlemen escorting ladies walk closest to the street
to shield ladies from sewage thrown from second
story windows.

Founded in 360 AD, Paris was built on the ruins of
the Roman city of Lutéce. Rainfall and heavy traffic
decomposed the city's wastes, which then were con-
sumed by pigs, wild dogs or collected by scavengers
for fertilizer.

Parisians adapted to this waste flow by making pol-
lution pay in various ways. By the 12th century,
industries strategically located themselves down-
stream from other industries located on the banks
of the Seine to benefit from the wastes. For exam-
ple, the glovemakers, furriers and skinners located
themselves downstream from dyers to benefit from
the dumped alum.

"Urine and feces were used industrially in paper-
making, dyeing and making salt-peter, as a replace-
ment for the scarcer alum, in processes requiring
humidity and fermentation. The richness of the city
could be measured by its stench," according to
Frederique Krupa's article "Paris: Urban Sanitation
Before the 20th Century".

Some enterprising citizens even made their living by
providing boards over unplanned street sewers —
overflowing gullies that ran in any direction

World of Water 2000

depending on the flow and the last rainfall. For a
fee, pedestrians used the "crossing board" to avoid
stepping in the malodorous muck.

In 13th century Paris, Phillipe Augustus ordered
that city roads be paved to reduce the stench of the
mud — a mix of garbage and sewage. Once the
roads were paved, however, the wastes could not
break down into the mud.

Street pollution became so intolerable that in 1348,
Phillipe VI de Valois established the first corps of
sanitation workers to clean the streets, and passed
an ordinance for citizens to sweep in front of their
houses and to dispose of their garbage in dumps.
These acts resulted in minimal changes.

Paris' first covered sewer, built in Montmartre in
1370, dumped sewage into the Seine River by the
Louvre. The French monarchy took no action to
improve the sewers unless the King was affected
directly by the stench. Francois I moved his mother
to the Tuillerics to escape the smell, according to
Krupa.

Once plagues began ravaging the cities of Europe in
the 16th century, Francois I (1539) ordered property
owners to build cesspools (indoor pit toilets) for
sewage collection within new homes. Ironically, these
early cesspools were constructed to leak so they
would not have to be emptied so often. The cost of
cleaning cesspools and hauling wastes to dumps was
expensive. Until the late 1700s, most property own-
ers relied on cesspools to collect sewage.

Cesspools existed as early as 1189, according to his-
torical records. The first mayor of London, Henry
Fitzalwyn, ruled cesspools should be located no less
than 2.5 feet from neighboring buildings if made of
stone and at least 3.5 feet if made of other materials.

In London, England, clay pipes laid throughout the
city by the Romans continued to convey waters to
public baths and water supply for many centuries.
Similar to the Roman Cloaca Maxima, London's
early drainage system was intended for surface
water drainage, according to Stephen Halliday, the
author of the book "The Great Stink of London,"
published in 1999. He quotes from the journal
"The Builder" written in 1884:

"At the commencement of the present century it
was penal to discharge sewage or other offensive
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matter into the sewers, which were intended for sur-
face drainage only. The sewage of the Metropolis
was collected into cesspools which were emptied
from time to time and their contents conveyed into
the country for application to the land."

Unsanitary conditions were linked to cholera, but
the medical and scientific communities up until the
mid-19th century believed that people contracted
disease by inhaling vapors from swamps and other
damp areas where organic matter (sewage) emitted
dangerous odors or fumes. This mistaken "miasmic
theory" explains why city governments forbid citi-
zens from discharging human waste directly into
drainage systems until the 19th century. Common
sewers were originally intended to convey stormwa-
ter and domestic waste-waters, but not human
wastes. It was feared that the fumes emanating from
human waste in the drainage system flowing
throughout the city would cause an epidemic, so the
removal and disposal of human waste was the pri-
vate responsibility of citizens.

During medieval times, well-paid "rakers" or
"gong-fermors" removed the foul sewage from
cesspools and disposed of it for a profit to farmers
located just outside of London's walls.

Cesspools were built to drain into the street by
means of a crudely built culvert to a partially open
sewer trench in the center of the street. The culvert
frequently was blocked, causing sewage to spread
under buildings and contaminate shallow wells, cis-
terns and waterways from which drinking water

Urine and feces were used industrially in paper-making, dyeing and making

salt-peter, as a replacement for the scarcer alum, in processes requiring

humidity and fermentation.The richness of the city could be measured by

its stench.

Overflowing cesspools would drain into neighboring
dwellings, forcing poor families to live in dwellings
saturated with their neighbors' excrement.

The water closet, adopted by Londoners in the late
18th century, gained tremendous popularity in the
19th century for its ability, once connected to the
sewage system, to immediately remove human waste
from the home, making cesspools unnecessary.
Ironically, water closets improved living conditions
in homes but transformed the River Thames, from
which the city's water supply was drawn, into a vir-
tual cesspool. Water volume in London's drainage
system almost doubled in the six years from 1850 to
1856, according to Halliday, as a result of the
increased use of water closets.

Epidemics Drive Change
Cholera and typhoid epidemics raged throughout
London, Paris, Hamburg and other European cities,
killing thousands in each city between the 1830s-
1850s. In the United States, six serious cholera epi-
demics swept through cities between 1832 and
1873. More American soldiers died from cholera
and typhoid than from combat during the Civil War.
These recurring epidemics forced government
authorities in Europe and the United States to take
large-scale actions to engineer improved sewage dis-
posal and, ultimately, treatment methods.

The largest public works projects in the 19th centu-
ry provided European and U.S. cities with extensive
sewerage systems. Sewage disposal, considered a pri-
vate responsibility for centuries, had once again

been recognized by city govern-
ments as a municipal problem
that required public funding.

was drawn. Several hundred thousand Londoners
perished from typhoid, cholera, plague and pesti-
lence before it was understood that the city was
dying from its own pestilence, wrote Mary Cayman
in "A Glimpse Into London's Early Sewers".

Cesspools reduced the quantity of sewage on the
streets, but this benefit exacted a high price. Entire
families died from asphyxiation at night from the
noxious hydrogen sulfide fumes emanating from the
sewage located beneath their floors in the cellars.

British and European engineers
researched the sewage disposal
solutions implemented by
ancient civilizations, namely

Greek, Minoan and Roman, and adopted the
ancient long-forgotten strategy of "the solution to
pollution is dilution." This solution, however, creat-
ed new problems in rapidly growing industrial cities
since the capacity of nearby rivers, lakes and coastal
waters was insufficient to handle the large loads of
raw human waste and stormwater runoff.

The first comprehensive sewerage system, built in
Hamburg, Germany (1843), served as a model for
other cities, including the U.S. cities of New York
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and Chicago. Its unique design, created by the
English engineer W. Lindley, allowed tidal water to
flush the system once a week to clean the main
sewer lines. Vented through the roof drains of con-
nected buildings, the system remained clean and
free of objectionable odors.

Wastewater Treatment
Cities disposed of sewage and wastewater directly
into watercourses in the last quarter of the 19th
century, and pollution remained a problem. Some
cities irrigated nearby farmlands with sewage but
this method proved impractical and unsanitary for
large, expanding cities.

Sewage farming, hardly a new innovation, was
practiced in Athens, Greece (ancient times), 16th
century Germany and 18th century England and
France. The method required huge tracts of land to
absorb and purify sewage, and the nutrients in the
sewage enhanced the soil and increased agricultural
productivity. Equally important, sewage farming
helped solve the problem of sewage disposal — that
is, until the amount of sewage overwhelmed avail-
able farmlands.

In the late 19th century, scientists and engineers in
England, Europe and the United States began devel-
oping treatment methods to remove pollutants from
wastewater before it was discharged into nearby
waters — a major change in approach. Basic prima-
ry and secondary treatment processes, which evolved
from this new approach, still are being used today.

In 1871, the Massachusetts State Board of Health
(MSBI1) explored the causes of typhoid fever and
the relationship between pollution and disease. Its
report urged the removal "even of the present small
nuisance, because the very filth, which tends to con-
taminate, might be saved and used for beneficial
purposes, whereas it is now lost and at the cost,
perhaps, of human health and life." A later report,
published in 1873, concluded that stream contami-
nation threatened drinking water supplies and advo-
cated that sewage be applied to land instead of dis-
posed into watercourses.

The Lawrence Experiment Station, set up by the
MSBH in 1887, represented the first effort in the
United States to scientifically research sewage and
wastewater disposal methods. Many treatment
methods were initially applied in the state of
Massachusetts in the late 19th century, A report,

published in 1890, documented the technical basis
for water purification and sewage and industrial
wastewater treatment.

The self-purification capacity of streams and other
bodies of water justified sewage disposal by dilu-
tion. U.S. cities regarded the dilution approach as
most economical given the many rivers, streams,
lakes and coastal waters located nearby. As the pol-
lution loads intensified, cities built interceptor sew-
ers, extended outfalls farther from shore and dis-
persed sewage through more outlets to facilitate
more effective dilution.

Biological oxygen demand (BOD), a water quality
measurement that was developed just before World
War I, enabled scientists to establish pollution lev-
els. The procedure determined the amount of dis-
solved oxygen required by aerobic bacteria to break
down organic matter present in water. Other more
sophisticated techniques now are used to measure
contaminants. In the early 20th century, scientists
focused on water-borne diseases rather than indus-
trial pollutants, which gained the spotlight after
World War II.

Intermittent filtration, the result of experiments
conducted in England and at the Lawrence
Experiment Station, was developed in the late
1800s. In this method, raw sewage was applied
evenly to the surface of beds of sand or other fine
material, underdrained by open-jointed tile con-
duits. During its passage through this crude filter,
aerobic bacteria nurtured by the atmospheric oxy-
gen present in the sand purified the wastewater.
Sewage was applied intermittently so that air could
periodically enter the voids in the sand. Since soil
conditions in New England were favorable, many
small New England towns adopted this sewage
treatment method.

In contrast to the dilution approach, intermittent
filtration, a modified version of broad irrigation,
established the practice of biologically treating
sewage instead of relying on watercourses for
purification.

Intermittent filtration and broad irrigation required
large tracts of land and specific soil compositions
not available to many cities and towns so scientists
investigated new sewage treatment methods.
Contact beds, developed in the 1890s "essentially
consisted of tanks filled with broken stones, slate or
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7 he Wh te/ -Closet is Reborn 3,000 Years L ater ...
The oldest known flushing device, dating back to 1700 BC, served King Minos in the Knossos Palace in Mlnoan Crete, A

latrine with a rooftop reservoir, this technology remained forgotten until more than 3,000 years later when Sir John Harington
in 1596 built two water closets one ¡or his godmother, England's Queen Elizabeth, and another installed ¡n his own home
in Kelston, England. This early version released wastes directly into a cesspool. Poor seals caused odor problems so the innova-
tion was ignored for almost 200 years.

In 1775 Alexander Cumlngs, a mathematician and watchmaker, Improved upon Haringlon's design by using water to seal
odors from seeping back from the cesspool.The cabinet maker Joseph Bramah registered a patent in 1778 for his modified
valve design in Cumings' model, and began manufacturing water closets for public sale. Bramah produced more than 6,000
water closets by 1797, reports Stephen Halliday. Thomas Cropper improved the [lushing mechanism, and from 1861 to 1960,
the company he founded sold water closets.

Its growing popularity with the public, ironically, brought about widespread epidemics in cities because the water closet gen-
erated too much liquid waste for the antiquated sewage and drainage infrastructure to handle adequately.

other coarse, inert substances, which provided a rel-
atively large surface area for the growth of micro-
organisms. The device operated on a fill-and-draw
basis, and bacteria on the filter bed decomposed the
organic matter in the sewage. When the filter was
empty, bacteria growth would be stimulated by the
flow of air through the voids between the filter
material." (History of Public Works in the United
States, 1.776-1976, American Public Works
Association, p. 407)

The precursor to the trickling filter, contact beds
proved difficult to operate. Sludge often clogged the
filter materials, and the installations' treatment capac-
ity was limited. Few contact beds were built due to
the subsequent development of the trickling filter,
which could treat a much larger volume of sewage.

The trickling filter was developed and used on a
large-scale in England. "The process fundamentally
involved sprinkling untreated effluent over a bed of
coarse rocks covered with biological growths.
Wastewater was intermittently applied to the sur-
face of the filters by rotating spray nozzles or other
mechanical devices. As the sewage was sprayed into
the air and passed through the layers of stone,
atmospheric oxygen was absorbed to increase the
biological oxidation and mineralization of organic
matter." (History of Public Works in the United
States, p. 407)

By the mid-1920s, trickling filters and the early
Imhoff tank were the most widely adopted sewage
treatment methods in the U.S. and Europe, although
most plants experienced odor problems. The

German engineer Karl Imhoff designed this two-
chambered tank that separated sedimentation and
sludge digestion processes to avoid the odor and
scum problems found in early septic tanks. Early
tanks allowed sewage to settle and decompose with-
out the presence of oxygen or chemicals. The sus-
pended solids did not liquefy as originally expected,
resulting in the accumulation of foul effluents.

The Imhoff tank improved upon earlier designs.
Sewage "solids dropped through slots in the bottom
of the sedimentation chamber into a sludge compart-
ment. The sludge was allowed to digest until most of
the organic matter was gasified or liquefied. After it
was stabilized, the remaining material was dried and
subsequently dumped or used for fertilizer." (History
of Public Works in the United States, p. 407). Tmhoff
tanks comprised nearly half of the treatment works
in the United States by the end of the 1930s.

Some engineers believed that the processes carried
out in the two-story Imhoff tanks could be accom-
plished better in two separate tanks, according to
Jon C. Schladweiler, the historian for the Arizona
Water & Pollution Control Association and deputy
director of engineering for the Pima County
Wastewater Management in Tucson, Arizona. Solids
settled in one and were drawn or pumped from the
first basin into a digestion tank. Settled solids were
continuously removed, in some cases by mechanical
devices in sedimentation tanks.

Schladweiler reports that the first U.S. attempt at
separate sludge digestion on a large scale was suc-
cessfully carried out in Baltimore in 1912.

B1 32 World of Water 2000



SCREENS

ASPIRATORS

CLARIFIERS

NUTRIENT REMOVAL

JET AERATION SYSTEMS

CONTINUOUS SAND FILTERS

DIFFUSED AERATION SYSTEMS

MOVING BED BIOFILM REACTOR

SECONDARY «t TERTIARY PLANTS

w a t e r I i n k
TODAY'S WASTEWATER SOLUTIONS, ENGINEERED FOR TOMORROW

DISSOLVED AIR FLOTATION SYSTEMS

SLUDGE BAGGING SYSTEMS

DECANTING CENTRIFUGES

SLUDGE THICKENERS

MICROFILTRATIOM

ULTRAFILTRATION

NANOFILTRATION

REVERSE OSMOSIS

FILTER PRESSES

""fc: __ _ n v

Our components flow together into one complete and

seamless wastewater treatment system...the system that is

the future of wastewater treatment solutions. Whether you

need a full system solution or a single component, connect

with Waterlink for what's now and what's next in wastewater

treatment systems.

W1TERLINC
630 Currant Road
Fall River, Massachusetts
02720-4732 USA
(508) 679-6770
FAX 508-672-5779
www.waterllnk.com
E-mail: biological@waterlink,com



Following research conducted at the New Jersey
Experiment Station and at Harvard University, the
importance of controlling the sludge reaction and
maintaining a favorable temperature was demon-
strated. A plant was constructed at Boonton, New
Jersey, in which the gases produced from sludge
digestion process were collected, burned and used to
heat the sludge beds and sludge digestion tanks.

Chemical precipitation, another early sewage treat-
ment method, involved the addition of lime, iron
sulfate and other coagulants to cause organic and

Paris' first covered sewer, built in Montmartre in 1370, dumped sewage into
the Seine River by the Louvre, The French monarchy took no action to
improve the sewers unless the King was affected directly by the stench.
Francois I moved his mother to the Tuilleries to escape the smell, according
to Krupa,

inorganic solids to settle out of sewage and waste-
water. First used in Coney Island, New York, by
1887 plans for future applications were disregarded
due to high costs, excessive sludge production, and
competition from simpler, more efficient biological
treatment processes. Improved sludge collection and
disposal techniques and less expensive chemicals
made chemical precipitation a more viable option in
the 1930s. Not until the 1960s, however, was the
use of chemicals again considered an effective solu-
tion to a new set of modern water quality issues —
stricter water quality standards and toxic industrial
pollutants entering sewage treatment plants.

Activated Sludge Treatment — a 'Modern Miracle'
The activated sludge process originated from experi-
ments conducted in Manchester, F.ngland, and at the
MSBH Lawrence Experimental Station in
Massachusetts, United States, in 1913-14. The bio-
logical treatment, which resulted in an effluent of 98
percent water and reduced bacteria by 90 percent,
was considered the most promising treatment tech-
nique and even "a modern miracle" by some, says
Dr. Martin V. Melosi, Professor of History at the
University of Houston, Texas. He explains the
process in his latest book, "The Sanitary City: Urban
Infrastructure from Colonial Times to the Present":

"Aeration was used to produce a flocculant precipi-
tate — a sludge — from sewage, which contained
large numbers of bacteria and promoted the multi-
plication of nitrifying organisms. The 'activated
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sludge' seeded with nitrifying bacteria was added to
fresh sewage and then aerated briefly, resulting in
the nitrification of the sewage, removal of bacteria
and the formation of a quick-settling sludge."

Results of the experiments by scientists Edward
Arden and William Lockett in 1913-14 prompted
them to scale up the activated sludge process to a
pilot plant at the Davyhulme sewage treatment
works in Manchester, England. Tests conducted at
Davyhulme used "continuous-flow"— an early form
of sequencing batch reactor — and "fill-and-draw"

techniques, according to the paper
"Milestones in the Development of
the Activated Sludge Process over
the Past 80 Years""delivered by Dr.
Paul Cooper and Dr. Anthony L.
Downing in 1997. The fill-and-
draw technique resulted in partial
to full nitrification, but the contin-
uous-flow approach received more

attention at that time perhaps, noted the authors,
because it required less manual attention.

Within two years, two activated sludge plants began
operating in F.ngland. Jones and Attwood Ltd
installed the first full-scale continuous-flow plant,
equipped with diffusers, in Worcester. A large-scale
fill-and-draw trial plant commenced in Salford. Its
gradual development led to the city of Sheffield in
1920 becoming the first British city to treat all of its
sewage using the activated sludge process.

Large-scale tests in the U.S. resulted in full-scale
plants built in Houston (1917), Des Plaines (1922),
Milwaukee and Indianapolis (1925) and Chicago
(1927). According to Cooper and Downing, the U.S.
progressed more quickly than in England during the
1920s for two reasons:

• Sewage treatment plants using biological
filters had already been built in England's
cities and towns.

• The limited capital funds available during
the post-World War I era prevented the
construction of many new sewerage
treatment works.

By 1934-35, several large activated sludge plants
began treating sewage and wastewater from
London, Manchester and Birmingham.

The activated sludge process progressed quickly in its
first 25 years, according to EW. Mohlman in his
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review in 1.938 for the U.S. Federation of Sewage
Works Associations. "In 1913, activated sludge was
discovered and recognized by W.T. Lockett in the
course of some bottle experiments in the laboratory
of the Manchester sewerage works. In 1.938, the acti-
vated sludge process is in operation in hundreds of
full-scale sewerage treatment works, and more than
a billion gallons of sewage are treated every day."

Activated sludge plants are now operated all over
the world, extending from Helsingfors, Finland to
Bangalore, India; from Flin Flon, Manitoba, to
Glenelg, Australia; and from Golden Gate Park, San
Francisco, to Johannesburg, South Africa,

"Huge plants are in operation at London, New
York, Chicago, Cleveland and Milwaukee. This
astounding growth in the past 25 years is unparal-
leled in the history of sewage treatment, and must
be ascribed to the fact that the activated-sludge
process is in harmony with the speed and science of
modern life. Sewage treatment works in our modern
cities can no longer be obnoxious or inefficient.
They must be free from odor, occupy limited area,
and be amenable to scientific control."

Activated sludge plants operating in the 1930s-
1940s, however, did experience problems with bulk-
ing sludge, rising sludge and poor purification.
Sludge can pollute if it is not biologically stabilized
and disposed properly. Two sludge handling meth-
ods, available since 1900, prepared the sludge for
safe disposal. Small facilities spread the sludge over
sand beds to drain and air-dry. Large chemical pre-
cipitation plants dewatered sludge using plate press-
es, and then disposed of the sludge in landfills, on
farmers' fields or in the ocean.

The widespread use of the activated sludge process
created new disposal problems given the larger and
more diluted amounts produced. In 1921, the
Milwaukee plant introduced vacuum filters to dewa-
ter sludge. At Chicago's West Side Sewage
Treatment works in 1932, the first large-scale sludge
incineration facility began operations.

Post-World War II Developments
Following World War II, increasing amounts of
industrial wastes, including toxic chemicals, heavy
metals, organic compounds, petrochemicals and pes-
ticides, complicated the water pollution control
needs of many municipal sewer systems. Earlier
attempts to treat sewage focused on preventing the

spread of waterborne diseases; however the sewage
treatment technology available prior to 1940 could
not effectively remove the new toxic wastes entering
municipal systems.

Non-point pollution, once recognized, worsened the
scenario. Storm runoff carries the wastes scoured
from urban streets (litter, salt, animal droppings,
gasoline, oil, etc.) and rural lands (pesticides, fertil-
izer, animal wastes) and transports them into water-
courses and even groundwater. How could munici-
pal sewage and wastewater treatment plants handle
these increasingly complicated pollutant loads?

Between 1.955 and 1974, the process design and
nitrification capabilities of the activated sludge
process improved. Process deficiencies and a grow-
ing recognition of the need to protect the environ-
ment stimulated a great deal of research and devel-
opment in Australia, England, South Africa and the
United States according to Cooper and Downing.

America's 1972 Clean Water Act mandated that all
wastewater treatment plants be converted from pri-
mary to secondary treatment — a requirement that
greatly improved the quality of surface waters in the
U.S. The European Union also began to develop leg-
islative directives in the 1970s to prevent water pol-
lution. From 1975 to 1980, the European
Commission approved five water directives: Surface
Water Directive (1975), the Bathing Water Quality
Directive (1976), the Fish Water Directive (1978),
the Shellfish Water Directive (1979) and the
Drinking Water Directive (1980).

Not surprisingly, major technological improvements
in the application of the activated sludge process
coincided with this new legislative emphasis on water
quality. Biological denitrification, however, was not a
new concept; it was introduced in the late 1800s but
more fully researched and developed in the 1960s
and 1970s. Further developments in biological nutri-
ent reduction processes and physical-chemical separa-
tion techniques led to processing treated effluents of
higher quality in the 1980s and 1990s.

The author wishes to express her sincere appreciation to several noteworthy
experts for their contribution In the preparation of this ort/cte. These include:
Dr. Paul r. Cooper of the Water Research Centre in Swim/on, England; Dr.
Anthony L Downing, formerly of Binme & Partners (now retired); Professor
Martin Melosi of the University of Houston.Texas, USA; and Jon C.
Schladwetkr, Deputy Director of the Pima County Wastewater Management
Depaitme.nl and Historian for the Arizona Water and Pollution Control
Association.
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ABOVE: Contemporary cartoons depicted
the. opinion of Ifie source and contentó of
(he può/iç water supply, ./"homes vvrjicr
wfis Cùmmon/y referred: to as '
Sóup." Illustration provided by Trustees of
the British •Museum.

HELOW: George S'orocold built the;
London Bridge Waterworks, which includ-
ed 0 water wheel, in the cfjr/y 18th cen-
tury, it was able to rise and fall with the
tide. Illustration provided by Thames
Water p/c. ABOVE: The 30-i.onne per day Thames

bubbler, launched by Thames Water in
1989, improved water quality conditions
¡or London. Photo by:Thames Water file

LEFT: The London Water Ring Main was
constructed to supply the growing city's
demands for water. Photo by Chames
Water pic:
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any innovations in water and wastewater originated in London when it was the
largest and most developed city in the world. But the city overcame its 19th cen-

tury problems through the development of new technology and the construction
of public works.
ME
The "Great Stink".of 1858, when the Thames became so polluted that the offensive smell
drove Members of Parliament from the House of Commons, forced the government to
improve the city's inadequate sanitation system. At the time, the sewage of some two mil-
lion Londoners was dumped into the Thames and languished there in the hot sunirnér
while being carried up and down the river by the tides. : :

One innovative solution— the construction of a network of intercepting sewers parallel
to the Thames — helped overcome the Great Stink but did little to improve the general
health of the river. Activated sludge treatment technology was employed to improve the
anoxic state of the Thames in the 1930s to 1960s. Other innovations, such as the tun-
nelled ring main and a mobile river bubbler, were designed to further improve the quality
of the River Thames and to meet new water quality regulations in the 1990s.

Now London has one of the best quality water supplies of any capital, and the Thames
estuary has more than 132 species of fish including migrating salmon.

Historical Background
When the Roman Legions arrived near the current site of the London Bridge, Abater sup-
plies were obtained from local streams such as the Walbrook, from natural springs, and
shallow wells in the river gravels. Deeper wells later were sunk into the underlying* chalk
where the water was artesian at the time. ^ V

Local sources, exhausted by London's population of 40,000 circa 1200, had to be
replaced by new supplies brought from nearby hills through conduits. Typically, water
flowed by gravity from a spring on high ground through a conduit of wood, earthenware
or lead to a conduit head placed in a public place for easy access by all. The conduit head
at Westcheap (1236) was one of the first, channeling water from the River Tyburn
through six-inch lead pipes. Large wooden pipes were made of elm trunks* hence the

The 'Great Stink'of 1858 Forced Leaders
to Improve the City's Sanitation System

World of Wjter 20(i0 4!
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expression trunk main. Wooden pipes remained in
service until steam pumping in the mid-19th century
raised pressures beyond their capacity.

Giant undershot paddle wheels driven by the flow
of the Thames pumped water through a distribution
system serving the lower part of the city in 1581.
More water reached London via the New River,
constructed by Sir Hugh Myddleton in 1612. The
New River conveyed water from Hertfordshire
along a 10-foot-wide channel nearly 40 miles long
to New River Head in Islington. His was the first of
the many water companies to supply London's
water until the end of the 19th century.

Pollution and Disease
Sanitation was provided by cesspools, from which
the wastewater was generally discharged via surface
drains into the street. The solid contents occasional-
ly were removed by night-soil men for use as
manure in nearby market gardens.

It was not until the 1780s, when Boulton and Watt
developed the steam-driven beam engine and
Thomas Simpson developed cast iron pipes, that
engineers could reliably supply water under pres-
sure. The disposal of household waste also present-
ed London with a major problem. The majority was
tipped into the street with a cry of "Gardez L'eau"
to warn passers. Rainwater eventually flushed the
waste away, but the widespread use of such unsani-
tary practices in urban areas gave rise to squalor
and disease.

By 1800 the population of London had reached one
million and was expanding fast. The introduction of
the water closet on a large scale around 1820 was a
major advance for personal hygiene but a step back-
ward for public sanitation. The contents were dis-
charged to cesspools, but the large increase in flow
made provision of overflow drains essential, and
these discharged to the rainwater gvitters in the
street. Parliament subsequently made it compulsory
to connect house drains to sewers, but while this
removed slops from the street, it transported the
problem to the rivers. Little of the water pumped
from the Thames for public use was treated and the
spiral of urban waterborne disease began.

Water companies, interested only in profit, provided
water supplies only to rich homes. The public water
supply often was intermittent: One quarter of
London's houses were supplied from standpipes

running an hour a day, three days a week. Wells
often were polluted by the contents of a nearby
sewer or rarely emptied cesspool.

An unwelcome import from India, Asiatic cholera,
arrived in 1832. As the cholera bacterium was
waterborne, a fact not known at the time, the use of
water closets put the bacterium into the rivers and
hence into the water supply. The result was a
cholera outbreak that killed an estimated 6,000
people. Another cholera outbreak occurred in 1849
and deaths in London rose to 2,000 per week with
deaths in Britain totalling 60,000 that year. After
Dr. John Snow introduced proof that diseases such
as cholera and typhoid were waterborne, the need
for a good supply of clean water was accepted.

The Metropolitan Water Act of 1852 required
London's water to be treated by slow sand filter
action (first used by the Chelsea Waterworks
Company in 1827). Tn addition, all companies using
the Thames as their source had to move their
intakes to tap the purer water in the non-tidal
Thames above Teddington Weir.

Increasing urbanisation worsened river pollution.
By the mid-19th century, all the watercourses
through London had become open sewers and the
River Thames was grossly polluted. In 1858, during
a hot dry summer, a considerable length of the
Thames became devoid of oxygen. The Great Stink
was so strong that sheets soaked in chloride of lime
were hung in the windows of Parliament, but even
so Parliament had to recess.

The farsighted drainage plan proposed by Joseph
Bazalgette was adopted to clean up the Thames.
This involved the construction of several lines of
main sewers intercepting the polluted streams and
conveying the sewage to large storage tanks down-
stream at Beckton and Crossness. The low-level
sewage of the north side of the Thames was raised
by eight steam-driven beam engines with 28-ft. fly-
wheels at the Abbey Mills pumping station (now an
important historical site). Completed progressively
from 1865, the scheme allowed effluent to be dis-
charged on the ebb tide, but unfortunately much
returned on the next flood tide. The result was the
previous problems effectively moved downstream.

Precipitation channels were constructed in 1889 sö
that only treated wastewater reached the river.
When my great-grandfather, Sir Alexander Binnie,
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Pioneering Doctor Links Cholera to Water
London physician John Snow achieved prominence in the mid-nineteenth century as an obstetrician who was among the

first to use anesthesia, but it was his work in epidemiology Lhat gave him an honored place in the history of water.
During the 1830s and 1840s, when severe cholera epidemics threatened London, Snow became interested in the cause

and transmission of the disease. In 1849, he published a brief pamphlet On the Mode of Communication of Cholera, suggest-
ing that cholera was a contagious disease caused by a poison that reproduces In the human body and is found in the vomitus
and stools of cholera patients. He believed that the main means of transmission was water contaminated with this poison.This
differed from a commonly held theory thai diseases were transmitted by inhalation of vapors.

Snow was able to prove his theory in 1854, when another severe epidemic of cholera occurred in London. He painstakingly
documented the number of cholera deaths among subscribers to the city's Wo water companies. According to his study, there
were 315 deaths per 10,000 houses served by Lhe Southwark Vauxhall water company, which drew water from the heavily
contaminated lower Thames. During the same period, there were only 37 deaths per 10,000 houses served by the Lambeth
water company, which obtained water from the upper Thames.

In one particular neighborhood near the intersection of Cambridge and Broad streets more than 500 people died from
cholera in 10 days. Snow investigated the situation and concluded thai the deaths were linked to water drawn from the Broad
Street pump. Snow advised that the pump handle be removed from the well and within days the epidemic was contained.

The pump handle has remained a symbol of effective epidemiology and today Lhe John Snow Pub, located near the site of
the former pump in London, boasts of having the "original" handle. A John Snow Society has been formed to honor the memory
of&ie epidemiologist, the only requirement, being that one visit the John Snow Pub while in London.

44

became Chief Engineer of London in 1890, the sys-
tem still was inadequate and he instigated major
extensions to the system on the south bank of the
river. By the turn of the century, public concern over
private water companies providing insufficient ser-
vice for London's population of six million brought
about changes. The water companies were amalga-
mated into the Metropolitan Water Board in 1904.

Modern Era
London continued to expand, reaching seven mil-
lion in the 1930s. A large activated sludge plant
was built upstream at the Mogden sewage treat-
ment works in 1935 to handle the rising sewage
amounts. However, a larger population and exten-
sive war damage to the sewerage system meant
increased discharge into the river at a time when
more water was being abstracted upstream for
water supply, and power stations were warming the
river water. The tidal river became anoxic and
devoid of life for much of the 1940s and 1950s.

Slow economic recovery after World "War II meant
that little could be done. Full biological treatment
was provided at Crossness sewage treatment works
(440 million litres per day, Mid) in 1.964 and
Beckton sewage treatment works (800 Mid) by

1974, which reduced the polluting load discharged
to the Thames. More than 100 fish species returned
to the Thames Estuary by 1976 and significant
salmon runs have occurred every year since 1982.

The Thames Water Authority, responsible for most
of the water supply and all drainage and sewage for
the entire Thames basin, was formed in 1974. The
government decided that the public sector could no
longer fund the major capital works required, so it
formed a new company — Thames Water — and
gave it the water and wastcwater functions once
handled by the Authority. Once Thames Water was
privatised, capital investment more than doubled.

London's combined sewerage system cannot cope
with every rainfall event. Polluted water discharged
through overflows during summer storms results in
significant dissolved oxygen sags. One solution was
to launch a mobile bubbler on a barge to inject oxy-
gen into the relevant water as it moves with the
tide. Thames Water launched a larger 30-tonne per
day bubbler in 1989, which improved minimum
water quality conditions.

The rise in per capita water demand in the 1980s
meant that the mains carrying water from the reser-
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voirs and slow sand filter treatment works in the
west could no longer cope with the demand. The
ground beneath London's streets was already heavi-
ly congested with existing network utility services,
so a 45-km-long 3-m-diameter tunnelled ring main
was constructed. Completed in 1.994, the addition
provides London with a reliable trunk main system.

Conclusion
The slow sand filter system has provided London
with good quality water for about 140 years.
However the EU Drinking Water Directive, incorpo-
rated into UK law in the Water Supply (Water
Quality) Regulations of 1989, increased the number
of water quality parameters. These works could not
reliably meet some of the more onerous levels, par-
ticularly the very low levels of trace organics such
as pesticides. Thames "Water embarked on a pro-
gramme adding a layer of granular activated carbon
within the slow sand filter. Of all samples at the
consumers' taps, 99.9 percent now meet the new
stringent standards.

London historically has led the way with many
water and wastewater innovations, overcoming its
problems of inadequate, polluted water supplies due
to inadequate drainage and sanitation. Now it has
possibly one of the best quality drinking water sys-
tem of any capital in the world and probably the
cleanest urban river and estuary.

A fourth-generation water engineer, Chris 8/nrtie, F.R. Eng., is now deputy
chairman of Binnie ñlack & Veatch, an international engineering consultancy
based in Redhill, England. Bínníe has spent his working life as a water con-
sulting engineer in the UK and many other countries in Afnca and Asia. Ht?
served as director of'WS Alkins pic, the largest engineering consultants in
the UK before his present position. He was president of the Chartered
Institution of Water and Environment Management in its centenary year,
1995, Currently a visiting professor at Kingston University in England, he is
a member of the Royal Academy of Engineering,
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C/'íy Overcomes Its Own Size
to Improve Environmental Quality of Life

W Y
BY JOB, A. MIELE SR.

In the last few years, New York City has made great strides in improving both its environment and the
quality of its services. Today, in spite of its size and complexity, New York enjoys a healthier environ-
ment than most large cities around the world.

The city's drinking water comes from upstate reservoirs as far as 125 miles away. Its water supply system,
with a storage capacity of 550 billion gallons of water, includes 19 reservoirs, three controlled lakes, and
three enormous aqueducts. It also includes two major tunnels that bring water into the city, with a third
under construction, plus nearly 6,000 miles of water mains.
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In the late 1700s, city leaders were faced with the
critical issue of how to ensure a safe and abundant
source of drinking water for New York City's
22,000 residents. Uncontrolled fires had destroyed
large sections of the city and epidemics of smallpox
and yellow fever, spread by polluted water from
wells and streams, had killed thousands.

In the city's early years, residents obtained water
from shallow, privately owned wells. In 1776, a
reservoir was constructed on Manhattan's lower

ijhe early 1600s, wastewater and trash polluted the water supply and

sed frequent epidemics of contagious waterborne diseases, such as yel-

fever and cholera.

east side. Water pumped from wells sunk near the
Collect Pond, east of the reservoir, and from the
pond itself, was distributed through hollow logs. In
1800, the Manhattan Company was given a fran-
chise to sink a well, pump water into a nearby
reservoir and distribute it through wooden mains to
part of the community. By the 1840s, New York
City had moved on to a public water supply.

Water is conveyed to the city from the reservoirs of
the Crotón, Catskill and Delaware systems by gravi-
ty through large aqueducts and balancing reservoirs.
Two water tunnels currently deliver water from the
upstate watersheds. Work has begun on a third tun-
nel which is one of the largest infrastructure pro-
jects in the world.

To preserve and protect the upstate watersheds, on
Jan. 21, 19.97, the Watershed Memorandum of
Agreement was signed by New York City, New

York State, the 73 towns and vil-
lages and 8 counties in the water-
shed, environmentalists, the State
Departments of Health and
Environmental Conservation, and
the USEPA. This set of initiatives

focused on protection and partnership for the
watershed lands, regulations, environmental part-
nerships and treatment plant upgrades.

In 1842, the city began drawing drinking water
from the Crotón River in what is now Westchester
County. In order to impound water from the river,
the city constructed the Old Crotón Reservoir and
built an aqueduct to carry water to the city. This
aqueduct, known today as the Old Crotón
Aqueduct, had a capacity of about 90 million gal-
lons per day (mgd).

When the five boroughs merged into the city of
New York in 1898, it became apparent that another
source of water would be needed. Starting in 1905,
the system began expanding to include the Catskill
and Delaware watersheds. The city constructed
facilities to hold the waters of the Esopus Creek in
the Catskill region, completing the project in 1915.

In the late 1920s the city decided to develop the
upper portion of the Roundout watershed and trib-
utaries of the Delaware River within the state, but
the state of New Jersey obtained a court order to
prevent New York from using any Delaware River
tributary. In May 1931, the U.S. Supreme Court
gave New York City permission to continue with
the project, but placed limits on its use to secure the
water supply for states down river.

History of New York City's Wastewater
Treatment System
The New York City Department of Environmental
Protection (DEP) treats approximately 1.3 billion
gallons of wastewater daily at 14 water pollution
control facilities in the five boroughs. The waste-
water system includes more than 6,000 miles of
sewer pipes of varying size which are classified as
either sanitary, storm or combined sewers.
Approximately 70 percent of the city's sewers are
combined sewers — carrying both sanitary waste
and storm water.

In the early 1600s, wastewater and trash polluted
the water supply and caused frequent epidemics of
contagious waterborne diseases, such as yellow
fever and cholera.

In 1696, the city began to build sewers to collect
liquid waste and carry it to the nearest body of
water. The sewers also prevented some of the flood-
ing that was common after rainstorms.

The city opened its first wastewater treatment facili-
ty in 1886 near Coney Island, Brooklyn. This rudi-
mentary screening plant was constructed to protect
bathing beaches. In 1931, a wastewater treatment
plant construction program was developed to build
a system of plants and related facilities citywide that
would provide biological treatment of sewage. The
first of these plants, located near Coney Island,

World of Water 2000
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opened in 1935. Thirteen more wastewater treat-
ment plants have since been built.

After processing, the treated wastewater is dis-
charged into the waterways surrounding the city.
Partially as a result of the environmental improve-
ments, the area has seen the return of wading birds
like egrets and herons, and the reopening of a sig-
nificant portion of shellfish beds for harvesting.

As a byproduct of the treatment process, New York
City produces approximately 1,200 tons of bio-
solids every day. These biosolids are reused for fer-
tilizing crops and improving soil conditions for
plant growth.

Conclusion
New York City's forefathers have been planning for
the city's future water and wastewater needs since
the early 1900s. DKP is carrying forth their vision
through such projects as upgrades to wastewater
treatment plants, the construction of a filtration
plant for the city's Crotón watershed, and the com-
pletion of city Water Tunnel No. 3. Through engi-
neering efforts and strategic planning, DEP will
ensure the continued efficiency of this water and
wastewater system well into the next century.

Joel A Miele Sr, PE, is Commissioner of New York City Department of
Environmental Protection.

Did You Know?
There is the some amount of water on Earth today as there was when the Earth was formed.

The water from your faucet could contain molecules that dinosaurs drank.
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Foundations of o Modern Water Supply
System Began During the Second Empire

Paris' water history is best described as a saga of politics, geology, ingenuity, drought, frost and Other
factors. These challenges and forces contributed in a significant Way to the Successful dcveloprnent of
one of the world's oldest and most renowned capital cities. This age-old water system now operates

with the most effective new technologies available as it enters the 21st century.

The Romans built the first' aqueduct to serve Paris — know then as Lutéce — to transport clean water from
the inner suburbs to the central city public drinking fountains and private homes. Unfortunately, this inge-
nious system was destroyed in 280 AD during the barbarian invasions. Not until the 12th and 13th cen-
turies were the Belleville and Pré-Saint-Gervais aqueducts built to bring clear spring water back into Paris.
By the end of the Middle Ages, the city had more than 17 water fountains providing about 350 m3 a day.

Modern water service in Paris began in 1778 when the Pérrier brothers formed the Compagnie des Eaux
de Paris. The creation of reservoirs, together with the installation of fire hydrants and the first water
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New Name for a New Millennium

www.bakerhughes.com/bakerprocess

Baker Process is the new name to call on for water
and wastewater treatment equipment.
Formed by the merger of E1MC0, Humboldt, Bird Machine Co. and
Baker Hughes Process Systems, Baker Process provides a wide array
of products and services. The tried and trusted products from each of
these organizations will continue to be designed, built and serviced
by the personnel who know them the best. In addition, the combined
strength of these companies will be used to develop new separation
products and systems that will make your operations more effective
and efficient in the future.

Core Products

Sedimentation Equipment
• Eimco"0 Clarifiers and

Thickeners
• Eimco Reactor-Clarifier®

(Solids-Contact) and
Flocculating Clarifiers

• Eimco Flocculation
Equipment

• Eimco Trac-Vac® Sludge
Collection Equipment

• Eimco Inclined Plate Settlers
• Eimco Sedimentation Drives

Dissolved Air Flotation Equipment
• Eimco DAF Systems
• Eimco Flotator™ Systems

Aeration Equipment

• Eimeo Mechanical Surface
Aerators

• Eimco Carrousel® System
Aerators

Biological Treatment Processes
• Eimco Carrousel Biological

Oxidation Systems
• Eimco Carrousel denitlR^

Denitri ftcation Systems
• Eimco Bardenpho™ Nutrient

Removal Process

INckHng Filter Systems

• Mast type distributors
• Lower bearing distributors

Anaerobic Digestion Equipment

• Eimco Digester Covers
• Eimco Hydroseal™ Covets
• Eimco EIMIX» Digester

Mixers
• Eimco Digester Heating

Systems

Biosolids Dewatering Equipment
• Gravity Belt Concentrators
• Rotary Drum Concentrators
• Eimco Beltpress filters
• Shriver® Filter Presses
• Rittershaus & Blecher8'

Filter Presses
• Bird-Humboldt® Centripress®

Decanter Centrifuges
• Bird-Humboldt Centridry09

Systems

Granular Media Filters
• Eimco Low-Head Filters
• Eimco Continuous

Deep-Bed Filters

Sludge Dryers

• Bird-Humboldt Rotary Dryer

/ J.

BAKER
HUGHES

Baker Process

Municipal Group, 669 West 200 South, Salt Lake City, UT 84101-1020
Tel 801-526-2000 Fax 801-526-2014 E-Mail: slc.bakerprocessfgbakerhughes.com
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Automated Control Systems Ensure Quality in Paris' Treatment Plants
One of the most modern and intelligently automated public treatment plants in the world is Paris' Ivry water plant operated

by SAGEP (Société Anonyme de Gestion des Eaux Section de l'Assainissement de Paris).
In 1990, SAGEP selected a consortium composed of Lyonnaise des Eaux and Vivendi, Lwo of France's most respected engi-

neering companies, to build the new Ivry fresh water production facility. This was to replace a plant that was originally built on
tt)e site early in the 18th century Currently the largest and most modern plant in the Paris system, Ivry is designed to treat
300,000 mJ of water per day, piped directly from the Seine River. The Ivry treatment facility uses a combination of convention-
al biological filters and new technology based on physical-chemical action in clarification, ozonation and final filtration on a bed
of activated carbon.

Due to the complexities of controlling this sophisticated multi-phase treatment process, SAGEP contracted with a US-based
firm, to design and implement an automation system to monitor, integrate, control, and manage the process. The company
implemented a fully networked II A Series system to automate and integrate all areas of the plant.

Unix-based IIA Series Workstations provide a user interface featuring graphical representations of the actual unit processes.
Information management functions are performed in Unix-based IIA Series Application Processors, include alarming, real-time
trending, historian, and reporting. Process control is performed by a combination of fault-tolerant II A Series Control Processors
for continuous control and programmable logic controllers (PLCs) for discrete pump control. The PLCs and other third-party
devices (including a MODCOMP computer) are integrated into the I/A Series system using object-based communications. This
provides a common real-time database and human interface for the entire plant.

Today, the Ivry plant under the control of its II A Series system, operates around the dock without incident providing the resi-
dents of Paris with a safe and reliable source of drinking water.

54

mains, improved water quality considerably. In
addition, a regular supply of 5,500 m3 of drinking
water per day meant that clean water was no longer
the privilege of the Parisian upper classes.

Race Against Water Shortage
Napoleon I implemented several popular measures
at the beginning of the 19th century. Water flowed
from city fountains day and night, and he built the
famous Ourcq canal, doubling the capital's water
capacity. Towards 1833, Emmery de Septfontaines
drilled the first artesian well in Paris, increasing
water volume more than 400,000 m3 a day. But the
city still lacked enough water.

The foundations of a modern, high-quality water
supply system finally started taking shape during
the Second Empire (1850s —1870s). The Prefect of
the city, Baron Haussmann, helped by the famous
French engineer Belgrand, declared that the diver-
sion of water from the Dhuis and Vanne rivers be
open to public use. Slow filtration processes were
also installed to avoid the outbreak of epidemics.

Générale des Eaux Démocratises Water
In 1853 Count Henri Simeon created Compagnie
Générale des Eaux (CGE) to supply water to towns
and irrigate the countryside. Seven years later a 50-
year concession was awarded to CGE to manage
water services for the entire city. This included con-

structing individual branch pipes to the front walls
of buildings, which quadrupled the number of
Parisian subscribers to 3.9,104 in 1872.

Municipal authorities and CGE entered into an
agreement that extended water service to all
Parisians, without any distinction on the basis of
income or social class. Water was regarded as a pre-
cious and vital component of everyday life, and its
price was set at an affordable fixed rate. A meter
subscription system also was created, which mea-
sured the quantity of water consumed, to safeguard
the interests of both the municipal authorities and
the people. By 1889, the number of subscribers in
Paris reached 560,000.

Nearly 100 years later, Paris authorities awarded
CGE a contract to distribute potable and non-
potable water to the Right Bank of the city, an area
that includes 14 districts. A subsidiary was created
for this purpose—Compagnie des Eaux de Paris.
For a city like Paris, this responsibility represented
some tough challenges. The era of modernism and
new technologies definitely had arrived.

Production and quality control remain the responsi-
bility of Paris' municipal authorities through
SAGEP (Paris Water Management Company), a
public-private company. SAGEP has 63 abstraction
zones, three water treatment plants, seven reser-
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ed taking shape during the Second Empire (1850s —1870s).

voirs, 600 km of aqueducts, and 1,800 km of water
pipes in Pans. The water currently consumed by
Parisians comes in equal proportions from springs
and rivers (the Seine and Marne). The diversity of
these resources—aquifers and groundwater—guar-
antees the capital's supply. Drinking water produc-
tion capacity is now 1.4 million m /day.

Era of Innovation
New technologies have considerably accelerated the
pace of progress in the water services of Paris and

foundations of a modern, high-quality water supply system finally start-

its suburbs in recent years. Work already has started
on the challenges of the third millennium:

• Zero leaks program. Research work
between 1995 and 1997 opened up new and origi-
nal ways of locating leaks in potable water net-
works. These include noise loggers to detect suspi-
cious sounds, georadars to locate leaky areas and
radiomagnetotellurics to measure the apparent resis-
tance of the terrain.

• Revolutionary software for hydraulic calcu-
lations. Studies mainly conducted by the Centre des
Mouvements de l'Hau (CMH) formed the spring-
board in 1998 for the development of CME Phase
II, a software package for hydraulic calculations.
This package gives advance warning of incidents or
anomalies anywhere in the network, improving the
ability of water service companies to control chlori-
nation and pollution problems.

• Nanofiltration. The water authority for the
area surrounding Paris (SEDIF) installed a nanofil-

tration unit in the Méry-sur-Oise
plant in October 1999, the first
plant of its type in the world. The
process uses extremely fine electric
membranes to obtain unprece-
dented water quality—the water is

not only soft, it has absolutely no chlorine taste.

Although the Paris water saga started in ancient
times, current state-of-the-art technology will likely
continue to safeguard the delivery of water to mil-
lions of Parisians into the next millennium!

Anne Froger of Genérate des Eaux contributed to this story.

Paris Upgrades Sewerage System

The city of Paris expects to spend £100
million to modernise its vast sewerage
system, designed in the late 1800s.

According to Lucien Finei, the city deputy in
charge of water and sanitation management, the
entire project was undertaken to protect the
river Seine from rainfall pollution, reinforce
flood control systems, and replace antiquated
equipment.

Specifically, the first phase involves:
• refurbishing of old sewers in a state of

disrepair.
• renovating wastewater evacuation

plants.
• constructing new works.
• optimising drainage management.
• modernising operational methods.
• establishing new ways to prevent silting

up of sewers.

This first major project, initiated by the mayor
and the City Council, is part of the overall policy
for environmental protection, which began imple-
mentation in Paris more than 10 years ago, and is
being relentlessly pursued, according to Finel.

Paris' Sewerage System - a Historical Treasure
Each day the 3.6 million people who live or
work in Paris consume 700,000 m3 of fresh
water; 300,000 m1 of raw water also are used
daily for municipal purposes. This makes Imil-
lion m' of wastewater to be evacuated each day.
In addition, rainfall must be evacuated through
the gutters rather than seeping into the ground
or flowing freely as it does in the countryside.

These wastewaters previously were discharged
into the Seine district down river from Paris
without any sort of precaution. Now they are
conveyed to treatment stations through an

World of Water 2000
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extraordinary sewerage network designed under the
second Empire by the Prefect Haussmann and the
engineer Belgrand.

In 1832, a catastrophic epidemic of plague and
cholera clearly demonstrated the urgent need for an
overall water supply and sanitation policy for Paris.
Haussmann called upon Kugène Belgrand in 1850
to set up a global plan for the provision of water to
the city, and wastewater discharge into the Seine at
Clichy. Major works were started, financed by
loans reimbursable over half a century. Within 20
years, more than 500 km of this extraordinary net-
work had been excavated. By 1930, all main works
were completed.

This network of wastewater evacuation still works
as well as when it was first built, an underground
testimony to Haussman's and Belgrand's futuristic
outlook. It is a system based on gravitation, fully
accessible for maintenance. It is a Unitarian system,
since both waste and rain waters flow through the

same conduits. It is a gravitational system, in that
the land slope allows for natural drainage of waste-
water toward the northwest of Paris (water-raising
stations are very rare in Paris).

The underground sewer network is a mirror image
of Paris as seen from aboveground with its avenues,
streets, and alleys. Road signs are the same below
as above ground. There is a sewer for each street.
Each building is identified and has its individual
drains, which evacuate household wastewater into
the main drainage system.

Along each street in Paris there are more than
16,000 gutter holes to collect rainwater and raw
water used for street cleaning, 102,000 individual
drains and 28,400 manholes. All lead down to the
2,300 km of tunnels that make up the Paris sewer
network. The primary sewers feed into the sec-
ondary main sewers, which are larger and have ser-
vice paths to facilitate maintenance. Wastewater is
then directed toward the main sewers, vast galleries

S A N I T A I R E ® www.sanitaire.com

again,

9333 North 49th St.
Brown Deer, Wl 53223
tel 414.365.2200
fax 414.365.2210

Of course, we have been raising the bar

since 1967... quality products with
higher performance and the utmost
in customer service. That's why we

continue to be the leader in designing and manufacturing aeration systems for
municipal and industrial wastewater treatment facilities worldwide. We have
never settled for status quo. Our SANITAIRE® line of products, ceramic and
membrane fine bubble diffusers, stainless steel coarse bubble diffusers and in-
place cleaning systems have set the standard in performance for the industry.
And, from the preliminary design stage through process equipment start-up, our
team of dedicated engineering and business professionals has been driven by the
desire to meet each customer's specific needs. For your next wastewater treatment
project, consider SANITAIRE®. As we continue our pursuit of product improvements
and total customer satisfaction, you can be certain that we'll be
raising the bar... again.
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Some people just |p,
handle pressure -, ,
better than others.
John Beebe, Director of Wt/''iw^
•Brighton. Mlà^^^^m^J

L.

m.-.-

John Beebe, Director of Utilities
for the city of Brighton, Michigan
knows how to handle water pressure
problems. Approximately twenty fami-
lies were experiencing pressure prob-
lems through an antiquated network
of 1" copper lines in their neighbor-
hood. The water for those lines was
supplied by a 75' water tower.

When customers started to
complain, John replaced the 1" lines
with a 6" water main, but there were
still low water pressure problems
to the homes.

PBS-331 ©Copyright, The Gorman-Rupp Company, 1998

After consulting with the local
Gorman-Rupp distributor John
installed a 6' x 6' water booster sta-
tion. "I bought an additional pump
head upon delivery for a backup, but
after 11 years of continuous pumping
the spare is still on the shelf. This
station has been excellent for us. We
haven't had five minutes of service on
this unit. There are many communi-
ties in the country that have a need
for these stations."

The next Ume you're having a
problem with pressure, contact your

local Gorman-Rupp distributor. Water
booster stations are available in a
variety of sizes, come pre-assembled
and tested, and are easy to install.

CSH
GORMAN-BUPP

PUMPS
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MANSFIELD DIVISION

The Gorman-Rupp Company
P.O. Box 1217 • Mansfield, Ohio 44901-1217

419-755-1011 • Fax 419-755-1208
www.gormanrupp.com

essales@gormanrupp.com
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four to five metres in span, crossing Paris from
southeast to northwest. The flow is then directed to
the emissaries, huge tunnels that carry the waste-
water to treatment plants.

This comprehensive supply and evacuation system
is an exceptional legacy. Its renovation can be esti-
mated at some £2,000 million — a heritage to be
preserved, restored and modernised.

The most urgent need today is the restoration of the
network. Over the coming five years, an initial
investment of £100 million will allow for moderni-
sation and repair of some 30 km of tunnels.

Following this initial stage, with the co-operation of
specialised teams, a system of monitoring and pre-
ventive maintenance will be set up. As soon as any

sign of structural weakness appears in a tunnel, it
will be immediately detected and repaired to ensure
the constant safety of the whole network. However,
it will take around 20 years to upgrade the whole
network to meet future requirements.

Instruments will be installed to measure water levels,
flow rates and pollution levels. Automatic valves
and interconnections between the main sewers will
allow for better control of wastewater flows.
Computerised mapping and video monitoring will
improve the hydraulic functioning of the network.

This mechanisation and automation will begin in
the new century. In a few years, sewermen will stop
using out-of-date 19th century working methods
and adopt the highly specialised technology of the
21st century.

9333 North 49th St.
Brown Deer, Wl 53223
tel 414.365.2200
fax 414.365.2210

ABj www.abjwastewater.com

...of other SBR systems.
The advantages of ICEAS are numerous... less area and equipment
needed, low construction, operating and maintenance costs, less
sludge handling, better biological nutrient removal without chemicals,
runs automatically using a time based control system and can easily
be expanded by placing additional tanks in parallel. The energy
efficient ICEAS process is now in operation at hundreds of locations
worldwide in both municipal and high strength industrial waste.

For efficient, low
cost flexibility
in your next

wastewater
treatment project,

consider ABJ™.

Sanitaire Corporation
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ABOVE LEFT:The Chicago River at night,
looking west from Lake. Shore Drive. An
art of water shoots from the distritt's
Centennial Fountain every hour. Photo
courtesy of Duarte Les, a district employ-
ee in tin.'. Purchasing Deportment.

ABOVE RIGHT: Chicago's historic Water
Tower as it stands today on Michigan
Avenue.

ABOVE: Work continues on the districts
award-winningîunnel and Reservoir Plan
(TARP).The project will cost more, than $3
billion when it is finished. More than 80
miles of tunnels have been completed;
109 miles will complete Phase I ofTARP.

LEFT: A sketch of the Chicago Avenue
Pumping Station & Water lower built in
1869.

FAR LEFT: An aerial view of the Jardine
Water Purification plant.
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BY RENÉE A. PREJfcAN-MÖfANKY

evelopment of drinking water and wastewater services for Chicago is a story of
challenges such as flooding, microbial contamination, fast population growth, the
reversal of a river's flow, and engineering feats that attracted worldwide praise.

It was the abundant water supply of the Chicago area that first attracted settlers in the
early 1800s. Pioneers used the Chicago River for drinking and disposal, and when the
population increased, the river's water quality suffered from contamination by sewage and
other wastes. People turned to shallow wells for water; however the area was low and
swampy, only a few feet above the level of the river, so early-day residents soon turned to
Lake Michigan for their water supply.

Enterprising entrepreneurs operated water carts in the area, filling the carts at the lake
and traveling through town two to three times per week to sell water.

The Chicago Hydraulic Company, a private organization, established the city's first water
system in 1842. Its pumping station took water from Lake Michigan with a 150-foot
intake pipe. The system supplied 1.8 million gallons per day (mgd) but only served about
one-fifth of the city. Water carts made up the difference.

Chicago's water system became municipal in 1852 when the city took Over the company,
renamed it the Chicago City Hydraulic Company, and established a board of commission-
ers to provide for the needs of the city's 45,000 residents.

Two years later the first municipally owned pumping station, intake, distribution system
and reservoir were constructed at Chicago Avenue and the lake. 1852 also marked the first
use of cast iron pipe in the water distribution system (from then on, cast iron replaced
wood for all new mains). Within three years the report of the Board of Water commission-
ers indicated pumpage at the new municipal station averaging 2,170,000 gallons.

This water system was designed for 100,000 residents, but by 1866 the population had
reached 200,000.

Notable Features Include Reversing the
Chicago River's Flow and a Water Tower
That Survived the Great Fire

WorLI nf \\jw¡- 2000 61
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Chicago's early-day sewerage system was primitive,
with gutters serving as drains in many streets.
Sewers were constructed beginning in 1 856 and
greatly expanded after the cholera epidemic of
1866. However, wastewater would not be treated
for several years.

It was 1 867 when Chicago's first water tunnel was
completed. It was two miles long, dug through clay

Th ; Chicago Hydraulic Company, a private organization, established the

falls and in low-lying areas, all related to contami-
nation from the sewage-filled Chicago River.

at

from Lake Michigan with a 150-foot intake pipe.The system supplied 1.8

mi

ca
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s first water system in 1842. It featured a pumping station taking water

During a tremendous storm in 1885, the rainfall
washed refuse from the river far out into the lake,
past the water intake cribs. The contaminated water
was drawn back into the city's drinking water sys-
tem, causing thousands of deaths. In response to
this, the Chicago Sanitary District (now the

Metropolitan Water Reclamation
District) was created in 1889. Its
mandate was to keep sewage out
of the drinking water of the city's
1,170,000 residents.

lion gallons per day but only served about one-fifth of the city. Water

ts made up the difference.

at a depth of 60 feet below lake-level, and was
designed to deliver 50 mgd. The original Two-Mile
Crib was located two miles off-shore at the lake end
of the tunnel.

Chicago's Water Tower
The historic Water Tower was erected in 1869 as
part of the new system. This ornate structure
housed a 36-inch diameter, 138-foot high, riveted
steel standpipe open at the top. It served to dampen
pulses in the distribution system caused by the reci-
procating steam-driven pumps.

The choice of Joliet limestone for the pump house
and tower would prove to be crucial. The Chicago
Avenue Pumping Station and Water Tower were two
of the few structures that survived the Great
Chicago Fire of October 1871. The Water Tower
became a guidepost for displaced residents trying to
locate where their homes had stood. It was later rec-
ognized by the American Water Works Association
as the first Water Landmark in the nation.

Chicago rebuilt after the fire and continued to
expand. Improvements were made in the sewerage-
system using underground pipes, but they still dis-
charged either directly into Lake Michigan or into
the river which flowed into the lake.

During this time typhoid fever, cholera and dysen-
tery were common diseases for residents. In 1870,
with 4,000 deaths in the 0-4 age group, a Chicago
child had only a 50 percent chance of reaching age
5. Deaths were much higher in summer, after rain-

New intake tunnels were built
under the lake. Originally they
were dug in clay and lined with
brick, but after the turn of the

century, the tunnels were drilled and blasted out of
the limestone strata below the city and lined with
reinforced concrete.

Reversing the Flow of the Chicago River
Because the Chicago River drained into Lake
Michigan, the lake continually was being polluted
by sewage. The district decided to reverse the river
flow and build a system that would carry wastes
away from the lake and down to the Mississippi.

On Sept. 3, 1892, a work force of 8,500 men, most
of them newly arrived immigrants, swung into
action. LIsing every type of earth moving equipment
available, including wheelbarrows, mule-drawn
plows, steam shovels, drag scrapers, drills, dynamite
and bare hands, they completed the 28-mile
Sanitary and Ship Canal in 1900.

In 1910 another artificial river was completed at
Wilmette, connecting Lake Michigan with the north
branch of the Chicago River. In 1922, the third of
Chicago's artificial rivers was created — the Cal-Sag
channel, which extends 16 miles westward from the
Little Calumet River to a junction with the main canal.

Water Treatment
In 1912, Chicago began to chlorinate its drinking
water. Five years later typhoid fever was practically
eliminated in the area. ;

Chicago's South District Filtration Plant was placed
in operation in 1945. It was the world's largest fil-
tration plant at the time, composed of a low-lift

World of Water 2000
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pumping station, three settling basins, 80 filters,
two filtered water reservoirs, a chemical building
and related structures (laboratories, administration
building, shops). It had a nominal capacity of 320
mgd. The Central District Filtration Plant, now the
Jardine Water Purification Plant, was in service by
1964. It had 192 filters, a rated capacity of 960
mgd, a peak rate capacity of 1,600 mgd and a theo-
retical maximum rate capacity of 1,700 mgd.

Chicago's system is, to this day, the world's largest.
The system consists of two active cribs and raw
water tunnel systems, two water treatment plants,
three treated water tunnel systems, 12 pumping sta-
tions and 4,200 miles of water distribution mains.

On average, both filtration plants treat more than
one billion gallons of water per day, serving more
than five million people. Water flows from the two
treatment plants into 50 miles of finished water
tunnels ranging in diameter from 8 feet to 16 feet.

Primary materials in the 4,200 miles of water main
are cast iron, ductile iron and pre-stressed concrete.

Wastewater Treatment
From 1900 to 1919, the district only diluted its
wastewater. But in 1919 an ordinance passed by the
District's Board of Trustees committed the district
to the construction and operation of sewage treat-
ment plants. By 1938, diversion of wastewater
downstream was restricted to an annual average of
1,500 cubic feet per second.

Three main sewage treatment plants were construct-
ed: North Side Water Reclamation Plant (WRP) in
1928, Calumet in 1935 and Stickney in 1939. North
Side now has a design capacity of 333 mgd. The dis-
trict claims Stickney is the largest wastewater treat-
ment plant in the world, with a design capacity of
1,200 mgd and an award-winning control system. It
treats almost 800 million gallons of wastewater every
day.

PCRMRCRS
MANHOLE RENEWAL I
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In 1955, the district's name was changed to the
Metropolitan Sanitary District of Greater Chicago.
There are now seven wastewater treatment plants in
the district, some of which have been in continuous
operation since the 1920s. The district has more than
500 miles of gravity flow interceptor sewers. All the
biosolids taken from the district's plants are Class A,
safe for beneficial use without special permits.

Combined Sewer Overflow
Chicago and 51 older municipalities in Cook
County have combined sewer systems. When the
Clean Water Act was passed in 1972, the district
put into motion an ambitious plan to eliminate
combined sewer overflows occurring after heavy
rainstorms. Under this plan, known as the Tunnel
and Reservoir Plan (TARP), large tunnels would be
burrowed under the city to divert stormwater over-
flow to storage reservoirs. After the storm subsided,
the overflow could then go to treatment plants
before going to a waterway.

Phase I (the Deep Tunnel project) is 85 percent
complete. The 35-foot diameter tunnel is 240-350
feet deep and will be 109 miles long when complet-
ed. Other phases of TARP include the construction
of reservoirs to hold another 15.6 billion gallons of
stormwater during storm events.

The American Society of Civil Engineers gave
Chicago's tunnel project the award for most out-
standing Civil Engineering Project of 1986. The
large tunnel boring machines developed for use in
TARP later became the model for England's revolu-
tionary "Chunncl" — the 31-mile tunnel under the
English Channel from Kent to France.

Renée A. Prejean-Motanky is f/ie Director of Program Information for the
Chicago Department of Water. She has more Than 10 years experience as
a writer/editor, marketer and pubic relations professional

A quick and efficient way to position water
and sewer lines within casing. Installation
is possible by one person and requires no
grease nor special tools. Casing Spacers
slide into place easily having a coefficient of
friction equal to .1. No backfill is required
and they have a proven reliability of
decades.
Polyethylene, fusion coated carbon steel
and stainless steel, all pipe diameters and 4
types of easily installed end seals.

I i e r l ï f l ï : fall Penetration Seals
A quick and efficient way to form a
mechanical seal between pipes going
through walls, floors, tanks or pipeline
casing and to insulate the pipe from the
penetrated structure.
One person installation with no special tools
required. I lelps absorb vibrations, shocks
and sound waves. Synthetic rubber with
heavy duty, uv and ozone resistant plastic
pressure plates for pipe from 1 ¡2" to 100".
Forms a hydrostatic seal of up to 35 psig.
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wastewater treatment applications.
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Bolted steel tanks are long-lasting and economical. ESP can design tanks to
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the material to be stored. You'll receive prompt service in budget ; ,;;;;;
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Island Nation Looks to Alternative Sources
to Maintain Healthy Water Supply

BY LAWRENCE TAN & LIM SEE GA'N

Water and land resources in the Republic of Singapore, a small island nation of 648 square kilo-
metres in area, are limited. Half of its total land area has already been harnessed for water sup-
ply, and water is imported from neighbouring johor in West Malaysia, but Singapore's need for

water is growing.

The history of Singapore's water and wastewater system essentially is a success story. Potable water supply
and modern sanitarion is provided to 100 percent of the population by rwo separate authorities, respec-
tively the Public Utilities Board (PUB) and the Ministry of the Environment (ENV).

Piped water was offered by the Municipality of Singapore as far back as 1857, although the amount was
small. Many public and private wells, alternatives to piped water, were closed down by the 1890s. The

66 World
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K-FLOs new Wolverine A WWA Butterfly Valve is specially

designed to outlast and outperform existing designs that use

outdated technology. Like its namesake, the K-FLO

Wolverine is a survivor — sturdy, tolerant of cold climates,

and powerful enough to take on the largest of rivals.

Standard features of the K-FLO Wolverine Butterfly Valve

(3"-24") include:

Vulcanized Rubber Seat, Bonded to the Body ;

Fusion Epoxy Coated Ductile Iron Disc

Bi-Directional Shaft Packing ...,-,..:.

this revolutionary design, the flow stream is fully -

coated with the Vulcanized Rubber Seat and Fusion Epoxy

Disc. The K-FLO Wolverine is the strongest, most corrosion-

resistant AWWA butterfly valve available.

When looking for a dependable, durable valve, the K-FLO

Wolverine is here and is fully AWWA compliant. Call K-FLO

today and unleash the Wolverine into your water system!
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water level of most of these wells was so low, and
some wells so badly constructed, that pollution by
sewage was inevitable. The need for extended piped
water supply was urgent; the Straits of Malacca
were becoming a main trade route in the late 19th
century and Singapore was becoming an interna-
tionally recognised port.

The rapid expansion of the water system following
World War II reflected modern Singapore's rapid
growth. By 1.961, 298,000 cubic metres (m3) of
water were consumed daily, compared with 64,000
m3 in 1933. Abnormally low rainfall, increasing
water consumption and a deteriorating stock posi-
tion created much concern and anxiety during

1960-1961.
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To augment local sources, two
agreements were signed with the
Johor State Government, allow-
ing the City Council of
Singapore to draw water from
sources in Johor, Malaysia. The
PUB was set up in 1963 and is
today the water authority and
regulator of the privatised elec-
tric and gas industries.

Water Resource Development
From Protected to Unprotected
Catchments
The three inland impounding
reservoirs — the MacRitchie,
Seletar and Peirce Reservoirs,
located within the protected
Central Catchments — were
expanded in the late 1960s to
increase their storage capacities.
With the central catchment area
fully developed, the search for
new sources led to the creation
of unprotected catchments.
These catchments are deemed
unprotected in that development
is permitted, although strictly
controlled. Activities that could
possibly pollute water resources
are not permitted.

Four large reservoirs were creat-
ed in tidal estuaries to impound
the water from the inland
unprotected catchments between
the mid-1970s to the mid-
1980s. The use of unprotected
catchments necessitated the relo-
cation of incompatible activities,
such as pig farming and pollut-
ing industries, away from the
catchments, and the adoption of
stringent pollution control mea-
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sures. Even so, the raw water was of a lower quality the 191 Os the colonial city government had started
than water from the protected catchments and new
treatment processes had to be incorporated.

The last major indigenous water source, commis-
sioned in 1986, was the Lower Seletar/Bedok Water
Scheme. Its unique feature is the siting of collection
ponds within highly urbanised
areas to capture storm runoff
through the drainage systems.

As the development of water
resources progressed from pro-
tected to unprotected and then
to urban catchments, treatment
processes also were upgraded.
The water treatment process
initially consisted of simple
slow sand filters. Then chemical
treatment facilities were added
and slow sand filters converted
to rapid sand filters to increase
the rate of treatment. The use
of ozone for primary disinfec-
tion and chlorine for residual
disinfection also improved the
quality of treated water.

Plans are under way to intro-
duce pre- anel post-ozonation
where appropriate at the older
waterworks as well as use of
biologically activated carbon to
replace sand filter media.
Upgrading of treatment process-
es is a continual exercise.

Today there are 14 impounding
reservoirs and five water treat-
ment plants with a pipeline net-
work of more than 4,800 km
serving a population of 3.8 mil-
lion. Singapore's water con-
sumption reached 1.2 million
m1 per day in 1998. Over the
last 10 years, the growth rate in
consumption has been steady at
four percent per annum.

The Sewerage System
Nightsoil buckets served as the
first method of human waste
collection in Singapore, but by

World of Water 2000

its first sewerage scheme.

The system consisted of a network of sewers, three
pumping stations and a trickling filter plant located
at Alexandra Road to serve the central area of
Singapore.

Introducing the
Screenings Washer Monster.™

Now there's a way for bar screens and fine screens to keep
biodegradeable solids in the waste stream while removing
troublesome solids. Just add our new screenings
washer system to your existing headworks
equipment.

Based on award-winning Auger Monster*1

technology, the new screenings washer system
grinds unwanted solids that have been
removed from the waste stream by your
screening system. Next, these solids are washed
and dewatered, resulting in waste that emits
less odor, takes up less space and is much less
expensive to landfill.

So find out how to make your bar screen or
fine screen perform like an Auger Monster. Call
JWC Environmental today. We'll show you why
our new Screenings Washer will quickly become
your headwork's best friend.

Our new screenings
washer system works
with your existing bar
screen or fine screen
to grind, wash and
dewater unwanted
solids, while leaving
biodegradeable solids
in your waste stream.

_ Environmental
290 Paulatino Avenue, Costa Mesa, CA 92626

(800)331-2277 • (949)833-3888 • www.jwce.com
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witt a pipeline network of more than 4,800 km serving a population of

3.8 -nillion. Singapore's water consumption reached 1.2 million m3 per day
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An intensive sewerage development programme
began in the 1960s to meet demands of housing
and industrial growth. Four sewage treatment
works were constructed in the late 1970s and early
1980s to serve the other parts of Singapore. Waste-
water is collected and treated before final discharge
into the sea.

The sewerage system in Singapore is separate from
the drainage system since rainwater runoff is sub-
stantial. Over the last two decades, the sewerage
infrastructure has grown substantially and now
comprises 2,800 km of public sewers, 139 sewage

erage rehabilitation and upgrading, and a deep
sewerage system.ne

The PUB is embarking on the development of
desalination plants in Singapore to supplement its
foreign water sources and meet the nation's long-
term water supply needs. The first desalination
plant will be ready by 2005. This plant, employing
multi-staged flash distillation technology, will sup-
ply 136,000 m3 of water per day.

Unconventional methods, such as brackish water
use and sewage effluent recycling, are being

explored. The PUB and ENV are
jointly undertaking a feasibility
study on reclaiming water from
secondary sewage effluent for
indirect potable use. A compact,
covered design for sewage treat-
ment works is being adopted to
reduce the odour buffer zone and

pumping stations, six central sewage treatment
works and one sludge treatment works. All six cen-
tral sewage treatment works provide secondary
treatment.

The government realised in the 1960s that increas-
ing water demands would quickly outpace its limit-
ed water resources, so it decided to augment its sup-
plies by reclaiming sewage effluent for industrial
use. The Jurong Industrial Water Works treats efflu-
ent from the nearby Ulu Pandan sewage treatment
works by chemical coagulation and sand filtration
before distributing the industrial water. The Jurong
facility is undergoing expansion from its current
production capacity of 65,000 m7d to 125,000 m7d.

Future Plans
Singapore, being a small city state, developed sound
management and policies to maximise its limited
water resources and build a reliable water supply
and sewerage infrastructure. Singapore takes pride
in drinking water that is safe straight from the tap
and available 24 hours a day. Water rationing never
occurs.

To support the economic and population growth of
Singapore into the 21st century, initiatives to find
new water supply sources and increase the efficien-
cy of the sewerage system will continue. These ini-
tiatives include desalination, water reclamation,
compact and covered sewage treatment works, sew-

free land for high-value developments.

Older sewers will be rehabilitated to prevent struc-
tural failures and to reduce inflow and infiltration.
The older sewage treatment works also require
reconstruction and upgrading. ENV is currently
embarking on a comprehensive programme to
investigate and rehabilitate old and defective sewers
and pumping mains.

A deep tunnel sewerage system, now being imple-
mented in Singapore, will eventually replace six
existing sewage treatment works and free the land
for better developments. This network of deep tun-
nels and linked sewers will intercept sewage flows
from the existing sewerage system and divert them
to two centralised sewage treatment works. These
two works will be located at Changi on reclaimed
land and in the western part of Singapore. Sewage
flow to most of the existing pumping stations
would also be diverted into the new system. This
innovative technology will improve the reliability
and integrity of the sewerage system.

This article was jointly prepared by Lawrence Jan, the senior planning engi-
neer in (.he Water Department of the Public Utilities Hoard, and Lim Sec.
Gan, senior engineer from the Ministry of Environment in Singapore.
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Testing the water should be a no-brainer. That's why Hach offers a

complete line of innovative water quality analysis systems - the DR series. From

lightning-fast laboratory spectrophotometers to palm-sized portable colorimeters,

Hach's revolutionary DR series analysis instruments deliver! Performance.

Convenience. Durability. It's the DR instrument series and it's only from Hach.

Start testing today. Call 800-227-4224 ext. 2959 or visit www.hach.com
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Striving for 'World Class' Service
in the U.S. National Capital

BY MICHAELS. MARCOTTE

IntheU.S.national capital, "Washington, D.C., residents, workers, and millions of annual visitors go about
their daily lives generally Unaware of the complex systems providing water and sewer service that lie
mostly underground or out of sight. Around the clock, facilities and personnel safeguard public health

and safety through the operation, maintenance, planning, design and construction of these vital systems.

With the relocation of the capital to Washington from Philadelphia in 1800, the population of the city and
neighboring Georgetown began a steady climb from approximately 3,000 to nearly 60,000 by 1850. In the
city's first 50 years, water supplies were provided by a series of wells and springs, some private, some pro-
vided by the government. Open ditches conveyed runoff and wastes to the Potomac and Anacostia rivers.
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On (Christmas Eve 1 851, fire damaged parts of the
Capitol, and planning began for an aqueduct system
to convey water from the Potomac. Because of
Washington's unique status, Army engineers were
charged with providing a permanent water supply.
Less than 10 years later the water was flowing. By
1905, the Army had also constructed water filtra-
tion plants.

By the early 1900s, concerns about waterborne dis-
eases had led to construction of a major outfall
sewer for conveying wastes from Washington, D.C,
to the southernmost point of the District along the
Potomac River, a place called Blue Plains. Thirty
years later a wastewater treatment facility had been
built on the site. Today the Blue Plains Advanced
Wastewater Treatment Plant serves nearly two mil-
lion residents of the greater D.C. area, a region that
includes Fairfax County, Virginia, and Dulles
International Airport.

20th Century Development
As Washington's population continued to increase
dramatically throughout the first part of the 20th
century, slow sand filters used for drinking water
treatment were replaced with more efficient rapid
sand filters. Water treatment capacity was expanded
to the current level of 300 mgd. Water pumping and
distribution systems also were extended to meet the
needs of new development to the north and south-
east of the federal area. Although central
Washington appears to be relatively flat, significant
changes in elevation -— over 200 feet — complicate
the delivery of water in other areas of the city and
require the management of four different pressure
zones.

On the wastewater side, initial primary treatment
was supplemented by secondary reactors and sedi-
mentation tanks. By the 1960s, Blue Plains was a
national laboratory for demonstrating wastewater
treatment technology, and both capacity (up to 300
mgd) and treatment levels were upgraded to handle
the area's growth.

Limited reinvestment in water and wastewater sys-
tems characterized the last two decades. But: a "boil
water" alert brought national attention to the need
for improvements.

Creation ofWASA
Formation of the District of Columbia Water and
Sewer Authority (WASA) in 1996 marked a point of

rebirth for the capital's water and sewer systems.
The authority's 11-member Board of Directors rep-
resents both the District of Columbia and neighbor-
ing jurisdictions. In 1997, after 10 years with no
service charge increases, the Board approved a rate
adjustment to provide the funds necessary to oper-
ate, maintain and upgrade the systems. Steps were
taken to assure that all funds collected were used
only on the water and sewer systems, and that all
customers paid for services rendered.

WASA immediately cleaned and rehabilitated stor-
age reservoirs and systematically flushed the distrib-
ution system. Efforts were redoubled to assure dis-
infection and representative system-wide sampling.
October 1999 marked 36 consecutive months of
full compliance with the stringent requirements of
the Safe Drinking Water Act.

Similar improvements have been recorded for
wastewater. Capacity at the Blue Plains plant has
been expanded to 370 mgd, with peak flow capabil-
ity of over 1 billion gallons. For the past two years,
effluent quality consistently has met the terms of the
plant's stringent discharge permit. WASA has been a
leader in efforts to protect Chesapeake Bay water
quality through operation of Biological Nutrient
Removal (BNR) facilities, which handle more than
1000 tons of biosolids each day, primarily through
beneficial reuse projects involving land application.

Future Outlook
With immediate operational issues addressed and a
firm financial footing assured, WASA is now imple-
menting a 10-year, $1.8 billion capital program to
address facilities that have reached the end of their
useful lives and to build appropriate facilities to
meet future needs, as well as to assure continued
compliance with regulatory requirements.

The year 2000 marks the 200th anniversary of the
establishment of the nation's capital in Washington,
D.C. With recent dramatic improvements in drink-
ing water quality, a strong record of commitment, to
producing high quality wastewater effluent, and a
major commitment to implementing future capital
improvements, the District of Columbia Water and
Sewer Authority is on the path to becoming a
"world class" water and sewer system, serving the
needs of one of the world's great cities.

Michael S, Marcotte, RE, DEE, is Deputy Genera/ Manager/duel Lnpjneer
for the District of Columbia Water and Sewer Authority.

World of Water 2000



¡|¡¡||liiil|fip|| Flowmeter...

10 IOS Super Spool!

Nothing
But Pipe Inside

Looking for a Flowmeter
that takes over where
Coriolis leaves off? Here's
what the 101 OS SuperSpool
can do for you.
>- More affordable than Coriolis above 2 inch OD
>• Completely non-intrusive or invasive
>• Extremely accurate - Up to 0.25% of actual flow
>- Extremely reliable - No moving parts or transducer ports
>" Straight-Thru flow - No pressure drop
>- Bi-directional to ±50 ft/sec, with 3,000:1 turndown
>- Any pipe size - Any liquid - Any flowrate
>• Factory calibrated & ready to install
>* Identifies liquids via their ultrasonic properties
>• Multichannel capability provides low per-site cost

When Coriolis gets too costly for your larger diameter pipes, &
you need Coriolis Mass or Volumetric Flowmeter accuracy, there's
no better choice than the SuperSpool. Order an evaluation model,
flange it in, & see for yourself what makes SuperSpool So Cool!
(For units delivered before Year 2000, you get a 3 Year Warranty
at no extra charge).

ISO 9000 Registered

ONTROLOTRON

155 Plant Avenue, Hauppauge, NY 11788
(631) 231-3600 Fax: (631) 231-3334 www.controlotron.com info@controlotron.com



f r ^ / V
t."* »S*

:ÉÈËP&mêËÉÊÊïB

in
S3

PP9™ 'HKNH^mÉti

¡IPS

• ' A

A-iai

m 'ÊÏfâr.]
WKÊSÊSi

A&OVùThe Stonecutters Island Sewage
Treatment Works will tiv.at sewage ¡rom
the main urban arca ofKüWhon and
northeast Hong Kong Island with a pro
jer.ted population of 3.5 million by the
year 2021.

BELOW: Construction of the deep sewage
tunnel as part, of the SSDS project is
under way.
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ABOVE: A section of (tie deep sewage
lunnr.l within the SSDS project is complet-
ed

LEFT: A sédimentation tank in the
Stonecutters Island Sewage Treatment
Works.

Photos by Drainage Sorvkes Deportment
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. ..: BY CHAN CHI-CHIU . . :

nly a few fishing and farming villages comprised Hong Kong in the 1840s. Today,
I Hong Kong is a densely populated financial and business centre with more than
6.8 million permanent residents and a 1.5 million visiting population within a

total land area of just 1,100 km2.

In terms of natural water resources, Hong Kong's hard granite base yields no appreciable
underground water. There are no sizeable lakes or rivers. Despite the healthy but erratic
rainfall which averages 2,214 mm a year, the hilly nature of the territory makes the collec-
tion and storage of rainwater very difficult.

Water Supply in Hong Kong W^
As in other early settlements, streams were Hong Kong's first water sources. They were
followed by wells, five of which were sunk by the government in 1851 to supply the bud-
ding trading port. The first impounding reservoir was completed in 1863 to serve the city
which already had a population of 100,000. Although the government tried hard to
expand the public system with reservoirs and water supply projects, Hong Kong still
could not enjoy a complete year of full water supply until 1965.

Severe drought struck two years later, and water supply was restricted to four hours every
four days. Water rationing has been imposed since, but fortunately to a much less severe
extent.

The real expansion of the water supply system only has taken place in the past four
decades. From just three million in 1960, Hong Kong's population has more than doubled
to 6.8 million today. Compounded by the increased standard of living and industrial
development, daily fresh water demand in the same period has multiplied nine-fold, from
0.28 to more than 2.55 million m\

With all suitable sites for building reservoirs exhausted, engineers conceived the idea of
damming an inlet and the ends of a narrow strait to build massive reservoirs out of the
sea. The two largest reservoirs, Plover Cove and High Island, were completed in 1968 and
1978 respectively.

City's Growth Spurs Innovative Solutions
for Water and Waste

WorM o/' Wjter 2000 77
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The sea also provided Hong Kong with another
solution — a separate seawater supply system, start-
ed in the late 1950s, for flushing toilets. The system
operates in parallel to the fresh water system that
provides potable water to the community. No place
else has adopted such a large-scale seawater supply
system as in Hong Kong, which now provides more
than 7.5 percent of the population with flushing
water, representing some 22 percent of fresh water
demand. The system will gradually expand to sup-
ply 90 percent of the population in the next few
years.

Given the limits of local water resources, city offi-
cials turned to the neighbouring Guangdong
Province in Mainland China. Importation of raw

expectations, with more emphasis on environmental
issues. The challenge as Hong Kong enters the third
millennium is no less than when five wells were
sunk some 150 years ago.

Sewage Disposal Scheme
The sewerage infrastructure in Hong Kong is under
tremendous pressure to keep pace with the city's
development and rising environmental standards.
More than 2,2 million m3 of sewage are produced
each year. About 95 percent of the households are
now served by the public sewerage system. Ninety-
eight percent of the sewage produced is collected
and treated by public and private sewage treatment
facilities. The treated effluent is disposed in coastal
waters for dilution and dispersion.

The Drainage Services
Department has more than 2,100
staff responsible for implement-
ing sewerage projects, flood pre-
vention projects and operation
and maintenance of the infra-
structure.

river water started in 1960, and with the comple-
tion of several major projects, the annual quantity
drawn from the river grew from the original 23 mil-
lion m3 in 1960 to the current 770 million m' m
1999. This represents over 70 percent of the city's
water resources.

To discourage waste, water meters were used in Hong
Kong as early as the turn of the century. Universal
metering was introduced in the early 1930s, and
extended in the 1960s to individual metering for all
dwelling units within a multi-story building.

Challenges in the Future
Currently, the Hong Kong water supply system has
17 impounding reservoirs with a total storage of
586 million m3, 19 treatment works with a total
capacity of 4.3 million m! per day, 218 service-
reservoirs, 182 pumping stations, and 6,285 km of
water mains. Hut the system must be expanded to
serve a population expected to grow by some 20
percent by 2011. In addition to supplying water,
better and more efficient services must be provided
at minimum cost to meet increasing customers'

Two main regions comprise
Hong Kong — the urban area
and the New Territories. Before
1950 most Hong Kong citizens

lived in the urban area and sewage was seldom
properly treated before disposed directly into the
sea. The first screening plant began providing pre-
liminary treatment ill Kowloon in 1956.

As more immigrants came to Hong Kong in the
1970s, they resided in the New Territories where
towns were established to accommodate them.
Construction of the first secondary treatment plant
began in 1978 in Shatin — the first New Town in
Hong Kong.

Although the New Towns were provided with mod-
ern secondary treatment works, sewerage infrastruc-
ture for the older urban areas was not upgraded.
Sewage treatment facilities operating for the past 40
years protected the environment; however the exist-
ing sewerage network, which amounts to more than
1,320 km, needed improvements.

Approximately 200 plants operate in this network.
This includes preliminary (screening) treatment
plants and secondary (biological) treatment plants
treating sewage from residential, commercial and

World of Water 2000
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industrial premises prior to disposal at sea through
submarine outfalls.

The sewerage infrastructure needs continuous
upgrading to cope with rapid economic develop-
ment and the rising standard of living. More than
1.5 million m3 of wastewater is discharged into the
Victoria Harbour of Hong
Kong every day, degrading
water quality. To address this
issue, the government began a
territory-wide sewerage rehabil-
itation and improvement pro-
gramme and the ambitious
Strategic Sewage Disposal
Scheme (SSDS).

Stage I, in partial operation, involves the construc-
tion of the Stonecutters Island Sewage Treatment
Works. This facility already treats 25 percent of its
projected sewage flow, removing more than 80 per-
cent of suspended solids and 70 percent of BOD
(Biological Oxygen Demand). A chemically
enhanced primary sedimentation process is used to

For this programme, the whole
territory was divided into .1.6
catchment areas, known as
Sewerage Master Plans (SMP).
The sewerage network and
existing treatment facilities are
being upgraded on a catchment-
by-catchment basis to improve
performance. In addition to
SMP areas, some older sewage
treatment works such as the
ones at Shatin, Tai Po and Shek
Wu Hui will be upgraded.

The SSDS project is expected to
be completed in 2008, improv-
ing the water quality of Victoria
Harbour through a higher level
of sewage treatment from the
developed areas around the har-
bour. The sewage will be con-
veyed by a deep tunnel system
to a centralised treatment plant
at Stonecutters Island. After
treatment, the effluent will be
discharged in deep oceanic
waters.

Pmjea Stages I-IV
The scheme is being implement-
ed in four stages to bring about
early improvements to the har-
bour's water quality. Each stage
is already in full swing but at
various phases of implementa-
tion.

Providing
Biosolids
Management Solutions
Bio G r o . . . North America's leading biosolids
management firm, specializing in the design and
administration of biosolids recycling projects, including:

•Land Application
•Alkaline Stabilization
•Composting
•Drying and Pelletizing
•Product Marketing

•Public Acceptance
•Dewatering: Installation

and Operation
•Mobile Dewatering
•Lagoon and Digester Cleaning

BIO GRO
1110 Benfield Blvd., Suite B
Millersville, Maryland 21108
(410) 729-1440, (410) 729-0857 Fax
Visit our web site at www.bio-gro.com

A Division of Wheelabrator Water Technologies Inc.
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reduce pollution in the harbour. Occupying only 10
hectares of reclaimed land, the treatment works is
one of the largest capacity and most compact treat-
ment works of its type in the world.

Stage 1 also includes the construction of a 23.6-km
deep tunnel conveyance system to transport sewage
collected from Northeast I long Kong Island and
urban Kowloon to Stonecutters Island. The tunnel
conveyance system and an interim outfall, which
are 2.2-m to 5-m in diameter at depths between 76
m and 150 m below sea level, are being excavated
with the extensive use of tunnel-boring machines.
The value of the works for the conveyance system is
HK$ 2.4 billion (US$ 260 million), and is scheduled
for completion in 2001.

In SSDS Stage HI/TV, the remaining sewage dis-
charged into the harbour will be collected. This will
involve the construction of another strategic sewage
conveyance system underneath the urban areas to
take sewage collected from the northern and south-
western parts of Hong Kong Island to the
Stonecutters Works. To achieve this within the
topographic constraints of Hong Kong, 18.9 km of
deep tunnels between 1.6 m and 3.7 m in diameters
will be bored in bedrock at depths more than 80 m
below sea level. 1.5 km of tunnel will be excavated
through hilly terrain, and 3.0 km of trunk sewers
will be installed by other construction technologies
including directional drilling. The estimate for the
Stage III/IV conveyance system, to commence in
2000, is HK$ 2.4 billion (US$ 320 million).

To take this collected and treated sewage completely
out of the harbour, a 16.6 km deep sewage tunnel is
being conceived. SSDS Stage II will convey effluent
from the Stonecutters Works to Lamma Island to be
further enhanced by disinfection. The disinfected
effluent will be discharged via a 7.5-km outfall to
the waters south of the territory where the natural
assimilation capability of oceanic currents will pro-
vide adequate effluent dispersion in an environmen-
tally acceptable manner. Stage II is estimated at
HK$ 3 billion (US$ 380 m), with construction to
begin in 2004.

The Hong Kong government is investing consider-
able resources in the sewage infrastructure to
improve the environment. Sewage charges, imple-
mented in 1995, are helping to pay for operation
and maintenance of sewage treatment facilities and
the sewerage system, and public revenues are
financing the new infrastructure projects. The
Drainage Services Department of Hong Kong is
committed to combating water pollution in order to
provide the city with a safe and healthy environ-
ment.

Mr. Chan Chi-chiu is currently an Assistant Director of the Hong Kong Water
Supplies Department, and is responsible for all planning and administrative
matters. Mr: Chan's water engineering career spans more than 11 years fol-
lowing his graduation from the University of Hong Kong in 1976 with a BSc
(Eng) degree in civil engineering. Information for this article also was provid-
ed by the Drainage Services Department, Government of the Hong Kong
Special Administration Region.

Ancient Hindu Beliefs Hinder India's Sanitation Efforts
Although early Indus Valley civilizations used sophisticated sewer systems and even brick "toilets," which date back 4,500

years ago, the rise of Hinduism and its caste system completely changed the way In which the majority of Indians viewed

human waste disposal. Ancient Hindu text forbids defecation near dwellings, according to Bindeshwar Pathak ofSulabh

International, a private organization responsible for installing 700,000 Loilets In the past. 25 years.

Unfortunately, this deeply imbedded religious belief prevents the widespread use of indoor bathrooms. More than 70 per-

cent, of Indians live in rural areas where fewer than 10 percent of homes have toilets. Only 250 of India's 4,000 cities and

towns have installed sewer systems, and many of these systems discharge untreated sewage into lakes, rivers and seas.

Almost half of Bombay's 13 million residents do not have toilets or sewer connections. A US$ 300 million project funded

by the World Bank will build public toilets for one million residents, and finance Bombay's plans to treat 60 percent of the

raw sewage now discharged into the Arabian Sea.
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Don Hoover, operator at the Cocoa Beach Water Reclamation
Facility, has every reason to look happy. He's just eliminated
a costly maintenance problem, and gained pumping efficiency
in the process, thanks to the new N-Pump series from ITT Flygt.

(Don's boss, of course, is even happier). "Cleaning clogged
pumps used to be a tedious and dirty business.

With the new N-Pump, everything is running great...
no clogging, and no loss of flow."

impeller combines very high pumping

efficiency with clog-resistant characteristics.

All the new N-Pumps feature a unique hydraulic
design which inai.nt.ains peak pumping
performance over longer operational periods —
especially in fluids with a high waste or solids
content. The result: better efficiency in handling
wastewater; less maintenance and lower costs.

ITT Flygt AB, Svetsarvagen 12, P O Box 1309, SE-171 25 Solna, Sweden
Phone: +46 8 627 65 00 (as from Feb 1, 2000: +46 8 475 60 00)

Flygt

Flygt exhibits at the
IFAT in Munich
from May 4 to 8,
1999, Hall A4 -
Booth No. 538

Find out what else
Don, his boss and
other operators have
to say about the
new N-Pump design.
Call ITT Flygt now for
your free copy of the
N-Pump video and
more information.

ITT Industries
Engineered for life
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Maintaining a Plentiful Water Supply
Remains a Challenge for This City by the Sea

BY JOHN SUUUVAN

T he city of Boston, settled in 1630, is located in an area boxed in by the sea. Supplying water to
Boston's steadily growing population has always been a challenge.

Boston incorporated its first waterworks in 1652 to serve the town's 208 families. Water was collected in a
12-foot-deep cistern fed through wooden pipe by local wells and springs. In 1795, the city retained a pri-
vate corporation to bring water from a 70-acre pond in Jamaica Plain. The corporation built four small
mains made of logs connected to wooden distribution pipe.



Patterson
World-class Quality

Commitment • Worldwi
Quality Assurance.

ISO 9001 certification
attests to our world-

class quality and
dependability. We
offer one of the
pumping industry's
largest and most

comprehensive test
laboratories for ensuring

that each Patterson pump will perform its
intended function efficiently, economically,
reliably and durably.

Efficient Water and Wastewater Pumping.
Our full line of modern, high performance pumps
for water and wastewater duties sets the stand-

ard for the industry in both
domestic and international

markets. Satisfy your exact need
from among our industrial and
commercial pumps, horizontal
and vertical centrifugals,

non-clogging waste and
sewage pumps, axial and
mixed flow flood
control and irrigation
pumps, multi-purpose

vertical turbines,
municipal vertical

turbines, end
suction pumps,

general service pumps
and prepackaged pump systems.
Then expect the best service from them.

Specialized Training.
Patterson reliability is enhanced by coordinated train-
ing in proper operation and maintenance of water
and wastewater pumps at our state-of-the-art train-
ing facility.

Personalized Service.
Whether a single O.E.M. part requirement, a
complete rebuild, or simply a ques-
tion, Patterson stands ready to give
personal field and factory service as
required, to maintain our reputation
|for providing the best service in the
industry.

Discover for yourself why Patterson
water and wastewater pumps are the
world leaders in reliability, in selection, in

I delivery and in service after installation.

i Call, write or fax us today. Or, reach us on
the Internet.

Member of

Post Office Box 790

I S O 9 0 0 1 C E R T I F I E D

PATTERSON P U M P C O M P A N Y
A Subsidiary of The Gorman-Rupp Company

Toccoa, Georgia 30577 U.S.A. • (706) 886-2101 • FAX: (706) 886-0023

PATTERSON PUMP COMPANY/MIDDLE EAST
P.O. Box 72083

Helioupolis 16310
Athens, Greece

www.pattersonpumps.com

PATTERSON PUMP COMPANY/FAR EAST
63 Hillview Avenue

#07-18 Lam Soon Industrial Building
Singapore 669569

© 2000 Patterson Pump Company
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By 1840 Boston's population had grown to 84,000
and finding an adequate water supply was becom-
ing a desperate issue. In 1 846, the Massachusetts
Legislature approved a plan for the city to transport
water from Long Pond, later renamed Lake
Cochituate, 20 miles west of Boston. Completed in
1848, the new aqueduct from Long Pond into
Boston had a capacity of 20 mgd, with a distribu-
tion system that included 81 miles of mains and
13,341 service connections.

To make room for the growing population, the city
started building on landfill, including present-day
East Boston, South Boston, West End and the Back
Bay. In addition, Boston's daily per capita use of
water became the highest of any city in the world.

Although the city began placing meters on all the
buildings it supplied with water in 1881, daily per
capita water use remained high. This, coupled with
the annexation of nearby towns, forced its leaders

In 1321, a dam was constructed on the Charles River that cut off the Back

Bay from the natural tidal flows. The shallow bay became covered in

sew ige year round, Declaring it to be a health hazard, the city's leaders

ordi red the Back Bay to be filled in and the new land equipped with sew-

ers. Viost of these new sewers emptied directly or indirectly into Boston

Hat ~)or at hundreds of discharge points. This created massive pollution and

ed back-ups to occur at high tide and during periods of heavy rainfall.cau.

water to 47 communities consisting of approximate-
ly 2.4 million people. Boston is the MWRA's largest
customer with a current population of 570,000 and
an average daily commuter population of 500,000.

Sewer System
Boston's sewer system has had a less celebrated but
equally important place within the city's history.

Common sewers existed in the area as early as
164.5. The sewers drained into the harbor and the
Back Bay where the ebbing tide was counted on to
wash the discharge out to sea.

In 1821, a dam was constructed on the Charles
River that cut off the Back Bay from the natural
tidal flows. The shallow bay became covered in
sewage year round. Declaring it to be a health haz-
ard, the city's leaders ordered the Back Bay to be
filled in and the new land equipped with sewers.
Most of these new sewers emptied directly or indi-

rectly into Boston Harbor at hun-
dreds of discharge points. This
created massive pollution and
caused back-ups to occur at high
tide and during periods of heavy
rainfall. So the city designed a sys-
tem of intercepting sewers and
pumps.

So t ie city designed a system of intercepting sewers and pumps.

in 1895 to create the Metropolitan Water Board
and construct the Sudbury and Wachusett
Reservoirs in central Massachusetts. These reser-
voirs served the area's water needs through the
beginning of the 20th century.

By 1900, Boston's population had reached half a mil-
lion people. In 1919, the Metropolitan District
Commission (MDC) assumed the responsibilities of
both supplying water and dealing with wastewater
for the region. The Swift River Valley was flooded in
1939 to create the Quabbin Reservoir, metropolitan
Boston's current water supply. 2,500 residents had to
move from the area to make room for the reservoir.

The Massachusetts Water Resources Authority
(MWRA) was created in 1985 to assume responsi-
bilities of the MDC's waterworks and sewerage
operations. Today the MWRA provides wholesale

84

Between 1877 and 1884, the
Boston Main Drainage System
built 197.5 miles of sewer and a
pumping station known as Calf

Pasture that housed two great steam-engine pumps.
From Calf Pasture, Boston's wastewater was
pumped to Moon Island in Boston Harbor near pre-
sent-day Quincy. Nut Island, also near Quincy, and
Deer Island, located in the bay near Winthrop, were
used as "metropolitan" pump stations. By 1939,
more than 250 million gallons of raw sewage were
being discharged into Boston Harbor each day. But
not until 1952 was the first primary sewage treat-
ment plant constructed.

As the years went by, a system of interceptors
joined outlying cities and towns to the Nut Island
plant. By 1968, a second primary sewage treatment
plant was built on Deer Island to handle additional
flow from north and west of Boston.

Today, the Deer Island Wastewater Treatment Plant
combines the flows of both Nut and Deer Islands

World of Water 2000
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Your Back Yard?
It's simple. Residential neighbors in your back yard do not want hazardous chlorine

gas or industrial strength hypochlorite stored in their neighborhood. The answer? Re-
place your chlorine-based system today with a SANILEC® Electrochlorination System to
treat and disinfect water.

SANlLEC's "environmentally friendly"process eliminates reliance on hazardous chlo-
rine gas or bulk hypochlorite as well as their associated transportation and storage is-

sues. SANILliC uses a
unique, Dimensionally
Stable Anode® and
electrochemical pro-
cess to generate sodium
hypochlorite from
nothing more hazard-
ous than SALT!

SANILEC is ideal for
water and sewage treat-
ment facilities and is
designed to produce
anywhere from 2 to
10,000' pounds of
chlorine equivalent —
on demand — per day.
Our systems require
minimal operator
training, are safe and
easy to maintain, and
require no special EPA,
OSHA or HAZMAT re-
porting, training or cer-
tification.

For more than 25
years, SANlLEC's field-tested technology has performed reliably in what is now the larg-
est installed base of onsite, sodium hypochlorite generators in the world.

SANILEC: Our unique process safely disinfects as well as chlorine... retrofits into any
plant operation ... is backed by worldwide support... and is the clear choice for water
disinfection.

Eliminate scrutiny by your neighbors. Contact us today to find out how you can use
SANILEC for cost-effective water disinfection in your operation.

Two standard SANILEC FBÓOO systems installed at a municipal water
treatment facility in Florida. Both standard and "buili-to-spec" systems

SXUILEC
Engineered and built by Exceltec International, the world's leading

innovator and supplier of advanced water disinfection systems.

Sugar Land, Texas 77478 • USA
Phone: 281-240-6770-Fax: 281-240-6762

To find out more about SANILEC use in water treatment facilities,
visit our website: www.sanilec.com

a part of

Severn Trent Pic
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and provides secondary treatment to 43 MWRA
communities, including Boston. An average of 373
mgd is sent to Deer Island, which recently began
discharging its effluent nine miles out into
Massachusetts Bay.

In 1977, the Boston Water and Sewer Commission
was created to maintain and improve the long-term
quality and reliability of water and sewer services
for the citizens of Boston. The sewer system now
consists of 1,340 miles of sewers and storm drains,
ranging in size from 6-inch clay to 20-foot concrete
culverts.

The commission has instituted an ongoing Capital
Improvement Program that over the last seven years

has successfully relayed or relined 131.3 miles of
older water mains. In addition, 14.5 miles of sewer
pipe have been repaired or replaced.

Now that the city's population has somewhat stabi-
lized at around 570,000 people, repairing the aging
water and sewer infrastructure, some of which dates
from 1848, looms ahead as the next challenge.

John P. Sullivan Jr., P.E., is Chief Engineer for the Boston Water and Sewer
Commission. He. Joined lhe Boston Public Works Department in I 972. He
has a ñachelor of Suena; Degree in Civil Engineering from the University of
Massachusetts Amherst and a Master of Business Administration from
Northeastern University.

Did You Know?
In 1990, more than 335 million of the world's 5.3 billion people lived in water-stressed or water-scarce countries.

(Christian Science Monitor, Nov. 9, 1993)

Introducing the LPX200 Ultraviolet Disinfection System

f
> Pírsi Sübiüergec n

SELF CLEANING
Automatic lamp cleaning devices

optimizing efficiency & reducing labor

MODULAR DESIGN
Flexible modules to suit site-specific

installation requirements

SUPERIOR LAMP TECHNOLOGY
Improved design for increased throughput

106 Rayette Road, Unit #1
Concord, Ontario, Canada
L4K 2G3
Tel: 905.669.4450
Fax: 905.669.4451
Email: info@suntecuv.com

TORONTO

SELF COOLING
BALLAST TECHNOLOGY

Increased reliability
Reduced footprint

Reduced operating costs

5UNTEC environmental
L O S A N G E L E S T O K Y O
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Ozonia is the leading supplier of ozone generation equipment and application technologies in environmental

and industrial fields. Ozonia has the most advanced technology, the world-wide expertise and the dedication

needed for your satisfaction. With Ozonia, the global leader, success is sure. Ozonia, The Clean Technology.

USA, Phone (201) 794- 3100 • France, Phone +33 (1) 47 10 06 00 • Switzerland, Phone +41 |1) 801 85 1 1 • Scotland, Phone +44 (141) 810
48 61 • Russia, Phone +7 (8312) 33 44 84 • South Korea, Phone +82 (2) 631 03 30 • www.ozonia.com



Host ond West Merge to Create
One Waterworks and Distribution System

BY DfPI..-(NG. HJFJWIG 1'AWl.OWSKI

erlin, once the political center of Prussia and later the German empire, underwent heavy industriali-
sation in the mid-1800s. Thousands of new citizens flocked to the city, providing workers for the
growing economy, but this prosperity came With a cost. Water quality and sanitation problems

worsened from the increasingly dense city population and industrial wastes.

Berlin's first central waterworks and distribution system were built in 1856, based on a design by English
engineers. Within 10 years sanitation problems made a sewerage system necessary. Studies by Rudolf
Virchow, a respected physician in Berlin, showed that sewage purification on sewage farms was completely
harmless. James Hobrecht, an engineer trained in England, developed a plan for Berlin that combined a
sewerage system with sewage purification on sewage farms.

88 \X,,rld<<(
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The 1949 division of the city, which resulted in the
creation of East and West Berlin, also physically
separated the water supply networks in border
areas. Each part: of the city developed differently,
but both needed to replace old city districts marked
by back courtyards, cramped housing conditions
and coal-fired heating. Large, modern residential
estates replaced these old districts in West Berlin
from the mid-1960s to 1 970s, and in East Berlin
beginning in the 1970s.

The population of Berlin reached its highest point in
1938-1939 with 4.2 million residents. Today, 3.4
million people live in the city. The highest water use
registered occurred in 1989. Water consumption fell
back to 210 rrvVyear from 330 million mVyear after
1990 when industry collapsed, especially in the east
of the city.

Water Supply
Berlin benefits from an ample supply of surface
waters. Two rivers flow through the city; the Havel
from north to south and the Spree from east to
west.

In 1856, the first waterworks in Berlin treated Spree
water and distributed it through cast-iron pipes.
Currently, 65 percent of Berlin's water supply (210
million mJ) is derived from bank filtration and infil-
tration of treated surface water. Extracted ground-
water is aerated in drinking water treatment plants;
iron and manganese floccules are filtered off in the
filtering plants.

Although nothing has changed in this fundamental
strategy for decades, the technology with which the
process is carried out certainly has changed. In the
early days of the system raw water was extracted
from wells by steam piston pumps and discharged
onto so-called tricklers that aerated the water. The

iitëvater then flowed onto slow sand filters in large,
bricked caverns. Layers of sand had to be regularly
cleared by hand, washed and returned to the filter
chambers. After chlorination, the pure drinking
water was mainly discharged using steam-driven
piston pumps and steam turbine pumps into the dis-
tribution network.

.In the 1950s, the city's waterworks began using fast
filter facilities which backwashed the filtered iron
and manganese floccules by means of air-water mix-
tures. This new technology eliminated the difficult
hand-cleaning of the slow sand filter facilities.

Modern electric centrifugal pumps replaced the old
steam machines. Modern automatic control engi-
neering offers relatively constant pressures for indi-
vidual discharge rates in the network, so raised
tanks or compensation tanks are no longer required
to achieve constant supply pressures in Berlin.
Storage facilities serve exclusively to compensate for
daily fluctuations in consumption.

Steel and ductile cast iron pipes, rather than cast
iron, convey water through the distribution system
in West Berlin. Almost no systematic pipeline reha-
bilitation was carried out in the eastern section of
Berlin for 40 years. Cast iron pipe predominates
there, which explains a pipe fracture rate three
times that of western Berlin. Only through the sys-
tematic replacement of the old pipes with modern
ductile cast iron pipes will this fracture rate
decrease.

Sewerage System
Berlin's mixed sewerage system, in accordance with
the plans of Hobrecht, consisted of brick-walled
sewers and stoneware pipes. In the first combined
system, which began operating in 1876, steam-dri-
ven piston pumps discharged sewage from a suction
chamber through cast iron delivery pipes to sewage
farms on the edge of the city.

Changing technology also changed network opera-
tions over the past century. Steam-driven piston
pumps were first used. They required coal-fired
steam boilers with sand-traps and raking tacilities,
which in turn required waste material disposal on
location. The development of centrifugal pump
technology and, above all, freely workable ducted-
impeller pumps, now allows modern drive and
pumping technology to operate without distur-
bance. In addition, modern automatic control tech-
nology allows infinitely variable operation over a
large bandwidth of delivery rates.

Fven though the old sewage disposal infrastructure
was retained, the early-day sewage farms have been
transformed into sewage treatment plants. By the
1920s, it was obvious that sewage farm capacity
was not unlimited. Residual pollution in drainage
outlets showed that phosphorous and nitrogen had
reached the lakes and rivers of Berlin. In addition,
urban development needs competed with the land
requirements of sewage farms, so the alternative of
building sewage treatment plants in Berlin was
given serious consideration.

World of Water 2000
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Partial Privatisation to Help Upgrade Eastern Section
The 10 years that have passed since the Berlin Wall fell have been marked by the need to unify a divided city — not only

politically hut also in terms of basic water and wastewater infrastructure.
Apparently, the enormous challenge of upgrading eastern Berlin to European Community water quality standards was more

than Berliner Wasser BetrieSe (BWB) wanted to undertake as a public entity. Last July the state-owned water company of
Berlin awarded 30-year contracts ¡or water and waste.wai.er services to the Vivendi-RWF Allianz consortium. BWB is the
state owned company responsible ¡or treating and distributing drinking water, as well as collecting and treating wastewater for
Berlin's 3.5 million inhabitants. It is Europe's leading state-owned water management company ~\,ith net sales of Euros ! .25
billion and 6,300 employees.

BWB awarded the consortium, comprising Vivendi (45 percent), RWE (45 percent) and Allianz (10 percent), a contract cov-
ering the partial privatisation of BWB.This transaction gave the consortium 49.9 percent of the shares in Berlin Wasser
Holding AG, a newly formed holding company. The contracts organise drinking water services, including treatment and distribu
tion, and wastewater services, including collection and treatment, for Berlin's population for 30 years.

Vivendi and RWF. Germany's fifth largest industrial group, promised to create I,160 jobs in the next 10 years, and not to
make any mass lay-offs of BWB employees for 15 years. Water prices will remain at current levels until 2003. The consortium
expects prices to remain stable or increase at a rate lower than inflation.

Plans arc to invest at least DM 5 billion in water services during the next 10 years, together with DM 50 million in
research. Other consortium plans include privatisation projects, in conjunction with BWB, in h.astem and Central Europe.

The division of Berlin resulted in more than 90 per-
cent of West Berlin's sewage being treated in East
Berlin. Out of self-interest, West Germany erected a
sewage treatment plant in Ruhleben and an addi-
tional one on the southern outskirts of the city. The
Marienfcldc sewage treatment plant, which began
operation in 1974, was shutdown in 1998. The
Ruhleben sewage treatment plant was built in 1963
and expanded to an output of 240,000 m1 per day
in the 1970s and 1980s. By the early 1990s, it had
developed into one of the most modern sewage
treatment plants in the world. The process of bio-
logical phosphate and nitrogen elimination was test-
ed there in a large-scale experiment. Phosphorous
outlet values of 0.5 mg/1 and ammonium nitrate
outlet values under 5 mg/1 could be guaranteed in
summer months. These outstanding outlet values
were then made the standard for all those treatment
plants still to be built or reconstructed.

East Berlin also recognised that sewage farms hin-
dered urban development. Sewage farms around the
Falkenberg sewage treatment plant, in particular,
were shut down and large housing estates were built
on the sites.

90

Phosphate and nitrogen removal now takes place in
the modern sewage treatment plants of
Waíímatmsdorf, Stahnsdorf, Schönerlinde and
Miinchehofe. Berliner Wasser BctrieiSe built a phos-
phate elimination facility in the mid-1980s to limit
biological algae growth in Tegeler Lake. The depth
of visibility in the lake has improved from 0.5 m to
about 2 m today.

Future Challenges
Guaranteeing the quality of surface and ground rí
waters is one of the most important challenges for •*;
Berlin. A second great challenge is the replacement
and construction of the old water pipes and sewers.
An investment of DM5 billion by Berliner Wasser
Betrieííe in the next 10 years will improve water
and wastewater services in the city. This investment
should go a long way toward improving the labour
market, as well as boost business opportunities for
small- and medium-sized businesses in Berlin.

Dip t.-Ing. Ludwig Pawlowski is the technical direc-
tor of Berliner Wasser BetrieSe, based in Berlin,
Germany.
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A Major Product Breakthrough, Worthy of a New Century !

Desired using the latest advances in sound technology, the RADCON!
'ScucdSens" system offers a complete leak localisation and/or correl3tiMü

ge. Three possible iriethad-s oí deployment give a cost effective and
tile soimion to the problem of exact leak location in lhe distribution

The paGK/içit: ¡-i bDSöii acoi-'íid '&.(-. tJ-?:k-vc. CP (Ctifreiati^g pod) lagos;,
which can be deployed in units of wo, ii;ree or more depending on the type
of resuit required. These CP ¡aggers ¿re self-contained ¡iîr:ium battery
powerea '.¡'lits requiring no radio or hardwire coi'Cier.tion or any battery
recharging. A time slicing 'ogging regime is used to eliminate random noise
leaving only continuous sound to be fiitered and stored in the logger. Thé ;
CP loggers cs'i h* jsed day or nigtn as required.

Data is downloaded from up to 6 CP Loggers at one time via a control unit
into the proprietary software package on a Laptop or PC. This allows ;
detailed analysis of results using adaptive filters.

Meth= -orrelatio
2 CP loggers are deployed either side of a known leak and record for a number of time slices. Data is downloaded into the software,
usually locally onto a laptop and site information (distance between CPs, pipe diameter and material) entered. The software
correlates this information and gives an exact leak position.

Advantages over traditional correlators
Lower cost
No trailing wires or radio communications
Adaptive filtering and PC processing allow for a sharper definition of noise
No recharging, Replaceable battery
Day or night correlation possible

Method 2 — 3 CP Correlation

3 CP loggers are deployed around a known leak and record for a number of time slices. Data is downloaded into the software,
usually locally onto a laptop and site information (distance between CPs) entered, The software correlates this information and gives
an exact leak position.

Advantages over traditional correlators
Lower cost
No trailing wires or radio communications
Adaptive filtering and PC processing allow for a sharper definition of noise
No recharging, Replaceable battery
Day or night correlation possible
Eliminates need to know exact diameter and material of main
Locates leaks correlating around T's (3 Way's)

Method 3 — Full Deployment, Localization and Correlation

6 or more CP loggers are deployed in a district where there is a known leakage problem, usually indicated by a rise in nightline on a
logged district meter. Loggers record for a number of time slices then moved if necessary until the entire district has been covered.
Data is downloaded into the software and a localizing module run, giving an approximate location of one or more leaks in the system.
GIS or site information can then be input for the CPs relevant to the approximate leaks and a second, correlating module run over
the same data giving an exact location.

Advantages over traditional sound logger/correlating system
Lower cost
Targeted resources (condition monitoring rather than system maintenance)
Loggers deployed when required, not large numbers randomly throughout system
One operation only required, same data used for localization and correlation
Deployment is a simple operation, full analysis possible on office PC

RADCOM Technologies, Inc.
150-L New Boston Street
Woburn, MA 01801

1—800^-723-2066 www.radcom-usa.com
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ABOVE: This /ui.in¡.y thickens waste aai
voted sludge from (fie high purify oxygen
nujvalcd sludge secondary treatment
process. Thickened s/uc/gc is discharged to
the anaerobic digesters.

BELOW: The air quality control (smoke)
stock in the background was port o/
Hypt'.rhiris sludge heat drying ¡utility in
the. 1950s.

ABOVE: Sections of outfall pipo ¡win
Hyperion WastewaterTreatment Plant in
the 1970s.

LEFT: The compressor/operations fc)f.:/7ily,
shown in this / 999 photo, supplies com-
pressed, dried air to the cryogenic oxygen
separation p/ont;



BY ILE VAI. LUND

Los Angeles transports water over longer distances and distributes it across a larger
and geographically more diverse area than any other U.S. city. Its history has been
one of searching and fighting for the rights to new water sources, and constructing

engineering achievements to deliver and store water. After a long history of increasing
water use, improved conservation measures now maintain water use at early 1970s levels.

When founded in 1781, Los Angeles received perpetual rights to the Los Angeles River, Its
early water system consisted of a crude brush dam that diverted river water into "Zanjas"
or ditches. In 1868, the city of 5,000 entered a 30-year lease with the Los Angeles Water
Company to build and operate a domestic system consisting of irrigation ditches from
which residents directly obtained water. After the city grew to 100,000 in 1.902, it bought
the company, created the Board of Water Commissioners and appointed William
Mulholland, former Water Company ditch tender, as its first superintendent. ::;

In 1905, Mulholland convinced the city to buy Owens Valley land and water rights. By
1913, water from the Owens River, elevation of 3,000 feet, flowed through the newly
completed aqueduct by gravity alone down to Los Angeles, a few feet above sea level. The
engineering design employed hydraulic pressure by narrowing the water pipe to push the
water over elevations and widening the water pipe to siphon the water downward.

Moving the water through the aqueduct costs nothing. The flow encountered two eleva-
tion drops that eventually would provide hydroelectric energy. Electricity sales would pay
for the aqueduct's construction costs within a few years. As a result, Los Angeles Water
and Power is a city-owned utility operating from revenues derived from services provided,
and receives no tax-supported revenues. Today, the Department of Water and Power pro-
vides both water and electrical service; however, the two are financially independent of
each other.

In 1925, the city's more than 500,000 residents voted approval of a bond issue to divert
water from the Colorado River. To implement the project, Los Angeles joined with 10
other cities in the Metropolitan Water District of Southern California. The 340-mile aque-
duct first delivered water in 1941.

AIN
LA. Water History Characterized

by Scarcity Issues

World of Water 201)0
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To obtain a greater and more dependable flow, the
Mono Basin Extension was built. The city obtained
rights to divert four of seven streams flowing into
Mono Lake. Construction of Grant Lake Reservoir,
an 11-mile tunnel through the Mono Craters,
Crowley Lake Reservoir and Hot Creek Fish
Hatchery was completed in 1940, extending the
gravity flow aqueduct system 338 miles from the city.

first two reports, Los Angeles and Inyo County
agreed jointly to develop a 5-year groundwater
management plan. Not until 1997, after extensions,
did the court finally approve the 15-year-old Owens
Valley Groundwater Management Plan.

The Mono Lake Committee and others filed suit to
protect the lake in 1979, blocking diversion of

Mono Basin water. The court
er a long history of Increasing water use, improved conservation measures referred the decision to the

maintain water use at early 1970s levels.

Construction began on the Second Los Angeles
Aqueduct in 1.965. When completed five years later,
the project increased aqueduct capacity by almost
50 percent and allowed for more flexible operation.

Earthquakes in the 1900s damaged pipelines, tanks
and reservoirs, prompting the district to redesign
some facilities. After the 1971 San Fernando event,
water facilities assessments led to a capital seismic
improvement program.

In 1972, Inyo County filed suit seeking Los
Angeles' compliance with California Environmental
Quality Act requirements for an Environmental
Impact Report on the Owens Valley groundwater
pumping. After the appeals court disapproved the

California State Water
Resources Control Board. In
1997, after much study, the

board reallocated city water rights and provided
stream restoration and lake level maintenance.

As a result of droughts in the last 20 years, the city
initiated water conservation programs restricting
use and providing rate disincentives. Water con-
sumption today is the same as in 1972, even though
the population is almost four million.

Le Vai Lund, RE., a civil engineer in water resources and lifeline earthquake
engineering has 40 yearn of experience in the planning, design, construc-
tion, operation, maintenance and management of waterworks for the city 0/
Los Angeles. Retired from the Los Angeles Department of Water ant] Power,
Lund held positions including assistant chief engineer of Waterworks and
manager of the Los Angeles Owens River Aqueduct System.

Hyperion Serves as LA.'s Window to Wostewoter History

BY JUDITH WILSON

^he Los Angeles region's first sewer system
was designed by Fred Eaton in 1887, when
more than 100,000 people had moved to the

city. At first wastewater was discharged directly
into Santa Monica Bay. Wastewater treatment in
Los Angeles, as in many cities, struggled to keep
pace with a growing population and the increasing-
ly stringent environmental requirements.

The modern day Hyperion Treatment Plant began
operations in 1950, processing up to 265 million
gallons of wastewater per day. The plant had pri-
mary and secondary facilities, air quality control

and odor management systems. Biosolids drying
equipment produced a soil amendment product.

In 1957, a seven-mile sludge outfall went into oper-
ation, followed by a five-mile outfall two years
later. At the same time, ocean disposal of biosolids
began. The plant expanded to 420 mgd for primary
processing and converted to 100 mgd of conven-
tional secondary activated biosolids processing.

In following decades, population growth Outpaced
Hyperion's design capacity. With the passage of the
Federal Clean Water Act in 1972, legislation man-
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dated full secondary treatment for waste water dis-
charged into Santa Monica Bay. In 1976, the city's
first water reclamation plant, Los Angeles-Glendale,
began operation.

In 1980, Los Angeles entered a Consent Decree with
the federal and state governments to reach full sec-
ondary treatment standards by the end of 1998, a
move that would cost more than
$3.5 billion.

tion project achieved this century to protect Los
Angeles' local coastal waters.

Judith Wilson is the Director of the Sureau nfSanitation for the city of Los
Angeles, Department of Public Works. Formerly Chief Administrative Officer
of the Orange. Caunly Sanitation Dial/ids, Wilson has held many executive
positions in Los Angeles County and for the city of Pasadena, Calif. She.
serves on the boards of the Southern California Water Research Project and
the Southern California Association of Publicly Owned Treatment Works.

The city's second water reclama-
tion plant, Donald C. Tillman,
went online in 1986. A year
later a Consent Decree amend-
ment required Hyperion to stop
ocean sludge disposal. The
seven-mile sludge outfall was
taken out of service and a
cogeneration and Carver-
Greenfield process started at the
plant's Energy Recovery Facility.
Hyperion, one of the first facili-
ties in the world to profit from
the energy value of biogas, used
anaerobic digesters to yield fuel
similar to natural gas.

Long-term cooperation with
regional environmental groups
also began in 1987. Two years
later a citizens' forum began
facilitating "good neighbor rela-
tions" with the city of El
Segundo. That year Hyperion
earned its first (¡old award from
the American Metropolitan
Sewerage agencies. After imple-
menting a plan to beneficially
use 100 percent of its biosolids,
landfill disposal ceased.

In 1998, all Hyperion flows
began receiving secondary treat-
ment, bringing the wastewater
system into full regulatory com-
pliance. On November 23,
1998, Hyperion met all stan-
dards for the first time in more
than 40 years and produced its
cleanest effluent ever. These new
facilities represent the most
important environmental protec-
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Johannesburg 'Corporatises' to Finance City's
Water Supply and Sanitation Needs

BY VINCENT BAT

Johannesburg, located at the southern tip of Africa, is unusual in at least two respects — it is situated
far from any water source and it is relatively young, only 113 years old. The area occupied by the
present city had, until the late 18th century, consisted of empty grasslands divided by a low east-to-

west rocky ridge.

This vast region was inhabited by game animals in the African plains, indigenous, nomadic peoples and a
sprinkling of recently arrived hunters, missionaries and farmers who were the start of the European coloni-
sation of Southern Africa's interior.

Wurl.-l •HI


