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An Interview with Jill Long Thompson

What’s the word on
water at the USDA?

Editor’s note: With passage of the Farm Bill
in April, the U.S. Department of Agriculture’s
Rural Economic and Community Development
(RECD) simplifies its name to Rural Development.
However, only the name will change. Rural
Development, defined as a mission area, will not
change as a result of the bill. The terms Rural
Development and RECD are used interchangeably
in this article.

National Drinking Water Clearinghouse
Program Coordinator Sanjay Saxena, Water
Sense Editor Laurie Klappauf, and On Tap Editor
Harriet Emerson interviewed U.S. Department of
Agriculture Under Secretary for Rural Develop-
ment, Jill Long Thompson. Discussion centered
on the Water 2000 initiative, financial issues,
including the impact of congressional budget
cuts and the Farm Bill, and the department’s
vision for the next century.

Rural Economic and Community Development
(RECD), now Rural Development, includes three
agencies that aid rural America: Rural Utilities
Service (RUS), Rural Business–Cooperative
Service (RBS), and Rural Housing Service.

 RUS, which funds the National Drinking
Water Clearinghouse (NDWC), also provides
money for water and waste disposal loans and
grants, technical assistance and training, emergency
community water assistance, rural water circuit
rider technical assistance, rural electric and tele-
phone loans, and distance learning and medical
link grants.

 An extensive network of state and district
Rural Development offices administer RUS
Water and Wastewater Loan Programs.

A 1995 U.S. Gen-
eral Accounting Office
(GAO) report states
that the RUS Water
and Wastewater Loan
Program is “now
the major source of
federal funds targeted
Continued on page 9

Search for

Clean Water

Continues,
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Jill Long Thompson, Under Secretary
for the U.S. Department of Agriculture’s
Rural Development

water varies in quality and, like many small
towns, Littleton has faced major decisions about
how to remain in compliance with the Safe
Drinking Water Act. In 1994, it made the some-
what unusual choice of installing a photovoltaic
chlorine dioxide disinfection system.

Littleton Water and Light Department, munici-
pally owned by the Town of Littleton, supplies
power and water to 3,400 electric customers. It
boasts one of the lowest electric utility rates in
New England with rates almost 45 percent lower
than those of commercial customers subscribing
to the state’s largest utilities.

The town’s electric power is purchased
wholesale from New England Power Company
(NEPCO) which generates hydroelectric power

Town Treats Water with Chlorine Dioxide
by Harriet Emerson
On Tap Editor

 Littleton, New Hampshire, has been a small,
self-reliant town for more than 200 years—
weathering wars, recessions, and depressions.
Solvent and stable, Littleton was established
during the 1770s by settlers who headed north
from Boston. It is one of several small towns
nestled in New England’s scenic White Mountain
region near the slopes of Mt. Washington. Home
to almost 6,000, it’s the kind of place where
quality of life takes precedence over high income
and decisions are still made in town meetings.

The town’s drinking water flows from an unfil-
tered surface water supply in the well protected
White Mountain National Forest watershed. Surface Continued on page 12
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On Tap Looks at Disinfection, Funding

• intermediate rate: 4.875 percent (down
.125 percent from the previous quarter);

• market rate: 5.375 percent (down .125
percent from the previous quarter).
RUS loans are administered through local

or state Rural Development offices, recently
known as Rural Economic and Community
Development offices. These offices can
provide specific information concerning RUS
loans and applications.

For the number of your nearest Rural
Development office, contact the National Drink-
ing Water Clearinghouse at (800) 624-8301. 

For the second consecutive quarter, two
of the three interest rates for Rural Utilities
Service (RUS) water and waste disposal
loans have decreased. One interest rate
is unchanged.

RUS issues loans at one of three interest
rates, according to community qualification
criteria. The rates for the third quarter of
Fiscal Year 1996 apply to all loans issued
from April 1 through June 30, 1996. These
rates are:

• poverty line rate: 4.500 percent (un-
changed from the previous quarter);

RUS Loan Rates Decrease Again

This On Tap overflows with information,
much of which deals with disinfection, in general,
and chlorination, in particular. We feature a look
at why and how a small New Hampshire town
chose to install a solar-powered chlorine dioxide
disinfection system. (See page 1.) Readers often
indicate that case studies are a good way to learn,
and Ed Betz, superintendent for Littleton Water
and Light Department, provides costs, details, and
technical information on its system. Incidentally, I
learned about Littleton’s new chlorination system
on the town’s home page on the World Wide Web.

Federal loans, grants, and technical assistance
are an integral part of the infrastructure plan for
many small towns. Three National Drinking
Water Clearinghouse (NDWC) staff members had
the good fortune to discuss funding and vision
with Jill Long Thompson, under secretary to the
U.S. Department of Agriculture’s Rural Economic
and Community Development, now called Rural
Development. (See page 1.)

Mohamed Lahlou, NDWC technical assis-
tance specialist, and Eric Merrill, NDWC
graphic artist, are the primary forces behind
the fact sheet or “Tech Brief” in the center
pages of this issue. The topic is disinfection.
Our next Tech Brief features filtration.

And in the Q&A (see pages 16–17) Arjita
Sharma, NDWC staff
researcher, answers the
question posed by several
readers: What are disin-
fection by-products?
We hope this provides
answers to some of
those questions.

 One On Tap reader suggested that we write a
history of disease organisms and water. We liked
that idea, and the first of this three-part history by
Staff Writer Kathy Jesperson begins on page 6.
This series should provide a good background
for educators. But whatever your interest, there
are some fascinating elements in the history of
drinking water.

On the facing page are the results of our On
Tap/NDWC survey. There were so many requests
for information beyond the scope of drinking
water, that we’re including a page in this issue
listing newsletters that our office publishes. These
newsletters contain useful information on septic
systems, solid waste, environmental training, and
the financial side of the water business. All of the
publications are free (see page 19).

On Tap will continue to provide you with the
drinking water information you want and need. If
you have questions, comments or suggestions,
call (800) 624-8301, or e-mail me at

emerson@wvnvm.wvnet.edu. If you have
technical questions, call our toll-free
number and ask to speak with a technical
assistant. Also, if you are online, technical
questions can be addressed to Lahlou at
lahlou@wvnvm.wvnet.edu or to

Sharma at U7895@wvnvm.wvnet.edu. 

Harriet Emerson
On Tap Editor
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On Tap Survey Results Are Announced
We are still receiving occasional responses to

the On Tap readership survey; however, with
approximately 450 responses in, there is sufficient
information to report.

On Tap appears to have a strong readership
among individuals charged with the task of
keeping water systems and communities running.
Of those who responded, almost 12 percent are
water plant operators; 31 percent are local govern-
ment officials; 12 percent are state government
officials; and 6 percent are federal government
officials. Thirteen percent of respondents are
either engineers or consultants and 9 percent
are educators.

On Tap provides information on the drinking
water needs of communities with fewer than
10,000 people, and 31 percent of all respondents
live in areas with 10,000 or fewer people: 14
percent live in areas with populations between
3,301 and 9,999; another 13 percent live in areas
with 501 to 3,300 people; and 4 percent live in
areas with populations of fewer than 500.
Twenty-three percent of respondents stated that
they live in areas with populations between
10,000 and 49,000. A surprising 42 percent
of respondents live in areas with populations
greater than 50,000.

Almost half of the respondents (42 percent)
said that they pass On Tap along to others after
reading, which indicates that our readership is
broader than our mailing list. Another 56 percent
said they save On Tap for reference.

Most respondents appear pleased with the
caliber of our publication. Content and overall
usefulness ranked highest with 83 percent and
78 percent, respectively, rating the publication
good or excellent.

Almost everyone responding found the
language and type size easy to read: 83 percent
found the language just right although 11 percent
feel the language we use should be more technical.

When asked which articles are most likely to
be read, 70 percent read technical articles, with
regulatory articles (68 percent) running a close
second. Short news articles have high readership
(62 percent), as do articles about system operation
and maintenance (55 percent). Less than a third
(26 percent)—the lowest rating—went to inter-
views with government officials. We’re trying to
improve and have switched to a feature article
format rather than publishing strictly interview
questions and answers. (See interview with Jill
Long Thompson on page 1.)

A little more than a third (36 percent) of
respondents said they read the products page,
which may explain why only a quarter of

respondents have ordered products advertised in
On Tap or have called our toll-free 800 number
for technical assistance. However, of those who
did call for information or to order products, the
rate of satisfaction was close to 100 percent.

Approximately a third of the 460 individuals
who answered the On Tap survey included
responses to the question: What additional topics
would you like to see addressed in On Tap and/or
what do you most want information about? Please
be specific.

The responses to this open-ended question fell
into five primary categories: water treatment and
water systems; source water, watershed protection
and water conservation; regulations; finance; and
education.

By far, the largest number of requests were for
additional information on various types of water
systems and how to treat water. (See RESULTS
article on page 4.) Subsets under this heading
included requests for information on individual
wells and home treatment—point-of-use and
point-of-entry—devices. Others specifically
requested information on microbes and new or
best available technology.

There were many requests for information on
regulations, including explanations of
new regulations and changes
in existing ones.
A number of
people specifi-
cally requested
updates on the Safe
Drinking Water Act.

More than a dozen
readers requested information
on loans, grants, and funding
sources, including financing through sources
other than the federal government, and others
requested information on septic systems. (See
page 19 for publications on these subjects.)

A number of very good comments, of course,
did not fit into the primary categories outlined
above. Some contain questions that can be used
for the Q&A section. Many suggestions will
make good topics for articles.

We do receive frequent inquiries as to whether
you can make copies of articles and distribute
them. You can. If you use the information in a
newsletter, we request that you give the National
Drinking Water Clearinghouse credit and send
us a copy.

Thanks for your feedback. We look forward to
improving our newsletter to best serve you. 
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Cholera Is Caused by a Bacterium
simply with a solution of oral rehydration salts
(ORS) available from most pharmacies.

If you travel to an area where there is cholera
and develop diarrhea, immediately seek treatment
from a trained health professional and begin
drinking potable water and other non-sweetened
fluids. The WHO recommends that travelers carry
ORS with them. Severely dehydrated patients
may need to be treated with intravenous fluids
and antibiotics; however, this is usually not
necessary or recommended.

Are cholera outbreaks still a threat?
Cholera is present in many countries. Out-

breaks can occur sporadically in any part of the
world where water supplies, sanitation, food
safety, and hygiene practices are inadequate.
Inhabitants of overpopulated communities with
poor sanitation and unsafe drinking water supplies
are most frequently affected.

For more information on cholera and safety
facts for travelers, visit the WHO’s home page at
http://cdrwww.who.ch/default.htm.

This issue of On Tap includes the first of a three-
part series on the history of water treatment and
waterborne diseaseson page 6. The second install-
ment will explore cholera’s impact on humanity. 

Water Fact

Polluted water
leads, in one way or

another, to the
death of some 25

million people
annually.

—Environmental
Engineering News,

Heritage
Environmental
Service, Inc.,

Purdue University

New Version of RESULTS Is Announced
The National Drinking Water Clearinghouse

(NDWC) is pleased to announce the new version
of its drinking water treatment technologies
database.

Called the Registry of Equipment Suppliers
of Treatment Technologies for Small Systems,
or “RESULTS,” the database serves as an initial
reference source for small communities, regulators,
and others seeking information about appropriate
drinking water technologies.

“Regulators and communities may not know
what technologies are successfully being used in
neighboring states or regions with similar water
problems,” says NDWC Program Coordinator
Sanjay Saxena, adding that RESULTS was devel-
oped to facilitate exchange of information about
technologies in use around the country.

RESULTS 2.0 is easy to use and was developed
after obtaining input from several relevant agen-
cies and organizations. Those offering suggestions
included representatives of the U.S. Department
of Agriculture’s Rural Utilities Service, U.S.
Environmental Protection Agency, Association
of State Drinking Water Administrators, and
Water and Wastewater Equipment Manufacturers
Association.

Information about nearly 175 small drinking
water systems and the manufacturers who pro-
vided their treatment equipment is currently
included in RESULTS 2.0, with more data
continually being sought and received. Searches
of the database can be conducted by:

• state where the system is in place,
• drinking water contaminants removed,
• technology employed, and/or
• equipment vendor.
RESULTS is available to the public by

accessing the NDWC’s toll-free computer bulletin
board system—the Drinking Water Information
Exchange—at (800) 932-7459, or it may be
purchased on computer disk from the NDWC
for $5, plus postage. Both DOS and Macintosh
versions are available and require approximately
1.5

 
megabytes of memory and 3 megabytes of

hard drive space. Those without computer access
may call the NDWC and ask a technical assistant
to perform a specific search for them.

For more information about accessing or
submitting information to RESULTS, contact
NDWC Technical Assistance Specialist Mohamed
Lahlou at (800) 624-8301. You can e-mail him at
lahlou@wvnvm.wvnet.edu.  

Editor’s note: An article in the Spring 1996
On Tap, “Ecuador Suffers Cholera Outbreak,”
incorrectly referred to cholera as a virus.
Thanks to several observant readers, National
Drinking Water Clearinghouse staff quickly
learned of the error.

Cholera is an acute diarrheal disease caused
by the bacterium Vibrio cholerae. A person can
become infected by drinking water or eating food
contaminated by the bacterium. Common sources
of infection are raw or poorly cooked seafood,
raw fruit and vegetables, and other foods contami-
nated during preparation or storage.

According to the World Health Organization
(WHO), most episodes of cholera are mild and
people may have no symptoms or only mild
diarrhea. Others, however, develop extreme
diarrhea and vomiting. The loss of large amounts
of fluid can rapidly lead to severe dehydration
causing death—sometimes within three to four
hours if not adequately treated.

How is the illness treated?
Early rehydration—replacement of fluids—

can save the lives of nearly all patients with chol-
era. Most patients can be rehydrated quickly and
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New Technology Makes Work Less Like Work

Jeffrey Mann, an employee of the E.H. WACHS
company, (right) demonstrates a computerized
valve operating system for Morgantown Utility
Board employees Robbie Johnson (left) and
Kenny Summers (center).

Pulled shoulder muscles and strained backs
may be a thing of the past for Morgantown Util-
ity Board (MUB) employees. The MUB, in
Morgantown, West Virginia, recently purchased
a computerized valve operating system.

Robbie Johnson and Kenny Summers work as
the city’s valve operating team,
which requires them to open
and close valves on the city’s
water mains on a regular
basis—ensuring their proper
operation in emergencies.

“Everyone should know
how important a valve operating
program is,” says David Pask,
National Drinking Water
Clearinghouse’s technical
services coordinator. “If proper
valve operation is ensured,
when a section of the main
needs to be shut off for repairs
or alterations, it may only be
necessary to shut off two or
three valves. One faulty valve
could mean the closure of four or five other
valves, causing a much larger area of the commu-
nity to be without water.”

A good program is especially important if a
utility is working with older distribution equip-
ment. For example, many of the valves around
Morgantown have been in place since 1928.
Corrosion and debris built up in the valves often
make operation almost impossible. In this situation,
a little help is essential.

“This equipment is going to make our jobs a
lot easier,” says Johnson, recalling last year’s
long hot summer of manual valve operation in
which the duo used a gate key and good old-
fashioned strength and endurance to accomplish
their job.

Initial investment
of the equipment is
approximately $12,500
for the truck-mounted
valve operating system,
$1,500 for a manual
valve operation unit,
and varying costs
for outfitting the
utility’s truck.

Expensive at first,
but worth it in the
long run, say Johnson
and Summers. Having
the equipment will
allow them to do more
work in less time with
much less physical

exertion—keeping them on the job and not at
home recovering from muscle strains.

Pask comments that although the equipment
cost may be high for a very small town, it’s an
investment that several towns might consider as a
joint venture.

For more information, call E.H. WACHS
company at (800) 323-8185. 

The U.S. Environmental Protection Agency’s
(EPA) American Indian Program has seen exciting
advances in the last two years.

Nationally, EPA Administrator Carol Browner
appointed Terry Williams to head the American
Indian Environmental Office (AIEO), which began
operations in October 1994. Williams came to the
program from the Northwest’s Tulalip Tribe.

For the first time, EPA has a central office
to coordinate all tribal environmental program
development and implementation.

Regionally, communications among EPA and
the tribes have helped the program assist tribes
either financially or directly. For example, tribes
may apply for grant assistance through the Indian
Environmental General Assistance Program,
which provides funds for federally recognized
tribal governments and tribal consortia. Funds
may be used for planning, developing, and estab-
lishing environmental management programs.

Tribes may apply for these grant funds
through EPA regional offices. New grants will
be for a minimum of $75,000. The project period
for general assistance grants can be from one to
four years; however, the grantee may apply for
additional time if it is needed.

One project developed and funded through
EPA’s American Indian Program is the Rural
Alaska Sanitation Initiative. This program focuses
on improving sanitation conditions in remote
areas of the state.

Tribes may receive more information about
grant funding through regional EPA offices. For
more information about EPA’s American Indian
Program, call the AIEO at (202) 260-7939. For
the number of your regional EPA office, call
the National Drinking Water Clearinghouse at
(800) 624-8301. 

American Indian Program Builds Momentum
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E D U C A T I O NE D U C A T I O N

“And the rest of the acts
of Hezekiah, and all his
might, and how he
made a pool, and a
conduit, and brought
water into the city, are
they not written in the
book of the chronicles
of the kings of Judah?”
II Kings 20:20

by Kathy Jesperson
NDWC Staff Writer

Editor’s note: This is the first installment of a
three-part series on the history of water treatment
and waterborne diseases. The subject was sug-
gested by a respondent to On Tap’s readership
survey. In this first article, we’ll look at our quest
for clean drinking water from ancient times to the
present, using various water treatment methods.
While there is no way we can touch on every
water treatment known to humankind, we can
illustrate that humans have always had a thirst
for clean water.

Long before humans learned to rub two sticks
together to make fire or took a hammer and chisel

in hand to carve out the first wheel, they
thirsted for pure drinking water. As we find
ourselves in awe of the latest contaminant
treatment methods and detection devices, it is
easy to forget that the desire for pure drinking

water is not a modern phenomenon. Evidence
from almost all historical periods suggests that

people took measures to ensure a fresh drink
of water.

But sometimes that drink came with more
than its thirst quenching qualities. Early
humans thought that the taste of the water

determined its purity, and they did not consider
that even the best tasting water could contain
disease-causing organisms. We know now that
just because water tastes good, it is not necessarily
safe to drink. However, the efforts of these water
treatment pioneers were not in vain. It was
through their trials and errors that we now know
how to make water safe to drink.

Centuries Old Quest Continues
According to the American Water Works

Association’s (AWWA) two-volume 1981 text-
book, The Quest for Pure Water: The History of
Water Purification from the Earliest Records to
the Twentieth Century by M.N. Baker and
Michael Taras, “Man has persistently pursued
‘pure’ water for thousands of years.” They
speculated that this “quest” for pure water must
have begun in prehistoric times. But the earliest
water treatment records come from Sanskrit
writings and Egyptian inscriptions.

The Sus’ruta Samhita, Sanskrit writings about
medical concerns, dates from approximately 2000
B.C. and offers evidence that water treatment may
well be as ancient as humans are. The writings
declare that “impure water should be purified by
being boiled over a fire, or being heated in the
sun, or by dipping a heated iron into it, or it may

be purified by filtration through sand and coarse
gravel and then allowed to cool.” Other purification
methods included the use of a kind of stone,
known as “Gomedaka,” and the seed of Strychnos
potatorum.

In 1905, Francis Evelyn Place, who studied
Sanskrit medical lore, wrote, “It is good to keep
water in copper vessels, to expose it to sunlight,
and filter through charcoal.” He was referencing
the Sanskrit Ousruta Sanghita, which also dates
from about 2000 B.C.

Tomb Reveals First Clarifying Device
Pictures of the earliest known clarifying

apparatus were first excavated from the walls
of 15th and 13th century B.C. Egyptian tombs
(see illustration on facing page). The device was
pictured in the tomb of Amenophis II and later in
the tomb of Rameses II. The ancient Egyptian
operators allowed impurities to settle out of the
liquid, siphoned off the clarified fluid using wick
siphons and, finally, stored it for later use.

Bible Refers to Water Quality
The ancient Hebrews were also concerned

with clean drinking water. The King James Version
of the Holy Bible records examples that date to
approximately the ninth century B.C. In Exodus
15:22–27, when Moses and the Israelites came
upon Marah, they found that the waters there
were bitter. The text states that the Lord showed
Moses a tree, and instructed him to cast it into the
water. He did so, and the water was sweetened.

While we don’t know exactly what kind of
tree Moses used to sweeten the water, later in the
15th chapter of Exodus, the wanderers camp in
what might be a desert oasis—which has three
wells and is surrounded by palm trees.

Later in the Old Testament—II Kings 2:19–
22—the residents of Jericho confided to Elisha
that their city was a pleasant place to live, but
the water was “naught.” Elisha went to the city’s
springs, where he cast “salt” into water. The
waters were thus healed “unto this day.”

Medicine Man Explores Water Treatment
Hippocrates, known as the father of medicine,

who lived from 460–354 B.C., wrote the first
treatise on public hygiene. In Air, Water, and
Places, the medicine man noted that water differed
in quality, such as in taste and weight. While his
main concern was with finding the most healthful
source of water, he did mention how water could
be purified.

Using what later became known as “Hippo-
crates’ sleeve,” which was a cloth bag, he
Continued on next page
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This ancient Egyptian
clarifying device was
found pictured on the
wall of the tomb of
Amenophis II at Thebes.
The inscription was
carved in 1450 B.C.

Reprinted from The Quest for
Pure Water: The History of
the Twentieth Century, by
permission. Copyright ©
1981, American Water Works
Association.

Continued from previous page
instructed his followers to strain rain water after
it had been boiled. Without this treatment,
Hippocrates warned that the water would have a
bad smell and cause hoarseness.

Other water treatment methods included a
drinking cup invented by a ninth century B.C.
Spartan lawgiver. The cup was designed to hide
badly colored water from its user, causing the mud
to stick to its sides. Some of the more credible
early water treatment methods included boiling
water before transporting it to war zones and
filtering it through wick siphons.

The Greeks and Romans are well known for
their elaborate water systems. These early water
treatment professionals used a variety of methods
to control taste and odor problems in their water
supplies. For example, Diophanes of the first
century B.C. advised putting macerated laurel
into rainwater. Later, in the first century A.D.,
Paxamus proposed that bruised coral or pounded
barley, in a bag, be immersed in bad tasting water.

The eighth century A.D. Arabian alchemist,
Gerber, described various stills for purifying
water that used wick siphons—a method that
required a fibrous cord that would siphon water
from one vessel to another.

Desalination Experiments Begin
In 1627 A Natural History of Ten Centuries

was complied by Sir Francis Bacon. This work
recorded 10 experiments that dealt with water
purification. In it Bacon explained some of his
ideas about desalination. He believed that sea
water could be purified if it were percolated
through sand because he had read that an
experimenter had been successful at purifying
sea water by passing it through 20 vessels.

Armed with this information, Bacon concluded
that “what man could not accomplish, nature
might.” He surmised that by digging a hole near
the sea shore, water passing through the sand
would be naturally purified. Pointing out that the
water passed downward through the 20 vessels in
the experiment he had read about, Bacon said his
seaside experiment would cause it to pass upward.
Presumably, salt particles were heavier than
water, making it more difficult for them to
move in the upward direction, and they would
consequently be filtered out by the sand. If only
he had been right.

Filtration Is Illustrated
The 17th century A.D. also saw the first

known illustration of sand filters. The Italian
physician Lucas Antonius Portius wrote the
Soldier’s Vade Mecum in 1685, which details a

multiple sand filtration method. In this illustration,
Portius described three pairs of sand filters—each
pair consisting of a downward-flow filter and an
upward-flow filter. Water entered the system’s
settling compartment through a perforated plate
that strained the water.

Once the water had settled, it flowed from the
top of the compartment through two funnels and
down through the first filter. It then moved out
through oblong openings in the bottom of the
second filter and up through the second filter.
The water continued in this same general pattern
through the other two sets of filters.

He also described how pebbles had been
placed near “the funnels of each partition,” and
that smaller pebbles and larger sand grains pro-
duced the best water. Portius further described his
filtration plan as being an imitation of nature’s
method of passing water through the “bowels of
the earth.”

Every Household Deserves Clean Water
Filtration was becoming the water treatment

method of choice for many communities.
And town officials began to
become concerned
with supplying
clean water to
everyone, wrote
Baker and Taras in
Quest for Pure
Water. Around
1703, the Parisian
scientist La Hire
presented a plan
to the French Acad-
emy of Sciences,
proposing that every
household have a
sand filter and rainwater cistern.

His plan included an elevated, covered cistern,
which would prevent freezing and keep out light,
thus preventing the surface from growing a
“greenish kind of moss.” The rainwater should
then be passed through river sand and stored
underground.

La Hire believed that rainwater treated using
this method was the best water because it had not
been “mixed with the salt of the earth as spring
waters usually are.” And he believed that it could
be stored for years, always staying fresh.

Municipal Water Treatment Begins
Approximately 100 years after La Hire proposed

his rainwater filtration method, the first municipal
water treatment plant was installed in Paisley,
Continued on page 8
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Search for Clean Water Continues
made, according to the AWWA’s Water Quality
Treatment Handbook. In mid-19th century London,
town officials noticed a decrease in cholera deaths
during the 1849 and 1853 epidemics where slow
sand filters had been installed.

But even more convincing evidence emerged
when John Snow was able to trace multiple
cholera deaths to a single pump in Soho, England,
which had become contaminated by a nearby
leaking sewer, wrote N.M. Blake in Water for the
Cities. An interesting note to this story is that the
users of this Broad Street well pump came from
other parts of the town because they preferred
the taste of the water. This is some of the first
evidence that taste and clarity do not always
indicate safe water supplies.

Blake wrote that shortly after town officials
realized contaminated water had been the culprit
in these disease outbreaks, London enacted the
Metropolitan Water Act of 1852, which required
the filtration of all water supplied to the London
area. This legislation is one of the first instances
of governmental regulation of a water supply.

New Concerns Emerge
The 19th century also brought the Industrial

Revolution, and a whole new perspective on
water treatment. Chemicals—and not just
microbials—now polluted the world’s water
supplies. New, much more sophisticated water
treatment methods would now be called for,
raising the question, “Once we’ve polluted the
water—how do we purify it?” 

References
The history of water treatment and water-

borne disease will continue in the next edition of
On Tap. To learn more about the history of water
treatment and waterborne disease, please check
the following references:

American Water Works Association (AWWA). 1971.
Water Quality and Treatment: A Handbook of
Public Water Supply. Denver: AWWA.

Baker, M.N. and Taras, Michael J. 1981. The Quest for
Pure Water: The History of the Twentieth Century,
Volume 1 and 2. Denver: AWWA.

Blake, Nelson M. 1956. Water for the Cities. Syracuse:
Syracuse University Press.

Bruce, F.E. 1958. History of Technology, Volume 5.
Oxford: Claredon Press.

Scotland. This 1804 treatment plant consisted of
concentric sand and gravel filters, and its distribu-
tion system consisted of a horse and cart.

Three years later, Glasgow, Scotland, was
one of the first cities to pipe filtered water to
consumers. By 1827, slow sand filters designed
by Robert Thom were put into use at Greenock,
Scotland. Similar systems designed by James
Simpson were completed in London in 1829.
Thom’s filters were cleaned by backwash, while
Simpson’s required scraping. The Simpson
design eventually became the English model
throughout the world.

Throughout 19th century in London, slow
sand filtration was the water treatment method of
choice. However, the large area of land required
to support their use caused some concern. The
sand beds, which were two- to three-feet thick,
covered acres of ground. Cleaning the beds was
usually accomplished using a shovel and vigorous
physical effort.

The large area of land required also interfered
with land needs for city growth, wrote F.E. Bruce
in the History of Technology. For example, the
combined water treatment plants of 1849 London
treated 44.4 million gallons of water a day. At a
flow rate of three gallons per hour per square
foot, 12 acres of land would be required to produce
the needed water. By 1901, London required 215
million gallons per day of clean water. Obviously,
slow sand filters could not keep up with this
expanding city.

Because the need for clean water was growing
quickly, rapid sand filtration was developed in the
U.S. in the 1880s, wrote Baker and Taras. The
two main design elements of Thom’s filter were
incorporated into this new design—the false
bottom and reverse-flow wash—becoming
standard features of these filters.

Rapid sand filters used water jets or backwashes
to clean the filter media and mechanical agitators
to loosen debris. Treatment capacity was greatly
increased using these new filters and land area
requirements were greatly reduced, noted Baker
and Taras. However, rapid sand filtration required
pretreatments, such as coagulation and settling, to
reduce the sediment load to the filter. Treatment
to improve taste and odor of the water was
achieved by the use of charcoal filtration, although
it was not widely used at first because it was
thought to be unfeasible for large supplies.

Links to Health Found
It was also around this time that the first cor-

relation between water quality and health were

Continued from page 7

E D U C A T I O NE D U C A T I O N
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filter through
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2000 B.C.
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What’s the word on water at the USDA?
Continued from page 1 down. She said they have not changed their fund-

ing priorities and try to process applications as
rapidly as they can.

Currently they are working on a proposed
regulation change that would streamline the RUS
water and waste application process. “Our state
Rural Development staffs are working with other
agencies, such as the U.S. Environmental Protection
Agency [EPA], to coordinate and redesign the
application process, and also to synchronize the
funding schedules so that the grant awards and
loans are made at the same time across agencies.
In addition to that, we’re always looking for ways
to cut red tape—to standardize and simplify.”

USDA Is Committed to Water 2000
Long Thompson stressed that the USDA is

working with other state and federal funding
agencies to reach as many communities as possible.

“We still have about a half a million homes in
rural America that don’t have any running water,”
she said. “And then, we have several million
other homes that have water supplies that do not
meet EPA standards. So we have a real challenge
to try to meet the President’s initiative—the Water
2000 initiative—of making sure that every home
has running water by the time we go into the
next century.”

Long Thompson said the Clinton administration
is committed to increasing the amount of money
available to communities—those targeted by
Water 2000 as well as other communities in need.

On March 19, USDA Secretary Dan Glickman
unveiled the administration’s FY97 budget, which
stresses priorities for rural development, research,
conservation, and trade. According to a USDA
press release, the budget proposes $56 billion in
outlays for FY97, including $9.3 billion for loans
and grants for rural housing, utilities, and business
programs—a $2 billion increase from the 1996
level. However, these are proposals and subject to
a rigorous review process—and possible reduc-
tions—in their journey through Congress.

“The President’s budget proposal for FY97
would support a water and waste disposal loan
program of $800 million, compared with $547
million in 1996, and a grant program of $590
million versus $365 million for ’96,” Long
Thompson said.

“We actually have a number of priorities, but
certainly those communities that do not have
running water are a very high priority for us in
the Rural Utilities Service. And these are areas in
the country that have been identified in our Water
2000 Needs Assessment,” Long Thompson said.
“The Rural Development directors for the states

to water and sewer projects in rural areas.”
According to the report, Rural Development:
USDA’s Approach To Funding Water and Sewer
Projects, the U.S. Department of Agriculture
(USDA) has provided $28 billion in loans and
grants to fund almost 17,000 water and sewer
projects in the last 30 years. These projects have
benefited more than 12,500 communities.

The greatest challenges to federal agencies
and federally funded programs, including RUS,
are massive budget cuts. Safe drinking water and
sanitary waste systems are essential to the eco-
nomic and physical health of all communities.
Agencies are struggling to stretch funds so they
can meet goals to which they are committed and
continue services at levels that meet public needs.

“As you know,” Long Thompson began,
“there was a 31 percent reduction in the water and
waste loan and grant funds for fiscal year [FY]
’96, and that does have a major impact because
there are huge unmet needs in rural America for
construction and improvement of water systems
and sewage systems.”

She emphasized that even though budget cuts
are deep, USDA remains committed to providing
technical assistance to small systems and steering
funds toward Water 2000 communities—which
are those without safe drinking water.

“One of the things we have been very careful
about is making sure that our technical assistance
effort has remained close to the same as it was in
FY95,” Long Thompson said, emphasizing that
the technical assistance RUS can provide to the
smaller rural communities with water and waste
needs becomes critical in times of limited funding.

“Even though the dollars are less for construc-
tion and improvement costs, many times the tech-
nical assistance combined with some innovative
thinking about how we can combine funds and
leverage federal dollars can help the dollars that we
do have go farther and reach more communities,”
she said.

Long Thompson said that USDA is working
very hard not only to become leaner and more
cost effective, but they are also concentrating on
improving customer service. “While we are closing
a number of our field offices, we are working to
improve our communications— redefining positions
among our field employees so that we can engage
in outreach,” she said. “We’re doing a good job of
outreach even with a smaller field staff.”

Applications Are Processed Quickly
Long Thompson said Rural Development has

worked hard to assure that the grant and loan
processing time remains steady and does not slow

“We still have about

a half a million

homes in rural

America that don’t

have any running

water. And then,

we have several

million other homes

that have water

supplies that do not

meet EPA

standards.”

Jill Long Thompson,
Under Secretary

for the U.S.
Department of

Agriculture’s Rural
Development

Continued on page 10
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What’s the word on water at the USDA?
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that have the communities that do not have running
water are targeting their water and wastewater
money to those communities.”

She said Rural Development strives to address
both water and wastewater system needs. “We’re
very much aware that there are some cases where
providing water infrastructure in a community can
then create a need for a wastewater infrastructure.

“If you have a community, a small town, for
example—where the homes are on wells and
septic systems—if a water system is installed,
then that will create a need for a wastewater
system or a sewer system.”

When that occurs, Long Thompson said,
RUS attempts to help the community address that
problem as well, and advises them of options they
might explore. Again, of course, so much depends
on the availability of funds.

“Whether or not we’re able to meet the goals
of Water 2000 by the year 2000 will depend upon
the funding levels provided by the U.S. Congress.
We are very seriously and intensely pushing
ahead, and we are doing everything we can to
be innovative, to partner with state governments,
and to leverage the dollars and the resources that
we have.”

Continued from page 9 USDA Unites Funds with Other Agencies
She said the USDA is working on ways to

dovetail RUS funding with other federal agencies
such as the EPA and U.S. Department of Housing
and Urban Development (HUD).

“What we have worked to do in the Department
of Agriculture in the RUS is to find ways that
we can pair our money with money from other
sources—whether it be private sector, or local
or state tax dollars.

“That allows us to leverage the dollars that we
have to go farther by lending money rather than
making grants, or putting together a combination
loan and grant package that allows the money to
go farther,” she said.

The Empowerment Zones and Enterprise
Communities (EZ/EC) Initiative is designed
to create self-sustaining, long-term economic
development in areas of pervasive poverty,
unemployment, and general distress. It is admin-
istered through USDA’s Rural Development
mission area that Long Thompson oversees.

She explained that this presidential initiative
targets communities that are most financially
strapped. “We have both urban and rural commu-
nities that are designated as empowerment zones
or enterprise communities, and we work with
HUD and Health and Human Services [HHS]
very directly on meeting those needs. In many
cases there are water and waste needs that we’re
working on.”

Information on the EZ/EC home page states
that 33 rural communities in 24 states have been
identified for assistance, which includes HHS
grants, technical assistance, and tax-free facility
bonds. On the average, Empowerment Zone com-
munities have a poverty rate exceeding 36 percent
and an unemployment rate exceeding 14 percent.

She said the Farm Bill’s Fund for Rural
America authorizes $300 million—$100 million
for each of FYs ’97, ’98, and ’99—to assist rural
communities. Each year the $100 million will be
divided among research and Rural Development
and the USDA secretary will have the discretion
of allocating the remaining third (i.e., $33.3 million
goes to Rural Development; $33.3 million to
research; and the remaining $33.3 million will be
divided between the two).

These funds are part of the historical $47 billion
Farm Bill that passed in April, which, with a few
exceptions, lifts restrictions on what and how
much farmers can plant. For decades the USDA
has subsidized farmers and placed restraints on
what they can plant. This bill caps spending for
the first time, and guarantees farmers a series of
transition payments through 2002.
Continued on next page

Jill Long Thompson, a long-
time advocate for rural
America, was raised on a
farm in Indiana. She earned
a bachelor’s degree from Valparaiso
University, a master’s degree in business
administration and a doctoral degree in
business from Indiana University. Long
Thompson taught business and co-
managed her family’s farm in Indiana.
She won a seat on the Valparaiso, Indiana,
City Council in 1983, and in 1989 was
elected to represent Indiana’s Fourth
Congressional District.

Recognized on Capitol Hill as a champion
of rural issues, Long Thompson was
elected Chair of the Congressional Rural
Caucus in 1993 and since then has more
than doubled membership in the caucus.
President Clinton appointed Long
Thompson to her present position with the
U.S. Department of Agriculture in 1995.
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Continued from previous page greatest strength is the commitment that the
people of local communities have to work to
improve quality of life, employment opportunities,
etc. The real strength in rural development lies
with the local communities and the local govern-
ments,” Long Thompson emphasized.

“We work as a partner. But the days when the
federal government believed it could go in and
change a community—those days are long behind
us. The federal government doesn’t have the
resources. We just don’t have the ability, and that
approach probably never could work anyway.

“I don’t think there’s any question that as we
move toward the year 2000, that in addition to
upgrading rural electric and rural telephone
communications across the country, that we also
have to have adequate water supplies and waste
disposal.” That’s one reason why Water 2000, she
said, is intricately tied to the economic health of
rural America.

“I think the role of USDA will be to ensure
that whether you choose to live in rural America
or urban America or suburban American, you
have access to good quality health care and
good quality education, and there are economic
opportunities so that families and communities
can prosper,” she said.

“A child who grows up in rural America ought
to be able to compete with children growing up
all around the world. My vision for the USDA
Rural Development mission area is that we work
as a partner with state and local government and
the private sector to strengthen rural America.

“The biggest contribution of USDA is at least
two-fold: One is, of course, financial, and the
other is technical assistance,” she said.

What can we do for rural development?
“I think it’s important for everybody to make

their concerns known to their elected officials and
that includes not just federal officials, but state
and local. Before I was elected to serve in the
U.S. House of Representatives and before coming
here, I always worked to make sure that the con-
cerns I had were raised with my representatives,”
she said.

“I firmly believe that while lobbyists play a
role in the policy-making process, that elected
officials work very hard to be responsive to their
constituents, to the people who elected them to
their position. There’s probably nothing more
effective than writing a letter to your elected
official expressing your opinion.” 

“The funding in the Rural Development area
would be used for water and waste, as well as for
housing, so there’s no question that will help us
with the huge backlog of applications that we
have for money for water and sewer systems in
rural communities,” Long Thompson said. “I
don’t think there’s any question that Water 2000
will be enhanced as a result of the Fund for Rural
America.”

Is block granting a good idea?
There is considerable discussion these days

about block granting. Long Thompson said that
while block granting works for certain kinds of
programs, she doesn’t think it works well as a
replacement for what they do in the Rural Devel-
opment area in the USDA.

“It would constitute a real loss to rural commu-
nities in the country,” she said. “In particular, the
challenge under block granting is the states would
not have the ability to leverage the dollars to the
extent that we are able to in the federal government.
The states that have the greatest need would be
hit the hardest because in order for a state to set
up a revolving loan fund and offer a lower interest
rate than in the market, they would have to have a
high bond rating.”

Long Thompson explained that a high bond
rating is based on having a portfolio of communi-
ties, cities, and towns that are very strong finan-
cially. “So there would always be the choice that
the state would have to make: to keep the bond
rating up, you only include the cities that pose the
least financial risk, and that means you’re not
going to be able to lend money at lower rates to
the highest need communities.

“Because we have the U.S. Federal Treasury
backing whatever we do, we can offer lower
interest rates, and we leverage the dollars much
farther. In addition, we’re able to provide technical
assistance that the states would simply not be able
to provide. We run very cost-effective programs,
and we not only administer them cost effectively,
but we reach communities that are the hardest
to reach—communities that simply cannot get
financing from state or private sources.”

What challenges does rural America face?
“I think the biggest challenge to small systems

is cost, and we find that the costs continue to go
up. And that’s why we find that there is a need for
partnership between federal, state, and local gov-
ernments and the private sector.

“Probably the greatest challenge for rural
areas in the next century is infrastructure. The
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Continued from previous page “We needed to increase the disinfection
contact time provided to our first customer by a
factor of better than 30 [times greater than it had
been]. Therefore, we moved our disinfection
point 8,000 feet up the transmission main behind
a one million-gallon sedimentation basin adjacent
to our Gale River intake, and changed the disinfec-
tion process to chlorine dioxide. Taste and odor
were really secondary.

“If raw water is high in organics, it can cause
problems with taste or odor,” he said, “but we
don’t have that problem.” Algae, some microor-
ganisms, and such inorganic compounds as ferrous
(derived from iron) and manganese ions, can also
cause taste and odor problems.

“Another benefit,” he added, “is that we need
less chemicals, as chlorine dioxide is a more
powerful disinfectant. We’re not dependent on the
pH of the water and we’re less dependent on the
temperature of the water with chlorine dioxide.”
Littleton did not have pH problems.

It’s Not for Everyone
Betz said that there are major factors to consider

when deciding whether or not to install a chlorine
dioxide system. “It is quite a bit more sophisticated
than other chlorination systems.”

However, their principal concerns are related
to safety: primarily, employees handling volatile
substances. “Sodium chlorite can be flammable,”
he said, noting that if the substance is spilled,
when it dries, it can ignite very, very easily.

An additional expense with this type of system
is alarms. “There are alarm systems to monitor
gas,” Betz said, adding, “Littleton has a radio
telemetry system for monitoring water. We don’t
need an onsite operator.” They do have a telephone
enunciator system, and if alarms go off or any-
thing in the system needs to be attended to,
someone on call is alerted via phone.

According to a June 1992 Journal AWWA
article, “Tastes and Odors Associated with Chlorine
Dioxide,” although most of the ClO

2
 is consumed

during treatment, its by-products—chlorite
(ClO

2
–) and chlorate (ClO

3
–) ions— appear in the

distribution system. In the future, utilities may be
required to meet additional EPA standards for
residual oxidants.

A regulatory standard of <1.0 mg/l for total
oxychloride residuals in drinking water is being
considered. This standard is based on possible
adverse health effects associated with the consump-
tion of ClO

2
, ClO

2
–, and ClO

3
–. According to the

article, oxychlorine compounds are known to
cause oxidative stress, hemolytic anemia, and
inflammation of nasal passages in mammals.

(See Q&A, page 16, for a discussion of disinfec-
tion by-products.)

 The U.S. Environmental Protection Agency
(EPA) recognizes chlorine dioxide as a primary
disinfectant, but because it is volatile and danger-
ous to transport, it must be generated onsite.
Aqueous sodium chlorite (NaClO

2
) solution and

chlorine gas (Cl
2
) are mixed onsite, causing a

chemical reaction that produces a solution of
chlorine dioxide.

2NaClO
2
+Cl

2 
—> 2ClO

2
+2NaCl

Chlorine dioxide is generally more expensive,
but also more powerful, than disinfectants such as
sodium hypochlorite alone. It is often selected
because the CT is less, it does not impart a chlorine
taste to water, and there are fewer concerns about
disinfection by-products.

Is the cost of chlorine dioxide prohibitive?
The word in the water business is that chlorine

dioxide is too expensive to make it a viable treat-
ment option.

“We had heard that too,” Betz said. He’d
heard that the cost would be approximately 1.5
times the cost of sodium hypochlorite, but the
town hasn’t found that to be true. “We treat 1,200
gallons a minute using eight to 10 gallons a day
of concentrated chlorine dioxide. It costs $14,000
per year for chemicals—chlorine gas and sodium
chlorite. That’s about the same as we were paying
for sodium hypochlorite.”

Of course, he admitted, “We may have been
double disinfecting before. We had an open service
reservoir and we disinfected before and after the
reservoir.” Among Littleton’s recent improvements
is a new covered reservoir. Open reservoirs are
more subject to seasonal variation than covered
ones. And temperature can affect certain steps in
the disinfection process, such as reaction rate.

Chlorine dioxide does require a lot of peripheral
equipment, Betz said. The town spent $27,000 on
the chlorine dioxide system, “as opposed to about
$500 for a pump to pump bleach.”

Since the town’s finances are in good shape,
there was no need to obtain loans for the system
upgrade. “After we installed the system, we
received a retroactive 20 percent grant from the
state,” Betz said. “That was a bonus.”

Chlorine Dioxide Has Advantages
“We had advantages—chlorine dioxide

doesn’t react with organic particles to form carci-
nogenic disinfection by-products,” Betz said, but
explained that the primary reason Littleton chose
chlorine dioxide is contact time.

Continued on page 14
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Town Treats Water with Chlorine Dioxide
Continued from page 13 Littleton’s system is solar powered with a

liquid propane (LP) backup generator. The plant
equipment and pumps are powered by 720-watt,
30-ampere photovoltaic modules. Betz said
that on long cloudy days they use the bottled
propane backup.

“Because our disinfection facility is about
8,000 feet away from electric utility service, we
had to construct an onsite power supply,” Betz
explained. “Solar panels with storage batteries
are our principal power supply, with an LP gas
electric generator and inverters which act as
battery chargers and convert AC to DC power.”

 At a flow rate of 750 gallons per minute and
a dosage of 0.2 mg/l, the chlorine dioxide require-
ment is 2.2 pounds per day. It has a maximum
capacity of 80 pounds per day.

This system makes up chlorine dioxide on a
continuous batch process. Betz said that chlorine
gas, sodium chlorite liquid, and water are combined
under 90 pounds of pressure to produce a 2 percent
solution of chlorine dioxide in 40-gallon batches.

“It automatically batches again when the 40-
gallon reservoir drops,” he explained. Level
probes in the chlorine dioxide holding tank monitor
the stored solution level and start and stop the
batch cycles. Chemical feed rates are fixed.

The W&T system uses manually set feed rates
of sodium chlorite and a high concentration chlo-
rine solution to completely convert the sodium
chlorite to chlorine dioxide. Since the resulting
chlorine dioxide solution is unstable, it is diluted
to a more stable concentration. The system
converts 96 to 98 percent of sodium chlorite to
chlorine dioxide. W&T guarantees 96 percent or
greater efficiency with their system.

No maximum contaminant levels exist for
oxychloride residuals; however, some states
require monitoring.

“We’ve had tests for chlorites,” Betz said.
“They’ve tested well below the new disinfectant
residuals guidelines.” Chlorites in Littleton’s
system tested at .4 mg/l. “And most THMs now
are below detection. Before we were up around
40 to 80 mg/l.

“The University of New Hampshire is doing a
study on disinfection by-products,” he added.
“They’re doing tests. We’re doing tests.”

Betz said another concern was that he’d read
chlorine dioxide can react with the formaldehyde
in new carpets to cause odors like kerosene or cat
urine. (See Journal AWWA article mentioned
above.) “But we have not experienced that.”

Littleton Selects a Solar System
Betz said that while a number of companies

offer chlorine dioxide systems, the Wallace &
Tiernan (W&T) Series 85-250 Chlorine Dioxide
System best fit their needs.

The main components of the system are a
chlorinator, vacuum switch, sodium chlorite
pump and supply tank (user furnished), reaction
tower, control panel, water-pressure regulator,
solenoid valve, flow meters, and a holding tank.
Piping, hardware, and sensors and controls that
monitor system operation are also included.

Solar Panels

Power Control Panel
and Inverter

Bank of Storage
Batteries (24v)

Flow Meter

Chlorine Dioxide
Generator

Chlorinator

Cylinder

Sodium Chlorite
Solution

Chemical
Pump

Reaction
Tower

Holding
Tank

Dosing
Pump

Standby/
Emergency
Hypochlorinator
System

Source
Supply Main

Distribution

Makeup Water
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Basic Solar-Powered Chlorine
Dioxide System

Continued on next page
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Water Fact

Seventy-five
percent of the
human brain

is water.

—EPA Drinking
Water Activities

for Teachers
and Students

Continued from previous page goes on automatically. “That’s less than 3 percent
of the year,” Betz said, adding, “we do have
strong bleach odor complaints if we go back to
our standby hypochlorite system even temporarily,
as the free chlorine from hypochlorite appears to
react with chlorine dioxide residuals. But normally
we have no problems. We get compliments on our
water quality.”

The U.S. Department of Energy recognized
Littleton Water and Light Department with a
certificate for installing the first chlorine dioxide
disinfection treatment system in New Hampshire.

“I’m not sure we know everything there is to
know about chlorine dioxide,” Betz said. “We’re
learning all the time.”

Littleton Plans System Improvements
Littleton is planning further system improve-

ments this year by constructing an infiltration
gallery intake structure on the Gale River that
should reduce operational costs and reduce raw
water turbidity.

“Presently, we have bar racks and coarse
screens which plug up with leaves, debris, and
frazil ice [ice that adheres to metal and the river
bottom] in the winter months,” Betz said. “The
infiltration gallery will consist of a parallel series
of 12-inch diameter perforated pipes placed five
feet below the river bed, backfilled with washed
sand, coarse stone, and gabion baskets. The
perforated pipes will be intercepted by a large
concrete well tile.

“We are also conducting a slow sand pilot
filter to determine the feasibility of converting
an existing concrete sedimentation basin, 90 feet
by 120 feet by 12 feet deep, into a slow sand filter
to improve efficiency removal of turbidity and
organics.”

 He explained that the point of disinfection
would then be moved below the sedimentation
basin. “By retrofitting the existing basin we
would expect to save substantial construction
costs over new facilities.”

For more information about Littleton’s water
treatment system, contact Betz at (603) 444-2915,
Littleton Water and Light Department, 30
Lafayette Ave., Littleton, NH 03561, or Bill
Healey, instrumentation engineer, 180 Healey
Terrace, Brockton, MA 02401. See the Tech Brief
insert in the center of On Tap for a comparison of
disinfectants. See page 16 for information on
disinfection by-products.

The chlorination equipment with the system
includes a switch-over type of vacuum regulator
so the system operation will continue when one
of the chlorine cylinders is empty. Alarms will
shut down the system if there is a malfunction.

There is a fume-evacuation injector in the vent
line from the holding tank to control off-gassing
during generation.

Town Obtains a Filtration Waiver
When the bond issue for a groundwater supply

failed to pass in July 1992, Littleton pursued a
waiver of filtration option based on generally
excellent raw water quality. But a waiver is not
simple to obtain or to maintain. The town received
a waiver only after it adopted watershed protection
regulations; constructed the new chlorine dioxide
disinfection facility; installed corrosion control
using sodium hydroxide and polyorthophosphate;
purchased radio telemetry data acquisition and
monitoring equipment; installed a new covered
water storage tank; and finished transmission
main improvements.

“With a waiver for avoidance, we are now
required to monitor the raw water quality three
times a week by taking fecal counts,” Betz said.
And they have to continually record turbidity.
“We also have to maintain a sufficient chlorine
dioxide disinfection contact time which varies
with flow and water temperature. We have to
maintain a minimum disinfection residual at the
entry point and throughout the distribution system,
and vigorously monitor and control watershed
activities with the assistance of the U.S. Forest
Service.”

Betz said that the waiver for avoidance option
increased annual operating costs by approximately
$11,700, including increased water quality testing
costs ($5,200); increased labor, principally over-
time ($3,500); and LP gas heat/fuel ($3,000).
The town still maintains its gravity water supply,
thus avoiding approximately $81,000 in increased
pumping costs from a groundwater option. And
another $130,000 per year is saved on bond
repayment.

Chlorine Dioxide Experience Is Positive
Betz said that he’s not a salesman for chlorine

dioxide, but Littleton has experienced very few
problems in the two-and-a-half years since it
installed its system. They have had electrical prob-
lems from lightning strikes and backup generator
problems. There have been no safety violations.

When the electric supply goes down to less
than 20 amperes, the backup hypochlorite system


