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Funding for Safe Drinking
Water Projects Is Announced
Water 2000 Awards 
$211 Million

On July 12, U.S. Department of Agriculture
(USDA) Secretary Dan Glickman announced that
the agency will fund almost $211 million in safe
drinking water projects in 40 states—the largest
package of financial assistance ever distributed
under the Administration’s Water 2000 program. 

“The need for clean water is not only a criti-
cal public health issue, it is also a key factor in
promoting rural economic development,” Vice
President Al Gore said. “Without safe, reliable
drinking water, no community can attract the
new businesses needed to provide America’s
families with good-paying jobs.”

The 106 projects award-
ed funding cover 79
water projects, 17
sewer projects, and
10 combined
water and sewer
projects, includ-
ing $24 million
for 12 projects
serving low-
income, rural towns
in Appalachia;
$13.7 million for
projects in seven
Empowerment
Zones or Enterprise
Communities; $12.3 
million for impoverished
colonias in four southwest
states; and $7.2 million for five proj-
ects in impoverished Mississippi Delta
communities. Funds were also awarded to
eight American Indian projects and four
Alaskan Native villages. 

“In addition,” Glickman added, “USDA’s
financial assistance will leverage more than $84
million from local water districts, county govern-
ments, state agencies, and other federal sources
to help improve drinking water quality and
dependability.

“There are still areas, particularly farming
communities and smaller rural towns, that are

not sharing in our generally strong economy,” said
Glickman, who noted that at least two million
rural residents in this country live with serious
drinking water problems, including an estimated
740,000 people who have no running water
whatsoever. “That’s a crime and we need to 
do better,” he added. 

Who qualifies for Water 2000 funds?
Children and the elderly are at particular risk

from illnesses caused by unclean drinking water.
The USDA awards target rural communities
plagued by some of the nation’s worst water
quality and dependability problems. 

A significant number
of Water 2000

beneficiaries are
minority, low-

income com-
munities,

which have
experienced

varying degrees
of dangerous

waste dumping
from public and

private sources. These
heavily burdened com-
munities, many of them
home to African
American, Hispanic,
Native American, and

Native Alaskan families,
receive at least partial protection from

continued environmental and public health
degradation when public investments help
them secure new water sources, improved
source protection, and expanded water
treatment and distribution. 

The average median household income for a
family of four in communities receiving Water
2000 investments is approximately $18,000—the
national poverty income for a family of four is
currently $16,450. 

The Administration’s Water 2000 Initiative,
launched in August 1994, has already invested in
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has worked as an NDWC graduate research
assistant since January 1998. He is working 
on double masters degrees in environmental
engineering and agricultural and environ-
mental education.

With drought impacting parts of the country
accustomed to abundant water supplies, Staff
Writer Marilyn Noah presents a timely piece on
a subject well worth considering: water meters.
(See page 12.)

TA Specialist Babu Srinivas Madabhushi,
answers the questions: “What is radium? Is it 
in drinking water?” in an interesting Q&A. 
(See page 16.) 

Sanjay Saxena, NDWC program coordinator,
recently took part in a U.S./China drinking water
symposium in Beijing, China, at which he pre-
sented Chinese government officials with an
overview of the NDWC. With cooperation from
the USDA Foreign Agriculture Service and the
EPA, the event drew water industry professionals
from both countries to share research and show-
case water treatment equipment. 
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On Tap
NDWC Shares Clearinghouse Concept 

We begin this issue with the U.S. Department
of Agriculture (USDA) announcement of the
largest financial assistance package ever distrib-
uted under Water 2000, the Administration’s 
program to get water into every rural home by
the turn of the century. (See page 1.) Thanks
much to Fred Roane, loan specialist with
USDA’s Water and Waste Disposal Division,
who reviewed this article for us. 

Writer/Editor Kathy Jesperson takes a close
look at Western Kentucky University, one of
nine regional Technical Assistance Centers
(TACs) authorized under the Safe Drinking
Water Act Amendments of 1996. (See page 3.) 
A related story provides a
summary of these regional
TACs. (See page 6.)
Thanks to Mark Mazzola
for reviewing our TAC
article. He works with 
the implementation and
assistance division of the
U.S. Environmental
Protection Agency (EPA)
Office of Ground Water
and Drinking Water. 

National Drinking
Water Clearinghouse
(NDWC) Technical
Assistance (TA)
Specialist Mohamed
Lahlou, Ph.D, and
Rodney McClain, general
manager, Toms Brook-
Maurertown Sanitary
District, offer an interest-
ing case study of membrane filtration at a small
Virginia drinking water system. (See page 8.) 

With assistance from Senior Graphic
Designer Eric Merrill and Jesperson, Dr. Lahlou
has created a small systems technologies poster
that should prove extremely helpful to drinking
water operators. (See center pages.)

Do you want to know more about treatment
techniques other systems are using? We invite
you to access RESULTS [Registry of Equip-
ment Suppliers of Treatment Technologies].
The NDWC is gathering information from
as many small system operators and ven-
dors as we can for this database. We want
to know about your system. Jamie Knotts,
NDWC promotions coordinator, discusses
RESULTS, as well as how our TAs can
help you. (See page 11.) 

Congratulations to Vipin Bhardwaj who
joins us as a full-time TA specialist.
Bhardwaj, who is in charge of RESULTS, 

Qu Geping (left), chairman of the Environmental and Resource Protection
Committee of the National People’s Congress; Mary Ann Keefe, USDA Foreign
Agricultural Service; Timothy Oppelt, U.S Environmental Protection Agency;
and Environmental Engineer Sylvana Li listen as Sanjay Saxena discusses the
National Drinking Water Clearinghouse at West Virginia University.

Correction: There is an error in the mathematical 
conversions section on page 3 of the Summer 1999
On Tap special Consumer Confidence Report insert.
We inadvertently reversed parts per million (ppm) and
parts per billion (ppb). A ppb is, of course, a smaller
unit of measure than ppm. Thus, the correct conver-
sion is: 1 ppb X 1000 = 1ppm

We regret any inconvenience this error may cause.
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Kentucky’s Small Systems Get Help from TAC
by Kathy Jesperson
NDWC Writer/Editor

When you think of Kentucky, bluegrass
meadows filled with grazing thoroughbred race
horses may come to mind. You may picture
tobacco fields lining Kentucky’s rural roads or
distilleries—each of which produces its own 
version of a fine bourbon whiskey. 

But whatever scene you imagine, there is no
denying that Kentucky is known for its pleasant
country living—a place where neighbor helps
neighbor. Small drinking water systems are no
exception to this rule. And to ensure that small
systems get the help they need, some folks in
Bowling Green are making technical assistance
(TA) their first priority.

In 1998, Western Kentucky University (WKU)
was awarded a grant by the U.S. Environmental
Protection Agency (EPA) to establish a small
public water system Technical Assistance Center
(TAC). The center is now one of nine regional
TACs. Others are in Alaska, California, Illinois,
Maryland, Missouri, Montana, New Hampshire,
and Pennsylvania. (See page 6.) The funds for these
centers were made available through the 1996 reau-
thorized Safe Drinking Water Act (SDWA). Senator
Mitch McConnell (R-Kentucky) sponsored
Kentucky’s TAC.

Kentucky’s TAC provides TA to systems
serving fewer than 10,000 customers, with a 
special emphasis on very small systems: those
serving fewer than 500 customers. In Kentucky,
very small water systems serve approximately
one third of the commonwealth’s population.

University Teams with KRWA
“We teamed with Kentucky Rural Water

Association (KRWA) to develop a center with
long-range goals and a regional focus,” says 
Ed Houston, director of the small systems water
grant at WKU. “We have five separate tasks that
we must fulfill, which include:

• developing and offering training courses 
in utility management,

• providing a circuit rider program,
• initiating a source water protection program,
• establishing a database management 

system, and 
• investigating innovative technologies.
“KRWA has the responsibility of offering

training courses to the staff of these small systems
and WKU assists them by developing course
materials that emphasize financial and manage-
rial issues relating to capacity development,”
Houston explains.

“It’s a really remarkable team effort between
WKU and KRWA. Rural Water [KRWA] has been
great with hands-on experience and works so
well with system operators,” says Ouida Meier,
database manager for the TA center. “KRWA is 
a good guide for what works, as well as having
knowledge of the needs of system operators and
managers. They have a good feel for what kinds
of solutions are likely to be effective.

“On the other hand, the university can provide
the latest in computer software, a large pool of
broadly trained faculty and graduate students,
and a structure that supports ongoing learning,”
she continues. “The structure we’ve developed
helps us work cooperatively rather than competi-
tively with water systems, other organizations,
and local, state, and federal agencies.”

Gary Larimore, executive director of KRWA,
agrees. “Both of our strengths together provide a
broad range of abilities, and we’re really excited
about the partnership. We’ve had much positive
feedback from small systems and communities.
They are actually getting the help they need now.
Prior to this, there was no one showing very
small systems and privately owned treatment
plants, such as those at mobile home parks and
schools, what to do. Our circuit rider, Scott
Wallace, has the personality, experience, and
background to train them. He’s an energetic 
person, and we’ve gotten a lot of positive feed-
back from systems he’s worked with.”

Houston notes that the primary goal of the
TAC is to provide services to small systems so
that they maintain and achieve capacity. “We
want to help them operate in the black, and best
construct the managerial expertise they will need
to continue operating,” he explains. “The techni-
cal assistance center must work closely with EPA
and the Kentucky Division of Water (DOW) to
accomplish our goals.

“It’s a fine line that we walk when working
with the EPA, DOW, and small water companies
to achieve that objective. In our position, we must
answer to EPA and the U.S. Senate because they
provide us with funding to operate this center.” 

Training Is a Priority 
The first task Kentucky’s TAC must con-

sider is training. “We’re currently developing 
an introductory course for managers and opera-
tors,” says Phillip East, educational services
coordinator, KRWA. “We plan to offer more 
specific courses later.”

The Utility Management Institute (UMI) at
WKU is developing a series of courses that will

R E S O U R C E SR E S O U R C E S

R a t e sRUS Rates
Rural Utilities Service
(RUS) water and waste-
water loan interest rates
for the fourth quarter of
fiscal year 1999 apply to
all loans issued between
July 1 and September
30, 1999.

The current rates are:
• poverty line: 4.5 

percent;
• intermediate: 4.75

percent; and
• market: 5.125 

percent.

Contact the National
Drinking Water Clear-
inghouse at (800) 624-
8301 or (304) 293-4191
for the phone number 
of your state Rural
Development office or
log onto their Web site
at http://www.usda.gov/
rus/water/states/
usamap.htm.

Continued on page 4



be included in a Utility Management Professional
Program, which will be available to system man-
agers, operators, and office managers of small water
systems, serving fewer than 10,000 customers.

There will be four course areas in the program,
which will be developed and offered over a four-
year period. Water system personnel may obtain
full certification when they successfully complete
all four areas of certification: utility management,
utility finance, marketing and communication,
and human resources.

Kentucky’s TAC will work toward providing
course materials through telecommunications
links or via interactive course work on the
Internet. After the fourth year, UMI’s professional
program will be fully developed and available 
to water system personnel in Kentucky and
throughout the seven other states of EPA Region
IV—Alabama, Florida, Georgia, Mississippi,
North Carolina, South Carolina, and Tennessee.
The program will include an educational compo-
nent for anyone interested in drinking water.

“We are currently developing an associates
degree program for those who are interested in 
a career in the drinking water industry,” says
Dennis George, assistant director, WKU TAC.
“Maybe an operator or someone already working
in drinking water will be interested in making a
career in this field. There is also a certification
program in the works for those interested. This
will give them something to show for what they
do. And we hope that it will attract young people
to get the educational experience they will need.”

Circuit Rider Makes Rounds
Because circuit rider programs are widely rec-

ognized as the most effective way to help small
systems achieve compliance with state and federal
environmental regulations, Kentucky’s TAC
includes such a program. Many circuit rider pro-
grams are limited as to the types of water systems
they can assist. For example, some programs only
work with publicly owned water systems that are
members of a supporting organization, such as
KRWA. Because of these limitations, Kentucky’s
TAC expanded its circuit rider mission.

“Our TAC circuit rider program is aimed at very
small systems,” says Andy Lange, director of
member services, KRWA. “Obviously, this is a job
that one person can’t do by himself. Monitoring and
reporting or the failure to do that are the biggest
concerns we face with these systems. We’re trying
to find ways to get them into compliance. Our
small systems’ circuit rider, Scott Wallace, is very
involved in helping these systems.”
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East explains that since very small systems have
few resources, they may not know what to do. “For
example, they may not know how to fill out paper-
work,” he says. “They may not know what to
report or how to report it. They may or may not
have defined their source water. What is their 
customer base? Are there any customer records?

“These small systems want to have safe drink-
ing water for their customers and that helps them
focus on what needs to be done,” he says. “What
we do is apply the basics to those who need it
most. Our circuit rider is doing an excellent job 
of contacting these people and helping them.

“We help put their minds at ease,” East con-
tinues. “We help them organize their records,
and get basic things in order. These kinds of
things must be in place for a system to function. 

“Also, turnover is very high with these very
small systems because often the operator works
part-time at the system and holds a full-time job
somewhere else,” he says. “They have overlap-
ping responsibilities. So a circuit rider is critical
to a workable system in the absence of a certi-
fied operator.

“One of the first things you have to do when
working with these very small systems is gain
their trust,” says East. “The next step is to find
out who the person is who is ‘in responsible
charge.’ Then you want to help them answer two
questions: What does it mean to be in compliance?
And what are the consequences of not being
compliance? Until now, very small systems 
didn’t have much help.”

Source Water Must Be Protected
Past and present land use practices often

threaten the safety of drinking water supplies.
Agriculture, mining, urbanization, and industrial-
ization affect surface and groundwaters in many
different ways. In Kentucky, pollution from any
of these sources can cause many problems for
small systems because of the karst topography of
much of the region. Karst refers to an area where
irregular formations (usually limestone) have
produced fissures, sinkholes, underground streams,
and caverns. Large openings in the subsurface
allow water to travel long distances very rapidly
without being filtered through soil or rock.

“What this means is that when surface water
sinks, it becomes groundwater very quickly,”
explains Houston. “What we want to do is help
people understand that reducing contamination on
the surface will reduce contamination in the water.

“We are evaluating basic problems throughout
Kentucky,” he continues. “To accomplish this,

R E S O U R C E SR E S O U R C E S

Continued on next page

Continued from page 3

Water Fact
In Kentucky, approxi-

mately 860 public

water systems provide

drinking water for 

80 percent of the 

population. The state

uses more than four

billion gallons of water

per day, which

includes about 300

million gallons per day

(mgd) for domestic

and commercial uses,

430 mgd for industrial

and mining uses, 60

mgd for agriculture,

and 3,400 mgd for

cooling at thermoelec-

tric power plants.

University of Ken-
tucky's Geological

Survey Water
Resources

http://www.uky.edu/
KGS/water/water1.htm
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we’re assessing 17 different sites and determining
types of topography, geological aspects, and land
use. What we’re trying to determine is the Best
Management Practices (BMP) to help small water
companies draw water from a less contaminated
source so they can produce more potable water.
We then need to communicate this information to
regulators and county and local officials.”

Database Gets Information Out
One way this information will make it into

the hands of those who need it is through a data-
base management system. “We’re coming to the
close of our first year, and we want to be able 
to provide Kentucky and the states of [EPA]
Region IV with the necessary information they
will need to reach capacity,” Houston states.
“Our database management system provides 
and holds information for use throughout the
program, and it identifies innovative technologies
being used in Kentucky as well as regulations
and operational sites.”

Information in the database was obtained from
the program’s circuit rider, program studies, regu-
lations, and other sources. “We want to make the
information we gather widely available,” says
Meier. “We’ve had the luxury of making the
Web site into something that conveys this 
information to many people, and not just those 
in Kentucky.

“Also, having this information in the database
is very important because one of our objectives is
to provide this information to the other states of
Region IV,” she continues.

Houston says that it’s important to note that
many small and mid-sized water companies don’t
have access to the Internet. “All they have to
have is a telephone to get technical assistance
from us,” he explains. “We can get them the
answers to the questions they have. We can link
them to other resources and can also provide
them with hard copies of the information we
have online. We are in our infancy in outreach 
at this point. But what we hope is that each year,
we can build on the year before.”

Innovative Technologies Are Measured
In its fifth and final task, Kentucky’s TAC

will sponsor innovative and emerging technolo-
gies for drinking water treatment. “We are going
to marry up a system with a company that pro-
duces an innovative technology,” says Lange.
“One technology we’re looking at is ACTIFLO
[ACTIFLO is the trade name for a water treatment

system, which uses a fine-textured sand and
polymer component to rapidly remove organics
in source water before the treatment process,
therefore reducing trihalomethanes] offered by
the Kruger company. Of course, we’ll be meas-
uring before and after results. We’re also looking
at a computerized mapping technique called
Waterworks/FM, developed by Spatial Data
Interactions, Inc., which has been specifically
scaled for use by small systems. It’s a Geographic
Information System (GIS) that can be integrated
with a SCADA [Supervisory Control and Data
Acquisition] system and a utility billing program.
We are doing an
active pilot
study to deter-
mine its use in
the real world.

“Other 
innovative 
technologies
we’ve consid-
ered include the 
various mem-
brane filtration
systems, such 
as micro, ultra,
nano, and
reverse osmo-
sis,” says Lange.
“Also we’ve
considered other 
disinfectants,
such as ultra-
violet, ozone,
chlorine dioxide,
and chloramine
disinfection.”

But effective-
ness isn’t the
only measure of a reliable system. “Affordability
and how this can be applied to small systems are
major concerns,” says Larimore. “We want to
make sure it’s fine- tuned. We’ll be generating
reports through the fiscal year and will prepare 
a summary of this information.”

For more information about Kentucky’s TAC,
log onto their Web site at http://waterquality.bio.
wku.edu/ or call (502) 745-5948. You may also
write TAC for Water Quality, c/o Department of
Biology, Western Kentucky University, Bowling
Green, KY 42101.

Continued from previous page
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Kentucky Organizations
Offer Small Systems Help

• KRWA, P.O. Box 1424, Bowling Green,
KY 42102. Call (502) 843-2291 or log
onto their Web site at http://www.krwa.org

• Kentucky Division of Water, Drinking
Water Branch, 14 Reilly Road, Frankfort,
KY 40601. Call (502) 564-3410 or log
onto their Web site at http://water.nr.
state.ky.us/dow/dwdr.htm

• Kentucky Water Resources Research
Institute, 322 Mining and Mineral
Resources Building, University of
Kentucky, Lexington, KY 40506-0107.
Call (606) 257-1299 or see
http://www.uky.edu/WaterResources/
WRRIHOME.html

• Kentucky/Tennessee Section of
American Water Works Association,
6666 West Quincy Ave., Denver, CO
80235. Call (303) 794-7711 or log onto
http://www.kytnawwa.org
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Centers Will Assist Small Systems
Editor’s Note: You may link to the Technical
Assistance Centers discussed in this article via
the National Drinking Water Clearinghouse Web
site at http://www.ndwc.wvu.edu. 

In the drinking water field, “capacity” means
that a system is capable of functioning in the
technical, financial, and managerial sense, and
that it has the ability to comply with present and
future regulations. In reality, capacity can be a
nebulous concept. 

Realizing the difficulties small systems face
with regard to capacity development, the reau-
thorized 1996 Safe Drinking Water Act (SDWA)
provides for regional university-based Technical
Assistance Centers (TAC) that will provide train-
ing, education, and technical assistance (TA) to
public water systems or systems serving Indian
Tribes and Alaskan Native Villages (ANV). Each
TAC will receive $400,000–$500,000 annually
to help small systems navigate capacity. 

MSU Evaluates Technology, Educates
Designation as a TAC was an outgrowth of

the existing Montana State University (MSU)
Water Center. (See Spring 1998 On Tap, Volume
7, Issue 1.) As a TAC, the MSU Drinking Water
Assistance Program (DWAP) for Small Systems
focuses on two key areas—technology evaluation
and education/training.

University teams are evaluating small water
system technologies and plan to underwrite 
university-based demonstrations focused on the
costs, efficacy, and operation and maintenance
requirements of promising—but not widely used—
treatment techniques or technologies. Thus far,
several technologies have been evaluated: aeration,
point-of-use devices, and flushing to control lead
and copper corrosion; Zeolite-amended slow
sand filters; and mixed oxidants as a technology
for iron and manganese removal. 

MSU TAC projects also include the completed
Source Water Protection Guidance Manual and
its companion Source Water Protection CD ROM
and Web presentations, as well as a Ground-water
Manual for Small Public Water Systems. CD
ROM and Web presentations of the Groundwater
Manual are being developed. 

You may learn more about their projects at
http://water.montana.edu. 

WKU Works with Regulatory Agencies
Western Kentucky’s TAC plans to work with

state regulatory agencies and small water systems
to ensure that all capacity development require-
ments are met. (See “Kentucky’s Small Systems
Get Help from TAC,” page 3.) 

The WKU TAC is developing a series of
courses for its Utility Management Institute,
which is targeted toward small system managers,
operators, and office managers. It will also pro-
vide onsite “circuit rider” TA and training, with a
special emphasis on nontransient noncommunity
water systems serving fewer than 500; establish
17 source water protection demonstration sites 
to help determine best management practices 
for watershed protection under various hydro-
geologic conditions; continue enhancing its 
database management system; and sponsor 
pilot projects that demonstrate innovative and
emerging technologies that will improve small
system technical capacity. 

Results of WKU TAC projects will be avail-
able at http://waterquality.bio.wku.edu. 

UM Establishes NSF Testing
The University of Missouri (UM)-Columbia

TAC has established both groundwater and sur-
face water sites for testing various small system
technologies. The TAC plans to conduct ultravio-
let (UV) treatment, onsite electrolyte generation
of disinfectants, ozone, membrane filtration, sup-
plemental filtration, and cyanotoxin studies. UM
also plans to develop a summer short course/
workshop on UV treatment for operators and
engineers, expand their Web site to include
equipment performance data from small systems,
conduct six joint training sessions, establish a
public resource center in Jefferson City, and
begin and evaluate a student intern TA program. 

New Hampshire Evaluates Technology
The University of New Hampshire TAC’s

program plans to train regulatory and consulting
engineers involved in small public water system
design; evaluate treatment technologies, such as
river bank filtration, gravel roughing filters, and
slow sand filters; compare small system treatment
technologies for special parameters; and perform
a regional evaluation of water treatment technolo-
gies geared toward small public water systems.

Sacramento Develops Training Videos
The California State University, Sacramento

(CSUS), long recognized for its expertise in
operator training, has been designated a TAC
and plans to develop a training video series for
small water system operators and managers. 
The series will cover topics, such as roles and
responsibilities of operators, managers, and 
owners; financial and managerial responsibilities;
and technical issues. 
Continued on next page

R E S O U R C E SR E S O U R C E S



On Tap Fall 1999 7

Penn State Harrisburg Develops Courses
The TAC at Pennsylvania State University

(Penn State) at Harrisburg is designing and con-
ducting courses to train trainers in adult education
techniques, and small systems compliance and
variance technologies. It also offers courses for
small system operators in computer skills and
small systems compliance requirements, includ-
ing hands-on water chlorination training. (See
page 18 for related Penn State-Harrisburg story.)

This TAC is also pursuing remote location
training options.

Sitka Looks at Cold Climate Technologies
The University of Alaska Southeast, Sitka,

TAC plans to coordinate and expand training
opportunities in Alaska; serve as a statewide
clearinghouse for training information and tech-
nical resources; increase capacity, particularly
among ANVs; and to investigate technology
problems unique to cold climates. 

Initial workshops cover the theory of process
control instrumentation and its application to
water and wastewater systems, as well as both
basic and intermediate aquatic chemistry and
microbiology labs, and a practical physics lab.
The TAC is also preparing a video recruitment
guide to encourage high school/college students
to enter environmental technology careers. 

See their Web site at http://water-alaska.org. 
For additional information about capacity

development, go to the Association of State
Drinking Water Administrators (ASDWA) Web
site at http://www.asdwa.org/pubs.html.

For contact information, please go to the
MSU TAC’s Web site at http://water.montana.edu/
epa_drinking_water_discussion.

CSUS is also designing a CD ROM version
of their new utility management training manual
with a specific focus on small system operators
and managers’ needs and requirements. Finally,
CSUS plans to expand its Web site to provide
better information for small system operators. 

See the Web site at http://www.owp.csus.edu. 

Mid-Atlantic TAC Will Help Management
Mid-Atlantic TAC, established at the Charles

County Community College in Maryland, plans
three small system initiatives, including interac-
tive video training workshops that show how to
create a compliance plan, calculate and set equi-
table rate structures, assess a system’s maintenance
program, plan a five-year revenue and expendi-
ture analysis, manage finance and debt, and
restructure and consolidate. 

This TAC will identify training issues and
trainer candidates in the Mid-Atlantic Region
that can provide training courses for small system
operators. They also plan to develop a system
audit program. 

Mid-Atlantic’s Web site is under construction
at http://www.mcet.org. 

Illinois Funds Projects, Needs Survey
As a TAC, the University of Illinois at

Urbana has already funded three small system
projects on corrosion control, a Native American
training and education workshop, and a bench-
mark economic study for small systems. In con-
junction with the National Drinking Water
Clearinghouse, the TAC plans to develop a small
systems needs survey that will identify what the
most pressing problems are for small system
operators and administrators in the midwest. 

Study results will be available on their Web
site at http://www.sws.uiuc.edu. 

Continued from previous page
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quizzes and a template that can be used to 
create, save, and update a source water 
protection plan. 

The first 100 CD-ROMs will be free; after-
ward, the cost is $20. To order, write to Source
Water Protection Training CD-ROM, Montana
University System Water Center, 101 Huffman
Building/MSU-Bozeman, Bozeman, MT 59717-
2690. You may also call (406) 994-7738 or 
e-mail water@montana.edu.

An interactive CD-ROM that helps small
public water system trainers and operators
develop a source water protection plan is now
available from the Montana University System
Water Center. 

Information on the CD-ROM is from the
original manual written by the Montana Depar-
tment of Environmental Quality and the Montana
Bureau of Mines and Geology. It includes a
variety of multimedia components that make the
learning process more entertaining, including

Source Water Protection CD-ROM Available
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How was the study monitored?
Staff from the Toms Brook-Maurertown

Sanitary District made daily inspections, obtaining
water quality and operational data for the pilot
study. Shenandoah Engineering, Ltd., provided
technical support, made periodic visits, and ana-
lyzed data. Memcor, a division of U.S. Filter, pro-
vided onsite technical support during the start up
and also made periodic visits to the site to provide
technical assistance on treatment unit operation.

During the pilot study, staff monitored opera-
tional conditions and water quality data, includ-
ing turbidity, flux rate, feed water recovery, 
particle counts, particle monitoring, coliforms,
pH, temperature, hardness, alkalinity, UV-[ultra-
violet] 254, TOC [total organic carbon], SDS
[simulated distribution system]-TTHM [total 
trihalomethanes], HPC [heterotrophic plate
count], and membrane integrity.

The pilot study ran from August 24, 1993 to
October 29, 1993—a period of 66 days. It was
divided into three distinct phases:

Stage 1: August 24, 1993 to September 13, 1993
(20 days)

This phase consisted of initial start up of the
CMF unit, as well as monitoring feed and
filtrate flows, transmembrane pressure, and
general CMF performance. This shakedown
period allowed district staff to become
comfortable with CMF operations and to
correct any deficiencies in the configuration
for the pilot study.

Stage 2: September 13, 1993 to October 15, 1993
(32 days) 

During this phase of the study, normal CMF
unit operations were monitored, including
the water quality and operations parameters.

Stage 3: October 15, 1993 to October 29, 1993
(14 days)

During this phase, feed water turbidity was
artificially elevated to challenge the ability
of the CMF unit to filter groundwater
under the influence of surface water.

How does a CMF work?
The water treatment process is a Memcor

microfiltration plant, which consists of three
Memcor 60M10 treatment units installed to oper-
ate in parallel. (See figure on opposite page.)
Space is provided for up to five additional units.
Multiple units provide operating flexibility, as
well as the necessary redundancy VDH requires. 

Each unit is skid mounted, which makes
installation quite simple. Each unit contains six

10-square-meter filter cartridges with a 5 gpm
per cartridge nominal capacity, making total unit
capacity 30 gpm. Filter cartridges are constructed
of bundles of hollow fiber with a 0.2-micron
minimum pore size—small enough to provide
direct filtration of Giardia lamblia and Crypto-
sporidium, bacteria, and other microorganisms.
Water flows from outside the fiber to inside, and
the system is capable of operating in dead-end or
cross-flow configurations.
Chlorination is the primary
means of deactivating any
remaining viruses.

Raw water is metered
before it enters the break
tank, then water is
pumped from the well
into a break tank used as 
a buffer between the well
and the treatment units.
Each treatment unit has a
centrifugal feed pump that
withdraws water from the
break tank through a pipe
manifold. The feed pump
moves raw water through
the filter membrane and
into another manifold,
which flows to the chlo-
rine contact tank. Water 
is chlorinated using a
flow-paced chemical 
feed pump.

The chlorine contact tank consists of three
precast concrete tanks installed in a series that 
is baffled to provide the necessary contact time.
Water is withdrawn from the contact tank by
duplex booster pumps, which then pump the
water into the distribution system. Float switches
located in the break tank and the contact tank are
tied into a telemetry system that controls the
operation of various processes.

The system is designed to be totally automated,
and an operator is only required periodically. The
treatment plant building includes a storage room
and a lab equipped to perform tests, including,
turbidity, pH, chlorine residual, temperature,
alkalinity, and hardness.

Turbidity readings and particle counts are
continuously monitored. Alarm circuits will 
shut down the process if excessive readings are
detected. Also, continuous chlorine concentration
monitoring is provided to ensure that water has
adequate chlorine residual before entering the
distribution system.

Continued from previous page 

Continued on page 10
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Side view of membrane unit—each unit
has six-5 gallon per minute (gpm) mem-
brane cartridges for a total of 30 gpm
per unit. New cartridges are rated at
150 percent more capacity or 7.5 gpm.
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What is the normal routine?
A typical daily operational routine requires

approximately 30 minutes in the morning, 15
minutes after lunch, and another 15 minutes at
the end of the day. The morning routine includes
recording filter and air compressor run times; meter
readings and membrane integrity tests; as well as
analyses of turbidity, chlorine residual, temperature,
particle counts, and pH. Also, the operator visually
inspects the operating process, including valves,
piping, gauges, and the air system.

The normal backwash rate for each membrane
unit is every 60 minutes when raw turbidity is
between one and five nephelometric turbidity
units (NTU). During periods of heavy rain when
turbidity can spike to more than 100 NTU, the
backwash rate may be increased to as often as
every 15 minutes.

A bi-annual chemical membrane cleaning
using citric acid, sodium hydroxide, and hot
water, is the major maintenance performed at the
membrane treatment plant. This cleaning cycle
takes approximately two hours per machine.

How is the system working?
The Toms Brook membrane plant has been in

operation since the summer of 1995 with more
than 13,000 hours logged on two machines and
15,000 hours on the third machine (the unit used
in the pilot study). Of 18 membrane bundles,
only one has been replaced. Membranes are
expected to have a total life of four to five years
or 16,000 to 20,000 hours. When these mem-
branes are replaced, a larger capacity membrane
will increase the total capacity of the treatment
plant by 50 percent—from 90 gpm to 135 gpm.

The plant is currently installing a systemwide
water and sewer Supervisory Control and Data
Acquisition (SCADA) telemetry system intended
to monitor plant performance as well as system
tank levels, controls, a booster pump station, a
water treatment plant, and a remote well. The
SCADA system will maintain adequate water
levels and serve as an alarm system, warning
personnel immediately of low water levels or
mechanical malfunctions. This SCADA system
will also monitor eight sewage pump stations
and the sewage treatment plant, at an eventual
cost of approximately $30,000. However, a
smaller SCADA system that controls only a
water treatment plant and tank can be obtained
for considerably less.

The system can run up to 24 hours a day to
meet demand. Using this type of system did not
require adding new personnel, as a conventional

plant might, thus operating costs are consider-
ably reduced.

Was the system a good choice?
There is no question that the Toms Brook-

Maurertown water system needed to make
improvements. Adding the No. 2 Toms Brook well
to the system resolved the deficiency in supply;
however, when the health department implemented
the SWTR, addition of filtration was needed to
meet the stricter water quality requirements.

Constructing the new water treatment plant
has allowed the sanitary district to more than
adequately supply their customers with high
quality drinking water. The simplicity of the sys-
tem and its low operating cost, as compared to
conventional treatment, will help the sanitary
district, which currently serves 400 connections,
reduce the need to increase water rates. Toms
Brook-Maurertown water system rates are
already the highest in the area and among the
highest in Virginia. In 1998, the average monthly
water and sewer bill for a customer using 5,000
gallons of water was $59. In addition, all proper-
ty owners pay an additional $0.05 per $100 real
estate tax as sanitary district customers. 

Automating the system also has allowed the
sanitary district to operate and expand treatment
capabilities without having to add additional
operators or expensive chemicals and resulting
sludge handling concerns.

Construction of the new water treatment
plant along with the associated distribution sys-
tem improvements will allow the sanitary district
to meet growth demands in the area. The district
has been pleased with the performance, reliabili-
ty, and efficiency of the membrane filtration
plant. Partly as a result of Toms Brook’s success,
two other towns in Shenandoah County—
Edinburg and New Market—have recently
installed membrane plants. 

For more information about this technology,
download Tech Brief: Membrane Filtration from
the National Drinking Water Clearinghouse
(NDWC) Web site at http://www.ndwc.wvu.edu
or call the NDWC at (800) 624-8301 or (304)
293-4191 and request the free item #DWBLPE81.
You may also order online at ndwc_orders@
estd.wvu.edu.

For more information about this article con-
tact Dr. Lahlou, NDWC TA specialist, at the
above numbers or e-mail mlahlou2@wvu.edu. 

You may also write to Rodney McClain, gen-
eral manager, Toms Brook-Maurertown Sanitary
District, P.O. Box 87, 3342 S. Main St., Toms
Brook, VA 22660. You may reach him in at (540)
436-9212 or e-mail scsd@shentel.net.

Toms Brook Installs Membrane Filtration

Continued from page 9
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NDWC Explains TA Services, RESULTS
by Jamie Knotts
NDWC Promotions Coordinator

If you read the National Drinking Water
Clearinghouse (NDWC) publications On Tap
or Water Sense, you are aware that the NDWC
offers technical assistance (TA) and information
to drinking water systems serving fewer than
10,000 customers. But what kind of information
is available?

Databases Offer Technical Information
Many callers to the NDWC have specific ques-

tions about contaminants, treatment methods, and
public health issues. Staff TA specialists talk with
callers to better understand their questions. Usually,
engineers can provide answers callers need, or
research the topic using information housed in
NDWC databases and drinking water files. When
appropriate, they refer individuals to other organi-
zations, such as the U.S. Environmental Protection
Agency (EPA) or state agencies. 

“When I get a call, I spend a few minutes
talking with the person to understand the prob-
lem or issue,” says TA Specialist Mohamed
Lahlou, Ph.D. “The calls I receive may involve
searching the 1,500 entries in the Bibliographic
Database and selecting articles I feel will be
most helpful to the caller.” Research material 
is sent to callers free of charge.

TA specialists also provide callers with infor-
mation about educational products available from
the NDWC. Numerous products on drinking water
subjects are reviewed, and, if found relevant to
small systems, selected for distribution.

In addition to writing On Tap’s popular Tech
Brief series, Dr. Lahlou is in charge of special
research related to small drinking water systems. 

Organizations Are Easy To Find
Babu Madabhushi, TA specialist, oversees the

Organizational Database and says he puts people
in contact with other organizations that offer
information, TA, and funding. 

“We may have a community activist call look-
ing for information about organizing or educat-
ing a community about water issues,” he says. 
“I can provide them with a list of organizations
that focus on education as part of their mission.
The caller can then call, write, or reach the
organization through the Internet with informa-
tion I provide.” 

Madabhushi says he draws information from
the database about many issues, including funding
sources, groups that offer training, non-profits that
provide TA, and drinking water organizations.

Madabhushi researches and writes On Tap’s
quarterly Q&A.  

RESULTS Works for You
Those interested in learning about treatment

technologies will find the RESULTS [Registry of
Equipment Suppliers of Treatment Technologies]
database very useful. Accessible online or by
having an NDWC technical assistant run a free
search, the database allows users to easily com-
pare their system’s needs with those of systems
around the U.S. and Canada. 

The database lists more than 1,100 drinking
water systems and more than 200 vendors. Five
search categories—state, contaminant, vendor,
technology used, and population size—allow
users to zero in on the information they need.

“For instance, if system personnel need to treat
water for iron, RESULTS lists more than 180 other
small systems treating for the same contaminant,”
says Vipin Bhardwaj, TA specialist in charge of
RESULTS. “The database provides population
size, equipment and maintenance costs, and
whether the equipment installed was certified, as
well as contact information for both the system
operator and the equipment manufacturer.” 

Users can now submit system information
about their drinking water plant online. Log onto
the NDWC Web site at http://www.ndwc.wvu.edu
and follow instructions for adding information to
the online RESULTS Questionnaire. Those with-
out Internet access may contact an NDWC TA
specialist for a printed questionnaire. 

If you have a drinking water question, call
the NDWC at (800) 624-8301 or (304) 293-4191
and ask to speak with a TA specialist. 

O P E R A T O RO P E R A T O R

Mohamed Lahlou
mlahlou2@wvu.edu

Babu Srinivas 
Madabhushi
bmadabhu@wvu.edu

Vipin Bhardwaj 
vbhardw2@wvu.edu

Privatization: What’s 
the story?

Mohamed Lahlou, Ph.D., National Drinking
Water Clearinghouse technical assistance 
specialist, is currently analyzing privatization 
of small water systems serving fewer than
10,000 people. He is examining economic
(cost of providing service), and environmental
(compliance with the Safe Drinking Water Act
regulations) issues, as well as coverage
(expansion of service to underserved areas).
Dr. Lahlou is also looking at privatization and
consolidation choices available to small water
systems as a means of acquiring capital.

If you have contacts, literature, or opinions
on the subject, get in touch with him at the
numbers above.
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by Marilyn Noah
NDWC Staff Writer

Metering is among the most important steps 
a water system can take. These rather simple
gadgets eliminate water loss and loss of revenue.
Residential meters assure
the operator where the
water is going, and con-
sumers are assured they
are only paying for what
they use.

By using water meters,
water plant operators can
keep track of their product
and pinpoint any leakage
along the way, and con-
sumers have a strong 
reason, as well as the
information, to help them conserve their water use.

Installing residential water meters may seem
a daunting decision, and all potential difficulties
associated with such an undertaking need to be
considered carefully. In addition, an analysis of
metering program costs, versus the potential pay-
back, is mandatory so you can be confident that
this is the economically appropriate option for
your system.

Convincing the public of the value of a metered
system may be accomplished by offering sample
calculations based on actual customer usage versus
the flat rate they are currently being charged.
Granted, not every customer will find a savings 
on their bill, but a good public relations campaign
emphasizing the potential for conservation by
becoming knowledgeable consumers, plus the sav-
ings potential offered, should help. (For more about
water conservation, see the Winter 1998 On Tap,
Volume 7, Issue 4, item #ONTAP28.)

Metering Results in Conservation
According to a 1984 study by U.S. Housing

and Urban Development, when residents become
aware of their “drop-by-drop” usage, as com-
pared to a flat rate for unlimited usage, metered
customers use an average of 13–45 percent less
water than unmetered customers. 

The town of Rolla, Kansas, (population
approximately 450) recorded conservation by
users. Once metering began, astonishingly, daily
per capita water use dropped by half! Sometimes 
it’s the little things that count: one resident was
using 100,000 gallons per month to keep an 
outdoor spigot from freezing. The inexpensive
solution was a frost-free spigot. 

A speaker for the Kansas Rural Water
Association commented that monthly water

charges that are not based on the amount of water
used do not encourage conservation or provide
customers any incentive to find and repair leaks.

Meters give systems the ability to identify
high-use customers, who then can be approached
about conservation measures. Metering also gives

utility operators an
idea about the areas in
the community where
use is increasing,
which is helpful in
planning future addi-
tions to the system.

Once the decision
has been made to go
to metering, such
specifications as
meter size, type,
accuracy, instal-

lation, and repair and maintenance costs must 
be considered.

Choose the Right Meter
Work with your retailer to determine the

appropriate meter for your system. These specifi-
cations will be affected by flow rate, normal
flow rate, as well as maximum working pressure.
A meter’s “normal” flow range is defined as the
range for which a given type and size meter is
designed for long-term, accurate registration.
Flows below this range may be under-registered;
flows above this range can cause meter degrada-
tion. Other criteria include pipe line diameter
and the installation location—frost damage may
be a concern.

Darrell Wellman, general manager of the water
system in Lavalette, West Virginia, recently
made a major purchase of new meters for his
2,500 customers. “Our previous experience
helped us decide which company to go with,” 
he said. “We had various brands of meters in
operation and after comparing the effectiveness
of the different ones, we concluded that one was
decidedly more reliable than the others. 

“We also checked with several local systems
and found they were having problems with some
of the other brands. So even though they were not
the most economical, we decided to go with the
brand giving the most reliability,” Wellman added.

How can technology help?
As with all things, technology is changing 

the way that meters are read. Meters can be read
visually by the reader who records data manually
or electronically, or the reader can employ a
hand-held scanner, which sends data immediately

Water Meters—Every Drop Counts

Continued on next page
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back to the office electronically. Meters can also
be read remotely by short-wave or telephone,
completely eliminating the need for a reader. 

For instance, Sensus Technologies offers a
touchpad reader system, which has been shown
to greatly reduce clerical errors in data entry 
and to speed up the reader’s job. Frank Rusnock
of Sensus says that his company works with
individual systems to help them determine the 
economic feasibility and benefits of purchasing
meters offering some of the latest technology.
Since most readers employed by small systems
wear many hats, a reduction of time spent read-
ing meters frees time for other tasks. One Sensus
customer installed remote-read zone meters that
automatically submit a daily reading by phone.
Already the operator has caught many leaks
early, saving thousands of dollars.

Immediate, accurate readings performed
remotely overcome problems, such as an inade-
quate number of readers, transposing numbers,
difficulty in accessing meters located in residences
and other buildings, and difficulties lifting meter
pit lids. 

The small system in Lavelette decided to go
with the touch-read system where the reader
touches a wand to the pad on the top of the meter.
This increased reading speed and the assured
billing accuracy, making this electronic system
a logical choice.

Some small communities have benefited from
using the same readers to read several utilities’
meters. Lake City, Florida, (population 11,000)
upgraded their older water meters to a touch-read
type initially because they frequently needed to
pump out pit-read meters due to flooding. 

When the water department reported recover-
ing a 30 percent loss in water by improving the
accuracy of meter reading, gas utility customers
were also upgraded to the same automated read
system. The efficiency of using the same meter
readers and the reduction in reading errors has
earned this system high praise from citizens.

Automated meter reading can improve accu-
racy, keep billing cycles on schedule regardless
of weather conditions, and reduce the number of
customer complaints. 

What about meter installation?
According to a 1986 American Water Works

Association (AWWA) water supply practices man-
ual, Water Meters—Selection, Installation, Testing,
and Maintenance, there are no standards for water
meter installations. Meters may be placed horizontal-
ly or vertically, indoors or out. Basic requirements

are that the installation is leak-tight, easily
accessed for reading or service, protected from
frost, mechanical damage, and/or tampering, and
that it is not an obstacle to public safety.

Outdoor settings are becoming more and
more common as access to indoor locations is
often difficult and slows reading efficiency.
Although pit set meters have their problems,
such as frost damage, flooding, and difficult
access to street level pit covers, pits are the most
common installation sites.

Other installation concerns are the fragility 
of plastic parts now used on meters. The plastic
face cover can scratch easily and care must be
taken during handling and installation. 

Also note that a good deal of damage can be
done to new meter accuracy at the time of instal-
lation if muddy water is allowed to flow through
the system. This initial flood of debris-filled water
is considered one of the main culprits in shorten-
ing the life of a water meter. “We’ve found that
debris in the water is the most common cause of
meter degradation,” Rusnock noted.

Meter installation is a relatively simple job;
running the lines and mounting the meters requires
only the most basic of plumbing skills. Wellman
observed, “We saved the system between $15 and
$20 per meter by doing the installation ourselves
rather than hiring a contractor.” This decision
will obviously be determined by the work 
force available.

What about cost and length of service?
Meter costs vary. Sensus Technologies’ most

popular residential positive displacement meter
runs about $45 and comes with a 15-year warran-
ty. Of course, a cheaper meter might seem the
best choice, but as Steve Huth, president of Water
Specialties Corporation of Porterville, California,
advises, “You might save (money) up front on a
cheaper product . . . but what if the meter fails or
needs maintenance?. . . It’s a lot more economical
to buy a proven, longer life device to begin
with.” Purchasers should take time to evaluate
the durability of the components.

AWWA advises that you conduct water sur-
veys to monitor accuracy when the meters have
been in service 10 years. Meters can be field
tested by members of your staff, but before
beginning this procedure, check the cost of 
meter maintenance from manufacturers and 
other private companies. Also, be aware of your
current warranty coverage.

Meter life expectancy is primarily determined
by quality and quantity of the water flowing

Continued from previous page
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Water Fact
From A.D. 800 to

1400 the Hohokam

Indians in the

Southwest, called

the “canal builders,”

constructed major

systems of irrigation

canals that were

150 miles long 

or more. 

Guide to USDA
Programs for

American Indians
and Alaska Natives
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Small Systems Symposium Scheduled
“Small Drinking Water and Wastewater

Systems: Technology for the 21st Century,” a
technology expo and international symposium,
will be held January 12–15, in Phoenix, Arizona.

Produced by NSF International and the Rural
Water Research and Education Foundation
(RWREF), the symposium will present the latest
practical technological, operational, and manage-
ment solutions. Presentations of regulatory issues
will be tailored specifically to small systems.

The symposium is the second developed by
NSF International, and the first in collaboration
with a number of organizations, including the
World Health Organization, the Pan American

Health Organization, the National Drinking
Water Clearinghouse, and the National
Environmental Training Center for Small
Communities. At the 1998 International
Symposium, held in Washington, D.C., more
than 450 experts gathered to discuss the provi-
sions of safe drinking water in small systems.

For technical program information, call Joe
Cotruvo at (202) 289-2140 or e-mail cotruvo@
nsf.org or trevant@nsf.org. For registration, call
Wendy Raeder at (800) NSF-MARK or log onto
NSF’s Web site at http://www.nsf.org/symposium.
You may also call Diane Snyder, RWREF, at
(505) 830-1669 or e-mail rwref@nm.net.

Continued from page 13
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Water 2000 Awards $211 Million

projects to improve drinking water for more than
2.8 million Americans. According to Glickman,
since 1994, the USDA has invested nearly $2 
billion in Water 2000 projects in more than 1,600
rural communities nationwide. This is the fourth
annual nationwide Water 2000 disbursement.

The USDA’s Water and Waste Disposal Loan
and Grant Program is the primary funding source

for Water 2000. Almost $16 billion has been
loaned to rural American communities since 
1940, with a loan loss rate of less than one-tenth 
of one percent. 

For more information about Water 2000, log
onto the USDA Web site at http://www.usda.
gov/rus/watr2000/.

through it. AWWA can provide financial analysis
models to help a utility determine when it is
cost-effective to replace meters. The decision
about when to replace or repair older meters can
be answered by comparing the cost of replace-
ment or repair, water rates, and the amount of
water the customer uses.

Some systems conduct ongoing testing pro-
grams—testing and replacing, as needed, 10 
percent of meters per year. Such a program helps
determine the most efficient replacement program.
In-house meter testing also can improve customer
relations and is often the most effective way of
satisfying a chronically complaining customer.

Since wear and aging of meters results in
under-metering (and resulting loss in revenue),
system operators need to stay on top of aging
equipment. Utility managers agree that after a
service period of 10 years, loss of meter accuracy
can begin to be significant. It is advisable to
begin performing meter surveys near the end 
of the manufacturer’s warranty to determine
equipment accuracy.

Simple meter surveys benefit the local water
system both by gaining revenues, in the case of

leak detections, and assuring the public of the
equitable product rating. Meter surveys can also
be useful for providing the data necessary to
convince the local officials of recommended
changeouts of older meters. Accurate meters 
are invaluable when dealing with water con-
sumption and water loss, both very relevant to
community revenues.

Accurate water measurement is the best 
way water utilities can produce revenue to cover
expenses, charge customers equitably, prevent
water loss, and minimize the load on their systems.

For a copy of the 1989 National Rural Water
Association publication Rural and Small Water
Systems Training Guide—Water Audits: An
Introduction, item #DWBLMG16, call the
National Drinking Water Clearinghouse at (800)
624-8301 or (304) 293-4191. You may order by
e-mail at ndwc_orders@ndwc.wvu.edu.

For more information about water meters,
you may also call Sensus Technologies, Inc., at
(800) 638-3748 or log onto their Web site at
http://www.sensus.com. Also, AWWA lists many
companies that provide meter services on their
Web site at http://www.awwa.org/.
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EPA Urges Reduction in MtBE Use
Editor’s Note: For an in-depth discussion of this
topic, see “Is there a problem with MtBE?” in
the Summer 1999 On Tap, Volume 8, Issue 2,
item #ONTAP30. See back page to order.

The U.S. Environmental Protection Agency
(EPA) is urging widespread reduction in the use
of the controversial gasoline additive methyl 
tertiary butyl ether (MtBE), following a report
issued by a panel of experts in July. 

MtBE, a methanol-based additive, which has
been used to replace lead as an octane enhancer
since 1979, is added to gasoline throughout the
U.S. to reduce carbon monoxide and ozone lev-
els caused by auto emissions. It has been widely
used since 1988.

EPA established an expert advisory panel to
study MtBE. This group includes water utility
professionals, public health experts, scientists,
environmentalists, and oil industry executives. 

The panel confirmed many concerns raised
about the additive but concluded there is currently
no evidence of a public health threat. They found
that while “reformulated gasoline” has significant-
ly contributed to air quality improvements, MtBE
poses a growing threat to drinking water.

EPA Administrator Carol Browner stated that
we need to significantly reduce the use of MtBE
in gasoline as quickly as possible without sacri-
ficing the gains made in achieving cleaner air.
She said she will ask Congress to make changes
in the Clean Air Act that maintain air quality
gains while reducing the amount of MtBE in
reformulated gasoline.

Federal research shows that the compound
causes tumors in rats and may do so in humans.
Also, a University of California study showed
that the additive has been detected in at least
10,000 groundwater sites throughout
that state.

The panel urged a broader public
education campaign about the poten-
tial environmental harm posed by
gasoline when it contaminates
groundwater. MtBE molecules travel
unusually quickly through soil and
into groundwater once gasoline gets
into the soil through leaks in under-
ground tanks or spills while refueling
motor vehicles, boats, and lawn 
mowers. In addition, MtBE tends 
to move quickly from the gas phase
into the water phase if contaminated
air comes in contact with uncontami-
nated water.

In 1990, Congress required that
gasoline sold in areas with severe air

pollution contain a higher amount of oxygen.
While other additives, such as ethanol, can be
used, MtBE is by far the most popular additive. 

As part of implementing the Safe Drinking
Water Act Amendments of 1996, the EPA Office
of Water placed MtBE on their drinking water
Contaminant Candidate List and determined that
they need more health effects research and
occurrence data before deciding whether or not
it should be regulated under National Primary
Drinking Water Regulations. 

MtBE will also be included in a forthcoming
Unregulated Contaminant Monitoring Proposed
Rule that will require all large public water 
systems, and a selection of small and medium
systems, to monitor and report the presence of
MtBE in their water supplies. 

In December 1997, EPA updated its MtBE
advisory, recommending control levels that pre-
vent adverse taste and odor (ie., 20 to 40 parts
per billion)—a level that also provides protection
against any potential adverse health effects with
a very wide margin of safety. 

MtBE is used in reformulated gasoline
required by the EPA in all or parts of 16 states,
including California, Connecticut, Delaware,
Illinois, Indiana, Kentucky, Massachusetts,
Maryland, New Hampshire, New Jersey, New
York, Pennsylvania, Rhode Island, Texas,
Virginia, and Wisconsin. Gasoline sold in these
states accounts for approximately a third of all
the gasoline sold in the country. 

California recently announced it will ban
MtBE use, and Maine state officials pulled out
of the reformulated gasoline program because 
of concern about MtBE.

For more about MtBE see EPA’s Web site at
http://www.epa.gov/safewater/MtBE.html.

NDWC Catalog, Resource Guide Available

Two new information resources are now available from the National
Drinking Water Clearinghouse (NDWC). 

The Drinking Water Products Catalog lists more than 240 educational
products to assist small communities with their drinking water system needs.
It includes resources covering financial topics, management issues, regula-
tions, research, technologies, and other subjects.

The 1999 Outreach Resource Guide lists information about nearly 90 
federal, national, professional, and trade organizations that have drinking
water-related interests. It includes each organization’s mission, water-related
activities, publications, address, Web site, and phone and fax numbers.

For free copies of these publications, call the NDWC at (800) 624-8301 
or (304) 293-4191 and request the Drinking Water Products Catalog, item
#DWBLPR01, or the 1999 Outreach Resource Guide, item #DWBKGN36.
Orders may be e-mailed to ndwc_orders@ndwc.wvu.edu.
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by Babu Srinivas Madabhushi
NDWC Technical Assistance Specialist

Radium (Ra) is a naturally occurring radio-
active element present in varying amounts in
rocks and soil within the earth’s crust. Under
natural conditions, radium leaches into ground-
water from radium bearing rocks. All rocks contain
some radium in small amounts. Radium readily
dissolves in groundwater when the pH levels of
water are low. In general, surface water is low in
radium; however, deep bedrock aquifers used for
drinking water sometimes contain radium above
regulatory standards.

Groundwater, which flows through pores in
underground layers of rock, dissolves minerals
as it flows. If the rock contains significant
amounts of radium, and the groundwater moves
at a slow enough rate, the water picks up higher
amounts of radium.

Most low-level aquifers do not contain signif-
icant amounts of radium. However, radium has
been found in some private and public wells.
Radium cannot be seen, tasted, or smelled in
drinking water. Unless the water supply is tested
for radium, the presence or absence of radium
cannot be confirmed. Immediate health risks
from drinking water containing low radioactivity
levels are small, but consuming this water for a
lifetime increases the health risks. 

The list of man-made radium sources includes
stormwater runoff from mining operations, dis-
charges from industrial and medical activities, and
fallout from nuclear weapons detonation or acci-
dental discharge from nuclear power facilities.

Radium, like any other chemical, can be
present in several isotopes that have different
radioactive properties, and the most common
isotopes in groundwater are Ra 226 and Ra 228.
Isotopes are atoms with the same number of 
protons but a different number of neutrons. An
atom of radium has 88 protons and the two well-
known radium isotopes contain 138 and 140
neutrons, respectively. Since the atomic mass
number of a chemical is the sum of protons and
neutrons, isotopes of radium are represented as
Ra 226 (88+138) and Ra 228 (88+140). 

What is radioactivity?
Radioactive substances undergo spontaneous

nuclear decay, thereby emitting various forms of
radiation energy. The primary form of radiation
emitted by radium is the alpha particle. Most nat-
urally occurring radioactive elements emit alpha
particles during their decay process. Presence of

alpha particles in water indicates the presence 
of a radioactive substance. Other radioactive
substances, besides radium, may contribute to
radioactivity in water. 

Water testing for radium should be started
with a test for gross alpha particle activity, the
measure of the total amount of radioactivity 
of water. If gross alpha activity is observed, 
further testing for radium should be carried out.
Radioactivity levels of water are measured in
“picocuries” per liter (pCi/l). 

Is radium regulated? 
The U.S. Environmental Protection Agency

(EPA) has established maximum contaminant
levels (MCLs) for combined radium 226 and 228
and for gross alpha radiation in drinking water.
The MCL for combined radium 226 and 228 is 
5 pCi/l. The MCL for gross alpha is 15 pCi/l.
Standards have not been established yet for 
Ra 224 or other alpha emitters.

The MCL set for radium is well below levels
at which health effects have been observed, and,
hence, is assumed to protect public health. The
EPA has proposed to raise the standard for 
radium in drinking water to 20 pCi/l based on 
a reevaluation of potential health risks from 
radium and other radioactive elements. 

What are the health effects of radium?
Naturally occurring levels of radiation in

drinking water are not considered to pose a
health emergency. The estimated health risks
from low levels of radium are small and short-
term exposures pose extremely small levels of
risk. The risk associated with consuming water
containing 5 pCi/l of radium for one year is
comparable to one chest X-ray. There are no
health risks associated with bathing, washing
dishes, or doing laundry with water containing
radium since the skin blocks the alpha radiation. 

Radium is known to cause bone cancer if
consumed in high doses. A National Academy of
Sciences report states that long-term exposure to
higher levels of radium in drinking water causes
a higher risk of bone cancer. Studies of workers
who ingested high levels of radium from occupa-
tional activities show that radium causes bone
cancer. According to the EPA, long-term con-
sumption of water containing 5 pCi/l radium
may cause 44 additional cancer deaths for every
million people exposed. The risk increases as the
level of radium increases. 

Radium, like other elements, naturally enters
the body through water and food consumption.

What is radium? Is it in drinking water?

QUESTION & ANSWERQUESTION & ANSWER

Continued on next page
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No more than 20 percent of the ingested radium
is absorbed from the digestive tract and distrib-
uted throughout the body. Internally deposited
radium emits radiation as alpha particles that
may then damage surrounding tissues. Radium 
is chemically and structurally similar to calcium,
and the body absorbs it into bones. When swal-
lowed, a small amount of radium attaches to
bones, but most leaves the body in feces or urine. 

However, studies of workers exposed to high
levels of radium and other sources of alpha radi-
ation for extended periods, show that these high
levels may cause anemia, cataracts, fractured
teeth, and even affect the immune system, in
addition to causing some types of cancer.

How can a radium problem be countered?
Quality, operation and maintenance of equip-

ment, dependability, and economy are the important
factors to consider when dealing with unacceptable
levels of radium. The list of solutions includes, a
new water source, blending water from more than
one source, or removing radium by treatment. The
first two are preferable options since they are less
expensive and avoid waste disposal problems. A
source of treated surface water or groundwater
with lower radium content, drawn from a diff-
erent source, can replace or be mixed with an
existing source.

Systems unable to employ these non-treat-
ment measures must choose the treatment option.
One fairly inexpensive treatment method is ion
exchange, which is used in home water softeners.
This process removes approximately 90 percent
of radium. 

The ion exchange process for radium removal
is similar to the process for hardness removal. 
In this process, sodium (or hydrogen) ions are
exchanged for radium. Once the ion exchange
resins are exhausted, the resins need to be regen-
erated with common salt or a dilute acid. The
exchange capacity of the resin and the amount 
of regeneration liquid required are the factors to
be considered in the ion exchange process. The
regenerant solution and resin wash-water contain
dissolved contaminants that require disposal in 
a safe manner. In some cases, however, the ion
exchange process can cause the undesired effect
of adding sodium to the treated water, a factor
those on low sodium diets also should consider
before installing a softener.  

Another possible treatment method is lime-soda
ash softening. Laboratory studies have demon-
strated an average 80 percent removal. In this

process, lime and soda are added to water and
combine chemically with radium to convert it into
insoluble compound. This insoluble compound
precipitates as a sludge, which can be removed
from water by gravity settling and disposed of in
a safe manner.  

Reverse osmosis (RO) can remove about 90
percent of radium. With RO, the contaminated
water is forced through a semi-permeable mem-
brane that will not allow dissolved substances to
pass through. Radium is removed from water by
passing it through the membrane. Pumping pres-
sure is an important design consideration of this
process. The reject solution from this process
contains high levels of dissolved solids and
needs special disposal considerations. 

When selecting the treatment process, con-
centrations of radium in raw and finished water
should be considered. 

Does treatment create secondary waste?
As discussed earlier, all treatment processes

produce wastewater and solid waste (sludge)
containing radium in varied concentrations.
These treatment byproducts must be disposed of
properly and safely. The list of disposal methods
includes, sanitary landfill, discharge into surface
waters, underground injection, application on
farmlands for soil neutralization or reuse for
road stabilization. As the wastes from the treat-
ment processes vary in radium concentrations,
the disposal method should be selected appro-
priately. Pertinent laws and regulations must 
be understood and followed before disposing 
of these wastes. (For more information, see 
Tech Brief: Water Treatment Plant Residuals
Management, item #DWBLPE65. See back 
page to order.) 

How is radium treated in private wells?
Of the treatment methods described earlier,

ion exchange using zeolite softening is effective
for home use. Radium, however, can get past an
improperly maintained softener. Users need to
monitor softeners periodically to assure they are
operating properly. 

Small “RO” units and distillation units may
be effective in radium removal in home systems,
but the units have limited capacity and severely
restrict water flow. The devices can only be used
to treat water from a single faucet rather than the
entire water supply. Additionally, other water
quality problems, such as high iron or manganese,
may interfere with these treatment methods.
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by Steve Hevner
Manager of Public Information
Pennsylvania State University
Middletown, PA

Penn State Harrisburg researchers report they
have found the first direct link between the pres-
ence of a bacterium in Pennsylvania drinking
water and stomach ulcers.

The research team headed by Katherine H.
Baker, PhD., assistant professor of environmental
microbiology, has tied Helicobacter pylori
(H. pylori) in well water and clinical infection 
in persons drinking from that supply. H. pylori
is an organism linked to the cause of at least 75
percent of all stomach ulcers and two types of
stomach cancers.

The Penn State Harrisburg researchers made
the association between water containing H.
pylori and the infection through tests of private
wells supplying drinking water to individual
households. Interviews with residents who con-
sumed the water found a statistically significant
correlation between presence of the bacterium
and cases of stomach ulcers.

Dr. Baker said drinking water is generally
considered safe when coliform bacterium is not
present. But the ulcer-causing bacterium was
found in coliform-free water samples, she added.
“What this really means is that our current meth-
ods for testing drinking water may be saying that
water is fine while H. pylori may actually be
present,” she said.

The research findings, released June 2 at a
meeting of the American Society for Microbiology
in Chicago, were described by the team as the
first to “demonstrate a direct link between con-
taminated drinking water and stomach ulcers.”
Baker said the study involved private, untreated
water supplies and not municipal water sources,
which are less likely to contain the organism.

Working with Jon Hegarty, a graduate student
in the Penn State Harrisburg Environmental Pollu-
tion Control Program, Baker previously identified
the presence of H. pylori in well and surface waters
in the region more than one year ago.

In that study, the bacterium was found in
more than 75 percent of the tested surface water
samples. That research represented the first
report of live H. pylori in surface water in the
U.S., demonstrating a major reservoir for the
organism outside of the human body.

In the U.S., an estimated 2.5 million new H.
pylori infections occur each year. Peptic ulcer
disease affects nearly 5 million people with treat-
ment costs exceeding $5 billion, not including
indirect costs due to work and productivity loss.
Approximately 16,000 deaths are attributed
annually to complications of peptic ulcer disease.

For more information, you may contact
Hevner at (717) 948-6029 or at sdh4@psu.edu.
You may also access Baker’s Web site at
http://www.personal.psu.edu/faculty/k/h/khb4/.

Direct Link Found Between Bacteria in
Drinking Water and Stomach Ulcers

N E W S  &  N O T E SN E W S  &  N O T E S

National Satellite Conference Is Announced 
Sponsors for this conference are the University

of Minnesota Extension Service, Minnesota
Pollution Control Agency, Minnesota Onsite
Sewage Treatment Contractors Association,

Minnesota Department of Health, and
the National Environmental

Training Center for Small
Communities.

For more information about
the conference or if you
are interested in being a

down link site, contact
the University of
Minnesota Onsite

Sewage Treatment
Program at (800) 

719-2825 or visit the Web page at http://www3.
extension.umn.edu/water/satconf99.html.

The University of Minnesota Extension
Service Onsite Sewage Treatment Program will
present a live satellite conference, “The Next
Generation of Sewage Treat-
ment” (Flushing in the New
Millennium), on October 28,
from 6 to 8 p.m. EDT.

The conference is 
targeted to homeowners,
local staff, elected offi-
cials, and industry profes-
sionals. Conference 
participants will learn
how several alternative
treatment technologies are
being used to treat sewage from individual
households and small communities, including a
small rural town and a lake shore community.

Conference
NRWA
Conference

Don’t forget
the National
Rural Water

Association (NRWA)
Management and
Technical Conference 
in Albuquerque, New
Mexico, October 17–20. 

For information log onto
the NRWA Web site at
http://www.nrwa.org/
meetings.htm or e-mail
Dawn Myers at
nrwadm@nrwa.org.
You may also call Wendy
Quarels or Meyers at
(580) 251-9081. E-mail
is preferred.
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USDA Assists American Indian Tribes
There are 560 federally-recognized American

Indian tribes in the U.S., including 227 Alaskan
Native Villages (ANV)—each unique in culture,
history, and governmental structure. More than
98 percent of American Indian and ANV water
systems serve 3,300 or fewer customers. 

While many communities minimize costs by
joining with other systems, this is rarely an
option because these water systems tend to be
remote. Very often these systems are located in
arid regions where water sources are difficult to
obtain. Natural conditions, such as permafrost,
can make construction very expensive. 

These drinking water systems encounter the
same problems as other small rural systems, and
then some. The Indian Health Service reports that
31.6 percent of Indians living on or near reserva-
tions had incomes below the poverty level, as
compared with a 13.1 percent poverty rate for 
all races, based upon 1990 census figures. The
Bureau of Indian Affairs states that according 
to 1995 labor force statistics, unemployment for

these individuals was 35 percent.
The U.S. Department of Agriculture (USDA)

has dramatically increased investment in tribal
water and waste programs under its Rural
Utilities Service (RUS) Water 2000 program,
providing more than $46 million in loans and
grants in four fiscal years under Water 2000—
compared with an average of $4.8 million annu-
ally in the four years previous. Water 2000 con-
fronts the difficult challenge of providing safe
drinking water to individuals in disadvantaged
rural communities—concentrating on remote,
low income, and geographically challenging
areas of the nation. (See page 1.)

On July 12, John Romano, Deputy Admin-
istrator of Water and Environmental Programs
for USDA’s RUS, announced approximately
$211 million in loans and grants at rural projects
in 40 states. Of the 106 sites selected, eight 
are American Indian reservations and four 
are ANVs. 

R E S O U R C E SR E S O U R C E S

MAP Celebrates 20 Year TA with Training
The Midwest Assistance Program (MAP) is

celebrating 20 years of providing technical assis-
tance and training to small communities by spon-
soring a special training conference, “20 Years
of Technical Assistance Secrets Revealed.” The
conference will be held at the Crowne Plaza
Northstar Hotel in Minneapolis, Minnesota, on
October 13 and 14, 1999.

Four separate training tracks will be featured:
“The Secrets of Pollution Prevention,” “The Secrets
of Community Development,” “The Secrets of
Executive Leadership,” and “Assessing Waste-
water Options for Small Communities,” sponsored

by the National Environmental Training Center
for Small Communities.

Tuition for the event is $185 for registrations
received before September 10 and $235 for reg-
istrations received after. It includes courses and
materials, a continental breakfast, a reception,
lunch, and banquet.

For more information or to register, write to
MAP Inc., P.O. Box 81, New Prague, Minnesota
56071 or call (800) 822-2981 or (612) 758-
4334. You may also fax (612) 758-4336 or visit
MAP’s Web site at www.map-inc.org.

see the U.S. Environmental Protection Agency (EPA)
Drinking Water Infrastructure Needs Survey: First Report
to Congress. To order, call the NDWC at (800) 624-8301
or (304) 293-4191 and request item #DWBKFN09. You
may order via e-mail at ndwc_orders@ndwc.wvu.edu. This
document is free of charge. 

You may also call the EPA Safe Drinking Water
Hotline at (800) 426-4791 and request EPA 812-R-97-
001 or download the document at http://www.epa.gov/
OGWDW/docs/needs/ 

For further tribal information, go to EPA’s American
Indian Environmental Office Web site at
http://www.epa.gov/indian/.

The Guide to USDA Programs for American Indians
and Alaska Natives is an important book for tribal mem-
bers and those who work with these communities. This
updated 1997 reference book describes numerous pro-
grams and services available to these communities
through the U.S. Department of Agriculture (USDA). 

To order a free copy, contact the USDA Office of
Congressional and Intergovernmental Relations Program
at (202) 720-6643. You may also download a copy of
this document at http://www.usda.gov:80/news/pubs/
indians/open.htm.

For more about the drinking water needs among
American Indian tribes and Alaskan Native Villages, 

Information To Help American Indian Tribes Is Available



Note: The free items listed below are limited to
one of each per order. Call (800) 624-8301 or
(304) 293-4191 to order products. Please allow
three to four weeks for delivery. Actual shipping
charges are added to each order. National
Drinking Water Clearinghouse (NDWC) products
also may be ordered via e-mail at ndwc_orders@
ndwc.wvu.edu. Products are subject to availability.
Please verify price when ordering.

Tech Brief Package 
Item #DWPKPE71
The National Drinking Water Clearinghouse

(NDWC) Tech Briefs are four-page fact sheets
included in On Tap. Each fact sheet provides
concise technical information about a drinking
water treatment technology relevant to small 
systems. The documents are aimed at drinking
water professionals, particularly small system
operators, and the content is fairly technical.
Tables and/or helpful illustrations are provided
as are sources for more information. A three-ring
binder holds all the current Tech Briefs in print.
New selections can be easily added to the pack-
age as they become available.

Cost: $0.00

Fact Sheet: Water Conservation Measures 
Item #DWBLPE74
This 1998 fact sheet explains various meth-

ods of water conservation, such as metering,
accounting for water consumed, and detecting
and repairing leaks in the distribution system. 
It also stresses that information and education
helps people understand the importance of 
water conservation.

Cost: $0.00

NDWC Consumer Confidence Report 
Item #DWBLPE83
The NDWC offers a simple four-page 1999

Consumer Confidence Report (CCR) with
instructions for small systems without computer
access to write a CCR. On Tap’s CCR is based
on the U.S. Environmental Protection Agency’s
Preparing Your Drinking Water Consumer Con-
fidence Report: Guidance for Water Suppliers,
which includes appendices containing health
effects language and mathematical conversions
for all regulated contaminants.

Cost: $0.00

Water Sense
Item #WSENSE14
This issue of the National Drinking Water

Clearinghouse's drinking water finance news-
letter, Spring 1998 Water Sense, Volume 4, Issue
2, focuses on Native American water issues. It
provides information about water and waste-
water funding for Indian tribes and Alaskan
Native Villages. A handy reference guide to
funding sources is included.

Cost: $0.00

Tech Brief Fact Sheet Package Is Available
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