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MEET THE PERFORMERS..
In just five years, PRECISION METERS has become the leading manufacturer of multi-jet

water meters! We're proud of our accomplishment because it clearly demonstrates
product recognition in the Utility Market Place ... Maybe it's because of our

all-environment bronze design, or our low-sensitivity and wide range selection, from
5/8” to 20", Then, to, we have a unique distribution network and fast response time

throughout the entire United States. , _
Why not make PRECISION METERS ... PRECISION METERS, INC.
11400 Astronaut 8ivd. Orlando, Flonda 32809

A Subsidiary ot Certain Teed Corporation

Reader Inquiry Service No. 051 (305) 851-4470

your water meter this year!
VISIT OUR EXHIBIT, BOOTH NO. 815
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Briefs and Bios

Page 170  Energy conservation opportunities in municipal water and wastewater

systems
Donald W. Lystra. Ashok K. Singhal and Philip N. Loud

Energy is a budget-intensive item for most municipal water and wastewater systems, accounting for 20 percent
of their operating expenses. A study of unit processes at four Michigan utilities revealed areas where energy
costs could be curbed.

= 2 Donald W. Lystra is a graduate of the Unmiversity of Michigan (Ann Arbor) with BSE and MA degrees. He is
IOE ’ 5 7 currently a senior associate and manager of the energy programs for Ayres. Lewis, Norris & May, Inc. Lystra is
S SFTE 5 member of IEEE. ISA. and NSPE. .
D.W. Lystra

Page 178  Slow sand filter design and construction in developing countries
R. Paramasivam, V.A. Mhaisalkar, and P.M. Berthouex

Recent research has been done to improve traditional slow sand filter design and to discover ways to reduce
filter cost, This paper describes how filter dimensions can be selected to minimize construction costs and haw
system reliability and operating flexibility can be increased at little extra cost by building the proper number o¢
filters. To aid policy makers at the national or regional level and design engineers at the local level, an
economic strategy for the design of new plants and future expansions is suggested.

R. Paramasivam received BE. MS. and PhD degrees from the University of Madras. He has served as a
consultant to the World Health Organization Reference Center for Community Water Supply in The Netherlands
and has 16 years of experience in research and development in environmental engineering, including teaching.
R. Paramasivam Paramasivam is a member of INWA and IAWPC and has been published by Journal IWWA, Journal IWSA, and
the Indian Journal of Environmental Health,

Page 186  Rights and liabilities of water suppliers arising from groundwater pollution
Edward I. Selig

To steer clear of trouble from contamination, water suppliers should test for priority toxic pollutants and learn
both the waste disposal practices and groundwater flow systems of their watersheds. There are many
strategies that can be used to maintain a healthy drinking water supply and avoid unnecessary litigation.

Edward I. Selig is a graduate of Yale University (New Haven, Conn.) with a BA degree, of Oxford University
(Oxford, England) with an MA degree, and of Harvard University (Cambridge, Mass.) with a JD degree. He is a
specialist in environmental, public health, and energy law, and his clients include both industry and
government agencies. Selig is a member of the Massachusetts, District of Calumbia, and American bar

E.l. Selig associations.

Continued on page 6
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Revolutionary
new turnin
fire hydrants:

the AMLOK"
nozzle.

You demand absolute dependability,
ease of operation, and minirmum
maintenance in fire hydrants.
American Valve & Hydrant has devel-
oped a revolutionary new )
nozzle concept to seal that
performance.
The new AMLOK
nozzle* Designed and
manufactured with
exacting precision and
furnished on American
B-62-B. B-50-B. and
Mark-73 hydrants.
Nozzle replacement
time is cut dramatically—in
- most cases to less than two min-
utes. There is no caulking, threading,
drifling, or backbreaking effort. Noz-
zies can be replaced on site, without
special tools or skills and there isnoth-
ing in the waterway to obstruct flow.

External lugs interlock with match-
ing lugs cast on the inside of the
nozzle boss. An O-ring gasket provides
positive, no-leak sealing. The gasket
recess in the nozzie boss provides
easy insertion. A special locking fea-
ture prevents unintentional turn-out.
And the new AMLOK design meets
all requirements of AWWA C502-80.

In short, American now offers
hydrants with a nozzle that's totally
adaptable, greatly reducing your
maintenance costs.

It is the nozzle you can turn to.

VISIT OUR EXHIBIT, BOOTH NO. 235

A Division of
American Cast Iron
Pipe Company

P.O. Box 2727
Birmingham,
Alabama 35202
205/325-7856 .
der Inquiry Service No.

* Patent pending
TV TEXDE LI P L n e LT QARG YT Vo AT ST Fhs - v
P P oo . .
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Continued from puze 4

Page 188 Groundwater contamination in Connecticut
Richard S. Woodhull

Cleanup of the widespread organic contamination of Connecticut’s groundwaters may be technologically
feastble. but the economic repercussions to individuals and towns is prohibitive. This paper explores the
possibility of federal assistance for cleanup programs.

Richard S. Woodhull has been with the Connecticut Department of Health Services for 32 years. presently
serving as chief of the water supply section. He is a graduate of Tufts University (Medford, Mass.) with a BS in
cwvil engineering and of Harvard University (Cambridge, Mass.) with an MS in sanitary engineering. Woodhull is
a member of NEWWA. IWSA, and AWWA and is a recipient of the George Warren Fuller Award. He has been

R S. Woodhull published by Journal NEWWA and Journal AWWA,

Page 190 Chemical contamination of aquifers on Long Island, New York
August A. Guerrera

Aquifers underlying Nassau and Suffolk counties have been classified as the sole source of water supply for
Long Island. Therefore, contamination of these underground systems would pose a severe threat to public
health, The area has unfortunately been subject to the premature release of information concerning
contamination, placing a heavy burden on area suppliers. Not only must they contend with the financial
responsibility of cleanup operations but also with consumer fear and distrust.

August A. Guerrera received a BS in chemustry from Brooklyn College (Brooklyn. N.Y.) and an MS in sanitary
scrence from New York University (New York, N.Y.). He has twenty years’ experience in monitoring the quality
of the New York water supply and has served as a liaison to the US Geological Survey and the US

A.A. Guerrera Environmental Protection Agency in matching-fund groundwater studies. Guerrera is currently director of
laboratories for the Suffolk County Water Authority.

Page 200  Trichloroethylene and methyl chloroform in groundwater:
A problem assessment
John C, Petura

Ample funds have been provided for the cleanup of air and water pollution, but groundwater pollution is just
beginning to receive much-needed attention. Contamination of wells is a common problem, but only recently
has the technology for removing contaminants been developed.

John C. Petura’s 13-year career in the water industry has focused primarily on water pollution control, with
particular emphasis on the removal of toxic and hazardous substances from water and wastewater supplies.
Petura also has an extensive background in the application of activated carbon for removing priority pollutants
from water. He is a graduate of Bucknell University (Lewisburg, Pa.) with a BS in chemical engineering and of
J.C. Petura Drexel University (Philadelphia, Pa.) with an MS in environmental engineering. Petura is a member of NSPE,
AAEE, AWWA, AICE, and WPCF.
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-+ Page 206  Detection of trace organics in well water near a solid waste landfill
Foppe 8 DeWalle and Edward S.K. C'

Landfills are the primary disposal sites used by municipalities and industries, making the threat of groundwater
% pollution through leachate migration an immediate concern. A contaminant control program showed that
recovery wells can be effectively used to halt plume migration.

Foppe B DeWalle received his MS in environmental engineering from the State University, (Wageningen, The
. Netherlands) and his PhD at the University of Washington (Seattle). Now associate professor at the University
5. of Washington, DeWalle was a faculty member at the University of lllinois and then at Stanford University.

-~

Page 211  Selecting polymers for direct filtration
Hsuan-Hsein Yeh and Mriganka M. Ghosh

Determining optimum polymer dosage depends on the molecular weight and charge ¢naracteristics of the
polymers themselves. Standard jar test apparatus is incapable of providing the necessary G values far mixing
most polymers. The optimum polymer dosages based on particle size analysis should be favored over those
determined by turbidity measurements in traditional jar tests.

Hsuan-Hsien Yeh is a graduate of the National Cheng Kung University (Tainan, Taiwan; with 8S and MS
degrees and of the University of Missouri (Columbia) with a PhD. During his studies at Columbia, Yeh
conducted polymer-aided filtration research for both surface waters and electroplating wastewater treatment,
He has been published by National Science Council Monthly and is @ member of AWWA, ASCE, and the
Institute of Chinese Engineers.

Page 220 Conduct and uses of jar testing
Herbert E. Hudson Jr. and E.G. Wagner

By simulating treatment plant reality, jar tests can quickly and economically produce tmportant data that are
directly appticable to plant design, modification, and operation, The procedure offers greater tlexibiltty and
economy than does the traditional pilot plant for pretreatment, and it has shown excelient scale-up correlations
with plant operating records

Herbert E. Hudson Jr. is a graduate of the University of lllinois (Urbana) with a 8BS degree 1 civil engineering
. He s a member of FASCE. AWWA, and the FAIC. Hudson has been published by Journa. AWWA, Journal SED,
< Water & Sewage Works, and Journal ASCE.

Page 223  The relationship between asbestos and turbidity in raw water
Richard K. Severson, James Harvey, and Lincoln Polissar

Many studies have attempted to assess the relationship between waterborne asbestos and cancer. Because
historical levels of exposure are unknown, data culled from such studies are not considered viable. This paper
establishes a significant correlation between turbidity and asbestos levels, possibly providing a means by which
historical levels of asbestos could be ascertained.

Richard K. Severson has been studying the relationship between cancer and asbestos in drinking water for the
past two and a half years. He is a graduate of the University of Washington (Seattle) with 8S degrees in
environmental health and mathematics and an MS degree in biostatistics.

R.K. Severson
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- Recordall disc meters quickly pay for
Recordall. themselves by increasing water
revenue. The reason for this is a totali/
- - new approach to meter sizing.
SIZed rlght In developing Recordall, Badger took
~ intosaccount recent evidence that
; household meters have been oversized

to deliver and a substantial amount of water is

used at flows below 2 gpm. Recordall
was designed, therefore, to improve
more revenue accuracy in a ‘‘practical’’ flow range
Y that closely matches typical usage.

; With Recordall, you generally have
a choice of two or more meters in the
same laying iength, but with different
capacities. That way you pay only for
the capacity you need—not more than
you need. What's more, you don't
sacrifice accuracy and revenue at fow
flows.

As an example: AWWA standards
for a 34" meter call for 95% accuracy
at %4 gpm and 98.5 to 101.5% accuracy
above 1 gpm. A Recordall Model 15
beats that hands down by delivering
97% accuracy at ¥ gpm and 98.510
101.5%, starting as low as ¥ gpm.

Buying ‘'too much’ meter wastes
water and money. Recordall's new
sizing concept gives you a way to size
up dramatic savings.

For details write to Badger Meter Inc.,
Flow Products Divisiop, 4545 W.

) , Brown Deer Rd., Milwdukee, Wi 53223.
& ’f - é} Reader lnqxfr'y Service Co.
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Why deal with several
when you get all these

Well Construction

Groundwater as a primary or secondary
source of municipal water supply is a grow-
ing trend. And for 99 years, thousands of
U.S. cities have relied on the well drilling
and well construction expertise of the
Layne organization,

Layne brings to each job a vast amount
of knowledge about underlying formations
and geologic conditions. Plus a corps of
skilled and trained personnel—hydrologists,
engineers, technicians, field supervisors,
and drillers. The result is a water well
system engineered and constructed for
long, economical service.

A thirsty city deserves no less.

Pump Installation

A good pump is critical to a smooth-working
water supply system. It must be selected
and engineered precisely for the duty to be
performed.

Whether the application is water well,
river intake, or booster service of any kind, a
Layne pump is built to do the job. And
Layne-Western crews are there to install,
test and place it in operation, instruct the
customer in its care and maintenance, and
provide continuing service.

A city depends on it.

Offices in these cities: Albany, GA; Ames, IA; Aurora, IL; Bakersfield, CA; Cleveland, MS;
Columbus, OH; Dallas, TX; Denver, CO; Garden City, KS; Houston, TX; indianapolis, IN;
Jackson, MS; Kansas City, MO; Lake Charles, LA; Lansing, Mi; Memphis, TN; Milwaukee,
Wi, Mishawaka, IN; Moses Lake, WA; Norfolk, VA; Omaha, NE; Orlando, FL; Pensacola,
FL; Phoenix, AZ; St. Louis, MO; Savannah, GA; Stuttgart, AR; Tempe, AZ; Wichita, KS;

Woodiand, CA.

Lo
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coniractors,

services withone?

WESTERN.

Hydrological Services

The services of Layne-Western engineers
and hydrologists do not replace the services
of consulting engineers or superintendents.
But they may be called upon to aid in the
overall planning of the water supply installa-
tion to whatever extent is needed.

The range of Layne-Western’s hydrologi-
cal services includes: geophysical surveys,
electric logging, groundwater model studies,
test hole drilling and evaluation, aquifer
analysis, and water quality evaluation.

Expert advice is also available after the
successful completion of the project.

A city is never forgotten.

Maintenance and Service

The Layne-Western approach to service is
twofold: Problem-prevention and problem-
solving.

Layne offers a comprehensive preventa-
tive maintenance program that will help
avoid major well and pump repairs. Layne is
also prepared to rehabilitate older wells, re-
storing them to productive levels through
chemical treatment or other appropriate
means.

If breakdowns occur, Layne-Western
crews with all the necessary equipment and
tools are on call. Day and night.

In times of emergency, a city needs fast
action.

LAYNE-WESTERN COMPANY, INC.
5800 Foxridge Drive
Mission, Kansas 66202

Reader Inquiry Service No. 035 LW-781
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“WITH CONCRETE. PRESSURE PIPE,
YOUR SYSTEM DOESN'T'
JUST GET OLDER...

o Ty e,

IT GETS BETTER.

Like fine wine, concrete pressure pipe im- ergy efficient operation for generations to come.
proves with age. The longer it stays in the Next time you’re considering pipe, consider
ground, the stronger it gets. And no plastic bags the future. For total performance, doesn’t your
or wrappings are needed to resist aggressive en- system deserve permanent concrete pressure
vironments. pipe?

What's more, the permanently smooth inte- For more information about the superior per-
rior surface of concrete pressure pipe provides formance of this pipe, write to the American Con-
superior hydraulic characteristics. You can trust crete Pressure Pipe Association, Dept. 10, 8320

your concrete pressure pipe system to provide en-  Old Courthouse Road, Vienna, Virginia, 22180.

AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION

12 NEWS Reader Inquiry Service No. 001 JOURNAL AWWA
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AWWA MEMBERS AND FRIENDS:

It 1s with great pride and anticipation that | announce the
Centennial Conference and Exposition of the American Water
Works Association. It will be held in St. Louis, Mo.—the location of
the association’s founding 100 years ago—from June 7 to June
11,1981,

The technical program, facilities tours and exposition will
provide the latest information on a wide range of technical
subjects: contaminant control, utility management, laboratory
analysis, operator training, and many more. Qur ability to improve
the quality and quantity of the water we supply will be’ further
enhanced in meetings with experts from not only our member
countries of the United States, Canada, and Mexico but also with
others from throughout the world. The centennial conference
also will highlight the World Water Decade of the 1980s.

The Missouri Section members have prepared an exciting
social and recreational program. The banquet entertainment will
feature outstanding performers of the music that accompanied
the history of AWWA growth, and you will have an opportunity for

APRIL 1981

individual entertainment, including a baseball game, shopping,
and sightseeing.

The conference will be keynoted by an outstanding speaker.
These events and many more will make your visit to St. Louis
worthwhile. You not only will have an enjoyable experience but
also will improve your ability to meet the water service challenge
of the next century. Let's help build a stronger association
through effective communication between all elements of the
industry.

Meet us in St. Louis!

Jerome B. Gilbert
President
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Only the
Mueller System

offers you
bubble-tight valves
in sizes from

It's the only really
complete selection of
resilient-seated valves
for applications requiring
bubble-tight closure. And
the only one in which every
valve is pressure tested for
zero leakage before shipment.

Choose from O-ring sealed
Oriseal® corporation, curb and
meter valves for small size
piping. Select and specify the
Muelfer RSGV with its modified

wedge disc, full open flow-way
and unique seating design for
throttling and other tough
applications.

Or specify the Lineseal 1l1®,
the better butterfly valve with
aunique external operator with
one-step adjustment and a

Each valve 1s subjected
to two hydrostatic lests:
one {or leakage across
the seat and one {or
leakage from the
assembled valve

CAPCO JEN 0020632
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body seat ring that adjusts
to pressure from either
direction.

We make them all
with proven Mueller
quality. And you can get them
all, with prompt delivery, from
your Mueller Distributor. He's
part of the Mueller System and
the only one you need to call
for bubble-tight resilient seated
valves — in %" to 48" sizes.
Contact him, your Mueller Rep-
resentative or write direct to
Mueller Co., Decatur, {L 62525.

Reader Inquiry Service No. 042

VISIT QUR EXHIBIT, BOOTH NO. 539

W-8104



Eliminate
“Equipment Shuffle.”

Switch to the Ford
Model 77 Drilling Machine.

S b NA S Lde s

PRS2 P KT o)

Until now, you,ve needed two or more drilling machines to
install 12"" through 2"’ corporation stops.

Not anymore.

With new 112" and 2" adapter kits, the Ford Model 77
Drilling Machine drills through all these sizes. Eliminating
the hassle and expense of equipping your service trucks
with multiple machines.

Type of pipe doesn’'t matter either. The Ford Machine
easily handles steel, cast iron. asbestos-cement, or plastic.
And the Model 77°s optional chip flushing feature

washes chips through the machine and out a hose.

A complete assortment of drills. shell cutters, and
special adapters are also available.

Simplify your service installation. For more information
on the complete Drilling Machine Kit, or on adapters to
update your current Model 77. write or contact your local
Ford distributor.

THE FORD METER BOX COMPANY. INC.
P.O. Box 443, Wabash, indiana 46992

112" Adapter 2’ Adapter

Reader Inguiry Service Noo G0

VISIT QUR EX-B 7 &, "re e

CAPCO JEN 0020633



News of the Field...

Update

The .Ctest ~ews of what s ~copening in the water supply field asreported within 15 days of press time.

DATELINE WaASHINGTON, D.C.:

AWWA SUPPORTS GORSUCH AND HERNANDEZ APPOINTMENTS. 1In a letter to
Senator Robert Stafford (R-Vt.), chairman of the Committee on
Environment and Public Works, AWWA strongly urged confirmation of Anne
M. Gorsuch and John W. Hernandez Jr. for administrator and deputy
administrator, respectively, of the US Environmental Protection Agency
(USEPA). The letter, signed by Water Utility Council chairman W.H.
Miller, supressed the association's opinion that Gorsuch and Hernandez
of fereé the country the dedication, knowledge, and experience to
efficianzly manage the complex issues inherent iIn the USEPA. AWWA
believes that their legal and engineering talents will provide optimum
effectiveness in this key regulatory agency. The letter also noted
that both recognized the differences among regions of the nation and
the need Zor greater state and local involvement in control of
environmental programs. Confirmation hearings are tentatively
scheduleéd for mid-April.

Gorsuch is a former member of the Colorado General Assembly, a
graduate of the University of Colorado, and a Fulbright scholar. She
has been active in environmental affairs for Mountain Bell, the
telephone company in Colorado. Gorsuch is a native of Casper, Wyo.

Hernazndez is a professor at Mew Mexico State University, a civil
engineer, and a long-time member of AWWA.

REAGAN DECIDES TO RETAIN THE COUNCIL ON ENVIRONMENTAL QUALITY.
Although its budget will be cut by wmore than 60 percent and its staff
significantly reduced, the Council on Environmental Quality (CEQ) will
be retained by President Reagan. The administration reportedly
considered eliminating the council on the grounds that its functions
could be handled by other agencies. Apparently, the decision to
retain the CEQ was made to avoid the strong protests of
environnentalists. At its reduced size, however, the council will
have difficulty carrving out its responsibilities for overseeing
fideral agency compliance with the National Environmental Policy Act.

NTWw JOMENICI-MOYNIHAN WATER RESOURCES BILL INTRODUCED. A bill
that wou%d,autﬁorize $2.5 billion for water projects construction has
been intrfcduced by Senators Domenici (R-N.M.) and Moynihan (D-N.Y.).
The legislation provides a different approach for such projects,
establishing state block grants and cost sharing and allowing the
states tc select projects and determine priorities. Cost sharing
would be set at 75 percent federal funding and 25 percent state,
Projects studied by the US Army Corps of Engineers or other water
development agencies would automatically be authorized subsequent to a
state's certifying that the project has widespread benefits and is the
most economical alternative. ‘

USEPA DISCLOSES PLANS FOR REGULATIONS. The Jan. 14, 1981, issue
of the Federal Register contains USEPA's agenda of regulations. There
are 183 regulations entries in this document. A large portion,
however, are actions required to satisfy agency review procedures in
accordance with either statutory or judicial mandates. Two
regulations are listed under drinking water, the control of organic
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News of the Field...

Update

chemical contaminants in drinking water by granular activated carbon
(GAC) systems and maximum contaminant levels (MCLs) for volatile
organic chemicals in groundwater. The USEPA proposes June 1982 as the
date for the reproposed GAC regulations; January 1981 was the date for
the Advanced Notice of Rule Making for organic chemicals. Recent
discussions with USEPA indicated, however, that the latter ruling will
not be available until early Mav. The MCLs for volatile organic
chemicals in groundwater could even be delayed until the “new USEPA
team” is in place and has provided guidance relative to policy and
regulations. )

DROUGHT RESPONSE COORDINATION UNDER WAY. Drought résponse
coordination has been assumed bv the Federal Emergency Management
Agency (FEMA). That agency has prepared a report, soon to be
available, relative to drought a2ssistance programs such as those
sponsored by the Farmers Home Administration, the US Army Corps of
Engineers, and the USEPA. For information concerning this report,
write to Federal Emergency Management Agency, Division of Disaster
Response and Recovery, 1725 I St., N.W., Washington, DC 20472.
ceevesensanssannseeAWWA Washington, D.C., office-—Cliff Atkinson Jr.

* Canadian
Update

DATELINE CALGARY, ALBERTA:

According to a report releasec by Alberta Envirounment, major steps
are needed if water supply and sewege treatment facilities are to keep
pace with the growth of the city of Calgary and surrounding
communities.

The Calgary Regional Utilities Study reports that many of the
treatment facilities were consicdered in the study. Factors such as
projected demand, source of supply, level of sewage treatment, and
cost were used to evaluate the various regional, subregional, and
individual facility options.

For water supply, the study recommends that the communities of
Alrdrie, Crossfield, Chestermere Lake, Strathmore, Carseland, Okotoks,
High River, Turner Valley, Black Diamond, Springbank Airport, and
Cochrane receive their water supplies from the city of Calgary; that
Bragg Creek and Redwood Meadows have a joint supply from the Elbow
River; that the western irrigation district main canal be used as a
source of joint supply for Irriczna and Beilseker; that existing
facilities at Longview and Cayley be upgraded; and that Blackie
continue to be supplied from medium-depth wells.

Recommendations on sewage treatment were to link the communities
of Airdrie, Crossfield, Chestermere Lake, Strathmore, Okotoks, Black
Diamond, Turner Valley, Redwood Meadows, Bragg Creek, and Cochrane to
the city of Calgary's treatment and disposal facilities; to improve
existing treatment plants serving Beiseker, Irricana, Carseland,
Blackie, High River, Longview and Springbank Airport; and to build a
new plant at Cayley.
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Better weed cr
spells better water control.

Maintaining irrigation and flood control Roundup works inside the weed, so there's
ditches is an on-going effort. That's why so many no residual soil activity. And Roundup is non-
irigation and water management districts use volatile, so it won't vaporize to harm nearby plants.
Roundup?® herbicide. You can even reseed right away—and that means

Roundup can get those weeds before they reduced soil erosion.
choke off irrigation and drainage water. Before If you want to get better water control...and
the backed-up water overflows, carrying weed save time, money and labor...try better weed
seed to spread the problem. Before the trouble control with Roundup.

involves costly dredging.

Just draw down the water from the ditches
and apply Roundup to the actively growing weeds.
Wait seven days, and then reintroduce the water.

Monsanto

Nothing works
like Roundup.

f e\ FOR LITERATURE ALWAYS READ AND FOLLOW LABEL DIRECTIONS FOR ROUNDUP.
- Roundup? is a registered trademark of Monsanto Company

red trad
1-800-621-5800 RUP-5P1-104D © Monsanto 1981

M/ I Hilinois, 1-800-972-5858.
Reader Inquiry Service No. 041
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Forthe AWWA and its members, the sprrit
of St. Louis encompasses a celebration of
the past and a commitment to the future as
the association holds its centennial con-
vention, June 7-11, in that city

The theme of the annual conference—
“Another Century of Better Water Quality
and Service"—was selected to recognize
AWWA's past 100 years anato look forward
to its goalfor the next 100. Eventhe structure
ot the conference reflects tradition and
innovation.

This year the conference will begin with
the customary exposition opening and
meet-and-greet function. The opening gen-
eral session on Monday will include the
awards ceremony in addition to an out-
standing keynote speaker.

From Monday afternoon through Thurs-
day morning. the divisions and commitiees
of the association will present discussions
of emerging technology. research, practical
applications, and government regulation.
Topics include "Environmental Considera-
tions and Other Delays," “Managing in a
Changing Economy,” “Small Water Utility
Operations and Design,” “Better Water
Quality and Service Through Training,” and
“Helen Weren't No Saint.”

The annual banquet has been moved to
Wednesday night. and the conference will
end at noon on Thursday with a special
lunch featuring a prominent panel.

The exhibits will be open on Sunday from
noon until 5 p.m and from 8 a.m.to 5 p.m.
Monday through Wednesday The evenings
have been left free for attendees to enjoy
the many aitractions of the city and the
extubitors’ social events.

To amplify the theme. the AWWA Cen-
tenmal Commuttee has planned a number
of events and souvenirs On Sunday, June
7 the exposition opening will include a
tvrthday party and traditional cake along
with penod entertainment like ragtime music
and German folkdancing.

The theme center, located in the exhibit
hall. will present a montage of AWWA
history and services as well as water
industry accomplishments of the past and
directions for the future against a Gay
Nineties background. Every technical reg-
istrant will receive a copy of the special
centennial magazine, with articles and
flustrations highlighting the industry’s past
and future. :

Also one of the centennial projects will be
a museum display of waterworks equipment
and photographs showing the history and
development of water supply.

Other traditional events will highlight the

18 ANNUAL CONFERENCE

conference as well. Three preconference
seminars on Sunday willinclude suchtimely
topics as groundwater contamination, small
utility problems, and coagulation and filtra-
tion. Facility tours of water systems in the
St. Louis area will be offered on Tuesday
and Wednesday. The popular golf and
tennis tournaments will gather contestants
for their once-a-year friendly rivalry.

The ladies’ program features a visit to the
Missouri Botanical Gardens, withits famous
geodesic Climatron, tours of historic St.
Louis homes, and a concert by the Saint
Louis Symphony. Optional tours, shopping
trips, and a fashion show will operate from

the ladies’ hospitality center, the annual
rendezvous for many at the conference.

Known as the gateway to the West, St.
Louis is a “jumping in" place as well as a
jumping off place. The city offers many
diversions: riverboat rides on the Missis-
sippi, numerous-historical sites. major
league sports, the Anheuser-Busch Brew-
ery, and the city's symbol, the famous
Gateway Arch. AWWA conferees can jump
into the swing with sightseeing and cen-
tennial celebrations combined with the best
in technical programs.

As AWWA's founding fathers could have
said, “Meet me in St. Louie!”

JOURNAL AWWA
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Pacihic States Cast hon Pipe
Prono, Ultah
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You only need one good
reason to go submersible.

Byron Jackson is first in submersibles—and has been
ever since 1932. In today’s ecology-conscious world, the
tragitional benefits of submersibles have added meaning.
Because the modern Byron Jackson submersible is...

Silent.

Our submersible pump and its close-coupled, ultra quiet
electric motor operate submerged in the pumped fluid (which
also dampens noise). The only way you can tell it's running is
to read the control panel. So it can be located anywhere
—even In the middle of a residential area.

Out of Sight.

No surface prime movers or
stuffingboxes. No pump
houses. Everything
can be under
ground. in short,
no sight pollution.

Vandal-proof.
Damage to expensive

pumping equipmentis a
growing problem faced by water districts
everywhere. Putting pumps underground leaves vandals
nothing to vandalize.

Here are nine.

Flood-proof.
Floods alt across the nation have dramatized the
vulnerability of surface-driven pumps. Obviously,

»,

Freeze-proof.
The “big freezes" of the
past two years have revealed
another liability of surface-driven pumps.
Because they can be installed below the frost line,
submersibles are immune to freezing.

Great for Crooked Wells.

Since we make submersibles that will operate inany
position, crooked or deviated wells are no problem. Operate it
vertically in primary and booster service—{lip it on its side as a
transfer pump, or incline it for river water intake. No other type
of pump offers such versatility.
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ldeal for Deep Settings.

Your choice’of many bowl and impeller designs lets the
Byron Jackson Submersible adapt easily to any submerged
pumping need. It can be set as deep as you have to go. if
you're faced with a declining water table, here is your solution.

Energy Efficient.

The compact. close-coupled submersible is highly
efficient in operation. For example, the new municipal water
system at Mercer Island, Wash., employs three Byron Jackson
Submersibles in conjunction with adjustable-frequency drives
and an electronic controller. It is actually paying for itself by
saving 16 per centin energy consumption over the noisy,
surface-driven pumping system it replaced.

o

‘ ind/ H
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Serviced Nationwide.

Our submersibles are built to operate unattended for
many years of silent service. But should you ever need
service, our nationwide network of authorized dealers and
factory service centers is on call to meet your installations,
parts and service needs 7 days a week.

They're backed up by our factory stock of rebuilt replacement
motors, ready forimmediate shipment.

For more information and specifications, contact your
Byron Jackson dealer today. Or write: Byron Jackson Pump
Division, PO. Box 2017 Terminal Annex, Los Angeles, CA
90051. (213) 587-6171

Duamr s 009 Warner LF 0w

BYRON JACKSON PUMP DIVISION=>Gees="

PO. Box 2017, Terminal Annex, Los Angeles, CA 30051
Reader Inquiry Service No. 010
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Pl HOW LONG HAS IT BEEN SINCE YOU MADE
\ AN ECONOMIC COMPARISON OF COAGULANTS?

Ferri-Floc® (Ferric-Sulfate) has a substantial advantage since no imported raw
matorhh are used, and being a dry chemical, you don't pay for water.
loc® is stiil a premium chemical usually requiring lower doses than othe
¢ coaguhnts. Wiite or phone for facts about Ferri-Floc® and other watt
s including SULFURIC-ACID ¢ SULPHUR DIOXIDE
¢ SODIUM SILICOFLUORIDE « LIQUID ALUM.

CITCO

CITIES SERVICE COMPANY

INDUSTRIAL CHEMICALS DIVISION
P.0. BOX 105062. ATLANTA. GEORGIA 30348
TELEPHONE {<04; 261 9100

Roadar Ineqiniey S ervan e o0, 01143
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Type of Registration

. AWWA ANNUAL CONFERENCE
5" AND EXPOSITION

- [TLN-11
ADVANCE REGISTRATION FORM sveo
Loy
. . . sun &
June 7-11. 1981 St Louis. Missouri sntrus oces Ser Sucen med Ooy
\ercer $°20 $30 s86 380 Sd2 35 30 &
e Enclose the completed form with payment and Neneemper $130 3100 580 80 WS % s0 %4
mail in the seif-addressed envelope no tater than Includes
May 25, 1981. e‘;’s’;'c:' . . . R
e The special rotes below apply fo registration Gener'gl 5 .- - - - -
received by June 1. sessions . . . . . . . . .
* Onssite registration rates are 10% higher. Exnbits . . e e . . . . o
® Your registration will be acknowledgea by AWWA, Sociat -
e Cancellations or transfers will be accepted unhl functions.. . . * * - . - -
the Conference starfs. Banquet
P . Wecnesscy . - * - - - - -
® Registrant and spouse should register on the same adies
form. events . - - . .
e Suncay Semincr registraiion shoula be made on Lames
his same form wunch s incluced rencelveus - - . o - - - -
PRINT First Last - -
NAVE L 1 ! | t | 1 | I 1 1 | l | 1 I | 1 { | I
e | | ! | | { | | I | | ] 1 [ | ] f | i |
CTARANY | | | 1 t i | ! | ] | 1 | | ! { | i | S|
ADDRESS L4144 by bboo4tovb v b | USE SAME NAME
STATE OR AS ON THE
oy Lt 1441t | I I N PROVINCE L1 | HOUSING FORM
SaOnNe | I ] | 1 ] { I ] | ] | 2P | | | |-
SeQLss | t 1 { { | | | | I 1 | { | 1 | i | I J
ADVANCE REGISTRATION Creetroce? Are vou @ member of AWWA?
Membet Nonmembet
YesL 1 1 I { jaNo b
Technicol Sessions & Exhibits (Member No.)
Sun-Tht - whin borauet. . . $100 aa 130 Ao "
wrout DORaUet 70 = 100 s Is your company @ member of AWWA?
o . - YesL 1 1 1 I 1cNo fo]
one oGy Mondcy oy 2 45 co (Ernpicyees of @ member company quanfy
suesaevon L., 32 oA 4w for member rates )
- feCnesaay onty . 32 B 45 Ba
L0 SCeQe Of LT eyt S A 9 ol QCCUPATION (cucle one)
Locwes Program - w 83 ~aa 80  <GA A water Clility
e 50 i 50 tea 8  Contractor
i C  Consuttant
Extudt Area Only D Marufccturer Exnibiting
Jur Sec 10 a 10 A £ Manufacturer et Exmibiting
Cre 2y - NErIOy exn Tt Oy 4 A 4 A F Manufacturer's Representative
EROV-U'o’o -1 ol ot o'l VI 4 Py 4 XA G Distnbutor
<L ETNasTCy 2xrGit OGNy 4 . 4 A H Educator
1 Research Lab
= J  Government-Feceral
Extra Banquet fickets —a $3Ce0 — A —_— A K Government-State
FocityTour. .. ... NV N L Govenment-Local
15 i 0 o M Student
Scientiic Luncheon (Thurs) ..... ..... 10 ca 15 oD N Other
Conference Proceedings . .... .. . .. 26 PA 52 PO
Make check payable to AWWA in
Su:dcy Seminars US funds
Smo woter system probtems .. .. .. 50 QA 70 =] Personal check
Coagulahon & fitration - back to Company check
@ DOSICS «eevnrerrrcannnrannas 50 A 70 RO Date
Organic chemical contaminants in
QrOUNCWOTEX . ..o cns 50 SA 70 SO
Mail to: AWWA Conference
6666 W. Quincy Ave.
T07TAL $ ot Denver, CO. 80235
APRIL 1981 ANNUAL CCNFERENCE 23
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CAN THE PIPE YOU SPECIFY
STAND THE TEST OF TIME?
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Some things are built to last. And
American Ductile Iron pipe is designecl.

manulactured and tested to do just that.

Strength: s wvability and corro-
sion resistan « ve characteristies that
are built into American Duetile Iron
pipe. Its tough cnough and versatile
enough to stand up to any terrain. Each
length is hvdrostatically tested (47-24”
sizes at 500 psi: 30" 51" sizes at 75%

AMtdeapaeits Veahe
[{E T NN ETRELE 3 N N E2E

LN

—

ol vield. usually above 750 psi). And
Lurger than nominal internal diameters
provide up to 8% extra flow capacity.
Its unexcelled for maintenance free
service. All this to meet the unexpected
demands of an advancing civilization.
When vou need pipe that will
stand the test of time. specily American
Ductile Tron.
Wewon't leave vou high and diy.

American Ductile Iron Pipe

Corportte Headguarters and Prineipal Plasts
Birnununcham. Alabatsa

ot f oo DY allas] Rt ey
RIS W ARl P gl S s R
DU U S N TR TIYENRRTLY J RA RN SUR

Vot st Novam el a0

Poeadior gusy Serve e N W)

Do NYL al s
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1981 Annual Conference Hotel Locations and Rates:
[17]18,19120)

NO. OF
4BR ROOMS
Map No. SGL [»:'8 SUITE RESERVED

1 Rodisson-St Louts 50-56 60-66 120 200

2 Srergron-St Louis 55 67 140-220 500

3 Ser Air Hilton 52-62 62-72 150-350 100

4 ~oliday Inn 49-59 58-66 100-110 300
Qwerfront

5 Stoutfer's 50-52 62-64 175-225 800
Rvedront Towers

5 “emott's Pavilion 52 40 6 -~ 275

7 Maytair 41 a9 - 115-125 150

8 Lennox 34-37 38 5 55-65 175

9 Best Westermn St 35 45 5 70 100
Louisian

10 Honday Inn— 33 38 - - 180
\Market Street

11 Rodeway Inn— 38 a4 é - 200
Downtown

12 St Lous 38-40 46-48 8 75 150
Romadao Inn

13 Bel Air West 30 32 2 - 75

14 Forest Park 30-40 35-45 - - 100

15 Chase Park Plaza 45-65 55-70 10 - 750

16 Quuality Inn ot 35 37 - - 100
Forest Park

17 Holiday Inn— 42 52 - 0
Clayton Plaza

18 Clayton inn 48 58 125 100

19 Donigle 65 75 150-200 40

2 Breckenndge Inn 67 78 - 150
—Frontenac

26 ANNUAL CONFERENCE JOURNAL AWWA *
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HOTEL RESERVATIONS

AWWA Conference Housing
Bureau

1300 Deimar St.

St. Louis. MO 63103

Nmmem o mmu te ASeay ¢ ta

Hotels
1st choice
2nd choice
3rd. chowce
Amwat Cate Time AM PM
Names of Occupants
1
2.
3
4
Accommodations Requested
[w] Single S
[m] Double N
a Twin S
a Twin Double S
a Cne-BR Suite S
w] Two-BR Suite S
Send Confirmation To
Neme
Compeny
Adciress
Cty State ip
‘e’epnone A/C No.
-Important-
Reservations must be sent to the AWWA Housing 4. f occommodations are not available at the
Bureau on official housing forms. Hotels will not hotsls of your choice, comparable reservations
accept direct reservations. will be made at other cooperating hotels.
. You will receive acknowtedgment of receipt of 7. If reQuested rate is not available, the next
your reservation request from the Housing Bureau, available rate will be assigned. ’
but confirmation of your resenvation will come : ;
trom the hotel to which you have been assigned. 8 Reservations will not be ccceptedct;y telephone.
. 9. Notify the Housing Bureau of CANCELLATIONS.
ge mSeL;re to list amval and departure dates and Make CHANGES directly with the hotel.
Hotel confirmations will indicate late amival 10. ggrseeé\:lcgomu;f%ea;ece at the Housing
guarantes and deposit policies. Y ‘ :
HOW!
. Be sure to list names of all occupants of room. 11. CONTBEANOS :
APRIL 1981 ANNUAL CONFERENCE 27
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A unique fribute fo a
. once-in-a-lifetime event.

The AWWA Centennial Magazine tells the story of the past.
present and future of water service and AWW AL presents o
caricty of facts, prognostications, anvedotes and images
touching all aspects of the industry,

There's something for evervone in the Centennial Magazine,
Technical people. government officals and ordinary citizens will
find the articles both informative and absorhing.,

The Magazine is sturdily-hound, containing over 10D pages of
articles. features. photos and advertising, 1t's designed in oven
way to be a comprehensive and fong fasting souvenir of the
Centennial,

Technical registrants at the 1951 Annual Conference will
receive a free copy, Others may purchasc copics from
headguarters.

Special low rates for advance bulk orders make it possible for
companics to purchase complimentary copies for their
customers.

She R Al
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1981 Annual Conference Preliminary Technical Program

Monday, June 8—Morning

1 » ANOTHER CENTURY OF BETTER
WATER QUALITY AND SERVICE

General Session

Chairman: J.B. Gitbert
Vice Chairmen: K.J. Miller, J.H Stacha, W O, Lynch,
D.K. Shine, T.J. Blair 11, D.8, Preston

1. INVOCATION

. WELCOME

. OPENING REMARKS~—J.8, GILBERT
. AWARDS

2
3
4
5. KEYNOTE ADDRESS

Monday, June 8—Afternoon

2 ¢« ENVIRONMENTAL CONSIDERATIONS
AND OTHER DELAYS
Distribution Division
Charrman: P E. Pilgreen
Vice Chairman: D.E. Jacksen

1. NEGOTIATING FOR INSTREAM WATER—
D.J. CHRISTIANO

2. ENVIRONMENTAL AND REGULATORY CHESS
GAME—A.L. WUBBENA

3. PERMIT PROGRAM AS IT AFFECTS
NAVIGABLE WATERS—G.R. ROBERTSON

4. INSTALLATION PROBLEMS AND SPECIAL
TECHNIQUES OF LARGE STEEL MAINS—
S.T. FLETCHER

5. INNOVATIVE DESIGN TO OVERCOME
REGULATORY CONSTRAINTS ON A WATER
STORAGE FACILITY—A.C. HAVEN

3 » MANAGEMENT CHALLENGES OF THE
'80s: PEOPLE AND THE
MANAGEMENT PROCESS

Management Division
Cochairmen: C.A. Froman Jr., K.W. Peitz

APRIL 1981

6 e

CAPCO JEN

1. EVOLUTION OF MANAGEMENT AND
ORGANIZATIONS—H.J. GRAESER

2, CHANGING ATTITUDES AND MANAGEMENT
STYLES—R. BAREFIELD

3. COMMUNICATION AND RELATONSHIPS WITH
CUSTOMERS—KAY KUTCHINS

4, THE REGIONALIZATION PROCESS—
C.R. MORRIS

INTERACTIVE DEVELOPMENT OF
SURFACE AND GROUNDWATER
SUPPLIES (Panel Discussion)

Resources Division

Cochairmen: F.M. McGowan, W.R. Inhoffer

1. NEED FOR CONJUNCTIVE WATER SUPLIES IN
THE DELAWATER RIVER BASIN—
G.M. HANSLER

2, D.W. MILLER

WATER QUALITY: PAST, PRESENT AND
FUTURE (Roundtable)

Water Quality Division

Chairman: J.M. Symons
Vice Chairman: J.E. Singley
1. ABEL WOLMAN

2. G.E. SYMONS

3. H.E. HUDSON JR.

4. C.H. TATE

5. V.J. KIMM

RESEARCH 1

Research T&P Committee

Chairman: P.L. McCarty
Cochairman: P.R. Cairo

{Continued on page 30)
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«Continued from pgge 294

. APPLICATION OF POLYMERS FOR WATER

PLANT SLUDGE CONDITIONING—J.T. NOVAK,
MOHAMMAD PIROOZFARD

. INTERACTION OF HYDROLYZABLE METAL

AND CATIONIC POLYELECTOLYTE
COAGULANTS—R.D. LETTERMAN,
P. SRICHAROENCHAIKIT

. SOFTENING SLUDGE TREATMENT: STATE-OF-

THE-ART—D.A. CORNWELL;
G.P. WESTERHOFF

. WATER CLARIFICATION AND

DECOLORIZATION WITH THE USE OF
REGENERABLE MAGNETIC PARTICLES~—
W.G.C. RAPER, N.J. ANDERSON, B.A. BOLTO,
D.R. DIXON. L.O. KOLARIK, A.J. PRIESTLEY,
D.E. WEISS, N.V. BLESING, P.R. NADEBAUM

. THE MECHANICS OF AIR SCOUR DURING

FILTER BACKWASH—A. AMIRTHARAJAH,
R.J. MORRISON. S.R. HOLNBECK

. HEURISTIC MODEL FOR WATER NETWORK

DESIGN—T.A. RIDGIK. D.T. LAURIA

Tuesday, June 9—Morning

7 o BUILDING FOR THE FUTURE
Distribution Division

Chairman: K.D. Ouke
Vice Chairman: J.H. Wilson

1.

SPECIAL DESIGN CONSIDERATIONS ON THE
DIEMER PIPELINE PROJECT~J.J. KINCAID,
D.C SCHROEDER

. ORGANIZATION AND ANALYSIS OF LEAK AND

BREAK DATA FOR MAIN REPLACEMENT
DECISIONS —D.K. O'DAY

. STATISTICAL SAMPLING TECHNIQUES FOR

CONTROLLING ACCURACY OF SMALL WATER
METERS—PENCHIH TAO

. CASE HISTORY OF ASBESTOS-CEMENT PIPE

VINYL LINING—R.S. WOODHULL

. AGING WATER SYSTEMS: BOSTON'S

APPROACH TO THE PROBLEM—J.P. SULLIVAN

8 « MANAGEMENT CHALLENGES OF THE
'80s: MANAGING PERFORMANCE

Management Division
Cocrairmen. C.E. Woods. W.H. Abbott Jr.

1.

2,

3.

4.

IMPROVED PRODUCTIVITY THROUGH WORK
MEASUREMENT—R.C. PARSONS
MANAGEMENT, INFORMATION, AND
COMPUTERS—R.B8. CARSON

OPERATING AND FINANCIAL REPORTING
SYSTEMS—W.J. HUELSMAN

PLANNED MAINTENANCE MANAGEMENT—
C.M. BURNEY

9 ¢ WATER RIGHTS CONTROVERSIES
Resources Division
Chairman: F.G. Honeycutt

3.

4.

COLORADO WATER RIGHTS ENGINEERING —
G.W. FASSETT

EAST (RIPARIAN) VERSUS WEST
(APPROPRIATIVE): HAS THE TWAIN MET?—
T.A. CAHILL

10 ¢ CURRENT CONCERNS IN WATER
QUALITY

Water Quality Division

Chairman: A.F. Hess
Vice Chairman: N.J. Davoust

1.

ALTERNATIVES FOR CONTROLLING
ORGANICS IN GROUNDWATER SUPPLIES—
J.E. DYKSEN, A.F. HESS

. COMMUNITY WATER SUPPLY SURVEY:

SAMPLING AND ANALYSIS FOR PURGEABLE
ORGANICS AND TOTAL ORGANIC CARBON—
H.J. BRASS; M.J. WEISNER, B.A. KINGSLEY

. PROCESS DESIGN CONSIDERATIONS IN

RECYCLING PREFORMED FLOCS TO THE
COAGULATION- FLOCCULATION PROCESS—
K.B. GUPTA. R.K. HAM

. COSTS AND BENEFITS OF DRINKING WATER

TREATMENT—A.M. CLARK, R.A. DEININGER

. MEETING THE OBSCURE STANDARDS THAT

WERE—R.E. ZEGERS. MELFORD DAHL

. TRANSFORMING CONCEPTS INTO DESIGNS:

THE DENVER REUSE PROJECT—S.W. WORK

11 o UNIVERSITY FORUM 1
Chairman: J.T. Novak
Vice Chairman: J.F. Ferguson

1.

CHEMICAL MODELING OF COPPER
CORROSION USING ELECTROCHEMICAL
TECHNIQUES—R.D. HILBURN

. A WATER CONSERVATION STUDY IN A

WATER-RICH STATE—JEFFREY LUTZ.
ERIC THARP, J.T. NOVAK, J.T. O°CONNOR

. FERRIC CHLORIDE AND ALUM AS SINGLE

AND DUAL COAGULANTS—P.N. JOHNSON,
A. AMIRTHARAJAH

. EFFECT OF SOLUTION CHEMISTRY ON

COAGULATION WITH HYDROLYZED Al (lit)—
S.G. VANDERBROOK

. PILOT DIRECT FILTRATION AND CARBON

ADSORPTION TREATMENT OF HIGK-SOLIDS
RIVER WATER—THOMAS GAVIN

. RELATIONSHIPS BETWEEN STANDARD PLATE

COUNTS AND OTHER PARAMETERS IN WATER
DISTRIBUTION SYSTEMS—M.A. GOSHKO,
H.A. MINNIGH, W.O. PIPES. R.R. CHRISTIAN

Tuesday, June S—Afternoon

12 « SMALL WATER UTILITY OPERATIONS
AND DESIGN (Panel Discussion)
Engineering & Construction T&P
Committee
Chairman: G.H. Abplanalp
Vice Chairman: J.L. Cobb

1.
2,
3.

VIEWED BY OWNER-—J.A. WADE JR.
VIEWED BY DESIGN ENGINEER—L.S. WOLFE

VIEWED BY STATE REGULATORY AGENCY—
W.A. KELLEY

1. HIGH PLAINS-OGALLALA AQUIFER SERVES 4. VIEWED BY USEPA—J.W. HOFFBUHR
MANY MASTERS—JOE MOORE

2. EASTERN STATES TRY TO SHARE WATER—
W.C. WRIGHT. RONNA COHEN {Continued on page 32)
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Water meters don't always tell the fruth...

And some may be robbing you of
a great deal of revenue. -

Free of charge, to help you begin your search for
"cnminals in your system, a Rockwell representative
will heip you test a suspecied revenue robber.

using the

ROCKWELL LIE DETECTOR

Rockwell
portable
a1ge metet
tester

and compuie
the resulls using

THE ROCKWELL
CRIME DETECTION
COMPUTER

Lanon Pocket Caiculator)

. to determine how much
revenue you are losing And you
keep the computer* {o invesii-
gate other revenue robbers in
your system.

*Fust 100Q to parucipate 1n @ meter test

% Rockwell International

..where science gets down to business

OB
W
a0 0
o000
800
Lo - <]

APRIL 1981

VISIT OUR EXHIBIT. BOOTH NO. 507

-

Y e

Chances are, at least one of your large water meters
1s inaccurate...and 1s costing you a great deal of
revenue.

Testing is the only effective way to fiind which
meters are guilty Your Rockwell representative—a
master detective when it comes to solving The Case
of the Missing Revenue—will test a large water meter
you suspect may be inaccurate. without cost or
obligation He will then use a "Rockwell Cnme
Detection Computer’ (actually an elecironic
calculator) and a Meter Efficiency Worksheet to tell
you how much additional revenue you could get by
replacing the meter.

It you're one of the first LOOO to particpate 1n a test.
your Rockwell representative will give you the
“Cnme Detection Computer” {o use in future
tnvestigations.

So don't delay Use the coupon to request a test or
more information. Or call foll free 83C0O 72456486 (In
Pa. cail 800/8921018) Do it today Each day you wait
may be cosling your utiity needed revenue

Mail coupon to:
Rockwell International, Municipal & Uttty Division,
400 N Lexington Avenue, Pittsburgh, PA 15208

o ./-:

1 Yes, I want to solve 5o

rihe

ﬁ restal
e ‘Wgé(ér QDDELY
— r

testng

Please send
ptoduct catalog

Name Title
Company

Address

cuy

State Zp Fhone No g"qmz

W-3102A
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{Continued from page 30)

13 « BETTER WATER QUALITY AND SERVICE
THROUGH TRAINING (Panel Discussion)

Education T&P Committee

Cochairmen: J.W. Hoffbuhr, M.J. McGuire
1. TEXAS SECTION—KAY KUTCHINS
2. ROCKY MOUNTAIN SECTION—
C.A. LANCASTER
3. MICHIGAN SECTION—J.A. VAN DEWEGE

4. CALIFORNIA-NEVADA SECTION—
\ _ M.J. MCGUIRE

5. ILLINOIS SECTION—D.C. RENNER
6. AWWA—A.W. LEIDHOLDT

14 « STANDARDS COUNCIL

Chairman: J.H. Robinson
Vice Chairman: G.L. Laverty

INTERNATIONAL AFFAIRS 1

Chairman: F.W. Montanari
Vice Chairman: E.A. Merrytield
1. RURAL WATER SUPPLY IN PUERTO RICO~
J.J. MAYOL
2. REDUCING THE COST AND TIME OF
FEASIBILITY AND MASTER PLAN STUDIES IN
DEVELOPING COUNTRIES—H.R. SHIPMAN
3, ESTABLISHMENT OF WATER UTILITY
INSTITUTIONS IN DEVELOPING COUNTRIES—
L.A. FRANCIS
4, WOMEN, WATER, AND THE DECADE~
MARY ELMENDORF

15 o

16 » UNIVERSITY FORUM 2

Chairman: J.K. Edzwald
Vice Chairman: W.R. Knocke
1. SEASONAL EVALUATION OF ORGANICS
REMOVAL AT A CONVENTIONAL WATER
TREATMENT PLANT—BENJAMIN GONG,
J.K. EDZWALD
2. DIRECT FILTRATION OF STREAMBORNE
GLACIAL SILT—M.D. ROSS
3. APPLICATION OF ION EXCHANGE AND
ULTRAFILTRATION FOR COLOR REMOVAL
FROM GROUNDWATER—KEITH LOWERY,
G.F. MITCHELL, D.O. HILL
4. AN EVALUATION OF AERATION METHODS
FOR THE REMOVAL OF VOLATILE ORGANIC
CONTAMINANTS—M.A. GOERS, S.A. HUBBS
5. FORMATION AND REMOVAL OF BROMOFORM
DURING DESALINATION—NING-WU CHANG,
P.C. SINGER
6. GRANULAR ACTIVATED CARBON
PRETREATMENT FOR THE REMOVAL OF
TRIHALOMETHANE PRECURSORS~
K.B.B. CARTER, R.C. HOEHN
7. OZONATION OF A MUNICIPAL
GROUNDWATER SUPPLY TO REDUCE IRON,
MANGANESE, AND TRIHALOMETHANE
FORMATION—R.A. STOEBNER, D.A. ROLLAG

Wednesday, June 10—Morning

17 « EARLY BIRD
Management Division
Chairman: H.W. Becker
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1. HIDDEN COSTS OF ACCIDENTS—A.P. VAN
DYKE

18 « ANOTHER CENTURY OF IMPROVED
OPERATION (Operator's Forum)

Education T&P Committee

Chairman: R.F. Layton

1, OPFLOW AND THE OPERATOR

2. WATER METER BASICS—M.8. YOUNG

3, TIPS ON PUMP MAINTENANCE—
E.E. ARASMITH

4, SAFETY AND TRAFFIC ROUTING—R.L. BEST

5, CROSS CONNECTIONS: THEIR IMPORTANCE
AND CONTROL—D.C. ANDERSON

19 » SECTION OFFICERS’ FORUM

Moderator: A.W. Jorgenson .

1. POST EMGM AND WHERE WE GO FROM
HERE—R.S. LANE

2. DEVELOPING A PROCEDURE MANUAL FOR
INCOMING OFFICERS AND COMMITTEE
CHAIRMEN—J.E. KEMPER

3. OPERATOR TRAINING: PROGRAMS AND
MATERIALS —B.D. HASKINS

4. TIPS ON CONFERENCE REGISTRATION—
R.E. UHLENBURG

5. PLANNING A JOINT SECTION CONFERENCE—
R.L. WUBBENA, G. MILLS

6. DISCUSSION

20 ¢ INTERNATIONAL AFFAIRS 2

Chairman: W.W. Aultman
Vice Chairman: W.E. McQueeney
1. AN INTERNATIONAL TRAINING
CONSULTANT'S CHARACTERISTICS, A VIEW
POINT—A.F. LAYTON

2, WATER IN A HURRY FOR THE OIL-FROM-COAL
SASOL 2 PROJECT, SOUTH AFRICA—
W.S. LEGGE

3. NEW EXPERIENCES OF A EUROPEAN
SURFACE WATER TREATMENT SYSTEM,
ESPECIALLY IN REMOVAL OF ORGANICS—
MAARTEN SCHALEKAMP

4, NEW DESIGN CONCEPTS IN WATER
TREATMENT IN FRANCE—M.R. RAPINAT

21 « WATER UTILITY COUNCIL

Chairman; W.H. Miller
1. INTRODUCTION~—B. GILBERT

2. OVERVIEW OF THE WATER UTILITY
COUNCIL—W.H. MILLER

3. WASHINGTON ACTIVITY—CLIFF ATKINSON
JR.

4. USEPA'S DRINKING WATER PROGRAM

5, SOLVING WATER UTILITY PROBLEMS TODAY
(Panel Discussion)

22 « RESEARCH2
Research T&P Committee

Chairman: V.L. Snoeyink
Cochairman: P.D. Foley

1. REMOVAL OF ORGANICS FROM WATER BY
AERATION—P.R. WOOOD, JACK DeMARCO,
F.W. CURTIS JR., H.J. HARWEEN, R.F. LANG

{Continued on page 36)
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anville

Permastran water pipe from
Johns-Manville now meets *AWWA
Standard C950-81. That means it can
be specified for use as pressure pipe
in water distribution and transmission

systems in below ground installations.
ee S . This strong-yet-lightweight pipe is
revolutionizing the water distribution

industry as engineers. contractors and
municipal officials discover how

NOW you ha\!e really good it is.

Lightweight strength.

Permastran is extremely light, com-
every goo reason posed of an inner core of PVC wound
- with continuous roving fiber glass and
t f bonded with epoxy resin. This combi-
O SpeCI y nation of materials gives Permastran
exceptional hydrostatic strength.
Perm tr ® Despite its thin-wall construction.
as a n " this Class 350 pipe carries a pressure
rating of 300 psi. Each and every
length is hydrostatically tested to 700
psi and one out of each lot is tested
to destruction and must meet a quick
burst of 1600 psi. In comparison, a
ductile iron pipe is routinely tested
to just 500 psi.

‘R-959

CAPCO JEN 0020653
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Easy instaltation.

Permasiran can be insiailed by hand
Q nickly and economicaily Forin-
siance nsiancarg 20-fnot lengths,

~Ypaced nihe rench

: wse of heavy equipment
ssuy soerarcrs For field fabnica-
In ~oiming rore s neeced thana
g~zsias orcarcice-upeed powersaw

2 seal ugnt Keep in mund, too. that
«@<rger 20-fcei tengins mean fewer
jcinis over agiven distance
Permastran :s not only easier to install
butis also less expensive than iron.

Tapping is direct.

At first glance. the thin-wall construc-
u:ion of Permastran would seem to
ehiminate direct tapping Not true Due
10 1is exceptional strength, 8-in¢ch,
10-1nch and 12-inch sizes may be
direct tapped using a Hays Seal where
operating pressures in a water distri-
bution system do not exceed 150 psi.

Compatible ODs.

Siize for size. Permastran will connect
to any existing cast iron OD fitting.
Whethert s the replacement of a
sechion or addition to an iron system
alreadyinplace.Permastranfits night in.

Corrosion. A thing of the past.
Permas:ran s unaffected by rusting.
cr galvanic and electrolytic corrosion
that can destroy iron pipe. It s resistant
to all aqueous soil acids and alkalies.
There s no need for wrapping. coating
or cathedic protection That s all
benind us now

High performance. Low cost.

While compatible with iron on the
outside. Permastran IDs are oversized.
making it the pipe with the greatest
carrying capacity on the market. size
for size The smooth interior carries
Hazen & Wilhams coefficient of flow
of C=150 And it will stay smooth for
vears of service, Thiscan add up to
substantial savings in pumping costs
and energy In many applications,
smaller diameter pipes may be used
to carry the same volume as iron pipes.

K,i

Take a closer look.

When you look at ali the facts. it makes
sense to switch to Permastran Call
your local J-M sales representative or
distributor for information on.our total
Permastran package Including a free
pre-installation seminar. installation
guides. films. sample staves and a list
of installations in your area. Or write
Johns-Manville. Pipe Division,
Ken-Caryl Ranch. Denver. CO 80217
For export. Telex: Johmanvil Dvr
454404.

JM
Johns-Manville

The only name you
need to know in pipe.

Reader Inquiry Service No. 032
VISIT OUR EXHIBIT, BOOTH NO. 703
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Continued from page 32!

2. INTRODUCTORY STUDY OF THE

BIODEGRADATION OF THE CHLORINATED
METHANE, ETHANE, AND ETHENE
COMPOUNDS—R.F. LANG. P.R. WOOD,
F A, PARSONS, JACK DEMARCO, H.J,
HARWEEN. I.L. PAYAN, L M. MEYER, M.C. RUIZ.
E.D. RAVELO

3. BIODEGRADATION OF TRACE ORGANICS BY

BIOFILMS ON POROUS MEDIA—
RICHARD STRATTON,
EUN NAMKUNG., B.E. RITTMANN
. REMOVAL OF SOLUBLE ORGANIC
' - CONTAMINANTS BY LIMEESODA
SOFTENING—S.J. RANDTKE, C.E. THIEL, M.Y,
LIAO. C.N. YAMAYA, D.E. JOHNSON
5. EFFECTS OF CALCIUM ON THE SPECIATION,
ADSORPTION, AND REMOVAL OF FULVIC
ACIDS—
B.A. DEMPSEY, C.R O'MELIA

P

Wednesday, June 10—Afternoon

23 « POTPOURRI

Distribution Division

Chairman. J.M Rasberry

Vice Chawrman, G.O Muller

1a. AUTOMATION AND INSTRUMENTATION: M2
MANUAL—J.R. DANEKER

1b. AUTOMATION AND INSTRUMENTATION:
INTERFACE OF INSTRUMENTATION WITH
SWITCH GEAR—(Q.A. BYRNIE

1c. AUTOMATION AND INSTRUMENTATION:
MASTER METERING—H.D. GILMAN

2. TANK INSPECTION, CLEANING, AND
MAINTENANCE

3. WORK MANAGEMENT STANDARDS—
D.L. TIPPIN, G.M. BARRON

4. A PRACTICAL CORROSION CONTROL
PROGRAM FOR WATER DISTRICTS—
DM WATERS

5. MAINTENANCE OF VALVES AND HYDRANTS—
B8 W FRANKLIN )

24 « MANAGEMENT CHALLENGES OF
THE '80s: MANAGING IN A
CHANGING ECONOMY
Management Division
Ccemarrmen L Hash, RL Lee

1. ENERGY MANAGEMENT: THREE WAYS TO
WIN—E A PEASSON

2. WATER USE MANAGEMENT~F.P GRIFFITH
JR

3. MANAGEMENT'S OBLIGATIONS IN THE
REGULATORY PROCESS—C.A. BUESCHER

4. FINANCIAL MANAGEMENT—G.S. SALEBA

25 » MATERIAL SPILLS HAZARDOUS TO
WATER SUPPLY
Resources Division
Chairman. CH Thompson
Vice Charrman R P McHugh
1. SUPERFUND: WHAT?—M 8. COOK

2. SYSTEMATIC APPROACH TO CLEANING UP—
J A HARRIS

3. EAST BAY MUD HAS THE PLAN—K.8. STINSON

36 ANNUAL CONFERENCE

4. SOME HAZARDOUS TIMES—C H. THOMPSCN.
W.C. WESTGARTH

26 ¢« POTPOURRI
Water Quality Division -

Chairman: E.W. Bailey

.1ce Chairman: H.E. Pearson

1. INTERRELATIONSHIP OF BACTERIAL COUNTS
WITH OTHER FINISHED WATER QUALITY
PARAMETERS WITHIN DISTRIBUTION
SYSTEMS—J.K. REILLY, J.F. KIPPIN

2. BACTERIAL COLONIZATION OF WATER
DISTRIBUTION SYSTEMS—B.H. OLSON

3. CORROSION CONTROL WITHIN WATER
DISTRIBUTION SYSTEMS—J.J. COSTELLO

4. ORGANICS REDUCTION BY RIVERBANK
INFILTRATION AT LOUISVILLE~S.A. HUBSBS

5. EFFECTIVENESS OF POWDERED AND
GRANULAR ACTIVATED CARBON FOR
REMOVAL OF ORGANIC CTCONTAMINANTS AT
NIAGARA FALLS, N.Y.—J.R WESTENDORF.
D.AR. WEISS, D.L. BADOREK. L B. SKLARSKI

6. RESPONSE OF A LOCAL HEALTH
DEPARTMENT TO THE PRESENCE OF
ORGANICS IN THE DRINKING WATER SUPPLY,
NASSAU COUNTY, LONG ISLAND, N.Y.—
G.E. DONOHUE

27 ¢« RESEARCH 3
Research T&P Committee

Chairman: C.R. O'Melia

Cochairman: P.L. McCarty

1. DESORPTION OF COMPOUNDS DURING
OPERATION OF GAC ADSORPTION
SYSTEMS—W.E. THACKER. V L. SNOEYINK.
J.C. CRITTENDEN

2. MICROBIAL ACTIVITY ON GRANULAR
ACTIVATED CARBON: AN ASSESSMENT—
F.A. DIGIANO

3. GAC PERFORMANCE CRITERIA FOR
ORGANIC CARBON REMOVAL—
P.V. ROBERTS, R.S. SUMMERS

4. PRELIMINARY DESIGN OF LEAST-COST
FIXED-BED ADSORPTION SYSTEMS
USING THE HOMOGENOUS SURFACE
DIFFUSION MODEL—J.C. CRITTENDEN.
METIN ARI, M.C. LEE

5. ADSORPTION OF CARBON
TETRACHLORIDE FROM WATER BY
ACTIVATED CARBON—W.J. WEBER JR..
MASSOQUD PIRBAZARI

Thursday, June 11—Morning

28 ¢ HELEN WEREN'T NO SAINT
Distribution and Resources Divisions
Chairman- J A. Roller
Vice Charrman: R.C. McWhinnie

1. REPORT ON AN EARLY WARNING SYSTEM—
PALMER NORSETH

2. MUD FLOW PROBLEMS—L.V. INMAN

3. MT. ST. HELENS' FALLOUT PROBLEMS—
ROGER JAMES

4. PUBLIC HEALTH CONSIDERATIONS OF MT.
ST. HELENS' ERUPTION—D.K. SANDER,
K.J. MERRY

5. H-DAY PLUS ONE YEAR—D.M. THOMAS

(Continued on page 401
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No gamblingin LasVegas

Nevada evaded a big gamble many years

ago when they first installed Leopold

- filter underdrains in Las Vegas. They knew
that gambling with unproven products could be

very expensive.

After years of dependable service, and a need to

expand their present system, the Southern Nevada

Water System is again utilizing a proven Leopold

product.

This time, it's the Leopold dual-lateral, air/water

filter underdrain. These are precision molded of

corrosion-resistant, high-density polyethylene to

assure easy installation and maintenance-free

service.

For over 50 years Leopold's proven products com-

prise the world’s finest "filter package.” Write for

details. Leopold Company, Division of Sybron

Corporation, 227 S. Division Street, Zelienople,

PA 16063.

SYBRON|Leopold

Division of Sybron Corporation

APRIL 1981 VISIT OUR EXHIBIT, BOOTH NO. 616 ANNUAL CONFERENCE 37
Reader Inquiry Service No. 036
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Wetriedto compile a

list of tuberculation
problems in cement-moriar
lined ductile iron pipe.

CAPCO JEN 0020657



Hereitis.

EN

If you'd like to know
more about it, write us.

DUCTILE IRON PIPE
RESEARCH ASSOCIATION

An association of quality producers dedicated to highest pipe standards through a program of continuing research.
Executive Plaza West, 1301 West 22nd Street, Oak Brook, Illinois 60521

]

Reader inquiry Service No. 021
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Universal
CLAMP
OULlNGS

3

. ure uic, low-cost,
permanent repairs of leaks,
splits and broken pipe

Delivered WHEN
YOU NEED THEM!

Versatile! ... for repairing or reconnecting all types of pipe —

asbestos-cement, cast iron, steel, plastic. Single-band for
gizes 2-14, double-band for 4-22, triple-band for 24-up.
Combines advanced material and manutacturing technology
with innovation and decades of repair clamp experience to
assure:
» Less labor, material and equipment cost
+ Less complications in scheduling crew and equipment
» No need for special equipment or materials
« Less pipeline downtime
» Small excavations
T + No need for extra pipe
N « No need for line shutdown
: ENJOY MAXIMUM PREPAR-
‘ EDNESS WITH MINIMUM
’ INVENTORY
- ASK for 101 Universal Cast Cou-
~ pling Bulletin,

WRITE FOR product kit
JCM10178 covering tapping
sleeves, clamps. compression
couplings. expansion joints. and
master wrenches.

PALIN ax o

. TGS

-

3

JCM INDUSTRIES, INC.

P.0. Box 580 ... Nash, Texas 75569
800-527-8482 (TOLL FREE) 800-442.8241 in Texas
TELEX 732-561-TELESERV-DAL

™ Wi Buluhor Soier @V

VISIT QUR EXHIBIT. BOOTH NO. 817
Reader Inquiry Service No 031

iContinued from page 36}

29 ¢« HEALTH EFFECTS OF DRINKING
WATER (Miniseminar)

Water Quality Division

Chairman. J.E Courchene
Vice Chairman, R.G. McCall

1. INTRODUCTION TO EPIDEMIOLOGY—
G.F. CRAUN

2. INTRODUCTION TO TOXICOLOGY—R.A, NEAL

3. ETIOLOGY OF CARCINOGENESIS—R.A. NEAL

4. WATER QUALITY AND CARDIOVASCULAR
DISEASE—~NATHANIEL REVIS

5. WATERBORNE INTESTINAL DISEASE—
G.F. CRAUN .

6. TOXICOLOGICAL PROBLEMS ASSOCIATED
WITH ALTERNATIVE METHODS OF
DISINFECTION—R.J. BULL -

30 « WATER TREATMENT DESIGN: PAST,
PRESENT, AND FUTURE

Engineering & Construction T&P
Committee

Cochairmen. R Goulding, J.V. Miner

1. EFFECTS OF GOVERNMENT REGULATION—
A.R. HAMMER

2. PRETREATMENT PROCESSES—J.0 GRIFFITH
3. FILTRATION PROCESSES—C.B8. HAGAR.

D.B. ELDER
4. DISINFECTION PROCESSES—A.R. TRUSSELL

5. WATER SYSTEM CONSTRUCTION: PAST,
PRESENT, AND FUTURE—~C.N BOHRER

31 « RESEARCH 4
Research T&P Committee

Chairman: B.G. Stone

Cochairman: R.H. Taylor

1. COMPARISON OF THE DPD-COLORIMETRIC,
DPD-STEADIFAC, AND FACTS TEST
PROCEDURES FOR FREE CHLORINE
RESIDUAL ANALYSES—W.J. COOPER.
N.M ROSCHER

2. IMPACT OF WATER TREATMENT
ALTERNATIVES ON MICROBIAL BARRIERS—
£ E GELDREICH

3. APREDICTIVE MODEL FOR CHLOROFORM
FORMATION FROM HUMIC ACID~
B A. ENGERHOLM, G.L. AMY

4, DIFFUSION OF ORGANICS FROM SOLVENT-
BONDED PLASTIC PIPES USED FOR POTABLE
WATER PLUMBING—K.D. REICH,
A R. TRUSSELL. FONG-YILIEU, L.Y.C. LEONG.,
R.R. TRUSSELL

5. DISCUSSION ON RESEARCH FOUNDATION
FUNDING—J.F. MANWARING

CAPCO JEN 0020659




*‘at Trinity Valley what we promise. we deliver™

Yesterday we made history . . . Born on the banks
of the Trinity River in 1924, Trinity Valley is one
of the oldest maufacturers of cast iron watermain
fittings. Specialization brought many changes to
answer the needs of a growing industry.

Today we set the pace. We've been the innovators ¢ Mechanical joint watermain
for over 50 years and we don't intend to stop fittings, 2 through 24"."
now. Larger. faster trucks deliver on time, as ¢ Grip-Tite** joint watermain

promised. Bigger inventories include virtually any f/j\tgr“’?:{esr”n:g{r??gané“;:3’.,

size. type, or shape fitting at a distributor near through 24".*
you. Our staff of professionals is dedicated to e Compact AC watermain
help you select the best fitting for your needs. fittings. 4" through 12"

e Cast iron fittings for PVC
pressure pipe,4”through12”.
* Short body bell and spigot

Mixed loads, larger inventories and uncommon
fittings make your job easier. The future is you

... Look to Trinity Valley for new ideas, even watermain fittings, 3"
better service. Let us know how we can serve you through 20" '
better. Call your distributor or Trinity Valley, e Flangedfittings.3"through 24",
you'll find us willing to work harder to help you. ¢ Cast iron fabricated flanged
Find out why “Our reputation is growing". pipe. 3" through 24",

f\.‘:r-’}

-l — cal
ol 7 T' l n lt g vnl Ie 9 ‘\\ Member. American Water Works Association

‘ iron & steel compang *Class 250 fiting in all sizes.

**Trademark registered by the Griffin Pipe Products
P.O. Box 2388 Fort Worth, Texas 76113  817/738-1925 Co.. Inc. Division of Amsted Industries.
Reader Inquiry Sarvice No 060 VISIT QUR EXHIBIT, BOOTH NO. 732

K.
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It y()uwere ing out today
thlllp [ake Mead,
you could getall your pipe
from One source.

L.B. Foster.

As the nation’s leading producer of spiralweld
steel pipe. the name L. B. Foster carries a
ot of weight.

And because it carries a lot of weight,
it also carries a lot of water.

That's because large diameter
Fostenweld pipe has all the benefits that
make steel pipe best suited for water
transimission —eaze of instatlation, longevity,
reliability, zero leakage. But also becau\e
L. B. Foster manufactures it by a unique
process. fabricates it to any configuration,
supplies it with special fittings where needed,
coat: and wraps it to any specifications.

In addition to manufactured pipe like
Fosterweld, L. B. Foster supplies all kinds of
stock pipe, oil country tubular goods. water
well casing and pump columns. We are also
North America’s most complete supplier of
rail and wack products. and its leading
specialist in piling. foundation construction
equipmient and highwav products.

Dloing what makes sense in the market-
place has always been our basic philosophy.

inding a need and then developing the
products or services to fill it has always been
our guiding principle.

All of which explains the reputation
we so proudly bear today. A company that
has married creativity with dependability to
serve the major industries that serve the
nation. L. B. Foster Company, 415 Holiday
Drive, Pittsburgh PA 15220.

The world-wide marketing organization specializing in rail, pipe, piling and construction products.
Reader Inquiry Service No. 071
VISIT OUR EXHIBIT, BOOTH NO. 303

N
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We’re 100 years old, the world’s foremost organization of people who care
about drinking water. These centennial coins—one ounce pure silver or
bronze—symbolize the wealth of experience and knowledge our members
have contributed in a century of service to the public. Join us, won’t you?
Help make the second 100 years even more productive.

Write for free information.

I \A

; .- American Water Works Association
+ 6666 West Quincy, Denver, CO 80235

Cenrenncal
ey e

Cat. No. 8027 Pure Siiver Medal, $50. Cat. No. 8023 Bronze $7.50

CAPCO JEN 0020663
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Easy does it with

rugged, dependable
Bilco pit an

floor doors

BILCO heavy plate access doors are designed
to afford extremely easy

operation. They are built for long, ™
trouble-free service and equipped

with unique compression spring or torsion
bar operating mechanisms. Manufactured in

a variety of sizes and types for every sidewalk,
pit or floor access requirement, for intenior or exterior use. BILCO Doors are available in steel or aluminum.*
All provide safe, easy operation and the years of dependable service that has firmly established BILCO as
the leader in the field of horizontal doors.

“For highly corrosive conditions BILCO aluminum
doors are available with stainless steel hardware
throughout when specified.

See us in Sweets or send for catalog with
complete details and specifications.

ANNUAL CONFERENCE

THE FINEST IN
FLOOR DOORS

The Bilco Company, Dept. AWW 50. New Haven, Conn. 06505
{n Canada: Richards-Wilcox of Canada, Ltd . London. Ontano

Reader Inquiry Service No. 007
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The righl combination

Put some stability in your next
PVC installation by using THE
RIGHT COMBINATION!

Whatever type of PVC pres-
sure pipe, you can join it with
TYLER CLASS 250 CAST IRON
WATERMAIN FITTINGS. Installa-
tion and maintenance problems
are solved when you COMBINE
CAST [RON FITTINGS WITH
PVC PIPE.

Ask for:

TYLER GRIP-TITE* CAST IRON
PUSH-IN JOINT
FITTINGS FOR C 900 CI OD
PVC PIPE

TYLER CI/PVC CAST IRON
PUSH-IN JOINT
FITTINGS FOR IPS OD PVC PIPE

Member AWWA
1980 Tyler Pipe

*Trademark registered by the Griffin Pipe Products Co , Inc.

Division of Amsted Industries.

Both have reliable, long-
lasting, easy to install, cast iron
push-in joints which eliminate the
possibility of ovalness and com-
pression loss over a period
of time.

Both provide the advantages
of cast iron for blocking and the
use of metal detecting devices for
location purposes.

Both are readily available in
tees, bends, crosses, reducers —
just about any configuration you
may need—in 3" through 12"
diameters, and can be shipped
promptly from inventory stocks.

For descriptive literature con-
tact your Waterworks Distributor
or write Tyler Pipe, Box 2027,
Tyler, Texas 75710. Telex 73-5410.

Tyler Pipe

Subsiciary o
' Tyler Corperation
Reader Inquiry Service No. 061

VISIT OUR EXHIBIT, BOOTH NO. 716
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1981 Annual Conference Participants

Abbott, W.H. Jr.; utiities dir, City of Ann Arbor 100 N 5th Ave, Box
8647, Ann Arbor, MI 48107; 8 (Cochalrman)

Abplanalp, G.H.: vice pres Havens & Emerson 293 'fa<el St Saddle
Brook N2 27662 12 (Chairman)

Adrian, G.W.; Ca'forr 3 Water Service Co Box 11530 San jose. Ca
43128 S241

Amirtharajah, Applah: assoc prof cept of cvi engrg & engre
mechamcs Montana State Unv Bozeman MT 59717 §1-1, 6-5, 11-3
Amy, G.L.:asst prof dept ofcsviiengrg Blug 72 Recom™ 3148 Tucsen,
AZ 35721 31-3

Anderson, D.C.: or of vt ties Cty of Glacsiore {10 N Hgires
Geoxstore MO 54118 18-5

Anderson, N.J.: giv cf cremucal techroicgy CS:RO Box 310 Scut
“detbourne 3205 Victoria Austraia. 6-4

Arasmith, E.E.: job instructor, Linn-Benton Commuruty College 6500
SW Pacic B'vd Albany OR 97321 18-3

Arl, Metin: gracdoate stucert. cect ¢f cremisty & crenvcal engrg
Yongan Tesnessgca Loy moagnion W 162 27-4

Atkinson, CIiff Jr.:

2224z 213

Aultman, W.W.:c~ar~ar~ _a~es™ Montgerery Consut Engrs 'rC
3222 Aan~ltSt Pasaze~a TA G €1 20 (Chairman)
Badorek,D.L.: . engry Stateon .
SR Y 12212 26-5
CizrezcSorrgsDent oYl v ES Box
3¢ 26 (Chairman)

~7 %8sl g center 2557 ¢

seguly 9x&C Or ~204 a¥ars, ANWA Wasreegior

20Uy 9xel O

R N

Nea Yorkal

1473
LRRON]

Baretield, R.S.:

I ScraSsg Rog VMO

Barron, G.M.: ~ ' atanst TamrcawaterDeot 1t
=3z Pzz Tz7co2

Becker, HW.: 2 ANAA BESE N Curc, Ave Derver OO
27232 17 (Chairman)

Benedek, Andrew: =
SNLBR ALY 27-2
Bennett, Glen: or waler & saste o sposaiaiv Far—ers Home Agm.a
US Dact ¢f Agncultore Wasmington DC 20250 $3-5a

Best, R.L.: ¢istribut or mgr . M.ssounn Water Co 11610 TrumanRd Box
38C rospenderce MO 62031 1844

Blalr, T.J. Hll: cres Ke'fey G-dley Blar & Wode 1260 Greertrier St
Crzrgsion Wy 25311 1 (Vice Chairman)

Blanck, C.A.: ¢ of water quatly Amencar Water Weorks Servee G5
e '3I0N G8n St Farv en Hegnis. IL 62278 27-2

Blesing, N.V.: Ausiraiac Vrera. Develcoment Lans 182 W-tienoor St
Zast Perth 6000 Austrasa 6-4

Bohrer, C.N.: construct:on consuttant 3349 Forest Sgrrgs Dr
D.uracccy GA 30338 30-5

e gaengrg VoWasier L~y Ha™ ion

43 ANNUAL CONFERENCE

/ew

‘elbourne 3205, Victona. Austraha. 6-4

Brass, H.J.: chief, dnnking water qualty assess~e~! or
Onexing Water. USEPA. 5555 Raage Ra, C ncinnatr CK 43
Brynie, O.A.: air of procduction City Waler Bo Scx 2449 Szr Amigeg
TX 78206.23-1b

Buescher, C.A.:vice pres —engrg . Contine~tai Water Co
Svz Umversity Cty MO 63124 24-3

Bull, R.J.: crief toxicological assessent &r HERL USE3A 26 W St
C'ar St Cincinnatr CH 43268 29-6

Burney, C.M.: mgr , operations suoport senices N n
a7 Sargent Dr. New Haven CT (6511, 8-4

Cahlil, T.A.: Peabocy Coal Co. Box 1981 Henzerscn «'¥ 32420 9-4
Cairo, P.R.: chief research & development. water cect Ciy of
Pndacelphia. 1180 Munic Service Bldg . Philade!ptva PA 19107 82
{Moderator}, 6 (Cochairman), 27-2

Carson, R.B.: contrclier & ¢ of bus:ness servces Neorroe County
Aater Authorty Bex 4358, Rochester. NY 14637 8-2

Carter, K.B.B.: cept of civd ergrg Vrgra $C stecnre ~st & Siate
-7 v Biacksburg, VA 24660, 16-6

Chang, Ning-Wu: research assi. dept. of envir sciences & ergrg
Schoot of Public Heaith, Univ of North Carolina Chapel Hil NC 27514
16-5

Characklis, Willlam: 2eot o' cvitergrg & 2373 ~35rs~ 2§ Vonta—a
Szre Unw Bozeman T 39717 27-2
Christian, R.R.: cect ¢f c owgcal scence
2218104 11-6

Christiano, D.J.: sucerv-sor lerg-rangega~~~3 Tt .°
Scrrzteg MG 85801 241

Clark, J.C. Jr.: sr assoc-ate Temple Barker & Scare Irc 32 Ha,cen
“.e Lexanglon MA 22192 S3-4

Clark, R.M.: chie’ econorncs analys:s roxng Agter “eS2aren oy
-SEPA Cwncinratt OH 43268 $3-3b, 10-4

Cleasby, J.L.: prot. dept of cwil engrg. lowa State Unw
=ngrg Bldg. Ames 1A 50011, S1-4

Clise, J.D.: exec dir, Conference of State Sanitary Engrs . 4351 Garden
Cuy Dr Landover, MD 20785, $3-3¢ .

Cobb, J.L.: pres Sullivan, Long & Hagerty Box 2247 Birungnam AL
32251, 12 (Vice Chailrman)

nan

~. ~, 2r 3
~TER2 LT, a2zecma

135

292 Town

oot 2
Cohen, Ronna: college of law Syracuse Univ. Syracuse, NY 13210, 9-2

Cook, M.B.: deputy asst acdmunistrator hazardous emergency respense
Wh-348) USEPA 401 M St SW Washington, DC 20460 25-1
Cooper, W.J.: assoc prof . Drinking Water Research Center Figr:da Intl
wriv Miarmir FL 33199 31-1

1Contrnued on page 50)
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Johnson, D.E.:g-acuz:2 esearch asst. Univ of inos, 4123 Civil Engrg
Bicg Jrocana oL T80 2244

Johnson, P.N. suate research asst dept of civil engrg & engrg
~ecrat-cs Mo a State Jrwv Bozeman, MT 59717 113
Johnson, R.K #¢ ety Nay Rural Water Assn 1350 005 GArC
Surcar K §3-3a

Jorgensen, A.W.: s* ,ce ores Lowry & Assoc. 17748 Sky Park Blvd .
lrvire CA 32714 19 (Moderator)

Kavanaugh. M.C.: .ames M Montgomery. Consult Engrs. Inc, 2255
Y32a4C 0 Vasgy Az ANawut Creex CA 94598, §2-6

Kelley, W.A.: zref aw of water supply Mictugan Dept of Public Health,
35C3 N Logen St Box 30035, Lansing. MI 48909 12-3

Kemper, J.E.; ¢t of utaties City of Norfctk, Box 1080, Norfolk, VA 23501,
19-2

Klmm, V.J.: cecuty asst acnun.strator for drinking water, USEPA (WH-
550 waters.ce Mall B.cg Washington DC 20460 $3-6a, 5-5
Kingsiey, B.A.: crermsi analytical & snorganic chemustry dept . SR Intl,
233 Ravensacoc Ave Merlo Parc. CA 94025, 10-2

Kincald, J.J.: or r 2ngr Boy'e Engrg Corp . Box 3030 Newgport Beach
TA 52883 741

Kippin, J.F.: — croo otcg.st Salem & Beverly Water Sugply Bg , Arlington
L.e Bevery MA 21915 26-1

Knocke, W.R.: prof  V.uginia Polytechnic Inst & State Univ
Siacxksturg VA 24060 16 (Vice Chalrman)

Kolarlk, L.O.: ¢v of cremical technology CSIRO. Box 310. South
Metcouere 3205 Victor.g Australia 6-4

Kutchins, Kay: corsuitart 216 Gardenview Dr, San Antomio, TX 78213.
3-3, 13-1

Lamson, R.R.: ar of technical services, AWWA, 6666 W Quincy Ave,
Den.e” CO 85235 $3-6¢

Lancaster, C.A.: vice gres —sales acmin, Dana Kepner Co, 700 Alcott
St Derve~ CO 80204 13-2

Lane, R.S.: mgr of sscton services AWWA 6666 W Quincy Ave.,
Dzrozr COBC235 19-1

Lang, R.F.:asst cremst ncremicairesearch, Drnking Water Research
Center Fiorgaintt U Miamu FL 331998, 22-1, 22-2

Lauria, D.T.: prof. cept of envir sciences & engrg. Univ of North
Carcira Chacet HAl NC 27514 6-6

Laverty, G.L.: or cf cperations, East Bay Munie
Aze.~e Ca~ anz CA G623 14 (Vice Chairman)
Layton R.F.: 57ss Wazer & Wastewater Techmical Scrnoo! 8ox 370
53 18 (Chalrman), 20-1

- Brawn & Ca.dwelt 30 Perimeter Center £ast Sute
32346 274

¢ Z:m~ Cdy Hall, Mecters OR 27501 24

Utity Dist. 2130

Zmor nnr‘
SEIEme o]

Lee, M.

Lee, R.L.: 2
(Cochalrman)

Leldhold( R. W

Leong L.Y. C

ERETF R s |
Letterman, R.D.:

3CI5 ergr fCr rawr rg ANOWA 6666 W
2 83-1¢, 13-6

't Monigomery, Cersud Engrs Inc 555
a4 CA an\l 31-4

sect of et engrg S.racuse Urv 150

—ros -z S 3210 §1-3,6-2
Liao, M.Y.: crasst Unw of inc's 2129 Cuvid Engrg
Demn

L] u'.’.‘a"c
Lieu, Fong-Yi: &1 cremr st James M Montgomery, Consutt Engrs ., Inc .
535 E Walnut St Pasacena. CA $1101, 31-4

Logsdon, G.S.: cruel. particulate control activities, dnnking water research
2w USEPA 26 W St Clar St Cincinnati, OH 45268. $3-2

Love, O.T.: criet crgan.c control exploratory activires_ ¢nnking water
researcn S v USEPA 26 W St Crar St, Cincinnat. OH $3-2

Lowry, Kelth: env.r headn aZmin v of public water supoly. Alabama
Dect of Publc Heath Montgomery. AL 36104, 16-3

:.:Jl; Jetfrey: gept of civil engrg . Univ of Missourr. Columbia, MO 65211
Lynch, W.0.: partner Stearns & Wheler 10 Albany St Cazenovia, NY
13035 1 (Vice Chairman)
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Manwaring, J.F.: air  AWWA Research Foundation, 6666 W. Quincy
Ave . Denver CO 80235 31-§

Markwood, Ira: div mgr. aiv of public water supplies. iilinors Envir
Protection Agency. 2200 Chruchill Rd., Springfield. IL 62706, $3-6b
Maxwell, J.M.:sr associate, Economic & Engrg Services. Inc, Box 976,
Olymma, WA 98507 §3-5¢, 2-2

Mayol, J.J.: exec air. Puerto Rico Aqueduct & Sewer Authority, 604
Barbosa Ave. Hato Rey. PR 00923, 15-1

McCabe, L.J. Jr.: chief. field studies div., HERL, USEPA, 26 W. St Ciair
St.. Cincinnatl. OH 45268 27-2

McCall,R.G.:523S Fort Dr Charleston. WV 25314, $3 (Moderator), 29
(Vice Chairman)

McCarty, P.L.: prof. gept of civil engrg Stanford Univ, Stanford, CA
94305 6 (Chairman), 27 (Cochalrman)

McGowan, F.M.: planning & engrg civ . Lawler. Matusky & Skely Engrs .
1 Blue Hiil Plaza. Pearl River, NY 16965 4 (Cochairman)

McGulre, M.J.: water quality engr. Metro Water District of Southern
Calfornia. 700N Morneo Ave LaVerne, CA 91750, 13 (Cochairman),
13-4, 27-2

McHugh, R.P.: New Haven Water Co 90 Sargent Dr New Haven CT
0651125 (Cochalrman)

McQueeney, W.E.: McQueeney Intl . Box 506 Ricgewood NJ07451 20
(Vice Chalrman)

McWhinnie, R.C.: Sage Murphy & Assoc. 910 16tk St Suite 420
Denver CO 80202. 28 (Vice Chairman)

Merry, K.J.: supervisor, operations unit, dept of soc.a! & heaith services.
Water Supply & Waste Sect . Mail Stop LD-11. Clympra WA 98504 28-4
Merryfleld. E.A.: consullant, 2540 SW Whitesice Dr  Corvaths, OR
97330. 15 (Vice Chairman)

Meyer, L.M.: Drinking Water Research Cernter. Ficaga Intl Univ Miam,
FL 33199, 22-2

Miller, D.W.: Geraghty & Milter 6800 Jencho Turnpike. North Shore
Atrium, Syossett. NY 11791 S2 (Moderator), $2-2, 4-2

Miller, K.J.: dir  water engrg , CH2M Hill, Box 22508 Denver CO 80222.
1 (Vice Chairman)

Miller, W.H.: mgr. Denver Water Dept 1600 W 12:n Ave
50254 21 (Chalrman), 21-2

Miner, J.V.: pres. Taulman Sales Co. 415 £ Paces Ferry Rd NE,
Atlanta, GA 30305. 30 (Cochairman)

Minnigh, H.A.: dept of biological science, Drexel Unv . Phitacelptua, PA
19104, 11-6

Montanarl, F.W.: sanitary envir engr . office ¢f engrg -c*uce of heaith
USAID. US State Dapt, Washington DC 20323 15 (Chalrman)
Moore, Joe: prof  graduate program . envr argrg Univ of Texas
Datias-Man Sta BE 22 Box 688 Richargson, 7X 75680 9-1

Morris, C.R.: assoc exec o Nat Assn of Water Companes 1019
19th St. Suite 1110 Was~ngicn, DC 20036. 3-4

Morrison, R.J.: orop angr. CH2M HillInc 720 Crearaater La~2 Be.se
1D 83707 6-5

Muller, G.O.: arst o o' utittes Box 231 Arungler TX 76312 23 (Vice
Chairman)

Nadebaum, P.R.: Austra-an Tecnroiogy EnGra & Processing Box 1709,
Meibourne 3001 Australia 6-4

Namkung, Eun: graduate research asst. gepl ¢f civil engrg. Univ of
liknoss. Urbana. I 61801. 22-3

Neal, R.A.: pres Chemical Industry Inst of Toxicology Research,
Research Tniangle Park, NC 27709 29-2, 29-3

Nichols, I.E.: San Diego County Water Autnoriy. 610 W 5th St,
Escongido. CA 82025, 13-4

Norseth, Palmer: chief engr. Bu of Water Works, 1800 SW 6th Ave.,
Portiand. OR 97201, 28-1

Novak, J.T.: prof. dept. of civil engrg. Univ of Misscuri, 0066 Engrg
Bidg. Columbra. MO 65211, 6-1, 11 (Chairman), 11-2

O'Connor, J.T.: prof.. dept. of civil engrg , Univ of Missourt. Columbia,
MO 65211, 11-2

O'Day, D.K.: consult engr. Carpenter Lane, Suite 12. Philadelphia, PA
19119, 7-2

Senver CO

{Continuea on page 54)
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Valve Open

vvvvv

Valve Shut

The case for
Clow AWWA Resilient
waterworks use has demonstrated the Wedge Vahles. bubble-tight characternistics at rated

Two decades of successful

supertor performance capabilities of resilient wedge
valves over double disc and solid wedge gate
valves —as well as butterily valves. The basic design of
cesient wedge valves also makes them uniquely suita-
Lie for sewage and industrial applications.

Open. C'ow Resilient Wedge (R W) Valves provide
a smcoth urobstructed waterway for full flow. Closed.
the R W ensures bubble-ught closure at the rated water
~orking pressure of 200 psi. Testing attwice the working
cressure prov-ces an ample factor of safety.

The castron wedge 1s the heart of the R W Valve.
Resilient seating i1s achieved by permanently bonding
rubber to the wedge —a thoroughly proven process
which meets requirements of ASTM D-429-73. Simple
and reliable. with no moving parts. the wedge construc-
tion provides trouble-free service.

Minimum maintenance is further ensured by a de-
sign which allows internal parts to be removed through
the top of the valve as well as by a clear waterway which
permits mechanical cleaning of the main through the
valve.

Reinforced teflon washers above and below the
stem collar minimize fniction during the opening and
closing cycles —guaranteeing low torque and easy op-
eration. Accelerated performance tests totaling 50.000

cycles prove the valve retains its

pressures. even after extended periods of operation.

The Clow R W Valve. available in 2" through 12"
diameters. meets or exceeds AWWA standards for resil-
ient seated gate valves C509-80 and is also listed by the
Underwriters Laboratories per Fire Main Gate Valves
997-6.

The advanced design and superntor performance of
the unique Clow Resllient Wedge Valve 1s just one of
many reasons you can come to Clow for all your valve
needs. To learn more. return the coupon,.

C| Aw The Water Resources People

Clow Corporation
Pipe and Valve Division, 1050 East Irving Park Road,
Bensenville, llinois 60106

Please send more information about your Clow R W
Valve and about your complete line of valves.
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ADGRESS
ity STATE 2P
AW-4-1
___________________ J
NEWS 49
CAPCO JEN 0020668




Continued from page 48

z~grg Memgar StaleUr v Eastlansne

Cornwell, D.A.: o
Y4 288.4 8§16, 6-
Costello. J.J.: .~

MR e 4

bu ug
u
o)
<

2 7,34, Seatte Water Dept 130¢ S
12 29 (Chairman)
S0 Of tessluG s div HERL USERPA 26
253 29-1, 29-5
Lengre Wenigan Tesnracgical

~y ngnu R
Curtis. F.W. Jr.: Dace v..,m, De;z of Puthc Headh “tami Fy 33125
2241
DEhI, Meltord: puthc #3r<s 21 Cuy of Eigie 15C Daxter &t Elgn L
62125 10-8
Daneker, J.R.: BIF irzusttes ¢ 8Box 217 west Warwick RI 02893
23-1a
Davoust, N.J.: Eagles \vest La~e Nc 4 SR 2 Sox 3683 S MN 32731
10 (Vice Chalrman)

Deininger, R.A.: 076 2* arv e ngat™ U, 2PN Im 2gn A Ao
23iL% 10-4
DeMarco, Jack: o~ e asaler SudL , r2863°C™ . O o2 st Reseacet &

Ze.zeoment VERL USEPA 28w S CTar S Teronat 0 45288
22-1,22-2
Dempsey,B.A.: 5rac.aie stuCe™! 2201 &1 2w 30.8nCes &enyrg Jnw

¢ Nortn Carouna Crapet Hit NC 2“524 22-5

DiGiano, F.A: oref clervre scences & engrg Uniy tiNCth Cargtera
S_gsnzl ~ad Crage' Wt NC 27513 82 (moderator) 27-2

Dixon. D.R.: 2w of Irermcd telnnoogy CSIRC Box 210 South
"2 oCurae 3205 Vigicr @ Ausitasa 6-4
Donohue, G.E.: cecuty 21 Jev Of 80 r P25 10 Nassa.
—2aln 920 ¢ County Rz Mir2cia NY 1170t 26-6
Duke, K.D.: c.on¢ 567, c25 20 Cdy 3* ~grenicg 1 Yarcnesiar 8¢
~oah s CA &1 7 (Chairman)

Dyksen, J.E.: o-2: g
Sarerly o D783 10-1

Edzwald. J.K.: 2sscC prof cept ofcwd & envy engrg ClarksenCoilege
S Tesnmoggy P *'.sca'*‘ NY 13676 S$1-2, 16 (Chairman), 16-1

Elder, D.B.: 2rgr B ace & Vealer 8cx 8405 Karsas City MO 64114
30-3

Elmendort, Mary: .ors0 ! Grineloons g5t 13t 1T 3 0 SL1e 80
Szt gt D0 20038 1544

Emrich. G.H: a9 ars Ass3s 300 W vi B T2 R Lng

Ceounty Sept of

g
Iy

—nge ‘Mz zTe Pere ez 120 Esernoaer Or

Engerhoim, BA S m2 C.oanoMreg Sardanisc
31-3

Fassett. Gw.: . Savze Rty 2385
Ferguson J.F.: .~.~'. LTIl Lt S eTRO LT U AEsm N
PR R Rl b (Vlce Chalrman)

Flelcher. S.T.. . ot a2 Ot 2t 8nIus tmal 3
Y CoLLWLLa 2.8

Foley.P.D.: S 1338 CarAe W Toooms DV es

22 (Cochalrman)

Goeetan Frmg ¢ De s mn
CeOnigomern, CUnsLt 1 as e

A E1151 18-

2.08ruCt o & manterance StoLous County
. 5 «3 Urnersty Gty MO 63124 23-5
Froman, C A.Jr.: s cepres Gar, -Hobart Water Corg 650 Magsso St
Gary 1N 48222 3 (Cochairman)

Fulton, G.P.:vice ores &crwelfengr Metcai! & E20y 1rc 628 22nru St
Nen Yore NY 12017 27-2

Gaston, J.M.:ch.ef sartaryergrg seit Cent ztHealth Sersces 2151
Borez o, W3y Beketey CA 34704 §3-5b

Gavin, Thomas: graz.atz 5tcent cept of ot engrg Notmaestern
Univ E.27s50 L 60201 11-5

Geldreich, E.E.: cret ~creboogical ireatment br  drnking aater
researct Sv MERL USEPA 26 W St Ciar St Cincinnat, OH 45268
31-2

Franklin, B.W

Wwater Co 83%

v Do,
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Gilbert, J.B.: . ce pres Brown & Calgwe'l "23 S Sireet Sacrareris
2433814 1 (Chairman), 1-3, 21-1

Gilman, H.D.: Greeley & Hansen 1818 Market St Suie 1360
Prpazepna PA 19103 23-1c

Goers. M.A.: research asst . speed sc:entific school Uriv &f Louisville
Lousvile KY 30208 16-4 =

Gong. Benjamin: engr CH2M Hill 1941 Ro'anc Ciarke Pl Reston VA
22, 16-1

Goshko, M.A.: research training asst, envit microbiology aJept of
t otegecal sc:ence. Drexel Univ . Phifadelphia, PA 19104 11-6
Goulding, Randolph: Jordan Jones & Goulding, Inc. 2000 Clearv-ew
Ave NE Sute 200 Atlanta. GA 30340, 30 (Cochairman)

Graeser, H.J.: dir of envir research & development, Black & Veaich
3728 LBJ Fway Suite 300. Dallas TX 75240, 3-1

Griffith, F.P. Jr.: asst engr -dir. Fairfax County Water Authorty Box
1500 Falls Church VA 22116 24-2

Gritfith, J.D.: John Carolio Engrs . 3308 N 3rd Sl Phoenix AZ 85012
30-2

Gupta, K.B.: process design engr . Havens & Emerson, inc 700 Bond
Coun Bicg 1300 E 9tn St Cleveland OH 44114 10-3

Hagar, C.B.: proj engr Btack & Veatch. Box 8405 Karsas Cty MO
34114 30-3

Ham, R.K.: prof, cept of cwvil & envit engrg Unse 20 N s2Cnsin—
“ac son 3232 Engrg Bidg Macison Wi 53706 10-3

Hammer, A.R.: dir bu of water supply engrg ¢z 1=za'~2Japt 129
Governor St, Richmond, VA 23219, 30-1

Hansler, G.M.: exec cir Delaware River Basin Corm™ 8ox 7360 West
Trenton, NJ 08648. 4-1

Hanson, Hugh: chief. program support sect Otice of D7 ~x ng Water
USEPA Wasnington. DC 20460 $3-1a

Harris, J.A.: mgr of envir health & safety Occroerta:Cne~ ca2 Co Bex
198 Lathrop. CA 95330 25-2

Harween, H.J.: Dnnking Water Researct Carter Fiorza intt Unw
Mame FL 33199 22-1, 22-2

Hash, L.J.: mgr, Water Deot . Sioux Fa'ls SD 571£2 24 (Cochairman)
Haskins, B.D.: ar of education AWWA 6666 W C.rcy Ave Denver
CO 80235. 19-3 ‘

Haven, R.C.: dir of engrg. Washington Suburpan Sartzry Comm
Arbiteon Bldg . 312 Marshall Ave, Laurel. MD 20810 2-5

Hess, A.F.;, sr prin engr —water treatment Malcolm Proe Inc 100
Eisenhower Dr. Paramus. NJ 07652, S$2-7, 10 (Chairman), 10-1
Hilburn, R.D.: Univ of Washington FX-10More Hail Seattie WA 981935
111

Hoehn, R.C.: prof cept of cwii engrg
Uy, Blacksourg, VA 24060 16-6
Hoffbuhr, J.W.: chief crnnking water or USEFA—Reger 2 1880
L rcoin St Denver CO 80295 12-4, 13 {(Cochairman)

Holnbeck, S.R.: hydrolcgist. water rescurcas ov
Rasources & Conservaton 32 S Eang heterg MT
Honeycutt, F.G. Jr.. URS.Forrest & Caticr 3774
Zaras TX 73247 9 (Vice Chairman)

Hubbs, $.A.: research engr. Lousvdle ‘Nater Co 435§ g &
cewsy e KY 40202, 16-4, 26-4

Hudson, H.E. Jr.: Water & Arr Research Box 112
32501 $1-8,5-3

Huelsman, W.J.: partner Coopers & Lybrang 1800\ S NW Sut2 400
N Washington DC 20036. 8-3

Inhofter, W.R.: genl supt & chief engr Passatc Vailey Water Comm
Box 230. Chfton. NJ 07015 4 (Cochairman)

inman, L.V.: gr of public works, City of Longview Box 128, Longview
WA 98632 28-2

Jackson, D.E.: vice pres —operations New Haven Water Co. 90
Sargent Dr New Haven, CT 06511 2 (Vice Chairman)

James, Roger: dir of utilties {retwred). City of Spokane, City Hall,
Spokane WA 99201, 28-3

Jenkins, David: Richmond Field Station. Univ of Cahformia —Berkeley
1301 S 46th St. Richmond CA 94804, 27-2

Vg ra Poytecm o ingt & Siate

Garesvie, FL
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New ComPIPE
is here!

Clow put
the strengthin
and took
the weight out
of large dlameter

pipe.

Reader lnquiry Secvice No 017

VISIT OUR EXHIBIT, BOCTH NO, 839

New Clow ComPIPE combines light
weight and strength plus other important
features you want for your municipal or
industrial piping system.

With only one-ninth the weight of
concrete and one-third the weight of
ductile iron, Clow ComPIPE has the
strength to withstand ordinary
construction practices. earthloading and
installation under adverse conditions.

Because we incorporate glass
microspheres with fiberglass windings
over a corrosion liner, Clow ComPIPE is
significantly stiffer than other, more
flexible conduits. Since’the pipe wall is
composed only of glass materials and
resin, its cross section is homogeneous.

The progressive development of
ComPIPE over the last decade and the
soundness of its unique design concept
has been proven by actual field
installations.

Light weight ComPIPE 1s easy to
handle, enabling contractors to achieve
higher production rates with lighter
equipment and at a lower cost.

Superior joining systems and field
adaptability are also important factors in
speeding installation. Clow ComPIPE
can be cut in the field in minutes and can
be drilled and tapped in the conventional
manner.

Once installed, Clow ComPIPE’s
strength and corrosion resistance will
provide trouble-free service. Because
Clow ComP!PE offers assured high flow
characteristics, pumping costs will be
reduced.

Next time you are considenng large
diameter water or sewer pipe for your
municipal or industrial piping system,
look into new Clow ComPIiPE. Return the
coupon for detailed literature.

A Clow Corporation
The Water Resources People

Clow Corporation. |
Water Systems Group |
P.O. Box 196, Lincoln, AL 35096 I
Please send more information about [
your new Clow ComPIPE,

NAME

TITLE:

EMPLOYER

BUSINESS
ADDRESS

CiTYy

STATE. ZiP

——— — —— — s (e o — f— — s — — ——
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THE COMPLETE

PROCEEDINGS OF THE

1980 AWWA WATER

UTILITY QUALITY

* TECHNOLOGY

CONFERENCE ARE FEATURED IN

THIS 420-PAGE PAPBERBOUND
REFERENCE VOLUME. AN

IMPORTANT TOOL FOR UTILITY
CHEMISTS, MICROBIOLOGISTS

AND REGULATORY AND

LABORATORY PERSONNEL, VOLUME Vil
COVERS NEW APPLICATIONS OF METHODS
AND TECHNIQUES AND CURRENT ADVANCEMENTS
IN WATER ANALYSIS.

. CONTENT HIGHLIGHTS INCLUDE:

.. = {as Chromoltographic Techniques tor Controlling Organic Removal Unii Processes.
. » Health Signlficance of Bacterls! Endotoxins in Drinking Water

* Microblologicat Considerations While Controlling Trihalomethanes

L] Mbmmmlncmomnﬂhodology ® Asbamkndyﬁc'l’cchm

THIS”COMPREHENSIVE HA’HDBOOK 1S CURRENTLY AVAILABLEFORONLY = -~ -
"$7.50 TO AWWA MEMBERSAND $15.00 TO NON-MEMBERS. WQTC - '
"PROCEEDINGS VIlI IS AN INVALUABLE AID FOR BOTH CONFERENCE
’ATTENDEES AND ALL omeasmenss'rao IN SIGNIFICANT

DEVELOPMENT SIN WATER!ISEARCH.

ORDER FORM

ORDER Send me copies of 1980 AWWA Water Qualty Technology
Conference Proceedings VIl Catalog No 20154MA
1 7 50 Member 0 1500 Nonmember
YO URS NO W , O lam an AWWA member or the official representative of an AWWA
L Organization Member, MemberNo
0 8ill Me Members Only

O Payment enclosed U S or Canadian funds Pfease make check
payable to AWWA

Order No. 20154MA NAME

Send your order to:
ADDRESS

3
F

: AWWA PUBLICATIONS ORDER DEPT THLE ORGANIZATION —- -
comennal 6666 WEST QUINCY AVENUE -
"~z DENVER, COL.80235 oy ST o

“Hargung Charje Every orger totanng ress thaa $1000 ana Aot 4¢iGmpaned by
semm HIACe § Sl €€ "0 Fandiirg charge of $3 00 whiCh well AuT0™Malcally De J3CEa 10 e
D Trg 2ngege § felessary Decause Of the exlra CcrenCac CELCess g Nydived On such

Srles

t
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‘Continued from page 321
13

Qlson, B.H.: asst prz* £75gram™ 0 s0C @' 2£2IeGy Ur.y of Caclgrona
irece CA 2717 26-2

O'Mella, C.R.: crg* =0t ot z2tgrac™, & er.r ergrg Lohas Hopens
une, Bzt ~cre A3 2'2°3 2245, 27 (Chairman)

¢ Zrrerg Nater Seseacch Center Forcaintt

gy Mam T35t 22-2

Parsons, R.C.: c-23 .1-%85 ~3mt 2w =B Mayrarg 4 Co inc 100
Consttution Pzza —artfors CT 6103 8-1

Payan, |.L.: Dr =« ~3 W\ ater Pesearen Certar Foncaintt Urw Viami FL
33196 22-2

Pearson, H.E.: aater Guaily Zonsuitant 178 € A.sC St Pomona CA
31767 26 (Vice Chairman)

Peltz, K.W.: seni mgr, Greater Lake Chares walsr Co 114W Ciarerce
St Box 1727 Lake Crartes LA 70601 3 (Cochairman)

Persson, E.A.: mgr plant engrg cwv East Bay Mumic Ut 1ty Dist Box
24€55 Qaksang CA 94623 24-1

Piigreen, P.E.:P £ Pigreer & Asscc Box 3146 ‘lenigomery AL 36109
2 (Chairman) ’
Pipes, W.0.:crof Zent croecgtarscence OrexsUn
SA 18124 1146

Pirbazari, Massoud: res=ascn SCenist 220t 0. 2rgg Uny of
wels urnana L 68131 27-5

Piroozfard, Mohammad: gracuaie stuCent Jest Sfc. 2rgrs Lrwv of
\hssous Cowrpia MO 55211 6-1

Preston, D.B.: exec 2r AWWA 6666 W Quincy Ave Denver CO
2235 1 (Vice Chairman)

Priestley, AJ.: v o' cremical technology CS'RO Box 31C South
L'e bourme 32C5 Victora Austrana 6-4

Randtke, $.J.: asst prof of erwir engrg Univ chilinois 3230 Civit Engrg
Blzg Urcana 'L 83101 22-4

Raper, W.G.C.: prin researcn sc:ent:st—water orogram 2 v of chemucal
tecnro:cgy CSiIRO Box 210 South Me'tourne 3255, Viciona Austrata
6-4

Rapinat. M.R.:coouct onmgr Compagre Gererae 2es Easx 32 Rue
JA~ sy Pars France 73008 20-4

Rasberry, J.M.: james £ ‘acLaren Ll¢. Apt 30C1 No 4 Ferest
Larewvay Weilcwcale ON MZN 548, 23 (Chairman)

Ravelo, E.D.: O r<ng Wa'er Research Center Brorcart Uy Mamu
Fr 33199 22.2

Redman, W.J.: 2 ~e2 & Ceri'2alon Sthcer ooy O a5ler Supbry
v = Bax 3CC33 Lansrg V- 28408 13-3
25 4 Mortgorern, Cors.t Ergrs e
491101 31-4

verty Water Supoiy Bx Ar ~glor Ave

Pni3dapra

Reilly, J.K.: 2

Renner, D.C.:

L age of Aagien == 3™s Mor coar
{

Revis, Nathaniel: : cogy cest Car Roge tval ran Qe

haby

:"'.‘7:' L3173, 29-4
Rldgik. T.A.: ;

apim ~ s

N Sem o
oz PN

22l 22.3

Roberts, P.V.iaz .=7turit 2201 202 wnsngrg Stanfors e s
12323l 62-4,27-2,27-3

Robertson, G.R.:
E~j-esrs Jvasm oo OC
Robinson, J.H.: 8 ac« & vealcr Box 8405 Kansas Cily 'O 83114 14
{Chalrman)

Rollag. D.A.: ~2a2 cest of ¢« engrg  South Dakcla State Uew
Sesoxags SO 37CO7 16-7

Roller, J.A.: s.ct —wsater 2. Dept 2t Publhic Ulites Sox 1037
Tazomz A& 3E415 28 (Chalrman)

Rook, J.J.: Gemerte Rotterzam Drnkingwaleried.ng Heer Bokaiweg
25 Pcsites 23 Retterca~ Netrerangs 27-2

Roscher, N.M.: oro! cept of cremistry Amencan Unn  Washinglon
£7230438 311

Ross, M.D.: jracuate siudent Zept of cive engrg Univ ¢! 1cano

Qroripre
=amers
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Moscow. ID 83843, 16-2

Ruiz, M.C.: Drinking Water Research Center Fioncaint!i urw \a~ 5L
33199 22-2 -
Saleba, G.S.: vice pres .generalmgmt &financialplanming Ecoremic &
Engrg Services. Inc. Box 3182, Bellevue WA 98009 24-4

Sander, D.K.: dist engr . water supply & waste gect. d'v ot health Dept
of Socral & Heaith Serv:ces. 924 W Sinto Ave Spokane WA 20206 28-4
Schalekamp, Maarten: gent mgr . Zur:ch Water Works Harghof @ Box
8023 Zurich, Switzerland, 20-3

Schroeder, D.C.: vice pres.. Boyle Engrg Corp. Bex 3030 Newpor
Beach CA 92663.7-1

Shine, D.K.: qir of uthties. Water Dept 1155 28th St Wycrmirg M
49509 1 (Vice Chairman)

Shipman, H.R.: consultant. 7168 Edgevale St . Chevy Chase MD 25C15
15-2

Singer, P.C.: prof . dept of envir sciences & engrg  School of PuBic
Health. Univ of North Carolina. Chapel Hill NC 27514 16-3 27-2
Singley, J.E.: sr research associate Envir Science & Engrg inc Box
13454 Gainesville. FL 32604, $1-5, § (Vice Chairman)

Sklarski, L.B.: sr iab technwian, utiities cept  City of Niagara Fa'is 1200
Buffalo Ave Newagara Falls. NY 14302 26-5 ~

Snoeylnk, V.L.: prot of enver engrg. dest ofc mangeg Loy 30 0SS
uUrbana IL 61801 S2-5, 22 (Chairman), 27-1, 27-2

Sontheimer, Helnrich: Engler Bunte Inst . Unw of Kar 5r.~2 P75 Fagr
6380 Karisrune. Germany 27-2

Sorg, T.J.: chief, inorganic & particutate Control sect 2r me ~ g 4
research div USEPA, 26 W St Clar St, Cincirrat: O
Sricharoenchalkit, P.: graduate student gept o¢ < v 2273 S,73Iuse
Univ, Syracuse, NY 13210, 6-2

Stacha, J.H.: asst cir, Dallas Water Utditees 153C *4ar a8 3:-35 TX
752011 (Vice Chairman)

Stevens, A.A.: water supply research USEPA 26 Vvast St CTar St
Cincinnati, OH 45268, 27-2

Stinson, K.B.: East Bay Munic Utility Dist (2127 Adetne St Jaxiare CA
94623 25-3

Stoebner, R.A.: civil engr, Black & Veatch 13G0 “'zasia ars Pxay
Kansas City. MO 64114,16-7

Stone, B.G.: sr vice pres,. James M Montgomery Corsui Z-3r3 nC
555 € Walnut St. Pasadena. CA 91101, $1-7, 31 (Chairman)
Stratton, Richard: graduate research asst.. Univ of lilincis 3230 Civil
Engrg Bldg . Urbana, IL. 61801: 22-3

Sulllvan, J.P.; prin design engr . Boston Water & Sewer Comm 1 Post
Office Square. Boston, MA 02109; 7-5§

Summers, R.S.: research asst. dept of civil engrg  Siarcrs Lnw
Stanforg. CA 94305. 27-3

Symons, G.E.: engrg eaitor-consultant, 86 Eggewooc 2ve wascrmont
NY 10538 5-2

Symons, J.M.: chvef physical & chemical removai o WSRD USEPA
Cuncinnati OH 45268, § (Chairman)

Tao, Penchlh: tacnnical research coordinator t~ackensacn Waigr Co
230 Ole Hook Rd , Harrington Park, NJ 07640. 7-3

Tate, C.H.: vice pres . James M Montgomery Coesut E~3rs 'ng
£ Walrut St, Pasacena, CA 91101 S1 (Moderator), 5-4

Taylor, R.H.: research microbiologist. MERL. USEPA. 26 W St Cawr St
Cincinnati, OH 45268: 31 (Cochairman)

Thacker, W.E.:research engr . Natl Counc:l oft~e Pacerirduste, for Arr
ang Stream Improvement Inc dept of paper science & ergrg ‘Wastern
tchigan Univ . Kalamazeo MI 49008 27-1

Tharp, Erlc: cept of civitengrg Univ of Missour, Columbra MQ 85211,
11-2

Thiel, C.E.: graduate research asst. Univ of linois 4125 Civit Engrg
Bidg Urbana. IL 61801 22-4

Thomas, D.M.: surface waters br  WRD.USGS 413 Nat! Center Reston,
VA 22092 28-5

Thompson, C.H.: Aerojet Generat Corp . Box 13222 Sacramerto CA
95813. 25 (Cocharrmam 25-4

Thompson, M.H.: exec secy. Conference of State Sartary Engrs, 1
Deerfield Dr . Troy NY 12180. §3-1b
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These modern, field proven in-
struments quickly detect leaks.
and locate pipe. valves, boxes
and cables. They will save you
hours and even days of time-
wasting. costly searching.

If you value increased efficiency
and operating economy in your

pipeline equipment and sup-
plies, contact:

pOI la [d The Pipeline Equipment Experts

JOSEPH G. POLLARD CO., INC. NEW HYDE PARK, NY 11040 @ 516-746-0342

VISIT OUR EXHIBIT, BOOTH NO. 227 ANNUAL CONFERENCE 55
Reader Inquiry Service No. 050
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We are pleased to
announce our
relocation to new
and larger facilities
in Houston, Texas.

OCEAN VALVES INC.

1304 Langham Creek Drive
Suite 450

Houston, TX 77084
Telephone: (713) 578-8834

Request a copy of our new brochure.

Checkvalves,

- pinch valves and
related products

OCEAN
VALVES INC.

56 ANNUAL CONFERENCE
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Tifft, E.C. Jr.: O Brer 2 Gere Engrs Inc 1304 Buckiey Re Syracuse
NY 13221 27-2 .

Tippin, D.L.:2r Ta~gaWater Dept . 1 City Hall Plaza Tampa. FL 33602
23-3 =
Trussell, A.R.: st cnem st james M Montgomery Corsuit E~grs Inc
555 € Wairct St Pasacena CA91101.31-4

Trusseli, R.R.:vice pres, James M Montgomery, Consult Engrs 555E
Wainut St Pasacdena. CA 81101 30-4, 31-4

Uhlenburg, R.E.: dir cf admunstrative services AWWA 6666 W Quincy
Ase Tenver CO BG235 19-4

Vanderbrook, S.G.: putic heaith engr . cwv of water orograms, Vrgwua
Dept ¢! Healtr 1301 Roseneath Rd R.chmond VA 23230 11-4

Van DeWege, J.R.: supt Wyocming Water Treatment Plant 16700 New
Holiand Hotland. M1 49423 13-3 A

Van Dyke, R.P.: geni mgr Ciuy Water B¢ Box 2448 Sap Antomo TX
78298 17 .

Wade, J.A. Jr.:vice pres & cniefengr Calformia Water Seey ce Co 80x
1150 Sar Jcse CA $5198 12-1

Waters, D.M.: cres Waters Corsuitants Pro‘ess crai Ser, ces Grouc
inC TBCT Cervey Ct Suite 118 San Diego CA 3211+ 2344

Weber, W.J. Jr.: 5rof of enyr & water rescurce
‘o gae 181 Walee Rescurces Ergrg Bdg A
27-5

Welsner, M.J.: physical scientist tecnricai suncornt Sv Oz o
Dnink.ng Water, USEPA. 5555 Ridge Ave . Cincirnat. Cr 25268 10-2
Weiss, D.E.: CSIRO Hq. Lirestore Ave Campcel, ACT 2322
Ausiralia 6-4

Weiss, D.R.: engr. Brown & Roct Concourse B3¢ - 17200 Bata
Houston, TX 77072. 26-5

Westendort, J.R.: chemust, utiites cept. Ciy ¢* “v.agara Faus, 1280
Buffalo Ave Niagara Falls. NY 14302. 26-5

Westerhoff, G.P.;Vice pres Malcclm Piunie rz ZZoroorataPar< Dr
Wnite Plains NY 10602. 6-3

Westgarth, W.C.: lab acrunstrator, Dept of E~v 7 Jua'ty, 1T12SW
11th Ave.. Portland. OR 97201, 25-4

Witson, J.H.: mgr -engr . Little Rock Munig. Water Weorks 80x 1789 Littie
Rock, AR 72203; 7 (Vice Chairman)

Wolfe, L.S.: designengr . Clapsadaie-Garoer Assce 3ox 734 Mars~al-
town, IA 50158, 12-2

Wolman, Abel: prot. cept of aater resoutces & sandary engg 2C9
Ames Hall jorns Hoplans Umiv, Baltprcre MO 21216 541

Wood, P.R.: assoc. pref  Durxing Water Researcn Certer ~lor ga nti
Unwv, Miaen FL 33199, 22-1, 22-2

Woodhull, R.S.: chef water suppiies sect Corredt Ut Sept ¢f -eath
Serv.ces 79 €im St Harrors CT 06115 7-4

Woods, C.E.:.pres . New Ha.enWater Co 30 Sarga~iDr “Naawa.er
C7 2851 8 (Cochairman)

Work, S.W.: mgr of guaity contrcl Derver Water Degt 1603 W 1210
Ave Den,2r CO 8G25¢ 10-6

Wright, W.C.: Stearns & Wneler, 10 Acany St Cazercs @ NY 13635
9-2

Wubbena, R.L.: pres. Economic & Engrg Services Inc Box 976
Otymmpia. WA 98507 $3-5¢, 2-2, 19-5

Yamaya, C.N.: asst engr, Murphy Engrg inc 224 S M.crh.gan Ave
Chicago. IL. 60604 22-4

Young, M.B.: system operations mgr. Metro Water Dist of Southern
Catfornia. 1111 Sunset Bivd . Los Angeles. CA 9C012 18-2

Zegers, R.E.: water cir . City of Elgin, 150 Dexter Ct . E!gin. IL 60120.10-5
Zogorski, John: School of Public and Envir Aarrs, Indiana Univ
Bloomington IN 47401 27-2
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Igon Potable Water
Service: the pure and
simple solution to well
water contamination.

When organics contaminate well
water, the fastest and most cost-
efficient solution is fo call Calgon.

In as little as 48 hours, Calgon’s
Potable Water Service*"can have the
existing well producing clean water
again.

The Calgon Potable Water Service
is a complete freatment service using
granular activated carbon. Specific
organics such as trichloroethane, tri-
chloroethylene and dibromochioro-
propane are removed from the well
water.

Calgon provides everything you
will need —the adsorption equipment
including installation; delivery and
removal of spent carbon; water test-
ing; and ongoing engineering assis-
tance. All for a simple monthly fee.
With no major capital expense.

Your search for clean well water
need go no further than the telephone.
Callus at (412) 777-8000, or write to:
Potable Water Service, Calgon
Corporation, Calgon Center, Pitts-
burgh, Pennsylvania 15230.

Calgon makes carbon
pure and simple.

CALGON

SUBSIDIARY OF MERCK & CO..INC
Reader Inquiry Service No. 011
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> Technical Presentation by Subject

Distribution H-Day P'us One Year (28-5)

Agngiaer S.505s STt T aIIoTaCRCNe

Preoie~ (7-5)

Automat oF 373 .nstruTe Large Steel Mains (2-4)

Asgestos-Ceman Pz /-, =~z (7-4) Mairtenance of Valves and Hydrants (23-5)
Srvircnrental are 83g. 3. T-2ss Game Mt St Helens Failout Problems (28-3)
(2-2) Mug Figw Preblems (28-2)

tnngvatve Design to Overcceme Regulatory
Constraints on a Water Storage Facility (2-5)
(23-3) trstatlation Problems and Special Techniques of

Ly

¥ There 1s one designed and priced to meet
your most exacting requirements. In a wide
range of applications — high or low flow

crete pipes — companies like Kennecott
., Copper Corporation achieve accurate,
W\ maintenance-free results. NUSONICS™
< R\ Flowmeters are low energy users. obstruc-
SRR tonless and have no moving parts. Call or
W write today for our free catalog on flow-
metering.

i

n—.y

. oLt
Process Controls Division
1800 S. Baltimore Ave.
Tulsa, Oklahoma 74119
918/438-1010

Reader 1 iry S B N
58 ANNUAL CONFERENCE oy Service No 037

Negotiating for Instream Water (2-1)
Organization and Analysis of Leak and Break
Data tor Main Replacement Decisions (7-2)
Permit Program As It Affects Navigable Waters
(2-3)

A Practical Corrosion Control Program for Water
Districts (23-4)

Public Health Considerations of Mt St Helens
Eruption (28-4)

Report on an Early Warning System (28-1)

Special Design Considerations on the Diemer
Pipeline Project (7-1) -

Statistical Sampling Techniques for Controling
Accuracy of Small Water Meters (7-3)

Tank Inspection, Cleaning. and Maintenance
(23-2)

Education

Better Water Qualty and Service Through
Training: Panel Discusston (13)

Cross Connections Their importance anc Con-
trol (18-5)

Opflow and the Operator (18-1)

Safety and Traffic Bouting (18-4)

Tips on Pump Maintenance (18-3)

Water Meter Basics (18-2)

Engineering and Construction

Dssinfection Processes (30-4)

Ettects of Government Reguiatcn (30-1)

Filtration Processes (30-3)

New Design Concepts in Water Treatment in
France (20-4)

New Experiences of a European Surface Water
Treatment System, Especially in Removal of
Organics (20-3)

Pretreatment Processes (30-2)

Small Water Utibty Operatiers ard Des.¢cn (12)

Water System Construction (30-5)

Management

Changing Atbtudes and Management Styles
(3-2)

Commumnication ang Relationsh:ps Witn Custo-
mexs (3-3)

Esergy Management Three Ways 16 Win (24-1)

Es’ablishment of Water Utility Institutions 1n
Developing Countries (15-3)

Evolution of Management and QOrganizations
(3-1)

Financial Management (24-4)

Hidden Costs of Accidents (17-1)

Improved Productivity Through Work Measure-
ment (8-1)

Management, infarmation, and Computers (8-2)

Management’s Obligations in the Regulatory
Pracess (24-3)

Operating and Financial Reporting Systems
(8-3)

Overview of the Water Utility Council (21-2)

Planned Maintenance Management (8-4)

Reducing the Cost and Time of Feasibility and

{Continued on page 60}
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There’s more
to the McAvity M67 .

than mee’s

the eye...

There is practical, economical
thinking under its streamlined
exterior.

Check these features:

¢ Superior, four-section breakaway flange that
snaps off cleanly if hit by car or plow. That
you repair on the spot in 30 minutes with no
need to excavate buried portion.

* Ease of operation. Minimun opeaning and closing
torque.

¢ Minimun wearing parts and bronze seat casing
supplied on all hydrants. Seat casing makes removal
of internal parts possible at all times due to bronze to
bronze contact between seat and casing.

* Compression valve that eliminates flooding in case of
breakage.

® Easy change threaded in nozzles

® Operating requirements that exceed most competitive
makes as well as AWWA specification C504-64.

But there's more to it than super quality in material and
workmanship...there's six generations of tradtion to live
up to and our people are a proud lot.

For details and specifications write to
Crane Canada Inc., Valve & Industnal Division,
5800 Cdte de Liesse. Montréal. Que. H4T 184

Regional Sales Offices: Bedford. N.S.; Montréal, Qué.;
Toronto. Ont.: Winnipeg, Man.: Vancouver, B.C.
Distributors from coast-to-coast.

Reader {nquiry Service No 019 NEWS 59
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Con‘:nued from pace 384

‘taster Pgr Stucies n Developing Countries
(15-2)
Tre Regorarzat Cn 2rocess (3-4)
R.ra' Water Suocy ~ Puenic Rec (15-1)
Son rzWater UL 1, Srchlems Today (21-5)
_3EPA 5 Trmemg Mater Pesgram (21-4)
was~agis-s ATt (21-3)
Narer Use latagemert (24-2)
Weormen Water 2-dne Decase (15-4)

Research
Azscrpton of Carbon Tetracrierce From Water
ty Act vateg Caroen (27-5)

Apptrcat-on of Polymers 'or Water Piant Siucge
Cong t:cning (6-1)

Biodegradat.on of Trace Qrganics by Biofiims on
Porous Media (22-3)

Comganson of the DPD-Color-retric DPD-
Steacdac ar¢ FACTS Test Procecures for
Free Chlor re Residuar Aralyses (31-1)

Cesorcueon ¢f Compourds Durng C- eratioc Of
GAC Acgsorpt-on Systems (27-1)

Dffusion of Organics From Solvent-Bonded
Plastic Prpes Usec for Potabie Water Plumbing
(31-3)

Researcr Fourdat.on Func.ng (31-5)

gffects ¢f Calcium onthe Spec atron. Adsorption
anc Removal of Fulvic Acids (22-5)

to solve them!

Wallace & Tiernan Div..

Belleville. NJ 07109,
Dept. S-308 {201) 759-8000.

WALLACEETIERNAN

I FPENALT

Disinfecting with

Put our experience and nationwide sales/service
network on the job for you!

When you're ready to install a chlorine
dioxide system, Wallace & Tiernan is ready
for you. With over 60 years experience in
supplying the needs of the water treatment
industry, we know your problems ... and how

Our systems have the capacity, control
modes. and cost-effectiveness to handle
your needs. Standard capacities up to 510 Ib.
per day. with higher capacities available.
Control can be manual. start-stop. or auto-
matic flow-proportional. W&T Systems generate
chlorine dioxide on-site and apply it immediately for
maximum efficiency and economy.

Our chlonine chionte acid method of CIO . gener-
afion uses a dilute hydrochloric acid solution to
lower the pH. The process produces a disinfectant
with a minimum of unreacted chlorine. Thus there’s
minimum danger of forming trihalomethanes....
impcertant in view of the maximum allowable
THM levels recently prescribed by EPA.

So when you're thinking CIO,. think Wallace &
Tiernan. Your colleagues in the industry have
been. for many of our products, since 1913.

Pennwalt Corporation, 25 Main St.

60 ANNUAL CONFERENCE

Reader Inquiry Service No 064

CAPCO

GAC Performance Cntena for Grgan.c Carten
Remova! (27-3)

Heunstic Model for Water Network Design (6-6)

interaction of Hydrolyzable Metal and Catonic
Polyelectolyte Coagulants (6-2)

Introductory Study of the Biocegradator cf tre
Chiorinated Methane, Ethane, and Ethene Cem-
pounds (22-2)

The Mechanics of Awr Scour During F.iter
Backwash (6-5)

Microbial Activity on Granular Activated Carbon
An Assessment (27-2)

A Predictive Model for Chloroform Formation
From Humic Acid (31-3)

Prehminary Design of Least-Cost Fixec-Bed
Adsorption Systems Using the Homogenous
Surface Ditfusion Model (27-4)

Removal of Organics From Water by Aeraton
(22-1) )

Removal of Soluble Qrgamic Centamnarts oy
Lime-Soca Soften:ng (22-4)

Softerung Sludge Treatment (6-3)

Water Clarihication ang Decolorzat cn Wt~ the
Use of Regenerable Magretic Pa ¢ es (6-4)

Resources

Adsorption as a Treatment Process (52-5)

Aur Stripping as a Treatment Process ($2-6)

Case Studies Involving Removal of Orgaruc
Contaminants From Ground vater (S2-7)

Colorado Water Rights Engineer.ng (9-3)

Development of a National Groundwater Strategy
(s2-1)

Eastern States Try to Share Water (9-2)

East (Riparian) Versus West iAcorcpeative’ Has
the Twain Met? (9-4)

Fundamentals of Groungwater Coia™ raton
(52-2)

High Plains-Ogallala Aquifer Serves Many Mas-
ters (9-1)

Methods of Containirg Contaminatec Ground-
water ($2-3)

Nature of Organic Contaminarnts .» Grouncvater
and Treatment Approacres ($2-4)

Neeo ior Conjunctive Water Suppnhés .~ tne
Celawater River 8asin (4-1)

Scme Hazardous T.mes (25-4)

Superfund What? (25-1)

Systemat:ic Appreach ic C'eanrg Ur (25-2)

East Bay MUD Has tre P'2n (25-3)

A Water Conservalon Stue, = 2 Walsr-R.ch
State (11-2)

Water v @ Hurry for the Od-Frorn-Coal Sasol 2
Project. South Atnca (20-2)

Water Quality

Alternative for Controlling Organics in Greund-
water Supplies (10-1)

Application of lon Exchange and Uliratiitration
for Color Removal From Grouncwater (16-3)

Bacterial Colonization of Water Distribution
Systems (26-2)

Chemucal Modeling of Copper Corrosion Using
Electrochemical Techniques (11-1)

Coagulant Selection Using Jjar Tests (§1-6)

Coaguilation {S1-3)

Community Water Supply Survey Sampling and
Analysis for Purgeable Orgarucs and Total
Organic Carbon (10-2)

{Continued on page 62)
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Topaint...or not to paint.
That is the question.

If you are considering building a steel water storage tank, or are
already comparing costs with concrete reservoirs, now is the time to
consider painting costs. Over the life of a steel tank, it costs more to
paint it than it does to build it.
Why? Inflation...that's why.
Natgun Corporation designs
and builds precast, prestressed
concrete water storage tanks
that never need painting.
We have prepared a simple
chart that allows you to calculate
painting costs using whatever
inflation rate you think is
realistic.
It's free for the asking; just
write or call.

NAIGLIN

NATGUN Corporation, Teal Road, Wakefield, MA 01880 Telephone 617-246-1133
Texas: 8111 Preston Road, Suite 820, Dailas, TX 75225 Telephone 214-368-3306
California: 698 Powers Drive, El Dorado Hills, CA 95630 Telephone 916-933-3937

Reader Inquiry Service No 043
VISIT OUR EXHIBIT. BOOTH NO 410
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‘Continued from paye 601
Corroston Control Within Water Dsstribution
Systems (26-3)
5 Costs ano Benehits of Drinkirg Water Treatmrent

(10-4)
. « Design Cons.cerat cns n Fritraticn: (S1-8)
Backflow Prevention Devices Determming anc Optemaing (S1.7)
Drwect Futeatior of Streamborne Glacial Sut
(16-2)
Eftectiveness ¢ Powcered and Granutar Ac-
tivateg Caroen *or Reerevalof Orgaric Contarin-

P t t th P bl H ants at Niagara Fails N Y (26-5)
fO eC e u 'c E¥ect of Solution Chemistry on Coagutation With
Hydrolyzed Al 1111 (11-4)

Safe ty A ga inst Etiology of Carcinogeresis (29-3)

An Evaluation of Aeratién Methods for the

Potable Wa ter Removal of Vo'at'e Organic Contaminants
(16-4) .
Ferric Chior de and ‘Alum as Srgie and Dual

Contamination Corosas (113

th e S ure, Sa fe Floccuiation ($1-4) R

Formatcn and Remova < 2rs~gror— Jureg
W Desainator (16-5)
ay. Funding Panel D:scuss«cr (S$3-5)
Granular Activated Carpen Pretreat~ert ‘oe the
Removal of Trihalomethane Pracueses (16-6)
tntial Mexing (§1-2)
Institut:onal Atiernateves (S3-3) |
Intercelationstip of Bactera' Courts oW in Ciher
Fuished Water Qualty Parameters W irn Ds.
tnbution Systems (26-1)
Introduction to Epidemisiegy (29-1)
Introduction to Toxice ¢, (29-2)

LowDosage Treatmert ‘cr Dragt & ¢~ (S1-9)
Market Study on Srrari Water r2ats~t Pants
(53-4)
Meeting the Obscure Stardarcs That Were
. . e . . (10-5)
For hlgh_ly toxic flu_lds in industrial plar)ts. hospitals, Overator Tranng Panel D scuss on ($3-1)
mortuaries. chemical plants, and boiler feed and Organics Reduction by B vernask ~itraten at
water lines the Reduced Pressure Principle, RP, Lousvile (26-4)
Device Febco Model 825 1v2"-10™, Overview ¢f Sma S,stes Waier Treaiment

Stucres (83-2)
O:zoration 0t aMume pa'Grou~owater Seonivio

For backflow and backsiphonage situations such as Reducelror Manganese ang Trmag—ethars
main supply lines, fire lines without chemical . r?'ga'on (16-7) - .

. f . X R rect Fitrator and Carcen Azsoot
additions and food processing installations the ot of H"’f‘ﬁff‘sﬂ“ﬂsRfer"vfia‘;f“f_;“
Double Check Valve Assembly, DC, Febco Model Process Cons deratons - Recy cong Pra‘crmed
805 3:7-10". Flocs totre Coagu-ator Floccuaten Process

(10-3)
Reaction and Strategy Parel Discuss.on (S3-6)
Meets or exceeds all applicable AWWA standards. Relationships Batwean Stargard Plate Counts
Approved by ASSE, USC, {APMO, SBCC, CSA and gm‘it Olhe(;:asr)zame!ers i Water Distribution
LA City. ysters (11

Response of a Local Hea'th Depaniment to the
Presence of Organics i the Drinking Water
Supoly. Nassau County, Long Istand, NY.

(26-6)
FE E: ” Seasonal Evaluation of Organics Removal at a
f Conventional Water Treatment Plant (16-1)

Toxicological Problems AssoCiated With Aiterna-

FEBCO SALES,INC. tive Methods of Disinfection (29-6) |

. . . Transforming Concepts Into Designs: The |

1446 N. Villa, Fresno, California 93727, (209) 252-0791 Denver Reuse Project (10-6) |
A Subsidiary of: Chas M. Bailey Co. Waterborne intestinal Disease (29-5)

Water Quality and Cardiovascutar Disease (29-4)
Water Quality Past, Present. and Future (5)

1 Reader Inquiry Service No 022
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When you put Certairleed

VINYL-iron'solid PVC water pipe
in aggressive soils,

awonderful thing happens
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For product specifications and other technical data. look
us up in Sweet’s Civil Engineening File, Section 15 12 Ce

APRIL"1981 Reader Inquiry Service No 013

v

VINYL-iron, CertainTeed's brand of solid PVC
municipal water pipe, is unaffected by even the
most aggressive soils.

PVC helps keep construction and operating costs
down, too—an important consideration in these
times of growing taxpayer concern with municipal
services and costs.

VINYL-iron matches cast iron pipe sizes. so itis
ideal for expansion as well as replacement of
potable water and fire protection systems. Its
proven Fluid-Tite™ joints and light weight speed
installation. to help you keep on budget.

When your pipe and budget stay intact. so does
your reputation.

CertainTeed VINYL-iron PVC meets the rugged
requirements of AWWA C-900, Underwriters’
Laboratories, Factory Mutual, National Sanitation
Foundation, and I.A.P.M.O.

For full information, contact your CertainTeed
representative, or us. Certainleed Corporation.
Pipe & Plastics Group, P.O. Box 860, Vailey Forge,
PA 19482. (215) 687-5000.

Certainleed
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Put Watts to the test

Q.

Learn how theWatts airin/water out
909 backflow preventer works.
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The principle’s simple, but we've used it fo solve a
complex safety problem. It's the only device to pro-
vide so much value and so much orotection against
simuitaneous back-siphonage . .d back-pressure
backflow.

Ouruniguereliefvalve® is designed around that air
in/water out idea. The valve has two channels: one
for air, one forwater. When the relief valve opens the
right-hand channel admits airto the top of the re- i
duced pressure zone. The channel on the left then HE PR
drains to atmosphere. Therefore if both check valves :
foul and simultaneous negative supply and positive
back pressure develop, the relief valve stops poten-
tial backflow.

wWatercour Ao

A
EERLIS A

e Handles cold and hotwater — ashot as
210 F; specify 909 HW

¢ Union ends for simple installation and
removal

e Simple-to-service stainless steel modula
check valves )

¢ Available with orwithout strainers

e Horizontal or vertical installation S .
® Ball valve test cocks \%
® Compactconstruction

® Sizes 3/4" through 10"

® Tested successfully under ASSE, AWWA and
FCCCHR of USC standards for backflow prev-
enters: exceeds performance and design re-
cuirements of these specifications.

“heWarts 909 Reduced Pressure Backflow
Preventeruses the simple-yet-extraordinary airin/
water ouf concept to offer maximum backflow
protection with fraditional Watts value.
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THE NAME THAT PROTECTS YOUR NAME
Box 628. Lawrence. MA 01842 (617)688-1811
Toronto. Canada  Soestduinen. The Netherlands

WattsRegulator Company
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19841 Annual Conference Technical Presentation Abstracts

2-1: Negotiating For Instream Water. A
ul ty 2ec ned 15 ~ex! SouICe T aatar acyiC e a
Sma | wer, DUt JLING (PR enVICRmEnal ey 2w
ma JS Fghoang WicHe Sarsne nad 3 far
tarant L aen SN mTa LN walar Tou't pe
tnzraat Tres pacer Sescr LS oM g Uity
£at &t tma agency 3 Insirea~ F'ea Metnod-

‘CZy 272 successfully reacnad anagregment

Qo

2-2:; Environmental and Regulatory Chess
Game. S-srgerenty ane 377 W82 SOt ES
A2UE0 L3ty §13r72rIs oreral ona’ red. e
~e~3 and ‘te mest tost-eecive tesgn
~aler 5818 2xnang Or proecis SR reGL e 3
cress game strategy o marian tne ongnai
st estme Yoo oien secoraan obrecivescorire
Dy roNTEelgegl 1Re ATLSrE AN 3T, 00812 drine

TROU 2ITT 202 ~CUCET 2D IF 30KNTA 22 88

cmrmay o

2-4: Installation Problems and Special
Technlques of Large Steel Mains. "raa _r2

R o T

2-5:Innovative Design to Overcome Regula-
tory Constraints on a Water Storage Facility.

e Snirman $3mtan, Comengg oo

NG eI 2RSS reeced

2.5e 3"

oppesition
oswon ¢ reg. alcry constramnts by
rerg bodies tmal sctated that ail
er sicrage ‘acites wouls bte low
sunsuctacetanks Trrougntre agonca-
reges grandergreer og WSSC
acie 10 t.ercome pubiC SUUechons ana
23,7310y corsira™ls anc ras consiructec a
222003l ve 3 ote based o1 tre eanth as v ened
from a satedite. that prov.ces 2 ~ ga' 8 ‘AL of
pctapie water siorage

Lo regua

3-1: Evolution of Management and Organi
zatlons. introduced by a brel resume of the

66 ANNUAL CONFERENCE

2,0lmer 3¢ LS Lebar poltcal structure. tre
Speaxer A+ 2 SCUSS ine growth of the enlarprse
2naracter sC 6*loca. water utwties Examples of
*ha e, 2t 01 Of maragement structures shaped
Ty .ar 0uS Deutcal ang legisiative s'tuatbors will
e gver

3-2: Changing Attitudes and Management
Styles. T~ paper ‘ocuses upon changing
2o Cves atttudes ang ~anagedal styles in tne
ciriemporaty s2'tng A companson will be
~3ze setween gmatl ang iarge ut ulies &ng the
2 cicsesbyine speaxer s assessmernt
I e~pioyee alttuees anc the most acoroprate
managenal responses for the decade of the

198Cs

cace

3-3: Communication and Relationships
With Customers. Cusicrer comrmyumCahons
3re reca~ens cpee Tportant for g water
Trs 2UINCTS 4 18 8XCETENCE N CUSICTer
reat Crs tul cusiomers are charging —oecor:
~g vite IreClly v ved nuthty afars belter
22.~a3187 a~g more cofar conscious Marage-
i5° 1eve'on strateges to —esh emeioyee
MareRats & T resoorS iy for Juanty

3-4: The Regionalization Process. Tne cre-
320at 2n oeat, 'races e evgiutien of waler
S, 5123 fomitre agy cual weltto the regulates
3'atus ~Ta ‘ases oy tpe ingustry Incluced s a
< scuss an of tre necessity for corservaton of
A312r r3SCuCes ang the eticiencies that can be
GQar20InISLGn a.arger crganizatien The cutrent
‘aas 'tal pe-nt jowarg reqienanzalion n scre
states are reviewed as are the relatonship
tetween the aater resources systems and the
federal planning requirements that exist under
cusrent feceral taw

4-1: Need for Conjunctive Water Supplies
in the Delaware Rlver Basin, Several grounc-
sater suep'v areas .o tne Delaware River basin
are now stressed 16 tne poirt where therr con-
uncive use with surface suppies 1s necessary
“r0 ageitonal grewth occurred inthese siressed
areas comwnchive management of water sup-
vles stil's required 10 prevent further lowenng of
groundwaler tables with the attendant reduction
-n ‘icw of perennial streams

t\.\

5-2: Water Quality: Past. Present, and
Future (Roundtable). T-ez_t~2rr2, sasuzler
Quaily geveleprents gur rgite CaEst 49 cectur-
1es from the Sans«rt crecepts througn the dark
a5es. 10 the era of sa'e .
problems ang leChn GLes —= 2 S0 g™ m™menisen
his own experences intre ez sinca 19135 ann
scme special reference '¢ 1 s act vt es as an
AWWA member sect.or 2 cer o, sop offcer
and association s‘ficer

ar 3nz wzzern

5-4: Water Quality: Past, Present, and
Future (Roundtable). .~ z~ =3 ¢
cnanging watler quahty ragual-nrs, aater sup-
pliers are faced with tough chcices it comply:ing
with current standards, antcioatng future regu-
lations, and protecting tre hea thcf corsumars—
al a reasonable cOst Tne rae of engraesneg
zCnsutants - evaluating r -5 373 peredts 2t
recommending courses of 271 20 0§ SxC cres

EOTY

6-2: Interaction of Hydrolyzable Metal and
Cationic Polyelectrolyte Coagulants. "~ _s2
of caromic goweectretes ~ TImn e At
nycrotyzatle metal so3guL an™is sucn 3§ o
~inyge syllate 'S an ate~lus ~tagua' on e
~que This paper zesirres
anoratery studies sesarss 1D
~cce of acton of cork » z
serneate the condions o E
commined coagulants s a ‘zaste lrzatment
aternatve

5

the rag 5 o

«

6-4: Water Clarification and Decolorization
With the Use of Regenerabie Magnetic Par-
ticles. A new process. 4ncn uses magnetite for
the removal of color and turbidity from surface
and undgerground waters. has been developed
and a 35-ML/cay plant built impunties are
agdsorbed by generation of a positive charge on
1-10-gm magnetite part-cles Sedurentation 1s
speeded up by magnetic ‘loccutat-en The mag-
rette s regenerated with scium hyroxice and
~eused mgefimitely without "y Srous s.wcge pro-
duction

6-5: The Mechanics of Air Scour During
Fllter Backwash. Presentea s a theoretical and
expenmental study of the ‘crreation and mction

{Continued on page 6d)
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The lowest front-end investment
in trihalomethare control
may pay the highest dividends.

Dot stebhshing
lomethine
w o~k water wall
Soo 0 antrob meisures n
rods ot 0T SNV ST
the country,
sehaaeon of Chlorme
Hlorme i the
et ot provess has been
~hown to santicanthy reduee
the rdilomerhane problem.
There are other methods, of
course, but chlorne dioaide
muolves a low capital
nvesoment and modese
\\}‘L'x‘.ltlng CONN,
Daadends can go far bevond
EPA compliance. Chlorme

FRMEL}

2L o s more etfeconne
w chlorme in
<oner o lesan
G wcdund forsron
.t reaces much taseer
thie, U wmie o remove
s s ose le conrols tastes
and s Caesed by algae and
trac rienof cantamination.
O O Water Services
atiers « ratad chlorine dioxide
syt b begins wath our
DIONOLIN p.lck.lgcd ClOna
venerator and includes gqualioy
precess chemicals, plant
surve s aaadvrical and conrol
assivati and continuing ficld
techieal serviees.,

Ifyou're amaong the nanm
now tomg a FHA problom. or
iy ou have cononung problems
with wron, manganese and oft
tastes. v ot should walk o the
experts in chlorine dioxade, Call
us or write us, We'll be happy to
tell vou more about ClOz, and
send vou our newest brochure,
“ClO: i Drinking Warer
Applications.”™

Ol Woarer Sersees,

AN l ®
V33881
M S Corporite Woads,
et 03\ o Strect,

Onverlnd Park,

WATER SERVlCES Kt 66200

APRIL 1981

VISIT OL= EXHIBIT. BOOTH NO 122
Reaget inquiry Service No 047
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7-1: Special Design Considerations on the

. 2mer Pipeline Project. Z.-« i~ -2 3 1&.<

7-2: Organization and Analysis of Leak and
Break Data for Main Replacement Decisions.

7-3: Statistical Sampling Techniques for
Controlling Accuracy of Small Water T~e

e2CregrEm g

7-4: Case History of Asbestos-Cement Pipe
Yinyl Lining, = " "3 25 7

<Xl

7-5: Aging Waler Systems: Boston's Ap-
proach to the Preblem. 3 o= 2imae

8-1: Improved Productivity Through Work
Measurement. P-zcuct Lt 5 SoerIent wpen
tmeaz omo, Lz f2itts r garigrmarge

PRIV S

273 Tamtzs Nan,

3«

o' thase fantees
mes3 atites can
nes Tng or2sen
e acsinecenetts

8-2: Management, Information, and Compu-

ters. =~ ~=z~z33" SCLITCArElI0ATCLT Slusrg

S« i & 2. C& an lria~zalen
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8-3: Operating and Financial Reporting

2o rIuSy S

Systems, "~

8-4: Planned Maintenance Management.
CECsr "ItTTLNRd L anttel oreventatve
L a0rks The

T DanT2n Ta tiEnance vay

Vgt ¢ 2 ane e
At NEME- I A
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9-3: Colorado Water Rights Engineering.
v Cutcrary setof
372 3™ ~siral o rLles ang
fInS ATers MUs work
vale ihe ruttce
Aaier oaances ‘mal
cts Se.eratcase—
Marve axa—ples of
S 2mong agrcultural
+anc siale regutations
r3EgeCuL Lt SO

oy o
2 2o1e resourCes—

10-1: Alternatives for Controlling Organics
in Groundwater Supplies, Corcer~ cvaer or-

F27 T 7oA manis ~ o grogrcaaters nas ce-

10-2: Community Water Supply Survey:
Sampling and Analysis for Purgeable Organ-
ics and Total Organic Carbon. 2 340

I A2'2T5 Ag7E corellen
TLTTETID At £L Dol Con-
zre a.2-ace ‘for purgeade
o IomocuLrgs an? oA

10-3: Process Design Consideratio.sin Re-
cycling Preformed Flocs to the Coagulation-
Flocculation Process. ™~ s cacer grasenis the
siupes congucted
rocesyre ‘30 uthaing
3 to tre coagulaton
ts garfor-

~egthe stectsand
Cescnine procass

CAPCO JEN

‘ra prasence o recyclea preformes figes

10-4: Costs and Benefits of Drinking Water
Treatment. Environmental control costs ara
trer gssoclated benefts have come under
nZreasing scrulily :n recenrt y2ars In'atiorary
CrRSSUres 2n0 a GrowingLonNCem as to whether
*=e herefis are worth the ccst have causes
‘egu.ated -ndustnes and the public to quesiion
tme uselulness of nvesting in environmental
control measures The purpose of this oaperisto
sevelop a framework for the evaluation of the
costs and benefits of environmental control ara
preventative public health practice Us ng tech-
rques ‘or 'arge-scale dala base maragement,
tre costs ang benekts assoctated with hardress
conirol ace examined Boththe costs and benefits
o cargrevascular cisease and the costs and
verehts of tecnnologrcal modifications are evalu-
ated -

10-5; Meeting the Obscure Standards That
Were. A raw water suggly that contains ganum
razym 226 ard higr tevels of MzS presents
sca2 u~gue pretlerms Tre nager gSTusses
crogtem™s of suppy. treatment angd . me r28.0ue
750882 Tre Daber a.sc FrsCussss fragimant of
HzS ardthe‘ormation of velic v ano o e aztsr.a
ine treatmant process L'argwar ™2 sthaning
aroduces 90 percent emcval 2 ¢ arcy of
btarumandracium 226w creates a ascosal
croblem for the me shugge conta™rater mth
radwm 226

11-1: Chemical Modeling of Copper Corro-
sion Using Electrochemical Techniques. The
aggressweness of waters w:th l2w aika.nity and
rardness toward copper vares wih chemcal
corposticr ot the water T2 &¥ents of pH total
carsorate. siicate orice se. sufale ang 2m-
perature sn the corrosor -a'e o' Zopper nave
ceer irvest.gates 10 gater~ ~e A o- cnemical
speces are the mest .mpcriant . centroling
CODEEer COrrosion

11-2: A Water Conservation Study In a
Water-Rich State. A water conservator pro-
gramio ave dadced cap tatexpercivresforthe
ceveigprment of cew raw water scurcas s
325 GRRaLo &0 v NCTEasNg s sirngent wmits oo
saler consumpton Ths program ncluced a
22 G cetermre corsuoer altiuses to 2 salu.
‘e tre gse Cf aertre waler corsenalen
sey ces arcto study tne ~mpact &f saerorcrg

oncorsyrpton

11-3: Ferric Chloride and Alum as Single
and Dual Coagulants. Statwty-coagulation
2 agrams ‘or alum and ‘efr.c ChCr ce are com-
parag empiically checkeq. and ine conditions
uncer wrich each coagulant 1s usetur evaluated.
Tne et‘ectiveness of combining the two coagu-
‘ants »n equal motar ratos also s explored
e~pucally inan effort to overcome imitations of
the ingividual coagulants

11-4: Effect of Solution Chemistry on Coag-
ulation With Hydrolyzed Al (111). This study
demonstrates that the control of particle surface
charge alone 1s insuffictent n determining
ethicient flocculation when using aluminum salt
coagulants Consideration must be given to such
soiution chemistry variables as pH, amon con-
centration. coagulant dose. and suspended
solids concentration An interpretation of the
Smoluchowskt equation 1s presented to define
zores of effictent flocculation

(Continued on page 70)
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AWWA Butterfly Valves*® meet
today’s tightest Butterfly Vaive

m Standards...right down to the letter.
All the valve companies that produce

AWWA butterfly valves™ have one thing

in common They design. build and
test their valves to demanding stan-
dards for long term high performance.
Cover everything

The AWWA Standard C504-80 is com-

plete! It covers cast body construction
- in Classes 25. 75. and 150. Includes
general design. from the body to the
bearings. Designates matenals and
their chemical and physical character-
istics Specifies workmanship of a
quality permitting interchangeéability of
all components. Outlines performance
tests. leakage tests, hydrostatic tests,
and proof-of-aesign tests

Pay off in performance

The result s a truly dependane cuiter-
fly valve. One that has ga ~eq w'ge-
spread acceptance for ife-'ong.
bubble-tite shut-off service and
trouble-free operation in waier ang
wastewater systems and piants In
cooling systems of power gianis. On
the service water and process lines of
chemical and petrochemical plants
Across the process indusinies Wher-
ever tough requirements ¢ema~d a
tough butterfly valve.

Meet needs like yours

Think of these uncommonly well quah-
fied valves in terms of your fiow control
needs on both liguids and gases. Then
specify AWWA valves™ for long. )
trouble-free service AWWA C504-80.
Tightest standards .toughest valves

il mastng AN S San e s T

A Myt Trogane

tegn @ p2 Comesn, 37

Manutaciurng Drve
‘nes lnc Kenre
7T Sonner wase
Company Heny 2-511Ca . 320t
the Amstead Inausings

2 Dusenot
o ns Moever

Reader lnquiry Service No. 009
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11-5: Pllot Direct Filtration and Carbon Ad-
sorption Treatment of High-Solids River

- YIS PN - +

Water. -«: bl ='_".. -3 =tz 0D TID Y

11-6: Relationships Between Standard Plate
Counts and Other Parameters in Water Dis-
tribution Systems. C2a'e iaflaaliald-Job

S.¥88MC TR ~a’

RAEEES

sommynd, wals

12-2: Design and Operation of Small Water
Utility Systems Viewed by Design Engineer.
y Systems
o0 "ch'\"s
T'uc2 eva.Laler ang seveloprent oF
mentsImeTes SiTrale SuTLrg
5 or zzimert ic
4fonRE5 N trateg ang

Cag e oamd ooenglon of aater Ut

fraigaatsmLates 2 300 T

goara ortonton

~
.3 .87ace soeec ngn

12-3: Small Water Utility Operations and
Des:gn Vlewed by State Regulatory Agency.

12-4: Small Water Utility Operations and
Deslgn Viewed by USEPA. S~z lwater systers
e "s' creb'ems o
1rators Atnoughths

2t cacters tre masor
b ‘f‘!" 28 10 Jevelice new
~ar "ee"eu

LS 4t a2

~2veg

cl"‘ ’CE"C 2S § "SSG'\! al
v ED "’ESS {*s proc.em

13-1: Better Water Quality and Service
Through Training (Panel Discussion): Texas
Section. Tramng «s an integral 1ssue n water
acaly and semice As ulhtes recogmze IS

£crlance they orovice Qeoenur tes resulting
c2uer s2rv.Ce ™gner aaler Suaity ang
r22r-centel seve'coment for erpovees
'SP ErOgra™s suepor croper train.ng neecds
2455 anc evovemen: eranle av Lhilty par.
STrTe 1D TCISy@ 1S a3 <Ga 2dge

13-2: Better Water Quality and Service
Through Training {Panel Discussion): The

70 ANNUAL CONFERENCE

:u <, Yourta o Sect er c“ers coeralof rareg
imegugh 1S Anton Now program
13-3: Better Water Quallty and Service
Through Training (Panel Discussion): Michi-
gan Section. Tre M crigan Dapartment o PLbC
~zai” "&s recuates SubnC water suDC. es snce
12713 anc a3 hag compusory certfcator of
n2ler traaleent plant operators sece 1942
Trae ng spetificallv 'or these operalors alse
cegan e attmattme ang ContirLes today WiHp the
cassage ¢f Ve gan s Sa‘e Drneng Water Act
~ 12878 zertf cal.or 0 1 sirbubon sy slem opera-
‘2% 333 Cecame comou'sery Tranr g spect-
zat, or trese speraltrs aas netules at tnal
e Trgpzper ey eASincse raining progra™s

13-4: Better Water Quality and Service
Through Training {(Pane! Discussion): Cali-
fornia-Nevada Section. Te resconscility for
orov S ng tracing 1o water Ut Lty personne! can
ta slad n the ‘clowing Zescercing orcer
~avenga aater uaty AWWA secton AWWA
Atgemat sea Tre pacec 2¢2'0res the rCles of
a o eg rraneg fr
aIste suion water
s.5tems control A revew of
oy tre Catforna-Nevaca
5 cresented wittin this framework

~ONsilLns

13-5: Better Water Quality and Service
Through Training (Panel Discussion): lilinois
Style, “~e »ater cperalor traimng program
1IenLtres oy ine Hanc's Secton AWWA has
‘s ox23 a s mple ‘ormat of dentifying tne
tranrg ~ee¢ establishing tra'ning guidelines.
nsttytng a tra ming program based
srine ceeds at a roderate prce to the operator

an2

13-6: Befter Water Quality and Service
Through Training (Panel Discussion): AWWA.
A gnget presartaticn MM be g.ven on the role of
AWWA ‘onards the trarming of water plant
cperallns thrsugh the use of AWWA-prepared

~atar ais

Rural Water Supply in Puerto Rico. 'n
ma2 e s'giure of Puerto R ¢o created tne
Rco Aguecust & Sewer Autnorty a
o4 ocra' o ancselas< wasioersuretng!
'\ce § a1z aou's Pave safe waler ano
Cne ~a.r *2s«< %as "o

whgee necn e

grer ‘eoaimpnt

18 10 e countrysce
ster ~a2towa x great o-stanceste fime wvater of
Jcesterate gua-tv Sece 1245 tme autmonty
nas ~.esied ~ore~an$182 ~ er anooruct
sense 10 more tran a guarier of a Muihien rucas
famres

15-2: Reducing the Cost and Time of Fea-
sibility and Master Plan Studies In Developing
Countries. Experence :n oest cevelooirg
oL~ 25 3nCws hat 1o complele master plan-
~nQ 3¢ *2as oty studies {or water and sewer-
age oro.ects 'eading to financial appraisal
commenly requires iengthy involvement by tre
consuitant at substantial cost to himself and the
country Tnhe paper presents causes for the high
costs angd tme requirements based on expen-
ences o' ‘wms ang agencies mnvolved in nter-
nationa' contracts cunng the past ten years
AZ1On5 37T ©C.C 25 thal can te emp'oyec by
governrants ‘-ﬂanc ai astlutions anc consul-
tants tc averc of reduce recurnng Sifficuities are
Siscussed

15-3: Establishment of Water Utility Institu-
tions In Developing Countries. The establisn-
ment of viabie water utlity astitutons in ge-

L2.CE NG ~LLriTRS mas oesr g oorcern of rter
ratiora: rSULLIrs tha World heaith
Orgarczat o~ anc o-atera tegnricar assistance
programs ‘or mora t~andlvears Tre decade of
,g,a ef arc san.[ah'\n Ff“""a: ‘OS "\’A ’\abd ""
orovement are exegnsttt ~ ecstrg water
L1y 2Ganizalers 3737 0rmat Sn of mew ut t es
Tne author gdescr tes several acproactes tat
have ceen gitempled .1 gevewning countries —
some successiul anc some unsuccesstul

anding

15-4: Women, Water, and the Decade. Th.g
pacer oo.ris out kay rgres playes by aomenp
tr2:B0N3' SCC eres ‘e aled 1o aaler .52 a3~
maragement ! 3'6C exz™nes {re reeq ‘or
OVOlVING wOMen -~ Slane fg ang mplerertng
Jecace actvit 88 s thai ef'aclive sirateg.es can
he zeve'cpes ‘cr reachwg as eo'ectwvely as
coss:icie the goais of cafe water ‘cr aY

16-1: Seasonal Evaluation of Organics Re-
moval at a Conventional Water Treatment
Plant. ¥~'s caper preseris the ‘esutts 2° g
$£330ra evaualct of 2 surface waler Sutcy
&in regars 1o 'e.es 3f
tnhgicmetnane TRV crecestrs
tonal watertrealmeri0a™ $2
of TH\ ‘ormat.on ano remena‘s
THM precursors 'rciuced 2
tweentesrm lota THMs argsurcg
such as ngnvo'atte tolg” o g "c
absorbence arc cotor

16-2: Direct Filtration of Streamborne
Glaclal Slit. A paot piant stuz, #ascorouciean
Alaska to catercung the *eas bét, of ramowing
sireamborne g'actal st Lsng =t Yotraton
The process consistet of =varcoy s 2re pretrear-
mentfodowec oves &
and ‘stral on througntr —es
of 7-20 mg L pes Cuce-. 3.
maxtmue profductiv iv F 8297 ga. sq ¢
1300 M3 m2:run was achevec at a -Daamng fate
of 50 gpmisq it (34 mm s)

16-3: Application of lon Exchange and
Ultrafiitration for Color Removal From Ground-
water. cn exChange ang ulrd® ralor sere
stugieC as rgaient allerratnes *or e dval of
naturady cecurnng organc co of fre™ a Zrcuns-

~ater sLpply F e stroeg re aeax-
base an or excnargers ! 23823542 ~ sovn
ralch ang column mogoes ‘3 I 3Lt es vere

ZonCLCled US g 3 ST Zat Lt atn Doa
TEITCIArES A" MORCL.ar A 37t Cuitts Ce-
teeen 1500 anc 2CC0C 2

16-4: An Evaluation of Aeration Methods
for the Removal of Volatlle Organic Con-
taminants. A resgarch coogra™ o 2.2lLale
vanous aeration echnques for the c2rova’ of
trace organic rortam-ants ‘rom™ CnGe raes
fimsred water The grogra— ine'udes nveshga-
tiens with a countercurrent Dackes coluren, arr-
SInppiNg process a cascade process and a
ai¥fused ar aeration process Exgenmants vere
conducted in @ 4-in (100-mm} dameter by 5-1t
(1 5-m long glass cotumn

16-5: Formation and Removal of Bromoform
During Desalination. Trus paper oresents the
cesults of @ monitor ng program ‘or broroform
Eroduct-on:n a desalination pretreatment system
anctre cbservationregarging passage of orome-
‘orm thrgugh reverse osmosts mameranes Also
included are the resuits of a laberatory «rvestiga-
tion of the adsorption of bromofcrm n seawater

{Continued on page 72)
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thful.

AWaterous Hydrant. Money can't i Standard or Rocker-Lug Noz-
buy a more faithful public servant. \ 2 zle Cap. Your choice. Rocker-lug
For all of these reasons: cap opens withthe same spanner

wrench used for hose couplings.

Functional-Design Operating
Nut. Cast-iron upper section pro-
vides necessary strength- for
wrenching. Brass lower section
assures smooth operation, corro-
sion resistance. “Slippery” thrust
bushing makes for easy opening.

360° Nozzle Section Rotation.
Exclusive stainless steel retain-
ing ring system lets you rotate
nozzle section to exact position
desired simply by loosening the
flange bolts. )

Tratfic Design. (Optional on
Pacer.) Takes the digging out of
accident repairs. Specially de-
signed parts break at groundline.

Simple Access For Service. Ac-
cess to working parts is twice as
easy because only four boits
need to be removed to remove
the nozzle section.

CAPCO JEN 0020690
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Continezed irom poue =01

16-6: Granular Activated Carbon Pretreat-
ment for the Removal of Trlhalomethane

16-7: Ozonation of a Municipal Ground-
water Supply to Reduce Iron, Manganese,
and Trihalomethane Formation. A o ¢t stue,
435 TCTOLCIET 1S Mvestgals the reash v of
£n e c.oned by fuiralior cr removai

ng mizral
~2~enganes? ema Tume Da' 3ouns-

3
~i pmna
PAIEAR-

samrora ton it g nmgthg
5L IOrR, 20 g rRgomethana

~sCaer

:Hidden Costs of Accidents. ™
-

30% ~prect ¢osis of

. s rzct
ne zc b}

<
ar 2931 tn 3 ert management1ging

t2goraant an ace 23t

~ire ce.e So-
a ' a stung sa'ely
" ogav rg seneratmes e

cause ' 'he acc Tents

§scent

33048885 NT4 13 maxe S ::cm ar
3, 4or e spaealor

18-2: Water Meter Basics. Tris pacer pre-
L 3lar ~eter ng o A2 t5 10
coram 12g Ors R inr 3Rera'0s D

o aR, RS ther

*nszacs’

Sa!ety and Traftic Houting.

“=2l . L aTT Ll UTEAS S2e

Lme, s SA mea e bp sl g
& 2. a ¢

18-5: Cross Connechons Thelrlmportance
and Control 8 N

TorEgan.

19-1: Post EMGM and Where We Go From
Here. "~2‘ ve-year ENMGM memoersmo recrut-
"¢ "8Tragn ~as a zreal success Tre as-
scIatsnracegnres a ~et gaan of reanty 7300
TE£TDe’s ~ imal ime ‘o an B perzent growtn
r2tg Cue ~antons ara 1o <ger 2” Zrow g ath
Cther memberghp £30a.3n$ and 10 ncreass2
SufarCatnrate Trearoof —‘“‘G“ Criy Gves us
ERal-Y Traatsarcopaard 'sour
sogan & in sgecra emphasis oo e area cf
Tember cotent-or

Cxe Al A AL
R
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19-2: Developing a Procedure Manual for
Incoming Officers and Committee Chairmen.
Tz creseriglor detarsibe raes ‘or 2 precedure
~acLa ‘rsechon cthcersars commtiee chair-
~&~ Tmestecs ravelcprg ang Srgatlngthe
rat.e are suiores as wel as the
~3ier i ‘oo nouzes mamarua TS lvpe
N MEtLa AT 3 S0 T8 covered

semren

19-3: Operator Training: Programs and
Materials. There are ways o getirg around the
~3rar costs of trainng Outhred in the pre-
© 3~ 3re apcrcroaches conceots. and ma.
s *mat srCun be Cors Terel Oy sectons
&, RGrTE g A3 20a15 3l the east pess bie
rrgacesrt nam’o te zxgenswvelobe

19-5: Planning a Joint Section Conference.
LT PUIRCTIS MeEhings Provice ac oppcriunity for
StE7 ~g S£3S arC expanding cpportunies for
merg termnsz and educatoral programs The
3rrem T2 Lo aang Pac Lo Nerinsest sections”
$.77£53° L 1980 ¢ M aonisrence o bareceatad
~ 326

20-2: Water in a Hurry for the Oil-From-
Coal Sasol 2 Project, South Africa. When a
arge scae hirsen. c~a% o'oduc::on clant was

tmap s
2.nIrzed

e s:e ‘rom a new storage
~g g staters and 37 km of
ty ¢ 13 »3 s—and be

&
t3TSCIfrEs '
M -TANR LI R
~373 M 3

gt an

i !l

20-3: New Experiences of a European
Surface Water Treatment System, Especially
In Removal of Organics. inthe catchment area

N ema R
3

(&r An e mogt gorface watee plants
2.er.'cren-slage treatment system
arz GAC ! ter staces show the
£hact nr2moving Srgamic sunstances
~g.al o° Yrganic substances ang halo-
fnrmg thrg gn me cZOne stage s very good.
o v negoyces adenyces The GAC
& e rziuces orgaccs ang ~aioforms
@ 3 ceryges tovamsn corrpletely

S
SN

20-4: New Design Concepts in Water Treat-
mentin France. Tr.s paper presents a survey of
228 gm coecerts aciually noose i France to
& realment scheme of a donking

sioiogical —eans.
‘E< 72 2tzcun~ of the oyprocucts accicent
3C LT IN @TLstTent energy $a/.rgs. networks
LS Irocnece oF "“ccula'\l Scrme typrcal
colicatien are given

At wm b

Aatsr o2~ parpcularn

21-2: Overview of the Water Utility Councill.
T2 wWater Lty Councii has the responsibility of
2ev s 300G 'as:cr‘se arg cemment aithin the
A&WA 2ouey on fegislative and
. matiers cwectly a'fecting water
T~a cgurcil 'so nas the responsibility of
tre2.n3 19 t~e attention of otrer councils and
commdtess ¢f the association policies and
procecures that will make possible better water
serv«c2 10 the public Councit committees and
therr responsibilities are explained. and legisla-
tve anc regu'atory challenges of 1981 are
exgmined

.‘ ~e

22-3: Blodegradation of Trace Organic
Compounds by Biofilms on Porous Medla.
Bactenal ‘ims growing on porous media are
fe evant !5 tocday’s ¢rnking water supply en-
gneers Tnese attached microorganisms have
the ability 0 ticcegrade exiremely low con-
centrations of orgaric compounds to a predict-

able concertrat cn Remcharzéargrgan coecw
this minimum concentra: cr Zasec S~ zar oe
achieved by bactena tnat erplcy 38CONCT0/
utilization of a compoung not ContrsL! rG LG tre
cell's jong-term growth

22-4: Remova! of Soluble Organic Con-
taminants by Lime-Scca Sciening L e _
softening 1s cemonstrated to be eflectwve athe ~
removal of humic and fulvic acids tota’ organc
chlorine, and some —but not all—spec.frc chemi-
cals Removals affected by pH the compcsit.cr
of the precipitate and the ionic comecs.tien o
the solution Rerroval mechamsms ara 2 sIus-
sed i light of experimental ev.cence

22-5: Effects of Calclum on the Speciation,
Adsorption, and Removal of Fulvic Acids.Cal-
clum can neutrahze part of the negative charge
of fulvic acid (FA)L. Extent of the wieraction
between calcium and four FA fractiops has teen
measured Experiments show that {his reutraiza-
tion affects the partitioning of FA betwean water
and solics. such as MnOz2 (soud: CaCO3 sc -
and FerOHI3 amaorphcus

23-3: Work Management Standards, ~~e
Tampa Water Depariments cstrouler 2, 530
recently arniplementeg a wcr< manage~ant
system that includeag deve.comant o sery !
levels and performance standarys Tha2ave co-
ment of these standards formed the ‘cunza or
for an effective work cregram aog Colgstieg
nrocess Uliizaticn of {nese starzards mas
helped the division achieve £o8t savegs anc
increased efficiency

23-4: A Practical Corroslon Controt Pro-
gram for Water Districts, 7~ zzagsr 2o ~as
the parameters of a azter Zstecig scecser
control program for ¢3" oS "3t es ‘datena
selection. coatings. n%.Iisrs are Zatnoda
protection are discussed Sices of specific
corrosion problems, causes ang mhtigation
techmiques are set forth and the paper cgn-
cludes by outhning the var-cus ‘acets of practcal
corrosion control progrars for waiar Sstocts

23-5: Maintenance of Vaives and Hydrants.
Valves and fire hydrants are essental Zom-
ponents of a water system ang cnce rsta“ec
are often neglected unul cailes Loor i¢ *Leghen
‘or system control ang e proteston for e
community, Mamntenance reau-rements ~yit e’y
as a distribution syste™ ages ~akrjzarecuar
systematic valve anc hre nyorant mastenarce
program necessary if those ccmperents a2 1o
perform preperly when tre resd anses

24-1: Energy Management: Three Ways To
Win. More than ever.today’s watarwerks mana-
gers must control costs Escalating energy costs
can be counteracted by increasing onergy-
elfectiveness Three specific waysto accomghish
this are to consume energy whenitis least costly
(tme-of-day power rates). o consume less
energy for each task (efficiency testing. energy
audits); and to produce energy rather than
consume it (hydroelectrnc power generation)

24.2: Water Use Management. Water use
management at Fairfax County Water Authority
Virginia, involves a conservation program em-
phasizing water management by pnicing

24-3: Management's Obligations In the
Regulatory Process. Management today in-

{Continued on puge 74)
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The argument for
bolted steel tanks

is watertight.

Peabody TecTank has 60 years of
gasket-and-bolt technology in manu-
facturing bolted steel tanks for liquid
storage-—-more than enough to make
our product as leakproo! as any
welded steel tank on the market
today.

Tanks manufactured by Pea-
body TecTank are extremely low-
maintenance, thanks to a factory-
applied, baked-on epoxy coating.
This thermoset protective surface
resists corrosion over three times
longer than standard field-applied.
air-dried material.

APRIL 1981

For economical liquid storage
with complete integrity, Peabody
TecTank provides: a wide range of
standard sizes; quick delivery: and
fast erection by experienced crews.
Foundation designs available when
necessary.

Yes, Peabody TecTank’s versa-
tile tanks comply fully with AWWA
D103-80 Standard.

Manufacturers representatives
located throughout the United States.

For more facts about our low-
cost, high-quality, boited steel tanks

VISIT OUR EXHIBIT. BOOTH NO. 634
Reader Inquiry Service No 049

R:ﬂ

and a free copy of the AWWA D103-
80 Standard, call or write Randy M.
Irwin. Product Manager, Water &
Wastewater Division.

PeabdyTecTank

South Industnal Park
Parsons. Kansas 67357
Telephone (316) 421-0200
TWX (TLX) 910-740-1988
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/v ES the Lrgerstaneg an s e contror of all
grrgicerat crs ©recent sears new
£g.s:ation nas
Ta8°L 85273 725uEheNs
cacl Loir aater uilittes

ttea TR &! cns s

sIrg e

§*r("g%2 aract /erdiemn

A r25u0al 30§ a“ec(mg
IoETELOrs Tre 7 “& caser 3 tc explan
T rRGLAAIDTy L1OCESS 27310 SITRsS the obhiga-

Zv'eA aPc provide
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24-4: Financial Management. Trus pager
cCyv2rs strategees for fnanciat management
sur g ceroas of .ntaton—tequent rate n-
Trzzses acceerated construction. and tight
czrirst of wages ans penefts Strategies for
fmanciar manageTent SLinNg ecession times
2 are covered—Owered COonstruction Costs
Cacse 5t competton generally icw -nterest
1§ TES GrEt D OuLCE SneMmDIdyment

26-1: Interrelationship of Bacterial Counts
With Other Finished Water Quality Para-
meters Within Distribution Systems. Stancarc
o gl zzunts SPCrexmbitedncanterrelaiionship
& r cc dorm counts (MF; wnenthe SPC was less
t~ar 22 orgamusms. mL Toe frequency of coli-
farm sgiation was rcepencent of turbicity anc
Srre Encacs.fated K ebsie -a sneumon-
FOCECIET 357 0MGrans éerogenes anc

exnritiiec lﬁe ability 10 survive a free
nicrre res gual of 02 g L or more

26-5: Etfectiveness of Powdered and Gran-
ular Activated Carbon for Removal of Or-
ganlc Contaminants at Niagara Falis, N.Y.
NUSTAE ILAIS were CoNCLCles Lsing
;g aed peygered carden o cetermine

21 2Yactyeness ‘N removing organic con-
:a'“ ran~ts feom drnikeng water Parameters ex-
~ ~2Z s LCed tctat srgane carbon trihalo-

- het-corgamcc'weml-

S zrarco.

srany

o

26-6: Response of a Local Health Depart-
ment to the Presence of Organics in the
Dnnkmg Waler Supply Nassau County, Long

": "S"y on g(OJ-'\G'
- ~3 sater Trace
rst ‘ound o the
imnatime untithe
3acec anc pro-
mimeprctlem
*me m. wSiagy T the area
¢t of zomtam nants

simerasporsestnal
Srmesaton

Wt g

27-1: Desorption of Compounds During
Operation of GAC Adsorption Systems. A
«2rfed mathematcal mece’ was employed to
s ~..ate Zescrption from carbon becs resulting
ro™ a recuct 060 in rfluent concentration and
cempetton Theinfiuence of ranous paramelers —
Tass ra~sier coetic.erts process vanables
scther™ capacilly aoCc S.0re—en cesorption
~as sxamuneg The sgmficance of the two
sessrot on mechansms n grocucing an efffuent
&A™ a concentral or graater tnan rthe wnluent
+3as evalvated

27-2: Microblal Activity on Granular Ac-
74 ANNUAL CONFERENCE

tivated Carbon: An Assessment. 7~e oresent
status of microb:al actvity on graruiar act.vatec
caroon as a method of water treatment and
‘urtherresearch neecs ara presented Removal of
organics at very lcw concentraticns such as are
‘cund 'n water sucel es may cccur The support
meca *Cr MiCICH-a: growtn. 1 €. sanc grains or
GAC can e an «mpenant factor ' cetermining
the extent of remgvai The mportant question of
wnetrer GAC prov-ces an agvantage over sand
in promoting b ccegradaton s aiscussed In
Zetad

27-3: GAC Performance Criteria for Organic
Carbon Removal. Performance cata from 13
invest gations on tre remova' of tetal organic
carten by granular actsvated carbon are com-
pares In al cases there was an nit:al break-
tnrough of 10 percent or more of the nfluent
TOC Tne fractional removal geclned untl a
steacy stale was reached. ¢n ihe average after
10800 bed volumes were treated At steady
siate 10 10 40 percent of ire ntluent TOC

LontnLRCic Le rercved

27-4: Preliminary Design of Least-Cost
Fixed-Bed Adsorption Systems Using the
Homogeneous Surface Diffusion Model,
Least-cost agsorter operat:ons were determinec
for agsorbers that were ysed lo recuce the
crlorciorm format:cn ootential to 100 g/l To
ting the least-cost GAC process configuration,
the total costs For singie senes and parailel
dacsoroers were Jdetermined for varous enoty
bed centact imes Several influent concentra-
tucns and water plant flow rates aere used to
eva.uate cost recuctions that may result from
pretreatment or \ncreasing water plant size

27-5: Adsorption of Carbon Tetrachloride
From Water by Activated Carbon. Adscrption
by ac!vatec carbon has been snown effective
for rercvat of many organic compounds from
water The performance of this process 1s
sirceg:y Jependent upon the particutar orgamic
COMpOoLNds In Guesiion ang upon a variety of
sther sysigmaspecsc factors The research
IeSCr LT NINS paLer 'CCLSES Cn evaat.on of
the etact, 2ness o act vated carcer for removal
¢f caroon etracnlor ge rom water anc on
dent!caror and quart4cation ¢t process van-
ETIES W 1N S U0t CACTIMEAECES OO A aler ireatrent

Eletelivicivial)

Do

28-1: Report on an Early Warning System.
Tre cacer c.scusses tre events that began ~ith
the Var 27 1980 eruption of Mt St Helens tne
Zeve opment &f a voicanc emergency achion
c'ar cythe oty ot Porianc Ore angsomeofthe
S CU1es 885CC ates mih emergency planning
' voicanc eruotons as refated to a surface
~aler suoply

28-3: M1. St. Helens' Fallout Problems. Spo-
ware ccatedsome 250 mi(400km) northeast of
Mt St Hetens was ccovereg with approximately

n (13 mm) of ash as a result of the May 18,
198G eructon of the mountain Thrs paper will
speak of tre actions of the city tn coping with this
problem

28-4: Public Health Considerations of Mt,
St. Helens' Eruption. This paper reviews the
pubhe meadn concerns investigations and find-
ngs afier the eruption of Mt St Helens in
Wash:rgton state Issues, such as the potential
effects of vcicanic ash on water quality. treat-
anility of asn-lacen water, and ingestion of water
containing votcanic ash, are discussed.

CAPCO

30-1: Effects of Government Reguiation,
The paper ceals with the effects of government
regularons on water treatment plant design: An
overview of the relationship of the deign engineer
owner. and state health department are dis-
cussed and a deeper study ofthe responsibiities
of the state health ¢epartment with regard to
plant des:gn and inished water quality 1s made.

30-3: Flitration Processes. From about 4000
B C. the earliest date of documented water
filtration, untit the present. the filtration process
nas gone through a number of modifications but
nas retainedthe basic panciple of the passage of
water through a porous medium for the removal
of suspended schics Developments in filtration
have prompted more efficient solids removal
throughthe use of coagulants and improvements
n media selection, underdrain design, back-
washingtechniques monitoring instruments, and
operational approach

30-5: Water System Construction: Past,
Present, and Future. The paper compares
matenals equipment. and MeNcgs n the con-
struction of water systems past present and
‘uture. and the transition irom woee ope o PVC
acc cuctile wron. trom manyal gate vawes o
electrically operated butterfly valves ‘from man-
val controls to computer control

31-1: Comparison of the DPD-Colorimet-
ric, DPD-Steaditac, and FACTS Test Pro-
cedures for Free Chlorine Residual Analyses.
The recent moaification of the DPD test pro-
cedure 1S compared 10 the oniginal colonmetric
and the FACTS proceaures Data 's presented
on the interference of the test procecures by
monochloramie ang tacnlotamine curing the
free chlonne measurement Color stability and
lower cetection hrmits are Ziscussed for tne
procedures

31-3: A Predictive Mode! for Chloroform
Formation From Humic Acld. To assist in
meetng the maximum contaminant level, set by
the US Environmental Protect:on Agency of 10C
p#g-L of total trihaiomethranes, an empic:cally
cenved muitiple parameter mocel for the pre-
dictlon ot chioroform format.on has geen ce-
veloped The parameters consicereg are tolal
organic carpon chionne to TOC ratio. tempera-
ture anag pH A good corretation (< = G 98 has
been obtained between the Teasured ana pre-
dicteg chloroform concent-ation ‘or reacton
himes ranging up to 96 hr

31-4: Diffusion of Organics From Solvent-
sonded Plastic Pipes Used for Potable Water
Plumbing. Diffusion of organc solvents and
other synthetic organic contamsnants from sol-
vent-bonded PVC and CPVC potable water pipe
systems was examineg High levels ot solvent
components from primers anc cements ang also
chloroform and carbon tetrachlonde were found
in water residing for two weeks in PVC and CPVC
pipes These levels decreased rapidly but were
significant after perioaic refills. Solvent diffusion
cecreased rapidly to low levels during the early
flow period of the usage simulation study

PRI
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The New

Dresser Style 291 Waterworks Saddles make water line hook-
up a fast, clean. inexpensive operation. And, after the trench
15 backfilted. you can be confident that the connection will
hold up.

Dresser gives you plenty of options.

Dresser Style 291 Saddles are designed for tapping into all
common types of pipes and mains—AC, steel, cast or ductile
wran. They are available in a wide range of types and sizes:

{0 Single strap or double strap construction [ To fit

0O.D.'s from 2.35" to 14.38" [ Tap sizes include IPT's of 14",
:,"and 1”...and corporation taps of ¥,", %", %" and 1

0O Coatings available include Red-D-Shopcoat, galvanized
or Dresser AL-CLAD®__all applied at the factory to assure
more effective corrosion resistance.

Trouble-free design and construction.

Each component of the Dresser Style 291 Saddle incor-
porates a practical design to speed installation, while the
materials used agsure high-integrity connections. For ex-
ample. the stra;}k_g made of corrosion-resistant Dregsd
with cold-roited thrends for extra strength. The sagefe
manufactured of high-grade malleable iron, ggefi
conform to the exact shape of the pipe. Thi#®¥liminates
troublesome point loads and stresses gommaon cause of
pipe cracking and failure.

Dresser Style291Saddle.

-

’
Look to Dresser for answers,

Dresser Style 291 Saddles are the lightweight, low-cost,
long-lasting answer to waterworks service installations.
For more answaers to water piping system problems on in- .-~
stallations or repairs, contact your nearest Dresser W;wr;
works Distributor...or write to Dresser Manufacturing

shows the position of
.- the specially-compounded
Dresser gasket around the
tap opening. Gaskets are field-
proven and tested to assure a
tight seal.

DRESSER...

firstname and last word in piping specialties.

Reader Inquiry Service No. 020

L
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Pre-conference Seminars Speak
v nemin O CUrrent Concerns

A ,‘en‘ An s TR

AN A (RS ’

-
[$1]

Tne 138" ="
Exgosition i St Louss & . CE 361~ TC
agasn this year Ly the pocl'ar £r2-2on
oNCe S8MINGrs—327€Cwes 13 CEN Svr-
Jay Jure?7 ait900am

Two of the three seminars are ceng
spoonsored by the Water Quaity D vision
Topics to be addressec n tus area are
‘Smail Water System Problems ang

Coagulauon and Fitraticn—Back ic
Bas.cs “ Athied semurar "Organ c Cremu-
ca Contamnants - Greungwater—Trans-
cCrarg Remeval, § T8 g Coshonsirad
oy 1me Resources O v son ange i~ Ra-
searcn Tecrmca anc Prifess.ora Come
matee

Of the total number of water systems ¢
the Unitec States. 85 cercent are smait
systems “Small Water System Prcblems”™

~0 selineate the resuits of @ 280 AWWA
survey of these small utiitres and then
c.scuss strategies for implementirg the
cranges suggested by the survey

]

+
nf

'D o O

¢ nterest to the smail-system operator.
semar a1so has been designed to
+ge -rsight for consultants researchers.
1hers Ano have a stake inthe future of
nazer Jtht.es

e mogerator will be Rebert G McCall
‘cemer cwector of West Virgimia's Environ-
~ental Hezltn Service Atrustee of AWWA's
Watzr Quaaty Ovision he also chaws an ad
~5C committee charged with investigating
arg zefnng problems of small system

n

0 (D(

~

o ow o

1

un L2
()

a.
A rare of spea<ers famdiar with the

ems 5f smat water systems will focus
2 3Cu8S CNGn g turter of pertinent topics
'nc'ucec are tre research needs of small
~ater systems their various demonstration
projects cperator tramning and certification,
ang¢ the regicnauzation of small utdities
throug™ cocmoned treatment operations
anc waragement functions.

Tre "Ccagufalion and Fiitration™ seminar
w.ll re-2xamine the theory and application

SKINNER-SEAL'

Bell Joint Clamp

For“SLIP-JOINT" Bell and Spigot Pipe

e Clamp all malleable construction

o Compression and ancnor rings
are adjustable to normal
pipe vanations

® Gaskets are made of
soft gum rubber

® Bolts—3~ thru 12° are *4” malle-
able hook—14~ and up are 3~
corrosion-resistant

M. B. SKINNER PRODUCTS

Spragus Meter Division of Textron Inc.,

35 South Avenue

BRIDGEPORT, CONN. 06601

e/ TEXTRON|

In Canada: Sprague Meter Div. of Textron Canada, Ltd., Hanmilton, Ont.

VISIT OUR EXHIBIT. BOOTH NO 934
Reader Inquiry Service No 054

Lo

of these two essential processes for con-
trolling contaminants n donking aater
Designers of water treatment piants wli érg
this seminar valuable. as paricular attenticr
will be paid to new davergpTents ang
design concepts related to the ccagutation
and filtration processes

Mocerator for the semurar .s Carol H
Tate. vice president of James M Mont-
gomery Consulting Ergrreers Inc  anc
chairwoman ¢fthe Water Quaity Division’s
Ccagulat:on & Filtration Comer a6 Expens
n the “ieic widl JS2Uss sLCh 1CC S &S
coaguiationtheoryanc ccazufantss ecic
filtration theory ang ~=2c a serect e 1ypes
of filter des.gn arz ‘iizatcr -ate

“Organic Cnerm:car Contaminarts

Grouncwater”™ exp:cres a~¢ .gpgates 2
water resource preblem 1nat s cutrentiy ¢f

malor corcen o ire L33r noustry Oro-
grams aimed at contrcing trese ground-
water contaminants are evelving rapdly
but often without a therough uncarstanging
of the problem’s magr tu22 V'z~agement
and technica per3sr~2 Tan ule {he
semnar {0 BeCcoire aciueniel adh the
fundamentals of groung~ater flow trans-
port of organic contarm.narts andctreatment
for removal.

Moderators for the semmar are Francss
A DiGianoand Dav g\ Miter D-Garo.sa
professor of civil eng ~g2r.ng atthe Uriver-
sity of Massacrusel's anc cnadss the
Organic Contaminants Committee of
AWWA's Research T&P Corr ttee Midier
1S @ prancipal intre greuncvater corsuit ng
fum of Geraghty & \idler inc anc.s chair-
man of the GreurZaaer Corritee o
AWWA's Resources Dwv-sicn

Speakers on the grouncwater carel w d
cover a number of spec.ficicpics.inciucing
adsorption and an stripping as treatment
processes. case studies rvoiving removai
or organic chemical contaminants from
groundwaler. and managemant alternatives
for dealing with this groblem.

Preregstration for the Sunday seminars
can be made on the technical program
registration form On-site registration can
be completed in the hour before the
seminars begin, from 800 t0 00 am, at
the Marrott's Pavilion Hotel

)

Pre-conference Seminar Program
Page 78
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The engineered
valve box system

with components for
virtually any installation

Plymouth valve boxes offer you an
engineered valve box system that
adapts to virtually any instaliation, new
or replacement. .

Tke tough, light weight, thermo-
plastic boxes are easy toinstall, easy to
store, and easier to handle than heavy
cast iron.

Our patented Poly-lron® material
responds to both dip needles and
ferromagnetic locators, so the box is
easy to locate. even If the cast iron top
is sheared off.

Plymouth offers a broad line of
underground utility products, includ-
ing curb service boxes and meter
boxes. Call or write for complete details.
AMETEK, Plymouth Products Division,
502 Indiana Avenue. Sheboygan,
Wisconsin 53081. (414) 457-9435.

1. Cast iron traffic lid for water or gas
service.

2, Cast iron nsers, 1n *+1n., 2°+in., and

3 in. heights for resurfacing operations.
3. Full flanged cast iron ring.

4. Top section of Poly-lron plastic
responds to both dip needles and ferro-
magnetic locators. Varnety of sizes and
adjustable sections provide heights from
20in. to 93 In.

S, Bottom section has bell bottom with
knockouts. Accommodates valves up to
121n.

6. Optional base fits standard bottom
section. Accommodates valves up to 14 in.

AMETEK

VISIT OUR EXHIBIT, BOOTH NO. 619
Reader Inquiry Service No 004

K.
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TWO WAYS TO KEEP
YOUR 1980
JOURNALS IN
SHAPE

Back issues of JOURNAL AWWA are
a valuable reference. Quality binding
preserves your JOURNALS and keeps
them organized and ready when you
need them.

[ BIND YOUR JOURNALS

Send your 12 issues of the 1980 JOURNAL. The
text sections. excluding ads. but with a separately
sequenced AWWA activities report section, will be
bound in an indigo-blue. washabie, buckrom cover
Features inclugde the JOURNAL masthead. AWWA
seal. and year stamped in gold on the spine. A
personal or company name will be imprinted on
the cover on request A table of contents and
cross-referenced geographic, subject, and
author indices sandwich the text. The resultis a
nandsome. durable. and useful volume.

Mail your 1980 issues along with $9.40 includes
return postage and handling to:

Bindery Corp. of America

4440 W. Roosevelt Rd., Chicago, {L 60624

BUY OUR BOUND
JOURNALS

Missing copies of the JOURNAL? Are your copies
aog-eared and cirly from use? Don't want to be
without your JOURNALS while they're being
nound? Then order a “mint condition” volume from
AWWA The end product 1s identical to the bound
volume cdescnbed above. but we provide new. fresh
JCURNALS Prce $18 00 members, $28 00
neanes 336 00 no~members

USE ORDER FORM BELOW AND MAIL TODAY
TO:

AWWA PUBLICATION SALES DEPT.
6666 W. QUINCY AVE,, DENVER, CO 80235

ORDER FORM
Sercdme _______ copies of the bound JOURNAL
AWWA, Voiume 72. 1980 Catalog No. 10021HZ
O Bill me Members only —Member No.
C Payment enclosed U S. Funds—make checks
payable to AWWA

0 318 00 Member O $36.00 Nonmember

0 $28.00 Libraries
Imprnint :nformation
Name
Address
City State

Zip

78 ANNUAL CONFERENCE

1981 Annual Pre-conference

Seminar Program
Sunday, June 7

S1 ¢« COAGULATION AND FILTRATION:

BACK TO THE BASICS
Water Quality Division
Moderator CH Tate

1. INTRODUCTION—C.H TATE
. INITIAL MIXING—A AMIRTHARAJAH
. COAGULATION—J K EDZWALD
. FLOCCULATION—R.D LETTERMAN
. FILTRATION—~J L. CLEASBY -
. COAGULANT SELECTION USING JAR TESTS—
J.E. SINGLEY ’
. DETERMINING AND OPTIMIZING —
DA CORNWELL
8. DESIGN CONSIDERATIONS IN FILTRATION—
B G STONE
9. LOW DOSAGE TREATMENT FOR DIRECT
FILTRATION—H.E. HUDSON

D s WwWN

-~

S2 ¢« ORGANIC CHEMICAL CONTAMINANTS

IN GROUNDWATER: TRANSPORT AND
REMOVAL

Research T&P Committee and Resources
Division
Moderators: F A DiGiano, D W. Miller. P R Cairo
1. DEVELOPMENT OF A NATIONAL
GROUNDWATER STRATEGY
2. FUNDAMENTALS OF GROUNDWATER
CONTAMINATION~D.W. MILLER
3. METHODS OF CONTAINING CONTAMINTED
GROUNDWATER—G.H. EMRICH
4, NATURE OF ORGANIC CONTAMINANTS IN
GROUNDWATER AND TREATMENT
APPROACHES—PA.V. ROBERTS
5. ADSORPTION AS A TREATMENT PROCESS—
VL SNOEYINK
6. AIR STRIPPING AS A TREATMENT PROCESS—
M C. KAVANAUGH
7. CASE STUDIES INVOLVING REMOVAL OF
ORGANIC CONTAMINANTS FROM
GROUNDWATER—A.F HESS

S3 ¢ SMALL WATER SYSTEM PROBLEMS

Water Quality Division
Moderator R G McCall

1. OPERATOR TRAINING (Panet Discussion)—
HUGH HANSON, M.H. THOMPSON, R.W.
LEIDHOLDT

2. OVERVIEW OF SMALL SYSTEMS WATER
TREATMENT STUDIES—T.J. SORG

3. INSTITUTIONAL ALTERNATIVES (Panel
Discussion)—A.K. JOHNSON. R.M. CLARK,
JD. CLISE

4. MARKET STUDY ON SMALL WATER
TREATMENT PLANTS—J.C. CLARK JR.

5. FUNDING (Panel Discussion)—~GLEN BENNETT,
J.M GASTON., R.L. WUBBENA

6. REACTION AND STRATEGY (Panel
Discussion)—V J. KIMM, IRA MARKWQOOD.
RR LAMSON

JOURNAL AWWA
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Backilow is the unwanted reverse
f;o w of iquids in a piping system But
s easily avoided by the installation
cx’ a backflow preventer Here are a
few of the excuses still being used for
not.nstalling backflow prevention
cevices And here are a few excuse
stcopers from Watts Regulator

pRassee—
e MINN N @]
. wnn-mnrn-;

—2mes !racitionally have been low
r2 areas Butinc.gents of cross-
~recticn and contamination of the
cLoeT water SuDO'y’ go occur Hose
- ra*cr> ~CG le-bome park devel-
S SnGICGTaphiC carkrooms.
= >'stems. eXterming-
o arnpect adapters and
¢ oing all present potential
rreclon groolems The
c.rcach ard sfic.ent, avall-
<4 and 1’ and ¢eal for
ai on downstream from rest-
ta: s 212 mieters or at other
oro.22 Zeatons

Aithough hose bib vacuum breakers
do protect against outside cross-
connections through silicocks. they
don't provide protection of the public
water supply from backflow. The
No7 does.

APRIL 1981

NO 7 DUAL CHECK
BACKFLOW PREVENTER

<

. OsER !
<7 T -

ASSE 1024

A MAX 1501x- {1034KkPa) 140 FI60 C)
WRTIC RH‘UIAIOP :n

cBNHENCE MA wi

o ingntal ) ackﬂow probiems with the
Backflow Preventer.

PEEEY ".(‘l‘l‘ ’ j
Tt Gl :':.il( A’

rae2nters
et for

it used to be that backflow prevention
wasn't feasible for homes because of
the cost factor. But thus Watts break-
theough provides affordable, efficient
protection.

And no matter what the cost, you
can never aiford the damage your
reoutation would suffer of a backflow
croolem did occur

Twes are changing State. local and
lederal agenrcies are becoming more
strct in thewr requirements for back-
dcw prevention Codes and programs
are bemng opcaied continually: you
shoulc ce ahead of them

Reader Inquiry Service No 067

t

K.\

CAPCO JEN

3

Excuse =5: "We ve never nad mny
backilow protlems.”

o mimuMa o)
nflllll"llll"l ;

Maybe you've been lucky for yeafs
Stalistics speak only of the past. th

No 7 offers protection for the future
Water usage is increasing every day,
and your risk 1s increasing right along
with it. It takes only one incidence of
backflow to ruin a long safety record.

Sxcuse =5; "A check vaive
zaough.”

3 gecd

Some protection 1s better than none
But a single check isn't a backflow
preventer When itfails you have no
protection. The No7 1s a true back-
flow preventer, not just a check valve.
because it complies with the require-
ments for back pressure and seat
ughtness of all backflow preventer
standards. It has been tested.cerified
and listed under ASSE Standard 1024
for Dual Check Valve Backilow
Preventers. GPM ilow exceeds the
ANSI! Standard A112.26.2 (ASSE
1003) requirements.

The Watts No.7 Dual Check Valve
Backflow Preventer. It eliminates a lot
of excuses.

For compiete information on the Wat's No 7
Senes Dual Check Vaive Bacntiow Preventer
write Watts Regulator Company 10 Ertar«-
ment Street Lawrence, MA ¢1842
Phorei617)688-1811

NEWS 79
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yourcash register .
ere broken, you’d fix it._

A malfunctioning large meterloses revenues
day, aftel’ day, aftel' daYo If your water system is like most

others, some of your large meters are registering inaccurately or not at
all. That means you are losing revenue right now — today. And, you'll
continue to lose it every day until those meters are repaired and re-
calibrated. Here’s where Hersey can put the cash in your cash register.
We'll test your large meters and rebuild them to their original accuracy.
Where we’ve done it for others, re- p T '
claimed revenues have returned
dividends many times over. Like to
know more? Just circle the readers
service number or write us and
we’ll send details. Hersey Products
Inc., Field Service, 250 Elm St.,

NS Y

-Herse

PRODUCTS INC.

inquiry Service No. 028
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Allis-Chaimers Valve Div.

Featarng qualty rubber-seatec tutterity valves
0 Teet [re Thattence of the BCs Code 22
STREAWSEAL buuer'y ,aves ~ew stancard
SAWA 804 butter yvatie rom Als-Craimers
S$288 3 rm ™GLEn 24 o fer anove groung and
~Tog2rgrsLng saler 2 strbulion servce Do~en
Ssc STREAMSEAL outterfly valves a-gerbuiter-
“y valves io meet AWWA C304 .n sizes from 30
o otrrough Y2 n arger sizes meet AWWA
ces gr paramreters

Visit Booth No. 515

APRIL 1981

American Cast Iron Pipe Co.

See our ag refer to page 24

Featunng the Amercan Cast Iren Pice Co prpe.
Lings valves. anc hydrants ‘or the wvate works
edusiry Ar aud-visuas presentaten descr.oes
he manu‘acture ardtest.rg of Amercan ductle
ror pipe For Amerncan valves and hycrants,
orctographs cepct manufacture of Amencan
butterfly valves cnheck valves and gate valves
as well as the mancfacture of Amernican’s fire
rydrants fer water service

Visit Booth No 325

Ametek Inc., Plymouth Products Dlv.

See our ad refer to page 77

Featuring POLYIRON® valve ard curb boxes.
Valve box magnetcaliy socatable, two-piece
screw Style tnermoplastic -ave boxes wih cast-
0N [(AGS anc covers 2-7-% bury Curb service
boxes magnetically I0zatable tao-piece screw
style, thermoplastic curb service boxes 2-7-ft
bury

Visit Booth No. 619

iContineed an paue 84)
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AWWA's newly developed CHLORINATION
training package with instructional materials
provides up-to-date information on chlorination
principles and practices. It's prepared for utility
supervisors and training organizations who can
conduct in-service training programs. The
package includes an instructor guide and slides
that depict concepts and principles; a 16mm film;
slide/tape presentation; reference texts; and
student materials.

This instructional training program is:

Comprehensive:

It contains complete coverage of chlorination
principles and practices including safety aspects
and other important factors influencing the
achievement of high performance standards in
water treatment operations.

Essential:

The high risk associated with handling chlorine
means that water treatment personnel must have a
thorough understanding of properties and
knowledge of the chlorination process to ensure
more safe and efficient operations.

Adaptable:

Options are recommended in the instructor guide
for conducting intensive one or two day courses.
Developed with adaptability in mind, course
materials can be modified to focus on local
preblems and special training needs.

Practical:

Asice from achieving a better understanding of
chlorination. students are provided with hands-on
experiences that apply to their everyday work.

Affordable: .
Outside training is costly. With a relatively small send n your O’der now
investment in instructional materials, chlorination H H

training sesstons can be more economically fOf th's speCIal Offer!
conducted. realizing a substantial cost reduction -
in training.

Reusable:

By owning this package, the training program can
be conducted over and over again as your needs
require. It doesn't take long for the package to pay
for itself.

ORDER FORM TO:

AWWA Publications Dept.
6666 West Quincy Avenue
Denver, Colorado 80235

CAPCO JEN 0020701




The Complete Package for

only $645.00

To purchase components separately:

Compongnt 1

Instructor Guide:

Provides instruction in an easy-to-use, concise
format. The guide is 118 pages and conveniently
packaged in an attractive, three-ring binder. Two
student handbooks also are included. They are:

e Chlorine Manual, published by The Chlorine Institute

e AWWA Manual M-20, Water Chlorination

Principles and Practices
If you want to distribute student handbooks,
they may be purchased in quantity from AWWA.

80 Graphic 35mm Slides w/Carousel

Developed to supplement the lesson plans for
each of the 10 modules of instruction. These
visual aids clarify concepts and principles as they
relate to specific areas of instruction.

TOTAL COST: $275.00

COMPONENT II

16mm Film:

Entitled “Safe Handling of Chlorine,” produced by
PPG Industries.

Slide/Tape: '

Presentation entitled “Chlorine Residual,” produced
by AWWA,

TOTAL COST: $275.00

COMPONENT III

References:

Handbook of Chlorination authored by George
Clifford White and published by Van Nostrand Reinhold.
Water Treatment Piant Design, a cooperative pub-
lication of ASCE. AWWA, & CCSE.

Standard Methods for the Examination of Water
and Wastewater 15th Edition, a cooperative
publication of APHA, AWWA  WPCF.

Water Quality and Treatment, Third Edition, pre-
pared by AWWA and published by McGraw Hill.
TOTAL COST: $95.00

ORDER FORM

P 2as2 seng me ne following Packages®

COMPCNENT 1 o

L]
L ]
L
COMPONENT Il o
L
COMPONENT liie
L]

1estryctor Guide

Crionne Manual

M-20 AWWA manual

Shizes with Carousel

16MM Film Safe
Hardling of Chionne

Stide-Tape Presentation
Chlorine Residual

Handbook of Chior-
nation

Water Treatment Plant
Design

Standard Methods for
the Examination of
Water and Wastewater

Water Quality and
Treatment

Order No 1826 MB
Packages Requested.__
Cost: $275 00

Order No 1827 MC
Packages Requested__
Cost $27500

Order No 1828 MD
Packages Requested___

Cost $95 00

Order No 1829ME
Packages Requested___
Cost: $645.00

COMPLETE PACKAGE COMPONENTS |,
& 1

0O Bil Me AWWA Members Only

O Payment Enclosed U.S. Or Canadian Funds
Make Checks Payable To AWWA

NAME

ADDRESS

CITYy STATE ZiP.

*Hanc ng Charge Every order tolaing less than $S10C0O ang rot accsmpanied by
reruttance s subject to narching charge of $3 00 which will aulomat ca:iy be acged 10 the
ol This charge is necessary because of the extra ciencal processing invoived on such
srders

k.
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iContinued from page 8!
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Andco Actuator Products. inc.

Featurng electic-mecnan cg  nsar and rotary
actuators Sefies 70GC Pos -Torv Asiuator E'ec-
1 ¢ actuators meorporalrg Soston anc thrust
‘et swilcres ferprecse ~ares gle pesdioning
as well as cpening-cics.e
Visit Booth No 906

s ezo cauens

ARAD Water Meter

Faatunng full e of ¢
saiec meters auiorats
accessoras NPCustr a
Lo presel cuartty o a
orgrt arge s:ize LED frs:

12 ang Mman unes
ot Zonire s ang
s Batching
&,&2 oy ivree

z.tomatcally
~g

d9CKec-.n’ onCe pIstass € rewsetiing
canpe'edmumped ate’y ‘- ~ext talen stancby
cry ncase of

a'e ~TuoEl N LT Myl et

N —aters 2-12

Do
O Wb
¢

eotecLor 1US
‘o. o e~ sie quantily
aodialolobé {1}

L

O oo
>
“w |

Badger Meter, Inc.
Sseoursg refertoz

ags 2
ner

‘7. 222 Sistrbut on
- es 1o aaler
“ne of disc
sater m—eters wlr\ 2i~er Zasic of bronze
NCLS.NGS. ‘or resicent.a a~c 12 et a aoplica-

tors cacac' esio 18235~ Eacger ctmpoung
meters Jes:gnedlonrovice r O aCCuracy under
rap-cly changing flow co'\.c:!.- s meler regster

84 ANNUAL CONFERENCE

~C.LC2S a Dukt-in gererator for operating Read-
O-Matc rerrote readout
Visit Booth No. 345

F.S. Brainard & Co., Inc.

Seatur.ng chart recorders that attach to water
'r‘—:-:é's ang record flow versus time with pressure
s~perature recording options METER-
‘23TER* ‘cr magnelic drive meters provides
rartrecoes rg of fiow passing through any
3 rag sier magaelc water meter METER-
LASTER® ~gr mechanical crive meters provides
stv ¢ or creular cnart record of meter flow.

Visit Booth No 631

Butler Mig. Co., Bolted Tank Group
37 refer g oage 120

e rg coitec tanks for the storage of water
*a‘!y zesignec 10 Amencan Patroleum In-
ute speciicalions to provide a versatie,
r:ae:e.y eak-proof storage vessel They have
.2~ nemselves in more than 50 years of
spreac use Now 3utler offers those same
z:.antages ‘of potable water storage with boited
tarxs Dyl 1o the new AWWA D103 specifications
Visit Booth No. 811

n oW
O
cnom oA

Q09w
\)

()

-

i

Capltal Controls

F2atur rg watertreatment gas and iquid chlorine -
‘eed egqusment and rstruments Chlonne gas
Jetecier Agvance senes 1030 is a compact,
e'ectron:c totaily solid state sensor designed to
Srovice cort auous sensing of chlonine in aw
F'uonge saturator the Advance ll sodium fluonide
saturator ras been cesigned to meet the demand

CAPCO

for tiyor:gatec 2r.nk.rg water colnneor ara wail-

mounted units are airost maintenance ree and
are designed to be surple {0 install and coerate
Visit Booth No. 821

CIFEC

Featuring chlorine dioxice generator uses anew
method with an ennichmenrt joop nat produces
pure chlorne dioxide without resicual ac:d or
explosion risk

Visit Booth No. 717

Cla-Val Co.

See our ad. refer 10 page 121

Featuring the finest in automatic control vaives
for pressure reducing. pressure rehel. pressure
sustaining, flow ccentrol. liquid level control
electrical on-off control Moget 501 Wafer Swing
Check Valve: this hghtweight, space-saving
design features low-head-loss characteristics.
Spring-assisted closure prevents water hammer.
Availlable in sizes 2-36 in. in cast iron, stainless
steel. cast steel Model 100-01 Hytrol Valve. the
tasic valve for most Cla-Val Co control valves
features guided stem._top and bottom renewable
seat, one moving part. ease of mantenance.
Availlable in sizes %-16 in n a vanety of
materials.

Visit Booth No. 234

{Cortinued on puge 86}
JOURNAL AWWA
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A close-up of the lineup:

Baroid custom-made -
trailers for water wells. -

ecently we received a call from a company that was

drilling water wells for an irrigation project in the
Sahara Desert. They needed trailers to house their men
and laboratory equipment under the extreme temperature
conditions of Algeria Baroid met the demand: we custom-
designed a tine of 14 trailer units trom the inside out.

Built to fit specifications.

Each trailer was built to be used as a drilling mud labora-
tory  Changes were made to adapt cach to overseas
specificattons for eléctricity and to provide comfortable
working conditions. And we switched from wood to alumi-
num tratlers because Buaroid wanted durability — trailers to
withstand the severe temperature tluctuations ot the desert.

Equipment for well-site testing.

You can order a Baraid trailer equipped with a complete
hine of Baroid testing equipment: Mud Balance, Marsh Fun-
sel and Cup. Full Scale Filter Press and Graduate, Sand
Content Sctand Water Test Kit, Just about all the chemicals
ard Lab equipment you need to make your trailer a mobile
wstng laborgiors —one that chechs drilling fluids and even

detects oil or gus m water wells.

Solid construction for optimum working conditions.

We build tratlers with durability in mind: all metal
frames. galvanized steel sub-floors. vinvi-covered woad

Reader Inquiry Service No. 006

floors. mienor paneling and acoustical eeiling tile,

Polyurethane foam insulation maintains stable tempera-
tures inside. Aluminum over plywood strengthens exterior
walls and roofing. Waterproof sides, thermal windows, in-
sulated doors. air conditioning and heating all help to pro-
tect your laboratory equipment.

Extras for comfort and convenience.

We design the interior to make things convenient. For
cxample. we put a small kitchen with a stove aad re-
frigerator, dinette and sleeping room adequate for three per-
sons in each trailer. And. cach has a skid-mounted 220 volt
diesel driven generator. You also may choose vour own
trailer color — possibly your company 's color it you wish.

So. when you need a trailer for your water well testing
equipment and crew. call Baroid and we'll custom-design
one to fit vour special aeeds. We've proved our capabilit
for 50 vears ... now let us prove it to you, Write or call
Buroid for more information about our customized trailers

NL Baroid
P.O.Box 1675

I Houston, TX 77001
INDUSTRIES, INC. (713)527-1100

CAPCO JEN 0020704
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Cort rd from page d41

Vst
EBAA lron Inc.

AL TS OICOUTIS IO L CE T tu I D ntresE ot

a~¢

o

Fisher Research Lab., FRL, Inc.
Salunng urdergroync gatect.on instruments to
12 ang jrace serv e res ounpeint leaks
a~2¢~graved-cver .avetoxes XLT profess on-
2 22« zelacier a~—phfes tne ungerground pipe-
e SounCs ang e ecirencally fiters out Ois-
tragi G soungs TW-5 ppe and cable focator
£7ai2s ang traces uncerground metaihic pipes
Visit Booth No. 225

86 ANNUAL CONFERENCE

The Ford Meter Box Co. Inc.
See s.r 3z ~serlopage 15
Sazi g g torg 2le ine of waterwerks £rass
n3tiegs Tetersst pg Zevices arsd
s mrEgLurent TheFoeapoe CICCuC's
34513 rrasssae
ccLolrgsystem as wedasafuliare
3 ZunlRe con tacoing sadcies Tre Forc 501
23wl ~I5,S127 LSes €o:0r-coded end r.nGs and
32%+215 anCmare ~lerchargeabie to cover the

<

Y
e

recarssi@a™os the

[P

20723 oo easstant Mayar-R 50 Tre ForaModel
“T sr.eg machiee can be used on all types of
ma~ ae ~ateral ang will make taps up through
ard reuzag 2 ¢ One machne dees the work
thEl oy LS, feGsres tad o more machines
Visit Booth No. 136

L.B. Foster

See cur 50 re‘er 1o page 42

Featurng large-crameter steel pipe for water
ines Fcsterwele oipe four strategically located
Fosterweld pipe milis provide a wide vanety of
wa'l tricknesses, diameters, and lengths Steel
pipe systems L B Foster provides the whole
pipe package—p'pe special fabncations. pipe
coating to meet any specifications

Visit Booth No. 303

CAPCO

Foxboro Municlpat Sales, Inc., The Foxboro
Co.

Featuring Meeting the Water Cantrol anc
Maragement Challenge of thie '80s " VidecSpec
a CRT-based operator wark station concest that
ncorporates all the functions necessary !0
monitor and controt the piant Fox 3 Corputer
System a muCrooriCesssr oomouty for o oant
~Qrionng anc CONRrot ‘2atures £asy orogra~™-
~ngarcgsiancars scltaace oa
Visit Booth No. 315

w <
q

GA Industries, Inc.
See cur ac cefer 2 page " 32

Featunng GA Valvecrak:iss

centeol water:gvelcontrsr sneck cumgoenies
pressure control and ar -zlease salves GA
waterwvorks valves cum™d Cortiro! creck water
ievel control. surge ccntrlt a2 "2 2ase arg
oressure contrct saves

Visit Booth No. 803

GEOMET Technologies, Inc.

Featuning services 10 wcentify measure. aratyze
and assess nsk of health threats . the envieon-
ment espectally those ocsec oy contamenaten
of water sources by 161 xre™.Cca’s

Visit Booth No. 428

Ot S " o
Gifford-Hili-American, Inc.
Featuring G-H-A's 35tr annwversary of many-
factuning concrete pressure pipe— A Pipe for
Every Water Works Neec ~ Prestressec concrele-
ined cylinder pipe L-301 and presiressed con-
crete-embedded cyhincer pipe E-301 confcrmto
AWWA Standard C301. 1n diameters 16 1n
through 144 n, for water transmission and
cistnibution lines plant picing. etc Pretensioned
concrete cylnder pipe P-303 conforms to AWWA
Standard C303 in diameters 100 through 36in .
for water supply and distribution hines sewage
force mains. etc.

Vistt Booth No. 408

{Continued on page 88}

JOURNAL AWWA

JEN 0020705




TOTAL ACTIQN PROGRAM

WATER SERVICE Fing out
IS ON THE JOB. ot e

bulletin and put your water
treatment worries to rest. Call
our Purification Sales Manager
at (302) 575-3549. or write
ICl Americas Inc..
Wilmington. DE 19897.

You can continuously. effectively eliminate
taste. odor. color, and toxic organics from
your water supply with HYDRODARCO*
granular activated carbons. with httle or
no capital expense.

With the ICl Americas Total Action
Potable Water Program the benefits are
yours. the work s ours. TAP is a complete.
custom designed carbon water treatment
service that provides:

¢ A comprehensive plant review to deter-
mine the proper grade and amount of
HYDRODARCO and the optimum operating
conditions to meet your desired water quality.
e Equipment for the installation of
HYDRODARCO n existing rapid gravity
futers

e On-site water treatment expertise,

'aboratory analyses and technical and ! ‘. @ IC' AmerlcaS InC'

2aGINeening assisiance

Plus you chosse from numerous
Cotons avaidanle that custom design the
sarvice to sest meet your specific
requirements Francial arrangements
ctan Le Custo™ designed. 100.

HypRrODARC

Acts Like
A Sponge

APRIL 1981 Reader Inquiry Service No 030 NEWS 87
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Contirted from pyze 3n

Hach Co.
See surad rererlopage 118

2 aguac. Featur rg products for water ang wasiewater
D.r000N s e ~armedn, dsrbuters e al ana, s1s Pump-Colonmeter ™ free chlorine
cezcireLntesStates GrarlsAguaWw re3r,gn aravezer ‘rom Hach Co provides accurale
s 298 372012 B8 WSEZ ‘Trramoveg marz CeniruoLs measurement of free crorre resy-

3.a5 A.378C'e nfCurranges these 'ow-rman-
rstruents feature cghapie
2120 g pumps sed-Cleanng saTpie
" armane certroller cacabdtes and spat-
~ 3yual-aa.eencth ophcs for accuracy ang
120 .4y A Pump-Colonmeter total cricrire
znaiyzer 3 a'sc avadable The Ratio™V iur-
b direier anexcegiicnaily stable andaccurate
ageratcry recre‘emeter wah cigitat gisplay can
Jerer e turtegt, 2own 10 001 ntu o bote
monly colored and coloriess solutons. it s
avatavie withrecorder output and ar purge, New
s’cw-through celi accessory permils continuous
monderng Gf crocess streams

Visit Booth No 824

Tre L

Brgnne aruare

¥ oo

fTaITESIE L 2

Visit Booth No 739

Harrington Corp.

377 saser Tac poe fiegs
Im N, tuegs cay mgne
PVC
175 sgaer Tan [irgs ad
YCfrngs ~ooroorates sqoare-shout

tTpeley e nate gas«et

~me an b
ST 2uCt 2- 727 M egs

Togas«tgcral s
ITLLINT TS

el

Visit Booth No 232

(e
“w €

2

Hayward Tyler Inc.

Fealuning n-ire submersible DCOSter pumps In-
wne Booster Barret rcorporates a submersible
pump n-iire 'c 2 ~inate costly pump housing
ang no'se pohul.on Sumo submersibie pumps

A ]
X
EATIWE S

Visit Booth No 519

88 ANNUAL CONFERENCE
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K'\

and mctors a4 trenze arc sta-nless steel for
max mum COrrGs Ch resistance
Visit Booth No. 818

ot =X ]
SR Fot
Heath Consultants Inc.
Featutng wer'dwige serrces
nstruments for aater s,ste™ @ax Jetecion and
uncarground ppe socatior Heath Agua-Scoge.
a rugged hgriwvesgnt £eciro-ser¢ “uld eax
detector ‘or atcve-the-ground leak zetecton
and pinpontng mth eass a~d ascuracy 2sradie
anc stationary compustiple and tox.c 3as mone-
tcrs. safety mooiors and detectors for grotect on
in manholes. vaults pts.aecctrercor’ regdwork
areas

Visit Booth No. 548

E RPN

crodusts ane

Hydra-Shield Mfg., Inc.

Featunng tamper-proof ‘e pydrart Cag that can
cnly be removed w:ith sgec al wrsech The
benefits include fewer cacs 1< rep'ace because
of theft and farge savings of ~ater inat woud
rave teen lost becayse ¢ .&n12 5™ 12 the
hycrant The wrench ~ 322t¢h W 1§ tap-
rerCvrg Secl.ors mas 2 o£nlagor sIoxst ‘o
turn the tep vaive ontne ny 2rant (= § 2 ~ ~ales
tre need for ‘ve comrar 2§ 10 22y 37 22
cece 2 equ prent ‘or in s ouLTCOSe

Visit Booth No 833

JCM Industries, inc,

See our ad, re'er (o page 40

Featuring "Bulish Qn Serv:ce” to a service
industry JCM tapping sleeves ‘abricatedtapomng
sleeves for all types of ppe m sizes 6 1n and
larger can be shuppec to mee! ycur ‘nstallation
requirements JCM urwversal clamp couplings to
repar and conrect ail types and s.zes of pipe.
clamps can ke shippedto meet your requirerment,
be it emergency or routing

Visit Booth No. 817

{Continued on page 90]
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PATTERSON PUMPS

More than 75 years experience produce pumps of unexcelled worldwide. Patterson Pumps
goes into every pump designed, reliability. Every pump leaving the stand for “Progress Through
built and tested to meet your Patterson plant is individually Performance". -
requirements. A highly skilled tested and quaranteed to meet or Call or write to find out how
work force uses modern manufac- exceed its specifications. In a Patterson can fill your pumping
turing and testing facilities to growing number of applications needs. -

Patterson Type ‘
**A"* horizontal split v

case single and double e

stage pumps available

in sizes from
12" to 54"
discharge.
Capacities
to 100,000
GPM.

When pump “rformance counts...

You can count on Patterson Pumps
for dependability, efficiency, low operating
costs and easy maintenance.

PATTERSON PUMP COMPANY

A SUBSIDIARY OF BANNER INDUSTRIES, INC.
TOCCOA. GEORGIA 30577 » TELEPHONE 404-886-2101 &0+

Pattersan Type “G"
axial and mixed flow
pumps are avail-
able in sizes to

84" with capacities
to 200.000 + GPM.
Optional rotating
element pull-out
simplifies
inspection and
maintenance,

Patterson Type Patterson Type

“F'' vertical and horizontal " honizontal centrifugal

non-clog centrifugal pumps fire pumps are built from 3" x 2" to
can be ordered with 3~ 12" x 10~ with capacities to 2,500 GPM.
to 36" discharge. They All are UL listed and FM approved.

handle solids up to 8",

APRIL 1981

Reader inquiry Service No 048 NEWS 89

1

{\.~

CAPCO JEN 0020708




. sinm

oo paae 881

Johns-Manvlile Corp,

Sgc c. 32 e ragage 34

g Permastrart cpe Teetng tre re-
~ts of AWWA Starcarc C950 -or ithe
&)

toe § ™aEg: T, DITIog
34 5RT2'ass 2°C 200Xy ESe
53
25 37e7 ' Sceralng

4783~ a

hinlald

ce ~d 15 372

" o
b 1 i
i

crivesiner Razar oo, aes

zgirgr ~igrma

oreT s
Ia0n

Seae o

€1«

E7™E fgles 27

W

Kent Meter Sales, Inc.

Salur ~g Kert prorze case ars peyMmer case

90 ANNUAL CONFERENCE

3 sast-ro~ case
ruroire 3z ry Teters and
riernai Tackhoa ceess Kert Model
C7003 8 theougn 2 o cormc.gte corphance
L0 AWWA Stgrcars C7IALTT ooty™er cases
P 0 S2eS
2ackion cmesk va.L 2 Sot Sra. terole reading
cctora <ent Seres 200C Turoineg Lo
tneaLgn 20 rorze Zase ~eces from o min
Kol ot} N oroas Yo range .Ow pressure
arop acciracy 5+ <ase models from
1.int020n

Visit Booth No. 139

saler TtEr

K
~eterg rermgle

Trax

3.8 202 1 TN L - f 373
“om

"8
ngh

George Koch Sons, inc.,, Ashdee Div.

satlr ng ceme/ar of Inng ormethangs and syn-
mehs Srgamics naturally eccnomically Hycro-
fer ar-stpewg system ‘or remeval of trhaio-
—&ingres 3and syrireles fom graxang water
Visit Booth No 125

Krebs Engineers

Fegtur ~g Krebs o'ast ¢ o:spiay ~ode's of the
<C8S ars KD Water Desancers Mocels KCSS,
K3 «§ <-ers Desancers desgned speciically
for the zortnuous rerovar ¢ sand scale. and
other parricies from water

Visit Booth No. 613

Leopold Co., Div. of Sybron

LT rerer 2 nage 37

Loy the mea Ledcoty S.motex line of
- ~al ae anen neiasesalull-
Zgta. egcaler ‘o <eeong
crrgrance rere Lecptio
2 Talgr s riage 1920
manrt 280 A" e s

L 22001d equip-

Visit Booth No 616

McCrometer, Div, of Ametek, Inc.

Featur ng a w-de rarge 0t how meters tomeet the
semargs of agr cuiture. municipaliies. and
wdustr, Pressure varsances and high tempera-
ture capaowt es E.eclronsc systems avarlable for
aimooes Standarg parts. standard catbrations,

K.\

CAPCO

and field serviceatility £ ectroruc iurtce proo
meter wide flow range and .ow pressure ‘css
stainless steel bearing housing ‘or measurcg
contaminated hquids. systems may be acaptes
touse model "M™ or "ME"” convers'on mogLies to
orovide desired pulse @0 cable arve 3r '‘cca:
mecnanical totalization or 'ndicaton F'ow ¢on-
trotler flow proportioning accuracy of =2 sarcert
at up to 4500 gpm can be achieved. :dear where
fixed rate of fluid 1s required, system incluces
electronic turbo prop meter, control vaive with
actuator, and flow control module

Visit Booth No. 924

A.Y. McDonald Mfg. Co.

See our ad. refer to page 119

Featuring underground service line valves and
ftings, also a wide variely of meter setters,
valves, and couphngs Ball corporaticn stops
available from 2 in throGgh 2 in for use with
tapping machines or Service sadcles Angie dall
meter vaves the Yn arnd 1-n sizes ~ase

meter swivelnuts. the 1 z--r anc2-r sizes na,e
meter flanges
Visit Booth No. 432

L

Metrotech Corp.
Featuning a full fine 2f ulity locatcr procucts
including pipe and cable 'ocalcrs ' e iracers,
terromagnetic locators, valve box !ccators, and
fluid leak detectors, plus accessory tems. Mcdel
810 automaltic Ine tracer new computer-aded
instrument has electromc guicance sysiem to
accurately pmpomnt bured metalic pipes rect
depth measurements are shown on its ¢ gdtai
asplay *ocel 480 pipe “ocater =S ‘amous
‘nstrument 1S offered in a system accroach wih
opl.oral :inductive probes and Zlawps '1¢ 3¢ n
locating tudden utiliies w.th greater ease

Visit Booth No. 235

Motorola Inc.

Featuring Motorola’s MX 300 series Handie-
Talkie FM Portable Radio and Syntor. the first
conventional synthesized FM two-way land
maobde unit with industry-leading specifications
The Syntor FM two-way radio utiizes a synthe-
sizer to provide the most advancea method of
generating frequencies The MX 300 seres
harnesses the performance capabilities of mobile
racios i a truly portable package

Visit Booth No. 816

{Continued on page 92}
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At a time when environmental Iaws and
regulations are constandy increasing in
number and complexity -and compliance
is more and more critical - scientists and
technicians concerned with water prob-
lems can depend on Standard Methods for
the most complete, detailed and up-to-date
information on accepted methods of
analysis of water and wastewater. First
published in 1905 and now in its 15th
edition, this manual provides sensitive and
precise testing methods and procedures
that will give consistent. reproducible and
accurate results o meet today's needs.

Major changes in the 15th Edition
¢ The International System of Units (SI) is

STANDARD METHODS
for the Examination of

Water and Wastewater
15th Edition

STANDARD

M f‘:' “‘()“‘)S‘ * New sections on special procedures for
or tho Examination o . :
\Wicer and Wantewator recovering stressed organisms, and on

; rapid microbiological technics.

* To supplement Standard Methods. 1
separately bound Appendix presents Gov-
ernment methods for water and wastewater
analysis referenced in the Federal Register.
No other single source provides this infor-
mation along with generally accepted
methods.

Contents (condensed)  General Introduction.
Physical Examination; Determination of Metals

morough ly revised’ Determination of [norganic Nun-Metallic Constitu-

ents: Determination of Organic Constituents

r cﬁned and updated Automated Laboratory An%])sis Examination of
Water and Wastewater for Radioacinim Bivassay
Methods/Microbiological Examination of
Water/Biological Examination of Water Index.

used in place of English units. except in a few instances. Published jointly by the American Public Health Association.

¢ Inview of new or proposed OSHA regulations and recent
feeal actions. greater attenton is given to the subjects of

laboratory sufety and quality assurance.

Some important revisions and additions

American Water Works Association. and Water Pollution
Control Federation. Joint Editorial Board: Arnold E. Green-
berg. APHA. Chairman, Joseph J. Connors. AWWA, and David
Jenkins, WPCE

As stated in the Preface. the methods presented here “repre-

* Emphasis on atomic absorption spectrophotomein as the  sent the recommendations of specialists, ratified by a large

preferred method of analysis of most metals.

number of analysts...and as such are truly consensus stan-

* Revised sections on BOD. especially nitrificatios:. dards, offering a valid and recognized basis for control and
* New section on halogenated methane and ethasie derivatives,  ¢valuation. Approximately 1200 pages.

* Radiochemistry procedures expanded.

* New sectons on Ra 228 and radioactive Cs anc 1

P

-

Standard Methods for the Examination of

Water und Wustewater
Catalog Na 100149J7

S10.00 Member
33000 Noamember

Total enclosed $

\\ AMERICAN WATER WORKS ASSOCIATION
.8\ 6666 W. Quincy Ave., Denver, CO 80233

American Water Works Association/6666 W. Quincy Ave. Denver, Co 30233

\ame

fillivon

1ddress

an

Sate Zip
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National Car

Rental

S Y
Visd Booth No £23
1 2 m21n03 ¢ sipleing N pax high density
Mueller Co. - 3 esulas aeighl polyethylene pipe 1S
See tur 33 refer s gras or ras stant and non-corrosive
i ca «di not crack or
202 &~ orales tre pred ems of infutration
x*irarsn anenn yse Tre flexdoaty of the
mawxes 8 garng for sewer restoration easy
onom.ca: N pak poiyethylene “itings a
ret, 3 r1avur categ and machineg Lilings
or-plemart tne N par polvetnylene ppe ine
Visit Booth No 649

2k G entylene oo

[y
A

[
v b

LR LI P A Y

3
[
B
[x]

‘
O 82
i
-

NE

~aznzr cz

Visit Booth No 539
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OCV Control Valves

See cyr ac retetio oace 32

Featur rghycractcaly oreralec crachragm-actu-
ateg controi vaves ‘or waler anc wastewater
servce up t¢ T30 pst temperatures to 180°F
poeszesttcmt . 10 16+ Senes 8000 Hoat
COrtrofled /ave CONIrois QU © 'eve’'s N 1anks
pHONCS arg s Tiar raser,Cry r2maste oot may
ce useg aulomahc sperater s fuly “yarac
mth nc mecnarca: of 2ietir ¢a T ~x25e Seres
33301atituce cortrel «a -~ es Sre-way ortws-~ay
mocels for grouna eve: zoatroi ot water n
elevategtanks 1010 276 4 ccerates ‘uity coen
orrghtiy cfoses manians.e.2' vthandn ofsel
pomnt

Visit Booth No 835

Olin Water Services

See cur 3¢ roter lo page 67

Featurng Olin Watar Serv.ces chlcrne gioxide
sererators ang CiCz appucaror technology
C!02 's used for disriection THM control taste
coor and cdor control on and manganese
temoval n gninking waters DIOXOLIN
SYSTEMS* on-site chiorne dioxide generators
cesigned for municipal water treatrent applica-
tions Olin 4010 hquid chlonine diox:de precursor
cremical for use with tne DIOXOLIN = process

Visit Booth No. 122

Pacific States Cast Iron Pipe Co.
Featuring ductile-iron poe
Visit Booth No 122

jContinued on page 94)
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Water utility line relocated without
interrupting flow to paper mill.

In Savannah. Georgia. a
water ulity needed to relo-
zate & 42-inch hne and sull
mamnia:n wvater flow 0 a
larze caper mill

Using wwo TDW Sicpple®
Pluzaing Machines and a 42-
:n2h permanent oypass.

=1 Inc roued

d the capabil-
A zcae, exiend. re-
Dc rcr replace lines ‘without
mterrupting service. Using
the Stopple Plugging
method. they can keep flow
going through either tem-
porary or permanent bypas-
ses while temporanly plug-
ging off the secuon of line

Visit our booth at the AWWA Annual Conference in St. Louis.

APRIL 1981

bemng changed.

TDW Services. Inc. 1s the
service civisicn of T. D. Wil-
liamson. Inc.. the pioneer
and leading manufacturer of

tappmg and plugging equip-
ment. Since the early 1950's,
TDW has used hot tapping
and plugging operations to
make pipehine changes with-

VISIT OUR EXHIBIT, BOOTH NO. 713
Reader Inquiry Service No, 055

out shutdown.

Our pressure tapping and
plugging capabihties range
up to 60 inches.

Contact one of the follow-
ing service centers to dis-
CUSS your next job.

Liamsen inerna ic
3 '&. Srzssels Bel

4
TDW) SERVIGES, INC.

asubsidary of T D WILLIAMSON INC

We put our experience on the hne.

NEWS 93
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nivaved from page 921

Parco Engineering Corp,

Szalur mg wales-maTeer £re.enion 23t
LSEC &1™ "0 m2aze
2320 vahves 0 ore.en)
s& 2fsiatieganZ stcocng
.mos Parnr o=, 2v2. © O ACCLT™L 8lor pre-
L 483 “y2°2. T T 47Ter £rISSuLre O coerat on
4 as *yorau € (2 425 T @ Curoing stat-on

Visit Booth No 712

L'zzet OE surge ooty
2eS oTASr 38V Ig

- MLt Tngiaat- el

Parkersburg Tank, Div. of Maioney-Crawtord
Featurnng AWWA D103-80 bolted steel tanks for
tzdle water siorage Pat<ersburg tanks are
o nosterage of polable aater acc also «
273t 0n ang c'arhcal-on processes ang are
uSes rwater or kguc treatment facii:es Proven
ces.gns are ava ‘able from 4GCO 10 838 0OC gal
pius accessones for speci.c acphcation

Visit Booth No 431

1

heIohta trment ot
it ranater

-coalsg

et Ze L, 2vpenences
22 ICrCsor-res siant

T TIBELTL TTEI7G ounzas
2.3 2T % Ane- ~eoassary

Visit Booth No 634

<~

Plttsburgh-Des Moines Corp., (formerly Pitts-
burgh-Des Moines Steel Co.)

Fegtueng mooerr aater sicrage ineevated steer
'gTKS §'a"IC CeS 37T reser.6 5 T evaled siges
‘2m«s a &' coLbie 2. £5C-CS 10r0sonencal
m.2°3C .ar fS°IC @t pesaesta spheres and
screrc os £-Cero-Pec Grourd storage tarks
sta~co res and "2servours 5 slandart Jesgnor
A m 2mneagnment Suc as plasiers ang nngs
or aesiret ¢ canng ces gns

Visit Booth No. 633
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Plaunt & Anderson Sales Co., Inc.
Feat.nrg 'eax celecton aad pirpointng equip-
~ent DETECT-A-LEAK a hignly sensitive elec-
tronic nsterng cevice that scecihes the pres-
ance or atsence of a feak n a gerecal area
LOCATE-A-LEAK oncetre preserce ofaleakis
spec..eq Ly the DETECT-A-LEAK unit. the
LOCATE-A-LEAK machine pinpornts the location
of the eax for accurate excavation and repatr
Visit Booth No 413

Joseph G. Pollard Co., Inc.

See our 50 reler 0 D348 55

Featur rg water 'eax 2etect-or ang mpe -ocanng
agqu-pment 2ectrorc metal cetectors safety,
ma.rlenarce meler aed hydrant equipment
Pressera testng oulfd conssts of a hydrant flow
gauge a ‘aucet pressure inspection gauge, a
Regrant oragsure Jauge anc a case Gate vaive
anc servce Dox <eys a complete seiecton of
come raten Lbutar and adyustable wrenches
are a.a-able n special iengths anrd «niimite
varalons

Vistt Booth No 227

Polly Pig by Knapp, {nc.

Featyr ~g a orrpiele re of 2oy P gt Yexible
pce.re T eaners O super of Guarly at reason-
ab'e or 25 avaran e fromihe onginators of Polly
Pgtoesuzts ALz ave nszes T an through
1T/~ Toreut ratiory for custom styies 1o
~esiate cutsoes veal 20s St el-Catn
2 oot for towethrougt 0 water

37 T tEs TOTSILIICT T earup Lefore

T2 r2™Cves SELrs ane
Sa~z ora.ves Ceaner ~ore ef ¢ enl S4rCe 10
200 .50 ~,27CP g a.a alh'e A4 varous outer
Ilarngs o gTirean g ant soranng anlnes
&7 500272 rASWCLEOS fam e, 88 TAGr s ang
IaCrgitom o o2 A8 TCooves oA Cnaracter s-
1€S 2P S0 2nC 8385 © pLTE NG TTSIS

Visit Booth No 318

Preclsion Meters, Inc.

Seeour 30 rever o page 3

Featur ng completa une of water meters i sizes
*orr tnrougn 26 o Water reters-muili-jet mulh-
et zesgn ‘eatur.ng in-ane reparabity through
preca crates cantncces Water meters--turbine
mult -ranza terboe meters in sizes 3 through

{\\.\

CAPCO

2010 ‘eatunng n-line repasabity
Visit Booth No. 815

Price Brothers

See our ad re‘er 10 page 133

Featuring prestressed concrete pipe 0 s:2es 1€
n to 144 in and larger Apphcalons .~Cuce
water transmission and aistribution ines zrawvity
sewer lines. sewer force mamns power pranrt
piping. Industnal cooling lines. and subaqueous
outfalls A completely engineerec joint syste™
simplifies design and speeds nsiailauen Cor-
crete offers unsurpassed corrosicn res stance
Meets AWWA standards

Visit Booth No. 738

Prominent Fluld Controls, Inc.

Featuning metenng pumps Etecirorica 'y
activated. diaphragm purrcs controfed oy ‘dow
pH. ORP, analog s.gral Bz z1zr Lhonre
dicx-ce system des:gres ‘e o
o* chlonne cioxide cemr
plurcbed ang sirpie to sceras
Visit Booth No. 813

3

cre-

Protective Coatings, Inc.

Featunng protective coatings Maru'acturer &f
rousieal specialty rubter creoucts & 8¢
fubber exgansion (Ontg *or £ressus S 5N
JuClng 8ystems gnerusoer e rg Tacal bl
oroe and pipe fttngs PI0CO 242
exPaNsion 0Nt 2" ecoro™ Car A2y
5o nQ creclems ¢f mo.e~ert L brat.sn sunC
trarsmutta’ anc electrs ,es T B, S rnee
Leng to orotect pce a~3 oo
3orasion ang chemica- atlats
Visit Booth No. 207

13
i

Public Works Publications

Featuring publications. operational hand-
books, and marketing cata on water utiiies Of
speciat value angd interest to waterwerks ulilities,
consultants. contractors and marketers PUBLIC
WORKS magazine. featur:ng several arucles

(Continued on page 96)
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hoountry The
ory 512 ke used by UN
reseniatyes 2nd natonal
TTents o menior progress
wwrards the Decade targets

Zazh eniry Wl include

: STAPNIC. £20n0miC and social
1ansucs. detalls of responsikle
Scvernment depariments: current
sians {coverage) of water and
sanpeanch. aclens and projects
required. potential for external

The opportunity

Ghan__g

o
20 mmen (11N Awwrh

cooperation; and UN experts'
assessment of country’s capacity to
handle accelerated sector
wmvesiment.

The directory provnides a valuable
ard to defining the markets for all
water and sanitaticn based products
and services

decade

Don't miss this unique
opportunity to obtain a
copy of the nation by

nation guide to Water
Decade spending plans.

ofa

To be published in April, 1981,

$100.00. Reserve a copy now by
sending an order to the address
below.

Also. the Dwrectery wili carry &
hmited number of adverisements
For details of these pages plzase
contact lan North &t the addrass
below.

Telford House, PO Box 101
26/34 Old Street

London ECIP 1JH England
Telephone: 01-253 9939
Telex: 298105 Civils G

APRIL 1981

Reader {nquiry Service No. 070
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IContinued from page 94+

cealing with wale aCr<s creeaters wit ce se
sisplay Pubhc Works Ma-oat secter C ze-
scries lecrmoues 2Guigment supckes an¢
38/ CES L5227 1Te JE5 QT SOrStruct ¢ Icers-
ter ges manteman e oF AGNeT A TTeS D0gTE™S
arc SR ETs

Visit Booth No 834

Publishers for Conventlons, Inc.
Faatyrrg Yatcng Tl
coes o the At
retererce S0k Of 0rCILCY
tre ‘e of waler

Visit Booth No. 812

A .

258 0uL NG
Cir.entorgst a

derature relevant o

tean

The Ranney Co., Ranney Method Western
Corp.

Fea'urry arge-stae aater I2ne oument ‘o
™LA fa 25377 NOLS eS me ISl esIne ™ -
cat SrouLmTaalar 3ne Sor'ace sater 3ysieTis
Rarney Codvector Wed zes.g~eX 0 extrall
grouncwater or f ler seawaler UIe sanz ang

- - [ -~
T2 a3.fers

zoactasrangatc Sgoe

Vst Booin No 135

Reed Mfg. Co.

Teal.rrIpLelds s Poaeres Juct .e ppe cutiar
ar gr myradtcats coeratec Reed rotary cutter
cuistucl'e rang e 5 n-34 n ‘asler cheaper
safer Rzicrel Shear ‘oroultegugto 1 - CTS
PEPB LT ~ganc screqaLie 20 PVC PE ang ABS
ppe

Visit Booth Ne 807
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pollutiqn Equipment

. AIR « WATER - WASTE - NOISE - OCEAN

Rimbach Publishing inc.

Faa' r n3trace puthcations POLLUTION EQUIP-
VENT NSNS a timonthly pubkcation, provides
ocreouct nformation for specification, purchase,
nstallat.on. anc maintenance of air, water, waste,
ang cotge pollution control equipment, INDUS -
TRIAL ~YGIENE NEWS. including the Science
of Texcotegy 2 bimenthly publication presenting
crecucts for measur ng and controlling employee
neadh . the work environment, products are
nic.uzed ‘or toxicological evaluations related to
n2ustnal hygiene

Visit Booth No. 320

oblntech inc.

22 Lo~g o'asi © pipe and hHtngs for potable
2 2strouhich Robintech’s White Krught®
2 & cntma L ng s aintt 0uvng system PVC

R

«a-ac'e 100 150 ana 200. each lengthis
r2815° caqy testeg at ‘our mes is rating
Booth No 433

Rockwell International, Municipal & Utility
Div.
See our 3¢ -eter to page 31

CAPCO

Featuring now waier Jtil-es car rzcuce cperat-
g Costs and increase reverues by ourcnasing
the proper meter Rockwell wvater meters aric
electronic nstrumentation” seaied reg.ster water
meters. compound anc turbo meters, ‘or water
wastewater and wngation appacaticns. remote
reading sysiems anc ACT-PAK efectromic .n-
strumentation for monitoring, recording  and
controlling ftlow. Rockwell clamp anc coupling
products full circle clamp couplings cast and
steel couphngs, compression couplings tapping
sleeves and saddles pipe repair clamos. ex-
pansion foints ‘langec couphng adapters

Visit Booth No. 507

Roll Seal Valve Co.

Featurning Roll Seal automatic «gud control
valves. Roll Seal valve automatic certrof vaive
with only two parts—a staniess steel pody and
an etastomernc iner or control eiement Roll Seal
Model 80 pilot control for pressure reguc.ng
pressure sustaiming reief aponcatons

Visit Booth No 307

Ross Valve Mfg. Co., Inc.

See our g -e‘er 1o page 152

Featuning apphication of autc™at € 2ortror . alves
in municipal water systems Sectcra ..ewn of
6-in pressure reduc.ng valve

Visit Booth No. 708

Schonstedt Instrument Co.

Featuring Model GA-52 magnetic locator. which
has proven to be particularly useful for tocating
objects. such as shut-off valves, manhole covers,
hydrants. and other iron objects covered by deep
layers of snow and soil The instrument functions
by detecting the magnetic field of the opject Ice.
snow, water, etc. do not affect its performance.
Because the instrument detects the magnetic
field of iron objects. it can detect these items at
substantially greater range than can convention-
al metal detectors.

Visit Booth No. 932
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Shell Chemical Co.

- Featurrg a cisplay of the application for poty-
tuly ene prpe i water service from the man to
the ~eter Polybutylene water service pipe 1sthe
cugnest «est acvanced water service pipe
mace tccay kghiwerght resistant to corrosion
< St arse.ecl-o'vhe atlack mgher desgn stress
At~z ‘mam ooyernvlene <osts ‘ess tmar other

2 2233 Pr.Culoere s used r mpre

8 APT S A0SV EC BV ™3 OF CoCes

Ir e, 00 52

visit Booth No 535

Singer Valve

Zant_rms qlat

Spariing Dlv., Envirotech Corp.
“ealurrg Licwmetenng for tne water ndustry
Ser.es 50 obstructioniess “osameter an ob-

slruitor ess. energy-saving f'owmeter with cus-
fcCy transfer accuracy of =1 percent Series 103
and 105 propeller flowmeters new propeller
“toameter :nnovalicns mmnimize mamntenance
ang easily interface 10 state-of-art readouts
Visit Booth No. 710

APRIL 1981

Stanley Hydraulic Tools
Featuring hang-held hydraulic tools-concrete
treakers cement saws, water pumps etc HPI-

8-2000 Hycraunc Power Unit a single circuit,
iow-Cost power grit capatle of operating hydrau-
Iic 100ls up to 9 gem BR87 Hand-held Hycrautic
Breaker the world’s most powerful hand-held
breaker a

Visit Booth No. 403

Steel Piate Fabricators Assn., Inc.

Featuning. Water Storage Tanks Can Be Beauti-
ful Qutstanding full color photographs of steel
elevated tanks, standpipes. and reservorrs

Visit Booth No. 202

{Continued on page 98]

to the profession.

order promptly.

Send to: NEWWA
Dept. JAWWA

From

The New England Water Works Association
Announces the Re-publication of Clemens
Herschel's Translation of

THE WATER SUPPLY OF ROME

by Sextus Julius Frontinus
Water Commissioner, City of Rome AD 97

This classic on early water supply engineering and
administration which has been nearly lost is re-published
by the New England Water Works Association as a service

Included are the several chapters of explanation by Herschel
and an introduction by R.H.-Babcock, PE and James J.
Matera. PE. This work, an immortal classic of engineering
reporting, should be in the library of every water supply
engineer and administrator as well as students of Latin and
ancient history. Provides an excellent gift to schools.
libraries. and friends. This is a limited edition. Do not delay—

GRDER FORM

THE WATER SUPPLY OF ROME

9380 Washington Street
Dedham, MA 02026

Please send

US funds only

copies hard cover- @$9.50
Massachusetts Restdents 5% sales tax

Make check payable to NEWWA

Total

CAPCO JEN
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Continued from page 97)
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Tekmar Co.

S22 suran retertocage 112

Feal.r ng avtcraied purge-anc-trap concentra-
tcrs ‘or analysis of volatile orgamic pollutants in
water as aell as a comglete line of ion specific
eiectrcces and ¢:ssoiveg oxygen meters LSC-
2 ALS actomated purge-and-trap concentrator
Mccet ALS .nterfaced to the LSC-2 permits the
autcmateo analys.s of as ~vany as 10 water
sarmptes {or volatie organic pollutants. utihizing
ether int or reecle spargers LSC-3 Semu-
automatic Lvquid Sample Concentrator 1s the
newest of tne Tekmar concentrators; the low-
cest unit ‘eatures heated sample fines and
vafves ang an avtomatic cran, meets all USEPA
recurements for THM and prionty pollutant
ana’ysts

Visit Booth No. 417

Temcor

Faatueng mantenance-frze aluminum dome
ta~« ro0fs Yercor aluminum domes are fe-
Cazs ~g sizel ang concrete recls on new tanks
a~g resenous n ches across the country
Tamogr mas reletes mgre tran 300 mante-
~arce-free 20me oofs ~ T earscans up te 300
LTuE L™ 2272 250 Deng uses to
230002 223 271 orove 2 C.ency n aaste-

Agleriregiment

o Teg

n

Visit Booth No 330

Trico Industries, Inc., Columblan Div.
Featurng bolted steel water storage lanks
manuiactured in accordance with AWWA Stan-
cara D103-80 Bolled steel water storage tank,
29 ft ciameter by 48 fi. i the process of being
erected in Ottawa. Kan

Visit Booth No. 901
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Tyler Pipe, Utllitles Div.

See our ad. refer 1o page 47

Featuring pressure pipe fitings and municipal
castings for the waterworks and process piping
industnes Tyler Pipe will exhibitits complete ine,
including water main fittings for cast-iron, as-
bestos-cement, plastic. and fiberglass pressure
pipe. flanged fittings and fabricated flanged pipe:
valve. service. and roadway boxes: meter boxes;
swivel hydrant fittings and adapters.

Visit Booth No. 716

" a5
U.S. Pipe & Foundry Co.
See cur ac reler to back cover
Featuring US Pipe’s ductile-iron pipe. which
includes boltless USIFLEXZ flexible joint pipe.
sizes 4 1n through 54 in. for subaqueous
nstatatrons and TYTCON JOINT £ pipe, sizes 4 in.
througn 54 i Also bemng featured s U S, Pipe’s
new mecnanical joint tapping sleeve, HYDRA
GATE*® valves. series “S™ and “H" fire hydrants,
ang the new vandal-proof, low profile
SENTINEL™ hydrant
Visit Booth No 239

U.V. Internatlonal Inc.

Featuring cast-iron flanges. fitings—tlanged,
MJ AC cpe. construction castings—manhole
frames. covers. grates. curb inlets, etc.. and
custom castings. conforming to AWWA/ANSI
federal specifications at attractive savings. Cast-
ron valve boxes one, two, or three-piece; shp or
screw type. with ids. extensions, round and oval
bases boxes accommodate valves 3in through
20 1n and are sutable for trench depths of
10-140 in. Suntable adaptors available to raise
valve boxes to new height of pavement and
resurfaced streets Curb service, roadway. and
meter boxes are of various shapes (e.g. base
with arch) and sizes with different Iid type. Also
manufactured to customer’s requirements.
Visit Booth No, 415

E.H. Wachs Co.

Featuring portable pipe cutting machines and
bothtruck-mounted and portable valve operators.
Wachs Model TM-3 truck-mounted vaive opera-
tor: exercise valves from 6-in. to 60-in. diameter
safely with the adjustable lorque control praviding
the necessary protection against valve breakage;
includes revolution counter. Wachs Moadel E
Trav-L-Cutter: portable milling cutter which cuts
6-in. to 72-in. pipe in the ditch or shop: versatile,
durable, safe; either pneumatic or hydraulic
driven units avaiable,

Visit Booth No. 306

Water and Sewer Distributors of America
Featuring a rapidly growing organization with 55
member compames throughout the United
States. The WASDA exhibit highlights the pur-
poses and locations of WASDA members through-
out the country. The most effective way to market
water and sewer materials is through a netword
of qualified water and sewer distributors; local
distributors best fulfill the servicing needs of
municipalities, contractors, and others.

Visit Booth No. 516

Water Speclaities Corp.

Featuring water measuring and control equip-
ment, propeller meters, transmitters, recorders,
and accuracy test faciliies. Mainline and Irriga-
tion Propeller Meter: hermetically sealed register;
water [ubricated ceramic propeller bearings;
easily exchangeable change gears for in-the-
field recalibration for different pipe sizes. in-
dicator-Totalizer-Recorder solid state construc-
tion providing instant readings from transmitter.
Visit Booth No. 224

JOURNAL AWWA
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Waterous-Traverse City

See our ad. refer to page 71

Featuring an extensive fine of “re mydrants and
valves 'nclucing three new pregucts aresdient-
w~ecge vaive abulterfly valve and a new ¢ouble-
3'sc-.ai‘.e Tre ressient-wedge vaive s a uhigue
v2ive & 10 3 z2s gn tnat ail set ine standarg *or
tng rast of the ~ausity 1o ‘oliow THé Butlertly
.a've s ges.gned 10 make —amieranrce eas.ef
ard iess cosily

Visit Booth No, 607

Waukesha Engine Div., Dresser Industries,
inc.

Featurng our ine of gas ang cresel engines from
30 16 2845 maximum hp and engine generators
UP 10 18G0 kW perunitfer pumping comeressing.
ang other water treatment apglicaticns

Visit Booth No. 429

Welisbach Ozone Systems Corp.

Fealur.ng Weisbach Ozone Systems Corp . a 40-
$£57-073CO™pARY TEXNEG 020N Z2neralng and
ccalacung ecuicment ‘or aater pur' cat.on.
~astesater realment oocr control ard cherr
<3, orecess.ng We clfer complete ozomzaton
$,5t8™s and extensive expenence «n a wice
range of appucatiors Welscach ozoratorsrange
feor arorgicfy mecels ¢ hose generating
Tnran2 Guartles ser a3y Seres H glgralers
crg o 300 W60 2000 B of
~22Y azdec s Waishach ire for
© aalar 3ts sasiesater leat-

gler ir23iment ogor

Toargorem(Ca e

V.s:it Beoth No 134

Wheeler Mig. Corp.

Featurng a compiete ine of tools for a wice
range Of pipe sizes and mater:als Products
featurec will .nclude hycrostatic test pumps.
gasotre or electnc powered, for :nstaltation and
ma.ntenance of pressure Jires and the 6690
threager for 3-7-in OD cuctle or cast-wron pipe.
which converts for steel

Visit Booth No. 911

APRIL 1981

T.D. Williamson, inc. {TDW Services, Inc.)
See our ad refer to page 93

Featunng pressure tappirg arc £wgging equio-
ment and internal pipehine cleaning The Stopple ®
plugging machine plugs the line ‘emporanly
while repairs. replacements celocations, or
additions are being mace w:thout interruptian of
service tapping and plugging up to 60-in dia-
meters Pigs one-piece urethane avadable. for
internal cleaning of knes sizes 2 :n and larger
Visit Booth No. 713

er——
s w00y s
o~ o
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PLITE

SPECIFICATION FOR
COLD-WATER METERS
FOR CUSTOMER SERVICE

Sec. 1—GENERAL

Sec.

1.1—This specification covers Cold-Water Meters in

sizes %" through 2 for materials and workmanship.

Sec. 2—MATERIALS

Sec. 2.1—Main Casings.
Register Box Rings and
Lids shall be made of a cop-
per alloy containing not less
than 81% copper.

Sec. 2.2—Rotor Spindles
shall be made of #316 stain-
less steel.

Sec. 2.3—Couplings and Companion Flanges shall be
made of a copper alloy containing not less than 81% copper.

Sec. 3—GENERAL DESIGN

Sec. 3.1—Size and Perfor-
mance Characteristics—
shall equal or exceed all the
applicable requirements of
{AmericanWater Works Assoc. )
Standard No. C-708-76.

Sec. 3.2—Registers shall
be of the magnetically driven
wpe.

Sec. 3.3—Strainers shall
be easily removable without
disassembling the meter.

Sec. 3.4—Optical Magnifiers shall be included to enhance
the readability of the number wheels.

Sec. 4—UNCONDITIONAL GUARANTEE

If within 5 years any meter is found to be defective under
normal potable water use it shall be repaired or replaced by

the manufacturer.

Corerfes iy o/{

12900 S.W. 89 COURT,
MIAMI, FLORIDA 33176

NATIONWIDE 800-327-4325

Y S
AMERICAN WATER METERS

Reader Inquiry Service No. 018
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AWWA Returns to St. Louis in a

@) Dedication to Past and Future

Tha international conference of AWWA
will returntoits birthplace in 1981 whenthe
worldwide organization will meet in St. Louis,
June 7-11, to celebrate its centennial.

Headquarters of the week-long meeting
will be the new $30 mition Cervantes St.
Louws Convention Center covering four
square blocks in downtown St. Louis The

center sits in the midst of a new 16-block
convention plaza development contaiing
hotels. shops. restaurants, entertainment
areas. and a number of parking garages. It
18 within walking distance of the Mississippi
Riverfront, the famous Gateway Arch. and
Busch Memortal Stadum.

As early as 1879. some thoughts and

challenge us.

At Jones Chemicals,
we built our 50-vear track record on
fast, reliable service But we're not
resting on our laurels We show our
winning form on cvery dehivery

We're ready to mect vour
challenges

Jones knows how entical on-
time delivery can be Our track record
reflects yedrs of serviee o the water
punfication industry where on-time
dehivenies are vl And that's just

high quahiey commeretal bleach and
the countny's largest repacker of
chlonne and aother cnviranmental
chemcals

Over 600 tack vanicties of en-
vironmental and industriad chennicals
are avaslable from Janes —specialny
chemueds, ton

S\

one of our strenygths %
Count on Tones, the ostab- ﬁ
hished leader i the producton of

Our 23 plants ¢oast-to-¢oust
make us the world's largest chemical
~erviee distribution weam. From gallon

Juds to tank cars, we dehiver promptly

und cfficiently

Call vour nearest Jones plant
and make us prove our track record.
(30 ahead, challenge us.

[n the long run, our experience
dgives us the edge

B

<

JONES CHEMICALS, INC.

CALEDONIA_ NY

14423

SONES 2 GOOD ~ame n ctemucals 'or 50 vears

25 plants coast-to-coast serving all principal citles.

ALABAMA MISSOURI NORTH CAROLINA
t4ooite 205, a87.1337 Fastus ©313.93° 9038 Crartotte  (704) 377-1571
CALIFORNIA NEVADA OHIO
Lipias 228, 252-3300 lmangarson  T02. 3635 N89° Barberton (2161 825-4521
Toerance 123 3295383 NEW HAMPSHIRE PENNSYLVANIA
FLORIDA taareemank £521 224 2933 Ere 13141 455.2795
Fr LauIecdare 205. 134-2790 NEW YORK TEXAS
Jacksonvile  (9%d. 353-36482 Basion —-Lst0n (713) 455-1641
St Petersburg -83. 834-4335 Sca $13-333-398%  VIAGINIA
INDIANA vr. ~g=.233 Caegsma 75 333.2301 *Aadtaeg 8041 633-5066
n T - v fanagny -3 - (X3

f?uﬂsfxﬁle 3-8 g3 iR BRI WASHINGTON

) e Tacora 2061 572-9030
Reserve 504, 724-5254 vestal 577 729.3243 \:‘VaISCONSIN e

. F .

MICHIGAN o atwick EARTELL L L it 17151 386-5414
Syaraotie 301281 275

SEE THE YELLOW PAGES
Reader Inquiry Service No. 033
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correspondence accut 2 meeting of "west-
ern water works administrators™ were
circulated. but it was finally formalized twa
years later.

OnMar. 29,1881, whenthere were fewer
than 1000 public water supphes and but a
few rudimentary water treatment plants in
the United States. 22 men gathered in
Engineers’ Hall at Washington Universtty,
which atthe time was on the riverfront in St.
Louis. to organize an “"American Water
Works Association.”

The purpose ofthe organization, as stated
in the preamble to its first constitution
adopted on Mar. 30, 1881, was “for the
exchange of information pertaining to the
management of waterworks, for the mutual
advancement of consumers and water
companies. and for the purpose of securing
economy and uniformity in the operation of
waterworks.”

The 20 individual and four manufacturer
members who were enrolled by the end of
that first convention thus formed the van-
guard of what was to become the largest
group of organized professional water
supply people n the world.

ft was not until 1310 that AWWA member-
ship reached the 1000 mark, and it took
another 14 years before that number had
doubled. Today. the association's member-
ship is more than 32 000. ard about 10 000
are utility executives.

In the early years. AWWA members
assembled only once each year to ex-
change information and discuss the pro-
gress of the industry. Records of the
technical papers presented. and manu-
facturers: products exhibited. and business
conducted at these annual meetings were
published in a single volume of proceedings

By the time AWWA membership had
grown to more than 1000, however, a need
was recognized for breaking up these
meetings into separate discussion groups
on specialized topics Thus,in 1913, it was
proposed that the association establish
topical dwvisions to consider matters of
special interest. The first such dwision was
the Chemical and Bacteriological Division
(now the Water Quality Division), formed in
1913. At present, AWWA has four functional
divisions—Water Quality, Resources. Dis-
tribution, and Management.

An important step forward in the ex-
pansion of association activity was the
formationin 1914 of its first regional section.
the New York-New Jersey Section.

The Missouri Section was organized and
first met in October of 1946 in Columbia,
Mo. During the 1968 section meeting in St.
Louis, a plaque was dedicated at Washing-
ton University memoralizing the founding
of AWWA on the campus and naming the
22 men who started it all.

JOURNAL AWWA
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Centennial
LI !

Centennial Celebrations
Catch the ‘Spirit of St. Louis’

St Lows Mo

sy aif the Missoun

The World's Fair in 1904 commemorated the centennial of the Louistana Purchase. Before
water from the Big Muddy could be used for the baroque fountain display in front of Festival
Hall. the water had to be treated J.F. Wixford developed a clarfication process to turn the
turbic water from the Mississippt River into clear cascades.

‘2a~y tanxards. tne roling Big
v S3-fgsncnred ~armony. the drama
rg~tsomee! on—1us s a part of the
o S Loas tnat st become the

Zi~e otace of ts orinlor this
crat-on. AWWA s planning
t'2s gecor and exhibits, in
excedent technical program.
oyt cotorful and ‘ast-paced
™ s go~a¢‘orthe opering general
sass on Bunting and nugles will herald
AWWA awardees and a not-10-ne-missed
<&ynote speaker
Happy b-tnday. AWWA! A cake-cutting
~4tostart off the expost-on opening and
Teet & greet” Attencees will enjoy a
B-ergarten setting. complete with German
‘oik carcers, ragtime bands and of course
ceer before visiting the exhibits
Annual banqueters witi don “boaters”
ang ;o «n a tarsershop sing-along Song
Y7 €3 prated.n a souvens menu will prompt

APRIL 1981

{

oy,
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M
n

i3t

w5

PEY

post-gramoghene-era harmonizers Rag-
time pranists, the Amburst Sax Quartet and
the Raguime Enserble wdirecallthe atmos-
phere of the rverront and the ethnic culture
of the city

o and new &l come together in the
Theme Center lccated in the exhibit hall A
turn-cf-tne-centruy “centenmal village™ 1s
the btackcrop ‘or an exhibit of vintage
waterwerks eauspment The antiques.
loanec oy AWWA members across the
country show how {ar the industry has
come over the years.

The "village theater™ has an exclustve on
a new AWWA sound-shde show. The show
tells the story of AWWA's past accomplish-
ments and future goals, and another display
of stili photograpny gives a concise visual
account of AWWA functions and services.

Free afternoons and everungs will be
what you make them. choose from show-
boat cruises. champagne dinners. nighthie,
museums. brewery tours, sports . . St

Lows has it all. Representatives from the St.
Lowus Scene will be in the registration area
to help with plans and reservations.

A full schedule of activities 1s planned to
acquaint spouses wit_h the many facets of
St Lous. After the bustle of downtown,
spouses will enjoy a relaxing afternoon at
the Missout: Botanical Gardens, followed
by a historic homes tour, Also scheduled is
a St. Louis highlights tour, ending with a
Saint Louis Symphony “pops" concert.
Many optional tours and activities can be
arranged for those who wish to explore
further AWWA's centenniai city.

As an enduring commemoration of the
event. a bronze casting of the centennial
emblem will be added to the stone marker
already in place at Washington University.
It was at the University that AWWA founding
fathers met on Mar. 29, 1881. A small
ceremony Including AWWA officers, board
members. and university officials will mark
the addition to the monument

Every conference attendee will have the
opportunity to take home a permanent
memento of the centenmial A special
commemorative magazine will be distrib-
uted free to all technical registrants. It will
be on sale to others atthe conierence or by
mail order. The magazine contains more
than 100 pages of articles. photographs,
and illustrations recounting the past and
commenting on the future of the water
industry, and AWWA.

Other souvenir items can be purchased
at the conference or from headquarters.

One thing every conference attendee
can take with him is the spint of the
centennial. This “spint™ has a lot in common
with the sprrit of St Lows A lesser known
story from the annals of water treatment
fustory itustrates this:

At the turn of the century. St. Lours was a
twitter making ptans for the World's Far,
The centerpiece of the fairgrounds was to
be a baroque display of fountains and
cascaces. This grand scherre had a serious
drawback: the only water source was the
muddy Mississippi

The water department hired John F.
Wixford. a genius of sorts with eccentric
habits. to investigate the problem. Wixford
went to work and soon came up with a new
clarification process. It worked like a
miracle onthe turbid water. Clear. sparkling
water rippled from the cascades and
quenched the thirst of throngs of visitors.
Wixford did his city proud and made an
important contribution to purification tech-
nique.

A St. Louis native, Wixford had the
pioneering spirit of the gateway city. This
spirit of innovation and dedication will
inspire AWWA members for another 100
years.
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Facility Tours Evoke Images of Mark Twain

Those far-away places with strange-
sounding names are really water lreatment

to visit the Hog Hollow and Howard Bend
plants, returning about 1 00 p m. Leaving

the center about 1:00 p m. on Tuesday and
Wednesday. tour B will take in the Chain of
Rocks Water Treatment Plant. getting back
about 5.00 p m, in time for evening plans.
Each tour costs $15 and includes trans-
portation. tours, and a hght repast Registra-
tion for the tours can be made on the
technical registration form or atthe registra-

plants for the St Louwis city and county
water uthties

This year the annual corference facility
tours will visit Heg Hollow, Howard Bend.
and Chain of Rocks water treatment plants.
Tuesday anag Wednesday. June 9 and 10.

On both mornings. tour A will leave the
Cervantes Convention Center at 8:30 a.m.

All of the municipal
automatic pressure control valves
in the water distribution system in the
borough of Manhattan have been supplied by
Ross In the five boroughs of New York City.,
over 600 Ross valves are providing dependable
water systems operation.
You. too. can count on the reliable performance
of Ross valves for important operations.
Whether your city is big or small.
check with Ross for information on Altitude.
Relief, Float, Solenoid Operated and Pressure
Reducing Valves. Address Ross Valve Mfg. Co..Inc..
P. O. Box 595, Troy, N. Y. 12181.
Or phone (518) 274-0961.

Over 100 years of community service

ROSS VALVE

MFG. CO., INC.

VISIT OUR EXHIBIT, BOOTH NO 708
Reader Inquiry Service No 053

tion area of the convention center Sunday
through Tuesday, June 7-9.

The Hog Hollow Water Treatment Plant is
a 180-mgd facility of the St. Louis County
Water Company. The plant treats Missouri
River water with clarification, filtration,
softening, and chlorination processes. Built
in stages between 1930 and 1970. Hog
Hollow has the most modern plant con-
figuration in the water company’s system.
The 1970 addition is a single outdoor sand
fiter basin with chemical feed from an
adjacent building; water is pumped directly
from the basin into the distribution system
The highlight of the Hog Hollow tour is its
trace substances laboratory developed in
response to the Safe Drinking Water Act
and the attendant regulations of the US
Environmental Protection Agency The
laboratory uses a Finnigan gas chroma-
tograph-mass spectrometer o analyze
water samples for volatile organic pollu-
tants. In addition, the laboratory also moni-
tors for pesticides and heavy metals.

The Howard Bend Water Treatment Plant.
owned and operated by the water division
of the city of St. Louis, is located outside the
city limits. The plant treats Missouri River
water and is rated at 160-mgd but with the
ability to pump 210-mg3d frem the under-
ground filter basins and the 5-mil gal
clearwell storage. Water 1s pumped tc a
100-mul gal storage facility on the city
distribution system. ln addiion to sand
filtration. the plant utilizes liquid chemicals,
ke ferrous sulfate solution and hquid
polymers The tour will feature the storage
area for bulk liquid chemucals.

Tour B will visit the Chain of Rocks Water
Treatment Plant, a facility of the city of St.
Louis water division located on the Mis-
sissippi. The plant has the capacity to treat
388-mgd of surface water drawn from the
Missouri River or the Mississippi or both.
The plant's intake on the Missouri side of
the Mississippi River draws only Missouri
River water; the intake on the lllinois side of
the Mississippi draws water from “Ol' Man
River.” The chemical treatment basins are
located outside andthe sand filters inside. It
takes from one to three days for water to
travel through the plant. The faboratory at
Chain of Rocks tests for pesticides. herbi-
cides. and trace metals.
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A stroll through the ‘amous zeodes:c
Cirmatron &t the Misscur Betanical Gar-
dens, the strains of the Sant Lours Sym-
phony. and old and new inengs at the
Lacies’ Hospitality Center are only a few of
the otferings of this year's dyramic ladies’
program at the AWWA annual conference.
June 7-11.1n St. Lows.

To start off the week, everycne 1s invited
to the opening of the exposition at noon on
Sunday. June 7 In the exhibit hall of the
Cervantes Convention Center, the tradition-
al “meet and greet” will feature entenain-
ment from German and ragtime bands in a
beer garden atmosphere. replete with
refresnments. from 12t05 p m Also at the
Cervantes Center, the Convention and
Visitors Bureau of Greater St Lows will
snow two HMrs on St Lows At 2 pm the
movie il take viewers cn a fast-paced
armcnadg tour of St Louws ang ¢5 many
gitracrons Tne 3¢~ snow aal cetail the
suterg 0° @ mezern ~—arvei—St Louis
Gatewaay Arch

Monday morning, spouses are nvited to
tre cpening general session to enjoy
certenrmial entertainment, hear the well
known <eynole sceaker, and applaud
AWWA’s a:nners at the awards ceremontes
Tnat a%terncen pantcioants will depart for a
tour ¢f St Louss through the historic South
Side anc tne Lafayetie Square and Soulard
restoration areas. pasttheiarge ccmplex of
Romanesque and modern buildings of the
Anheuser-Busch Brewery. At the Missour
Botanical Garden visitors will see the
Climatron with its jungle of tropical plants,
the Desert and Mediterranean houses, and
the new 10-acre {4-ha) magndicent Jap-
anese Garden. To complete the introduction
tc St Louts. a glass of wine complements a
visit to one of St Louws’ fascinating and
historic homes.
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Gateway City Opens Door of Hospitality to Spouses

Another tour of St Louis on Tuesday
righilgnls new sights—the Riverfront area
athine Otd Courthouse, the Old Cathedral,
the Gateway Arch, and the riverboats;
Busch Memonal Stadium; Union Station;
and St Louts University A visit to the New
Cathedral will showcase the largest collec-
tion of mosaics in the western world, which
cover nearly the entire interior AWWA
sightseers will wind their way through Forest
Park, site of the 1904 World's Fair and home
of the At Museum, the Muny Opera, the
200.McDonnell Planetarium, and Jefferson
Memorial. and stop to enjoy a glass of
refreshing ice tea. After lunch at one of St.
Louis™ stylish restaurants. the buses will
whisk the group to Powell Hall for a special
cops corcen by the renowned Samnt Louts
Symgnony Tre tour will return to the
Sheraton St Louirs «nn mid afternoon—in
11me 10 relax pbefore embarking for evening
encagements

Cr\Yegnesday. the Ladies Program will
offer particicants two exciring speakers
Clanssa Start. St Lours columnist and
author of severat books, will lecture on the
Sest buys inantigues today Inhertalk."We
Buy Junque. We Sell Antiques.” she will
snare what she has learned as an amateur
going into tne antique business and what
you shcuig not throw away as “junk”™ but
keep as "unque ™

The second speaker will discuss “Win-
ning the Aging Game." Gary Couture, nu-
trtion consultant, is associated with the
Julan Medical Center in Hollywood, Calif.,
and the Duvendack Medical Center in
Huntington Beach. Calif. He is a frequent
lecturer on nutntion and health for pro-
fessional and civic organizations and author
of the popular book How to Win the Aging
Game.

Theladies' program will repeat a success-

fulinnovation from last year's conference —
a special technical session on Thursday
morning. This year the session will {eature
three speakers Muriel Glasgow of the United
Nations Children's Fund (UNICEF) will
present “Water Means Life,” a combination
of film and lecture about the role of women
in the public health aspects of community
water supply, especially in underdeveloped
countries. Jo Ann Dreas of the sex crime
section of the St. Louis Metropolitan Police
Department will discuss safety on the
streets. The third speaker will be Abel
Wolman, one of the most respected experts
in the water supply industry.

Also onWednesday and Thursday. sever-
al optional tours will be availlable at an
additional charge, for those who wish to
rice to the top of the Gateway Arch, cruise
onthe Mississippi. visit the estate of August
Busch, Grant's Farm; journey to St. Charles,
Missourr’'s first capital. tour three of St.
Lou:s® most famous historic homes: or
shop at Plaza Frontenac

Throughout the week, the Ladies’ Hos-
pitaity Center will provide a special place
for new and old friends to gather tor morning
coftee. a game of bridge, or relaxed con-
versation. A special memento of St. Louis
will be given out at the hospitality room,
located in the St. Louis Sheraton

Spouses are especially welcome at the
closing luncheon, a new feature at the
centennial conference. The luncheon will
be held Thursday at noon and costs $10.
The annual banquet will be held on Wed-
nesday night this year with the traditional
passing of the gavel and entertainment.

Registration for the ladies’ program can
be made on the conference registration
form ar at the registration area in the
Cervantes Convention Center at the
conference.
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Centenniail
Competition on
Course and Court

To1IC AWAA zS.fers St Lou S &3 Cpen
the gates ¢ ine C 2est Courlry C LG aest of
the Mississippt ‘or a day of competition and
camaraderie

The AWWA Certerr 2o Cecnference
Gaif Tournament s screcuted for Moncay
June 8 at the beaut ful Gien Echo Counlry
Ciup Buses wil "eave the Cervantes
Coavention Center heacquarters of the
anrual conference at 9 am in time for a
shot-gun start on the course at 9 45 a.m

Tne Ca'loway system whigh -s @ scorng
metroc zevses ‘or goMers wro Zo not
o il be uLsez Przes
Cf2 can crpants retunn
10 tne cOonLeRiOn certer .o rcaternoen,

inciLdes 1 the $33 entry ‘ee are trans-
portaicn greens iees efectnc car. and an
inforTaiunch 01 N0 CCES and hamourgers
Deer ang scft 2rnks at the Stack on the
1080 ~oee

Partic:pacts wi be groupec nioursomes
on a irst come ‘st served oasis Pre-
registration 1s pre‘errea bt late signups
W' be acceptes &t i~e conventon center
on Suncay June T asiong as there s st
scace 2,2.anwe

Theseraray vihacacjuet ~aylry ther
skalg Cn the couft at the Centernial Con-
‘erence Tepns Tourrament o Tuesday
Jure 9

Seom @ am 10 430 p tre Souln
cuet C .0 & rest AWWA
LPC T30 R ten s tourna-
= gelveen the Cwo
Corventen Center
so.aners se.erai

25t o $10 cer
zoun fees
2512715 ace weiceme
car 37 ¢ restaurant for

KACW ther handice

A D8 2M3°023 ¢

~ent all ncrude sect-ons for
~ege 3Jcul'es ang voTen’s
scunes Rar«eg for lournarent play s
C2382 €7 m2 Laan Tenns Asscoation
(LTA ranang systems A exceldent, B.
gosc arc C. faw

South Hampshire boasts 11 tennis courts.
7 raquet bail courts. and locker room
facilities complete with saunas in addition
{o the bar and restaurant Inarvgual ac-
rangements can be made t0 play racquet
ba'l curing conference week

Preregistration 1s preferred. but late
registration will be set up n the convention
center on Sunday and Monday. June 7 and
8. as long as there 1s avallable space
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AWWA Centennial Conference Golf Tournament

Mail to: D.J. Costello
AWWA Golf Chairman
American Foundry & Mfg. -
920 Palm St.
St. Louis, MO 63147

Please make checks :$35 per entrant: payable to AWWA Golf.

Handicap Calloway System

| |
| |
] |
| |
| f
| i
[ |
| |
| |
| !
{ Yes No :
| Name {
| .
| Organization }
l
] Address l
| |
| {
|
| Telephone |
|
{ Name and address of othersin foursome: |
|4 l
| |
l, '
[~ {
|
& '
| |
e e e l
} AWWA Centennial Conference Tennis Tournament !
| Mait to. R.C. Matthews l
| AWWA Tennis Chairman I
| US Pipe & Foundry |
| 5750 W. 95th St., Suite 206 |
| Overland Park, KS 66207 |
: Please make checks $10 per entrant payable to AWWA Tennis. }
| Name {
I
| Address I
| |
| |
|
| Telephone !
| {
| Organization {
{ Circle the appropriate designations: ]
M/S M/D W/D l
} A—excellent 8—good C~tair |
| Name of doubles partner I
U J
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/\i . Getting There,
‘Getting Around

.u-n.

~. ..a-

cransportation 10 St. Louis will be no
probiem {or AWWA conterees June 7-11.

The handy shuttle buses between hotels
and Cervantes Convention Center will be
provided by AWWA again this year at no
cost Conference attendees can also take
advantage of the free transportation pro-
vided to all AWWA social events, facility
tours, ladies’ activities. and the golf and
tennis tournaments.

Getling from Lambert-St. Louis Inter-
national Airport to downtown can be man-
aged :n an airport hmousine for $5.50 (310
rouncirpy A one-way cab rnde over the
same route runs from $18 o $20. plus tip.

Public transportation around the metro-
politan area Is the Bi-State Transit system,
wnich charges a basic fare of 50¢ and 10¢
for each transfer Bi-State's bus service is
exceptiorally usable, as the more heawvily
traveled iines operate 24 howrs a day.
seven days a week. Convenient and eco-
nomucal connections can be made between
hotels, downtown, shopping areas. sports
facilities. city parks. meeting halls. or cousin
Fred's house on the north side.

Amencan Airlines, a top-rated domestic
airing among frequent travelers, has been
chosen as the official carrier for AWWA's
1981 centenmal conference in St. Louis.
American has one of the country’s largest
route systems. reaching most major air-
ports. and offers conference attendees the
services of its highly sophisticated reser-
vatons system

Amer.can’s nformation system can give
you anvthing from ‘kght imes to the time
and g.ace cfthe bancuet ltalicentersona
toi! free number—800-433-1790 (in Texas.
caft 800-792-1160).

Trs rurber connects you with a special-
lylrawred con, ent.er specialist with immedi-
ate accessto corierence-related informa-
tion, as ~eil as cther fravel services. And
rot cnly il these agents take care of
t-cketicg ana scheduling on Amencan, but
they will fing the least expensive fare
availlable on any arhne and confirm a
reservation for you.

Amencan can remind attendees of hotel
accommodations. make arrangements for
shipbing meeting-reiated freight, and an-
swer a host of questions about AWWA's
conference events.

Given American's reputation for thorough-
ness. AWWA conferees should have noth-
ing but smooth salling—or flying—to St.
LOuwiS 1 June.
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MEET
THOMPSON-HAYWARD'S
HUGH CI.IFI' |

"AWARDED THE 1976 FULLER AWARD
FOR MISSISSIPPI/ALABAMA
BY THE AMERICAN WATER WORKS ASSOCIATION.

It's not often that a supplier
is awarded the coveted “"Man
of the Year" award by the
American Water Works
Association.

To Hugh Clift, and to
Thompson-Hayward, the fact
that he was chosen by the
people he serves makes this
award doubly meaningful.

As a company, we're proud
and grateful.

Hugh has been active in
AWWA since 1954, He was
instrumental in establishing
the Water Works Short Course
in 1955. A week-long
certification course for water
works operators, it is held
each year at Mississippi State
University. Enroliment has
grown from 35 to 200 a year.

In 1961, Hugh was also
responsible for organizing the
first district water works
meeting in Mississippi. He
later established four more
such meetings. So today,
Mississippi water works
personnel meet at five different
locations monthly to discuss
areas of concern.

A former Thompson-Hayward
branch manager in Jackson,

Miss., and now a consultant,
Hugh works closely with water
works personnel in Alabama,
Louisiana and Mississippi.
Says Hugh:

"They tell me they look
upon me as a friend, instead
of a supplier. And that's the
way | want it to continue."”

As a company, so do we. When
you need chlorine or other water
treatment chemicals, we hope
you'll turn to Thompson-Hayward.
it's the company where you'll
find people who do a littte mare.

People like Hugh Clift.
‘CHEMICAL COMPANY

+ SORTH AMERICA™S PHILIPS  wane

P O Box 2383, Kansas City, Kansas 66110

THOMPSON-HAYWARD

Reader Inquiry Service No. 058
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Locatec on the banks of the Mississippi
R ser. St Louss s a oty steeped n historic
tragoit:ion Its beginnings ge back to a wintry
cay in 1763 when French fur trader Pierre
Laclede Liguest and his 14-year-old deputy
Auguste Chouteau notched a grove of
trees on the riverbank. Developed as a
trading post. the site so impressed Laclede
tn~at he remarkedit “might hereafter become
one of the finest cities in America ”

The small village was officially born the
following February when the young
Chouteau directed a party of workmen in
laying the foundations of the settlement for
the French monarch, Louis XV.
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“The Runner by sculptor William Zorach graces the fountain in front
of the Qid Courthouse in downtown St. Louis.

Ard it was Laclede himself who laid out
the town :n neatly squared off grids, care-
fully setting aside several open areas for
public use. One of these was a site for the
first log church, built along the riverfront in
1770 On approximately the same site, the
Cathedral of St. Lous now stands. Built in
1834.the church has been designated asa
National Museum anrd has been decreed a
basilica by the Vatican.

In 1775, the “shot heard ‘round the
world” was barely heard in the provinical
village of St. Louis. and the Revolutionary
War was viewed complacently as an almost
foreign clash Because the village was

CAPCO

technically under Spanish rule during the
last years of the Revolution and because
Great Britain and Spain were drawn into
open warfare, “Spanish St. Louis" became
an attractive target for attack from British
Canada. Recognizingthe danger, the towns-
people began to build a fortification around
the western edge of St. Louis. On Jun. 26,
1780, an aavance party of the British
contingent attacked the village. About 40 or
50 persons caught outside the fortification
were killed, but the British were turned
back. St. Louis was never again under fire.

When Thomas Jefferson negotiated the
Louisiana Purchase in 1804, it set off
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The Old Cathedral iright was decreed a basilica by the Roman
Catholic Church in 1961. The National Museum of Transport
-below) features more than 200 tustoric trains, cars, buses,
streetcars, trucks, and other forms of transport.

speculation that opened up the West. St.
Louis became a funnel. pouring explorers
and proneers into the unchared expanse.

It was from this bustiing young city that
the Lewis and Clark expedition set out to
explore the Missoun River water route to
the Paciic Ocean. From St. Louis, many
pioneers pointed their covered wagons
westward—toward the Rockies and beyond.
Some settlers, however, abandoned their
ambitions and dec:ded to stay onthe banks
of the Mississippi.

In 1804 the Mississippt River was narrow
and swift. ana the channel was about 75 ft
i23 miceep A hign hr-estone bluff marked
the sncrelire at the present location of the
Eacs Br gge anc sicped gently southward.
The rnveriront rose m several terraces
Grazuauy a2 sand bar began 10 form on the
Nross sice causing the river current to cut
awayattne Missourisice Dykes eventually
~ere tulticprotect the encangered settle-
~ent and i ~as Maror Rooert £ Lee who
ater suoerased the channet work.

By 1816 the population of St Louis was
3660 2nd residents were steadily pushing
cut tne tcwns western bounganes, The
si2arooatl erz began i earnest when in
1817 the first steamboal, the Zebulon M.
P:xe, puffed ts way up the Mississippi from
Lousville, As the niver traffic increased, so
did the size of St. Lows. The city quickly
became an important hub of commerce. In
1822, it was incorporated as a city with a
rmayor and nine aldermen.

St Louts’ location at the geographic
center of the country has always been of
utmos! importance. At the heart of a
naturally bountiful land and strategically
located near the confulence of the Missis-
sippr and Missoun rivers, St. Louis has

APRIL 1981

grown steadily in the past because it was
simply the togical center for activity. A thick
natural deposit of imestone provided a
quarry for bulding matenal, and nearby
clay fields were used as raw matenal for
bricks and terra cotta.

The 1830s were marked by growth and
prospenty The decade also saw a large
nflux of German and Irish immigrants
escaping political upheavals in theirr home-
lands.

The year 1849 proved to be a disastrous
one for St Louls. A great fire destroyed 15
city blocks along the niverfront, and that
same y2ar a serious cholera epidemic took
atoll of inousanos This led to the eventual
draining of the large Chouteau's Pond. as
s poiiution was thought to be a source of
the ¢:sease lts valley cecame the site of
the rasroad hnes and yards.

Civil War years brought hardship and
suffer.ng to St Louis. Although the city was
never drrectiy inthe conflict. the war divided
many {amii:es and stopped rniver tratfic from
the south—wnich severely depressed local
business

Tne ciy’s flagging economy eventually
got a snot inthe arm with the coming of the
railroad era. The construction of Eads
Bridge in 1874 extended a rail link between
the east and west that helped to initiate the
golden era of ralroading in the late 1800s.
Although the railroads gave new impetus to
the movement westward, they also has-
tened the demise of the steamboat days.

The final extension of the boundares of
St Louis occurred in 1876 when the city
separated from St. Louis County. During the
1820s, the north-south axis of the down-
town area was Broadway, and along this
street the first of the skyscrapers changed

Lo

the look of downtown St. Louis. The in-
troduction of the elevatcr resulted in the
design of more and more Migh-nse build-
ings, although they would hardly be recog-
nized as such today. One of the more
renowned of these early skyscrapers, the
Wainwright Building, was designed by
Louis Sullivan and still stands at 7th and
Chestnut streets,

It was during this era of growtn that many
US industrial giants recognized the value of
the city's location. St. Lous was viewed as
atrade link to the expanding West and as a
source of raw materials and foodstuffs 1o be
exported to hungry consumers in the
industnalized East.

Many corporations planted therr roots
alongside the Mississippt permanently The
city became the world’s largest producer of
beer, shoes, stoves, wagons. and many
other products.

The Loursiana Purchase Expostion of
1904 (the St. Louts World's Fair) firmly
established St. Louis as a world city. It was
the greatest single eventinthe city's tustory,
altracting about 2 mullion visitors.

Prompted by the cenlennial of the 1804
Louisiana Purchase. the fair was concentra-
ted in the 1400-acre (570-ha) area of
Forest Park. The tangle of wilderness slowly
blossomed forth as a garden of palaces
and lagoons. It opened Apr. 30, 1904, 10 a
crowd of 200 000.

The intervening years have been filled
with the triumph of expansion and progress,
undercut with the disaster of two wars and
the tragedy of the depression. Today the
63-story Gateway Arch stands as a proud
reminder of St. Louis’ key role inthe nation's
history, as well as a tribute to the brave
venture westward.
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Gateway Arch
Frames a City of

Historic and Modern

Attractions

St Lows, the mistor;c starting pont of the
Lewts and Clark Expedition, has evolved
into a busthing. friencly metropolis located
in the heartland of the nation

with almost 80 millien people within an
easy cay s drive over superhighways. the
city hosts ever-increasing numbers of
visitors annually

Although St. Louis saw the beginnings of
westwarg expansion. it wasn't just a “gate-
way ~ For many. it was the new country
Mary etanic greups settlec here forming a
ceugriful otenc of customs skills. and
cu.ture inat were to give the city its unique
favcr ang cersonality

Sremithe begmning the T ahly MisSiSSip
ras g.ayenaxey roie .o ine cly s develop-
mz~t Tcooay St Lcus simeraton’sbus.est
rans pen ain aatersay connectens to
~zustr a. certers 0 20 states

C.accexng tme Mississipot $ the mag-
n:figent 635-4 (194-mj stainless sieel
Gatewvay Arcn As the nation’s tallest man-
made monumert o 1s a stunning tribute to
Ine early picneers anc westward expansion
Anintniguing set of elevaters moves horizon-
tally and then verticaliy in transporting
signtseers to the top of the arch, where an
observation deck provides a breathtaking
view of the the surrounding nvers and
ctyscape.

An underground chamber beneath the
arch houses a museum of westward expan-
sion Exhibits focus on the period from the
early 1800s tothe 1890s and tellthe frontier
story in the words of the history makers
themselves—Lewis and Clark, Thomas
Jefferson, andthe unnamed settlers. miners,
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ang scigiers who battled the wilderness

Looking down onthe levee fromthe arch,
one s struck by the number of vessels
moored on the nver. The gleaming, silver
Agmurahis the world's largest niver excursion
boat. with five decks for dancing, mustc.
ang sightseeng. The Sergeant Floyd. the
US Army Corps of Engineers’ bicentennial
aver towing boat, has been convertedinto a
fioating museum depicting the work of the
corps The Huck Finnand Samuel Clemens,
rephicas of 19th century steamboats, take
nostaigic visitors on narrated harbor
cruses

The Ge cenrod Showboal. the last of the
great Miss'ssippt River showboats. 1s a
reg stered Natwonai Histor:ic Landmark
of‘er.ng comic melodrama and vaudeville
performances TheRobert £ Lee and Belle
Ange e feature gourmet dining. but «f you
are e tne rooc for fast foed. you can board
the world's first floating McDonaid’s—
anauthertcrephica of an 1880 sidewheeler
boat

in tre shacow of Eads Bridge is the
historic aiverfront area called Laclede’s
Landing It contains the oldest bulldings in
St. Louis. some of which date back to the
mud-1800s In this mine-block area, asphalt
has been carefully peeled away from
cobblestone streets and gaslights rein-
stalled on the sidewalks Seasoned ware-
houses have been converted into an
engaging mix of bistros, shops. restaurants.,
and nightclubs

Gazing west from the arch's pinnacle
one sees a city with modern skyscrapers,
new hotels, and other buildings under con-

(\.‘
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struction. However, a closer look reveals a
number of historic structures intheir original
state—testimonials to a city with pride in its
heritage.

One of the first buildings noticed will be
the Basilica of St. Lows. King of France,
more commonly known as the Old Cathed-
ral. The oldest cathedral west of the
Mississippi, it stands on the onginal church
site chosen by the city’s founder. Masses
are held daily, and a museum s located in
the church basement.

Nearby 1s the Old Countnouse. scene of
the pre-war slavery trial of Dred Scott. The
tawyer defending the slave and his wife was
RM Feld, father of the famous children's
poet. Eugene Field. The poet’s fully restored
home is located a few blocks south of the
courthouse and, litke the courthouse. IS
open to the public

A few blocks from the cathedral and
courthouse 1s 50 000-seat BuschMemorial
Stadium, home of the baseball and football
Cardinals. The stadium also houses the
St. Louis Spons Hall of Fame. which depicts
the city's sports history through murals,
films, trophies, and memorabilia.

To the west on Market Street is Union
Station. This mammoth structure once
served 300 trains daily; itis being renovated
as Union Center and will contain a hotel,
restaurants, and an entertainment center.
Just across from the station is Aloe Plaza
with its famed Milles sculpture group. “The
Meeting of the Waters.” The fountain, which
signifies the confluence of the Mississippi
and Missouri rivers, is one of the most
photographed attractions in the city.
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World-renowned Forest Park is located
in midtown and is easily accessible from
downtown and outlying areas. Here are
located a number of nationally known attrac-
tions—the St. Louis Zoo, the Art Museum,
McDonnell Planetarium, the outdoor Muny
Operza the ..'ferson Memorial, the Jewel
Box floral conservatory, and the Steinberg
Skating Rink.

The zoo has won national acclaim for Big
Cat Country, a 1.5 acre(0 6 hectare) natural
outdoor heme for lions. tigers, and other big
cats. Forest Park also boasts large picnic
areas, boat fentals, bicycle rentals, an
archery range, a rugby field, three golf
courses. handball and tennis courts, and
even a fly casting dock. Visitors should
allow plenty of time to savor the pleasures
of this outdoor smorgasbord.

Farther out from St. Louis is Lone Elk
Park, where wisitors can drive leisurely
through the 405 acres (164 ha) and enjoy
the herds of bison. elk. deer, and Barbados
sheep that roam freely throughout the park.

The Missouri Botanical Garden, one of
the most remarkable botanical gardens in
the United States, is also a ‘National
Landmark. It contains the famed Climatron
and the country home of founder Henry
Shaw. in addition to its vast collection of
horticultural exhibits, The newest attraction
1s the Japanese Garden, the largest in
North America. [t contains 13.5 acres (5.5
ha) of fakes. several waterfalls, an authentic
Japanese teahouse, a dry garden, stone
lanterns, and traditional Japanese bridges.

The Museum of Sctence and Natural
History in suburban Clayton features many
fascnating exhibits, including a unique
earthguake simulator machine that allows
v 510rs 10 expenence an earthquake in an
.nters.ty of their own choosing at the mere
oush of a button The National Museum of
Transport in western St Louis County
rraces the nustory of transportation in St.
Louss anc features locomotives, railway
cars automcuoiies, streetcars. buses, and
more.

Beer-lovers will not want to miss taking a
tour of the Anheuser-Busch brewery with
its ‘arous team of Clydesdale horses and
century-old builldings. Tours are free and
incluce a sampling stop in the brewery's
hospitality room.

The Saint Louis Symphony Orchestra
nas a year-round season andis recognized
as one of the outstanding orchestras in the
Unitec States The orchestra performs 230
concerts yearly. including a series of free
cutdoor concerts,

Six Flags Over Mid-America, the Mid-
west’s largest amusement park, is only a
short arive from St. Louis At Six Flags you
canrcgethe world-famous Screamin’ Eagle
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roller coaster or the newest thrll. Sky
Chuter—the world's tallest parachute jump.
Six Flags has sidewalk artists, skill games,
comical costumed characters, spectacular
shows, picturebook landscaping. celebrity
concerts. and thrilling rides.

St. Louts I1s a shopper's paradise. AtPlaza
Frontenac, Neiman-Marcus and Saks Fifth
Avenue are under one roof, along with 60
other exciting places to explore. A visitor to
West Port Plaza can browse through the
many studio shops. try his hand at the
ancient art of brass rubbing. watch a glass

blower, and then shop seriously for Scan-
danavian glassware, gourmet foods,
jewelry, or fashions from around the world.

St. Louis is also justly famous for its large
number of moderately priced ethnic res-
taurants, each with its own specialty of the
house. italian. German, Polish, and other
cultures of an earlier era have retained their
distinctive flavor here. This gives the city a
refreshing cosmopolitan atmosphere that
still includes midwestern hospitality and
friendliness—otherwise known as the spirit
of St. Louis.

Cut the Cost
of Ozone

FIGHT THE HIGHER COST OF ENERGY,
DON'T OVERLOOK OZONE BEFORE YOU
TALK TO GRIFFIN.

- CALL: (201 )-mzm

C~ Tk obes g

in Half

® More Efficient
Ozone Generation -

@ Utilization of Heat
Recovery

® Elimination of
Cooling Water

Griffin Technics air-cooled, high
frequency ozone generators
provide continuous trouble free
operation.

The air-cooled design allows for up
to 65% energy recovery in the

form of heat. This warm air could
be used to heat a room,.an entire
building or a particutar pmcoss de-
pending on the size of the -
generator. Eliminating the need for
' “cooling water and its associated °
“- piping. Both sides of the elocttoda
,are cootedxhumclent hut T

Reader Inquiry Sarvice No. 026
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Nightlife on the Mississippi

The first three nights of the annual
conference, June 7-9.-have been left open
and—1n an sffort to allow more flexibility for
conferees—AWWA is offering an attractive
variety of social events on those nights.
These optional tours provide attendees
with an opportunity to mix and discuss
business or pfeasure ¢n a casual basts.

If you would bike to do some socializing
while sampling what St. Louts has to offer,
tse the coupon on page 111 to make
reservatons for these tours and mail directly
totne St Lowis Scene Inc, 143N Meramec
St St Lows Mo 63105 The tour company
~l also have a reservation desk in the
registration area of the Cervantes Conven-
t:on Certer Sunday through Tuesday of the
conference.

Goldenrod Showboat—Sunday.June 7, and
Tuesday. June 9. 6:15-11-00 p.m.; $23 25
(cash bar). Enjoy a merry evening of old-
style entertainment on board the Golden-
rod—last authentic showboat on the Mis-
s1ssippi. Sample spirits and tap to ragtimein
the memorabilia-filled bar, then move tothe
captain’'s dining room upstairs for a sump-
tuous buffet. Downstairs in the theater, you
canescape into laughter watching old-time
melodrama and fresh young vaudeville
acts. join in an old-fashioned sing-along. or
savor the nostalgia of watching favorite
movie stars in classic movies of the silent
era.
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Royal Dumpe Dinner Theater—Sunday
June 7. and Monday. June 8, 7:15-11:00
pm. $23.50 (cash bar). Spend a hilarious
evening at the Royal Dumpe Theater, a
16th century dinner theater complete with
strolling minstrels, serving wenches, and a
cast providing raucous, riotous entertain-
ment in a zany atmosphere. Dinner is
served durning a show that thrives on
audience participation.

Champagne Twilight Tour—Sunday,
June 7, 6:00-8:00 p m., $17 00, What could
be more pleasant than sipping champagne
while seeing the sights of St. Louis? Each
bus will be attended by a tour guide. as well
as a bartender serving hors d'oeuvres and
filhing glasses. The tour will wind its way
through the historic Riverfront section—
past showboats and sternwheelers. You
will see the Old Courthouse, the Oid
Cathedral, and the mammoth complex of
Romanesque and modern buildings of the
Anheuser Busch brewery. Then you cruise
through Forest Park—past its Art Museum,
Muny Opera, and Zoo—and end up viewing
the fascinating architecture of Union Station
and St. Louis University.

Baseball Game—Sunday, June 7, and
Tuesday June 9; 6:15-11:00 p.m.; $13.50.
Take part in America's favorite pastime at
Busch Memoral Stadium with some excit-
ing major league baseball. The St. Louis

k.\

CAPCO

BN EII

v e, w0 v i

Cardinals’ opponents will be the Los
Angeles Dodgers on Sunday and the San
Diego Padres on Tuesday.

Moonlight Dinner Cruise —Monday, June
8, and Tuesday June 9, 7:00-11:00 p.m.;
$23.75 (cash bar). Aboard the Tom Sawyer,
a replica of a 19th century sternwheeler,
you can sit back and enjoy cocktails and a
buffet dinner as you watch the banks of the
Mississippi glide by. Later, strains of ragtime
might rouse you from your thoughts and
have you singing and dancing to this
timeless American music.

Wild Times Corral—Monday. June 8.
7:00-11-00 p.m.; $26 00 (cash bar). Don
your western garb and get ready to really
eat—barbeque ribs, chicken, pork steaks,
homemade pie, and more—at the Wild
Times Corral overlooking Forest Park. After
you have had enough of eating. you can
loosen up and have a good time with some
down-home country western music, per-
formed by Jay Thomas and the Country

Express.
N

o
Ceatenmal

LAttapett S

o

Tethea) o

See reservation form, page 111
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Optional Tour Reservations

Transportation. guides and admissions are included in all tours and activities. Meals are includedin 1,2,5,6,7,8 and 9. Buses to
evening activities depart from Cervantes Convention Center, front entrance. Arrangements will be made to bring you to the
convention center and return you to your hotel after the event, Pick up reserved tickets at the tour desk in the registration area at
the convention center Tickets will be sold during registration hours on a space available basis at the tour desk. If fewer than 40
persons respond to any event. that event will be cancelled and money refunded in full.

Tour Date No. Petsons Cost Total Amount
1—Goldenrod Showboat June 7 — $23.25
2—Royal Dumpe Dinner
Theater June 7 —_— 23.50
3—Champagne Twilight
Tour June 7 —— 17.00
4—Baseball Game June 7 - 13.50
5—Moonlight Dinner .
Cruise June 8 — e 23.75 —
6—Royal Dumpe Dinner R
Theater June 8 P 23.50 —
7—Wild Times Corral June 8 - 26.00 —
8—~Golcenrod Shawboat June 9 [, 23.25 e
9—Moontight Dinner
Cruise June 9 P 2378
10—Baseball Game ’ June 9 —— 13 50
Name
Home
Adress
Hotel

Please enclose check or money order to: The St. Louis Scene. Inc.
149 N. Meramec St.
St. Louis, MO 63105

AT LAST! A valuable new guide for the water lab! “Guidelines for Selection
of Laboratory Iinstruments” (AWWA Manual M-15—Catalog No. 30015JL)

s Developed to clear the air on the confusing subject of instrument
- selection. this concise, straightforward manual provides much of
awwa Manuzt ¥ the necessary information to plan and implement testing required

by the Safe Drinking Water Act.
Contents include: Incubators. Specific lon Meters. Turbidimeters.

Amperometric Titrator for Residual Chlorine Analysis, Spectro-
photometers. Gas Chromatographs, and much more

Send me_.____.copies of GUIDELINES FOR SELECTION OF LABOR-
ATORY INSTRUMENTS Catalog No. 30015JL
Guigetines tor Selection N O $4 75 Member® O $9 50 Nonmember
(rumen

ot Laboratory ns'
PO -stis -lad assOC AT 8N

O { am an AWWA member or the official representative of an AWWA
Organization Member, Member No

O Bill Me (Members Qnly)

O Payment enclosed {U S. or Canadian funds). Please make check
payable to AWWA

THIS MANUAL CAN SAVE YOU MONEY. NAME
ORDER YOUR COPY TODAY! ADODRESS
TITLE e ORGANIZATION
Send Order Form to: CITY STATE 1P

AWWA Publications Dept.
6666 W. Quincy Avenue
Denver, Colorado 80235

‘Hangling Charge Every orger iotahing less than $10 00 and not accompanied by remiltance is
3uDjeC110 3 handhing Charge of $3 00 which will automatically be added to the biit Thiscnarge
$ recessary dDecause of the extra clenical processing involved on such orgers

\.
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Dining: From Haute Cuisine to Caffish

in 1904 at ‘he Worlg's Fauw. St Louis
‘niroduced Amerca to the «Ce cream cone
arg ret 3o¢ But ‘erng tefcre 1904 good
‘cod hazcecs™e an mperiant part of lifen
St Lous

Tren 3snow some ofthe morenterest-
ng anc en:ovable aming spots are those
shere guthentc fors gn Zishes are served
- the zestful at~cscnere of the many
ethnc groups that setiled :n St Louts

St Louts also has excellent steak houses
and places speciahz:ng n fresh seafood
You can find hush puppies and fried
catf.sh—served ust as they were on river-
boats. or home-made pastas as good as
anyone’s ltalian mother makes

Visitors will find that St Louts’ restaurants
have enough variety and style to suit ;ust
about everybody's taste and budget The
following list 1s just a sampler

Thelekmar
LSC-2 Concentrator

meets or exceeds
all EPA requirements
for THM & priority
pollutants.

L

T

i

The Tekmar LSC-2 is an auto-
matic purge and trap concentrator
which will allow your GC or GC MS to
cgetect and quantitate purgeable
organics :n industrial and drinking
waters

Completely Automatic Oper-
ation. The functions of
purge. desorb. GC program
start, sample drain, and trap
bake are all handled auto-
ratucally by the LSC-2.

Interfacing capability. built
o every LSC-2, allows
operation as master or slave
to your GC or GC MS sys-
tem, or operation under

computer control.

TEKMAR COMPANY P O Box37202 Cincinnat. OH 35222

Meze a8
At matg Samoier '3 Purge ang Tap

——

And now...add our
new model ALS
Automatic Sampler
and run up to 10 purge
and trap samples
automaticaily.

The Tekmar ALS increases
Sample Capacity. The Model ALS
interfaced to the LSC-2 permuts auto-
mated analysis of as many as ten
water samples for volatlde organic
poliutants. accommodating either fnt
or needle sparge samplers.

Since s introduction,
the LSC-2 has ganed
wide acceptance in the
field. From early indica-
tions the same is true of
the Model ALS Automatic
Laboratory Sampler.
Call our Toli Free 800
number for information,
or check the reader
setvice listed below.

@

1800) 543-4461

In Otuo catl collect (513) 761-0633  Telex No 21.4221

VISIT OUR EXHIBIT, BOOTH NO, 417
Reader Inquiry Service No 057
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Angelo's “On the Hill." in the heart of the
Itahan Hill section—which fairly bristles
with ltalian-named restaurants. Angelo s
specializes in veal and restaurant-aged
steaks and also features steaks. seafood.
and an outdoor patio Located at 5226
Shaw Ave . open Manday through Saturday
for lunch and dinner: closed Sunday.

Dominic’s. Continental cuisine featuring
white veal, home-made pasta. and home-
made desserts. Served in an atmosphere of
crystal chandehers. oil paintings, and can-
dielight Located at 5101 Wilson Ave.; open
evenings Tuesday through Saturday.

Anthony's. French cuisine and seafood
with continental service. Reservations, coat
and tie required. Located at 10 Broadway:
open Mcnday through Saturday for lunch
and dinner

Catfish and Crystal. Specializes n steak
and seafood served 0 a pre-Vicicnan at-
mosphere enlertainment provided Located
downtown at 11th and Locust: open for
lunch and dinner Monday through Saturday

Hannegan's Restaurant and Pub. Fea-
tures lrish stew for lunch, and porterhouse
steak for dinner. served in a political
memorabilia decor Located in Laclede’'s
Landing at 719 N. 2nd St. open for lunch
and dinner gaily.

Eisele's Black Forest. German and Ameri-
can cuisine, with mus.c and gancing
Located at 3126 Cherokee St.. open for
lunch and dinner daily.

Saleem's Restaurant. Lebanese cusine,
featuring shish-kebab of beef famb. marnin-
ated ctucken or beef g:shes Entertainment
proviced Located at 3170 S Granc Bivd.
open for dinner Monday through Saturday

Southern Summer

St.Lous enjoys one of those all-American
chmates with four cistinct seasons Sum-
ryers are generally warm but sustamned
periods of extremely hot weather are rare

Although the average temperature for
June s a very pleasant 74°F (23°Ch.
summers there are humid—so light clothing
is a must for daytime sightseeing.

However, because downtown St Louisis
rght on the Mississippt River, evening
hours can sometimes be cool. it is wise to
carry along a light jacket on those late
nights out, in case the temperature does
take a slight dip.

Evening dress in St Louts tends to be
more casual in the summer, but those
partaking of the night life should be aware
that some restaurants and clubs may
require a jacket and tie.
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Theme introduction

Groundwater:
an endangered resource

The increasing scarcity of potable water—the most
precious of all natural resources and this planet's vis
vitae—is a much greater problem for mankind than the
aradual depletion of oil and gas. coal, and other minerals.
Since the earth’s water supply is constant—the same
microscopic molecules of hydrogen and oxygen con-
tinuously change form as they proceed in the hydrologic
cvele—"new" or "more” water cannot be expected, only
“recyvcled” water. Because the largest available source of
freshwater is underground. groundwater contamination
is becoming one of the greatest threats to civilization.

Everything that touches water affects its quality in
one way or another. Most groundwater pollution is
caused by the disposal of liquid and solid wastes, on or
into the ground. The most common source is leachate
from improperly designed septic tanks or cesspools, but
possible groundwater pollutants are limitless.

Advances in various agricultural and industrial
technologies have brought with them many liabilities.
Agricultural causes of groundwater contamination in-
clude fertilizers and pesticides. Municipal and industrial
sources include leaking sewers. oil and gas tanks and
pipelines, and wastewater injection wells, The last two
decades in particular have shown that deep-well injection
of liquid wastes has become common practice among the
chemical, petrochemical, and pharmaceutical industries.

Groundwater can also be polluted by such natural
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causes as excess mineral content or intrusion of saline
water. Natural mineralization, which results from the
slow erosion of rock in the aquifer, usually increases
with depth, and in highly mineralized aquifers, water is
no longer potable below a certain depth.

Salt water can easily invade freshwater aquifers and
deteriorate the groundwater. Although salt water in-
trusion does occur in inland aquifers, usually caused by
underlying salire water, it is most common in coastal
aquifers. If freshwater is removed from the aquifer
faster thanit is replaced, saline water generally infiltrates
the aquifer; if less water is withdrawn, the salt water
will eventually be flushed out by freshwater. [tisa slow
process. though, and artificial or induced recharge is
sometimes utilized to attack the immediate problem. The
use of reclaimed water to recharge the groundwater
aquifers artificially so that barriers will form between
the fresh and salt waters is becoming an important tool
in nonpotable water reuse; it cannot, however, be con-
sidered a dependable method of obtaining potable water,
as too many problems, such as the fate of synthetic
organic contaminants, have not yet been solved.

Although it is almost impossible to eliminate ground-
water pollution altogether, the growing awareness of the
importance of underground water resources is resulting
in an effort to reduce groundwater pollution and to
prevent further contamination. —JEL

STAFF 169
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AND
OPERATIONS

Energy conservation

opportunities in

municipal water and
wastewater systems -

Donald W. Lystra, Ashok K. Singhal, and
Philip N. Loud

Municipa! water and wastewater systems have been
shown to be the largest energy consumers in local
governments. By studying unit processes at four utilities
in the state of Michigan, the authors were able to pinpoint
several areas in which sizable energy savings could be
realized.

Municipal water and wastewater systems are heavy
users of energy, not only directly through the use of
electricity, natural gas, and other fuels but indirectly
through the use of large quantities of chemicals pro-
duced by energy-intensive manufacturing processes. A
recent study by the US Office of Water Research and
Technology showed water and wastewater systems to
be the largest single component of energy consumption
by local units of government, averaging about 25 per-
cent of the total municipal energy use.’ Moreover,
recent utility rate studies have shown that the direct
cnergy costs of water and wastewater systems account
for fully 20 percent of their total operating budgets.”

In 1979 the encrgy administration of the Michigan
Department of Commerce sponsored a study to identify
wavs in which energy could be conserved in existing
water and wastewater facilities. The objective of the
study was to identify cost-effective energy conserva-
tion measures that could be implemented statewide at
Michigan's 1100 municipal plants. These svstems
account for 2 percent of all electricity and 0.5 percent of
all natural gas consumed in the state. The consulting
firm of Ayres. Lewis. Norris & May, Inc., of Ann Arbor.
Mich., was retained to perform this study.

The study methodology consisted of three phases:
energy audits to identify energy conservation opportu-
nities (ECOs) at four study sites; analysis of the ECOs
for cost-effectiveness: and extrapolation of the results
to identify the potential for statewide energy savings in
water and wastewater facilities.

Phase 1: The energy audit

An energy audit has been defined as a critical
examination of an energy-consuming facility for the
purpose of identifying energy conservation opportuni-

170 MANAGEMENT AND OPERATIONS

0003-150X/040170-08502.00

ties. Because water and wastewater facilities had not
previously been the subject of comprehensive energy
audits, the firm conducting the study found it necessary
to devise an audit methodology appropriate to facility
characteristics.

Because of the overall complexity of water and
wastewater facilities and the various technical special-
ties represented by their processes and equipment, the
audits were broken down into smaller components.
This made’it possible to create specialized audit pack-
ages that could be addressed by tecam members from
appropriate technical fields. The following subsystems
were identified.

® Treatment system—all processes and equipment
used to purify raw water or wastewater and render it
suitable for drinking or for discharge into the receiving
waterway

e Capacity control system—equipment used for
pumping water or wastewater at various points in a
treatment process to maintain sufficient pressures and
flows to meet the system’s the quantitative demands

® Heating, ventilating, and air conditioning system
(HVAC)—equipment that provides the control for the
infernal environment of buildings. including the build-
ing envelope itself

® Electrical systems—equipment that distributes
electricity to plant loads and provides artificial illumi-
nation for the-interior and exterior of the facility

An auditing team composed of five to seven technical
specialists in civil, sanitary, mechanical, and electrical
engineering, as well as architecture, was created to
perform the energy audits at each of the four study
sites. The auditing procedures involved a review of
existing documents and records. site visits, operator
interviews, identification of ECOs, analysis of ECOs,
and reporting.

Audit team members were instructed to look for
ECOs in the following general areas: changes to opera-
tional and maintenance strategies; equipment changes
(i.e.. same function, different device); design changes
(i.e.. different function, different device): and relaxa-
tion or modification of design standards.

JOURNAL AWWA
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Regardless of the age of the equipment, pump operation is the largest consumer of elactricity in a water system. Performing an energy
audit to determine pumping performance and efficiency levels could point the way to significant savings for the utility.
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General auditing guidelines. The overall objective of
the energy audit was to identify cost-effective ECOs.
Although it was impossible to identify the exact proce-
dure for discovering ECQOs. it was necessary to set
certain general guidelines for the team members.

1. Audit team members were instructed to identify
ECOs that could be applied to existing study sites
rather than setting design standards for new facilities.
This guideline eliminated from counsideration certain
sweeping changes such as modification of treatment
modes. site layouts, or building design. The ECOs had
to be cost-effective as retrofit measures to existing
facilities. as opposed to alternative “new design”
approaches.

2. It was stressed that audit team members should
not look for cost-saving methods not directly related to
energy consumption. The study excluded, for example,
strategies that would reduce labor costs, unless there
was also a linkage to the consumption of electricity or
fuel.

3. There was to be no “prescreening”™ of ECOs. Team
members were not to make premature judgments about
the cost effectiveness or engineering feasibility of
potential ECOs. Rather. members were to propose
12COs having a redsonable chance of being cost effec-
tive. Detailed cconomic analysis would be undertaken
later as a separate step.

4. Many ECOs had compound effects that were
impossible to identify. Improving the efficiency of a
pump motor, for example. would be interactive with an
ECO that resulted in less use of the pump. Rather than
tryving to separate the potentially compound effect of
two such ECOs. it was decided to present each ECO as
a separate item. In some cases. however. the joint effect
would be less than the sum of the separate effects.

5. In some instances it was found that plant opera-
tors had recently implemented ECOs on their own
initiative. It was decided to include these ECOs. rather
than to ignore them and lose their potential benefit,
noting that they had been effected prior to the study.
The total impact of these previously identified ECOs
amounted to approximately 3 percent of the overall
energy conservation identified in the study.

Description of study sites. Four Michigan sites were
selected for site-specific investigation: two municipal
water systems and two municipal wastewater systems
(Table 1). It was felt that these sites were sufficiently
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varied in terms of age. size. and type of treatment to
allow the ready extrapolation of findings to other
municipal facilities in Michigan. In addition, all four
systems employed relatively complex treatment pro-
cesses so that a variety of equipment was available for
study.

Energy consumption characteristics of study sites. All
four facilities relied primarily on electricity and natural
gas for their energy requirements. One. the Ann Arbor
water system, consumed a relatively small amount of
fuel oil for miscellaneous process and building heating
requirements.

Electricity was typically used as the energy source
for motor drives and illumination, whereas natural gas
was used as the energy source for building heat, water
heating, digester heating, slu-'ee incineration. and
chemical pretreatment. The An:  rbor water treatment
system was again an exception. employing a large
amount of natural gas for engine drives on remote
booster pumps and a recalcination system.

There was no apparent seasonal pattern in the con-
sumption of energy in the two wastewater treatment
plants studied. The water treatment plants exhibited
approximately a 30 percent increase in natural gas
consumption during the winter heating season and
approximately a 12 percent increase in electricity con-
sumption during the high water usage period of March
through August. as compared to the period September
through February.

The breakdown by energy source of total energy
consumption at each study site is given in Table 2. The
breakdown of energy consumption for each site within
the four functional subsystems is shown in Table 3. In
general, about half of the total energy requirements for
the water facilities was for pumping, whereas more
than half of the energy used by the wastewater facili-
ties was for treatment equipment and relatively little
was for pumping. The energy consumption and energy
cost per cubic metre of water treated at each of the four
facilities between Fall 1978 and Fall 1979 is given in
Table 4.

Phase 2: Analyses of ECOs for cost effectiveness

The total number of ECOs identified at the four study
sites was 93, ranging from 21 to 26 per site. Tables 5-8
list the ECOs for each site, and Table 9 summarizes the
energy conservation potential of all four sites. As the
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tables indicate, the individual ECOs varied widely in
terms of conservation potential. implementation costs,
and pavback periods. In general. ECOs offering the
greatest conservation potential in the wastewater facil-
ities related to sludge handling and disposal and aera-
tion system modifications. ECOs offering the greatest
conservation potential in the water facilities involved
the improvement of pumping efficiency.

The ECO having the greatest estimated conservation
potential involved the reduction of fuel requirements
for sludge incineration at the East Lansing wastewater
treatment plant through the addition of a sludge dewa-
tering system. This ECO was projected to reduce the
natural gas requirements for the incinerator by almost
835 X 10 m: (3 X 10" cu ft) annually. currently worth
about 880 000. This ECO was also the one having the
greatest estimated implementation cost, $1.2 million.

Many ECOs cost little or nothing to implement and,
therefore, had virtually instantaneous payback periods.
These included operational changes, such as the prefer-
ential operation of the most efficient pumps or reduced
deration blower use, and low-cost maintenance items,
such as the installation of weatherstripping or the
modification of gravity turbine units.

The ECO having the most dramatic cost effective-
ness involved lowering of the water level in the equal-
ization basin at the East Lansing wastewater facility,
thereby reducing the backpressure on aeration blowers
with an attendant lowering of drive horsepower. This
12CO. custing nothing to implement. was projected to
sdave o4l 600 kKWh (2.31 x 10 k]) of electricity annually,
currently worth about $20 500.

At cach site several ECOs were identified for the
HVAC and illumination systems. Many of these ECOs
proved to have significant energy impacts and cost lit-
tle to implement. One reason for the relatively large
number of HVAC and illumination system ECOs may
be the unusual occupancy patterns of both water and
wastewater facilities. Many interior areas in these
facilities, while receiving only occasional inspection
visits from operators, have HVAC and illumination
systems apparently designed for continuous occupancy.

Several ECOs involved the recovery and use of waste
heat: sources of waste heat that were examined
included aeration blowers, incinerator exhaust heat,
transformers, calciner systems, and wastewater in-
fluent.
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Two ECOs involved what could be classified as
resource recovery or alternative fuels. At the Big Rap-
ids wastewater treatment plant the use of digester gas
as a fuel for building heat was examined, and the use of
dewatered sludge as a fuel for electric generation was
examined for the East Lansing wastewater facility.

A number of ECOs at each site involved architectural
changes to the buildings, such as improving insulation
or replacing roofs or windows. In general, ECOs in this
group tended to be costly and to have long pavback
periods.

One ECO is worthy of specific mention because of
the significant indirect energy savings attributable to it.
The reduction of lime feeding at the Ann Arbor water
plant, while offering substantial direct energy savings
due to reduced calciner operation, was also projected
to have important indirect energy savings based on the
substantial energy requirements for the manufacture
and transport of lime. Recent figures from a report by
the US Environmental Protection Agency (USEPA)‘
identified the amount of energy required for the manu-
facture and transport of various chemicals used in
water and wastewater treatment facilities. In the case
of lime (calcium oxide), the energy requirements for
production alone were estimated to be 6396 k|/kg
(8.5 X 10" Btu/ton) for fuel and 600 kWh/ton (2381
kJ/kg) for electricity.

Categorization of ECOs by implementation cost. The
aggregate ECOs were broken down into three catego-
ries: those costing less than $500 to implement. those
costing from S500 to $2000 to implement. and those
costing more than $2000 to implement. The statewide
energy impact and the cost for implementation of each
category were calculated.

Many of the ECOs in the first category could be
implemented for no cost, whereas the cost of others
was low enough to be within the regular operating
budgets of most plants. The 24 ECOs in this category
would create energy savings totaling over 1.05 X 10™
k]/yr (10 X 10°* Btu/yr) worth $118 000, while requiring
a total implementation cost of only $2360. The aggre-
gate simple payback period for the ECOs in the catego-
ry is virtually instantaneous, 0.02 years. Total energy
savings represent 5.6 percent of current consumption
and 16 percent of the total identified conservation
potential.

The second category of ECOs, those having an imple-
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TABLE 1 TABLE 2
Sites selected for energy conservation study Energy consumption by fuel type at each study site—percent
Design Capacily Study Site Electnicity Natural Gas Fuel Onl
Study Site MLsd mgd Service Area Populstion East Lansing 47 53 0
Big Rapuds 6 54 0
East Lansing 68 (180} 105 000 Ann Arbor 42 55 3
Big Rapids 9 (24) 16 500 Marysville & n 0
Ann Arbor 189 {500) 110000
Marysville 57 (150) 9300
_ TABLE 3 TABLE 4
Breakdown of energy consumption by functional Energy consumption and energy cost of water treated at each
sub-systems--percent facility between Fall 1978 and Fall 1979
Capacity Energy Consumption -
Control Treatment HVAC Electrical ! per m* . Energy Cost
Study Site System System System Sestem i Miscellaneous
Study Site kj/m* Btusmul gal per m’ I per uul gal
East Lansing ] T2 1 i 1 +
Big Rapids 3 38 3 8 I 2 East Lansing 6.1 x 10¢ 219 X 10° $035 ! $133
Ann Arbor 43 ETS ] 2 { 1 Big Rapids 39 X W 140 x 10* $02 ] sug
Marysville 44 3 32 5 ! 0 Ann Arbor 40 x 100 2 xur $019 | 73
‘ I Marysville 18 x 10* 574 X 100 s, $19
:
TABLE 5
Energy conservation opportunities at the Ann Arbor water treatment plant
Projected Annual Energy and Cost Savings
Natural Gas Total
Electricaty Implemen- | Simple
Amount Amovnt tahion Pavhack
Amount Cost Cost Cost Cast Poentod
Energy Conservation Qpportunities kwvh s m cu ft s ] x w Btu x 10 s S veurs
Prefetential operation of the most efficient raw water well 7193 254 000 690 268 254 090 0] 0
pumps
Installation of more efficient variable-speed dnives 154 400 5400 556 527 5400 82 000 152
improved maintendnce of pumps 344 400 12 300 7998 282 400 760 1553 WS 13 060 26 250 20
Eliminauon of soda ash feed* 1613 59517 6 56 59517 0 4]
Reduction of hme feedingt 65 %X 2310 95 580 3375000 9110 4892 4447.2 18040 0 0
Civaning of bailer 37184 1313000 3550 1385 133 3550 1400 03
Recovery of waste heat from calciner 25 204 890 000 2400 939 890 2300 L} 4]
Reduction of vutside air . 6457 228 000 615 24t 228 615 1750 28
Cunvetsion of fuel oil burnert [ 0 3308 £000 17
improvement of roof insulstion at Barton pump station 4531 160 000 430 169 160 430 TB00 18.3
Replacement of sealant on extenior doors 835 29 500 80 3t 295 80 0 nd
{ratallation of weatherstr.pping on extenior doors 2673 94 400 255 100 4 255 1200 a7
Rm-)\-:.'y of waste heat from transformers 48 750 1706 175 166 1 17000 oy
inurease in conductor sized
.rsuhavxun of ‘ug\ efficiency momrs 2321000 B30 907 860 8820 300 000 H
uon »f plant power {actor” 3000 2000 Qr
on of mote: viccult powaer factor
o of efectnic meteringtt
of stsnaby zenerator 4> on-peak cogeneration umttt 3200 0 ]
,»s:bnhl. of smail-scale hydroelectric development at
1usting mamopdl dami
| #rplasement of .ncandescent fixtures with lowwattage 43 100 2980 306 290 2980 10400 33
] “uotescent fixtures
1 Ruplacement of incandescent lamps with self-batlasted ~4 8O0 2800 287 27! 2800 2280 08
metd] halide fixtures
Re pudcement of recalcination building hghts 13500 w3 49 48 473 2500 53
Reptacement of prpe gallery lights 5120 179 19 175 179 1600 89
Replacement of manual switches with time-out switches 41 800 1460 151 142.7 1460 2720 19
installation of right lighting system 12 140 25 4 414 425 850 20
Toual 1108543 | 98370 187657 | 6626300 | 17890 11875 112558 131278 466 250
*Much of the large monelary savings from this ECO 15 not due to direct energy savings but rather to the reduction of soda ash purchases. The secondary energy savings possible by
reduced soda ash production and delivery were not quantifiable in the scope of this study.
*Additional energy savings from this ECO are 25 057 L (6620 gal) of number 4 fucl ail, worth $6620. Secondary energy savings are also realized th h reduced lime production costs.
'Onlg' the implementation costs and energy cost savings are histed for this ECO because 1t involves switching from oge fuel type to a less expenslve type: no actual energy is being
save
§Belc;use the energy that could be saved through this ECO and the cost to implement the ECO are both dependeat on the extent of impl ion. these were not
included.
**The energy savings from this ECO are unquantifiable Howeser. the teduced penalty charge and implementation costs can be reasonably estimated.
TtAn implementation cost is given for this ECO but no estimates of cncrgy sdvings or cost savings are given because they could not be estimated with any accuracy. The (act that this
ECO could save both energy and money. h . is not
$1Only the implementation costs and energy cost savings are histed for this ECO because 1t involves switchiog from one fuel type to 2 less expensive type. Actual enecgy savings are
mimimal and difficult 10 quanufy.
§§Because the implementation costs of this ECO are so variable, all values for this ECO have been excluded from this table 1n order to avoid distorting the total values.

\-
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TABLE 6
Energy conservation opportunities at the East Lansing wastewater treatment plant
Projected Annual Energy 4nd Cost Savings
Natural Gas Total 5 i
Electricity Imp Simple
Amount Amount tation Payback
Amount Cost Cost Cost Cost Period
Energy Conservation Opportunities kWh $ m* cu ft s | x 100 Btu x 10* s H years

Installation of more efficient varnable-speed drives 55 500 1780 200 169 4 1780 27 000 15.2
Pref al op: of mast efficient raw sewage pumps 6000 200 22 205 W00 0 Q
M 3 of pump efficiency”
Reduction of fuel requirements for sludge incineration 827 000 | 29 200 000 87600 | 30 807 29 200 87 600 1200000 13.7
Recovery of incinerator exhaust heatt
Bypassing of tertiary filtersy
Modification of-aeration system 396 000 127 1426 13515 12700 70800 56
Lowering of water level in equalization basin 641 600 20500 2310 21898 20 S00 Q o
Cleaning of bolec 41064 { 1450000 4350 1530 1450 4350 800 0.18
Reduction of HV-2 use 25 200 810 13395 473000 20 590 559 2230 0 [
Reduction of outside air 128205 | 4527000 13580 | 4776 4527 13580 700 057
Recovery of waste heat from deration blowers 4191 148 000 Ho 156 148 o * 0 1]
{nstallation of water source heat pumpsi 3135 2971.6 300 . 75 000 250
Installation of 1nsulated glass 2583 91 200 273 962 9r.2 273 11195 1
Recovery of waste heat from transformers 116000 kpg k] 118 3959 31 37 000 10
Iacrease 1n canductor sze**
Carrection of motor circunt power factoe™*
Repiscement of standuard fluorescent fixtures with ) 200 1290 5 1372 1290 240 25

howwiattage fluorescent fixtures
Replacement of incandescent lamps with self-ballastey 97 900 3130 3524 334.1 3130 370 1.1

metal haitce fivtures
Replacement of mercury vapor fixtures with high.pressure | 48 300 1550 175 165.5 1350 2520 16

sodium fixtures
Replacement of manual switches with time-out switches 108 S00 3470 191 3703 3470 1760 as
Total l 1535 300 49 143 1016382 { 35889200 | 107663 | 46 529 44101 157 106 1 440 385

*This ECO 15 unquantifiable within ¢he seope of this stedy »0 no values are given for costs or savings.

TThe enesgy savings dassoctated with this ECO are estimated it was beyond the scope of this study 10 estimate the implementation costs: thetefare, ¢ll values fur this ECO were omitted.
rather than inflate the total energy savings for all ECOs relative to implementation costs.

$Annual totals cannot be estimated for this ECO because 1t applies to only cectain periods of the year,

§Because this ECO involves changing from one heating source to another. only the total savings in (J) Btu was given.

**Because the energy that could be saved through this ECO and the cost to implement the ECO are both dependent on the extent of impl tation. these were not
included
TABLE 7
Energy conservation opportunities at the Big Rapids wastewater treatment plant
Projected Annual Energy and Cost Savings
Natural Gas Total B M
Electrictty Implemen: | Simple
Amount Amount tahon Pavback
Amount Cost Cost - Cost Cust Pesiod
Eaergy Consersation Qpportuntties AWh H m cu ft $ =i § Bux1o S s Lears
Ledon of & pump speed 00 160 u 136 ™) 1x) Q625
o of biower dpetation 700 1224 m 148 1228 0 0
bubbie ws ration {Tusers 11300 1500 0 §T98 1500 WAoo 222
2 US of Laestes Qas 16 992 600 006 1800 633 50O 1800 0 ]
Sora? BedHog ¢ Resiers 52250 1845 000 5538 1947 1845 3335 130000 1
Reduction st stadge trucking® 138 1305 1175 0 D]
Monsdivgtien 91 dnal Hluent supply pumpsng 134 000 al6d 535 5256 6160 670 043
2k O hodier 1190 42 000 126 4 {2 126 olX} i3
Lo »t ahinme setback controls 10478 370000 1110 30 370 1110 5000 i35
Reduc tion of rempetature o storage roum 3852 136 000 410 143 116 310 200 049
:on of gryvaty turbines 1638 93 500 280 99 935 280 120 113
Redur tion of outude ar 19937 704 000 2120 43 04 2120 4600 22
T WAy dRester R4S TGi6 270 000 aw 283 py 810 w0 ul
Seatheestriopng of doeblesdoor astragals 52. 18 500 55 20 185 55 70 13
£nclusure ot existing main entrance 187 6600 20 b 66 2 1020 51
Reworery of waste heat from transformers 122300 492 “ 419 492 4920 10
Increase 1n conductor sizef
Replacement of incandescent fixtures with fow-wattage 40 200 1610 s 137.2 1610 2940 18
fluorescent fixtures
Replacement of incandescent lamps with self-baltasted 48127 1930 173 1843 1930 490 Q25
metal halide fixtures .
Replacement of mercury vapor fixtures with high-pressure 6131 U5 z2 209 245 0 3.1
sodium fixtures
Replacement of manual swilches with ume-out switches 20150 800 3 3.8 800 280 03s
Total 426 908 17075 115704 4 085 600 12 266 598% 5673 26 008 192 980

“The energy saving associated with this ECO 1s 3868 L (1022 gal} gasaline. wacth $1.175. based an a cost of $1.15/gal.
*Brcduse the encrgy that could be saved through this ECO and the cost to implement the ECO, are both dependent on the extent of i
wncluded.

1 these estimates were not

_J
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TABLE 8
Energy conservation opportunities at the Marysville water treatment plant
Projected Annudal Energy and Cost Savings
Natural Gas Total
Electriaaty Impl. Simple
Amount Amount tation Payback
Amount Cost Cost Cost Cost Period
Eaetgy Consersation Oppoftunittes AWh s m* cu ft s | x 10 Btu x 10" s s years

Opmum use of storage 33 300 2020 193 1826 2020 L] 0
Preterential operation of the most etficient pumps 7630 290 0 61 290 0 0
Improved maintenance of pumps 115 500 1350 116 32 4350 6750 16
Opetation of pumps duning off-peak hours® 187 o 187 1] o
Reduction of chlonne feedt 281 o 281 ] 0
Increased use-of treatment instrumentationy
Cleaning of boiler 6599 233 000 650 246 233 050 600 09
instatlation of nighttime setback controls 9062 320 000 900 338 320 w00 4000 44
Con ersion of dehumidifier from oul- to gas-fired§ 0 2330 ~ 5200 2.1
Replacement of older building roofs 11894 420000 1o 443 420 10 34200 292
Replacement of other roofs 1143 03 000 1120 425 403 120 . 31200 305 o
Removal of skylights 96 300 95 4 34 95 00, 737
Currecuian of vertcal gaps 1977 69 800 195 T4 698 195° 400 21
insulation of walls 14967 51800 143 55 518 145 12000 828
Repiacement of windows 312 11000 31 12 1 3 %0 2990
installation of weatherstnipping 1396 19 300 138 52 49.3 138 800 58
Ruorvery of waste heat from transformers T w0 650 62 384 650 6500 040
iterease in conductor size””
*astsaation of high-efficiency motors 34 800 1310 125 1188 1300 30 00 2
nstallation of electnic meteringst
Replacement of wncandescent fixtures wiath low-wattage 73700 2850 ar 258¢ 2850 10 500 1 0

Auorescent fixtures
Replacement of incandescent lamps with self-ballasted 4420 167 - 16 151 167 1050 65

metal halide fixtuces
Replacement of mercury vapor fixtures with high-pressure 3180 120 12 109 120 1230 103

socium fixtures
Replacement of manual switches with tane-out swilches 14678 $55 53 501 555 800 1}
installation of night Iighting system 2600 852 81 7 852 600 0.7
Total R 349 128 13632 216 1561300 4359 2905 2753 205205 170 180

“There s no direct energy savings realized from this ECO. but there 15 a direct energy cost savings.
*There 15 no direct energy savings possible from this ECO. but there 15 a direct energy cost savings attributable to reduced hme purchases.
INo values for costs of savings are given for this ECO bec.
3There 1 no »nergy savings assoclated with this ECO. oalv 4 cost savings 4s a result of changing from one type of fuel to a less expensive one. Energy consumption i unchunged.
“*Because the energy that would be saved through this ECO and the cost to implement the ECO are both dependent on the extent of implementatiun, *hese wstimates were not

cteded

fable within the scope of this study.

they are unq

7No estimates of energy >avIngs or Lost savings are given for this ECO because they could not be estimated with any accuracy. The fact that this ECO could save buth »nergy sad money.

nuwever s not questionable.

TABLE 9
Sumunary of energy conservation potential at four study sites
| Projected Annual Energy & Cost Savings
Electeicity Nutural Gas Total Average
impl Sumple
Amount Amount Amount tation Payback
Cost Cost Cost Cost Period
“tuds Site &} kWh $ 1 m* cu ft s ki Btu x 10¢ s s year
East Lansing 549 x 107 1525400 49 143 1016 382 35 889 200 107 663 45 527 101 157 106 1440 385 92
B2 Rapids R 126 908 1707 115704 4085 600 12268 5945 5673 26 066 192 984) T4
Ana Asbar i e xaor 1108543 98 370 187 657 6626 300 17 890 11874 11255 131278 6 250 36
Marysvitle v x 10 349128 13832 + 216 1561 300 4359 2904 2753 20520 170 480 83
T tai 123 X 10+ 3419979 178 220 1303 959 48 162 400 142178 67 290 63 782 934970 2270095 08
TABLE 10
Estimated annual energy conservation and cost-savings potential in Michigan water and wastewater systems
Natural Cas Total
Electricaty Amount Amount
Type of Amouat Cost cu ft Cost Btu Cost
Treatment Plant kWh x 100 s x 100 m* x 100 § x 10* 1x 10 X W $x 10
Wastewater 96 34 % 1979 8.1 434 2307 95
Water 4 35 1 642 1.8 1018 963 53
Total 1%0 89 E 2621 79 3450 az70 48

_/
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mentation cost ranging from $500 to $2000. would
create energy savings totaling more than 4.22 x 10°
kj/yr {4 x 10" Btu/yr) worth $18 757. while requiring a
total implementation cost of $20480. The aggregate
simple payback period for the 19 ECOs in this category
is only 1.1 years. Total energy savings represent 2.2
percent of current consumption and 6 percent of the
total identified conservation potential.

The third category of ECOs has implementation costs
exceeding $2000. Generally, an expenditure of this
magnitude would require some form of capital plan-
ning on the part of municipal administrators. In addi-
tion, the technical complexity of some of these mea-
sures would probably require the involvement of pro-
fessional engineers as consultants. The total energy
savings possible from the implementation of 37 ECOs
in this group is about $2 250 000, creating an aggregate
simple payback period of 11.0 years. Total energy
savings in this category represent 28 percent of current
consumption and 78 percent of the total identified
conservation potential. .

A portion of the total energy savings for the study
sites is attributable to reduced electricity consumption.
Approximately 3.4 X 10" kWh/yr (1.22 X 10* k]/yr) of
electricity could be saved by implementing all ECOs at
all four plants. This represents 14.3 percent of the total
electrical consumption of the sites and would reduce
electricity costs at the sites by about $180 000. The rest
of the energy savings would come from reduced natural
gas consumption. The aggregate natural gas savings
from all ECOs at all four sites is estimated to be about
1.36 X 10" m- (48 X 10" cu ft/yr), which is 58 percent of
the total present natural gas consumption of the sites.

The total implementation cost of all identified ECOs
is estimated to be $2 270 000. The estimated total energy
cost savings of $335 000 anaually leads to an aggregate
simple pavback period of 6.8 years. On a per-site basis
the aggregate simple payback periods ranged from 3.6
vears for the Ann Arbor water system to 9.2 vears for
the East Lansing wastewater system.

tn summary, the ECOs identified at the two waste-
water system study sites would result in an estimated
average electricity saving of 16.0 percent of current
usage and an estimated average natural gas saving of
83.7 percent of current usage. The ECOs identified at
the two water system study sites would result in an
estimated electricity savings of 12.4 percent and a
natural gas savings of 32.8 percent. The figures shown
in Table 10 indicate the potential statewide energy
savings. if it is assumed that the study sites are repre-
sentative of municipal water and wastewater systems
throughout Michigan.

Conclusions

Based on the information acquired from the study,
the following conclusions have been identified.

1. Municipal water and wastewater systems in
Michigan rely almost entirely on electricity and natural
gas for their energy requirements. The reliance on each
of these two energy sources is roughly equal.

2. The major component of energy consumption in
water systems is electricity for pumping. The major
components of energy consumption in wastewater Sy’s-
tems are electricity for aeration blower drives and

APRIL 1981

natural gas for sludge heating and incineration. There-
fore, these areas offer the greatest opportunity for
conservation.

3. No obvious relationship exists between the size of
a water or wastewater facility and the efficiency with
wt~h it consumes energy.

4. Each year the 1100 municipal water and waste-
water facilities in Michigan consume about 1.4 X 10
(6.12 kJ) of electricity at a cost of $50 million and about
1.2 X 10 m' (4.3 X 10 cu ft) of natural gas at a cost of
$12.5 million. This accounts for about 2 percent of all
electricity and about 0.5 percent of all natural gas
consumed in the state.

5. It is projected that municipal water and wastewa-
ter systems in Michigan could reduce their electricity
consumption by about 14 percent and their natural gas
consumption by about 60 percent through the imple-
mentation of cost-effective conservation measures. The
annual savings in municipal energy costs would be
approximately $15 million.

6. Approximately 16 percent of the total identified
energy-saving potential in water and wastewater sys-
tems can be achieved through operational and mainte-
nance changes costing less than $500 and having an
average simple payback period of less than one
month.

7. Significant energy conservation opportunities
relating to HVAC and illumination systems exist in
municipal water and wastewater facilities because of
the unusual occupancy pattern in many areas of the
facility.

8. Municipal water and wastewater facilities have
significant indirect energy impacts as a result of their
consumption of large quantities of chemicals produced
by energy-intensive manufacturing processes.
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Slow sand

filter design

and construction
in developing
countries

R. Paramasivam, V.A. Mhaisalkar, and
P.M. Berthouex

Sand filtration is an important unit operation in the
purification of surface water supplies. It is usually
achieved by either slow sand or rapid gravity filters.
Because slow sand filters require a larger area than rapid
filters, a general misconception prevails among decision
makers that they are expensive. This is not, however,
always true, and for many small water supplies, slow sand
filters are appropriate and cost effective.

Millions of people are living in thousands of villages
withoul safe drinking water. These villages are in
countries with financial resources that are strained by
competing demands for transportation. clectrification.
education. and health services. Water supply is a
capital-intensive utility. and the meager resources
available for it must not be wasted on overdesigned
facilities or on choice of technology. The guiding factor
should be to supply water to the greatest number of
people. with optimal use of funds. The design should be
realistic and adequate for the intended service. As far
as possible. materials and equipment should be manu-
factured or be avanlable locally. and thev should be
matched to the skill level of operating and maintenance
personnel.

Slow sand filtration

The appropriate technology for purification of sur-
face water supplies for villages and small towns is often
siow sand filtration. which has many advantages.

® [t provides a single-step treatment for raw water
with turbidity not exceeding 50 ntu.

® [t improves simultaneously the physical. chemical,
and biological quality of raw water.

® [t is simpler to implement than alternative technol-
ogies. as operaling costs are low and based on labor
rather than energy or chemical inputs.

® [t is reliable. There is no machinery to fail; treated
water quality does not decrease even when raw waler
quality changes rapidly: construction is so simple that
prefabrication may be possible: and the technology has
been “tried and proven™ for many decades.

Basic design considerations

Design period. An important decision in planning a
new water supply system concerns the design period.
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The stick marks the proposed focation of a public water tap in a
village near Nagpur, India. The man standing behind it owns the
nearest house. He and the designers are debating the relative
importance of public access, drainage, and other considerations that
will determine the final site of bhe tap. The villagers participate in the
decision.
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The single major constraint in the provision of water
supplies in developing countries has been inadequate
finances.! When money is scarce and interest rates are
high. long-range investments are less preferred to
investments that bring immediate benefits. This paper
illvstrates that since there is very little economy of
scale in slow sand filter construction, the design period
should be shart: for example. 10 years. This will help to
optimize the long-term investment in water supply and
will allow the available money to finance more new
projects immediately.

Design population and per capita supply. The popula-
tion to be served during the design period has to be
estimated by considering all the factors governing the
future growth and development of the community:
transportation. agriculture, electrification, education,
and health services. While several methods are avail-
able for population forecasting, no single method will
be uniformly applicable to all situations.

It has been recommended- that there be a minimum
requirement of 40 Lpcd for rural communities where
the supply is only through handpumps or central
standposts and 70 Lpcd when house service connec-
tions are contemplated. The recommended per capita
rate also varies with the size of population: <10 000
(70-100 Lpcd). 10 000-30 000 (100-125 Lpcd), =50 000
(125-200 Lpcd).

The per capita demand multiplied by an estimate of
the future population gives the total design volume.
VWhen considering the design of slow sand filters, it
would be more convenient to convert the daily required
volume to a design flow Q. the quantity of water to be
treated per hour rather than per day. because the daily
requirement of water may be treated over a period of
24 hours or just a few hours, which is common in small
plants. Thus, for a given daily output, the size of the
plant depends on the duration of filter operation.

Rate of filtration. The traditional rate of filtration
adopted for normal operation is 0.1 m/h (2 gph/sq ft).
Pilot plant studies have shown that it is possible to
produce safe water at a rate of 0.2 m/h or even 0.3 m/h.
Of course. at these higher rates. the interval between
filter cleanings is shortened. but the treated water
quality does not deteriorate. The 0.2-m/h rate is consid-
vred a maximum desirable rate during those periods
when some filters are out of service for cleaning or
repairs. If only two filter units are built and the normal
rate is 0.1 msh. the overload rate with one unit out for
cleaning will be 0.2 msh, which is acceptable, but the
minimum number of units should be two.

The recommendation deviates from the general prac-
tice in many states in India of providing one extra unit
so that the overload filtration rate is kept to 0.1 m/h. A
design that does not allow even occasional overload
seems to increase the size and cost of the facility
unnecessarily.

Continuous versus intermittent operation. Given the
daily demand, the size of a plant is governed by the
effective duration of filter operation. Pilot studies' have
shown that intermittent filter operation is not desirable.
A short time after startup, the bacteriological quality
of filtered water deteriorates and becomes unaccept-
able. Because the purification process is as much
biological as physical, the biological organisms do best
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TABLE 1 \

Overluad and averuge filtration rates

Number Number of Fillraion Rate
of Frllers Operating Filters . msh

0100
0200
0000
0100
0150
0300
0100
0.133
0 200
0.100
0125
0.166
0100
0.118
0.1430
0.100
- 011
0125
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when conditions are nearly steady. Further, continuous
operation over 24 hours obviously requires an area only
one third of that needed for intermittent eight-hour
operation. The savings in filter consiruction can pay for
storage reservoirs and additional operators.

Number of filter beds. To ensure uninterrupted produc-
tion, a minimum of two filter units should be bujlt
irrespective of the plant capacity. Three or more units
may be required because the size of each unit cannot
exceed certain maximum practical dimensions, or three
or more units may be desired simply to gain flexibility
and to reduce overload on the filters that are operated
when one unit is out of service for cleaning or repairs.
Table 1 shows the average and overload filtration rates,
depending on the number of filters.

For a given area, the cost of filter media and under-
drain is practically the same for any number of filter
beds. However, when the number of beds is increased,
the cost of construction will increase because of
increased wall length. The extra cost to be paid for
higher flexibility and reliability is only a fraction of the
cost of the least flexible acceptable design, which has
only two filters and may often be judged a good
investment. It can also be shown that the total cost of
values, piping, and control weir chambers does not
necessarily increase with an increase in the number of
filter units.

Filter shape and plant layout. Filters may be circular or
rectangular. Circular filters are not economical except
for very small installations. For a 100-m- plant with two
filters, the diameter of each filter would be about 8 m.
Two rectangular beds would have dimensions of about
5.77 m X 4.33 m. The common wall of the two rectan-
gular units may offset the inherent structural advan-
tages of the circular shape. Rectangular filter dimen-
sions have been determined so that the wall perimeter
for a given area is minimal (Table 2).

Arranging the filters in a row maximizes the number
of common walls and facilitates construction, opera-
tion, and maintenance. Filters arranged symmetrically
in blocks on each side of the inlet pipe can also be
attractive. Local topography and the placement of
pump houses, storage, and other facilities will probably
be important in determining the layout. The total area
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( TABLE 2
Optimal size of filter untt for g given area
Two Untts Three 'mts Four Units Five Units
L oawh Breadth Penimeter Laagth Breadth Peaimeier Length Breadth Petimeter Length HBreadth Penimeter
" " m m m ant m m m " m m m
% W 143 462 300 140 H000 147 260 3470 418 245 4896
sy ®in w12 10 ~07 167 5036 532 395 0d20 5.77 347 6923
i ! 30 000 Hot 571 PR T 464 7340 707 124 8484
- 1 Bon w2 10w ) BO OO 894 558 89.40 8.16 490 9792
s XY o0 # o 1224 810 9742 10.90 684 14 00 1000 600 12000
W o 122 wTaz NN 913 112 1264 70 12030 1% 692 138 48
oty Wy - 10950 1588 1041 126 30 1413 841 14130 1290 774 153 680
i Ao i 12000 (R} 14 [APRT] 1548 967 154 80 ¥4 8.48 169 70
- 210 L) 12960 w7 1234 14960 1572 1045 167.20 1525 9.16 183,12
Wi s (Y] 1860 Hm 1320 160 00 1787 117 17870 16 32 980 195 84
Y 230 1847 13700 nz 1400 1H968 1896 1185 189 60 73 10.38 20772
e S mas 154 80 e 1475 178 88 1998 1250 199 80 1824 1095 218.88
L SH 0 o2 169 80 2450 16 16 196 00 2190 1368 21900 2000 1200 2300
i iR 2470 149 60 a8 1410 21904 2447 1530 14470 2235 1241 268 20
Ry th 30 2740 21900 ol 087 23296 826 1766 282 60 2580 1548 309 60
TABLE 3 TABLE 4
Cost o dndian eapees” for g 2wven area and gumber of units Percentags increase m cost of two units when a given number
of filter units 1« provided for a given area
tadjan Rupres -
Ay . : o
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of land covered by filters is not a factor. as it is virtually
the same regardless of layvout.

Depth of filter box. The elements that determine the
depth ot the filter box and their suggested depths are
free board {20 cm). supernatant waler reservoir (100
cal filter sand (100 cm). supporting gravel (30 cm). and
underdramage system (20 cm), with 4 total depth of 270
cm. The use of proper depths for these elements can
reduce the cost of the filter box considerably. It is
generdal practice to adopt a total depth of 3-4 m for the
filter box. but use of a 2.7-m box depth will reduce the
cost without adversely affecting efficiency.

Choice of filter sand and gravel. Undue care in the
selection and grading of sand for slow sand filters is
neither desirable nor necessary. Use of builder grade or
locally available sand can keep the cost low. Similarly,
rounded gravel, which is often quite expensive and
difficult to obtain. can be replaced by hard. broken
stones to reduce cost.

Economic considerations

Minimum filter cost. The cost of a filter excluding pipes
and valves is made up of two components: the total cost
for floor. underdrains, sand. and gravel; and the cost of
walls of the filter box.
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This cost in general is
C=K,A + KP (1)
where A is the total filter bed area in m*, P the total wall
length in m, K the cost per unit area of filter bed. and
K, the unit length of wall.
For rectangular filters with common walls. the prob-
lem is to minimize C subject to
A=nlbandP=2nb+1{(n+1) (2)
where n is the number of filters, b is the breadth, and I
is the filter length.
The term K A is constant for any value of n and any
filter shape. Hence. the minimum cost solution is the
solution that minimizes P. which is

2A
n+1

6

| =

and ( )
n+1
o )

The equation for b, when rearranged, shows that
2nb = (n + 1), or the condition for minimum filter cost
is to have the sum of the lengths equal to the sum of the
breadths. It can be shown that this is true whether filter

b=

JOURNAL AWWA

Lo

CAPCO JEN 0020743




Two slow sand filter units were recently
consiructed in the village near Nagpur. The
underdrain collection structure is at the base of
the unticushed filter box at left; the unit at right s
more complete, with sand, inlet, and stilling well.

)

units are arranged in a single row or as blocks on each
side of a central gallery.

The general expression for the minimum cost is
found by substituting Eq 3 and 4 for Eq 1.

C=KaA+2K,(\ZA@+1)) (5)

A detailed cost estimate based on 1979 prices (in
Nagpur. India. and excluding contractor's profit) for
various materials and items of work has shown that the
filter bed cost per square metre is [ndian Rs.350 and the
wall cost per metre length is Rs.570.

Therefore, K, = 350 and K, = 570. the specific cost
function (Nagpur, 1979) written in terms of area A is

C=350A +1140(y, 2A (n + 1)) (6)

Table 3 gives the costs for filters ranging in total area
from 50-2000 m* At 0.1-m/h filtration rate and 24-hour
operation, this size range corresponds to a range in
production of 120 m*/d to 4800 m*/d. With a per capita
supply at 70 Lpcd, this would serve a population range
from 1700 to 68000 people. A large percentage of
villages and towns in India and other developing
countries fall within this population range.

The cost of operating flexibility. The percentage
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increase in cost with reference to the minimum of two
filter units is shown in Table 4. The table of costs shows
that the number of filters can be raised from two to
three by spending roughly 2 to 8 percent more money.
Building five units instead of two costs roughly from 6
to 22 percent more.

The smaller the total area, the greater the additional
cost for building more than the minimum of two units.
However, it would not be wise to build more units for
small areas, as the unit size would become too small for
practical construction. Too many filters would also
demand greater attention from the operator.

If it is assumed that for a given filter area. the
increase in cost to provide a given number of units
(against a minimum of two) will not exceed 5 percent
{based on the cost equation C = 350 A + 570 P), the
lower limit of area A can be worked out for different
values of n. Based on this information and the cost
figures given in Table 3, the number of units for a given
area, and the cost thereof, have been worked out and
presented in Table 5, which can serve as a ready
reference for a design engineer. It can be concluded
that there is no significant cost penalty for making the
number of filters greater than two in order to gain
reliability and operating flexibility.
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TABLE 5
Cost of filters for eptimum number of ynils

Area Cost of Filters
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Figure 1. Model detinition for initial construction and expansion in
the case of hnear growth m demand. with an unsatistied demand at
time zero

Tracshionally villagers transported water from the river Now, water
fiows nto the collection well (the structure on the left) from an
nhiltration pipe buned v the nverbed. from there, it is pumped

to the slow sand filtration plant.

Economy of scale. A general cost model for the filter
beds can be written

C = K(Aj )]

where A is the total area of the filter beds. K(4\) is the
cost per unit area of filter bed construction including
walls. and ¢ is the exponent that represents the econo-
my of scale factor.

The cost data given in Table 5 have been used to
determine the parameters K and a of the function by
the method of least squares. Slight changes in the unit
cost of filter bed and box wall, from the values of 350
and 570 used to derive Table 5. do not significantly
change the value of the exponent a.

The resulting equation is given by

C = 1218 A"~ (8)
where A is square metres. Hence. the cost per unit area
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of slow sand filter is seen to be Indian Rs. 1218, and the
economy of scale exponent is 0.857.

If the exponent were 1, the cost would vary in direct
proportion to the area of the filter. If the exponent a is
small. there will be little additional cost for building a
larger unit. If a = 0, the cost is independent of size.
Large economies of scale are associated with small
values of the exponent. Until the exponent decreases to
about 0.6 or 0.7, there is no economic incentive to
overdesign. Thus, very little saving is accomplished by
increasing the size of the project in order to provide
service over a long time into the future.

Construction staging and expansion

In developing countries. the major problem in pro-
viding public water supplies has been insufficient
funds. The planning problem is to find the optimal
design period that minimizes present and long-range
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- ¢osts. Il is important on national and international
levels to bring safe drinking water to as many people as
possible in the shortest time. The available money must
be invested wisely. It would not, for example. be wise
o invest money in overdesigned treatment plants by
building treatment capacity that would not be used for
ten to twenty vears, unless the extra capacity could be
provided inexpensively.

In this section. an argument is made for building the
initial plant smaller and planning for rather frequent
but smaller expansions, which is contrary to traditional
practice. This recommendation is based on an econom-
ic analysis of current construction costs for slow sand
filters and on the balance between a lower cost vield
per unit of capacity in large plants, against the cost of
interest on money tied up in unused capacity. The
problem simply is to find the design period that mini-
mizes the total long-range cost of the treatment facili-

APRIL 1981

ties. The solution to this problem has been published by
several engineers, including Lauria.?

The problem is solved by finding the design period
that minimizes the present value of construction costs
required to keep the system at a capacity that meets the
demand over a period of time from the present into the
future. The present value P of an amount of money F to
be spent in n years, given a time value of money of r
percent per year (interest or discount rate), is

P=F/(1+1)p (©)

This is equivalent to the amount of money that could be
invested today at a return of r percent per year, in order
to have the amount F when it is needed after n years.

It is important to account for the time value of money
in this way, not only because some agency may actually
have to pay interest on it but also because money
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invested in one project is unavailable for investment in
an alternative project that may have a real value to the
economy of r percent per year. Because of government
subsidies, the actual interest rate paid on a loan may
not be the correct discount rate to use in determination
of a sound investment policy. In today's economy. a
discount rate of 6 percent per year is very low, and a
discount rate of 12 to 15 percent per year may not be too
high.

gLauria' has fitted an approximate model to the exact
solution to the problem of building a new plant and
then expanding it as needed in the future for the case
where the demand grows linearly, that is. at a constant
increment-(not constant percentage) each year, and
where the demand will always be satisfied. The new
plant must satisfy an existing, unmet demand of the
people already in the village and must also serve the
village for some time into the future. In Figure 1. the
initial, unmet demand is labeled D,. and the length of
time the first stage will serve is X,. At time X,. an
expansion goes into service. The expansion is of capac-
ity XD and is adequate for X years. A second expansion
of the same capacity is needed at time X, + X years,
and so on into the future.

The size of the initial stage is D, + DX,. where D is
the annual increase in demand (for example. m-/d per
year).

The exact solution to this problem" can be found by
using Lauria’s approximate solution

26 (1—a)'' 03 (1—a) (DD
r v T

X, = (10)

where ¢ is the economy of scale exponent of Eq 8 and r
is the discount rate of Eq 9. X,, D,. and D are defined
above, Note D,/D = X,..

The exact solution is more explicitly dependent on
the growth rate D than this approximating function,
which is accurate enough to be useful.

Solving this equation for a variety of values of D, D.
and r shows that the initial design period X, should be
less than the 20 to 30 vears commonly estimated by
water supply agencies in the past. For example, if
D =25 D, =350, r=008 (8 percent per vear). and
u = 0.857. X. will be about 6 years. Figures 2 and 3
show other results.

Eq 10 shows how little incentive there is to overde-
sign. Note that X, approaches zero when the exponent a
approaches unity. For slow sand filters. a is so close to
unity that the value of X, will always be small. regard-
less of the values used for other variables. Higher
interest rates also make X, smaller. and a faster rate of
growth in demand (larger D) will reduce the time before
expansion.

The inescapable conclusion is that planning should
be for frequent and fairly small expansions. The com-
monly used design periods of 20 to 30 years tie up
scarce resources unproductively. The cheapest way to
bring safe water to a large number of villages is to
construct several plants that are expected to serve up to
10 years before they are expanded.

The values calculated from Eq 10 are useful approx-
imations of the exact solution. which Lauria has called
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the optimal solution. This solution 1s optimal in the real
sense only in so far as the model from which it is
calculated reflects all the important features of the
decision-making problem. In this problem. there are
practical, logistic reasons for not accepting the calcu-
lated values as optimal in the real sense: for example,
those shown in Figures 2 and 3. As a practical matter,
no organization would want to organize an expansion
every two or three years. and no treatment plant
operator would want to have his operation interrupted
by construction every few vears. The model does not
incorporate these realities, nor does it include the cost
of periodic design and other administrative costs.

In spite of these imperfections. the model gives good
advice: No matter how small the economy of scale
factor a, or how low the interest rate r, or how long the
backlog of unmet demand X, the design period of the
first stage should not be longer than 10 years. Design
periods shorter than 10 years are economical if just
construction costs are considered. Although the numer-
ical values calculated from these models are only
guidelines, they should be taken seriously as good
advice in favor of short design periods.

Future expansion. Expansion of existing plants can
also be calculated by using Lauria’s approximation Eq
10 and setting X, = 0. This assumes, of course, that the
expansion is timed so that there will not be a new
unmet demand before the expansion goes into service.
The model for the design life of an expansion is

_2B(1—a)
B r

X (11)

It is clear that even for low discount rates the period
between expansions should be short (about five years).
As a practical matter, some engineers and administra-
tors will think that five years is too short, considering
the usual time lags in arranging financing and other
logistics of construction. Nevertheless, it is clear that
frequent expansion is the best economic policy. There
should be no great difficulty at the regional or national
level to program one or two expansions when the initial
stage has already been built.

Uncertainty. In a given village, there will be uncertain-
ty about the rate of population growth and the actual
maximum average and peak filtration rates. These two
factors determine the actual time between filter expan-
sions and the size of the first installation and subse-
quent additional stages.

This uncertainty is not damaging since the decision
about what capacity to install will be made thousands
of times, and overestimates at some plants will be
cancelled by underestimates at others. There is no
penalty for the underestimate because there is no
substantial economy of scale savings.

The case for standardization

Because there are virtually no savings available
through economy of scale, savings should be sought
elsewhere. The first method, which has been employed
for some time, involves careful hydraulic and structural
designing to minimize materials. The second method
standardizes the design (comparable to the standard-
ization of water heaters and automobiles). A small
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‘number of models (capacities and layout) would be

available, and one would be selected to fit a particular
situation best. A detailed design would not be made for
each village; rather, a selection would be made from a
catalogue of already optimized designs.

fabrication of components would be possible
since there would be a limited number of sizes avail-
able. Wall slabs might be precast, just as building slabs
are precast. Pipes could be precut and partially fitted at
the factory. Economies from this kind of mass produc-
tion are as high as 30 percent on some components. The
savings arise from reduced wastage of cement and
other materials, fabrication by crews that have gained
efficiency by repeated practice, and more precise
design of all components.

Standardization and prefabrication dre subjects for
future research. The number of villages having a
given range of population at the present time and 10
vears in the future needs to be tallied: then the best
sizes for installation can be determined. and detailed
optimal plans can be made. Precise construction
details, as well as careful study of prefabrication
methods, are needed at this stage.

Summary

The slow sand filter is effective and appropriate
technology for rural water supplies in developing coun-
tries. In the light of recently completed research, the
traditional design and economies of filter construction
have been reviewed. It has been shown that by use of
optimal filter dimensions, the number of filters can be
increased at almost no extra cost so as to gain flexibil-
ity and reliability in operation. A model for filter cost
has been suggested and, since there is no economy of
scale, it has been shown that at the national level it
would be more advantageous to adopt a strategy that
provides for system expansion at frequent intervals (10
vears) than to plan for large initial plants. Further
research on standardization and prefabrication is sug-
gested as a means for further reducing costs.
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Rights and
liabilities of
water suppliers
arising from
groundwater
pollution

Edward I. Selig

Suppliers of water are subject to exceptionally high
standards of care towards the consuming public. Even
where contamination is not the result of negligence on
the supplier’s part, he may be held strictly liable for all
resulting injuries to users. Moreover, very small
concentrations of organic chemicals in drinking water
supplies, detected by sophisticated modern measuring
techniques, may be grounds for health authorities closing
wells and consumers claiming damages against the
supplier for sickness and disease. Suppliers should,
therefore, test for priority toxic pollutants (PTPs) and learn
both the waste disposal practices and groundwater flow
systems of their watersheds, in order to formulate and
pursue preventive strategies before trouble occurs. Such
strategies may include reduction of pumping rates,
demands for land-use controls in critical recharge zones,
and lawsuits for damages and injunctions against
upstream sources of contamination.

By and large. water suppliers are subject to the same
rules of product liabilitv as are other purveyvors of
goods and services to the consuming public. Every
water companyv must offer a reasonably pure and
wholesome supply. If a company negligently allows its
supply to become contaminated, or if it fails to protect
its purity through appropriate safeguards. the company
may be held liable to pay damages for ensuing injuries.
The courts have traditionally defined negligence as a
departure from standards of reasonable care that the
defendant. because of his position or activity, owes to
the plaintiff. Accordingly, a court will ask whether the
defendant company used reasonable care to discover
and correct or prevent any contamination of its supply
that might render it unfit for human consumption.'

Strict liability

In fact. because of their status as public utilities and
monopolies on which the public must rely for a prime
necessity of life, water suppliers are now held to an
exceptionally high standard of care. A relatively recent
case in point is Moody v. City of Galveston.® The
plaintiff. a user of water supplied by the city of
Galveston, was injured by ignition of gas that had been
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introduced into plaintiff's water line from defendant's
wells. The court held that the city had supplied a
product that was in a defective condition and that was
unreasonably dangerous to the user. in violation of an
implied warranty of fitness for human consumption.
The presence of gas in the water line- created an
unreasonable risk of harm to the plaintiff. for which the
defendant could be held strictly liable. There is no
reason to believe the case would have been decided
differently if the contaminant had been some chemical
transported to defendant’s well from an industrial
wastewater plume.

The Galveston case underscores two important
trends in the current law of products liability. with
particular reference to water suppliers.

® Even where contamination is not the result of
negligence on the part of the supplier, he may be
subject to the rule of strict-liability for all resulting
injuries to users. The Galveston case goes beyond any
mere finding that the defendant was at fault for failing
to discover and eliminate the gas from its supply.

® A municipal or other public supplier cannot plead
sovereign immunity as a bar to suit, for the government
acts here in a proprietary rather than a regulatory or
adjudicatory capacity.

Determination of injury

Both public and private suppliers, then. may be held
liable. without proof of fault, for any injury to users
that is occasioned by the furnishing of contaminated
water. But when may an injury be said to result from
such a cause? Suppose that analysis of a county's water
supply, using the most sensitive measuring techniques
currently available, reveals 1 ug/L (ppb) of benzene and
that the incidence of cancer among users of this supply
is significantly higher than among consumers in an
adjacent county served by a different supply. A plain-
tiff in the former county who has contracted cancer
sues the water company for all his damages, including
medical expenses, lost income, and pain and suffering.
The usual contradictions in expert medical testimony
are presented to a jury, which awards damages of $1
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million against the water company and in favor of the
plaintiff. Is this a mere fantasy? By no means. Cases of
this type are now being filed in the courts in increasing
numbers. It remains to be seen how many of them will
succeed.

On the one hand. juries will be sympathetic to claims
of >rious injury, especially where a plaintiff can
buttress his case for strict liability by introducing some
evidence of possible negligence on the defendant’s part,
such as failure to employ advanced water testing and
treatment technologies. Moreover, as a matter of law,
compliance by a water supplier with federal and state
drinking water standards will not shield him from tort
liability, if the plaintiff can establish a causal connec-
tion between pollutants in the water supply and the
injury for which damages are claimed. On the other
hand, courts remain generally unsympathetic to offers
of proof based only on the statistics of epidemiology or
other disciplines, and it will usually be both difficult
and costly for a plaintiff to prove specific physical
causation. The plaintiff may also be barred by a statute
of limitatlions that requires suit to be filed within four
or five vears of first exposure to the carcinogen.
regardless of the later time at which the disease is likely
to have become manifest.

Nonetheless, the possibility remains of large damage
awards against water companies in such cases. What,
then. can suppliers do to minimize this risk? There are
no easy answers. Modern measurement techniques
disclose an ever-expanding number of industrial, com-
mercial. and household chemicals in underground
water supplies, but the technology of measurement has
raced far ahead of anyone's ability to assess and
respond to the data intelligently. The US Environmen-
tal Protection Agency (USEPA) has published a list of
129 priority toxic pollutants (PTPs); yet it is not known
whether a few pg/L (ppb) of this or that chemical is
cause for alarm. Testing for the full list of 129 is said to
cost about §1000 per sample.

How many samples at what frequencies are water
suppliers supposed to afford, and how much treatment
at what further cost must they undertake to protect
users from possible injuries giving rise to charges of
negligence and strict liability? Compliance with regula-
tions under the Safe Drinking Water Act (SDWA)
requires testing for 7 of the 129 PTPs; presumably,
USEPA has persuasive data on adverse health effects
from these seven pollutants, and it is feasible to remove
them by treatment of the water supply. But the list of
suspect chemicals is far more than 7 or 129. Thus, water
companies now face a dilemma that current regulations
do not resolve.

Preventive strategies

At the least, a water supplier should test periodically
for any priority toxic pollutants that are known to exist
or are likely to exist in the watershed of his wells. If
such a pollutant is discovered in a supply, the costs of
treatment to remove it before trouble occurs may be
less onerous than the risk of future liability.

But a prudent approach to the problem requires
more. The supplier should learn both the history and
the current pattern of waste disposal practices that
could affect the aquifers feeding his wells, and he
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should become acquainted with the groundwater flow
systems of those aquifers. What plumes of contami-
nated groundwater are now advancing towards those
wells, and when can they be expected to arrive? With
this information in hand, the supplier can decide not
only what tests to conduct but what strategies to adopt
now for protecting well fields from predictable contam-
ination next year or five years from now. The supplier
might reduce pumping rates in order to avoid attracting
plumes. He can demand that waste disposal be prohib-
ited or restricted—by watershed districting or other
land-use controls—in the recharge zones on which he
relies. He can sue to enjoin, or get the cognizant
government autharity to enjoin, the siting or continua-
tion of insufficiently controlled discharge sources in
those zones. -

In short, a variety of technical. political, and legal
strategies are available to water cormpanies that are
prepared to seize the initiative ‘in protecting their
interests—which are also very much the interests of the
public—instead of adopting merely defensive postures
in the face of growing threats to groundwater supplies.
As the saying goes. an ounce of prevention is worth a
pound of cure.

Suppliers can bring a variety of legal actions to
protect their own groundwater rights, whether these
have been obtained under riparian, appropriative. or
other systems of law. Pollution of groundwater is both
an unreasonable use under riparian law and a nonben-
eficial use under appropriative law. Moreover, if a
supplier can trace pollution of his well to a specific
waste discharger, the supplier can sue the discharger
for damages and perhaps even for an injunction against
the threat of pollution before it occurs, on common law
grounds of nuisance, negligence, trespass, or strict
liability. The doctrine of strict liability may certainly be
invoked against disposers of hazardous waste or other
handlers of hazardous materials, when the conse-
quence of their activities is pollution of water sup-
plies.

Causality is often difficult to prove in such cases, but
it should become easier with growing knowledge of
groundwater flow systems, and the burden of proof can
be met with evidence falling short of conclusive scien-
tific demonstration. In cases where pollution may be
attributed to two or more dischargers, a plaintiff can
sue them collectively as joint tortfeasors and invoke the
doctrine of joint and several liability, under which any
defendant may be held liable for the entire damages,
with the burden of proof then resting upon him to
establish how they should be equitably apportioned
among the several codefendants.

Few cases have been reported so far involving suits
by water suppliers against groundwater polluters.
However, such litigation can surely be expected to
increase over the next several years.
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Groundwater
contamination in
Connecticut

Richard S. Woodhull

Trace quantities of volatile organic chemicals that are
potentially carcinogenic are widespread in Connecticut's
groundwaters. Techniques are being found for identitying
and dealing with this contamination. The cost to towns
and individuals runs high, warranting the development ot
a governmental aid program directed specifically to this
problem.

Traditional health department programs have estah-
lished and maintained good control over groundwater
contamination from bacteria or viruses carried by
sewage effluent. This achievement is a result of the
establishment and enforcement of codes that regulate
the location and construction of both wells and subsur-
face sewage disposal systems in relation to each other.
Because Connecticut’'s thin soil cover is spread atop
bed rock. it is extremely important to purify sewage
before it enters the rock crevices.

The current serious groundwater contamination
problems stem from the previously unregulated dis-
charge of various kinds of chemicals or chemical
solutions onto or into the ground. These contaminants
include road salt used for melting away ice and snow.
fertilizers used on crops and lawns. volatile organic
solvents or degreasers. gasoline and oil from storage
tanks. oil from distribution system leaks, and leachates
from domestic and industrial wastes disposed of at
municipal and industrial dumps or landfills. A separate
but equally serious source of chemical contamination is
the production of trihalomethanes (THMs) by chlorina-
tion of waters containing natural precursors such as
humic acids. lignins, and tannins.

Detection of contamination

fn 1977 the Connecticut legislature directed the
Department of Health Services (DHS) to monitor
annually the organic chemical content of all public
water supplies to determine which potential carcino-
gens might be present. to rank the chemicals in order of
potential danger. and to estimate the cost of removal.
These findings are to be reported to the legislature each
vear.

This testing program has resulted in the detection of
some quantity of volatile organic contaminants in 87
percent of the waters that have been tested thus far and
that supply utilities serving populations of 1000 or more
persons. This percentage is based on testing the sup-
plies used by 78 of the 95 water utilities in this
category.

Use of SNARL. Twenty-three wells serving 17 of these
systems were found to contain chemical levels in
excess of the US Environmental Protection Agen-
cy's (USEPA) suggested no-adverse-response level
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(SNARL). Connecticut first began application of the
SNARL concept in June of 1979, after meeting jointly
with representatives of the USEPA and the other New
England states to work out a strategy for dealing with
the problem. SNARLs have been effectively used by
requiring notification of the consumers whenever a
water did not comply with these guidelines. A state-
ment that was satisfactory to both the utility and the
health department was drafted to encompass such
situations. The plan outlined below is to be followed hy
each utility in dealing with chemical contamination
that is deemed to constitute a threat to human health.

1. Measures will be promptly instituted to locate the
source of the contaminant and, if possible. to remove it,
neutralize it. or contain it.

2. The consumers of the water supplyv will be noti-
fied of the nature and degree of the contamination and
will be advised of the health hazard. They will be
informed of the actions being taken by the utility to
correct the problem and instructed about where or how
to obtain safe drinking water in the interim.

3. If the problem with the source water cannot be
corrected quickly, the utility shall, if feasible. connect
to another source of water supply and remove the
affected source from use.

4. If a satisfactory water source cannot be obtained
promptly, adequate water treatment to remove the
contaminant shall be promptly instituted. If a substan-
tial time period is required to design and construct
permanent facilities, mobile emergency treatment shall
be used in the interim.

5. In an extreme emergency, the utility shall arrange
for tank trucks of water or the home delivery of bottled
water from an approved source where piped connec-
tion from a suitable water source cannot be obtained.

Of the 23 contaminated public wells with measure-
ments above SNARL, 11 wells contained 1.1.1-trichloro-
ethane concentrations ranging from 40 to 1300 ug/L.
Nine wells contained trichloroethylene in the range
from 26 to 3100 pg/L. seven wells tetrachloroethylene
from 16 to 200 pg/L. and one well contained 1.6 pg/L of
a chemical in the "benzene area.”

The source of contamination was identified in 13
cases as an industrial discharge, whereas three others
were a combination of industrial discharge and munic-
ipal landfill. Scavenger dumping was responsible for
contamination of one community well in addition to
seven other nearby private wells. An illicit septage
lagoon that polluted a mobile home park well has a
plume of contamination that threatens a large city's
well supply. In five cases the source of contamination
has not been pinpointed but is believed to involve
illegal dumping or burial of chemical wastes.
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Soiutions. Granular activated carbon treatment is
being used successfully to treat a well supplv contami-
nated by up to 100 pg/L 1.1.1-trichloroethane and 25
pg-L trichloroethylene. In two cases interceptor wells
are being pumped to waste in order to protect produc-
tion wells. Two contaminated wells are being blended
with better quality water so as to maintain contaminant
concentrations below SNARL in the blended effluent.
A total of 14 wells have been removed from use for
drinking water: eight of these have been replaced either
by piping in water from another existing water utility
or by developing new wells.

The Connecticut DHS has developed a course of
action to be implemented whenever a test of a public
water supply shows measurements that exceed 70 per-
cent of a SNARL. The water utility. the town officials.
and the state Department of Environmental Protection
(DEP) are promptly notified. The DEP is requested to
initiate an investigation of the source of contamination,
and the DHS initiates a sampling program consisting of
a minimum of weekly samples for four weeks. If the
average results of these tests exceed the SNARL, the
utility is then requested to notify consumers of the
problem and to initiate corrective action in accordance
with the five-point pian previously outlined. If the
average of the test results is between 70 and 100 percent
of SNARL. quarterly tests are required to keep track of
the degree of contamination. An average that falls
below 70 percent of the SNARL requires no further
action on the part of the utilitv. but the supply may
be noted by DHS for annual testing for volatile
nrganics.

Other groundwater contaminants

The salt used for melting the ice and snow from
highways is also adversely affecting the quality of
Connecticut’s groundwater. Some 107 community wells
have been identified as having excessive sodium or
chloride levels. Whereas a few of these wells are being
atfected by seawater encroachment and some others by
discharge from home water softeners. the majority are
victims of the practice of applying sodium chloride.
etther slraight or mixed with sand. to road surfaces
during the winter. Open storage of salt and mixed sand
and salt is also part of the problem. It is necessary to
develop auidelines that will regulate the application
and storage of highway salt so as to reduce waste and
hold groundwater damage to a minimum.

Frertihizers used for farming and for home lawn care
in areas with sandy soil have caused excessive nitrate
levels in five community well supplies. The DHS is
urging control of fertilizers to promote more efficient
use and to reduce nitrate levels. Techniques are being
developed for applving liquid fertilizer directly on
individual plants rather than broadcasting the dry
chemical. This reduces loss of the chemical to the
underlying groundwater.

Treatment to remove nitrates is difficult and expen-
sive and has not been used in Connecticut. One utility
has had to furnish bottled water to those families
needing it. Blending with low-nitrate water has been
used successfully. Low-nitrate surface water has also
been used for aquifer recharge and groundwater
replenishment.
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Leakage from gasoline and oil storage tanks has
affected one community well supply and a number of
private wells. The DHS sees a need to impose more
stringent standards for gasoline and oil storage, both
above and below ground. in aquifer recharge areas. In
such critical areas the DHS advocates the provision of
impervious concrete pads and curbing under and
around above-ground tanks and the use of concrete
vaults to house metal or fiberglass underground tanks.
In the case of existing underground tanks, DHS recom-
mends the installation of a monitor pipe adjacent to the
tank for quick detection of leakage.

Municipal dumps and landfills have been identified
as sources of contamination of both public and private
wells. The DHS and DEP are embarking on a program
to delimit the leachate plume from each dump so that
necessary control measures can be taken. A priority
svstem is being set up for the approximately 55 landfills
where such information needs to be developed.

Groundwater classification scheme

The Connecticut DEP is in the process of developing
a scheme for classification of the state’s groundwaters.
Under this plan, drinking water aquifers will receive
top priority for protection from discharge of chemical
contaminants. The plan is presently in the public
hearing stage and is expected to generate considerable
interest once the specific proposals for classification
and the attendant restrictions on discharges become
known.

The state legislature recently passed a bill to estab-
lish a board whose members will be responsible for
approving the siting and construction of facilities for
the secure disposal of hazardous wastes. Presently, no
such site exists in Connecticut, which means that
wastes are either stockpiled on the premises of the
producer, shipped to out-of-state disposal facilities, or
illegally dumped. The DHS believes the establishment
of proper disposal facilities is urgent.

Conclusions

Because of the groundwater contamination problems
being uncovered. the author believes there is need for a
federal and state aid program to furnish funding for the
cost of piping in alternate water from a distance or
developing new water sources. Where water supplies
have been found contaminated by improper disposal of
chemicals, many private well owners face very high
treatment costs in addition to a loss of property value.
Funds have been established io help with cleanup of
the wastes. but none is specifizally designated to aid
distressed well owners. In Connecticut alone, approxi-
mately 60 private wells have been identified as contam-
inated with volatile organic chemicals, and it is esti-
mated that $1 650 000 is needed to provide safe drinking
water to these consumers. This comes to an average of
nearly $26 000 per home, a prohibitive cost for most
persons. An aid program is warranted because in most
cases it is impossible to prove where the contaminant
originated and to collect adequate damages from the
responsible party.

Richard S. Woodhull is chief of the water supplies section of the
Gonnecticut Department of Health Services, 79 Eim St., Hartford,
Conn. 06115.
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Figure 1. Physiographic features ot Long Istand N.Y.

Chemical contamination of aquifers
on Long Isiand, New York

August A. Guerrera

On Jun. 21, 1978, the US Environmental Protection
Agency determined that the aquiter system underlying
Nassau and Suffolk counties on Long Island, N.Y., is the
principal source of drinking water for these counties and
that if the aquiter system were contaminated, it would
create a significant hazard to public health. This “sole
source’ designation made pursuant to Section 1424 (e)
of the Safe Drinking Water Act (Public Law 93-523)
requires that a federal agency may not commit funds
(through a grant. loan guarantee, contract, or otherwise)
to any project that may contaminate the aquifer system
through a recharge zone. Although this designation has
only rarely been utilized to influence the commitment of
any federal funds on Long Island, it does emphasize the
unique hydrologic situation there, where almost three
million people are served exclusively with groundwater
developed on an island surrounded by salty water.

The Long Island, N.Y.. area has experienced a dra-
matic increase in population since the end of World
War II. but it is only in the past two decades that
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extensive scwerage projects have been advanced to
protect groundwater quality. Although more than 568
ML (150 mil gal) of untreated domestic wastes are still
discharged to the ground daily through on-site disposal
systems. only recent experiences with contamination of
these aquifers by chemicals introduced by other activ-
ities of man will be discussed in this paper. These
chemicals include volatile halogenated hydrocarbon
solvents and a carbamate pesticide extensively used by
potato farmers. The detection of these chemicals at
rg/L (ppb) levels and the response of local regulatory
agencies to the uncertain health risks associated with
them have had a dramatic and costly effect on the
ability of local water suppliers to meet the needs of
their consumers.

There is considerable information about the water
resources of Long Island as a result of the 50 years’
activities of a renowned subdistrict office of the US
Geological Survey (USGS) performing technical studies
at the request of local governments and with their
matching-funds support. The following synopsis of
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portions of these studies is presented to demonstrate
the uniqueness of this resource and its vulnerability to
contamination.

Location and extent of area

Long I[sland extends eastward from the mainland
part of New York state, about 193 km (120 mi) inlo the
Atlantic Ocean. Kings and Queens counties are part of
New York City and derive most of their water supply
from surface witers from central New York state.
However. the three million people oceupying the 3108
sq km {1200 sq mi) of Nassau and Suffolk counties
derive thewr entire water supply from wells tapping the
underlving groundwater reservoir. Fire Island is the
longest of several hacrier beaches that parallel the
south shore of Long Island. where the major water
supply sources are free-flowing artesian wells inter-
cepting underflow from the main part of the island and
discharging to the Atlantic Ocean. The two eastern
peninsulas, known locally as the North and South
Forks. are considered hydrologically separate from the
main part of the island. as they are supplied from
freshwater lenses which are several hundred feet thick
and are underlain by salty water with chlorinity equal
to that of the Atlantic Ocean.

Topographic and physiographic features

During the Pleistocene or [ce Age. great continental
ice sheets developed and spread over Europe and North
America. At least two glaciers of the Wisconsinan Age
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reached Long Island and began retreating 12000 to
15000 years ago. The southerly limits of the ice
advances are macked by terminal moraines with lines
of hills reaching a maximum altitude of 122 m (400 ft).
The Ronkonkoma Moraine is the oldest of the southern-
most line of hills and extends eastward to form the
South Fork. The Harbor Hill Moraine, in the northern
line of hills, extends eastward to form the North Fork
{Figure 1). The moraines are composed of poorly sorted
rock debris consisting of boulders. gravel. sand, and
silt. This debris was pushed ahead of and incorporated
within the continental ice sheets when they rode over
New England and advanced onto the island. and it was
deposited during the melting of the ice.

The moderate flat surface south of the Ronkonkoma
Moraine (Figure 1) is a glacial outwash plain composed
of sands and gravel deposited by streams that were fed
by glacial-melt water draining into the ocean. whose
level was then more than 61 m (200 ft) lower than at
present. Along the north shore are eroded headlands
composed of glacial deposits and harbors eroded by
northward flowing streams. Wave erosion on Long
Island Sound has steepened the northern slopes into
nearly vertical bluffs some 30 m (100 ft) high in
places.

Climatic conditions

Long Island is located between 40° and 42° north
latitude in a temperate climate belt. The mean annual
temperature of 11°C (51°F) is several degrees higher
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Figure 3. Geological cross section of Long Island N.Y.

than that of nearby New York state because of the
influence of the Atlantic Ocean and Long Island Sound.
The eastern end of the island is a popular vacation
resort because temperatures are moderated by the
ocean, with cooling on-shore breezes during the sum-
mer months when the prevailing winds are from the
south and southwest. Precipitation averages about 112
cm (44 1) per vear and is fairly evenly distributed
throuchout the vear (Figure 2). At depths of 30-122 m
1100-400 1y below the land surface. the groundwater
temperature is also 10°C (50°F).

There are. therefore. in all four counties many wells
withdrawing water for air-cooling purposes. ln Nassau
and Suffolk counties. state law requires recharge of
that water to the same aquifer from which it was
withdrawn.

Major hydrogeologic units

Long Island is geologically part of the Atlantic coast-
al plain and is more directly related to the coastal
regions of New Jersey than New England. Long Island is
composed of unconsolidated deposits of sand. gravel,
and clay in more or less parallel beds on a hard bedrock
surface. The crystalline bedrock, of schist or gneiss,
appears at the surface in Manhattan and Queens coun-
ties and slopes to the southeast at 11-13 m/km (60-70
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ft/mi). The unconsolidated rock materials that overlie
the bedrock and that constitute the groundwater reser-
voir form a wedge-shaped mass ranging in thickness
from about 200 m (650 ft) to more than 600 m (2000 ft).
They consist primarily of a series of Pleistocene glacial
deposits and fluvial deltaic deposits of the Cretaceous
Age. The glacial deposits lie on an irregular surface and
in some places fill valleys cut by preglacial streams.

Croundwater in the uppermost part of the zone of
saturation is under water-table conditions. but artesian
conditions predominate in most other parts. The hy-
draulic head in the confined or partially confined aquif-
ers ranges from about 3 m (10 ft) below the water table,
near the groundwaterdivide in the centerof the island. to
as high as 6 m (20 ft) above it along the north and south
shores and on the barrier beaches (Figure 3).

The outwash deposits are moderately to highly
permeable, with specific capacity of wells ranging from
3 to 13 L/s (40 to 200 gpm/ft) of drawdown. The
Magothy Formation in Cretaceous material is poorly to
moderately permeable with specific capacity of wells
from 0.06 to 1.9 L/s (1 to 30 gpm/ft). Recharge to the
water table occurs virtually all over the island, and the
water table surface, therefore, represents a variable
potential that is equal to the altitude of the water table
at any point.
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About half of the precipitation is lost because of
surface water runoff and evapotranspiration: the
remaining precipitation infiltrates the ground and
recharges the aquifer. A map of the contours of the
water table on Long Island indicates two prominent
highs—one about 24 m (80 ft} above sea level in Nassau
and one about 18 m (60 fi) above sea level in Sutfolk
{Figure 41. The horizontal component of the direction of
groundwater movement is at right angles to the con-
tours with velocities ranging from 9 to 61 cm.d (0.3 to 2
ft. d). Since the differences between vertical and hori-
zontal permeability are substantial, vertical move-
ments in the saturated zone may be as slow as 3 m, vear
(10 {t-vear). even near the maximum elevation of the
water table. The residence time of water in this system
may. therefore. be extremely long. estimated by the
USGS at many hundreds of years (Figure 5).

Water quality

Under predevelopment conditions, the natural fresh-
water of Long Island had a remarkably low dissolved
solids content. primarily because of the relatively inert
deposits within the groundwater reservoir and its
replenishment exclusively by precipitation. Total dis-
solved solids are less than 50 mg/L and in some cases as
low as 20 mg/L, with total hardness and alkalinity less
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than 10 mg/L. The pH of Long Island groundwater is
generally low, commonly less than 6 and in the deeper
aquifers less than 5. Some of the groundwater. especial-
ly the older, deeper waters near the south shoreline. has
a high iron content considerably above the 0.3 limit
with H.S present.

Man's activities have affected the quality of the
water on Long Island through a variety of mechanisms
including

® Rainwater with sulfates and low pH:

® Discharge of cesspool effluents with increases in
nitrogen. sulfate, and sodium:

® Discharge of industrial wastes through recharge
basins or leaching pools, with increases in heavy
metals, detergents, and solvents;

® Leachate from sanitary landfills with increases in
metals, sodium, calcium, and chloride;

® Leaching of fertilizers and agricultural chemicals
from farming and cultivation of turf; and

® Increases in chlorides, sodium, and calcium from
the storage and application of roadway deicing salts.

Development of the groundwater supply

The amount of water stored within the groundwater
reservoir is so vast (more than 227 trillion litres [60
trillion gallons]) that there is sufficient available

AA. GUERRERA 193

CAPCO JEN 0020756




o X gend Ypeatnd

[

Aliliade Rt

Ssondf Opstor fliy
oot He et
All il O earr

SIC 2 Agn rar

s nees Cay

WAty Agater

Figure 5, Time required for water movement within the regional
groundwater system

groundwater to supply Long Island’s tuture ssturation
population, provided that provisions are made for
solving water quality problems in local areas and for
adopting proper management techniques to alleviate
production imbalances.

Major concentrations of pumpage have developed
near areas of dense population, leaving other portions
of the subsurface reservoir underutilized. This is partly
due to the ability to install high-capacity wells nearly
evervwhere on the island, the cost effectiveness of well
supplies compared to larger transmission and distribu-
tion systems. and to the multitude of agencies tn the
water supply field. [n Nassau and Sutfolk counties
there arc. at present, 128 community water supplies
ranging from apartment complexes and trailer parks
with less than 100 services to the Suffolk County Water
Authority (SCWA) with 243 000 active services repre-
senting a population of 900 000. Some of these utilities
are stockholder-owned, tax-paying corporations. Most
are municipal or tax-collecting water districts, and the
SCWA is a public benefit, tax-exempt utility financed
by revenue bonds. Service areas are assigned by the
state of New York and range from less than one to more
than 1295 sq km (500 sq mi).

These utilities operate 935 wells with capacities from
about 15 L/s (235 gpm) to 150 L/s (2380 gpm). The
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SCWA operates 350 wells located at 150 separate well
fields and pumping stations (Figure 6). An attempt is
made to maintain equilibrium groundwater levels by
not withdrawing more water per square mile of
recharge area than the estimated infiltration rate. Con-
sumptive use in the bicounty area mainly consists of
416 ML/d (110 mgd) of sanitary wastes discharged
through ocean outfalls and 57 ML/d (15 mgd) by farm
irrigation, compared to average daily production of
nearly 1514 ML/d (400 mgd).

Experiences with contamination

Voliatile halogenated hydrocarbon solvents. In March
1975, the employees of a major aerospace facility in
iNassau County reported objectionable tastes and odors
in their drinking water. This facility then employed
more than 10 000 people and produced its own potable
and industrial water supply with nine wells having a
capacity of 38 ML/d (10 mgd). Chemical analyses
indicated satisfactory compliance with all the drinking
water standards in effect at the time. More than a year
had elaspsed before the offending chemicals were
identified as trichloroethylene, tetrachloroethylene,
and. in one well, vinyl chloride. The metal-treating
activities at this site included dipping product into a
degreasing bath and then finishing in spray booths
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Figure 6. Map showing Suffolk County Water Authority service

before curtains of water. In retrospect, there was no
analytical capability to detect and quantify these com-
pounds at pg/L levels. Bellar and Lichtenberg had only
just published in late 1974. The National Organics
Reconnaisance Survey was just beginning but dealt
with only six compounds in surface water supplies.
The subsequent National Organics Monitoring Survey
in 1976-1977 looked for 27 specific compounds, again
concentrating on raw and finished surface waters. Only
the tnhalomethanes in finished waters exceeded 2 pg/L
in the four New York state supplies included in the
survey. These studies emphasized the importance of
the quality of the raw water, especially the presence or
absence of precursor compounds. In the SCWA's gas
chromatography laboratory. studies on total trihalome-
thane potential indicated low generation of these com-
pounds even with chlorinating to very high residuals
and at elevated pH (Figure 7). These results were
obtained even with well waters already contaminated
with degreasers such as trichloroethylene or with con-
stituents of cesspool-leaching origin.

Intensive surveys were conducted and are continuing
in both counties for the presence of volatile organic
compounds. The extent of these surveys and the degree
of contamination of the groundwater resource are
demonstrated by the number of wells sampled and by
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the range of concentrations of the various compounds
detected. The departments of health of the two counties
requested assistance from the state and the USEPA in
establishing threshold limits of maximum contaminant
levels. There were not then, and there are not now,
established limits for any organic compounds other
than the six pesticides and herbicides in the SDWA
primary drinking water regulations. The New York
State Commissioner of Health in early 1977 recom-
mended “actionable guidelines™ of 10 pg/L for vinyl
chloride, 50 pg/L for any other volatile halogenated
organic compound, and 100 pg/L for the sum of all
organic compounds, based mainly on an extrapolation
of the 95 percent confidence limit of the no-adverse-
response dose in test animals, and for human risk levels
of one excess cancer death per lifetime in 100 000
population, assuming an intake of 2 L of water per day,
a 70-kg body weight, and a 68-year life span. This
rationale was referenced to the 1977 National Academy
of Sciences (NAS) report entitled Drinking Water and
Heqlth. These guidelines are enforced through the
cooperative compliance of the water utilities, which is
encouraged by the weekly press releases issued by the
regulatory agencies involved.

The initial surveys concentrated on wells within or
near industrial activities, and many samples were
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Figure 7. Suffolk County Water Authority's studies on total trihalo-
K methane potential

reported to contain trichloroethylene and tetrachloro-
cthylene. However, an even greater percentage con-
tained 1.1.1-trichloroethane. This compound is a con-
stituent of many household cleaning products. but it is
also a major constituent of a popular and widely used
produet sold to open clogged cesspools and drains.

In Nassau County. where 389 public supply wells are
utilized by 48 water suppliers to serve 1.5 million
persons, 13 wells are at present restricted because of
the presence of one or more of these three compounds
in excess of 30 pg/L. However, of another 50 nonpota-
ble water wells that also exceed the guidelines, 17 are
screened in the Magothy Formation, the aquifer from
which virtually all of the drinking water is produced.
Many of these nonpotable wells are high-capacity
air-conditioning wells that have companion diffusion
wells to recharge this water to the same aquifer.

In Suffolk County, where 527 public water supply
wells are utilized by 80 water utilities to serve 1.4
million persons, 16 wells are still restricted owing to the
presence of these same three chemicals in amounts
exceeding 50 pg/L. Ten of these are part of the 352 wells
operated by the SCWA. One of the others also contains
1.2-dichloroethylene, benzene, toluene, and several of
the xylenes. The difficulty in interpreting these results
is apparent in Figure 8, which shows the location of
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only the restricted public water supply wells. Each of
these wells may have its own point source, or the
sources may be so diffuse (such as the 400 000 cesspools
in the two counties) as to be considered nonpoint.
The uncertainties in the early analyses made evalua-
tion of results and response to public reaction very
difficult. Two examples are indicative. Early in 1976, a
major governmental laboratory, which was requested
to serve as a “referee” laboratory. reported at a press
conference that analyses of eight wells at various
locations and at varying depths showed that all con-
tained the same 300 pg/L chloroform. The retraction
two days later, explaining atmospheric contamination
of the laboratory, received considerably less press
space. In another case, results of more than 100 pg/L
trichloroethane were reported in a well screened to 193
m (632 ft), where the USGS estimated the age of the
water at hundreds of years. This well was closed
despite the fact that another well 61 m (200 ft) away and
screened at the same depth was shown to be free of
contamination. It was subsequently determined that
Suffolk County Water Authority mechanics and elec-
tricians routinely cleaned electrical connections and
column pipe threads when installing pumps, by using
wire brushes dipped in a commercial solvent. Pumping
to waste cleared this particular problem, and the well
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has since been returned to service.

The SCWA has already expended more than 1.5
million dollars to replace the lost capacity of the
restricted wells. If a positive sample indicates a con-
taminated aquifer. production screens can no longer be
deepened, as has been customary; rather. many new
wells must be drilled at new locations. With wells of
152-m (500-ft) depth now being bid at nearly $150 000
and with attendant costs {for land. building. fencing.
landscaping. and chemical treatment), the cost of a new
7.6-ML. d (2-mgd) facility has escalated to $0.05 mil-
lion.

Pesticides including aldicarb. In December 1974, the
Nassau-Sutfolk regional planning board received a $5.2
million grant from the USEPA to conduct a regional
wastewater management study under Section 208 of PL
92-500. One of the consultants retained by the technical
advisory committee to investigate the role of agricultur-
al chemicals on groundwater quality was the Coopera-
tive Extension Association of Cornell University. Early
in the study, the consultants reported their concern
over the almost exclusive use by potato farmers of a
broad spectrum pesticide that exhibits several chemi-
cal properties indicating potential hazard. Aldicarb*

*Temik® aldicarb pesticide. Unwon Catbide Corp . New York.
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(Figure 9) is a highly toxic, oxime carbamate pesticide
and is labeled for use on potatoes, cotton, peanuts.
sugar beets, and some ornamental plants. Aldicarb and
its metabolites are highly soluble in water. Its solubility
of 0.6 percent is equivalent to 6 X 10" ug/L (ppb). It is
persistent in soils under certain conditions. and it is so
resistant to heat that it can survive long periods of
boiling. Aldicarb is applied at the time of planting with
the seed. It is taken up in the stem and leaves and
becomes a systemic poison when the plant is eaten by
pests. It acts by inhibiting cholinesterase, an enzyme
required for nerve function. This pesticide has been
found to be very effective against two pests that have
long plagued Long Island potato farmers, the golden
nematode and the Colorado potato bettle. Since 1975, it
has been the principal chemical weapon used by the
200 Long Island farmers who grew 22000 acres of
potatoes in 1979 (Figure 10).

Because of studies reported at the time of USEPA
registration, the pesticide was expected to break down
in the soil and was not supposed to leach to the
groundwater. In fact, some studies reported apparent
volatilization of the product along with evaporation of
capillary water from the soil.

When aldicarb was first registered for use on pota-
toes in 1974, the USEPA accepted a rate of three pounds
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of active aldicarb per acre for control of the potato
beetle. In 1975, New York state approved the use of five
pounds per acre for control of the golden nematode. In
1977. USEPA amended the aldicarb federal label to
allow the use of five pounds per acre in Long Island.
N.Y.. only. In June 1978, New York state approved the
use of postemergence side-dress application of two
pounds of active aldicarb per acre in addition to the
five pounds applied at planting. The USEPA counter-
manded New York state’s recommendation until it was
conclusively shown that aldicarb residues in potatoes
were less than the established Food and Drug Adminis-
tration tolerance of 1 mg/L (ppm). These data were
procured in 1978, and New York state reinstituted the
postemergence side-dress application in May 1979.
Research studies are routinely conducted by the staff
of Cornell University's Long Island Horticultural
Research Laboratory at Riverhead, Long Island. Sam-
ples were collected from shallow wells located within
potato fields and were accepted by the manufacturer's
laboratory for analysis. In August 1979, the Union
Carbide Corp. notified the USEPA that aldicarb was
detected in Long Island groundwater in a few areas.
Over the next few months 145 samples were collected
from wells on or near farms and analyzed by Union
Carbide, USEPA, and New York state health depart-
ment laboratories. In spite of the biased sampling
procedure, where wells on or within 457 m (1500 ft) of
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active farms and as shallow as 9 m (30 ft) were tested,
considerable publicity was given to the discovery that
26 wells exceeded the "actionable level™ of 7 ug/L
(ppb). Two of these wells were public water supply
wells. One is owned by the SCWA and was reported to
contain 6 ug/L aldicarb and, later, 3 ug/L of carbofuran.
another carbamate. This well was removed from ser-
vice. A subsequent split sample from this well was
reported to contain 2, 4, and 6 pg/L by these three
laboratories. Subsequent samples yielded results of 1
#g/L and “none detected,” and the well has since been
returned to service.

The toxicity of aldicarb in rats has been reported to
be an LD, of 1 mg/kg. Instances of human exposure are
rare, with symptoms being short term and reversible
and with no systemic accumulation. Aldicarb and its
metabolites are not carcinogenic, they are not mutagen-
ic, and they are not teratogenic. Based on available data
on rats and dogs, the highest no-adverse-effect level
was determined to be 0.1 mg/kg per day. Dividing by an
uncertainty factor of 100, an acceptable daily intake
(ADI) of 0.001 mgskg per day was recommended in the
NAS study. The actionable level of 7 pg/L was calcu-
lated by using the assumptions of the ADI of 0.001
mg/kg per day, an average adult weight of 70 kg, an
average consumption of 2 L of water per day, and that
20 percent of the total ingestion of that compound
would be from the drinking water.
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Recognizing the effectiveness of aldicarb and its
value to the farmers and local economy, the county
commissioner of health requested in December 1979
that the state reduce the allowable application rate,
especially at planting. However, in February 1980 the
manufacturer® asked the USEPA to revoke its approval
of aldicarh on Long Island. The removal is expected to
be a severe blow to the farmers. In March 1980. the
manufacturer agreed to undertake the analysis of 6000
samples from wells within 760 m (2500 ft) of all treated
farms. as we'l as mvestigations of the effectiveness of
carbon filters for treatment of some affected wells.

Conclusion

The water supply industry on Long Island has borne
a disproportionate share of expense and loss of con-
sumer confidence through the premature and incom-
plete release of findings of instances of contaminated
samplings. The cost of replacing lost well capacity
because of the rigidity of interpretation of laboratory
data of uncertain precision has been substantial. The
damage to public relations and the human costs in
responding to near-hysterical consumers, who cannot
accept the rationale involved in estimating risk factors
based on lifetime exposures with uncertainty factors

*Cniun Carbide Corp. New York.
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applied to no-adverse-effect levels, cannot be calcu-
lated. A local health officer even stated his preference
for public water supplies over individual houschold
supplies because the public water supplies were “ma-
nipulable.” The water supply community must plead
that future controls of environmental risks be evalu-
ated in terms of total exposures.
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Trichloroethylene and
methyl chioroform in groundwater:
A problem assessment

John C. Petura

The national effort of past decades to reduce pollution has made great strides on
some fronts, while practically ignoring potential disasters on others. Billions of
dollars have been expended to equip and operate air pollution control systems,
such as electrostatic precipitators, SO, scrubbers, and catalytic converters. Simi-
larly, water pollution control has seen tremendous investment in both the industrial
and municipal sectors, inciuding advanced waste treatment practices for phospho-
rus removal, nitrification and denitrification facilities, and tertiary organic removal
via carbon adsorption. Groundwater pollution remains a problem of immense
importance, and only recently have methods been developed to help decontaminate

polluted wells.

With the adveat o: «mvironmental
dawareness. giant ledaps hetve been made
in analytical techniques iar the detection
of compounds in atr end water at very
low levels—into the nanozram per litre
range. A geometric increese in informa-
then has also occursos mezarding the
sttects of numerous wempoands on fish,
mammals. birds, planie 2. other forms
of hiving vrzanisms. Men2y sompounds,
such as chloroform. ¢ bheen defini-
tnely hinked to cancer ona suhsequently
limited 1n apphcatioa.

The 1mpetus for this activity was a
massive legislative assaci: by federal and
state governments in resgonse to intense
public pressure to reverse the trend of
enviconmental  devastavon being  im-
puosed on air and water—the very
resources on which ali life depends for
survival. Within the last decade, re-
sponse at the federal leve! resulted in no
less than thirteen major laws pertaining
to environmental concerns ranging from
occupational safety and health to regula-
tion of pesticides.

The Safe Drinking Water Act of 1974
was enacted amidst a storm of controver-
sy relating to the numerous toxic materi-
als that had been detected in the New

"
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Orleans potable water supply. Two years
later the Toxic Substances Control Act
(1976} established a regulatory frame-
work for the release of toxic substances
to the environment.

Perspective on groundwater

contamination

Unfortunately. such legislative efforts
have proved to be extremely controver-
sial with regard 10 interpretation. imple-
mentation. and enforcement and have
done little to correct the problems of the
past. In the last few years extensive
evidence from laboratories across the
country indicates that misuse. mishan-
dling. or improper disposal of a group of
chlorinated organics has caused wide-
spread groundwater contamination.

This paper focuses on two particular
chlorinated organic compounds that
have been recurringly detected nation-
wide in numerous contaminated ground-
water samples, namely, trichloroethy-
lene (TCE) and methyl chloroform (MC).
The molecular structures, synonyms, and
initial dates of manufacture of these
compounds are shown in Table 1. Partic-
ular care must be taken to distinguish
these compounds from substances with

0003-150X/81/040200-06$02.00
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similar-sounding names or with similar
chemical structures. The difference be-
tween a single versus a double bond
between two carbon atoms or the posi-
tion of a chlorine atom in a molecule can
make the difference between a relatively
innocuous material and a potent toxicant.

These compounds do not naturally
occur in groundwater resources, and
their presence has created a serious
problem for numerous locations in the
United States, among them Pennsylva-
nia. Delaware, Michigan, New Hamp-
shire, and California. One areq in which
extensive amounis of these materials
have been discovered is southeastern
Pennsylvania. particularly Montgomery
and Bucks counties. While these counties
are not unique in their exposure to these
substances, it is distressing that literally
hundreds of wells, many in totally unre-
lated aquifers. were found to contain one
or both of these compounds.

In many cases the probable cause of
contamination was determined to be a
current or past user of the compounds. [n
other cases, no probable source was
tracked down, although speculation re-
volved around possible contamination
by unsuspecting homeowner's use of
septic tank cleaners or illicit dumping of
industrial wastes in nearby locations.

To understand the difficulty in estab-
lishing a cause-and-effect relationship
for contamination of any particular well,
the problem must be viewed from two
perspectives. First, these materials have
been used in a myriad of ways over the
years, by industrial and commercial
establishments as well as residential con-

sumers. Secondly, these compounds
JOURNAL AWWA
JEN 0020763
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Toxicalogical properties of trichloroethylene
and methyl chloroform

Trichlaco- Methyl
Means uf contagunation ethylene Chlaraform
Toxic by ingestion . L4
Toxic by inhalation L] .
Toxte by skin absorption . .

-

TABLE 1
Groundwater contaminants trichloroethylene and methyl chloroform
Stast of
Commercial
Compound Name Formula Symbal Synonym Manufacture
Trchlosoethylene CHCLCCY, TCE (1.).24nchloroethylene) 1925
Methyl chlaroform CH.CCY, MC (1.1,.1-trichloraethane) 19508
»
TABLE 2 TABLE 3
Uses of trichloroethylene and methyi Physical and chemical characteristics
chloroform of trichloroethylene and methy! chloroform
Teichloro- | Methyl Tackloro- Methyt
Use ethytene | Chioroloem Characteristic ethyiene Chlocoform
Metal degreasing major major Formula weight 131 133
Dry cleaning major Percent chiorine by weght 8t 80
Cleaning and drying of electronic major minor Spectfic gravity ~compound 1467 » 1,32
parts *Crwater °C
Pamnt. varaush, and finish remover mmor Bailing point-*C 87 74
Extraction of fats and ols (sepuc minor mnor Melting pout—*C ~87 -33
tank cleaner) Vapor pressure at 20°C—-mm 58 100
Solvent dyetng manor Hy
Reftigerant and heat exchanger minoc Sotubthity
Fumigaat minor Water~mgsL (at tempera- 1100 4400
Pesticides manor ture °C)
Rubber adheswves agent muaor Alcohol
Shrniag» retardant for potatoes minot Ether
Textile processing minoc QOdor chloroform- | slightly
Others minor minor hike sweet
Color colorless colorless
State at 20°C liqud hqud
Flammabilay nonflam- aonflam-
mable mable
Flash pont-°C aone aone
TABLE 4 p

J

have been manufactured in the United
States for many decades. TCE became a
common degreasing agent in the 1920s
Jnd was incorporated in the drycleaning
business in the 1930s.: The use of methyl
chloroform as a cold cleaning solvent
began 1a the 1950s. Table 2 lists the
common uses of these compounds.

Most of these uses remain prevalent,
swmce leaslation has not vet been enacted
to limit their use in either general or
specific applications. However, the envi-
ronmental consequences of continuing
unrestricted manufacture, distribution,
and application may ultimately ap-
proach the significance of unrestricted
pesticide use during the 1960s. In time,
strict regulations were imposed on both
the pesticide manufacturer and user, in-
cluding bans on some materials and lim-
itations on the application of certain
herbicides.

Properties of TCE and MC

Before studying the results of inadver-
tent handling and disposal of these mate-
rials, it will be helpful to review certain
physical and chemical properties of the

APRIL 1981

compounds and to understand how these
chemicals have become groundwater
cantaminants. Table 3 shows selected
physical and chemical characteristics of
TCE and MC and illustrates their simi-
larity.

The two most important properties
relating to groundwater contamination
are specific gravity and water solubility.
Both compounds are heavier than water
and only sparingly soluble in water.
Thus, if spilled onto the ground and
allowed to contact water, TCE and MC,
having only limited solubility, would
sink to the botiom of the water phase.
The mere presence of these compounds
in groundwater would not be significant
if they were nontoxic and would readily
biodegrade in a subsurface environment.
Unfortunately, this does not occur to any
significant degree. Table 4 summarizes
the toxicological information available
on these compounds.

Trichloroethylene is without question
the more toxic of the two and has been
shawn to cause cancer in laboratory test
animals.* Thus, TCE has been classified
as a suspected human carcinogen,

t
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although no definitive data have con-
firmed such a linkage.

Apart from the matter of carcinogen-
icity, trichloroethylene is intrinsically
toxic and its action can be acute ar
chronic.! When the vapor is inhaled, it is
diffused through the bloodstream from
the lungs. Both the liver and kidneys can
be severely damaged by chronic expo-
sure. Continued inhalation of high con-
centrations can produce drowsiness and
eventually unconsciousness. TCE has
also been shown to have effects on the
nervous system, resulting in impaired
vision and changes in skio sensitivity,
Ingestion of high concentrations of lig-
uid TCE have resulted in-death through
edema of the lungs and severe damage to
the liver and kidneys. The current sug-
gested no  adverse response level
(SNARL) in drinking water recom-
mended by the US Environmental Pro-
tection Agency is 4.5 pg/L.?

Methyl chloroform has a depressant
action on the central nervous system and
mildly affects the kidneys and liver at
very high dosages.” Results of studies to
date have exhibited negative indications
with regard to the carcinogenic effects of
methyl chloroform. However, the Na-
tional Institute of Occupational Safety
and Health (NIOSH) has recommended
that the maximum acceptable level in
drinking water be set at 33 pg/L. This
level is meant to serve as a guide for
short-term exposure only. The prolonged
use of water containing MC is not recom-
mended because there are insufficient
data available regarding both long-term
exposure effects and synergistic effects
of methy! chloroform with other contam-
inants.

Response to the discovery of
contamination

When a well is discovered to be con-
taminated, the primary concern should
focus on public health. Persons who
have been using contaminated water
must immediately be afforded relief
from further exposure. The usual re-
sponse is to cease using the well for
drinking and cooking purposes and to
obtain bottled water. Medical assistance
may be required if the contamination
exposure has been severe.

After an alternative source of clean
water has been obtained for short-term
use, it is essential that a testing program
be initiated to determine if, and to what
extent, other wells in the immediate area
have been affected. This effort will also
assist investigators in establishing the
zone of contamination and possible
sources of contamination. As additional
test data become available, hydrogeolo-
gists can evaluate the necessity of con-
ducting further tests to establish defini-
tively the boundaries of the contamina-
tion by confirming that wells outside a
specific zone are free of contamination.

J.C. PETURA 201

020764



N

Figure 1. Definition of a TCE contamination zone

Units indicate ng/L
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If the initial information indicates that
this zone could be widespread and could
atfect numerous private wells, it may be
appropriate to recommend that all resi-
dents in the immediate area cease using
their wells as sources of potable water.
In some instances the contamination lev-
el may be high enough (generally greater
than 500 pg/L) to call a halt even to skin
contact uses. An illustration of a well-
defined contamination zone is presented
in Figure 1.

Any investigation to determine the
source of contamination will confront
several hurdles and. therefore, will
require a systematic and professional
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approach. Canvassing the area for poten-
tial users of these compounds will be a
sensitive matter., since admission of use
may bring hasty accusations from
affected parties who do not have sub-
stantiating evidence. Industrial and com-
mercial businesses should be canvassed
first: then active and inactive disposal
sites should be considered. The possibil-
ity that local septic systems may have at
one time received spent cleaners con-
taining TCE or MC should not be over-
looked.

Long-range problems
The long-term problems associated

CAPCO

with TCE or MC groundwater contami-
nation are:

® Locating a new permanent water
supply for the affected residences or
businesses.

® Developing and carrying out a
recovery program to prevent the further
spread of contamination, followed by the
eventual restoration of the affected
aquifer to acceptable quality.

Depending on the degree of contami-
nation in a well, several courses of action
are available to obtain a permanent
supply of clean water. Connection to an
existing private or municipal water
supply is one option, assuming that this

JOUF.AL AWWA
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water source is uncontaminated. Digging
a new well is a second option, but its
location must be considered carefully to
avoid contact with or influence from the
contamination zone. This obviously is a
risky proposition until the zone of con-
taminatton has been defined. Finally,
there is the alternative of treating the
existing well to remove the contami-
nants. Particularly in rural areas, the
choice may be between treatment and
the potentially expensive alternative of
digging a new well.

If it is not possible or economical to
obtain potable water service from a com-
munity system, it will be necessary either
to develop a new water supply or to treat
the existing well water. The decision is
basically a question of economics,
encumbered by the risk of developing a
new well that might also be contami-
nated. The costs involved in developing a
new well vary widely. based on the
particulars of a given location. Certain
elements must be assessed.

® Daily water supply
(gallons)

® Selection of a suitable site with
regard to both yield and noncontamina-
tion (fire flow)

® The depth of well required

® The type of soil to be penetrated

® Development and installation of the
well

® Pump tests and analytical determi-
nations

® Requirements for treatment, such as
disinfection, filtration, softening

® Requirements of storage, pumping,
and housing equipment

® Distribution system requirements,
including mains and house connections

e Permit requircments from regulato-
rv bodies

® Operational requirements—chemi-
cals, labor, utilities

® Access of drilling equipment to the
selected site
Although many of these elements are not
applicable to private residential wells,
the possibility of inadequate yield con-
fronts any new well-drilling venture and
should not be taken lightly.

requirement

Treatment of contaminated well
water

Alternatively, the existing well may be
treated for removal of any contaminants.
Although this appears to be easier than
developing a new well, there are many
concerns that must not be overlooked,
including protection of public health.
The economy of scale when opting for a
treatment system to cleanse either indi-
vidual residential wells or small munici-
pal system wells is prohibitive.

Air stripping is impractical since it
would require repumping water after
passage through a tower or aeration
basin and would necessitate proper vent-
ing of the liberated vapors. Furthermore,
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Figure 2, Carbon isotherm evaluation

TABLE 5
Comparison of treatment methods for the removal of trichloroethylene from groundwater

item Aeration

Adsorption

Granular

Activated Carbon Synthetic Resin®

TCE removs] effectiveness
ton of sbout 10 xg/L

Flexibulity to conceantration | fair
fluctuations

Major equipraent compo-~ packed tower, basin with dif-
aeats fused aerstion, or tray tow-

ec priot to chlorination

developed
air phase

‘Technology status
Intermedia trensfer

Implementation time two to six months
: ) tal fraesi

Winter op g P ng
tion

o . od P

Relative capital cost X

Relative operating cost Y

apparent limiting concentrs. -

effluent of < 1 pg/L for ex-
teaded time
good

effuent of < 1 xg/L for ex-
tended time -
good

adsorption column (pres-
sure vessel} prior to chlo-
rination, distillation unit,
steam generation unit

under development

regeaerant disposition

sdsorption column (pressure
vessel) prior to chlorination

daveloped
exhausted carboa disposi-
tiog-replscement

two to six months four to six months

requires housing requires housing
moderate substantial
X to 3X $2.5X to 4X
$3Y to 5Y $35Y to 8Y

*Carbaoascecus adsocbent XE-340, Rohm and Haas Co., Philsdelphia, Ps,

J

to achieve the recommended drinking
water criteria. large volumes of air com-
pared to the water flow rate, as high as
3000:1," may be required in conjunction
with tall packed towers or sizable aera-
tion basins.

The only other proven treatment tech-
nology for consistently reducing these
compounds to recommended drinking
water levels is adsorption by means of
synthetic resins or granular activated
carbon (GAC). Performance data for this
type of application indicate that a car-
bonaceous adsorbent has a bed volume
capacity, or bed life, up to 100 percent
greater than GAC.** However, the initial
cost for the carbonaceous adsorbent is
about 15 to 20 times greater than GAC
and, therefore, GAC has an overall cost
advantage for this scale of appli-
cation.

In either case the adsorbent eventually
reaches exhaustion and has to be
replaced or regenerated. Since it is not
economical to consider on-site regenera-
tion for such small exhaustion rates,
replacement is the only practical ap-
proach. Replacement services are gener-

(\.

ally available for GAC systems in the
United States. On the other hand, steam
regeneration, which appears to be the
most feasible method of removing con-
taminants from a carbonaceous adsor-
bent, is still in the developmental phase
and is not currently available on a com-
mercial scale for residential or small
community users.

Thus, small-scale applications are bas-
ically limited to GAC adsorption. How-
ever, it is important to recognize that
although this treatment method will
achieve the objective of removing TCE
and MC from a contaminated well, there
may be other contaminants in the well
that are not amenable to adsorption.
Documented cases show that many wells
with TCE or MC also contain excessive
nitrate, fluoride, or chloride levels, indi-
cating that organic contamination is not
the only problem. This type of situation
may require other treatment processes
such as ion exchange, a fact that substan-
tially changes the economic impact of
cleanup.

Another important aspect of using
GAC filters is the need to determine the
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K Figure 3. Groundwater elevation and flow direction j

life of the carbon bed for each applica-
tion. Adsorption is a concentration-sen-
sitive unit operation in which there is a
logarithmic relationship between the
capacity of the adsorbent for a given
substance and the concentration of the
substance in the liquid passed through
the adsorbent, as shown in Figure 2. In
simpler terms. the higher the concentra-
tion of a contaminant in the well water,
the greater the capacity of the carbon to
adsorb the contaminant. However, a giv-
en quantity of carbon will have a greater
service life for lower concentrations than
for higher concentrations. Thus, the use-
ful life of a bed of carbon in one situation
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may be only a fraction of its useful life in
a different situation involving the same
contaminant.

Consequently, it is necessary to pro-
vide a means of determining when the
carbon reaches breakthrough. This can
be done by monitoring well water on a
frequent basis, particularly during the
first cycle. A single test for TCE-MC,
however, can cost in the range of $20 to
$50, depending on sample collection,
transport, and the premium assigned by
a qualified laboratory to conduct such a
sophisticated analysis. The cost of fre-
quent analysis to ensure that the carbon
is functioning properly is usually consid-

R.\

ered prohibitive. A carbon filter that
typically provides at least 3.5-min con-
tact time at peak flow may last from six
to nine months in a residential applica-
tion where there are four family mem-
bers and a TCE well water concentration
of 600 ug/L.

Alternatively, a two-stage system can
be applied in which two identical beds
are operated in series. In effect this pro-
vides a spare bed of carbon, which will
significantly reduce the monitoring re-
quirements. When the lead bed becomes
exhausted, which may be long after
breakthrough has been reached, the sec-
ond, or polish, bed is moved into the lead
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position. The exhausted carbon s
replaced (an operation that takes about
15 min), and the fresh bed is restored to
service in the polishing position. After
the first exhaustion cycle. the monitoring
requirements are further diminished.
The only major concern at that stage is
the level of contamination in the well
over long periods of time. If the level
increases significantly, the lead bed may
break through above the desired concen-
tration sooner than expected.

A two-stage residential system de-
signed to treat up to 0.3 L/s (5 gpm) will
cost in the range of $850 to $1000, includ-
ing installation. Each carbon bed re-
placement can be expected to cost
approximately $130 to $150 and may last
from several months to more than a year,
depending on the contaminant concen-
tration and the water usage rate.

A two-stage 3-L/s (50-gpm) GAC treat-
ment system will cost in the range of
$65 000 to $80000, exclusive of costs
associated with well development, stor-
age, housing, and distribution system.
Direct annual operating costs, on the
order of $10000 to $20 000, could vary
significantly, depending on the carbon
exhaustion and replacement rate.,

Although GAC adsorption has been
proven to be technically effective for
removing these materials from numerous
private residential wells, the problem of
monitoring for breakthrough has con-
cerned some regulatory agencies suffi-
ciently enough that they have been reluc-
tant to endorse the application of carbon
filters for TCE and MC removal for po-
table water. The most significant con-
cern appears to be allowing individual
residents to decide when to change the
carbon. This is of particular concern
since neither of these compounds im-
parts a taste, odor, or color to water
when present in the nanogram per litre
range. Another concern. still under
investigation, is the effect of increased
bacterial levels in the water when GAC
is applied without postdisinfection.

The same technical concerns that
apply to individual residential applica-
tions are pertinent to contaminated com-
munity wells. The matter of economics
appears to invite investigation of air-
stripping methods as a complement to
GAC. In one process under design, a
95-L/s (1500-gpm) system will include air
stripping as the initial unit operation
followed by GAC as the polishing step. If
this approach is followed, the cost of
carbon replacement will be markedly
reduced, and the economies of scale
using air stripping will be achieved.

Contamination containment and
recovery

The final chapter of any groundwater
contamination saga is the contain-
ment-recovery phase. Hydrogeological
expertise is requisite to making this a
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successful endeavor. Through a method
of piezometric mapping of water table
elevations, as shown in Figure 3, the
directions of flow in an aquifer can be
approximated. Coupled with the concen-
tration gradient of contaminants in the
affected area, a plan of dynamic pump-
ing can be developed to contain the zone
of contamination to prevent its spreading
farther and to remove contaminated
water from the aquifer, preferably from
the area with the highest level of contam-
ination. It may be necessary to pump test
either existing wells or new retrieval
wells in order to determine a satisfactory
rate of withdrawal. Although high-yield
retrieval wells would appear to be
advantageous, they may not be possible
because of the geological structure of the
subsurface or because of adverse effects
on nearby wells, such as excessive low-
ering of the water table.

Another problem confronted during
the recovery program is the disposal of
recovered contaminated water. Depend-
ing on the contaminant concentration
and the mass loading relationship to a
potential receiving stream, it may be
acceptable to discharge into a local sew-
er system. The significant volatility of
TCE and MC under such conditions
would reduce the impact of these sub-
stances on the wastewater treatment
facility. Nonetheless, careful investiga-
tion should be conducted before advo-
cating this action. Some questions have
been raised as to the effect residual TCE
would have on the acceptability of using
digested sludge for agricultural land
application.

If the contaminant concentration is too
high to allow discharge into a sewer
system or direct discharge into surface
waters, it may be necessary to treat the
recovered contaminated water prior to
discharge. Again, there are two funda-
mental methods of removing these com-
pounds from water—air stripping and
adsorption. Experience with both meth-
ods indicates that at high TCE or MC
concentrations, air stripping should be
given primary consideration, based on its
economic advantage over carbon or resin
adsorption.

Several successful applications of air
stripping have been demonstrated, io-
cluding packed tower aeration using
countercurrent flow, stripping in a con-
ventional aeration basin, and the use of
spray aeration. Generally, spray aeration
is limited to situations where the flow
rate is relatively low and there is ade-
quate land nearby, the use of which will
not adversely affect neighbors. Diffused
aeration basins have the distinct advan-
tage over spray systems of being less
susceptible to freezing during severe
winter weather. However, packed towers
appear to be the most efficient vehicle of
contacting large volumes of water with
sufficient air to achieve high percentage

K_ .

reduction of TCE and MC without exor-
bitant power requirements.

Treatment costs for 3.8-ML/d (1-mgd)
to 760-ML/d (200-mgd) systems have
been determined for the removal of tri-
halomethanes (THMs) from surface wa-
ter supplies, but little information is
available on the removal of TCE and
similar compounds from groundwater in
small systems applications.®* Table 5
presents a qualitative comparison of the
various treatment techniques, including
relative cost estimates based on a flow
rate of 3 L/s (50 gpm).

Regardless of the method chosen to
conduct the recovery program, it must be
recognized that in almest all cases
encountered to date, recovery programs
are still ongoing, several years after
inception. Aquifer water moves very
slowly and is not subject to the purging
effects characteristic of surface streams.
Therefore, it should be anticipated that
three or more years may be required
before the contamination is flushed from
a contaminated aquifer.

Summary

The contamination of groundwater
resources by substances such as TCE and
MC has created a dilemma that requires
the attention of public heslth officials
and professional specialists in chemistry,
hydrogeology, and environmental engi-
neering. Each situation is unique and
should be studied carefully before any
conclusions are reached and action is
taken. However, because these materials
cannot be detected via the senses until
the concentrations reach toxic levels,
expeditious action must be taken to pro-
tect public health.
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Detection of trace organics in well
water near a solid waste landfill

Foppe B. DeWalle and Edward S.K. Chian

The majority of municipal and industrial solid wastes is disposed of in landfiils.
Although sanitary landfill guidelines have reduced the immediate public health
hazards from vector exposure, environmental degradation can occur through
leaching of organics and inorganics from the solid waste by infiltrating rainwater.
This study evaluates the migration of leachate containing trace contaminants away
from a solid-waste landfill located upstream from an artesian well field operated by a

loca!l water company.

Explosive methane and carbon diox-
ide gas generated during anaerobic solid
waste decomposition can migrate away
from a solid waste landfill, and leachate
can contaminate downstream ground-
water with its toxic substances. Analysis
of leachate for organics has shown the
presence of nine free volatile fatty acids
and high molecular weight humic sub-
stances' and five alcohols.” A study using
vacuum distillation has noted the pre-
sence of 40 organics in leachate collected
from a municipal landfill.' Dunlap et al*
have detected 50 organics in well water
collected near a municipal landfill. An
industrial fill, such as the one in Love
Canal. can release as many as 82 differ-
ent organic compounds.*

Site characteristics

The 19 ha (47 acre) Llangollen landfill,
renamed Army Creek landfill. is located
96 km {60 mi) southwest of Wilmington,
Del.. and is 1220 m (4000 ft) long and up
to 275 m (900 ft) wide. The fill is at the
site of an abandoned sand and gravel pit
utilized by New Castle County as the
primary disposal location for municipal
and industrial solid wastes between 1960
and 1868. The landfill was constructed
by use of a modified area fill method.
and at its completion it encompassed a
volume of 1.4 X 10" m* (1.9 X 10% yd’) and
kad a thickness of 6 m (20 ft) to 9 m (30 ft)
(Figure 1A). About 30 percent of its vol-
ume is located beneath the seasonal high
water table. Refuse burial proceeded
from east to west and municipal garbage
and liquid industrial wastes were ini-
tially dumped in the standing water,
resulting in contamination and poor
compaction. The landfill was covered
with 0.6 m of sand in 1970 and purchased
by the county for a future park.

The upper geologic layer used in the
gravel operation, the Columbia Forma-
tion, consists of coarse textured sand
deposited with glacial melt waters.® The
top of the formation varies from 0 to 20 m
(60 t) above mean sea level, and the base
is located between 8 m (25 ft) below and
1.7 m (5 ft) above mean sea level (Figure 1
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B). The top of the screens of the wells
tapping this formation have a depth of 10
m {31 ft) and ~2.6 m (8 ft).

The Columbia Formation is underlain
by a clay layer varying in thickness from
less than 0.3 m (1 ft) to 33 m (110 ft), with
a median thickness of 20 m (61 ft), as
deducted from the depth of the top of the
well screens tapping the Upper Potomac
Aquifer. There are several indications,
including old aerial photographs, that
the clay layer has been removed during
excavation at five locations to expose the
underlying Upper Potomac Aquifer to
landfill leachate.

The confined Upper Potomac Aquifer
has a thickness ranging from 0.6 m (2 ft)
to 24 m (80 ft), with a median valueof 3 m
(10 ft), as derived from the recorded
length of well screens or perforations.
These sands thicken and dip toward the
southeast near the landfill. The transmis-
sivity, defined as the product of hydrau-
lic conductivity and aquifer thickness, is
about 500 m:/d (40 000 gpd/ft).

The Lower Potomac Aquifer, with its
highest point 151 m (496 ft) below sea
level. has a thickness of 1.5 m (5 ft) and
transmissivity values less than 12 m*/d
{1000 gpd/ft) and is separated from the
Upper Potomac Aquifer by a 116-m (380-
ft) deep confining layer.

As the Upper Potomac is one of the
most productive groundwater reservoirs
of New Castle County, major well fields
were located about 1000 m (3000 ft) south
and southwest of the landfill by the
Artesian Water Company and the Amo-
co Chemicals Corporation, respectively,
between 1952 and 1969. The pumpage
from each well field was about
5700-7600 m*/d (3 mgd), thus increasing
the total pumpage in the area to 24 700
m'/d (6.5 mgd). This pumpage lowered
the water level near the pumping wellsto
about 7 m (20 ft) below sea level, and the
cone of depression allowed migration of
leachate contaminants from the landfill
toward the well field.

Contamination history
A residential well located 170 m (550

0003-150X/81/040206-06$02.00
€ 1981 American Water Works Assoctation
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ft) southwest of the landfill developed a
disagreeable odor and a permanent
staining of porcelain fixtures in late 1971.
Further testing* indicated the presence
of leachate migrating southward in the
direction of the artesian well field. The
monitoring network consisted of twelve
15-cm (6-in.) diameter steel casing welis
and forty-six 10-cm (4-in.) and nineteen
2.5-cm (1-in.) diameter polyvinyl chlo-
ride (PVC) pipes with depths ranging
from 3 m (10 ft) to 33 m (173 ft), all
located south and southwest of the land-
fill. In addition. fifteen 10-cm (4-in.)
diameter PVC wells were installed down
to the bottom of the solid waste in the
central part of the fill to measure the
leachate strength while thirty-three 3-cm
(1.25-in.) diameter wells were installed at
the perimeter.

Chemical analysis of the well water in
mid-1973 showed elevated chloride con-
centration as far as 800 m (2500 ft) down
gradient from the fill. The cross-sectional
data evaluation showed a downward
moving plume (Figure 2) with a thickness
of about 25 m (80 ft). indicating that it
had moved through the punctured clay
layer. With a permeability of 20 m/d*and
a hydraulic gradient of 0.017 m/m, it
would have taken about 6.5 years to travel
such a distance, which indicates that the
migration might have started about one
year before the landfill closure.

Analysis of the leachate collected from
the center wells of the landfill showed
respective maximum values for chemical
oxygen demand, Cl. and Fe of 179.800
mg/L. 1625 mg/L. and 2500 mg/L. with
median values of 3200 mgsL. 295 mg/L.
and 90 mg/L. respectively. The leachate
was moderately biodegradable, with an
average biological oxygen demand to
chemical oxygen demand (BOD:COD)
ratio of 0.49.

Counter pumping program

After the extent of pollution was
established, a contaminant control pro-
gram was designed to halt the plume
migration. In mid-1973, seven 25-cm
(10-in) diameter steel-cased recovery
wells were installed between the landfill
and the two well fields in order to create
two additional cones of depression by
pumping 13.25 ML/d (3.5 mgd) from the
aquifer. Thus, the recovery wells acted
as a drainage divide. capturing contami-

*Conducted by the Delaware Geological Survey. the New

Castle County Public Works Dept., and Roy Weston, Inc.
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Figure 1A. Contours (ft) of refuse thickness in the Army Creek landfill
Figure 1B. Contours (ft) of the top of the clay layer beneath the landfill j

nated groundwater and discharging it to
Army Creek and. subsequently, to the
Delaware River. [n addition. the pump-
ing 1n each of the artesian well ficlds was
reduced to about 5.67 ML/d (1.5 mgd).

Examination of the piezometric sur-
face around the landfill (Figure 3)
showed that the two small cones of
depression directly south and southeast
of the landfill prevented migration to the
large artesian well cone farther south of
the fill. as measured in mid-1976. Some
migration, however, could occur to three
low-capacity wells west of the larger
well field.

The problem of contaminated drinking
water at the houses directly southwest of
the landfill was eliminated by connect-
ing them to the Artesian Water Company
system in early 1973; houses farther
south were connected by mid-1974.

Analysis of trace organics

Conventional analysis did not show a
further deterioration of the water quality
in the two artesian well fields after the
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start of the counter pumping program;
however, this could be the result of a
lack of sensitivity. a5 most tests fail to
detect pollutant concentrations below
0.1 mg“L. In addition, tests such as COD
and BOD are nonspecific for individual
organics. The USEPA. therefore, con-
tracted with the authors to conduct in
mid-1977 a trace organic survey of the
leachate. the recovery system, and the
raw and finished drinking water. Nine
samples were analyzed for volatile
organics, and three were tested for
extractable organics.

The methodology for collection and
analysis utilized in the survey has been
described extensively.* Aliquots for vol-
atile organic analysis are collected and
stored in a refrigerated 125-mL zero-
headspace glass container, and the ali-
quot for the extractables is placed in a
3.8-L (1.0-gal) glass container. The vola-
tile organics are stripped from a 100-mL
aliquot at 60°C in a 1000-mL stirred
stripping flask in which 200 mL/min of
nitrogen gas is purged over the liquid

Lo

surface to replace the headspace contin-
ually. The volatile organics are removed
from the gas stream during subsequent
passage through 0.5 g of a porous poly-
mer column packing material based on
26-diphenyl-p-phenylene oxide.* This
method is preferred to the bubbling
method, as the latter results in foaming
of the sample. The vapor trap.} in turn, is
heated at 250°C for 6 min, after which
the released organics are flushed through
a separate loop into the GC column and
chromatographed on a 3.6-m (12-ft) 60/80
mesh graphitized carbon black} coated
with 0.2 percent polyethyleneglycol§ that
is temperature-programmed** from am-
bient to 200°C at 8°C/min.

The base-neutral extractable organics
are removed from the aqueous phase at
pH 12 with 100750/50 mL portions of
spectra grade chloroform.it after which
the solvent is evaparated to 0.4 mL.fi
The aqueous sample is subsequently
acidified to pH 2 and again extracted
with 100/50/50 mL portions of chloro-
form. After replacement of chloroform
by methylene chloride, the organics in
the concentrated acid extract are derivi-
tized with diazomethane and further
reduced to 0.4 mL.1T All solvent extracts
are analyzed on a 3.6-m (12-ft) long,
2-mm ID glass column packed with 3
percent OV-17 on 80/100 mesh silinized
diatomaceous-earth support.§§ which
was temperature-programmed  from
50°C to 300°C at 10°C/min.

The GC-MS-DS analysis was con-
ducted with a mass spectrometer*** and
a data systemtt and stored on 2 magnet-
ic tape for subsequent compound identi-
fication.t{t

Groundwater collection and
analysis

A total of six drinking water wells
were sampled by using existing deep
well centrifugal pumps with surface
drive; Le., three from the Artesian Water
Company, two from the Amoco Chemi-
cals Corporation, and one from the
upstream Midvale Artesian Water Com-
pany, which served as a control (Table
1). In addition, a sample was taken from
the leachate in the landfill and the major
recovery well that was removing the
contaminated groundwater (Figure 3).
After aeration, lime treatment, chlorina-
tion, and fluoridation were completed,

*Tenax GC. AKZO Research Laboratories. Enka N.V., The
Netherlands.

tTenax trap, AKZO Research Laboratories, Enka N.V., The
Netherlands.

1Carbopack C. Supelco, Inc.. Bellef Pa.

§Carbowax® 1500, Union Carbtde Corp, Chicago. Il

**5700 Modet GC, Hewlett-Packard. Palo Alto, Calif.

ttBurdick and Jack Musk Mch,

1iMicro.Kuderna-Damsh evaporator. Kontes, Vineland.
NI

§§Supelcoport. Supelco. Inc.. Bellel Pa.

***Vanan-MAT 311A, Vanan Assoctates, Palo Alta, Calif.

tttVanan-MAT 55100, Varian Associates, Palo Alto,
Calif.

$13Cyphernetics Mass Spectral Search System (MSSS).
Varian Assoctates. Palo Alto, Calif.
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TABLE 1

Volatile organics identified in different well water samples—pg/L

Sample Number and [dentification

it (®)
Relative Midvale @ {3} (4) [£1) {6) ) Recovery (9)
Compound Number and Retention Artesan Artesian Artesian Artesian Fioished Amoco Amoco Well Llangollen
{denufication Time Well 1 Wwell G3 Well 7 Well 2 Water PWIL PW3 RW3 Fill 51
11y Unknown 0.12
2} Unknown 0.20 02 01 02 02 5080
3} Acctone 049 03 0.2 03 0.7 0.3 04 43 700
) Butanol 062 04 46 570
{5) Tetrahydrofuran 083 02 1.2
6y Dicthylether 096 25 25
7} Chloroform 100 03 05 18 6.5 21 800
(81 Dichloroethane 108 04 02 03 03 03 11 32 4720
{9 Unknown 119 03 0.1 0.1 02 4640
(10) Pentanol 123 11 660
(11} 14-dioxane 1.24 0.5 0.1 24
{12) Cnknown 131 0.4 02 03 03 04 0.4 03 0s 1700
(13) Unknown 136 02 270
114) CUnknown 1.50 - 1960
115) Trichloroethylene 152 06 03 4.1 48 2140
116) Unknown 154 06 03 03
17} Unknown 1.56 0.1
{181 Benzene 155 15 11 i6 14 30 05 6.5 4.3 9550
119} Unknown 1863 0.1 100
1201 Hexane 169 39 13 14 40 1.0 47 06 14 5530
1211 Unknown 173 0z 03 230
22} Unknown 175 130
+23) Unknown 177 10 01 630
124) Unknown 1.83 03 03 1.2 2050
1251 Caknown 1.90 04
{26} Unknown 193 0.1 0.1 1080
127} Unknown 199 04 3080
(281 Tetrachloroethylene 200 54 01 ['}3 04 02 a5 2380
129) Toluene 209 7 04 08 1.8 0.3 135 09 | 680 000
301 Unknown 219 52
(31} Unknown 225 03 15 4220
(32) Unknown 228 14 940
(331 Cnknown 23 06 . 01 0.2 1090
134} Bist2-chloroethyl) ether 235 03 01 0.2 0.2 02 14 31 12 400
(35) Unknown 237 oz
136) Xvlene 240 [} 02 0.1 01 04 4490
371 Unknown 242 10030
138)  Caknown 248 0.1 0.2
191 Xiiene 2.68 o8 0.2 0.5 06 02 15 1.2 5030
130 Xylene 27 [ n3 06 as 03 21 29 39 260
41} Propylbenzene 292 as
Total number 24 H 13 8 (] 38 429 962 480
of compounds
Greater than 01 pg-L 17 bt} 17 17 17 3 21 22 0
Greater than 1 ag-L 5 2 2 4 3 1 8 13 k1)
mdentified 6 4 [ 4 8 1 8 8 16
@ Tecthtt c0Lt g ae s
.- TABLE 2
Frequency of detection and attenuation
factars of volatile organics detected
in groundwater sample
Detected
Frequency Attenuation
R Compound percent Factor§
z Benzene* .} 100 2220
i Hexanse*l 100 3950
- Drchloroethane &8 11§
: Toluene*.? 83
H P-xylene* i 88 13540
b Bis(2-chloroethyljether 88 4000
H . O-xylene*.t 88 4190
H Acetone*. 88 48 560
= Tetrachloroethylene 75 4760
= M-xylene* 63 11230
Trachloroethylene 50 465
Chloroform*.3 50 3300
14-dioxane 37
® Diethy! ether 25
\‘ Tetrahydrofuran P
Propyl benzene 13
Butanol® 13
Pentanol 13
. ; ' ! H 1 : *Also found by Khare and Dondero (1977)
° %0 200 300 400 560 620 00 800 tAlso found by Dunlap et al (1976)

N

Drstarce Downstream From ine Langhilmm

Figure 2. Isopleths of ditferent chlonde concentrations at different depths downstream
from the landfill

$Also found by Webb (1974}

§Attenuation factor after passage through 500 m of soil
between land§ll and recovery well
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TABLE 3
Extractable organics found in different groundwater samples—-pg/L

Groundwater Samples
Relative
Reteation Artesian Recovery
Compound Number and Identsfication Time Well 2 PW3 Well 3
Acid {raction
(1) Unknown 0.70 1+
(2} Unknown 076 5
(31 Mcthylpalmitate 0% 0s 1
(4} Dibutylphthalate® 100 0s 05 1
15) Dif2-cthy thexy Dphthalste 1.22 4 05 5
18) Terpineol C., 128 0.5 0
Base/neutral fractica
(7) Diethoxyethane 0.14 4 15 7
(8) Dichlorobutane 033 19 27 4
(9) Unkanown 042 40
{10} Cnknown 048 16
{11) Unknown 074 7
(12} Unknown 076 2
(+b) Dibutyiphthalate* 100 6.5 1 1
(13) Butylphthalylbuty lgly colate 1168 2
13bt D{2-cthy Ihexy Dphthalate)* 122 05 2 100
Total 18 118 134

*Also found by Dunlap «t al (1976(

Figure 3. Location ot ditferent monitoring and drinking water wells and piezometric con-
k tours (ft) ot the groundwater table around the landfill /

the finished tap water from the Artesian
Water Company was tested.

The GC-MS-DS analysis of the nine
samples identified and quantified a total
of 25 volatile and extracteble compounds
(Tables 1,2, 3). 18 of which are volatile. An
additional 23 volatile and 6 extractable
compounds not clearly identifiable were
present in the water samples. The greatest
number (30) of individual volatile com-
pounds was noted in the leachate sample
{Well S1), with toluene. dichloroethane,
butanol.and acetone presentinthe highest
concentrations. The total concentration of
volatile organics present in the leachate
was 982 mg/L. The second most polluted
well was the recovery well RW3 contain-
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ing 22 volatile organics and making a total
of 429 ug/L.

The most polluted drinking water well
was PW3. Its total volatile organic level
was about six times greater than the least
polluted well, with toluene, benzene, and
trichloroethylene present in significant
amounts. The least polluted wells were
G3. the farthest from the landfill, and
PW2, which had the greatest well depth
(192 m) and the smallest number of indi-
vidual volatile compounds of all wells
sampled.

The most frequently detected com-
pounds (Table 2) such as benzene, di-
chloroethane, and toluene result from
industrial wastes, whereas organics such

(‘, !

as acctone, butanol. and pentanol result
from biological fermentation reactions.
The limited analysis for extractable
organics showed the widespread pre-
sence of dibutylphthalate and di(2-ethyl-
hexyl) phthalate used as common plasti-
cizers. As these compounds are not total-
ly extracted with the base/neutral frac-
tion, the remainder shows up in the acid
fraction during the second extraction.
Most of the frequently found com-
pounds, with the exception of dichloro-
ethane, bis(2-chloroethyl)ether, and tet-
rachloroethylene, were also found in an
earlier study that tested four samples
around the same landfill." That study
also measured significant amounts of
free volatile fatty acids ranging from C,
to C.. thereby confirming earlier anal-
yses by the authors.™

Attenuation of organics in soil

The attenuation of individual volatile
compounds through 500 m of soil was
calculated by dividing the leachate con-
centration by the concentration in the
recovery well. Of the individual com-
pounds. dichloroethane and trichloro-
ethylene had the lowest attentuation fac-
tor, while butanol and pentanol showed
the largest decrease, likely a result of
biodegradation when the leachate per-
meated the soil. The ratio of volatile to
extractable organics decreased from 3.2
(429 p1g:134 pg) to 0.3 (36 ug:118 ug) and 0.5
(13 pg: 28 pg) between the recovery well
and the most polluted groundwater well
and the main artesian well, respectively.
The decrease in this ratio is primarily
due to the stability of dichlorobutane
and diethoxyethane, which together with
dichloroethane and trichloroethylene are
among the very stable and mobile organ-
ics in the soil.

An earlier analysis of the extractable
organics around the landfill that identi-
fied and quantified 30 organics and ten-
tatively identified 13 others.' noted only
a 100-fold concentration reduction be-
tween the leachate and the recovery well
as compared to a 2300-fold reduction
noted for the volatile organics in the
present study. The stability of o-cresol,
p-cresol, isovaleric acid. and acetic acid
accounted for the lower attenuation. As
most complex organics are hydrolized to
acetic acid. its presence indicates that
these bacterial processes are still active
after 500 m permeation.

The attenuation tends to decrease with
decreasing molecular weight, possibly
because of the decreasing adsorptive
capacity that lower molecular weight
compounds have with respect to the soil
adsorptive complex. The attenuation fac-
tor decreases from 4760 for tetra-
chloroethylene (MW 166), to 465 for tri-
chloroethylene (MW 156), and to 115 for
dichloroethane (MW99). The alcoholsand
ketones present in the leachate, such as
butanol and pentanol, were not detected
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in any of the artesian wells: none of the
linear alcohols present in the leachate was
presentinthe recovery well.

The total amount of trace organics
downstream from the Gl showed a
logarithmic decrease {or the first 1000 m.
Le. a 490 percent reduction for every 200
m permeated (Figure 4). which takes
about 19 months. Earlier studies by the
authors showed a logarithmic decrease
of a mixture of complex organics even
though individua!l organics showed a
hinear decrease during biological degrad-
ation* or physical adsorption.'* Attenua-
tion will also result from direct dilution
of the leachate plume with the unpol-
luted groundwater.

The limited available data would indi-
cate that most of the biological degrada-
tion of the leachate occurs during the
first few hundred metres of permeation.
While the average COD:CI ratio of the
leachate in the landfill is 108. it
decreases to 0.1 in the most contami-
nated water samples collected from well
27 (Figure 5). which is located 130 m
southwest of the landfill. about halfway
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to the recovery well RW3. In the absence
of any dilution, this represents a biologi-
cal degradation greater than 99 percent.
At a 30-fold dilution. when the ClI con-
centration is reduced to 20 mg/L by the
14 mg/L Cl in the unpolluted water, the
COD:Cl ratio actually increases again 10
1.7. possibly indicating the presence of
refractory organics.

The polluted downstream wells also
showed a seasonal effect in which the
highest COD and Cl values were
observed during the summer months
when the largest rainfall occurs. This
seasonal effect was especially pro-
nounced in well PW3, which was not
effectively protected by the recovery
wells.

Effectiveness of groundwater
protection system

The present trace organics analysis
shows that substantial amounts of trace
organics are still present in the landfill
leachate seven years after closure of the
site. The next most polluted well is the
recovery well RW3, indicating that it is
effective in collecting the trace organics
in leachate migrating away from the
landfill. Analyses for COD and Fe in its
well water showed that these parameters
stabilized after about one year. The pres-
ence of trace organics in the slightly
polluted drinking water of well PW3
located to the west of the landfill indi-
cates that the second recovery well to the
west of the landfill is less effective than
the larger well south of the landfll. The
remaining drinking water wells all had
trace organics concentrations below that
of the Midvale contro! well. indicating
the effectiveness of the system.

Installing the current monitoring net-
work and the groundwater recovery
wells has cost the county $1.35 million to
date. The alternative of developing a
new artesian well field at a sufficient
distance away from the landfill was esti-
mated to cost approximately $3 million.
Removing the landfill to a more environ-
mentally acceptable location was esti-
mated at §15 million. In 1977, a panel of
consultants recommended reduction of
the infiltrating rainwater by installing an
impermeable cover material on top of
the solid waste. Groundwater inflow was
to be reduced by installing a cutoff
trench along the northwestern boundary
of the landfill. In addition, leachate
was to be recovered by installing recov-
ery wells in the solid waste to remove the
estimated 170 m'/d (45 000 gpd) leachate,
which could then be discharged to an
existing nearby municipal sewer. This
alternative was estimated by the county
consultant at $4.4 million, with a yearly
operating cost of $0.99 million. A sub-
stantially lower estimate by the authors
of this study includes installing an
impermeable cover on top of the 190 000
m’ fill at $5.75/m* ($1.1 million) and using

10 already existing wells in the landfill to
recover the leachate at a total cost of
$10000 for well preparation. installing
2000 m of transmission mains at a cost of
$45/m ($90 000) and pumps ($50 000) for a
total of $1.25 million? The annual operat-
ing and maintenance costs of wells and
mains are estimated at $3000. pumping
costs at $6000. and sewer charges at
$6000 for a total of about $15000 per
vear. indicating that this alternative is
cheaper than installing a new artesian
well field."** The initial cost represents
about $1.80 per ton of waste delivered to
the landfill.

Conclusions

The present study evaluated the effec-
tiveness of a counter pumping program
to halt the migration of trace contami-
nants away from a solid waste landfill.
The trace organics analysis, which noted
41 volatile and 13 extractable com-
pounds. showed that the recovery wells
were effective in preventing leachate
from migrating to the artesian wells. [t
was tentatively concluded that low
molecular weight chlorinated com-
pounds have a much lower attenuation
than biodegradable organics such as
alcohols and ketones. It was also calcu-
lated with the limited data that the trace
organics showed a 90 percent concentra-
tion reduction for every 200 m permeated
through the aquifer.
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Selecting polymers for direct filtration

Hsuan-Hsien Yeh and Mriganka M. Ghosh

Cationic polymers with low to medium molecular weights and high charge densities
are ideally suited for direct filtration. Rapid mixing at a velocity gradient of 300-650
sec 'for 3-6 min is necessary before filtration. In most cases slow floccuiation may
be avoided. Modified jar tests with high intensity mixing followed immediately by
particle size distribution analysis should be the method of choice for selecting
polymers for direct filtration. For optimum filtration, an optimum floc size distribu-
tion exists that depends on filter and particulate characteristics.

New drinking water standards, the dis-
covery of new particulates in some
waters. and expanded sludge disposal
problems created by new water pollution
control requirements have impelled engi-
neers to look into innovative treatment
methods involving the use of synthetic
polyelectrolytes.

The conventional method for remov-
ing colloidal and other particulates from
water consists of flocculation, sedimen-
tation. and deep bed filtration through
granular media. The direct filtration pro-
cess differs from conventional methods
of treatment in that all solids, those
oceurring naturally and those added in
the course of treatment, must be re-
moved in the filter. This process usually
consists of the addition of destabilizing
chemicals. followed by some floccula-
tion with no settling, and. finally, filtra-
tion. However, in some cases, depending
on the raw water quality, an organic
polvelectrolyte may be added by rapid
mixing and the water filtered directly
with no flocculation. The absence of
flocculation and sedimentation tanks
represents a significant savings in terms of
plantsize and capital investment. Further,
theuseof polyelectrolytesinstead of metal
coagulants,such asalum, maysubstantial-
ly reduce the amount of sludge to be
handled. However, a recent survey by the
Filtration Committee of the American
Water Works Association indicated that
mostdirect filtration plants use polymeras
a coagulant aid rather than as the sole
coagulant.!

Very little attention has been given to
developing a rational procedure for the
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selection of the “right” polymer for a
specific job in water treatment. Most
often polymer selection is made on a
hit-or-miss basis. The clarity of the
treated water from the direct filtration
process depends in large measure on
successful polymer-preconditioning of
the water. Polymers, pH, and ionic
strength of natural waters are the three
most important variables that can be
used to improve the efficiency of direct
filtration by modifving the surface char-
acteristics of either the suspension, filter,
or both. In practice, however, pH and
ionic strength are not the variables rou-
tinely controlled during the course of
water treatment. The improvements in
direct filtration that are obtained from a
proper selection of polymer and polymer
dosages are: (1) increased rate of deposi-
tion. (2} increased bed penetration and
better utilization of the entire bed depth,
and (3) minimized headloss and preven-
tion of premature clogging.

The present rate of progress with syn-
thetic polymers would be vastly im-
proved by a more enlightened attitude on
the part of some manufacturers. Infor-
mation supplied by the manufacturers
should include the type of polymer or
copolymer, the concentration of active
ingredient, the concentration of free
monomer, the proportion of ionizable
groups, and the molecular weight or
intrinsic viscosity under specified condi-
tions. This type of information, in con-
junction with information on the extent
of mixing required to disperse polymers
effectively in the water, is needed in
selecting polymers for direct filtration.

0003-150X/81/040211-08$02.00
€ 1981 Amarncan Water Works Association
¢

\.\

The work reported herein was con-
cerned with methods of selecting poly-
mers for direct filtration and with devel-
oping data on the filtration of dilute clay
suspensions using preselected polymers
and polymer dosages. In particular, the
influence of such important polymer
characteristics as molecular weight and
charge density and the effect of mixing
energy on the polymer-particle interac-
tion were investigated using electroki-
netic measurements, colloid titration,
residual turbidity, and detailed analysis
of particle size distributions. Evidence of
in-filter flocculation and breakthrough
of particulates caused by in-filter floc
breakup under high shear, such as
encountered in clogged beds, were inves-
tigated extensively using particle count-
ing techniques:

Polymer use in water treatment

Experience has shown that the use of
polymers may be the key to solving many
of the problems facing the water indus-
try. Hunter and Alexander’ demon-
strated that using a cationic polymer to
reverse the charge on silica sand from
negative to positive greatly improved the
filtration of kaolin. As reported by Adin
and Rehbun.® the sorptive and bridging
properties of polymers are primarily
responsible for the improvement of fil-
tration of low turbidity waters.

Polymer adsorption and destabilization.
According to the commonly accepted
Simha-Frisch~Eirich model. the polymer
molecule is attached to any adsorbent
surface by a fraction of the total number
of segments of the polymer chain.' This
model reduces to Langmuir's sorption
isotherm when the number of adsorbed
segments is reduced to one. The destabi-
lization of colloidal dispersions of nega-
tively charged clay, achieved by using a
cationic polymer, could be accomplished
by “charge neutralization coagulation”
or by “bridging flocculation.”s Depend-
ing on the concentrations of clay and

H.-H. YEH & MM, GHOSH 211

CAPCO JEN 0020774




polymer and on the pH. the aggregation
by low to medium weight polymers
(MW = 10000 to 100 000) occurs by ei-
ther or both of the mechanisms cited.
According to O'Melia and Stumm if the
total concentration of polymer required
to produce a certain fractional coverage
® of the colloid surface is expressed by
C. then

)
= 1-0) (1
o= gi-o) [L+ksr (- (1)

given that C,,=C,+C, and C,/S=0T

where C, is the concentration of polymer
adsorbed—-mol/L, C, the concentration
of residual polymer in solution~mol/L, §
the concentration of colloid surface—m?/
L. K the equilibrium constant for adsorp-
tion-desorption reaction. and ', the ulti-
mate adsorption capacity of colloid sur-
face—mol. m.
When C, > C,, Eq 1 reduces to

Cuy =TSO (2)

Lindquist and Stratton.” reporting on
the adsorption of cationic polymethylen-
imine (PEI) on colloidal silica, found that
below the critical coagulant concentra-
tion (ccc) virtually complete adsorption
of polymer occurred regardless of pH.
ionic strength. and molecular weight, in
accordance with Eq 2. However, if
Cia > ccc. [, increased with molecular
weight. Above pH 9. bridging was the
dominant mechanism for destabilization
since charge density of PEI at high pHs
was small. At pHs less than 9, charge
interaction between negative colloid and
cationic PEI was the dominant mecha-
nism for all molecular weights studied
(MW = 1760 to 18 400). Moreover, loga-
rithm’of ccc dosage exhibited an inverse
linear relationship with logarithm of
cationic charge per molecule. regardless
of pH. molecular weight, and ionic
strength.

Floc strength under hydrodynamic shear.
The essential function of polymeric floc-
culation s to produce aggregates that
will be large enough to be captured and
strong enough to withstand shear in the
filter voids. However, shear may not be
the mechanism of floc breakup. if any, in
filters. The shear stress at 25°C and at a
mean velocity gradient G of 1000 sec*' is
equivalent to an energy of only 9
dyne-cm/cc or 4.8 X 10-* kcal/mole of
water, much less than the weak van der
Waals forces or hydrogen bonds (about 5
kcal/mole). Conceivably. the flocs are
held together by interfacial tension.

Tomi and Bagster* showed that the
maximum stable size of floc is univer-
sally related to the one-half power of G.
Smith and Kitchener’ reported that the
maximum diameter is proportional to
the —0.2 power of G. Similar relation-
ships between relative floc binding
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strength and maximum size for the
microscale of isotropic turbulence in the
inertial and viscous subranges have been
proposed recently by Tambo and Hozu-
mi.' Letterman et al'' attempted to
develop a method for predicting an opti-
mum combination of G and t for rapid
mixing for a predefined minimum resid-
ual turbidity. The existence of an opti-
mum ¢t for all values of G tested, as
measured by residual turbidity, sug-
gested that the early conditions of floc
formation are important and the func-
tion of rapid mixing is more than simply
dispersing the flocculant.

Polymers in depth-filtration

Despite dramatic progress in under-
standing the filtration process, exempli-
fied by the rich and varied literature that
it has produced. a comprehensive meth-
od capable of predicting the dynamic
behavior of a filter over its entire opera-
tional span has remained out of reach.
Deep filters are increasingly being used
for the removal of suspended solids from
wastewaters, in addition to being used in
various modified forms for water treat-
ment. It is well documented in the litera-
ture that many undesirable trace pollu-
tants. such as trace metals, toxic organic
material, and viruses, are usually asso-
ciated with colloidal or coarse colloidal
(size > 0.4 um) particulates.'*'! Direct
filtration can easily remove these fine
particulates and associated pollutants if
they are appropriately conditioned with
suitable polymers before filtration. Prop-
er mixing of polymer is a prerequisite to
the success of direct filtration. Provision
of some flocculation may or may not be
necessary since flocculation may occur
during contact of particulates with the
filter medium.' Cationic polyelectrolytes
of low to medium molecular weight seem
to be most effective in the direct filtra-
tion process. especially in dual or multi-
media filters treating natural suspen-
sions.* ** Glaser and Edzwaldi* observed
better filter performance with increasing
molecular weight only when a reason-
able flocculation period was provided,
and Treweek’~ observed that a minimum
flocculation time of 7 min was required
to obtain aggregation of singlets. Further,
with a prefiltration Gt of 42 000 or high-
er, direct filtration removed all particles
larger than 7.5 pm.

Mechanistic models. In the last decade
major emphasis has been given to devel-
oping a fundamental theory of filtration
based on the hypothesis of removal
mechanisms and analysis of particle
motion.'"* All attempts at modeling the
packed-bed filtration process have been
limited to clean filters. Recently, O'Melia
and Ali* attempted to develop a funda-
mental model to describe the improve-
ment of water quality during the initial
“ripening” period. based on the premise
that particles removed during the early

stage of filtration can serve as collectors
themselves. Traditionally, models for
clogging filters have evolved from a
semi-empirical  macroscopic  stand-
point.** The filter constants are usually
evaluated with experimental data.
Among these, the study by Herzig et al*
is particularly noteworthy in that it
reduces the macroscopic mass balance
and rate equations to two ordinary dif-
ferential equations that can be solved
rather easily.

Notably different from these semi-
empirical models are the two recent
models, the first of which was reported
by Wnek et al.** As part of the phenome-
nological description, a charge balance
was made to account for the altered
surface interaction resulting from the
deposition of colloidal matter. The
assumption that particle deposits form a
smooth coating around filter grains is
open to conjecture. In the second study.
reported by Tien et al,” the dynamic
behavior of a filter during the entire
filtration cycle was modeled through the
use of a two-stage discontinuous deposit
morphology. This model considers non-
retentivity or reentrainment of deposited
matter.

Experimental methods

Polymers and colloids. The polymers
that were used in this study are listed in
Table 1. The number-average molecular
weights and active ingredients are also
listed. The concentration of free poly-
mers in solution was found by using the
colloid titration technique™* for all
polymers except polyethylenimines,
which were titrated according to a meth-
od developed by the Dow Chemical
Company.*™ In colloid titration. a posi-
tive colloid reacts stoichiometrically
with a negative colloid forming a precip-
itate at the isoelectric point. The residual
concentration of positive colloid is
directly titrated with PVSK (potassium
polyvinylsulfate) solution with toluidine
blue (TB) indicator. In determining the
charge density of negative colloids, a
known excess of a positive colloid, gly-
col chitosan {(GC), is added first. and the
GC remaining after neutralization is
back-titrated with PVSK. The electro-
phoretic mobility of colloids was mea-
sured by using electorphoresis appara-
tus.”

Coagulation studies. A jar test apparat-
ust was used for determining optimum
dosage. Rapid mixing at 85 rpm for 1 min,
slow mixing at 25 rpm for 20 min, and
then quiescent settling for 30 min were
used before the turbidity of the superna-
tant was measured.}

A separate, 3.7-L volume mixing
chamber equipped with a variable speed

*Zetameter, Zeta Meter, Inc.. New York. N.Y.

tPhtpps and Burd, Inc.. Richmond, Va.

$Hach 2100A turbid: Hach Ch
lowa.

ical Co.. Ames,
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TABLE 1
Characteristics of_Polymers
Molecular
Polymec* Type Weight Structure
A cationic 1200 polyel_hyle-
wmine
B cationic 2x1 polyet#yle-
mimine
Cc cationic 4 %100 polyethyle-
‘ nimine
o] cationic $ X 10¢ polyamide
€ cationic 1% 10 polydiallyldi-
methyl-am-
monimum
F cationic 3 x 100 organic co-
polymer of
- acrylamide
G cationic 5 % 10* acrylamide-
based polymers
H cationic high acrylamide-
based polymers
1 cationic =2 X 10" polyamide
} anionic Sx 10t copolymer of
acryhie acd
and sodium
acrylate

*Polymer A, Corcat P-12; Polymer 8. Corcat P-200; Polymer C,
Corcat P-i45, Cordoba Chemical Co. Sacramento, Caldf.
Polymer D. Betz 1190. Polymer F, Betz 1160; Polymer [, Betz
1180, Polymer J, Betz 1100, Betz Laboratones, ine., Trevose,
Pa. Polymer E. Cat-Floc. Caigon Corp.. Pittsburgh, Pa. Poly-
mer C. Percol 751; Polymer H. Percol 753; Allied Colloids,
Inc.. Fairfield, N.J.
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impeller was used to study the effect of
velocity gradient on flocculation and fil-
tration. The torque of the rotating impel-
ler was measured by mounting a torque-
meter” between the motor and mixing
paddle. The torque readings were taken
using a stroboscope.

Particle size distribution. Particle size
distributions were measured using a 12-
channel HIAC particle counter.t A 5-300
pm sensor was employed for all particle
analyses. Sizes less than 5 um could not
be measured: consequently, all coagu-
lated samples yielded higher counts in all

*Model 783-C-10. Power Instruments. Skokie, 111,
tModel PC-320, Pacific Scientific Co. Montclair, Cakif.
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measured size classes than those present
in the original clay suspension. This was
caused mainly by the coagulation of
particles of less than 5 pm into larger
particles.

Laboratory filter unit. A constant rate
pilot filtration plant was used for all
filter runs. The filter column was 2.54-cm
(1-in.) ID acrylic plastic and contained
15.2 cm of silica sand with an effective
size of 1.0 mm and a uniformity coeffi-
cient of 1.2. All filter runs were made by
using a 75 mg/L suspension of bentonite
clay, with an influent turbidity of 20 ntu.
University of Missouri tap water
(pH = 8.0: ionic strength = 4.5 X 10-'M)

{‘.\

was used in making all feed suspensions.
The rate of filtration was varied from 1.4
to 2.4 mm/s (2 to 3.5 gpm/sq ft).

Results and analysis

Optimum dosage from coagulation stud-
les. For determining the optimum dosage
for turbidity removal by coagula-
tion-flocculation and by direct filtration,
jar testing is the most commonly used
laboratory procedure. The correspon-
dence between the dosages for optimum
coagulation and direct filtration has been
well demonstrated.”* [n all experiments
for the selection of dosages by jar tests, a
75 mg/L suspension of bentonite (20 ntu)
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was used. The polymers were mixed for
1 min in a standard jar test apparatus at
85 rpm (G =~ 170 sec 7). followed by slow
agitation at 23 rpm (G = 50 sec *) for 25
min. A 30-min quiescent settling was
provided before determining the residual
turbidity of the supernatant.

Figure 1 shows the results for polymer
C. a polyethylenimine with a number-
average molecular weight, <M>, of
40000. The correspondence between
residual turbidity from jar tests and elec-
trophoretic mobility was excellent. Mini-
mum residual turbidity corresponded to
a zero clectrophoretic mobility at an
optimum dosage of 0.05 mg-L.

In part B of the figure. the ratio of
charges of bentonite to the polymer at
various dousages has been plotted on
logarithmic scales. The charges on ben-
tonnte clay and polymer C were deter-
mined by collowdal titration. There was
no one-to-one charge neutralization ob-
served at the optimum dosage. There-
fore. although charge ncutralization ap-
pedrs to be a mator mechanism of coagu-
lation with low molecular weight
cationic polymers a4s seen in part A of
Figure L. there ts no linear stoichiometry
between polymer and colloid charges,
indicating bridging to be partly responsi-
ble for the observed results. The results
from jar tests. electrokinetic measure-
ments, and corresponding charge ratios
at optimum dosages have been summa-
rized in Table 2 for several cationic
polymers with <M>, ranging from 1200
to 3 x 10

The number of cationic charges per
molecule of a polymer can be computed
from the known charge density of poly-
mer {C/gm), its weight-average molec-
ular weight. <M>,. calculated from
light scattering data using the method of
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Zimm™* and Avogadro's number. Figure 2
shows the relationship between opti-
mum polymer dosage and the cationic
charge per molecule z for various
cationic polymers used in this study.
Only data for cationic polymers with
<M>, not exceeding 100 000 have been
included. The relationship is empirical
for adsorbable polymeric ions and is a
distant parallel to the Schulze-Hardy
rule. It does point out, however, that
differences in flocculating ability be-
tween polymer molecules of different
<M>, or under differing conditions of
pH or ionic strength may not be due to
size and chain length but rather to the
number of cationic charges carried per
molecule, under the operating condi-
tions. In particular, for most low molec-
ular weight polymers, coulombic interac-
tions between colloid and polymer may
piay a dominant role. and bridging. as
modeled by La Mer.> only a minor one,
As proposed by Gregory,” the adsorp-
tion of a charged polymer segment on an
oppositely charged surface is much
faster than the collision kinetics. There-
fore. adsorption and charge neutraliza-
tion. at the “patches” where polymer is
adsorbed. are essentially complete be-
fore particle aggregation begins. Al-
though not presented here, results ob-
tained in this study showed that polymer
concentration needed to initiate floccu-
lation {(ccc) does not depend on <M>,
or the maximum amount of polymer
adsorbed, which, in turn, may depend on
the electrostatic interactions among mo-
lecules of the polymer and on the space
requirement of the polymer molecule.
Optimum polymer dosage and particle size
distribution. The sorting of natural partic-
ulates into size groups classifiable either
by diameter or volume is a well-estab-
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tished technique that has been used
extensively in geochemical research.®
However, interest in size distribution of
particulates in freshwaters has arisen
only recently. The size-frequency distri-
bution of most natural particulates. such
as clay, is described by the power law or
Pareto distribution (Eq 3 and 4).

E-’—‘ I\,D b (3)
(£= AD' b (4)
dD 1

fix)dx =

I——— 1
Xg \ 2=« P

w~here N is the particle number concen-
tration, D the particle diameter. V the
particle volume, and A,. A, and b the
empirical constants characterizing the
distribution. However, following poly-
mer treatment, the modified size distri-
bution of flocculating clay was found to
fit a log-normal distribution (Eq 5) rather
than the Pareto distribution.

—(Inx —p)
20¢

dx (5)

where the probability density function
f(x)dx can be either for particle number
density N or particle volume density V.
The constants p and o are the character-
istic constants of the distribution. The
variable x in the probability density
function f(x)dx could be either N or V. In
this research, all data for polymer-
treated clay was subjected to a volume-
based log-normal distribution. The
change in size distribution and the num-
ber-volume mean diameter, dyy, for each
distribution following treatment with
different dosages of polymer C are
shown in Figure 3. It should be noted that
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because of limitations in analytic detec-

tion. only particles above the 5-um size

were counted. The values of dyy for the
distributions were calculated from
“w

dv

XdN

ID'dN
=dN

(6)

dyy =

The optimum dosage was found to be
in the range of 0.3 to 0.5 mg/L for poly-
mer C. and this was the dosage selected
for later filter runs. The same data from
Figure 3 were replotted in a different
form in Figure 4 to yield the log-normal
distribution of relative percentage fre-
quency. In this case density function
ftxidx is equal to (dv/v)/d(1inD). The
original dispersion of clay. as expected,
did not fit this type of distribution. The
shift in the distribution to higher sizes
and aiso to narrower shapes clearly illus-
trates the effect of flocculation as the
optimum dosage was approached.

Effect of mixing intensity and duration.
The eifect of mixing intensity and dura-
tiun on polymer flocculation has been
studied by several investigators.!"™"
Generally, this study determined that for
most polymers a rapid mixing time of 3
ta 8 min was sufficient at a G of 650 sec-.
Mixing beyond 8 min appeared to cause
some floc breakup, especially for large
molecular weight polymers. For low
molecular weight polymers, the optimum
dosage was independent of rapid mixing
intensity G for values in excess of 300
sec”!, if a minimum mixing duration of 3
min was provided. The effect of rapid
mixing intensity on particle size distribu-
tion at optimum dosage of three poly-
mers is shown in Figure 5. The size
distributions were measured immediate-
ly after 3 min of rapid mixing. It should
be noted that for most polymers, the
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optimum dosage based on particle size
distribution was somewhat higher than
that estimated from either jar tests or
electrophoretic mobilities. Since the
method of polymer addition before
direct filtration did not include any floc-
culation beyond rapid mixing, dosage
from size-frequency analyses was based
on samples collected immediately after
rapid mixing. Slow flocculation and set-
tling in a typical jar test reflect the effect
of phase separation, which cannot be
obtained in direct filtration without pre-
ceding flocculation. The particle sizes
are plotted as finer than 90 percent (d..).
70 percent, and so forth. For low molec-
ular weight polymers. the effect of G on
particle size was insignificant. However,
for polymer F (<M>, ~ 3 x 107, the
optimum mixing intensity was clearly
650 sec*.

In the next set of experiments, poly-
mers were rapidly mixed at different Gs
for 3 min, followed by slow agitation at
G =60 sec’’ for 20 min. Samples of
polymer-reacted suspensions were ana-
lyzed immediately after rapid mixing
and again after 20 min of slow agitation.
The results for polymers C and F are
shown in Figures 6 and 7. These experi-
ments were carried out at the optimum
dosage of the respective polymers; the
pH and ionic strength remained constant
at 8 and 4.5 X 10-* M, respectively. For
the low molecular weight polymer C, the
effect of mixing at low intensities
bevond rapid mixing was insignificant.
In fact, when initially mixed at G = 300
sec™!, subsequent slow mixing appeared
to cause some unexplained breakup in
the flocs. For polymer F, a high molec-
ular weight polymer, the insufficiency of
G = 100 sec"'. regardless of subsequent
slow mixing, in producing any signifi-

{\.\

cant flocculation is obvious. When rap-
idly mixed at low Gs, the polymer was
not dispersed sufficiently. and, therefore,
subsequent slow mixing had no effect on
flocculation. With proper dispersion at
high mixing intensities. subsequent slow
mixing was conducive to flocculation. It
should be pointed out. however, that for
natural waters with extremely low tur-
bidities, slow flocculation may be of
some advantage.

Flitration with preselected polymer dos-
ages. The purpose of the studies on direct
filtration was to investigate how well the
dosages, mixing intensities, and dura-
tions could be selected from jar tests,
particle size-analysis. and electrokinetic
measurements, [n all filter runs reported
here, no slow mixing was provided
beyond rapid mixing for 14 min or less.
The optimum dosages of polymer C for
the direct filtration of 75 mg/L bentonite
suspension were preselected using vari-
ous methods, as shown in Figure 8, along
with results for the volume of water
filtered and headloss until 10 percent
breakthrough of solids (C/Co = 0.1} oc-
curred. The stoichiometry between opti-
mum dosage and filter performance is
abundantly clear, as is the superiority of
the particle size distribution analysis
method for determining optimum dosage
for direct filtration without any slow
flocculation. Optimal filtration was ob-
tained at a dosage that also yielded the
largest number-volume average diame-
ter of 20 pm. In fact, in experiments with
different polymers it was discovered
that, for the operating parameters used in
these filtration experiments, 20 pm was
the optimum floc size that yielded the
best filtration, regardless of the type of
polymer used.

The effluent turbidity and headloss for
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tonite suspension, with a predetermined
optimum dosage of 0.5 mg/L of polymer
C. are shown in Figure 9, along with
filtration data at two other polymer
dosages. A stoichiometry between poly-
mer dosage and effluent quality was
exhibited clearly, as was the correspon-
dence between optimum dosage for fil-
tration and optimum dosage for coagula-
tion based on particle size distribution.
During the first 5 min. the filtrate quality
improved. Beyond this time period. no
effect of “ripening” was observed. The
typical S-shape of the effluent turbidity
curve conforms very well to a classic
Jadsorption-desorption type wave front
migration pattern. as documented by
Adin and Rehbun. = The G values, shown
along with headloss. were calculated
from headloss with the equation

h “
vy

i @)
where v is the approach velocity (cm/s).
y the specific weight of flocs (=~1.01
gm/cc at 27°C), h the headloss (cm), f the
porosity, L the media depth (cm). and p
the viscosity (=0.0086 poise at 27°C). If
most of the headloss occurs in the top 3.8
cm. a filtration rate of 8.6 m/h, a temper-
ature of 27°C, and a porosity of 0.42, Eq 7
reduces to

(8

At an optimum polymer dosage. break-
through occurred at 80 min, when esti-
mated G within the bed was about 679
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G =717 h“

input that corresponds to a shear energy
of only 6 dvne-cm/cc. It is highly unlike-
ly that floc breakup would be caused by
such small shear energies.

The particle size distribution and the
number-volume average diameter for
the influent and effluents collected at
different times during the filter run are
shown in Figure 10. The influent benton-
ite suspension before polymer addition is
also included in the figure. After the
polymer had been added, a significant
increase in particle volume for all size
intervals was noted. This increase
occurred because the original bentonite
suspension had many particles of less
than 5 pm (limit of detection) in diameter
that flocculated into larger aggregates in
the detectable size ranges. Interestingly.
the number-volume average diameter
did not change significantly during the
entire filter run, although the magnitude
of dV/dD changed because of filtration
of large particles. The absence of a shift
in distribution indicates that even at
breakthrough there was, perhaps, no
breakup of flocs caused by high-velocity
gradients within the filter.

The effluent turbidity and headloss for
the filtration of bentonite with polymer F
(<M>, = 3 X 10"} are shown in Figure
11. The results of filter runs at different
dosages and at two different durations of
mixing at G = 650 sec-! are included.
From flocculation studies and particle
counts, the optimum dosage was pre-
dicted to be 0.1 mg/L when mixed for 3
min at a G =650 sec-'. Under these
conditions, however, good effluent quali-

with the result of high headlosses. When
the rapid mixing time was increased to
14 min, the filtrate quality deteriorated
much faster, even at the optimum poly-
mer dosage. When an overdose of polv-
mer (= 1.0 mg/L) was used. a large floc
blanket formed at the top of the media
and caused extremely high headlosses
that mimicked septum filtration.
Macroscopic characteristics of filtration.
The relationship between the filter coef-
ficient and the specific deposit for differ-
ent polymers is shown in Figure 12. This
relationship is also expressed by the
following well-known equations:

Cc
- a—;=,\r: 9)

(10)

‘m
iy}

vEZis Loy
Jdt

t

D

where ¢ is the local concentration of
particulate matter, x the filter depth, t
the time of filtration, and V the approach
velocity. Figure 12 clearly demonstrates
that the maximum value of A is indepen-
dent of either the molecular weight or
the charge density of the polymer. How-
ever, the amount of material removed
and, therefore, the length of filter run
were greatest for polymers C and F, with
<M>, of 4x10' and 3 X 10~ and
charge density of 300 and 120 C/gm,
respectively. The headloss data corre-
sponding to the filter runs in Figure 12
are summarized in a similar manner in
Figure 13. The dimensionless headloss
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H'H, (H. being the headloss for clean
bed) is shown as a function of o. The
inset indicates that headloss in direct
filtration is directly related to molecular
weight of the polymer. Therefore,
although polymer F vielded very good
results for filtrate quality. headloss was
extremely high. Table 3 summarizes the
volume of water that had been filtered
with optimum dosages of various poly-
mers and the resulting dimensionless
headloss, until a 10 percent breakthrough
of pacticulates occurred. Polymers C and
F vielded better quality effluent than the
rest of the polymers studied. However,
the headloss  with polvmer F was
estremely high,

Summary and conclusions

Polymers found to be good flocculants
and fiter aids are usually linear homo-
puivmers, Proper characterization of
polymers. including degree of hydrolysis,
charge density. weight-average molec-
uiar weight, rate of solution, and intrin-
sic viscosity is essential if the mode of
action of these polymers is to be under-
stood. The size and shape of polymer
molecules in solution are important from
the standpoint of their use in floccula-
tion or direct filtration. In freshwaters
with low ionic strengths, the polymer
assumes an extended coil configuration
that atfords the formation of bridges
spanning double layers.

The method to be used for determining
optimum dosage depends on the molec-
ular weight and charge characteristics of
polymers. Polyelectrolytes, i.e., polymers
with ionizable groups, always interact
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strongly with surfaces of opposite charge
and are quantitatively adsorbed. at least
up to the point of charge neutralization.
Measurement of electrophoretic mobility
and of particle size distribution seem to
be the ideal methods for determining
optimum dosages for filtration. Restabili-
zation caused by overdosing may simply
be a result of charge reversal rather than
colloidal surface saturation by adsorbed
pulymer segments. Because of strong
clectrostatic interactions, polyelectrolyte
chains may assume a flat configuration
on colloidal surfaces. reducing the
chance of bridging.

The effect of mixing on polymer
dosage and filter performance is signifi-
cant. For direct filtration, low to medium
weight polymers (10 000 to 100 000) seem
to perform best. For such polymers rapid
mixing at velocity gradients in the range
of 300 to 630 sec * for a period of 3 to 8
min appeadrs to be necessary. Since the
adsorption process has to overcome a
ditfusion barrier. rapid mixing must pre-
cede filtration. Standarcd jar test apparat-
us is incapable of providing the neces-
sary G values for mixing most polymers
of interest in direct filtration. Rapid mix-
ing should not be continued for pro-
longed periods, as it may cause shearing
of polymer segments and thus impair the
flocculating capacity of the polymer. For
most direct filtration operations, slow
flocculation following rapid mixing may
not be needed. especially if the sus-
pernded solids concentra.ion is 30 mg/L
or higher.

High molecular weight polymers may
give excellent filtrate quality, however,

CAPCO

with excessive attendant headlosses.
These polymers are not well suited for
direct filtration. In the selection of
cationic polymers for direct filtration,
both charge density and molecular
weight should be given equal considera-
tion. Although it is conceivable that in-
filter flocculation could occur, no evi-
dence of such a phenomenon could be
detected in this research. Further, esti-
mated G values in a clogging bed did not
seem to be high enough to cause quality
failure through floc breakup. The ef-
fluent concentration profiles obtained in
this study were reminiscent of typical
adsorption front migration profiles.

A methodology based on the particle-
size analysis seemed to offer a precise
description of the actual separation pro-
cess, either through flocculation or filtra-
tion. The optimum polymer dosages,
based on particle-size analysis, should be
favored over those determined by turbidi-
ty measurements in traditional jar tests.
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Conduct and uses of jar tests

Herbert E. Hudson Jr. and E.G. Wagner

if procedures that simulate treatment plant conditions are {ollowed, jar testing can
produce important information quickly and economically, and the data are directly
applicable to plant design, modification, and operation. The procedure offers
greater tiexibility and economy than the traditional pilot plant test for pretreatment.
It has shown excellent scale-up correlations with plant operating records.

Experience has shown that the jar test
procedure has many uses other than
coagulant dosage control. Beyond the use
of the jar test technique for control of
coagulant dosage. other uses include but
are not limited to: (1) determining the
strength of floc, (2) predicting filtered
waler quality, (3) determining the opti-
mum coagulant pH. (4) determining the
optimum mixing intensity. (5) evaluating
the optimum mixing intensity taper, (6)
evaluating rapid mix duration and inten-
sity. (7) evaluating the effect of lag time
between rapid mixing and flocculation,
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(8) evaluating optimum coagulant aid
dosages. (9) evaluating the sequence of
coagulant and coagulant aid dosages, (10)
establishing which coagulant is most
suitable, (11) evaluating the effects of
sludge recycling and concentrations of
sludge for recycling, (12) predicting the
effects of short circuiting. (13) predicting
sludge deposit configuration, (14) pre-
dicting design criteria for in-plant set-
tling, (15) establishing design criteria for
tube and tray settlers, and (16) evaluating
direct filtration possibilities and coagu-
lant dosages.

0003-150X81/040218-06$02.00

* 1981 Amancan Water Works Association
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These techniques have been used over
the past twelve years in correlating jar
test and plant operating records in more
than (G0 treatment plants,' and similar
assigniments have recently been com-
pleted in six additional plants. Because
of this wide experience in the applica-
tion of the technique. great confidence
has been gained in its applicability. The
data in this paper illustrate many of
these techniques.

Concept of settling velocity

Seventy-five years ago. Hazen pub-
lished a paper in which it was pointed
out that the important criterion in sedi-
mentation is surface loading of the basin,
rather than residence time.?

Surface loading has traditionally been
expressed in units of volume per unit of
basin surface area per unit of time. Units
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Jar testing set-up in which a magnetic stirrer was used with the square jars.

commonly used heretofore were gallons
per day per square foot or gallons per
minute per square foot. Some authorities
have used. in English units, inches per
minute. Outside the United States it has
been common to use volumes per unit of
time per unit area. Some European and
South American authorities use cubic
metres per square metre per day. The
British have long used Imperial gallons
per square foot per hour. For a consider-
able period of time the use of centimetres
per minute has been the standard. These
latter units are very easily derived by
simple anthmetic manipulation. The
cquivalency of the units most widely
used in the United States is:

gallon per minute per square foot
1440 gallons per day per square foot
1.6 inches per minute
4 centimetres per minute

The surface loading rate for settling
basins is equivalent to a vertical velocity,
which is the descent velocity of particles
that are settling in the basins. This value
is found by dividing the volume of flow
through a basin by the basin’s surface
area, with appropriate arithmetic adjust-
ment. If good inlet and outlet design of
the basin is provided, particles that have
settling velocities greater than the basin
loading (expressed as a settling velocity)
will be removed in the sedimentation
prccess. A few of the particles having
settling velocities less than the basin
settling velocity will be removed.
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Procedure and equipment. A revised
standard procedure now uses square jars
that are fabricated by cementing together
sheets of acrylic plastic, with dimensions
as shown in Figure 1. After 2 L of water
have been added and the water level
graved on the container, a sampling tap
is inserted through the wall of the con-
tainer at a distance 10 cm below the
surface of the water. Samples are with-
drawn through this sampling tap at inter-
vals of 1. 2, 5. and 10 min following
termination of the period of flocculation.
These correspond respectively to settling
velocities of 10, 5. 2, and 1 cm/min. This
range covers that encountered in most
plants. which is most commonly from 2
to 8 cm/min (0.5 to 2 gpm/sq ft).

Many researchers working with jar
testing on a bench-scale basis have used
much longer times of sedimentation and
have not controlled the depth from
which the sample was taken. According-
Iy, the settled water quality data have
little relation to reality. The authors’
experience has been that settling for very
long periods of time in the laboratory
produces results that fail to discriminate
among the merits of various pretreat-
ments nearly as well as do those in the
range described above. Another weak-
ness in bench-scale testing has been in
the use of stirring speeds that do not
produce mixing energy G equivalent to
that occurring in full-scale plants. In
full-scale plants, G values range from 10
to 150 sec'.

Floc formed with the use of ferric chloride and
a high molecular weight nonionic polymer in
water at the Potomac, Md., filtration plant.

The results of the bench-scale tests,
following rapid mixing and flocculation,
are then plotted graphically to produce a
line that defines the “settling velocity
distribution curve." Since there are four
points on the curve for each jar, the
number of points makes it possible to
determine whether erratic results are
being obtained (Figure 2). The graph
paper used' may be either logarith-
mic-normal probability paper. semi-
logarithmic, or logarithmic paper. In
log-normal graphs, settling velocity is
plotted against the percent of turbidity
remaining. For the other types of graphs,
turbidities remaining may be plotted
directly against settling velocity. As indi-
cated in Figure 3, plant loading data may
also be shown for comparison with what
may be expected if the jar test treatment
is applied in the plant. Actual plant
results can also be plotted on the same
graph for comparison.

The authors calibrated the square jars
with a torque meter system* similar to
that described in an earlier publication.®
Calibration curves appear in Figure 4.

The square plastic jars have a number
of advantages over the normal glass
beakers or glass containers used in jar
test work in that (1) the plastic jars are
less fragile: (2) rotational velocity stops
quickly upon the termination of stirring;
(3) no siphon or pipette is needed for

*Phipps and Bird stiring machine. Phipps and Bud. Inc..

Richmend, Va.
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sampling, and the sample is withdrawn
without disturbing the settling water;
and (4) the acrylic plastic walls are less
heat-conductive than the glass walls of
other jars. The plastic has lower thermo-
conductivity than glass, and the wall
thickness in the piastic units is about
fourfold that of glass beakers. Plastic
units can therefore be used in the labora-
tory without a water bath. No material
change in temperature of the water
occurs during testing.

Occasionally, the question is raised as
to whether the results in jar testing com-
pare with those in the plant, because of
the continuéd rotation of the water in the
jars on termination of stirring.Field expe-
rience does nat confirm this to be a
factor, particularly with baffled jars or
square beakers. Apparently, the brief 20
to 30 s period required to slow the water
down in these beakers is analogous to the
turbulent inlet zone of the settling
basins.

The photo on page 219 shows the jar
testing setup used in recent work, in
which a magnetic stirrer was used with
the square jars. Settled water samples
were taken at closely regulated time
intervals. A small portion of each sample
was bled to waste to flush out the sam-
pling tube, and a sample large enough for
a turbidity determination was collected.
For this purpose, it is convenient to use
30-mL plastic cups that commonly serve
for dispensing medicine in hospitals.
Turbidity is then determined in a 90-deg
light-scattering nephelometer.

The second photo on page 219 shows
floc formed with the use of ferric chlo-
ride and a high molecular weight non-
ionic polymer in water at the Potomac,
Md., filtration plant. This illustrates a
well-flocculated water. In a aumber of
plants, the authors have found the use of
ferric coagulants to be advantageous
over alum, This is not universally the
case. however. Fallin has previously
reported plant-scale experience with the
use of a ferric coagulant.*

In the conduct of bench-scale testing,
it is 1mportant to simulate as closely as
possible the rapid mixing and flocculat-
ing conditions of the plant both as to
nominal duration and mixing intensity.
The bench-scale procedure may also be
used in the same period of testing to
simulate the modified conditions to be
anticipated in the plant with improve-
ments. Jar test procedures, repeated
under the extremes of water quality such
as occur in winter versus summer and
checked against actual plant perfor-
mance, provide an excellent alternative
to pilot plant operation.

A factor that makes the use of extrapo-
lation of jar test results to plant behavior
conservative is that there is always far
greater residence time in the plant set-
tling basins than there is in the jars, for
which the maximum sedimentation time
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fabricated from acrylic plastic
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is 10 min. Even when there is short
circuiting in a plant, there is usually an
hour or more of time in the settling
basins. As a result, there appears to be
continuing flocculation going on in set-
tling basins after the water has passed
from the flocculating chambers into the
basins, with the result that data from
well-designed plants are usually better
than those predicted from jar testing.

In traditionally designed plants, test-
ing by bench-scale procedures frequent-
ly yields considerably better settled
water quality than is obtained in the
plant. This is due to short-circuiting fac-
tors throughout the pretreatment phase
of the plant, including rapid mix, floccu-
lation, and sedimentation. When these
problems are overcome by modifica-
tions, plant results actually exceed those
secured under comparable jar testing
conditions (Figure 5). The settled water
quality is usually so much improved that
much higher filter and basin loadings are
possible, thus opening the door to
increasing capacity rating and at the
same time maintaining high quality.

The procedure just described lends
itself well to the establishment of the
optimum coagulant dose and pH. It is
sometimes found that the traditional pro-
cedure of simply observing the appear-
ance of the floc and its settling behavior
gives misleading results. Determining the
settling velocity distribution curve for
each beaker. with a different coagulant
dose for each, better quantifies the
optimization of the dosage.

Floc strength. Until recently, it was

. thought that floc strength could be deter-

mined only by observing whether a ter-
minal breakthrough occurred in the fil-
tering process. Recent experiences in the
conduct of jar testing under winter and
summer conditions at Potomac, Md.,
gave the results illustrated in Figure 6.
Under summer conditions at-21°C, no
terminal breakthrough occurred in the
plant. Continued prolonged stirring at a
velocity gradient of 14 sec ' caused no
impairment of floc sedimentation. How-
ever, when jar testing work was carried
on at 4°C, continued prolonged floccula-
tion revealed a deterioration of the floc
settling capability. It seems evident that
the continued agitation, even though it
was at a velocity gradient of 11 sec-!,
caused breakup of floc. Terminal break-
throughs were also observed in the fil-
tered water, the quality of which tended
to deteriorate under cold water condi-
tions. Breakup has been recorded pre-
viously® but not as related to temperature
conditions.

Another useful technique is to dip
samples from points in the process train
in the plant, such as the rapid mix outlet
and the flocculator outlet. Samples
dipped from the rapid mix outlet can
then be flocculated in jars and settling
velocity tests made. Settling velocity

Lo

determinations can be made directly in
the jars on samples dipped from the
flocculator outlet, although great care
must be taken in dipping the samples in
order to avoid breaking up the floc.

Figure 5 shows a range of turbidity
values found for samples of settled water
dipped from the flocculator outlet, as
compared with rapid mix samples stirred
in the laboratory. Two resultant ranges
for samples treated in this fashion are
shown in the upper part of Figure 5. With
modified chemical treatment sequences
and dosages and tapered flocculation in
the laboratory, much better results were
obtained on the bench scale than from
samples dipped from the nominal 91-
ML/d (24-mgd) plant in Maratee County,
Fla. Treatment was then applied to the
plant. Use of the improved sequence of
chemical additions further improved the
plant performance. After six months of
testing in a modified section of the plant,
there was clear evidence of good per-
formance at much higher loadings.
Approval has been obtained to double
the nominal capacity of the flocculation
and settling basins.

Sequence of application. Figure 3 illus-
trates a set of bench-scale trials to deter-
mine the best sequence of addition of the
polymer. The data in the figure show that
addition of the polymer at the same time
as the alum gave results dramatically
inferior to those obtained when the poly-
mer was added 5 min after the flocculat-
ing period had commenced. A delay in
adding the polymer until 10 min after
flocculation had occurred worsened the
results by reducing too much the time
available for the polymer to bring the
floc particles together.

The sequence of application of the
reagents used in treatment, such as the
coagulant, alkali. and flocculation aid., is
important. It can never be assumed that
the same sequence will work well on
different waters. In some cases it may be
necessary to reverse the sequence for
best results. This was observed at the
R.A. Skinner plant for the Metropolitan
Water District of Southern California.
Alum and a cationic polymer were
applied virtually simultaneously in the
rapid mixing chamber in a location that
did not provide the greatest mixing
intensity. A diffuser was installed at the
point of highest turbulence for the addi-
tion of the alum, with the cationic poly-
mer following later. This caused a deteri-
oration of results. The sequence of appli-
cation was then reversed, and the results
were better than with either of the other
two procedures.

Sometimes unexpected results were
obtained. For example, at Kingston,
Jamaica, where water of moderate alka-
linity is treated, the treatment supervisor
stated that better results were obtained
by adding lime with the alum, bringing
the water to a pH well above 7. This
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seemingly dubious reaction was re-
checked on the bench scale and found to
be valid.

Evaluating other variables. Sludge recir-
culation. The effect of sludge recircula-
tion in solids contact reactors in plant-
scale operation is shown in Figure 7. The
effluent quality from reactors starting up
without sludge was considerably worse
than that of reactors continuing in oper-
ation with a substantial solids buildup.
After about four days. sufficient sludge
was accumulated in the starting reactors
to increase improvement substantially
and to approximate closely that of the
units continuing in operation. This same
phenomenon has been evaluated on a
bench-scale basis by accumulating
sludge from prior jar tests. Frequently,
improved results were obtained through
the reuse of accumulated solids from
prior jar tests. Sludge return can have
extremely beneficial results on the oper-
ation of some plants.

Duration of flocculation. The effect of
duration of flocculation on the settling
velocity distribution curves is shown in
Figure 8. Under testing conditions using
Sacramento Delta water, considerably
improved results were obtained when
flocculating time was increased from 10
min to 15 min and then to 20 min, both
for alum and for ferric chloride.

Rapid mixing intensity. The effect of
rapid mixing intensity can also be dra-
matic. Figure 9 shows three different
rapid mix regimes. The poorest results
were obtained by using a paddle* with a
mixer that operated at 1000 rpm for 2
min. \WWhen a blendert was used fora 10-s
initial mix ( =10 000 rpm), somewhat bet-
ter results were obtained. When the first
machine” was used for rapid mix at 160
rpm for 4 min. even better results were
obtained. Camp had previously reported
that excessive initial mixing would pre-
vent subsequent flocculation.”

Pouivmer. The beneficial effects of a
high molecular weight nonionic polymer
with alum as the coagulant are shown in
Figure 10.

Alum and ferric coagulants with high-
energy tapered flocculation are com-
pared in Figure 11. The alum dose was 20
mg: L and the ferric dose was 12.5 mg/L.
Nonetheless. the ferric coagulant yielded
a superior result. At these relative dosage
levels. the ferric coagulant was more
economical than alum.

Lag time. In the jar testing procedure it
is feasible to determine whether there is
any lag time effect between the rapid
mix and the beginning of flocculation. In
some plants, the flocculating chamber is
located so that there is a considerable
period of quiescent flow between the
application of the coagulant in the rapid

*Phipps and Bird paddic, Phipps and Bird. Inc.. Richmond.

Va.

tWanng blender, The Warning Corp, New Hartlord.
Conn.
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mix and the beginning of the flocculating
period. Published curves have shown a
jar test in which a delay was deliberately
employed between the rapid mixing time
and the period of flocculation.” It became
evident that the lag time was impairing
the results obtained. As a result, the
rapid mix in the plant under study was
relocated to reduce the lag time greatly.

Short circuiting. The bench-scale pro-
cedure has been used to predict the
effects of short circuiting.* The effects of
flocculating too long or too little were
calculated, with a result that it was pos-
sible to calculate from the jar test data
what to expect with a single compart-
ment flocculator or with a multiple com-
partment flocculator. The results of the
multiple compartment unit were clearly
superior. The short circuiting in a single

&.\
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compartment flocculator closely approx-
imated results obtained on dipped sam-
ples taken from the plant flocculator
outlet.

Distribution of sludge solids. Once the
settling velocity distribution curve has
been established for a given water, it is
then possible to use the results to deter-
mine the distribution of sludge solids
along the length of the basin. Figure 12
shows curves based on such calcula-
tions. Such data make it easy to deter-
mine the cost cffectiveness of sludge
removal mechanisms of various configu-
rations. Obviously, in well-flocculated
water much of the sedimentation takes
place near the inlet to the basins, and
sludge removal equipment may be
needed only in that portion of the basin.
The balance of the basin is cleaned peri-
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odically by manual means, which saves
on installation costs.

Bench testing and filtered
water quality

The bench-scale testing procedure
may be used to predict the filtered water
quality by the use of filtration through
filter papers.” Fresh filter papers should
be used for each jar. The first portion of
the filtrate should be discarded and the
balance used for measuring filtered
water turbidity. The authors have found
this method to give good replication of
water quality.results in the plant. It does
nothing, however. to determine the rela-
tive lengths of filter runs. This can be
determined only by full-scale operation
or by pilot plant testing of filters.

Conclusion

In the last two years. extensive jar
testing work using filter papers at widely
varied locations—including the Southern
California Metropolitan Water District
Skinner plant, the Santa Clara Valley
Penitencia plant, the Navy's Fena plant
on Guam, and the Kano. Nigeria,
plant—has established that the dosage of
coagulant needed to achieve high quality
filtered water is often far below that

*Whatman No 40. Whatman, Ltd . England.

required to produce a floc that settles
well, Bench-scale results at the Skinner
plant yielded filtered water turbidity val-
ues of 0.2 ntu. These were identical with
plant operating results based on corre-
sponding ages of alum and polymer.
At the Skinner plant, no settleable floc
formed, and no measurable change in
quality occurred in the flocculators or
sedimentation basins. The flocculators
were shut off without any effect on the
filtered water turbidity or particle
counts. In effect, this conventional treat-
ment plant was being operated in a direct
filtration mode most of the time.

Following a similar line of attack. the
south filtration plant at Chicago now
operates with dosages of 0.12 mg/L of
nonionic polymer followed by 1.2 mg/L
of alum during low turbidity periods. In
this plant, however. visible floc particles
and some settling do occur.”

The implications of the finding that,
for some waters, a high quality filtrate
can be obtained with a greatly reduced
coagulant dosage are sigrificant.

® In these days of rapidly rising costs

for coagulants. substantial cost sav-
ings are definitely feasible.

® Reduced coagulant requirements are

sure to result in reduced sludge
quantities.

® In many instances, increased filter

run lengths result. .

® Flocculation systems can be taken
out of service during direct filtration
to save operation and maintenance
costs.
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The relationship between asbestos and
turbidity in raw water

Richard K. Severson, James Harvey, and Lincoin Polissar

Determining historical exposure to asbestos in drinking water has been a limiting
factor in many studies dealing with waterborne asbestos and disease. Thirty-five
raw water samples from a watershed area were analyzed for turbidity and asbestos
levels. A significant corretation between turbidity and asbestos was found. It is
concluded that asbestos levels are significantly related to turbidity levels in raw
water; thus. it may be possible to use historic turbidity data to assess past imbibed
asbestos exposure. However, more research is needed to document this relation-

ship fully.

A few years ago, asbestos was discov-
ered in several municipal water sys-
tems.' * Since then. additional studies*~
have attempted to assess the potential
relationship between waterborne asbes-
tos and cancer. These studies have
assumed that historical asbestos expo-
sure levels are the same as current expo-
sure levels, but little evidence has been
provided to support this assumption.

The US Environmental Protection
Agency* has determined that the water of
the Sultan Basin watershed contains
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unusually high levels of asbestos. The
authors have studied this watershed,
which provides about 329 ML/d (87 mgd)
to a population of about 200 000 (includ-
ing the city of Everett, Wash). The
watershed consists primarily of the north
and south forks of the Sultan River,
Williamson Creek, Elk Creek, Spada
Lake. and a 10-km (6-mi) portion of the
Sultan River itself. Historical turbidity
data, collected by the city of Everett, are
available for the Sultan Basin, but the
relationship between turbidity record-

0003-150X,81/040223-02$02.00
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ings and asbestos levels has not been
well established.

Methods

The results of analyses for turbidity
and asbestos levels (chrysotile and
amphibole combined) on 35 raw water
samples were obtained from R.W. Beck
and Associates.* These samples were
drawn from the Sultan River watershed
from July 1978 to March 1979. One of
these samples was a surface sample tak-
en near a boat launch area on Spada
Lake. This sample was potentially incon-
sistent with the rest of the data because
nearby recreational activity may have
had some unusual effect on surface tur-
bidity and asbestos levels. Thus, ana-
lyses were performed once on all 35
sample results and once on 34 sample
results, dropping the potentially con-
founding sample.

Scatterplots were examined and Pear-
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son's product-moment correlation coef-
ficient caiculated for the paired turbidity
and asbestos measurements. As a further
test, Spearman’s rho, a nonparametric
correlation coefficient based on ranks.
was calculated.™

Results

In the first correlation analysis. exami-
nation of the residuals suggested that the
assumption of homogeneity of variance
for the error components may have been
incorrect. Through a square root trans-
formation, this assumption appeared to
have been satisfied. With all 35 samples
in the analysis (Figure 1), a correlation of
0933 (p < 0.001) was obtained. With the
potentially inconsistent sample dropped,
4 correlation of 0952 (p < 0.001) was
obtained. Spearman’s rho was 0.9113
(p < 0.001) for all 35 samples and 0.9134
(p < 0.001) for the 34 samples. Thus, a
high correlation between turbidity and
asbestos levels was found in these data.

There are two groups of sample points
in Figure 1: group one consisting of 25
points in the lower left and group two
consisting of 9 points in the upper right.
This grouping can be explained by con-
sidering both sample location and date.
All nine samples in the second group
were taken in February and March of
1979, during the wet season of the year at
the time of or immediately after a heavy
rainfall. Storms raise turbidity levels and
probably increase asbestos levels as
well. Heavy precipitation is a normal
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condition in the Sultan Basin during
February and March. Twenty-four of the
25 samples from group one were taken in
July and October of 1978. during the dry
season of the year. The remaining sample
was taken in February 1979 from the
south fork of the Sultan River, which is
historically lower in turbidity than the
other basin tributaries.

A regression line was fitted to each of
these two groups separately and com-
pared with the overall fitted regression
line. For the lower left group. the corre-
lation was 0.86 (p < 0.001) and Spear-
man's tho was 0.7985 (p < 0.001). For the
upper right group, the correlation was
0.58 (p = 0.050) and Spearman’s rho was
0.6135 (p = 0.039). All three regression
lines had a positive slope. It is hoped that
intermediate values gathered in future
studies will show that treating the data
as one group is the correct procedure.

Discussion

The results of this study suggest it may
be possible to use turbidity as a surrogate
measure of asbestos levels in raw water.
These findings were based on water sam-
pled from a mountain watershed. Al-
though the results may not be directly
comparable to other water systems, an
unpublished study** of another mountain
watershed obtained similar results.

Even though a significant correlation
was found between asbestos and turbid-
ity in water, the study has limitations.
Current electron microscopy methods

k'\
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for asbestos analysis allow samples to
vary by a factor of two to three and still
be considered not significantly different
from each other. More precise counting
techniques do not exist.

This study was based on 35 water
samples taken over a nine-month period.
Ideally, both the number of samples and
the time frame of the study should be
increased. Unfortunately, asbestos anal-
ysis for water samples is expensive. With
costs of up to $500 per sample. water-
borne asbestos data are usually difficult
or impossible to obtain.

It might be expected that these limita-
tions would decrease the strength of the
association between asbestos and turbid-
ity, yet, in spite of this, a significant
correlation was found between them. It
is hoped that this-study will spawn other
studies that will further clarify the rela-
tionship between turbidity and asbestos
levels in drinking water.
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As the Northeast drought bout continued into 1981,
Mayor Koch of New York City joined the fray. declar-
ing a drought emergency and appointing more than a
million deputy mayors—the children of the city—to help
“Keep New York Wet.” Then, as the supply in the
Delaware River Basin area dropped below the critical
level. the governors of Delaware, New York, and Penn-
svlvania joined Governor Byrne of New Jersey in
placing 22 million residents using that water under a
series of emergency orders, designed. it was said, to
help replenish depleted reservoirs by june. Meanwhile,
in the West. where lack of precipitation threatened not
only the ski scason and the winter wheat crop but the
navigability of the Mississippi River. Governor Lamm
of Colorado. where 15 in. of moisture per vear is full
measure. announced: “The drought is here. We cannot
avoid saying that any longer.”

Not only was it “here” and “there” but almost
everywhere in the country, according to weathermen
who have labeled 1980 the year when weather went
wild. Atmospheric scientists agree that 1980 weather
presented one of the most unusual patterns ever record-
ed. and some think it presages a highly erratic era.

Presager Douglas Paine of Cornell University. relying
on his study of sunspot activity. hit the headlines with
word that, at least in the Northeast. the drought will
remain until 1985. Paine warned New York City of the
drought’s peril and recommended that farmers in the
Midwest hold back exporting some of this vear's crop
against a shortage expected to result from next year’s

" drought. Professor Robert Harnack of Rutgers Universi-
(v hastened to arraign Paine. perhaps unfortunately for
the fate of Gouvernor Byrne's $385-million bond issue, if
1981 rains turn out to be anywhere near normal.
According to Harnack. “There is no known method for
making a five-vear forecast that would show any skill.
Daily predictions out to five days and seasonal fore-
casts (for three months) have shown some reliability.
But we may never be able to make a safe prediction for
even one year.”

Nevertheless. the media do dote on doom and profes-
sors do publish. so Paine may well persist until Election
Day. especially if an earthquake hits Peru in June.

June, by the way. has been called crucial for New
York City. too. That is when the city’s three reservoir
systems must, it is said. be nearly full to avoid a
summer crisis. So, to "Keep New York Wet," the
drought-emergency proclamation included a first-
phase ban on the use of city water to wash cars and
trucks. to water golf courses, or to operate ornamental
fountains, and mandated installation of water meters
on all air-conditioning units of more than two-ton
capacity. No doubt doubtful that these measures would
achieve much saving in the middle of a frigid winter,
the mayor turned to voluntary individual conservation
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Percolation & Runoff

Eric F. Johnson

as “the single most important facet of our antidrought
program,” the goal of which is to reduce water use from
190 to 160 gped. Major tools in the voluntary campaign
have been advertising and publicity, and of these there
has been no shortage, with space and display almost
wholly provided as a public service. Thus, radio and
television commercials, newspaper stories, billboards,
and placards in subways, buses, and city facilities have
inundated the city. About the only gimmick not yet
brought to bear on the problem is the overall symbol
that a New York Times editorial suggested would do
for New York what Smokey the Bear did for forests:
Mayor Koch on a camel!

For longer-term “wetness.” meanwhile, all the
untried and true remedies have once more been dusted
off for reappraisal. On January 28, Mayor Koch directed
the buildings commissioner and the environmental
protection commissioner to look into the possibility of
requiring water meters in individual apartments in
buildings under construction. yet to be built, or
undergoing large-scale rehabilitation. The City Council
was considering a bill to require metering for all
apartment buildings. On January 7. the Department of
Environmental Protection began to advertise contracts
to shut off the water in 6000 vacant buildings: vandals
had stolen plumbing fixtures in many of the buildings,
leaving water running in one school building at a rate of
1 mgd. At the same time, the department began to work
with two new electronic leak detectors, which one
engineer said would bring the city "out of the Stone
Age' in seeking the sources of the estimated 100 mgd in
leakage. And finally, of course. there is reconsideration
of tapping the Hudson River, which for almost a
century has been recommended and re-recommended
as the permanent solution to the city's problem. Reduc-
tion of leakage, which represented 7.5 percent of the
water brought into the city, is under way, but the
opposition being what it is, meters and the Hudson will
probably be washed away in the next wet spell, even be
it Painestaken. So, in the words of the New York Times
editors, not usually inclined to sensationalize:

Without a combination of abnormal precipitation and
unusual conservation, there is simply no way to head off
a summer of dry horrors.

‘What horrors?

Minimal air conditioning in offices and factories that
cannot recirculate cooling water. Discouragement of
tourism. Thus, a loss of jobs. Laundries and car washes
cut back. then shut down. Little water in the upper
apartments of the typical six-story buildings in older
sections of Manhattan, Brooklyn, and the Bronx—those
that depend on natural pressure. And probably no water
at all. anywhere. during emergency shutdowns of several
hours each day, and longer at the end of the water line, in
places like Staten Island.

{Continued on page 114)
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{Continued from pase i3l
For survival, of course. just add water!

Survival, by the wayv. seems to be on the minds of a
a-~wing number of people who have been doomstruck
by fear of such cataclysms as nuclear war or pollution,
total economic collapse. uncontrolled immigration and
criminal activity. or even natural disasters. Estimated
at "millions” by L.S. News & World Report. survivalists
are apparently holing up in rural isolation with hoards
of food and precious gems or metals. many with an
arsenal of weapons to protect their hoards against less
foresighted friends. Others less antisocial and with a
taste for something better than a cave or hut are buying
into survival condominiums such as the 240-unit under-
ground refuge at La Verkin, Utah, where the $39 000
one-bedroom furnished apartments are equipped with
“enough dried food stuffed in the ceilings, walls, and
furniture to last a person four years.” Then there is the
43-family retreat on an island off Florida. complete
with its own sewer system and underground telephone
and power service. serving precataclysmically as a
place for weekend fun.

Providing the acreage. food. shelter. and weaponry
for the disaster cult has apparently become “one of the
nation’s liveliest growth industries,” but, as usual,
water supply scems to have been taken for granted.
True, Gary McDaniel. building his sanctuary on a farm
near Miamisburg. Ohio. was reported to have aug-
mented his vear's supply of freeze-dried food with 400
gal of water. and survivalists have noted that a
waterbed will store 220 gal for an emergency. but [
suspect that munching powdered peanut butter and dry
grain in a cave for a year could build up quite a thirst.
Even the frecze-dried turkey Tetrazzini. shrimp creole.
and chicken stew now available. not to mention freeze-
dried coffee. might well run water requirements up to
more than even g king-size waterbedful per year.

The only survival is hydrated survival. In other
words, just add water!

To make even hydrated survival more survivable, the
Japanese have just announced the successful develop-
meat of powdered booze. produced. it seems, by envel-
oping the alcohol of vour favorite firewater in dextrin
and glucose. Actually. the technology is said to have
been discovered back in 1966, but the stuff hasn't been
marketed because of the lack of a liquor tax law to
make it expensive enough. This spring. however. the
Sato Foud Industry Co. is expected to begin marketing
foil packets of powdered whiskey, brandy. sake. and a
variety of cocktails. to which a thirsty tippler need just
add water—hot or cold, liquid or solid.

Apparently unimpressed by such a lightweight com-
petitor, feffrey Wormstone. spokesman for the Scotch
Whiskey Association. indicated that traditional distill-
ers were not about to be weaned from their bottles. But
it sounds as if the ultimate in a dry martini has at last
arrived. And to think it will soon be available in
Clancy’'s powder room.

The powder room as a source of supply not for
whiskey but for water is something else—something
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given a boost by the New York Times last February 5 in
an article on the "Lifetime’s Supply of Recycled Water”
at the home of John and Rosalind Cusack of Evergreen,
Colo. There, an initial 1000-gallon supply is recycled
through a computer-operated system developed by
Pure Cycle Coro. of Boulder, Colo.,"and approved by
the healtn departments of Colorado, Wyoming, New
Mexico, and Arizona. The system incorporates a five-
step process from aerobic and anaerobic digestion,
through microscreening, activated-carbon and ion-
exchange filtration, to ultraviolet disinfection. The
process is monitored by the computer, which is pro-
grammed to warn the service department of any mal-
function and to shut down the system in case of failure.
The $15000 installation cost. plus $35 per month for
service, is said to be comparable to the cost of a septic
tank system in poor soil areas—not to mention the
paltry cost of the unrecycled water then required.

According to Pure Cycle vice president Robert
Mankes: "The system has a 99.3 percent recovery rate,
so the average family that consumes 300 gallons of
water a day loses two gallons daily. This loss is more
than made up by the beer, soda pop. and liquid from
canned goods that the family pours down the drain.”

This zero consumption, said the Times. compares
with the 73 000 gallons of water consumed annually by
a family of four in a conventional house.

Keeping the powder room dry, on the other hand,
was one concerned citizen's suggestion on how to
“Keep New York Wet.” Having learned that between 40
and 50 percent of domestic supply is used to flush the
toilet, he proposed that. at least in all new construction.
composting toilets. such as the famous Swedish Clivus
Multrum, be required. Perhaps he. too. had read of the
109-year-old two-story double-three-seater outhouse in
Belle Plaine. Minn., described by the local historical
society as “one of the world's greatest engineering
marvels.” Remembering New York City. it's a bit
difficult imagining not only multiple compost ramps of
30 or more stories but also their eventual subterranean
discharge points. However. the announcement of
“Mullbank™ describes it as “A toilet that uses no water
and has no effluent. Here is Sweden’s most popular
composting toilet. designed for full-time use by a family
and ideal for vacation homes also. No freeze-up prob-
lems. no water problems. no drainage problems. Mull-
bank is completely odorless. quiet. uses no water and
has no eftluent.”

I can smell it now. that invisible compost heap on
Times Square!

As to virtually dry powder rooms, one of them
became almost Carsonigenic last year when Earl Brax-
ton of Utica. Mich., named the portable toilet he rented
to construction firms “"Here's Johnny.” He even applied
for a patent on the name. "Here's Johnny™ Carson took
no time at all in suing Earl for $1.1 million, later
reduced to $10 000 {who needs the money?) for infringe-
ment on his trademark (but he had none), invasion of
privacy, and embarrassment. US District Judge Julian
Cook, in what will probably be called a landfillmark
decision, ruled that there was no real Tonightsoil
caused by the potty of the second part!
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Names in the News

Jerome B. Gilbert (Active Member) will become the sixth
general manager of the East Bay Municipal Utility District
(Utility Member) in May. when current general manager John
S. Harnett (Active Member) ends his 13-year tenure in the
position. Gilbert. current president of AWWA, has almost 30
vears' experience in water and wastewater engineering and
related fields, with special interest in water and energy
conservation, water supply quality and threats of new con-
tamination. and reduction of treatment costs. Gilbert founded
his own firm of consulting engineers in 1972, later merging
with Brown and Caldwell. He is currently president of the J.B.
Gilbert and Associates Division of Brown and Caldwell, and
vice president of the parent firm.

Earl H. Graham (Affiliate Member). president and chief
operating officer of the Philadelphia Suburban Water Com-
pany (Ltility Member), announced that Timothy D. Lloyd has
been named assistant to the vice president of public relations.,
In his previous post as loss control representative in the
administration department. Lloyd was responsible for resolv-
ing damage claims and conducted many studies relating to
company operations. Lloyd joined the utility in 1970 as a
technical service representative and assumed his most recent
position in 1979.

Robert A. Baker (Active Member) has been elected a fellow
of the American Association for the Advancement of Science.
AAAS defines a fellow of the organization as “a member
whose efforts on behalf of the advancement of science or its
applications are scientifically or socially distinguished." Bak-
er was cited “for multidisciplinary advances in environmen-
tal technology and management, particularly for research in
isolation. identification, fate. and sensory effects of microor-
ganic constituents in water.”

M&E Pacific, Inc. announced the appointment of Wallace
S. Miyahira (Active Member) to vice president of the firm.
Mivahira has more than 23 years of extensive design and
mdndgement experience in a broad range of engineering
projects.

Calvin R. Melrose has joined the Permutit Company (Asso-
ciate Member} as manager of Canadian operations.

Kaiser Engineers. Inc. (Consultant Member) reported that
David A. Johnson has been named vice president of the
firm.

Leon E. Langford (Active Member) has been appointed
director of business development of the Chester Engineers,
Inc. (Consultant Member). Langford, who has been with
Chester since 1951. is a member of the board of directors and
formerly served as chief engineer. The firm also announced
the appointment of Anthony F. Lisanti to vice president of
engineering.

Charles ]. Leary (Life Member) has been promoted to
chairman of the board of the Leary Coastruction Company,
Inc. (Contractor Member). Charles D. Leary (Active Member)
has assumed duties as president of the firm.

Francis C. Smith (Active Member)., partner, Burgess &
Niple, Ltd., Engineers (Consultant Member). has been
appointed managing director of district operations. Smith
will maintain his current position as district director of the
firm’s branch office in Mentor. Ohio. '

APRIL 1981

LOVIBOND
MARES WRATER
TESTING SIMPLE,

RCCURRTE
RND PORTABLE

INSTRUCTIONS

e

The inexpensive Lovibond® Comparator 2000 system
provides a proven method of monitoring pH and chlorine
levels in drinking water, swimming pools, river water,
sewage systems, and industrial effluents.

Temperature, humidity, or sunlight have no deteriorating
effect on the precision glass color discs that are used in
the comparator. Rugged and reliable, the Lovibond ®
method is equally suitable for field or laboratory use,
There are over four hundred analytical tests available in
the Lovibond® system including tests for aluminum,
bromine, cadmium, chromium, copper, cyanide, fluoride,
hardness, iron, manganese. nickel, nitrate, nitrite, oxygen,
phosphate, and zinc.

For complete information call (804) 220-2900

or TWX 7108822260. Lovibond®WMBG

THE TINTOMETER COMPANY

Busch Corporate Center
206 Packets Court
Willlamsburg, VA 23185

A new subsidiary of
The Tintometer Limited
of Salisbury, England.

Lovibond

4 )

VISIT OUR EXHIBIT, BOOTH NO. 309

Readar Inquiry Service No. 058 NEWS

CAPCO JEN 0020790

115




Rate in&rease via
“rate base’ upheld

A public utility commission did not err
in establishing the rate for a water com-
pany by utilizing the “rate base™ method.
according to the Court of Appeals of
North Carolina.

The Springdale Water Co. applied for
propused new rates for water service to
customers in the Springdale Estates ser-
vice area. At the rate hearing, the compa-
ny'> financial status reflected a debt
owed to Springdale for the installation of
the system. This debt was used to calcu-
late the return on investment necessary
in order for the company to realize a
reasonable profit. The commission used
a “rate base” formula in determining the
propriety of a rate increase. finally
approving an 11.85 percent rate of return
as a basis for fixing the rate.

On appeal. the Springdale customers
claimed that the purchase price of lots~
included certain amounts, estimated at

750 per lot. that went to the repayment
of the cost of the water system. Thus.
they claimed the figure adopted by the
commission was overstated and the rate
hase artificially inflated. The court. how-
ever. concluded that the evidence did not
sustain the claim that any of the purchas-
ers of lots in Springdale contributed to
the cost of the water system. The court
said the evidence indicated no break-
down between the cost of the land and
the alleged amount to be applied to the
water system.

State Ex Rel Utilities v. Springdale
Estates. Court of Appeals of North Carolina,
May 6, 1980 (AWW/01/A.-85)

Contractor found to act
in good faith

A vontractor was within his rights by
continuing .o carry out his part of a
contract in good faith as long as such
work could go forward. according to the
Supreme Court of Utah.

A sewer arnd water district contracted
with a construction company to relocate
its sewer line to accommniodate a highway
project under construction by the state.
The construction company proceeded
according to the contract and reached a
pomnt of conflict between the work as
outlined and the simultaneous highway
construction being carried on by the
state. The possibility of a change order
had been discussed in light of this antic-
ipated conflict. but none had been forth-
coming from the sewer district. The con-
tract prepared by the district placed the
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onus on the construction company to
obtain change orders or to proceed fur-
ther at its own risk. After notice, the
contractor ceased operations when no
change order was forthcoming. The com-
pany sued for damages and won a
$25 000 verdict in the trial court.

The appellate court said that under
state law the requirement for written
change orders was binding on the parties
and had to be complied with or the
contractor might waive recovery for
such work outside the contract specifica-
tions. In the absence of a change order,
the court concluded, the contractor had
the election either to proceed outside the
terms and specifications or to shut down
and declare the contract breached.

Darrell J. Diderickson & Sons v. Magna
Water, Supreme Court of Utah, Jun. 10, 1980,
(AWW/02/A.-$5)

CAPCO

Water district bound by
merger agreement

An agreement providing for a city to
manage and operate both its own water
system and a district’s system was not an
unconstitutional delegation of the legis-
lative power of the district, according to
a California appellate court.

The Rincon water district was a public
agency that originally included lands
outside the boundaries of the City of
Escondido. Because of annexations to
the city. certain lands now lie within
Rincon and the city. For many years the
city owned and operated its own munici-
pal water system. The agreement chal-
lenged here was entered into with the
long-range objective of merging the two
respective systems by interconnections
into a single system. with the city being
its exclusive operator. Some Rincon tax-
payers challenged the merger, contend-
ing that rates would be based on
expenses incurred or assumed by the city
and that the merger would not benefit
Rincon or result in improved water ser-
vice at the lowest cost. The trial court
found the merger agreement void.

The appellate court said the agreement
was valid because the district’'s board of
directors was afforded effective means
to control the city’s performance as oper-
ator of the systems and to achieve the
ultimate objective of providing the most
efficient and economical water service at
uniform rates for all inhabitants of the
valley. including Rincon. The court was
satisfied that the agreement included
sufficient safeguards or standards to
assure this policy decision would be
implemented.

Hewltt v. Rincon Del Diablo Municipal
Water, California Court of Appeal, Jun. 18,
1980 (AWW/03/A.-$5)

Copies of the entire decisions described in
this column may be obtained for one year
after publication from Cases Unlimited, Inc.,
2650 Hurd Avenue, Evanston, IL 60201, which
prepared these summaries. Please enclose a
check for $5 per case and specify the code
number indicated at abstract’s end (e.g.
AWW/01/A.-85).
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News of the Field

An alternative to centrifugation and
vacuum filtration

Shortly after the city of Danville, Va.,
began operating its 91-ML/d (24-mgd)
capacity secondary wastewater treat-
ment plant in 1976. it was discovered that
some 80 percent of its average 68 ML/d
(18 mgd) contained fibrous industrial
textile waste that was difficult to dispose
of when it mixed with the scum removed
from the flotation units.

Treatment for this influent consisted
of three har screens with 1.27-cm (0.5-in.)
free openings to remove strings and rags.
sIXx raw sewage pumps with a total
pumping capacity of 204 ML/d (54 mgd).
two parallel combination grit separation
and scum flotation tanks (the scum flota-
tion tank functioned chiefly to remove
short textile fibers). two parallel pure
oxygen enclosed aeration tanks. four
peripheral feed clarifiers, and two chlo-
rine contact tanks. .

The flotation material was too low in
solids content to be acceptable for direct
disposal to a sanitary landfill. As an
emergency procedure for disposing of
the material. deep trenches were exca-
vated on city property adjacent to the
plant. This procedure was unsuccessful
because it was expensive, the pits filled
rapidly. water did not leach rapidly into
the soil, and flies swarmed around the
area during the summer months.

As an interim procedure while new
dewatering equipment was being evalu-
ated. the flotation material was trucked
to an existing vacuum filter at the city's
Southside wastewater treatment plant.
For obvious reasons. a 16-km (10-mi)
haul through residential and commercial
areds swas ¢ highly inefficient way to deal
with the malodorous flotation scum.
Additional disadvantages were that pro-
duction of cake was very low and that
the filter required constant monitoring.

In evaluating dewatering equipment,
the utility quickly focused its attention
on a dewatering press. During a six-
month trial of the press. Danville found
that the weekly 318 000 L (84000 gal) of
scum could be reduced to six cubic yards
of dry cake that easily met sanitary land-
fll requirements.

According to Bobby E. Bentley, Dan-
ville’s sludge processing and disposal
supervisor, after a vear and a half of
operation, the dewatering system has
worked well. “There are a lot of things to
like about the [press]. The unit has been
virtually maintenance-free and requires
minimal operator time; the operator just
starts the pump and leaves it. About four
hours a day is all the time it takes to
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Flatation skimmers help to remove short textile fibers from the water at Danville’s wastewater
treatment plant.

convert the scum to an acceptable land-
fill material. We also like the fact that the
press’s 5-hp motor represents low power
consumption.”

The stainless-steel dewatering ma-
chine performs the various dewatering
functions with variable-speed options. It
operates by accepting material to be
dewatered into the bottom of a screw
chamber, where solids are evenly distrib-
uted over a fine screen surrounding a
rotation screw. As solids build up on the
screen sucrface. they are collected and
moved toward the top of the unit into a
plug section. Plug solids are compacted
against previously deposited materials,
resulting in a solid mass that is carried

upward and plowed out of the unit with
adjustable-height plug cutters. Blinding
of the inner surface of the screens is
eliminated by use of continuous brushes
attached to the underside of the screw
flights.

Danville uses the press in conjunction
with a dissolved-air flotation system
whereby all floating material is skimmed
off the flotation units into a small pit.
Two variable-speed pumps carry the
sludge to the press for dewatering. The
dry cake is deposited into a 3-m (6-vd?)
bucket. while the “clean” pressate is sent
back to the raw influent. No chemicals
are required since the short textile fibers
are a built-in filter aid.
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Artificial, human-reloted contributions of nutrients can hasten natural eutrophication.

New method may slow lake pollution

The impact of past and future land
development on the quality of urban and
rural lakes can be better assessed by a
new method that helps compare the nat-
ural and human-related amounts of
phosphorous pollution being added to
the lakes, according 1o a US Geological
Survey (USGS) study.

Although the USGS report focuses on
the impact of phospharous as a spur to

‘\\_ .

algae growth and the deterioration of
lakes in the Puget Sound region of the
Pacific Northwest, the results are ex-
pected to be useful in evaluating the
aging and death of similar urban lakes
throughous: the United States.
According to Robert Gilliom, USGS
hydrologist. “Lakes naturally fundergo}
eutrophication . .. [but] the aging process
of urban and farm lakes tends o be

{Continued on page 118)
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(Contnued from paxe 117)

greatly accelerated as a result of
increases in the phosphorous loads asso-
ciated with these land uses. The results
can be high rates of aquatic plant
growth. murky water. Hoating scum.
depletion of oxveen, dead fish. and. in
general, lakes that become more nui-
sance than asset.”

The new method for estimating prode-
velopment phosphorous levels uses rela-
tively low-cost information. such as
regional runoff data and lake and drain-
age basin dimensions. which can be used
effectively by local governments and
consultants. By comparison. most other
methods for assessing development im-
pacts on waler quality are prohibitively
expensive dand not necessarily more reli-
able. Gilliom says.

Tree rings teli tale of lengthy droughts

California droughts have lasted as long
as 60 vears. according to a study funded
by the California Department of Water
Resources. The investigation, based on
the study of tree rings. was conducted to
learn about Califorma’s chimate i vears
before weather records began.

The study reconstructs California’s
annual precipitation since 1600, Accord-

ing to its findings. one drought extended
from 1760 through 1820. Other long. dry
periods occurred from 1600 to 1625, 1665
to 1670, 1720 to 1730, and 1865 to 1885.
The latter drought destroyed most of the
then-thriving cattle businesses in south-
ern California and altered the pattern of
the state’s development.

One of the most significant conclu-
sions of the study. according to depart-
ment director Ronald B. Robie. is that "in
the perspective of 360 years. the period
since 1890 has been one of precipitation
surplus.” Robie went on to say that
“while the study is only one of many
tools available for water planning, it may
be [an] indication that droughts and dry
years are both more frequent and of
longer duration than any we have
planned for in the past. Until the 1976-77
droughl. the record drought for planning
purposes was the seven-year span from
1928 through 1934.”

The Department of Water Resources
funded the study because of indications
that the California climate in recent
vears has not been representative of
long-term trends. Research based on tree
ring study can extend reliable climatic
records back for hundreds of years.

Samples from living trees are taken
with coring devices. Comparison of a
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large number of samples produces a pat-
tern that reliably dates periods of wet
and dry weather. The dating system is
based on the fact that in dry years. tree
growth is slowed. resulting in narrower
rings or no rings for those years.

Hydraulic jacking raises elevated tank

Jocking equipment attached to the support

structure’s legs allowed Bradenton's new

water storage tank to be raised an additional
3.7 m (12 ft).

When the cifv of Bradenton. Fla..
bought a new water storage tank whose
operating elevation was higher than that
of the existing one, it didn’t tear down
the old tank’s support structure and erect
a new one; instead, the city raised the old
structure an additional 3.7 m (12 ft).

Through a precise hydraulic jacking
procedure. the 1893 kL (500 000-gal) tank
and its support structure were lifted in
20-cm (8-in.} increments. jacking equip-
ment was secured to each of the support
structure’s eight legs. and extensions
were erected at the base of the legs and
riser pipe. .

The operation was performed by
Hydrostorage. Inc.. of Franklin, Tenn.
Hydrostorage Vice President James R.
Foster says the jacks woere equipped with
“dogs™ that would have allowed the tank
to drop only one inch if the hydraulic
pressure had failed. It didn't.

Business news

The US Environmental Protection
Agency (USEPA) has selected
Culp/Wesner/Culp, a California firm of
consulting engineers. to analvze how
water treatment processes can be modi-
fied to remove trihalomethanes. The 18-
month study will include an analysis of
how changes made to remove these com-
pounds may affect the quality of drink-
ing water.
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Product Information

Ecodyne/Smith & Loveless, 14040 V.
Sante Fe Trail. Lenexa. Kan. 66215, Smith
& Loveless 8D3A 3-in. pumps reduce
intake screening, concrete. and station
size requirements, thereby providing sig-
nificant cost savings for anyv system.
These solids handling pumps are imme-
diately available.

Reader Inquiry Service No. 123

PR

T 2

Water Dynamics, Inc., 375 Central
Ave.. Bohemia, N.Y. 11716. The first low-
cost digital colorimeter, Wet Meter. has
been introduced. The easy-to-read digital

meter proviuus the user with direct read-
ings in absolute concentration of the un-
known sample. Having eight filters in the
visible range. this 4%-lb unit offers two
ranges of concentration, 0.0 to 199.9and 0
to 1999 mg/L. The modern solid-state
design circuitry eliminates the need for
conversions from absorbance or percent
transmittance into concentration. To
make operation even simpler, instruc-
tions for use are printed on a face plate
on the front of the unit.
Reader Inquiry Service No. 124

Perkin-Elmer Corp., Main Ave.. Nor-
walk. Conn. 06856. The Model 2280 is
being introduced as Perkin-Elmer's new-
est low-cost microcomputer-controlled
single beam atomic absorption spectro-
photometer. Designed to replace the
Model 280. the new instrument incorpo-
rates the same electronics as the Model
2380. thereby providing a computing
capability allowing the user to perform
complex calculations and implement
sophisticated logic programs quickly and

{Continued on page 120)

ANTHRAFILT

[—P LS

UNIFILT CORP. offers a
TOTAL FILTER MEDIA SYSTEM

needs.

\

ANTHRAFILT » and UNIFILT produced by Carbon Sales Wilkes-Barre PA

ANTHRAFILT®. . . the world's finest anthracite filter media available
in standard sizes. Standard #1 through #7 are normally available from
rventory Special UNIFILT graces are avatlable to satisfy specific

FILTER SAND—Standard Gradations
FILTER GRAVEL —Standard Gradations

All filiter media from one source. Efficient delivery direct from our own
coal source by our own truck fleet. Self-untoading trailer delivery can
be provided at a minimal additional charge to reduce handling costs.
Unifilt 1s the exclusive world-wide source for ANTHRAFILT *—avail-
able in bulk. 1-ton sacks with bottom discharge spout for 15 second
discharge or 52 Ib. hi-impact poly bags. All media complies with

the new AWWA B-100 specifications. Write for additional information.

UNIFILT CORPORATION
Hemlock Square Complex, P.O. Box 97.
Zelienople, PA 16063 (412) 452-5008
WARD W. CLARKE. PRESIDENT

J

Reader Inquiry Service No. 062

CAPCO

A. Y. McDONALD

CORP STOPS

SIZE RANGE
W 1y 2

FEATURES
HIGH PRESSURE CAPABILITY
LOW TORQUE
FULL PORT

e FOR STANDARD TAPPING
MACHINES
MEETS ALL AWWA SPECS

INLET:

Alddim e

OUTLET:

R R T LR

INLET:

\LE OUTLET:

[T

OQUTLET:
Qiy; Figk
IRRELDS

INLET:
JOE, PIPE
HREADS

FLUIO HANDLING PRODUCTS OIV
PO AOX $08 OUBUQUE I0WA ST001

Reader Inquiry Service No 038
VISIT OUR EXHIBIT, BOOTH NO. 432

JEN 0020794
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The cost
of potable
water storage
just dropped.

The Butler bolted tank is
built to AWWA's new
specifications for potable
water storage. It's also built
to save you money like no
other tank. Write for a free
brochure.

Butler Bolted Tank Group
7400 East 13th Street
Kansas City, MO 64126
(816) 968-6205

(Continued from page 119}

accurately. The 2280 features quartz-

coated reflecting optics for high durabil-

ity in harsh environments and employs a

high dispersion grating monochromator.
Reader Inquiry Service No. 125

Red Jacket Pumps, P.O. Box 3888.
Davenport, [owa 52808. The "Quick-Set
Jet." a new convertible jet pump which
reduces operating and inventory costs
and cuts installation time, has been
introduced. The new pump replaces the
traditional jet pumps with the bolt-on
and cast-on injectors, with lightweight
plastic components. Plastic shallow in-
jectors or deep well plug kits convert the
jet to deep or shallow well applications
in minutes. Different pressure-volume

settings are made by selecting the appro-
priate component and screwing it into
the case.

Reader inquiry Service No. 126

LaMotte Chemical Products Co., Box
329, Chestertown. Md. 21620. A fully
portable, digital pH meter with LCD
readout capabilities is now being mar-
keted. Designed to meet the accuracy
requirements of technical laboratories,
the meter measures pH over the range of
0-14 with an accuracy of +0.01 pH unit.
The meter features a large 0.5-in. LCD
which can be read easily. even in bright
sunlight. The meter can be operated
without removing it from its foam-
cushioned, compact carrying case which
when opened becomes-an on-site testing
station. An electrode stand supports the
gel-filled silver-silver chloride combina-
tion electrode during testing. This elec-
trode requires no refilling with electro-
lyte and is furnished with a 30-in. lead
and BNC connector. The outfit includes
three buffer solutions (pH 4.01. 7.0, and
9.18) for instrument calibration.

Reader Inquiry Service No. 127

Fisher Scientific Co., 711 Forbes Ave.,
Pittsburgh, Pa. 15219. The new Fisher
Titralyzer II LS/FEP titration system is
designed to add speed, simplicity, and

VISIT OUR EXHIBIT, BOOTH NO. 811
Reader Inquiry Service No. 008

The industry's
heaviest epoxy
coating — over
twice the thick-
ness of conven-
tional coatings

Chevron type
gasket gives max-
imum savings in
installation time
and cost

McDowell erpoxi-LoxkT

McDowsll Manufacturing Company. An Alco Standard Company, DuBois, PA 15801 © 814/371-6550

Reader Inquiry Servics No. 039
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flexibility to high-volume wet chemical
analyses. This systems performs single or
dual fixed-endpoint pH or mV titrations
and features automatic sample handling
or up to 32 samples in 200-mL beakers. It
automatically disoenses titrant with ac-
curacy of =0.1 percent of syringe vol-
ume and =0.02 precision. continuously
displays dispensed titrant volume to the
nearest 0.01 mL on a digital LED display.
and prints out titrant volume (to the
nearest 0.01 mL). pH. or mV of one or two
endpoints and sample [D number. End-
point approaches are fully proportional
with titrant delivery rate continually
decreasing as the endpoint is ap-
proached. thus preventing the common
problem of overshooting the set end-
point. The nuisance of false endpoint
readings has been eliminated with solid-
state adjustable timers.
Reader Inquiry Service No. 128

Victaulic Co. of America, 3100 Hamil-
ton Blvd.. South Plainfield. N.J. 07080. A
complete line of tools for cut grooving
pipe from % in. through 24 in. is now
being marketed. The tools are designed
to provide fast, easy cut grooving for
most types of metallic pipe. either on-site
or in the shop. The VG-28 is fully adjust-
able for cut grooving 2-in. through 8-in.
ips pipe. Driven around the outside cit-

cumference, the VG-28 is equipped with
pipe stops and depth stop for precise
groove dimensions. The VG-28 can be
driven by any external power source at
approximately 22 rpm. The tool is also
designed for use on 3-in.. 4-in.. anw é-in.
cast or ductile iron pipe by using special
radius groove tool bits. The larger VG-
824 is designed to cut groove 8-in.
through 24-in. ips pipe and the same size
range cast or ductile iron pipe with only
a tool bit and drive roll change. This tool
is also driven around the outside circum-
ference of the pipe by an external power
source.
Reader lnquiry Service No. 129

MAPCO Inc., 1800 S. Baltimore Ave.,
Tulsa, Okla. 74119. A portable model of
the recently introduced NUSONICS
Doppler Flowmeter is now available.
Designated the Model 1080. this flowme-
ter is packaged in a briefcase weighing
10%: |b and is powered by a rechargeable

" 24-V DC battery. It comes equipped with

clamp-on transducer assembly and 15 ft
of transducer-to-electronics cable. [t uses
the same basic electrodes as the NUSON-
fCS Model 1180 which is designated for
permanent installations requiring a wid-
er range of outputs and other options.

(Continued on page 122)

Whatever the test,
Taylor has the kit
you need!

Taylor has hundreds of ightweight. portable. easy to
use lest kits in stock—to meet any need. Many of our
basic ks cover a wide range of tests..or we can
Taylonze a kit to your exact requirements. Taylor's pre-
c1se color standards help assure accurate readings. .

aflow any operator to make quick.

accurate tests.

For complete intormation on sets. replacements and
chemicals see your Taylor dealer, or write or call direct.

- Frow brochure on complets ine H

R

7300 York Roacd/Battitnore, MD 21204 U..S.A. ‘
301-823-1573  Cail toil free 1-800-G38-4778 -

Reader Inquiry Service No. 056

TAKE A GOOD
LOOK AT
CLA-VAL CO.

. ' FULLY SUPPORTED
FRICTIONLESS
DIAPHRAGM

ONE MOVING
ASSEMBLY

RESILIENT DISC
RENEWABLE SEAT

BEFORE YOU
SPECIFY

The Model 100-01 Hytrol vaive is
used as the basic valve in almost ail
Cia-Val Co., automatic valves. It is
used in many types of piping
systems requiring remote control,
pressure regulation, solenoid oper-
ation, rate of tlow control, liquid
level control, or check valve opera-
tion. Available in various materials
and in sizes 3/8 to 24 inches, with
either screwed or flanged ends.
Globe or angle.

FEATURES

*Only one moving assembly
s Valve stem fully guided

® Repairs possible in line
®No packing glands

FREE LITERATURE

A full color brochure and engineer-
ing specification sheets are avail-
able.

ot .\
. 3
-; b 4 K
S-S

CLIP AND RETURN

Please send me more information.
Namo

Company
Address
City
State Zip

5] ~| CLA-VAL CO.

Marketing Dept. L.O. Box 1325
Newport Beach, CA 92663

VISIT OUR EXHIBIT, BOOTH NO. 234
Reader Inquiry Service No. 015
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PRIORITY POLLUTANT AND TRIHALOMETHANE ANALYSES

e

- i\/ ‘ ‘\l"'“\-/
$8750

Maay thousands of determinations have been made with this outstanding
equipment, reliably producing dependable data day after day with
~aumum operator attention  Widely used n government and private
-aporatones ‘requenily urder E P.A. contract..and selected for us
s:mpucity ang rehatihity, the package consists of the CALL-Il modified-
Befar ~anuatl cusge 3 trap. a dedicateo fully-programmed Gow-Mac gas
snromatograoh, the superb Coulson erectrolytic conductivity detector. and
a versatile iaboratory recorder (N\ot Pictusedt With this, you can be 1n
pustness for onty $9750. And the optional reporting integrator, automatic
ourge & trap. and computer interface can provide even greater sophistica-
tion, Call or write tor details.

WESTERN SCIENTIFIC TECHNOLOGIES, INC.
- P.0.BOX 698
DANVILLE. CA 94526
415 837-4622

Reader Inquiry Service No 068

NEGLo
FILTER SAND AND GRAVEL

Standard Gradations
1-1/2" x 3/4" Gravel
3/4" x 112" Gravel
112" x 114" Gravel
1/4" x 118" Gravel
.80-1.20mm Sand
.45-.55mm Filter Sand
Frac Sand
UNIFORMITY GUARANTEED

Other gradations with reasonable tolerances pro-
duced to meet engineers’ specifications.
100 Ib. bags, bulk, or 1 ton boxes
Export packaging available

NORTHERN
GRAVEL COMPANY

Phone 319/263-2711
P.0O. Box 307 — Muscatine, lowa 52761

We have been suppliers of sand and
gravel for water filtration since 1914.
Reader Inquiry Service No. 044

122 NEWS

{Continued from page 121)

{ This flowmeter can be used for experi-

mental purposes to qualify new applica-
tions for subsequent installation of the
Model 1180 and for surveyving flows for
relativelyv short periods of time in a num-
ber of different locations.

Reader Inquiry Service No. 130

Limitorque Corp., 3114 Woodall Rd..
Lynchburg, Va. 24502. A new 90-degree
turn. heavy duty actuator featuring a
unique colinear design concept that
eliminates center of gravity problems
occurring with side-mounted units has
been introduced. The NDT series actua-
tor places the entire actuator colinear
with the valve shaft to combine reduced
weight and space requirements while
providing dependable control whenever
seismic exposure or high vibration is
present in the piping system. Geared to
permit operating times varying from 10
to 66 s. the NDT series is capable of
producing a torque range from 200 ft Ib
up to 1300 ft lb. The valves meet all
requirements of the applicable standards
for CSA. FM. [EEE. NEMA. CEMA. and
AWWA.

Reader Inquiry Service No 131

Envirex, a Rexnord Co.. 1901 S. Prairie
Ave.. Box 1067. Waukesha. WI 53186. A
new belt filter press designed specifical-
ly to dewater both municipal and indus-
trial sludges is now available. The bel:
press reduces energy consumption by 75
to 85 percent compared to other dewater-
ing devices. while achieving optimum
dewatering concentrations for the vari-
ous sludge applications. The unit is
designed for continuous operation and
features a single hydraulic power pack
that provides uniform operation for both
pressure belts, automatic tensioning and
tracking mechanisms, and any optional
equipment. A hydraulic microtorque
sensing device continuously checks up-
per and lower belt position and belt
tension, then automatically adjusts the
belts for simplified operation and longer
belt life. The sensing device minimizes
operator attention and helps reduce
operation and maintenance expenses.

Reader tnquiry Service No. 132
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OFFICIAL
NOTICE

This shall constitute
official-notice of the
availability of the
following new or revised
AWWA standard:

AWWA C550-81 AWWA
Standard for Protective
Interior Coatings for Valves
and Hydrants

The effective date of this
standard shall be the first
day of the month
following publication of
this notice of availability
in JOURNAL American
Water Works Association.
To obtain copies of this or
any AWWA standard
contact the Publication
Sales Department:

American

‘ Water Works

5 Association
6666 W. Quincy Ave
Denver, CO 80235
Ph: (303) 794-7711

N

Classified

Classified ads will be accepted only tor
“Positions  Available™ or “Positions
Wanted.” Rate: 75¢ per word (minimum
$7 00), payable before publication, Deadline
for ad copy 25th of second month prior to
month of publication destred. To place ad
obtain “Classified Ad Authorization Form™
from: Classified Ad Dept., Journal Amernican
Water Works Assn., 6666 West Quincy Ave .
Denver, Colo. 80235.

Positions Available

ASSISTANT SUPERINTENDENT WATER DISTRIBU-
TION & WASTEWATER COLLECTION Must be expert-
enced 1 the operations, mawntenance. construction,
employee relations and public relations of a utihity system.
Requices high school education and $ years expenence n
Watee Distribution - Wastewater Collecfion Prefer at least 2
years supervisory expefisnce. Excellent fringe benrfts.
send resume and salary requirements to- Director of Per.
sannel, Fort Prerce Utilities Authonity, PO Box 3191, Fort
Pierce. Florida 33450 EOE

Positions Available

WATER PLANT SUPERINTENDENT. Oberlin. Ohio (Pop-
ulation 8 600+ Seeking apphcants for posttion of Water
I'lnt Supenintendent  Posttion reports to Public Warks
ihrectoe and 1s cesponsible for dicection and operation
ne fuding water production, treatment and storage Puant
woerates average af 135 hours and treats average oi ape
~udhion wailons per day Must have State of Ohio Class H1
“wense of obtun withia one vear, Salary negotabpe
$17 xS0 000 Send resume to, Gty Cleck, 85 South Main
Street Oberhin, Ohto 43074 Equal Opportunity Empioves
Closiag Dt May 1. 1981,

DIRECTOR OF PUBLIC WORKS, City of Sunnyvale. Cali-
formia. Current control point s $51.185. usual starting
$42,022 lo $46,373. Present director cetiring 771781 after 26
vears. Respoastble to Cily Managee for 120 full time
rmployees, $15 5 mullton nperating budget, 12 mulion caps-
1al budget, full range of public works programs for 24
square mile ity of 106 000 Requmes BS degree in Civil
Engineening, at least 5 years progressively responsible
professional engineering and public works management
experience Must have oc be ablé to obtain within one year
a State of California Civi] Engineer registration. Cail or
write for application and supplement 1o Personnel Office.
City of Sunayrale, PO Bax o607, Sunnyvale CA 9488,
Filing deadhine Apnl 27, 1981

ASSISTANT SUPERINTENDENT: Investor owned Water
Connpaay wetving 3 community of 18000 s accepting
applications for 1ssistant 1o the supeaintendent Bustness
md Eagineenng education or expenence as well as good
communic ation ~hills esseatial. We wall tearn the successful
ippheamt for the posiion of Superintendent of the Compa-
v wathim 1w years Starting salary 515 000 to $18.000 plus
fainge beredits depending on education and experience
Send cesume and pertsnent 1oformation ta The Plawville
Water Companv, P Box 248 Planville, Connecticut
[P M

WASTEWATER TREATMENT PLANT OPERATOR. City
of Idaho Springs. Small mountain vommunity of 2700,
Salary pegotiable. best fringes Colo wastewater heense.
Lab tesitng. record keeping, and maintenance mspection
are emphasized New plant on the drawing hoard Send
frsume to Public Works Director, Bux 907, [daho Springs.
€O 80452. or for more information call {304} 369. 2342,

LEVEL 3 OPERATOR Wanted to operate water and waste.
water treatment facility in Jackson Hole. Wyoming. Excel-
leat benefits, salary, plus incentive bonuses {n confidence
submit a resume to Kevin P. Cowell. Star Route 362A.
Jackson Hole. Wyoming 83001, Call 1307 733.5740.

APRIL 1981

—
—e

Send resumes to:

ASSISTANT
CHIEF WATER
OPERATIONS

Graduation from four-year coilege or university with major
course work in engineering or environmental sciences and
8years experience in water treatment and operation includ-
ing 5 years of supervisory experience. Assist in overall
managementadministratior. and operation of Anne Arundel
County, Maryland water treatment facilities. Primary re-
sponsibility for day to day operations and instituting and
conducting comprehensive training program for operation
and maintenance of plants and well systems. Must have
Class A water treatment license as issued by the State of
Maryland. Salary $24,405 to $30,743 annually pius extensive
benefits package. County vehicle assigned to position.

Department of Personnel

ANNE ARUNDEL COUNTY

GOVERNMENT
P.O. Box 1831 Annapolis, MD 21404

An Equal Qpportunity Employac M/F

—
————
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Positions Available

ASSISTANT SUPERINTENDENT OF WATER Position
requires ¢ oflere Judfee ani of compiction uf «ollege leset
caurses 1@ the finld of waler 'reatment with expenience i
an and pussession of Pennd Class A Oper-
3 SWater system nctudes tecently expanded
e MGD £ on plant 1sd vver s0 miics o dwstabution
mads Saldry negolighic Sond quanfications o Robert V
Koot Ditecior of Pubic Services City of Easton, 650 Ferry
Street. Eqston Peana 18042 An Equal Oppoctunty Com-
munity

water
vets Ce

WATER PLANT SUPERVISOR: Small, but growing com-
munity 1n Rocky Mountin atea Requires minimum 3 years
experience 1a softenng. chlortnation. filtzation and pump-
ing and an "A ° cestificate Sead resume and salary history
to Box 0220. Classified Ad Dept [ournal American Water
Works Assn. 6666 W Quincy Ave, Dentver CO 80235

Positions Wanted

ENGINEER with 8ichelors w0 Con Enaineeriog dndi)
Expefenne .0 ~upenoon of <feration and maintendnce
W owater warks gnd water detnibution system desiens
sc dnterested an simidar work Wall meet relocation
nepenses Send inquiries o { B Ross Box 2787 Mogadishu
Sumaha

ENGINEER M S secks long teem employment. Will consid-
e shuft dutivs :nveluing quality < ontrol, documentation of
atiphoanaiy el systems environmental safety of factfity
eIVICes, nperetions maintenance of apumzed conditions,
starms levels, doses, molecular pheaamenon testing coc-
roston. peemisstbie antictpated hmits, corcection devia-
Nions, maatenance of rmergenc v equipment, application of
sophisticdted techaiques spectroscopie ultraviolet x-ray,
measurements deviee, cepair installstion, erection, storage
w.archouse handhag. & freatment schedules, Inqurries to
Bov 20228 JOURNAL AWWA osoh W Quiney \are,
Denver CO 80235

é )

WE'VE GOT -
YOUR NUMBER

The reader inquiry service
number in the BUYERS' GUIDE
is your key to more information
on the products-and services -
offered by the leading companies
in the industry. At the bottom of
each advertisement (and each
listing in the new “Directory of
Supplier Catalogs”) you'll find a
number. Use the Reader Service
Card in the back of the BUYERS'
GUIDE to request literature or
technical assistance.

J

ORDER

IMPROVE CONSTRUCTION SITE SAFETY!

With a Practical New Publication from AWWA
“Work Area Protection Handbook, Guide for Barricading Work Areas”

Member price $2.00 I name
Non-member price $4.00

ADDR
, Order Number 202020A | OORESS
TODAY. [ TITLE ORGANIZATION
Send Order Form to:
. Iy STATE ZIP
AWWA Publications Dept. : com
H "Hanghng Charge Every orderlotaling less than §1 and not accompanied by rerittancess
6666 W. Qumcy Avenue Sublccnca"analmg:harqeol $300 wmcnmuauxcmancauyoeaadedlomeo:n Tmschayege

Denver, Colorado 80235

Qutlines typical requirements necessary to maintain safe traffic
control at job sites, obtain the goodwill of the public, and increase
work efficiency. Includes such topics as: Warning Devices and
Their Uses. When to Use a Flagman, and How to Close a Street.

This 4" x 672" 16-page booklet is bound in a special durable
cover and profusely illustrated. Construction area foremen should
never be without this handbook.

NOTE: Quantity discounts of 15% and up are available on
orders of 25 copies and greater.

| Send me_______copres of WORK AREAPROTECTION HANDBOOK.
GUIDE FOR BARRICADING WORK AREAS (Catalog No 202020A)

ID $2 00 Member® 0O $4 00 Nonmember

lD I am an AWWA member or the official representative of an AWWA
Organization Member, Member No.

II:l Bill Me (Members Only)

O Payment enclosed (U S or Canadian funds) Please make check
payable to AWWA

5 negcessary tecause of the extra clencal processing involved on such orgers

124 NEWS
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Professional
Services

‘&€ ALLEN & HOSHALL, inc. <‘\ BAXTER & WOODMAN, INC, BROWN AND CALDWELL
. e Environmental Engineers Consulting Engineers
» Tepten et b = 0TTTY 1501 N Broadway. Walnut Cteek, CA 9459
cn Water Supolies and Treatment 415)937.9010
. srlhah i PaL Wastawatst Coliacuon yrg Treatment
P 'L‘-% R Ta iy Jadusttial Waste Trestment Environmental Engineering
;eizi:e:fa::%tfffffzgzf:izz:::%i Dranage  Strests and tahwavs Construchon Masagement. Energy Conservation
T ({ ‘{
2430 Poolar Ave /Memphis. TN 38112/(901) 327-8222 8678 Rudgetield R°'d| Crystal Lake, linors 60014 Regronal ol

Oftficas Knoxville Nashville. Chattancogs, TN/Jackson, MS 815) 459-1260 4 egional oltices in puncipel ciiies

BROWN
ENGNEERNG COMBAAY
Design @ Studies @ Tecuing @ {aspection
Comtruction Management

5 1001 OFFICE PARK ROAD  SLITE 300
WEST DES MOINES, 10WA 50263
715 225-6900

Jack E. Allen

Power & Training Consultant
P.O. Box 4111
Walnut Creek, California 94596

J& mini-hydro_ _

180T Uy AIBEET MURN PE BlAce s S UNA Br8p) o C 4 SHIGLTS

ALVORD,. BURDICK & HOWSON Complete Engineering Services ’bA e
L SEWERA . ™
Engineers for Water and Wastewater Utlilities e omaset - eteat staEs
Watee Warky. Water Purifscatton, B|aCK & Veatcn EA IAT
Fload Relief Sewerage, Sewage Disposal. Consulung Engineers FLOtDsi‘:OL\‘YNPé ENGmseithPeA ES Um”ed
T 1500 Meadow Lake Park: 181 H MAIN STREET — MARION OHIO lJJOZ
Drainage, Apprdatsals Pawer Generation ‘.““ENOM‘”OZ"'“‘?: 913-967-2000
Suston * Oatlas * Denver ¢« Detroit ¢ Dunedin CLEVELANG OMO TANTDN Teur)

20 North Wacker Drive  Chicago, 1. 60606 Onando ¢ San Francisco @ St Lows ¢ Washington TOUNGSIGWI OHIO ANDEASTH NEUANA

== — " m q CLINTON BOGERT ASSOCIATES ) BUCHART-HORN

. ye . CONSULTING ENGINEERS and PLANNIAS
Associated Utility Services, Inc. -A
COST OF SERVICE » TARIFF DESIGN
RATE OF RETURN
JCP‘\EC‘AT\ON * VALUATION

.- Con e Ma

" Punning * Design * Construction Munagemen: * Querstions
« rVater Resources Devetopment
« Vater Suooty and Teearment
s deprer Sual by Anaiysis

SALTIMORE WD CHARLESTON & +a ~ASR,S8YUR) 23

LENISBURG PA WMEWPHIS TENN AASK NGTOY D C
HLLAMSBURG. VA YORK PA

i
[ e smnev B. BOWNE & SON BET hoicorass o
{

Ayres, Lewlis, Norris & May, Inc. CIVIL ENGINEERS
Engloeery » Acchitects - fwer 5t Yoars ’/ Fbermere

: ) + . YRANSPORTATION ~ HIGHWAYS WATER SUPPLY SEWAGE DISPOSAL

‘ - .o . AL 12 LAND & ENVIRONMENTAL PLANNING HYDRAU‘JC DEVELOPMENTS

i .. .. WATER POLLUTION CONTAGL Reports [nvestigations Valuahons Rave:

i F O WATER RESOURCES c ‘;s" e 69 . V" ! ; csroes‘g?

} y . -~ OAAINAGE & FLOOO CONTROL crstruch peratos Management Crem.ca
savz e~ 2 W 8 09 ; an~c Biotogical Laboratores
30X Begaqr = Fare Tr s Ame Semae . 13 TEL.ge M W A M

l e T an Tea e, & e ‘39::\ 3 e 161 witkes ',"q"y“dz'?u ey nso 140 Sylvan Ave. Englewood Cliffs. NJ 07832

L 04 264.7655 A (201) 567-8990

MICHAEL BAKER

CoRPORATION Limited

Burgess & Niple b

ENGINEERS/ ARCHITECTS Engincers

BEIAET T ngcempes| | 5085 Reed Road € Columbus. Ohio 43220
27T RT3 crztesscrar (614 4592050

k] A

“Ragirt Szt T3 sen ces

\714/752:0505 J ] oo RIS i e

BROCKMEIER Since 1898 Serving
" P C 4
BATCA & -OGUDICE PC INVESTIGATIONS « PLANNING + DESIGNS « REPORTS Water & Wastewater Utilities
2onsel” :c.ue M}vswo RVETOR WATER WASTEWATER SOLID WASTE SYSTEMS
B m: och S: ::Zs: verone * WATER RESOURCES AND ENERGY CONSERVATION
L DAV Al
« “ERRCCL NEWw YORK 13088 * UTILITY MANAGEMENT RATES VALUATIONS
3+5.457 5200 s e . .
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Professional
Services

1516) 364-3880

William F. Cosulich Associates, P.C.
£avieonmentsl Engineors
t Crossways Park West Woodbury New York 11797

.

MPUTER SYSTEM
CONSULTANTS
ING.
Process Control e« Computer Control
instrumentation « MIS - MMS

OQur chents are consulting engineering firms,
water and wastewater districts, municrpalities
and industry For a qualification brochure write:

270 Metro Square Buliding, St. Paul, MN 55101

Compiete Professiondl Engincering
Serveces for Water Supphy, Treaument,
Steeage, Dsstrsbation, Operation,
Rates, Lutaxratory Ay, Sucvens

PO Bav18
Corvallis, Oregon 97330
503 752427

e oM
~emntints

WD a wTV TUAE & s g th
1 and stwsad

ixd
CRAWTFORD, MORPAY § TILLE, inc
Consalting Engineers
SPRINGFIELD. IL o LINCOLN. IL o ALRORALIL
2730 west Washungton St s Spangpield 1 32700
Phone 217 TaTsutn

—

Calocerinos & Spina
CONSULTING ENGINEERS

_/

Dames & Moore

Salid and Hazardous Waste Management
Pollution Control Engineening
Environmental tmpact Studses
Watee Resources Management
Agsistance weth Regulatory Compliance

WA e e en A e TR, v D e A%,
OFf mwc ~ B oy Dpw, TRraugrd = oma Sounren

{612) 298-1992

ENGINEERING SCIENCE COMPANIES
SMPLETE £ RINVEN AL ENGINEERING SERVICES

: 125 West Huntinglon Dnve
*cagia, Ca 91006 12131445-7560
24 Offices Througnout the U S

envirooyne

eneineers

Batimors
Chicago
Knowvills »
’ Neow York
.

St Louss sy
222 Woest Adams Stevet  Chicago 1llinoss 50606
312 263 0114

CAMP DRESSER 3 McKEE INC

CDM

wne rLnmenty enp reers 5S¢ ealsls
sammers 4 management Ionrsuaols

DAWKINS

& ASSOCIATES. INC

TN ANT BRTRONMENTAL ENGINEEAS AND PLANNERS
M3 ITE AT eI ] TRANCA TA021 « S2O NORT SEVCAAN 81VD

ORLANDO.

ALSO CLESRWATER

FLORIDA 32857

FAY, SPOFFORD &
THORNDIKE, INC.
Engineers

Water Supply and Distribution
Sewerage and Drainage Systems

One Beacon St., Boston, Mass. 02108

JOHN CAROLLO ENGINEERS
Water Supply and Treatment
s Wastewater Collection and Treatment
N\ Solid Wastes Disposal, Drainage, Ltilities

Phcenix AZ 85012
it Creek CA 94598
Faegn Vatley CA 92708

3338 N Thorg St
SETN & get Lane
Yv3rter dye

SSNELLT NS

_FINKBEINER. PETTIS & STROUT. LIMITED

CONSULTING ENGINEERS

|
:

Aaen SL0C v Aate Tra munt Semv 036 Ay segtes T prmant
§ 9P a~many -

--n TALMADGE ROAD TOLECO ™
“ic W VARMET STREET ARATN S T I4

tgeaty e
SN 45T 2y

!E THE CHESTER ENGINEERS

COMPLETE ENVIRONMENTAL SERVICES

40 aes W - o s >a LN

AP RN S Nerte A N e LR

] DeWiid Grant Reckert
I' ‘. Il & Associates Co.
CONSULTING ENGINEERS

hlter Tesiotes s

2 Lre ses
T3 aer sren

\

-
g g% Flaherty-Giavara
] g Associates,P.C.

THE COMPLETE RESOURCE
Engineers Planners Environmental Scientists
CNE COLLMBUS PLAZA MEW MAVEN CT 06510 20 789 126D

. )

e AyeSuppy
Teeatment
3~z 2 strogton
® Na3ee P2

. Cant
Wi Inlonte

€9

. ) ® 22 ~age ans
ALFRED CREW ~zusiva Maste
CONSULTING

ENGINEERS INC.

CO% Mazedle 201 ST C0VC
R 2gemz2z N . 27350

donohue

& associates Inc.

TONE_LTANG ENGINEERS

S E328° TEL Jra asg-em

WATER o WASTEWATER » SOLID WASTE o ENEAGY
TRANSPORTATION « PLANNING o STRUCTURES
ELECTAICAL & MECHANICAL » ENVIRONMENTAL

SeamGRN MADGCN STEVENS POINT WAUKESHA

SmE5 T 3aN

‘ Consoer Townsend. Inc.
A Pianning Research Company
22 300 300 East Wacker Dave

E ~ s S0B0
fe 302 233-2300
SNTOWENG TWX 200-221-512

- “a

’

- ot Iate Deen e

ECONOMIC AND ENGINEERING SERVICES, INC

Water Supply. Environmental, Energy
Studies. Cost of Service. Rale Design &
Contract Negotilations
Economaetrics and Policy Review

PO Bex 976
Olympia WA 98507

Bellevue Washingion
Wastmgton DC

N
& 4 FROMHERZ ENGINEERS, INC.
\, CONSULTING ENGINEERS

Planning & Enginesring Services for
Water & Wastewater Systems

4747 Earhact Siva

5047488-7711 Huw Orieans. La
N\
DRC

L -~ = ES

126 NEWS

innovative computer modeling
for open and closed networks
209/948-8222

221 Tuzedo Couct Suite F Storkton €A 95204
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Professional
Services

Ground Water

Assaciates, Inc.
Water Supply Geologists and Engineers

* Quantitiwe and quanitalbwe ground
water svaluations
° e ~ovat by VYREDOX precess
PO Box o
Nestacale Obio 43081 Cranforg New Jersey
¢S b é&& Adinglor Massachusetts

HOWARD NEEDLES TAMMEN & SERQENOORE

HNTB

*3'a E=vercmanty Des g €30 Aag o2, A
ase

Tiewss Sace g @ Ay ewttes
o Eeritameny

~Cact vateeg=ry e C
ENIAEERSO ANNERS JFF SES &
3 MR Nneas ang 82 19955° nT anas
P

28 % ES MG
0§ NT ANA4AIEN
n~"~(1

=P %

GRW Engineers. Inc.

Lexington, Bowting Green. Louisville. Kentucky
Nashville, North Carolina. Montgomary, Alabama

g pisaning y

WILLIAM F. GUYTON & ASSOCIATES

Cansumng Ground Watar Hydeologists

<5t Tonerge P ara Buderg Austn "X 870t
S124 4777165

530C Hocez Aoom 606 Housion
13 122.4153

X 77981

HUBBELL, ROTH & CLARK, INC.

HRC

DNFILTNG ENGNEERS
e 1318
MG PAL INDUSTRIAL

3 wou a2
3111 tAane L @300
RLDTUOED « o0 @ Iecsak 4630
1tas 208 wzan

'A" rzt Gannett Fleming
Corddry and Carpenwf inc.

NEFRIN « .y -

AATER SUPPL v 2D TREA
PUAPNG JTORAGE ANC TRAN
PROPERT

Y opllus

PO Box 1863 » Harnsburg PA 17105

HAVENS AND
EMERSON, INC.
Environmental Engineers

Saga e Braox, \u2
St. Louss, WO

HYDROTECHNIC
CORPORATION

CONSULTING ENGINEERSE
ESTABLISHEO (947

Rlathiate. NEBOLSINE KOHLMANN

RUGGIERDO ENGINEERS, P C

WATER RESOURCES AND POLLUTION CONTROL

1250 BROAQWAY NEW YORK NY 10GCOI
TELEPHONE (2121495-4800 TELEX 424573

€rre smee b s

GATES ENGINEERING ~0MPANY
N tEe .

Compreens ve Prafess ony Je-v ces

£~g ~cer ng 2na Ges oy
#nng c. 0 Areh recsues Des gn

%ya 'ﬂay. Jaticsnand .. Kalfern

ARCRITLCTS ENGINELRS PLANYNERS

WATER/WASTEWATER. SOLID WASTE
DRAAINAGE & FLOOQ CONTROL » UTILITIES
ENVIRONMENTAL STUDIES » DAMS
ENERGY CONSERVATION BY RECYCLING

1315 Franklin Road,

SW.
Romnoke . Virginia 24018

Hydrotronic

M Complete Non-Destructive

LEAK DETECTION and LOCATION SURVEYS
Formal proposals prepared on request
P.0. 80X 381516 « 49 ME. 7151 81, » Miami. Fla. 33138
Phoss {305) 7517945 « Telex 515275 Mydrotren, Mia

CONSULTING
GROUND-WATER
‘GEQLOGISTS AND

GERAGHTY
MIVLER, 1.\'()

THE NORTN SHORE ATRIUM
6800 JERICHMO TPKE SYOSSET N Y 19791
15161 9216080

HYDROLOGISTS
ANNAPOLIS BATON RQUGE HARTFORD

M 30 264 7TAT 404 290 WA 20). 582 A9

M TAMPA  WEST PALM BEACH
M 3yt ma2n At SAY XA} /
a_— _—

HAZEN AND SAWYE!?.P.C. m

+ WATER SUPPLY AND TREATMENT
« WASTEWATER ANDINDUSTRIAL WASTE TREATMENT
« DRAMAGE AND FLOOD CONTROL
« F NANCIAL STUDIES

v ENVIRONMENTAC ASSESSMENTS

TIN ALINGE NEM 1IEK NEA SAR Ut
Mem Fa Baegn NI Wragr Ny

THE

S JENNINGS
o LAWRENCE

——1 COMPANY

£5tanhishag 4947

CIVIL » ENVIRONMENTAL o MUNICIOAL
Enrginears 303 S reay0rs
84 27R 22 -6
555 Butties Ase~e Cs.omnls O 212°S

Gilbert/Commonwsaith

Stuzies « Design o Coostroclion Management
Coerations « ULLty Management « EPA Certified Lab

Water Supply « Treatment
Distribution « Hydropower

.~ “ReadingPAJSackson M - -

PROFESSIONAL ORGANIZATIONS
Corsultants—Engineers—Laboratories
Your listing can be running in this space.

Aext avadadle wnsertion date 1s July for
*sting w0 7 ss5ues through December includ-
ng BUYERS GUIOE Deachne May 1 Wnite

frroetals

MOC AEST CNTWAL Lun U Y x w AW T et

fhem NMENTE an L NEEe B aRaest

J rJones & Henry Engmeers umited

WATER SLOOLY e THEATMENT 8 Pl e L STR.ELT 0N
AASTERATER COLLLSTIGN @ "HEITMENT & 2 (o ax
SIORVMNATER SEALRAGE AFTEN® A 8 F oD IATAO
SOLID WASTE DIYPOSAL & RETVLLE o VALAGEVENT
VABOHATORY & COMPLIER SERY (S

COMPREMENSIVE PLANSIN, L GMM N Tr “ELELOPVEN"

WATER

* Narwr Yors
WASTEWATER ——
SOLIO WASTES el

* Phgardy

2285 S.e-sse=aa Z~zpyc ETECE

GREELEY ..
HANSEN =

HDR

Hennngson. Durham & Richardson

Arcmrectut e

8404 tnosn Hus Drve

E~greer g Omeares, NE 68114

B an~ng 1a0g) 3531000
Syste~s

Scences 20 Oftces Natonwoa

JOHN DAVID JONES
AND ASSQCIATES, INC.

Cwit Ergineearg
Eavironmental Engineering ¢ Land Planming
Site Planning ¢ Cay & Regrorat Planning
Architeciure @ Sutveyng
2162 FRONT ST 5900 AQCHE DRIVE
CUYANOGA FALLS OWIO 44720 COLUMBUS O#I0 43229
2167 923 M01 1614 436 S633

S-ze ‘@'a
WASTEWATER TREATMENT

SOULID WASTE MANAGEMENT
FACRITIES DESKiN
CONCEPT STUDIES

Greenleaf-Telesca~—

P M MmN

MIAM! ORLAMNOO-XFY WEST

APRIL 1981

CORSULIMH;
ENGINEERS

a4
ENVRORMENTAL

SCENNSIS
HOLZMACHER, McLENDON & MURRELL, P.C. H2ZM CORP,

« ENVIRONMENTAL ENGINEERING & SCIENCE
* CIvVIL ENGINEERING
= EMVIRONMENTAL LABORATOAY

575 BROAD HOLLOW ROAD, MELVILLE, N Y 11747 (516) 694-3040
FARMANGDAE % v Ar/ERREAD v

JORDAN, JONES

& GOULDING, INC.,

CONSULTING ENGINERAS

Atignla ¢ Brunswick « Greenwitle s Jocksonvile
i+ BRI

At 3mry Geesrva
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Professional
Services

EZK UPPER CONBULTANTS

ENGINEERING SERVICES

WASTEWATER ENVIRONMENTAL TAANSPORTATION
WATER MUNICIPAL ENGINEERING SOLI0 WASTE
$TaLCTURAL PORT OEVELOPHENT #LOOD CONTROL

16 STELTCN ROAD PISCATAWAY & J OBESA 1208, 752 5600

_ MAGUIRE

o« frapeers v Pianmers

Abitnam Ud s Boavoence Ace s-..a vtan 3% 3 gouin #A
Preang ME ¢ Mancrestes N4 3¢ ngon heen A s Nore 4
R sman0 oA s Somranty g 5C ¢ Torence sc v dnnigy e Searuecy R

REPORTS + DESIGN ~SUPERVISION

. DAANALE + SOLID #ASTES « WATER SUPPLY « SEAERAGE « BRILGES
HIGHWAYS ¢ AIRPORTS » COMMEACIAL AND INDUSTRIAL BUILDINGS
'

HATERFRONT FASILIT.ES » DAMS

PAINT CONSULTANTS

PRIk W ]
Tmazo e mgr mane S1a
€. S2cpeC FResta AnC INT Q2
143073150y
KTA-TATQR ASSCCIATES 'NC
2255 Mantcy’ Sl

Corapgohs PA 5498 112 262 2663

LAWLER. MATUSKY & SKELLY
ENGINEERS

£rv ronmentar S¢ ance & Eng.neanng Consultants

Water Resources Development Systems Anslysls
Water Treatment Plant Design  Pliot Plant
Computer Facllities Analytical Laboratortes

One Bive it Plaza  Paan River, NY 10945
(914) 735 8300

CHARLES A. MANGANARO
CONSULTING ENGINEERS

Water. Sewercge. Sranage
Flood Control Zarms Refuse Cisposal
Valugtions and Reports

79 Maaison Avenue  New York NY 10016

KELLEY. GIDLEY, BLAIR & WOLFE,
INC
Convw tang | agineers
Camprehensive Protessional Serswees
For
The Water [ndusin
S0 Faran e
Charieston, West V rean 2831
£ \es Cade UHr L0476

LEGGETTE. BRASHEARS &
GRAHAM, INC

C onsulting Ground-Water Geologists

Warer Supen Sant Water Problerms
Dvwatenng Prdution Srudhes
Recwargng Investigabons

*! Danbury Rd
Wilton (T 06897
Q0% 621207

1211 N Vetdhore Bivd,
Tampa, FL 33607
[LIRTR L b

McNamee Porter & Seeley

CONSULTING ENGINEERS

mPS

Yiarer Supoly a0 Toeatment
Wasiewater Collacrs ,n ang Treathent
Puting fiorks

Dramage Incus i Mostes

Soud feaste Disoosal

3731 Sourh S1ate Sirert e Aan Arpoe M Ir.Gan 43704 ¢ 203 £65.6000

Kennedy Jenks Engmeers

Other Off-ces — <2

PROFESSIONAL ORGANIZATIONS
Consuitants—Engineers—Laboratones
Your listing can be running [n this spacs.

Nex! avadadle insertion gate s July for
“4stng 1 7 «S5ues thiough December nclud-
»g BUYERS GUIDE Deadhine May 1 Write
for cetails

’ * Enginssrs
'\ = Planners

* Construction Managers
Metcalf & EddY « architects

Headquarters Boston, MA 02114 617-367-4000

“EIFER

KE

ENGINEERING. INC
Fo.g Coets Saree Suzo, Thacage
feasiewater TS use Tunne s
Teanspedt on Ca~s Frgee. ity
- . B Te A . -t
a - S P I VI

&0& Ty

$50ciates  Consulung Cvil Engineers
Planning—design—consiruction managament—water resources
—supply—ireatment and distributi

and treatmen—water ¢ and reuse
systems—material evaluation—plastics —carcasion control
Regnzn 3 iey 2530 Do CA veadQuarsers ' 748 Sky Park Bive

tifity

Vsty JA pwre CA 92714
~araacg €A ti4 751.3820
Liesgce A7

COMPLETE MICROFILMING SERVICES

EMOINEERING ORAWINGS & GENERAL RECORDS
Soectac tar § e Aroung T e Wotre KOG e Rygius 3 W E Penes
b0 Coat Mgt Samowe of YOUR Jeaw ~g4 ¢ Recoras ¢ *0ur Request

fQ BOx 244
HAZLETON PA 201 e

(Dicrographics

INTERNATIONAL,INC.

93I NN

KIM CONSULTANTS, INC.

LD5Tare o aver < Ite & Tomzany ol

£%G NEE L es A Ens

1620 Cromwell Bridge Rood
Baltimore, Moryland 21204

LOZIER

ENGAINEERS

ARCHIECT u
13

S*%‘C'URAL

R CAL ENG NEERNG
MO SJRVEY NG

' ACML% STRATON

- JAMES M. MONTOGOMERY
e .’lt CONSULTING ENGINEERS, INC.

CIVIL ANDO ENVIRONMENTAL ENGINEERS

WATEA AND WASTEWATEA SYBSTEMS
280N Mac s A.e Payalana CA

T3 1ema

F a3 Qeogan
500 PERINTON KILLS-FAIRPORT, NEW YORK 14450 s NN
301 321.5500 (716) 223~ 1510 Newrs ppted ’
AreaToge 1t ASSOGIATES,INC,

Elson T. Killam

Associates, Inc.

Environmental and Hydraulic Engineers

27 Bleewer Streel  AMaiturn  New Jersey 07041
2C1-379-340C Telex 632-C57 ETK ASSOC MIBN

L1Vl ENGINEERING  SURVEYING

GLEN L LuDW'G
feq s1eceq Eng reer

109 East Thirg Street
San Bernarding Cait 92410

CONBULTING ENOINKERS
ARCHITRCTS & PLANNERS

WASTEWATER INDUSTRIAL FACILUTIES
WATER SUPPLY URBAN & REGIONAL PLANNING
INDUSTRIAL WASTES ENVIRONMENTAL STUDIES
STRUCTURAL RECREATION
POAT FACHLMES ARCHITECTURE
TRANSPORTATION LAND SURVEYING

2700 LAKE VLA DR METARIE LOUISIANA T2 (5041 884-0600
00 MAN ST BROXI MISSISSIPA 30530 €01} IT4-X01

KIMBALL

LUTZ, DAILY & BRAIN

NESTE, BRUDIN & STONE INCORPORATED

Warer Suatems Desgn and O&M

L. ROBERT KIMBALL & ASSOCIATES
CONSULTING ENGINEERS & ARCHITECTS
6§15 W Highland Ave Ebensburg, PA 15931
814-472.7700

B CONSULTING ENGINEERS
PO Box 718
SHAWNEE MISSION KANSAS 66201
Tetephone 913-831-0833

Wartewater Suatems Devignand O&M
Asessment Fogineenrg
Publc Warks Faguncering

o s 000

o Specianzing in Reponts Electric Powar Geaeration, Praect a0d Consiructian Manggement
< ggxm&!‘:ﬂgL b Transmission and Crstebut:on Water Systems, Rates. Faulties and L aad Planmiry
- ] Feasibihty Stugies, Poitution Col .
R ;voALS':)E\‘::;Fg () o 1e3. Pottution Gantrol San Bernardino. CA Hemet. CA San [hego. CA
ENGINEERING — (714) ¥88-1401 ("14) 655116 17143 4%5-1500
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Professional
Services

Engineers
Architects
~ % Plannen
e =
"*; B> kYh) Construction Managers

f.5°eTS AT vSis
One Pann Pisza Sae Aestuces P anneg
New York, NY 10001 e

212-239-7900

30 Natlonat and
Inteenationst Otfices

Sama ~asve Osprear
Sragterent T3¢
st outonSysie s

Robert and Company Associates
Consulting Enginesrs
96 Poplar Street. N W . Atlanta. Ga 30335

Analyltical Services

Faniaens
mesunhegigd AA GCUS S A TOCL TGO

. EC'I ~a2ac30us Wite Teanng

NEW YORK TESTING LABORATORIES, INC.

21 Urban Ave., Westbury, N.Y. 11590 +(516) 334-7770

PENNONI ASSOCIATES INC.
CONSULTING ENGINEERS

1911 ARCH ST. PHILA,, PA, 215-561-0460

ROGHEON ENGIMERRING COMPANY, LTT,

CONBIATING REGCHTERASD MMAL ENCinauRS
VOT KAGY (TUTH ATACET  GRUTH mOLLAND nLIBSIS heTE
e IO ATE o GaiCALD aterets

re vaxine

Kutsbaumer & Clarks, Inc.
Canewtting Engineers 718-863-T542
310 Celewars Avenve Buttalo, NY 14202

NASTE WATER TREAIMENT  WATER SLPPLY
SOUD WASTECSPOSAL  SEWERS
SENDSURVEY'AG  DRANAGE #LTCO CONIS0L

PERLITER & INGALSBE
onsulting Engineers

WATER 7 WASTEWATER
Investigations + Planning.
Design
1461E Chevy Chase Drive
Glendale,Calif. 91206

WATERHAMMER
AND SURGE WAVE ANALYSIS

4 ALAY 0SS Pt
P9 30¢ 13148

RUCKEE 24 3in

Consuiting Engineering Services

Water Resources
\Wastewater
Sord Waste ==

Research  OBRIEN & GERE

Seraluse Y E3SiLn New Yok

Crarctie NC  Pr.3zedma  Aasnegion OC

PROFESSIONAL ORGANIZATIONS
Consultants—Engineers—Laboratories
Your listing can be runaing in this spacs.

Next avadable insertion date s July foc
usteg i T ussues through December includ-
«~g BUYERS GUIDE Deadine May 1 Write

foc detads

JOHN D. RUSSELL ASSOCIATES. INC.

Cost of Serwice
Rate Design

Va sauon
Ceoreclation

PG Box 17812 Mrwaukee W« 53277 233 9430293

‘THOMAS R. O'CONNOR, INC,

C.VIL & MECHANICAL ENGINEERS
ALRAL & LRBAN WATER SYSTEMS ENGINEERING
GCVERNMENT ASSISTANCE PROGRAMS
LAND SURVEYING
239 E GTEENTH STREET
SAKERSS ELD Cac FORNIA 32330t
TELEP~CNE 325 3270467

I\-lALC()LM{g
PIRNIE. INC.

TONSGL T ENVIRCNMENTAL ENGINEERS

SHETE DLAINS WY 12602

N Za WS J1esans deerseds

fttRe<BATE SARk TR
4

@ WL Schirt zircer 3r 3 Bsscciates

=t —— 1
=, = TONSL e Ne BTwew e EwGA TS
ALY

e o fvE oG ormncs

A Mgk
. NICat

X T

PROFESSIONAL ORGANIZATIONS
Co'\sultams—Eng.neers——Laboral]ones
Your listing can be running In this space.

X303 AT e 7SR 10 8a'e § Juy f0f

T S5u8S NGt Decemer nciue-
*3 8UvERS SUDE Deac(-ne May ¢ wate
BARCLY I

s

THE PITOMETER ASSOCIATES
Engrress
Watar Waste Sutveys
Trunk Main Syrveys
warer Distuputon Stuc es
Sce¢ a- Hydrauic Investigations
100 Church St, New York, N.Y. 10007
(212) 267-8288
New Muiiford. Conn Allanta Chicago Philadelphia
San Francisco Columbia. Md

af
AT

SCHNEIDER
CONSULTING
ENGINEERS

ENVIKONATSENTAD ASfleae, s
PEANNING DESE SN ASD R eNS"ROE "0\
MANACEMENT bR OADE S TRY AN
S OAVBRANENC

A VANADI M ROAD
RRIDC E\llll' PA 3501% 472 saln’in

Kay Kutchins
216 Gardenview
San Antouo, TX 78213
(512) 349-4937

¢ Petsonnet Systems * Consumer Refations
= 0 ang Manag
* Teaning Seminars  Workshops * Evaluation
¢ Publc Relations * Human Resouice Planning

*Eg

elc.

LEE T. PURCELL ASSOCIATES

Consulung Engineers
W £ B faloan Carraon SUstens =W afer Supply
12t antotai Worstes—{ncneration—\ aluatians
Feandinty Stnd es—5wimmung Pouls

CONSULTING ENGINEERS—PLANNERS
60 Hamlton Street 35 Main Street
Paterson N J 07505 Franktin N J 07416

201 278-5700 201 827-5700

SEAR BROWN
ASSOCIATES, P.C.
engineers o architects e surveyors
landscape architects

CIVIL ENGINEERING ~ MUNICIPAL ENGINEERING
LAND PLANNING  ARCHITECTURAL SERVICES
INDUSTRIAL & MUNICIPAL WATER ANO
WASTEWATER ENGINEERING

85 Metro Park, Rochester. New York 14623

1221 766 329

LEO M PAGE
ENGNEERING GEOLOGST SEOLOGIST

CONEULTANT GRCLAD WATER MYDROLOGY
> O BOX 267
BASHING MOGE NEW JERSLY 07920

RIDDICK ASSOCIATES, P.C.

Consulting Engineers and Chemists
Municipal and Industnal Water Punfication
Sewage Teeatment Plant Supervision,
Industrial Waste Teeatment
Laboratories for Chemical and Bacter ological
Analyses
1722 Flirst Avenue New York. NY (828
(212) 8317104

&, J.E-SIRRINE COMPA

ploy whned C

Complete Design of
Environmental Facilities

USA Greenwitie SC 29606 e houslor

Research Taarge Pan NC 27709
Sa0 Paun B-aie

APRIL 1981
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Professional
Services

Sverdrup & Parcel
and Associates, Inc.

300 Nerth 125h Bouleverd
St Lo, Mascurn: 83101

.

Alr Poliution Control
Drainage & Flood Control
Industrial Waste

Resource Recovery
Solid Waste
Water Pollution Contiaf

v bli,ASSOCMTES

- N Armonk NY
Charles R Velzy Asscarates, Inc, Mineola NY
Consuiting Engineers Babyion N Y

AV. Smith

Sn ineering
pany
PSC PROFESSIONAL SERVICES GROUP, INC

Corrosion Control
and Materials Evaluation

Essex-B8idg Narberth Pennsylvania 19072
215-664-200
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engineers, planners and land surveyors

306 FELLOWSHIP ROAD MOUNT LAUREL,
NEW JERSEY 08034 809-235-7200

S  £PA Approved
State Certified
EPA Drinking Water Stangards
Waste Water Anatysis
NPDES Permit Testng
Water Chemistry & Bacteaclogy
Woater Analysu & Consultmg, Inc.
304 BLAIR 8LVD
EUGENE, OREGON 97402

503 485-8404

ENVIRONMENTAL. ELECTAICAL CIVR & STRUCTURAL
ENGINEERS PROVIDING STUIES/ REPORTS/ DESIGN
& CONSTRUCTION SERVICES FOA.
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Polunon Abarement; Sokd \Iau- D‘pmd
Worewont Stnctures
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Smith and Gillespie Englneefs Inc.
(904) 7438350 ¢ 1100 Casery 8
P. 0. Box 53138 e Jacksonville, Flonca 32201

n CONSULTANTS GROUP, INC.
Consuthng Engineers
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Legaspi Viage. Makate Metro Manika
elaphone No 85-30-11 "MCC PO Box 1145, 3117
Phipexnes
PO Box 7033, Amport Philipanes “Telex Nos 722280 HRD PH
HMIC 7425328

J. R. WAUFORD & COMPANY.

—— Consultang Engimeers amee

WATER AND WASTEWATER
SYSTEMS
HOME OFFICE
2835 Lebanon Road
Nashuille, Tennessee 37214
(6151 883-3243
BRANCH OFFICES
Alcoa, Tennessee Laurel, Mississippi

STANLEY CONSULTANTS E5
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TNAL SERVICES
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+ CESGN o VANAGEMENT
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Terzic & Mayer WATER AND SEWER
Public Utllity Consultants RATE STUDIES

* Cost-0f-Service @ Bill Analysis
* Qate Case Preparation ¢ Tanit Design
¢ Junisdictionat Cost Altocation Studies
Specielists In Utility Valusti
Oepreciation & Cost-of-Service
229 € WISCONSIN AVENUE SUITE 801
MILWAUKEE. WwISCONSIN 53202

W&H"

WHITMAN & HOWARD. INC.
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315 655-8161

Darien. Conn 06820
203; 655-7979

TELEPHONE (414) 277-9333 - . .
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Stearns & WhEler TKDA "‘“ assas SCats NCERPORATED WECTMAN. REQUARDE AND ASsOCLAVLES
CIVIL AND SANITARY ENGINEERY ENGINEERS

WASTEWATER TREATMENT PLANTS
SEWER SYSTEMS
WATER SUPPLY AND TREATMENT FACILITIES
AIR POLLUTION CONTROL SYSTEMS

2315 SAINT PAUL STREET
BALTIMORE. MARYTLAND 21218

301 235-3u50
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Hazardous wasle
OSHA-NIOSH
Noise-Water-Awr
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* Source Testing
* Limdad Research

URS °

planning POLLUTION CONTRO!
architecture INDUSTRIAL FACILmEs
research WATER RESOURCES
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construciion management ENVIRONMEN
field supecvision HEALTH CARE
training ENERGY
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17175 243 1900

Comptete Pumping
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Steady State ana
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. SUPPLY + STORAGE
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British Columbia—Apr., 26-28 at the
Penticton Convention Center in Pentic-
ton, B.C. Secy. W.G. Mills, CBA Engi-
neering Ltd., 1425 W, Pender St., Van-
couver, V6G 283 Canada.

California~Nevada—Apr. 9-10 at the £i
Rancho/ Tropicana in Santa Rosa. Calif.
Secy. W.J. Bardin Jr., James M. Mont-
gomery Consulting Engineers, 555 E.
Walnut St., Pasadena, CA 91101.

Hawaii—~Apr. 8-10 at the Kona Surf Hotel
in Kona, Hawaii. Secy. M. Morita, Deen
Morita Plumbing, Inc.. 1658 Auiki St.,
Honolulu, Hawai 96819

New England—Apr. 30 at the Hyatt
Regency in Cambridge. Mass. Secy. P.
Janjigian. City Hall. Newport, Rl 02840.

New York—Apr. 28-May 1 at the Nevele
Country Club in Ellenville, N.Y. Secy. J.J.
Moran. Kennedy Valve, Box 931, Elmira,
NY 04902.

Pennsylvania—Apr. 21-24 at the Host
Corral Resort in Lancaster. Pa. Secy. J.
B. Smith, Gannett Fleming Corddry &
Carpenter, Inc., Box 1963. Harnsburg.
PA 17105.

Southeastern—Apr. 5-8 at the Hyatt on
Hilton Head in Hilton Head. S.C. Secy.
R.T. Tindal. 307 N. Trenholm Rd..
Columbia, SC 29206.

1981 AWWA WORKSHOPS

& SEMINARS
Zrof raton Cross Connecuon Contrat
Batmere Mgy 1912 Bowling Apr 27
‘A0 Sreen Ky
At 5Lt LD 12 Salaty
Pa Dt
Kansas City Apr 15
Mo
Cost of Service Greenville  May 5
Los Ane  May 11 sc

Ann Ardor May 20
Mcch
Water Loss Reduction

Periang, Apr 7

gees Caut

Cusicmer Service

Proenix, Apr 1 Ore.

Az Phdadelphia, May 4
Arlngton, Apr 8 Pa.

Tex Pittsburgh,  May &
Yakima, Apr 13 Pa

Wash Boston, May 7
irganapolis Apr 13 Mass

ing Connecticut May 8

8loomington, May 6 San Antonio, May 18
Minn Tex

Waitham, May 11 Denver Colo May 20
Mass Phoenmix. Anz May 22

{Continued on page 132)

AWWA

Section Meeting Calendar

Section

Alabama-Mississippi
Arizona

Atlantic Canada
British Columbia

California-Nevada

Chesapeake
Connecticut
Florida
Hawaii

lltinors
Indiana
intermountan
lowa

Kansas
Kentucky-Tennessee
Mexico
Michigan
Missouri
Montana
Nebraska
New England
New Jersey
New York

North Carolina
North Central
Ohio

Ontario

Pacific Northwest
Pennsylvania
Puerto Rico
Quebec

Rocky Mountain
South Dakota
Southeastern
Southwest-Texas
Virginia

West Virginia
Western Canada

Wisconsin

1981

Oct. 25-28

Biloxi, Miss.
May 6-8

Tucson, Ariz.
Sep. 13-17

Moncton, N.B.
Apr. 26-28

Penticton, B.C.
Apr. 9-10

Santa Rosa, Calif.
Oct. 28-30

Palm Springs. Calif,
Sep. 9-11

Qcean City, Md.
May 20-22. _

North Falmouth, Me.
Nov. 10-14

Miami Beach, Fia.
Apr. 8-10

Kona, Hawati

Sep. 15-18
Pocatello, Idaho
Oct. 21-23
Ames, lowa

Nov. 15-18
Ft. Mitchell, Ky.

Sep. 28-Oct. 1
Detroit, Mich,
Jun, 712
St. Louis, Mo.

Nov. 5-6

Columbus, Neb.
Apr. 30

Cambridge, Mass,
Sep. 15-18

Atlaatic City, N.J.
Apr. 28-May 1

Eilenville, N.Y.
Sep. 22-25

Niagara Falls, N.Y.
Nov. 8-11

Asheville, N.C.
Sep. 23-25

Duluth. Minn.
Nov. 11-13

Cincinnati, Ohio
May 10-13

London, Ont.
May 6-8

Spokane, Wa.
Apr. 21-24

Lancaster, Pa.
May 30-31

Dorado. P.R.

Oct. 25-28
Sante Fe, N.M.
Sep. 16-18
Yankton, S.0.
Apr, 5-8
Hilton Head, S.C.
Nov. 8-12
Corpus Christi, Tex.
Oct. 13-16
Arlington, Va.
May 17-19
Charleston, W. va.
Sep. 30-Oct. 2
Saskatoon, S.K.
Sep. 30-Oct. 2
Delavan, Wis.

CAPCO JEN

1982

Sep. 23-26
Mobile, Ala.

May 5-7
Flagstaff, Ariz.

Oct. 6-8

Vancouver, B.C.
Apr. 15-16

Long Beach, Calif.

Sep. 8-10
Ocean City, Md.

Sep. 14-17
St. George, Utah

Mar. 24-26
Salina, Kan.

Nov. 14-17
Nashville, Tenn.

Sep. 20-23

Grand Rapids, Mich.
Apr. 14-16

Lake Ozark, Mo.
Mar, 25-26

Helena, Mont.

Apr. 29
Danvers, Mass.

Apr. 2-7
Rochester, N.Y.

Sep. 29-Qct. 1
Fargo, N.D.
Nov. 3-§
Cleveland, Ohio
Apr. 18-21
Ottawa. Ont.
Apr. 14-16

Medford-Ashland, Ore.

Jun, 20-24
Hershey, Pa.

Sep. 19-22
Snowmass, Colo.

Apr. 18-21

Savannah, Ga.
Oct. 17-21

Oklahoma City, Okla.
Oct. 26-29

Roanoke, Va.

Sep. 22-24
Winnipeg, Man.

0020806




GOLDEN-
ANDERSON

solves
valve problems

o Surge Control-Liquid Level
Control-Pressure Control

eSize range 1” through 48”

e Computerized
surge analysis

Write for bulletins,
catalog

GJA. Didustries Inc,

GOLOEN-ANDERSON VALVE SPECIALTY CO. DIV,

290-D Marshall Road
Mars, Pennsylvania 16046
(412) 776-1020 Telex 8664390

Representatives Worldwide

VISIT OUR EXHIBIT, BOOTH NO. 803
Reader laquiry Service No 024

(Continued from page 131)

Water Quality Technology Conference:
Seattle, Wash., Dec. 6-9, 1981; Nash-
ville, Tenn., Dec. 5-8, 1982.

Annua! Conference: St. Louis, Mo., Jun.
7-11,1981; Miami, Fla., May 16-21, 1982;
Las Vegas, Nev., Jun.5~-10, 1983.

Distribution System Symposium: Mil-
waukee, Wis,, Mar. 7-10, 1982.

Other Organizations

Apr. 1-3

The Eftects ot Acid Precipitation on Ecologi-
cal Systems in the Great Lakes Region of the
United States. Michigan State University Insti-
tute of Water Research, US Department of the
Interior's Office of Water Research and Tech-
nology, US Park Service, US Fish and Wildhte
Service. US Environmental Protection Agen-
cy's Acid Precipitation Program. East Lans-
ing. Mich

In a multidisciplinary forum 25 scientists will
exchange information on the ecological
impact of acid rain. Sessions will focus on
sources, monitoring, and the resultant effects
on aquatic and terrestrial ecosystems, partic-
ularly 1n the Great Lakes region. The partici-
pants will also identify future research needs
and suggest priorities for them.

Contact;: Howard Bernson, Conference
Coordinator, University Conference and Insti-
tutes, 49 Kellogg Center, Michigan State Uni-
versity, East Lansing, MI 48824,

Apr. 5-6
Water Systems Council Meeting. Blooming-
daie, Ill.

Contact: Pam Williams, Associate Director,
Water Systems Council, 221 N. LaSalle St.,
Suite 2026, Chicago, IL 60601.

Apr. 6-10
Corrosion/81. National Association of Corro-
sion Engineers Toronto, Canada.

More than 250 papers are expected to be
presented in approximately 40 techmical sym-
posta during this conference. Session topics
will be corrosion kinetics. corrosion monttor-
wng. locahzed corrosion, stress corrosion
cracking. hydrogen embrittlement corrosion
fatigue. inhubttors and coatings, and general
corrosion problems.

Contact' Conference Coordinator, National
Assoctation of Corrosion Engineers, P.O. Bax
218340, Houston, TX 77218.

Apr. 12-14

American National Metric Council; 7th An-
nual Conference. American National Metrc
Council. Washington, D.C.

This conference will examine the practical
aspects of developing metric capability in
American industry by focusing on the areas of
management, marketing, productivity, and
procurement.

Contact. American National Metric Council,
1625 Massachusetts Ave., N.W., Washington,
DC 20036.

Apr. 15

1st Annual Water-Wastewater Instrumenta-
tion Conference and Workshop. California
Water Pollution Contro! Association, Ameri-

can Water Works Association, and the Instru-
ment Society of America. Santa Clara, Calf.

The joint instrumentation conference ar:
workshop will provide current information and
ideas related to system analysis and control of
water and wastewater, as well as the latest
methods and techniques for improved appli-
cation, operation, and maintenance of various
types of instrumentation and analyzers.

Contact: William Kopet, Publicity Coordina-
tor, Joint Instrumentation Committee, 132
Helen Way, Escondido, CA 92025.

Apr. 23-24

Understanding and Managing a High Quality
Water System. Bureau of Business Research
and Services at California State University.
Long Beach, Calit.

Six distinguished experts in the water
industry will discuss all phases of managing
high qualty, deionized, and demuneralized
water systems, Topics include purification
techniques and processing steps, costs,
equipment. water testing, sterilization, and
preventive maintenance. The seminar s
designec for managers. process engineers.
utility engineers, and water managers in-
volved with hugh quality water.

Contact: Seminar Coordinator, Bureau of
Business Research and Services, California
State University, 1250 Beliflower Bivd.. Long
Beach. CA 90840.

Call for Papers
37th Annual Conference of the SP! Rein-
forced Plastics/Composites Institute
Abstract deadline: May 1, 1981

Papers are sought on new and developing
uses for reinforced plastics in all markets: on
new resins, reinforcements, fillers, and addi-
tives; on advances in processing involving
both reinforced thermoset and thermoplastic
fesins; on new and improved processing
machinery and tooling; on research and.
development activities; on energy-saving and
alternate energy applications: on manage-
ment and marketing; and on other topics such
as health and. safety.

Abstracts of proposed papers, consisting of
approximately 500 words. should be sent to
RP:C Conference Administration, The Soci-
ety of the Piastics Industry, Inc., 355 Lexing-
ton Ave.. New York, NY 10017.

Call for Reviewer-Discussers

A conference on Pump Station Design for
the Practicing Engineer will be held Aug. 31 to
Sep. 2, 1981, at Bozeman, Mont. Authors for
the 54 papers have been selected and review-
er-discussers are sought. The range of sub-
jects includes system design transients,
pumps, driver, piping, instruments and con-
trol, electrical design, heating and ventilating,
location and layout, wet wells, pump room
arrangement, booster stations, wastewater
pumping, water pumping, sludge pumping,
costs for facility planning, and so forth.

Manuscripts will be sent to reviewers an
June 15, By July 15 reviewers must submit a
camera-ready discussion for inclusion in the
preprinted proceedings. Discussions are ex-
pected to be incorporated into a three-
volume text to be published approximately
two years after the conference is held.

For further details please contact Editor,
Pump Station Design, Dept. CE/EM, Montana
State University, Bozeman, MT 59717.
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This 36-inch concrete force main was exposed during excavation to upgrade a storm sewer running below it.
After 31 years of service. the main still looks as good as the day it went in the ground.

Will your pipe
look this good
after thirty-one years
in the ground?

Call it a test. A difficult and gruelling test.

Thet pretty well describes the past 31 years
for this concrete pressure line, recently un-
covered in Madison, Wisconsin.

Running through low, wet ground, less than
500 feet from Lake Menona, it has been
exposed to conditions that are normally
corrosive to other pipes.

What’s more, it has endured the crushing
force of freezing, expanding soil through 31
Wisconsin winters,

Yer today this 36-inch concrete line looks

as good as the day it went in the ground.

No cracks. No deterioration. Every joint still
bottle-tight. Easily ready for another 31 years
of service.

Imagine, for a moment, what 31 years in
the ground might have done to other kinds
of pipe.

For real permanence, specify the one pipe
that actually gets stronger the longer it’s in
the ground. Prestressed concrete pipe.

For more information, write us at P.O. Box
825, Dayton, Ohio 45401.

e Bt Conpony

make it concrete to las
VISIT OUR EXHIBIT, BOOTH NO. 738
Reader Inquiry Service No. 052
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NEW FRP-II AERGAP BACKFLOW PREVENTER

Protects against backflow. Protects against backsiphonage. Easy to maintain.

The new Hersey Modci FRP-II reduced
pressure backflow preventer protects
against both backflow and backsiphonage.

air gap at least twice the diameter of the

supply pipe.
Easy In-Line Maintenance is another fea-

Should supply pressure drop, thereliefvalve ture. Check valves and relief valves are

opens to maintain a 3 psi positive pressure
differential between the supply and the RP
zone. Under Normal
Conditions if supply
pressure drops to
atmosphere or
below, the relief
valve stays open and
the water in the
reduced pressure
zone drains out
creating an internal

Protects aganst backow

canbe removed
intact—valve,
spring and seat—
and replaced using
low-cost replace-
mentkits. All parts
backsphonage  are of corrosion-
resistant materials, and the pressure-
sensing passage and diaphragm are con-
tained within the housing, fully protected

independent modu-
lar assemblies. They

Replaceable check
valve assembly
Internal pressure-
SCNsing passage
protected against
damage

Internal air gap at
least two times the
diameter of the sup-
ply pipe
Replaceable relief
valve assembly

from vandalism or
accidental damage. .
FRP-1I backflow . -
preventersare ap-
proved by the U.&C
Cross-Connection
Control Lab, US,
Army Corps of Engi
neers, U.S.Navy,
IAPMO, AWWA, and
ASSE.
Circle readers’ service number for more -

information. .
= -Hersey
orcallus "ot

A A

Il ety

o

'.(J'

P

Hersey Products, Incorporated, 250 Elm Street, Dedham, Massachusetts 02026, (617) 326-9400 Telex 92-4436 }

Reader Inquiry Service No. 029
t

Lo
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FORMATION.
T0 ST LOUIS

= - .. Association has been the source of
osmation to the water supply industry.

The AWWA bookstore at the Centennial
ference will proudiy display our current
publications including some previously
: unreleased volumes.

This is a one-time opportunity to directly
purchase AWWA publications. Hundreds of
books offering the most recent advances in

engineering, education, and research will be
available at our low member rates. Now you
can personally review each selection and
eliminate the time involved in shipping.

Visit the American Water Works Association
bookstore at the conference center this June.

A ton of information is worth looking into.
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