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Managers of municipal sewade systems
across the country are' confronted with a

seemingly contradigtory set of challenges.:

How can they reduce pollution and yet
operate within their shrinking city budgets?
How can they conserve energy and yet
effectively process a gro ing volume of
sewage? :

Appropriaté technologies ‘have shown
that they can provide some of the answers

and at the same time help sewage plant’

managers operate systems more efficiently
and with less threat to the environment and
human. health. And there are other benetits
as well: For example, the problem of reduc-

ing pollution does not have to be expenstve.

On the contrary, by using appropniate
technologies, money can be saved in the
long run by conserving resources through
recycling wastes. ’

More than two dozen projects concerned
with wastewater treatment, donversion, or
use were funded by the U.S.- Department of
Energy's Appropriate Technology Small
Grants Program. These projects were

awarded to individuals 4nd groups as di-

verse as homeowners, Itarmers, and the
world’s largest wastewater treatment plant

in Chicago. But all the granjees shared a
common concern: that it is simply too ex-
pensive, both at the broadest ecological

level and at the increasingly critical eco-
nomic level, to continue wasting materials
that are, in fact, resources.

They also shared a common goal of re-
ducing sewage treatment ¢osts. Many cities

" .saved money by implementing appropriate.

technologies that improve, upgrade, or
expand«existing systems. Others in the
field tested basic new ideas, constructed
bench-scale systems, or used appropriate
technologies in innovative ways at full-
scale. As_the various technologies were
tested and implemented, two main lessons

became clear: significant amounts of the:

energy and water resources going into
sewage collection and treatment can be
conserved, and wastes can be conVerted
resources, Both conservation and wa
conversion can save the taxpayers' money,
and at the 'same time can often reduce
pollution. . ' '
Wastes to Resources: Appropriate Tech-
nologies for Sewaye Treatment gnd Con-
version is intended to introduce sewage

’

system managers, municipal administrators,

and interested professionals and citizens to

a general background of appropriate tech-.
nology options for sewagé management.

. Many of these technologies have shown

that they work on existing, traditional sew-
age systems; others may hold promise for
the future.

Chapter One presents background infor-
mation on sewage treatment in the United
States and the key issues facing municipal
sewage managers, Chaptef Two outlines
conventional sewage treatment systems
and introduces alternative and innovative
technologtes

The case studies in Chapter Three pre-

- gent the experiences of five municipal sys-
_ tems: the technologies involved, the costs,

the project problems and subsequient solu-
tions, the energy considerations, and the
current status of each project. All five were
furided through_the U.S. Department of
Energy's Appropriate Technology Small .
Grants Program. (Appendix A lists other .
projects funded by the Department of En-
ergy under this program.)

Chapter Four reviews some of the lessons

. learned and future possibilities for the

application of appropriate technologies to
sewage treatment and conversion. - Each
chapter includes a glossary and abbrevia-

" tion list, reference sources, and a list of
agencies and people who can provide fur-

ther assistancey
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SEWAGE COLLECTION AND TREATMENT: THE MAJOR ISSUES.

B Z

. Americcm towns and cities face many

g)]ad challenges related to sawage collec-
tidh and tregtment. They haveé to protect
hpyman and environmental health, to main- .
tain or improve gvater and air quality, and
use land, water, and energy effectively.
They also have td cope with a maee of local,
state, and.Fedefal regulations. And they
‘have to decide how to spend—or not to
spend—great sums of money to build and
operate sewage systems. Appropriate tech.

" nologies can be applied to help meet all of

these challenges while saving costly energy.

SARY

Inorganic Compounds:
Those compounds

Sewage:

locking- | The waste matter from do-

carbon but including the car-
bonates ond cyanides: not

having organized anatomical

structure &t animal or vege-
table life.

Orglcmlc Compounds:
Referring to or derived from
living organisms. In chemis-
try. any compound contain-
ing life.

mestic, commercial, and in-
dustrial sources corQod by
sewers.
Sludge:
Mixture of organic ond ino¢-
ganic substonces separated

from the sewage; generally .

wastewater with' 3 to 8 per-
cent solids. ..

e

4

HEALTH AND POLLUTION

i

Historically, inadequate sewage handling
and treatment has been directly responsible
for outbreaks of diseases such as typhoid and

-cHolera. Improved sanitation has largely

controlled waterborne diseases in both
urban and rural areas. However, modern

research has shown that organic and inor-.

ganic compounds may- cause’ other long-

term health problems such as cancer and

genetic defécts.

treated, and can contaminate su ace wa-
tets or ground water. Those that are ‘hot
removed or treated generally are found in
gludge. Ammonium and nitrates are often
present in the liquid effluent and are of
particular concern because they can be
harmful to aquatic life.

Studie¥ also indicate that trace metals,’
such as lead, mercury, cadmium, and zinc

olten are not removed by sewagg treatment -
plants. High levels of heavy metals are -

known to cause severe neurological symp-
toms, chromosome damage, and even death
in humans.

WATER AND SOIL CONTAMINATION _..
—- & : '

Y

" About 22 billion gallons of wastewater”

pass through municipal systems every day.
Much of this wastewater eventually reaches
drinking water sources.

Together, septic tanks and cesspools are

_ the greatest sources of wastewater discharge

into the ground. Also, qpe-fourth”of the
r’nunicipal treatment systems in the country
use some form of wastewater treatment
lagoon, and it is estimated that 50 million
gallons of wastewater leak frow these la-
goons every day. An additional 2.3 billion
gallons of untreated and treated wastewater
are applied daily to the land. If this waste-
water is improperly treated or applied, it
can pollute drinking water sources or can
contaminate the soil with undesirable con-
centrations of chemicals.

Water pollution can be caused by mate-

rials in sewage that inhibit or encourage .

biological growth. Toxic substances can
pollute water and kill both plants and ani-
mals. Inorganic materials, such as phospho-
rus and nitrogen, can Quer- -stimulate plant
growth which depletes‘the ‘Wwater's oxygen
and thereby causes massive fish kills.

>

- The U.S. Environmental Protection Agency _ -
\ ‘ (EPA) lists over 1,000 organic and inor- —
ganic .compounds that are disposed of jn Modem, mechanical Yaste-
-1 the wastewater of a typical home. %: water treatrhent plants typi-
than one hundred of these are known t& be cally use ';"9; °m°‘:"" °(:
potentially dangerous . when discharged ::,;:?J.lc n"mc. ‘,::3? 'Af:.nr_
into surface waters or ground water. Many native blologlcal wastewater
additional hazardous compounds are part treatment systems generally
-of commercial and industrial wastewaters. use small amounts of exter-
A survey in 1982 for the EPA's Toxic Pol- . 2:: - n"?gfb;:n:;q:: r;;:’ﬁ:'
lutants Control Pregtam found that a me- stances’ sewage freatmeny
dian of only 72 percent of the toxic organic :Zproduch can be used ben-
. compounds entering municipal sewage cially on the lond.
‘ ~ works was remove_g In many cases, jnor- v. disturbed land s
~ 'ganic compounds Qr viruses pass through
sewage works without being separated or

reclaimed with sludge,
w
CHAPTERONE o s

wastewater is being used for
irrigation, and sewage treat-
ment is being integrated with
other land uses. If all of the
nutrients in the country's
sewage were recycled and
used on the land, it would
provide 12 percent of the cur-
rent demand for commercial
nitrogen fertilizers and 20
percent of the demand for
phosphoris fertilizers, with
a total value of over $1 biltion

per year.

»
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SEWAGE COLLECTION AND TREATMENT: THE MAJOR ISSUES

)

-
1]

There have been many environmental
*~laws and regulahons developed in recént
*  years that dpply to sewage systems, most
significantly at the Federal level. However,
| in several cases, such as undgr the Clean
‘Water Act, the states are en'codraged to be’
active partners. As of January, 1983, 35
states now issue permits and enforce com-
pliance to meet-the minimum Federal stan-

- dards. On the other hand, health and land’
use related regulations are most often the
respongibility of county and municipal
authorities. ! "

Major sewage treatment projects face a
gamut pf regulations, from environmental
impact statements to local zoning permits.
More frequently, local siting and zoning
problems are proving tg be the most diffi-
cult to overcome because of persistent mis-
conceptions and _apprehensions about the

 nature of sewage treatment. Because so
many considerations affect the siting, con-

- struction, and operation of sewage treatment
facilities, a full survey of environmental
and land use factors, and an .exhaustive
review of regulations which may pertain,
are imperative first steps in planning a sew-
age system. '

Early Federal laws recognized that water
quality had to be improved, but these were
general in nature and did not specify the
methods to achieve cleaner water. The Fed-

'+ eral Water Pollution Control Act Amend-
ments of 1972 set ambitious goals to restore
and maintain the nation’s water quality,
and it allocated $18 billion (for fiscal years
1973-75) to improve municipal sewage col-
lection and treatment in the country. The
emphasis at that time, however, was for
municipalities to act quickly to clﬁn up

- LAWS AND REGULATIONS
= ,

tion and favor the constructign dt systems
based on stahdard designs.
a -

FINANCING
’

municipal sewage collection and treatment
facilities 18 the EPA’s Construction Grants
Program, authorized by the Clean Water
Act. This program provided over $34 billion
for the construction or improvement of
sewage facilities between 1972 and 1983;
states and municipalitigs contributed’

additional $15 billion. The enyironmentdl

Protection Agency estimates that through

CHAPTER QNI

water, which tended to discourage inngva- -

"The major source of federal fundlnﬁ for

the year 2000, an additional $70 billion will
be needed to construct or improve sewagg
facilities. In 1982, the Construction Grants
Program provided as much as 75 percent of
the funds required for construction of sew-
age facllities, and it previded as-much as
85 percent (proposed to be reduced' to
75 percent in 1984) of the funding for alter-

native or innovative treatment”’s systems ot

components, Funds under this program,|
which may also cover land costs, are allo-
Ycated on a priority basis so that the most
serious gources of pollution are dealt with
first. -

The Innovative and Alternatiyg Program
was included in the Clean.Water Act of
1977 to foster the development and,use of
technologies that reclaim and re-use water,
recycle wastewater constituents, eliminate
the discharge of pollutants, or recover
energy. By September 1981, 1,035 projects
had been funded to use innovative and ,
alternative technologies. These projects
have included aquaculture, composting,
land application,  on-site treatment, and
solar applxcahons

Other Federal programs have been estab-
lished intermittently, such as the Depart-
ment of Energy Appropriate Technology
Small Grants Program, that provide funds
that can be used for sewage treatment
projects.. .

Most states provide ome form of finan-
cial assistance either through direct grants
or loan programs. In many cases, state
centributions are inversely proportional to
Federal contributions. Federal and state
financing rarely combine to pay 100 percent
of project costs, although there are situa-
tions when funding mixes can meet all costs.

sources of local fund-
ing are user {#8s or municipal bonds. The
primary limfation with municipal bond
issues is the curtent indebtedness of the
community; a city with a significant-debt
will probably be unable to issue bonds.
Recently, some districts have used tax-fteeg,
industrial development bonds to finance
projects.

A nhmber of alternative financing options
are being developed for municipalities,
many of them involving the ‘tooperation of
cities and local businesses. This may be
particularly appropriate if it i8 necesgary to
pretreakindustrtll was}es entering the mu-
nicipal system. With the significant capltal

*. outlay required for sewage facility construc-
‘tion, operation, and.maintenance, every.
financing option should be explored.

Yt '.':\:(_-'_‘. )

e



For more information.on the

vEnfironmental, Protection-
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John Horkins

345 Courtland Street, NE
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\d

. Water Division Director: -

Poul Traina

-h

Tel. 404-881-3633

T

Callfornla Municipgl Rev-
enue Sources Ha .
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1982.

Hatheway, S.W., Sources of
Toxlc Compounds in House-
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VA, August 1980.
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ment Manual, EPA-430/9-
78.009, NTIS, Springfield, VA,
February,1980.

Kormondy, E.)., Concepts
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1969. .
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Press, Berkeley,K CA, 1980.

-

. Southwick, C.H.,
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-

Rybczynski, W., et al., Ap-
propriate Technology for
Water Supply and Sanita-
tlon: Low-cost Technology
Options for Sanltation, A
State-of-the-Art Review
end Annotated Bibllogre-
phy. World Bonk, Washing-
Ion,j DC, February 1982.

» Sewage Trestment Con-

struction Orant Manuel. .
The Bureau of National Af-

fairs, Inc., Washington, DC,

January 1983,

vironment, Van Nostrand
Reinhald Cgmpany, Inc.,
New York NY, 1972,

U.S. Environmental Protec-
tion Agency Sludge Tosk
Faorce and Office of Water-
Programs Operations Mon-
agement and Advisary Brief-
ing. U.S. EPA, Cincinnati, .
OH, unpublished, September

Reglon V (IL. IN. OH, M1,
MN, Wi) '

Steve Poloncsik -

South Do\:rborn Street

qqo Iiirols 60604

« Ancil Jones

™ First Federol BUMIng -
,\1201 Elm Sjreqet |

Dallas, Tbxos‘75270

Wohr Divlsion Direcfor:
TMyropv Kundsqn

TQI 2'4 .767- 9905

Reglon VIl (1A, Ksuao NE)

Mario Nuncio

324 €. 11th St.

Konsas City, Missouri 64106

Waiar Division Director:
Allen Abromson

Tol 816-374-2725

' n.glon VIl (CO, UT, WY,
MT, ND, SD)
Stan Smiih
1860 Lincoln Street
.Denver, Colorado 80203
Water Division Director:
Mox Dodson
Tel. 303-837-2735

" Reglon IX (AZ, CA, GU,
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Irving Terzich . -
215 Fremont Street.
San Francisco, Collfornio
94105 -
Water Dlvlsion Director:
Frank Convington
Tel. 415-974-8106
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Tom Johnson

1200 6th Street
Seattle, Washington 98101
Woter Division Director:

" Robert Burd
Tel. 206-442-1413
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Knowing which appropriate technologies
lems requires an understanding of present
natives already .in use provide the context

for appropriate technology applications. In
this chapter,"an array of existing technolo-

can be used to solve sewage treatment prob-

.practices. Conventional systems and alter- *

i

Life or biological processes
that. .€on ‘occur only in the
presence of oxygen.
Anaeroblc:

Life or biological processes
that occur in the absence of
oxygen.

200D:

Centralized Sewage
Treatment: o

The collection and treatment
of sewage from many sources
to separate pollutants and
pathogens from the waoste-
water. g
tffluent:

The treated wastewater dis-
charged by sewage treot-
ment plants.

. ivapotranspliration: -
The water released from
plants as they grow and the
evaporation of water from
plont surtaces and adjacent
soil. * '
Facultative Ponds:

Ponds having an aerobic zone
on the top and an anaerobic
zone on the bottom. :

I

Biochemical oxygen demand. .

gies is briefldintroduced and reviewed.

Aercbhic: inflitration:

. Leakage of ground water

through poor joints, etc. into
the sewage co".cﬂon‘syﬂ.m.
influent:

Wastewater going into the
sewage treatment plant.
MOD: .

Million gallons per day.
Percolation:

The filtering of o liquid
passed through o medivm
with many fine spaces.
Polishing Treatment:

The tinal sewage treatment
process to further reduce

. BODs, SS, and other pollu-

tants.

Recloculation:

Retyrning a fraction of the
oftlbent outtlow to the inlet
to dilute incoming waste-
water,

ss:

Suspended Solids.

TREATMENT SYSTEMS

<

- Conventional Conh;allzed Plants

Most of the urban cenfters in the United
States are served by conventional treatment
plants'which use mechaqica] and chemical
processes to break down and treat sewage.
Most of these plants incorporate four basic
stages: preliminary, primary, secondary,
and advanced (see Figure 2.1). Wastewater
treatment ‘is usually concluded with disin-
fection of the effluent, most often by
chlorination. ’

CHAPTERTWO - .

- SEWAGE MANAGEMENT, TREATMENT CONVERSION, USE, AND DISPOSAL

Logoons ’ -

Lagoons require large amounts of land
and are best suited to warm and moderate
climates. However, lagoons continue to be
a useful alternative, particularly for smaller
communities, because of the low construc-
tion costs and minimal operating require-
ments. Lagoons genwrally do not treat waste-
water as effectively as conventional plants,
but they can be used in many parts of the
country, because systems with low flow

rates are permitted to release higher levels

of suspended solids than larger systems.
Odor and mosquitoes are common problems
with laggons, and the nutrients and minerals
that settle to the bottom are rarely reclaimed.
There are generally three types of lagoons
that are used for all levels of treatment:
anaerobic, ‘aerobic, and facultative.

Anaerobic lagoons are relatively deep,
with minimal dissolved oxygen except at
the surface. Levels of BODs and SS are
commonly reduced by 50 to 70 percent.

Aerobic lagoons are generally less than
2-feet deep and use the action of wind, sun-
light, and algae to convert wastes. While
treatment efficiencies can be very high,
the algae that convert the wastes can create
higher BODs and SS conditions than the
wastewater had originally. To achieve max-
imum results, lagoons must be deeper and
use mechanical aeration, ‘which consumes
large amounts of energy.

Facultative lagoons have an aeroblc
zone on top and an anaerobic zone on the
bottom. This requires depths of about 12 feet
at the inlet to as little as 3 feet at the outlet.
Either a preliminaty, treatment stage or
recirculation is required to keep the surface

one aerobic. Sludge build-ug in well-
ﬁanaged facultative ponds is relatively
low, and a trench at the entrance end can
be used to.accumulate the sludge that is

. " <produced (see Figure 2.2).

Aquaculture

Aquaculture treatment of sewage began
to develop when hyacinths were added to
traditional lagoons to produce cleaner

. water and reduce odors. Water hyacinths
. are most copnmonly used to treat wastewater,

but agquaculture systems can also use other
aguatic plants, animals, or both.

_If water hyacinths are used to treat waste-
water from facultative ponds, they are capa-
ble of producing very clean effluent. Hya"
cinth ponds alone can be very effective in

9.
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Sewage'treatment perfor-

mance Is commonly mea- o

sured In terms of blochemical
oxygen demand, suspended
solids. and phosphorus.

The amount of oxyge
needed by bacteria and o hor
microorganisms to oxidize
organics tor tood and energy
is called blochemicul oxy-
gon demend (BOD). Bio-
chemical oxygen demand is
o process thot occurs over a
period of time, and it is com-
monly measured for a five-
day period, referred to as
B8OD;. Biochemical oxygen
demand is an important wa-
ter quality measurement,
because the type of aquatic
lite is determined by the
amount of oxygon in the
water.

Waste particles suspended
in water, referred to as sus-
ponded sollds (SS), can har-
bor harmtul microorganisms
and toxic chemicals. Sus-
pended solids cloud the wa-
ter and make disintection
more difficult and costly.

Phosphorus (P), in its in.
organic forms is necessary
ai™ome levels, but when it
Is concentrated it becomes a
pollutant that can overload

* ecosystems beyond their ca-

pacity to assimilate it. This
not only upsets the biological
balance, but also diminishes
the netural capacity of the
environment to break down
and use wastes.
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. ure 2.4).- Duckweed, watercr

treating wastewater if reciréulation is used.
Hyacinth ponds are 2-.to 3-feet deep and .
typically require 5 to 15 acres per million
gallons per day to achieve secondary to
advanced tieatment water quality (see Fig-
ure 2.3).Pgnds are primarily aerobic, and
about one-fifth of the surface is kept cleared
of plants to help maintain aerobic condi-
tions at the surface. Water hyacinths can
be harvested for use as a fertilizer and soil
conditioner, or as an animal feed supple-
ment. Hyacinths and sludge also make an
ideal compdast. mixture.

Full-scale hyacinth,treatment systems
are now operating in Texas, Florida, and
Mississippi. The largest hyacinth pond sys-

tem in the country is'being planned for /
Stockton, California. '
Hyacinth ponds are used today only in\

warm climates because the plants die when
exposed to freezing temperatures (see Fig-
~ and cat-
tai]s are used in cooler clithates. In cold
_regions, other plants that normally tolerate
colder weather, such ag European irts, or - .
“new genetic strains of plants may provide.

alternatives. Mosquitoes can be a problem

w:th all lagoon systems, -but they can be

“controlled if fish are added tq aquacultura .
treatment dystems. e -
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o ; solids that might clog the equipment and
raduce BODB, levels to ¢ontrol odor prob-
lems. The sewdge is treated when the vege-
tation absorbs and uses the sewage nutri-
_ents and water. What isn't absorbed by the
plants either ewaporates -or .percolates
through the soil.

With rapid infiltration, wastewater “is
spread in porous basins ‘and treatment oc-
curs in the soil (see Figure 2.6). Wastewater
ugually receives primary treatment to reduce
solids and BODs. Njtrogen and salt build-up
in the soil may imiting factors to this

- and other land treafthent methods. A build-
T, ' oo, up of nitrogen can increase the concentra-

Lona‘(roa'monz - o tion&)%fkmes which are easily leached.
< 0 out e sotl, and can contaminate ground

&
- Wastewater and sludge are treated by

water. High salt levels restrict the ability of

“than conventional plants,

land-application in about 1,200 locations in
the United States. If properly handled,

- lahd treatment can be more. effective than

conventional secondary treatments, and
operation and maintenance costs are usu:
ally low. It reqlires larger areas of land
but it is well-
suited to small community needs, especially
in agricultural areas. Three main land
applicatjon techniques are used: slow-rate,

.rapid infiltration, and overland flow. The

suitability and effectiveness of these, tech-
niques depend on the availability of land
with the proper characteristics (see Table
2.1) When trace metals are a problem, lime
or other pH adjusters must be applied to
stabilize those metals an acidic soils. Con-

. sequently, operating costs are generally

lower with altkaline soils.

plants to take up water and nutrients.

¢ With overland flow, wastewater is ap-
plied upslope and allowed to flow downhill
through vegetated surfaces to runoff col-
lection ditches-and into lagoon basins (see
Preapplication treatment is
normally used to remove grease and some
solids. Overland flow is an excellent pol-
ishing treatment if it follows conventitml -

Figure 2.7).

secondary treatment.

In a variation of land application treat-
ment, wetlands can be used to treat waste-
water in areas where the water table is at
the surface. Wastewater is treated by the
biological processes of & complex ecosys-
tem, as well as by evdpotranspiration and
percolation. Wetland systems can achieve
higher removal efficiencies than mechan-
Natural wetlands, such as

fcal systems.

Slow-rate is the most popular and reliable
land treatment method (see Figure 2.5).-
Primary treatment is required to remove

marshes and swamps, or artificial wetlands
have been used to treat both raw and treated
wastewater (see Figure 2.8).

r
=

.

pr— -

—_—

]

Soil Permeability

Depth to Grounhd Water

land; less than 40% on non-
cultivated land.

Moderately slow to moder- '

ately rapid.

2 ft to 3 £t (minimum).

. 10 {? (lesser depths are ac-

Characteristics _ Application Method
Slow-Rate Rapid infHtration — Overland flow
Slope . ‘%} Less than 20% on cultivated Slopes of 2 1o 8%. '

Not critical; o@lvo slopes
require Wuch #&rthwork.

Rapid (sands, loamy sands).

)

Not critical.
ceptable where underdrain-

@

Slovu; (clays, silts, and soils
with impermeable barriers).

v age is provided).

Storage often needed for -
cold weather. :

None (possibly medify op-

Storagge often needed for
eration in cold weather).

cold weather and
precipitation.

Climatic Restrictioms

-Land Area per MGD 16 to 111 ac

57 to 560 ac 2 to 57 ac

Source: Operatlon and Maintenance Considerttions for Land Treatmenf Systems. EPA 600/2-82-039, NTIs,lSprlngﬂold, VA, June 1982.

TABLE 2.1 COMPARATIVE SITE CHARACTERISTICS FOR LAND TREATMENT PROCESSES

]
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With most sewage treatment systems, two
products result: liquid effluent and sludge.
Suitably treated, liquid effluent may be
discharged intd surface water bodies, in-
jectqd into the ground, or re-used for irri-
gation or industrial process water. In the
same way that appropx;ia‘te technology can
providg alternatives to conventional sewage-
" treatmient processes, it can also offer alter-
native options for the use of sludge. _

'Sludge is composed of 3 to 10 percent or-
gAnic and inqri;anig solids; the rest is water.
In the United States, more than half of the
sludge.pwoduced is disposed of in landfills
or by land application (see Figure 2.9):

Methane is produced naturally¥rom the
breakdown of sludge buried in landfills,
and this resource can be recovered. Instead
of allowing the gas to rise to the surface
and escape, wells are drilled into the land-
fill, and the gas is collected and processed
for use or sale (dee Figyre 2.10). #Froper

+ planning and management of the landfill

can increase the amount of gas produced
and recovered.
~ Much of the work curre
to improve the handling, ys
of sludge involves improvem:
techniques, such as the réc;
of heat from incineration. The appropriate
technologies that are most commonly ap-
plied in sludge management include land
application, solar drying, and composting.
Land Application. Sludge, which can
be w source of valuable soil nutrients, can
be applied to the land dried, as compost, "
or as a liquid. Properly treated, it is possi-
ble to recycle the nutrients inherent in
sludge with minimal health risks. B

eing done

existing

‘I*__- Solar Sludge Drying. The natural heat

of the sun ig routinely used to dry sludge on
sand beds throughout the country. Studies
continue to &xplore the applications of
active and passive solar sludge drying
techniqugs. Experiments with padsive solar
, sludge drying.at the Los Alamos National
Laboratery have produced a method for-
estimating the performance of indoor and
outdoor passive solar sludge drying. Tests
indicate that passive solar drying inside
sunspaces is mgre effective in climates with
high rainfall. . VI
Composting is an effective way to de-
crease the pathogen density of sewage
sludge and return the nutrients to the land.
As of 1982, composting was classified as an

\

: disposal .

~

alternative sludge management system by
EPA and became eligible for 85 percent -
Federal funding under the Construction-

- Grants Program. Sludge composting is

L

" BEST COPY AVAILABLE.

now practiced from the hot and humid cli-
mate of Puerto Rico to the severe cold of
Bangor, Matne. * _ :

Three sewage sludge composting meg‘xods
are most common: windrow, static aerated
pile (see Figure 2.11), and within-vessel.
All three methods provide “significant”
and “further” levels of pathogen reduction,
although thie periodic turnin windrows
can contaminate composted thaterial with

uncomposted material. Windrow and static

aerated pile methods were developed in
the United States and Canada, and have
proven to be cost-effective, environment-
ally acceptable options. The within-vessel
method was developed in Europe apd is

used there sucéessfully. :

ONVERSION, USE, AND DISPOSAL §

INCINERATION, 22 %

LAGOON or OTHER
STORAGE, 117,
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LAND .- .
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Figure 2.9 Sludge Disposal Methods
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Water shortages in some parts of the

.colintry, coupled with general concern

about the continuing demand for water,
have required a closer examination of water
use and the potential for conservation.

Studies indicate that conservation colld
reduce water consumption by as much as
40 percent. 1f overall water_use were re-
duced by even 10 percent, there would be
an appreciable effect on water supply and
wastewater treatment systems. For example,
if a sewage system originally designed for
12.5 MGD were redesigned for a 10 peroent
reduction in influent, anhual costs would
be reduced by about 74.3 million per year
for the life of thesplant. When less water is
used, the water supply system pumps and
treats less water, uses less energy, and
savgs money. Consequently, it also takes
less energy-to pump and treat wastewater
(see Figure 2.12). - v

Although there are significant net energy
savings as a result of water conservation,
thére can be incremental increases in.en-
ergy and chemical costs to treat sewage
that is more concentrated. Increased odor
can also be a problem in both collection
and treatment. systems. In practice, the
problems resulting from lower water levels
have been successfully rg&olved with modi-
fied operation and maintenance.
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Many of the problems associated with.
reduced sewage loads occur because con-
servation plans are implemented afterfew-
age treatment plants have been designed

‘and built for larger loads. If water conser-

vation plans were established and accurate
load estimates were developed prior to
construction, then collection and treatment
systems could be planned that would avoid
the problems and maximize the benefits.
Lower construction costs for collector sys-

“ tems and treatment plants, and lower energy

demand and reduced costs for pumping
have been realized in all parts of the coun-
try as a result of such efforts.

-

Decentralized Systems

The general perception is that nearly all
of the United States is served by systems
that collect sewage from broad areas and

" transport it, by sewer colleftion systems, to

a central treatment plant. While these cen-
tralized systems clearly predominate, about
30 percent of the United States population
uses decentralized disposal systems. Recent
population shifts from urban to suburban
and rural areas have placed an increasing
number Jf people in areas where central-
ized systems are' impossible, impractical,
or unaffordable. On-site waste disposal
systems offer several alternatives.

Three types of on-site waste disposal sys-
tems are most common: septic tanks, cess-
pools, and privies. Several more advanced
systems are now available, such as compost-
ing toilets, incinerating toilets, recirculating
toilels, chemical toilets, aerobic systems,
vacuum systems, and evapotranspiration.

Recently there has been increasing inter-
est in using on-site disposal methods more
systematically. Case s indicate that
on-sitd disposal systems, developed on a
community basis, benéfjt greatly from the
establishment of their own waste manage-
ment organization. '

Community waste
tions, set up by munici

agement organiza-
ittles, developers,

-or homeowners, provide several benefits.

They can have preliminary studies per-

. formed, establish construction and operation

standards, monitor construction, provide
personnel to monitor operations, and pro-
vide,maintenance and service. The greatest
benefit is that they can provide the advan-
tages of a well-run decentralized system,
without requiring the individual property
owner to become a -sanitation engineer.

i
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Such systems can also h&e lower capital
costs and provide more jobs than large,
central systems.
As with any new undertaking, there are
drawbacks to decentralization that must be
considered. To form and operate a de
tralized waste treatment organization
quires more involvement by the individual
than it does to hook into an existing central
system. In addition, -site characteristics or
state and local regulations in some areas
may prohibit the use of certain systems.
While these problems are not insurmount-
able, they must be realistically evaluated.

o - —_——

On-site svapotranspiration
systems normally consist of
a bed of gravel, -sond, and
soil containing a distribution
piping system, underlaid by
an impermeable liner (see
Figure 2.13). Wastewater is
preireated by grease traps
and either a septic tank or
an aerobic treatment system.
The surface of outdoor evap-
otranspiration beds is sloped
to drain off rain water and is
planted with vegetation. The
liner prevents the waste-
water from draining Into the
soil, and water is raised to
the upper portion of the bed
by capillary action in the
sand where it evaporates in-
to the air. Also, vegetation
transports water from the
root zone tg the leaves (and
stems of some plonts), where
it is transpired.

Climatic conditions are
the most signiticant con-

-

straint to the use of evapo-
transpiration systems. Year-
round, non-discharging”’out-
door systéms are practical
only in arild dnd semi-arid

- portions of the western and

southwestern United States.
indoar evapotranspiration
aystems under transparent
covers and in greenhouses
have been proposed to ex-
tend their use to other re-
glons. Covered beds can be
smaller because ‘the bed
does not have ta evaporate
or transpire the"added water
of raintall.

Evapotranspiration systomn
in attached solar greenhouses
cat be used to process do-
mestic greywater. In addi-
tion, non-food plants grown
using the wastewater nutri-
ents have the gbility to ab-
sorb air impurities throygh
their leaves while absorbing
water pollutants through

Composting Processes to
Stabllize and Disinfect Mu-
niclpal Sewage Sludge.
EPA-430/9-81-011, U.S. Envl-
ronmental Protection Agency,
Washington, DC, July 1981.

Dinges, R., Natural Sys-
tems for Water Pollution
Control, Van Nostrand Rein-
hold Company, New York,
NY, 1982.

The 1980 Needs Survey,

,Conveyante, Treatment,

-EPA-430/9-81-008, Washing-.
ton, DC, February 1981. .=

4

and’ Control of Munlicipal’

Wastewater, Combined
Sewer Overflows, and
Stormwater Runoff, Sum-
marles of Technical Date,

N
Hedstrom, J.C. and Dreicer,
J:S., Solar Drying of Sew-
age Sludge, LA-9317-MS,
Los Alamos National Labora-
tary, Los Alamos, NM, Ma}
1982.

innovative and Alterna-
tive Technology Assess-
ment Manuael,. EPA-430/9-
78-009, NTIS, Springfield, VA,
February 1980.

-

Kdyasako, J.S.. Effects of

ter Conservation in-
duced Wastewater Flow
Retluction: A Perspective,
E!’A-600/2—80-137, NTIS,
Springfield, VA, August 1980.

.Operation and Malnte-

nance Considerations for

. Land Treatment Systems,

EPA-600/2-82-039, NTIS,

Springtield, VA, January
1982,
Van Note, R.H., et al.. A

Gulde to the Selection of
Cost-Effective Wastewater
Treatment Systems, EPA-
430/9-75-002, NTIS, Spring-
field, VA, July 1975.

A )
Witkey, M.L., et al.,"Meth-

ane from Landfills: Prelim- &

inary Assessment Work-
book, ANL/CNSV-31, NTIS,
Springfield, VA, June 1982.

Wolverton, 8.C. and McDon-
ald, R.C., Follage Plants
for Removing Formalde-
hyde from Contaminatfed
Alr inside Energy-Efficlent
Homes and ‘Future spuce
Stations, NASA, TM-84674,
NASA, NSTL Station, MS, De-
cember 1982.

" their’

roots. Therefore, a
fully-integrated greenhouse
and evapotranspiration sys-
tem can treat and dispose of
domaestic wastewater, re-

' move indoor air- pollutants,
. . vl

such as formaldehyde, and
provide vspace heating ter
the attached building.
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CASE STUDIES: APPROPRIATE TECHNOLOGY AT WORK ) ”

More than a dozen citles, towns, and
indlviduals) across the country were able to
develop appropriate technology solutions
to municipal sewagdroblems with grants
from the -U.S. Department of Energy Appro-
priate Technology Small Grants Program.

The projects examined in this chapter
. were selected as examples of the range of
technologies employed and the range of
project sizes. These granteey” managed
existing systems more effectively, modified
existing systems to reclaim the energy from
methane and efgluent‘that had been wasted,

and tested the effectiveness of new pro-
cesses for sewage treatment.

These projects*were also chosen because’
they were associated with established sew-
age treatment plants, with capacities that
range froff moderate to the largest in the
world. This makas the lessons learned more

Activated Siudge Procesy:
A biological wastewater
treatment process in which a
mixture of wastewater and
activated sludge is agitated
ond aerated. The activated
sludge is subsequently sepa-
rated from the treated waste-
,water by sedimentation and
disposed of or returned to
the process as needed.
Aeration Basin:
A basin where oxygen is
supplied by mechanical agi-
tation or pneumatic means
to enhance the breakdown
of wastes held in suspension.

Ber Screen:

A screen made of parallel
bars from about three-
quarters of an inch to two
inches aport, -used to filter
out large objects.

" Cascade Aeration:
Aeration of the effluent
stream through the action of
falling water.
ctm: :

Cubic feet per minute. .
Clarifler: =~

A tank used to remove set-
tleable solids by gravity, or
colloidal solids by coagula-
tion, sometimes following
chemical flacculotion: will
also remove floating ol and
scum through skimming.

L]

COD: .

Chemical oxygen demund. A
measure of the oxygen equiv-
alent of that portlon of or-
gonic matter that is suscepti-
ble to oxidation by a strong
chemical oxidizing agent.

Coliform Bacterla:

A boacterio whose presence
in wastewater'is an indicator
of potlution and of potentially
dangerous contamination,
DC: .
Direct current.

Deaerstion:

Removal of gases from o
liquid.

flow Rate:

The amount of water that
moves through an oreo (usu-
ally pipe) over a set period
of time. ]

francis Tyrbine:

A woter-powered turbine
used fo transform water fall-

ing vertically 16 mechanical

(rotating) energy.
gel/d:

gallons per day.

Hepd: - -
The verticol distonce water
drops from the highest level
to the level of the receiving
body of water,

Header:

A pipe fram whi¢h two or
more tributary pipes run.
hp: )
Horsepower. .
Hydreulic Load: -
Amount of liquid going into
the system.

ugeful to managers of other similar treatment

' «systems. Finally, thess projects were ge-

lected because they have had enough time
to prove themselves. The case studies in this

" chapter have-been prepared frqm project

final reports (ave(ilable from the National

Center for Appropriate Technology), and

follow-up contacts with the grantees.
Experimental science rarely yields over-
night successes. All of the case studies
reviewed here have achieved substantial
results, but there are other projects spon-
sored by the Appropriate Technology Small
Grants Prograh that also contributedito the
knowledge of - sewage treatment through
their work (see Appendix A). While most of
the projects deal directly with municipal
sewage treatment, some deal with other
technologies, such as on-site treatment sys-
tems, that can affect municipal systems.

fmhotf Treatment System:
A tank without aeration or
oxygenation where solids
settle out of the wastewater
and may be digested in a
seporate compartment in
the bottom. g
Induction Generator:

A variable speed multi-pole

" electric generator which is

simple, rugged, rellable, and
relatively inexpensive.

Inflow: ,

Water (and poliutants) thot
enter sewage systems
through street inlets, roof
drains, and similor sources.
kw:

KHowatt.
kWh:
Kilowatt-hour.
Mesophilic:
An optimum temperature of
25-40°C, for bacterial growth
in an enclosed digester.
MGD:

}Mlllion gallons pet day.

mg/l:
Milligrams per liter.

r

maef: .
Thousond stondard cubic fest.
Mscf:

Million standard cubic feet.
NTU:

Nephilometric turbidity unit.
A measurement unit of the
clarity of woater, dependent
on the amaunt of suspended
matter.

PCB's:

Polychlorinated biphenyls, o
group of organic compounds.
PCB’s are highly toxic to
aquatic life: they parsist in
the environment for long pe-
riods of time, and they are
biologically accumulative.
pH:

A mgasure of the acidity or
alkalinity of a substance (7.0
is nevutral).

Post-Aeration:

The introduction of oxygon‘

into wastewater after sec-
"ondary or advanced treat-
ment to further reduce BOD
ahd COD.

pPllot i«llc:

The size of a system between

the small Jlaboratory model .

size ond a full size system.
palg:

Pounds per square inch gage
pressure.

Therm: -

A unit of heat equal to
100,000 British thermal units.

g
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ENERGY AUDIT AND CONSERVATION PLAN _

Wahorboro South Carolina Wastewater Treatment Plant

As part of its overall effort to control
municipal costs, the City of Walterboro
used a $6,500 grant to evaluate the opera-
tion of the Wastewater Treatment Plant and
to identify ways to reduce electrical con-
sumption. The study-had two primary goals:
compare how the plant was designed with
how ‘1t was actually operating, and then
find out what could be done to cut electric-
ity use and costs. All treatment units at the.
plant were considered:

Bar Screen

Grit Removal

Influent Pumping

Aeration Basin

Clarifier and Sludge Recirculation

Post- Aeration
It should be noted that prior to this study,
energy use at the plant had been reduced
by a sizeable 30 percent through the modi-
fication of existing operating procedures.
Lighting and heating loads were not con-
sidered in this energy study; because they
were known to be relatively small and well
managed. : \

Trasted
Efttuent

2
Ber Screen &%

Grit Removael

Chiorine Contact
8 Aeration Besin .

Orein -
N
2\ -
Y

Figure 3.1 Walterboro Wastewater Treatment Plant

- Clrculation Pump
& Chlorine
aumﬂnq

- Flow
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RS Sewsge
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Technological Processes and Opon'lon‘

In 1972, the Walterboro treatment plant

, was upgraded. However, because of low

energy costs at that time, energy efficiency

was not a design consideration, and the

upgragle included oversized units that en-

ergy auditors found to be unnecessary for
effective and efficient plant operation.

o
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The audit found thdt organic levels at the
plant were lower than expected and the

" water volume was higher than expected.

" Organic loading was lower because pre-

treatment (of slaughterhouse ‘wastes) had
decreased the volume of organics, and
inflow anq infiltration into the collection
system were diluting the organic load and
increasing the hydraulic load. Plant flow
rates averaged between 1.25 MGD and

‘2.5 MGD, but during rainy- periods daily

flows peaked as high as 6.0 MGD. The
average flow of sewage Into the system was
only .65 MGD; the rest was water from
inflow and infiltration. Consequently, sew-
age at the plant was fairly weak, averaging
110. mg/l BODs and 110 mg/]l for SS. A
sewer rehabilitation program is expected
to reduce inflow during rainy periods, but
the average flow rate is expected to con-
tinue in the 1.25 MGD to 2.0 MGD range.

Screening and Grit Removal. The study
detérmined that operating the bar screen

* on a timer for 12 to 14 hours per day, rather

e

- than around-the-clock, could result in a

40 percent energy savings for this part of

the, process. "This changé would have a.

high return on investment, but the overall
impact would be fairly minor, because

screening and grit removal accountéd for

only 0.6 percent of total.electrical demand

for the plant. It is also possible that timed -

operation could Increase grit compaction
in the housing for the bar screen lower
bearings. Thérefore, this measure was
given & low priority.

Influent Pumplng: The influent pump-

ing-station at the plant has two 100-hp main
pumps and a,15-hp back-up pump. By
design, only one main pump could operate
at a time, and it usually operated at only 15
to 40 ;percent capacity. (The pump occa-
sionally operated at full capacity during
periods of extraordinary inflow.) So much
excess capacity made the influent pumps
the most inefficient plant operation. The
study found that three modifications in the

" pumps would be effective: 1) to install a

new, 30-hp pump that would be turned on
manually to handle normal fléws; 2) rebuild
and reduce the capatity of one main pump
to 50 hp for normal flows and some peak
flows, and 3) reduce the capacity of the
other main;pump to 75 hp for peak flows. It
was estimated that implementation of these
modifications would reduce consumption for
influent pumping by 43,000 kWh per year.

" Reration Basin. The volume of the aer-

" ation basin isel .85 million gallons. It was,

- -
.9
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Walterboro, South Carolina Wastewater Treatment Plant

found to he organlcally under%aded, and
either of the two 100-hp, low-speed aerators
could maintain satisfactory oxygen levels
and solids suspension. If the normal organic
loading rate wege doubled, it was estimated
that 120 hp would be required to maintain
required oxygen levels. The study indicated

that the most effective way to do this would _

be to. replace one of the 100-hp aerators

- with up to three 20-hp, floating aerators.

This step would result in a 40 kVA demand
reduction. Even with no changes in the

aerator configuration, as much aé_36,000,
kWh per year could be saved by purchasing . .
a dissolved oxygen meter, monitoring oxy-,

gen levels in the bdsin, and operating the
aerators to meet specific oxygen demand.
Some savings have already resulted from

changing the schedules for operating the

fixed aerators.

Clarifier. Before the_study, a trickling
filter was converted to a 7-foot deep clari-
fier, about half the depth of normal clari-
fiers. This clarifier unit and the sludge
recirculation pumps use more energy than
deeper clarifiers, and accounted for about
15 percent of the plant power requirements.
Both the clarifier sweep and the recircula-
tion pumps ran most of the time. It was
determined that these could be run less if
solids from the aeration basin were reduc
and the recirculation rate for the pumps
were lowered. Also, pump performance

Tould be incrqased by changing pump pul-
leys; one pump should handle low-flow
operations. Modification of the inlet struc-
ture to reduce flow restriction has reduced
the energy needed for pumping.
Post-KReration, Chlorination is followed
by mechanical pbst*aeration in a converted

- clarifier tank, Eﬁluent from the tank is dis-

charged to a canal with-a drop of 20 fdet,
which was estimated to be sufficient to pro-
vide post-aeration to meet permit standards.

- Replacing the mechanical aerator with this

cascade aeration would totally eliminate!
the power demand for post-aeration. s

ldorgy oﬁd fconomlics .

At the time of the audit, energy con-
sumption at the Walterboro Plant averaged
71,300 kWh per month. If all of the .effi-
ciency changes proposed by the energy
audit were made, electric eonsumption
would be reduced an average of 11,468
kWh per month, a reduction of 16 percent.
The potential for energy savings for indi-
vidual components range from 7.5 percent
(operating the aeration basin based on
measured oxygen levels) to 100 percent, Voo
cascade aeration replacedthe past-aeration .
tank (see Table 3.1). These changes would
also offer a range of ‘cost savings and pap

back periods.

[

Payback
(Years)

Cost Savings

Al ‘ Energy Savings
- (8/Year)

Proposed Alteration (Percent)

T

40.0% 8 37 ) 1.4

Bar Screen
Operate Bar Screen on Timer

influent Pumping 7
Modity Influent Pump & Add

Pump $2.200 ’ 1.4 /

22.0%
Aerstion Basin

Option 1 ! N
Replace One Fixed Aerotor
with.Three Floating Aerators
or Option 2

Monitor Oxygen Levels in
Aeration Basin ) , T 7.5%

12.5% $3,840 . + 5.9

. $1,83 ) . 8

. Clarifler i
Reduce Solids to Clarifier .
and Run One Pump 12.0% $ 744 3

Post-Keretion '
Option 1 : _ v -
Operate Post- Aorofor on
Timer

» or Option 2
Replace with Cascade
Aerction

62.0% $ 812 4.9

100.0% . 8 984 S 82 ;o
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Walterbore, South Carelina Wastewater Treatment Plant
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Opara.tors at the Walterboro Wastewater

Treatment Plant” have learnad how to-take

control of energy consumption. They now -

understand the plant in terms of, energy
performance and the relationship between
how things were designed and how they
actually work. Changes in operating pro-
cedures (mostly by using timers) put into
effect before and as a result of the audit
have a& eady achieved significant sayings.
As the city budget. will allow, Walterboro
Operators can implement further cost saving
stops that require larger capital investments.

This case illustrates what fo expect from

energy conservation programs at sewage
treatment facilities. The savings overall are
in the 15 percent range. That may not seem
like much, but sewage treatment is a fixed
cost for all communities in the United States.
Residents pay year after year, and rising
energy costs are increasing the burden on
municipal budgets. Shaving 15 percent
from the cost of a perennial community ser-
vice is an important contribution, especially

on top of the 30 percent savings Walterboro

had achieved befqre the study.

’

WHO TO CONTACT:

-

Mr. Tom Hydrick, Director of. Pubhc Works
City of Walterboro

P.O. Box 717

Walterboro, S.C. 29488 :
Telephone (803) 549-2545 »

Final Report: NCAT ID #SC-81-006

DOE Contract No.: DE-FG44- 811?410422
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Several recent pyblications
are available that provide
detailed suggestions and

tdentification/Correction
of Typlicat Design Deficlen-
cles of Munjcipal Waste-
water Treatment Facllities,
" CERI, EPA, Cincinnati, OH,
October 1982. >

., Zlqvo\, R.L.., of al., "New
Bubble Diffusers Reduce
Treatment Cost,”

k .Works, Vol. 113, No. 6, June

1982.

Martel, C.J., ot al., Eveluat-
Ing.the Heat Pump Alter-
natives for Heating En-
closed Wastewater Treat-
ment Facllities In Cold
" Reglons, CRREL-SR-82-10,
- NTIS, Springfield, VA, May
1962.

" Inergy Management Dlag-
nostics, EPA-430/9-82-002,
NTIS, Springfield, VA, Feb-
ruary 1982. .
Water Pollution Control Fed-

seration, Energy Conserva-
.tion in the Design.and Op-
eration of Wastewater

" Treatment Facllitles, Man-
val of Practice M.O.P. FD-2,

ruvary 1982,

*

Publi¢ .

WPCF, Washington, DC, Feb- |

ergy at wastewater treat-

methods for conserving en-
ment plants -

Dean, R.B., ond tund, E.,
Water Reuse: Problems
and Solutlons, Academic
Press, London, £nglond, 1981,

fnergy Conservation In
Munitipg! Water and
Wastewoter Treatment
Systems, Arizone Energy
Office, Phoenix, AZ, Doccm
ber 1981.

Pmoodlnp of the VL. SJ
Department of Energy: in-
ergy Optimization of We-
tor and Wastewater Man.
agement for Municipal end
Industrial Applications
Conference, Volumes 1 and
2, Argonne Natlonal Lab.,
Argonne, I, December 1979.

Hyman, A.M., “Reducing En-
ergy Charges at o Treatment,
Plant,” Public- Works, Vol-
ume J10, .No. 1, January
1979. ,

rleld Manval for Perfor-
mance HEvaluvaetion . and
Trouble-Shooting at M-
nikipal Wastewater Treat-
ment Facllities, EPA 430/
9.78-001, EPA, Columbus,
OH, January 1978.

. WHERE TO FIND MORE INFORMATION
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The West-Southwest Sewage Treatment
Works, just west of Chicago, is the world's’
largest. In an average day, it treats about
800 million gallons of sewage. Sludge treat-
ment génerates approximately 2.7 Mscf of
gas per day. Before this project was-initi-
ated in March 1980, 1.7 Mscf of, gas was
burned to maintain mesophilic operating
temperatures in the digesters—1.0 Msct
was flared off as waste gas. Sanitary District
personnel®designed and implemented a
system to maké better use of the gas pro-
duced by sludga’ digestion with a $50,000
grant from the Department(of Energy and a
$780,000 mvestme/nt of its dwn.

A

1 . v

Morr'opollfdn' Sanltary District of Chicago, Hlinols
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Pump & Tanks
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Modesto, California has
been rurining seven city ve-
" hicles on methane from its
wastewater treatment plont
since 1978. The pilot project
has been so successful that
city managers have planned
a full-scale operation for
1983 that will serve about
200 vehicles. -

success has been the clean-
ing process that yields gos
that is 98 percent methane.
City vghicles were converted

One key to the ModesioT to cause less engine weor.

methane oi‘o cost of Jbouf
$1,200 per véhicle.

Methane from the pilot
project was estimated to
cost about 35 cents for the
squivalent of o gallon of
gasoline. The vehicles have
performed well using the
methane, which burns clean-
er-than gasoline and seems

Only police had any com-
plaints; they felt methane
“didn't fuel their cars with
quite as much “punch” as,

to use either gasoline or -| gasoline.

SEWAGE GAS POWERS CARS & TRUCKS

-

Technological Processes and Oporctlon.

The West-Southwest Works uses the acti-
.vated sludge-grocess and incorporates two
separate slufdg'e' dfgestlon systems: an Imhoff
treatment systerh gnd a heated anaerobic
digestion system. Only the heated anaero-
bic digestion system is included in the gas
gathgring process. There are currently 12
high-rate digestion units, each with a 2.5
million gallon capacity, operating at the
. plant. [Six additional digesters are pro-
posed, each with a 3.0 million gallon capac-
ity (see Figure 3.2).] '

After an engineering study was com-
pleted, a gas-collector-and-boiler system
was constructed. In the new system, gas is
collected from the digesters, compressed,
. cool d dried, and then piped about

1,800 féet t0 the storage accumulator and
. the botlers (see Figure 3.3). The range of
¥ ggi flow from the digester tdnks is from

>

CHAPTIR

. capacity. § :

Qe Prevavie
Tranamitier

“Vertedle Speed

.
Controliar —— - Compresvor

~— D.C. Molor Oas Slaufo
o

Accumuls

rigure 33 West Southwest Sewage Treatment Works

250 cfm to 700 ¢fm, on a daily basis. To
handle this range and the future éxpansion,
compressars with a range of 2 1,400 cfm,
were selected. The gas is not ed; it is
fed to the boilers just as it is generated from
the digesters. However, the gas compressor
aftercoolers do remove a considerable-:.
. quantity of moisture\from the digester gas. °
To maintain relatively constant gas flows 4
and optimum digester\operation, gas pres-
sure transmitters are installed in tl;e gas
headers. These trans'ml&ters send a signal
to change the speed of the DC, variable-
speed motors at the compressors.

. Alter compression, the gas is cooled and
moisture separated off. Gas is carried to the
boilers by a 12-inch pipe, Xultably coated
and -protected to ‘transport\digester gas.
The pipe was oversized to accommodate an
anticipated 50 percent lncreaée in digester

" Initial studtes of how to use
digester gas considered gas turh

- Qs Prossuts
. Transmitior




ators, ‘internal combustion engines, and’
water tube boilers. Boilers were selected
for three reasons:
1) comparatively low capital cost and
quick return on‘i‘nvestment
2) consistent plant demand and uses for
low-pressure steam,
3) and low-pressure boilers would come

steam generators were being retired.
The new boilers are located in a building
that had housed a sludge processing sys-
tem. The boilers were sized to meet both
the projected gas production levels and the
plant steam requirements. . Two boilers were
purchased rather than one so that a back-up
boiler would be available if needed. The
extra boiler will be used when more gas is
praduced in the future.
The systern is fully monitored and con-
trolled to assure the safety of the operation.

pressors to shut down automatically.
. v -
) )

' .

A significant amount of the natural gas
requirements for deaerating boiler feed
water, and plant heating and cooling are
now met by using digester gas. As a result,
the use of digester gas at the plant displates
enough natural gas to heat approximately
3,300 private homes, each burning 1,100
therms of gas every ydar.

When the first four digesters at the-West-
Southwest Works went into service in 1964,
only enough gas was recovered to heat the
digesters; the rest was flared off by waste

f{ gas burners. By 1978, when the gas recov-
ery project was proposed, plant operations
and the cost of energy had changed con-
siderably. Flared gas at the West-Southwest
Works represented 6,500 therms of energy
lost every day. In 1978, the price of rfatural
gas was$0.24 per therm, and the vhlue of.
the gas-the project propgsed to save was
$1,560 per day, or nearly $568,000 per
year. By 1982, the cost of natural gas pur-
chased by the Works had risen by~$0.10
per therm, and the value 'of the digester
gas had increased accordingly. Also, the
volume of digester gas available for use in
tRe boilers has increased to 10,000 therms

ey

Energy and Economics

———— e _—

‘mode developed for the 12 digesters.

The total cost of thg project was $830,000
with a payback on investment of less than
two years. Operation and maintenance

anprn rmm L

on-line when existing high-pressure

Faults in system operation cause the com-. |

per day because of an improved gperating,, - L

costs for the system are estimated to ‘be
$150,000 per year. Maintenahce has been
routine, and the bulk of the cost has been
in wages for the boiler operators.

‘The West-Southwest Treatment Works
project incorporated several elements
which contributed to its cost-effectiveness.

1) Analysis, design, and construction of
the project was carried out by Sanitary
District employees.

The project was phuased into long-range
planning. Design and equipment deci-
sions were made to allow for increased
gas production and steam demand,
and boilers were selectéd to replace
‘others designated for retirement.
Equipment was selected that satisfied
specific needs and was cost-effective.
The boilers cost at least $1.5 million
less than gas turbines. ‘

2)

3)

-

L]

[ ]

u

Highlights and Current Status

Operation of the gas gathering and s&:am
productifin system at the West-Southwest
Works has been so suacessful that the Sani-
tary District has implemented a similar
project at the District'’s Johp Egan Plant.
Other municipgl systems that uge anaerobic

) sludge digestion and produce excess diges-
ter gas could benefit from the implementa-
&do‘n of a gas recovery and use system. If the
conditions exist, plant managers can

measyre the amount of gas produced, deter-,,
mine its &nergy and economic values, and
conduct a feasibility study to determine
which options will yield the greatest benefits.

o

Ly

rid




4

Metropolitan Sanitary District of Chicago,

lllinois

p—
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The amount of energy in the form of methane gas available
trom residential sewage can be estimated by using the followlngn
formula, if the number of people served is known.

# people x 430 Btu's

day persoh .
Exemple: 1) If the sewage treatment plant serves|
100,000 people per doy, then:
100,000 people x 630 Btu's
day pearson
Onepound of volatile solids ylields about 12 f+* 6f methane. So
if the amount of volatile selids is known (typlcally 75 percent off
total solids) methane production can be estimated. “Typical”}
wastewateg has 220 mg/| of solids or 1,921 pounds/million}
galions. Seventy-five percent of 1,921 is 1,440 pounds of volatile
solids per million gallons. (An analysis of sewage at the plant}
will give a more realistic number for the average pounds of
volatile solids per millton gallons.)
Use the following formulas to nﬂ)-nm:fo the energy valu
the methane production potential:
(pounds of volatile olids per day) % 12 #/ib
ft* mefhane per day
Example: 2) °
K- (1,440 Ib of voletile solids per day) X 12
17,200 f1* per day / b
" “There are about 650 BW's/f1* of digester gas, so .
" (650 Btu per {12 X 17,280 ft° per dpy) = 11,232,000'8tu’s per day
Co?onoroffers an oddmo al option. The conversion of meth-
ane fo electricity is uspally jonly 30 percent efficient, so if. the

digester gas is burne ln n/internal combustion engine, the
electricityavailable calculoted 31 Yollows:

= ltgf__t per day

= 63,000,000 Btu's per day

-1

b ]
. ' 1Y 1
g ‘lumplo. 3) n, 232 qoo . pr dcy % (.30) =’
9,414 kWh pei Bty
fe 987 kWh per day’
Heaf\from the engine ¢an usudlly be recloimed at 3{?0 65 per-
cent off\ciency, and this heat cdn.be used to hoof dlgnf.rs or|
f supply other demands for hegt. ¢
y .
. y
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Bode, Dave, “"Cutting Cosis
With Digester Gas,” Dlesel
ond Gas Turbine Progress,
Fol:'ruory 1980.

.The Energy Exchonge Proj-

oct, Volumes | and 2, DOE/
C$/20468, NTIS, Springfield,

VA, April 1982.
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. ber 1980, ;

Stanfford, D.A., et ol Meth- “«

ane Production from Or- | ’

ganlc Motter, CRC Press,’
" Inc., Boca Raton, FL, 1980,

System Analysis for De-
velopfment of Small Re-
source Recovery Systems,
DOE/C$/20026-01, Vol. 4,
§ NTIs, Springfield, VA, Octo- -
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PRODUCING ELECTRICITY FROM EFFLUENT OUTFALL

North Andover, Massachusetts Treatment Plant

-

- Technologlcal Processes and Op'ra'lon. :
> .
? Asdesigned, an average 28 MGD of efflu-
ent water from the plant will flow down intoa
vortex chamber where a gated Francis tur-
bine is rhoupted vertically. A shaft connects ]
the turbine (via gears) td a horizontally-
mounted, 200-kW induction generator. The
3-phase power will be fed into the plant's

A Until about 1870, water was the principal
source of power for American 1ndustry. A
large number gf the early water “mills"”

ware located in the Merrimack River Val-

ley, the centér of the early textile industry
in the United States. A feasibility study,
funded with a $9,324 grant, indicated that
the Greater Lawrence Sanitary District in
the Merrimack Valley can continue this'tra-
dition using a water turbine-generator to

After driving the turbine, the water will
flow through a 72-inch outfall pipe and will
be diffused through multiple openings into
the river. An emergency overflow chamber
can divert any excess water to a 60-inch
storm drain and then into the river (see Fig-

reclaim energy from the effluent water ure 3.4). T
which is discharged from the plant to the -9 .
river about 40 feet below. : tow
In the 1840's, James B. heads (vertical distonce the | Energy and Economlics . .
Franc(s, working in the Mo.rc-' water falls) ond flow rotes. ] P )
| rimack River Valley, invent - . . .
the highly .fflcl.:;\t Froncis :':.t;rpr:ff\:c.\io p'\;‘r:p‘/,g;;\p The_Greater Lawrence Sanitary District.
| Hydro Turbine. Modern ver- | operating in reverse as a pays $0.068 per kWh for electricity. In the
- sions of this turbine are pg- | turbine coupled with o gen- first year of operation the hydroelectric gys- 1
:ucod to exacting specifica- erator or alternator to pro- tem Is expected to generate 1 million kWh.
ons and usually require duce electricity. They are .
| from 6 months t0-2'years to | generally only 65 to 85 per- . ,By 19985, it is estimated that 2 million kWh
produce and deliver. . cent efficlent, but they cost per year will be generated. With constant
i Another hydroa}ectric op: less initially, are more read- growth in the plant loading rate, a total of
] tion s available or' less ::y o:t;"d‘;".l 0';" can ":" de- | about 19 million kWh of electricity will be
money that works with lower vered relatively quickly. produced by 1996.

TURE!NE CENERATORS "0 Sn2,, STLF 2P0, 0 A7 QNS L
%

wer grid at the plant water pump statiébn. |/

Y

- Emergency
Overflow
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200 KW
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North Andover, Massachusetts Treatment Plant

It is estimated that the hydroselectric sys-
tem will have an 8-year paybdck assuminga
7 percent interest rate for borrowed money.
Nearly $280,000 for project construction
camnie from the Massachusetts Energy Office.
Another $285,000 came from the Greater
Lawrence Sanitary District. R

" Hydroeledtric systems mord than 80 year d’ o

old are still producing power today, an
the North Andover system could easily
operate for 40 years. No operational data is
available yet, but water.power systems tra-
ditionally have low operation and mainte-
nance costs. It is assumed that maintenance
and operation will cost about $5,000 per
year. The system will not require a full-time
operator.

a

nghllghn cnd Current Status .

The Greater Lawrence Sanitary District
has invested in an environmentally sound
energy recovery system. The system is
scheduled to become operational in April
1983. Instead of wasting energy and spend-
ing money, the hydroelectric system will
use an existing situation to produce energy
and save money.

WHO TO CONTACT

e s g e e

Mr. Eric Teittimen

Greater Lawrence Sanitary District
North Andover, MA 01845

Telephone (617) 685-1612

Final Report: NCAT ID # MA-80-015
DOE Contract No.: DE-FG41-80R110409
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wastewater is treated it is
discharged Into a stream,
river, lake, or the ocean. i
the discharge water falls 8
feet or more, It may contain
enough energy for practical
hydroelectric production.

Many different turbine-

generators are ovailable,
and the amount of slectricity
they can genergate depends
on three primary factors:

1) the flow rate in million

" gallons per doy,

2) the vertical- distance
the water falls (head)
in feet, :

3) and the dficiency of

N the turbine-generator.
" Discharge flow rates are
measured routinely at most
wastevater freatment plants.
The distance the water falls
is also eusily determined,
The efficlencies of turbine-
generators, which range
from 75 10 93 percent, gnd
specitic efficiency Informa-

In Kony plants, after the

tion' can be obtained from
manutacturérs or found in
hydroelectric literature.
Variations in flow must also
be tdken into account when
estimating turbine efficien-
cles. It varlations are ex-
mtqo o tlow equalization
strategy may be required.
To estimate the amount of
electrical energy per day
that can be reclaimed’trom
sewage effluent outfall, use

[ the following formula:

(3.1426) X (MOD) X
(Fall In Feet) X i
Efticlency = kWh per
day
EXAMPLE: 3.1426 X 30
MOD X 40 #y X
.8 = 3,017 kWh/day
Plants that seem to have
the potential for prodycing
energy with hydrod?cfrlc
generation should also in-
vestigate the option of sav-
ing energy with cascade
aeration.

ESTIMATING EFFLUENT DISCH ARGE

Chappell, J.R., et al
Pumps-As-Turbines Expe:
rlence Proflle, ID0-10109,
NTIS, Sprirttield, VA, Sep-
tembery) 982,

Hydropower Equipment
Manufacturers and Haerd-
ware Suppllers, NCAT,
Butte, MT, January 1983,

. .
-~ i
- -
o
N

$mall Hydropower Engl-

neering Dpvelopments,

B8208-6/81-1M, Department
of Energy: ldaho Falls, ID,
1981,
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AN ANAEROSIC PRIMARY TREATMENT SYSTEM

Solar Aquasystems, Inc., at the San Elijo Water Pollution Control Facility,

CardH{-by-the Sea, California

With an $8,000 grant, Solar Aquasys-
tems, Inc. designed and built-a prototype
Anaerobic AquaCell system. The system
was tested from November 1978 to August
1979. Whilfat
a two-cell primary treatment system for
domestic wastewater that combined an
upflow solids digestion process with a
fixed-film anaerobic process.

‘l’ochnologlicl Processes and Opon'lon-

stem, designed to
irface-to-volume ratios
stem, was constructed at

A prototype
approximate the.
of a full-scale
the San Elij
Facility, which serves Cardiff-by-the-Sea
and Solana Beach,, Calfornia, .The pilot
plant was housed in a greenhouse structure
that provided passive solar heating. After
an initial loading with sludge from the
county’s anaerobic digester, raw sewage
that had beén ground and screened was
treated by the 3,000 gal/d pilot plant.

Treatment took place in two cells. Both
cells had floating black synthetic rubber

in operation, it demonstrated -

WaterasPollution Control

covers for digester gas collection, heat
retention, and odor control. Sedimentation
and sludge digestion occurred in the first
cell which used upflow percolation (see
Figure 3.5). At this stage, bacteria at-
tached themselves to sludge particles and
broke down organic compounds into
smaller molecules.-These b#cteria are rela-

tively registant to toxins and environmehtal .

fluctuations, and they respond relatively
quickly to variable loading rates. '
After 6 hours of water treatment in the
first cell, the effluent ‘entered the-second
cell. Methane-producing bacteria in the

second cell attached themselves to an array’

of hanging plastic sheets and webbing with
a veryrhigh surface area. These provided a

stable attachment area, accelerated the

removal of suspended solids, and per-
mitted coagulated solids to drop to the bot-
tom where they were further reduced and
stabilized. The bacteria produced methane
gas- and carbon dioxide while reducing
BOD, levels and some SS. The water treat-
ment time in Cell Two was 8 hours.
Methane-producing bacteria are vulner-

able to drastic influent . hanges. Ih the

AquaCell process, the firat cell'acted as a
buffer for the second, reducing toxins and
moderating the wastewater temperature.
One of the primary disadvantages of
conventional, high-rate, anaerobic systems
is that temperatures must be kept high
(35°C) for effective digestion. The' Aqua-

Cell Two

" Floating Cell One

Cover

Raw Sewage 2
Influent ¢ %

»

Upfiow Percolation,
T rough Siudge

Gas Vent®
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i
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' Cell operated from 18°C to 31°C with no

A

apparent effect’ on remaval efficiency
related to terqperature

Project operators estimated that the
solids content of sludge was reduted by ap-
proximately 85 percent during a 6-month
period. Eighty-five percent is a signifi-
cantly higher solids reduction rate than for
conventional systems (see Table 3.2). The
sludge produced during those 6 months
was removed and dried on sand beds in
only one week.

Over a 10-month test period, the Anaero-
bic AquaCell removed an average of 50

percent of BODs, and 88 percent of SS,

Energy ond Economics ' .
. Sndef ) S

The primary treatment process itsglf re-

- 'quires no energy. Energy is neces Jor

screeriing and grit removal and intermittent
sludge pumping. However, because sludge
continues to bregk down while it is retained

in the cells, there is less sludgg remaining

to be pumped out. Because only intermit-
tent pumping is necessary, less energy ie
used. In addition, the AquaCell system is
an alternative ‘o ptrimary clarifiers and
conventional anaerobic digesters, both of
which require significant amounts of

Solar Aquasystems, Inc., at the San Elijo Water Poliution Control Facility

be low because a separate sludge digestion

with a 6-hour r8tention time in the first cell energy to operate. , ~
and 8 hours in the second cell. Coliform Because there were ‘problems with the
was reduced on an average of 96 percgnt seals on the floating covers of Cells One
(see Table 3.3). and Two, methane was not collected and '
Wy ¢! — e’ d A §
[ T tyee or prOCESS SEPARATE  FREQUENCY OF  DRY SOLIDS'PIRDAY |
- TREATMINT LEVEL  ppocess  SOLIDS REMOVAL @ FLOW RATE OF
REQUIRED . 3783 m’/PAY (1 MGD),
' Primary Secondary :D?:l:::’::: Or 10,000 PIOPI.I -
g SAS Angerobic AquaCell Yes .Yos" No Once/6-12 Months 4170 kg (375 Ib.)
Septic Tank Yes No No Once/1-2 Years 367.4 kg (810 Ib.)
Imho"'Tonk Yes No No ° . Once/20-60 Days - 313 kg (690 Ib.)
Primary Sedimenfation Yeos No Yes Dally 340.2 kg (750 Ib.) -
Primary Sedimentation & Trickling Filter Yer Yeos Yes Dally "558 kg (1230 Ib.) .
With Secondory Sodlmonfoﬁon
Primary Sedimentation & Ac'ivafod . Yos Yeos Yes Daily 635 kg (1400 Ib.)
Sludge -
Acﬂvo'o‘djludgo (Package Plant) Yes Yes No Daily 1020.6 kg (2250 Ib.)
*With longer retention times. ~ - - _
SOURCE: Aif:n, C. and Stewart, W,, Pou‘omcnco Characteristics of o Covered Anseroblc Wastewater Lagoon Primary - ‘ -
Treatment System, NCAT ID # CA-78-032, Butte, MT, 1981 3
s
- — . production records were r‘i)t obtained.
Raw Aneerchblt % Removgl However, gas containment should not be a
sewage  equacell . anaeroblc problem if commercially produced -enclo- :
Parameter. influent __ effiuent equacell sures arg used at a full-scale plant. Based
80D, 218.4 109.0 50.0% on process modeling and observations of -
the pilot plant, methane production should .
SS (mg/l) 247.9 27.9 88.7% be substantial. .
COD (myg/1) 518.0 142.0 72.6% Capital costs for the AquaCell system
Turbidity (NTU) 205.0 103.4 49.6% ‘are estimated to be approximately $1 to $2
TOC (mg/l) m.s 7.5, 50% per gallon of treatment capacity per day, |
pH 7.4 69 ' " depending on the size of the system. This is R
(average means) . comparable to the cost ‘of primary clari- C
Ammonia (mg/1) 40.9° 3.0 16.9% fiers. In 1982, this process was-considered .
Coliform 5X 100 92X )00 96.0% to be innovative and qualitied for 85 per- §§
‘ % cent federal assistance through the Con-
*6 hr retention time Cell 1; 8 hr retentlon time Cell 2 struction Grants Program. .
Maintenance and operating costs should
Table 33 Pedte
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-process is not required and there are no
chemical costs. Sludge can accumulate in
the cells for relatively long periods of time
which reduces handling and related costs.
The systdm also eliminates the need for
primary clarifiers and their associated
costs. Because the system treats the waste-
water (not just separating the sludge like
clarifiers),
reduced and disinfection costs would be

lower. Operator training requirements are

minimal, because the AqyaCell system is
simple to operate

~ ~

HIGHLIGHTS AND CURRENT STATUS - .

-

As this test project demonstrated, the

* two-stage anaerobic process for primary

Jtreatment has the following advantages:

1) Relatively lttle energy is requirgd.

2) It operates effeetively at moderate
temperature,s

3) Methane gas is produced and could
be collected.

4) It is stable and tolgrant to varlations
in influént.

5) Maintenance and operating costs are

low.
‘Upital costs are competitive with
, primary clarifiers.
7) It is simple and has no moving parts.

The anderobic AquaCell system avoids

the drawbacks common to anaerobic
sludge ‘digestion systems and #naerobic
lagoons. It can gather the gas produced
and control odors; open,anaerobic lagoons
cannot; The AquaCell is a medium-rate
gystem and relatively stable. Consequent-
ly, it could operate for long periods with
only intermittent checks and would not re-
quire special operator skills. High-rate,
anaerobic sludqe digestion systems are
relatively sensitive and unstable, and re-
quire careful monitorlng to maintain
proper performance.

“In 1978, the Solar Aquasystems project

was one. of the first to study the perfor- -

mance of a two-stage, anaerobic, fixed-
film, primary treatment system at the pilot
scale. Since then, numerous singl®-cell,
upflow systetns have been built. As of 1982,
similar systems are eligible for 85 percent
funding under EPA’s Innovative and Alter-

native Technology Program, and EPA is’

funding additional-research.

WHO TO CONTAC‘!’

pat‘bogens are significantly

Mr. Steve Serfling, President,

Solar Aquasystems, Inc.
P.O. Box 88,

. Encinitas, CA 92024

Telephone (619) 753-0649

Final Report: NCAT ID¢ CA-78- 032"
DE-FGO03- 78}?901 948
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After primary frootmont
of the domestic tvastewater
in Cells One and Two, the
efflUent was treated in three
more cells. Each of the addi-
tional cells contained high
surfqce “blo-tilm" and “bio-
web” substrates. Cell Three
was facultative and used a
small surfagce aerator ond
* diffuse bubble , aeration.

‘Watdr hyoclnths, duckweed

and fish wers used in the

last two cells,The final three
" cells were funded by the

Department of Interior and

the Environmental Protoc

tion Agency.

i the products of aquacul-
ture wastewater treatment
are to be fully used, health
hazards found in the sewage
must be removed:. The final
three cells were used to
remove heavy metals, PCB’s,

pesticides, pathiogens, SS,
' BODs, ammonia, and other
nitrogen and phosphate
compounds.

The system was tested to
see how waell the series of
five cells removed heavy
metals and other toxic
compounds After measur-
ing the amount of the com-
pounds added to Cell Onhe
dnd ‘the amount of “these
compo\md; in the effluent
leaving Cell Five, the re-
searchers roporf.d ex-
tremely high removal effi-
ciencies..
that removal rates with 4- or
5.day retention times were
adequate to allow reuse of
effluent for food production,
it influent concentrations of
_toxlcs ore within the range
gstic, rather” than

g types of sewage.

Results indicated

-

A Controlled Environment
Wastewater Aquaculture
System for Water Reuse,
OWRT/RU-80/11, U.5. De-
pariment of the Interior,
Washington, DC.

Gee ond Jensop, Inc., Water
Hyoacinth Wastewater
Treatment Design Menval,
«NTIS, Springﬂold VA, June *
1980. .

Ghosh, §.. and Klass, D.C.,
Two-Phese Aneerobic
Dlgnﬂon U.S. Patent
04,022,665, Moy 1977.

Hanisak, M.D., ¥t ol., “Re-
.cycling the HNutrients in
Residves,

Digestiers af ‘Aquutic

Macrophytes for New Bio-
mass Production,” Resource
Recovery end Comserva-

from Methane

--Heldman, J.A., Technology
t of Anaeroblc
Systems for Municipal
Westewater Treetment:
(1) Anserobic Fluidized
Bedi (2) ANFLOW, U.S. En-
vironmental Protection
Agenicy, ERA- -60072-82-004,
Cl,nélnnoﬂ, * OH, February
1982,

u.s. Dopcrﬁnom of Ener-

R&LD Workshop: Convert-
ing Waste to Inergy, ANL/
CNSV-TM-96, NTIS, Spring-
field, VA, December 1981.

Wolverton, B.C.S
McDonald, R.C., “Whater
Hyacinths for Upgrading

Advanced Wastewaler
Treotment Standards,’’
NASA/NSTL, Memorondum,

tion, April 1980. . ”

X-72730, October, 1976.
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VERMICOMPOSTING:

" Previous experimental work done in San
Jose, ‘California, and the practical use of
sludge in the worm/fish bait industry in
Texas, indicated that worms could be used
to process slud?e. Aware of this work, the
City of Lufkin began construction of a
22,800 {2 vermicomposting unit at the
_city’'s Sewer Treatment Plant in 1979.

9 In: 38, Buried Mein —

Contral '
Werking Alsle

Worm Deds ’

To Convenfiona!
Treatment

Pump Station

Mixing Tenk

Primery

To Sivdge Heat
__ Clariie

Stadliization

Dump Stetion
o ame e

n\‘i"v"‘--i-:_-gh—-—-— Aew Sewsge Line
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tEarthworms transform
large volumes of organic
wastes to earthworm ma-
nure, called castings. This
process is known as “vermi-
.composting.”. The conversion

} of wastes to castings in.

creases the surface area

* enormously, and this accel-

erates drying and Microbial

" activity. Castings crumble

easily and no longer gener-
ate heat, 30 castings are a
finished compost that will
not burn plants.
Vermicomposting of wostes
ot any more than backyerd
scale has been practiced only
since 1970. In that yeor, a to-
cllity in Hollands Landing,
Canodo, started vermicom-
posting sewage sludge, food-
processing wastes, and ma-:
nure. Worms have converted

pulp and paper sludges to
castings in Japan since 1971.

their efforts to include the
processing of municipal *

"sludge and other waste. In

the United States, pionesring-
efforis in the vermicompost-
ing .of sewage sludge In- -
cluded demonstration proj-
ects In Son Jose, California;
Keysville, Maryland: Ridge-
field, Washington; and Titus-
ville, Florida. Vermicom-
posting Is also being used in
Holland, ltaly, and the South
PacHfic.

Basic and applied research
at the University of New York
in Syracuse and Cornell Uni-
versity In Ithaca, New York,
have developed greater fun-
damental knowledge of
earthworm waste manage-
ment systems. The objective
of this work is to provide o
scientific ond engineering
basis for the design and op-
eration of vermicomposting

The Japanese have expanded | systems.

_VERMICOMPOSTING

The worms live in 12 cells, ‘'each 20-ft

TRCHNOLOGICAL PROCISSES AND
" OPERATION

ing aisle. Each cell has a bed of aged saw-
dust, initially 6-inches deep, spread on -
polyethylene film on the ground. For each
square foot of surface area, there is about
one-half pound.of earthworms. (Eisenia
foetida). Each cel] _is constructed of -steel
« tubing arches coveréd by two layers of six-
mil plastic (one black and one clear).filled
with air from a blower,
The Lufkin treatment plant is a conven-
tional 4.5 MGD facility with activated

wide by 95-ft long (see Figure 3.6). There -
are six cells on each side of a central work- ~

these times to keep the worms from leav-

sludge secondary treatment. For the vermi-

Figure 3.6 Luftkin Vermicomposting Facilities

composting project, one part stabilized
sludge from the ‘primary clarifier and one
part secondary activated sludge are mixed
in a holding tank and pumped to the worm
beds. The sludge mixture contains 3.5 to 4
percent solids and is piped from the hold-
ing and mixing tank and sprayed over the

Vi

~ beds at a rate of .08 Ib (dry)/day/ft*. Treat- | -~ - -
ment plant operators designed special con- , /

stant-pre\.gxre valves to “distribute the
sludge. Edch bed is covered by three
sprayers controlled by an operator from
the central aisle. The worms ingest and
digest the sprayed sludge; thig uses the
water and stabilizes the sludge as it is con-
verted to castings. '
The worms are spray-fed sludge on an
average\,of once a day for 3 to 5 minutes in
the late afternoon. The ‘beds are hosed
down with additional water to keep them at
the desirable 70 to 95 percent moisture
content. The beds are also monitored for
temperature and pH. The optimum bed
temperature range is 60° to 75°F, and pH
is kept at 6.4 to 6.9 with occasional applica-
tions of small amounts of lime. When a crust
forms on top of the beds, usu%;lly at 1- to
3-month intervals, the top 2 inches of the
beds are rototilled lightly. It takes about 20
minutes to till a 1,900 ft? bed. Beds are tilled
when the worms are relatively deep, so
losses are minimal. One person can main
tain all 12 of the cells. - )
Worms are sensitive to changes in the
weather and are inclined to crawl out of the
beds during rainy periods or thunder-
storms. Lights are turned on in the celis at

’

ing. Normally, the cells are kept dark and
well-ventilated. ‘ i .

Castings are toxic to the worms, and they
must migrate or die if fresh beddirig is not .
available. At approximately 6-month inter-
vals, of when fhe casting exceed 50 t6 70
percent of the bedding, the material from
three 2-foot wide trenches is temoved for
the length of the beds. The trenches are
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Lufkin, Texas, Sewer Treatment Plant |
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filled with aged sawdust, and the fresh bed-
ding areas are watered and fed while the
rest of the bed is left unmaintained. The
worms migrate to the new material, and
after about 2 weeks the rest of the old bed-
ding is removed and replaced.

-

\ Einergy and Economics

Due to the experimental nature of this
project, the state Health Department does
‘not allow Lufkin to sell either worms or
castings. The castings are used by the
Lufkin Parks and Recreation Department as
a soil amendment-fertilizer and potting
soll. The wholesale Value of castings is
about $30 per ton, but to date the Health
Department restrictions still stand, and no

‘Under good conditions, the worm popu-
latton doubles every 2 to 3 months. Assum-
ing a 25 percent recovery ‘rate, about
10,000 b of worms could be harvested
every 6 months. At $1.50 per pound fqr live
wormd, the income potential is about
$15,000 per year. As a protein source for
fish or animal feed, worms are worth about
$130 per ton. ) : N

Exclusive of potential income from cast-
ings and worms, vermicomposting .is a
promising sludge processing technology.
Based on the Lufkin data, it is estimated

* that the_cost of processing sludge is from
$160 to $184 per dry ton, which is compar-
able to the costs of other treatment proc-
esses (see Table 3.4).

This process is quiet, requires negligible
energy, produces “topsoil’ and protein,
and uses biological processes rather than
energy and chemicals to process the

sludge.

Sludge Dispossl Method \ $/Dry Ton
incineration $96 10 287
Composting $84 10 239
Surface impoundments Apprx. $30
Landtills $88 10 271
Ocean dumping $3610 60
Ocean discharge Apprx. $24
Landspreading . $46 10 23)
Source: ‘

Office of Water Program Operations, U.S. Environfhental Protec-
tion Agency, A Oulde to Regulations end Oul e for the
Utllizetion and Disposal of Municipal Sludge, EPA-430/9-80-
013, Washington DC, September 1960, (Adjustéd fo

TABLE 3.4: COSTS OF SLUDGE DISPOSAL (1982 i)

CHAPTER THRER
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_ posting at a relatively large scale.

-.commerclal development has taken place. .. %

" Final Report: NCAT ID § TX-79-008 .
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/nghllghu and Current $tatus .
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Four of the twelve beds at Lufkin are fully
operational. The other &ight are now being
reconditioned after suffering from delayed
maintenance and ant predation.

Restrictions on the sale'of worms and
castings produced by the system have ham-
pered commerclalization, but the project
has added substantially to the knowledge
and practical information on vermicom-

The Lufkin vermicomposting effort has
stayed in operation, despite setbacks, ~
because -of strong and continuing support”®
from local officials. The project has also
benefited from assistance from the U.S.
Department of Energy and the State of
Texas. -

e

WHO TO CONTACT _ .
Mr. Harvey Westerholm, City Manadgr
City of Lufkin

300 East Shepherd

P. O. Drawer'190, Luftkin, TX 75901
Telephone (713) 634-8804

DOE Contract No.: DE-FG46-79R610985

Colller, J., ot al., Conver- | Lohr, R.C., et al., Waste

sion of Municipsl Waste-'
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Residuval Sludges Into
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Diane Livingstone & Associ-
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¢ Danovan, John, Einginesering-
* Assessment of Vermicom-
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waeter Sludge, EPA-600/52-
82-075, NTIS; Springfield, VA,
June 1991. -
?

Hartenstein, R., Utllization
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sSlvdges from Trestment’
of Wastewater, Final Re-
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National Science Foundation,
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1981,
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University, Ithaca, New York,
August 1982, ’
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The State University of New
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1978. ,
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ond 2, Kalamazoo Nature
Center, Kalamazoo, MI, April
1980.




CHAPTER FOUR:

LESSONS LEARNED AND FUTURE DIRECTIONS

~

The case studies featured in this pu?fcq,
tion, other projects conducted under*the
Department of Energy’s Appropriate Tech-
nology Small Grants Program, and related
work provide several valuable lessons for
those concerned with municipal sewage
collegtion and treatment. -
Wastes are resources. Chicago uses
digester gas Yo produce steam. In North
Andover, the plant effluent stream is being
harnessed to produce electricity. And at
Lufkin, worms are, processing sludge to
produce a valuable soil amendment.

Consérvation works and pays."On a

national basis, approximately 20-25 percent
of municipal wastewater treatment budgets
is allocated for energy. As the case studies
indicate, there are two basic ways to cut

.energy consumption and costs: audit and

manage treatment processes effectively,
and use thgyresources of the “wasteg” and
the treatm®nt processes themselves. The
Walterboro project damonstrates the value
of energy audits and management, and the
Chicago and North Andover prgjects_use
byproducts of the treatment process to help
meet in-plant energy requirements.

Work with what you have. Major
changes are not necessary to achieve re-
sults. Walterboro, North Andover, and
Chicago all built on existing situations to
improve the performance of their systems,
and all three of these projects also recycled
equipment and buildings as their treatment
plants evolved.

Modify when time and money permit.
Working with what you have applies to
time and money as wel as,¢quipment and
buildings. Sewage treatnfent is a major
component of municipal budgets, and cost
savings can be realized by. incorporating
improvements into lonqwanqa planning.

Use problems to oxplou ‘options. No
one likes to see problems crop mp, but when
they do, they often bring opportunities
along with them. In each case cited in this
publication, an existing problem was the
motivation for change: high energy costs,
non-compliance, inadequate capacity. As
this publication also illustrates, there is a
wide range of options available to help
solv,e problems.

CHAPTII FOUR

B it ervia Ff g 'T o ,‘...NH..‘...: .
e " [ - i

T T T

-

Sewage problems will not go away.
Sewage collection and treatmen} is a persis-
tent néded and essential service in this coun-
try. It is a service taken for granted by most
of the populgtion, and in effect, this places
additionas responsibility on professionals
who .Act on the public’s behalf. Recent
experiences and a broader understanding
of environmental hazards, water resource
‘cycles, and the increasing costs of all public
services make it even more important to

“develop and gperate the most etfective and

efficient sewage treatment systems possible.

Appropriate technologies can help
provide answers. Appropriate technol-
ogies, applied to both conventional and
alternative forms of sewage treatment, can
help plant managers harvest the energy
and nutrients of sewage. Viewing sewage

as a resource rather than a liability can _

save energy and taxpayers money.

g

<




APPENDIX A_
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SII.ICI’ID SEWAGE TREATMENT PIOJIC'I" FROM TME
DEPARTMINT. OF ENIRCGY APPIOPIIAII TECHNOLOGY SMALL GRANTS PROGRAM

>
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A

Broject type

L

Pro]obt grantee

b

A !

Algae and plant btomass
ysed to treat wastewater
converted to alcohol

An alternative on-site sew-
age system to conserve
water ,
Bacterial seeding used to
save energy

Blue-green algae used to
treat wastewater

o e

Conversion of sewage

/8ludge to ofl with hydropy-

rolysis

Fish and bivalves used t:)‘
remove suspended solids

' Methane digester for waste-

water grown aguatjc plants

A}
Methane produced from
municipal refuse

oy
-+

On-site vermicomposting
used to convert commercial

produde

4

Owner-built compoét toilet
design

Sequencing mesophilic and
thermophilic anaercbic
digesters .

Sewage treatment effluent
used as evaporative coolant
for splid waste-fired gener-
ating plant w

Solar enetgy used té dry
sludge

.

Water hyacinths in solar
greenhouses used to treat
wastewater ' .

“ Patrick S. .I-(u)'awa‘:

City of Cayce, SC

| I

Soil-crete r Company,

Navajo Dam, NM

Department of Publ4(
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