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ABSTRACT

LAND DISPOSAL OF WASTEWATER WITH SPRAY IRRIGATION BY
SMALL MICHIGAN MUNICIPALITIES--AGRICULTURAL,
INSTITUTIONAL, AND FINANCIAL CHARACTERISTICS

By

Douglas Gene Lewis

Disposing of waste products has long been a problem

for societies. With recent heightened concern for our

enwvironment waste disposal has come under more stringent
regulation, culminating with the Federal Water Pollution
Control Act Amendments of 1972 which sets a national goal

Oof elimination of the discharge of pollutants into navi-

gable water by 1985. Local communities, however, are

faced with the problem of how to meet these standards
wWhile the demands for other local services such as police

and fire protection, water, health, and transportation

A1 so may be increasing. The choice among alternative

Wa ste disposal systems and the implementation of that
<hoice is of the utmost importance to a local community

Arnd its ability to meet its commitments.

Exhaustive research has been undertaken on the

Chenical, biological and hydrological implications of
lang disposal technology for wastewater management. Much

less attention has been given to the relevant agricultural,
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institutional, and financial questions involved in land
disposal. While many chemical, biological and hydrological
questions remain, this study assumes they can be solved
and focuses instead on the institutional, financial and
agricultural implications of the land disposal alternative.

Data were collected from files of the Municipal
Wastewater Division and the Construction Grants Division,
both in the Michigan Department of Natural Resources,
consulting engineering firms, local decision makers from
communities utilizing land disposal by spray irrigation,
the Municipal Finance Commission, and various departments
at Michigan State University. Sixteen small municipalities
were examined and summarized according to institutional
arrangements, financial and agricultural characteristics,
as well as describing the systems in physical terms.
Legislation relevant to wastewater treatment was examined
since it is within that legal framework that communities
must function. Three alternative methods of institutional
arrangements were illustrated by case studies of communi-
ties utilizing different approaches including an area wide
sewage authority and two methods of county involvement.

The communities ranged in size from 1,000 to 9,000
design population, with a mean of 3,140. The total land
disposal sites ranged from 40 to 450 acres with a mean of
140 acres of which 61 acres are used for lagoons or spray
irrigation. Nine of the communities combined with other

units of government while 7 acted as entities in constructing
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land disposal systems. Local decision makers should
realize the importance of the 'living filter'" concept of
land disposal and allow for flexibility in rate and time
of application and plan the agricultural sector of the
system as an integral part of the land disposal process.
Long term use of the system depends on removing those
nutrients from the soil that the wastewater adds. Grants
tended to increase over the time of construction of the
project. Excess funds cannot be counted on since the
executive branch of the federal government may perceive
other national goals as having more priority than waste-
water treatment and not release all funds authorized by
the legislative branch. Finally, a check list of items
to be considered by local decision makers is included to
help them determine if land disposal is a meaningful
alternative for their community and a cost-benefit study

of a land disposal system is conceptualized.
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CHAPTER I
INTRODUCTION

Returning human waste products to the soil is not a
new concept. In many parts of the world, recycling waste
products back to the land has been used continuously since
man first organized into societal groups. With this organ-
ization usually came a concentration of people so that the
problem of waste disposal grew along with the numbers of
people. Some areas of the world continued to use land as
the primary receiving medium. Other areas, however, found
that if they were fortunate enough to have a water source
such as a stream available, that water source would be
utilized to assimilate the human waste produced without
apparent harm to water quality. Mohenjo-daro, a settlement
on the Indus River, approximately 5,000 years old, has
revealed through excavations that sewage removal was prac-
ticed in that community. Pipes from bathrooms lead to
under floor drains which went through the outer walls of
the house to the street where they connected with a larger
sewer to carry away the waste.1 The waste probably reached
the Indus River at some point which illustrates a second

treatment method, that of dilution.

1Metcalf, L. and H. Eddy. American Sewerage Practice,
Vol. 111, Disposal of Sewage, McGraw-Hill, 1935, p. 1.

1




In the land disposal method, the plants and soil
organisms act as a living filter in the treatment process.
The stabilized effluent is spread on the soil and the
phosphorus and nitrogen portions attach to the surface of
soil particles where plants may readily utilize them in the
photosynthetic process. Hydrocarbons in the effluent
become food for soil microbes and the water portion may
become part of the water used by the plants or be filtered
through the soil to join groundwaters. It is estimated that
75 to 90 percent of the nutrients can be removed by this
natural process.2 Dilution on the other hand, depletes
the supply of oxygen in the receiving waters and can hasten
eutrophication. Even assuming a stable effluent (meaning
that the biochemical oxygen demand, the amount of oxygen
demanded by the effluent to stabilize the organic compounds
it contains has been met), the dilution process adds nitro-
gen and phosphorus to the receiving waters and will, there-
fore, greatly stimulate aquatic growth. This accelerated
growth requires greater amounts of oxygen. If the oxygen
demands can not be met in the stream, then eventually the
aquatic life in the waterway will perish. In order to pre-
vent this outcome, tertiary treatment, or treatment to
remove the phosphorus and nitrogen from the water, must

be undertaken, often at considerable expense.

2Pound, E. E. and R. W. Crites. Wastewater Treatment
and Reuse by Land, Vol. II, Land Application. EPA-660/2-
/3-006b, August, 1973, p. 54.




The process involved in current technology using
land disposal by spray irrigation are really quite simple.
After the collection process, the influent is discharged
into a series of lagoons, the first type of which is
typically an aeration lagoon. Aerobic bacteria are encour-
aged in this lagoon (there may be more than one) and act
to stabilize the BOD of the influent. Aeration is usually
accomplished by mechanical stirring devices or by sub-
surface pipes perforated with small holes through which
air compressors pump air. Some systems use anaerobic
(without oxygen) bacteria in which case mechanical aeration
is not needed. These aeration lagoons have the capacity
to hold at least a week's production of sewage and usually
hold more. After the sewage has been aerated, it flows
into a storage lagoon, the second type of lagoon. Some
settling occurs in this lagoon during the storage period
which can approach six months during the winter season
when the ground is frozen and cannot accept irrigation.
(Recent Penn State experiments show that winter irrigation
may be possible under some conditions.B) When the stabilized
sewage is drawn out of the storage lagoon it is subjected
to a chlorination treatment to rid the final effluent of
any bacteria which might be injurious to the public health.

High capacity pumps then deliver the treated effluent to

3Myers, Earl. Pennsylvania State University, Seminar
at Michigan State University, May 20, 1974.



the spray irrigation site where three types of sprayers
are common. The most prevalent is the solid set type
followed by the center pivot and traveling gun types.
Most systems are designed to deliver approximately two
inches per week but flexibility should be built in to
include factors like soil type, topography and crop needs
at various stages of development so that the 2 inch
parameter is merely a guide, not an absolute.

Small rural municipalities are often hard pressed to
provide the many services demanded from them. Police, fire,
water, roads, schools and other services all clamor for a
larger share of the tax dollar. As sewage treatment stand-
ards rise, as levels of performance are increased to meet
national goals, even more stress is placed on these govern-
mental units. Can land disposal be a viable alternative
for these communities? Metcalf and Eddy, sanitary engineers
wrote in 1935, "The fact that sewage farming is the oldest
method of sewage treatment. . .should not detract from its
value."* That is still true. In a time of heightened
environmental awareness, the natural recycling processes
of land disposal have much support.

Although land disposal may be feasible for many
communities, it should not be considered a panacea for every

community's sewage problems. It is a relatively land

“Metcalf, L. and H. Eddy, op. cit., p. 250.



intensive technology and many urban areas would have
difficulty assembling the necessary land mass. Much
research is currently being conducted on the hydrological,
chemical and biological implications of land disposal by
spray irrigation. Hopefully, this careful research will
provide answers to determine when these systems are
technically feasible. Most such technical studies, however,
are undertaken with the assumption that the economic and
institutional problems are readily solvable. This study,
while recognizing the importance of the technical problems
in land disposal, nevertheless, assumes they can be resolved
and tries to examine some of the relevant institutional and
economic issues of land disposal by spray irrigation as
well as summarizing these systems in Michigan in physical
terms. If the institutional and economic feasibility are
demonstrated, many small municipalities may choose land
disposal of sewage effluents by spray irrigation to meet
national goals by 1985.

Data for this study were collected from files and
interviews with individuals in the Wastewater Division of
the Michigan Department of Natural Resources, the Construc-
tion Grants Division of the DNR and the Municipal Finance
Commission. Local leaders, both municipal and county,
were contacted on field visits and the engineering consul-
ting firms who designed the systems were surveyed. Infor-
mation was also gathered from various departments at

Michigan State University.



CHAPTER II
LEGAL BACKGROUND OF WASTE WATER TREATMENT IN MICHIGAN

This section is a summary of some of the relevant
laws relating to the area of wastewater treatment in Michigan.
The laws that are summarized are the Federal Water Pollution
Control Act Amendments of 1972 (Public Act 92-500), Act 98
of the Public Acts of Michigan-1913, Act 245 of the Public
Acts of Michigan-1925, Act 342 of the Public Acts of
Michigan-1939, Act 185 of the Public Acts of Michigan-1957,
Act 233 of the Public Acts of Michigan-1955, and Act 329
of the Public Acts of Michigan-1966. Act 98 details the
Michigan Department of Public Health's role in this area.
Act 245 is the enabling legislation for the Water Resources
Commission. Acts 342 and 185 detail county involvement.
Act 233 outlines an area authority approach, and Act 329
explains the ranking and financing of these project.

The Federal Water Pollution Control Act has as its

objective '"to restore and maintain the chemical, physical,
and biological integrity of the Nation's waters.'" Elimin-
ation of the discharge of pollutants into navigable water

is a national goal set for 1985. Defining what is meant

by elimination of pollutants and arriving at standards and
guidelines are major responsibilities of the Environmental
Protection Agency. These standards and guidelines will have

6



a great impact on the role land disposal will play in
sewage treatment. The rules (in this case, those in the
Federal Water Pollution Control Act as amended and Envir-
onmental Protection Agency regulations) affect the behavior
(type of sewage treatment system chosen) which affects
performance (quantity and quality of the inputs and outputs
of different treatment systems). This Act is important
because it sets the stage for what can follow.

Title One of the Act recognized the importance of
coordinated research and technical services in reducing
and preventing pollution. Funds are earmarked for water
quality surveillance, pollutant effects on the environment,
pilot and demonstration programs showing improved methods
of pollution reduction or elimination, and the problems of
rural sewage treatment, agricultural pollution and their
various implications. State responsibilities to qualify
for grant moneys and the conditions of these grants is given
in Section 106 of Title One. Probably the single most
important statement regarding land disposal in the Act
comes in Section 107 of Title One.

"This program (speaking of the Lake Erie demon-

stration program) shall set forth alternative

systems for managing wastewater on a regional

basis and shall provide local and state govern-

ments with a range of choice as to the type of

system to be used for the treatment of waste-

water. The alternative systems shall include

both advanced waste treatment technology and

land disposal systems including aerated treat-

ment-spray irrigation technology."

Thus an old technology, land disposal, was given new life



as a credible alternative to conventional treatment and
dilution of the effluent in a waterway.

Federal grants for the construction of treatment works is
the topic of Title Two of the Act. The purpose of this
section of the Act is to assist in the "implementation of
waste treatment plans and practices which will achieve the
goals of this Act." One of the important conditions for
receiving a Federal grant is demonstrating that alternative
treatment systems have been thoroughly explored. The maxi-
mum grant for any project is 75 percent of the eligible
construction costs except those systems which are incor-
porated in planning area wide waste treatment systems and
may, therefore, qualify for further considerations.

Further sections are included in the Act on standards
and enforcement, permits and licenses, and administration.
Throughout the Act, the administrator is given the duty of
promulgating various rules and initiating various actions
within the broad framework of the Act. Such is the case of
many rules involving Federal grants on treatment facilities.
The Federal Register [Vol. 38, No. 39, February 28, 1973]
contained these rules and regulations. Included in these
administrative rules is a summary of the grant process defini-
tions and an explanation of the allocation of funds. The
State's function in determining the priority of grant

recipients and the application process for grants are



enunciated. The grant is awarded as a percentage of allow-
able costs and not on the total cost of the project. The
identification of allowable project costs and unallowable
costs (therefore, ineligible for Federal grants) plus those
costs which might be approved by a regional administrator

of EPA are also included in the rules for construction grants.
Finally, land purchased after October 17, 1972 for use in

the treatment process (land disposal by spray irrigation)

is eligible for Federal grants. Prior to this date the

local unit of government had to bear the total burden for the
land used in the treatment process and in some cases this
cost is quite substantial. This rule may encourage land
disposal in highly urbanized areas where land costs would
likely be a greater proportion of total construction costs
than the smaller, more rural communities this study examined.

Act 98 of the Public Acts of Michigan of 1913 as amended

is the guiding Act for the Michigan Department of Public
Health regarding their role in sewage disposal. It provides
that the MDPH, through the State Health Commissioner, has
supervision over water and sewer systems in the state. This
supervision is in the form of examining plans and specifica-
tions for the systems, issuing construction permits, super-
vision of water and sewer systems, certification of operators
of the systems and provides for penalties for violation of

this Act.
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All cities, villages, townships and counties are subject
to this Act if they are engaged in furnishing sewage or water
treatment services as pointed out in Section one. Section
two of the Act gives the State Health Commissioner, or his
representatives, power to inspect these facilities and he may
promulgate those rules he deems necessary to the operation
of sewage'systems as Section three (b) states. He, or his
representative, may also classify systems by size, location,
type, etc. and operators by skill, experience, and knowledge
to prevent harmful discharge which affects the health of the
people of Michigan. Each operator shall be examined to
determine their qualifications and each system will have
a certified operator responsible for the operation of the
system.

The chief executive of each governmental unit (city,
village, township, etc.) is responsible for filing plans
and specifications for sewage systems owned or operated by
that unit to the MDPH for the purpose of review for adequacy
in protecting public health and issuing a construction permit.
Periodic reports on the operation of the system are required
and should the system be found wanting by the State Health
Commissioner or his agents, adjustments may be ordered to
bring the system up to standards. Another duty of the
State Health Commissioner is to cooperate with Federal and/or
state agencies in the determining of grants to assist local

governmental units in constructing the systems. Legal action
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may be taken in the name of the State of Michigan against
violators of the provisions of Act 98. 1In a 1973 agency
reorganization, the people of the Department of Public Health
responsible for carrying out the provisions of this Act

were switched to Wastewater Division of the Department of
Natural Resources by Executive Order of the Governor of the
State of Michigan to prevent overlapping of duties of the two
agencies. Members of the Wastewater Division of the Depart-
ment of Natural Resources still work very closely with the
Department of Public Health to protect the health of the
people of the State of Michigan.

Act 245 of the Public Acts of Michigan of 1929 as amended

created the Water Resources Commission which was given the
task of protecting the waters of the state. The Commission
consists of seven members: the directors of the Department
of Natural Resources, Department of Public Health, Depart-
ment of State Highways, Department of Agriculture, or their
representatives, and three individuals (one each) representing
conservation groups, municipalities and industrial manage-
ment appointed by the Governor. The Commission meets each
month and is charged with investigating uses of the state's
waters, both surface and subsurface. They may make surveys
of the state's waters and advise in the formation of flood
control districts authorized by the legislature. The
Commission is to act as the coordinating agency for water

resources with other agencies or governmental units and is
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directed to take advantage of any Federal laws enacted which
further the purposes of this Act, including the Water
Resources Planning Act and the Federal Water Pollution Control
Act. The Commission has the authority to act in a court of
law in the name of the people of Michigan to enforce laws
relating to pollution and floodway control and can investi-
gate conditions relating to pollution and floodway control.
It can set rules and standards regarding pollution and

issue permits to ensure compliance to these standards.

Anyone who contemplates a new use of the state's waters

for waste disposal purposes (sewage, laundromats, and car-
washes) must file with the Commission a report setting forth
the quantities and qualities of water used and the source

and discharge points of the water. The Commission may

accept or reject the proposal and should the user feel
aggreived, he may request a hearing. Following the hearing,
the Commission will issue a final order of determination at
which time the user's only recourse is through the court
system, should the user continue to disagree with the ruling.
Anyone who violates a final order of determination is subject
to the penalties of the Act which are that the Commission
request the Attorney General to start civil action. This
action may include an injunction and fines which can include
4 maximum of $10,000 per day penalty, a maximum of $25,000

fine for knowingly providing the Commission with false or
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misinformation and a maximum $50,000 penalty for a second
conviction for the offense. It is up to the court's discre-
tion to rule on recovery of injuries done to natural resources
of the state, the amount of the penalties, and the imposition
of probation upon a violator.

This Act specifically excuses copper and iron mining
operations, providing those operations meet some broad
requirements. The Water Resources Commission hands are not
tied to sewage problems, however. Their role is with any-
thing that depletes the quality of the natural resource--water.
To carry on surveillance work of the state's waters, other
than municipalities, a yearly fee of at least $50 and not
more than $9,000 per manufacturing location may be assessed
according to a formula developed by rules of the Commission
which shall include volume and nature of the discharge,
stream characteristics, laboratory tests required and other
factors.

Act 342 of the Public Acts of Michigan of 1939 as amended

is sometimes referred to as the County Public Improvement
Act of 1939. It is "an act to authorize counties to estab-
lish and provide connecting water, sewer and/or sewage
disposal improvements and services within or between cities,
villages, townships,. . .or any duly authorized established

combinations thereof. This Act enables the counties
to enter into contractual arrangements with other governmental

units providing for acquisition, construction, and financing
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of the improvements and to pledge the counties full faith
and credit by vote of the county commissioners along with
the cooperating governmental unit in securing the bonds
necessary to finance the improvements. The county board of
commissioners by resolution must approve the establishment
of the improvement and designate a county agency to locate,
acquire, construct and maintain the system. The authorized
county agency may be the board of county road commissioners,
the drain commissioner, or the county board of public works.
The authorized agency has several powers as enumerated in
Section three which include making proposed alterations of
the facilities, determine rates and assessments and adjust
those rates, to act as applicant for any grant or gift and
to make any rules governing the operation of the facilites.
A board of review shall be selected by the county commis-
sioners and they shall reexamine and arbitrate rates and
assessments as brought to their attention by individuals,
firms or units of government.

The capital and maintenance costs must be paid back to
the county by the contracting governmental unit during a
period not to exceed forty years from sources such as
connection charges, monthly rates, user assessments or by
a property tax levy. Any who would choose not to pay these
fees will have the amount added to the tax rolls as a lien
against the property and may be collected in accordance
with the tax laws of the state. A local unit of government

may enter into a contractual agreement with the county under
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the provisions of Act 342 of 1939 as amended when public
notices are given that a resolution authorizing such action
has been adopted by the governmental unit, that the purpose
of the agreement is given, that the source of repayment of
obligations is put forth and that the right of referendum
is explained. The contract is not effective for forty-five
days after public notice during which time a petition supported
by 10 percent or 15,000, whichever is less, of the registered
electorate may request a referendum. If an election on the
matter is required, a simple majority by voters within the
governmental unit is needed to ratify the contractual agree-
ment with the county.

Once a contract is agreed upon, bonds may be sold in
the name of the county (providing both governmental units
pledge full faith and credit) and are exempt from taxation
by any taxing authority within the state. The maximum
interest rate for the bonds under this Act is ten percent.
The Municipal Finance Commission, however, has final approval
as to whether the bond issue meets the requirements of the
Act. The issue may be of either the revenue or general obli-
gation type bond. In case a local governmental unit can not
meet its obligations by the before mentioned sources of
property tax, special assessments, user charges or grants,
and defaults on the bond payments, the state treasurer may
be authorized to withhold unrestricted state funds, such as

sales tax revenue to reimburse the county for the deficiency



-
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it must make up, having pledged its full faith and credit,
until the local unit of government can again meet its obli-
gations. The authorized county agency is, under Act 149 of
1911, given the power of eminent domain over private pro-
perty for a public use. For a sample contract between a
village and county under the provisions of Act 342, refer
to Appendix 1.

Act 185 of the Public Acts of Michigan of 1957 as amended

is entitled, "An act to authorize the establishing of a
department and board of public works in counties; to pre-
scribe the powers and duties of any county subject to the
provisions of this act; to authorize the issuance and pay-
ment of bonds; and to prescribe a procedure for special
assessments and condemnation.' A county board of commis-
sioners may choose to establish a department of public
works under the povisions of this Act by a two-thirds vote
of the commissioners. The department of public works is
designed to operate under a board of public works which may
have three, five, or seven members appointed by the board
of commissioners. An alternative is that if there is
already established a board of country road commissioners,
they may be appointed as a board to become the board of
public works. Also, if there is a county drain commissioner,
that person will automatically become a member of the board

of public works.
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Tha board organizes itself regarding officers with the
chairperson, vice chairperson, and secretary being selected
once each year. Monthly meetings are required to carry on
the board's functions. The board may hire a director of
public works and other professional help they deem necessary.
The board of public works has the power to acquire water,
sewage or refuse systems in one or more areas of the county.
This power extends to construction, operation and mainten-
ance of these systems. Another feature of this bill is
that it enables a board of public works to make lake improve-
ments in the county as defined in the Act. Also, a part of
the system, such as a supply source for a water system or a
disposal site for sewage or refuse, may be located outside
of the county with the contractual consent of the municipality
outside the county where that part of the system is located.

The board of public works has the power to acquire any
of the types of systems mentioned after the board of commis-
sioners, by majority vote, approves the system and the local
municipality involved through its governing body gives its
consent. Financing may be achieved by revenue bonds, bonds
issued in anticipation of special assessments and by advances
from the county or public or private corporation. Bonds
issued must be approved by both the board of public works and
the county board of commissioners with a three-fifths
majority required by the commissioners in order to secure

the county's full faith and credit. Local municipalities
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must pledge their full faith and credit for their bond obli-
gations which may be met by levying a tax on property, user
charges, special assessments, connecting charges or by state
moneys reimbursed to the municipality. Should there be a
failure to meet financial obligations on the part of the
local municipality, state funds earmarked for that municipal-
ity and not pledged for debt retirement, may be diverted as
partial payment to the county. The county may also order
local municipal officials to levy additional taxes in an
amount great enough to meet the obligations it has pledged
itself to.

Chapter two of Act 185 of Public Acts of Michigan of
1957 as amended deals with the special assessment procedures
and processes. This will be relevant only if a part or all
of the financing will be achieved by special assessments.
Although citizen input is provided for in a public hearing,
the primary decision making power rests with the board of
public works in the assessment process.

Property may be acquired by purchase or condemnation
under this Act. The final chapter, chapter three, deals
with the condemmation procedure to be followed. The board
of public works directs its attorney to file in court a
declaration of necessity of taking for a public use without
the consent of the owners, and for just compensation to be
made. The court appoints three disinterested parties to

act as court commissioners to determine the necessity for
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taking and to appraise the value of the property rights
taken. The court then confirms or rejects the court commis-
sioners report and should the court accept the report, the
property owners may accept the findings or ask for review
from a higher court. An example of a contract between a
municipality and a county under the provisions of Act 185

is included in Appendix 2.

Act 233 of the Public Acts of Michigan of 1955 provides

that muncipal authorities may acquire, own and operate sew-
age disposal and water supply systems, contract with govern-
mental units for the system's use and issue bonds to finance
the authorities activities. The legislative bodies of two
or more such municipalities indicate their desire to form an
area authority by agreeing to articles of incorporation for
such an area authority. Public notice of the intent to form
an authority is required and for a period of sixty days this
intent is not finalized subject to a ruling by the local
court should a challenge to the formation of the authority
arise. The articles of incorporation will list the member
municipalities, its purposes, its officers, employees and
their duties, its method of selecting a governing body and
other matters deemed important.

Area authorities may have standing in any court in the
state. They may adopt bylaws and conduct the authorities'
business, maintain an office, sue and be sued, determine a

design, construct, operate and maintain facilities under the
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supervision of the state commissioner of health as provided
in Act 98 of 1913, acquire property, issue bonds to finance
the authority's business and promulgate rules to regulate
project use. The authority is also given the power to con-
demn property. Municipalities may join an existing authority
with the consent of the governing bodies of the current
authorities members and the governing body of the proposed
member.

The authority may execute contracts for construction,
operation and financing of sewage and/or water systems with
the member municipalities for a period not to exceed forty
years and the contract also allocates the share of services
and costs on an annual basis to each member municipality.
Money may be raised by special assessments on those who
benefit from the service, user charges and connecting fees,
and state funds unless they are expressly prohibited for
this purpose to meet the annual requirement. Public notice
of the contract must be given in the participating munici-
palities. 1If a challenge is raised and ten percent of the
registered voters agree to the challenge by petition, then
a general election will be held to decide whether the contract
will be executed. Simple majority rules in the case of a
referendum. When the contracts have been executed, the
authority may issue bonds which are backed by the full
faith and credit pledges from each municipaltiy participating

in the authority. Revenue bonds only are the type of bonds
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to be issued by an area authority since they must be retired
by revenue generated by the system. On large projects, as
defined in the Act, six percent is the maximum interest
rate allowable on these bonds and the transaction must have
the approval of the Municpal Finance Commission. Should
any municipality default on its obligation, it may in
addition to its full faith and credit, pledge up to 25
percent of the money due it from the state sales tax which
normally is returned to the municipality. For an example,
see Appendix 3 and the articles of incorporation for the
Harbor Springs Area Sewage Authority.

Act 329 of the Public Acts of Michigan of 1966 is an

Act to prevent inadequately treated sewage or waste dis-
charge into state waters and to provide financial assistance
to construct facilities to prevent such discharge. A state
water pollution control fund is created to assist local
units of government in financing treatment systems to prevent
pollution. This fund was initially capitalized by the sale
of $285 million in bonds in 1968 and refunded in 1972 by a
$50 million bond issue. Payments from this fund are made

to eligible recipients following approval of a joint resolu-
tion by both houses of the legislature. A priority list is
compiled by the Water Resources Commission according to the
rules of this Act of eligible participants and all or part
of that list may receive water pollution control fund
assistance for a given year depending on legislative

prerogative.
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No state grant shall be offered which exceeds twenty-
five percent of the total treatment system cost eligible
for Federal grants. The sum of state and Federal grants
for any project must not exceed ninety percent of the cost
of the treatment system eligible for Federal participation.
Those projects in the construction stage prior to July 1,
1971 (most systems included in this study fit in this cate-
gory) qualified for an additional state advance. This state
advance was given in anticipation of the Federal share of
eligible costs so that the total of the state grant, the
Federal grant and the state advance of the Federal share was
at least 55 percent of the eligible cost of the system.
During the course of construction, the grant amounts are
subject to adjustment. The Water Resources Commission shall
certify to the state treasurer, the amount of the state
grant and advance and include documents giving approval for
the system regarding design and necessity of the system.
The Water Resources Commission must make what rules it deems
necessary to carry out the functions of this Act.

Grants and advances to local municipalities are funded
in the descending order of their priority. Should ﬁunds
run low before the last priority is met, grants and advances
may be fulfilled from the next year's appropriation to the
fund. Local agencies must be reimbursed in full for their
state advance of the Federal share by additional Federal

moneys before Federal funds may be diverted to the state
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water pollution control fund. In other words, 55 percent of
eligible costs is the minimum grant level for a project.

All additional Federal money goes to the local unit until

the maximum grant participation is reached (80 percent of
eligible costs according to the Federal Water Pollution
Control Act of 1972 as amended) before any Federal funds
reach the state water pollution control fund. The Water
Resources Commission may approve grants to assist local
communities in preparing plans for pollution control systems.
Records of projects under construction must be kept including
total cost, grant totals and the source of those grants, and
what grant moneys were used to purchase.

The method of giving priority ranking to projects is
based on Water Resources Commission rules which gives con-
sideration to projects which have a grant under the Federal
Water Pollution Control Act as amended, those that eliminate
sewage discharge or serious health hazards in communities
with no sewers, communities under a sewer ban imposed by the
Michigan Department of Public Health under provisions of Act
98 of 1913 as amended, and projects which correct a combined
sewer or storm sewer discharge in compliance with a Water
Resources Commission order.

Points are awarded to a project to determine its priority
based on financial need of the community and on the basis

of the uses made of the water and the resulting need to
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control pollution. Some of the use categories are public
health, safety and welfare not including bathing, domestic
water supply, commerical water supply, irrigation or live-
stock use, recreational uses, and fish, animals, birds and
aquatic life. Points may be awarded for each of these
categories as well as being awarded in consideration of the
case of court ordered installations or by order and agree-
ment of the Water Resources Commission and the Department
of Public Health. The Water Resources Commission will break
any ties should the sum of financial need points and pollu-
tion control need points for any two projects be the same.
Finally, the application procedure and deadlines are

explained in the Act.



CHAPTER TIII
PHYSICAL FEATURES

Communities which utilize land disposal by spray
irrigation are scattered throughout the lower peninsula and
one is located north of the Straits in Mackinac County.

This study did not include the extremely large installation

at Muskegon County or any private developments. It did
include Belding, Bloomingdale, Cassopolis, Cedarville, Colon,
Columbiaville, East Jordan, Harbor Springs, Lake Odessa,

Leoni Township, Mackinaw City, Middleville, Quincy, Roscommon,
Springport, and Wayland. Figure 1 details the location of
municipalities using land disposal by spray irrigation in
Michigan according to the "Superlist" prepared by the Waste-
water Division of the Michgian Department of Natural Resources.

Table 1 lists the physical data collected for this
study. The first category, design population (maximum popu-
lation the system is designed to accommodate), ranged from
a low of one thousand to a high of nine thousand with a mean
of 3,140 for these systems. Sanitary engineers use one
hundred gallons per capita per day as a parameter to deter-
mine domestic sewage requirements for all uses. On this

basis the systems have an expected flow from one hundred

25
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Figure

1

Location of Selected Municipalities
Utilizing Land Disposal of Wastewater by Spray Irrigation
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thousand gallons to nine hundred thousand gallons per day.
Industrial uses generally account for any additions to this
parameter and any system designed for less would be based
on measured flow in the existing system. The one hundred
gallon figure is not only a round figure to work with but
in most cases, allows for increased water usage per capita
over present usage amounts per day. The mean total acres
for these projects is 140 acres. This is the total number
of acres purchased or in some cases already owned by the
local unit of government. Figure 1 in Appendix 7 shows the
relationship between the design population and total acres.
A simple regression, using design population as the indepen-
dent variable and calculated by the least squares method,
projects this relationship from the data collected during
the study.

The total land area required is quite important. When
these systems were being designed and built, the local unit
of government had to bear the total cost of the land used
in the disposal process. After October 17, 1972 the land
used in the disposal by spray irrigation became eligible
for grant participation. Therefore, these communities, in
an effort to cut costs, desired to purchase a little land
as possible for the disposal process. At the same time,
state health officials wanted to establish a relatively
large buffer zone around the lagoons and spray irrigation

sites. This is a relatively new technology and officials
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want to control any possible health hazards or nuisances
that might be anticipated. The state officials pressed

for the establishment of an 800 foot buffer strip around

the lagoons and irrigation site as a suggestion, not a regu-
lation. On a large project this buffer is a small portion
of the total land required. However, on the systems studied
in this report, the buffer area becomes a significant part
of the total land required. On a project with sixty-one
acres in lagoons and irrigation, the average for this study
an 800 foot buffer strip around the site would make the
total area approximately 235 acres or almost four times

the area in lagoons and spray irrigation. These projects
averaged 140 acres (therefore, an average buffer strip of
340 feet) so a compromise position was reached. The com-
promise involved substitution of other forms of protection
for the land buffer such as fencing around the project,
retaining dikes to prevent any runoff, tree windbreaks to
prevent particle drift and lower pressure, large diameter
spray heads to achieve larger droplets and less drift as
well as other management practices. As more experience with
this technology has accumulated, the buffer zones are sub-
stantially less than the 800 feet first proposed. Even if
the municipality didn't control all land close to the site,
general isolation and the absence of any planned development

adjacent to the site is an important consideration from the
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1 For aesthetic reasons, all

state officials' point of view.
types of sewage treatment works are isolated as much as
possible. Land disposal systems are no exception.

The lagoon area for these land disposal systems ranged
from 4.5 acres to 51.4 acres with a mean of 20.6 acres.
Some of these systems were designed originally for discharge
into a water course or as seepage lagoons in which case land
disposal was a recent addition to assist the systems in
meeting environmental guidelines for the quality of the
effluent. There are many such lagoon systems in small
Michigan m.unicipalities2 and land disposal is a relatively
inexpensive addition which enables these lagoon systems to
meet effluent quality guidelines. Figure 2 in Appendix 7
illustrates the relationship of the design population and
number of acres in lagoons. With design population as the
independent variable, a simple regression calculated by
least squares and having lagoon acres as the dependent
variable, shows that as population increases by 1,000, total
lagoon acres increase by 4.1 acres.

The next physical parameter considered in the study

is that of acres under spray irrigation. The range was

1Private conversation with a representative of the
Wastewater Division of the Michigan Department of Natural
Resources, September 11, 1974.

2"The Superlist'" A listing of Michigan Municipal
Wastewater Treatment Facilities. Compiled by the Waste-
water Division of the Department of Natural Resources.
Over 125 systems use lagoons in Michigan exclusive of those
utilizing spray irrigation.
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quite large according to the data and was from 8 acres to
140 acres. Figure 3 of Appendix 7 illustrates the relation-
ship of design population to irrigated acres. Several of
the points are widely scattered about the regression line
which strongly suggests that the two variables, design
population and irrigated acres, are not closely correlated.
Other factors might enter into this relationship such as
whether the system was originally designed and still partially
used as either seepage lagoons or stabilization lagoons
seasonally discharged. Vegetative characteristics is another
variable which should be considered in this relationship
since some plants thrive in a very wet environment.

Soil type and its ability to accept the water also
has a great bearing on the amount of land needed for irriga-
tion. Members of the Wastewater Division of the Michigan
Department of Natural Resources assert that one of the single
most important design problems with land disposal systems is
that sanitary engineers have been overly optimistic with the
rate of application of the effluent. Consequently the systems
might not perform up to expectations. The data base that
sanitary engineers have had to work with about soil often
addresses itself to load bearing capacity, seepage rates or
suitability for septic tank disposal fields. This is an
area where agricultural crops and soils scientists can lend
their expertise to help determine how much water a given site

can process. Their experience with irrigation helps them
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determine how much water is lost by evapotranspiration
(evaporation losses and plant uptake) and how much can be
expected to percolate into a given soil series. However,
the rules are changed here from conventional irrigation
practices because the soils are often subjected to sustained
periods of saturation which can drastically alter a soil's
capacity for irrigation. Needed research in this problem
area is ongoing and data is being monitored from communities
which have systems in operation to obtain information con-
cerning different crops and soils reaction to various rates
of application and how that in turn affects the treatment
capability of the soil regarding phosphorus and nitrogen
removal.

Most of the irrigation locations have the solid set
type of spray irrigation. This usually means fixed mains
and laterals covering the whole irrigation area. Relatively
little labor is needed for operation of a solid set system.
A combination of a traveling gun and center pivot system is
used at two of the projects. A center pivot system needs
relatively level terrain to operate effectively and is
definitely out of the question for such vegetation as trees,
although it works well for crops like corn and hay. A
traveling gun needs a smooth track to run on but can irrigate
a variety of vegetation and terrain on either side of the
path. It requires some labor to move and set up from one

path to another. By its nature a solid set system can apply
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a very low rate over a large area at a given point in time
while the center pivot or traveling gun relies on a more
intensive instantaneous application pattern. This factor
may gain importance in a setting of possible erosion or if
so much water is applied at one time that saturation occurs
which could drastically alter bacterial action due to the
absence of oxygen. Saturation could also occur, however,
with a solid set system with similar consequences.

A common design parameter for application of waste-
water per week is two inches. These municipal projects
ranged from .5 to 4 inches with a mean of approximately 2.5
inches per week. Yearly application rates ranged from 50
to 90 inches with a mean of approximately 72.2 inches.
Figure 2 shows the distribution of project application rates,
both weekly and yearly for the municipalities in this survey.
When speaking of application rates, flexibility should be a
key word. Decision makers should realize that harvesting
a product from the land is an important part of the complete
"living filter" cycle. This may mean that at certain times
during the possible irrigation season, prudent management
decrees that irrigation be minimized or even stopped.
Examples might be during planting, germination or other
critical periods during crop development and harvesting.
During other times, application rates may substantially
exceed two inches per week but at that particular stage of

crop development, plant uptake and use of water and nutrients
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may allow high application rates without experiencing a
breakdown in the living filter concept. This acknowledge-
ment of flexibility is often overlooked by officials connected
with these projects and that could lead to poor, long-run
performance of spray irrigation systems. Agricultural
production should be an integral part of the design of land

disposal systems.



CHAPTER IV
FINANCIAL CHARACTERISTICS

This section relies on the information presented in
Table 2 on the next page, Financial Characteristics of
Michigan Municipalities Utilizing Land Disposal by Spray
Irrigation. It was compiled from the files and records of
the Construction Grants Division of the Michigan Department
of Natural Resources and the Municipal Finance Commission.

The Environmental Protection Agency has the duty under
the Federal Water Pollution Control Act Amendment of 1972 to
promulgate rules concerning the construction of water pollu-
tion control facilities which includes land disposal systems
using spray irrigation. To assist in the construction of
these facilities, Federal money has been allocated for this
purpose consistent with Title II of the Act, Grants for
Construction of Treatment Works. The Environmental Protec-
tion Agency rules and regulations concerning Title II appear
in the Federal Register.l As the previous discussion about
these rules and regulations pointed out, all costs associated
with a treatment facility are not eligible for Federal grant
participation. At the time of the grant application, each

project is scrutinized by the Environmental Protection Agency

1Federal Register, Vol. 38, No. 39, Wednesday, February
28, 1973, p. 5329.

36
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to determine which items are eligible for Federal grant
participation consistent with their rules. This is the
initial amount of the project eligible for grant partici-
pation and makes up the first column of Table 2.

A Federal grant offer is then tendered to the commun-
ity or its authorized agent (county or authority) based on
the information in the grant application. This initial
Federal grant, found in the second column of the table,
was often a very small percentage of the initial amount
eligible for grants. It was usually in the five percent
range and depended greatly on how much money had been
released to the Environmental Protection Agency during the
year the grant application was made. The maximum amount
of the Federal grant is, as has previously been noted, 55
percent of the amount eligible for grant participation.

The initial state grant and the initial state advance
comprise the third and fourth columns. The state grant
may not exceed 25 percent of the amount eligible for grants
on these projects,2 most of which were started in 1970 and
1971. The initial state advance is really an advance
against the prospective Federal share of eligible costs.
Act 329 of the Public Acts of Michigan, 1966 as amended,

provides in section three that the 'combined state grant,

2Act 329 of the Public Acts of Michigan of 1966 as
amended, Section 3. (1).
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state advance of the Federal share and Federal grant appor-
tioned to the treatment works shall not be less than 55
percent of the eligible cost.'" Since the typical Federal
grant for 1970 and 1971 was in the 5 percent range, and
the state grant maximum was 25 percent, this meant that
approximately 25 percent of the eligible costs fell in the
state advance category. After the initial grants were
offered, the local community or its agent then lets the
contracts and issues bonds or cash in the amount of 45
percent of eligible costs plus all costs not eligible for
grant participation under the Environmental Protection
Agency rules and regulations.

The present amount eligible for Federal grants, sixth
column, reflects for the most part, changes due to the fact
that the initial amount eligible for grants is based on a
sanitary engineering firms estimate of the various project
costs while the present (or final eligible for grants if
the project has received its final EPA inspection) amount
eligible for grant participation reflects the amounts bid
by construction firms. That figure may be more or less
than the estimates. Another factor accounting for some
variation is that during the course of construction un-
planned circumstances may arise which necessitate a change
order which is an approval by state engineers to procede
a different way or make additions or subtractions from the

original permit specifications. These change orders usually
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modify the amount eligible for grants.3 The Environmental
Protection Agency may change a rule or correct an over-
sight during this time also. An example is requiring a
tractor and mower for site maintenance which increases the
amount eligible for grants and the grant itself. Graph (A)
of Figure 