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Chapter 1

INTRODUCTION

THE STUDY

The aim of the Southeastern Michigan Wastewater Management Survev Scope
Study is to develcep long-range wastewater management plans for Southeastern
Michigan. These plans would complement the water quality plans of the State
of Michigan and thus assist in meeting the planning requirements of the
Federal Water Pollution Control Act Amendments of 1972 (Public Law 92-500).
To reach this aim the needs and objectives related to water pollution
problems in Southeastern Michigan were defined, alternative plans were
formulated, treatment systems were designed, and the impacts of these
alternative plans were assessed and evaluated based on technical, economical,

institutional, aesthetic, ecological, and social considerations.

This study augments the wastewater treatment planning effort developed

in the State of Michigan's plan entitled Plans for Water Quality Management,
Lty

Phase II, for Southeastern Michigan by:

1. examining various advanced wastewater treatment technologies,

2. providing additional alternatives for control of critical
combined storm and sanitary sewer overflows and other forms of urban

stormwater runoff,

3. presenting alternative wastewater management systems which
would approach the 1985 "no discharge of pollutants" goal in Public Law
92-500,

4. phasing the implementation of the alternative plans in

accordance with Public Law 92-500, and




5. presenting alternative plans that would protect the surface
waters of Southeastern Michigan, including Lake Erie, for swimming and otnec:
recreational uses, and for the protection and propagation of fish, shellfisu

and wildlife.

The planning objectives pertaining to wastewdate:r mdnagement in Southeaste:
Michigan have been developed from goals and objectives or Federal, state,
regional, and local agencies and the specific study autnorities as described
more fully in the later portions of this report. These six basic Southeaster:

Michigan Wastewater Management study objectives arc .

1. To provide a range of potentiallv implemencable regional
wastewater management plans for Southeastern Michiga...
2. To develop these plans in harmony with the existing facilit. .s

and short range plans of the governmental agencies within the region.

3. To include 1in the objective development of these plans,
alternative technical systems for the control of pollution from municipal,

industrial, and urban stormwater runoff sources.

4. To develop these technical systems to approach with the best
available technology the 1985 "no discharge of pollutants" goal of the
Federal Water Pollution Control Act Amendmencts of 1972.

5. To provide an alternative regional wastewater management
plan to achieve a lesser effluent quality standard as defined by the State

of Michigan.

6. To identify, evaluate, and display the impacts of these regional
wastewater management plans in terms of economics, social, cultural, aes-

thetic, institutional, and environmental considerations.




THE STUDY PROCESS

The plan formulation process is the systematic development of
alternative plans to meet the various objectives of the study. It is an
iterative process which interacts with the measurement and evaluation of
impacts related to study objectives. 1Initial plans are developed based
on technological choices. The impacts of these plans are displayed and
the evaluation of these impacts lead to modifications in the plans. The
final iteration should produce those alternatives that have the fewest ad-
verse and the most beneficial impacts possible within the constraints and

criteria.

Plan Formulation Methodology

The Detroit District Wastewater Management Study was conducted in
three stages as shown in the network diagram in Figure 1. As can be seen
from this diagram, the study was a highly integrated composition of engi-
neering design, plan :ormulation, evaluation, public participation, and

coordination processes.

The first stage consisted of initial investigations and the devel-
opment of technical information which led to the formation of a range of
wastewater management alternative components. A multitude of wastewater
control systems and processes within six areas of wastewater management
were reviewed and designed. From this, technical systems and facilities
for various portions of the study area were developed which, when combined,
could result in the highest level of treatment at the minimum financial
cost. These became the technical components used to form total wastewater

management alternatives in stage two.

Stage two resulted in the formation and evaluation of eleven alter-
natives which cover the entire range of wastewater management considerations
and impacts, including: wastewater treatment, collection and conveyance,

stormwater control, sludge handling and disposal, cost estimates, and
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estimates of land, chemical and energy requirements. In addition, a plan

was derived from the State of Michigan's current water quality plan to pro-
vide a comparison and to show the tradeoffs involved in selecting between
alternatives designed to meet different water quality standards. The impacts
of these alternatives were evaluated as to their ecological, hygienic,

economic, agricultural economic, social and aesthetic considerations.

Stage three resulted in the formation of Representative Plans.
The evaluation of the second stage alternatives pointed out changes which
could be made to improve the overall acceptance of the most favorable of
these alternatives. When these changes were made, the Representative Plans
were the result. The impacts of these three wastewater management plans

were evaluated in the same manner as the eleven second stage alternatives.

IMPACT ASSESSMENTS AND EVALUATIONS

Impact Identification and Measurement

Impact assessments consist of the identification and measurement
of changes that would occur as a result of the implementation of a parti-
cular plan. These assessments can be either qualitative or quantitative.
For example, a quantitative measurement can be arrived at and the impacts
assessed when it is desired to find the number of pounds of chemicals needed
in the operation of a given wastewater treatment plant of a given size.
On the other hand, the number of fish in a stream if the dissolved oxygen
goes from 5 milligrams per liter to 6 milligrams per liter could not be

determined numerically.

Evaluation of Impacts

Evaluation is basically a decision-making tool which allows for the
consideration of factors not considered in engineering design. A very

elementary definition of evaluation would be the process of assigning the




;

value of beneficial or detrimental to the impacts that result from a par-
ticular plan. These beneficial or detrimental values are weighed in terms
of several broad categories: ecological, economics, social, hygienic,
aesthetic and agricultural economics. An evaluation carried out in this
manner would include not only a judgment of the ability of a system to
achieve its primary goals but also a judgment of the effect that the system
would have on the surrounding area and how that system would contribute to
local, regional and national objectives. Consideration of such factors as
these impacts would be useful in anticipating problems which could arise

due to implementation of a plan. Early diagnosis of problem areas would
thus allow design changes prior to implementation of a plan. The evaluation
would finally be used to narrow the range of plans and ultimately to select
the plan which, in the judgment of the decision makers, contributes the most

to local, regional and national objectives.

Participation and Coordination

Throughout the conduct of the study, members of various governmental
agencies and public interest groups were involved and participated in the
study through a study coordinating committee. The committee included

representatives of the following agencies and groups:

Environmental Protection Agency - Region V

Soil Conservation Service, U. S. Dept. of Agriculture
Bureau of Sport Fisheries and Wildlife, Dept. of Interior
Michigan Water Resources Commission

Institute of Water Research, Michigan State University
Southeast Michigan Council of Governments

Metropolitan League of Women Voters

Detroit Metropolitan Water Department

The objectives of the committee were: (1) to provide prospective

alternative plans, (2) to serve as a forum for varying technical and




public views to insure full cooperation and (3) to provide insight and

review on alternative proposals as spokesmen for their respective organizations.

The State of Michigan concurrently conducted a regional study for much
of the same Southeastern Michigan area based on a lower level of wastewater
treatment. This study provided most of the information used to develop
the Interim Alternative presented later in this report. The State and the
Corps coordinated fully, in this respect, eliminating duplication of effort

while providing information pertinent to the development of each study.

The Institute of Water Research, Michigan State University, was the
prime ecological evaluator. 1Its staff provided quidance throughout the
development of technical systems with regard to favorable and unfavorable
impacts of alternative technical choices. They also evaluated the various

plans and provided total impacts on the region.

The Soil Conservation Service provided large amounts of soil data
required in the evaluation and selection of lands suitable for land irriga-
tion. They have also served as liaison between the Corps and the people
in these respective areas with whom they deal in their normal activities to
encourage them to take a more objective lock at land irrigation of treated

wastewater.

The Southeast Michigan Council of Governments was involved in the
development of population projections and projected expansion of service
areas. It provided information regarding current plans for the study area
in the field of water supply and wastewater facilities for help in defining

existing and proposed facilities.

The general public and other interest groups were involved through a
series of public meetings, informal wc kshops, and seminars or presentations
conducted during the course of the study. A public information brochure,

"The Search for Clean Water," presenting the developments of the first phase




| of study, was distributed. These tools were used to inform interested
people about study progress, to solicit their reaction to any and all pro-
posed alternatives, and to gather pertinent information. The reactions and
information obtained were used to help form the initial alternatives and

| to help in the later screening process. The impact of the coordination and

public involvement programs is discussed in more detail later in this

| report.

Institutional Arrangements

|
E For the purpose of this study, institutions are defined as organi-

é zations, authorities, and relationships by which wastewater management systems
and controls are implemented. The purpose of an investigation of institutional
management schemes is to analyze the capabilities of existing and proposed
wastewater management organizations relative to selected technical wastewater
management systems. A number of institutional management schemes, each
possessing sufficient authority to plan, construct, operate and maintain

the systems developed during the study, have been proposed for the Southeastern
Michigan area. These institutions can be classified in six categories which
cover management on various levels of political interaction. These six

classifications involve wastewater management by:

~ State Agency or Utility

- Regional Agency

- County Agency

- Municipal or Local Agency

- Water and Sewage Authority

- Management thru Intergovernmental service agreements

(referred to as intercounty agreements)

1. STATE AGENCY OR UTILITY - This type of institutional mechanism
involves an executive or departmental agency to the State actually under-

taking the direct performance of an urban function. 1In practice, aspects




of functions may be transferred to a State agency rather than the total
function. For example, if a State agency provides water for a metropolitan
region, this agency is usually responsible for the actual source of the
water supply plus the major trunk lines to convey the water from the source
throughout the metropolitan region. Iocal distribution systems, however,

are often left to the localities themselves.

2. REGIONAL AGENCY - The multiple purpose District/Authority
represents an independent unit of government established through State law
to perform a number of services in all, or most portions, of a metropolitan
area. The multiple purpose District/Authority may be established initially
with only 1 or 2 actual functions; however, the enabling legislation vests,
in the area affected, the capability for the District/Authority to take on

additional functions as the need arises.

3. COUNTY AGENCY - Under this type of an arrangement, the county
government increases 1ts provision of services which are normally of a
municipal nature to include the entire county. This action requires the
transfer of functions from muncipalities and any special districts together
with the gradual expansion of activities in unincorporated urban areas. It
may be necessary for the State to grant a number of functional powers to
counties in metropolitan areas. Act 342, Public Acts of 1939 allows a
county to provide wastewater management services within its boundary as
well as in consenting neighboring governmental units. (Unless otherwise
identified, Public Acts refer to current wastewater management legislation

in the State of Michigan).

Certain legislative acts stipulate that the county agency is capable
of providing services within a boundary specifically limited to a local
area. Act 40, Public Acts of 1956, Chapter 20, stipulates that a designated

"Agency," in this case a drain commission, may provide for collection and
transmission of wastewater within a county. Act 185, Public Acts of 1957,
established a Department of Public Works to provide for WWM services within

a county.




4. MUNICIPAL OR LOCAL AUTHORITY - The limited purpose metropolitan
special district or authority is an independent unit of government organized
to perform one or more urban functions throughout all or a part of a
metropolitan area. In most cases, the activity is service, as opposed
to regqulatory; for example, water supply or sewage disposal. The financing
of such an independent unit of government is primarily through service changes,
sales, rents and tolls. Revenue bonds constitute the primary source of

capital funds for project construction.

5. WATER AND SEWAGE AUTHORITY - Act 233, Public Acts of 1955 allows
for the establishment, by consenting governmental units, of an authority to
provide both wastewater and water supply services. The authority can
finance facility construction by the provision of contract bonding and,
in this aspect, the provisions are similar to those mentioned in Act 342,
Public Acts of 1939. Full faith and credit for these bonds is establishea

by the financial stability of the contracting governmental units.

©. MANAGEMENT THRU INTERGOVERNMENTAL SERVICE AGREEMENTS - Under

such a device, one unit of government conducts an activity jointly or
cooperatively with one or more other units of government. Typically,
contracts may be drawn up whereby one public corporation or unit of govern-
ment agrees to provide specified services to other units of government
according to terms specified in the contracts. The extraterritorial power,
therefore, represents the exercise of authority by one unit of government
beyond its traditional political boundary. For example, the Detroit

tropolitan Water Department and the Wayne County Road Commission provide

sewage service to communities under Intergovernmental Service Agreements.

The examination of these six institutional management schemes took
place in two evaluations. The first was to determine the potential of
five existing representative wastewater institutions created by current
legislation to implement proposed regional wastewater management plans.
The second evaluation examined a range of institutional management schemes

which involved the combination of existing and proposed management systems.
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Chapter 2

SUMMARY OF BACKGROUND

THE SOUTHEASTERN MICHIGAN REGION

The study area of this report, as shown in figure 2, includes all
or part of eight Southeastern Michigan counties. They are: all of St.
Clair, Macomb, Wayne and Washtenaw Counties; approximately 75 percent of
Oakland, Lenawee, and Monroe Counties, and approximately 30 percent of
Livingston County. This area is a mixture of highly urbanized, suburban
and outlying agricultural areas with a total population of approximately

four-and-one-half million people and a total area of 4,900 square miles.

The climate in Southeastern Michigan is moderated by the stablizing
influence of the Great Lakes prevailing westerly winds passing over Lake
Michigan which subdue extremes in weather conditions. The mean annual
temperature compiled at Detroit is approximately 49 degress Fahrenheit.

The mean monthly temperature ranges from a high of approximately 73 degrees

in July to a low of 25 degrees in January.

In general, the annual precipitation does not vary greatly over
Southeast Michigan. The average annual precipitation over the study area
varies from 28 inches at Mt. Clemens to about 34 inches at Adrian. The
precipitation is usually ample for the growth and development of vegetation,
averaging 31 inches annually over the area with less than 25 percent of the
total as runoff. Total annual snowfall averages vary from 42 inches at
Port Huron to 29 inches at Monroe. Long term records for this area show
that precipitation is evenly distributed throughout the year, varying from

about 2 inches in January to slightly over 3 inches in June.

10
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Southeastern Michigan is subject to two types of storms. The first
type is the large area storm of long duration and moderate intensity and
the other type is the short term, thunderstorm type rainfall of short
duration and high intensity. The longer duration storms occur any time
throughout the year, but intense local storms of the thunderstorm type
usually occur in the late spring and throughout the summer. Local records ’
indicate that major storms which produce high runoff over large areas have

been limited to a duration of three days or less. 4

The topography of the study area can be divided into two distinct
land forms. In the western half, or upstream portions of the major tribu-
taries, rolling to rugged terrain is interspersed locally with relatively
flat areas. Numerous inland lakes, interconnected by marshy lands, and
small streams, are found in the area. 1In the eastern half or lower lake
bed portion of the study area it is predominantly level without any natural
form lakes. From the lake shore inland the elevation rises gradually from

600 to 1,000 feet.
WATER RESOURCES

Seven principal streams traverse the Southeast Michigan area. Data
on their drainage areas is presented in Table 1. It should be noted that
part of the drainage areas of some of these streams falls outside the area

covered in the wastewater management survey scope study.

Table 1
RIVER DRAINAGE AREAS

Stream Drainage Area (Square Miles)
Black River 746
| Belle River 199
E Pine River 232
' Clinton River 767
Rouge River 455
Huron River 923
Raisin River 1,043
12




Numerous natural and artificial lakes can be counted as one of
Southeast Michigan's major natural assets. Most of the natural lakes
are located in the moraine hills and outwash region in the northwestern

portion of the area. There are a total of 3,681 lakes, with a total lake

acreage of 51,005 acres, and 954.4 miles of inland lake shoreline. In
addition, the waters and shoreline of the Great Lakes and connecting channels
provide additional resources to the Southeast Michigan area with approximately

300 miles of shoreline.

DEMOGRAPHIC CHARACTERISTICS

Southeastern Michigan, like the nation, has experienced expanding
urbanization over the past several decades. The three central counties --
Macomb, Oakland, and Wayne -- have served as the hub of this outward growth.
Sub-centers of population growth encircle the city of Detroit at varying
distances. These include the cities of Monroe on the south; Ann Arbor and
Ypsilantli on the west; Southfield, Royal Oak, Troy and Pontiac to the north;
warren, Sterling Heights, St. Clair Shores and Mt. Clemens to the near

northeast, and Port Huron still farther northeast.

The population of Southeastern Michigan in.reased 1,411,000 from 1950
to 1970, and accounted for 56 percent of Michigan's growth of 2,503,000.
Due to a decline in the birth rate after 1960 and to some leveling of
economic growth, the population gain of the southeastern area dropped to
about 560,000 from 1960 to 1970, compared to 851,000 the previous decade.

The population figures are shown in Table 2.
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Table 2
POPULATION BY COUNTIES

1950 1960 1970
County Pop. % Total Pop. % Total Pop. % Total
Lenawee 64,629 1.9 77,789 1.8 81,951 L.7
Livingston 26,725 0.8 38,233 0.9 58,967 152
Macomb 184,961 5.4 405,804 9.5 625, 309 13.0
Monroe 75,666 2053 101,120 2.4 118,479 2.4
Oakland 396,001 11.6 690,259 16.2 907,871 18.9
St. Clair 91,599 2e 107,201 2.5 120,175 2,5
washtenaw 134,606 3.9 172,440 4.1 234,103 4.8
Wayne 2,435,235 71.4 2,666,297 62.6 2,669,604 55.5
Totals 3,409,422 4,259,143 4,816,459

Due to the decentralized growth of economic enterprises, primarily
manufacturing, retail and service activities, the City of Detroit has
decreased in population since 1950. The rest of Wayne County, as well as the
adjoining counties of Macomb and Oakland, achieved significant population
gains during the two decades since 1950. Only Washtenaw of the outlying
counties has experienced similar high rates of population increase. The
"built-up" capacity of Southeastern Michigan has been estimated to be nearly

20 million people.

ECONOMIC CHARACTERISTICS

The core economic activity of Southeastern Michigan for some decades
has been manufacturing, with automotive production as the major component.
This industry, which 1s basic to the manufacturing complex, had its 1inception
in Detroit and has continued to maintain an important portion of its
fabricating and assembly operations within the region. Automotive plants

are scattered widely over the region. Other industries are located both
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along the shoreline and inland. Secondary metal fabricators, food process-
ing, and power plants are concentrated in the northeast (St. Clair and
Clinton River basins); primary metal production, chemicals and allied
products, and power plants, are located in the central area (Detroit and
Rouge River basins); and secondary metal fabricators, paper products and

power plants are situated in the southwest (Huron and Raisin River basins).

From 1950 to 1970, total employment increased 471,933--from 1,343,172
to 1,815,105. Although manufacturing employment registered a small numerical
increase, thils sector of the economy declined from 45.8 percent to 36.8
percent of the total. During this same period, non-manufacturing has
experlenced a significant upward trend. From 1954 to 1967, while manufac-
turing employment grew 64,108, employment in retail, wholesale and selected

services mounted 131,430.

Urbanization has been spreading from the central city--Detroit--and
from the other urban centers to the surrounding communities and townships.
One feature of this movement has been the dispersed pattern of economic
establishments, such as, manufacturing plants, shopping centers, office and
professional service complexes. The largest portion of this spread of
economic activity has been confined to the three central counties of Wayne,
Oakland and Macomb, the metropolitan statistical area. In 1950, employment
in the Detroit Metropolitan area constituted 88.8 percent of the total of

the nine counties. By 1970, it still accounted for 82.3 percent.

LAND USE

Southeastern Michigan is significantly influenced by the character
and activities of the metropolitan areas which form parts of this important
region. The standard metropolitan statistical area of Detroit composes the
three central counties of Wayne, Oakland, and Macomb. Washtenaw County,
with Ann Arbor as 1its major city, forms the Ann Arbor metropolitan area.
Monroe County, to the south, is included in the Toledo, Ohio, standard

metropolitan statistical area.




The map in Figure 3 depicts the 1965 major land uses within the seven
major counties of the region. This land use pattern was surveyed and mapped
by the Detroit Regional Transportation and Land Use Study. TALUS, a special
project of the Southeast Michigan Council of Governments and its predecessor,
the Detroit Metropolitan Area Regional Planning Commission. Industrial cor-
ridors, highway networks, major residential areas and regional parks are
shown for the predominant land uses. Since 1950, the successive incorpora-
tion of over 20 cities and villages, from former township lands that were

considered farm or rural, has highlighted the process of spreading urbanization.

As might be expected from increased urbanization, the farm and rural
populations have experienced marked declines in their numbers. The latest
census figures (1970) show that only Monroe County, with some 53 percent,
and St. Clair County, with 48 percent rural populations, still have significant
rural characteristics. This reduction in farm numbers and population reflects
the consolidation of farming units, decreasing farm family size and some change
in farm definition. Even though the value of farm products produced in the
Southeast Michigan region has continued to rise, the percent of land in

agriculture has diminished.

Major crops grown in the area are corn, grain, soybeans, and alfalfa.
In addition to cropland, the Southeast Michigan river basins contain approxi-
mately 17 percent of their land in forests, estimated at 665,700 acres.
Oakland County has the greatest concentration with 28 percent, while Monroe
and Wayne Counties have the least with ten percent each. As the need for
more recreation land and land for urban expansion increases, forest land
for wood products will give way to multiple use for recreation, aesthetics

and municipal parks.

EXISTING WATER QUALITY

Water quality investigations were conducted by the Public Health

Service, the Institute of Water Research, state and local agencies, and
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others on the major surface waters of the area. The condition of these
waters 1s reflective c¢f the areas it drains or flows through. There are

four main sources of pollution from the urbanized areas: stormwater outlets,
combined sewer overflows, industrial outfalls, and sewage plant outfalls.

In addition, pollution occurs from direct runoff from agricultural lands

and from shore and bank erosion.

The water quality of the St. Clair River is directly related to the
quality of the water from Lake Huron and the Black, Pine, and Belle Rivers.
The water from Lake Huron 1is of high quality. The Black, Pine and Belle
Rivers are located in the least densely populated portion of the study area.
The water quality throughout these basins is generally good except at or
near outfalls of combined sewers, industry, and municipal sewage treatment
plants. Where these streams discharge into the St. Clair River, the water
quality of the river is degraded. Except for localized increases in coli-
form counts for short, but variable distances below municipalities, the

water quality of the St. Clair River is good.

In general, the gquality of the water in Lake St. Clair is good, because
of the inflow from the St. Clair River. The Clinton River, however, receives
discharges from many sewage treatment plants and combined sewer overflows
before discharging into Lake St. Clair. The Clinton River basin drains a
large portion of the rapidly developing areas north of Detroit. The up-
stream reaches exhibit generally good water quality with relatively low
coliform levels. As the river passes through population centers its
quality decreases. Low dissolved oxygen levels and high BOD levels are
found, indicating large organic loads. Fairly high levels of nitrate
and phosphate, noted near the river mouth, indicate significant nutrient
inflows. The river does not have the capacity to assimilate these pollu-
tants and thus there are areas of contamination at its mouth and occasionally

at Metropolitan Beach on Lake St. Clair.
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Land Use Patterns for St. Clair, Macomb, Oakland, Wayne, Wash
tenaw and Monroe Counties adapted from a generalized 1965
Land Use Map from The Detroit Regional Transportation and Land

Use Study — courtesy of Southeast Michigan Council of Govern

ments

Base map from Great Lakes Basin Framework Study.
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The Detroit River from its head to its junction with the Rouge River
has satisfactory water quality during normal weather conditions. However,
during periods of rainfall in excess of approximately one-half inch, the
combined sewer outfalls overflow the collection system along the Detroit

River and discharge contaminated stormwater and raw sewage.

The River Rouge Basin includes the River Rouge, Upper River Rouge,
Middle River Rouge, Lower River Rouge, and various small tributaries. The
waters of the River Rouge basin are very high in both total and fecal
coliforms throughout all but the extreme upstream reaches, indicating
contamination of a domestic origin. The waters are moderate in suspended
solids but relatively high in dissolved solids, which 1is reflected by
high chloride levels, high iron content and increased conductance. Nitrate
and phosphate levels indicate that the waters are enriched with nutrients
throughout the basin; however, the monitoring station at the mouth of the
River Rouge indicates a recent decline in these levels. The dissolved
oxygen levels are low at a majority of the stations in the basin, with
several stations having levels below 1 mg/l. The accompanying high BOD
levels throughout the basin indicate the rivers carry a large organic load.
Visible films of oil, prominently present in the past, have been virtually
eliminated by new and improved treatment facilities recently installed by
industries. The general quality of water throughout the basin is such

that all water uses would have some degree of impairment.

Lake Erie has been classified by most water condition experts as an
eutrophic lake. It is greatly over-nourished in dissolved nutrients and
suffers seasonal oxygen deficiency. Although still below levels directly
lethal to fish and food organisms, the concentration of dissolved solids
has increased significantly since 1920. The value of the fish catch, however,

is declining due to the near disappearance of higher value fish stocks.
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Tremendous algae blooms have occurred in the past and the ultimate algae
decomposition has caused widespread destruction of bottom organisms quite
important to the life of many Lake Erie fishes. Mercury levels are dan-
gerously high, but pesticide levels (DDT and Dieldrin) are moderately low.
Over 85 percent of the Michigan waters of Lake Erie contain high concen-
trations of inorganic nitrogen and soluble phosphates. It 1s recognized
that much of the nutrient problem originates from municipal and industrial
wastewaters. Further, bacterial levels near large metropolitan centers of

the size of Detroit, have been, and continue to be, a direct health hazard.

The Huron River Basin includes the Huron River, Mill Creek, Letts Creek,

Portage River, Silver Creek, and Mann Creek. The waters of the Huron basin
contain low total and fecal coliform levels in the upstream reaches above
Ann Arbor. High total coliform levels are present in the reach below Ann
Arbor with a high fecal coliform level just above Ypsilanti. Fairly high
coliform levels are found below other population centers and at the mouth
of the river. Suspended solids levels are lower than those in the Raisin
basin and compare favorably to the median value of 33 mg/l for the south-
eastern region. This lower level is possibly due to the effects of the
various impoundments which would allow for a natural settling of suspended
sclids. Total dissolved solids and chlorides appear to present no problem
to the various water uses. The nitrate and phosphate levels indicate that
the waters are enriched with nutrients, particularly during the spring
months, measured at the monitoring station at the mouth of the river.
Dissolved oxygen levels are relatively good throughout the basin with some
decrease apparent below wastewater treatment plants. The main problem in

the basin is the high level of nutrients in surface waters.

The River Raisin Basin includes the River Raisin, Saline River, Wolf
Creek, South River Raisin, Bear Creek, and Macon Creek. The waters in the
Raisin basin exhibit a fairly low total coliform level in the upstream

reaches while the fecal coliform level is high, indicating that the source
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of these coliforms is probably of a domestic origin. In the lower reaches,
below the population centers, the total coliform level is high. The water
throughout the basin is moderately high in total dissolved and suspended
solids, while the chloride content is relatively low. The nitrate and
phosphate levels throughout the basin would indicate that the streams are
enriched with nutrients. This is particularly noticeable during the spring
months. The streams, even in the upstream reaches, exhibit the high hardness
levels typical of Michigan surface waters. Various stations throughout

the basin have recorded low dissolved oxygen and high BOD values, which
indicate a heavy organic waste load is carried by the streams. This is
particularly noticeable at the monitoring station near the mouth of the
river. The main problems in this basin appear to be the high level of
nutrients found in the streams as well as the low dissolved oxygen values

found at various locations.

There are various small streams such as Jordan Creek, Beaugian Creek,
Swan Creek (St. Clair Co.), Salt River, Ecorse Creek, Swan Creek (Monroe Co.),
Stony Creek, Sandy Creek, and Otter Creek, for which there is limited water

quality data available.
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Chapter 3

PLANNING OBJECTIVES AND TECHNICAL CRITERIA

Planning cbjectives pertaining to wastewater management in South-
eastern Michigan have been determined by Federal, state, regional, and
local agencies. These provide the basis for plan formulation, impact

assessment, and evaluation processes.

OBJECTIVES

Public Law 92-500, Federal Water Pollution Control Act Amendments of 1972

Public Law 92-500 establishes goals, objectives, and programs for
improvement of water quality in the United States. The law proclaims two

general goals for the Nation:

1. To achieve wherever possible by July 1, 1983, water that is
clean enough for swimming and other recreational uses, and clean enough

for the protection and propagation of fish, shellfish, and wildlife.

2. And by 1985 to have no discharges of pollutants into the

Nation's waters.

The new Amendments also provide several general and specific ob-
jectives relating to water quality, comprehensive regional planning, and

resource conservation. Those relating to water quality are:

1. the discharge of toxic pollutants in toxic amounts shall be

prohibited,
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2. that public participation in water quality programs shall be

encouraged, and

3. that water quality programs shall emphasize the reduction in

duplication of effort.

Those relating to comprehensive regional planning are:

l. that wastewater management planning be carried out on an

areawide basis wherever possible,

2. that wastewater management programs be designed to control
and treat all sources of wastes including point sources, non-point sources,

and in-place or accumulated sources, and

3. that wastewater management plans must be developed for waste

treatment needs in the study 2rea for a 20-year period.

Those relating to resources conservation are:

1. to encourage waste treatment management which results in con-
struction of revenue producing facilities providing for the recycling of
potential sewage pollutants through the production of agriculture, silvi-

culture, or aguaculture products and the reclamation of wastewater, and
2. to encourage waste treatment management which results in
integrating facilities for sewage treatment and recycling with facilities

to treat, dispose of, or utilize other industrial and municipal waste.

3. to encourage waste treatment management in combination with

"open space" and recreational considerations.
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United States-Canadian Agreement

The general goals of the U. S. Canadian Great Lakes Water Quality
agreement are to restore and enhance the water quality of the International
Great Lakes and to prevent further pollution as a result of population

growth, resources development, or increased water use.

The agreement describes some general water quality abjectives that
have been characterized as the five freedoms of water quality. These state

that the waters of the Great Lakes should be:

l. Free from substances that will settle to form putrescent or
otherwise objectionable sludge deposits or that will adversely affect

aquatic life or waterfowl;

2. Free from floating debris, oil, scum, or other floating

materials in amounts sufficient to be unsightly or deleterious;

3. Free from materials producing color, odor, or other condi-

tions in such a degree as to create a nuisance;

4. Free from substances in concentrations that are toxic to

human, animal, or aquatic life; and

5. Free from nutrients in concentrations that create nuisance

growths of aquatic weeds and alage.

In addition to these general goals and abjectives, the agreement
spells out eight specific water quality objectives for the Great Lakes.
This list includes specific limits covering microbiology, dissolved oxygen,
total dissolved solids, taste and odor, pH iron phosphorous, and radio-
activity. It also specifies five interim cbjectives to be used until more

specific limits can be determined. The items covered in.lude temperature,
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mercury and other toxic heavy metals, persistent organic contaminants,
settleable and suspended materials, oil petrochemicals and immiscible sub-
stances. A non-degradation clause is also included which provides for fur-

ther study on 18 specific constituents or substances.

Finally, the agreement outlines some specific program objectives
and guidance. It specifies that programs and measures for Great Lakes
water quality improvement shall either be completed, or in the process of
implementation, by December 31, 1975. Some of the specific areas that are
to be 1ncorporated into water quality programs include control of eutro-
phication and pollution from municipal sources, industrial sources, agri-
cultural, forestry, and other land use activities, shipping activities,
dredging activities and onshore and offshore facilities. In addition, the
programs should provide for the development of a joint contingency plan

and the 1dentification and control of hazardous polluting substances.
Objectives relating to wastewater have been proposed by state,
regional and local agencies. Many of these goals and objectives are simi-

lar to the ones noted above and to each other.

State Objectives

The state objectives were aimed at the 1990 development of the

area. The primary objective of the planning would be:

l. To protect the surface waters of Southeastern Michigan
according to designated uses--for water supply, for recreation values, and

for fish, wildlife and other aquatic life.

In the metropolitan area this objective would be met by an expanded
wastewater collection system to wastewater treatment plants. These plants
would have secondary treatment of activated sludge with phosphorus removal
and would then discharge the treated effluent to the St. Clair River, the

Detroit River and to the Lake Erie Waterway.
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In the outlying local communities, which are outside the regional
system, the wastewater treatment plants would have advanced treatment and
phosphorus remcval or would produce a stable effluent which would then be
discharged to the inland streams. The requirements of a stable effluent
are shown in Table 3. Also, an alternate economic evaluation of land dis-

posal would be made.

2. To use exlsting systems as a base for implementing a cen-

tralized water supply and sanitary sewer system.

3. To control the critical combined storm and sanitary sewer

overflows through retention.

4. To eliminate industrial waste discharge to streams by re-

quiring pretreatment and discharge to a regional interceptor system.

5. To formulate and maintain a land use development pattern that
will provide the people of the region with areas that can readily be served
by networks of necessary public utilities, such as, water supply, sanitary

sewers and treatment plants, and storm drainage.

TABLE 3

STATE OF MICHIGAN
STABLE EFFLUENT REQUIREMENTS

5-day BOD 4.0 mg/1
Ammonia Nitrogen (NH3-N) 0.5 mg/1
or 20-day BOD 8.0 mg/l1l (Total)
DO in the Effluent At least 5.0 mg/l
Total Phosphorus Removal 80 percent minimum
Suspended solids 15.0 mg/1
Fecal Coliform 100/100 ml
Total Coliform 1000/100 ml
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Local Objectives

Wayne County. The Wayne County Planning Commission lists two basic
goals concerning water resource development. They are (1) to have a
rational balance of land uses based on reasonable projections of demand
and need, and (2) to conserve human and physical resources. The commission
then developed several objectives to fulfill these goals. These objectives

are:

1. To abtain some open space and ensure its permanence. It is
suggested that ten miles of additional open space be obtained in addition

to other organized and active recreation.

2. To allocate the agricultural and open space lands so they are

interspaced between areas of concentrated urbanization.

3. To develop public utility services as multi~purpose opportunities.

And lastly, the commission decided certain steps should be taken to

reach these objectives. These steps are:

1. To collaborate fully with local governments and regional agencies.

2. To use all available Federal and State funding sources to

selectively acquire open space land.

3. To support legislation on environmental protection.

4. To use wisely all existing County land and facilities under

a County "property and needs" master plan.

5. To establish both a County Recreation Commission and a County

Environmental Quality Commission.

See Table 4 for the Wayne County planning objectives for waste-

water management, land use and recreation.
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TABLE 4

WAYNE COUNTY PLANNING OBJECTIVES

Wastewater Management

To implement a regional
water supply and sani-
tary sewer system, with
both plans being ap-
proved by the South-
eastern Michigan
Council of Governments

(SEMCOG) .

To prevent further
combined sewer systems
and separate those
which can be separated

over time.

To develop new tech-
nologlies to recover
valuable fertilizers
and soill conditioners
from stormwater, in-
cluding the recovery
of scarce and harmful

chemicals.

To see that sanitary

sewer facilities do not
serve agricultural and
open space due to cur-
rent development prac-

tices.

Land Use

To retain and develop on a
regional basis appropriate
tracts of non-farm open
space for environmental

values, aesthetic concerns

and economic considerations.

These reservations of open
space should be obtained by
public ownership or ease-

ments.

To recover areas de: iled
by the removal of extract-
able materials and let the
land take the form of vari-

ous types of open space.

27

Recreation

To develop a region-
wide recreation progra.u
including parks and

parkways .

To develop an open

space area related to
recreation and compris-
ing a system of holdir.,
ponds for stormwater re-
tention and treatment.
Large recreation complexcs
(possibly covering one or
two square miles) should
be designed with hills
and lakes -- all for

year-round use.
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TABLE 4 (Cont'd)
WAYNE COUNTY PLANNING OBJECTIVES

wWastewater Management Land Use Recreation

To see that sanitary

sewage facilities are

capable of adequately
protecting the quality
of water into which
the treated effluent

1s finally discharged.

To see that communi-
ties developing either
separate or combined
systems provide sewage
treatment facilities
which are consistent
with the water quality
standards of the water

resources commission.

To develop a county
master plan for either
storm drainage or sewage
treatment facilities and
have 1t approved by all
units of government in-

volved.
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Lenawee County.

The Lenawee County planning objectives for waste-

water management and land use are shown in Table 5.

TABLE 5

LENAWEE COUNTY PLANNING OBJECTIVES

Wastewater Management

To lower the 1ncreasing
costs of public facili-
ties such as water sup-
ply and sewer service.
Public facilities cost
more 1n developments

of scattered, large-
lot subdivisions;
therefore, well-
planned concentrated
developments should

be designed to lower

the costs of public

facilities.

To discourage new
undesirable develop-
ments by withholding

public services.

To use existing systems
as a basis for future

expansion, and in some
cases where it 1is fea-
sible, to consolidate

existing small systems.

Land Use

To protect streams and

forests for water supply,
flood protection, recre-
ational values and wild-

life preserves.

To maintailn large areas
of the County as open
space since the majority
of the County is either
underdeveloped or vacant
property. Agricultural
lands should be preserved
as open space where ap-
propriate. These agri-
cultural lands would
adopt an exclusive use
classification to pre-
vent undesirable urbani-
zation and to retain

farming operations.
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TABLE 5 (Cont'd)
LENAWEE COUNTY PLANNING OBJECTIVES

Wastewater Management Land Use

A large system is gen- To implement a comprehen-
erally more efficient sive plan to be initiated
and economical than and accomplished by all

several small systems. member units. Also a co-
ordinated public improve-
To establish primary ments policy should be

service areas around adhered to.

existing systems and
population concentra-
tions. Although a
County-wide water sup-
ply and wastewater ‘
treatment system (ex-
tending from one cen-
tralized service cen-
ter) 1is more desirable

in terms of efficiency,

the next logical consi-
deration is the esta- ‘
blishment of primary {

service areas.

To implement a County

master development plan
for water and sewer fa-
cilities. All affected

member governmental

|
|

units should implement
the plan and revise it

whenever appropriate.
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Monroe County.

The Monroe County planning objectives for wastewater

management, land use and recreation are shown in Table 6.

TABLE 6

MONROE COUNTY PLANNING OBJECTIVES

Wastewater Management

To provide for the ex-
nanding needs of all
Monroe County through

a comprehensive utility
network of water dis-
tribution lines for
sewer and storm drain-

age systems.

To satisfy the present
and future needs of the
people through a com-
plete range of com-
munity facilities and

services.

To initiate a County
program of water pol-
lution control measures
to improve water qual-
1ty in Lake Erie and
its tributaries in

Monroe County.

Land Use

To preserve prime agri-
cultural land throughout
the County !l encouraging
planned residential develop-
ments and by discouraging

scattered subdivisions.

To conserve natural physical
County resources including,
but not limited to air,
lakefront, riverfronts and

nature preserves.

To develop and use to the
maximum extent existing

Port of Monroe facilities.

To conserve as unspoiled
greenbelts floodplains of

the Huron River and drain-

Recreation

To provide a complete

system of neighborhood
tot-lots, playgrounds,
parks, community play-
fields, regional parks
and preserves. The fa-

cilities of Monroe County
should be able to provide
optimum recreational op-
portunities through 1its

location and avail-

slze,

able range of facilities.

age ways throughout the County.
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TABLE 6 (Cont'd)

MONROE COUNTY PLANNING OBJECTIVES

Wastewater Management Land Use Recreation

To provide a central-

ized sewage collection
and disposal system to
serve the entire County
would not, at this time
seem economically fea-

sible by 2000.

St. Clair County. The St. Clair County planning objectives for

wastewater management and land use are shown in Table 7.

TABLE 7

ST. CLAIR COUNTY PLANNING OBJECTIVES

Wastewater Management Land Use

To eliminate and con- To meet the land use needs of
trol combined sewer the County's future urban
overflows. population in respect to

parks, schools, other public

To provide treatment and quasi-public facilities,
for all municipal commercial and residential
wastewater treatment activities.

with a minimum of
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TABLE 7 (Cont'd)

ST. CLAIR COUNTY PLANNING OBJECTIVES

Wastewater Management Land Use

eighty (80) percent To keep urban development as
removal of phosphorus compact and regular in shape
compounds . as possible so as to permit

the economical extension of

urban services.

Washtenaw County. The Washtenaw County planning objectives for

wastewater management and land use are shown in Table 8.

TABLE 8

WASHTENAW COUNTY PLANNING OBJECTIVES

Wastewater Management Land Use

To discourage indus- To encourage 1industrial
tries with heavy water districts where industry
using and waste produc- 1is not intermixed with

ing processes from other land uses.

locating near the

County rivers. These To establish efficient com-
industries should loock munity facilities of water
instead toward the supply, sewage disposal and
Great Lakes and their storm drainage, to minimize

connecting rivers which capital expenditures and
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TABLE 8 (Cont'd)

WASHTENAW CQOUNTY PLANNING OBJECTIVES

~Wastewater Management

have large and uniform

flow rates.

To be more careful in
the policing of 1illegal
sewer connections to
storm sewer systems.
Along streams there
are several points of
discharge of land
runoff and treated
waste effluent. These
discharges can cause

a localized problem

in the stream, irre-
spective of stream

flows.

To improve the effi-

ciency of BOD removal by

improved sewage treat-

ment methods.

To sterlize and elimi-
nate the biological
forms that may be pres-

ent in supplies of sur-

Land Use

operating costs, but provide
as high a quality of facili-
ties and services as

possible.

To preserve open spaces and
to conserve natural re-

sources.

To protect the better agri-
cultural land (the most pro-
ductive soils) in the County
from being used for other

than agricultural purposes.
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TABLE 8 (Cont'ad)

WASHTENAW COUNTY PLANNING OBJECTI1VES

Wastewater Management Land Use

face runoff of storm-
water. Chemical and
organic substances, as
well as the aquatic life,
1n natural surface
waters often contribute
to the taste and odor of

the water.

Macomb and Oakland Counties are in the process of revising their

planning objectives and are not included in this report.

These international, national, state, regional, and local objec-
tives together with the specific study authorities formed the basis for
developing the six basic Southeastern Michigan Wastewater Management Study

objectives. They are:

l. To provide a range of potentially implementable regional

wastewater management plans for Southeastern Michigan.

2. To develop these plans in harmony with the existing facilities

and short-range plans of the governmental agencies within the region.
3. To 1include in the objective development of these plans,

alternative technical systems for the control of pollution from municipal,

industrial, and urban stormwater runoff sources.
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4. To develop these technical systems to approach with the be .t
available technology the 1985 "no discharge of pollutants" goal of the
Federal Water Pollution Control Act Amendments of 1972.

5. To provide an alternative regional wastewater management
plan to achieve a lesser effluent quality standard as defined by the State

of Michigan.
6. To evaluate all of t'ese regional wastewater management plans
in terms of economics, social, cultural, aesthetic, institutional, and

environmental considerations and display these impacts.

TECHNICAL CRITERIA

In order to meet the study objectives 1t was necessary to define
performance criteria for the system design. Effluent quality criteria was the
primary factor in the design of a system. Two sets of criteria were estab-
lished, one to approach the "no discharge of pollutants" goal, and the

second as defined by the State of Michigan.

The 1nitial water quality goal of the study was to achieve the
highest levels of wastewater treatment using the best available technology.
Effluent criteria were established, therefore, to reflect three groups of
wastewater constituents to be considered in the design process. These
criteria were established based on the limits recommended by the Committee
on Water Quality Criteria for water uses such as public water supply, fresh

water and marine aquatic habitat and irrigation.

Classification 1 applies to substances which must be absent or com-
pletely removed. This implies reduction to the limit of detectability or
to the lowest level attainable by presently available advanced waste treat-

ment technology. Constituents included in Classification I are listed below
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with asterisks 1identifying those 1tems reported i1n the wastewater profiles

utilized for this study.

Pesticides Leaa*
Phenols* Mercury
Cyanides* Molybdenum
Antimony Nickle*
Barium Seleniu.
Beryllium Silver
Boron Thalliumn
Cadmium* Pin
Chromium T1tani ui
Cobalt Zinc*
Copper* Arsenic
Classification II applies to substances, which alung with those

in the previous list, comprise the minimum number ot constltuents to be
considered 1n a system design. These constituents should be reduced to
specific concentrations, however, and are identified below i1f they were

present in the wastewater profile data used in this study.

Ammonila 0.5 mg/1
Phosphorous €50 ug/l 1in a lahe

<100 ug/l 1n a river

pH 6.0-8.5
Chloride 250 mg/1
Nitrates and Nitrites-N 10 mg/1
Coliform 10,000/100 ml

Classification III 1indicates substances which were to be given
specific consideration as to their impact in each region. The following

were 1dentified as being significant in Southeastern Michigan and should
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be reduced to the lowest possible level using accepted processes.

Viruses Settleable Solids*®
BODS' Volatile Solids*
Surfactants Total Organic Carbon
Fecal Streptococci Total Oxygen Demand
Taste and Odors Gamma Radiation

Oil and Grease®* Synthetic Organics
Floatables CoD*

Suspended Solids*

The constituents and levels contained in the preceding classifica-
tion were developed as guidance for the initial planning phases of the
wastewater management program. It was recognized early 1in the study,
however, that in order to adequately design and determine the cost of
wastewater treatment facilities, a list of critical pollutant levels would
be required. A review of the information available on the constituents 1in
the three classifications indicated that there was little, i1f any, data
available on many of them in terms of what constitutes the present back-
ground level in receiving waters or what would be an acceptable level of
concentration for the constituents. This was due to a historical lack of
adequate monitoring efforts and the high cost of analyses. Thus, a list of
specific effluent quality standards was selected based on an environmental
scan of data which was available. These are shown in Table 9. It was felt
that if these standards were met, most of the other constituents listed in
the previous classification would be reduced to a level which would approach
the lowest level attainable. These pollutants would include phenols,
pesticides, cyanides, most heavy metals, surfactants, oil and grease and
others. Those materials, such as mercury, which could not be reduced to
acceptable levels, would have to be controlled at the source. These con-
stituents could be more easily determined after pilot plant investigations
had been concluded prior to full-scale implementation. The treatment
system would be designed to meet these goals 90 percent of the time and

never to exceed twice the listed goals.
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TABLE 9

EFFLUENT QUALITY STANDARDS

BOD 4 mg/1
CoD 10 mg/1
Suspended Solids 2 mg/1
Total Phosphorus 0.1 mg/1
Ammonia Nitrogen 0.3 mg/1
Total Nitrogen 3.0 mg/1

The stated goals imply a high degree of reliability. Systems must
be designed to treat to the standards listed when operating at the maximum
hydraulic capacity. This would require consideration of both maximum
wastewater flows and flows from within the system (e.g. Filter Backwash
water, thickener supernatant, sludge recycle, etc.) Also, consideration
would have to be given to such items as: auxiliary fuel, power, and chemical

sources, replication of units; and flood protection.

The State of Michigan, through the Water Resources Commission, has
established effluent criteria for municipal wastewater plans. In general,
plants located along the Great Lakes and connecting channels would be re-
quired to provide secondary treatment and 80% phosphorus removal. Plants
located on inland rivers and streams would have more stringent requirements,
depending upon the character of the waste and the receiving body of water.

These are defined earlier in this chapter in Table 3.

It was also necessary to develop criteria for processes resulting
in discharge to the atmosphere. All such processes would be required to
meet current (or when possible, projected) atmospheric emission standards

defined by the State or by the Environmental Protection Agency.

Other items to be considered in design were occupational health
and safety, multiple-use opportunities, and aesthetics.
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PLANNING ASSUMPTIONS

Some planning assumptions were selected before starting the plan
formulation process. These assumptions have been shown, by current plans for
the study area, to be an effective and acceptable method of providing water
and sewerage facilities to the region. These assumptions became planning
constraints in line with the stated study objective that ongoing short
term water resource plans would not be interferred with. They were separated
into five broad categories consisting of: industrial wastewater, rural waste-
water; resources availability; base or existing facilities; and future water

resource opportunities.

Industrial Wastewater

1. Industry will discharge to municipal wastewater systems. Ccn-~
sidering the high degree of treatment being studied, control of all point

sources 1s essential.

2. Industry will pretreat its wastewater to remove constituents

harmful to municipal system processes.

Rural Wastewater

1. Rural wastewater in southeastern Michigan will be controlled
by methods other than those considered herein. As these areas change from
rural to urban, however, they will be incorporated into the wastewater systems

being considered.

Resource Availability

1. Energy, chemical, and material requirements for construction and

operation of the systems will be available.
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2. Land requirements for treatment sites, sludge disposal, and
storage basins will be available within the planning period. Institutioncl

constraints would not prohibit the acquisition of land for these facilities.

Existing Wastewater Facilities

1. Consistent with the ongoing State of Michigan plans for the
study area, the Huron River interceptor system will be built. Later in thec
study, funding and institutional problems forced the State of Michigan and
the USEPA to reexamine the timing of the implementation of this plan, but

the decision to build the interceptor system is still valid.

2. Other major collection and transmission facilities in existence
in 1975 would form the base system for all alternatives. These systems,
together with the Huron River interceptor system, will capture about 85

percent of the municipal and industrial wastewater flows.

Future Water Use Opportunities

1. The Detroit water supply system will be extended to most of the
study area. Many communities now using inland streams would switch to th.s

more dependable source.
2. Reuse of treated wastewater for distribution within the exist-
ing and expanded municipal system will not be politically or socially accept-

able within the planning period.

3. The ongoing State of Michigan plan, Plans for Water Quality

Management, Phase II for Southeastern Michigan, would provide the base

information for the development of a plan based on state water quality

criteria.
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Chapter 4

STAGE I--DEVELOPMENT OF ALTERNATIVE COMPONENTS

DEVELOPMENT OF PRELIMINARY DESIGN INFORMATION

Initial investigations were undertaken to develop a range of tech-
nical components which could be combined to form complete wastewater manage-
ment alternatives. The procedure consisted of the review and design of
a multitude of wastewater control systems and processes which, when com-
bined, could result in the highest level of treatment at the minimum
financial cost. Six areas of wastewater management were investigated.

They included three methods of wastewater treatment and three other com-
ponents which are vital to a total wastewater management system. The six

areas 1nvestigated and designed were:

1. Advanced (Biological) Wastewater Treatment
2. Independent Physical-Chemical Treatment

3. Land Treatment

4. Stormwater Collection and Storage

5. Collection and Conveyance Systems

6. Sludge Handling and Disposal

These various areas are discussed in the following paragraphs.

Advanced wastewater treatment (also called Advanced Biological

Treatment) as used in this report can be defined as a system which uses the
conventicnal preliminary, primary, and secondary biological processes as a
base with additional or tertiary processes used to achieve a higher quality

treatment.

The preliminary and primary processes remove, by screening and set-

tling, a major portion of the sewage solids. About half of the total pol-
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lution load from the wastewater can be removed by these two steps. Secondary
treatment is an operation in which biological action is encouraged to promote
reduction of dissolved organic materials in the wastewater. This is ac-
complished by artifically supplying oxygen to bacteria which use the organic
matter contained in wastewater as a source of food and convert it to carbon
dioxide and water. In the past most wastewater treatment facilities stopped

after secondary treatment. (See figure 4.)

In order to achieve the effluent quality goal of this study, however,
a high level of tertiary treatment would be required to reduce concentrations
of phosphorus, nitrogen, suspended solids, dissolved organic materials,
several metallic ions, and other undesirable constituents. Processes which
may be used to achieve this advanced treatment include, chemical clarification,
nitrification - denitrification, filtration, chemical oxidation, activated
carbon adsorptica, and several "ultrapurification processes." Many of these
processes are identical with those used in independent physical-chemical
treatment systems, described below, with the exception of nitrification-
denitrification which is a biological process employed for removal of ammonia

and nitrate nitrogen. (See Figure 5.)

Independent physical-chemical treatment uses no biological treatment

processes. Instead, after receiving normal preliminary treatment, physical
and chemical processes are used to reduce the concentration of pollution

constituents. (See Figure 6.)

Chemical clarification is employed to separate settable suspended
solids from wastewater and to remove soluble phosphorus and metal ions.
Dissolved organic matter is removed by activated carbon adsorption.
Carbon adsorption replaces the secondary biological treatment process and
will effectively adsorb those organic constituents for which conventional
biological processes are effective as well as many organic wastewater
constituents not affected by conventional biological processes. Nitrogen

is removed by breakpoint chlorination which oxidizes ammonia nitrogen to
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nitrogen gas and also results in a high efficiency of disinfection.
Filtration is employed as a final process to remove any of the suspended
solids carried over from preceding processes. To obtain economy of design,
the final carbon adsorption can be designed as a packed bed, thus allowing

it to serve the function of adsorption, filtration, and dechlorination.

The Land Treatment system for wastewater management allows soil

and growing plants to remove potential pollutants found in wastewater.

Land treatment utilizes the natural processes of the earth's soil zone and

the growing crops, relying on the existing soil biota, the soil filtering
capacity, and the chemical exchange ability of the soil, to retain the nutrients
for uptake by the crops. The effect is td recycle back to the environment

those substances necessary to nature, but discarded as pollutants by man.

Pretreatment facilities and treatment lagoons prepare the wastewater
for land application. Treatment lagoons provide the equivalent of secondary
treatment prior to land application. Micro-organisms in the lagoon feed on
the organic matter and reduce the degradable organic content to an acceptable
level for storage lagoons. Storage lagoons are provided since wastewater
can only be applied to the land during certain periods of the year in this
area. They alsc act as settling basins and stablize the remaining BOD.
Disinfection facilities are provided at the outlets to limit the spread of

potential disease organisms. (See figure 7.)

A stormwater collection and storage system was developed to control

the effects of pollution from urban stormwater runoff. As the other sources
of urban wastewater, municipal and industrial, are controlled, the propor-
tion of the total pollutant load contributed by stormwater would increase

without similar regqulation.

Urban stormwater runoff consists of discharges from separate storm
sewer systems and overflows from combined sewers. Due to the large initial

volumes of stormwater to be treated and the intermittent nature of storm-
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water runoff, initial investigations indicated that collection and storage
systems would be the key to controlling stormwater pollution. These sys-
tems would reduce the stormwater flow rate and make it more receptive to

sophisticated treatment before its release to a natural water body.

Several methods have been used or proposed for stormwater storage.
Small storage facilities can be used to store runoff from individual devel-
opments or communities. These facilities can be above ground or below
ground depending on the amount of development and space available in the
area. These small storage areas could be served by individual treatment
facilities or they could be connected to a larger treatment facility and

the wastewater could be released at a specified rate for treatment.

Large size collection systems, incorporating deep tunnels built
in hard rock at depths of 250-350 feet below the surface, could be used for
partial storage and conveyance of overflows to regional storage facilities.
Regional storage reservoirs could be located above or below ground, depend-
ing upon the advantages at each location. From the large regional reservoir

the water would be treated and released to the natural water system.

In some existing collection systems, such as Detroit, a substantial
amount of storage capacity already exists and can be controlled by gates
and inflatable weirs. This would provide for selective prevention of
spills and overflows and help control the wastewater flow rate to existing

treatment facilities.

Collection and conveyance systems transport the water borne wastes

from municipal, industrial, and stormwater sources to treatment sites in a
complex arrangement of underground transmission lines. These systems are
often the most expensive part of a total wastewater management system;

consequently, their importance cannot be taken lightly.

Throughout the study area, municipalities have local sewerage sys-

tems, interceptors, and trunks or mains. These sewerage facilities are
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advantageous to the development of a regional wastewater collection and
transmission system, since the existing networks only have to be
evaluated and augmented to meet the proposed treatment plant configura-

tions.

Conveyance systems transport large quantities of water from one
point to another. The systems may be in the form of open channels, gra-
vity interceptors, force mains, or deep tunnels. The conveyance systems
needed for this study would transport wastewater from equalization lagoons
to land treatment sites, convey renovated water from land treatment sites
to discharge points, convey treated water from lagoon treatment systems
to isolated irrigation sites, and transport raw wastewater from signifi-

cant collection points to treatment plants or lagoon treatment sites.

Sludge handling and disposal is a critical portion of the design

of any wastewater treatment system and the final design is not usually
selected without extensive bench and pilot scale investigations at the

proposed plant site.

All wastewater treatment methods investigated would produce a sludge
of some type, and the method by which sludges would be handled or disposed
must be weighed in the evaluation of a treatment method. Although sludge
characteristics vary somewhat with different treatment methods, alterna-
tives for disposal are limited. The three methods investigated were sani-
tary landfill of partially dry sludge, incineration (or in the case of lime
sludges, recalcination) and land application. Power consumption, resource
requirements, land use considerations, ecological effects, and economics
developed in these investigations will be important items to be considered

in the selection of the final design.

Sanitary landfill of partially dewatered sludge would follow the

procedures established for solid waste sanitary landfills. The sludge
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material would first be dewatered, using filters or centrifuges, and then
filled and covered, resulting in alternating layers of sludge and earth.
A fill area would be specially prepared and maintained to limit water per-
colation through the fill and prevent direct contract with ground water

aquifers.

In the 1ncineration and recalcination processes, sludge is burned
at temperatures of 1500-1700°F. Fuel would be required to maintain furnace
temperature and insure complete combustion. Afterburners and emission
centrol equipment would be a necessity to prevent excessive air emissions.
Ash from incineration of wastewater sludges would be relatively inert and
could best be disposed of by landfill. Lime clarification sludges, when

recalcined, can yield significant quantities of reusable lime.

Sludges can also be applied to lands and utilized for their agri-
cultural value. Although raw sludge can be applied directly, initial
decomposition may have toxic effects on plants. Digested sludges reduce
the possibility of this problem. Sludges may be plowed into the soil as a
liguid or partially dry solid, or it may be applied in trenches as a par-
tially dry solid. The final alternative allows high rates of initial
application while the first two would require lower rates over a longer

period.
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DEVELOPMENT OF TECHNICAL COMPONENTS

As was pointed out in the previous sections of this chapter, a multi-
tude of technical processes and facilities exists which can be combined
to form wastewater management systems. The second portion of stage one
was the actual design of technical systems and facilities for various
locations throughout the study area. These became the technical compo-
nents which were combined in stage two to form total wastewater manage-

ment alternatives.

The development of these components took place in relation to the

s1x areas mentioned at the beginning of the chapter.

The following paragraphs document the key decisions made in the

technical development of these six areas.

Advanced Wastewater Treatment Chronology

NEED FOR TREATMENT BEYOND CONVENTIONAL SECONDARY LEVEL IS EMPHA-
SIZED - Ecological assessments conducted during the Feasibility Study indi-
cated that if conventional secondary treatment were employed, the water
quality of the area would not be changed significantly enough to retard the

degradation of Lake Erie.

ADVANCED WASTEWATER TREATMENT (AWT) IS INVESTIGATED BECAUSE OF
ITS ABILITY TO MEET EFFLUENT REQUIREMENTS AND ITS ECONOMIC ADVANTAGES -
The AWT process was one of three systems investigated because effluent
requirements could be achieved by up-grading existing biological systems.
The use of these existing facilities takes advantage of the previous economic
investment made by many communities in primary and secondary treatment

systems.
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THE SELECTION OF PLANT LOCATIONS IS MADE - Based on current
plans for the study area and the existing plants and facilities in the
area, locations of major plants which could be combined to form a regional
system were selected. Plans used included the Detroit Metropolitan
Water Service Regional Watershed Plan, the State of Michigan plans
for Water Quality Management, Southeast Michigan Council of Governments
Regional Water, Sewerage and Storm Drainage Facilities and Plans, numerous
county and municipal plans, and information obtained auring the Feasizil:t
Study. During the initial investigations the following designs and
alternatives were developed. Flow projections for these plants were
based on population projections and industrial water use projections

for the area.

Plant Location Flow (MGD)
Detroit 806
Algonac 4.1
Algonac 24.5
Monroe 99.6
Huron River 571
Huron River 471.4
East China Twp. 8.2
Port Huron 323
Adrian 4.42

MINOR PLANTS ARE TO SERVE PORTIONS OF STUDY AREA NOT SERVED
BY REGIONAL SEWER SYSTEMS - The study area includes all or portions of
nine counties. Outside of the metropolitan areas, there are smaller com-
munities that have a wastewater treatment responsibility. This wastewater
1s a relatively small amount of the total wastewater flow of the area,
but should alsc be controlled. These flows would best be handled by swmaller

sized or minor treatment plants. Many of these plants are considered
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interim facilities and would provide treatment until the amount of urban
growth in the area justifies further extension of the regional interception
system. The location of these plants would be identified, but specific

design of a system to serve each location would not be undertaken.

EXISTING MAJOR PLANTS FOR PROPOSED UP-GRADING ARE TO BE EXAMINED -
In order to obtain firsthand information on the existing plants that were
chosen for up-grading, some of the plants were visited by the Corps and
the Contractor. They included: Port Huron, Algonac, Detroit and Monroe.
Information on proposed plants and other existing plants was obtained from

design outlines and detailed plans and specifications.

STORMWATER TREATMENT FACILITIES ARE TO BE SEPARATE FROM M&I
FACILITIES -~ Investigations show that stormwater facilities would have
to be maintained separately from municipal-industrial facilities in
order to maintain a high reliability of treatment. The variation in
stormwater flows would make it impossible to operate biological processes
on an intermittent basis; therefore, physical-chemical processes alone
would be used for stormwater treatment. These facilities could be

located at the same site or at alternate locations.

ANY STATE WATER QUALITY ALTERNATIVE IS TO BE ADAPTED FROM A
CONCURRENTLY DEVELOPED STATE PLAN - Meetings with the State of Michigan
Water Resources Commission personnel revealed that a plan was being
developed concurrently for Wastewater Management in Southeastern Michigan
that would be similar to a Corps' alternative to meet State water quality.
In order to eliminate duplication of effort it was agreed to by the Corps
and the State that any alternative to meet State water quality would be

developed from the information contained in this concurrent plan.

WYANDOTTE TREATMENT PLANT IS TO BE INCLUDED IN DESIGN INVESTIGATIONS -
The Wyandotte treatment plant was not included in the Feasibility Study
or some original designs because some early plans indicated that the flows

from this plant were going to be incorporated into a proposed new plant at
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the mouth of the Huron River. During this design process, the gquestion
of how the second largest plant in Southeastern Michigan could be over-
looked was again raised. Local developments since the Feasibility Study,
including the up-grading and expansion of the facilities, showed that the
Wyandotte Plant would in fact be a fully operational plant to the year
1990 and most probably after. This led to the late inclusion of the

Wyandotte plant into the planning of a regional system.

THE ALGONAC SITE IS ELIMINATED AS A POTENTIAL REGIONAL WASTEWATER
TREATMENT PLANT SITE - The existing facility at the Algonac site 1s
basically a primary treatment plant with a design capacity of 3 MGD but
with a current average daily flow of 0.3 MGD. The upgrading of the plant
to a larger AWT facility would bLic less desirable than building a new plant
at a more centrélized location. The layout of the plant would also be more
efficient if it were built new. For these reasons, a centralized plant

was proposed in East China Township.

LOCATION AND FLOWS FOR MUNICIPAL - INDUSTRIAL PLANTS TO BE DESIGNED
IN PHASE II ARE DETERMINED - After visiting the existing plants, talking
to the operators, examining the plans for current expansion of many
or these plants, and in view of the addition of the Wyandotte plant and
the elimination of the consideration of a 1ar§er Algonac plant, doubts were
raised about the location and flows of some of the other facilities being
designed. Consequently, a new set of locations and flows was developed.
The municipal and industrial treatment plant locations and their corresponding

flows are:

Location Flow
Adrian Tecumseh & East China (each) 12 MGD
Port Huron 24 MGD
Monroe 40 MGD
Wayne County 125 MGD
Huron River 400 MGD
Huron River 525 MGD
Detroit 806 MGD
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STORMWATER TREATMENT PLANTS ARE TO BE DESIGNED FOR SEVEN VARIOU.:
PEAK TREATMENT RATES - Based on various alternative storage locations :cr
stormwater, peak treatment rates were selected to correspond to peak pump-
out rates at the storage sites. The seven stormwater plant peak treatm. nt

rates are: 125, 225, 400, 600, 1,000, 1,200, and 1,400 MGD.

TREATMENT OF STORMWATER BY PHYSICAL-CHEMICAL METHODS IS INVESTIGATLD -
A contract was let to evaluate the effect of "single" and "two-stage"
lime treatment on separate stormwater and combinations of separate
stormwater and combined sewer overflows. It was concluded that a two-stiuce
lime process would be required when high treatment efficiencies are specilied.
The lime dosage required, may be as great as 300-400 mgd. A report

on this subject can be found in the addendum to the Design & Cost Aprendix.

BREAKPOINT CHLORINATION IS TO BE USED IN TREATMENT SYSTEMS -
Breakpoint chlorination would be employed in both municipal-industrial
wastewater and stormwater treatment schemes. In M&I treatment it would pro-
vide a backup system for the removal of ammonia nitrogen, if the biological
nitrification process 1s upset or temporarily out of service. It would
also assure a consistently low level of ammonia removal. In the stormwater

scheme 1t will be the primary mechanism for ammonia nitrogen removal.

DESIGN CRITERIA AND COST INFORMATION IS TO BE CONSISTENT FOR AWT
AND IPCT SYSTEM SIMILARITIES - Meetings were held between persons involved
in the design of AWT systems and persons involved in IPCT designs so that
similar processes being used 1n each system could be discussed. Since
many of the processes are currently in operation on a small scale basis,
differences in design criteria and curves for projected enlargement of
these facilities were discussed and a consistent set of information was

agreed upon.

FINAL PLANT DESIGNS BY CONTRACTOR ARE ACCEPTED FOR COMPONENTS IN
THE DEVELOPMENT OF SYSTEM ALTERNATIVES - Through continuing cooperation
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with the contractor and the exchange of information involved, the designs
and information compiled were accepted for use in the development

of alternatives. Minor modifications would be required i1n some cases,

but information was provided to make these changes with as little difficulty

as possible.

INDEPENDENT PHYSICAL-CHEMICAL TREATMENT TO BE INVESTIGATED - It wa-o
recognized that additional treatment processes, whicn would be necessary
to upgrade a secondary treatment plant to achieve the desired effluent
quality, could be applied directly to treatment of raw wastewater and tnat

such an application warranted investigation.

IPCT NOT TO BE INVESTIGATED FOR A PLAN TO MEET MICHIGAN STANDARDS -
Since a system designed to meet the State of Michigan water quality
standards would be used as a basis for comparison with alternative
svstems designed to approach a no discharge of pollutants standard,
optimization of that alternative through investigation of other means

of treatment was not considered necessary.

INITIAL DESIGN WORK WOULD NOT BE SITE SPECIFIC - By not design-
ing plants of a particular size for a specific site, a wide range of plant
sizes could be designed, establishing relationships of plant construct:on
cost, operation and maintenance costs and land requirements versus plant
cavacity. By designing plants for constant rate operation, the same plant
design could be used for all conditions of peak flow (i.e., If peak flow
was two times average flow and average fiow was 5 MGD, the plant designea
for 10 MGD would be used). This would also allow use of the same design

for plants treating storm runoff in addition to normal daily flow.

ADDITIONAL DESIGNS WOULD BE REQUIRED FOR TREATMENT OF STORMWATER
NOT COMBINED WITH NORMAL DAILY FLOW - It was realized that a savings
might be realized if a separate treatment train were desianed specifically

for the interm ttent flow of less polluted storm runoff.
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STORM RUNOFF TREATMENT PLANT DESIGNS DEFERRED - Indications from
the contractor designing AWT systems were that independent physical-
chemical treatment plants were being designed for stormwater treatment.

Duplication of those efforts would not be advisable.

CHEMICAL COAGULATION STUDY REQUIRED - Due to a lack of available
data on the ability of chemical coagulation to remove heavy metals from
raw wastewater, a preliminary study was considered necessary before a final
decision could be made on process selection. A report on this study can

be found in the appendix to the backup report Independent Physical-Chemical

Treatment for Southeastern Michigan.

SELECTION OF PLANT LOCATIONS AND FLOWS MADE - After review of
current plans for the study area, visiting existing plants, talking to
operators, and examining current plans for the expansion of many plants

in the area, the sites and corresponding flows were selected for IPCT

plants to be designed. The plant and design capacities were:

Algonac 4 MGD

East China 8, 12, 36 MGD
Adrian - Tecumseh 22.5 MGD
Port tHuron 24 MGD

Monroe 40 MGD
Wyandotte 125 MGD

Huron River

Detroit

400, 525, 1371 MGD
806 MGD

The criteria for site selection were:

networks.

a. Compatibility with existing and proposed land use.

Be. Availability of necessary utilities and transportation

|
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(4% Compatibility with regional plans.

d. Orientation of existing sewer systems.

e Adaptability of existing process equipment (if any) to

the proposed plant.

FINAL DESIGN CRITERIA AND COST INFORMATION STANDARDIZED - Through
meetings between those parties involved in design of AWT and IPCT systems,
criteria for design ard standard cost information were agreed upon.

Since IPCT and AWT were similar, it was necessary to use the same
basis for cost determination. The information used as a base for develop-
ing costs can be found in Appendix A to the backup report, Advanced

Wastewater Treatment Facilities for Southeastern Michigan.

TWO-STAGE LIME CLARIFICATION SELECTED - The results of the pre-
iiminary coagulation study indicated that only a high pH lime process could
cemove minute quantities of many heavy metals; thus, two-stage lime

with intermediate recarbonation was selected.

FINAL DESICNS ACCEPTED FOR DEVELOPMENT - The IPCT process proved
to be a viable method ©f achieving the goals of this study. The designs

were thus accepted for use i1n development of total system alternatives.

ALTERNATIVE SLUDGE HANDLING SYSTEMS ) BE CARRIED FORWARD IN TOTAL
SYSTEM DESIGNS - Direct landfill of dewatered sludge was considered

a viable alternative to incineration, since problems could be encountered

ficient fuels for use in combustion processes.

Chronology For Design Of Land Treatment Alternatives

LAND TREATMENT OF WASTEWATER 70O BE INVESTIGATED - It was felt

chat the use of land irrigation treatment would be advantageous because

-
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of its capabilities of meeting the high quality effluent requirement, and
because it offered the opportunity for an economic benefit in the form of

increased agricultural production.

THE LAND TREATMENT SYSTEM WAS NOT DESIGNED TO MEET THE STATE OF
MICHIGAN WATER QUALITY CRITERIA - A properly designed and operated
Land Treatment System could perform much better than the criteria set up
by the State. The use of the Land Treatment method presupposes that the
dissolved nutrients and other substances not annually removed in secondary
treatment in the wastewater will be removed by a combination of soil

adsorption and crop uptake.

SELECTION OF TREATMENT AREAS - Land Treatment was separated into
two parts for its design in the initial efforts. The irrigation and
collection systems that would provide advanced waste treatment to South-
eastern Michigan's wastewater were first designed. Another portion
included both the design of transmission systems to transport the wastewater
from designated collection points to the Land Treatment Areas, and
the design of treatment and storage lagoons. These treatment and storage
lagoons would provide the equivalent of both primary and secondary

treatment.

During the 1initial investigations, the following irrigation areas
were designed. Flow projections for these irrigation areas were based
on population projections, industrial and municipal water use projections,
stormwater runoff projections, and the predicted renovative capacity

of the various soil types used.




Yearly Design

Inflow < 2"wk Daily Flow
Treatment Area for 35 wks/yr @ 365 days/yr
__Site (Square Miles) (MG, (MG) *
Huron-Tuscola 611 706,035 1,934
St. Clair 375 432,934 1,186
Monroe 83 95,564 262
Lenawee 37 42,550 117
williams-Fulton 272 314,040 860

*This figure was used for relative magnitude only. Since irrigation would
be accomplished during a period of 35 weeks, it would be necessary to
establish an equivalent daily rate at a later period.

MINOR PLANTS TO SERVE PORTIONS OF THE STUDY AREA NOT SERVED BY
REGIONAL SEWER SYSTEMS - The Study Area included all or portions of nine
counties outside the metropolitan areas. As mentioned 1n preceding sec-
tions, there are smaller communities that will have individual wastewater
treatment in the year 2020. In the Land Treatment Disposal system these
communities would still have their wastewater flows treated either in small
plants until their growth could justify their joining a regional wastewater
system, or, as might be likely, they would choose to operate their own

independent Land Treatment systems.

DETERMINATICON OF SOIL CRITERIA - In the Land Irrigation Treatment
Method, two criteria were used. First, the land had to be able to
accept the water; so, a sandy soll was needed. However, a major portion
of the nutrient (Phosphorus, Nitrogen) removal 1is accomplished by the
absorption onto "clay" type soils. It was necessary, then, to find a
soil which exhibited the desireable qualities of both clayey and sandy
type soils. This led to the use of loamy type soils in the initial
investigations, since it satisfied both the percolation criteria wnich
called for sandy soil and the nutrient removal characteristic of

clayey soil.




THE LAND TREATMENT SYSTEMS DEVISED IN THE INITIAL PORTION OF
THE STUDY WERE ALL-INCLUSIVE - An attempt was made to use all of the land
that had been determined to be suitable for wastewater renovation. A
determination of costs of the Land Disposal Systems was made. This in-
cluded the costs of land acquisition, family relocation, legal costs, wood-
land clearing, and site preparation. The costs of installing irrigation
equipment and the treatment, storage, and transmission costs incurred
before irrigation were also included. It was quickly apparent that enough
land was available for wastewater renovation in the general Southeastern
Michigan region. It was therefore ruled that, while the Williams-Fulton
(Ohio) site would receive further study, the political problems caused by
transporting wastewater across a State boundary would prove to be more de-

trimental than could be offset by any treatment benefits derived.

IRRIGATION MODULE DECISION - In the initial investigations, a

series of four square mile irrigation modules was designed. These modules
detailed the various means of applying the wastewater to the lands, along
with the accompanying costs of these systems. Irrigation modules, detailing
center pivot rigs with 76% land coverage, 91% land coverage, and 95% land
coverage, were designed. Irrigation modules, showing details of fixed set
spray systems and Graded Border Irrigation Systems, were also designed. 1In
the Phase II design, a selection of the 95% land coverage center pivot
sprinkler system was made. This system, was determined to be the most

applicable for many of the agricultural areas in Michigan.

UNDERDRAIN MODULE DECISIONS - Also included in the initial design
was a series of underdrain modules. These modules were designed with
under-drains on 55 foot centers, on 33 foot centers and on 16-1/2 foot
centers. They were designed for construct.ion with or without an impervious
asphalt layer constructed beneath them. The accompanying costs of
each of these modules was given. The decision was made to use the
underdrain module with underdrains on 33-foot centers. This module

was selected for use without an impervious asphalt layer.
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DESIGN OF TRANSMISSION SYSTEMS AND ROUTES - The determination was
made that the transmission systems would, as far as possible, be designed
along existing State or Federal Highway routes. This would negate the
cost of obtaining rights-of-way from private owners. Other parameters
decided upon were the use of deep tunnels in bedrock fcr much of the
designed transmission system. Generally, the use of conduits, 10 feet
in diameter and above, in urban areas, necessitated the use of these
deep tunnels. For conduits of lesser diameter, "shallow tunnels" or

"cut and cover" conduits would be constructed.

THE COMPONENTS DESIGNED IN THE LAND TREATMENT STUDY WERE USED AS
THE BASIC "BUILDING BLOCKS" FOR COMPLETE LAND TREATMENT SYSTEMS - First,
a "Total Land Treatment System" was designed. This system consisted
of lagoon treatment areas located in Monroe and St. Cla:r Counties, with
connections to irrigation areas in the Huron-Tuscola County Area, the
“t. Clair County Area, the Monroe County Area, and the Lenawee County

Area. Other systems were also designed, again using the data generated

in the initial portions of the study. The use of these systems presupposed

ne use of other modes of treatment for some of the wastewaters of the
Reuion. For example, 1f the Detroit Sewage Treatment Plant, the Wayne

ounty Road Commission's Wyandotte Plant and the Monroe Treatment Plant
were to be operated as secondary treatment plants with phosphorus
removal, perhaps the additional wastewater flows in the area could be

treated in small land disposal areas.

-hronology For Stormwater Collection & Storage System

NEED FOR COLLECTION & TREATMENT OF POLLUTION FROM STORMWATERS - The
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