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. CHAPTER 1

INTRODUCTION

i A\ Purpose

| - This study is concerned with the formulation, design, and
T assessment of the impacts of alternative plans for area-wide
},‘ wastewater management for the Cleveland-Akron Metropolitan and

Three Rivers Watershed Areas in Northern Ohio. The basic waste-

water sources considered in the study are municipal sewage,

T

industrial waste flows, and combined and separate urban stormwater
runoff. During this study, the Corps of Engineers examined a wide

i range of advanced wastewater treatment technologies, formulated
alternative plans to achieve a range of effluent water quality

E goals, and, for four selected alternative plans, illustrated

how implementation would be phased in accordance with guidelines
established by the Federal Water Pollution Control Act,Amendments
of 1972, enacted October 18, 1972 (Public Law 92—500).\;The findings
of this study, displayed in this report, are intended to be used,
primarily, by the State of Ohio and the people in the affected areas
to help them select an effective water quality management program.
The findings may also assist the Federal Environmental Protection

Agency in its review and approval of proposed Ohio water quality

AN
\

standards and plans.
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This ‘eport extends the wastewater treatment planning effort
provided by the Northeast Ohio Water Development Plan (draft distri-
buted, November 1971) by:

1. examining various advanced wastewater treatment technologies;

2. examining systems for the collection and treatment of urban
stormwater runoff;

3. designing systems to achieve a range of high effluent
quality; and

4. phasing the implementation of the alternative plans in
accordance with the guidelines established by PL 92-500.

The planning aspects of the Northeast Ohio Water Development
Plan include water supply, flood control, and recreation objectives.
This wastewater study does not specifically address all of these,
but does provide an analysis of wastewater systems that complement
these objectives and make them more readily attainable. The
Northeast Ohio Water .Development Plan also encompasses a larger area
than the wastewater study by including the Grand and Ashtabula Rivers
tributary to Lake Erie and the Mahoning River and Pymatuning, Yankee,
and Little Beaver Creeks tributary to the Ohio River. Central to the
objectives of the Northeast Ohio Water Development Plan, defined by
the Ohio Water Commission, was ".... to provide the most cost effective
abatement strategy, considering social and environmental factors,
for protecting existing and projected water uses and to prevent
degradation of the existing high quality waters.” The alternative
plans discussed in this summary report have been based upon the

foundation laid by the Northeast Ohio Water Development Plan while

T I T o
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expanding upon the technologies and some of the problem areas

% considered in that plan.

B. Authori:ies
The overall authority for this study is contained in Section 102
of the Rivers and Harbors Act of 1966 (Public Law 89-789). This act

called for a study of the Great Lakes, particularly Lake Ontario

and Lake Erie. The scope of the overall study includes water resource
needs and problems concerning water supply, pollution abatement,

navigation, and flood control.

The specific authority for the detailed survey study for waste-
water systems for the Cleveland-Akron Area comes from two Congressional i
resolutions. The House of Representatives, on 10 November 1971, and

the U. S. Senate on 23 November 1971, passed similar resolutions calling

for a detailed investigation of alternative systems for wastewater
management for this area. This effort was to be carried out in close
cooperation with the Federal Environmental Protection Agency and State

and local pollution control and environmental planning agencies.

Public Law 92-500, because it established national water quality §
policies, goals, and objectives, provides supplemental guidance for
this study. This law recognized the right of the State to execute water §

resource planning and suggested that the Corps of Engineers could pro- 3

vide the planning upor request by the State (Section 208). The Corps
i planning effort is then in support of the State's need and desire to
have a viable wastewater management plan for the Three Rivers Watershed.

These basic roles of the Corps and the State are most important

i
{
|
|
!
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to understand and have a definite impact on the conclusions and recom-

mendations of this report. Buffalo District staff compiled the
conclusions in Chapter 9 considering the input of the State of Ohio
and local citizens as well rs contractors' work. The State of Ohio
developed the recommendations in Chapter 10 during its review of the
study results including technical and public contributions. The
Corps of Engineers considers its participation in wastewater man-
agement to be one of planning with no involvement in design and

construction.

Public Law 92-500 provides the guidance for time-phasing the
final alternatives to achieve the desired Federal pollution goals.
The law specifies the following (Sectiom 301): "... there shall
be achieved -

"(1) (A) not later than July 1, 1977, effluent limitations for
point sources, other than publicly owned treatment works, ... the
application of the best practicable control technology curremtly
available as defined by the Administrator ...

"(B) for publicly owned treatment works in existence on
July 1, 1977, ... effluent limitations based upon secondary treatment
as defined by the Administrator ...

"(2) (A) not later than July 1, 1983, effluent limitations for
categories and classes of point sources, the application of the best
available waste treatment technology ... toward the national goal of
eliminating the discharge of all pollutants ..." Section 101 states that

"it 1s the national goal that the discharge of pollutants into navi-

gable vaters be eliminated by 1985."

< _.-J“‘.h' i
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A closely related study of measures to improve and restore the
environmental quality of the Cuyahoga River Basin was authorized
in Section 113 of the Rivers and Harbors Act of 1970 (P.L. 91-611).
The Cuyahoga River Restoration Study is being funded separately from
this study because specific Federal water resource projects are under
investigation. Nevertheless, there is a high degree of interdependence
and common purpose between the wastewater management study and the
Cuyahoga River Restoration Study. Therefore the authority is cited
here as additional guidance for the Wastewater Study.

C. Study Evolution

Early in this century water quality management was concerned with
; { methods to control public health meznces, such as typhoid fever and

% ! cholera. By 1920, technologies to reduce these and other menances
were known and had begun to be used. Since that time, increased
affluence and leisure time has helped broaden the focus of water
quality management toward further improvement of our water resources. \j

Today, society is demanding that our waters be fit for recreational

: uses and also be pleasing to sight and smell.

Water quality laws and regulations have matched this change in

MG s st b

focus by expanding from drinking water standards to stream quality

standards. This represents a broader water use emphasis. At the same f

SRR e b o

time, responsibility for water quality programs has been moved from

public health agencies to more broadly based water pollution, water
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resource, or environmental control agencies. The best example of
this transition has been the creation of the Federal Fnvironmental

Protection Agency in late 1970.

There have been many State, Federal, and International studies
that focus on determining the magnitude and extent of water quality
problems. In addition, there is an extensive amount of sponsored
research and many demonstration projects and programs designed to
develop an expanded technology as well as a better use of technology
for wastewater management. The United States-Canadian Great Lakes
Water OQuality Agreement of 1972 was brought about by the recognition
of a water quality problem common to both countries. This agree-
ment establishes objectives, defines some of the elements to
be contained in pollution control programs, gives the International
Joint Commission (IJC) a specific coordination and information role,
and provides a mechanism for the IJC to make studies of water quality

problems upon specific request.

As these expansions, changes, and investigations have taken place,
there has been a growing recognition of the need for coordinated planning
in water quality management. The State of Ohio recognized the need for
broadly-based water resource planning in the late 1950's and provided
the enabling Watershed District legislation in the early 1960's. In
January 1971, the United States Environmental Protection Agency (EPA)

issued guidance establishing planning criteria for the States,

SENTRTRE SRSV SRS SIS St

i




emphasizing repional and river basin water quality programs. 1In
order to emphasize the importance of this type of planning, the EPA

regulations specified that after 1 July 1973, construction grants

for specific water pollution control facilities would not be approved

unless they were part of and compatible with State approved plans.

o These efforts have definitely improved this nation's capability

o> to deal with water quality problems. However, the implementation
of solutions is still moving more slowly than the growth of these
. problems in most parts of the country. This is due, in part, to the | |
{ fact that we are creating new products and expanding our urban
communities faster than we are increasing our knowledge of the effects
of these changes. There is a definite need to expand the level of
our water quality programs to try to control the adverse impacts on
water quality of that growth. In addition to the single objective

of water quality improvement, we must consider others such as water

A

reuse and constituent recycling. We must expand our technological k
choices to allow these objectives to be given full consideration. Ve
must also continue the trend to view these issues on a regional or

area-wide basis. b

The Corps of Fngineers Pilot Wastewater Management Program was
designed to investigate these broader aspects and objectives. This
program was approved by the Office of Management and Budget late in

1970 and by the Public Works and Appropriations Committees of Congress.

B
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Five feasibility studies and one detailed survey study were
undertaken. One of the feasibility studies was for the Cleveland-Akron
Metropolitan and Three Rivers Watershed Areas. Feasibility studies
were: to determine the magnitude and extent of area-wide problems;
to determine the feasibility of regional systems designed to meet
constituent recycling, water re-use, and water quality improvement;
and to display an appropriate range of alternative systems.
that should be considefed in more detail. These studies were conducted
under a memorandum of un&erstanding with the U. S. Environmental

Protection Agency and were coordinated with the affected States.

Conclusions reached by the Chief of Engineers as a result of
the feasibility studies were that:

1. Because of the magnitude of current and projected wastewater
problems, regional or area-wide systems designed to meet the objectives
of constituent recycling, water reuse, and water quality improvement
must be given serious attention;

2. There are several technological options that can be used alone
or in combination to provide effective systems to meet these three
objectives: and

3. All alternative systems must be evaluated in terms of economics,

social effects, environmental impacts, and institutional effects.

Based on the feasibility studies, Congress authorized the detailed

survey studies as noted in Section B and appropriated funds to carry

them out.




The survey studies were undertaken prior to passage of the Federal
Water Pollution Control Act Amendments of 1972. llowever, many of the
proposed provisions of the law were known as the start of the survey
studies. These provisions were compatible with the basic survey ob-
jectives and the concepts contained in the amendments were used to help
form overall guidance for the study. Some of the concepts used were
area-wide planning, consideration of a broad ranpe of alternative
technologies, evaluation of systems based on a broad range of impacts,
time-phasing of alternatives to comply with the interim goals of re-
duced pollutant discharges, and the 1985 goal of elimination of

pollutant discharges as contained in Section 101(a)(1).

D. Study Scope

The geographic area covered directly by this study is the Three
Rivers Watershed area shown in Figure 1. The wastewater problems
identified in this area have an effect on the rest of Ohio, the
Lake Erie Region, the rest of the Nation, and the International
areas covered by the I1IC. The Three Rivers Watershed area consists
of the drainage basins of the Chagrin, Cuyahoga, and Rocky Rivers,
plus the drainage areas directly tributory to Lake Erie between
these rivers and in Cuyahoga County. For purposes of this study,
the existing and estimated future wasteloads from this area were used
to determine design capacities for the facilities in the various
alternative plans. The impacts produced by the alternative plans

occur in all five of the areas mentioned above.
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The functional scope of the study emphasized the formulation, design,
and impact asscssment of wastcwater management systems for the problem
area. This .ncluded measurement of impacts on water quality, water
reuse, and constituent recycling. Impacts on other water resource
needs and problems were determined in quantitative terms where
possible, if the impacts would have a bearing on the decision-making

procass,

For everyone to have an understanding of the level of design detail
used in this study, it is necessary to define the term ''survey scope
study." A survey scope study or investigation is one that develops suf-
ficient design and evaluation details to allow a choice to be made from
among alternatives. It does not, however, provide detailed design

data sufficient to initiate the construction of a project or projects.

E. Participation and Coordination

Several Federal agencies were involved and participated in the study
through an Interagency Coordinating Committee and on an individual basis.
The Federal representatives to the Interagency Committee included the
U. S. Environmental Protection Agency, the Soil Conservation Service of
the U. S. Department of Agriculture, the Department of Housing and Urban
Development, and the Department of the Interior. These agencies
provided information and comment on specific plans. Through the Inter-
agency Committee these reactions and comments were used as an aid in
the formulation of initial alternatives as well as the later screening

process.

. i ot R A g e o o
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During the feasibility study and the ecarly stages of the survey

study, participation by the State of Ohio was also one of information
k. input and comment. As the survey study progressed, the State of Ohio

involvement in the planning decisions increased significantly.

The State was instrumental in selecting the alternatives to be 4

carried into detailed studies during the final screening process.

State representatives on the Interagency Coordinating Committee

included the Ohio Department of Health, the Ohio Departmcnt of
Natural Resources, the Ohio Department of Development, and the Ohio

Environmental Protection Agency. 4

Two intra-state agencies were also members of the Interagency

S

Coordinating Committee. They are the Northeast Ohio Areawide
; Coordinating Agency and the Three Rivers Watershed District. These !
organizations played an important part in the formulation of plans ﬁ
along with the rest of the Interagency ®mmittee. For the most :
part, the active involvement of most local agencies consisted of

inputs of basic information and comment on specific alternatives. %
The Three Rivers Watershed District was the lead group representing

local interests and it actively participated in the majority of the

e s < e b e

public meetings and workshops.

e s

The general public and other interested groups were involved in

the study through a series of public meetings, informal workshops,

and seminars or presentations conducted during the course of the study.
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In addition, the 'Purewater Press,'' a periodic newsletter, was used as
the principal public communication medium during the plan formulation
phases of the study. These tools were used to inform interested
people about study progress, to solicit their reaction to any and all
proposed alternatives, and to gather additional pertinent information.
The reactions and information obtained were used to help form the
initial alternatives and to help in the later screening process.

The public involvement program is described in detail in Appendix
VIII and the effect of the reaction and information on the plan

formulation process is described in Chapter 5 of this summary report.

The study report consists of this summary report and nine supporting
appendices as noted in the Table of Contents. The appendices contain
extensive details and backup information on the study. The appendices
have been distributed to public libraries and many offices of local
government throughout the affected study arca. Figure 2 shows the
towns where librariecs have copies of the appendices. These libraries

are indicated in Attachment A to this summary report.
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CHAPTER 2

THE PLANNING GOALS AND PROCESSES

A. Goals and Objectives

On April 15, 1972, President Nixon asnd Prime Minister Trudeau
signed the U. S.-Canadian Great Lakes Water Quality Agreement. The
general goals of this 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 objectives
that have been characterized as the five freedoms of water quality.
These state that the waters of the Great Lakes should be:

1. 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 conditions
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 algae.

15
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In addition to these general goals and objectives, the agreement
spells out eight specific water quality objectives for the Great Lakes.
This 1ist includes specific ] mits covering microbiology, dissolved
oxygen, total dissolved solids, taste and odor, pH, iron, phosphorus, ]
and radioactivity. The agreement also specifies five interim
objectives to be used until more specific limits can be determined.

The items covered include temperature, mercury and other toxic heavy
metals, persistent organic contaminants, settleable and suspended
materials, oil petrochemicals and immiscible substances. The agreement
also includes a non-degradation clause and provides for further study

on 18 specific constituents or substances.

Finally, the agreement outlines some specific program objectives
and guidance. It gpecifies 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 incorporated into water quality programs include control
of eutrophication and pollution from municipal and industrial sources;
agriculture, forestry, and other land use activities; shipping
and dredging activities; and onshore and offshore facilities.

In addition, the programs should provide for the development of a
joint contingency plan and the identification and control of hazardous

polluting substances.

As noted in Chapter 1, the Federal Water Pollution Control Act

Amendments of 1972 became law on October 18, 1972. These Amendments

16
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establish goals, objectives, and programs for the improvement of water
quality in the United States. One of the goals is the elimination of
the dischargr of pollutants into navigable waters by 1985. The
Amendments also provide an interim goal to achieve water quality that
provides for the protection and propagation of fish, shellfish, and

wildlife and provides for recreation in and on the water by July 1, 1983.

The new Amendments also provide several general and specific
objectives. Three of the most significant objectives pertinent
for this study are that discharge of toxic pollutants in toxic amounts
shall be prohibited, that public participation in water quality programs
shall be encouraged, and that water quality programs shall emphasize

the reduction and elimination of duplication of effort.

There are several objectives in the Amendments that relate to
comprehensive regional planning. The first is the objective that
wastewater management planning be carried out on an area-wide basis
wherever possible. The second planning objective is 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. The third objective pertinent for this study is
that wastewater management plans must be developed for waste treatment

needs in the study area for a 20-year period.

The Amendments do not stop with planning objectives, but set forth
some specific design objectives. One of these is that wastewater

management systems that result in the construction of multiple-purpose

17
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or integrated revenue-producing facilities shall be encouraged. A
second design objective is that these systems shall provide for the
treatment and recycling of Jotential sewage constituents to promote
the production of agricultural, silvacultural, aquacultural, or
combination products, t> provide for the confinement and containment
of unrecycled constituents, to provide for the reclamation of
wastewater, and to provide for the ultimate disposal of sludge without
environmental hazard. These facilities shall also provide measures

to dissipate or use waste heat or thermal discharges. In the design,
construction, and operation of these facilities, provisions for open
space planning will be considered, and account will be taken of recrea-

tion potentials.

In the evaluation process the goals and objectives articulated by
Interstate organizations, State agencies, and local governments were
compiled. Most of these goals and objectives related to wastewater
management are very similar to those noted above. There are five

additional regional goals that can be added to this list. They are:

1. To provide an effective flood management program incorporating
flood plain management practices as well as flood control measures,
when necessary.

2. To provide an effective and uniform air pollution control
program that would include standards, enforcement, and specific

facilities where needed.
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3. To provide an effective program for land use planning

e de

incorporating open space considerations that would include the type

and location »>f public services such as wastewater management

o ol cvicacdiionh S iny

facilities.

cttbalada et o

4. To maintain and improve the area's competitive economic
position through planned early development.
5. To provide a variety of employment as well as enjoyment

opportunities for area residents.

R ke L

These lists of international, national, interstate, State, and local
goals and objectives described above represent the regional planning

objectives considered pertinent to this study.

B

B. Specific Study Objectives

Specific objectives for the conduct of the Cleveland-Akron Metro-
politan and Three Rivers Watershed Study were developed from four basic 1
sources, The first source came from the directives within the Federal .{
system starting with the initial approval of the pilot program through
the House and Senate Resolutions of 1971, and finally with the issuance
of study guidance in May 1972. The second source of guidance came from
the Northeast Ohio Water Development Plan. The U. S.-Canadian Great Lakes
Water Quality Agreement was the third source of guidance on policy and
objectives, and the Federal Water Pollution Control Act Amendments of
1972 was the fourth source. Seven basic study objectives were

formulated and modified from these sources as the agreement and the

amendments became reality.
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! The specific objectives formulated for thie study are:
1. To continue wastewater management planning on a regional
scale, demonstrated as prac:ical in the Northeast Ohio Water Develop-
ment Plan and supported by the Wastewater Management Feasibility

Report, Alternatives for Managing Wastewater.

2. To develop wastewater management plans in harmony with ‘%
the short range plans of the localities within the region.

Local plans scheduled for implementation prior to 1975 are considered

fixed.
3. To identify opportunities for reuse of treated water and
recycling of extracted residuals, and to develop alternative plans

to take advantage of these opportunities.

PR

4. To insure that all alternative plans contribute as much as |

possible to the environmental quality and social well-being of all

areas on vhich they impact. |
5. To comply with the goals, objectives, and program guidance of b |

the Great Lakes Water Quality Agreement of 1972 as they relate to

municipal and industrial wastewaters and urban stormwater runoff.

3' 6. To comply with the goals, objectives, and guidance contained
in the Federal Water Pollution Control Amendments of 1972 as noted
in Section A of this chapter.

7. To provide a range of alternatives in the final phase that
will display the impacts of systems designed to achieve existing

| 1 criteria as well as the higher goals or criteria cited in the new

| !
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Amendments. These alternatives were developed to facilitate the
comparison of area-wide systems incorporatinp various technologies

to treoat all waterborne waste sources.

As indicated in Objectivec 1, the Northeast Ohio Water NDevelopment
Study represents a practical demonstration of regional water resources
planning in Northern Ohio. The plan specifically displays a wastewater
managcment plan to meet State standards. Those standards appear in
Attachment B. This plan provides a substantial base on which to build
alternatives desipned to meet higher effluent quality criteria. The
Corps modificd this plan by including the collection and treatment of
urban stormwator runoff and upgrading cffluent quality. This modified
Northeast Ohio Water Development Plan became the first alternative

system considered in this studyv.

The objectives of this Wastcwater Management Study explicitly
reauire the use of at least two sets of design criteria, one set for

existing standards and one designed to achieve 1985 goals.

New effluent standards for the Mahoning River Basin have bren adopted
by the Ohio Pollution Control Board and approved by the U. S. Environmental
Protection Agency. The Ohio EPA bcpan hearings in March 1973 to consider
th2 adoption of very similar Statc-wide standards. Those standards have
not yet been finalized. For purposes of this study, it was assumed that
these proposed Ohio standards will br adopted in the near futurc. A set
of criteria based on these proposed standards was adopted for the study
and called Level T criteria. It is believed that this set of criteria

would approach the interim 1983 goal for best practical technolony.

21
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m? { Level I criteria, in most cases, used values close to the most
severe end of the range of values of the Mahoning River standards, with
the exception of heavy metals. For these constituents, the Level I
criteria would require wastes containing metals to be treated to the
level achievable with the best practical technology. The comparison

of Ohio standards used for the Mahoning River and Level 1 criteria is
shown in Table 1. 4

TABLE 1

Comparison of Example Criteria
Ohio and Level 1

: TOHIO STANDARDS - :
CONSTITUENT : MAHONING RIVER : LEVEL I
: (Milligrams per liter)

j Suspended Solids : 5-30 : 8
; : Dependent on Season
And Dilution
Biochemical - 5-30 s 5
Oxygen Demand : Dependent on Season
: And Dilution
Phosphorous 5 1 s 0.5 ‘i
Ammonia ¢ 2-10 : 2
2 Nitrogen : Dependent on Season
3 : And Dilution
3 Total Dissolved  : 500 : 500
. Solids : ¢
Heavy Metals : 0.005-5.0 : Best Practical Treatment
: Dependent on Chemical :
Species ¢

Public Law 92-500 established the goal that "...the discharge of
pollutants into the navigable waters be eliminated by 1985." The

i criteria or standards required to achieve this goal have not, as
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yet, been defined by the Federal EFA. In order to establish
technical criteria for use in this study, the Corps estimated technical
goals commensirate with the national goal, that would:

1. Prevent the continued degradation of water resources by
waterborne wastes; and

2. Provide for the efficient reuse of treated or renovated

wastewater and by-products.

The Office, Chief of Engineers (OCE) translated these technical
goals into effluent criteria consisting of the most severe constituent
levels from among those required for public water supply, irrigation
water, livestock water, and aquatic habitat. These criteria, referred
to in the report as the OCE goals, were established based on an
extensive search of literature concerned with water quality and drinking
water standards. These goéls should not be interrupted as effluent
standards established by the Federal Government. Rather, they represent
a translation, by the Corps of Engineers, of the stated national goal
into a set of consistent guidelines to be used for Corps Pilot Waste-
wvater Management Studies throughout the nation. It is anticipated that
specific criteria will eventually be established to meet the national
goal. Since the OCE goals consist of the most severe constituent levels

for water usage, they should approach the anticipated criteria.

During the initial phases of the study it was determined that

treatment works could be designed to assure the effluent criteria

23
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! developed by OCE at least 90 percent of the time. Therefore, a set of
criteria that could be achieved essentially all of the time was developed.
These criteria were slightly less severe than OCE goals. This set of
criteria, called Level II criteria, was used for this study. The
treatment facilities developed in this study will meet the OCE goals
90 percent of the time, and Level II criteria essentially all of the
time. No measurable impact differentials between use of the OCE goals ;
and the Level I1 criteria could be found. As in the case of Level 1 |
criteria, the Level II criteria for heavy metals is that which can be
met using the best practical technology. The comparison of OCE goals
with Level II criteria is shown in Table 2.

TABLE 2

. Comparison of Example Criteria
: OCE and Level 1I

——

Treatment

CONSTITUENT $ OCE GOALS : LEVEL II
s (Milligrams per liter)
Suspended Solids : 2 $ 5
H H ~
Biochemical : 2 : 5 ;
Oxygen Demand $ -
Phosphorous : 0.05 as Pob . 0.5 (1.5 as Pok)
Ammonia Nitrogen : 0.1 : 1
Total Dissolved : 500 g 500
Solids 3 :
Heavy Metals s Absent : Best Practical

C. Planning Process

The planning program for this study is being carried out using a

repetitive, four phase process that began with the feasibility
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study and will end when the State of Ohio receives approval from the
Federal EPA on an area-wide waatewater management system for the Three
Rivers Watershnd Area. The four phases consist of the feasibility
study, the search for alternatives, the reduction and analysis of the
best alternatives, and the final selection of a area-wide wastewater
management system by the State of Ohio and the Federal EPA. The frame-
work used as an outline for the development of the best alternatives
consists of seven steps or activities. These are to:

1. 1Identify existing and future pollution loads.

2. Develop alternative wastewater management systems;

3. Evaluate the alternative systems;

4. 1Identify the best alternatives;

5. Study institutional factors and impacts;

6. Develop an early-action program; and

7. Maintain close State and local cooperation.

The sixth step, to develop an early-action program, was not a
significant activity until the third phase, and it will become even
more significant during the fourth phase, which cannot be completed

until after this report is submitted.

The major features of each phase are summarized briefly below.

1. Feasibility Study -~ The report entitled Alternatives for

Managing Wastewater was completed and published in July 1971. This

study used the best available data and examined a representative array

of regional wastewater management systems designed to achieve a high
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degree of water quality. The Feasibility Study was soundly founded

upon the available data and took into consideration the problem resolution
proposed in the Northeast Ohio Water Development Plan for the Three

Rivers Watershed Area. It was determined in the Feasibility Study

that there vere several available technologies that could be used

alone or in combination to satisfy, on a regional basis, the wastewater ‘é

management needs of the study area.

2. Search for Alternatives - The basic goals of this phase were
to fill critical information gaps discovered during the first phase
and to delineate a wide range of feasible alternatives sufficient to
examine and evaluate the available technologies in greater detail.

Several alternatives were developed using both Level I and Level Il

criteria. These were modified and adjusted during the formulation
process to attempt to take advantage of water reuse and constituent
recycling. The formulation and evaluation processes are described in

additional detail in Chapter 5, and the 12 alternatives that were

developed are described in Chapter 6.

3. Reduction and Analysis of the Best Alternatives - The third phase
began by screening the 12 alternatives to select the best ones for more g

detailed analysis and design. This screening process was done with the

help and cooperation of the Interagency Coordinating Committee, the !
State of Ohio, and the public, through a series of informal meetings

and workshops. Chapter 7 contains the description of the final alter-

natives and their evaluation.

4. Selection of the Best Alternative - This phase will be carried
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out by the State of Ohio and the Federal EPA, and consists of

reviewing the Northeast Ohio Water Development Plan as related to

the Three Rivers Watershed area and comparing that plan to the design
and evaluation of the alternatives developed in Phases 2 and 3 described
above., After this review and any modifications deemed necessary, the
State and Federal EPA, guided by public opinion, will agree on and
select a wastewater management plan for the study area. The selected
Plan may not be exactly as one described in this report, but may be

an alteration of the same basic components. That decision must be

made by the State of Ohio.

In order to be of the most use to the State of Ohio and the Federal
EPA in making necessary decisions and approvals, the analyses of this
study have been developed to comply with Public Law 92-500 by providing
plans that:

1. consider all wastes generated within the area.

2. study and evaluate alternative treatment management technologies.

3. provide treatment facilities to handle anticipated municipal
and industrial wastewaters and urban stormwater runoff.

4, identify the capital and operation and maintenance costs for
each alternative plan.

5. 1identify the proportion of the construction and operation and
maintenance costs of municipal facilities directly attributable to
industrial wastewater contributions.

6. ddentify the economic, social, and environmental impacts of

27
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carrying out each alternative plan.

7. didentify beneficial uses of residuals and/or disposal methods
not detrimental to water quality.

8. provide a schedule of phased implementation of the final
alternative plans to approach the national goal of eliminating the

discharge of pollutants into navigable waterways by 1985.

The plans have also been developed to comply with the Great
Lakes Water Quality Agreement of 1972 as it relates to municipal

and industrial wastewaters and urban stormwater runoff.

In this way, the best alternatives as developed in this report
provide a means of comparison between alternatives of costs and

impacts for various treatment technologies and treatment levels.
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CHAPTER 3

THE STUDY AREA

A. Physical Description

The study area consists principally of the Three Rivers Watershed.
The problems identified in this area have an effect on the rest
of Ohio, the Lake Erie Region, the rest of the Nation, and the
International areas of the Great Lakes. For this study, the waste-
water sources are limited to those generated in the Three Rivers
Watershed area. Each of the wastewater management alternatives
has an impact on this "source" area and on one or more of the
other four areas as well. Some portions of these areas are more
pertinent than others in terms of specific impacts. These
additional affected areas include the agricultural area to the west
of the source area, the Appalachian region to the southeast, and
Lake Erie proper. The areas are shown in Figure 3. A general descrip-
tion of the topography, climate, etc., is made for all the areas
because of the impacts on each area. Much more detail is included

on the Three Rivers Watershed.

1. The Source Area.

The source area consists of three river systems, the Chagrin,
the Cuyahoga, and the Rocky. In addition, there are several small
streams that drain directly into Lake Erie. The study area vas

also extended to the west to include all of Cuyahoga County. The
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| headwaters of the main rivers lie along the St. Lawrence-Mississippi

divide, and the rivers flow generally northward to Lake Erie.

Approximacely 23 percent of the area's 1,500 square miles are
presently urbanized. Cleveland, with a population of over 750,000,
is the largest urban center in Ohio, one of the nation's largest
industrial cities, and one of the largest Great Lakes' ports.
Industrial products manufactured in the area include steel, auto-
motive products, machine tools, petroleum products, chemicals,
rubber goods, and wearing apparel. Akron, with a population of over
275,000, is a major tire and rubber center and the fifth largest

city in Ohio.

2. The Affected Areas.
The Three Rivers Watershed is part of a larger, Cleveland-

oriented region consisting of the 30 counties of Northeast Ohio

and five counties of Northwest Pennsylvania. This larger region

contains about 5.6 million people on 17,000 square miles of area.

The western portion of the larger region is comprised of nine

counties, lying principally within the drainage of the Vermilionm, ;

Huron, and Sandusky Rivers. That area contains an abundance of rich : 3
agricultural soils. Approximately 89 percent of the land is used
for agriculture. Although agricultural activity dominates the area's

general character, the economic base is diversified.

: ' The northern extreme of the Ohio portion of Appalachia lies

approximatel’ 100 miles south of Cleveland. That 28-county area

iEdes NhsE Sttt e iR R T
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shares many of the basic physical and social problems that
characterize Appalachia. The more critical physical problems are
sedimentation and acid mine drainage that cause streams to be devoid
of vegetation and fish life. The basic causes of these problems

are overcutting of timber and strip-mining. Principal social
problems include lack of communications, poor health care and

education, poor diet and housing, and economic depression.

The thirteen northernmost Appalachian counties lie principally
within the Muskingum River Drainage Basin, a tributary to the Ohio
River. This area contains nearly 300,000 acres of strip-mined land,
approximately 7 percent of the area. This strip-mined land pro-
vides a unique opportunity for the re-use of wnatéwatet bi-products

through land rehabilitation and return to productivity.

3. Source Area Details.

The Rocky River Basin, shown in Figure 4, is the westernmost of
the three rivers and drains an area of 294 square miles in Medina,
Summit, Lorain, and Cuyahoga Counties. The two branches join at
North Olmstead, flowing north to Lake Erie in a single narrow, steep-
walled valley. Most of the East Branch and the main stem flow
through the Rocky River Reservation of the Cleveland Metropolitan

Park System.

The Chagrin River Basin, shown in Figure 5, is located in the
northeast of the basin area and drains an area of 267 square miles

in Cuyahoga, Geauga, Lake, and Portage Counties. The main river
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rises south of the Village of Chardon and flows southwesterly to

its confluence with the Aurora Branch coming from the south. From
there, the river flows noith through the easterly suburbs of
Cleveland joining the East Branch and then discharging into

Lake Erie. Much of the upland watershed is generally rolling wooded
land. The lower 25 miles of the channel is deeply entrenched on
bedrock until it emerges on the flood plain below Willoughby.
Sections of the lower east branch and the main stem flow through the

Cleveland Metropolitan Park System.

The Cuyahoga River Basin, shown in Figure 6, drains an area of
813 square miles. Beginning east of Chardon, only 16 miles from
Lake Erie, the river flows southerly to Lake Rockwell. This impound-
ment, used for Akron water supply, severely limits the flow of the
river downstream to the point at which Akron's treated wastewater
is returned to the river. In extremely dry weather, the river in
that stretch may consist only of leakages and the drainage from
tributaries. Authority for the total use of the river by Akron was
granted by the Ohio iegislature in 1911. Below Lake Rockwell, the
river flows southwesterly to Akron where it begins a northerly
course through the greater Cleveland area to Lake Erie. Principal
tributaries and the areas they drain include the Little Cuyahoga
River (68.9 sq. mi.), Breakneck Creek (79.0 sq. mi.), Tinkers Creek
(96.4 sq. mi.), and Big Creek (38.6 sq. mi.). The lower six miles
of the Cuyahoga constitute a navigation channel with special problems

that are inherent in its use and maintenance.
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In addition to the major rivers, there are several smaller stream
! basins directly tributary to Lake Erie. The combined drainage area

of these minor creeks is approximately 133 square miles.

4. Topography.

The area of northern Ohio with which this report deals lies
within the Appalachian Plateau physiographic province of the Appalachian
Highlands and the Central Lowland physiographic province of the Interior

Plains. The Appalachian Plateau, comprising the eastern half of Ohio,

slopes to the west, ir deeply cut by winding stream valleys, and has
considerable local reli2f and steep hillsides. The northern portion of ’
this plateau has had glacial action in the past, has rolling hills and

valleys, and has somewhat more fertile soils than the unglaciated southern

J portion of the plateau. The Three Rivers Watershed slopes toward Lake |

} Erie. The Central Lowlands, comprising the western half of Ohio, slope
to the west and are made up mainly of plains interrupted by low morainal
ridges. This area is covered by surficial deposits from past glaciation

and has fertile soils.

In the Three Rivers Watershed area, the topography of the upland

areas of the river basins generally consists of rolling hills. The

k. area is largely wooded and contains numerous small lakes and swamps.
In some areas, streams are of moderate slope and meander through
broad valleys. As the rivers pass highly industrialized areas, they

are often contained within artificial banks. The rivers in the

upland areas often follow complex systems of buried valleys formed
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during glacial melting. For the most part, soils formed on this

glacial material have silt and clay loam textures with slow internal

drainage. The coarser sand and gravels of flood plains and glacial

outwash occur locally.

A relatively distinct escarpment divides the basin between an upland
plateau and the lake plain. In the plain, the main streams are deeply
entrenched and steep, and the valley floors are narrow. The lower
courses of the Rocky and Chagrin Rivers are in deep-sided narrow valleys
while the lower course of the Cuyahoga is flat-floored and wider.
Pleistocene lakes once occupied these lower areas, and the silt laid
down in these lakes is exposed at many places along the valley walls.
Erosion of these silt deposits contributes in large measure to the

sediment load of the rivers.

5. Geology.

The bedrock of the eastern half of Ohio is composed predominantly of
old-aged sandstone, which is very resistant to erosion. The bedrock
of the western half of Ohio is composed predominantly of old-aged
limestone that is easily eroded. Preglacial erosion over millions
of years made the limestone area into a plain and left the more
resistant sandstone as hills. Glaciers covered the bedrock formations
in the western and northeastern portion of Ohio in relatively recent

geological time, modifying the terrain and depositing a mantle of
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glacial drift over the land as they receded. Soils derived from the
limestone glacial drift tend to be fertile for agricultural use while
the soils weathered directly from sandstone bedrock in southeastern

Ohio tend to be less fertile.

6. Climate.

Climate in northemm Ohio follows Midwest seasonal patterns with
the local modifying influence of Lake Erie. The three areas of Ohio
affected by the study have similar climatic variation. The mean
monthly temperature ranges between 26° F in the winter and 74° F
in the summer. The long term trends indicate that temperatures

above 32° F occur for nine months.

Monthly average precipitation trends show a seasonal variation

between 2.1 inches in December to 4.3 inches in Jume. Variations
within a given month range from 2.2 to 2.5 inches in February to 3.5

to 4.3 inches in June. Precipitation in excess of 3 inches can be
expected from March until September. Figure 7 shows the range of
monthly values of temperature and precipitation, averaged over a

number of weather stations within the three areas of major consideration

in this study.

B. Role of Water Resources in Area Development

The historical evolution of Cleveland and Akron as major urban
centers has been largely influenced by their water resources. Water

supply and water transportation were most important in the growth of
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the area. The opening of the Erie Canal in 1825 connected Cleveland
and all the Lake towns with the interior of the State of New York and
New York City. Two years later, the completion of the Ohio Canal

between Cleveland and the Ohio River linked Cleveland and Akron

"~ with the interior of the State of Ohio.

In the second half of the nineteenth century, Cleveland, being
a vater transportation center, became also an important urban center
in the Industrial Revolution. The iron ore of the Marquette range
in upper Michigan and the coal of southern Ohio were brought to the

city for smelting.

After Cleveland's emergence as a major railroad transportation
center in the 1850's, the confluence of Pennsylvania coal and Lake
Superior iron ores accelerated her growth to a major industrial

complex.

Presently, Cleveland is the largest overseas general cargo port

on Lake Erie and the third largest on the entire Great Lakes.

C. Demography and Land Use
The 1970 census reported a population of 2,440,161 in the Three

Rivers Watershed Area; 62 percent of that population was located in
Cuyahoga County and another 20 percent was located in Summit County.
The cities of Cleveland and Akron housed 750,903 and 275,425, respec-
tively. More than 90 percent of the population is presently served

by sanitary sewage systems.
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! Recent years have witnessed a gradual but significant change in

the distribution of population within the area. Like most older,
heavily industrialized cities in northeastern Ohio, Cleveland and
Akron have been losing population to their surrounding suburbs, at

rates of 14.3 and 5.1 percent, respectively, in the last decade.

The net out-migration of population from the central cities is
reflected in the absorption of rural land by urban uses at a rate

substantially exceeding the rate of population growth. The result

% | is a general lowering of population density in the inner cities. At
the same time, current suburban development is occurring at substan-

tially lower densities than those of earlier suburban developments.

L s The area's urbanization takes the form of a multi-centered urban
network. The principal centers are downtown Cleveland, located on the
L shore of Lake Erie, and Akron, located on the divide at the southern
edge of the Cuyahoga basin. Although both of the centers have been

declining in population and somewhat in influence in recent decades,

they still constitute the principal cultural and economic centers

within the region.

Rural land uses consist principally of general farming and
dairying. In some areas these activities are supplemented by special-
ized production that includes fruit and vegetables. The extent of
agricultural land use has been declining with rapid urbanization of

5 the countryside.
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D. Economic Activity

The indices of economic activity for the Three Rivers Watershed
Area compare in mixed fashion with those of the State of Ohio and
the Nation. For example, in 1970 the per capita effective buying
income in the area ranged from $2,927 in Medina County to $4,058 in
Cuyahoga County. The average for the area of $3,816 compared favorably
with the State average of $3,355 and the National average of $3,308.
On the other hand, the increases in income from 1966 to 1970 ranged
from 22 percent in Medina County to 32 percent in Cuyahoga County,
compared to the State average of 29.7 percent and the National

average of 30.1 percent.

In 1970, the manufacturing sector employed approximately 385,000
persons in the Three Rivers Watershed Area, nearly 38 percent of the
area's work force. Of that fraction, production of durable goods,
specifically primary metal products, fabricated metal products, machinery
and transportation equipment, maintained the bulk of the employment at
69 percent, increasing from 66 percent in 1960. The increase during
the decade, however, masks the significant changes within the durable
goods industries. Substantial decreases occurred in metal industries
and transportation equipment, while employment nearly doubled for the
other durable goods industries. This trend indicates a more diversi-

fied durable goods manufacturing mix within the Three Rivers Watershed

Area.
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The most notable exception to the dominance of durable goods
manufacture was Summit County. In 1970, over 46 percent of the county's
manufacturing work force were in rubber and plastic products. Rubber
and plastic products manufacture also constituted the major employer

in Portage County, employing 29 percent of the manufacturing work force.

During the last decade, Cuyahoga County has experienced the sharpest
overall decline in employment in the manufacturing sector, with a drop
from 38.7 percent in 1960 to 33.8 percent in 1970. This appears to
reflect the trend of industrial decentralization away from Cuyahoga

County's dense population concentration in the Cleveland area.

Agriculture employed an insignificant 0.9 percent of the labor

force in the Three Rivers Watershed in 1970.

E. _Patterns of Future Growth

1. Demography and Land Use.

Growth patterns established in the Three Rivers Watershed area
during the last decade are expected to continue through the foreseeable
future. -The total population is expected to increase but the distribution
will favor suburban growth at the expense of central cities. In
addition to the predicted growth, the trend of redistribution from
the central cities to the suburbs is also expected to be felt,

particularly in Medina County to the west and Lake and Geauga

Counties to the east.
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Population projections for all or portions of the Three Rivers
Watershed Area have been made by several agencies. These include the
Great Lakes Basin Commission data, generated by the Office of Business
and Economic Research, the Northeast Ohio Water Development Plan data,
generated by The Ohio Department of Natural Resources, the Tri-County
Planning Commission data, and the Cuyahoga County Regional Planning
Commission data. The projections used for the Northeast Ohio Water
Development Plan provided the basic growth rates for this study. The
base figures were adjusted to the 1970 census data and then growth was
projected to 2020 by decades. These projections provide for a larger
growth than do those by the Cleveland Regional or Tri-County Planning
Commissions. They are for the most part, slightly higher than the
projections used by the Great Lakes Basin Commission, at least through
2010. Therefore, by using these projections to determine municipal
waste loads, the facilities are adequately designed for future conditions.

Figure 8 displays the forecasts for the total population of the Three
Rivers Watershed area. The proportion of the population served by

sewers is shown by the cross-hatched sections, while the proportion

served by private systems such as septic tanks and tile fields is shown

by the solid sections. ﬂ

Well-established future trends in population growth or distribution
that vary from those used must be recognized during the implementation

of any wastewater management system, and facility designs must be

modified accordingly.
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The history of land use planning in Northeast Ohio has not been
one of widespread success. Land use and zoning policies are often
modified to accommodate development with little long-term consideration.
Until land use planning is made more effective, it is subject to comtin-
uous change. Therefore, the composite map in Figure 9 is only
conceptual, Figure 9 categorizes only industrial-commercial,
residential, agricultural, open space, and low density residential

land uses.

ol

The conceptual plan shown is applicable to both 1990 and 2020,
with the major difference being in the population densities. The
™ residential areas will probably approach the upper limit of the

density range in the early 21st century.

2. Economic Activity.

P

As noted in Section D of this chapter, the average buying income
for the Three Rivers Watershed area is higher than the State and
National average. At the same time, the percentage increase from 1966
to 1970 is lower than the corresponding State and National increases.
Therefore, it can be expected that in the future the regional
buying income will increase more slowly than the State and National
values until the latter two have caught up to the former. From
projections in the Great Lakes Basin Framework Study, this can be
expected to occur about 2000, After this time the growth in buying

income in the region should be equal to that for the Nation.
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The overall annual employment rate for the area is expected to grow
at about 0.7 percent over the next 50 years. For the manufacturing
sector, howiver, the growth rate is only projected at about 0.3 percent
per year. Based on this rate, the manufacturing sector employment
will increase from 385,000 in 1970 to about 432,000 by 2020. Within
this sector, durable goods employment is projected to decrease from
69 percent to 56 percent by 2020. The trends also indicate that within
this downward trend in durable goods, the metal industries and

transportation equipment section will bear the bulk of the losses.

The percentage of the work force in Summit and Portage Counties
employed in the rubber and plastic products industry is expected to
increase only slightly. For Summit County, employment in these
industries will grow from 46 percent to 48 percent, while in Portage

County the growth will be from 29 percent to 30 percent, both by 2020.

The trend of decentralization of manufacturing industries away from
Cuyahoga County is expected to continue through 2020. However, the
rate of decrease should be much slower in the future because of

of fsetting increases in certain portions of this sector.
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CHAPTER 4

WATER SUPPLY AND WATER QUALITY NEEDS AND PROBLEMS

A. Introduction

There are several water resource needs and problems in the
Three Rivers Watershed area. In addition to water supply and water
quality, this list includes flood management (including both flood
plain management and flood control measures), navigation, and
recreation. The Northeast Ohio Water Development Plan addresses
a wide range of these needs, not only for the Three Rivers Watershed,

but for the rest of northeast Ohio as well.

As noted in Chapter 1, the scope of this study is focused primar-
ily on water quality, water reuse, and constituent recycling. Waste-
water management systems will, however, have an impact on the other
water resource needs in the area. This study did not view these
other needs as primary objectives. Rather, the impacts of the
alternative wastewater systems on these needs and problems were
assessed and measured, where possible, if these impacts appeared to
be critical to the decision-making process. Therefore, the discussion
of water resource needs and problems in this chapter is directed to

the vital issues of water supply and water quality.

B. Supply and Demand, Present and Future

Adequate water has been and will continue to be one of the major

elements governing residential and industrial development throughout
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northern Ohio. At the present rate of urbanization and industrial-
ization, both the quantity and quality of water are important. Lake
Erie, together with the principal rivers, reservoirs, and inland

lakes, assuces a vast supply of surface water to most localities of

the region. Lake Frie, for example, supplies a total of some 23
municipal water systems in the United States. About 2.7 billion gallons
per day are withdrawn from the Lake for residential, commercial and
industrial uses. In 1969, the City of Cleveland delivered 132 billion
gallons of water to the more than two million population served by

its system.

In spite of the abundance of water available from Lake Erie,

some upstream communities have elected to develop water supplies from
tributary headwaters. Many of those communities must develop additional
supplies in the near future in order to meet demands. For example, the
Northeast Ohio Water Development Plan includes the development by 1980
of a well field near Burton to increase the water supply to Akron by 44
million gallons per day (MGD), and the construction of a reservoir on 3
the West Branch of the Cuyahoga River to increase supply to Geauga County .

by almost 16 MGD.

Akron is expected to need additional supplies of 40 MGD by the

year 2000. This supply could be provided by an additional reservoir

on the Cuyahoga River near Burton, by development of a well field, or by
recycling high quality wastewater. There is a potential use conflict
because the reservoir option would affect a section of the National

Scenic River system on the upper Cuyahoga. The alternative sources of
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supply need to be fully examined prior to a final decision.

Other upstream communities may meet their future needs by

improving existing well fi:lds.

In 1970, industries in the Three Rivers Watershed Area used
approximately 250 billion gallons of water; this is an average of
682 MGD. More than 75 percent of that usage was for cooling purposes,

with the remainder for processing.

Future industrial water use will depend upon technological
changes and water conservation and recycle practices by the industry.
If current nominal reuse practices are continued by the industries,
water use in the Three Rivers Watershed Area will increase to 925 MGD
by 2020, still with 75 percent for cooling and 25 percent for processing.
Conversely, if water conservation and reuse practices are maximized,
water use can be reduced to 335 MGD by 2020, proportioned at 57 percent

for cooling and 43 percent for processing.

C. Pollution Loads, Present and Future

The present per capita flow of municipal wastewater for separate
and combined systems are found to be 110 and 156 gallons per day,
respectively, for the Three Rivers Watershed. These values are based
upon 1970 population data and on 1970 wastewater treatment plant
records. Industrial flows have been deducted from the total plant

flow in computing these numbers.
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Projections of future municipal waste flows considered such

factors as:

1. The present trend of increase in water consumption, per
capita.

2. Potential increased use of water saving devices for the home.

3. The possible development of water reuse systems for
the home.

4. Reduction in infiltration rates due to improved sewer
construction techniques.

S. Replacement of certain existing combined sewers with
separate sewers.

The resulting municipal wastewater flow projections are shown

in Table 3.

TABLE 3

MUNICIPAL WASTEWATER FLOWS
(gpcd - gallons per capita per day)

1970 1980 1990 2000 2010 2020

Separate systems 110 120 125 130 140 150

Combined systems 156 160 164 168 172 175

Present and projected pollution loads for municipal waste-
water treatment plants have also been estimated. Per capita con-
tributions are projected to increase for only Biochemical Oxygen Demand
(BOD) and suspended solids. This is principally because of the impact
of an increasing number of garbage disposals. Projections of municipal

pollution loads are displayed in Table 4.
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TABLE 4

! MUNICIPAL WASTEWATER POLLUTION LOADS
(pounds per capita per day)

1970 1980 1990 2000 2010 2020

Biochemical Oxygen
Demand (BOD)

Separate Systems .17 .18 .185 .19 .19 .195
Combined Systems .15 .15 .16 .16 .17 .17
Suspended Solids
7 Separate Systems .18 .185 .19 .195 .195 .20
L Combined Systems 23 .23 .24 .24 .25 .25
s Organic Nitrogen .0146 .0146  .0146 .0146 .0146  .0146
b Ammonia Nitrogen .0097 .0097 .0097 .0097 .0097 .0097

Total Phosphorus as P .0116 .0116 .0116 .0116 .0116 .0l16
Sulfate .0367 .0367 .0367 .0367 .0367 .0367
Chloride .046 .046 .046 046  .046 .046

Present and future industrial wastewater flows are summarized

in Table 5, and industrial pollution loads are summarized in Table 6.

Future industrial waste loads will be influenced both by industrial
growth and by changing water use practices in industry. The wastewater
flows will reflect water use, influenced by water conservation and
recycle practices. Mass pollution loads, however, are principally

influenced by industrial growth and technological changes.
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Urban stormwater runoff contributes significant pollution loads
to Lake Erie and its tributaries. Table 7 lists the pollution con-
centrations from separate system urban stormwater runoff. These con-
centrations vary as does the percent imperviousness, a measure of the
degree of urbanization. The concentration of phosphorous and nitrogen
tends to be less in dense urban areas because of a lesser amount of
lawn and green space. Table 8 lists the pollution concentrations of

combined sewer overflows.

TABLE 7

SEPARATE SYSTEM STORMWATER RUNOFF CHARACTERISTICS

Rural Urban Denge Urban
Imperviousness 5% 252 55%
Suspended Solids 200 mg/1* 300 mg/1 500 mg/1
BOD 3 mg/l 20 mg/1 30 mg/l
CoD 50 mg/1 150 mg/1 200 mg/1
Total Volatile Solids 35 mg/1 110 mg/1 140 mg/1
¢uspended Volatile Solids 25 mg/1 80 mg/1 105 mg/1
Phosphorus as P .2 mg/l .7 mg/l .5 mg/l
Nitrogen as N 2.0 mg/1 3.1 mg/1 2.2 mg/1
Chlorides 60 mg/1 160 mg/1 166 mg/1

TABLE 8

COMBINED SEWER OVERFLOW CHARACTERISTICS

Suspended Solids 200 mg/1%
BOD 60 mg/1
cop 220 mg/1
Total Volatile Solids 160 mg/1
Suspended Volatile Solids 120 mg/1
Phosphorus as P 8 mg/l
Nitrogen as N 12 mg/1
Chlorides 161 mg/1

* mg/l = milligrams per liter



The stormwater runoff pollution loads from a rural area are
low compared to those from an urban area of equal size. However,
rural land currently represents three times the area of urban land.
By 2020, urban land areas will exceed rural land areas. The first
column of Table 7 shows the concentrations of the waste constituents

from rural stormwater runoff.

Table 9 summarizes the flows and pollution loads contributed

by the four major sources. The display demonstrates the decrease in

relative and absolute contribution of pollutants from rural stormwater

runoff, resulting principally from the urbanization of rural lands.
For that reason, structural measures for the control of rural storm-
water runoff pollution are not included in the designs and costs
included in this report. In addition, the rural contribution will
also decrease as better methods of plowing, applying fertilizer, and
other farming activities are developed. The tabulated amounts, then,

probably represent a high estimate for future pollution loads.




TABLE 9

WASTE LOADS GENERATED WITHIN THE STUDY AREA

1970 1990 2020

AREA (ACRES)
Urban 225,000 416,200 499,100

Rural 739,400 548,200 465,300
TOTAL 964,400 964,400 964,400

FLOW (MGD)
Domestic 313 463 628
Industrial *MIN **MAX *MIN **MAX
Process 163 115 197 143 243
Cooling 520 177 579 191 682
Urban Runoff 97 171 224
Rural Runoff 216 160 136

BIOCHEMICAL OXYGEN DEMAND
(LB/DAY)
Domestic 335,290 519,180 685,250
Industrial 305,760 327,510 367,870
Urban Runoff 26,190 37,130 52,530
Rural Runoff 5,840 4,330 3,670
TOTAL 673,080 888,150 1,109,320

SUSPENDED SOLIDS (LB/DAY)
Domestic 470,920 672,830 846,610
Industrial 2,360,040 2,747,010 3,121,130
Urban Runoff 199,420 382,940 577,370
Rural Runoff 368,610 273,290 232,020
TOTAL 3,398,990 4,076,070 4,777,130

PHOSPHOROUS (AS P) (LB/DAY)
Domestic 25,100 35,700 43,370
Industrial 4,380 4,930 5,260
UIrban Runoff 2,880 3,400 3,950
Rural Runoff 360 270 220
TOTAL 44,300 52,800

NITROGEN (AS N) (LB/DAY)
Domestic 74,800 92,480
Industrial 19,870 22,440
Urban Runoff 7,150 8,910
Rural Runoff 2,660 2,270
TOTAL 104,480 126,100

CHLORIDES (LB/DAY)
Domestic 71,730 110,420 141,710
Industrial 92,420 109,050 123,850
Urban Runoff 111,160 194,270 295,400
Rural Runoff 107,900 80,010 67,900
L 4.2 1,1 R, . = b
TOTAL 383,210 493,750 628,860

* Projecting Maximum Reuse
** Projecting Nominal Reuse
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D. Water Quality

1. Rocky River.

Numerous reaches of the Rocky River, on both the East and West
Branches, are polluted by poorly treated and untreated domestic
wastes. Only a few miles of the headwater regions are relatively
unpolluted. Extensive organic sludge deposits exist below water
treatment plants and wastewater treatment facilities. According
to 1970 data, coliform bacteria exceed the existing State of Ohio
Stream Quality Standards in nearly all areas. Dissolved oxygen
levels decline to near zero in downstream regions during summer
low flow periods. Total dissolved solids exceed existing Ohio

standards in most cases.

The aquatic life in most regions contains, and in some is
dominated by, pollution-tolsrant animals such as sludge worms and
chironomid larvae. These organisms usually account for more than
60 percent of the bottom-dwelling (benthic) animals. The variety
of aquatic organisms is very low, except for short sections of the

headwaters region.

2. Chagrin River.

Most sections of the Chagrin River contain water of relatively
good quality. Short stretches below several wastewater treatment
facilities contain sludge deposits and relatively low levels of
dissolved oxygen. Hildly toxic materials enter the stream in one
short stretch at Chagrin Falls. Coliform bacteria usually exceed the

existing State of Ohio Stream Water Quality Standards in most areas.
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Benthic aquatic life in the Chagrin is dominated by pollution-
sensitive or intermediately sensitive organisms. These organisms
usually account for over 80 percent of the benthic community. Cold
water fish including trout and darters inhabit several headwater areas.

The variety of organisms is moderate to large in most regions.

3. Cuyahoga River.

Water quality in the Cuyahoga River above Lake Rockwell is
relatively good. Except for small areas of decaying vegetation
and excessive floating debris, this section of the river meets

existing Ohio Stream Water Quality Standards.

Between Lake Rockwell and Akron, the river is adversely affected
by (1) withdrawal of water for the City of Akron, (2) waste leakage
from the Akron water treatment plant, (3) effluents from small plating
industries, (4) effluent from a municipal wastewater treatment facility,
(5) heated effluent from a fossil fueled power plant, and (6) oil, salts,
soil sediments, and debris from poorly managecd urban and industrial
construction projects. Within the City of Akron, in spite of significant
progress in pollution control by the rubber industry, considerable
quantities of toxic industrial wastes still enter the Cuyahoga River
via the Little Cuyahoga River. Akron's municipal wastewater is dis-
charged into the river after receiving secondary treatment. This
effluent and the industrial waste discharges at and below the city,
severely degrades the Cuyahoga River for 15 to 20 miles downstream.
Between Lake Rockwell and Cleveland, nearly all of the existing Ohio
Stream Water (Quality Standards are violated, at least periodically.

Within Cleveland, domestic and industrial wastewaters drastically alter
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the normal physical and biological characteristics of the river.

L S g Ty T

The bottom-dwelling aquatic life in the upper Cuyahoga is
dominated by organisms that can tolerate intermediate levels of pollu-
tion. These organisms usually account for over 60 percent of the
benthic community. The lack of suitable habitat limits the distribu-
tion and abundance of organisms in the upper river that are sensitive
to pollution. There is a moderate variety of aquatic life, including

game fish and pollution-sensitive minnows and darters.

In the middle and lower sections of the river, the bottom-dwelling
aquatic life is dominated by pollution-tolerant organisms. In most
cases these organisms account for over 90 percent of the benthic
commmity. Both the variety and abundance of life are severely
limited. Several species of pollution-tolerant fish survive
in a few areas, but many portions of the region are devoid of a

permanent fish population.

The lower 11 miles of the Cuyahoga River, between the Cleveland
Southerly treatment plant and the mouth has received landmark recog-
nition. This portion of the river receives pollution loads of such
magnitude that it has heen classed as the third dirtiest river in the

United States by the U. S. EPA.
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This stretch is characterized by the absence of dissolved oxygen

in summer low flow periods, floating oil and debris, industrial

wastes including ammonia, phenols, cyanides, pickling liquors,

! acids, heavy metals, plating wastes, paint residue, and solvents, §
heat, solids, municipal sewage, and combined sewer overflows. %
|
9 Tables 10, 11, and 12 summarize the current conditions of the Rocky,
1 Chagrin, and Cuyahoga Rivers, respectively, relative to the existing k
Ohio Stream Quality Standards. These atandards, described in Attach-
1 ment B, are currently under study by the Ohio EPA for possible revision.
i
|
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.
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|
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! TABLE 10

BASELINE CONDITIONS IN THE ROCKY RIVER BASIN IN RELATION
TO THE STATE OF OHIO WATER QUALITY STANDARDS.
CODE (-) UNACCEPTABLE, (+) ACCEPTABLE, (o) DATA NOT AVAILABLE

State of Ohio Water Quality Standards
Waterway or section
thereof :All water
:must be
:free from

o E e owh
g . £3addas
0 °5‘g'*8=8';’ s
TR EEEEENEE
; o u '3 ® u v 8
4 E § :§ 29 % s 8 8 » o
STANDARDS o 28 e > 1@ § I
e He Pag8ygdd
i - N 8 o
| B EFPEEEEREER
i Se BE&ZBR S8 8w 2
! :
! 1. Rocky River and all tributaries =% # 0 0 = = = = == =
2. WVest Branch upstream of Route 3
(approximately upstream of North
Branch) - 4+ + 0 0o + - 0o + - - %
3. North Branch of the West Branch
E downstream of Bagdad Road
E (approximately lower 1.5 miles) - + + 0 0 + + 0o + - - +
4 4. East Branch in the vicinity of
s Baldwin Lake - ¢ + 0 0o + + o0 1inconclusive
5. Baldwin Creek in the vicinity of
Coe Reservoir - + + o0 o + + o 1inconclusive

6. All lakes being used for swimming *
or water contact sports

* Some areas require chlorination to meet bacterial standards.
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TABLE 11

BASELINE CONDITIONS IN THE CHAGRIN RIVER BASIN IN RELATION
TO THE STATE OF OHIO WATER QUALITY STANDARDS
CODE (-) UNACCEPTABLE, (+) ACCEPTABLE, (o) DATA NOT AVAILABLE

State of Ohio Water Quality Standards
Waterway or section
thereof :All water
:must be
:free from

s oo es se

Toxic substances
Putrescent sludge
Floating debris
Nuisance odor

©| Threshold-0dor No.
©| Radioactivity

+| Dissolved Oxygen
+| Dissolved Solids
9| Other Chemicals

! {Coliform bacteria
+p

]

]

]

+ Temperature

Chagrin River and all tributaries

+
+
o
o
+
+
o
+
+

East Branch at its mouth

Main stem in the vicinity of
Daniels Park (5 miles upstream
of the mouth)

Main stem upstream from
Chagrin Falls

Aurora Branch
East Branch

All lakes being used for swimming
or water contact sports
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; TABLE 12

; BASELINE CONDITIONS IN THE CUYAHOGA RIVER BASIN IN RELATION
3 TO THE STATE OF OHIO WATER QUALITY STANDARDS.
{ CODE (-) UNACCEPTABLE, (+) ACCEPTABLE, (o) DATA NOT AVAILABLE

State of Ohio Water Quality Standards
Waterway or section
thereof : :All water
:must be
:free from

Putrescent sludge

Coliform bacteria
Threshold-Odor No.
Radioactivity
Dissolved Oxygen
Dissolved Solids
Other Chemicals
Toxic substances
Floating debris

+ |Nuisance odor

Temperature
pH

1. Cuyahoga upstream of Lake
Rockwell and tributaries thereof + +

+
+
o
+
+
+
&
]
!

2. Lake Rockwell to State Route 17
(approx. from Lake Rockwell to .
Garfield Heights) - + + 0 0 = = =~ = = = =

1 i 3. State Route 17 to Coast Guard
F Station (Garfield Heights to
Lake Erie - + 4+ 0 0 = = = = = = =

- 4, Little Cuyahoga River upstream

of State Route 91 and downstream

1 of Hazel Street (Upstream from a

point 1 mile upstream of gaging

station 6)(Dovmstream of a point

2 miles upstream of Ohio Canal) - + 4+ 0 0 =~ = = - =« = =

5. Little Cuyahoga River between
Route 91 and Hazel Street,
Summit Lake and Ohio Canal - = 4+ 0 0 =~ = = = = - =

6. All other tributaries between
Lake Rockwell and Harvard Avenue inconclusive

7. For the following lakes, ponds,
or reservoirs: Aquilla, Brady,
Congress, Geauga, Hudson, Springs,
Mogadore, Muddy, Muzzy, Punderson,
, Sandy, Snow, Springfield, Silver,
; Wyoga, Aurora Pond inconclusive

8. All other small lakes now used
¥ for swimming and water contact
{ { sports inconclusive

* NOTE: Except for a short distance below a fossil leveled power plant
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CHAPTER 5

PLAN FORMULATION AND EVALUATION PROCESS

A. Introduction

The process of plan formulation is the systematic development of
plans to meet the basié goals and objectives as stated in Chapter 2.
As alternative plans are developed, they are screened and subsequently
evaluated and reformulated. Initially, evaluation provides information
to be used in formulating and refining components of alternative waste-
water systems. Also, it provides a mechanism for analyzing systems in
the context of identifying and measuring all of their significamt

beneficial and detrimental effects.

B. Formulation Process

Alternative regional wastewater management plans were developed
using a range of known technologies. Plans with pure technologies
or combination technologies were formulated to achieve two levels
of water quality. The formulation took into consideration current
plans and also provided alternatives to these plans. The objective
in doing this was to provide the State of Ohio with an initial set of
alternatives that would display combinations of criteria, technologies,
and economies of scale. From these, the State and the public assisted
in the selection of plans for refinement during the third phase of
planning.

Within this framework and in consideration of meeting the
objectives established, an array of wastewater management alter-

natives were developed tg determine the environmental, social, and

economic advantages and disadvantages to compare the use of
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various treatment technoloéies and the trade-off between the two

levels of design criteria.

The twelve alternative plans making up the initial array are

described in Chapter 6.

1. Wastewater Treatment Technologies.

The wastewater management alternatives for the highest levels of
treatment were developed around three fundamental wastewater treatment
technologies. They are advanced biological, physical-chemical, and

land treatment.

(a) Advanced Biological Treatment

The advanced biological treatment process, shown schematically in
Figure 10, provides an environment for the accelerated growth of
bacteria fhat use the organic matter contained in wastewater as a
source of food, converting it to carbon dioxide and water. Sufficient
oxygen to complete the digestive process is artificially supplied.
To remove nitrogen, additional bacteria are used to convert nitrogen
into the gaseous form. Many industrial wastes are toxic to these

bacterial communities and must be excluded from the wastewater.

Settling is required to separate solids and bacteria from the
water. Phosphorus is removed by chemical reaction and settling, and
filtration removes the fine particles. Approximately 1.1 tons of
sludge are produced per million gallons of wastewater treated by the

advanced biological process.
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(b) Physical-Chemical Treatment ;
ﬁ { The physical-chemical treatment process, shown schematically :
i | in Figure 11, relies on chemical reactions and physical mechanisms
to remove both organic and inorganic pollutants from wastewater. Organic
matter is removed by adsorption to activated carbon, nitrogen is removed

as a gas by chlorine oxidation, and phosphorus is removed by chemical

T N

reaction and settling. This process is less susceptible to reduced
effectiveness by industrial wastewater than is the advanced biological “4
process. Incineration of sludges is normally associated with physical-

chemical treatment for recovery of the treatment chemicals. The

physical-chemical process, including incineration, produces approximately

0.9 tons of ash per million gallons of wastewater.

(c) Land Treatment

i The land treatment method of wastewater purification, shown
schematically in Figure 12, provides a direct pathway through which
organic matter and nutrients can be recycled to the soil to enhance
the production of crops. 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 to recycle back to the environment those substances discarded as

pollutants by man that are necessities to nature.

In this study, land application is always preceded by secondary

| level treatment in either a conventional activated sludge plant or in

L] an aerated lagoon system. Therefore, industrial wastewaters toxic to
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those biological processes must be excluded from the wastewater.
Approximately 0.6 tons of sludge are produced for each million gallons
of wastewater treated by the activated sludge process. The aerated
lagoon produces approximately 0.2 tons of sludge for each million gallons

of wastewater.

(d) Secondary Treatment

The technologies studied included activated sludge and aerated
lagoons for secondary treatment. Advanced biological, physical-chemical,
and application upon land were considered as final treatment alternmatives.
Any of the final treatment technologies could be used in conjunction
with either of the secdndary treatment technologies. The study effort
considered that secondary treatment by either activated sludge or
aerated lagoon technology could be used prior to land treatment.
In no case was the land application technology used unless the effluent
to be applied had, prior to its application on land, received secondary
treatment by either of the management technologies discussed. Further,
in all cases where effluent is applied to the land for final treatment,
the treated water is collected by underground drain tiles and removed

from the site.

As stated, any of the advanced wastewater treatment facilities
may be used in conjunction with either the activated sludge plants or
aerated lagoons. This is important because it allows the phasing of
the land treatment components in such a manner that the existing acti-
vated sludge plants can continue to be operated for the remainder of

their useful lives in conjunction with land treatment, after which they
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might be replaced by aerated lagoons at the land treatment sites. By ?

using existing activated sludge treatment plants, minimum expenditures

are needed to achieve secondary treatment. Thus, more funds are

available to phase the upgrading of the system to Level I by 1983

SRS

and Level II by 1985.

2. Structure of the Region.

With the water quality criteria and treatment choices available for
use, the study attention was turned to the examination of the region,
ite population trends and the general makeup of the individual river
basins. The general characteristics of the region and future trends
are discussed in Chapter 3. The basin areas were divided into upper,
middle, and lower regions based upon land use and population densities
as projected over the period covered by the study. These basin sub-
divisions are shown on Figure 13. System configuration could now be
defined in terms of the physical structure of the region, as well as

the level of treatment and the technologies that best meet the need. ~

The amount of present and projected urbanization in each of the
three regions was found to be very useful in breaking the alternatives
into logical component parts. These components, when optimized for the
three technologies, could then be considered on their own or in combination
with other plans utilizing that technology, giving a broad range of

twrnat lve possibilities and system flexibility.

ster mmlity Criteria.

s 0 lmerovesent in water quality was considered by

Simst wes s of trestsent an discussed in Chapter 2.
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Plans were developed to meet Level I and Level II water quality (see

Figures 1 and 2). The Northeast Ohio Water Development Plan config-
uration, ags described in Chapter 6, meets current water quality criteria

and provides a basis for )lan formulation to meet higher effluent quality.

Four plans were initially developed to meet the Level I water
quality criteria. Of these, one was the basic Northeast Ohio Water
Development Plan, another was a plan treating all effluent on land.

The other two were combination plans utilizing major and minor amounts
of land for treatment. The land treatment components utilized'existing
secondary treatment plants. Subsequently, these four plans were modified
so as to achieve Level II water quality criteria. An additional plan
was formulated to compare the effect of greater centralization of
advanced treatment plants on these systems. Finally, three plans

were developed to compare the effects of the different pure treatment
technologies on system design. The Northeast Ohic Water Development
Plan combined the use of physical-chemical and biological plants for
advanced treatment. Therefore, a plan was developed that contained

only physical-chemical plants and another was developed that contained
only biological plants. The third plan was a pure land treatment plan
including the use of aerated lagoons for the secondary treatment portion

of the system.

These twelve plans provided a full range of systems for comparison

of costs and impacts of the various technologies and treatment levels.




{ C. Evaluation Process

In general terms, the purpose of evaluation is to discover, in z

advance of final plans or construction, any potential for ecological i

3 mishap or disaster, any technical flaw or inadequacy, and any '
opportunity for protection or enhancement of the larger social and
physical environment. Identification of deficiencies or adverse

effects was followed by investigation and by iterative processes,

to achieve modification or refinement of plans toward greater

o

harmony and efficiency.

For this study, the principal purposes of evaluation were:

1. To define the current conditions of the Three Rivers Watershed

: area as a prelude to the identification of the social, economic,

S

ecological, public health, and aesthetic changes resulting from

implementation of any alternative wastewater management plan.

2. To provide, during the planning process, information to the
planner to enable the refinement of plan components by identifying
detrimental impacts from specific components and suggesting revisions

to enhance harmony with the social and physical environment.

3. To provide the decision makers with an array of impacts,
organized by alteinative plans, showing how each affects the social
and physical environment. This enabled the comparison and selection
among, alternatives based on the relative desirability of the

alternative plans.

4. To preserve an orientation toward the future by due regard

for long-term maintenance and enhancement of the environment as opposed
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to short-term local use; by discovery and identification of irreversible
ecological effects: by consideration of the effect on resources and
energy, relacing expected demand to resource capabilities; and by

concern for the increasing value of scarce natural resources.

The initial alternatives were evaluated on the basis of:
(a) System performance.

(b) Financial cost.

(c) FEnvironmental, social, and economic impact.

(d) Institutional analysis.

(e) Public opinion.

The initial engineering feasibility was discussed in the Feasibility

Study and will not be fu:ther discussed in this summary. All designs

incorporated in the alternatives are feasible from an engineering

standpoint.

The five impact categories used in this study are social, economic,
ecological, public health, and aesthatics. Initially a broad range of
alternatives were identified in light of a thorough evaluation of costs,
effectiveness, and indirect social and environmental impacts. Alterna-
tive system components were specifically evaluated on the basis of how
they handle municipal, industrial, and urban storm runoff and the sludge

produced from this treatment.

Institutional concerns were not limited to the governmental

bodies affected but also to the possible establishment of regulationms,
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laws, restrictions, and good operation and maintenance practice.

Further, the concern of multiple use of land for treatment and crop

production was analyzed. Summaries of the evaluation of the twelve

alternatives appear in Chapter 6. The complete evaluation appears 3

in Appendix VI. ]

Based on the initial formulation, evaluation, and public involve- 3
ment, several alternatives were selected for refinement by time-phasing, %
optimization of plant siting, and compliance with on-going planning by
local entities. The Northeast Ohio Water Development Plan configuration
was used as a basis for considering the incremental benefits (tangible
and intangible) and costs of going from Level I to Level II. After
formulating these plans (as discussed in Chapter 7), an examination
of each was made with regard to the evaluation parameters, and the
impacts of each on impacted groups of the public. Here, impacted public
means the taxpayers or residents of the study area, the residents of
the State of Ohio outside the study area, the residents of the Lake -~
Erie Region, and the national and international communities affected
by these plans. A display of the significant impacts and the public
sectors impacted upon is presented in Chapter 7. From these identified

impacts, a table of preference sets for choice among the various plans

was developed to assist the decision-making process and appears in

Chapter 8.

D. How the Public Was Involved

Although the normal series of formal public meetings were
conducted as the wastewater management study progressed, emphasis

was placed on the informal workshop forum with representatives from
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all public sectors upon which the study results might impact. The
workshops were intended to ascertain the views of a broad represen-
tation among Ohio's citizens, in addition to local governments and

interest groups.

Initial public meetings were held 18 and 19 January 1972 in
Akron and Cleveland, respectively. In the interim period before
the formulation stage public meetings in December 1972, about 15
invitations for presentations of the study's progress were fulfilled,
primarily within the Three Rivers Watershed area and in the counties
identified in the feasibility report as having soils suitable for

land treatment of wastewater.

“The Purewater Press,'" a periodic newsletter, constituted the
principal public communication medium during the plan formulation

phase of the study. The ''Press' announced the award of the contracts
for each portion of the study, identified the various wastewater treat-
ment technologies under consideration, reported the progress of the
study, and reprinted articles related to water pollution control. The
initial mailing list of about 1,000 has grown to in excess of 2,500.

The attendees at meetings held during the study were added to the

mailing list as the study progressed.

An intensified public involvement program followed the formulation
of the twelve alternative plans. Twelve workshops and presentations,
the first three of which were held in counties containing prospective

land treatment sites and two others that were held in a potential
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sludge management area, preceded the three formulation stage public

meetings.

An additional 15 workshcps and presentations were held subsequent

to the public meetings, most of which resulted from follow-up requests

from farmer groups and farm organizations, county commissioners, chambers
of commerce, service clubs, university groups, conservation groups, and

local government officials.

Four final public meetings were conducted to ascertain the public
review of the four plans selected for final consideration. The tran-
scripts of those meetings are included in Appendix VIII. The contribu-
tions of the public to the review of this report are reflected in its

Conclusions (Chapter 9).

Figure 14 displays the types and locations of the contacts with
the public during the formulation stage of the study. The views of the
various public sectors towards the study and the alternative plans are

discussed in the Chapters 6 and 7.

During the course of the public involvement program, several concerns
relating to water quality, land treatment technology, and public health
were articulated by the various publics. These concerns, together with
the environmental evaluation, influenced the reformulation of alternmatives
and selection of plans. Specific public concerns are identified and
discussed in Chapter 6 as they relate to specific alternatives. A more
detailed discussion of the public involvement program, including
samples of correspondence and presentation material, is contained in

Appendix VIII.
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CHAPTER 6

ALTERNATIVES CONSIDERED

A. Introdu.tion

The purpose of this chapter is to summarize the specific formulation
and evaluation of the twelve alternative plans that were developed in
Phase 2. As Chapter 5 discusses, the twelve alternatives were developed
sequentially, resulting from interactions between the designers and
the evaluators. The descriptions of the formulation and evaluation

of the alternatives will follow the sequence of plan development.

B. Development of Management Options

Prior to the development of specific area-wide wastewater management
alternatives, sets of options were developed for industrial wastewater,
urban stormwater runoff, and sludge management. These options were
incorporated into the area-wide wastewater management alternatives
in a variety of combinations, allowing the evaluation of those

options in relation to total wastewater management systems.

1. Industrial Wastewater Treatment.

For the formulation of industrial wastewater treatment options, the
industrial discharges were separated into two general categories: 1) those
discharged directly into a waterway and 2) those discharged into a
municipal sewerage system. The industrial wastewater treatment options
were developed to include complete treatment of directly discharged
wastewaters to the appropriate Level I or Level II criteria and pre-
treatment of wastewaters discharged into sewer systems to levels which

meet the compatibility criteria.
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The compatibility criteria are:
1) That any constituent that may interfere with the reliable
performance of the municipal treatment plant receiving that wastewater
flow must be reduced by pretreatment at the industry to such a con-

centration that interference is prevented, and

2) That any constituent not reduced in the municipal treat-

ment plant receiving that flow to the level required by the Level I
or Level II criteria must be reduced by pretreatment to comply with

those criteria prior to discharge to the sewer.

Each industrial wastewater treatment option provides for complete

treatment cf the directly discharged wastewaters to the appropriate
level, but the degree of pretreatment of that proportion discharged
to sewerage systems varies according to the compatibility criteria
associated with the technology selected for municipal wastewater

treatment.

Option 1 provides sufficient retreatment of industrial wastewater
so it is acceptable to sewage treatment systems using any of the three
technologies considered for municipal treatment, designed to meet

level 1 design criteria.

Option 3 provides pretreatment compatible with municipal waste-

water treatment facilities using any of the three technologies

designed to meet the Level II design criteria.




> Option 4 is designed to be compatible only with the land treat-
ment technology. The pretreatment included in this option excludes
}1 the removal of heavy metals prior to discharge to sewerage systems
because of the ability of the soil to absorb those metals to the
extent required to meet the Level II criteria. However, the treat-
ment processes used in Option 4 to reduce dissolved solids to the
appropriate level simultaneously reduce the concentrations of

heavy metals.

- Therefore, to take full advantage of the capability of the land
treatment technology to remove heavy metals to such an extent that

Level II criteria are met, Option 5 was formulated. In order to

i allow those heavy metals to enter the sewers for transport to the
municipal land treatment site, processes necessary to reduce the
dissolved solids to the level consistent with the pretreatment
criteria must be omitted. Therefore, both heavy metals and dissolved

solids would be transported to the land.

A final industrial treatment, Option 2, was formulated to examine

the potential benefits to industry and the public from maximizing the
internal recycle and reuse of water and wastewater, while meeting f

Level II criteria. This option projects a reduction of wastewater

flow from industry to approximately 35 percent of that from any of the

previous four options.

; | Table 13 displays the five industrial wastewater treatment options,

|
|
|
|
1

the treatment criteria that each meets, the municipal treatment technology
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with which each is compatible, and the cost to industry of applying

each throughout the Three Rivers Watershed.

Industrial
Wastewater
Treatment Treatment
Option Criteria
1 Level I
2 Level II
3 Level II1
4 Level II1
5 Level II*

‘CABLE 13
INDUSTRIAL WASTEWATER TREATMENT OPTIONS
Average
Annual
Compatible Cost
Technologies (Million $/Yr)
Advanced Biological, Physical- 41
Chemical, and Land Treatment
Advanced Biological, Physical- 55
Chemical, and Land Treatment
Advanced Biological, Physical- 65
Chemical, and Land Treatment
Land Treatment 62
Land Treatment 36

* NOTE: Total dissolved solids pretreatment criteria are violated to
allow discharge of heavy metals to municipal land treatment
systems.

It should be noted that all municipal systems in the twelve alterna-

tive plans provide sufficient capacity to accept the flows of pretreated

industrial wastewater projected in Options 1, 3, 4, and 5, not the re-

duced flow projected in Option 2. Therefore, any of these systems

would be capable of treating the maximum volumes of wastewater projected.

2. Urban Stormwater Collection and Treatment.

Because of the random nature of rainfall occurrence, duration, and

intensity, systems to collect the resulting stormwater runoff must be
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expected to be overloaded occasionally. The frequency of that overloaded
condition can be controlled through the design capacity of the system.
The proportiun of the average annual urban stormwater runoff that should
be collected for treatment was determined by examining the relationships
among the percentage of runoff collected and the cost and effectiveness
of the treatment system. The combined information displayed in Figure 15
led to the decision to develop systems having the capacity to collect

and treat, over the year, 97.3 percent of the average annual urban storm-
water runoff. Figure 15 shows, for example, that if the percentage of
stormwater collected for treatment were increased to 99 percent, cost
would be increased by 30 percent, with a resultant increase in suspended
solids removal of less than 2 percent. Other pollution parameters demon-

strate a similar relationship.

Like total quantity, the frequency of overflow is important to
the stream environment. The system capacity selected will only
allow urban stormwater runoff to escape an average of once a year.
Even that overflow is partially treated. Using the land use projections
discussed in Chapter 3, those drainage basins were identified that are
projected to experience sufficient development by 2020 to be classified

as urban. The 162 basins identified are displayed in Figure 16.

Urban stormwater treatment options include: 1) local collection

and treatment followed by direct discharge to the stream, 2) collection

and storage followed by treatment in a municipal facility during periods
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of reduced municipal wastewater flow, and 3) local collection, storage,

and direct land treatment.

Under the first option, the local separate, physical-chemical
treatment facilities are located at the discharge site of storm
sewer systems and at the mouths of small tributary streams. Minimal
storage is required, and few water transfers between drainage basins
occur. This procedure can be designed to meet either Level I or

Level II quality criteria.

The second stormwater treatment option takes advantage of the excess
capacity of municipal treatment facilities necessary to accept fluctu-
ating municipal flows. During low municipa” veriods, stormwater
can be introduced into the facility for treati.. . Large storage require-
ments and interbasin transfers of water are characteristic of this system.
The level of stormwater treatment is equivalent to the level of quality

for which the municipal facility is designed.

The third option, direct land treatment, produces water meeting
Level II quality criteria. Large storage facilities are necessary
to hold the stormwater, since land treatment cannot be accomplished

during rainfall periods.

In those alternatives having advanced biological or physical-chemical
components, the choice between separate stormwater treatment and treatment
in combination with municipal wastewater depends on the trade-offs between
plant costs for separate treatment versus transmission and storage costs
for combined treatment. In most cases, municipal treatment plant capacity
need not be increased to accept stormwater runoff for treatment during

periods of reduced municipal flow.
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In those alternatives having land treatment components, the avail-
ability of suitable soils becomes an overriding consideration in the
selection of separate land treatment of stormwater. If an adjacent suit-
able land treatment site is available, cost comparisons must be made
among separate land treatment, separate advanced biological/physical-
chemical treatment, and combined treatment with municipal wastewater.
Suitable lands are available in much of the upper rerions of the river
basins, but as the density of development increases in the downstream
area, and the availability of land diminishes, the other two options

are needed.

3. Sludge Management.
Three sludge management options are considered. They are incinera-
tion, agricultural land application, and application to barren strip-

mined lands for restoration and revegetation.

In order to make the physical-chemical technology economically
competitive with the other technologies, and to minimize its massive
chemical requirements, incineration of sludge for chemical recovery is
mandatory. Thus, ash is the residual product of the physical-chemical
technology. Such ash is very low in organic materials and nutrients

and has reduced value for land application, except as a soil conditionmer.

Sludge from advanced biological facilities can also be incinerated

to reduce the tonnage of ash to be handled to approximately 45 percent
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of the weight of the sludge. The incinerators included in the alterna-
tives reported here are designed to meet all the existing and antici-

pated air quality staniards within the area.

After treatment to reduce bacterial contamination, sludges from
advanced biological facilities and from the biological processes pre-
ceding land treatment can be applied to agricultural lands to increase
their fertility and rebuild depleted soils. This procedure requires
no long-term commitment of specific lands, since permanent facilities

are unnecessary; sludge can be applied by mobile equipment.

Treated biological sludges have been found ideal for application
to barren strip mine spoil material, achieving vegetative cover in
one growing season. The location of the Ohio Appalachian region in
relation to the Three Rivers Watershed provided a unique opportunity
for the use of sludge in stripmined land restoration. Pipeline trans-
port to distribution points within the stripmined region, followed by
truck transport to restoration sites provides flexibility. As much as

300 tons of sludge can be applied to an acre of barren stripmined land.

The Ohio Department of Natural Resources has a project underway
to develop the concept of collectively mitigating stripmine reclamation
and solid waste problems, which includes the use of sludge. A possible

result from this study is development of soiid waste recycling centers
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and sludge utilization for reclamation as a complementary system in

stripmined areas. Sludge application can follow the land reshaping
involved in landfill activities, thus providing a natural landscape

protected from erosion by vegetative cover.

It should be noted that the pipeline transport of sludge requires
solids concentrations of 10 percent or less. Thus, transport water
will also be transported to the Southeastern Ohio area, at the expense
of flow to Lake Erie. Transfer of water out of the Great Lakes Basin
is a concern of the International Joint Commission of Canada and the
United States. The significance of this transfer is minimized when
the 4.5 million gallons per day of tramsport water in 2020 is compared

to the 794 million gallons per day of wastewater treated.

C. Range of Initial Alternmatives

Within the formulation framework discussed in Chapter 5, the initial
set of alternatives was formulated to incorporate, into area-wide waste-
water management plans, various combinations of the management optiomns

described above and to display a variety of system configurations.

The configurations of the alternatives were significantly influenced
by two principal factors:

1) The configuration of the wastewater management system that is
a part of the Northeast Ohio Water Development Plan.

2) The location of land areas having soils suitable for use by the

land treatment technology.
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A study of existing county soil maps, supplemented by information

obtained from the Ohio Office of the Soil Conservation Service, resulted
in the identification of sufficient land areas within the Lake Erie
Drainage of Ohio to treat all the wastewater generated within the Three
Rivers Watershed by the land treatment technology. Those land areas

are shown in Figure 17. It can be seen from Figure 17 that only a

small portion of the suitable land areas are within the Three Rivers
Watershed. Those land areas are not sufficient to treat all the waste-
water produced in the Watershed by land treatment; therefore, land areas

outside the Watershed were considered for land treatment of wastewater.

Although suitable soils are available outside the Lake Erie
Drainage of Ohio, the Feasibility Study demonstrated that the cost
of pumping the treated effluent back to the Lake Erie Drainage in
compliance with international agreements substantially increased
plan costs. Since sufficient land areas are available within the

Lake Erie Drainage, studies of land treatment areas were limited to

that drainage area.

Alternative 1, The Northeast Ohio Water Development Plan

The Northeast Ohio Water Development Plan is currently used to guide
the decision process for sanitary sewage within the Three Rivers Watershed,
and some actions have been consummated. The plan represents a cost-
effective network of advanced biological and physical-chemical treatment
plants for treating municipal and industrial wastewater to levels required
by the Ohio Stream Quality Standards of 1970. That plan constituted the
basis upon which all the alternatives are formulated. In fact, the

configuration of Alternative 1, shown in Figure 18, duplicates the
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Northeast Ohio Water Development Plan configuration. Modifications
in treatment plant designs and costs were made to meet the Level 1
criteria, and the treatmen’. of urban stormwater runoff was incor-

porated into the plan.

Alternative 3

Alternative 3, shown in Figure 19, differs from Alternative 1
to accommodate stormwater at municipal treatment plants. It is de-
signed to meet Level II criteria. The alternative includes siting
a plant at North Olmstead near the confluence of the East and West
Branches of the Rocky River. The Northeast Ohio Water Development
Plan deleted this plant to avoid the release of effluent into the
lower Rocky River, since that area is lined with an extensive park
system. With the effluent treated to a higher level in Altermative 3,
it was determined that for flow and quality it would be preferable to
reinstate the effluent flow in the lower Rocky. The number of plants
was increased, particularly in the upper Rocky River Basin, in con-
junction with the changes in method of treating stormwater. This
alternative did not provide for the comparison of pure technology
alternatives, nor did it provide for the direct comparison of

Level I versus Level II costs because of the configuration changes.

Alternatives 10 and 11

Alternatives 10 and 11 were developed to provide the comparison
of pure advanced biological and physical -chemical technologies. Al-

ternative 10 is pure advanced biological technology, and Alternative 11
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is pure physical-chemical technology. The configurations of both alterna-
tives duplicate that of Alternative 3, shown in Figure 19. Both alterna-

tives are designed to meet Level II criteria.

Alternatives 2 and 4

Alternatives 2 and 4 provide systems with all advanced treatment

accomplished by land treatment technology following secondary treatment

provided within the Three Rivers Watershed by activated sludge and

%S secondary level physical~chemical technologies. Sufficient soil areas .
%: ‘ are available in the upper portions of the Watershed for local land ?
i treatment of wastewater. However, as Figure 20 demonstrates, the
: secondary effluent from‘Cleveland and Akron is transported to a single

1

land treatment area in Crawford, Seneca, Huron, and Richland Counties in

Northcentral Ohio.

Transport of the secondary effluent is by deep tunnels. The major
tunnel follows the Lake Erie shoreline in Cleveland and proceeds directly
to the land treatment area. A tributary tunnel from Akron down the
Cuyahoga River valley to collect the secondary effluent from the
Cleveland Southerly treatment plant joins the major tunnel west of

Cleveland.

The significant difference between these two alternatives is in
the treatment of urban stormwater runoff. In Alternative 2, stormwater
runoff is treated in local plants to meet the Level I criteria and
returned to the local streams. In Alternative 4, the stormwater is
treated by land treatment, thus achieving Level II criteria. In

Alternative 4, 80 percent of the urban stormwater runoff is transported
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from the Three Rivers Watershed to Northcentral Ohio for land treatment.

Alternative 12

The use of aerated lagoons for secondary treatment prior to land
treatment is introduced in Alternative 12, thus providing a pure land
treatment technology plan to meet Level II criteria. Aerated lagoons
replace the activated sludge plants in the upper portions of the Water-
shed, and an aerated lagoon enclave located at the land treatment area
in North Central Ohio replaces all the secondary treatment plants in
Cleveland. This arrangement requires the transport of raw sewage through

the deep tunnel to the Northcentral Ohio enclave.

The locations of the land treatment sites in this alternative,
shown in Figure 21, follow those of Alternatives 2 and 4, with one
major exception; wastewater from Akron is treated within the Three
Rivers Watershed by an overland flow/infiltration variation of the
land treatment technology. This treatment component would return
renovated water to the Cuyahoga River at a point upstream of the Akron

municipal water supply reservoir, Lake Rockwell.

Alternatives 6 and 8

In order to provide a broad spectrum of alternatives for evaluation
and public review, alternatives employing combinations of technologies
were formulated. Alternatives 6 and 8, displayed in Figure 22, are
similar in treatment concepts to Alternatives 2 and 4; secondary treat-

ment of all effluent is accomplished within the Three Rivers Watershed,
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followed by land treatment. Alternative 6 meets Level I criteria, and

Alternative € meets Level II criteria.

These alternatives provide for the return of renovated water from
the advanced biological treatment facilities at Akron to the Cuyahoga
River, at North Olmstead to the Rocky River, and to the headwaters of
Tinkers Creek. Local land treatment areas are employed in the upper
portions of the Watershed, and the secondary treatment plonts in
Cleveland discharge effluent to the deep tunnel for transport to the

land treatment area in Northcentral Ohio.

Alternative 9

Alternative 9, shown in Figure 23, was specifically formulated to
examine the results of regionalizaticn beyond the 26 plant configuration
included in the Alternatives 1 and 3. To achieve that end, five major
advanced biological treatment facilities were sited at Kent, Akron, and
Cleveland Southerly to serve the entire Cuyahoga River drainage, Chagrin
Fulls to serve the Upper Chagrin River drainage, and North Olmstead to
serve the Rocky River drainage. The Lake Erie shoreline plants would
become collection points from which raw sewage is transported by deep

tunnel to an aerated lagoon enclave in Northcentral Ohio.

Alternatives 5 and 7

In order to achieve all wastewater treatment within the Three Rivers

Watershed, yet provide land treatment wherever suitable land areas exist
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within the Watershed, Alternatives 5 and 7 were formulated. Alternative

S meets Level I criteria, and Alternative 7 meets Level II criteria.

In these alternatives, shown in Figure 24, the upper portions of
E, the Watershed are served by land treatment technology, while the densely
populated urban areas are served by advanced biological and physical-

chemical facilities.

;; Summary

Table 14 summarizes the characteristics of all the initial alterna-
tives, including the proportion of municipal and industrial wastewater
treated by each technology, and also the combinations of management
options for industrial treatment, stormwater runcff, and sludge handling.
It should be noted in Table 14 that the Advanced Waste Treatment Flow
includes some industrial wastewater after pre-treatment and some combined

stormwater.

D. Evaluation of the Management Options

To simplify the discussion of the evaluation of the twelve alterna-

tives, the evaluation of the management options for industrial wastewater

treatment, urban stormwater runoff, and sludge management are presented !
independently. The evaluation is based on the factors identified in
Chapter 5: system performance, financial cost, environmental, social,

and economic impact, institutional analysis, and public review.

1. Industrial Wastewater Treatment. ]
On the basis of performance alone, treatment Option 5 must be
eliminated from further consideration in refined plans that meet

Level II criteria. Since none of the technologies used in this study
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have the inherent capability to effectively reduce dissolved solids,

pretreatment at the industry for their reduction is required. Option 5

excluded processes to reduce dissolved solids.

The evaluation revealed uncertainty accociated with unrestricted
application of heavy metals on the land, and the public expressed grave
concern about the effects of those metals. The ability of the soils

b to absorb those metals is recognized; however, the impacts of the possible
accumulation in crops and the consumers of those crops remains uncertain.
Therefore, Option 4 is eliminated from consideration in refined plans

employing the land treatment technology.

Since Option 2 must not be assumed for design purposes, as explained
earlier in this chapter, only Options 1 and 3 remain for incorporation
in areawide wastewater management plans meeting Level I and Level II, ;
respectively. Therefore, the component cost for industrial treatment 3
is constant throughout all plans meeting the same level criteria;
$41 million annually for Level I plans and $65 million annually for 1

Level 11 plans.

2. Urban Stormwater Collection and Treatment.

The combinations of stormwater treatment options associated with
each alternative are identified in Table 15. The evaluation and public
review provided no clearcut advantage to any of these options, since
all options collect the same volumes of urban stormwater runoff and

\ treat it to the same level. Therefore, in the refinement of the plans,

combinations of stormwater treatment options are incorporated to match

the appropriate technologies and plan configurations and to optimize

costs. 108
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STORMWATER TREATMENT

WATER |STORMWATER
TREATMENT | AVERAGE
OBJECTIVE | PpPER YEAR ANNUAL
COST
LEVEL|LEVEL
NO.| TYPE SEPARATE |COMB
MIL. $
I | I jwarer|iano

| w v T4 123
B 74 128
5 C \V g 58 16 174
6 C N 358 16 173
3 w v 10 64 294
10 w v 10 64 292
(| w v 10 64 276
4 L v 18] 56 230
12 L v 26 | 48 184
7 (of (Vg 33 3138 203
8| C — | s[33[33] 202
9 C v 5 69 267
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3. Sludge Management

From an environmental point of view, the application of sludge to
barren stripmined land for restoration and revegetation was established
as the favored option. This option provides for recycling organics and
nutrients extracted from wastewater to restore land areas otherwise left
barren, some of which produce acid mine drainage that pollutes other

waterways.

Second priority was given to the application of sludge to local
agricultural lands because of the recycle of the organics and nutrients
for soil enrichment. Incineration was reserved as the last choice

option to be avoided where possible.

Cost comparisons of the three options demonstrated the same re-
lationships. Incineration is the most expensive option, the cost per
ton being approximately 1.6 times that of the other two options. Agri-
cultural land application and stripmine land application are similar in
cost, with local agricultural land application having a slight economic
advantage. In those alternatives employing aerated lagoons in North-
central Ohio, agricultural land application is given the economic
advantage, because of the long distance from that area to the strip-

mined lands in Southeastern Ohio.
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The response of the public, particularly in Harrison County, has

generally been enthusiastically in support of the stripmine revegeta-
tion and res.oration option. Some local groups there have already

begun to transport sludge to the County for application to stripmine
land. Farmers in this area have also indicated an interest in obtaining

sludge to improve the agricultural capability of their soil.

The only major institutional problem regarding sludge management
options relates to the transport of sludge transport water from the

Lake Erie basin, and that was addressed in Section B3 of this Chapter.

The combinations of sludge management options associated with each

alternative plan are identified in Table 16.

E. Evaluation of the Range of Alternatives

For simplicity of comparison, the costs associated with the twelve
alternatives are summarized in Table 17. In addition, the cost of
Alternative 1, which upgrades the Northeast Ohio Water Development Plan,
has been estimated for meeting the Level II criteria. The average annual
costs for Alternative 1 at Level II are $139 million for municipal
treatment, $205 million for stormwater treatment, and $65 million for

industrial treatment, totalling $409 million.

The resource requirements associated with each of the twelve
alternatives are summarized in Table 18. The chemical requirements
include lime, chlorine, alum, polymers, and methanol. Land require-

ments include those lands that must be purchased for plant sites and

those lands used for land treatment, for which purchase may not be necessary.
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TABLE 16

SLUDGE MANAGEMENT

WATER | SLUDGE 5
PLAN | quaLiTy | METOLING - JAVERAGE
OBJECTIVE| DRY TONS |ANNUAL
PER DAY
STRIP|LAND APPL | i
no. | Typg [FEVEL|LEVEL MIL. S
T II |MINE |SLUDGE|ASH
i e e 835 27
21 i v 477| 34 2|
5 c N 424 31 (376 30
6 C v 393| 41 |247 25
3| w v |330| 861515 26
0| w w' 1537 388 29 '
1] W \/ 682 3%
4 | L v |477] 34 19
ol L - 132 9
| F1¢ v 491 13|41l 29
8| ¢ « |316] 28|284] 28
5| ¢ v | 377 317 16

* This cost includes only disposal. Incineration and its costs ore
included in the treatment process.
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COST COMPARISON OF TWELVE ALTERNATIVES

PLAN

WATER .
QUALITY

OBJECTIVE

AVERAGE ANNUAL COST
MILLONS OF DOLLARS

NO. |TYPE

LEVEL
I

LEVEL
o
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M.
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M, I
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383

448

USSR

167

65
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232

434
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SRO. - STORMWATER RUNOFF
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L
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- INDUSTR!AL
- MUNICIPAL

- LAND TREATMENT

- COMBINATION
- WATERWAY DISCHARGE
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Alternative 1

Alternative 1, which duplicates the geographic configuration of
the Northeast Ohio Water Development Plan, met general public accept-
ance within the region. By upgrading it to Level I criteria, the
potential for improved aquatic life in most of the Rocky, Cuyahoga,
and Chagrin River is increased. In the Navigation Channel of the
Cuyahoga River, however, the 'Aquatic Life A" stream quality standards

will probably be violated.

For numerous reasons, Alternative 1 represents a very acceptable
plan from an institutional standpoint: 1) the Northeast Plan was
developed by the State of Ohio in cooperation with the local author-
ities, 2) some components of the Plan are currently being implemented,
and 3) all wastewater generated within the Three Rivers Watershed is

treated within the basin.

Alternative 3

The variation in the configuration of Alternative 3 from that of
Alternative 1 was described previously in this chapter. The performance
of this alternative at Level II will provide an additional increment
of water quality, therefore enhancing the potential for improved aquatic
life, especially in the Navigation Channel of the Cuyahoga, and in-

creased recreation.
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Public response to this alternative centered around two factors:
1) the uncertainty regarding the reliability of any technology to
prevent the discharge of pollutants into the Lower Rocky River by
the plant at North Olmste id and 2) skepticism concerning the
necessity to increase water quality from Level I to Level II, at a
substantial increase in public cost ($443 million annually, compared

to $226 million for Alternative 1 at Level I).

Furthermore, the configuration of Alternative 3 provides no cost
advantage over that of Alternative 1 at Level II (Alternative 3 at
$443 million annually, compared to Alternative 1 at Level II at

$409 million).

Alternatives 10 and 11

Since the configuration of Alternatives 10 and 11 are duplicates

of Alternative 3, the environmental impacts and public response re-
garding configuration are the same. However, significant differences

. result from differences in technology. -

Advanced biological technology is not as suited as physical-chemical
technology to communities containing significant industrial wastewater.
Furthermore, the pure physical-chemical alternative appears to have a
slight cost advantage. It should be noted that the cost of the advanced

biological alternative is probably more reliable than that of the

e

physical-chemical alternative, since most experience has been with the

biological processes.
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Consumption of chemical resources and sludge incineration are
the principal disadvantages to the physical-chemical alternative.
As Table 18 shows, chemical consumption by Alternative 11 is more
than twice that of Alternative 10. Although the incinerators
asgsociated with the physical-chemical technology will meet the air
quality standards to prevent air pollution, incineration violates
the environmental priorities for sludge management by precluding
restoration and revegetation of stripmined land through the recycle

of sludges.

Alternatives 2 and 4

The land treatment technology, introduced in Alternatives 2 and
4, provides the maximum opportunity to recycle nutrients. Furthermore,
these alternatives significantly reduce the consumption of chemical

resources for wastewater treatment and for crop fertilization.

Environmental evaluation identified numerous factors of signifi-
cance associated with the configuration of these alternatives, and
these factors were reinforced by public response. The factors of

greatest concern were:

1) Transport of sewage from the Cleveland-Akron Metropolitan
area to Northcentral Ohio for treatment. The rural community
residents interpret this configuration as an attempt to transfer a
problem generated within the metropolitan area to their rural area.

Valid institutional problems were identified, specifically the
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coordinated management of the system to treat wastewater and produce

crops.

2) The single massive land area necessary to improve cost-effectiveness
limits the development of the system to include neighboring communities
in Northcentral Ohio. Furthermore, the advantage of providing open
space, thus limiting urban sprawl, which is a characteristic of the

land treatment technology, is diminished by this configuration.

3) The purchase acquisition of the land treatment areas would
significantly reduce the tax base of the Northcentral Ohio Counties.
However, this study proposes alternatives to land purchase, even
though that cost is included in all alternative plan cost estimates

for comparative purposes.

4) The application of treated wastewater to the land at rates

as high as 75 inches per year, which improves cost-effectiveness,

necessitates modifications in farm management practices. Furthermore,
. the flow of renovated water from the land treatment areas receiving
wastewater at that rate will increase the average annual flow in some

tributaries of the Vermilion, Huron, and Sandusky Rivers by as much

P e B i e

as ten-fold, thus increasing the transport of sediment to Lake Erie

VT

and damaging aquatic habitat in the streams.

The existence of the winter storage basin located at the land

TR

treatment area provides a unique opportunity for the development of
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industrial parks near this extensive source of cooling water and
possibly process water. The cooling capacity of the basin 1is suf-
ficient for its use by thermal power generating facilities, and
the deep tunnel in combination with the storage basin provides

potential pump-storage power production.

The application of treated wastewater to the land continuously
supplies nutrients to the crops and should increase crop production

and decrease fertilizer costs.

Within the Watershed the dispersed land treatment areas offer
the unique opportunity of perservation of wildlife habitat and open

space against urban sprawl.

These alternatives significantly reduce the flow in the Lower
Cuyahoga River and diminish the potential inherent in other alterna-

tives to enhance aquatic life and recreation in that river section.

Alternative 12

The pure land treatment alternative, Alternative 12, provides
environmental benefits similar to those demonstrated by Alternatives
2 and 4. In addition, the treatment of wastewater from Akron by the
overland flow/infiltration process provides direct recycle of renovated
water to the Akron water supply and provides the potential for enhanced

aquatic life and recreation in the Lower Cuyahoga River. Moreover,

chemical resource requirements are minimized by this alternative.




Those environmental factors associated with Alternatives 2
and 4 are applicable to this alternative as well. Furthermore,
the introduction of the overland flow/infiltration process and the
employment of aerated lag.ons for secondary treatment introduce
additional environmental and public concerns. The overland
flow/infiltration process is planned for publicly owned open
space areas and greenbelts. Therefore, urban sprawl would be
restricted, but purchase of lands would be necessary. The purchase
of these lands should be integrated into the Ohio Outdoor Recreation

Plans and the National Park proposals for the Cuyahoga River Valley.

The multi-purpose use of overland flow/infiltration area for
wastewater treatment, greenbelts and open space areas, recreation,
¥ i and production of a harvested crop to remove nutrients presents
E serious environmental questions. First, overland flow precludes
recreation. Furthermore, the production of Reed Canary Grass,

vhich is necessary to adequately extract the nutrients from the

wastewater, will seriously restrict recreation potential. Finally,
the institution owning and maintaining these areas must harvest and

put the Reed Canary Grass to a useful purpose.

Various informed publics were more skeptical of the application of

up to 150 inches per year of stormwater and 90 inches of wastewater to 4

soils having lower infiltration capacity than for those soils to which
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only 60 to 75 inches are applied.

The aerated lagoons provide the potential for occasional odors
and groundwater contamination from bottom leaching. These problems
can be minimized through adequate design, operation, and maintenance.

If necessary, the lagoons can be sealed by an impervious barrier.

The use of aerated lagoons in Northcentral Ohio to replace
the secondary treatment plants in Cleveland requires the transport
of raw sewage through the deep tunnel. This action presents a
potential public health hazard in the event of a failure of the
transmission facility, resulting in the discharge of raw sewage
into the Rocky, Cuyahoga, and Chagrin Rivers and Lake Erie.
Furthermore, the potential use of the tunnel for cooling water supply
by power plants along its route is reduced by the transport of raw

sewage.

Alternatives 6 and 8

Many of the disadvantages of Alternatives 2, 4, and 12 were
avoided by the configuration of Alternatives 6 and 8. The replace-
ment of the overland flow/infiltration process by an advanced bio-
logical facility at Akron precluded the disadvantages of that process,

while providing adequate flow to the Lower Cuyahoga River.

The provision of secondary treatment plants within the Three
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Rivers Watershed eliminated the concerns regarding aerated lagoons

and transport of raw sewage in the deep tunnel.

Finally, the sensitivity of cost to rate of spray irrigation
application in Northcentral Ohio and to purchase of those lands
was performed. The results of that analysis for Alternative 8
are displaved in Figure 25. That figure demonstrates that if
suitable agreements can be reached between farmers and wastewater
treatment managers, thus eliminating the need for land purchase,
the application rate can be reduced from 75 inches to 55 inches
per year without affecting the total cost of the alternative.

At the lower application rate, modifications in farm management

may be reduced and possibly be unnecessary.

Some environmental and institutional problems remain unresolved
by the configuration of Alternatives 6 and 8. They are: 1) the
single large land treatment area in Northcentral Ohio, 2) increased
discharge in the Northcentral Ohio rivers, and 3) the local opposi-
tion to the transport of wastewater from the metropolitan area to the

rural environment.

Alternative 9

The cost of Alternative 9 demonstrates that no economic advan-

tage was gained by the massive regionalization. Furthermore, the
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extensive transmission pipelines inherent in this plan divert

water from the rivers and prevent the reuse by downstream com-
munities of treated wastewater that is presently returned at

dispersed points along th: streams.

These results substantiate the optimization of treatment plant

siting identified in the Northeast Ohio Water Development Plan.

Alternatives 5 and 7

By limiting the configuration of Alternatives 5 and 7 to the
Three Rivers Watershed, those insitutional problems associated
with Alternatives 2, 4, 6, 8, 9, and 12 are eliminated. These
alternatives provide for the recycle of nutrients by the land
treatment technology in the upper portions of the Watershed, and
thereby protect open space from urban sprawl. Winter storage of
wastewater for treatment during the growing season results in low

flow augmentation.

Alternative 7 provides an increment of water quality above
that of Alternative 5 that increases the potential of the "Aquatic
Life A" stream quality standard being met in the Navigation Channel

of the Cuyahoga River.

F. Formulation Criteria for Refined Plans

The evaluation of the 12 alternatives demonstrated that the

incremental increase in water quality provided by Level II above
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that of Level I, can enhance the potential for aquatic life, recrea-
tion, and reuse, even in the Navigation Channel of the Cuyahoga River.
However, the cost of providing that increment of quality is substantial,
as Table 17 demonstrates. Since the 1985 objective in PL 92-500 is

to eliminate the discharge of pollutants into waterways, refined plans

are phased to achieve Level II by 1985.

The configuration of the refined plans are based on the environ-
mental factors associated with the 12 alternatives. These factors
include: 1) recycle of nutrients, 2) maintenance of adequate stream
flow to preserve aquatic life, 3) providing open space and recreation

potential, and 4) recycle of sludges for beneficial purposes.

Institutional considerations, including cooperative management
of land treatment areas by farmers and wastewater treatment agencies
and transport of wastewater from one region to another, are vitally

important.

Finally, the public concerns over the cost, performance, and
environmental and institutional factors must be resolved. Many of
these concerns will be resolved as experience is gained with all
technologies. Public Law 92-500 provides for the evolutionarv

development of systems to ultimately approach the 1985 objective.

As a result of this comprehensive analysis and the recommenda-
tions of the Ohio Environmental Protection Agency (See Attachment C),
four plans were formulated in Phase 3 of this study. These plans are
described in Chapter 7.
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CHAPTER 7

THE FOUR SELECTED PLANS

A. Introduction

Three plans were selected for further formulation based upon the
results of public meetings and preferences expressed by the State of
Ohio about the 12 plans of Chapter 6. An additional plan has been
selected to provide a comparison of costs and impacts for a lower
level of treatment. Each of these four plans is developed in the
same detail to permit relevant comparisons of these systems. The
comparisons developed for these four plans provide the basis for
selection by the State of Ohio and the various publics of an effective
water quality management program. They should also assist the
Federal EPA in its review and approval of proposed water quality

standards.

Each plan represents a comprehensive Wastewater Management
Program phased to meet the timing specified in Public Law 92-500,
which is identified and quoted in Chapter 1 of this report. Each
plan includes treatment of the three principal categories of
wastewater: municipal, industrial, and urban stormwater runoff.
Each plan provides treatment for the same total volumes of wastewater
and runoff. Each plan is optimized for the specific treatment
technologies included in its makeup. And finally, each plan emphasizes
recycling and reuse inherent to the technological processes used and

the geographic location of facilities.
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B. Plan A to Level 1

Plan A to Level I (A-I), displayed in Figure 26, duplicates the
geographical layout of treatment facilities in the Three Rivers
Watershed portion of the ‘ortheast Ohio Water Development Plan for
water quality control. The plan is regional, with a total of 26
proposed municipal plants, eight of which are now in existence.

Municipal sewage is given biological treatment in all plants except

Cleveland Westerly, Rocky River, and New Kent, where physical-chemical

treatment is utilized (shown on Figure 26 as triangles). Table 19
tabulates the volumes of wastewater at the municipal/industrial
treatment plants, and Table 20 describes treatment processes and
construction phasing for each municipal plant. The construction is
phased to meet current appropriate State of Ohio standards and
Level 1 criteria for 1977 and 1983 as required by Public Law 92-500.
After 1983, Plan A-I maintains that water quality merely enlarges

facilities to accommodate increased flows.

Approximately 43 percent of stormwater runoff is treated in
nmnunicipal plants during off-peak hours. The remaining 57 percent
is treated in 81 separate advanced stormwater treatment plants.
Urban stormwater volumes and proposed treatment methods are

summarized in Table 21.
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TABLE 19

MUNICIPAL/INDUSTRIAL WASTEWATER
T TREATED BY DECADE

PLANS A-I and A-7T

(MGD)
PLANT 1972 1980 1990 2000 2010 2020
Lake Erle
Cleveland Easterly 125.00 140.00 148,00 158.00 164.00 172.00
Cleveland Westerly 35.91  37.14 39.69 Ly.22 k2,75 bs.18
Euclid 14.53 19.11 24,05 28.60 33.63 37.34%
Rocky River Sl 11.11 14,39 16.77 19.72 22,05
Total 182.58 207.36 226.13 244 .59 260.10 276.57
Rocky Rlver Basin
Lakewood W7 s 1] 18.00 19.00 19.00 20.00 21.00
Liverpool 3.08 6.69 9,40 12.24 15.85 20.09
Total 20.19  24.69 28.40 31.24 35.85 41,09
Cuyahoga River Basin
Akron 71.00 84,09 97.83  111.33 129,03 149.67
Auburn Township 0.17 0.28 0.39 0.53 0.69 0.84
Burton 0.18 0.32 0.45 0.56 0.72 0.91
Butternut Creek 0.24 0.37 0.50 0.66 0.89 1.17
*Chardon 0.03 0.07 0.10 0.13 0.17 0.20
Cleveland Southerly 101.65 129.24 182.52 206.15 225.21 234.20
East Claridon 0.08 0.14 0.21 0.31 0.39 0.48
Kent 5.83 10.68 15.93 20.15 24 .65 28.41
Mantua 0.29 0.37 0.47 0.58 0.74 0.86
Middlefield 0.77 1.06 1.42 172 2.23 2.70
Randolph 0.20 0.30 0.40 0.50 0.65 0.75
Ravenna 2.05 3235 5.41 8.53 10.60 12.34
Troy Township 0.09 0.15 0.2] 0.29 0.38 0.47
Total 182.58 230.42 305.84 351 .44 396.35 433,00
Chagrin River Basin
Aurora Central 0.22 0.60 1.32 1.73 2.31 2.98
Chagrin E. Branch 0.49 0.72 1.00 1.25 1.58 1.95
Chagrin Fall B8  1.35 2.05 2.53 3,08 3.58
Falrmount Road 0.07 0.54 .55 2. 14 2.80 3.40
Fowler's M!1] 0.42 0.64 0.88 P14 1.54 1.98
McFarland Creek 0.18 0.63 1.90 2.66 3.52 4,25
Newbury Township 0.33 0.50 0.69 0.90 155113 1.54
Willoughby=Eastlake § 1.92 11.61 _15.07 18.96 23,27
Total 8.07 12.90 21.00 27.42 34.92 41.99
Interim Plants 20,10 2121
Grand Total 413.52 496.58 581.37 654.69  727.22  792.65

“ Chardon is treated out of the Study Area and is not costed In this plan.
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i TABLE 21
: A PLANS A-I and A-II
URBAN STORMWATER RUNOFF
AVERAGE ANNUAL VOLUMES TO BE TREATED
(Millions of Gallons per Year - MG/Year)

Type of Treatment Facility 1980 1990 2000 2010 2020

Stormwater Treatment _
Plant 8,422 27,302 34,700 38,428 41,260

i

Municipal Sewage '
Treatment Plant 6,976 22,848 25,871 28,448 29,997
TOTAL 15,398 50,150 60,571 66,876 71,257

Sludge generated by wastewater and storm runoff treatment will
be disposed of by several methods. Until 1990, the larger plants
will either incinerate sludge or apply sludge to agricultural land.
After 1990, some incineration will continue and two pipelines will
convey sludge either to agricultural or stripmined land. Sludge from
1 the smaller plants will be trucked to adjacent agricultural land.
Sludge volumes generated by municipal/industrial wastewater are given
in Table 22. Sludge disposal is described in Table 23, and illustrated

;. in Figure 27.

‘f C. Plan A to Level II

Plan A to Level II (A-1I), displayed in Figure 26, duplicates

] the geographical layout of Plan A-I. This regional plan has the

same 26 proposed municipal plants, eight of which are now in
existence. Municipal sewage is given advanced biological treat-

ment in all plants except Cleveland Westerly, Rocky River, and
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TABLE 22
SLUDGE VOLUMES FOR DISPOSAL PLAN A-I
(Dry Tons Per Day)
PLANT 1972 1980 1990 2000 2010 2020
Lake Erie
Cleveland Easterly 84 .80 94.98 100.40 107.19 111.26 116.68
Cleveland Westerly 30.88 31.94 34.13 35.45 36.76 38.85
Euclid 9.86 12.96 16.32 19.40 22.81 25.33
Rocky River 3.20 4,98 6.45 7.51 8.83 9.88
Total 128.74 144 .86 157.30 169.55 179.66 190.74

Rocky River Basin

Lakewood 11.61 12.21 12.89 12.89 13.57 14.25
Liverpool 2.09 4,54 6.38 8.30 10.75 13.64
Total 13.70 16.75 19,27 21.19 24.32 27.89

Cuyahoga River Basin

Akron 48.17 57.05 66.37 75.53 87.53 101.54

Auburn Township 0.12 0.19 0.26 0.36 0.47 0.57

Burton 0.12 0.22 0.30 0.38 0.49 0.62

Butternut Creek 0.16 0.25 0.34 0.45 0.60 0.79

Cleveland Southerly 68.69 87.68 123.82 139.85 152.78 158.88

East Claridon 0.05 0.09 0.14 0.21 0.26 0.33

j Mantua 0.19 0.25 0.32 0.39 0.50 0.58

3 Middlefield 0.52 0.72 0.96 1.17 1.51 1.83

New Kent 5.01 9.18 13.70 17.33 21.20 24.43

- Randolph 0.14 0.20 0.27 0.34 0.44 0.51

1 Rav.nna 1.39 2,27 3.67 5.79 7.19 8.37
Troy Township 0.06 0.10 0.14 0.20 0.26 0.32 3

Total 124.89 158,20 210.29 242,00 273.23 298,77

| Chagrin River Basin

3 Aurora Central 0.15 0.41 0.90 1.17 1.57 2.02
. Chagrin E. Branch 0.33 0.49 0.68 0.85 1.07 1.32
Chagrin Falls 0.55 0.91 1.39 1,71 2.09 2.43
i Fairmount Road 0.05 0.37 1.05 1.45 1.90 2.31
: Fowler's Mill 0.28 0.43 0.93 1.21 1.63 2.10
McFarland Creek 0.12 0.43 1.29 1.80 2.39 2.91
Newbury Township 0.22 0,34 0.47 0.61 0.77 1.04
Willoughby-Eastlake 2,29 5.37 7.87 10,22 12.86 15.11
‘ Total 399 875 1458 19.02 74,28 29.%

Grand Total 271,33 328,56 401.44 451,76 501.49 546.64




]
'
]

-

uopsey) woJj |esods|p a5pn|s ONe

*pu2. (e2niind S 03 eu|(ed|d ®jA Juas g |||~ ebpn(s *

‘pue| pou|w-d|Jis 03 eu|(ad|d Bujis|xa

3 @A Juds 99 ([ m 9bpnig

%9 |3503-Aqubno| | m

*LL6] Aq Ino paseyd 3G [[|m
$9]3)(|2®; 5ujis|xa wosy buj(puey ¥bpn;g

diusumol Aingmay
%29.] puw|Je O
11K 8,49|m04
peCH JunowJ @4
sy105 ulabey)
youesg *3 vjsdey)
|®4iua] RuCuny

_ ‘pue| [@ni|nojube Juece(pe 03 POYINJI 9Q || |M Bpn(s pinb(7
[
'
|

Uis@g Jor)e v bey)d

‘pue| 1e.riir3 .33 1uede[pe O Paxdnal 3q || |M pue spaq BujAip pues u| PI|Ip Oq || M abpnyg

*L16] Aq ino paseyd 3G || |m
$2]3|([2®; Bujis|xa woiy Bujpuey 3bpnig

djysumol Aou)
uop|J@1) 1893

ein3{ndj5e juadefpe o3 paydnil @

q {11 3% s pinb|

*LL&] A3 iro paseud 32
s|x2 wedy Buj|puey 95

0 e

$913) |20y Su

ydiopuey
Pi91s91%P
eniue,

¥e@u) In-sdiiri
Loli.ng

g ysumo] uangny

*paieLeu|duj 3G ||~ @bpnig

IUAY may

paujw-d 218 €3 | (@djd S.jis |x? Ul @[~ IUIF BC m a5pn.s
1(®¢] ! ! Lid s

e.udrep

‘pRlesau du] Q¢ |# adpn (g

A1J9yinog puw ¢*a. 3

1

*pue| sc.19d d 8g || I™ 35pn1S 8 i
| 01 PIYONLI PU? PIIIT| [ 4-WNNOEA 3G [|[m 3dpn (S |HMWMM
LUlses 43|y eboLwAn)
‘(6] Ag ino paseyd 3G || |m
‘oue| (@2n3|N>1J5@ o3 du||adid @|A JuIS 3g || |mM 3SpNn|§ $211 1085 Sujis|xa wouy Buj|puay abpn|s 100623417
B i i ‘DLWl 1R.RI|BDY augiadid 2;a 3uss |
! 9q |[!% Doomavey pu@ (Asey 2d) Jaaty AYdoy wosy ¥Epngs M ‘pue| O3 paXIN43 ¥G ((|m pue poomaxe)
UiSEg 4371n Awdoy
! =31 3 u‘w“wn.u @A 1uds i . S
H i SoowMaENE” Axo0y wosy ¥bpnjs | ‘oug| 31(n> 468 01 PandNIY puR PBLIL| | J-wWNNDRA 3Q (Asewjsd) s9n % Ayooy
P IS -8 28 £3 ¥ JM a A 2 WIS I 1M me. M touey ,c|«».1n..uc 01 DININL PuUR DIV [ 4-4NNTRA 39 lv|MHJMMM
S SR FHCAEL e HH B e A e e Alvol:‘\luﬂﬂ‘. oG (1™ Muv‘.“m Alidisem uxn‘..'npu”w
IIIIJ..m iﬂﬂ» MWmui.'.wwxM(:!'MJWMUAIHI 35 a3 |||m ¥5pp ! ‘U0 IBLAL DU 405 AlJayINCS PL@[3MI () M, padd ac |m obpnig AliRises urn.»mhﬂw
: 2143 9
s 056! i
u.mnmm“u 9GNS
II-v pue 1 . £C 37evl
TIC\T Ay vy

133




Agricultural Siudge disposal |
Area tor Willoughhy - Ecqtioke
batore 1990 (Plan C) ana|atrer

\ 1990 (Plans A A& B ) |
B W-LA_KE__. i /\ '
\\

a -

1+ 500,000

> 1“= approx 8mi X ! TN '
Q. L y ] Vg | |
'—] b !
O el e |
( ) \ 1990 ( Plans A,B,C) i ) JASHTABULA |
“‘ S
() |
(&' R,
\
S CUYAHOGA N . GEAUGA
———— e ————— aaat
LORAIN) -»1\
. = | s I
< ) Agricufturaf Studge Disposal: E
Area for Lakewood, Rocky
* - Riwver ond Liverpool (Plonst
s A,8,C)
= | TRUMBULL,

]
.
E Agricultural Slu Disposal |
Area for Akron ( Plans ,B.(.i)
/ MEDINA |
AT S = e
{ Vo
B

_PORTAGE |

\

1

I':I T __manoninG
\

\Em'mg pipeline 1o be used until 1990 to transport
sludQe from Willaughby- Eastiake ond Rovenna -
(Plans Acond B )

Proposed pipeline ® be constructed
by 1990 %o tronsport sludge from
Euchid , Easterly , Southerly Akron,
ond Runnna (Mons A and B)

WAYNE

,,A_-...yﬁ.__—m»}///_ _,.,__,._'_-J
|

ICOLUMB!AN
Y PR %

3 :
| |
F , H
2 it HOLNES TUSCARAWAS ' FJ
| | I &
3 ' ] #
B |
l | _<
m
G
Figure 27 fm} S
' STF\'HJ MINED
EGION
' MAJOR SLUDGE DISPOSAL AREAS st
{5 WASTEWATER MANAGE MENT ! e I ;
SURVEY SCOPE STUDY [HARRISON .- e i | JUFFERSON _
! T BELvonT
I ¥ ' B West

Virginio
134 ( L




AT T

T g

New Kent, where physical-chemical treatment is utilized (shown on
Figure 26 as triangles). Table 19 tabulates the volumes of waste-
water at the municipal/industrial treatment plants, and Table 24
describes the treatment facilities and construction phasing for
municipal plants. The construction is phased to meet appropriate
State of Ohio standards and Level I and 1I criteria for 1977, 1983,

and 1985 as required by Public Law 92-500.

Approximately 43 percent of stormwater runoff is treated in
municipal plants during off-peak hours. The remaining 57 percent
is treated in 81 separate advanced stormwater treatment plants.
Urban stormwater volumes and proposed treatment methods are

summarized in Table 21.

Sludge generated by wastewater and storm runoff treatment will
be disposed of by several methods. Until 1990, the larger plants
will either incinerate sludge or apply sludge to agricultural land.
After 1990, some incineration will continue and two pipelines will
convey sludge either to agricultural or stripmined land. Sludge
from the smaller plants will be trucked to adjacent agricultural
land. Sludge volumes generated by municipal/industrial wastewater
are given in Table 25. Sludge disposal is described in Table 26,

and illustrated in Figure 27.
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D. Plan B

Plan B combines the technologies of advanced biological,
physical-chemical, and land treatment to achieve Level II criteria.
A significant aspect of this plan is that, as in both levels of

Plan A, all features are within the Three Rivers Watershed Area.

Plan B is similar to Plan A-I in that nine large municipal
plants are common to both plans. These include Cleveland Southerly,
Akron, New Kent, and six plants located on or near the Lake Erie
shoreline. As in Plan A-II, Cleveland Westerly, Rocky River,
and New Kent are physical-chemical plants; the remainder are
advanced biological plants. All other wastewater treatment
facilities located in the upper reaches of the Three Rivers are
aerated lagoon/land treatment facilities. Figure 28 illustrates
the plan. The plan study showed that, when considering land treat-
ment, it was more cost effective to utilize aerated lagoons for
secondary treatment than to expand the existing activated sludge
plants for secondary treatment. The option is still open to local
communities, however, to use their secondary treatment plants to
the end of their useful life and move to aerated lagoons only as
expansions and plant wear-outs require. There is also the option
to expand existing activated sludge plants for secondary treatment
and use land application only for advanced treatment. These options

add cost to those shown in Table 39 for Plan B. A tabulation
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TABLE 25

“No sludge is generated by Chardon within the Study Area.

130
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SLUDGE VOLUMES FOR DISPOSAL PLAN A -11
(Dry Tons Per Day - DT/Day)
PLANT 1972 1980 1990 2000 2010 2020
Lake Erie
Cleveland Easterly 84.80 94,98 107.98 115,28 119.65 125,49
Cleveland Westerly 30.88  31.94 34.13 35,45 36,76 38.85
Euclid 9.86 12.96 17.55 20.87 24,54 27.24
Rocky River .20 L,98 6.45 7.51 8.8 .88
Total 123.75 TEET§3' 166.11 179.11 159.73 201.56
Rocky River Basin
Lakewood 11.61 12.21 13.86 13.86 14,59 15,32
Liverpool 2.09 L. 5k 6.86 8.93 _11.56 _14.66
Total 13.70 16.75 20.72 22.79 26.15 29.98
Cuyahoga River Basin
Akron L8.,17 57.05 71.38 81.23 94,14 109.20
Auburn Township 0.12 0.19 0.28 0.39 0.50 0.61
Burton 0.12 0.22 0.33 0.41 0.53 0.67
Butternut Creek 0.16 0.25 0.36 0.48 0.65 0.85
Cleveland Southerly 68.96 87.68 133.17 150.41 164.31 170.87
East Claridon 0.05 0.09 0.15 0.23 0.28 0.35
Mantua 0.20 0.25 0.34 0.42 0.54 0.63
Middlefield" 0.52 0.72 1.04 1.25 1.63 1.97
New Kent 5.01 9.18 13.70 17.33 21.20 24,43
Randolph 0.4 0.20 0.29 0.36 0.47 0.55
Ravenna 1.39 2.27 3.95 6.22 a3 9.00
Troy Township 0.06 0.10 0.15 0.21 0.28 O,Eh
“Total 124,90 158,20 225.14 258.94 292.26 319.L47
thagrin River Basln
Aurora Central 0.15 0.41 0.96 1.26 1.69 217
Chagrin E. Branch 0.33 0.49 (0 0.91 e 15 1.42
Chagrin Falls 0.55 0.91 1.49 1.84 2.25 2.61
Fairmount Road 0.05 0.37 1.13 1.56 2.04 2..48
Fowler's Mill 0.28 0.43 0.64 0.83 1.12 1.44
McFarland Creek 0.12 0.43 1.39 1.94 2.57 3.13
Newbury Township 0.22 0.34 0.50 0.66 0.82 1.12
Wil loughby-East]ake 2.29 5.37 8.47 11.00 _13.83 _16.25
Total 3.99 8.75 15,31 20,00 25,47 4}0.32
Grand Total 271.33 328.56 427.28 480.84 533.66 581.53
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of the municipal plants with the volumes of municipal/industrial
wastewater treated, 18 presented in Table 27. Table 28 shows the
treatment processes involved and the phasing of construction.
Construction phasing of the facilities provides for meeting Level I
and Level II criteria specified for 1977, 1983, and 1985 as required

by Public Law 92-500.

Wastewater treatment facilities in Plan B include six municipal
advanced biological and three physical-chemical treatment plants,
22 municipal aerated-lagoon/land treatment systems, 39 advanced
stormwater treatment plants, and 46 separate stormwater land
treatment sites. By 2020, approximately 42 percent of the
projected annual volume of stormwater to be treated is routed
to advanced stormwater treatment plants, 44 percent to mumicipal
aerated lagoons, and 14 percent to separate land treatment sites.
Urban stormwater runoff treatment is summarized in Table 29 for

Plan B.
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S TABLE 27
‘ e 1S ,
E | c::> MUNICIPAL/INDUSTRIAL WASTEWATER PLAN B |
3 () TREATED BY DECADE
: (MGD)
; L.l
Cé%% PLANT 1972 1980 1990 2000 2010 2020 |
|
mcewm | ake Erie ‘
Cleveland Easterly 125.00 140.00 148,00 158.00 164,00 172,00
—=>  Cleveland Westerly 35.91 37.14 39.69 41.22 42,75 45,18 1
<X Euclid 14,53 19.11 24,05 28.60 33.63 37.34 |
. Rocky River 7.14 A1) 14,39 16.77 19.72 22,05 4
i”;:; TJotal 182.58 207.36 226.13 2Lk, 59 260.10 276.57
E§E§ Rocky Ri Bas i i
Rocky River Basin !
Hinckley 0.12 0.55 1.04 1.25 1.50 1.72 |
Lakewood 17.11 18.00 19,00 19.00 20.00 21.00
Liverpool 0.41 1.31 1.96 2.57 3.41 5.00
P Mallet Creek 0.10 0.20 0.30 0.40 0.50 0.60
3 Medina County 0.41 1.31 1.96 2857 3.41 5.00
o New Medina 2.16 3.87 5.18 6.70 8.53 9.49
X Upper East Branch 0,08 0.36 0,68 0.81 0.96 |F L
4 Total 20.39 25.60 30.12 33.30 38.31 43,92
: Cuyahoga River Basin 3
: Ak ron 71.00 84,09 97.83 111.33 129.03 149,67 ]
b Auburn Township 0.17 0.28 0.39 0.53 0.69 0.84
Burton 0.95 1.38 1.87 2.28 2.95 3.61
Butternut Creek 0.24 0.37 0.50 0.66 0.89 1.17 3
4 Chardon 0.03 0.07 0.10 0.13 0.17 0.20 3
4 (leveland Southerly 101.65 128.33 179.68 202.67 221.02 229.37
3 fast Claridon 0.08 0.14 0.21 0.31 0.39 0.48 ~3
i Mantua 0.29 0.37 0.47 0.58 0.74 0.86
g New Kent 5.83 10.68 15,93 20.15 24,65 28.4I
b Randolph 0.20 0.30 0.40 0.50 0.65 0.75
- Ravenna 2.05 3.35 5.41 8.53 10.60 12.34
Shalersbhoro 0.59 0.84 1.12 1.42 1.73 2.00
Troy Township 0.09 0,15 0,21 0,29 0,38 0,47
Total 183.17 230.35 304,12 1349.38 393.89 430,17
Chagrin River PRasin
Aurora Central 0.22 0.60 1232 73 2.31 2.98
Chagrin E. Branch 0.49 0.72 1.00 Fed 5 1.58 1.95
Chagrin Falls 0.99 1.98 3.95 5.19 6.60 7.87
Falrmount Road 0.07 0.54 1.55 2.4 2.80 3.40
Fowler's Mill 0.42 0.64 0.88 1. 14 1.54 1.98
Newbury Township 0.33 0.50 0.69 0.90 1.13 1.54
Willoughby-Eastlake Ss56 /.92 11.61 15,07 18.96 22,27
Total 8.07 12.90 21.00 27 .42 34,92 1.99
Interim Plants |2i2' 20,37
Grand Total 413,52 U496.58 581.37 654,69 727.22 792.65
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TABLE 29
PLAN B
URBAN STORMWATER RUNOFF
AVERAGE ANNUAL VOLUMES TO BE TREATED
(Millions «f Gallons per Year - MG/Year)

Type of Treatment Facility 1980 1990 2000 2010 2020

Advanced Stormwater

Treatment Plant 8,422 22,620 26,483 29,534 29,797
Municipal Sewage

Treatment Plant 6,976 22,706 24,969 27,344 28,480
Separate Stormwater

Land Treatment 3,550 7,018 8,477 9,956
Municipal Land

Treatment Facility 1,274 2,101 2,521 3,024

TOTAL 15,398 50,150 60,571 67,876 71,257

Sludge disgposal for Plan B is quite similar to both levels of
Plan A, being accomplished by incineration or application to
agricultural and stripmined land. An existing pipeline could
transport sludge from Willoughby-Eastlake to stripmined disposal
areas until 1990. After 1990, a new pipeline will convey sludge
from Euclid, Cleveland Easterly, Cleveland Southerly, and Akron
to stripmined land; a second pipeline will carry sludge from
Wil loughby-Eastlake to agricultural land. These pipelines and
the disposal areas are indicated in Figure 27. Sludge volumes
produced bv municipal/industrial wastewater are given in Table 30.

Sludge disposal is described in Table 31.
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TABLE 30

PLAN B

SLUDGE VOLUMES FOR DISPOSAL
(Dry Tons Per Day - DT/Day)
PLANT 1977 1980 1990 2000 2010 2020
Lake Erie
Cleveland Easterly 91.93 94.98 107.98 115.28 119.65 125.49
Cleveland Westerly 31.62  31.94 34,13 3545 36,76 38.85
Euclid 12.03 12.96 7. 55 20,87 24, 54 27.24
Rocky River 4 L5 L, o8 6.45 7.51 8.83 9.88
Total 140,03 144,86 166.11 179.11 189.78 201.
Rocky River Basin
Hinckley 0.09 02 0.20 0.26 0.32 0.36
Lakewood 12.03 11252 13.86 13.86 14,59 15.32
Liverpool 0.22 0.28 0.4 0.5k 0.72 1.05
Mallet Creek 0.04 0.04 0.06 0.08 0.11 0.13
Medina County 0.22 0.28 0.41 0.53 0.72 1.05
New Medina 0.51 0.6l 0.85 1.10 1. L4 1.99
Upper East Branch 0.06 0.08 0.1k 0.17 0.20 0.23
Total 13.17  13.62 15,93 16.54 18.10 20.13
5 Cuyahoga River Basin
! Akron 54,39 57.05 71.38 81.23 94, .14 109.20
g Auburn Township 0.05 0.06 0.08 0.11 0.15 0.18
i Burton 0.26 0.29 0.4o0 0.L48 0.62 0.76
Butternut Creek 0.07 0.08 0.11 0.14 0.19 0.25
Chardon -- 0.01 0.02 0.03 0.04 0.04
, Cleveland Southerly 81.63 87.06 131.09 1L47.87 161.26 167.35
' East Clarldon 0.03 0.03 0.04 0.07 0.08 0.10
Mantua 0.07 0.08 0.11 0.12 0.16 0.18
New Kent 7.93 9.18 13.70 17533 21.20 24 .43
Randolph 0.06 0.06 0.08 05 11 0.14 0.16
5 Ravenna 0.62 0.70 1.14 1.80 2.23 2.59
Shalersboro 0.16 0.18 0.24 0.30 0.36 0.42
Troy Township -= 0.03 0.04 0.06 0.08 0.10
Total 145,27 154 .81 218.43 249.65 280.65 305.76
3 Chagrin River Basln
Aurora Central 0.10 0.13 0.7t 0.36 0.49 0.63
Chagrin E. Branch 0.14 0.168 0.21 0.26 0.33 0.4
Chagrin Falls 0.35 0.42 0.82 1.09 1.39 1.65
Falrmount Road 0.08 0.11 0.33 0.45 0.59 0.71
Fowler's Mi11] 0.12 0.13 0.19 0.24 0.32 0.42
Newbury Township 0.09 0.10 0.16 0.19 0.24 0.32
Wl 1lloughby-East!ake 4,89 5.37 8.47 11.00 _13.83 _16.25
Total 5.77 6.41 10,45 13.59 17.19 20.39
Grand Total 304,24 319,70 410.92 458,89 505,72 S47.74
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In Plan B, plant site selection was based upon the objective
of providing land treatment where appropriate sites existed in
reasonable proximity to the smaller plant locations within the Three
Rivers Watershed Area. The larger advanced biological treatment
plants would be sited in a manner identical to that in the North-

east Ohio Water Development Plan.

E. Plan C

Plan C, portrayed in Figure 29, provides an alternative to Plans
A-I1 and B by providing for the transport of wastewater generated within
the Three Rivers Watershed Area to a suitable land treatment area
in Northcentral Ohio, as well as providing treatment within the

Three Rivers Watershed.

Ultimately, 81 percent of the municipal/industrial and 74 percent
of the urban stormwater runoff would be treated by the land treatment
technology, with 69 percent of the municipal/industrial wastewater
and 55 percent of the stormwater runoff being transported to a

single land treatment site in Northcentral Ohio.

A transmission tunnel conveys wastewater and stormwater runoff
from the Cleveland metropolitan area to the North Central Ohio
agricultural area. The 183-square mile western land treatment site
lies in portions of Huron, Seneca, Crawford, and Richland Counties
and is illustrated in Figure 29. The Akron plant is the only

advanced biological treatment plant. It discharges purified water
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directly to the Cuyahoga River. This treatment plant will be
expanded and modified to treat sewage to a level permitting body
contact sports in the Cuyahoga River. The discharge from Akron
will increase the flow of the Cuyahoga River during low flow
periods. Streamflow will also be augmented by the upstream land
treatment facilities that secondarily treat and store wastewater
over the winter and apply the treated wastewater to the land during
the summer when natural flows are at their lowest level and when

municipal withdrawals create the most impact.

Of the stormwater not transported to Northcentral Ohio, 51 percent
(23 percent of the total) is treated in advanced stormwater treatment
plants, 6 percent (3 percent of the total) in combination with
municipal wastewater in the Akron wastewater treatment plant,
12 percent (5 percent of the total) in combination with municipal
wastewater at municipal land treatment facilities, and 31 percent
(14 percent of the total) by separate stormwater land treatment,

Table 32 summarizes the urban stormwater treatment.

149

aiides




Y T Y S g ST s

Y R Y T R

BEST AVAILABLE Copy

TABLE 32
PLAN C
URBAN STORMWATER RUNOFF
AVERAGE AN''UAL VOLUMES TO BE TREATED
(Millions of Gallons per Year - MG/Year)

Type of Treatment Facility 1990 102! 2000 2010 2020

Advanced Stormwater

Treatment Plant 1,642 10,575 13,738 15,013 16,230
Municipal Sewage

Treatment Plant 13,756 1,241 1,546 1,856 2,014
Separate Stormwater

Land Treatment 3,550 7,018 8,477 9,956
Municipal Land

Treatment Facility 1,880 2,794 3,318 3,891
Transmisec "o. uuizel

i.and Treatment 32,904 35,475 38,212 39,166

TOTAL 15,398 50,150 60,571 66,876 71,257

Sludge disposal in Plan C will be accomplished primarily by
incineration and application to agricultural land prior to 2000.
By 2000, incineration will be phased out and sludge generated by
the aerated lagoons will be placed on agricultural land. The sludge
normally generated at the Lake Erie shoreline plants is removed at
the Western Land Treatment Area in Plan C. There is no provision
for sludge disposal in the stripmined land in southeast Ohio.
Sludge volumes generated by this plan are identified in Table 33,
and the disposal practices are identified in Table 34. Table 35
tabulates the volume of municipal/industrial wastewater treated in
the plan by decade, and Table 36 identifies the types of treatment

plants and the phasing of implementation.
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PLANT

TABLE 33 BES? A

Western Land Treatment

Eucllid
Lakewood
North Olmsted
Rocky Rlver
Willoughby-Eastlake
Easterly
Southerly
Westerly
Total

Rocky River Basin

Hinckley

Liverpool

Mallet Creek

Medina County

New Medina

Upper East Branch
Total

Cuyahoga River Basin

Akron

Auburn Townshlip

Burton

Butternut Creek

Chardon

East Claridon

Mantua

New Kent

Randolph

Ravenna

Shalersboro

Trey Toewnship
Total

Chagrlin River Basin

Aurora Central

Chagrin East Branch

Chagrin Falls

Fairiount Road

Fowler's Hill

Newbury Township
Total

Grand Total

Lake Erie Shoreline Plants

%
\

e

A

Al

o

e
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LABLE COPY

SLUDGE VOLUMES FOR DISPOSAL PLAN C
(Dry Tons Per Day - DT/Day)
1977 1980 1990 2000 2010 2020 A
Area i - 36.88 101.08 109.22 115.33 |
12.04 12.96 e - — -
12.83 12.21 — — e e
10.01 12.78 -- - - -- 3
L4y 4,98 — P o =
L,88 5.37 -- -~ - -
91.93 94.98 60,62 oS e o
76.82 80,21 63.33 - - --
31,62 31.9% 34,13 -~ - -
243,77 255,43 158,08 - - -
0.09 0.12 0.20 0.26 0.32 0.36 '
0.22 0.28 0.41 0.5k 0.72 1.05
0.04  0.04  0.06 0.08 0.11 0.13
0.22 0.28 0.41 0.53 0.72 1.05
0.63 0.8] 1.09 1.41 1.79 1.99
0.06 0.08 _ 0.1h4 0.17 0.20 0.23
1.26 1.61 2.3 2.99 3.86  4.8]
54,39 57,05 71.38 81.23 94.14 109.20
0.05 0.06 0.08 0.1} 0.15 0.18 3
0.26 0.29 0.40  0.48 0.62 0.76
0.07 0.08 0.1} 0.1k 0.19 0.25 :
- 0.01 0.02 0.03 0.0kL 0.0k4
0.03 0.03 0.04  0.07 0.08 0.10
0.07 0.08 0.11 0.12 0.16 0.18
1.9h 2.25 3.35 L. 24 5,18 5.97
0.06 0.06 0.08 0.11 0.14 0.16
0.62 0.70 1.14 1.80 2.23 2.59
0.16 0.18 0.24 0.30 0.36 0.4z
- 0.03 0.0k 0.06 0.08 0.10
57.65 60.82 76.99 88.69 103.37 119.95
0.10 0.13 0.28 0.36 0.49 0.63
0.1h 0.15 0.21 0.26 0.33 0.h1
0.35 0.42 0.82 1.08 1.39 1.65
0.08 0.11 0.33 0.45 0.59 0.71
0.12 0.13 0.19 0.24 0.32 0.42
0:08 0.0 _6.15 _ 919 0.24 _ 0,32
a8 108  1.898 J.50 3.36 _lulh
303,56 313,90 276.24 195,35 219,81 24k, 23
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1
TABLE 35
MUNICIPAL/INDUSTRIAL WASTEWATER PLAN C
TREATED BY DECADE
; (MGD)
- PLANT 1972 1980 1990 2000 2010 2020
1' Western Land Treatment Area 94,12 481.33 520.09 549.21
k Transmisslion Tunnel
- Euclid 14,53 19.11 (2L4.,05) (28.60) (33.63) (37.34) 4
: Lakewood 17.11  18.00 (19.00) (19.00) (20.00) (21.00)
' North Olmsted 5.24 18.84 (25.07) (29.77) (34.23) (37.00)
A Rocky River 7.4 11,11 (1.39) (16.77) (19.72) (22.05) 4
; Willoughby~Eastlake 5.55 7.92 (11,61) (15.07) (18.96) (22.27) "}
- Easterly 125.00 140.00 148.00 (158.00)(164.00)(172.00)
B Southerly 101,65 118.23 154.61 (172.90)(186. 79)(192 37) 3
i Westerly v 35,91 37,16 39,69 (k1.22) (42.75) (hs.18)
E - Total 312.13 370.36 342.30 (All flows to Western Lanc
F : Treatment Area) E
) i Rocky River In-Basin
E Hinckley g0z 055  d.0h 1,25 150 1,72
i Liverpool 0.41 1.31 1.96 2.57 3.4 5.00
i Mallet Creek 0.10 0.20 0.30 0.40 0.50 0.60
E ] Medina County 0.4 1.31 1.96 2.57 3.1 5.00
E & New Medina 2.16 3.87 5.18 6.70 8.53 9.49
E ! Upper East Branch 0,08 0.26 0.68 0,81 0.96 111
¥ Total 3.28 7.60 1902 14,30 18.31 22.92
P‘ Cuyahoga River In-Basin
I Akron 71.00 84,09 97.83 111,33 129.03 149.67
‘ Auburn Township 0.17 0.28 0.39 0.53 0.69 0.84 -3
F Burton 0.95 1.38 1.87 2,28 2.95 3.61 ]
; Butternut (reek 0.24 0.37 0.50 0.66 0.89 e V7
i Chardon 0.03 0.07 0.10 0.13 0.17 0.20 |
; East Claridon 0.08 0.14 0.21  0.31 0.39  0.48 i
I Mantua 0.29 0.37 0.47 0.58 0.7k 0.86 :
k New Kent 5.83 10.68 15.93 20.15 24,65 28.4I |
| Randolph 0.20 0.30 0.40 0.50 0.65 0.75
Ravenna 2.05 3.35 5.4 8.53 10.60 12.34
i Shalersboro 0.59 0.84 1.12 .42 1.73 2.00
i Troy Township 0.09 0.15  0.21 0.2 0.38 0.47
i Total 81.52 102.02 12L4.LL TGE.71 172.87 200.80
Chagrin In-Basin
Aurora Central 0.22 0.60 1.32 1.73 2.31 2.98
Chagrin East Branch 0.49 0.72 1.00 1.25 1.58 1.95
] Chagrin Falls 0.99 1.98 3.95 5.19 6.60 7.87
- Fal rmount Road 0.07 0.54 1.55 2.14 2.80 3.40
: Fowler's Mill 0.42 0.64 0.88 1.14 1.54 1.98
i Newbury Township 0.33 0.50 0,69 0,90 1.13 1,54
‘ Total 2.52 4,98 9.39 12.35 15.96 19.72
Interim Plants 14,07 11,63
Grand Total 413,52 L496.58 +581.37 654,69 727.22 792.65
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Although Plan C represents a significant departure from

traditional wastewater treatment practices, its phasing is pro-
grammed to recognize the current local planning and the early
planning of the Northeast Ohio Water Development Plan. The
evolution from the current treatment plant system to the ultimate
Plan C configuration will not be culminated until the year 2000.
As now envisioned, no land application of wastewater is necessary
prior to 1983, as shown in Table 36. The decision as to whether
the Northcentral Otio land treatment area is chosen can be
postponed until 1980. In this manner, full advantage can be taken
of the accumulating scientific data from various research and

demonstration projects throughout the nation.

F. Summary of Plan Impacts

In retaining Plans A-I, A-II, B, and C for possible future
implementation, the maximum amount of flexibility has been retained.
This flexibility allows future conditions to affect the evolution
of the total system so that the system may be initiated as one plan

and end as another or even change to be like none of the four.

The Level II plans are time-phased to meet the requirements of
Public Law 92-500. They are also time-phased so as to expend money
on those priorities as established in that law. Furthermore, phasing
is programmed in accordance with the April 1972 Agreement with

Canada. Also, they are time-phased to retain flexibility
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of decisions on the treatment technology option until 1980. These
seven years should be profitably used to answer a number of questions
relating to each technciogy and to generate public support necessary
for implementation. The public should support early State assignment
of high priority to local cost-effective projects consistent with
the overall plan. These projects can be funded under the Federal
EPA construction grant program. Experience with these projects over
the next few years will contribute to a well-informed decision on

selection of the plan.

The decision between Plans A-II and B must be made no later than
1975 since all communities must have plants in operation or under
construction at that time to meet best available technology. Plan C
is activated sludge/advanced biological/physical-chemical until
1980, so a decision to move from Plan A-II or Plan B to Plan C need
not be made until that time. Once a decision is made to construct
the transmission tunnel to the Northcentral area, the commitment to

Plan C is final.

Plan C could be expanded to a pure land plan if the overland
runoff/infiltration concept for Akron is acceptable. The Cleveland
plants all revert to land treatment in the Northcentral area by the

year 2000.

Summary costs of the four plans are presented in Tables 37 and

38. 1In Table 37 the total present worth of each plan is shown
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for several interest rates in order to cover the range of interest
rates that might be applicable. All future comparisons in the study

are based on the rate of 7 percent.

Although other methods of obtaining iand treatment areas are
available and, in fact, preferred, costs for land treatment components
of the plans include purchase of all necessary lands in order to
provide a conservative estimate of costs. It is proposed that land
be left in the ownership of the individual farmer or at least to an
incorporated group of farmers. It is considered that through agreement
and cooperation, lease or easement arrangements can be made. Any
of these options would reduce the costs for Plan B and Plan C shown
in Tables 37 and 38. The aerated lagoon and storage pond acreage

would have to be purchased.

The land costs in Plan B are approximately $11 million, and the
land costs of Plan C are approximately $93 million. The purchase of
this land would remove a considerable amount of land from tax revenue.
This could be as much as 14 percent of a total county revenue. The
impact is greater for the counties in the Northcentral area than
in-basin. The total tax loss could be as much as $1.5 million per
year for Plan C. This can be avoided by obtaining the use of the
land. Any cooperative arrangement reduces not only the tax loss

impact but the social and community disruption impact as well.
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TABLE 37
SUMMARY OF TOTAL PRESENT WORTH OF
PLANS A-I, A-II, B, C
(in Million $)

j
%
|
{
|

i

Total Present Worth

Interest Rate (7) _A-1 A-11 B C
]
d 5-3/8 3,237 4,227 4,086 3,881 ‘
;5 7 2,662 3,471 3,361 3,228 |
' 10 2,005 2,608 2,534 2,455 .

The amount of cost for industrial waste treatment should be
subtracted from the above cost figures since industry will bear
these costs or recycle as suggested in the previous chapter. The
present worth costs to industry for each plan at 7 percent would be :
$0.803 billion for Plan A-I, $1.273 billion for Plan A-II, $1.276
oillion for Plan B, and $1.269 billion for Plan C. The present worth
costs to the public would then be $1.859 billion for Plan A-I, $2.198 g
hbillion for Plan A-II, $2.085 billion for Plan B, and $2.009 billion

for Plan C.
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TABLE 38

1/

SUMMARY OF COSTS FOR PLANS—
A-I, A-II, B, and C
(All in Million $, at 77 over 50 yrs.)

pretreatment cost.
2/ PW = present worth

3/ AA = average annual

degree.

1/ Study area taxpayer pays 25% Capital plus 100Z O & M; Federal
taxpayers pay 757 Capital Cost; Industry pays 100Z of total

directly related to the application rate of treated wastewater.

Industrial
Plan Study Area Share Federal Share Pretreatment Total

&t 2/

Capital (PW)—7 322.2 966 .8 - -

Capital (AA)— 23.4 70.1 - -

0 & M (AA) 53.1 0 - -

Total (AA) 76.5 70.1 46.3 192.9
A-1II

Capital (PW) 380.7 1,142.2 1,013.8 -

Capital (AA) 27.5 82.7 - -

0 & M (AA) 67.7 0 - -

Total (AA) 95.2 82.7 73.5 251.4

a B

Capital (PW) 363.4 1,090.1 1,013.8 -

Capital (AA) 26.4 79.0 - -

0 & M (AA) 64.7 0 - -

Total 91.1 79.0 73.5 243.6
(o

Capital (PW) 368.8 1,106.4 1,013.8 -

Capital (AA) 26,7 80.2 - -

0 & M (AA) 53.5 0 - -

Total (AA) 80.2 80.2 73.5 233.9

The rate of change in current crop patterns and farm techniques is

By

significantly reducing the application rate of treated wastewater, the

current crop patterns and farm techniques may be maintained to a large

e




The sensitivity analysis in Figure 30 shows the relationships
between application rate and cost with land procurement. Again,
the cost of land purchase was used only to provide comparative costs
and is not, in fact, recommended. If the application rate were
changed from 75 inches per year to 50 inches per year, the land
requirement increases from 147,000 acres to 207,000 acres and the
costs increase by $9.0 million annually compared to an average annual
cost of Plan C (7 percent discount rate) of $238 million or less than
5 percent. Of greater value than the small differential cost is the
increase in acceptability of Plan C that is provided by application
rates that allow for crops and farming practices that are more similar

to those now existing in the area.

The configuration of Plan C calls for a single lagoon, storage :
basin, and land treatment area. This is the most cost effective |
design, but also the most unacceptable from a social and public

acceptance point of view. Smaller, dispersed sites would allow

for system growth and create less of a problem in social growth

of the area. The land necessary to have dispersed sites is available.

The actual cost increase cannot be determined without design but would -
only affect transportation of effluent costs, diking of lagoons and i
storage basins. The amount of tile and irrigation equipment and .
land requirement is unaffected with the same application rate. |

If the State of Ohio is successful in establishing land treatment
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early-action programs within both the basin and Northcentral areas

that develop the application rates and farming techniques for those

areas, then land treatment may be selected on a broader scale; this

may not necessarily be for Cleveland effluent but certainly for the
municipalities within both areas, other than Cleveland and Akron.
Preliminary design and costs have been developed for land treatment
projects for three typical areas. Information is shown in Appendix V
for Bucyrus, Burton, and New Medina. The City of Bucyrus has indicated
a considerable interest in a land treatment project to solve their local
need for advanced treatment of municipal wastes. The large amounts of
effluent involved in the two larger metropolitan areas, Cleveland and
Akron, require transport of sizeable quantities across county and
watershed boundaries creating difficult institutional and hydrological
problems. The hydrological problems can be answered through engineering.
The problem of governmental control (an institutional constraint) may be

insurmountable.

Wich respect to the consumption of irreplaceable natural
resources such as fuels, chemical coagulants, electrolytes, and
absorbants after 1990, Plan C consumes less than 50 percent of the
amount of chemicals than Plans A-II and B. Plan C consumes more than
twice as much electrical power as either of the other plans. Plans B
and C should benefit agriculture without the addition of commercial

fertilizers. The annual consumption of natural resources is shown in

162




PP N T Y T

o bl adn X

Table 39 for each of the four plans.

The cost of application of sludge to strip mines is six-tenths
the cost of icineration. However, the City of Cleveland is
planning to spend considerable money to upgrade incinerators
for an additional 20-year use. This project should be constrained
in its progress to allow for the assessment of an early-action
project to apply sludge to stripmined land. A possible project
is described in Appendix V. If that project is successful, use of
incinerators should not continue and the savings achieved should
be applied to the strip mine project. This will not only enhance
Plan C to 1990 when secondary treatment in-basin is discontinued,
but will enhance Plan A, to either level, and Plan B throughout the

life of the project.

Plan C maximizes recycling of nutrients and/or insures
biological control of nutrient cycles. Plan A to either level
provides for the least disruption of hydrologic regimes in the

Three Rivers Watershed.

The requirement for industry to pretreat according to Option 3
reduces the problem of total dissolved solids, a factor that no

municipal technology will reduce.

In summary, Plan A-II has the least impact on watersheds. It is

a totally advanced biological/physical-chemical configuration and
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is all in-basin. Plan B is similar to Plan A-II except that the upper
basins employ treatment on land with aerated lagoons giving the
secondary treatment to the effluent prior to its application on land.
The option remains to continue using existing activated sludge plants.
The aspect of in-basin land treatment has met with little opposition.
If the overland flow/infiltration concept proves acceptable, Akron
could also employ treatment on land (on Mahoning-Ellsworth type soils),

thereby increasing land treatment and the ability to recycle nutrients.

Tables 40, 41, 42, and 43 provide a summary of impacts produced
by each of the four alternative plans on the various groups -
Three Rivers Watershed, Rest of Ohio, Lake Erie Region, Rest of
United States, and International - who are impacted by the planms.
The tables display the impacts of the plans in the various parameters
including ecological effects, land and water use changes, land values,
revenues, public perception, institutional effects, and costs. These
impacts were then used to develop preference sets for the residents
of the Three Rivers Watershed, the residents of Northcentral Ohio,
the residents of the rest of Ohio, and the residents of the rest of
the United States. These preference sets are shown in Tables 44, 45,

46, and 47 in Chapter 8 and will assist in selecting a preferred plan.
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{ CEAPTER 8

PREFERENCE SETS FOR CHOICE AMOMG ALTERNATIVE PLAMS

A.  Tntroduction
In Chapter 7 the four alternative plans retained for preliminarv
design were described in detail, including presentation of information

on impacts and time-phasing to achieve the water qualitv goals

specified in P.L. 92-500. The purpose of this chapter is to orpanize
these impacts or effects in terms of 'preference sets' that should

3 facilitate choice, or the expression of a preference, bv those affected
amon~ the alternative plans. Ultimately, of course, the Ctate

of Dhio must certify a particular plan and assign priority to

it for funding, and the Federal Fnvironmental Protection Agency 4

must approve these decisions.

s

. Preference Sets for Residents of the Three Rivers Vatershed

“able 44 contains preference sets that should assist residents

of the Three Rivers llatershed in choosing amone the four alternative )
nlans. A basic assumption in formulating this and other preference

g sets is that for any plan certified by the State of Ohio and anproved §
by the Federal FPA, the ¥Federal Government will finance 75 percent of ‘1

the capital cost, and that the study areca residents will finance
2% percent of the capital cost and 100 percent of the operation and

maintenance costs: all costs were estimated over 50 vears at

’ 7 percent interest.
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As can be seen from the Preference Set in Table 45, in order
for the the residents of the Three Rivers Watershed to choose
Plan A-1 over the other three plans, they would have to forego
(or postpone for later consideration) the opportunity to approach
the 1985 water quality goal of P.L., 92-500. This means they would
forego the opportunity to: (1) maximize retardation of eutrophication
of Lake Erie (The Lake Erie Study, authorized in Section 108 (d) of
PL 92-500, will demonstrate the contribution of these Plans to the
retardation of eutrophication); (2) provide additional increments
of water quality, inherent in the other plans, which maximize the
enhancement of water-based recreation, sport and commercial fishing,
and open space; (3) recycle nutrients and other potential resources

contained in the wastewater.

On the other hand, in order to choose one of the other alternative
rlans and thus take advantage of these opportunities foregone,
residents of the Three Rivers Watershed would have to be willing to
increase study area taxpayers' costs by at least $10,700,000 annually
to achieve Level II water quality. Also, they may have to be willing
to pursuade farmers, either through contracts or other appropriate
arrangements, to accept operational plans and practices consistent

with treatment technology employed in Plans B and C.
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1f there exists a preference for plans to meet level 11 water

quality, the key factors in the choice become (1) cost effectiveness
in dollar terms, (2) chemical consumption, (3) recycling and multiple-
purpose use o: lands needed for treatment purposes, and (4) potential
for restoration and revegetation of strip-mined lands. From the
standpoint of residents of the Three Rivers Watershed, Plan C is

the most cost effective in dollar terms. It costs $80,200,000
annually or $10,900,000 less than Plan B, the next more costly

plan. In terms of chemical consumption, Plan C requires less than

any other plan. On the other hand, it requires gaining access,
through cooperative agreements with farmers and some purchase, to
175,000 acres of land; 28,000 acres in the study area and 147,000
acres in Northcentral Ohio. A total of 17,000 acres must be purchased,

compared with the 3,000 acres required in Plans A-I and A-II.

In order to be able to initiate the implementation of Plan C
by 1980, the latest time at which a decision on implementation will
permit achievement of the 1985 goal of P.L. 92-500, study area
residents must be willing to support early State assignment of high
priority to cost-effective projects using land treatment technology
to solve local pollution problems. These projects would be funded
under the Federal EPA construction grant program. Other than the
community of Bucyrus, which was mentioned before, some interest has
been expressed in projects of this kind, during the public involvement
and discussion of the alternatives, by the communities of Clyde and

Willard.
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Successful construction and operation of similar projects in

the study area will do much to alleviate the concerns about land
treatment expressed by st dy area residents. In this connection,
Ohio State University and Bowling Green University have, during
the course of the study, expressed interest in assisting communi-
ties in developing optimum management practices and adapting these

practices for application and use throughout the State. This same

point (that the more the public knows about a technology the more
informed their choice will be) applies equally to advanced biological,

physical-chemical, or land treatment.

There exists the potential in Plans A-I, A-II, and B, which,

as shown in Table 44, is absent in Plan C, to restore and revegetate
strip-mined lands in the Harrison County area of Southeastern Ohio.
Plan C, on the other hand, includes provision for sludge recycling

on agricultural land in the Three Rivers Watershed and in Northcentral
Ohio rather than recycling on strip-mined lands in Southeastern Ohio.
Although residents of the Three Rivers Watershed may be indifferent ]
to where and in what manner sludge is recycled (except for cost
considerations), it is worth noting that local organizations in
Harrison County are already pursuing a program to restore and 1

revegetate strip-mined land using waste treatment plant sludges.
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C. Preference Sets for the Residents of Northcentral Ohio

Tables 45 contain preference sets for residents of Northcentral
Ohio. The re«idents of Northcentral Ohio, particularly those
residents and farmers dwelling on the land treatment area identi-
fied in Plan C, will experience significant impacts from the
selection of Plan C from the alternative plans. For that reason,
specific preference sets were developed to assist those residents in
choosing among the four alternative plans. Since the direct impacts
on the residents of Northcentral Ohio are essentially the same from
Plans A-I, A-II and B, those alternatives are contained in the same

preference set in Table 45.

The basis for choice by the residents of Northcentral Ohio among
the aiternative plans lies principally between continuation of current
agricultural practices and community development in the absence of
direct external influence and the potential for increasing farmer
income and controlling the development of their communities by
attracting industries and power plants that can use water supplies
of the quality contained in the winter storage basins, while protect-
ing prime farmland from urban development by committing it to spray

irrigation.
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D. Preference Sets for the Residents of the Rest of Ohio

Other than in their role as Federal taxpavers, the majority of
the residents of Ohio outside the study area will experience little
; ; impact from the choice among alternative plans for wastewater man-

agement in the Three Rivers Watershed. : ]

Table 46 contains preference sets for the remainder of the '

residents of Ohin. Those residents should not be concerned with ;

cost effectiveness in dollar terms since, accordineg to existing .
1 cost sharing policies, they contribute no specific proportion to
the cost of implementing anv plan that may be certified by the
State of Ohio and approved by the Federal EPA. Because they do
not contribute directly, they may prefer Plans A-11, B, or C over
Plan A-T since the former meet Level II criteria at no extra

cost to rhem.

Among Plans A-1T, B, and C, they should prefer either B or C if
thew want to recvele nutrients and, between Plans B and C, they
have the choice of either recycling sludge on strip-mined areas
(Plan B) or on agricultural land (Plan C). If they prefer Plan C
over Plan B, thev must be willing to accept the transport of raw
seware to Northcentral Ohio and the anxieties of the affected
farmers concerning change in their present crop patterns and

management practices. If thev prefer to meet Level II criteria

and are interested in conserving chemicals, they should prefer
Plan C, but {if they are interested in conserving power, they should

prefer Plan A-1J. 1f they prefer that wastes from the Three Rivers
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Watershed be treated in basin, they should prefer Plan A-II or B.

E. Preference Sets for the Residents of the Rest of the United States

From the standpoint of the residents of the rest of the United
States, as shown in Table 47, the main bases for choice are cost-
effectiveness in dollar terms, ability to meet the 1985 goal of

PL 92-500, consumption of chemicals and electric power, and recycling.

The best plan in dollar terms from the standpoint of Federal
taxpayers, is Plan A-I, which costs $24,500,000 annually less than
Plan B, the next more costly plan. It is also the plan that requires
the least amount of electric energy, 2,000 megawatt hours per day,
or 480 megawatt hours per day less than Plan A-II. Therefore,
Federal taxpayers should prefer Plan A-I provided they are willing
to: (1) forego the opportunity to achieve the 1985 goal of
PL 92-500, (2) forego the opportunity to employ wastewater treatment
technologies that emphasize recycling of nutrients and other poten-
tially valuable resources, and (3) increase consumption of chemicals
by 90 tons per day over Plan C, the plan that consumes the least
amount of chemicals. Since there already exists experience in
various parts of the United States with each of the basin techno-
logies, advanced biological, physical-chemical, and land treatment,
Federal taxpayers understandably should be much less concerned with
gaining additional experience with these technologies in the study
area and in Ohio. Consequently, this item, which appears in the
Preference sets for residents of the Three Rivers Watershed, North-

central Ohio, and the rest of Ohio, is not shown in Table 47.

180




COEAT A3 UELd S1G) 3cane o3

€3 217931280 03 B3iefidcad Br

) paioidza sarfojorizay Iuinyp
-1800 (w301 €1 ‘Tidesd 3urid sojadmud
Wo139301y [FIVHHOIJAU; [RID

30) ‘4333033¢ WBIY O Ivemudjes w31g df2ee Jaoddag

POU 19ejI)[} W) IWEMWNLI] IIITAGI0LE pUE IIIeA
oavaa 303 wiéTs e ¥} PaiIRbIY 3q IEW I¥41 puR]
3% #8353 000'YT w43 80 Bujpyeaa 1%y [WAIuaD RiIou
wy puw ‘pusl je smadw 000‘9 3 sc Hujpisan
Lpma® sq) BTYITA SUTTIEY) [PINI PUR GEGIN O AEesO]

» Teiieied 133003 Kawjamy w43 adaddy -

OFH0 [W3IDED §IIOK U]
w1 pes ‘waie dphae m oW s
savwemasién] Tei1ded 1m0 pEr

Cewpap avsesdwu w1 o WOFIETTNIEE) I3 a3y °

TROFINACUIL ARINA

TRjesvacas sanssw 01 I€A3NIU] LiewEacsu ayy eajnkdw
@7 3epie G} IDMIERs 10 138510 ‘eswe] miel Suoy
» 93 OYuD [WIIWE) Yilow W) puWT jO 83133 000°IYL

pus veiv Apmas ewy O} pus] j© SAIF 00G'§Z TS0

t3anod syl P3waacald

81 AImeS809 FRIINOERI [WINIFG JO LOJIETELOI 943
343308 por JEEEIIIY 32IENIINEA 30 £3O10UISL Jo TEAIT
JeeuB g sy3 JUTEn SWRC w43 jo ADw o (a¥p 3ad s:no.
Jimamdac 5y'9) Asacd jo IWROCY 3EOS WD $ITHELOD AQ

mojidmase daaod arreyuie @ Lijunieddo ayy 0%ea0f ¢

1(0(5'1 03 peawcawn ‘0gL'7) #RSF 3900 eyl FuTPIALIE
wryd w3 sy ssay sqof 0C0‘1 205 Sutpraoid 4q
Jo spaaa] 3 Tés

W sewn1ou) w1 eajerEwe o3 Lijmasioddo a3 adaier -

temorea L31sd0ad TS0l FuisEeIdU]
pUR EPUV] Tiw) ¥I0] pUF FPGE] BSO4) jo K3jyEnd
paeaser paw A35.110npoid ByI BEYEPRIOL; AqRiu3d
fpur] pasym-d1iis UILIWQ O $943F 00001

e103081 pow eiv3eraas: o3 L3jwmaroddc I3 oFaicy -

fjuscaweil IsirAsieEa JO TOFINEIIUOTIIL
®01; PICIEIQO B9 03 COTININED T} €ITOUIITFIP
Teiaerieqne 2;misd O3 YIOASCEI; [WUOFINITINGY

Im13nD w3 jO BOFINDT;IPGS NI IEEFE Lisa ¥ aaw

tamjenaisen

30 Jesawa1y pus] 10j epav] jo een 33;79ds woij
sao1ado wiw) par

L3yoremo> (93733881 10; TPIIULI0E W3 I3a0 SIsAIE)

pus sepTER; Triiuepises jo L3ajxue ey3 adavdy ¢

teapaTuIeae
sajeusdxeuy Jsow 941 13a0 ATTEROUT (000°007'08S 03

P 005695 B633) 000°06L'GT§ 1903 weis Lpalw sewaidu] *

!
103 3EITIIA 2T POV

* casayy vEOURAND W3 )O TIRNWRY) SOTIPETAVK I U] 3w

sav spawpuels LIJ1OND WHEI35 OTND 43 ITYI damau]

smewywei) zwieme:  '9j AZoTomael o 13ARY
‘ \.J IseydIy 343 7O UOFIN) SOV HENGINI #32IN0SIL
193wA 3O UOTIRETF[13I0 PIUTEIISLCOUR 10) TvRIUIled

i ] L] w3 SUFavaas ;o UOTIIW;SIeE P $I03}a0dig

{yawads wEqa. Jusasid
30 7033803 A1y 03 OFYO TFAIVe) YIIo; Ul Bovds

Gedo Jo w8138 000°(51 PuT veit Apais sy uj Ioeds
wedo jo sa1d% QOO'GL IIFS] 3T 2INRID 30 IArIwaiy
taTerTEND

sy o1 & 2am0d puv
T9aniue 3o voyicunsucd By3 3da00v puw ‘(Lvp 3ad

U0y Qg1) $2IIN0SII [EITEAYI JO IIGTE ISEI] NI ] °

13805 pIINPRL 30 AIJAFIFRPOIC U EuUTEH 01 Anp
)40 1¥124ID §Iic. UF PURT )¢ 213% 500°RIT pur
twair Apnis 43 E1 pur] Jo §313F 000'fZ UO AdIEA
puv s3uatadnu Jo Luj1d439a [ramapnojade yInoaqa

wmoduy 3acv} 9sC31UF ©1 [F1IU830¢ w3 jordxy

f3a0qr (1) U3 PoIjlauvapy
wiwol Lajrend 133eA I Y3
wosw kpris sy acj urid daeuades dsw

fUOITIIDIL PITEG 123WA AUpTiNiNEn
4. (o JTIIISE0D )0 1UIBIITUNS
s1ne jo aiex

S

warmieuos

v ueay o

oy 33jasg
Sueie 3o n T Yoao) 3w D ey
@ 29930 w4

[RRFRRERTY

4 23 aopun Juppun)
Joy *A37A0134 Q4| 1O AusmidiIve 23€3C £13W6 1i0ddng

11963 usavan
81e~EiUas pUS 1236A218EA 10 @

tyesw Apmas a3 )
siumesnoiday (eITded 13yic pus pary uojIe¥yaay
‘xujrap AdessI3du eI O BOGI 1sur Wy adesdy

1MjEE93508 210880 01 35e3RIu) Liry
01 18p10 U} ‘iUWISWs 4O 1392303 ‘asEal Wisy Buoy
» 03 weas Apnis 3w puF] jo 1833w 00091 jew0)

1(egof 0oLz 49 wejaem)
sqol oozz 01 8

|euuos3ad uscieall 12

Uy erra1dul w3 9318t

0C0C) 1aacd jo 3 Bujensuod ur(d eyl
erga eiom ‘Aep 334 sanoy Toe 00| SuTmRARuOS AQ
voyadmnanos 1encd rrwiuie 03 Lijuniicldo #Qy o¥eiog

> asaui 21919ust 01 K1resedsu 13m0d puw
Jubssl [PANIEU jO UOTI62130> W1 ¥ujidIIde pus
“(4%p/1 021 ©3 peawdedd Avp/L g(y) unows Jswsl a3
Bujpensuod ued sy urgl #1cm Arp 38d va3inoeal
193)ma43 Jo 3803 g6z FUTINIGOD AQ BOYIdwnesod
$31n0333 (¥ITmIyD T3S UM 01 A3junizodde w3 o¥eiod

13803 pasnpe1 10 A3jajIdnped uy
sujed o4 @Ap ‘oiN0 1FIIUID YIlop U} PuE| JO ¥225W
O00'R11 43 GO 3a3rA puE $IUSFAINU jo Fuj]34d33
19303 n2jade y¥nosyd awodu} Isalry 13uy 03
193389304 a3 3je1dxs 03 Lajmmizedde P

tuoyiwmipices (wuojdaa jmiad puw
Wopinasdo U] K3Us}Iii7 #A0IdE] 07 RIoamarl; |PUO}INI
~33%9) 1821303 s ©1 B01INI3)TPOW FTLE 8 YN

tiaieasieva
3o Juewaessy poe[ 0] Npue] Jo 3n 37jjaeds w3y
Surainses suojide jcamslruwm wivj pus JumHO|aAIp
Kyjuremsod p239111833 J0j 17]IUsI0¢ Y3 18A0 rieaie)
par soyrjee; Lrjiuepiass jo L3ajxus syd 3daddy

JTisatanuasa(e snjsusdyan) ecw
w2 Jeno L[¥nvue (000001168 ©3 000'00% 69
®033) 000’009 125 ¥130> weir Apnis sEReidul

iol BWiI1IA ¥ puv

IS

33a7d eHoyrdn) w1 jo lwwury) BOJICTIAPK eyl ¥ v
eic splepurae A3} (END BFRIIE CTYO BYY I8yI BinEN]

13UPSIE01] 121PAIIERA 10)
£3o10uy293 Jo 1eAa] 15 Y YU JO LojIXIFLECe qEROINI
933100831 193€A JO BOJIRI] ()0 PIUIEIIEULIUN 10]
1r3auei0d wus Fujaweds jo woyIdeisiaes a3 sousiisdry
pus fqreade

UPQan Jussad 20 1013U03 iy 03 wale ApRae By

B 23wés usdo jo $9i3W (OQ'OL #ITIID Mo Fr3aINIG
teanien £:25801d (30] Fujswsidu) pus ‘wpus]

Krjayasnpod wyi
U313eq JO $913¢ OOOL 4303893 pur esvielaney

teaiw Apnis wq) U pUSY J 8208 (OU 4] B0 SIvA

EL

? *OL4T 30 3°Y 6310770 mo3aTSTRbIy L330dozg

oy Fur eoumolc Yy UOTAYOOTEE TIOJTUN O3 O SUOTFLACIC U IOPUD SIUTIEIESE UCTIrooTad pur puel JU enTea
qexITs [IT; ;7 Sceoxe UT £0reo] peftuy Jo Teas Are aq 03 parapysucd AYTr1eus? 829 E6FE0T PILeLOOBITUN TEILILSRO] h

*35093u7 g 3v sIeak oS

2220 §3°02 TTC I 1repos oyl 43 smalord juwad UOTITIICUOD 3 J9pLm Puipon) Jo; pascadie Pus OTYD JO S3EIS

oys £q Bei 33400 UolC AUT O $IS0D edURUELuUTTE Pur uojiraedo aus 3o ¥ooT enid ‘3803 Teiide eyl jo g€z eduroyy
TGA s36Frcres volr £4038 041 AwU3 pue ‘3000 Teatdes ewn ;o §5) eduwul; [TIA s39ivdxry [rI0pei W3 ATUL SSMESY \m

W3nsad s0 1uiiLed 63 23¥Zs u.do jo
VINiuIPe Ju 237823 ©3 /3)ur3i0d€o ayy vdeseq ¢ ’ el 3

T00S-TL Té ¥ TROF SEe1 Wi woweadde
TUEA W3T4A 81021030 203339578~ 3805 03 ‘swa¥oad
JUNST UOTIINIINNOD Adusly BOJIINICIL TILIEOI Ay
Iv3opas Bu3 se e ¥o,peng 30) ‘A3jressl WY

3© BIWi5 243 4G JuscuiIeEY eI O3 LS, 1T Y 6

*3saty vhouwin) Byy o tevuy) uojiviiay eG) Wy
PIITIOIA 3G ©3 Spiepuris A31TRN SERIIS CILD ASTTV

LICemIReiL 1RIrARISEA 30§

£Bo10uNa83 o 1aAR] 3MNITY a3 jO BOIINITACK NEnoiy3
SPOINOE2I 183ws JC WCTIFIFITIN PECTEIISEOIEN 3oj
Te3aua0¢ 843 FUIIRess jo Gejadw; jaes u: oBssog *

iswessan zemod
vojlemnenes wyi 10233
tesainosaz " TPojueys Jo sLo3 (i sensuop *

1e3jEes aseud 419aaE 03 Miessedmu dsmod pus
BIDINOBEL (TINITU L4 Jo o) adancuod Byl

f(4eP/1 QR1 03 peiecans
Bujeneuod oejd 2
Awp 122 eucy gry ¥
1oy e1)

20 K3yagasar

usdnauy Ivou ¥
©58 w0330 00000

o1 ¥ujy

“Aep/1 00u) suncwe 3

Ueua Se3icied [edjms

£802 4G 0T IEEIBOS 3in0Tal
21 s1junidodde sy ode304

; usgan o g
#3000 43epxue

13605 pacnpea N Iwelv Apmas Byi o eswds weds jo
00062 BITIUIEE JuUP Biwess o3 sajEniodde el

Treiaes ez e €
a308 o
203wa jo sy

S¥ouTAnT Sy1 O 1AULEYD o 1IPNiaEy wd

spavpusis Asjiwab

A¥oroBy3e: jo enay
sesancnas 1eien o
1e1aueaed mya Buvavess

iereias Ogwi)

pue Aajajaae
“€jans ua

pue £362131730 enoisot
O IRTFUETAG (FOAYING | IeuY

“-eiis oiu0 ewa

e yInoaua 1003~ o) paiwis syeol dayrent
uesun a0) s ©3 A3junizodde @q3 o¥aieg -
JPIIes w3 seeiiedng e
o4 Burrnae oy poy

®3e33308 ©3 wesinesas
3desse pur ‘(4
voj 3dunsuo

Ceys 3aacd vea| kv sa

opury mivg
yor 433

*evosand gy

es01e v 01 v Bajeuacasy]

Jene AYIPOUUE 0O0'00L'CTS SI0ARAS 4 Tesv &Pr3S Bavs *

se3wn
3o En 2331008
svNeurR wav) pur Jues
+83 305 IFIIWRIc. 0%) ene
16139353433 jo AdetEuT BU3 PloAV *

Tive.ivesy sniessises
. oyl MFEINIVL ¢

areay wo v
paepus iy

43 jo savepy
1 e




*NlAT 30 2%y €910TT0Z uoTITSTRDOY fidedazs

| Teey pue BJUELSTECY UOTREBOCTSY WIOJTUf] @U2 JC SUCTETACS
Jeddew [N} JC S£80%e Ul rapeo] pefewt Jo Teal fur et 05 pas

. 9 ¢ *LE839UT g 3% SIwel gf
<& OTYu [®JIUIDOYIAON LI WALV PIYSIAEM SI9ATY Iy, I J8.0 69600 [Tt ‘Vd3 TeJepag ayj Ao wexPold quel? UGTIOTILEUOS BY5 JBPUn SUTPUN] JO) pescadtr DUE STUL O @nigc
{ wWOlj TIUUN] WA (6] 493je a¥emas awi jo 20deuriy wui 24200V 01 @yt £q pe1jTided urld Lue o £4r00 SUUELEIIUTEW PUE UCILTIICS SUr ;O 3007 enTd ‘3s00 TeaTdEs syt jo ¥C7 @duwuy;

1TIm sJafedxeq voJe Aprae au3 2vyy pue ‘5600 r1der ay3 O | eoueuy sJafedyrs riepe 2
“ ‘uoyaonpoad doid wnwyido 103 A1WESad9u AIFauEnb Iwy) P Lo 30850 53 TITA eaaledsny Teaopsg oun

JO 8$33X2 uj 8] YOTYA ‘Jwak 1ad §aYdUJ ¢/ IV 13IWA uojIFFaa} 1daddy ‘6

H LPAYSIIINN BIIATY IDIYL I W) 133wA jo lodsuwad ‘839ATY
R | . Y3l WO1j I[N PYNOA YITYA BIIATY AXSNPURS pue ‘uolny ‘UOFTFEII, A)Snpues pu® ULIny ‘UOTTIEAIA IYI JO $IJIRINQIII OJU] FIIF JUSWINIII
| !.u--":"ounuw“““u ":u -:_w-a&"uu“wnw:“wv“u”nu“u”“uv”u-w“«a-“ PUR] 2yl WO1j JIlem L3jTenb yIpy jo BawydsIp paujwisns Y3 o¥azoy 4
B2 4 *8ujpoo pe .

| *[avads ueqin
e 18uocoS¥] P2INIIV WOIj S10PO [PUOESEIO I0j TPFIualod Iyl IV L wo1j 2owds uado jJO 833d% (Q0‘Z/]1 399302d 03 LIyunizoddo @y3 oBeioy g
- 1 Se— $191BAISRA O JUIWIFIAI PURT AYI 10 ‘uyswq 23w1038 I9IVIA I
£ ) Spuel jOo JUIEIjEMOO wo1j FuPITNSI1 JuIWAOTIAIP LIjunmmod PIIDFIISAL U] paujwIue> ATddns 1aima 3o LIJTEnb By IEN UED YIJYA SIJIIENPUT I3A0C
il 20j [¥IIUe10d Yl 19A0 SIIWMIT) puw SITTTEE) LIpxuv Ayl 3dadIV ‘9 pue SBupinidwjnuew jo juandolsasp 29winod>vs 03 AIymmiioddo syy o¥si0i
" isuyseq I8wioas “OTY0 T®AIVIDYIION O SIVIPISII Y3 03 1803 OO0 I
| = 133ujA pus suCO¥E| PIIN. 103 ardwys 22) uj paajnbow 2aq Isnm Wyl puy ‘pusTmae] jJO $313% (00‘SIT 3 03 SIUSE3IAcIdW} [®IJAED IIYIC PUW FIeA
. 30 #313% 0091 243 Vo IPTEII OyA OTYO “nuﬂh“:w“oz uy -c:«“-w Teana -paey uoT3IeBJ1I] ‘SUIRIPIIPUN AIPSSIOIU Y JO UOTINT[EISU] Y3 O30 9

L PUF UPQIN JO_SISEOT Paiaacddiun [wiiualod I ayxuw ay3 1deddy ¢
/2 $3y8noip 03 Inp $28$0] d0ad IVaAI1d 031 4Ijuniioddo Y3 o0

1 +wejeks jusmaSvuwm 123wAliseA [WUOTEI1
B 1 -J3Tn® 3yl jo BOFILIado JUITOTFJ Ijmiad 03 LIWEEIDAU BT YIIyA ‘RIoAImwij {puRT 2yl 031 12IBAIISEA U] SIUSTIIND JYI JO UOTIWDFTAdE 2yl Y¥noliyl $ITIE
E Comy TPUOFINIFISTT [¥I0] IUIIIND Iyl jO UCTIWITFFpom Juedj3jusys aya 3daddy v -21ddns 12z7[7312) Ul a2k 1ad 210 13d ()9S S¥ YOnm ¥ jo JuaTEajnba ay3
w Bujuyeiqo £q 83801 UOT3INpoid WIE) ISEIIDIp 03 LIjunizoddc ay3 o¥aioy 7

= t8do1d> 23npoad pue 1a3EAdisEA
- 39813 03 A1V JUIWINII] PUW] Y3 jO UOFIViIAdo JUIFDFFIP I 0] RS
3 - £1wss329u 97 YOFya 21733vad JUIELISVUFE WIV) UO IDUINTJUJ [PUIIIXI puw 000*8TT VO 123®A PUB $IUITIINU jo BUTTI4033 [Eany[ndjase yBnoiyl ‘amwodU}
- #do1> 19ppoj JO IWOYI 03 sUIIIIwd doad JO SUOCFIEITjTpom Y3 3dIdIY ¢ 19miwj 3103219y3 puw ‘spaj£ doid> asEaiduy 01 L3yunizoddo a1 o¥szoy 1

> ]
2 “w238ks 1\ T 7331 0l ONITTIA 3€ ANV w

4 -J3T™E Y3 jO UOJINIAdO JuITIFIIe Iymaad 03 £ 8T Yorya ‘xn. 3

k. - [WUOTINIFIST] [¥I0] IVIIIND Y3 jO UOTIWIFFTpom JuwdFjjulys ay3 3daddyy -7 *OJY0 1WAITIIIIOK O3 $IIY PIYSIIIep SIIATY 9IYL 43 WO1j

ToUUN] WA (66T 3933% I8WAS A1 jO 3lodsUwil I PIOAY 6

$0¥qQ TS3IVINIION UF pUNTMIN] JO $31% (00 ‘8TT
8O JUIWEII 10) PIYSIIIWM SIIATY IIIYL Y] WO1J IIWAIIEEA 1daddY T *6o§3onpoid doid> wnejido 10) AIPSEIDI
&3y3uenb 3wyl jO SE30Xe U] IIWI I® PUBTEIN] JO WOTINEII] PIOAV ‘B

182

0l ONITTIA 39 GNY IPIUSIIWM SIIATE WWIYL I WOI) IIWA
3O 130dsuwil 2yl WOIj ITNEII PINOA YOTUA S1IATY LASNPUFS PUF ‘TOINR
‘BOTTFWMAIA Y3 JO $IFIPINGTII IYI U 310dSURII JUIWIPIS PIEEIIOU] puw

“8I3ATY 3I937qQwy djawnbe padnpa1 ‘JuUIpoOTj PeSERIDT] 10] [WIILIIOE I Ploay ¢
Ayenpuvs puw UOINH ‘UOFTIWIAA Y3 JO SITIFINGTII 03U} IIF IUIWIPIII
puey sy3 mo1j 1e3wa K3yrenb ysyy jo IBawydeIp pIurEIsns Iyl 3deddV ¢ ‘wa3sds JvImeSvows 1ajemsisea [vuojEal
—j3Tne 2y3 3O ©OJIEIAdO IUIFIFFIP ITWIAE 01 AIPESIVIL §] YIJUA ‘RI0ABERI)
pus :[awids ueqin TPUOFINITISTUT T¥I0T 3IVIIIND Y3 O UOTIEI}IPOW JULD}JIuUSTEe Iyl ploay g
w013 aowds uado Jo 91w p0‘ZLT 39302d 03 Aajumizoddo ay3 Ijordxa ‘9
PUP 1IPIWAIISEA JO IUIMIFSII PUP] Y3 10) SPUF] O JVIEI|W
| ‘sujswq 28wi038 13ulA I -m0> wo1j SUTITnea1 1uawdOTIAIP LIJUNEMOD PIIDFIISRL 20) TEjIvaIICd
b uj pauFwInod A1ddns 133wa jo L3jTenb 2yl ISN UED YITya sIjiIenpu} Jamod Yl 1IA0 SIIWIN] pUR SITTTEE) [VIIUPIERI jJo LIIFIXUR Y2 PIOAY ¢

puv Supan3dwjnusm jo 1UIEdOTIAIP PITTOIIN0 303 [¥iIualed agi 3daddy ¢
u.ﬂgwl.— PIIVIIN ®WOI; FIOPO [PUOIEEII0 10j ﬁl«usuﬂn Y3 proay ‘Y
“OIYO TviITAYIIOoN jO $303PIsa1 IY3 03 31601 ou IV

L ‘puvTEI®} JO 8310% 000°GYT 243 03 sIIWAAcidwW] [wijded> 1aylo puw sieapivy [p—
5 uoy3esjii} ‘sSUFEIPIIpPUN LIPEEIDIU Y3 JO UOTIPI[WISUT I3 adaday vy 2981038 J2IUJA puw SuOLSFP] PIINIIW 10) ITdWIE 23) U} paiynbdow 2q IEnm
1wyl PUE] O $3IDF (OD'YT AYI UO IPYEIT OUA OTY(Q TEIIVIIYIION U SIT[TwE;
+3ySnoap 031 anp $3eso] doad IWIAINd ‘€ {wani puw uwgin uo\m..u-ﬂ P212A0CO23UN [PIURIOA IIAO LI2JXUF Y3 PIOAY [
t{puw] 843 031 IIIWAIISWA U] SITITIINU Y3 jO uwopawdjrdde ay3 ySnoiya sauam 18d02> A0I8 PUW 12IWNIIGEA IWIIL 01 $IIW JUIWINIII PUF] I jO VOTIRIMdO
E -e7ddne 193F13339; U} 2wek 1ad 210w 13d (9§ ¥ YIrm sv jo JuSTEAINbS 3 UYDT33P Y J0j AIPSEIDIU ST YOTYA IJTINTJUJ [FUIIXS I INOYITA
E | Sujujwaqo £q 9380 WOFIONpoid mawj 28wIIX9P 01 LIjUNIaoddo ay3 ayordxy -7 ‘juswafeurs Wiw) puw su3233wd dOID JO IDVJOYD Jo WOPIII; UTWINIWN
= ‘8813 000‘8IT wo 10740
1939a puP $IUSF1INE jo BuUF[ILIe1 TwinIIndjase ySnoiyl ‘swodul lemuw; 1*. 0N 0307 Pe3 300 puUT ‘pIysINIMN IWYI TIYITA PeIERl] )
®10j219y) pus ‘sp1ajk doid eewaidwy o3 L3jumiioddo w3 ayordxg 1 POYSIIWM SIIATY IIIYL Y3 UTYITA PRIVISUSE IvITASISEA T[F Wyl eInew] ]
:0l WAATWd 1SNW OIHO TVALNADHINOR 40 INZCISTM V ‘Ol ¥343¥d 1SN OIHO TVEINZORLEON
4 W0 I1-V ‘I-V SNV1d ¥3A0 D NV1d @SOOHD Ol ¥iQu0 NI 40 IN3QIST¥ V D NVId ¥3A0 € 30 11-V “I-V SNVId 3SOOHD OI ¥3MWO K1

I1 I3S FONIW3daUd
1 13§ 3ONF¥3dIud

\«o_zo IVYINIIHLYON 40 SIN3TISIY A9 SNV ALL

s

i317Y ONUWY 3D10HD ¥04 SL3S 3DN34343¥d




. AU=AU4Z 155 CORPS OF ENGINEERS BUFFALO N Y BUFFALO DISTRICT

"\:l
WASTEWATER MANAGEMENT STUDY FOR CLEVELAND = AKRON METROPOLITAN ==ETC(U)
AUG 73

F/6 13/2

UNCLASSIFIED

END
'r[llﬁp.jjl
G 11




(OPY

iF
LL

e
‘B

THYE
h'v]

2

Yy
i

All

/

!

BEST A

T00$-276 Td Y 1904 CHEL NI ANIYIW 0 djoyd jo

A83W] W3 "pgel 4q uwld syl 2dopE 03 uolsjIep
PORIO UI-[18A ¥ 03 2INQJIIU0I O BduRjiedxs
SUBAOLIY SN CuR(U SJYI UL PAAOIdEa sajIofou
~433) SUFTFLHAN 8223(01d JA}1333)3-1800 [w20]
01 ‘@¥1s03d IUELS UOFINIISUC. Adusay u0FIINY
034 IPIUSUUOITAU, |RIPey P4 ADPUL SUFpUN, 30

CAIJA0JAG GORN U JUSLUIESY 3IW1, AlIve Jaoddug

1191¥A18VA U JuswITel)
PUN( 10) WPUFQ ju ae0 2} j133ds ol eupljnsal
BUOTIGU JUSUIBFRUNG LUV, PUF JUIWdOTIAIL A3 JuUnumsod
POI0133831 10 [P1IUAI0E I 1340 siwavj

pur se)|jur

pus
IMATII1IOV) IUSWIVIA] JIIVAKIOIS PUR JAIVAIIEEA 10
®lduls 235 Ul Paijnbow aq 18T WY PUE] JO 81OV
0V0'¥1 43 UO FujpI¥al OIYQ [TIIus) yaion uf
SIT1TNE; [RITI puv LRGN jo ,99SR0] PaiIACIIL

-un [£}3u2204 BUjuIeduGD A4

TIUSWINILI I2IEAIICEA JO UOTIVZTTWUO} NI
WOl PIUIEIQO 3y O) UOFIIVAO U SIFUITIF}R
1P} IURIEQNS 1jWIad O3 YIOAIEEI, |WUOFINIFISUY

IV41IND I JO UOTIWITJFPOE JUEIFTUSTE Al3A ¥ WK

PUe ‘uojieacuas

131I9A [N)S420008 PUR 21NI[NITANE PINUTIVOD
FanESL 03 13V} AIWESIIFU IYI 1FNbIV 03 1IpIO
O} JUIWISES 10 IIPIIUOD w3 Juol ® 03

OJNO TPAIWS) YIION UJ PUW] JO SBIOE (00'ZLT IFWE0D °

t13mod STyl IINIAUIY 01 AIFSSIIIU §IDIN0E

-1 [®INIWU 343 jO UOFIWNEUO. 943 N¥URIdRdOE puw
‘suwid IPUJ) INOJ I JO ABE jO ‘AWP led panoy 1IeA
-u83m (/9'9 ‘PaENEUOD 1aaod jo Juncmv Jvasiw] Wy3I
30 uojilod AIwesadau 1 Fuja[ddns Aq uojidmns

~u0) Jamod IZymIUlE 03 AITuniiuddo aya odFeioy

teentwa 4319doad [sdu| Bujewaaduy puw

SPUR] WI¥) [WOO] PUW SPUF] IWOYL 4O IN[EA DJIIISEE
puw £33a3390poad Iy3 ¥uIEEaIdU} LqUaayl ‘puey
PauTu-d}13e Usllwq jo Iwak 1ad E31d% (o' I9We]

3I¥ 9103531 PUR IWINFIAIL 03 LI7unizoddo ey3 oS0y

{POYSIaIEA Y3 JO IPFSINC PUN] I UO JUIWINNII 10j

POYSIZIUN SIIATY BBIYL Ay WO1) 29IvAsIswa 3daddy °

oL ¥UIITIA 3 PUV

t{A¥1ds ueqan Jueasid
10 [033u0d di®y 03 OFYY [®3IVID YIioN uy edwds
wedo o #31d% (000‘(y] Puv waiw Apnis wy3 uj adowds

wado Jo $83D% pDO‘9Z ISES] IW IINOID 10 IAIINBIY

“isayy eS0ywin) 3yl jo [IUURY) UOTIFETARN I U] Jm

31w wpiwpuels LIFTen) WEalls OTYOD Y3 Iwyl aineu] °

PaYRIRjey sadATY

2yl 843 jO 9IUapIEIL Lq PAWRLLS ‘OFy [wIIUA)
Y3I0N Ul 8310 0Q0‘STT 243 ©3 siussaaoidwy
193340 12430 puP FIWAPIWY UOTIVETIA} ‘sujeIp

aepun AIwesadsu Iyl jO WOTIRTIPISU] ay3 3daddy °

1eTEIERYD 3933 3wiusd

03 iamod PUF $95IN0S3I [FINIFU JO UOFIdENEUOD
243 3dedow puw ‘surid iInoj W1 jo Luw 03

OFYD O 31931 Y3 jO UOFINQIIIUCY Byl FuUjIie
-7ote iqeasy) ‘Awp 1ad pesn $adINoea1 [wITEIYD

3O sUO3 0T Y3 jo uojIlod LIWEsIDau ay3 Lrddng °

13802 peINpe1 10 L3jajiompoad

U} suped 03 np OJyy 843U YIION U} PpuUN] 3O
#9309 0Q0'GT1 UO I3IWA PUFT BIUITIINU O FupdLdea
1ean3[ndJadw 4ENO1Y3 SINUIAIL JUSELISACE 10

2W0JU} JomIv; eWeiOU} O3 [¥]IUAI0d wy3 Ijordxg *

1UOTI¥R1391 paenq 1vIwA
puw 3 330ds paw |
3O VIWSIWEYUS I YUFIJWIXEE PUT ]I Iqw] U UOTI

TWFIUIPIEL JO AJ9)XUE ay3 34Dy °

xur 3 adadoy ¢

~

*OLET 3o 39Y $8191104 Woyaisynboy fiiedary

Te6Y PU® SOUPIETESY UOTIFOCTOY WIOJTUN SYY JO SUCTSTACId 9y3 JIPUT WOUPLE]SEE UCTIEO0TAS pue pue] jO enTes
jexdew IR JO §690x0 LT 696607 Pefewt 10 (el fur 8q 07 pRIdpTsuCO ATTrIeusd GJw £E5S0] PAIEAOORIUN TEI3UMO

*as02equY §) 2w sawaf 0f

480 3803 [Tv ‘yd3 Twiepay #yi Lo weaPoid quesd UOTIOMIGEUOD BY3 Jepum Butpun; Joj pescidde pue OjUD JO MIWAC
oy £q pe1J1a4ed ueld AUe JO #1600 eouURULUTEE PUT UoT3BIedo BUI O FOOY SNTd ‘3800 TeaTdes eys jo §iz evuedy)
TR saefedxey wade ApmMs U 1PYI puw ‘1500 [eatdes aun jo §5) SOURUT) TTTA sJefedxes TRdops; Syl 3PU% SOEMESY

*uwld [1widA0

Y1 YIPA JUIINTSUOD 8303 [03d 3ATIDI3;-1800 [®I0]
03 ‘@w1¥0ld JuE¥ UOFIINIISUCS AJUIBY UOFIVNI
-034 [WIUIWLOIJAUZ [PISPI4 P43 Japun FUIPUnj 10

jo ®ava a3 Aqaaeyy ¢
LagTeny 193ep SIAT] IWeI) I PUY 00S-76 14 JO STEO¥
3 YITA JUIIETIUCD Paye1eIy BINATY Iyl 3y 10)

A337enb 1939A Uj JuawIAc1dE] [F}IUEISGNE ¥ UIRIQU

101 293314 ISTH OJYD jO ISIY Y3 JO IUIPIsAy Y

SURTJ 33430 TTV 39A0 11 [3A%] I¥ D uwq
w00y 03 13pi0 U1

Al 135 JONAMId N4

*4333071d y¥1y jo Jusmusjese 23w3g L[aws 3ioddng ‘g spuv] wivy
I¥20] JO JUIMDIJIUS PUV SPUR| Pauje-djias jO WOT:
spus] miny -¥101821 PUF UOJIWIIFIAII 10 PIYSIAIWy Sidaly Sy,
19207 jO JUSWDTIUS puw SPUR] paUTm-djils JO UOTI Y1 W03) SANPN(S JU[d IUILINIII JIIemsieea 1daIIY ©
puw 104 N SIIATY 1YL
%43 Woa1j seEpnIs JuNId JUIWIFIII JajwAsiemA 3CIIY ‘4 ‘#321n0893
Teojuay> asaya 03 ism0d pus
t13m0d STYI 9IRI%ua¥ 03 Aiwssadu ®anJwu Byl jO WojIdwnsucy #y31 1d83F puw
$22100931 TRANIPU Y3 jO UOFIdENSUOD 3 BujIuIdOE ‘surld In0j Y3 O AUR jO Jwow ayi ‘uEle ETUI
puv ‘ueld SIYI Aq PIWNSUOD A®p 13d sanoy IvARIIG q PIETSUOD AFP 13d SBIiN0SEI [WOJEAND JO
0€0'€ 43 JO uojliod Alessadau ay3 Fujkiddos 4Aq SUOI 00F A3 JO UCTII0d Alwesadau syl Ajddng
uoy 13a0d 03 L& o431 o¥e10y ¢
PU¥ :[AFidS UPQIN [OJIUCD 01 EIIY UEIF[od
1832100891 [PITWAYD w1 IwIIUZ ~0139) UOINV-PURTIASID I puncie pur uj Ideds
03 13n0d puw $32IN0SPI [EININU ay3 jo uojadmns uado ‘uURINOld JUIWIFFUTE IBINABISEA .l YENOINI
~u0d Y3 3dedow pus LEp 1ad SP2an0eRa [Ed YD UFPIUIEE puw 2A19822d 03 AJFuUniiocéo eyl o¥aloy ¢
3O suol QL% 43 jo UojIl0d Kivssedeu wy3 L1dang 7
13903 pecnpaa 1o
13800 paINPal 10 £3IpajIdnpoad 43741390pold uy SULES 03 NP OFYL [WIIUI) (IION 8}
U} sujes 03 anp ‘OFY0 [EAIWID y3ion U puEy O $320% Q00'GI1 UO 13IWA PUT SIuBJIINU jO FUFTIMD
#229% 000'SIT 43 UO I9IWA PUT SIUATIINU jo SUF[ILD 31 [RanI[nOjale YENOIY1 SWOIU) IGWMIV) SSPeldN}
=31 [®INIINOTaSE Y¥NO1yl ‘JWODUL Ismiw; ISWIIOU] ©03 1viIualod syl 3jo1dxe 03 A3jumiizoddo ayi o¥sioy -
03 [vyaualod 3 jo1dxe 03 LIFunadoddo o¥s.
i ki J = s ! 101 BUITTIA 4 PUV
101 # u
L PTTARYER. casajy voywdn) ay3 JO [IUUNY) GOTINITAEK Y3 Ul Jam
{1AE1ds URQIN JUsasid 10 [01380d ®1v sPIPPUTIS 4ITEND WER118 OTyo Y3 INYI sineu] -
d1ay 03 weay UPITT0dOII UOINY-PUFISAS]) Y3 punOlw
puv U} 20wds uado jo 831D (00‘0Z P3IWBID 10 IAIMIIG ¢ “poysiIen
SIIATY S3IYL Y3 O3 PIVIFUCD N] #I1IFTIE) wwd
pae 3 puw 205 eydmye
tasayy wSoywin) Iy jo JIUURY) UCTIPSTamN I uj I 23; u] paaynbow 3q IETE INYI SPUN] WEQIN I UO
?1¢ SpIFPUEIS LIjTEnb WEIIIS OFY( Y3 WY dansu] ‘9 IPTERI Oya sSIT[IEN; GwGIR jo 7999%0] paIsacISL
-un (ejIUSjod FUFUIIOUOD AISTXuN Aur eyl unsu] ¢
“POYSIIIEY SIIATY WYL Y 01 PIITA] ] SIJITTION;
2 puw 303 aydays : 30 3
29 uj paipnbav 9q IsTM IPYI PUTT ay3 wo SuUFPFELL Puv] 30 SpUS] jo en J1jydade woi; FujiInesd
SITTTUT] [vinJ PUF UNQIN ;5 ZEESO| PIIAOIII suoyado wiej puw
-un [PjIualod JUWIIU0D KIWJXuUR Luw Jwyl Iansu] g PPI0J23831 10) TPIUAI0A BY3I I9A0 saBmIN)
PUR SIT[JER; [F]IUIPTEAA JO AISTXUE Byl PIOAY °
*PIYSIBINY SIIATY WIYL I 03 PIITMIT 8] I9ITAIISEA
JO JUSEINIZI puUV] 10j SPUF] JO Bgn O7;}0ads WOlj puw : 103 30
FujITneas suojido JuIWI¥FUNE WIT) pur JUIWIOTIASP YaA®] 38Ty 2y Jupen suvid I Jo Lue 10j OFYO ;O
A3junemod Pe3dJa3eel 10 TPFIUNICA 2yl IIA0 SIdWIF) 1831 Y32 W01 1aacd jO UOTINQIIIWOD Y1 FUTFEIUIE
pus SITTIEE] [PIIUApIeal 3O LIIFXUR Luw Iyl InSU] ‘% 4q@29y3 ‘ueid sIy3l 4q pamneuod Lwp 1ad sanoy
3J3wAwdem 0gY'7 Y1 jO BOFII0d Aiwesedsu ay3 A(ddng
teonTea
£338doad (w01 JuUISEIIOU] PUW SPUR| miwj [¥IO] Puw *san{wa £112doid [¥O0] ¥UISFIIOW] puv spue] miej
Spuv] 2804l jo L3jrenb >3I9YIseE pue L3jAjIdnpoid 1e20] puw spus] 380yl jo A3jrend d27IIyisaw puw
43 BupseRadu} Aqaiayl ‘puv] pPauys-djils ulliwq A33A7390poad a3 JujSEIIdU} Lqeasyl ‘pur] peuie
3O $810% (000 IS¥I] IT 2103831 puw IWIABIAW °( -dja3s uslIEq jo S2IOW (00°01 9303831 pusv eIwIdBeARy *
{PIYSIAINA I UTYITA 13IPAIISEA 1pIYSINITA I3 UFYITA 13IVARISER
$3F JO [1® 3I¥all PIYSIIIwp S1ATY 221yl WY PAWH 7 837 3O [T® 3931l PIYSIIVM SIBATY PRIyl I dawy -
1UOTITIIDIL PISEG IdiwA 1U0TIaID91 pIsEq 13ieA
Sujzjajxwe pue ‘83713ys}j 310ds pue TeFIIW0d jO BupZFWIXEW pur 'SITIYST; J10ds pur [FIII9Wm0D
JusRdURYUD Y3 WUTZWIX®® PUR Ijaz W] U uojl JO 1uBWIDUVYUD Y3 FUTTEIXWE ‘313 W] UF WO
30 @jea 3yl BuTpiwal Lgaaayl ‘IuIEIIABY -#23ydolINd jO 2381 Y3 FUTPANIAI AQEaIY] ‘IuIWIRIVY
LIjTeNng 1319y SINET I€IIH YT PUP (OS-T6 14 O #1POS Aa3end 123ep SNE] IWIIH I PUV QOS-Z6 1d IO S[wOs
Y3 YITA JUIISJBUOD PIYSIIILH SIBAY VYL 943 10) Y3 YITA JUIISTEUOD PIYSIAIBK SIIATY Iyl Y3 203
A3j7enb 133eA uj Juswancidm] [¥IiuEISqNs ® UTPIQY ‘T A377enb I93PA U} JUIWIAORIN] TPIIURISQNE ¥ UFEI0 °
10l 193314 ISNW OFy( JO IBIY IYI JO JUIPTEIY V 10l 39j934 ISt OJYO JO ISIY I jo JUIPIIY V¥
SURI4 23430 [1V 33A0 11 A4 v g uei4 SUPT4 II0 TTV 39A0 11 19A37 03 v uelg
s00y) 03 13pa( U] aso0y) 03 13pap v
111 145 Jon484408d 11 135 3ON4¥4dTNd
\A:«..R N TTIIIT 30 TIMINTSIY T KT SNV IATIVREIITY ONOWY IOTORT 03 S135 JONIEIITEd

‘urld Treaeac
Y3 YIPA JUAISTRUOD $129| 030 IAJIR e-3800 [¥I0]

031 '@RI201d UEIZ UOTINIISUOD AJUIBY WOTINRI
-014 [FIUSEUOITAUS ¥ISPIL WYI JPpUn BUPUN; 10,
‘43130330 YBFY JO IWILLSTESN BIwi. A[4Fs 3104dNS

‘G0S-16 1 Y1 T¥OR (gl 43 yowoidde (1A
YITYA $130[0aC #4}329;,9-380> 01 ‘Wmi¥oid Juwil
UOJIINIIGUOCD AJUSSY UOJIINI0IG [FIVSWNUCIAUZ
[R22pag ay3 Jopun Buzpun; 30) *AIJI0TIC WA

3O IWIS BYI LG IUSCUATESY Syl O3 IUSIS;IPUT g g

TASATE WEOURARD Ui O TRNURY UOLINEIARL W43 U

PUIRIOLA B4 03 SPIFPURIS AZ1]ENL TEAIIS CT4 MOTTY L

1¥20] ;0 isamyljaus Tur spul
~¥101833 PUN UOTINISEIARI 10, PEYSIIEA Sien
P43 BUi; FREPNIS JUR[C JUSEIFRLI IBINASISE

TBE2IN0EES (WIIESYD BSBYI SIvisuer O3
SE2INOBAI [RININE BYI O UO) IGKTENCS BYI JdeUON puN
‘UBTC BTN AG POENSUOS ARD JBd SROINOSES [PITREYD

3O SUOI L 7 B3 40 BOIIICC LIEESIIGU #. - lEEn, |

Pus  [Aeads uegan
“Gddee Lol Ny -PURTAS |
UBLL TUMLE030 Lumsassiwe o
L L L L

Goyieer 8y
POREC Sadwm pUN STIAU), 1106 DUV TWI.eumo0)
JO IUSMSIURLGe Y3 FUTRE[EBE @135 emr | W] OBl

~WIING0IINA JO SIWI SYI WURPLEIed AQEiSyl CAlTTERMG

103WA 4O JuBEBIIU] [WEOLILFI® ue BplALi UL sORTE

19430 B3 [1® ¥} 16EIGGEY 43juriadede - . reiy °f

o> pecnpe: :

~INPOIC U] WUIEE 03 Ny COly. TRIINS, N3iO)
4O 913 (G0 GIT YO ININA PUF §iUBTIING T
~83 [RANIINOTASY GENCIL] SEOOET ISEIN; JSERIOU]

©3 [PIIUS306 By 11OTdXs 01 AdJuUniiced 4.3 SB9EG, T

1008-26 14 €3 pe3ele
B9 STRO03 AJJIUND 1838A Fyl (OBOIadE 03 Aljun3Todde
43 ONSI0; PIYSISIGA Sidaly SAIyL I IPGI aji 65 C

‘e WELTLIA 5 puy

CHONTEA 43104030 [WOO] SUTERRION] PUN STER| WIW;
{901 puUR SPUN] SSOWI O AITTERL JJIBuISIT puw

Bl

A33A -3 AQRadul ‘spus) paule

~d43138 DR1IRG jO SBION Q06 PICIII PUT 2IWIABeAdy g

‘peusisaen
3 RN u0s 83 SITIL0 08,
pur a05 wcays
23 Ul PAIINbON B¢ AL IPLL SPUN] URCIT BLi Mo
BPISRI YA BIFITEE) UPGIN 4O L SISPOT jeiBA0da3
-un [P7IU8300 FLWIINOT Aerxdl Auw IEyd eaneu; ¢

Siaajy Seayl du:
M 3

L LT
JO USEAPRII PUF] 30) SPUF] O BT I];1OBCS Lod,
SujaInsel suOTICO JUBEBIEUTE miw; pur JudadoTIady
AJjUNTmOD PIIDTAIEAL 10j [PIIUII0E BYI IAC EIdue)
PUT SIT[JUR; [EIILIPTEII o AIFIXKUY AG: TIOAY °
1OFYD JO 3831 By JO LOGINGFIIGED I IITJEIUNE
4AQaaayl ‘uwid S1Ul AQ pamnsuod A%

1IWAREIN (00’7 P JO LOTIIOC AIEESIDBL - {3 Aiddng -
1PISINIEA Y3 DIYIIA I2ITAIICRA
$37 3O TI® IWRII PAUSIIINN SIIn)a SAi. L UL daw
ER Y LT ey
IWIAH U0 JUILIIISY TEULIINUIAIL] U juos
PUP SPARPUEIS AT eny JTep OfGC o - w0
-01d 3996 O3 PIIY PIYSIITVN EIIAjy AToNs @ni AOTIY C
10l 18j314 IST, OFUL JO ISy Y3 O T 4
SUR4 JBUIy [TV 48AQ ] 1A, 91 ¥ UCL
asooy) U3 2epag Y|
1 135 2ONMNd4dud
. o . t . - .

=

AL T e 0 SR R, i R

183




TR

Te0Y Puv eduwysissy wOTIvOC(al IO,
AT [y JO $600X0 UT SesEOY pofeay

2040 §3802 TTW ‘vq3 [rdepey eq3 £3 weaSoud quesd uoTonnsuOd ey Jepun Buipun; Joj pe
o £q PATyiIdes uvld Lue Jo e SouvuRiuTYe puw uojieedo syl Jo goot snrd ‘3s0d

TOA sdefecowy vaav fprae o qwny puw

‘e9jijuniioddo qof ewaidU} 03 —samjIswieaye
33430 343 Op UWYI JUIIXS 1988] IPyAIOE ¥ 03
YINOYITe--TPII0a30d WY1 SARY YIFuA LU 1 CINVET B
IVIWMINIII 18%A DUIUT} O3 SIjuUCE XY [wiapay Bs;

/T puw :epusy

Pa1ynbas welsis jo sisumo 4q auioq $9990] paiIIA0)
~32un [9]IU230d SEITWIUTE 10 sAIPUTEITD Souvisieew
GOJINI0TEI PUR PUB] jO SN[WA Jeyaem [{Nj jo jusmaed
“33y3oya 03 §F JUBANJIPUT 8q 10 ‘IWYL A}y

i smaiske

JVWWIFRI} pUSY O DACIY 9doa> WOI) ueTINpoad
TRIRJINI}i30 peeweidu; 03 enp sjusmivd Lpjeqns
ey Teaepey uy Te3IU30d ® andu]

/T :005-26 14 3° STwo¥ L3premb 1e3ea By
POYIR0ldds YOTyn us(d Sajsuadxau] 180m I 13A0
*(000°002°08$ ©3 000°000'6.¢$ ®03}) 000°00Z°1$
3902 [Unuw ede. 14 1

:of YUITTIA %4 poy

"00§-26 W I1° 193401d 2 I 3
29I8ABISTA WD1) PAATIEP SPNPNIS O WUFTI4da
Zjewy Wiy sersor ®3swa Loyduy

PU® 100$-26 1d jo suojsjacad syl
QIR JUSISTEUOD 1INASISEA O JUJ[I4031 zjswydma
Wiys #23801004093 jJusmIvsal 231ewA Lofdwy

i{amade weqin IsUjVIE sweiv W3Ij[odoilsm
PUmMOIP puw uj edwde uddo ‘swi¥oid jusms¥eusw
A9IPASINEA W) YINOIY] ‘UITIUIEE PUB IAIISIlY

isjueInyiod jo Isawydsyp
JO DOJIBUIEIIS jo TPOB (g7 By AII¥OFjFoade
“00$-26 1d jO SO AIFIWNb 1s3wA Y1 Yowoiddy

. :0F 18jeiq IeTy sEVI,
#3393S PIITUN Y3 JO ISHY W3 jO IUMPISIY V

SURT4 28420 TIV 2340 | (3427 I¥ ) uw(q
WOy 03 Jepa U]

Al 13S ONDddTYd

Ad0) gy

JTUD *q3 JO SUDTETACIC ey3

B s -

“OL6T 3O 39V 60127704 UoTaTeTndoy L3aedaxyg

JOpUN U ETESY UOTI¥OOTRL puw puel JOo enTva

20 [wax Qe 8q 07 peaspysu> AYTeaousd orv soss0] peteacosrm vun0d 7

“18029307 g, 3v saved of

aoxdde puw oTyp Jo Mamg
T™de oYy Jo g5z eouwnyy

390 TMTdw e jo g5) eouwuTy TTIA saededxwy Tvaepeg ey 3wy sounsey

*$3}3junii0ddo Q| aseaidu] O1--sIAjINWIAIY
32430 3yl Up UBHI JUIIXI 1INEI] IVYAROE ® O]
YSNOYITE-- [WIIUSI04 Fyd AWy LITYR BITBOTOUYdIR)
JUBWINIII IGPA DUPLL; 01 SITUOW XL [eiapay e

/T pus iepumy

PI1IND3I WIIBAS jO S1BUAC AQ JUI0Q $IBNO] PIIFA0D
~®iun [P}IU10d SITTWIUIE 10 VIINUFW][D IouvIEjekE
UOJII0[33 puU¥ PUF] JO INTEA iaMiwe [[N; JO IuUSMAWU
3433y 01 BW JUIA4jpul 3G IO CIBYI ndjleg

PUR :9maIsAS

JUSWIEI1] PUT UC UAOIY 8dold WO1) UOTIINpoad
19INITAOFIBE PaeWaldul 03 anp vIusmasd Apleqne

WIv) 134vdXw] [918pIj U] 2EWAIOU} [¥)IUIIOd ® 1ndu]

:0L WUTTIIA 94 puv

/T “000'000° 645 ¥u1aq 1003 TEnuuw a¥wisaw
‘00S-76 14 3O STWON A3j[EnD 13IWA ) YOwoidaw
03 UB(d ¥ 10) 380D JaABUXW] [BIIPI4 ITTEUIN

puw ugnlNQ Id JO SUCINIA0IC I YIJA JUBISTEUOD
A3IVASISUA WO} PIATISP SIUPN[E O WUF[I4d¥a
OI}OUYAES YOJYA SITIOTOUYIEI Jusmieall eIsea Loldey

100§-26 ld O suojelA
=01d Y3 YIIA IUIIL[RUOD IIITAIINEA O FUF[I4da1
AZISVYdEd YO TYA SITFOTONYDII JuamIve] 238Wa Loldm3

:1ABide uwqQiIn Jeuj swaie umij{odoiiam
PUNOIY puv U] 8O%de usdo 91¥01d JusmasPuUNw
1219A230%A ay) Y¥NOIYl ‘UTEIUIYE PUB BAIIEIL4

isjuwang(od jo asieyoejp
JO UOJIBUIEITI JO [ROB Che] Y A[TEI}}FORAE
‘00$-26 W JO €(WON aAlyrEnb 121®A Byl yswoiddy

RO PRLLY

$21935 PAITUN Y3 JO isay ay3 jO JuspieAy v

SURT4 J3YIU 1LV 33A0 [] 13Aa 9 g uw(yg
W00Y) VI 13pIC W)

111 135S dONid3d94d

S3LVIS G3LINA 3HL 40 1538 3IHL 11 SIN3IAISIe In
n 5

v 1539

“ (9sodana

®143 10) PaiINs 12333 2q 03 IAII[IQ ABw By
NII4A SwNI¥01d [¥1IPI§ IIYIO JO IUAISTXD Y3
PUS 20Ui3;41pUl FUIPNIIUE BTYI OP 01 YSIA aww By
AYA BUGSEII 3O 422139A ¥ 22w 213Y3) [ABIds uwqan
IWUIVIR SEIIN UEIJ[0COIIIM PUNOI® Puw U adceds
U200 ‘WURIF0IA IUIWIIFUFL 1IIEAIISVA FYI YINOIYZ
TUT¥IUIEU DU 9138210 O3 AJjuniioddo 44 0z2a04

pue
00506 “Id JO UOTSTACId BYI YIjA IUIISTSUOD 123¥A
=3IEIA JO sUT12A022 I2]IPYdmd YO jya $913010uYy223
dUIMINI2] I18®A AC[dmI O3 AJFunisoddo Byl o¥aiog

/1 :005-26 14 JO 91903 AljT¥nb 1e3wa

43 $340F0lddy YOJyA UBd BAJBUILXIU] IsOn Lt
430 (000°00L°Z8S ©3 VU0‘000'6L5 “O33) 000'GGL (S
100D [PNUUT JURIIAT S13AWdXW] [Fidpag w10V

oL TUTTTIA % puv

“SEI84AS JUIMINIIY

PUS] UO UACIZ 8d0JD miw; UOJIONPOld [®iN)
-1P21349 PIBNIIOU] 03 INP SIUIMARG APFEQNS WA®j
dsAwaxvl [®1apay UJ I8WIIOU] [F}IUII0E ¥ proay

Puv 183]2jun3li0ddo QO| ewaiduj 03
1¥13U2300 18239213 2yl APy YOIYA 83330 0uyal
JUBWITIII I8WA OUNUL) 01 SIJUCE X1 [EIIPay I8

*00§-26 14

JO BUOTETAOIE Y YITA ILIICIUCO 1IINAIINEA
WO, PIAjiIap 8IBPNIE O BUF[O4231 BZ)swydws
UITUA 8213010UYII] JUMINIIY 218BA AC[UM]

SIURINTIOC O 22wydelp
i0 WOIIPUILITI JO TWOR (yel I AL
TSIt ld O B1WO AljjEn 133wA Y3 Nwoaudy

[ d9jeig asny,
B3IV PAIIUL YD ,0 ey I U Iuepleay y

Ta 2340 11V 38A0 1] 1943 03 v uwpg
280UY) 03 13pan Uy

I1 145 40nMMddTud

TU0S-26 1d 4O SUOTSFAOId FYI YIIA JUIISFEUCD IBIEA
-238%A 3UITI4D31 ZTERLGAD YO Tya S@JBOTOUYDL
UIEITIII 2188A LOTdmD 03 A2JUNIA0GGO IYI CeRi04

pusr . (asod

-dNG SJyl 30, PIIINS 123399 3§ 01 AT 198G avx

34 YDA SuRI30Id [RIPa4 IBYIO O FIUAISTXI Y3
PU¥ 33U313;j1pus 3TIPNIIU] STYI OF 03 YSTA avs B,
AYA SUOBEIL JO AIITIRA ® 2IW 213Y)) [ARics URSin
ISUIESE sealie UFIJ0COIIMM PUNOlIE pur Ul Powds
uado ‘@mis03d JusmIBRUFE IIIPAIIeEA 3 yanoiua
‘UITIUIVe puv dAalasaid o3 437uniioddo @yl 083304

TEILEANITOO 45 S2IEYISTP O LOTIFVI-II o TWUR k|
I AT(LI1532808 “( 5-76 la O S[WOZ AllTEnS
423uA .3 YIPOIdur 01 AIJUNII0ACO 347 VB304

oL WuTTTIA 94 Puy

"00S-26

30 SUOTSIACIG I YIlA ITIISTUCD 19ITAIIEEA
WOl; PIAIiIIp SIEPNIS O BUI[I4d31 srysEydEe
U2Iya SII¥OTOUYIII IUMMINAII 3sEA aoydEy

PO Smdisais joaWIvall

PU¥] UO UAOIY $dOId Wi} UOJIINPOId Winy
-1N2}a%e paswaidu} 03 Inp sILBMARG Apjeqes maej
d3iwdxw) [wiapay u} 2Ee1OU [¥IIusi0d ¥ proay

‘83}3juniioddo Qo aswsiduy 031 Wyl
~U9310d 121921¥ Wy Yojya SPT¥OToOWMD) JusMITEI)
231%A3359A JuBU}; 03 eaTuod xw3 1viepay 98

/1 :ema1qoia 1®39pay Aljiojad WY asyio sdouwuy;
031 SIUTAES 2y) 8N pUF ‘UB[d FATSUIAXIU] JEOW IXBU
241 13a0 (C00°000'6LS “®A 00000S'9SS) 000°0CS ‘T3

30 31800 [Wnuus BWEPIIAT W Sidavdrw) Tv33pai aaws

TAFTENY 132em saw Iwain
UO JUJWIIIBV [PUOTINLIIIL] IYI O3 WIOZUOD pum
SpIPPURIS AITIENG J3IWY OJN0 O 2IWI5 PIsOSOla
135 03 waiv PAYEIAIEN EIIATY I Sy AOTTY

o R TR L)
3

€339 Paajul a4d jo amay 30 Juspredy v

SURL: 29430 TV 28A0 1 19A97 03 v umig
P800y 03 iapaQ U

1 135 3OKNd 84

1 Ad SNVId IALLVYNEILTY ONOWY 3D10M) ¥04 S13S 3IONINI4ing

hd.ﬂuﬂ

b4




CHAPTER 9

CONCLUSIONS
A. Introduction

The summaries of the impacts of the four alternative plans

displayed in the preference sets in Chapter 8 provide the preliminary
basis for choice among the alternatives by various members of the
public. Those sets include consideration of the public response
to the components of the twelve alternatives. Additional impacts
will probably be identified in the public review of the four
alternative plans. The final report will include those impacts

and others identified by the €‘ . ~f Ohio in their review.

The preference sets provide uata from which a number of conclusions
can be drawn concerning future decisions. These conclusions are
outlined in the following paragraphs. To insure that other primcipal
characteristics of the four plans and their components are easily

identified, they are highlighted in this concluding chapter.

B. Flexibility

These plans provide sufficient flexibility to allow for advances
in technology and public attitudes. Plan A-I provides a direct
comparison with Plan A~II for the decision between levels of treatment
to be achieved in the future. In addition, Plan A-I provides the
basis for implementation of a wastewater management systca that

achieves Level I, but can be modified to achieve Level II without
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loss of the investment to achieve the former level.

In order to continuously progress toward the objectives
establigshed by PL 92-50C, choices among the plans must be made
by specific dates. Those critical dates for decisions are shown

pictorially in Figure 31.

Subsection 301 (b) (1) (B) of Public Law 92-500 requires publicly
owned treatment works, in existence as of July 1, 1977, to achieve
effluent limitations based upon secondary treatment. In order to
complete construction of any required secondary treatment facilities
by that date, a choice among plans must be made no later than 1975.
The choice of secondary treatment by aerated lagoons prior to land
treatment to reduce costs in the upper portion of the Watershed
dictates the interim selection of Plan B or selection of Plan C.

The decision to continue secondary treatment within the Watershed
by activited sludge or physical-chemical treatment dictates the
interim selection of Plan A-I. Selection of Plan A~II in 1975 is

not necessary since Plan A-I is an intermediate stage of Plan A-II.

If the 1975 choice is early implementation of Plan C, that
decision is final for both configuration and level of treatment,
with the exception of those components utilizing advanced biolo-
gical or physical-chemical treatment, which can be retained at
Level 1. Those components can be upgraded to Level II by a decision
in 1980 in accordance with the 1985 goal of PL 92-500. Implementation
of Plan C, beginning in 1975, using aerated lagoons would reduce the

cost of that plan by an average of $16 million annually, for 50 years.
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There are no majér public concerns thus far expressed with the
{ acceptability of Plan A-I or Plan B. Since those plans call for all
treatment within the Three Rivers Watershed, there are no major

institutional problems.

Plan C is currently unacceptable to the residents of Northcentral
o Ohio. Their opposition was expressed throughout the formulation
stage and reaffirmed at the final public meetings. Sufficient

experience with land treatment facilities to serve local communities

in that area should not be anticipated by 1975 to allow the choice ]
of Plan C at that time. That experience may be gained by 1980 if

local facilities are operational by 1975.

If it is decided that Level I is adequate, Plan A-I, or Plan B,
5 with Level I treatment in the advanced biological and physical-

chemical treatment facilities, will provide that capability.

1f it is decided that Level II is to be achieved, the selection 3
among plans must be made no later than 1980 to allow completion of ~

construction by 1985. This is especially applicable to Plan C to

allow completion of the deep tunnel prior to 1985. With Plan B as

the 1975 choice, the decision in 1980 lies between the continuation

of Plan B or the evolution from Plan B to Plan C. With Plan A-I

as the 1975 choice, the selection lies among direct upgrading to

Plan A-TI or evolution to Plan B or Plan C with activitated sludge

or physical-chemical treatment preceding land treatment within the

Watershed.
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If Plan C is the 1980 choice, aerated lagoon secondary treatment
in Northcentral Ohio will maximize cost effectiveness; however,
secondary treatment within the Three Rivers Vatershed prior to
transport may be continued, with an increase in the cost of that

plan by an average of $20 million annually, for 50 years.

Figure 32 identifies the average annual cost associated with each

plan choice.

The residents of Northcentral Ohio currently oppose the ;
implementation of Plan C in 1980. The concerns of those citizens
with that plan are summarized in Table 48 ana are discussed in-
dividually in Appendix VIII. The technical concerns may be resolved
by experience of local communities using land treatment to resolve
local water pollution control problems. However, present public
attitudes not only include technical concerns but social "accept-
ability concerns. Apparently, opposition to the plan is centered
on the possible impact on existing farming practices and rural life
style and to the transport of effluent from metropolitan areas into

Northcentral Ohio for treatment, particularly if it is raw sewage.

Future attitudes of social acceptability of any plan cannot
be predicted. However, changes in present attitudes regarding
acceptability among the Northcentral Ohio citizens of any plan

including land treatment components may be enhanced by preventing

the disruption of existing rural community structures, agricultural
practices, and crop patterns. Figure 33 symbolizes the probability

of the acceptance of the plans by the residents of Northcentral Ohio.
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TABLE 48
THE CONCERNS OF THE CITIZENS OF NORTHCENTRAL OHIO
REGARDING PLAN C*

Potential loss of ownership of agricultural lands.

2. External control of the farming operations on privately
owned lands.
HYDROLOGICAL ’
1. Flooding of local streams by return flow from irrigated r
lands.
2. Pollution of local groundwater resources.
SOCIAL i
1. Transport of effluent from remote metropolitan areas. ;
2. Community disruption resulting from the location of the
lagoons, storage basins, and irrigation areas in a single,
massive site.
3. Potential odors and reduced treatment effectiveness from

AGRICULTURAL

1.
2

3.

*NOTL:

the aerated lagoons.

Contamination of soils by heavy metals.
Application rates greatly in excess of annual rainfall.

Extensive changes in farming practices necessary to insure
adequate wastewater treatment.

A more complete description of these concerns appears in
Appendix VIII.
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C. Industrial Treatment

Tndustrial wastewater treatment by Option 3, which includes
sufficient pretreatment to insure compatibility with anv technology,
is incorporated into the three alternative plans designed to meet
Level TI criteria. Option 1 is incorporated into Plan A-I. lowever,
if the practicability of extracting heavy metals by the soils without
detriment to the soils, crops, or consumers is substantiated, Option 4
may be used in conjunction with the land treatment components of

Plans B or C.

Option 2, which incorporates maximum industrial recycle, is com-
patible with any technology, and provides a substantial savings of

wastewater treatment costs to the industries.

The final choice of industrial wastewater treatment option should

be a cooperative decision of local officials and the industries.

. Urban Stormwater Runoff

Stormwater is collected and treated in quantities sufficient to
accommodate 97.3 percent of the total average annual urban storm-
water runoff. Collecting and treating 99 percent would increase

the cost by 30 percent while improving effectiveness by only 2 percent.

The decision to treat stormwater to Level 1 or to lLevel II is
critical to the plan selection decisions. If Plan C is selected
in 1975, Level I1 treatment is more cost effective, since land

treatment accomplishes Level TI treatment. If any other plan is
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chosen in 1275, the decision as to lLevel IT treatment of stormwater
can be made in 1930 along with the selection among the plans. This
allows time to monitor stream quality resulting from Level I treatment.
1f it is decided that lLevel I treatment of stormwater is adequate,
sipnificant savings can be achieved. This conclusion can affect the

choice of plans in 1980.

7. Sludge Management

In order to conform to the current planning of the local officials,
the phasing of all four plans includes incineration of sludge in
Cleveland through 1990. A program is currently underway to upgrade
the existing incinerator facilities there. The State must forego

this plan if strip-mine application is the preferred option. The

decision mist be made now to save the cost of renovation of incine-

PR s Y

rators and apply those monies to the strip-mine restoration program.
Further. in order to decide upon the restoration program, the State ~
must obtain the rights-of-way and upgrade the pipeline between

Cleveland and Harrison Countv and initiate institutional means of

clal L oh bl A b, S St B L el

using the strip-mined lands.

. Resource Requirements
The energy and chemical requirements for any of the four plans
are increased over current consumption. This is also true of man-

power needs to adequately operate the svstems.
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Many incidental benefits are derived from each of the alternative
plans. They include:

1. The nutrients applied to the soil in MNorthcentral Ohio through
land treatment in Plan C have a fertilizer value of approximately
$60 per acre per year.

2. A potential capital contribution from private industry in
Plan C for a power plant site adjacent to the winter storage basin
is estimated at $30 million.

3. All four plans provide flood control benefits in the Three
2ivers Vatershed area from the storage of stormwater for treatment,
but potential cost savinpgs have not be estirated.

4. The value of the strip-mined land in Southeastern Ohio will
increase as a result of restoration and revegetation through the
application of sludge in Plans A-T1, A-II, and BR. This increase

has not been estimated.

1. Access to lands for Treatment

Access to land necessary for the land treatment technology may
be accomplished by several methods, including purchase, lease, ease-
ment, and cooperative agreements. Of these options, purchase is the
least desirable. For example, if the land identified in Plan C were
purchased by local or State government, $1.1 million annually would
be removed from tax payments in the Northcentral Ohio counties con-
cerned. Some other option is preferred. Management techniques

should be worked out to allow the farmer and sanitary engineer to
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use the same land. If changes in farm management are necessary

to allow cooperative use of the land, appropriate management

techniques should be developed cooperatively.

T. [Institutional Aspects

The systems configured in Plans A-I, A-II, and Plan B can be managed

by an existing governmental entity such as the Three Rivers Watershed

District since the total system is within the basin. The District

could be g¢iven the necessary authority and responsibility by appropriate
State action to either monitor the compliance with the overall plan,

with execution by local government, or be given total responsibility
for execution.

Plan C presents a very difficult institutional problem since the

configuration of the system defined by that plan encompasses many

counties and many watersheds. This plan would call for State

control or a special governmental agency to operate it.

Financially, the extent to which local and State institutions will
be able to implement any alternative plan is highly contingent upon
the ability of the Federal povernment to sustain over a long period of

-

time the 75 percent contribution toward capital costs, and, to a lesser

extent, upon the ability of local institutions to secure a contribution

from industry toward capital and operation and maintenance costs.

The increased local wastewater expenditure suggested by the four

plans can be accomplished without altering existing constitutional and

statutory debt ceilings. Appendix VII contains the detailed institu-

tional evaluation.
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Recognizing the limited full scale experience with any technologies
considered for treatment to Level II criteria, early construction of
local facilities would be advantageous for public acceptability and

proper design of the facilities in any regional plan.

One principal public concern related to any of the three
technologies centers around the proner operation and maintenance of
wastewater treatment facilities to assure achievement of design
performance. Other expressions of public concern include:

1) air pollution from sludge incinerators, 2) chemical requirements
of physical-chemical facilities, 3) power requirements of all ad-
vanced treatment technologies, 4) the environmental impacts from

the possible failure of large facilities, 5) inhibition of biologi-
cal processes by toxic influents, and 6) the requirement for a large

number of very highly trained operating personnel.

Tf projects are constructed prior to 1975, they can be monitored
to obtain verification of the desipn criteria as well as measurement
of the benefits achieved. This would insure that well-informed de-
cisions are made at those critical dates previously identified and
that the public concerns and engineering problems can be resolved in

the design stage.

Farly implementation and construction of comnonents of the various
plans would provide experience necessary for the decisions that must

eventually be made by State and local officials in Ohio in choosing
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from among the alternative plans and/or their components. Based

on the public response from the workshops and public meetings and the
planning needs of the Ohio Invironmental Protection Agency, as
documented in Attachment C, it can be concluded that the following
types of programs are desired and needed:

1. Urban Stormwater Runoff Treatment.

a. Treatment pf runoff from a separately-sewered, densely-
populated area of mixed residential and commercial development.

Concrete basin storage would be provided with capacity optimized for
combined treatment in municipal plants. Influent, effluent, rainfall,
and runoff should be monitored.

b. Treatment of runoff from a separately-sewered, moderately-
populated area not in a metropolitan urban environment (a suburban
residential area such as a smaller outlying citv in rural surroundings).
arthern basin storage would be provided with treatment capacity to
empty the basin within 30 days. Quantity and quality monitoring should
be performed.

c. Land treatment of runoff from a typical downtown urban area
with ultimate treatment being provided at an urban park or other type of
open space.

d. Land treatment of runoff from a typical outlying residential
area, with ultimate treatment beinp provided in parks, golf courses,
or easily accessible agricultural lands.

2. Advanced 'Municipal 'astewater Treatment Plants.

a. Physical-chemical treatment at a small plant with

FOT O AVEALD ) ~APY
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b. Advanced biological treatment at a plant with Level I
and Level II capability.

c. Land treatment at an in-basin site using the overland 1
floew/infiltration method, at an in-basin site using spray irrigation,
and at a site in the western land treatment area using spray irrigation
with various land management techniques. %

3. Storm Runoff Reduction by Urban Drainage Management.

Provide storm drains, on-site storage, parking-lot storage,
roof-top storage, and other means of reducing the volume of storm runoff
by various management methods.

4. Sludge Handling.

Show various ways to handle sludge, by application to

agricultural land, strip mine land, and sanitary landfill, while

ronitoring leachate and surface runoff for various critical parameters. J

This project should not be implemented merely to dispose of sludges,
but more importantly to accomplish restoration of unproductive land. . |
5. Water l!onitoring System.
A water quality and flow monitoring system for the entire

Three Rivers Basin Study Area. This system would measure the quality
and quantity of the waters in the Three Rivers Watershed and allow
monitoring of the effects of any treatment methods proposed. A similar
monitoring system should be developed for water courses adjacent to

land treatment sites outside the Three Rivers Watershed.

More detailed discussion of these early implementation prograns

is contained in Appendices TII and V. Some of the public desires
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concerning the types of programs are expressed in correspondence

attached in Appendix VIII.

The execution of any plan or component thereof should be left to
the decision of State and local governments and the public at large.
The early implementation features identified above, or of any projects
undertaken, should be fully coordinated with appropriate local, State,

and Federal agencies.

In addition to these early implementation and construction
features, other conclusions result from this study effort. A pre-
requisite of public involvement in wastewater treatment planning is
education of the public in regard to treatment technologies, costs,
and environmental effects. Also, basin-wide management plans should
consider the results of this planning effort, the MNortheast Ohio Water
Nevelopment Plan, and other plans prepared by local, regional, State

or Federal apencies for comprehensive water resource management.

The local gcovernments and the citizens of Northcentral Ohio oppose
Plan €. llowever, they have not excluded the land treatment technology
from consideration for treating their own wastewater. The principal
reasons for their opposition are the nonacceptance of effluent created
in other basins or regions, the concern over changine farm methods and
the desirn of a single massive land treatment area. The first concern
cannot be eliminated without demonstrating benefits from acceptance of

the effluent to offset any problems created. The other concerns can be

eliminated by reducing the application rates sufficiently to allow
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current farming practices and crop patterns to continue, and further,
to desipn the land treatment system to use numerous dispersed sites
rather than the one large area. These changes in Plan C would
increase the cost of that plan to thg extent that it would remain the
least cost i.evel TI plan, unless it is implemented by 1975, The
environmental and social benefits resulting from these changes may

well be worth the added dollar cost.

Final public meetings indicate that regardless of how Plan C
is redesigned, the public in Northcentral Ohio will remain opposed
to the transport of effluent into that watershed for land treatment

from any area outside that watershed.

¥. Assumptions and Projections

The assumptions and projections of data included in any planning
study must be carefully monitored as the future unfolds. Changes
in either the assumptions or projections will change portions of
the plans. This is the major reason for providing a multiple means
approach and for retaining flexibility for the decision process

relating to wastewater management in the Three Rivers Watershed area.
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. CHATTER 10

RECOMMFNDATTONS

A. Introduction

The State of Ohio, especially through the Environmental Protec-

tion Agency and Denartment of Natural Resources, has played an

active, central role in this study. Whenever possible, statewide
as well as regicnal ne~ds were met. The State and the local ;
citizens it represents were the key to selecting the final plans. |

The following statement constitutes the position and recommenda-

tions of the State of Chio, considerine regional needs and the
input fron all sources, especially the local peonle affected by

the various plans.

cniate b S
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ChisEPA
’x ‘ August &, 1973

STATEMENT
by
DR. IRA L. WHITMAN, DIRECTOR
representing
The Ohio Environmental Protection Agency
The Ohio Department of Natural Resources 4
regarding the
Wastewater Management Study
For Cleveland-Akron and the
Three Rivers Watershed Areas
I appreciate the opportunity to comment on the Wastewater
Management Study as it may affect the future of the resources
; and environmental quality of the State of Ohio. The Ohio
Department of Natural Resources and the Ohio Fnvironmental
- Protection Agency have cooperatively evaluated concepts pro-
posed in this important report and my statement is intended to
‘ represent the joint conclusions of both departments.
3
{ In viewing the wastewater study in its entirety, we feel it

is an unusually useful and well prepared report. We will make

Ef immeidate use of the information and conclusions presented during

the perpetual updating and improvement of required basin and

metropolitan water quality plans and in the formulation of sorely

needed strip mine reclamation plans. Let me assure both the Corps

and the Congress that this study will not be placed on the shelf

and forgotten. The relevance and usefulness of the report was
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areatly enhanced by the truly outstanding efforts by Colonel Moore

and his staff to work in a close and sincerc partnership with
counterpart planners in state government. We thank Colonel Moore
for this dynamic relationship and urge that other Corps Districts
and Federal agencies emulate his example.

Despite my enthusiasm, however, it should not be assumed
that we feel that all the relevant water quality questions have
been answered.

In reviewing any wastewater managerent plan, and especially
one of this magnitude and importance, the Ohio EPA must be
constantly aware of the plan's relationship to Public Law 92-500,
passed October 1972, and to our national problems of energy
resources. This plan considers both of these factors in making
its final recommendations. The policy of the State of Ohio is
to pursue the goal of Public Law 92-500, that is the elimination
of the discharge of pollutants to the navigable waters by 1985,
by making optimum use of all the resources available to us and
minimizing waste.

The plan proposes four alternative strategies for wastewater
management and requests that the state make the final plan
recommendation. This is consistent with water quality planning
requirements of the Federal EPA, and with the desires of the

state.
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The State of Ohio will consider Alternates A], A

2 and B for
recommendations after receiving comments from the public and
consultations with the U. S. Environmental Protection Agency.

At this time the State of Ohio will not consider Alternative C,
that of the transport of wastewater for land treatment in North
Central Ohio, as one of the viable alternatives, unless the
public in the Three Rivers Watershed area and the North Central
area requests the state to consider it among the alternatives.

We are all aware that the most widely discussed aspects of
the Wastewater Management Study are its proposals for land dis-
posal of treated sewage. There is nothing new, of course, in
this concept. Spray disposal or broad irrigation of various
industrial wastes has been practices for many years in Ohio with
reasonable success. After reviewing the Corps study, I believe
I would have little hesitation in reviewing proposals for land
disposal of adequately treated wastes from communities of less
than 100,000 population in the same way I would review any other
waste treatment plant design. Every plant design must pass rigid
examination by Ohio EPA for effectiveness, cost, safety, and
operability. It is true, however, that there is a significant
difference between land disposal of industrial wastes on small
fields owned by the industry and land disposal of sanitary wastes
on larger land areas. We would be interested in seeing this con-

cept utilized by one or more communities of less than 100,000

population both in the Sandusky Watershed and the Three Rivers




Watershed. We would be particularly interested in innovative
attempts to make positive economic utilization of the liquids
being disposed of for improved agricultural returns and land
reclamation. Special and detailed quality monitoring of the
runoff, the soil, and the crops produced would be required.

We are concerned about land disposal over large areas, where
institutional and political problems would outweigh technical
considerations. And, transfers of water from basin to basin
need to be subjected to particularly harsh scrutiny - for
hydrologic and social reasons alike.

Depositing sludge on land areas as a means of disposal is a
generally worthwhile concept and this may be especially true for
strip mined areas in Ohio where sludge may also aid in their
restoration. The State of Ohio wishes to give support to pro-
posals utilizing sludges for strip mined land reclamation and
proposes that a first year trial of sludge disposal in Harrison
County be pursued, based upon local acceptance.

The Ohio EPA in consultation with interested parties
designated a committee including OEPA, ODNR, Cleveland Regional
Sewer District, Harrison County, Coshocton County, OSU and Case
Western Reserve to study the transfer of Cleveland sludge to
strip mined areas and submit these recommendations to the state.
I will ask the committee to study the proposal to transfer

Cleveland's sludge for one year to strip mined areas.
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As we view water quality and resource planning needs in
Northern Ohio, I feel that a vital area has thus far been
omitted: that is the potential impact on Lake Erie of these and
other water management alternatives. There is an urgent need
for a comprehensive Lake Erie water quality management plan.
Lake Erie is the recipient of the runoff and the wastes and the
sediments from one of the most complex urban, industrial and
agricultural areas in the world, yet we possess only a very
limited knowledge of the dynamics of this vast body of water.
To meet this need, we urge that Section 108 of PL 92-500 be
immediately funded in the full amount authorized and that the
study be conducted by the U. S. Army Corps of Engineers in a
realistic partnership with Canada and the States of Ohio,
Michigan, Pennsylvania and New York. Ohio stands ready and
eager to participate in this study.

In conclusion, I again wish to thank the Corps for this
useful report. I would also urge members of the public and
their governmental agencies at all levels to communicate with
us regarding the foregoing concepts. If we are to meet the
high environmental goals set by the public, we must work
together to utilize every available scientific technique. We
look forward to a long and continued working relationship
between the people of Ohio and the outstanding staff of the

Buffalo District Office of the Corps of Engineers.
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Libraries Having Full Draft Report

= A full set of the draft report is available for public review at
3 the following libraries in Ohio.

City Library
Akron Akron Public Library (Main)

55 S. Main Street

East Branch
6( Coodyear Blvd.

Maple Valley Branch
1293 Copley Road

" North Branch
183 E. Cuyahoga Falls Avenue

University of Akron Library
i 302 E. Butchel Avenue

Ashland Ashland Public Library
224 Claremont Avenue
Attica Attica Public Library
. North Main Street
Avery Ehove Joint Vocational School Library
Route 250
Barberton Barberton Public Library

Park and Fifth Streets

Bedford County Library-Bedford
155 Warrensville Center Road

Berea Berea Branch Library
1 Tract Street

Ritter Library
Baldwin Wallace College

{' Bellevue Bellevue Public Library
224 E. Main Street
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City

Bucyrus

Bur ton

Cadiz

Canton

Chagrin Falls

Chardon

Cleveland

Library

Bucyrus Public Library
200 E. Mansfield

Burtor Public Library

Cadiz Public Library
Court House

Canton Public Library
236 Third Street S.W.

Chagrin Falls Public Library
100 E. Orange

Geauga County Public Library
108 S. Hambden Street

Cleveland Public Library
325 Superior Avenue (Main)

Carnegie West Branch
1900 Fulton Road

Euclid 100th Street Branch
9917 Euclid Avenue

55th East Branch
5510 Superior Avenue

Harvard-Lee Branch
4125 Lee Road

Lorain Branch
8216 Lorain Avenue

Miles Park Branch
Miles Park and E. 93rd Street

Nottingham Branch
760 L. 185th Street

South Brooklyn Branch
Corner Peari Road & Henritz

West Park Branch
3805 W. 157th Street
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City Library
,‘
B | Cleveland Cleveland Heights-University Heights

4 Public Library
9 2345 Lee Road

Grasselli Library
John Carroll University
North Park and Miramar

Freiberger Library
Case Western Reserve University
11161 East Blvd.

Cuyahoga Community College Library
Metropoliitan Campus
2900 Community College

Columbus Ohio State University Library
1858 Neil Avenue

Crestline Crestline Public Library
W. Bucyrus Street

Cuyahoga Falls Taylor Memorial Public Library
Third Street and Broad Blvd.

L

Euclid Euclid Public Library
631 E. 222nd Street

Elyria Elyria Public Library
320 Washington Ave.

] Fremont Birchard Public Library Sandusky County
T 423 Croghan Street

Galion Galion Public Library Association
123 North Market Street

Green Springs Memorial Library
North Broadway Street

Hudson Hudson Library and Historical Society
22 Aurora Street

Hiram Portage City District Library
6813 Wakefield Road

Teachout-Price Memorial Library
Hiram College

Huron Bowling Green State Universtiy

Fireland Campus Library
201 Rye Beach Road
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City
Kent

Kirtland

Lakewood

Mansfield

Maple Heights

Medina

Mentor

Milan

Monroeville

New London

Norwalk

Oberlin

Painesville

Library

Kent Free Library
212 W. Main Street

Kent State University
Kent State University Library

Kirtland Public Library
9189 Chillicothe Rd.

Lakewood Public Library
15425 Detroit Avenue

Mansfield Campus Library
Ohio State University
2375 Springmill

Mansfield Public Library
43 W. Third Avenue

Maple Heights Regional Library
15901 Libby Road

Franklin Sylvester Library
210 S. Broadway

Mentor Public Library
8215 Mentor Avenue

Milan Public Library
Church Street

Monroeville Public Library
34 Monroe Street

New London Public Library
67 S. Main Street

Norwalk Public Library
46 W. Main Street

Carnegie Library
Oberlin College

Morley Library
184 Phelps Street
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City

Parma

Peninsula

Ravenna

Rocky River

Sandusky

Shelby

Sycamore

Shaker Heights

Stow

Tiffin

Twinsburg

Upper Sandusky

Wadsworth

Westlake

Library

Cuyahoga Community College Library
7300 York Road

Peninsula Library
6105 River View Road

Reed Memorial Library
167 E. Main Street

Rocky River Public Library
19875 Riverview Avenue

Library Association of Sandusky
Corner of Columbus Avenue & W. Adams

Marvin Memorial Library
34 N. Gamble Street

Sycamore Community Library
E. Seventh Street

Shaker Heights Public Library
3450 Lee Road

Stow Public Library
3512 Darrow Road

Beeghly Library
Heidleberg College

Tiffin-Seneca Public Library
108 Jefferson Street

Tiffin University Library
139 Miami Street

Twinsburg Public Library
9840 Ravena Road

Carnegie Public Library

Ella M. Everhard Public Library
132 Broad Street

Porter Public Library
27054 Center Ridge Road
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3 City Library
Willard Willard Memorial Library
6 W. Emarld Street
Willoughby Willoughby Public Library
38129 Euclid Avenue
Willowick Willowick Public Library
263 East 305th Street
Wooster Wayne County Public Library
& .. 304 N. Market Street
4
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OHTO STRFAM-WATER QUALITY CRITERIA - 1972
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WATER POLLUTION CONTROL BOARD
OHIO DEPARTMENT OF HEALTH
COLUMBUS, OHTIO

RESOLUTION ESTABLISHINC AMENDED CRITERIA OF STREAM-WATER QUALTTY
FOR VARIOUS USES ADOPTED BY THE BOARD ON MARCH 14, 1972

WHEREAS,

WHEREAS,

WHEREAS,

WHEREAS,

THEREAS,

'HEREFORE

AND BE IT

Section 6111.03, of the Ohio Revised Code, provides, in part,
as follows:

"The water pollution control board shall have power:

(A) To develop programs for the prevention, control and
abatement of new or existing pollution of the waters of
the state; ."" and

Primary indicators of stream-water quality are needed as
guides for appraising the suitability of surface waters in
Ohio for various uses; and

The stream-water quality criteria for various uses and
minimum conditions applicable to all waters adopted by the
Board on June 14, 1966, have been amended by the Ohio River
Valley Water Sanitation Commission; and

The criteria adopted by the Board on October 10, 1967, have
been further amended by the Ohio River Valley Water Sanitation
Commission; and

The Environmental Protection Agency in a letter dated January 18,
1971, on reviewing the criteria adopted by the Board April 14,
1970, recommended certain changes and additions to the criteria.

BE IT RESOLVED, that the following amended stream-water quality
criteria for various uses, and minimum conditions applicable to
all waters, and policies for protection of high quality waters
and for water quality design flow, are hereby adopted in
accordance with amendments of the Ohio River Valley Water
Sanitation Commission, and the recommendations of the Environ-
mental Protection Agency.

FURTHER RESOLVED, That the amended stream-water quality criteria
for various uses, for minimum conditions, for protection of high
quality waters, and, for water quality design flow, be made
applicable to the following waters of the state:

1. Maumee, Tiffin, St. Joseph, and St. Marys River Basins:

2. Great Miami, Whitewater, and Wabash River Basins:
3. Ashtabula River, Conneaut and Turkey Creeks:

B-1




PTRET T erTY

ok Sl ieae B s

T S T B T W o g T e L e R VY W T

4. Ohio River of Ohio-West Virginia and Ohio-Kentucky;
5. North Central Ohio Tributaries of Lake Frie;

6. Scioto River Basin;

7. Little Miami River Basin;

8. Rocky, Cuyahoga, Chagrin, and Grand River Basins;
9. Muskingum River Basin;

10. Hocking River Basin.

MINIMUM CONDITIONS APPLICABLE TO
ALL WATERS AT ALL PLACES AND AT ALL TIMES

1. Free from substances attributable to municipal, industrial, or other
discharges, or agricultural practices that will settle to form
putrescent or otherwise objectionable sludge deposits.

2. Free from floating debris, oil, scum and other floating materials
attributable to municipal, industrial or other discharges, or
agricultural practices in amounts sufficient to be unsightly or
deleterious.

3. Free from materials attributable to municipal, industrial or other
discharges, or agricultural practices producing color, odor or other
conditions in such degree as to create a nuisance.

4. Free from substances attributable to municipal, industrial or other
discharges, or agricultural practices in concentrations or combina-

tions which are toxic or harmful to terrestrial and aquatic life.

PROTECTION OF HIGH QUALITY WATERS

Waters whose existing quality is better than the established standards as
of the date on which such standards become effective will be maintained at
their existing high quality, pursuant to the Ohio water pollution control
statues, so as not to interfere with or become injurious to any assigned
uses made of, or presently possible, in such waters. This will require
that any industrial, public or private project or development which would
constitute a new source of pollution or an increased source of pollution
to high quality waters will be required, as part of the initial project
design, to provide the most effective waste treatment available under
existing technology. The Ohio Water Pollution Control Board will cooperate
with other agencies of the state, agencies of other states, interstate
agencies and the Federal Govermment in the enforcement of this policy.

WATER QUALITY DESIGN FLOW

Where applicable for the determination of treatment requirements the water
quality design flow shall be the minimum seven consecutive day average that
is exceeded in 90 percent of the years.

~
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STREAM-QUALITY CRITERIA

FOR PUBLIC WATER SUPPLY

The following criteria ure for evaluation of stream quality at the
point at which water is withdrawn for treatment and distribution as a
potable supply:

1. Bacteria: Coliform group not to exceed 5,000 per 100 ml as a
monthly average value (either MPN or MF count); nor exceed
this number in more than 20 percent of the samples examined
during any month; nor exceed 20,000 per 100 ml1 in more than
five percent of such samples.

0
.

Threshold-odor number: Not to exceed 24 (at 60 deg. C.) as
a daily average.

$. Dissolved solids: Not to exceed 500 mg/l as a monthly average
value, not exceed 750 mg/1 at any time.

4. Radioactivity: Gross beta activity not to exceed 1,000 picocuries
per liter (pCi/1), nor shall activity from dissolved strontium 90
exceed 10 pCi/l, nor shall activity from dissolved alpha emitters
exceed 3 pCi/l.

5. Chemical constituents: Not to exceed the following specified
concentrations at any time.

Constituent Concentration (mg/1)
Arsenic 0.05
Barium 1.0
Cadmium 0.01
Chromium 0.05
(hexavalent)

Cyanide 0.025
Fluoride 1.0
Lead 0.05
Selenium 0.01
Silver 0.05
Mercury 0.005

6. 1In addition: Waters designated as a source of public water supply
will be of such quality that Federal drinking water standards for
finished water can be met by conventional treatment which includes
coagulation, filtration and disinfection.
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FOR INDUSTRIAL WATER SUPPLY

The following criteria are applicable to stream water at the point at
which the water is withdrawn for use for industrial cooling and processing:

Dissolved solias: Not to exceed 500 mg/l as a monthly average value,
nor exceed 750 mg/l at any time.

FOR AQUATIC LIFE - WARM WATER FISHERIES

The following criteria are for evaluation of conditions for the mainte-
nance of a well-balanced, warm-water fish population. They are applicable
at any point in the stream except for areas necessary for the admixture of
waste effluents with stream water:

1. Dissolved oxygen: Not less than an average of 5.0 mg/l per calendar
day and not less than 4.0 mg/l1 at any time.

Variance: For the navigation channel of the Cuyahoga River the
minimum dissolved oxygen concentration during stagnant low flow
periods is 3.0 mg/l until such time as means or procedures have
been developed to permit attainment of higher dissolved oxygen
levels.

2. pH:
A. No values below 6.0 nor above 8.5.

B. Daily fluctuations which exceed the range of pH 6.0 to pH 8.5
and are correlated with photosynthetic activity may be tolerated.

3. Temperature:

A. No abnormal temperature changes that may affect aquatic life
unless caused by natural conditions.

B. The normal daily and seasonal temperature fluctuations that
exist due to natural causes shall be maintained within acceptable
limits.

C. Maximum temperature rise at any time or place above natural
temperatures shall not exceed 5 deg. F. In addition, the water
temperature shall not exceed the maximum limits indicated in
the following table.

Maximum Temperature in Deg. F. During Month

WATERS Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
All waters except
Ohio River 50 50 60 70 80 90 90 90 90 78 70 57

Main Stem-OhioRiver50 50 60 70 80 87 89 89 87 8 70 57
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4. Toxic substances: Not to exceed one-tenth of the 96-hour median
tolerance limit, except that other limiting concentrations may be
used in specific cases when justified on the basis of available
evidence and approved by the appropriate regulatory agency.

FOR AQUATIC LIFE ~ COLD WATER IFISHERIES

I The following criteria are for evaluation of conditions for the |
maintenance of aquatic life - cold water fisheries population. They
are applicable at any point in the stream except for areas necessary
for the admixture of sewage effulents with stream water:

3 1. Dissolved oxygen: Not less than 6 mg/l at any time and not less
than 7 mg/1 at any time in spawning areas.

N
.

pH: No values below 6.5 nor above 8.5.
3. Temperature: Natural stream temperatures. No heat to be added.

4. Toxic substances: Not to exceed one-tenth of the 96-hour median
tolerance limit, except that other limiting concentrations may be
‘ used in specific cases when justified on the basis of available
: evidence and approved by the appropriate regulatory agency.

These criteria are to be applied to the following streams or
sections thereof in accordance with the following classifications
of the Division of Wildlife. Ohio Department of Nautral Resources:

A. Year-round Cold Fishery.
1. Mad River and its tributaries (upstream of Urbana)*.

2. Beaver Creek located in Seneca County.
3. Cold Creek located in Erie County.

B. Seasonal Cold Water Fishery**,

1. Pine Run located in Ashland County.
2. Turkey Creek located in Ashtabula County*.
3. Conneaut Creek located in Ashtabula County*. 3 1
4. East Branch, Chagrin River located in Geauga County. )
5. Apple Creek located in Wayne County.
6. North Fork of Little Beaver Creek located in
Columbiana County*.
7. Little Pickerel Creek located in Sandusky County.

8. Cross Creek located in Jefferson County.
* - Interstate streams or tributaries thereto.
*% - These streams on occasion may not meet the cold water fisheries

criteria for dissolved oxygen during hot weather drought flow
conditions.

{3,
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FOR RECREATION

The following criteria are for evaluation of conditions at any point

in waters designated to be used [or recreational purposes:

PRIMARY CONTACT - (SWIMMING AND WATER-SKIING)

Bacteria: The fecal coliform content (either MPN or MF count) not
to exceed 200 per 100 ml as a monthly geometric mean based on not
less than five samples per month; nor exceed 400 per 100 ml in more
than ten percent of all samples taken during a month.

SECONDARY CONTACT - (BOATING, FISHING AND WADING)

Bacteria: The fecal coliform content (either MPN or MF count) not
to exceed 1,000 per 100 ml as a monthly geometric mean based on not
less than five samples per month; nor exceed 2,000 per 100 ml in
more than ten percent of all samples taken during a month.

FOR AGRICULTURAL USE AND STOCK WATERING

Waters used for agricultural use and stock watering shall meet the

minimum conditions applicable to all waters (four freedoms).

D Satiers biimed
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State of Ohi ‘vironmental Protection Agency. Box 118, 450 E-~* Town Street. Columbus. Ohio 4321.6-(614) 469-3543

John J. Gilligan
Governor

Dr. Ira L. Whitman
Director

December 5, 1972

Colonel Robert Moore L} -ﬂ*F
. - g '

Corps of Engineers :

Buffalo District

1776 Niagara Street

Buffalo, New York 14207

Dear Colonel Moore:

We have reviewed with considerable interest the waste management
alternatives developed as part of the Cuyahoga Wastewater

* Management Plan. The analysis of environmental effects of each

alternative is equally interesting, although I wish it had been
possible to specifically relate the alternatives to the
environment as well as to each other. Inasmuch as we anticipate
utilizing this data to assist in evaluating waste and resource
management strategies to be recommended in the state's basin and
metropolitan water quality plans, I feel it appropriate to respond
to you in terms of our own planning needs as they relate to

the subject of your study. You may then find it possible and
desirable to expand upon the data presented in various of the
alternatives, to the extent that time and funds are available.

It should also be made clear in the plan that none of the alternative
strategies proposed should be carried out by the direct federal
implementation or action until proven practical and desirable by
suitable demonstration projects in the geographic area covered

by the report.

Among our planning needs which could tremendously benefit from the
Cuyahoga Wastewater Management Plan, we would particularly include
the following:

A. Update the state's Northeast Ohio Water Plan to reflect

anticipated federal standards and the treatment of urban
storm runoff.

C-1
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Colonel Robert Moore
December 5, 1972 :

Page 2

Recognizing that disposal of treated wastewater directly i
into streams and lakes is not necessarily the best :
resource management strategy, we are greatly interested :
in cost-effectiveness of disposing trecated wastewater
and sludge on land. Existing population distribution
in the Three Rivers area suggests that land disposal 5
be considered in terms of two strategies: a) maximum |
local management with disposal of as much wastewater :
as possible within the basin of origin and exportation :
of the balance (such as your alternative 7) and, as an '@
interim step, alternative 5, c¢r b) maximum logical
regionalization of land disposal such as contemplated in

your alternatives 4 and 12, or more practically, alternative 8.

Disposal of sewage sludge and fly ash was not seriously |
broached in the Northeast Plan. Thorough analysis and :
recommendations on this matter are a must for any waste i
management alternative considered. Utilization of these 1
resources for strip mine area reclamation should be :
considered only one of several possibilities since, if |
successful, "competition" could result. i

To demonstrate to ourselves and the public the potential
utility of the newer strategies discussed above, it seems
urgent that several early action demonstration projects
be proposed prior to any major implementation works. :
Demonstration projects should be practical solutions to |
existing local needs and be compatible potential components
of the fully implemented total scheme if they prove
successful. Recommendations could well include:

1) Implementation details on several actual communities
which could profit by land disposal systems during the
next five years. Consider towns in the Upper Cuyahoga
and in the potential wastewater export areas.

2) Same approach for demonstration of physical-chemical
systems in a small residential community and a mixed ‘
industrial city. !

3) Same approach for demonstration of sewage sludge/fly
ash utilization for strip mine or dense clay area land e
reclamation. Project should be of operational scope
rather than laboratory demonstration.

4) Urban storm runoff treatment demonstration in a
large city.

C-2
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Colonel Robert Moore
December 5, 1972
Page 3

I would also like to note that we are becoming increasingly
concerned regarding the wise allocation of the land and energy
available to us in Ohio.

We feel it wise to allocate some of these resources to waste
treatment. But we are most concerned that ultimate plan studies
such as yours consider the break-even points where space and
energy requirements for environmental cleanup will begin to worsen
rather than improve the environment. The tentative warnings of
the KSU evaluation must be thoroughly examined.

Let me suggest several constraints which we feel should apply to
all alternatives considered: a) Return of sewage sludge for soil
improvement should be costed; b) Total land, energy, chemical

and dollar resources should be clearly shown; c¢) Potential flow
regime changes (quantity and quality) should be estimated in
detail for each affected stream; d) Legal aspects should be
considered including effects on riparian rights vs. reasonable

use doctrine, Akron "ownership'" of the flows of the Cuyahoga,
public expense to benefit private land, etc.; e) Each alternative
studied should be related to established stream standards and

the plan should show the range of water quality enabled by each
alternative as well as presenting estimates of added biotic
species anticipated as a result of increasing investment;

f) Any acceptable basin plan must include estimated water quality
effects of sedimentation and of its control. We cannot adopt

any "alternative" until this data is available; g) No alternative
or plan is complete until it spells out the methods of implemen-
tation from institutional and financial points of view and our
acceptance of any alternative would, of course, be geared to this.

My staff will be pleased and available to discuss the above concepts
in detail as may seem helpful to you. I do also want to personally
recognize and thank you for the wonderfully cooperative and

helpful spirit which has developed between our respective planning
staffs during the conduct of this study. I am taking the liberty

of including a copy of a recent letter from George Watkins because

I feel his concerns are well taken and may be helpful to you.

Siacerely,

/

T
/ // (f'/l‘;. 07

Wl L7

Ira L. Whitman, Ph.D.
Director
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TOARELE RIVERS WATIERSHIED DISTRICT
621 1O SUPERIOR BUILDING
CLEVELAND, OHIO 44114

Telephone:
Nowember 27, lu72
Pr, Ira L. “hitnin, Plrector '3 .
£kl A P ” e g o
Ohlc Lavirennantal Profxetion Ansicy TRY fi 44 1§ 22 5 ! g:=}v‘
100 a2t Towa 3tcaat it | AV 4 .‘.‘“J'L.. L. W/
Coilurhue, Ohio 20216 ‘ —

Dear Ira:

It was thonshefal of vou to asii m2 to the State's discussion af the C**ps'
stucdies oa wastowalter manacement in the District. 15 resvousa to you
request, I am psutting dowa my taccazhts at this point in the glanning pro-
cess in which we are iovoived wich the Corps.

It seeme to me inportant to Kaap our objectives in wiad
carricd away by persuasive argumants related only to wac
tuchniques.

0 we do not gzet
e wanagameat

Concernz shout liquid waste wmanagement have arisen becausz sur watarvays
ther uvses: dave

anc laies have been used as waste sinks to the poiat that o
Baga rodusad or alimgi L 11 cur «aters na.s Sx:en
attributed vo poliuitiva frum such waste dischargss. Zcms ©f theas olfoectc
bhave hkad littl> =cicontiflc evicence presented to support the case tnat such
waste discirarias ware in fact the causa of the noted undesirable efiucts.

"l

saraed.,  Gliny advurss

It 15 boginaing to appear, for exampie,; that tha declina 1u the Lase Zria
ficheries 1s related =acre to rodection ia suitable gvawning enaviron ~ats
and to pradatory ficiaing practice tiun te wast3a discharges.  Thals sogouts
that 1f cna shjeciive i1s to re:tore <armercial fizhorios in tho wase atten-
tion tc sadimeatarion iastrears, Lake shore erosion, da2 aliainaticn, and
impruved comusrcial f£ish menageaent is important and in most arg:is probadly
more 1mgor:ant thaa ona=-sided cerrection of erfluent discharged frou pipas.

Thus it was t=it we started #ith ccacern about uses ¢l cur waters, Yater
quulity cbjectives aatablishec to meat this concern includa:

protection of pujlic water supplies

restoraticn of rish nabitadcs and {isherties in straams and Lale Zrie
raatoratic: of sgura wators and <treans for watsr ccatact sports
rectcruation of tha aascaetic quality of streams and otiier watars

As planning hLas psona forward certain other ochcilves have be2n dsrived,
particuiarly those wnica rela*e to use of wastes for beneficial purposos
whoil,  part foon aator qualicy e Tiu: uwiz of sludea ag & «5il bulldar
a4 vo2 of putriopt: 1a was’'n water strearns for crop production hav: been

derivea.

G21-1120




TR

Gl L2 s Viiait e

- DPr. Ira L. Whitman

e BEST Al 4H‘§_HULE COP‘

Pagas 2

sma®

x

Ancthoar <2t of objectivae has been cdorived largsly froa admfnistrative digll-
t culites 12 translating water usus Into wuste treatmeat standards for rpipe dis-

charges, namely uniform efiluent Quality standards.

My principal technical concern with the Corps study is that ITS GOALS are

essentliily 2all of thz darived variety. The principal excaption to thls - and

a valuapie 2iaditicon to carlier plonning studies, ours includad, - is their

broadar =xaminaiion of techaiques for control aad trcoa:ient of ur“an rimoff.

Because of tieir goal dorivation, it i¢ not rossible to determin2 whether OUR
gcals will 2 reiched even waen we m2et thelr goals., The 43U evaluuiors, for
ezxample, were adble only to put 1nto relative terms the impacts om ruceiviag
watars of water auality effluents produccd bv their vsricus altmarnatives,

Thus it seems to me we need from the Corps specific information so we may
Judge hew well our goals are likely to be met. We need this so the public
may detercine the best way to balance the very major expenditures they are
going to have to make and to have some assurance that the goals they hava
supported are going to be reached.

Specifically this means to me that there should be a demonstration that the

vary sionificant annual expenditure differences btetweesn existing planning

3 } targets result in si;miificant differeaces in the quality of th: environmaat

§ we are going to zchizve. 1 would start with the N, &£, Chio Water Development
¥lan as toe Dase (altnougn w2 are naot at that lavel of achievement vet, it
was dasinad to achieve the designataed uses of our wataers) and procead to tha
Corps NZowtP" level 1 plan aad thence to a level 2 vlun, such as #7. For
comparison to a case with a siznificant amount of land disposal #3 would do
which, at level 2 puts land disposal at its greatest presumed advaat:ige

i

YT

.

In each case we should ask for ronthkly flow patterns in each river and af-
facted tridbutary; for cvideaca that underlies the blological environoentc

in the strzams and Lake Srie, ncluding added species anticipataed; and for
evidance thnat underlies the auvsthatic condition of tne strevams, biecausa
storm water countrol and treatment 13 of such considerable expensa, it secms
approrriate to make its impacts =tand out clearly from the waste water treat-
mant. Lo could be that tha present N. &, Plaa with storm watur traoatnent
could corme clozer to our gozls than level 1 eor level 2 plans witnh waste
treat=ent alcne.

Jaamed

i L L S

It may well be that the assczements asked for above caanot be made without
demonstraticn projects. It c2oms likoly in any event taat the public will
not buv eithar land disposal or storm water treatment without denonscration
of their virtuez. Thus we zhould ask thge Corps to fund demonstraticns of
each in such a way thual their 2fficacy may be established in toe District.
This shoula iaciude raturn to tinae i1and of eatrappad sediments in thy storm
water treatmant, In t.u=2 meanwhilz, proceeding alons e thw goneral Hase of
the N. £, Plan widl 2ot clore the ontion of sudzocquant more nassive land

i { diszgosal systems should thaey prove tL2ir meri .




>

L TR 5 <R W s - LA

|
£ 1
2
'

BEST AVAILABLE copy

-

slulsa that medificaticas of tae N. 2. 2lan to fpclucdy this technigue are
probadly warranted.

To date I have been uaablo to extract a esolid cost corparisca tetwean tha
mathods of slulzy dienocal oxaningd by tha Corpa; a cost caterminaticn,
Bascd upoa glul;as producss by tha N. 2. Platn, ead tie R. £. #laa carried
to lavz=l 1 siculd ko mada; 42 signiilcant czanges in tha ciaaracter of
slucies procucsd i3 anttcirataed as kislicr traaiment levels ara rracicd,
1t would bo %:ll to @3k suyy .uch cian~9s5 o not altar tho aaticiyated
baneficial rozults of strip land disvocal.

Wo disecucend the imsii-ations of ioticweazaticn mechods and madagonent
naads, cad Oh10's dasire to outaln &4 clear piciure of tho Corvs taninkiag
at the higchaat levels a3 to tneir futuro participaticn in such activity.
Looitad at broadiy this may bo the most 1iiportaont issus we m.st face. To
a grcat dagree this is5 a piailosophic cuesticon rather toan, cavy, an econ-
omic cna. If we should decida such an issua 1in stort tarm upparant
econonic z2ins to Ohio end i<nore the more far reachinz ouasticn of ap-
propriate avnas of Fedoral iaxvolvement we would in ay judicrmsnt ba misse
ing tha rzallv critical issuzs, I think it of extre=» i=norcaice to
Ohio, to tho Couantry ard to the people of exich that thieo Corps ta asihad

to stnte its own poeition firmly on this matter and at tho ton levol of
tta Army.

I hope tliese comments may be of help to you. Should you wiszh further
discussion on.any of these points, pleaze let me know,

Sincerely,

t

Ceorge 1. Wathking
Secretary~Treasurer

GHW : kap

cc: Art Woldorft




