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o March 31, 1973

Colonel Robert L. Moore, District Engineer
Buffalo District

United States Army Corps of Engineers

1776 Niagara Street

Buffalo, New York 14207

Re: Formulation Final Report
Dear Colonel Moore:

Please find attached four copies of the Formulation Final Report and two

sets of replacement pages for the two copies sent earliier. Similar sets

of replacement pages have been forwarded directly to the Center for Urban
Regionalism and to Linton, Mields, and Coston, Inc. One copy of the re-

port has been sent directly to Havens and Emerson, Ltd and to AWARE.

Section V of the report will be supplemented within a week by a table of
present worth costs for individual treatment plants in each plan and by
a series of cost studles to highlight significant patterns and compari=-
sons In the costs,

Figures in the present report have been reduced and reproduced by blue~
: line process. The original plates will be sent to you for final print~
3 ing and for color reproduction of the three plan layouts, Figures V-1,
IV=2, and V=4,

composite of the four overlays. We have not yet received the overlays
for Plans A and B, but we anticipate that we will be able to forward
composites for these plans similar to that for Plan C in the near future.

4
E
?, Plan C is represented in the present report by a one-color, reduced-scale ‘
b

Very truly yours,

WRIGHT-McLAUGHLIN ENG!NEERS

Kenneth R. Wrigh

KRW/eg
Enc.,
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l SECTION |

A

Metropolitan and Three Rlvers Watershed Area was undertaken to ldentify

INTRODUCT | ON

The Wastewater Management Survey Scope Study for the Cleveland-Akron

and recommend one or more regional wastewater management systems capable of
achleving the water quality goal Intended by the Water Pollution Control Act
Amendments of 1972, commonly termed the‘“éiean Water Blll.‘”4 This national
goal has been interpreted in a set of specific effluent criteria to be met
by 1985. The present study shows the national goal and the proposed date of
compliance to be a feasible objective for the Study Area with present waste= :
water treatment technoiogy. The results of the Cleveland Area Survey Scope
Study will help to define the various regional and national impacts of the
Clean Water Bill. Section Il discusses wastewater management systems, goals ;
and criteria in more detall.

The Study Area, shown ln,xgure I=1, covers approximately 1,500 square !

miles along the Lake Erie shoreline in northeastern Ohio and includes all

or a portion of eight countles: Cuyahoga, Lake, Geauga, Portage, Stark,

Summit, Medina and Lorain. [ts southern boundary Is the natural drainage

divide between Lake Erie and the Ohio River. Three rivers, the Cuyahoga,

4

i
4
14
1
H
<

the Chagrin, and the Rocky, originate within the Study Area and flow into

Lake Erie. In addition to these three river basins, the Study Area includes
land along the Lake Erie shoreline which drains directly into the lake. The

present population of the Study Area is about 2.3 million people.
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This report combines and presents the results of the Phase Il por-

tion of the plan formulation effort, and is based upon the Phase 1|l Tech-

e

nical Appendices prepared by Havens & Emerson, Ltd., Wright-McLaughlin

Engineers, and Assoclated Water and Air Resources Engineers, lInc. (AWARE) .

S e

It presents three wastewater management plans, which have been'selected,
b optimized and phased to meet the projected needs in the Study Area through
the year 2020. It also describes '‘early-action work' for each plan,which

would initiate the plan and provide an opportunity to gather field test

oy

data and to construct prototype units.

SUPPORTING STUDIES

Closely related to thls entire Wastewater Management Survey Scope
Study is the recently completed Northeast Ohio Water Development Plan,
- prepared for the State of Ohlo by Burgess & Niple, Ltd. The Northeast
Ohio (NEO) Plan provided significant basic data and an integration of cur-
rent planning and design concepts In water quality management for this por=
tion of the State of Ohlo.
In 1971 Havens & Emerson, Ltd., of Cleveland, Ohlo, undertook a feasli-
: bility study and prepared a report entitled ""Alternatives for Managing

Wastewater' for the U. S. Army Corps of Englineers. This report further

refined and documented basic data, wastewater management opportunities and

advanced wastewater treatment technology specifically for the Study Area.

it
[

The current Cleveland-Akron/Three Rivers Watershed Survey Scope Study

was divided into three areas of responsibility: Havens & Emerson, Ltd. de- ‘

T T

‘ flned the rates of flow of domestlic wastewater and storm runoff for the
i

1=3
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Stuhy Area and brepared studies on water-based treatment of wastewater; 1
Wright-McLaughlin Englineers performed research and developed plans for land
treatment of wastewater; and Associated Water and Alr Resources Engineers,
Inc., (AWARE) investigated the treatment of specifically industrial waste-
water, [In addition, Wright-McLaughlin Engineers held responsibility for
formulating overall wastewater management plans based on the data developed
In these three technical fields, These efforts are summarized in the reports
tabulated below,
1. Havens & Emerson, Ltd,

a, Phase I, Part A, '""Municipal Wastewater', May, 1972,

b. Phase |, Part B, ''Stormwater Runoff'', May, 1972, and ''Ten-Year
Storm Supplement'', June, 1972,

c. Phase ]I, '"Systems Design and Estimates of Cost'', October, 1972,
d. Phase Ill, "Time Phasing of Selected Alternatives', February, 1973.
2, Wright-McLaughlin Engineers
a, '"Land Treatment Technical Appendix'', November, 1972,
b, !"Land Treatment, Phase || Report', December, 1972,
c. '"Land Treatment, Phase [I| Report', April, 1973. .
3. Assoclated Water and Alr Resources Engineers, Inc, 1
a, Phase |, '""Data Acquisition and Definition of Problem'", May, 1972,

b, Phase il, '""Design and Cost of Industrial Wastewater Treatment
Systems'', October 1972,

c. Phase IIl.

L, wright~MclLaughlin Engineers, 'Formulatlon Technical Appendix', Novem-
ber, 1972.

During the course of the Survey Scope Study, parallel work was per-

formed by the Kent State University Center for Urban Regionalism, which
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provided an on-going evaluation of all of the technical and scientific
studies as they were developed,

The formulation work Involved the development of conceptual plans,
the integration of the studies performed in the three project fields, and
the layout of wastewater management systems., Phase | of the formulation
work resulted in the development of nine regional wastewater management
plans. Subsequently the Phase || portion of the work carried these nine
plans, plus three more, to a higher level of optimization and detail,
These twelve plans, presented in the above-listed "Formulation Technical
Appendix, Development of Twelve Alternative Plans'', are briefly reviewed
in Section |1l of this report,

REPORT EMPHAS [S

This report describes and evaluates the costs of three alternative
wastewater management plans deslgnated as Plan A, Plan B, and Plan C.
These three final alternatives were based upon a selection of features
and concepts from the twelve initlal plans, Section IV presents Plans A,
B and C, and Section V contains an analysis of their costs, The final
section of this report compares the three plans with respect to resource

requirements, reljability of major components and processes, and other

considerations which may not be reflected clearly in the financlal costs,




Sy e e

SRS S R SRS

61

e i Lt Nt o S DB RS e = i e W i P R U SRR i s e

SECTION 11

GOALS AND CRITERIA

WASTEWATER MANAGEMENT PLANNING

The primary objective of wastewater management is to create social and
ecological benefits by protecting the quality of receiving water bodies such
as rivers, lakes, oceans and groundwater systems. To be successful, planning
and programs for wastewater management must operate within a regional frame-
work, so that goals may be established and efforts coordinated to control all
the sources of wastewater which affect a particular water body. Thus the con-
cepts of a ''watershed', a ''drainage basin'', and of water sources being ''trib~
utary'' to a common river or lake play an important part in a study of waste-
water management. Similarly, when water quality goals are established for
all the geographic areas whose wastewaters are tributary to a common receiving
body, appropriate consideration must be given to the various types of water
pollution within each area. Domestic or sanitary sewage (sometimes termed
municipal wastewater in this report), industrial wastewater, and poiluted
urban storm runoff are the three sources of water pollution dealt with in this
wastewater management study.

In addition to goals defined specifically for a natural drainage system,
wastewater management goals are established for political entities on both
local and national levels. The planning effort represented by the Cleveland
Area Survey Scope Study was directed toward achieving three sets of goals:
state, national, and international; as well as toward coordination with par-
ticular local agencies and studies related to water quality in the Study Area.
Included in this latter group are the Three Rivers Watershed District and the

Cuyahoga River Restoration Study.

=1

i &




In order for the Survey Scope Study to proceed, the various sets of
goals had to be translated intospecific sets of criteria for effluent quality,
and the successively more stringent criteria had to be set into a time
schedule for compliance. The criteria and scheduling are defined at the
end of this section following a discussion of the goals.

BACKGROUND AND GOALS

The Great Lakes

The United States and Canada share a vital interest in the Great Lakes. ?
Approximately 30 million people in 1966 lived on or near the Great Lakes,
representing one out of every eight Americans and one out of every three

Canadians.

The U. S. waters of the Great Lakes are contained by the states of
New York, Pennsylvania, Ohio, Michigan, |1linois, Wisconsin and Minnesota.
The Canadian waters all lie within the Province of Ontario. The Great
Lakes contain the second largest quantity of fresh water in the world and
are the source of water for hundreds of cities and towns and thousands of
industries. They support fishing industries and commerce, and
provide recreational opportunities. The importance of these lakes is
keenly felt by millions of people in two countries.
Lake Erie 1
Lake Erie is the smallest of the five Great Lakes. It covers a surface
area of 9,900 square miles with an average depth of 58 feet and reaches
a maximum depth of 211 feet. Together, these dimensions provide Lake Erle
with a volume of 110 cubic miles, less than one third the volume of Lake

Ontario, the second smallest Great Lake. See Figure |l-1. Lake Erie's
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Iimmediate drainage basin (including Lake St., Clair) is 29,700 square miles.
Seventy percent of this drainage basin lies within the U. S. Erosion of
the silt and clay bluffs which surround much of the lake accounts for most

of the lake sediment,

T YR

The Detroit River provides 90 percent of Lake Erie's inflow, amount-

ing to an average of 188,000 cubic feet per second (cfs). The total nor-

TR

< mal inflow for a two and a half year period would equal the volume of Lake
Erie. If all of the influent water were clean, it would not, however, re-
sult in the lake's being flushed after this length of time. It has been

estimated that, due to currents and stratification, approximately seven %

and a half years would be required to displace 90 percent of the stable

TR

contaminants in Lake Erie, Lake Erie undergoes a yearly cycle of heating
and cooling. From the middle of March until the end of July the waters
are warmed by the sun and wind., During the remainder of the year, there
is a net loss of heat to the atmosphere.

The warmer, upper layer of water, called the epilimnion, varies an-

nually in temperature from approximately 0.5°c to 24°C. During the summer

o Coioay

months the warmth of this water produces a decrease in density which results

in an effective separation from the deep, colder and heavier zone of water

called the hypolimnion. As long as the thermocline exists, it acts as

a barrier to vertical mixing. This means that dissolved pollutants may be

bt o B Ao BRI R e

S R R G S e

retained for prolonged periods In the epilimnion and that oxygen [s pre-

% vented from reaching the hypolimnion,

As the surface temperature decreases, the thermocline is forced lower

and lower, eventually disappearing about the first week of December, This

Saihieis " py e oy o " it
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is termed the fall overturn. Later, the spring overturn occurs when the
surface waters reach thg}r max imum density., Durlﬁg thesesseaSOnal over-
turns, pollutants In the epilimnion and hypolimnion are subject to vertical
mixing. Shallower portlions of a lake, such as Lake Erle's Western Basin,
experience almost constant pollution dispersion because of nearly equal
vertical temperatures, ’

Lake Erie water is used for municipal and industrial water supplies,
recreation, navigation, commercial fishing and a variety of other pur-
poses, The daily withdrawal of water indicates the important role Lake
Erie plays relative to both countries., The following summary shows dally

water withdrawals,

Municipal and Industrial Withdrawals of Lake Erie Water

Population Municipal Industrial
Served MGD Process, MGD Cooling MGD
U. S¢ As 3,330,000 634 112 L, 49|
Canada 87,000 24 L 18

Lake Erie continues to provide the United States and Canada with an
invaluable resource for both business and pleasure. It is only loglcal
that this resource should be protected. Lake Erie, In particular, being
the smallest of the Great Lakes, is more sensitive and thus more respon-
sive to the pollutional pressures caused by man's activities,

United States - Canada Agreements

In 1909 the Boundary Waters Treaty was signed by the U, S. and Canada.
It provided that ''boundary waters and waters flowing across the boundary

shall not be polluted on either side to the injury of health or property




M
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on the other,' Mostclmportant, however, the treaty created the International

Joint Commission (1JC) to study, recommend, and glve direction In matters

concernlﬁg the pollution of international waters,

Through the years, the |JC has answered requests from both governments
to examine pollution problems resulting from new types and greater volumes
of discharged wastes, |Increased population concentrations, developing
industries and even the occurrence of epidemics has prompted physical,
bacterial and chemical studies by the [JC.

In the 1950 |JC Report, Water Quality Objectives were specified to
restore and maintain the waters in the connecting channels in a condition
which would not impair thelr many uses. Both Governments approved these
objectives, which make explicit the requirements of the Boundary Waters
Treaty and are supported in whole or in part by the pollution abatement
programs of the respective enforcement agencies, Success in reducing
pollutional loads in the connecting channels has been achieved, although
growth has in some cases exceeded treatment effliclency.

The United States and Canada requested the I|JC in October, 1964, to
investigate and report on the following questions:

(1) "Are the waters of Lake Erie, Lake Ontario, and the Inter-

!; national section of the St, Lawrence River being polluted

on elther side of the boundary to an extent which Is caus-

0 il . . Do

Ing,or Is likely to cause, injury to health or property on
the other side of the boundary?"

(2) "If the foregolng question Is answered in the affirmative,

to what extent, by what causes, and in what localities is
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(3)

such pollution taking place?'"

"If the Commission should find that pollution of the char-
acter just referred to Is taking place, what remedial measures
would, in Its judgment, be most practicable from the eco-
nomic, sanitary and other points of view and what would be

the probable cost thereof?'

The Commission reported the following:

(M

(2)

(3)

The waters of Lake Erie, Lake Ontario and the international
section of the St. Lawrence River are being seriously pol-
Juted by both the U, S. and Canada to the detriment of both
countries., Contaminants originating in one country move
across the boundary (transhoundary movement) and degrade

the water quality of the other country.

Municipalities and industries are the major polluters and
cause lakewide effects In all jurisdictions which share

these boundary waters,

Remedial measures Include: immediate reduction in detergent
phosphorus content, municipal and industrial treatment faci-
lities to reduce phosphorus input to the watercourses and con-
tinuous surveillance and monitoring. In 1968 dollars the re-
quired municipal and Iindustrial wastewater facilities would
cost an estimated §1,373 million for the U. S. and $211 mil-

lion for Canada,

In addition, there were sixteen other recommendations set forth

in the 1JC's report. (The 1JC issued its final report in 1970). Later,




governors of states and premiers of provinces met and supported a formal

agreement between the two countries with the |JC reports forming the major
technical guidelines for the negotlations.

Project Hypo, (1970), studied the causes, effects and extent of
oxygen depletion in the hypolimnion (bottom water) of the Central Basin
of Lake Erie, The study indicated that controlling phosphate addition
to Lake Erie is immediately required to atfain quick recovery and pre-
vent irreversible effects.

The International Agreement on Great Lakes Water Quality was deve-
loped and signed by President Nixon and Prime Minister Trudeau in Ottawa,
on April 15, 1972,

Under this Agreement, the U. S. and Canada agreed to a set of water
quality objectives in common waters and a committment to one another to
carry out the necessary measures needed to obtain these goals. The Agree-
ment also gives the |JC the responsibility to oversee guidelines, verify
data submitted by governments and industries, and when necessary, to re-
port to the public on progress or hindrances in implementing terms of the
Agreement, Independently of the governments.

In compliance with the Agreement, specific water quality objectives
are set for dissolved oxygen, total and fecal coliforms, total dissolved
solids, pH, iron and phosphate loadings to the lake system. Additional
objectives concerned with floating debris, oil, those factors affecting
odor, taste, color and growth of aquatic organisms were also agreed upon.

Other parameters such as radioactivity, ammonia, arsenic, chloride, cyanide,

organic contaminants, phenols, sulfate, heat discharges and some heavy metals




R s g e —

T e

20l s S A i A . 4 e g S e o Gk .
- e L e e S s Mot Y, i B2 i o0 e M s

are being studied to determine acceptable limits,

By 1975, every municlipality discharging wastes into Lake Erle or Lake
Ontario is to have a treatment plant In place or under construction, To
control eutrophication, the amount of phosphorus discharged Into the lakes
is to be reduced by a combination of treatment facilities and detergent
phosphate control, Reduced loadings of phosphorus to Lake Erie should be
realized in the first two years following the Agreement and should elimi-
nate over half of the present contribution. Programs are also to be imple-
mented which will control industrial waste discharges, pollution from land
drainage and dredge spills,

As this brief outline indicates, there is a sincere interest on the
part of the United States and Canada to rehabilitate the Great Lakes and
particularly Lake Erie and Lake Ontario., The functions of the [JC are
to study and report pollutional problems and pollution abatement progress
to a public which continues to demand clean, healthy watercourses. The
International Agreement on Great Lakes Water Quality now stands as a po-
tent force against pollution and as a tool with which both countries can
significantly improve their wastewater treatment performance for the

mutual betterment of our transboundary waters.

U, S. National Goals

A broad concensus that the quality of the Nation's waters must be im-

proved found expression in the Federal Water Pollution Control Act Amend-

ments of 1972,




The basic intent of the act is contained in a series of national goals

and policies: |
1. The discharge of pollutants into the navigable waters will be é
eliminated by 1985, ;

2, Wherever attainable, water quality which provides for the protection

and propagation of fish, shellfish, and wildlife and provides for

recreation In and on the water will be achieved by July 1, 1983,

3. The discharge of toxic pollutants in toxic amounts will be prohibited,

This national policy includes federal financial assistance for publicly

owned waste treatment works and encourages waste treatment planning on an area-
wide basis. |t emphasizes the need for research and demonstration efforts
to develop the necessary technology to eliminate the discharge of pollutants.
Public participation in the fight against pollution is to be encouraged
and assisted,

The Water Pollution Control Act Amendments of 1972 state that one
or more projects should be undertaken to demonstrate new methods and tech-

niques for the elimination or control of pollution within the watersheds

g': of the Great Lakes, and that the Chief of Engineers is directed to design
;j; and develop a demonstration wastewater management program for the rehabili-
4 tation and environmental repair of Lake Erie., The program must set forth

alternative systems for managing wastewater on a regional basis including

land treatment disposal systems with'aerated treatment-spray irrigation |
|

o technology,’ provisions for the disposal of solid wastes, and advanced
- wastewater treatment technology. The new law states that wastewater treat-

ment management should encourage construction of revenue-producing facilities

1-10




through the use of sewage effluent recycling to agricultural lands; the
storage of pollutants not recycled; the reclamation of wastewater; and an

environmentally sound method of handling sewage sludge. Wastewater treat-

ment management should take advantage of opportunities related to sewage
treatmént and sewage recycling for industrial and municipal wastes, in- i
cluding waste heat and thermal discharges, and open space and recreational
possibilities,
The Water Pollution Control Act Amendments of 1972 provide for effluent
limitations in Title Ill - Standards and Enforcement:
" (b) In order to carry out the objective 6f this act there shall be achieved--
"(1) (A) not later than July 1, 1977, effluent limitations for point
sources, other than publicly owned treatment works, which
shall require the application of the best practicable control
technology currently available...and
"(B) for publicly owned treatment works in existence on July 1, 1977+«
effluent limitations based upon secondary treatment,..or
"(C) not later than July 1, 1977, any more stringent limitation,
Including those necessary to meet water quality standards, treat-
ment standards, or schedules of compliance established pursuant
to any State law or regulation....
"(2) (A) not later than July 1, 1983, effluent limitations for categories
and classes of polnt sources, other than publicly owned treat-

ment works, which shall require application of the best available 3

- technology economically achievable which will result In reason-
able further progress toward the national goal of eliminating

the discharge of all pollutants,,,and

=11
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"(B) not later than July 1, 1983, compliance by all publicly owned

treatment works«.."'

There is a clear mandate from Congress to eliminate the discharge of
pollutants into the Nation's waterways by 1985, Far-reaching goals and
policies relative to pollution control are now the law of the land. This
study and report has been undertaken as part of the effort to achieve the
established quality goals for the waterways of the Three Rivers Basin and

Lake Erie,




EFFLUENT DESIGN CRITERIA

To provide a framework for the Survey Scope Study, the Corps of Engineers

established design criteria and a schedule for phasing from one set of cri-
teria to the next,

The alternative regional plans were developed using two sets of design

s

criteria, referred to as Level | and Level 2, Level | criteria are based
upon the proposed effluent standards of the State of Ohio. Those standards
allow variations in the effluent concentrations of some indices of pollution
as functions of the receiving water classification, dilution availability,
plant size, and season, Level | criteria consist of the most stringent
requirement for each of those effluent concentrations.

Level 2 is based upon the national goal identified In the Federal

Water Pollution Control Act Amendments of 1972, ', . . that the discharge
of pollutants into the navigable waters be eliminated by 1985.,"" The Office
of the Chief of Engineers, Department of the Army (0.C.E.) established
technical goals for this study commensurate with that national goal, i.e.,
(1) to prevent the continued degradation of our water resources by water-
bourne wastes and (2) to provide for the efficient reuse of treated or re-

!;@ novated wastewater and by-products,

The technical goals were translated into effluent criteria by 0.C.E.,

consisting of the most stringent constituent levels from among those re-

quired for public water supply, irrigation water, livestock water, and aquatic
habitat. Those criteria are referred to as the 0.C.,E., Goals. The 0,C.E,
Goals should not be interpreted as effluent standards established by the

Federal Government, but rather the translation by the Corps of Engineers

11=13




of the stated national objective into a set of éonsigzght gJidellnes for -
all similar wastewater management studies throughout the nation. .

The effluent criteria making up Level 2 differ from the 0.C.E, goals
to reflect the continuous performance capability of the various advanced
wastewater tréatment technologies, Although the treatment facilities are
capable of meeting the 0.C.E. goals more than ninety (90) percent of the
time, Level 2 criteria can be met essentially all of the time, barring
any unforeseen circumstances having low probability of occurrance. The

Level 2 criteria add to the 0.C.E, goals the parameter, Chemical Oxygen

Demand, with an effluent level not to exceed 10 mg/1.

;
Table 11-1 itemizes the State of Ohio proposed effluent standards, %

the 0,C,E, goals, and Level 1 and Level 2 criteria,

PHAS ING

The Water Pollution Control Act Amendments of 1972 constituted the
principal guidance for the recommended phased implementation of Plans A,
B, and C., In conformance with that Act the levels of municipal wastewater

treatment are scheduled as follows:

Ve Secondary treatment by 1977

2. Level 1 treatment by 1983

3. Level 2 treatment by 1985

In addition, the United States and Canada agreed on 15 April 1972 to
limit the concentrations of phosphorus to one milligram per liter from
municipal treatment facilities discharging more than one million gallons
per day into Lake Erie., In accordance with that agreement, the facilities

scheduled for upgrading directly from secondary treatment to Level 2 incorporate

=14
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phosphorus removal unit processes in the interim period from 1977.

Collection and treatment of combined sewer overflows are scheduled
as early'as is practical, and not later than 1980, thereby discontlinuing
the dischérge of raw sewage Into the waterways,

Collection and treatment of separate stormwater is scheduled at the
time at which the various drainage basins become urbanized. The basins
which are presently urbanized, or become urbanized before 1980 are scheduled
for Level 1 treatment, and upgrading to Level 2 by 1985 is scheduled, Those
basins becoming urbanized after 1980 are scheduled for Level 2 treatment

as soon as is practical after becoming urbanized.
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TABLE [1-]
EFFLUENT CRITERIA

PROPOSED X
ggee TR D YL STmrs 9.0.8. OoALS : Ll mmno
= <
Settleable Solids Substamtially ecmplete removals
Yentbly ave. 0.3 ml/1 Trace Q) {0
Neathly mex. 1.0 ml/1
Olls (and grease) Lowest practiesl level attainable by . ‘
techmolegn Nouthly ave, 10 Trace Q) (2)
Nemthly max, 20 mg/l
Debris, Scunm, : 4
Plostables Substantially oomplete removel Noas Q) (2) ‘i
Suspended Solids
(Imert) Reduction to such & degree as $0 not cause 3
motieeable turbidity in the receivisg % ng/) 20'ng/) R -
stream, tuy shall not exceeds 0 S ne/s [
Pree Floving Varm Cold Water
Vater Fisheries Fisheries,
Pooling Streams,
Soenioc Rivers,
Reservoirs, and
Inland Lakes
Monthly Maximms
‘A S mA . iy
b Ave,
20 mg/l 30 mg/d
Color Effluent imparts no objectionabls coler 75 Color Units Q) (2)
nor increases the background level by
S standard units
Tast and Odor Reduction to such a degree as to not cause
and objectionsble odor, a threshold odor Fot offensive Q) (€2)
pumber 725 to potable water supplies, nor
ocause fish flesh tainting.
*Taxio 1
Constituente Reduction of any and all materials to such Critical levels for all constituents mot
and Heavy a degree that the concentration thereof, specifically mentioned shall be based upon
Metals singly or in cambinations, in any discharge patural background levels of the receiving
is not harmful to husan health or aguatic watercourse or aquifer with exception of
1ife to such a degres that the concentratiom constituents that are highly toxic or
thereof in the discharge does mot kill 258 4njurious to the environment at trace 3
of a mixed fish population common to the levels. If current State water quality
receiving stream in a 1:tl dilution of the standards are higher, these standards
sanple with waters of the receiving strean shall apply; or levels of nontoxic constit-
provided that the calculated concentration uents may be relaxed upward (above
in the receiving stream does not exceed background levels) should they be proven
b 1/20 of the 96 hour median teleranee linit, to be not injuricus to the environment of
the region.
K> Arsenic 0,05 Absent 1 1,3
; Bariwm 1.0 Absent 1 1,3
e Cadnimm 0,01 mg/) Absent 1 1,3 1
b, | Corosiwm
bexavalent 0,05 ng/L Absent 1 1,3
i, 0 total 0,0 Absent 1 1,3) o o
- Copper 1.0 Absent 1 1,3
g | Iron
g total 5.0 mg/1 No Comment 1 1,3
soluble 0,3 mg/1 No Comment 1 1,3
0.05 mg/1 Absent 1 1,3
) Percury 0,005 mg/1L Absent 1 1,3
. Nickel 0,01 mg/1 Absent 1 1,3
! Stlver 0,05 mg/1 Absent 1 1,3
2ino 5.0 ng/1 Absent 3 1,3
k! NOTES:
; 1 Equivalent to the proposed Ohio effluent standarde

2 [Equivalent to the O.C.E, goals
3 Subjected to best practical treatment of most concentrated effluent stream
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Tecal Coliform
Bacteria

E Pecal Streptococei
o and Alkalinity

TABLE 11-1 (contlinued)
EFFLUENT CRITERIA

OIa&Iv 10,0 15.0 Q.05
10,

5.0
235 5.0 015
o Compmaat

o Commgut

H‘l’!ﬂ‘ﬂ'i

HHHH]

'i

Rednoction to such a degree that (1) cone
centrations of unidentified radionuclides
4n the discharge do not exceed (») 30 pel
or (b) 1iriting values specified by the
AFC for water in which certain radio-
nuclides are kmown to be absent; or (2)
oonosntrations of ideatified radionuclides
do not exowed limits specified by AEC,

May throurh Ootober:
200/100 ml « monthly peometric mean
L00/120 ml = 9% less thas, monthly
November through April:
3000/130 ml - monthly geometric sees
(Based on >10 se=ples/monta)

e Compent

e Conmawt
S « 9, pR values up to 10 provided the
(H™ somcemtration does not exceed 10 mg/)

Af the discbarge doss mot violate water
quality standards.

0.C.E. OOALS

0l mg/l a8 X

Total Mitrogen = 10 ng/l as ¥

b.O mg/l as ¥
1.0 ngd
Absent

Posticides and chlorinated
hydrocarbons - abseat

Alpha Radiation 1 pel
Beta Radiation 100 pel
Osmea Radiaticn -Trace

Inaotivated, but present at trace levels
Insctivated, but present at trace levels

Alkalinity 100-130 mg/2 when pfl 1s 6+7
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TABLE |1-1 (continued)
EFFLUENT CRITERIA

PROFOSED
OMIO EFFLUENT STANDARDS 0:0,8, QOALS
Reduction eo that DO levels of receiving LR g/
stream 19 not depressed below established
oriteria and in accordance with the 8s 2 g

following criterias

Class I = Cold Water Fisheries
Effluent Concentrationss Caloulated

Increase
In Stream
- @ Critical
l@;‘dl T=ngfl Flow.
Monthly Maximom Monthly :
Average Daily Average Daily (mg/1)
15 23 18 25 0,3

10 15 12 18 002
7 10 10 15 0.
s 8 8 12 0.6

Class II - Scenic Waters, Streams,
Reservoirs, and Lakes

15 23 15 25 0.

20 15 12 18 o,
1 10 10 15 0.5
H 8 8 12 0.6

Class III = Free Flowing Warm Water
Fisheries (for at least 15 miles

below discharge)

30 5 30 LS 0.5

25 ko 25 ko 1,0

20 30 20 30 2.0

15 25 15 25 3.0

10 15 12 18 ko0
7 10 10 15 ke
s 8 8 12 5.0

Class IV -~ Pooling Streams, Impoundments,
Back Waters and Lakes Classified for
Warm Water Fisheries

20 b 20 30 0.5
15 25 15 20 1.0
1 15 22 18 2.0

(]
1 10 10 15 3.0
s 8 8 12 $.0

Exceptions for Class III and IV Waters
(A) In congested, heavily popuiated and
industrial corridors where discharges
of a number of jidentities contribute
to single or multiple water quality
wiolations - additional reductions
will be required as followss
1) Additive effects of multiple
discharges shall not exceed
requirements of one discharge
of the combined wastes at one
point, or
2) Effluent requirements will be
determined by river studies w/
appropriste allotment of waste
loads provided no disoharge exceed
requirements for Class III and

IV streame.

(3) If slope >10 ft/mile or low flow depth
€1,0 ft and free of pooling = allowable

incremental increase in BOD. is 50K

(C) Por 1solated communities of 1500 or less
and an untreated waste load of < 2000 PE
that discharges to a dry weather ditch
and for which lapoons are the only
practical method of treatment, sllowable
offluent quality will bet

BODg = 30 mg/1, S8 = LS mg/2

3-0 ng/2
8.0 ng/1

£5.0 M
(5.0 /2
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Phosphorus

Terperature

Turbidity
Dissolved Solids

Desolved Oxygen

TABLE I1-1 (continued)
EFFLUENT CRITERIA

PROPOSF.D
OHIN FFYUTNT STANIARIS

Wastewater Effluent Concentraticn

0.C.E, GOALS

Entering a Lakes 0,05 g/l as PO,

Volume (nc/2 = P)
(mgd) Entering a Flowing Stream:
1975 1960
Discharges tot
(a) Free Flowing Tritutaries to Lake Erie
20+ 2.0 0,
1-9.9 1.0 1.0
1.0 8,0 1.0
(b) Free Floving Tridutaries of Ohio River
SO+ 1.0 0.5
210-49.9 2,0 1.0
1-9.9 8.0 2,0

(c) Lakes, Reservcirs, Significant
Inpoundrents and Pools
1,0+ 2,0 0.5
1.0 8.0 1.0

(1) Warm Water Fisheries
Recduction of heaat content so that in
no case the ciscnarpe increase the
FTIver tenpcrature by more than §5°F,
4f below the following forrula ap:ilies:

Allowable Feat Discharge Rate(¥70/sec)
® 62,l(River flow, CPSNT, = T, N($0%)
1“ ® Allewable Maxirus River Texp,

Yonth Jan Feb Mar Apr May Jun
T SO S0 60 70 & 90

Yonth Jul Aug Sep Oct Nov Dee
T, 9 9% $O 1 W 5

Ty = River Tezp. (daily ave,)
above discharge

No Conrent

Control to such a point that the discharged
dissolved solids load does rot increese the
dissolved solids concentraticn in the
receivins vaters by more than 5% on a
ealculated basis provided that (a) the
dissclved sclids critardicn &n She receiving
waters is not excecded, or (b) the dissolved
#0lids concentration in the discnarre does
not excecd five tires the dissolved solids
criteria for the receiving vater,

Strears classified &9 wvarz water fisteries
L0 rp/d

Stresns claesified as cold water fisheries
6.0 £g/2

S Jackson Units

S00 rg/l w/specific 1ir-its established
for specific inorganies,

Ca 39 zg/)
cl 250 =21
Na 10 =g/)
Mg 125 =g/

n 1.7 € 16%C to 0.8 mg/1
@ 30°¢C

Al 1 ng

HOO, 450 rg/1 variaticn from
azbient conditions

¥n 0,5 rg/d

No Comment

ecept mig(:fnucnt Do

1FVEL I

0.5 mg/l as P

S increase

Q)
2500 ng/)

6 mg/d

Notes: 1, Equivalent to the proposed Ohio effluent standards.
2. Equivalent to the 0.C.E. goals.

3. Subjected to best practical treatment of most concentrated

effluent stream,

LFTEL 11

<0,5 mg/l as P

()

()
(@)

6 mg)




WASTEWATER TREATMENT TECHNOLOGIES

Introduction 5

Wastewater treatment depends upon two factors: the type of efflu=- |
ent desired and type of process or technology used to achieve it.

There are, generally speaking, three types of effluent == primary,
secondary and advanced treatment effluentf Primary treatment removes
approximately 40 percent of the pollutants from wastewater by a settl-
ing process. Under secondary treatment, water is treated by a bacterio=
logical process, such as trickling filters, activated sludge, or aerated
laggons and settling. Thls is generally the highest level of treatment
currently provided in the Three Rivers area and typically removes 85 per-
cent of the pollutants. The third level of treatment [s advanced treat-
ment, which removes essentlally all pollutants (99 percent) from waste-
water, concentrating on nutrients which have not been removed by primary
and/or secondary treatment.

The three final plans draw from the broad range of available waste-
water treatment processes. The technologies of advanced treatment can
be classified as biologlical-land treatment, advanced biological and phy-
sical=chemical. Blological treatment digests the organic pollutants in
wastewater by bacteria, and chemical action coupled with settling completes
the process. Physical=-chemical technology functions by removing pollutants
by chemical action, and gravity settling. The land treatment technology
utflizes blological processes to achieve secondary treatment; the efflu-

i ent Is then applled to agricultural land where the water recelves final
treatment by flowing through the ''living filter' of the soil. Dlagrams
of the three types of advanced treatment are given in Fligure |1-2,

11=-20
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Advanced Blological Treatment

1 Paralleling nature, the advanced biological treatment process pro=
vides an environment for the growth of biological organisms as In the
secondary treatment process. These organisms use the organic matter con=
4 talned In wastewater as a source of food and are supplied with sufficlient
: oxygen to complete the digestive process. Settling is then required to
separate solids and bacteria from the water.

Removal of nutrients, taste and odor, and remalning suspended solids
Is the alm of the advanced treatment. Nitrogen and phosphorous are nu-
triants found In wastewater, which are harmful to bodies of water by

causing accelerated eutrophication. NIitrifying bacteria are used to

Sl i nd

convert ammonla-nitrogen to a gaseous form which escapes into the atmos=

phere. Phosphorous Is removed through blological uptakes, chemicals and

filtration processes. As shown in Flgure 11=2, the treatment process
3 includes filtration to remove fine particles.
It Is possible to add components to the system to perform specific

functions. Thus, existing sewage plants can sometimes by utillized with

& b el

'tadd-ons'' of advanced biological components.

This treatment produces solid by-products (sludge) suitable for

agricultural applications. Properly controlled, sludge is a valuable
resource for its fertilizer (nitrogen, phosphorous) use.

Operation and maintenance costs are those incurred by physical=chemical
treatment but higher than those for land treatment. It requires a rela-

tively high caplital Investment. Load fluctuations reduce treatment

effectiveness and industrial spills can easily upset the biologlcal
processes. Plant operation and maintenance Is fairly complex.

I1=-22




Land Treatment

This method of wastewater treatment utlllzes the natural processes
of the earth's soll zone and growing crops. Wastewater first undergoes
secondary biological treatment In elther an aerated lagoon or conventional
activated sludge plant; the secondary effluent Is then applied to agricul-
tural or other suitable land by any of several irrigation techniques.

The soil blota, the filtration and chémlcal exchange capacitfies of
the soll and its living organisms are collectively referred to as the
"living filter'". As the wastewater passes through the soll, the organlic
matter, bacterla and plant nutrients are removed. Within a few feet of
the soil surface the water is clear, being similar to water obtalned
from wells,

The effect of land treatment Is to recycle to the environment ele-
ments such as nitrogen and phosphorous discarded as pollutants by man
but readily utilized by nature as nutrients.

The removal and storage capability of the soil for heavy metals Is
great enough that a site can be used for hundred of years, thus making it
less important for industry to remove all of its metals In-house prior
to secondary treatment. Land treatment provides a hligh degree of water
purification Including effective virus removal.

Operatlon and malntenance costs are generally lower than those In-
curred with advanced blological or physical=chemical plants, although
power demands are higher. Extensive areas of land are committed to agri=
culture for long periods of time, winter storage reservoirs are requlred

for the secondary effluent, present agricultural practices may have to

11-23
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be altered, and land may not be readily available near the citles.
Aerated lagoons requlire larger land areas and higher power use than

would conventlional actlivated sludge plants.

Physic~1-Chemlcal Treatment

Physical=chemical treatment evolved as a sophisticated method to re-
move complex wastewater constltuents, but devliates from the processes we
think of as ''biological' or '‘natural'. There Is stll]l a reliance upon
physical separation of solids and water, although chemicals are used to
stimulate and greatly enhance the efficiency of separation. In addition,
the use of chemical treatment processes removes organic and inorganic

material ordinarily unaffected by blological secondary treatment. Com-

ponents may be added to remove specific pollutants.
This technology usually requires a fairly small land area and lower

capital costs than biological or land treatment. It can withstand load

fluctuations well, and Is flexible for growth and operation. Certaln
chemicals can be reclalmed; however, incineration of the sludge Is re-
quired for this process. Large chemical supply needs and high operation l
and maintenance costs, coupled with complex plant operation, make the

physical=chemical plant less attractive. The beneficial use of the solld

by=products may also be questionable depending upon local soll conditions.
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SECTION 111

REVIEW OF TWELVE INITIAL PLANS

Durlng the early stages of this study twelve regional wastewater man-
agement plans were formulated, based upon two water quality standards (Level
1 and Level 2), and a variety of wastewater treatment technologies, which
are discussed in Section |V.

Plans 1, 3, 10, and 11 were predicated on all water-based treatment;
Plans 2, 4, and 12 were based exclusively on land treatment; and Plans
5, 6, 7, 8 and 9 were combinations with varying emphasis on the two types
of treatment, The formulation of twelve different plans allowed for the
investigation of various approaches to the problems of discharge points for
treated water, sludge disposal and urban stormwater collection and treatment,

The basic components for each of the plans are given in Table [l1-1.
In order to facilitate cost comparisons among plans, an annual comparable
cost was derived for each plan, based upon the capital and 0 & M costs
of the individual plan components, given standard contingency factors.
The costs of the twelve plans are summarized in Tablelll-2,

These twelve plans were subjected to intensive review and evaluation
by the Center for Urban Regionalism at Kent State University, the Ohio En-
vironmental Protection Agency, the Ohio Department of Natural Resources,
and various state and local agencies, Numerous public meetings were conducted
by the U. S. Army Corps of Engineers in the study area, as well as in Western
Ohio., The details of the evaluation are presented in the Evaluation Appendix.
Based on this evaluation, and a review of the contributions made by all

participants, the U. S. Army Corps of Engineers identified three concepts

FEE=1
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for further development based upon Plans 1, 7, and 8. These concepts were:

l. All water-based treatment;

2, A combination of water-based treatment for the densely populated
metropolitan areas, with land treatment for the smaller communities
in the Study Area;

3. Land treatment in-basin for the smaller communities, and trans-
mission of storm and wastewaters from the densely populated shore-
line region of{the Study Area to a land treatment site lying to
the west.

These concepts were incorporated in Plans A, B, and C respectively,

Plan | was, in essence, the Northeast Ohio Plan, which met Level 1
Standards and included some treatment of storm runoff. Therefore, the
evolution of Plan A from Plan | required upgrading treatment to meet Level
2 Standards for municipal/industrial wastewater and storm runoff. O0f prime
importance in the selection and development of Plan A was the fact that
it represented the NEO Plan on which significant public monies had already
been spent, and for which several years of effort had been made. In ad-
dition, it represented a composite of planning by many of the most knowledg-
able engineering firms of Ohio.

The development of Plan B required optimizing upper basin land treat-
ment for municipal/industrial effluent and storm runoff. A further con-
dition was that the components of Plan B had to be identical with the cor-
responding components of either Plan A or Plan C.

A basic alternative to advanced wastewater treatment with water discharge
was the objective in Plan C. In addition to the land treatment components
located in the Study Area, Plan C provides for ultimate land-based treat-

ment for the municipal/industrial wastewater and stormwater generated in

the Lake Erie shoreline region of the Study Area. The treatment of wastewater

111-6
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from this shoreline region Is accomplished by transmission through a tun=

nel to a land treatment site slituated within the Lake Erie drainage bagin ’
to the west of the Study Area. This centralized treatment complex has ;

been designated the Western Land Treatment Area.
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SECTION 1V

DESCRIPTION OF SELECTED PLANS

The earllier phases of the Survey Scope Study developed basic data
and schematlc designs necessary to formulate a wide range of alternative
wastewater management plans for the Cleveland-Akron/Three Rivers Watershed
Areas, |Included In these plans were various treatment processes, degrees
of regionalizatlion, and Innovatlve approaches to wastewater management,

This section of the report presents three final plans, selected from among
the Initial set of twelve alternatives, The plans have been further reflined
and set Into phased schedules for Implementation. Cost estimates for the
three plans are presented In Section V,

Plans A, B and C each represent a comprehensive wastewater management
program phased to meet the water quality standards described in Section |1
and designed for the projected growth within the Study Area, Each plan
Includes treatment for three categories of wastewater: municipal, industrial
and urban storm runoff, Each plan provides treatment for the same total
volumes of wastewater, as shown In Tables |v=-1, 2, 3 and 13.* The methods
of treatment, combinatlons of facilities and sludge disposal technlques
vary between plans, Thus Plans A, B and C are uniform in scope and in
standards of performance, but Illustrate different design concepts. Phase
3 of the Survey Scope Study has attempted to optimize the formulatlion of
¢ach plan,

Three categories of wastewater treatment, physical-chemical, blological,
and land, are referred to In thls }eport. The term ''water-based treatment"

1v=1

* All tables and figures at end of this Section.




Includes both physical-chemical and biological processes, which discharge

treated effluent directly to natural watercourses, rather than as return
flow following land application. The three methods were outlined briefly
In Section |l and are defined in detall in the Havens and Emerson, Ltd.
and Wright-McLaughlin Engineers Phase || Reports.

General discussions of industrial pre-treatment, sludge handling and
disposal, and storm runoff treatment follow In this section. Plans, A, B,
and C are then described, with detalls of each plan presented In tabular

form, at the end of this section.

INDUSTRIAL WASTEWATER TREATMENT

The magnitude of the industrial wastewater problem In the Study Area
and the special requirements of industrial wastewater treatment necessi-
tated a separate investigation of this aspect of the total wastewater
management problem. Assoclated Water and Air Resources Engineers, Inc.
performed studies of industries within the Study Area and projected costs
for "in-house'' wastewater treatment by industry. Some industrial waste-
waters will be dlscharged directly to natural watercourses following com-
plete treatment in-house, and some will be released to the municipal sewer
system following industrial pre-treatment to achleve compatibility with
municipal sanitary sewage. The estimated future contributions of In-
dustrial wastewater to municlipal systems have been Included in Table
Nos. IV=1, 2, and 3, "Municipal/Industrial Wastewater Treated by Decade',
and these Industrial flows have been accounted for in the sizing of all

treatment and transmission facllities In Plans A, B, and C.
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Five possible levels of Industrial pre-treatment were discussed and

costed on a present-worth basis in AWARE's Phase || Report. These al-
ternatives varied substantially in cost depending upon their removal
criteria, and it was thought that cost savings might be realized by
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