
r AQ—A 036 902 WRIG4IT MCLAUGHLIN ENGINEERS DENVER COLO F/S 13/2
U. S. ARMY CORPS OF ENGINEERS CLEVELAND—AKRON THREE RIVERS WATE —-E TC(U)
MAR 73

UNCLASSIFIED Pt

‘ i S IS U
I U____

I I . ’
p



p .

I I ~~ •~ ~ 2.8 ~jl! 2.5
I . U L —

_ _ _ _  

L ~ 2.2 ——

I.’ 
l
~
i
~ —lIIII~8

HID’ .25 IIIII~ ~IIll~•6

MICROCOPY RESOLUTION TEST CI4~RT
NA JIONA L RURFA U O~ SIA NDAR IJS 964 A



u. s. — c~~s ~CUVElMB-*K~ON *r~~.. I ffiSI M~ TN~EE ~ I VE**

WIST~~ *R ~~IAII$UNT WP~4Y sc~i Sflivv
N~~.. ~~~~~T

WI I sKT-~~C i 1
n. f t IT~~



— ~~~~r-_ ~. np— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
- .. 1~__ ._~ ______ .~~~ __ 

~~~~~~~~~~~~

RONALD C. MCLAUGHLIN WRIGHT-MCLAUGHLIN ENGINtERS CONPL(Y~ £NSUIWINS SERVICES
KENNETH R. WRIGHT 

ENGINEERING CONSULTANTS ~ THE SPICIALTY FIELDS OP
ALFO RO S. ERICKSON 

*4*0 ALCOTV WATER SUPPLY AND DS•T*SSUTION
DOUGLAS T. SOVERN WATER AND SUWASU TREATNENT

~ K ENNE T H ASH . MANAS ER DINVIR. COLO$ADO a°~~ SEWASE COU.ECTION AND REUSE
(*0) ) 4SS.S*0I INDUSTRIAl. WASTES

~~~~~ ~~. 
STORN DRAINASI
‘LOGO CONTROL AND

OTHER WATER.OSIENTID DROJECTS

• March 31 , 1973

Col onel Robert 1. Moore, District Eng i neer
• Buffalo Distr ict

Un i ted States Army Corps of Eng i neers
1776 Niagara Street
Buffalo, New York lLe2O7

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 cop ies sent earlier. Similar sets
of rep l acement pages have been forwarded directl y to the Center for Urban
Reg ionalism and to Linton , Mields , and Coston , Inc. One copy of the re-
port has been sent direct l y 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 individua l treatment p lants In each plan and by
a series of cost studies to hig hflght si gnificant patterns and compari—
sons in the costs.

Figures in the presen t report have been reduced and reproduced by blue—
line process. The original plates will be sent to you for final print-
ing and for color reproduction of the three plan l ayouts, Figures IV— l ,
IV— 2, and V—k.

Plan C is represented In the present report by a one—color , reduced—scale

~ i compos i te of the four overlays. We have not yet rece i ved the overlays
for Plans A and B, but we anticipate that we will be able to forward
composi tes for these plans similar to that for Plan C in the near future.

Very trul y yours ,

WR I GHT—McLAUGHLIN ENG I NEERS

By ~~~~~~~~~~Kenneth R. Wr l~,~
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SECT ION I

INTRODUCT ION 
-

The Wastewater Management Survey Scope Stud y for the Cleveland—Akron

• • Metropolitan and Three Rivers Watershed Area was undertaken to identIf y

and recommend one or more regiona l wastewater management systems capable of

• achieving the water quality goa l Intended by the Water Pollution Control Act

Amendments of 1972, common l y termed the “Clean Water Bill. ” This national

goa l has been Interpreted In a set of specif ic effluent criteria to be met

• by 1 985 . The present stud y shows the nationa l goa l and the p roposed date of

compliance to be a feasible objective for the Study Area with present waste—

water treatment technology . The results of the Cleveland Area Survey Scope

• Stud y will help to define the various regional and nationa l impacts of the

Clean Water Bil l .  Section II discusses wastewater management systems , goals

and criteria in more detaIl.

The Study A rea, shown in ~~gure I-i , covers approx Imate l y 1 ,500 square

miles along the Lake Erie shoreli ne In northeastern Ohio and Includes all

or a por tion of ei ght counties : Cuyahoga , Lake, Geauga , Portage, Stark ,

Summit , Medin a and Lorain. Its southern boundary Is the natural dra Inage

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

the Chagrin , and the Rocky, or ig inate within the Study Ar ea and f low Into

Lake Erie. In addition to these three river bas ins , the Stud y Area includes

land along the Like Erie shoreline which drains directl y In to the lake . The

present populat ion of the Stud y Area is about 2.3 million people.

1— 1
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This report combines and presents the results of the Phase III  por—

tion of the p lan formulation effort, and Is based upon the Phase I II Tech—

nlca l Append ices prepared by Havens & Emerson , Ltd., Wr l ght McLaugh lin

Engineers , and Associated Water and Air Resources Eng i neers, In c. (AWARE).

It presents three wastewater management plans , which have been selected ,

optimized and phased to meet the projected needs in the Study Area through

• the year 2020. It also describes “earl y—action work” for each pla n,which

would initiate the plan and p rovide an opportunity to gathe r field test

data and to construct prototype units .

SUPPORTIN G STUDIE S

Closel y related to this entire Wastewater Management Survey Scope

Study Is the recentl y completed Northeast Ohio Water Development Plan ,

prepared for the State of Ohio by Burgess & N iple , Ltd. The Northeast

Ohio (NEO) Plan provided si gnificant basic data and an integration of cur-

rent planning and des i gn concepts in water quality management for this por-

tion of the State of Ohio. -

• In 1971 Havens & Emerson , Ltd., of Cleveland , Ohio , undertook a feasI-

bility stud y and prepared a report entitled “Alternatives for Manag ing

Wastewater” for the U. S. Army Corps of Eng ineers . This report further

refined and documented basic data , wastewater management opportunities and

advanced wastewater treatment technology specificall y for the Study Area .

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

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

fined the rates of flow of domestic wastewater and storm runoff for the

1—3
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Study Area and p repared studies on water—based treatment of wastewater;

• 

• WrIght-Mc Laughlin Engineers performed research and developed plans for land

treatment of wastewa ter; and Associated Water and Air Resources Eng ineers ,

Inc., (AWARE) investi gated the treatment of specifically industrial waste—

• water . In addit ion , Wri ght—McLaug hl in Engineers held responsibility for

formulating overall wastewa ter management p lans based on the data developed

in these three techn i ca l fields. These efforts are summarized in the reports

• tabulated be low.

1. Havens & Emerson , Ltd.

• a, Phase I , Part A , “Munici pal Wastewater”, May, 1972.

b. Phase I , Part B, “Stormwater Runoff”, May, 1972, and “Ten-Year
Storm Supplement” , June , 1972.

c. Phase ii , “Systems Des I gn and Estimates of Cost”, October , 1972.

• d. Phase III , “Time Phasing of Selected Alternatives ”, February, 1973.

2. Wright-Mc Laughlin Engineers

a. “Land Treatment Techn i ca l AppendIx ”, November , 1972.

b. “Land Treatment , Phase II Report” , December , 1972.

c. “Land Treatment , Phase III Report”, April , 1973.

3. AssocIated Water and Air Resources Engineers , Inc.

H a. Phase I , “Data Acquisition and Definition of Problem”, May, 1972.

b. Phase II , “Des i gn and Cos t of Industrial Wastewater Treatment
Systems”, October 1972.

c, Phase III.

4. Wr ig ht—Mc Laughl i n Eng i neers , “Formulation Technical Appendix ”, Novem-
ber , 1972.

During the course of the Survey Scope Stud y, parallel work was per—

• formed by the Kent State Un i versity Center for Urban Regionalism , which

I-k
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prov i ded ~ on-going eva l uation of all of the techn i ca l and scientific

studies as they were developed.

The formulation work I nvolved the development of conceptua l plans ,

the integration of the studies performed in the three project fields , and

the l ayout of wastewater management systems. Phase I of the formulation

work resulted in the deve l opment of nine reg i ona l wastewater management

plans . Subsequently the Phase II portion of the work carried these nine

plans , plus three more , to a hig her level of optimization and detail .

These twe l ve plans , presented in the above-listed “Formulation Technica l

• Appendix , Deve l opment of Twel ve Alternative Plans”, are briefly reviewed

I n  Section III  of this report.

REPORT EMPHAS IS

This report describes and eva l uates the costs of three alternative

wastewa ter management p lans des i gnated as Plan A , Plan B, and Plan C.

These three fina l alternatives were based upon a selection of features

and concepts from the twe lve initial plans . Section IV presents Plans A ,

B and C, and Section V contains an analysis of their costs. The fina l

section of this report compares the three plans with respect to resource

requ i rements , reliability of major components and processes, and other

considerations which may not be reflected clearly in the financial costs.

II
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SECTION II

GOALS AND CRITERIA

WASTEWATER MANAGEMENT P L A N N I N G

• The prima ry objective of wastewater management is to create social and

ecol og ical benefits by protecting the quality of receiving water bodies such

as rivers , lakes , oceans and groundwater systems. To be successful , planning

and p rograms for wastewater management must operate within a reg ional frame-

work , so that goals may be established and efforts coordinated to contro l all

the sources of wastewater wh i ch affect a particular water body . Thus the con-

cepts of a “wate rshed” , a “drainage basin ”, and of water sou rces being “trib-

utary ” to a common rive r or lake play an i mportant part in a study of waste-

water management. Similarly, when water qua lity goals are established for

all the geographic areas whose wastewaters are tributary to a common receiving

body, appropriate consideration must be g i ven to the various types of water

pollution within each area. Domestic or sanitary sewage (sometimes termed

• munici pal wastewater in this report), industrial wastewater , and polluted

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 natura l drainage system ,

wastewater management goals are established for politica l entities on both

l ocal and nationa l l evels. 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 coord i nation with par—

ticutar 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 Rive r Restoration Study.

Il—i
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In order for the Survey Scope Stud y to proceed , the various sets of

• goals had to be translated into specific sets of criteria for effluent quality,

and the successive l y more stringen t 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 Un i ted States and Canada share a vital interest in the Grea t Lakes.

Approximately 30 million peop le In 1966 lived on or near the Great Lakes,

representing one out of every ei ght 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 , Mich i gan , Illinois , Wisconsin and Minnesota .

The Canadia n waters all lie within the Province of Ontario. The Grea t

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

Il provide recreational opportunities. The i mportance of these lakes Is

keenly felt by millions of people in two countries.

Lake Erie

Lake Erie is the smallest of the five Great Lakes. It covers a surface

area of 9,900 squa re miles with an average depth of 58 feet and reaches

a maximum depth of 2il feet. Together , these dimensions provide Lake Erie

with a volume of 110 cubIc miles , less than one third the vo l ume of Lake

Ontario , the second smallest Great Lake. See Figure lI—i. Lake Erie ’s

11-2
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immediate drainage basin (including Lake St. Cl air ) is 29,700 squa re  miles .

Seventy percent of this drainage basin lies within the U. S. Eros i on of

the silt and clay bluffs which surround much of the lake accounts for most

of the lake sediment .

The Detroit River prov i des 90 percent of Lake Erie ’s inflow , amoun t-

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

mal Inflow for a two and a half year period would equal the volume of Lake

Erie . If all of the influent wa ter 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 , approx i ma tely seven

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

con taminants 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 , uppe r laye r of water , called the epilimn i on , varies an-

nually in temperature from approx i mate ly 0.5°C to 24°C. During the summer

months the warmth of this wate r 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 thermo cline exists , it acts as

a barrier to vertica l mix ing. This means tha t dissolved pollutants may be

retained for prolonged periods in the ep ilimn i on and that oxygen Is pre—

vented from reaching the hypolim nion .

• 1 As the surface temperature decreases , the thermocline is forced lower

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

114 
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is terme d the fa ll bverturri . Later , the spring overturn occurs when the

surface wa ters reach their max i mum density. Duri ,~ these seasona l over-

• turns , pollutants in the ep iii mn ion and hypol imnion are subject to vertical

mix ing. Shallower portion s of a lake , such as Lake Erie ’s Western Basin ,

experience almos t constant po llut ion dispers ion because of nearly equa l

vertical temperatures .1 ’ 2

Lake Eri e water is used for munici pal and industrial water supplies ,

recreation , navi gation , commercial fishing and a variety of other pur-

• poses. The dail y withdrawa l of water indicates the I mportant role Lake

Erie plays relative to both countries. The following summary shows dail y

water withdrawals.

Municipa l and indust rial Withdrawals of Lake Erie Wate r

Population Municipa l In dustria l
Served MGD Process , MGD Cool ing MGD

U. S. A. 3,330,000 634 112 4,491

Canada 87,000 24 4 18

Lake Erie continues to prov i de the Un i ted States and Canada with an

• I nva l uable resource for both business and pleasure. It is only log ica l

tha t this resource should be protected . Lake Er ie , in particular , being

the smallest of the Great Lakes, is more sensitive and thus more respon—

sive to the pol lutional pressures caused by man ’s activities .

Un i ted States - Canada Agreements

In 1 909 the Boundary Waters Treaty was signed by the U. S. and Canada.

It prov ided that “boundary waters and waters flowing across the boundary

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

1 1 - 5  
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on the other.” Most i mportan t , however , the treaty created the International

Join t Commission (ijc) to study, recommend , and give direction In matters

concerning the pollution of InternatIona l waters .

Thro ugh the years , the IJC has answered requests from both government s

to exam ine poll ut ion problems resul ti ng from new types and greater volume s

of d ischarged wastes. Increased population concentration s, deve lop ing

i nd us tr ie s and ev en the occ u rrence of epide m ics has prompted phys i cal ,

bac ter ia l and chem ical s tudies by the 1JC .

i n the 1950 IJC Report , Water Quality Objectives were specified to

restore and maintain the waters in the connecting channels in a condition

wh ich would not i mpair their many uses. Both Governments approved these

objec ti ves , which make exp li c i t  the requirements of the Boundary Wa ters

Treaty and are supported in whole or in part by the poll ut ion aba tement

prog rams of the respective enforcement agencies . Success in reducing

poll uti onal loads in the connec t i ng channels has been achie ved , although

grow th has in some cases exceeded treatment efficiency .

The Un i ted States and Canada requested the IJC In Oc tobe r , 1 964, to

Inves ti ga te and repor t on the fo l l ow ing  ques t ions:

(I) “Are the waters of Lake Erie , Lake On tario , and the inter-

national section of the St. Lawrence River being polluted

on either sIde of the boundary to an extent which Is caus-

ing, or is l ikely to cause , injury to health or property on

the other side of the boundary?”

(2) “i f the foregoing question Is answered In the affirmatIve ,

to what extent , by what causes , and in what localities is

11-6
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such pollution taking p lace?”

(3) “if the Comission should find that po llution of the char—

acter just referred to Is taking place , wha t remedial measu res

wo u ld , i n its judgment , be mos t practicable from the eco-

nomic , san i tary and other points of view and what would be

the probable cost thereof?”

The Commi ss i on repor ted the fo l low ing :

(I) The waters of Lake Erie , Lake Ontar io and the international

section of the St. Lawrence River are being seriously po i-

luted by both the U. S. and Canada to the detriment of both

countries. Contaminants originating in one country move

across the boundary (transboundary movement) and degrade

the water quality of the other country.

(2) MunicipalIties and industries are the major polluters and

cause lakew i de effects in all jurisdictions which share

these boundary wa ters .

(3) Remedial measures include : i mmediate reduction in detergent

phosphorus content , munici pal and ind ustrial treatment fac i-

lities to reduce phosphorus input to the watercourses and con —

tinuous surveillance and mon i toring, in 1 968 dollars the re-

qulred municipa l and industrial wastewater facilities would

cost an estimated $1 ,373 million for the U. S. and $211 m u —

lion for Canada .

In addition , there were sixteen othe r recommendations set forth

i n  the IJC ’s repor t. (Th e I.JC issued its final report i n  1 970). Later ,

11 — 7
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governors of states and premiers of provinces met and suppor t ed a forma l

agreement between the two count r ies  w ith the IJC repor ts for m ing the major

technical g u i d e l i n e s  for  the negotiations .

• Project Hypo, (1970), s tudied the causes , effects and extent of

oxygen deple t ion in the hypo l imn ion (bottom water) of the Central Basin

of Lake Erie . The stud y indica ted tha t con trol l ing phospha te add it ion

to Lake Erie is i mmediately required to attain quick recovery and pre-

ven t irreversible effects.

The In ternational Agreement on Great Lakes Water Quality was deve-

loped and si gned by Presiden t Nixon and Prime Minister Trudeau in Ottawa ,

on April 15, 1972.

Under this Agreement , the U. S. and Canada agreed to a set of wate r

quali ty objectives in common waters and a committment to one anothe r to

carry out the necessary measures needed to obtain these goals. The Agree-

ment also g ives the IJC the responsibility to oversee guidelines , verif y

data submitted by governments and industries , and when necessary, to re—

por t to the public on progress or hindrances In implementing terms of the

Agreement , independently of the governments .

In compliance with the Agreement , specific wate r quality objectives

are se t for dissolved oxygen , total and fecal coliforms , tota l dissolved

sol ids , pH , Iron and phosphate loadings to the lake system. Ad ditional

objec t ives concerned wi th floa t ing 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 , cyan ide ,

organic contam inants , phenols , sulfa te, heat discharges and some heavy metals

L 11-8
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are bei ng studied to determine acceptable limits .

By 1975 , every munic i pality discharg ing wastes into Lake Erie or Lake

Ontario is to have a treatment plan t In place or under construction . To

control eutrophication , the amoun t of phos phorus discha rged in to the lakes

is to be reduced by a combination of tre~’tment facilities and detergent

phosphate control . Red uced loadings of phos phorus 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 w i l l  control industria l waste dischar ges , pollution from land

drainage and dred ge spills .

As this brief outline indicates , there is a sincere Interest on the

part of the Un i ted States and Canada to rehabilitate the Great Lakes and

particularly Lake Erie and Lake On tario. The functions of the IJC are

to stud y and report po llut l onal problems and pollution abatement progress

to a public which continues to demand clean , health y watercourses. The

Internationa l Agreement on Great Lakes Water Quality now stands as a po-

ten t force against pollution and as a too i with which both countries can

significantly improve their wastewa te r treatment performance for the

mutual betterment of our transboundary waters.

U. S. Nationa l Goals

A broad concensus tha t the quality of the Nation ’s wa ters must be im-

proved found expression i n  the Federa l Water Pollution Control Act Amend-

ments of 1972 .

11 - 9
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The bas ic intent of the act is contained In a series of nationa l goals

• and pol ic ies:

1. The discharge of pollu tan ts into the navigable wa ters w i l l  be

e l imina ted by 1985.

2. Wherever attainable , wa ter quality which provides for the protection

• and propagation of fish , shel l f ish , and wildlife and provides for

recre at ion in and on the wa ter w i l l  be achieved by Jul y 1, 1983.

3. The d ischarge of toxic pollut ants in toxic amounts will be prohibited .

• 
‘ This na tional policy includes federa l financial assistance for publicly

owned waste treatment works and encourages waste treatmen t planning on an area—

wide basis . It emphasizes the need for research and demonstration efforts

to deve l op the necessary technology to eliminate the discharge of pollutants.

Public par tici pation in the fight against pollution is to be encouraged

and assis ted.

The Wa ter Pollution Control Act Amendments of 1972 state tha t one

or more projec ts should be unde r taken to demonstrate new methods and tech—

niq ues for the elimination or control of pollu t ion wit hin the wa tersheds

of the Great Lakes , and tha t the Chief of Engineers is directed to des i gn

and deve l op a demonstration wastewater management program for the rehabi li—

tation and environmenta l repair of Lake Erie. The program must set forth

al ternative systems for manag ing wastewa ter on a reg ional basis inc l uding

land treatment disposal systems with ”aera ted treatment—spray irri ga t ion

technology,”prov ision s for the disposal of solid wastes , and advanced

wastewa ter treatment technology . The new law states tha t wastewater treat—

ment management should encourage construction of revenue—producing facilities
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thro ugh the use of sewage e f f l uent recycl in g to agr i c u l tu ral lands ; the

storage of poll utants not recycled; the reclamation of wastewater; and an

env ironmentally sound method of hand ling sewage slud ge. Was tewater treat—

• 
• 

ment management should take advantage of opportunities related to sewage

• t reatment  and sewage recycling for industrial and municipa l wastes , in-

cluding waste heat and therma l discharges , and open space and recreationa l

— 
poss ibi l i t I e s .

The Water Pollution Control Act Amendments of 1972 provide for effluent

limitations in Title II I  — Standards and Enforcement:

(b) I n order to carry out the objective of this act there shall be achIeved——

‘( i ) (~4) not later than July 1 , 1977, effluent limitation s for point

sources , other than pub l icly owned treatment works , which

shall require the application of the best practicable control

technology currently avai lable.. .and

“(B) for publicly owned treatment wor ks in existence on July 1 , 1977,...
effluent limitations based upon secondary treatment ...or

“(C) not later than July 1 , 1977, any more stringent limitation ,

inc l uding those necessary to meet water quality standards , treat-

men t standards , or sched ules of compliance established pursuant

to any State law or regulation ,...

“(2) (A) not later than July 1 , 1983 , effl uent limitations for categorIes

‘
I and classes of poin t sources , other than publicly owned treat—

men t works , which shall require application of the best available

• technology economically achievable which wil l  result In reason—

able further progress toward the national goa l of eliminating

the discharge of all po llut an ts...and
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“(B ) r:.lt la ter than July i , 1983 , complia nce by all pub l icly owned I
treatment works ...”

There is a clear manda te from Congress to eliminate the discharge of

- 
pollutants into the Nation ’s wa te rways by 1985. Far—reach ing goals and

- policies relative to pollution control are now the law of the land . Th is

stud y and report has been undertaken as part of the effort to achieve the

• estab lished qualIty goals for the waterways of the Three Rivers Basin and

• Lake Erie .

1 1 — 1 2
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EFFLUENT DESIGN CRITERIA

To prov i de a framework for the Survey Scope Study, the Corps of Eng i neers

• 
• established des i gn cri teria and a sched u le for phas ing from one set of cr 1—

teria to the next.

The al ternative reg ional pla ns were developed using two sets of desi gn

cr i ter ia , referred to as Leve l 1 and Leve l 2. Leve l 1 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 pollu t ion

as functions of the receiving water classification , dil ut ion ava i lab i l i ty,

pla nt s ize , and seaso n. Leve l I cr iteria consist of the most stringent

req uirement for each of those effluent concentrations .

Leve l 2 is based upon the national goa l ident ified in the Federa l

Wa ter Pollution Control Act Amendments of 1972 , “. . . that the discharge

of po l lu tants  into the navigable waters  be e l im ina ted  by 1985. ” The Of f ice

of the Chief of Engineers , Department of the Army (O.C.E .) es tablished

techn ica l goals for this study commensurate w i t h  tha t national goa l, i.e. ,

(1) to prevent the continued degradation of our w ater  resources by water—

bou rne wastes and (2) to provide for the e f f i c ien t  reuse of treated or re—

nova ted was tewater and by-prod ucts.

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

consis ting of the most stringent constituent levels from among those re-

quired for public water supply, irrigation wate r , l ives tock wa ter , and aqua t ic

habi tat. Those criteria are referred to as the O.C.E. Goals. The O.C.E.

Goals should not be interpreted as effluen t standards established by the

Federal Government , but ra ther the t ransla t ion by the Corps of Engineers

L 
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of the stated national objective into a set of ~onslsten t guidelines for

all s imilar wastewater management studies throughout the nation .

The effluen t criteria making up Leve l 2 differ from the O.C.E. goals

to reflect the continuous performance capability of the various advanced

was tewater treatment technologies . Although the trea tment facilities are

capable of meeting the O.C.E. goals more than ninety (90) percent of the

• time , Leve l 2 cr iteria can be met essentiall y a ll of the t ime , barring

any unforeseen circumstances havin g low probability of occurrance . The

• Leve l 2 criteria add to the O.C.E. goals the parame ter , Chem i cal Oxygen

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

Table 11 - 1 i temizes the State of Ohio proposed effluent standards ,

the 0.C.E. goals , and Level 1 and Leve l 2 crIteria.

PHAS ING

The Water Pol lu t ion 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 municipa l wastewater

trea tment are scheduled as follows :

1. Secondary treatment by 1977

2. Level 1 treatment by 1 983

3. Leve l 2 treatment by 1 985

In addition , the Un i ted States and Canada agreed on 15 Ap ril 1972 to

li m i t  the concentrations of phosphorus to one m i l l i gram per lite r from

municipa l treatment f a c i l i t i e s  d i scha rg ing  more than one mi l l ion gallons

per day into Lake Erie . In accordance with that agreement , the facilities

schedu led for upgrading d i rec t ly from seconda ry treatment to Leve l 2 incorporate

11 - 14
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phosphorus remova l uni t processes in the interim period from 1977.

Collection and treatment of comb i ned sewer overflows are scheduled

as early as Is prac t ical , and not later than 1980, thereby discontinuing

the discharge of raw sewage into the waterways .

Co l lect ion and treatment of separate stormwater is scheduled at the

t ime at wh ich the various drainage basins become urban i zed. The basins

wh ich are presentl y urban ized , or become urbanized before 1980 are scheduled

for Leve l 1 t reatment, and upgrading to Leve l 2 by 1985 is scheduled . Those

bas ins becoming urbanized after 1980 are scheduled for Leve l 2 t reatment

as soon as is prac t ica l  after becoming urbanized .

- ,  
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• TABLE 11-1 
-

EFFLUENT CRITERIA

_________ 
CU30 PPL~~~ 5?5 MP ’~ 0.C.I. 0~*Ll LSIIL I 1~~~L 11

$sttbeeb3.. 5.114. I ø~~~t.U~ s~~~1.t. pe.s,sl,
I~~thly ass. 0.3 slIt Trio. (1~ Li)

ly sex. 1.0 slIt

OdI. (~~ ve ’) ~~st ~~antisa1 u n attainabl, by today’.Nsntsly a’s. 10 g4 Trio. (1) (p)
IhndSl, ~~~. 20 .g4

Plastebi. . S bstastial2y .~~~lot. r o,el loas (1) (2)

ijp~~~ l solid.
(Zasri) 5.e,ntte. to suet a degres as to .s% sass,

asus.- ~’- tu,W.& ty in th. rs.stvt~~ I sgA 20~~ A S ~~~ #t
strs~~, het ahall not .z...di

Pr.. Flowing Wi~ Cold Wat.r
Water Ptsb .rj s . Pisheri ..,

Pooling 55,55..,
$slsi. liv.?. ,
5s..rvois ., and
Islaid lakes

~~stai7 5.ni~~~Al.. ~~il, Wa.thly ~~~~~~
30 SUIt 1.5 ~~It Ari. ~ i1y

20 rgA 30 r I3

Color Ifflosut i~~arts no obj.otiooabl, color 75 Color Units (2) (2)
sor isallas.. the back~~ocad 1•vsl by
5 standard units

Ta.t • Odes Podeotico to such a d.~~se a. to not otoss
• and ob~j .cttooab 1. odor , a threshold odor lot eff.nsiv. (1) (at )

~~~~.r 725 to potabi. vat., s~pplt,a , nor
.as.. fish flesh taint ing.

5?~~~o
Ccs.ti tus ut. 2.ducttoD of a~~ sad all material , to suck Critica l b ra. far all constituaotp not
and W.a,y • d.gr.. th at th. concastritton th.rsef , p.cltioally ssnttossd shall be based noon
Watal. sthgly or In cs,bin.tt ona , ii) aI~ di$chorgs natural background l.v.l. of th s rsceiving

i. net haroful to hunan h.alt h or b ustS0 v.tircourss or a~uLf.r with exception of
lifo to Ouch a degra. that the ec005ntr.ttos constituent, that irs highly toxic or
tb.r.of in the diachirgs dos , not kill 25% injurious to the en,ironaent at trios
of a aix.d fish populflion c~~~on to the lint.. It current Stat , water eual ity
r.c.iving .trss , in a lii dilotton of ii,. standards Ira high. r , th is, stand ards
.~~~

Zs with wator l of the rseetving str a,. shall app ly; or len t . of oontoxic cc~ stit—
prorided that the calcu3.at.d concentration nsnta ma~r be r.laz.4 upward (abov e
is abs r.c.Ivisg etr.aa dos. sot exceed baokgrouad 1.,.is) should they be proven
1.~ 0 of II.. Pt War mødiai hel.rs.s. itisit . to ha not injertais to too snviroon snt of

the r.gioi .

- - • -~ Arsenic 0.05 .. Jl Absent (1) (1.3
Parts, 1.0 ugh Absent (1) (3~3

0.01 .gA Absent (1) (2.3
Cbrcnis ,

- ‘ bezavala.t o.05 .gIt Absent 1) (1,3
t.til 0.30 .aJl Absent 1) (1,3

Coppsr 1.0 ugh Ab..nt 1) (3,3
- i  Iran

total 5.0 sill So Co~~ nt 1 1,3
nolobl. 0.3 .g/S No 0 es,nt 1 1.3

0.05 .,Jl Absent 1 1,3o.oo~ .gft Absent 1 1,3
Nickel 0.01 .11 Absent 1 1,3
8*1v.r 0.05 .1/1 Abi.nt 1

• ii.. 5.0 ug4 Abeent 1 1,3

1 Squivalait to the prcpo.sd m,io affluent standarda
2 fquivalant to the 0.C J. goal.
3 Sgbjeeted to best practica l treatment at sout co~c.ntrat .d efflu ent .trsaa
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TABLE Il-i (continued) -

EFFLUENT CRITERIA

~~~~TI?u~~? ~~Th orfL~~~ r ~~~~P”~ 0.C.l. COILS L I L  I ZiPPI. II

~~~~~ April Par— Calaulat.d

~~

W s s  class. -dot ~~~ct Isav.as. 03 .ghl ass  2,I uixJ la.~~ (1.0 mg/l as S
• S Cotti cal

(mgA3(mgA) Pies

I O U  2.0 ~.0

u i & iv  1~.O 15.0 0.05
5.0 30,0 030
L5 5.0 0.15

Iitrs . Pa C~~~~~ Total Pitre~e. • 10 sift as 1 (3) 5 ugh Total
~~trogoa

• ~~tr.t.s sad
~~trit.e Pa ‘__ .. ... . b.0 ~~~ as 1 (1) (2)

£1~~ 4~~~ Pa 1.0 sift 1 (1,3
Pa C~~~~ t &b.a,it 1 (1,3

•sriliisi Pa ~~~~~~ Ab..nt 1,3
PariS Po ~~~ snt Absent 2. 3~,3Cobalt Pa c~~~ t Absent 2 1,3

Pa C~~~~t Lba.at 1,3
Pa C~~~~~~t Abs.at 1 1,3
I. c~~~~t Absent 3 1•3

Ito Pa ~~~ eat Abss*t 1 1,3
Pa ~~~~ at lbe.st 1 2.3

0~,o 
e.i ug/l Absent ~1} (1,3
~~~~~ .iA. Ab.e*t (1,3

PW.ols 0.3 ugA £be..t (1) (1,~ )

Alebia 3.017 ugh 1 1,3)• 0.003 ugh 1 1,3)
wP 3.012 mg/I 1 1,)
Di.1 *i. 3.~~? si~~ 1 1,3

0.001 mg/I 1 1,3
Ue~tachlor 3.011 ~s/1 2 1,3
Pa~t.shlss. Ps.ti.id.s and cttert,,ated

Lp~~~~ 0.008 mg/I byd ocil b000 - ab ’ent (1,3
- •~ i.ta~~~ 0.056 mg/I 3 (1,3

Pataryeblnr 0.005 mg/I (~) (1,3)
Pag~~~. PD1,

~~~bes,tae 3.1 ugh (1) (3,3
• T — p ~~~~ 0.005 mg/I (1) (1,3

• - 1e~~i~ -Kive
- 4 Patan~ a1s Rs~~~tte. to sesh a degrss that (1) san—

• c.~~~stiai s of vaid.nttfied rs4A~~~e2idea (3) (3,3)
• to the shscberU. d~ sot Ue,ed (a) 30 ~,1 Alpha R.~~sttos I pal

ci (b) ltntting values spscift.d by lb. Seta *t ~~at ice 200 pci 4 -
£20 tsr vi tsr in which csitain ranis- 0 *aeati an .?ra c,
uuclin’,s a’s bssvn to bi ebaiSt ; or (2)
ooneantrsttcss of id..ttf ted ra~~eaecbtdii
do ,ot ~~~ued l~ntts .pseUied by *00.

P.1.1 Colif am
4 Past.ris *Ws,rh 0s$ebap,

200/100 .1 — usetoty ,.ome.trte mean
1,00/130 .1 — 9* lea, thai , .eethly 200/100 .1 20~~~OO .1 200/100 .1

1.,~~~~r thr.U Apr il,
1000/130 .1 - esattly g.e~~trie .5 .5

• (Pesed an >10 .auglssMseti )

Ti,.. U. ~~~~~~ I sti,at.d, but prss.at at tracs 3ueels (1) (2)

Psial $ti.ptoceoci Pa C~~~~.t Iaictive$ed, bet pr.se.t at trace levels (3) (2)

sad A1ai21.j~~ 5 — P~ p1 v.2... up to 10 provided thi
~~~~ sses.ntTttias d s  not axc..d 10 mg/I AlkalinIt.y 100430 mg/I when p5 A. ‘—7 (1) (1)
if the 4i.cbarls dane ..t vIolate water
~~~1ity .t~~~ rds.
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• - TABLE Il-i (continued)
• EFFLUENT CRITE RIA
• . 

_ _ _ _ _  

,*OfOsID
• ~~~~~~~~~~ ~ fl0 DTW~ IT 8TAP~~O~~ 0.0.1. ~~A13 jET~~._Z ZITIL fl

b.~~~gesatthg ledecties so that 00 level. .1 receiving N0(~ 2 mg/I 5.0 mg/I <5.0 mg4
Pastas strea. is not dsprssssd belcu estab lished

sad 55) oriteria and is aoeordaooe with the 53 2 .git 8.0 .g4 <5.0 sift
• t.llswiag .rtt.riaa

Class I — Cold Water Floheni ..
flvsst Caoo.ntratton.s Calculated

• macyeas.
Z~ Stress

• • S Coitical.
5 3-  sij~ Plow-

1s52b17 Max~~~~ Monthly Ma.d~~a ,
• Avsra . D.i2 Avarage Coily (mg/i)

25 23 18 25 0.3
• • 10 15 12 18 0.

7 10 10 15 0.
• • 5 8 8 12 0.6

Class II - Scenic Vat s’s, Strew ,• leservoirs, and ekes

15 23 15 25 0.
10 15 12 16 0,

7 10 10 15 0.5
5 6 6 12 0.6

Class II! - Tree Flowing Wars Water
Pishutes (fey at lsa.t 15 a-tie,
beliw diacbargs)

30 Id 30 1,5 0.5
25 1,0 25 ItO 3.0
20 30 20 30 2.0
15 25 15 25 3.0
10 15 12 16 I,.0
7 10 10 35 k.5
5 8 8 12 5.0

Class IT — Pooling Stress., Iapa~~~~ nts,
Pack Waters sod Lakes Classified for
Warp Water Tiehsris a

20 30 20 30 0.5
15 25 15 20 1.0
10 15 12 18 2.0

7 10 10 15 3.0
5 6 6 12 5.0

Wac.pttons for Clans III and IV Wate;s
(A) In ccngssted, heav ily popalated and

industrial corridors *,sre dischar ges
Of a n~~~.r of idsnt itisa contribut.
to .ingI. or .ultiple watar quality

- - violatioss — add itiona l reductio n.
will be ‘squired as follow,
1) Additive effects of soltipi.

dischar ges shalt not exceed 4
requirements of one disch arge
of the onobi ned wets , at i. e

• point, or
2) ~~fluent rsquire.euts will be

dst.rmia.d by river studies v/
appropriste atlotuent of vast.
lied. pu’ovidsd no discharge exceed
rsqiairsseflta for Class III and
IT etr.iSe.

(s) It slop. >10 ft/nile or 1ev flow depth
<1,0 ft and free of pooling - al.lowsbl.

- • i.erssental incr.as. in P0D,~ Ae 505
(C) Pci isolated c~~~~niti.s of 1500 or iss.

aud as pntyeat.d w.st. load of ( 2000 P5
that discharges to a dry wather ditch
end fee wh ich 1u~ooms a.. the csly
prsettcal thod of tr.at.sn t, .llcvsbl. • -

r - .fflveut qieslity will ben
1005 .lO mgtl, 38 h5ug/1
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TABLE i l — i  (continued)

EFFLUENT CRITERIA

• PiOP00~D
__________ ~~~~~~ ~~~~~~~~~~~~ —~~~~ 0.C.!. G tZS IyVR L I LFITL II

Pbosphors~ Wants-water Effluent Concentration tnt.ring a Lake, 0.0~ ai/1 as PO~, 0.5 at/I as P <0.5 ag/i as P
Volorue (ag/i — P)

• (ugd) Lastiriug a Flowing Str esrt 0.10 ag/i
1975 1960 a s J ~~• Discharge s to t N

(a) Free Flowing 7ril-~itarien to Laka ~~ie10. 1.0 0.5
1—9.9 1.0 1.0
1.0 8.0 1.0

• • (b) ire. Flowing Trit taries of Ohio River
50. 1.0 0.5

• 
- 1O—l~9.9 2.0 1.0

1—9.9 8.0 2.0

(c) lakes , Reservoirs , Sicniticact
Inpoundrents and Pools

1.0. 2.0 0.5
3.0 8.0 1.0

Ts~~orature (A) Warn Water  Fis’~~ries ~Op incrsas. (2)
Reduction of h-~al. content so t~~

-
~t in

no can. the dise-arre increase the
rive r tee~pc ra~~re by anD. t’~ n 5~F,
if below the following forru .a ap~lieal

Allowabl e Peat Discharge Rate(E~U/sec)

62.i~(River flay, C*~
S)(2 A —

Ti — Allowable Mexinu s Firer leap.

)tontb Jan Feb ~ar Apr )t*y Jnn
TA 50 50 60 70 60 90

Xonth Jul Aug Sep Oct )~or
90 90 ~ 78 70 57

— River Tenp. (daily ar e.)
abov o discharge

Turbidi ty No Cocr~ent 5 Jack son Units (1) (2)

• Dissolved Solids Control to such a potnt that the dt~charFed 500 rDj~ w/si.ciftc lt~ its established 2500 ag/i. (2)
dissolv ed .~itds load doe s not increes e the for specific tnorC a~ics,

- dissolved solids concentrtt icn in the CO 25 ag/I
• y.c.ivin’ water . by core than 5< on a S0~ 10 ag/i

r caiculeted basis pre~ided that (a) th e Ca 3) ag/i
dieso1~~d e~lids i ’-rinn in t’ e rre.ivi~g Cl 250 a-gIl
waters is not exceeded, or (b) t~ e dt ssolved Na 10 ag/i
aolida eonc~nt r~t1cn Sn the dise~~rre dees P(g 125 a-gil

-• not exceed five t t~’es th e dissolved solida 71 1.7 C 1C°C to 0.8 ag/i
crit.ria for the receiring water. 5 30°C.

Al l ug/I
- MOO, *50 rilx ,ariatio~ f ros

aabient condit ieos
Mo

C
Dissolved O~~a,n Stream classiFied as wars water fish eries 6 .t/I 6 a-gA

- • Ii. O rg/i No Cossant
Str.sns ctssstfied as cold water fisheries .cept 0005<efflucDt 036.0 a-g/l

• Notes: 1. Equivalent to the proposed Ohio effluent standards.
2. Equivalent to the O.C.E. goals.

3. SubJ ected to best pract ica l treatment of mos t concentrated
effluent stream.

11—1 9

— ~~~~~ — —~~~~~~~~~~~ - -- —



• :-~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
—‘I,

WASTEWATER TREATMENT TECHNOLOGIES

Introduction

Wastewater treatment depends upon two factors: the type of efflu-

ent des i red and type of process or technology used to achieve It.

There are, generall y speaking, three types of effluent —— primary,

secondary and advanced treatment effluent. Primary treatment removes

approximately 40 percent of the po l l utants f rom wastewater by a settl-

ing process. Under secondary treatment, water is treated by a bacterio-

logical process, such as trickling filters , activated slud ge, or aerated

laggons and sett l ing. This is generally the highest level of treatment

currentl y provided in the Three Rivers area and typ i cally removes 85 per-

cent of the pollutants. The third l evel of treatment is advanced treat-

ment, which removes essentiall y all po llu tants (99 percent) from waste—

wa ter, concentrating on nutrients which have not been removed by prima ry

and/or secondary treatment.

The three fina l plans draw from the broad range of available waste—

water treatment processes . The t~ chnolog 1es of advanced treatment can

be classified as biological—land treatment , advanced biolog ica l and phy-

sical—chem i cal. Biological treatment di gests the organic pollutants in

wastewater by bacteria , and chem ica l act i on coupled wi th set t l ing completes

the process. Physical—chem i cal technology functions by removing pollutants

by chemica l action , and gravity setti ing. The land treatment technology

utilizes biological processes to achieve secondary treatment; the efflu—

er-it is then applied to agricultura l land where the water receives fina l

treatment by flowing through the “liv ing filter ” of the soil. Diagrams

of the three types of advanced treatment are given in Figure II—2 .

11—20
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Advanced Blolog ca l Treatment

Paralleling nature, the advanced biolog ic al treatment process pro-

vides an env i ronment for the growth of biologica l organisms as In the

secondary treatment process. These organisms use the organic matter con-

tained In wastewater as a source of food and are supp lied with sufficient

oi ygen to complete the digestive process. - Settling is then required to

separate solids and bacteria from the water.

Removal of nutrients , taste and odor, and remaining suspended solids

is the aim of the advanced treatment. Nitrogen and phosphorous are flu—

triants found In wastewater, which are harmful to bod i es of water by

causing accelerated eutrophication. Nitrify ing bacteria are used to

convert ammonia-nitrogen to a gaseous form wh i ch escapes into the atmos-

phere. Phosphorous is removed through biologica l uptakes, chem i cals and

filtration processes. As shown in Figure 11— 2 , the treatment process

includes filtration to remove fine particles .

It is possibl e to add components to the system to perform specific

functions . Thus, existing sewage plants can sometimes by utilized wi th

• 
• “add—ons” of advanced biologica l components.

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

agricultura l applications . Properl y controlled , sludge is a va l uable

resource for Its fertilizer (nitrogen, phosphorous) use.

Operation and main tenance costs are those Incurred by phys ical—chemica l

treatment but higher than those for land treatment, It requires a rela—

tive l y high cap i tal i nvestment. Load fluctuations reduce treatment

effectiveness and industrial spills can easil y upset the biolog ical

processes. Plant operation and maintenance is fairl y comp lex.

- 
iI—22 
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Land Treatment

Thi s method of wastewater treatment utilizes the natura l processes

of the earth’s soil zone and growing crops. Wastewater first undergoes

secondary biolog ica l treatment in either an aerated lagoon or conventional

act ivated sludge plant~ the secondary effluent is then appli ed to agricul-

tural or other suitable land by any of several irrigatIon techniques.

The soil biota , the filtration and chemica l exchange capacities of

the soil and Its l iving organisms are col lect ive ly referred to as the

“livin g filter ”. As the wastewater passes through the soil , the organic

matter, bacteria and plant nutrients are removed. Within a few feet of

the soil surface the water is clear, b e i n g  s i m i l a r  to water  obta ined

from wells.

The effect of land treatment is to recycle to the env i ronment ele-

ments such as nitrogen and phosphorous discarded as pollutants by man

but readil y utili zed 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 hi gh degree of water

purification inc l uding effective virus removal.

Operation and maintenance costs are generally l ower than those in—

curred with advanced biologica l or phys i cal—chemica l plants , al though

power demands are hig her. Extensive areas of land are committed to agri—

cu l ture for long periods of time , winter storage reservo i rs are required

for the secondary effluent , present agricultural practices may have to

11—2 3 
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be altered , and land may not be readil y availabl e near the cities .

Aerated lagoons require larger land areas and hi gher power use than

-
~ I ~~uld conventional activated sludge plants .

Physic~ l—C h emica 1 Treatment

Phys ical —chemica l treatment evolved as a sophisticated method to re-

move complex wastewater constituents , but devia tes from the processes we

think of as “biological” or “natural” . There is still a rel iance upon

phys i ca l separation of solids and water, al though chem i cals are used to

s t imula te and greatly enhance the efficiency of separation . in addition ,

the use of chemical treatment processes removes organic and inorganic

material ordinaril y unaffected by biolog ica l secondary treatment. Corn—

ponents may be added to remove specific pollutants .

This technology usuall y requires a fairl y small land area and l ower

cap i tal costs than biologica l or land treatment. It can withstand load

fluctuations well , and Is flexible for growth and operation . Certain

chemicals can be reclaimed ; however, incinera tion of the slud ge is re—

quired for this process. Large chemica l suppl y needs and hi gh operation

and maintenance costs , coup l ed with complex plant operation , make the

physical—chem i ca l p lant less attractive . The beneficial use of the solid

by—products may also be questionable depending upon local soil conditions .

11-24
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SECTION II I

REV IEW OF TWELVE IN ITIAL PLANS

During the earl y stages of this stud y twelve reg ional wastewater man-

agement plans were formulated , based upon two wate r qualit y standards (Leve l

1 and Leve l 2), and a var iety of wastewater treatment technolog ies , which

are discussed in Section IV.

Plans 1 , 3, 10 , and 11 were predicated on all water-based treatment;

Plans 2, 4, and 12 were based exc l usivel y 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 twe l ve different p lan s allowed for the

investigation of various approaches to the problems of discharge points for

tr eated water , slud ge disposal and urban storrm~ater collection and treatment .

The basic components for each of the plans are given in Table I l l - I .

In order to faci l itate cos t comparisons among p lans , an annua l comparable

cos t was derived for each p lan , based upon the cap i tal and 0 & N costs

of the individual plan components , given standard contingency factors.

The costs of the twelve p lans are summarized in Tab l e llI -2 .

These twe l ve plans were subjected to intensive review and evaluation

by the Center for Urban Reg ionalism at Kent State Un i versity, the Ohio En-

vironmenta l Protection Agency, the Ohio Department of Natural Resources ,

and Various state and local agencies . Numerous pu blic meetings were conducted

by the U. S. Army Corps of Engineers in the stud y area , as well as in Western

Ohio. The details of the evaluation are presented in the Evaluation Appendix .

Based on this evaluation , and a rev i ew of the contributions made by all

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

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

1 . All  water—ba sed treatment;

2. A combinat ion of water-based treatment for the densel y populated
metropo litan areas , with land treatment for the smaller commu n it ies
in the Stud y Area;

3. Land treatment in-basin for the smaller communities , and trans-
mission of storm and wastewat ers from the densel y populated shore—
line reg ion of the Stud y Area to a land treatment site l y ing to
the west. 

-

These concepts were incorporated in Plans A , B , and C respectivel y.

Plan I was , in essence , the Northeast Ohio Plan , which met Le ic i I

Standards and included some treatment of storm runoff . Therefore , ~he

evolution of Plan A from Plan 1 required upgrading treatment to meet Leve l

2 Standards for munici pal/industr ial wastewater and storm runoff. Of prime

importance in the selection and deve l opment of Plan A was the fact that

it represented the NEO Plan on which significant public monies had alread y

been spent , and for .-.hich several years of effort had been made , In ad-

dition , it represented a composite of p lanning by many of the mos t knowled y-

able eng ineering firms of Ohio.

The development of Plan B required opt imizing uppe r basin land treat-

ment for municipal/industrial effluent and storm runoff. A further con-

dit  ion was that the components of Plan B had to be ident ical with the cor-

responding components of either Plan A or Plan C.

H A basic alternative to advanced wastewater treatment w ith water discha r~ e

~-as the objective in Plan C. In addition to the land treatment components

located in the Stud y Area , Plan C provides f r  u ltim a t e  land-base d treat-

Ile nt for the municipal/industrial .-~astewat er and stormwater generated in

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

111 -6
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from this shoreline reg ion is accomplished by transmiss ion through a tun-

nel to a land treatment site situated within the Lake Erie drainage basin

to the west of the Study Area. This central i zed treatment complex has

been des i gnated the Western Land Treatment Area.

I-;
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SECTION IV

DESCR I PT I ON O~ SELECTED PLANS

The earlier phases of the Survey Scope Stud y developed basic data

and schematic 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 regionalizatlon , and innovative approaches to ~astewater management .

This section of the report presents three final plans , selected from among

the init i al set of twelve alternatives. The plans have been further refined

and set into phased schedules for imp lementation . Cost estimates for the

three p lans are presented in Section V.

Plans A , B and C each represent a comprehensive waste-.’sater management

program phased to meet the water quality standards described in Section II

and desi gned for the projected gro~th w ithin the Stud y Area. Each p lan

inc l udes treatment for three categories of wastewa ter: munic i pal , industrial

and urban storm runoff, Each plan prov i des treatment for the same tota l

vo l umes of wastewa ter , as shown In Tables IV- l , 2, 3 and l3.~ The methods

of treatment , combinations of facilities and slud ge disposal techniques

vary between plans . Thus Plans A , B and C are un i form in scope and In

standards of performance , but illustra te different design concepts. Phase

3 of the Survey Scope Stud y has attempted to optimize the formulation of

uach plan.

Three categories of wastewa ter treatment , physica l —chemi ca l , biolog ical ,

and land , are referred to in this report. The term “water—based treatment”

I V— I

~ All tables and figures at end of this Section . 
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includes both physical—chemica l and biologic al p rocesses, which discharge

treated effluent directl y to natura l watercourses, rather than as return

f low following l and application . The three methods were outl ined briefl y

in Section II and are defined in detail in the Havens and Emerson, Ltd.

and Wri ght—McLaughlin Engineers Phase II Reports.

General discussions of Indu strial pre—treatment , sludge handling and

disposa l, and Storm runoff treatmen t follow in this section. Plans , A , B,

and C are then described , with details of each plan presented In tabular

form, at the end of this section.

I NDUST R IAL . WASTEWATER TREATMENT

The magn i tude of the industrial wastewater prob l em In the Study Area

and the special requirements of industrial wastewater treatmen t necessi-

tated a separate investigation of this aspect of the total wastewater

managemen t p rob l em. Associated Water end Air Resources Engineers , Inc.

performed stud i es of industries within the Study Area and p rojected costs

for “in—house” wastewater treatment by industry . Some industrial waste—

waters wi l l be discharged directly to natural watercourses following corn—

p lete treatmen t in—house , and some wi l l be released to the munici pal sewer

system following Industrial pre— treatment to achieve compatibi lity with

mun icipal san i tary sewage. The estimated future contributions of In—

dustr iai wastewater to municipa l systems have been included in Table

Nos. IV— l , 2, an d 3, “Munici pal/industrial Wastewater Treated by Decade”,

and these industrial flows have been accounted for In the sizing of all

treatment and transmiss ion facilities In Plans A , B, and C.

lV—2 
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Five possIble l evels of i ndustrial pre—treatmen t were discussed and

costed on a present—worth basis in AWARE ’s Phase ii Report. These al-

ternatives varied substantiall y in cost depending upon their removal

criter ia , and it was thought that cost savings mi ght be realized by

matching different Industr ial pre—treatmen t alternatives to water—based

and l and—based fina l treatment, respective l y. The presen t—worth costs

displayed In Tabl es V— l and V—2 inc l ude costs for AWARE’s industria l

treatment Alternative 3 for all three plans. Al ternative 3 provides

for the most complete Tn—house industr ial treatment and is the most

expensive of the five .

SLUD GE HANDLIN G AND DISPOSAL — PLANS A. B, AND C

Sludge handling and disposal is an integra l part of each of the

three wastewater treatment p lans , requiring an average of 16 per cent of

the cap lta1 expenditures and 10 per cent of the yearl y operation and

maintenance costs for municipal/industrial treatment. As such, the

selection of a slud ge disposal system for each wastewater treatmen t

plant must g ive consideration to: (1) p lant l ocation and type, (2)

sludge characteristics , (3) sludge quantities , (k) public attitudes ,

(5) l and availabi lI ty , (6) soi l conditioner requirements , (7) climate ,

and (8) economic feas ibi lity. Throughout this study, an effort was

made to obtain a balance between these cons i derations in choosing the

methods of sludge treatment.

Proper sludge handling and disposal techn i ques are necessary to:

(I) produce a relatively stable material from the decomposition of

I V—3
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organic sludge matter, (2) reduce slud ge volumes , (3) destroy and/or

contro l pathogenic organisms , (4) prov ide a nutr ient—rich resource for

so il condit ioning , and (5) max imize economic benefits from sol id  waste

matter .

Slu4ge Generation -

The characteristics and quantities of slud ge generated are de-

pendent upon the treatmen t process and the required leve l of effluent

- - qual i ty.

In their Phase II Report , “Systems Desi gn and Es ti ma tes of Cos t”,

(October 1972) , Havens and Emerson , Ltd. described the prel iminary treat-

men t p lant , conventional activated sludge p lant , advance d biolog ical

treatmen t p lan t (Leve l I and Leve l 2) and the physical—chemical treat-

ment p lant (Leve l 2), a long w i th  the slud ge quant i t i es  generated for

each. These quant itie s , in dry tons per million gallons (TPD/MGD) , are

as follows :

Conventional Activated Sludge 0.645 TPD/MGD
Advanced Biolog ica l Treatment Plant

(Level 1) 1.06 TPD/MGD
Advanced Biolog i ca l Treatment Plan t

(Level 2) 1.14 TPD/MGD
Physical—Chem ical Trea tment Plan t

(Level 2) 0.86 TPD/MGD*

~TPD of waste ash from recalc ination furnace.

- 

-
~ Reductions In the vo lume of sludge generated occur through sludge d i—

gest ion and dewatering. D igestion reduces the solids (dry tons of

sludge genera ted in the conventional act ivated sludge process to 53 per

cent of its orig ina lwe i ght and to 64 per cent for the advanced

1V-4
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b iolo gica l treatment p lan ts. Di gestion and vacuum-filtration dewatering

together produce quantities of 60 and 6l~ per cen t of the dry tons of sludge

genera ted from the conven t ional ac t iva ted slud ge and adva nced b i oiog ica l

t rea tment  p l a n t s , respect ively.

The use of aerated l agoons as an alternative secondary biolog ical

trea tment p rocess is discussed in Wri ght—McLaug hli n ’s Repor t “Land Treat-

men t Phase II ,” (December 1972). The aerated lagoons provide for solids

deposit ion wh i ch undergo anaerobic and some aerobic decompositi on . The

net effect is to produce l ower volumes of sludge to be periodic all y re—

moved for disposal. The quan tity of sludge generated for disposal was

determined to be 0.21 TPD/MGO .

The quant i t ies  of slud ge to be d isposed of for each plant in Plans

A , B, and C are listed in Tables IV-k , 5, and 6.

S ludge Disposal

Various methods of sl udge treatment and disposal were investi gated

throughout the course of this study. For the conventional act ivated

slud ge process and the advanced biolog ical trea tment plants (Levels 1

and 2) sludge diges tion was the minimum treatment rece i ved at each plant.

Some require additional preparation wh i ch includes flash dry ing, vacuum—

fil tration and/or incineration . Aerated l agoon sludge was felt to be

LI stable enough pr ior , to d isposal to e l iminate  furthe r digest ion processes .

The disposal methods chosen all utilized land treatment (or land—

I V—5 
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f i l l  in the case of incinerated slud ge) as the f inal step but varied in

the preceding prep ara tory techniques , so that slud ge was ei ther vacuum

— f i ltered , d r i e d  on a sand bed , trucked as a li quid , or nurnped pr or to

disposal.

Cost comparisons were critica l factors in determ ining the method of

treatment for each plant. Studies , however, indicated that natura l

“break po ints ” in costs occurred when p lotted against the size of the

wastewater treatment facilities. These, in conjunction with phasing

requirements , ass i s ted in the selec ti on of sludge trea tment schemes and

account for var iat ions between plants.

A complete l i s t i ng  of the slud ge disposal method for each waste—

water treatment p lant in Plans A , B, and C is g i ven in Tables iV—iO ,

I V — l l , and IV— 1 2 , “S ludge Disposal” .

Soil Condit ion i nq

Evidenced by Tables lV— l 0 , 11 , and 12 is the dominant use of slud ge

for land treatment. This is due to its good nutritional (nitrogen ,

p hosphorus , potas sium , and m icronutr ients) value as a p lant fe r t i l i zer

and its ability to build up soil humus . At the same time , the use of

sludge as a soil conditioner provides the opportun i ty to conserve

natural resources.

Barren stri p-mined lands can also benefit from the application of

H - sewage sludge. Severa l demons tration projects indicate that heavy

app l icat ions of 100 to 200 tons per acre help transform acid s t r ip  mines

into forest , farm land , and conse rvation or recreation areas.

i V-6 
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Fi gure iV-6 shows the route of a p ipel ine to s t r ip  mines in Harrison

Coun ty, Oh io , which is inc l uded in Plans A and B as a major component of

- 
- the slud ge d i sposal system after 1 990. The Transmissio n Tunnel in P l a n

C removes the sludge from the major shorel ine treatment p lants by 1 990

and 2000 , so that s t r i p— m ine reclamation is not included in the slud ge

• d isposal formulation for Plan C.

STORM RUNOFF

The Survey Scope Study has been directed towards deve lop ing waste—

water management p lans w i th  the capab i l i t y  of achieving hi gh standards

of water qual i ty  in receiving rivers and Lake Erie . Col lection and

treatment of polluted urban storm runoff is necessary to reach the

stated goals of thi s study.

The Phase I Repor t of Havens and Emerson , Ltd. defi nes storm run—

off volumes and po l lutant loadings for the Study Area . For this pur—

pose, 162 drainage districts were i dentified corresponding to the areas

which are expected to be signifi cantly urbanized by the year 2020.

Figure IV— 7 at the end of this section shows the locations of the drain—

age d is t r ic ts .  Plans A, B, and C eac h define the method of storm run-

off treatment for the individua l d is t r i c t s  In Tables lV—1 4 , 15 , and 16.

A sumary of these data is presented in Table IV— 13 ,  wh i ch shows the

total average annual f low treated in each decade by the severa l general

me thods inc luded in each p lan. The total volumes to be treated in—

crease s teadil y wi th time , both because additional land areas become

IV— 7
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F ;

• urbanized and require col lec ti on of storm runoff and because areas

a l ready “urban i zed” become more densel y populated with a corresponding

increase in the amount of surface area covered by imp ervious pavement

and roo ftops, thus genera t ing more runoff per acre of land. Storm run—

off from rural areas (less than ten per cent impervious) has not been

included for col lect ion and treatment in this study.

A charac ter is t ic  of storm runoff , as compared with municipal!

i ndustr i al waste wa ter , is i ts extreme variability in rate of flow. The

stormwater treatment systems in this plan according l y i nclude de ten ti on

basins as f l ow— leve l i ng  devices to min imize the capac i t ies  required for

“downstream” transmission and treatment f a c i l i t i e s . In the more dense-

l y urba ni zed portions of the Study Area , these detention basins are de-

signed to be covered and to be constructed of concrete , resul t ing i n

rela tive l y h igh costs. The locations of concrete and earthen detention

bas ins are shown on Figures iV— l , 2, and 4 for Plans A , B, and C,

respectively. An important factor affecting costs for stormwater , is ,

therefore, the capac i ty required for detention storage. Tab les iV— l4 ,

15, and 16 , “Storm Runoff Treatment ,” present spec i f i c  design data for

the volume of each detention basin and the rate at wh ich it would be

emptied. Since these data were computed different ly for the various

comb inations of detention basin types and treatment types , a separ ate

column headed “Sizing Op tions ” In the tables indicates by a le tter wh i ch

of the fo l lowing s ix  pairs of c r i t e r i a  were used in the calculat ions for

each basin. -

I V-8 
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A. In the case of a concrete detention basin preceding an advanced

stormwater treatmen t plant , mechanical slud ge collection is in-

cluded in the basin desi gn , and t~o—hour detention storage is p ro—

vided .

Detention Basin Vo l ume (MG) (0.28 x one-year storm volume in MG)

+ (0.0162 x peak flow in cfs)

Rate of Treatment (MGD ) 
~ .30 x one—year storm peak flow in MGD.

B. In the case of a concrete detention basin preceding treatment in a

mun ici pa l sewage treatment facility , mechan i ca l sludge collection is

Inciuded In the basin des ign , and three—day detention sto rage is pro-

vided .

Detention Basin Volume (MG ) = One—year storm volum e.

Rate of Release (MGD) = One—year storm vo l ume 4 three days.

C. In the case of a concrete detention basin preceding discharge di—

-

; 
rectl y to the Transmission Tunnel , two modes of detention storage

are used to l eve l the flow carried by the Tunnel. The concrete de-

tention basin , which includes mechan i cal slud ge col lec t ion, is sized

as fo l l o ws:

Detention Basin Volume (MG) = 0.33 x one—year storm volume .

Rate of Release (MGD) (0.33 x one—year storm vol ume)
4 three days

i V—9
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In add it ion , mined storage chambers above the norma l hydraul ic grade

l i ne of the tunnel p rov i de de ten ti on capac i ty for the balance of the

storm runoff surcharge to the tunnel.

Mine Storage Vo l ume (MG) = Approxima tel y 0.40 x one—year storm
vo l ume. ~a1ance direct to tunnel).

Rate of Release is cont roll ed by the level of the hydraul i c grade

line (less than three days).

D. In the case of an earthen detention basin p receding an advanced

s tormwa ter t rea tment p lant , three—day dete nt ion is p rov i ded for the

one—yea r storm.

Detention Basin Volume (MG) = One—year storm volume .

Rate of Treatmen t (MGD) = One—year storm volume 4 three days.

E. In the case of an earthen detention basin from which the stormwater

is pumped directl y to a land treatment facility, three—day detention

;~~ is provided for 20 percent of the annual runoff .

Detention Basin Vo l ume (MG) = 0.2 x annual runoff in MG.

Rate of Pumping (IIGD) = (0.2 x annual runoff)/three days.

F. In the case of an earthen basin preceding treatment in a munici pal

- - facilit y, thirty—day detention is provided .

• tv— b 
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Detention Basin Vo l ume (MG) = 0.20 x annual runoff in MG.

Rate of Re l ease (MGD) = (0.20 x annual runoff); 30 days.

The one-year storm hydrograp hs used for desi gn purposes are

- 
based upon the 6-hour duration storm. -

t — IV—l l
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PLA N A

All trea tment is water—based in Plan A. It represents the Northeast

Ohio Plan for wastewater management upgraded to Level 2 Standards for

municipal/industrial wastewater and storm runoff treatment. See Fi gure IV— l .

The p lan is regional , with a tota l of 26 p roposed mun icipal p la nts ;

eight are now In existence . Munici pal sewage is given advanced biolog ical

treatment in all p lants except Cleveland Westerl y, Rocky Rive r, and Kent,

where phys i cal—che mica l t reatment is utilized. Table IV— l tabulates the

hydraulic loadings of the municipal/industrial treatment plants , and

Table IV—7 describes treatment processes and construction phasing for

each municipa l plant. The construction is phased to meet current appro-

priate State of Ohio Standards , and Leve l I and 2 Standards as outlined

for the target dates of 1977, 1983, and 1985.

Approx i matel y 43 percent of storni~ater runoff*is treated in munici pal

p lants during off—peak hours. The remaining 57 percent is treated in 81

separate advanced sto rni.qater treatment p lants. Storm~ater volumes and

proposed treatment methods are listed in Tables lV-13 and iV—l Ze .

Sludge gene rated by wastewater and storm runoff treatment will be

disposed of by several methods . Until 1990, the large r plants will either

incinerate , or app l y sludge to agricultural land. After 1990, some inc ln—

eration will continue , and two p i pelines will convey sludge either to

agricultural or stri p—mined land . Sludge from the smaller p lants will

be trucked to adjacent agricultural land. Sludge volumes generated by

IV— l2
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munici pal /Indu strial wastewater are given in Table v—k. Sludge

disposa l is described in Table IV —l O , and- illustrated in Figu re Iv— 6 .

Tr ea tmen t Plan t Si te Se lect Ion

The Nor theas t Ohio Plan, a major stud y comp leted in 1972 , favored

regionalization of wastewater treatment facilIties for the followIng

reasons:

1 . A large p lant Is more adaptable to technologica l changes ,

and these changes are more apt to be incorporated in larger

plants.

2. A sing le eff l uent discharge is easier to monito r and reg-

ulate than severa l i nput points.

3. Generally, as regionalization and the combining of areas take s

place , the eff l uent discharge point may be loca ted where the

• i mpact on stream flow is lessened.

4. Scale economies occu r both in new construction and i n

operation and maintenance.

5. The Impact from slug loads , varIations In f low, and I ndustrial

loa ds are reduced.

~~~. lbs dup l ica t ion of t rea tment units in large plants minimizes

the Impact of maintenance outages.

The rational , of th. NEO Plan regarding plant site selection is pre-

sented as described by Surgsss and Niple. It formed an I mportant basis for

• plant sit. sel ection In Plan A.

Rocky R iver lasin. The correction ~ present municipa l

wastewatsr deficiencies wi l l  inc l ude expansion and additiona l

t rsatmsn t at seve ra l plants for the I nter im period until the

SOuthwest Interceptor of the Cleve la nd Southerly plant is

constructed and can serve the a rea . The long—range management
IV— l3
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strategy requires tha t all mun icipa l wastewater stream

discharges within Cuyahoga County be exported to the

Cleveland Southerly plant. This is required to protect

the high recreationa l use of the Rocky Rive r in the

Cleveland Metropolitan Park area.

Cuyahoga River Basin. The ma nagement strategy for this

basin is to gradually establish complete reglonalizatlon

of collection and treatment systems In the lower basin.

The Cleveland and Akron sys tems would expand to meet

generall y along the Ohio Turnpike. Smaller reg iona l

systems would evolve upstream of the Akron sys tem

a round Kent , Ravenna , an d Au rora . A ll waste discha rges

into the Cuyahoga Rive r be tween the Akron p lant and

Cleveland Southerly plant would be eliminated to protect

the recreation river corrido r existing and p roposed for

this reach of the stream. Many wastewater treatment

p lants In the Akron and Cleve l and service areas must be

expanded In both capacity and leve l of t reatment on an

interim basis until they can be p hased out by construction

of interceptors.

Additiona l interceptors must be constructed along the

lowe r Cuyahoga Rive r, capable of carr y Ing one-yea r Storm

flows and convey i ng them to a storm water treatment faci lity .

To meet wa te r quality standards In the ship channe l specific

positive reae rat lon devices mus t be installed.

( ‘ Iv- l l+ 
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i t Is estima ted tha t construction of all the correctIve

action listed above w i l l  require  the rest of thi s decade

for construction. Water quality standards can be achIeved ,

upstream of the ship channel by 1977. The ship channe l

can be restored by 1980. As a part of the water quality

program , many t reatment plants will be abandoned through-

out the entire basin . These sites are reconunended for

conversion to stream access points.

Cha grin River Basin. For this river basin, the critica l

wa ste constituents wh i ch must be corrected Include sus-

pended solids , BOD , aci ds, and temperature .

The l ong-ra nge management strategy Is to effect some

regiona l Izatb on of small treatment plants Into nine

service a reas .

Many small treatment plants will be retired in this basin.

The sites are reconunended for convers i on to stream access

points .

iV— l5
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PLAN B

Plan B combines the t.chno l og les of advanced water-based

treatment and l and treatment. The unique aspect of Plan B is that

all features are Identical to either Plan A or Plan C.

The simi l arity to Plan A lies in nine large municipal plants

wh i ch ar e coemon to both plans . These include Cleveland Southerly, H

— 

~- Akron, New Kent and six plants.~-located on or near the Lake Erie

shoreline. As in Plan A, Cleveland Westerl y, Rocky Riv er, and

New Kent are phys ical—chem ica l p lants ; the remainder are advanced

biolog ical plants. All other wastewater treatment facilities

l oca ted In the upper reaches of the Three Rivers are aerated l agoon!

land treatment facil i ties. Figure 1V— 2 illustra tes the plan. A

tabulation of the municip al p lants with the volumes of mun Icipal /

industrial wastewater treated, is presented in Table IV— 2. Table Iv-8

shows the t reatment processes involved and the pha sing of

construction. Construction phasi ng of the facilities provides for

meet i ng Level I and Leve l 2 Standards specified for 1977, 1 983, and

1985.

H Wastewater treatment facilit ies in Plan B include nine municipa l

water—based treatmen t p lan ts, twenty— two municipal ae rated— l agoon/

4 land treatment systems; thirty—nine advanced stormwater treatment

plants , and forty—six separate stormwater land treatment sites .

By the year 2020 approx Imatel y kl% of the p rojected annua l vo l ume

of stonnwater to be treated Is routed to advanced stormwater

treatment plants , 40% to mun icipal water—based treatment plants , 4%

to municipal aerated lagoons and 14% to separate land treatment sites.

Sto rm runoff t rea tmen t, by drainage di st r ic t, is defined In Table

IV—l 5 for Plan B.

IV— l6 
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Slud ge disposa l f r  Plan I is quite similar to Plan A; it is

accomplishe d by Inci ne ratIon , and app iicat i on to agricultur a l and stri p—

mined land . An exi stirs~ pipeline will transport sludge from W illough by —

Eas tlake to strip-mine d dI sposa l a reas until 1990. After 1990, a new

pipeline will convey slud s from Euclid , Cleveland Easterl y, Cleveland

Sou therly, and Akron to strip in i ned land; a second p ipeline will carry

slud ge from W il lb u g hby—Eas tlake to agricu l tura l land . These p ipeline s

and the disposa l areas are Indicated in Fi gure Iv—6 . Sludge volume s

p roduced by municipal /industrial wastewater are gIven in Table iV— 5 , and

slu dge disposal methods are descrIbed in Table iV — l l .

In  Pla n B, p lan t site selection was based upon the objective of

providing land treatment where appropriate sites existed i n  reasonable

proxImi ty to the smaller plant locations. The larger wa te r—based

p lants would be sIted in a manner I dentica l to tha t in the Northeast

Ohio Plan .

Ii
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• PLAN C

This plan u t i l i zes  land treatment technology as part of a comprehens ive

regiona l wastewater scheme. The p lan has four basic divisions :

1. E i gh t advanced water—based p la nt s lo ca ted on or near the Lake

Erie Shoreline. They are phased out in two groups in the yea rs

1990 and 2000 respectivel y.

2. The Western Lan d Treatment Area. This subsystem commences opera-

tion in 1 985 , wo rks In conj uncti on wi th the Lake Erie Sho rel i ne

p lants during the phase—out period from 1990 to 2000 , and pro-

v ides to tal t rea tmen t for wastewater gene rated in the Cleveland

me t ropolitan are a after 2000.

3. Twenty—t hree aerated lagoon/land t reatment f a c i l it i e s  located

In the uppe r r i ver basin s .

4. The advanced biolog ica l trea tmen t p lant at Akron .

These four elements provide treatment for all the municipal/ industria l

wastewa ter genera ted in the S tudy A rea and for pa rt of the stormwater .

in 1990, 66 percent of sto rrnwater runoff wi l l  be trea ted at the Western

Land Treatment Area , four percent by i n—basin aerated lagoon/land

trea tment , and two per cent by the Akro n plant. The rema ining stornwa ter

w i l l  be t rea ted e it he r by advanced stor mwater t rea tment plants (21 percent)

or by storage and land treatment (seven percent). By the year 2020, the

percen tage of wa te r trea ted in—basin w i l l  be grea ter; the Weste rn Land

Treatment Area wil l  then treat approx i matel y 55 percent of th~ stormwater

runoff.

The la nd t rea tment sys tem has e i ght bas i c compone nt s :

I . A co l lec t ion  system , w h i c h  may be expanded to serve growing areas ;

iv-T8
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2. Biolog ical treatmen t cells or conventional secondary treatmen t
p lan ts;

3. TransmissIon p i peline or tunne l to convey the water to storage;

k. Storage reservoir to p rovide for winter carry—over and storage
during rainy weather;

5. irriga tion systems s im i la r  to those used by farmers, and agri-
cultura l or open —space land ;

6. Soil zone cons i s t ing of the upper one or two feet of the earth ;

7. Underground drainage system which collects the percolating
water from beneath the soil zone and transm i ts it to a natural
or artificial channel ;

8. S ludge disposa l land and facilities which app ly the settled
solids to land at predetermined ra tes
to increase the nutrient content of the soil  and to provide
a soil conditioner.

The Western Land Treatment Area u t i l i zes  the components l i s ted above,

including a Transm ission Tunnel to convey wastewater and storm water runoff

from the Cleveland metropolitan area to the western agricultura l area. The

183-square mile western land treatment site lies in portions of Huron , Seneca,

C rawford and RIchland Counties and Is illustrated in Fi gure IV—5.

- • The land treatmen t si tes which lie in the upper basins of the Cuyahoga ,

Rocky and Chagrin Rivers require much smaller tracts of land , and generally

lie close to the urban areas being served. Some of these land treatmen t sites

V are paired wi th  aera ted lagoons; others treat stormwater which requires only

st orage prior to land treatment.

The Akron p lan t  Is the onl y water—based treatment plant wh i ch discharges

treated water directly to a natural watercourse and continues to operate

during the entire prog ram. This treatment plant will be expanded and

modified to treat sewage to a l evel which will perm it body contact sports

IV- l9
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in the receiving water . The discharge from Akron into the Cuyahoga Rive r

• w I l l  increase the flow of the river; this Is beneficial during low—flow

per iods . Stream f low w i l l  a lso be augmented by the upstream land treatment

facilities: winter wastewa ter will be released from storage during the

summer when natura l flow s are at their lowest level , and w hen municipa l

w i thdrawals crea te the most impact. (S-t reamf low augmentation of the

Cuyahoga R i ver is a lso discussed in a specia l  subsect ion at the conclus ion

of the Plan C descript ion.)

Sl udge disposal in Plan C wil l  be accomp l ished pr imari l y by i n c i ne r a t i o n

and app l i ca t i on  to agr icu l tura l land prior to 2000 . By 2000 , inc ine rat ion

w i l l  be phased out and slud ge gene rated by t he aerated lagoons w i l l  be pi ped

to agr icul tura l land . The sl udge normall y genera ted at the Lake Erie shoreline

p lants is removed at the Western La nd Trea tment Area in Plan C; the refore,

there is no provision for slud ge disposal o n the s tri p—mined la nd in South-

eas t Ohio .

The following tables summarize the data for Pian C. Table IV— 3

tabulates the volume s of mun icipal/industrial wastewa ter treated; Table

iV — 9 indica tes the type of treatment by facili ty. Sludge vo l umes genera ted

by mun ici pa l / industr ia l  wastewa te r and the methods of sludge disposa l are

ind i ca ted in Tables iV—6 and iV—l2 respectivel y. Trea tment of storm runoff

is described by dra inage d i s t r i c t  in Table i v— 1 6 . The p lan is illustrated

in Figures iV— 3 , iv -4 and IV— 5.

Plant s i t e  se lec t ion  in Plan C was based upon reg i onalIza tion of

treatment s i tes . Two major ob jec t ives were consol idation or lowe r basin

plants , and , In the upper bas ins , returnIng eff luent to loca l streams

iV—20
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near the ori g in of the wastewater. The plan design specifies that lower

bas in col lect ion points which presently discharge to Lake Erie , or near

the Lake , w ill be col lected in the Effluent Transmission Tunnel for reg-

ional final treatment. Akron was selected for water-based discharge to

the Cuyahoga Rive r to augment stream flow .

Major fo rmulation constraints we re imposed in Plan C wh ich controlled

I. 
I t he basin scheduling of the plan and affected the cost.

-
- - 

As now formulated in Plan C , the Western Land Treatment component

wou ld not be made operational early enough to achieve Leve l 1 standards

by the requi red date . Therefore , al l shoreline plants were required to

use advanced water -based treatment to ach i eve Leve l I standards independ-

entl y pr ior to land treatment in i t ia t ion. Wastewater needs onl y secon-

dary level treatment prior to land t reatment; the land t reatment alone

comp le tes the removal of constituents to the degree required by both

Leve l I and Leve l 2 standards . Prior to 1 985 , Plan C is pr imar i ly  a

water—base d plan , w ith a land treatment system added in 1985 . An addi—

L 

t ional constraint d ictated that heavy metals and total d issolved sol ids

be removed at the industry in the same manner as for water—based treat-

ment.

The re we re no addi t ional  condit ions imposed on the p lan: 1) Akron

was to have a water—based discharge to the Cuyahoga River ; 2) an equa l

-
~~~~~ amount of water was to be added to the Cuyahoga Rive r to replace the ef-

fluent transported from the Southerl y treatment plant to the Western

Land Treatment Area . These added waters we re to help flush the lower

reaches of the river.

iV-2l 
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Western Land Treatment Area

At its ultimate capacity during the study period , in the year 2020,

the Western Land Treatment Area will provide treatment for approxi—

— mate l y 200,000 millIon gallons per year of municipal/industrial waste—

water and an average volume of 40 ,000 m i l l i on  gallons per year of storm—

water. These annua l vol umes together amoun t to approximately 736,000

acre—feet , wh ich are g i ven land treatment on a total net irrigated area

of 118 ,000 acres at an averag e application rate of 75 inches per year.

- A
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Re~ iaceme nt of Cleveland Southerly ’s Discharge to Cuyaho~a R iv e r

In Plan C, the Southerly Sewage Treatment Plant become s a major point of

discharge to the Transmission Tunne l to the Western Land Treatment Area ;

in the year 2020, it would contribu te ~pproximateIy 35 percent of the municipal!

Industrial wastewater being conveyed through the tunne l from ei ght load points

along the Lake Erie Shoreline . This flow sign ificantly affects the economies

- - of scale realized at the Western Land Treatment Area .

This same f low a lso represents a potent ial  factor for water qual i ty

control in the Cuyahoga River be l ow the Southerl y plant sIte. AWARE has

dete rmIned , in prel iminary studies , tha t anaerob ic condi t ions w i l l  occur

In the navi gation channe l during low-flow , high-temperature periods regard-

less of the quality of the wa ter en tering It from upstream. Tr ial runs have

shown that the dissolved oxygen (DO) in the rive r will decrease as it passes

through the navigation channe l . In order to ensure a DO leve l of 4 mg/ I

In the nav i gation channe l , eithe r oxygen must be added directl y to the water ,

or a high leve l of flow augmen tation with hi gh quality water must be prov i ded.
- 

- 
The AWARE investi ga t ions concluded tha t no modif i ca ti on of ups t ream wa ter

quali ty could maintain a DO level of 3 mg/ l during critica l low—flow periods ,

and that aeration of the channe l would be the onl y possible al ternative .

In order to determ i ne wt,ether transmission of Southerly ’ s return flow

- ; away from the Cuyahoga Rive r in Plan C would be cos t—ef fec t i ve  given the

cons traint of preve nt ing cri t ica l low f lows in the lowe r Cuyahoga , costs

were estimated for replac ing the discharge from Southerly with an equivalent

volume of wa ter from Lake Erie. The economy of scale ga i ned by adding Southerly ’s

f l ow to was tewater being treated at the We s tern Land Treatment Are a resul ts

IV—2 3
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in a substantial savings. The combined cost of bringing an equivalent volume

of Lake Erie water to the Southerly Plant outfall and of treati ng the Southerl y

-
~~ 

f lo.~ at the Western Land Treatment Area , wou ld be less than the cos t of

-
- t rea t ing  the wa ter In an advanced b io log ica l  treatment plant at the Southerly

s i te . The annua l cos t difference would be approximate ly $1 mi l l i on.

Further control of po l lut ion in the Cuyahoga River nav igat ion channel

would not be related to the Southerly plant flow , but to othe r factors ,

such as the collection and trea tment of storm runoff , el iminat ion of coii—

b ined overflows , and the curbing of presen t industr ial  pol lutant discharges.

Phosphorous Remov~ Requirements for Plans B and C -

The International Agreement on Great Lakes Water Qual i ty ca l l s  for early

reductions of phospha te flow to Lake Erie. This ef f luent qua l i ty  constraint ,

coupled ~i th the requirement tha t time be allowed for early action programs

to demons t rate the r e l i a b i l i t y  of land treatment In northern Ohio , resu lted

in the subst i tu t ion of advanced wastewater treatment p lan ts for land treatment

in Plan C as the means of achieving Leve l I Standards for the Cleveland

metropol i tan area . Construct ion of Leve l 1 plants has also been scheduled

in Plans A and B for the 1975 - 1980 period . Table iV-9 indicates the

ei ght plants w~iich would be constructed to Leve l I Standards in Plan C before

completion of the Transmission Tunne l in 1985.

There are seven addit iona l p lants In the uppe r reaches of the Three

Rivers Basin which are larger than 1.0 MGD ca pacIty by 1980 and to which

the phosphate remova l requirement might apply. These include : •~ed i na County,

New Medina , Liverpoo l, Ravenna , New Ken t, Burton , and Chagrin Fails. Of these

IV— 24
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seven p lants Burton and New Medina w i l l  be earl y—action land treatmen t

demons tration projects and phosphorous will be removed. For the remaining

-

- f ive plants , aerated lagoons are scheduled for construct i on by 1977 to meet

appropriate secondary treatment effluent requirements , If the phosphate

remova l requ irements were applied to these f ive plants prior to 1983 , then

i t is probable that activated slud ge processes would be s ubs t ituted for

the aera ted lagoons because of the compa tabilit y of activated sludge plants

wi th  phosphate removal processes. * These activated slud ge p lants would then

be ut i l i zed  for secondary treatment throughout the stud y period for Plan C.

The same rat ionale as above for using activated slud ge plants for

secondary treatment prior to land treatment in Plan B applies to four upstream

plants , Including Ravenna , Liverpoo l, Medina County, and Chagrin Fal ls.

in Plan B, Kent is a physica l chemical plant , as in Plan A.

The chan3es which occur in their tota l annual costs as a result of

proceeding to act ivated slud ge treatment plan ts for the f ive plants in

Plan C , and the four plants in Plan B, are presented in Table V— I3.

The final design decisio ns made by the desi gn eng ineers af ter projec t

.5 authorizat ion w i l l  deal d i rect ly  w i th  the quest ion of wheth er to use ac t i—

va ted slud ge plants or aerated lagoons for secondary treatment of wastewater

prior to f ina l treatment at al l  municipal land treatment f a c i l i t i e s  loca ted

In the upper reac hes of the basin in Plans B and C.

iV-25
~Uniess land treatment of wastewater at these 5 p lants was in i t iated earl ier ,
in wh ich case the phosphorous wculd be app lied to the crops. At any rate ,
phosphorous removal equipmen t would be abandoned on these activated sludge
plants by 1985.
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EARLY—A CTION PROGRAMS FOR PLANS A , B .~~C

Spec i f i c  earl y—ac tion projects related to the finall y—selected p lan

should be in i t ia ted as soon as possible in order to produce data before

the first major phase of construction. The obj ect ives of these projects

should be to provide experience for refining and optimizing des igns and

for making future decisions concerning the overall wastewater manage—

- ment system as it develops. Producing firm data on the costs and ef-

fectiveness of wastewater management techniques proposed In these plans

will requ i re thorough mon i toring p rograms to establish baseline en—

vironmenta l conditions and to record changes. Conducting earl y—ac tion

programs w i l l  also demonstrate the p rac t ica l i t y  and benefits of the ad-

vanced wastewater trea tment systems and facilitate public review and

part ic ipat ion .

More complete discussions of the earl y—action proposals related to

their fields of technical responsibility are contained in the Phase I I I

Reports of Havens and Emerson , Ltd. and Wri ght—Mc Laughl in Enginee rs.

The projects listed below are sumarized in amatrix showing their ap—

- 1  pl lcab i l i t y  to par t icular plans.

1. Urban Stormwater Runoff Treatment

a. Water—based treatment of runoff from a separatel y—

sewered, densely—populated area of mixed residential

and commercial developments —— c9ncrete basin stor-

age with capacity opt imized w i th  the treatment p lant

IV— 26
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capacity —— mon i tor Influen t and effluent —— measure

raInfall and runoff — Level I and Level 2 treatmen t

prov i ded.

b. Water—based treatment of runoff from a separately—

sewered , moderate ly—popu lated area not in a met ro-

pol i tan urban environment (a sub—urban res i dentIal

area such as a smaller outly ing c i ty  in rural sur-

roundin g s) —— earthen basin storage with treatment

capacity to empty basin In 30 days —— quantity and

quality mon i toring as in (a) —— Leve l 1 or Leve l 2

treatment depending on demonstration process selected.

c. Land—based treatment of runoff from a typ i cal down-

town urban area as in (a) above.

d. Land—based treatmen t of runoff from a typ i cal out ly ing

res idential area as In (b) above .

2. Advanced Municipa l Wastewa ter Treatment Plants

a. PhysIcal—chemical treatment — on a 5 to 10 MGD p lant

wi th Level 2 capability —— mon i tor cost of operation

closely with efficiency —— make side stream studies

l- , to de termine response to highl y vary ing flow rates.

(investigation of treatment of mixed domestic— i n—

dustr lal waste in a larger size plant could also be

considered .)

b. Biolog ica l  t reatment — Leve l 1 and Level 2 capabilIty

IV— 27 
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—— monitor p lant influen t and effluent as well as river

above and be lo.~ the p lant ef f luent. Mon i tor r iver for

chemica l and biological  qual i ty  to assess benefits of

higher deg rees of treatmen t —— for large munic ipal i ty

wi th mixed municipal , industr ial  and stormwater flow

as wel l  as for smaller size plants.

c. Land treatment — ( I )  at an in—basin site using the

overland flow/infiltration method —— (2) at an In—

basin site using the spray irrigation method on t. hi i i

Soils —— (3) at a s i te in the western land treatmen t

area using the center— p ivot rig spray irri gation method

on Cardington—Benn ington So i ls  — with various land

managemen t techniques.

3. Storm Runoff Reduction by Urban Drainage Management

Prov ide storm drains , on—si te  storage , par king—lot

storage , roof— top storage, and si te wo rk des i gned for

maximum infiltration —— demonstrate techn i ques to reduce

- 
- runoff —— sedimentation con trol practices to be demon—

strated -— Planned Unit Development Concept app lied to -

demonstration s it e —— use a comercial building block

In a major c i ty  —— use open space in a major c i ty  suburL

1~ Sludge Handling

Show various ways to handle sludge -— app ly to agri—

cultural land, stri p—mined land , and san i tary landfill ——
IV— 28
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mon i tor leacheate and surface runoff for loss of metals ,

salts , nutr ients , and viruses -— compare crop y ields and

phys ica l charac te r i s t i cs  using condit ioned soi l  w i t h  crops

from non—condition ed soil -— s tudy sl udge applica tion

techniques , including Injection and costs —- stud y pro—

blems posed by wintertime conditions —— use a mixed mu nl—

ci pal-Indust ri al slud ge to measure heavy meta l disposal

capabilities of soil In agricultura l land area —— demon—

strate recla mation potent ial  in str ip-mined lands and

other s te r i le  areas.

5. Water Qua lTty andQuantjty Monitorin g Sys tem

Master system for ent i re Three Rivers  Basin Study

Area — — computerized control center for water intelli gence.

Program Plan A Plan B Plan C

I. Urban Stormwater Runoff Treatment
a. X X X
b. X X X
C. x x

2. Advanced Munici pal Wastewater
Treatment

x x
-H (1) x x

(2) X X

(3) X

3. Storm Runoff Reduction by Urban
Drainage Management X X X

4. Slud ge Handling X X X

5. Water Qual i ty and Quantity 
-

.5-— Mon i toring System X X X

lV- 29
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TABLE iV— 1

MUNICIPAL/INDU STRIAL WASTEWATER PLAN A
TREATED BY DECADE

(MGD)

PLANT 1972 1980 1990 2000 2010 2020

Lake Erie
Cleveland Easterl y 12 5.00 140.00 148 .00 158.00 1614.00 172 .00
Cleve l and Westerly 35.91 37.14 39.69 41 .22 42.75 45.18
Euclid 14.53 19. 11 214.05 28.60 33.63 37.34
Rocky River 7.14 1 1. 1 1 14.39 16.77 19.72 22.Q5

— Tota l 182.58 207.36 226.13 21+4.59 260.10 276.57

Rocky River Basin
Lakewood 17 .11 18.00 19.00 19.00 20.00 21.00
Liverpoo l 3.08 6.6~ 9.40 12 .24 15.85 20.09

Total 20.19 24.69 28.40 31.24 35.85 41.09

C uyahoga River Basin
Akron 71.00 84.09 97.83 111. 33 129.03 149.67
Auburn Township 0.1 7 0.28 0.39 0.53 0.69 0.84
Burton 0.18 0.32 0.145 0.56 0.72 0.91
Butternut Creek 0.21+ 0.37 0.50 0.66 0.89 1.17
*Chardon 0.03 0.07 0.10 0.13 0.17 0.20
Cleveland Southerl y 101.65 129 .24 182.52 206.15 225.21 234 .20

.5 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 0.147 0.58 0.74 0.86
Mldd lef ie ld 0.77 1.06 1 .42 1.72 2.23 2.70
Randol ph 0.20 0.30 0.40 0.50 0.65 0.75
Ravenna 2.05 3.35 5.4 1 8.53 10.60 12 .34
Troy Township 0.09 0.15 0.21 0.29 0.38 0.47

H Tota l 182.58 230.42 305.84 35 1 .144 396.35 ~+33,00V

Chagrin River Basin
Aurora Centra l 0.22 0.60 1.32 1.73 2.3 1 2.98
Chagrin E. Branch 0.49 0.72 1.00 1.25 1.58 1 .95
Chagrin Fall 0.81 1.35 2.05 2.53 3.08 3.58
Falrmount Road 0.07 0.54 1.55 2 .114 2.80 3 .40
Fowler ’s Mi l l  0.42 0.614 0.88 1.14 1.514 1 .98
McFarland C reek 0.18 0.63 1 .90 2 .66 3.52 14.29
Newbury Township 0.33 0.50 0.69 0.90 1.13 1.54
Wl l l oughby—Eastiake 5.55 

— 
7.92 11. 61 15.07 18.96 2247

Total 8.07 12.90 21.00 27.42 314.92 41.99

Interim Plants 20.10 21.21 
______ ______ ______ _____

Gr and Total 413.52 496.58 581.37 6514.69 727.22 792.65

* Chardon Is t reated out of the Study Area and is not costed In this p lan.

v—3 0
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TABLE 1 V 2
- - 

PIJNI CIPAL/ I NDUSTRIAL WASTEWATER PLAN B
TREATED BY DECADE

(MG 0)

PLANT 1972 1980 1990 2000 2070 2020

Lake Erie
Cleveland Easterl y 125.00 140.00 148.00 158 .00 164. 00 172 .00
Cleveland We s terl y 35.91 37.14 39.69 41.22 42.75 45.18
Euclid 14.53 19.11 24.05 28.60 33.63 37.34
Rocky Rive r 7.14 11 .11 14.39 16.77 19.72 22.05

Total 182.58 207.36 226.13 214¾.59 260.10 276.57

Rocky Rive r Basin
Hinckiey 0.12 0.55 7.04 1.25 1.50 1.72
Lakewood 17.11 18.00 19.00 19.00 20.00 21 .00
LIverpoo l 0.41 1 .31 1.96 2 . 5 7  3)41 5.00
Mailet Creek 0.10 0.20 0.30 0.40 0.50 0.60
Medina County 0.41 1 .31 1.96 2.57 3)4 1 5.00
New Medlna 2.16 3.87 5.18 6.70 8.53 9.49
Upper East Branch 0,08 0.36 068 0 8 1  0.96 1 .11

Total 20.39 25.60 30.12 33.30 38.3l 43.92

Cuyahoga Rive r 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 0.95 1 .38 1 .87 2.28 2.95 3.61
Butte rnut C reek 0.24 037 0.50 0.66 0.89 1 .17
Chardon 0.03 0.07 0,10 0.13 0.17 0.20
Cleveland Southerl y 101.65 128.33 179.68 202.67 221 .02  229.37

East C laridon 0.08 0 . 7 4 0 .21 0.3) 0.39 0.148
Mantua 029 0.37 047 0.58 0 7 4  0.86
New Kent 5.83 10 .68 15.93 20.15 214 6 5  28.41
Randolph 0.20 0.30 0.40 0.50 0.65 0.75
Ravenna 2.05 33 5  5 4 1 8.53 10.60 12.34
Shalersboro 0.59 0.81+ 1 .12 1,142 1.73 2.00

-

- 

- Troy Township 0.09 0.15 0.21 0.29 0.38 0 .47
Total 183.17 230.35 3014,12 349.38 393.89 430.17

Chagrin RIver Basin
— Au rora Centra l 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 Falls 0.99 1 .98 3.95 5.19 6.60 7. 87
Fairmount Road 0.07 054 1 .55 2.14 2.80 3.40
Fowler ’s Mil l  0.42 0 .614 0 .88 1.14 1.51+ 1.98
Newbu ry Township 0.33 0.50 0.69 0.90 1. 13 1.54
W illoughby- Eastl ake 5.15 7.92 11 . 6 1  15. 07 18.96 22.21

Total ~.07 12.90 21,00 27.42 3’k.92 41.99

Interim Plants 19.31 20.37 
______ ______ ______ ______

Grand Total 1+13.52 496.58 581.37 654.69 727.22 792.65 
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TABLE IV- 3

14.JNICIPAL/INDUSTRIAL WASTEWATER PLAN C
TREATED BY DE CADE

(MGD)

PLANT 1972 1980 1990 2000 2010 2020

Western Land Treatment Area 94.12 1481.33 520 .09 549.21

Transmission Tunnel
Eucl id 14.53 19.11 (24.05) (28.60) (33.63) (37.31+)
Lakewood 17. 11 18.00 (19.00) (19. 00) (20 .00) (21. 00)
North Olms ted 5.21+ 18.84 (25.07) (29.77) (34.23) (37.00)
Rocky River 7.14 1 1 .1 1 (14.39) (16.77) (19.72) (22.05)• Wlll oughby—East lake 5.55 7.92 (11 .61) (15.07) (18.96) (22.27)

- 
- Easterl y 125.00 140.00 148.00 (l58 .00) ( l 6 4 .00)(l72.00)

Southerly 101.65 118.23 154.61 (l72.90)(186 .79)(l92.37)
Westerly 35.91 37.14 39.69 (kl. 2Z) (1+2.75) (45 .l8i

Total 312 .13 370.36 342.30 (Al l f lows to Wes tern Land
Treatment Area)

Rocky Rive r In—Basin
Hinckley 0. 12 0.55 1.04 1.25 1.50 1.72
Liverpool 0.41 1.31 1.96 2.57 3.41 5.00
Mallet Creek 0.10 0.20 0.30 0.1+0 0.50 0.60
Medina County 0.41 1.31 1.96 2.57 3.4) 5.00
New Medlna 2.16 3.87 5.18 6.70 8.53 9.49
Upper East Branch 9~Q8 ~~~ 0.68 0,81 0,96 1 ,11

Tota l 3.28 7.60 11. 12 14.30 18.31 22.92

Cuyaho9a River In—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 0.95 1.38 1.87 2.28 2.95 3.61
Butternut Creek 0.24 0.37 0.50 0.66 0.89 1. 17
Chardon 0.03 0.07 0.10 0.13 0.17 0.20
East Clar ldon 0. 08 0.14 0 .21 0 .3 1 0 .39 0.48

~
— i Mantua 0.29 037 0.47 0.58 0.74 0.86

New Kent 5.83 10.68 15.93 20.15 24.65 28.41
Randolp h 0.20 0.30 0.40 0.50 0.65 0.75
Ravenna 2.05 3,35 5,141 8.53 10.60 12.34
Shalersboro 0.59 0.81+ 1 .12 1.42 1 .73 2.00

— Troy Townsh ip 0.09 0.15 0.21 0.29 0.38 0.1+7
• Total 81.52 102.02 124.44 14.6.71 172.87 200,80

Chagrin In—Basin
Aurora Centra l 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
Falrmount Road 0.07 O.~1+ 1.55 2.14 2.80 3.1+0
Fowler ’s Mill 0.142 0.64 0.88 I lk 1.54 1.98
Newbu ry Township 

~L31 9J~Q 
0~~9 0.90 1 .13 1,54

Tota l 2.52 11.98 9.39 12.35 15.96 19.72

interim Plants 111.07 11.63 
______ ______ ______ ______

Grand Total 413,52 1+96.58 581.37 654.69 727.22 792.65

IV- 32
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TABLE v-4

SLUDGE VOLUMES FOR DISPOSAL PLAN A

(Dry Tons Per Day - DT/Day)

PLANT 1972 1980 1990 2000 2010 2020

Lake Erie
Cleveland Easterl y 84.80 911.98 107.98 115.28 119.65 125.49
Cleve l and Westerl y 30.88 31 .94 34.13 35.45 36.76 38 .85
Euclid 9.86 12.96 17.55 20.87 214.514 27.24
Rocky Rive r 3.20 4.98 6.115 J.51 8.83 9.88

Total 128.74 144.86 166.11 179.11 189.78 201.116

Rocky River Basin
Lakewood 11.61 12.21 13.86 13.86 14.59 15.32
Liverpoo l 2.O9~ 4.54 6.86 8.93 11.56 14.66

Total 13.70 16.75 20.72 22.79 26.15 29.98

Cuyahoga Ri ver Basin
Akron 48.17 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. 111 16 14.31 170.87
East Claridon 0.05 0. 09 0. 15 0.23 0.28 0.35
Mantua 0.20 0.2 5 0.311 0.42 0.514 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 27.20 24.113
Randol ph 0.114 0.20 0.29 0.36 0.47 0.55
Ravenna 1.39 2.27 3.95 6.22 7.73 9.C3
Troy Township 0.06 0.10 0.15 0.21 0.28 _QJ~*Total 124.90 158.20 225.1-4 258.94 292.26 319T57

t
Chagrin Rive r Basin

Aurora Central 0.15 0.1+1 0.96 1.26 1.69 2.17
Chagrin E. Branc h 0.33 0.49 0.73 0.9 1 1.15 1. 42
Chagrin Falls 0.55 0.91 1.149 1.81+ 2.25 2.61
Fa i rmount Road 0.05 0.37 1 .13 1 .56 2.014 2.48
Fowler ’s Mill 0.28 0.43 0.611 0.83 1.12 1.44
McFarland Creak 0.12 043 1.39 1 .94 2.57 3.13

- - Newbury Township 0.22 0.314 0.50 0.66 0.82 1. 12
Wllloughby—Eastl ake 2.29 5.37 8.47 1 1.00 13.83 16.25

Total 3.99 8.75 15.31 20.00 25.41 30.62

Grand Tota l 271 .33 328 .56 427.28 480 .81+ 533.66 581.53

*No sludge is generated by Chardon within the Stud y Area .

~V—33
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TABLE lV-5

SLUDGE VOLUMES FOR DISPOSAL PLAN B

(Dry Tons Per Day - DT/Day)

PLANT 1977 1980 1990 2000 2010 2020

Lake ErI#~
Cleve land Easterl y 91 .93 94.98 107.98 115.28 119.65 125. 49
Cleveland Westerly 3i.62 31.94 34.13 35.45 36.76 38.85
Euclid 12.03 12.96 17.55 20.87 24.514 27.214
Rocky R iver 4.45 4.98 6.45 7.51 8.83 9.88

Tota l 11+0.03 l44 .~ 6 1~ 6.1l 179 .11 189.78 20l .~46

Rocky Rive r Basin
Hinck ley 0.09 0.12 0.20 0.26 0.32 0 .36
Lakewood 12.03 12.21 13.86 13.86 14.59 15.32
Live rpool 0.22 0.28 0.41 0.514 0.72 1.05
Mallet Creek 0.04 0.014 0.06 0.08 0.11 0.13
Medina County 0.22 0.28 0.111 0.53 0.72 1.05
New Med ina 0.51 0.61 0.85 1.10 1.44 1.99
Upper East Branch 0.06 0.08 0.14 0.17 0.20 0.23

Total 13. 17 13.62 15.93 16.54 18.10 20.13

Cuyahoga Rive r Basin
Ak ron 54.39 57. 05 7 1 .38 81.23 94.14 109.20
Auburn Townshi p 0.05 0.06 0.08 0.11 0.15 0.18
Bur ton 0.26 0.29 0.40 0.1+8 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 0.014 0.04
C leveland Southerly 81. 63 87.06 13 1. 09 147.87 161 .26 167.35
East Cl ar l do ri 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 17.33 21.20 24.113
Randolph 0.06 0.06 0.08 0.11 0.14 0.16
Ravenne 0.62 0.70 1.14 1.80 2.23 2.59
Shalersboro 0.16 0.18 0.21+ 0.30 0.36 0.142
Troy Township -- _ 0.03 0.04 0.06 0.08 0.10

Tota l 145.27 154.81 218.43 249.65 280.65 305.76

Chagrin River Basin
Aurora Centra l 0.10 0.13 0.28 0.36 0.149 0.63
Chagrin E. Branch 0.14 0.15 0.21 0.26 0.33 0.41
Chagrin Falls 0.35 0.42 0.82 1.09 1 .39 1.65
Fa i rmount Road 0.08 0.11 0.33 0.45 059 0.71
Fowle r ’s Mill 0.12 0.13 0.19 0.24 0.32 0.42
Newbury Townsh ip 0.09 0.1 0 0.15 0.19 0.24 0.32

~O)1oughby-E astlake k.8s _ 5.37 8.4-i 11.00 13.83 16.25
Total 5.77 6.41 10.1+5 13.59 17. 19 20.39

.r’d Total 304.24 319.70 410.92 458.89 505.72 547.74
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TABLE IV—6

SLUDGE VOLUMES FOR DISPOSAL PLAN C

(Dry Tons Per Day — DT/Day)

PLANT l977_ 1980 1990 2000 2010 2020

Western Land Treatment A rea -— —- 36.88 101 .08 109.22 115.33

Lake Erie Shoreline Plants
Euclid 12.04 12.96 — —  — —  — —  ——

- :  Lakewood 12.03 12.21 -- -- —— ——
- 

~- North Olmsted 10.01 12.78 —— — — —— ——
Rocky River 11.114 4.98 -- -- -- -—

WilIoughby—Eas tlake 4.88 5.37 — —  -— -— ——

Easterly (Incinerated through 1999) —— —— ——
Southerly (Incinera ted through 1999) -— -— ——
Wes terly (Incine ra ted_ throuq~_ [999) —— —— ——

Total 43.40 48.30 -— -— -- --

Rocky River Basin
Hinckley 0.09 0.12 0.20 0.26 0.32 0.36
Liverpoo l 0.22 0.28 0.41 0.54 0.72 1.05
Mallet Creek 0.01+ 0.01+ 0.06 0.08 0.11 0.13
Medina County 0.22 0.28 0.41 0.53 0.72 1.05
New Medl na 0.63 0.81 1.09 1 .41 1.79 1.99
Upper East Branch 0.06 0.08 0.14 0.17 0.20 0.23

Total 1 .26 1 .61 2.31 2.99 3.86 4.81

Cuyahoga Rive r Bas in
Akron 54.39 57.05 71.38 81.23 94.14 109.20
Auburn Township 0.05 0.06 0.08 0.11 0.15 0.18
Burton 0.26 0.29 0.40 0.1.8 0.62 0.76
Butte rnut Creek 0.07 0.08 0.11 0.111 0.19 0.25
Chardon -- 0.01 0.02 0.03 0.04 0.04
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 1.911 2.25 3.35 1+.211 5.18 597
Randolph 0.06 0.06 0.08 0 .11 0. 14 0.16
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

Tota l 57.65 60.82 76.99 88.69 103.37 119.95

Chagrin River Basin
Aurora Centra l 0.10 0.13 0.28 0.36 0.49 0.63
Chagrin Eas t Branch 0.14 0.15 0.21 0.26 0.33 0.41
Chagrin Falls 0.35 0.42 0.82 1. 09 1.39 1.65
Fairmoun t Road 0.08 0.11 0.33 0.45 0.59 0.71
Fowler ’s Mill 0.12 0.13 0.19 0.24 0.32 0.1+2
Newbury Township 0.09 0.10 0.l~ 0.19 0.24 0.32

Total 0.88 1 .04 ~~~~~~~ 2.59 3.36 4.14

_ _ _ _ _  ::±i:~~~~ j ill ITT—— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE IV—7

IIJ MICIPA L/UNDUST RIAL TREATM ENT FACILITIES PLAN A

1977 1980 1985 2020

a Adva nced b Iolog ical treatment p lant s Treatment p lan ts a re  expanded as nece ssary.
rds . are upgrade d to mee t Level 2 standards .

t
• nd Treatment p la nt is expanded as necessary.

d Phys ical -chem ical treatment component Treatment pla nt Is expanded as necessary.
t Is upgraded to meet Level 2 standards.

Advanced bIo logIcal treatment p lant Is Treatment p lant Is expanded as necessary.
is. upgraded to meet Level 2 standards.

lent Treatment p lant Is upgraded to meet Level 2 standards . Treatment p lant s expanded as necessary.
lards. 

_______________________________________________

Advanced biolog i cal treatment p lants Treatment p lan ts are expanded as necessary .
ds . are upgraded to meet Level 2 s tandards.

i t Is Treatment plant is upgraded to meet Level 2 standards . Treatment p lant Is expanded as necessary.
Is.

ants
iderds Trea tment p la nts are upgraded to meet Level 2 standards. Treatment p la nts are expanded as neces sa ry .

-onstructed to transm it the sewage to a treatment plant outs ide the Stud y Area .

lant ~
idards. Trea tment p lan ts are upgrade d to meet Level 2 standards. Treatment p lan ts are expanded as necessa ry.

is upgrade d to Advanc ed bIolog I cal treatment plant Is Treatme nt plant Is expanded as necessary .
upgrade d to meet Leve l 2 standards.

IV— 36
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TABLE IV — 7

IJN,C IPA L/ INDUST RIAL TREATMENT FAC ILITIES

1972 1977 1980

Lake ErIe Basin 
____________________________________________________________ ________________________________________

C leveland Easterly ExIs t ing  bIological treatment plants Advanced biolog Ical treatment plants
Euc l id  are upgraded to meet Level 1 standard s . are upgraded to meet Leve l 2 s tandards .

Exis t ing  physIcal—chem Ical treatment
Cl ev e la nd Wes ter l y p lant Is upgraded to mee t Leve l I and Tre.tment p lant is expanded as necessa i

2 standards.

PhysIcal—chemI cal component Is added PhysIca l chem l ci l treatment component
Rocky River to the exIstIng b iolog ical treatment is upgraded to meet Level 2 standards .

____________________ 

p lant to meet Level 1 standards.

Rock y River BasIn 
________________________________________________________________________________________________

Lakewood ExIstIng biolog Ica l treatment p lant Advanced biologIc al treatment p lant Is
Is upgr aded to meet Level 1 standa rds, upgrade d to meet Leve l 2 standards.

L i ve rp ool N ew ad vanced bIo log Ical treatment plant Treatment p lant is upgraded to meet Level 2 standards .
Is constructed to meet Level 1 standards.

Cuyahoga River BasIn 
________________________________________________________________________________________________

Akron Existing bIolog ical treatment p la nt s Adva nced biolog Ica l treatment p lan ts
Cleve land Southerly are upgraded to meet Leve l I standards , are upgraded to meet level 2 standards.

s — Ravenna

New Kent New ph ys lc ei— c hem ica l treatme nt plant Is Treatment plant is upgraded to meet Level 2 standards.
constructed to meet Leve l 1 standards.

A uburn Town shIp
Burton
Butternut Creek New advanc ed b iolog i cal treatme nt plants
East Clar ldon are constructed to meet Level I standards Treatment plants are upgraded to meet Leve l 2 standards ;
M antua and to satisf y secondary treatment re—
Mi d d i e f l e l d quirement by 1977.
R an dolph
Troy Township 

___________________________________________________

Chardon A pump i ng plant and force main are constructed to transmit the sewage to a treatment plant outsi de I

Chagr in RIver Basin 
________________________________________ ________________________________________________ ______

Aurora Central
Chagrin East Branch
C hagrin Falls New advanced biolog icai treatment p lants
Falrmount Road a re constructed to meet Level 1 standards. Treatment pla nts are upgraded to meet Leve l 2 standard s
Fowier ’ s Mi l l
McFa rland Creek

1’ Newbury TownshI p _________________________________________ ______________________________________________________

W l l i o ughby — Ea stlake ExIstIng biological treatment plant Is upgraded to Advanced biological treatment p lint Is
meet Level I standard., upgraded to meet Leve l 2 standards.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *~,, .5~~~~~ . - i~~~~~~~~~~~~~~~~~~__ .  - ~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~



TABLE i V’-7
- 

~IJNICI PA L/INDUSTRIAL TREATMENT FACILITIES PLAN A

1977 ig8o 1985 2020

k —- ____________________________________________

i~ts Advanced bIolog Ical treatment pla nts Treatment plants are expande d as necessa ry.
~ards. are upgrade d to meet Level 2 s tandards.

•nt
and Treatment p la nt Is expande d as necessary .

Physical—chemIcal treatment component Treatment plant Is expanded as necessary.
it is upgraded to meet Level 2 standards.

t Adva nced biologIcal treatment plant Is Treatment plant Is expanded as necessary.
rds . upgrade d to meet Level 2 standards .

plant Treatment plant Is upgrade d to meet Level 2 standards . Treatment p lant is expanded as necessary.
ndards.

its Adva nced biolog ical treatment plants Treatment plants are expanded as necessary.
irds . are upg rade d to meet Level 2 s tandards .

ant Is Treatment pla nt Is upgraded to meet Level 2 standards . Treatment plant Is expanded as necessary.
rd..

plants
indard . Treatment p lants are upgraded to mee t Leve l 2 standards. Treatment plants are expande d as necessary .

re-r
constructed to transmIt the sewage to a treatment plant outs ide the Study Area.

plants
lt.nd. rds. Treatment p lants are upgraded to meet Level 2 standards. Treatment plants are expanded as necessary .

set Is upg raded to Advanced bIolog Ical treatment plant Is Treatment plant Is expanded as necessary .
upgrade d to meet Leve l 2 standards. • -

IV—36
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- . - TABLE i v—8
M U N I C I P A L / I N D U S T R I A L  TREATMENT FACILITIES

1972 1977 1980 1983 i98~
Lake E rie Basin 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Cleveland Easter ly Ex is t ing  biolog ical treatment plants are upgrade d to Advanced biol o gical  treatment p lants
Euc l id  meet Level 1 standards . are upgraded to meet Level 2 standards.

Cle vela nd Wes terl y E x i s t ing physical—chemical treatment p lan t is up— Treatment plant is expanded as necessa ry.
g raded to meet Levei 1 and 2 standards .

Rocky River Physica l—chemical component Is added to the existing Physical— chemIcal treatment component
bio log i cal treatment plant to meet Level 1 standards. is upgraded to meet Level 2 standards.

Rock y R i v e r B a sin

Lakewood Existi ng biolog ical treatment plant Is upgraded to Advanced biolog ical treatmen t plant Is
meet Leve i I standards , upgraded to meet Leve l 2 standards .

Hinck ley
Liverpool Existing treatment facilities are Aerated lagoons are operated to
Mal le t  Creek phased Out and aerated lagoons are prov i de secondary treatment.
Med ina County constructed by 1977 to satisfy Winter reservoirs and land treat— Land tre atment f e c i l l
New Nedina secondary treatment requirements. ment s i tes are constructed by
Upper Eas t Branch 1983 to meet Level 2 standards.

Cuyahoga River BasIn
- 
‘~~

‘ Akron Ex is t i ng  bio log ica l treatment p lants are Advanced b i olog ical treatment plants
Cleveland Souther ly upgraded to meet Leve l I standards. are upgrade d to meet Leve l 2 standards.

New Kent New phys ica l—chemica l treatment plant Is Treatment plant is upgraded to meet Level 2 standards.
constructed to meet Level 1 standards ,

Auburn Township
Burton

Butternut Creek Existi ng treatment facIlitIes are Aerated lagoons are operated to
Cherdon p hased out and aerated lagoons are provide secondary treatme nt.
East C l aridon constructed by 1977 to satisf y Winter reservoI rs and land treat— Lend treatment fec ill
M an tua seconda ry treatment requirements . ment sites are constructed by
Randolp h 1983 to mee t Level 2 standards.
Rave nna
Shale rsboro
Troy Township 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-

Chagrin R iv e r B a s i n  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Aurora Central Ae rated lagoons are operated to
Chagrin E . Branch Ex Isti ng treatment facilities are provide seconda ry treatment.
Chagrin Falls phased out and aerated lagoons are Winter reservoirs and land treat— Land treatment fa clil
Fdrmou nt Road co ns t ruc te d by 1977 to satisf y men t sites are cons t ruc ted by
Fowier ’s M i l l  secondary treatment requirements, 1983 to meet Level 2 standards .
Newbury Township

Wlll ou g hby—Eastlake ExIsting biol o gica l treatment plant I. upgrade d to Advance d biologIcal treatment plant Is
meet Leve l I standards, upg raded to meet Level 2 standards. 

- 
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TABLE i v—8
MUNICIPAL /INDUSTRIAL TREATMENT FACILITIES PLAN _~

1977 1980 1983 1985 2020

~l treatment p lants are upgrade d to Adv anced biolog ical  treatment p lants Treatment plants are expanded as necessary.
irds, are upgraded to meet Level 2 standards .

chemical treatment plant is up— Treatment plant is  expanded as necessary.
.1 I and 2 standards .

component is adde d to the existing Physical—chemical treatment component Treatment plant is expanded as necessary.
nt pla nt to meet Level 1 standards . is upgrade d to meet Leve l 2 standards .

ii t reatment p lant Is upgraded to Advanced biolog ica l treatment plant Is Treatment p lant Is expanded as necessary.
lards. upgraded to meet Level 2 standards.

- 
f a c i l i t ies are Ae rated lagoons are operated to

ated lagoons are provide seconda ry treatment.
7 to satisfy W Inter reservoirs and land treat— Lend treatment facilIties are expanded as necessary.
t requirements. ment s ites are constructed by

1983 to meet Leve l 2 standards.

I treatment p lants are Advanced biolog ical treatmen t plants Treatment p lants are expanded as necessary .
.vel 1 standards , are upgraded to meet Level 2 standards.

cal treatment plant is Treatment p lan t is upgraded to meet Leve l 2 standards . Treatment plant is expended as necessary.
t Level 1 standa rds .

facilI ties are Aerated lagoons are operated to
•ted lagoons are p rov i de secondary treatment.
7 to sa tisf y Win ter reservoirs and land treat— Land treatment f ac i l i t i e s  are expanded as necessa ry.
t requi rements. ment si tes are constructe d by

1983 to meet Level 2 standard s.

Aera ted lagoons are ope rated to
facili ties are provide secondary treatment.

‘itad lagoons are Wi nter reservoirs and land treat— Land treatment facilities are expanded as necessary.

7 to satisf y ment si tes are constructed by
- 
t requireme n ts, 1983 to meet Level 2 st andards .

$ treatment plant Is upgrade d to Advance d biolog ical treatment p lant Is Treatme nt p lan t Is expanded as necessary.
irds, upgraded to meet Level 2 standards ,

IV— 37
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TABLE IV- 9
IqJN ICiPAL /INDU STM1 AL TREATMENT FACILITIES

1972 1977 1980 1983 1985 990

Western Land Transmission tunnel , winter storage reservoir and land treatment site Secon dary efflu—
Treatment Area are constructed by 1985 to meet Level 2 standards. - ent transported

by the tunnel is
prov ided storage
and land treatment.
The aerated lagoon
is constructed by

____________________ ______________________________________________________________________ 
1990.

Transmiss ion Tunnel ___________________________________________ __________________________________ - ____________________

Euc l id SIP (Tu nne i Treatment p iants
Inlet) are downgraded to

Lakewood SIP (lun inl e provide sec~ndary
North Omsted SIP ExIst ing treatment p lants are upgraded Treatment p la nts provide Level t reatment. E’ r ’uent
(Tunnel inlet) to meet Level 1 standards. New construc— I trea tment and are expanded is discharged to

Rocky River SIP tion and replacement of facIl ities are as necessary. - 
tunnel and receives

(Tunnel Inlet) s Ized  to be phas ed ou t In 1990. - land treatment to
Wiii ou g hby— E as t iak e meet Leve l 2 stan—

SIP (Tunnel inlet) dards .

Easterly STP (Tunnel Treatment p lants
inlet) Ex isting t r ea t m e n t  p lants are upgraded Treatment plants provide Level are downgraded to

Southerly SIP (Tunnel to meet Leve l I standards . New const ruc— I treatment and are expanded prov i de secondary
in let) tlon and replacement of facilities are as necessary, treatment. Effluent

Westerly STP (Tunnel sized to be phased Out In 2000. is  discharged to
inlet) tunnel and receIves

l and treatment to
meet Level 2
st andards.

Rocky River in—Basin _______________________ _________________________________ ________________________________________

Hlnckiey Ex istin g treatment Aerated lagoons are operated to
Live rpool fa c i lIties are provide secondary treatment.
Mallet Creek phased Out and aerated Winter reservoi rs and land treat— Land treatment facIlities are expandsi
Medin a County lagoons are constructed ment slte3 are constructed by
New Med ina by 1977 to satisfy 1983 to meet Level 2 standards .
Upper East Branch secondary treatment

requi rements.

Cuyahoga Rive r ln-Bssi n

Akron Exis tIng b i o l o g ical treatmen t plant I s  Advanced biol og ical treatment Trea tment plant i s  i
upgraded to meet Level I standards, plant IS upgrade d to meet Level

2 standards. 
—

-

Auburn Township Existing treatment Aerated lagoons are operated to
Burt on facilItIes are provide secondary treatment. Winter
Butternut Creek phased out and reservoIrs and land treatment sites Land treatment fac I lit i es are expanded

aera ted lagoons are constructed by 1983 to meet
East Ci ar ic fo n are constructed Level 2standards .
Ma~’tu a by 1977 to satisfy
New X e r ~ secondary treat—
Randolph ment requ i rements .
R ave—- ~a
5h. Ier;Soro
Tray IOw-~ b i p 

___________________ ______________________________________ -

Ch agrin River in— 3asl n

Au rora Ce r ’ c re i  Exist in g treatment Aerated lagoons are Operated tO
r~~ qr :n E . Iranch facil ities are provide secondary treatment. WInter
Chagrin Fall, phased out and reservo I rs and land t reatment sites Land treatment facIlIties are expande d
Fairmount R oad aerated lagoons are constructed by 1983 to meet
Fowl er ’s ‘~I Il  are constructed Level 2 s tandards ,
Newbury Town ship by 1977 to sati sfy

secondary treatment
req ’ iI rements . 

~---------—- er .5.5~~~~~~~~.5 _ ~~~~~ _-,_
~~~~~~~~~
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TABLE IV-.9
I4JN1 CiPAL /1NDIJSTRI AL TREATMENT FACILITIES PLAN C

- 

1980 1983 1985 1990 2000 2020

rage reservoir and land treatment sIte Secondary efflu— Aerated lagoon end land application provide
Leve l 2 standards . - ent transported both secondary and final treatment at the

by the tunnel is Western Land Treatment Area.
provided storage
end land treatment.
The aerated l agoon

- 
Is construc ted by

________________________________________ 1990. ____________________________________________

Treatment plants Trea tment p lants are phased out in 1990
- are downgraded to and on ly pre l im inery treatment is provided

provide secondary at tunnel in l ets. Aerated lagoon and la nd
~graded Treatment p la nt s provi de Lev e l t reatment. Effluent applIc atIon provIde both secondary and final
construc— I treatment and are expande d is discharged to t reatment at Western Land Treatment Area .
Is are as necessary. - 

tunne l and receives
- land treatment to

meet Leve l 2 stan—
- dards .

Treatmen t p lants Period of redun— Treatment p lants are phased
pgraded Treatment plants provide Level are downgraded to dancy with secon— out in 2000 and only pre llm l—
construc— I treatment and are expanded provide secondary dary treatment nary treatment Is provided at

las are as necessary , treatment. Effluent provided both at tunnel inlets. Aerated lagoon
is discharged to treatment p lants and land app lication prov i de
tunnel and receives and at eerated~ both secondary end final treat—

- land treatment to lagoon. ment at Western Land Treatment
- meet Level 2 Area.

standards.

~d lagoons are operated to
de secondary treatment.
I! reservoi rs and land treat— Land treatment facilities are expanded as necessary.

~i tes are constructed by

~o meet Level 2 standards .

lint Is Advanced biological treatment Treatment plant is expanded as necessary.
frds. plant I s  upgraded to meet Level

2 standards.

~oons are o perated to
tondary treatment. Winter

‘ and land treatment si tes Land treatment f ac i l i t i es  are expanded as necessa ry.
~cted by 1983 to meet
Indsrds.

9oons are ope ra ted to
~Ondary treotment. Winter
and and treatmen t s i t es  Land treatment faci l Ities are expanded as necessary.

by 1983 to meet
Indards,
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TABLE IV— lO

SLUDG E DISPOS AL -

1972 1977 1990

Lake E rie

Cleveland Easterly Sludge will be p iped to Cleveland Southerl y for incIneratIon. Sludge w i l l

Cleveland Westerl y Sludge will be incinerated ,

Euclid Slud ge will be vacuum—filtered and trucked to agricultural land. Sludge will b

Rocky River (primary) Sludge will be vacuum—filtered and trucked to agricultural land . Sludge from R
sent via pipe

• Rocky River Basin 
_____________________________________________________________________________________________

Lakewood Sludge will be flash dried and will be trucked to agricultural land. Slud ge f rom ftc
sent via pipe1

Liverpool Slud ge handling from exis ting facili ties Sludge will be sent via pipeline to agricultural Ii
w i l l  be phased ou t by 1977.

Cuyahoga River BaRi n * -

Akron Slud ge will be vacuum—f iltered and trucked to agricultural land.

Cleveland Southerly Slud ge w ill be incinerated. Slud ge w i l l  b

Ravenna Sludge will be sent via the exIsting p ipelI ne to strip—mined land.

New Kent Sludge will be Incinerated.

Auburn Township
Burton
Butternut Creek Sludge handling from exis t i ng facili ties Liquid sludge will be trucked to adjacent agrlcul l
Mantua will be phased ou t by 1977.
Middlef le ld
Randolph 

- ,

East Clar idon Sludge ha ndling from existing facIli ties Sludge will be dried In sand dry ing beds and wIll
.5. Iroy Township w ill be phased ou t by 1977.

Chagrin R iver  Bas in

~~rora Centra l
C~~a q - i n  E Iranch
C h aqr i - F a i l s  Sludge handling from existing facili tIes Liquid sludge wIll be trucked to adjacent agricul l
Fair rnount  Road wIll be phased out by 1977.
Fowier ’s Mii i
McFar land C reek
Newbury Tow ns hIp

Will oug hby—Eastleke Slud ge wIll be sent -via the exist ing pipeline to str ip—mined land. Sludge w i l l  I

i-Mo slud ge d isposal from Chardon.
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TABLE I V — 1 O

SLUDGE DISPOSAL - 
PLAN A

1977 1990 2020

-
- Cleveland Southerl y for incineration. Sludge will be sent via new pi peli ne to strip —mined land.

ted .

Iltered and trucked to agricultural land. Slud ge will be sent via new pipeline to strip—mined land.

Il tered end trucked to agrIcultural land . Sl udge from Rocky River (primary) end Lakewood will be
sent via pipeline to agricultural land.

-led and will be trucked to agricultural land. Slud ge f rom Rocky River (prima ry) and Lakewood wi l l  be
sent v i e  p ipe l i ne to ag r i cu l tu ral land.

is tlng facilities Slud ge wIll be sent via p ipeline to agricultu ral land.
p77.

ril tered and trucked to agricultural land.

Ited. S ludge w ill oe sent via new pipeline to strip—mined lend.

a the existing pipeline to strip -mined land.

ted.

:istlng faci l i t ies Liquid sludge w ill be trucked to adjacent agricultural land.
977.

Is ting facilIties Slud ge will be dried in sand dry ing beds and w i ll be trucked to adjacent agricultural land.
977.

Isting fac i l i t i es  Liquid sludge w i l l  be trucked to adjacent agricultu ral land.
977.

the exist ing pip e line to str ip—mined land. Sludge will be sent via pipeline to agricultural land.

IV— 39
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TABLE— I V— I I

SLUDGE DiSPOSAL

1972 1977 1990

Lake Erie

Cleveland Easterly Slud ge wil l be piped to Cleveland Southerl y for incineration. 1 Sludge will be sen

Cleveland Westerly Sludge wil l be incInerated.

Eucl id Slud ge will be vacuum—filtered and trucked to agricultural lend. Sludge will be sen

Rocky River (primary) Sludge will be vacuum—fIlter ed and trucked to agricultural land. Sludge f rom Rocky
- sent v i~ pipeline

Rocky River Basin 
____________________________________________________________________________

Lakewood Sludge will be flash dried end wil l be trucked to agricultural land. I Sludge from Rocky

- 
sent via pipeline

f-Iinck ley
Liverpool
Mallet Creek Sludge handling from existIng facilldes Sludge removed from aerated lagoons will be piped to ad
Medina County will be phased out by 1977.
New Med ine -

Upper Eas t Branch

- (  Cuyahoge River Basin

Ak ron Sludge will be vacuum—f iltered and trucked to agricultural land.____________— Sludge wil l be sen
Cleveland Southerly Sludge will be Incinera ted.

New Kent Sludge will be Incinerated.

Auburn Township
Burton
Butternut Creek
Chardon
Eas t Claridon Sludge handling from existin g facilities Sludge removed from aerated lagoons wIll be piped to ii

Mentua will be phased ou t by 1977.
Randol ph 

-

Ravenne
Sbai ersboro
Troy Townshlp _________________________________________ ______________________________________________________

Chagrin Rive r Basin _________________________________________

Aurora Centra l
Chagrin E. Branch
Chagrin Falls Sludge handling from existing facilities Sludge removed from aerated lagoons wIll be pIped to

Fa l rmount Road wIll be phased out by 1977.
F o w le r ’ i M i l l
Newbury Township ________________________________________________________

Will ou g hby—Eas tlake Sludge will be sent via the exist Ing pipeline to s t r ip —mined land. Sl udge w I l l  be SI

(
~)

________________________  
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TABLE— I V— il
- SLUDGE DISPOSAL PLAN B

1977 1990 2020

a Cleve land Sou therl y for Incineration. Sludge will be sent vie new p i peline to strip—mined land .

ated.

fil tered end trucked to agricultural land. Sludge will be sent via new p Ipeline to str ip-mined land . -

fil tered and trucked to agricultural land. Sludge from Rocky Rive r (primary) and Lakewood wi l l  be
- sent via  p i peline to agrIcultural land.

drled and will be trucked to agricultural lend. Slud ge from Rocky Riv er (primary ) and Lakewood will be
sent via pI pel ine to agricultural land.

ixistl ng facili ties Sludge removed from aerated lagoons will be p Iped to adjacent agricultura l l and.
1977.

“filtered and trucked to agricultural land.
Sludge will be sen t v ia  new pipelIne to strIp— m ined land.

ra ted.

ra ted. 
.5

I existing fac i l i t i es  Sludge removed f rom aerated lagoons wIll be p iped to adjacent agricultural lend.
y 1977, 

-

exIs ting f a c i l i t ies S lu d ge removed from aerated lagoons will be p iped to adjacen t agri cul tural land.
y 1977.

vIa the existing pipeline to str ip— mi ne d land. Sludge will be Sent vi a pIp eline to agricultura l land.

IV ~14O
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TABLE I V — 1 2

SLUDGE DISPOSAL

1972 1977 1990

Weste rn land T-e . tment  Area No sludge disposal facilities will be required. Sl udge
adjaceni

T r a n s m i s s i o n  Tunnei 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Euc l id  SIP (Tunnei in let)
North O im ~ ted SIP (Tunnel inlet) Slud ge w ill be vacuum—filtered and trucked to agricultu ra l land. All sltn

Rocky River SIP (Tunnel inlet ) Treatmer

Wiilo ughb y-Eestle ke SIP (Tunnel Inlet) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _

Lakewood SIP (Tunnel Inlet) Slud ge will be flash dried and trucked to agricultu ral land. Al l  s lu
Tree tmei

Easterl y STP (Tunnel inlet) Slud ge w l i  be sent via pip eline to Cleveland Southerl y for incineratio n.

Southerly SIP (Tunne l inlet)
Sl udge will be incinerated.

Westerl y STP (Tunnel Inlet) ____________________________________

Rocky Rive r in—Basin ______________________________________________

Hlnck icy
Live rpool
Ma l le t Creek Sludge handling from existi ng Sludge removed from aerated lagoons will be

Med lne County facilIties will be phased ou t
New Med lna by 1977.
Upper East Branch ________________________________________________

Cuyahoga River in—Basi n ______________________________________________________

Akron Sludge w i l l  be sen t by p ipel ine to agricultural land.

Auburn Tuwn~hip
Burton
Butter’ut Creek
Chardon
Es,’ Ciarid on Sludge handl I ng from existing Sludge removed from aerated lagoons will be

l la’t ua facili tIes will be phased out
New Kent by 1977.
Ran ‘ol ph

S ha Ic r~bo ro
Iroy Township __________________________________________

Chagr in R ! - ~er In—Bas in  -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A u r ø r a  Centra l
Chagr in East Branch
Chagr in F al l s Sludge han dlIng from exis ting Slud ge removed f rom aerate d lagoons wil l  b

Fa!r,~ount Road faciliti es wil l be phased out
Fow ler ’s M ill  by 1977.
Newbury Township 

_ _ _ _ _ _ _ _ _ _ _  ________________________________

_ _ _ _  -.5—-
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TABLE IV— 12

- SLUDGE DISPOSAL PLAN C

1977 1990 2000 2020

dispo s al facilities wil l be required. Sludge removed from aerated lagoon wi l l be piped to

•_______________________________________________________________ adjacent agr icultura l land.

Ii be vacuum—f iltered m d  trucked to agricultura l land. All sludge will be removed at the Western Land
Treatment Area .

11 be flash dried and trucked to agricultural land. A ll sludge will be removed at the Western Lend
Treatment Area.

indling from existing Sludge removed from •erated lagoons w i ll be p iped to adjacen t agricultural land.
Ss wi l l  be phased out

K Il l be sent by p1pelI n~ to agricul tural land.

handling from existing Sludge removed from aerated lagoons w il l be pipe d to adjacent agricultural land.
lea will be phased out

handling from existing Sludge removed f rom aerated lagoons will be piped to .djscent agrlcuitura l land.
lea .~I li be phased out-

~ -~~~~~~~~~~~~~~~~~~~~~ - -•-
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• TABLE iV— 13

STORM RUNOFF
AVERAGE ANNUAL VOLUMES TO BE TREATED

(MU I tons of Gallons per Year — MG/Year)

Type of Treatment FpcIllty 1980 1990 2000 2010 2020

PLAPI A

Advanced Storw~ater
Treatment Plant 8,1+22 27,302 34,700 38,428 ‘+1 ,260

Munic lpa~ SewageTrea tmen t Plan t 6~976 22 ,8118 25,871 z8~4k8 29~997

TOTA L 15,398 50,150 60,57 1 66,876 77 ,257

PLAN B

Advanced Storns~ater
Treatment Plant 8,1+22 22,620 26,483 29,531+ 29,797

Municipa l Sewage
Treatment Plant 6,976 22,706 2’+,969 27,344 28,480

Separate Stormwater
Land Treatment 3,550 7,018 8,1+77 9,956

Municipa l Land
Treatment Facil ity 

— 
1 .27~+ 2,101 2,521 L024

TOTAL 15,398 50,150 60~57l 67,876 71 ,257

!LAN C

Advanced Stormwater
Treatment Plant 1 ,61+2 10,575 13,738 15,013 16,230

Municipa l Sewage
Treatment Plant 13,756 1 ,241 1 ,51+6 1 ,856 2 ,014

Sepa rate Stormwater
Land Treatment 3,550 7,018 8,1+77 9,956

Municipa l Land
Trea tmen t FacIlity 1 ,880 2,794 3,318 3,891

Transmission Tunnel
Land Tr.atmsnt _____ 

32.901+ 15.1+75 38.2i2. 19.166

TOTAL 15398 50,750 60,571 66,876 71 ,257
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: ~ SECTION V

COS TS

,- I In this section of the report the procedure used for estimati ng costs

~ 
f s  exp 1a~ned, the costs of the three plans are disp layed , and particu Jar

components of the three p lans are compa red w )th respect to cost. The

cost estima tes were prepa red to permit comparisons among the p lans , to

i dentif y the costs of the various major components of each plan , e.g.,

: sewers , treatment p lants , pumps , and reservo i rs, and to separate the costs

related to treating stormwater from the costs of treating municipa l and
i 

industrial was tewa ters hi each p lan. The cost fi gu res used for these

purposes inco rpora ted both construction costs (Capita l Costs) and the

costs of operating and maintaining the sys tems after construction (0 & ii

Cos ts).

_
~~i ANNUAL COSTS

The need for cost comparability among plans led to the adoption of ~ -

a s tanda rdized procedure for design work and cost e5 tima t~on . Firs t,

- 
-
-

~ 
each p lan was laid out to meet projected wastewater loads by decades to

;~~ the year 2020. Second, the cost of the p lan was built up by components ,

-

~~ 

phas i ng new construction and the expansion of existing facilities as the

-
-

~~ 

water quality standards and the was tewater load required .* Th i rd, the

cap i ta l cos ts for each component of the wastewater treatmen t system were

converted to an annua l cost based on three possible interest rates,

*The methodo l ogy for computing the costs of individual components of a
plan has been exp lained in detai l in the Phase II Formulation Appendix ;
It is based upon a cost per unit of measurement related to the component
in question (i .e. cost per m Il l i on gallons of storage, etc.).

- I v-I
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amortized over the estimated useful life of the part icular component. The

amortization peri od begins In the year an expenditure Is made , and the

amount of the expenditure was calculated on the basis of 1972 prIces .

Finall y, the annua l capital cost for each componen t of the plan was added

to the annua l operation and maintenance cost. The pattern of annua l

costs for a plan must be known to develop the financial support program.

The tota l annua l costs by decades are summarized in Table V— 5, showing

Cap l ta
~ 

and 0 & H cos ts, and in  Table v-6, showing Munici pal/Industrial and

Stormwa ter costs. Tables V-7 throug h V— 9 give a breakdown of annua l costs

by componen ts at five year Interva ls . Thus the tota l annua l costs of the

three plans may be compared In these years. Contingency factors were ap—

plied separately to the tota1 annua l capital costs and to the tota l 0 & 14

costs for each plan.

PRESENT WORTH

Since implementat ion of any of the three plans would occur over a

period of fIf ty years , wi th vary i ng construction schedules and capita l

and 0 & M costs , a present-worth analys is was made to provide a single

cos t basis for comparisons of the same co’nporients In d ifferent plans and

of the tota l present worths for each of the three plans. The present—

worth factor , applied to a scheduled future expenditure , is a compound

interes t factor based upon a g iven interest rate and the numbe r of years

which will elapse between a fixed I t p r es e n t t l  date (January 1 , 1972, in

this stud y) and the date of the expenditure .

Stated simply, a present—worth analysi s shows that amount of money

at the beg inning of the time period (or the present) which , earning a

given rate of interest until the da te of expenditure , would be sufficie nt

V-2
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to equa l the expendi ture. In th is study three given interest rates were

used: 5 3/8 percent , 7 percent and 10 percent. The surni~ation of the

p resent worths for both the capital and 0 S M costs of all components in

a p lan over the fif ty—year period equals the total present worth of the

plan. This fi gure prov i des an index of the magnitude of expenditure

required to imp l ement the plan from the standpoint of present time .

CONTINGENCY FACTORS

The unit costs used by the severa l contractors engaged in th is study

were all intended to approximate the actual anticipa ted costs as closel y

as poss i ble  w it hou t an added marg in for contingencies . Th i s procedure

permitted a standa rdization of the allowance made for contingencies and

enabled it to remain v i s i b l e  by bei ng added to the totals for both annual

costs and present worth. The contingency factors used were 30 percent

for cap ital costs , of which 5 percent represented eng ineering and des ign

arid 5 percent represented supervision and administration , and 20 perce nt

for operation and maintenance costs .

Table V—2 shows the contingency allowances at present worth applied

to the three basic treatment categories : industrial pretreatment , munic ipal/

industr ial , and storm runoff. In this table the contingency amounts Inc l ude

both capital and 0 & 14 and therefore fall between 20% and 3O~ of the base

totals. Tables V-5 and v-6 display the contingency aiiowances on an annuai —

cos t basis.

V--3(
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EXPLANATI ON OF TABLES

Tables V-i through V—l 2 display the estimated costs of the three
plans , as the p lans were described in Section IV . All costs are in
1972 dollars. The tables are grouped into two sets; the first showing
present—worth costs and the second showing annual costs. Both sets be—
gin with condensed sumary displays and proceed to more detailed break—
downs, which i temi ze the costs from two separate aspects. These de—
tailed tables present first an i tem i zation of costs for the various
major components of the proposed waste water managemen t systems and ,
second , a tabulation of costs for the ind ividu al mun ici pal treatment
p lants.

: Table V—I

The total present worths shown in this table for each plan corn—
prise both cap i tal costs and operation and maintenance costs with the
respective contingency factors app lied and those amounts inc luded for
all three categories of wastewater treatment considered in this study:
i ndus tr I al pre—treatment , muri i ci pa l/i ndustr i ai wastewater treatment ,
and urban storm runoff treatment. The cost amounts in Table V— I were
summar ized  fo r easy reference d ir ec t l y from the grand totals in Table
No. V—2 . These are the onl y two tables which contain the total costs
for  the p l ans , including the category of industrial pre—treatmen t, and
they are the only two presen t—worth tables which include contingency
cost allowances.

Table V—2

As in the preced i ng tabie , the total present—worth costs for Plans
A, B, and C are given at each of the three interest rates used in this
study. Contingency amoun ts are shown separatel y. The costs actuall y
estimated by the three technical contractors are listed under the head—
ing “Base Total ,” wh i ch includes both cap i tal and operation and ma i n—

:, tenance costs. The Industr ial Pre—trea tment costs were derived from
-

-

- Table XXX IV of AWARE’ s Phase Ii Report , which g ives present—worth cost
data for Industria l Treatmen t Alternative 3. The data used included
both initiai arid rep l acement cap i tal costs and operation and ma inten—
ance costs for  “Treatmen t,” “Sl udge Disposal ,” and “Brine Treatment by
Evaporation. ” The only adjustment made to data from Table XXX IV was to
remove the 30 per cent contingency amount from the initial cap i tal cost
of $3l7,L+00 ,000 g i ven in that table. The replacement and operation and
main tenance costs in Table XXXIV do not include contingencies. Since
the same industrial treatment scheme was stipulated for all three p lans ,
the cost differences among p l ans  r e l a te onl y to the municipal/industr ial
and storm runof f  portions.

~~~ ~~~~~
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Table V—3A.

The “base total” costs for the Munici pal/Industrial and Storm
Runoff treatment categories in Table V—2 are shown in Table V—3A ,
separated into cap i tal costs and operation and maint enance costs.
The standard contingency allowances are not included in this table.
Since a hi gher contingency factor is applied to cap i tal costs than to
Operat ion and maintenance costs , the effect of addin g contingencies
would be to increase sli ghtl y the total cost of a “high—capital” p lan ,
such as Plan C , relative to a “h gh—O&M’1 plan , such as Plan A.

Also related to the ratio of capita l to operation and maintenance
costs for a plan is the effect of calculating present—worth at differ—
ent inte rest rates. As can be determined from Table V—3A , the h i g h e r
interest rate of ten per cent tends to decrease the present—worth of
operation and maintenance costs relative to cap i ta l costs. Thus , P l a n
A compares more favorably with Plan C at hi gher interest rates.

Table V— .~~

This table i tem i zes the present—worth costs for the major cost
i tems or “comp onen ts” in Plans A , B, and C. For examp le , at an in—
terest rate of 5 and 3/8 per cent for Plan A , the cumulative present
worth of all capital costs for expanding municipal/Industrial treat—
ment plants specifically to meet Level 1 criteria is calculated as
$81 ,896 thousa nd , wh ich appears in the upper left—hand column of data
in Table V—3. The purpose of this cost display is to enable a corn—
parison of the costs for different components within a plan and a corn—
par ison of the costs for the same components between p lans. Such an
anal ys is is of particular interest when the tota l costs for different
p lans are closely similar but the distribution of costs among the corn—
ponents is widel y variant.

The components listed for the present—worth sumary in Table V—3
and for the annual cost summaries in Tables V—7, 8, and 9 are large—

‘~ l y self—exp lana tory. Costs for components related to water—based
treatment , including treatment p l an ts, plant expansions to meet Leve l I
and Leve l 2 criteria , sludge facilities , sewers , and stormwater de-
tention bas ins , were es tim a ted by Havens and Emerson , Ltd . The remain-
ing costs relate to l and—based treatment components and were estimated
by Wr i ght—McLaughlin Engineers .

A brief exp lanat ion of each of the components f o l l o ws:

I. Plants. Under Munici pal/Industrial , this i tem includes
cap i tal costs for rep lacement and expansion of existing
secondary—leve l treatment facilities , new plan t con-
struction , even when built to meet Level I cr iteria , and 
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construction of “pre l iminary ” treatment facilities in
conjunction with aerated l agoons or tunnel inlet s. All
operation and maintenance costs for water—based treatmen t
p l an ts, regard less  of l eve l , are i ncl uded in  this i tem ,
rather than being distributed among the first three i tems.
Under Storm Runoff , this component includes advanced storm—
water treatment plants and preliminary treatment faci l i—
ties prior to separate land treatment. Costed by Havens &
Emerson , Ltd. (H 8. E).

2. 6 3. Expand to Leve l I and Expand to Leve l 2. These two i tems
inc lude onl y cap ital costs for municipal/industrial treat—
ment plant components specificall y classified as Leve l I
or Leve l 2, (H & E) and do not reflect the higher opera—
tion and maintenance costs incurred by the expansion of
the plant.

14~ Sl udge Facilities. This i tem includes cap i tal and opera—
tion and maintenance costs for both municipal/industrial
and storm runoff sludge —ha ndling facilities. (H & E)
Where a slud ge disposal scheme invo l ves iand treatmen t on
ei ther agricu ltura l or stri p—mined land , the storage ,
transpor ta ti on , and application steps were costed by
Wr ight—McLaughlin Eng ineers (WME) In I tem Number 17.

5. Sewers. This i tem includes both the muncipa i /industr ial
and storm sewer systems costs for cap i tal and operation
and main tenance. (H & E)

6. Detention Basins. This i tem relates onl y to cap i tal costs
for storm runoff. (H & E)

7. Temporary Pumps. This is a special storm runoff i tem,
wh ich includes cap ital and operation and maintenace costs,
and pertains only to an Interim mode of treatment for com-
bined sewer overflows in Plan C between 1 980 and 1 985.
(wME)

8. Shafts and Tunnels. This i tem pertains onl y to the Trans-
m ission Tunnel in Plan C and Includes cap i tal and opera-
tion and maintenance costs allotted to both municipal!
indus trial and storm runoff in proportion to the average
da i l y flo w contributed to the tunne l from each source.
The costs include mined storage space for flow—levelling
and tunnel aerat ion equipment. (WME)

( V-6 
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9. Aerated Lagoon s. This it~~ appears in Plans B and C where
aera ted l agoons were assumed for estimating costs of
secondary treatmen t prior to land treatmen t in munici pal
systems. Both the aerobic and facuitative lagoons are in—
cluded in this i tem . Costs were pro—rated for sto rm run—
off treated in munic ipal  fac il ities . Si te acquis i tion
costs were included in this i tem. (WIlE)

10. Secondarv~ Pump inq . This i tem refers to cap ital and opera—
tiofl and maintenance costs for pumping munici pal/in—
dustr ial secondary effluent from ae rated l agoons to ~.-;interstorage reservo i rs within the Study Area and for the lift
from the l ower end of the tunnel to the aerated l agoon at
the Western Land Treatment Area . Pump i ng costs from de—
tention basins to winter storage reservoirs were included
for storm runoff. (WME)

11 . Force Mains. Th is i tem pertains to all force mains asso—
d a ted with the pumping stations in the precedin g i tem,
inc luding the lif t shaft from the tunnel and force mains
to winte r storage reservoirs within the Stud y Area.
(WNE)

( 12. Storage Reservoirs. This i tem refers to winte r storage
‘ . reservoirs for municipal/industrial secondary effluent

and for preliminaril y—treated storm runoff prior to l and
treatment. Land costs for site acquisition were included
in this i tem. (WME)

13. Reservo ir Aeration and Chlorination. This it em i nc ludes
a e r a t i o n  and chlor inat ion for municipal / industr ia l  winter
storage reservoirs for in—basin trea tment and chlorina-
t ion onl y for separate storm—runoff winter storage reser-
voi rs  and for the Western Land Treatment Area reservoir.
(WME)

1k. Land Purchase and Preparation. This cap ital cost i tem In-
cludes two categories of land . The costs of site ac-
quisition for water—based p l an ts are treated as occurring
in 1972 and are the onl y cap i ta l costs appearing in that
year . (H & E) The costs for purchase of land treatmen t
areas and the necessary “one— time ” re— l oca tion , clearing ,
and land—form ing costs occur later. (WME) All costs on
th is line are amortized over an assumed fifty—year life ,
but the total undepreciated expenditures are retained as
the 2020 residual amounts for purposes of calculat ing
presen t—worth costs.

I.
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15. Irrigation Systems. This i tem comprises the distribution
and i rr i gation systems from the winter storage reservo i rs
to the irri ga ted f i e lds , i ncl ud i n g  force ma i ns and pump—
in9 facilities. (~-IME)

16. Dra inage Systems. This i tem includes all portions of the
dra inage systems for the land treatment sites and the con—
duit s and canals required to convey the tile effluent to
natural dra inage channels with adequate capacity . (WME)

17. Slud qe Management. This i tem includes costs for storage,
transpor ta t ion , and land appl ication of sludge to rece i ve
land trea tmen t. All costs for the p i peline to the stri p—
mined area are included in this i tem, as are costs of
agricul tural lands. (WilE)

18. Miscellaneous. This i tem s not a contingency allowance ,
bu t rather an estimation of the costs for a category of
appurtenances and ancillary features , wh i c h  wou ld  be
charac teristic of the transition to a geographicall y d is—
persed la nd trea tmen t sys tem. Miscellaneous capital costs
were calculated as follows : ten per cent of the cap ital
expend it ures for aera ted l agoons , representing costs for
f e n c i n g  and for pip e l i ne connec t io ns to ex i s ti ng t rea tmen t
p la nts and to temporary stream return—f low structures from
the aera ted lagoons wit h i n the Study Area during the
period 1977 to 1 983; PLUS nine per cent of the cap i tal ex—
penditures for land purchase and preparation , which is
equ ivalent to the purchase of an additional twenty per
cen t of the net acreage needed for land treatment; PLUS
five per cent of the cap i tal expenditures for both irri—
gat ion and drainage systems, representing costs for
mon i t o r i ng  s t a t i o n s  and some re—channe l ing of small creeks
and streams . Miscellaneous opera t ion and maintenance costs
were calculated as five per cen t of all foregoing rniscei—
laneous cap i tal expenditures. (WilE)

Table v-k.

The total present—worth costs for the municipal/industrial treat—
merit category in Tables V —2 , —3A , and — 3 are broken down in Table V—k
to the costs for individual treatmen t plants. The plants listed cor—
respond to those in Tables 1V— 1 , —2 , and — 3 wi th the addit ion of
“ Inter im Plants ” and the “Stri p—Mine Pipel ine ”. Interim plants include
those ex i s t ing  fac ili t i e s  which are phased out during the study period ,
expecia ll y along the East Branch of the Rocky R ive r, Tinkers Creek, and
in the centra l Cuyahoga Valley. Both cap i tal costs and operation and

k v-8
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maintenance costs were estimated for the interim plants up to their pro—
posed phase-out dates. The stri p—mine p ipeline , which would serve a numbe r
of treatment plants in Plans A and B and would transport the great r-ajority
of the slud ge generated in the Stud y Area after 1 990, is listed as though
it were a separate munici pal/industrial treatment plant. A number of the
treatment plants listed appear i n  only one or two of the three plans .

Table V-5.

This tab l e  prese nt s a sur~mary of the total annua l costs by decade for
P l a n s  A , B and C exclusive of the costs for industrial pre-treatment. The
ann ual cap i tal costs we re computed based on cap i tal recovery fac tors for  an
i nterest rate of 7~. The annua l operation and maintenance costs for the
f a c i l i t ies scheduled to be opera t i n g in a g i ven year were calculated in 1972
dollars independently of the interest rate. The base amounts in this table
were summarized from Tables V-7, 8 and 9 at the bottoms of pages V-20, V2 3
V-26 , respect ively. Table V—5 shows the standard contingency allowances
as they apply to annua l costs.

Table V-6.

The total annua l capital and O&M costs from the preceding table are
shown in Table V—6 separated into the Municipal/Industrial and Storm Runoff
Treatment categories. The total contingency costs shown for each decade
appl y to all the annual costs given in the table. The base amounts (without
contingenc ies) were summarized from the Total Annual Costs disp la yed a t the
bo ttoms of pa ges , V-l8 , 19 , 2 1 , 22,2k and 25.

Tables V-7, v-8 and V-9.

These three tables con tain deta iied annual cost data for Plans A , B
and C , respectively. Each table covers three pages , the first for mu ri icipal/
indus t r i a l  was tewa ter t rea tmen t , the second for stcrm runoff treatment , and
the third representing the summation of the first and second. The cos:s are
i temized  for  the “compone n ts ” desc ribed in Table V-3 above . On each page
of these three tables , cost data are displayed at five-yea r intervals for
capi tal exp endi tures , ann u a l  cap ital costs , a n n u a l  opera t ion and ma i n tenance
costs and total annua l costs. This format is a sunrr,a r zation of the rore de—
tailed framework within wh i ch the costs were actually estimated and ti-en pro—
cessed by computer. I nitia ll y, the costs for land treatment conponents assoc—
la ted with each municipa l treatment p lant and wi th each storm runoff drainage
d i s t r i c t we re ass i gned by year through 1990 , rathe r than at 5-year intervals.
These yearl y costs were the basis for the calculation of present worth and
for the distribution of annual cap i tal and O&M costs. In the first bkck of
data on each page of Tables V— 7 , 8 and 9, the capital “expendi tu res”, i .e.,
the cap i tal cos ts shown i n  the year of cons tru ct ion or a c q u i s it ion , are sum-
marized for each five—year period in the first year of the period . Thus , in
these summary tables , a ca p i t al  ex pendi t ure a s s i gned to 1983 would be shown
in 1980, whereas the annua l capital cost of the i tem would first appear in
1985. Such discrepancies did not affect the computations of total costs or
presen t worth.

V- 9
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Similarly, the costs orepared by Havens and Emerson , Ltd. are sometimes
given I?’ these tables in different years than those shown in H&E’s Phase II I
Pe~ ort , ~.-here costs ~.ere sumarized by 10-year intervals after 1990. Actuall y,
~-‘&E calculated the costs based on the more detailed frame~-:ork of 5-year in-
te rva IS.

The number of yea rs show n for each it em under  ‘ I tem L i f e ” in these tables
‘-‘as used to schedule replacement of cap ital facilities and to compute the an—
nual cap ital costs. The residual amounts shown beside the cap ital expenditures
represent that fraction of each expenditure proportional to its rem aining life
in the year 2020 , with the exception of “Land Purchase and Prepa ration ”, w h i c h
is considered to be undepreciated . All expenditures shown in 2020 are treated
as being lOO~ residual.

The annua l capital costs are displayed by i tem for only one of the three
interest rates , but the totals are g ive n for all three rates. Both the annual
cap i t al and the annual 0611 costs we re summed b y comput er fro m the de ta i l e d
arrays for the individual trea tment plants in each p lan. The total annual costs
at the three interest rates are shown at the bottom of each page in these tables.

Tables V—l O, V—il and V—l 2.

These tables  prese nt the ann ual cos ts for  mu n i c i p a l / i nd ust r i a l  was tewa ter
onl y, i temized by treatment plant as described in Table V— 4 above. The dis-
play of cost data under capital expenditure s , a n n ual cap i tal cos ts , annual 0611
costs and totai annua l costs is the same as in Tables V—7, 8 and 9. The total
annual costs at the bottom of the third pages of Tables 10 , 1 1 and 12 corres-
pond to those at the bottom of the first pages of Tables 7, 8 and 9, respectively.
The difference s between these corresponding sets of data are below the level
of s i gnificance and are due to truncations in the course of data process ing.
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TABLE V-I

TOTAL PRESENT WORTH OF PLANS A , B , C*

( in $1000)

Presen t Wor th
Factor Plan A Plan B Plan C

5 3/8 Percent 4,227,100 13 ,085,500 3,881 ,000

7 Percent 3, 1+70 ,500 3,360 ,600 3, 22 7,500

10 Percent 2 ,608 ,300 2 ,534 ,300 2 ,455 , 100

~1•~1 ;:Cont ingency factors included.
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TABLE V-5

TOTAL ANNUAL CAPITAL AND 0 & 11 COSTS OF PLANS A , B , AND C
FOR MUN ICIPAL/IN DUSTRIAL WASTEWATER AND STORM RU 1~OFF

( i n  $1000)
1972 1980 1990 2000 2010 2020

Plan A

Annua l Capltal* 800 78,800 151 ,300 180,600 180,100 180,100

Contingency (30%) 200 23,600 45,400 54,200 5k ,000 5k,000

Annua l 0 8- 14 31 ,000 k7,1+O0 76,500 85,000 9k,500 102,700

Contingency (20%) 6,20~ 9,500 15,300 IZ,000 18,900 2~~500

Total 38,200 159,300 288,500 336,800 31+7,500 357,300

Plan B

Annua l Cap i tai* 800 75,800 lkl ,700 170,000 170,100 170,kOO
Contingency (30%) 200 22,700 k2,500 51 ,000 51 ,000 51 ,100
Annual 0 & M 31 ,300 1+5,500 73,000 79,900 87,600 93,800

Contingency (20%) 6.300 ~~~JQ0 i1+,600 16 ,000 17,500 18,800

Total 38,600 153, 100 271 ,800 316,900 326 ,200 33k,l0O

Pian C

r. Annua l Cap i tal* 700 57,900 157,800 169,000 159,900 157, 100
L . Contingency (30%) 200 17,kOO k7,300 50,700 k8,000 47,100

~ 
Annua l 0 & M 30,800 ki ,iOO 61,200 54 ,600 59,300 62,200

•
~ 

Contingency (20%) 6,200 8.200 12 .200 10 .900 11.900 12,400

~ 
Total 37,900 124,600 278,500 285,200 279,100 278,800

- ;  
* Annua l Capital Costs are based on a 7% interest rate.
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TABLE v-6

~- 
ANNUAL CAPITA L AND OPERATION AND MAINTENANCE COSTS

~ 
FOR PLANS A , B , A1~ C

SHOWN SEPARATELY FOR MUNICIPAL/INDU STRIAL WASTEWATER AND STORM RUNOFF
(i n $1000)

- 1 972 1 980 1990 2000 2010 2020

-

• 

Plan A
- Munici p a l / I n d u s tr i a l

Cap i tal~ 300 25,600 60,200 80,100 79,700 79,700
O&M 31 ,000 40,300 58,300 63,000 70,300 77,000

Storm Runoff
Cap ita l* 500 53,200 91 ,100 100 ,500 iOO ,kO0 100,400
0&M 0 7,100 18,200 22,000 24,200 25,700

Contingencies 6,1+00 33,100 60,700 71 ,200 72,900 74,500

Total 38,200 l59,~ 00 288,500 336,800 347,500 357,300

Plan  B
Munici pal/Industrial

Cap ital * 300 23,700 55,600 76,600 76,500 76,800
08-il 30,900 38,400 55,300 59,000 65, 000 70,100

Storm Runoff
Cap i t al~ 500 52,1 00 86,100 93,400 93,600 93,600
O&M 400 7,100 17,700 20,900 22,600 23,700

Contingencies 6,500 31 ,800 57,100 67,000 68,500 69,900: To tal 38,600 153 ,100 271 ,800 316 ,900 326,200 334,100

- P l a n C
~2 Mun i c i pal/Indus trial
-
,
-~~ 

Cap i tal~ 200 28,200 87,300 90,600 81 ,400 80,800
:‘ O&M 30 ,800 37,600 47,300 38,400 42,20n 44,500

- Storm Runoff
Cap i tah’~ 500 29,700 70,500 78,1+00 78,500 76,300• O &J4 0 3,500 13 ,900 16 ,200 17,100 17,700

Con tingencies 6,400 25,600 59,500 61 ,600 59,900 59,500

~r ~ Total 37,900 124,600 278,500 285,200 279,100 278,800

~; ~Ann ua l Cap ital Costs are based on a 7 per cent interest rate
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FCA CE 96155 50 0 3 41 439 55’ 5~ • AAS 695 665 245 bIS
S T I AC.E 13 5€ 3VC.19 5 5,) 3 0 164 1143 1131 l’ 3 1 2655 2655 3094 3054 1094
$ 4 1 1 7 7 0 1 7  L~~’. C CL 10 0 0 63 309 736 72$ 104 4 963 523’ 113 1 1257
Laso PU A C CI SE C P’E~ 50 199 745 d5 7 1120 52”. 10 9T I’)) 6479 5583 1613 14 13
T5 A I~~A T I C %  SY S TE S ‘3 2 0 40 257 433 462 573 603 659 851 651
09315*01 %YS TE 9S SO 3 0 38 2C0 255 322 ‘13 439 494 *29 529
SLLCCE a53 3’ E 57 39 .3 432 686 743 23*0 2’C6 312 5 312 % 3374 35 15 3456
M1S CELLA ’ .€CLS 30 0 0 64 529 661 233 256 263 194 243 239

TOTAL AT 5 3/4* 
• 

644 16039 61431 515*2 116542 11 7 235 139c5% 1399T3 140059 1’0220 1’.O2$3
TC 7AL A T 7 1 799 44327 75773 111’21 141853 142163 569595 5’3017 170579 1 7 3 9 17 170361
TOTAL A T 10 1 5122 63944 10C$24 1t2456 I’3132 15’.A29 232095 232 155 2322 63 232566 232 633

AC9I~AL C P E A A T IC S £30 ~A I STE’.A5C( CCSTS I’. $1000

ITt’S • 1912 5415 1980 6995 6990 6993 2030 2006 2010 2013 2020 TOTA L

PLA 9TS 27523 33314 36949 55179 63766 66969 1C633 74049 27325 42274 $30 9 29653’.)
$11006 3’)? 3400 4?C6 3753 2*65 3736 3-070 3233 3457 3351 3763 161933
516665 3 640 1237 tA CO 1703 III) 1942 1942 3942 3542 1942 11575
TE ITCA AP T FL9PS 0 0 0 0 0 0 0 0 0 0 3 3
S~’AF 3S L TI.5%ELS 3 C 0 0 0 0 0 0 0 0 0 0
A(AA T IO LA CCO SS 3 0 ‘16 622 74$ STI 1137 1203 1279 1140 5333 4231 1
SECCS *61 7L67,43 0 0 46 400 679 691 964 lOIS 1083 6109 1151 3235.

I ~ POaCI M A t ’~S 0 0 4 4’. 47 42 5$ 34 II SI SI 13$2
110730$ R%!T’V0I ~~S 0 C 11 79 12’. 122 177 $62 200 2CC 239 3161
P101 3,011 A i s  C CL 0 3 ‘9 196 260 297 377 397 456 ‘86 CII 13437

~ 4 I6)1 33T1C 9 S~~5 T7’5 3 0 32 2C $ 309 329 422 443 492 ‘9! 533 145$’.
•
2 C4a1530$ SYST ’ S 0 0 I 49 63 69 33 90 132 106 139 9064

S L L C C E  ~*5A0T ~~€’ST 3 164$ 1672 2029 TI? 313 674 906 943 577 1015 35513

~; 
M ISC $LLA ’ .EC IJS 3 C C 9 16 2’. 92 32 IA 36 36 914

I ~ TOTAL 3*241 39202 63496 60074 7)063 74614 796..) 61644 $1841 90857 9316 1 3313C 32

TOT 6L a’.’.OM COSTS Ill $ICQO

7 Z I  %q Tf tE 1t 11T$ CP S 3?) I

T’T AL £.S~~1L C AIIIAL ~~~4 3 ’ 3 5 5  $I•;. SI..: II t ~~’.2 I I ? Z ? 5  13 ’554 139;?e 140C54 140220 140233
- TOT A L £.S AL Cf.’ 113,1 ‘.::Z C~~.7I 2~~0’’ I)’5 5 ’ C~ I . ?~~ ,,$ !%$~ 4 4 164! 9 557 93765

~ 
- 

TOT AL £$ ‘.4,AL CCIII 35923 15505 10732 ’ . 1 97956 III ’S, I6~~I 23 214421 225622 21??C7 2309%? 234346

,
~

a I’.?(~~(tT lin t  CF 7 5

- T C U L  I ’5~~ A (  C A P I T AL lii “127 ? T1’ ~II.23 I~~I943 I42~~~9 I8’945 1’ O I Z  170109 1703 1? 1T 3336
- 70 tAt A - S  £5 ~~~ 9 I 2 -3 3 ‘;~~ 3 ’ ~~’ - I I . ~‘ ~ I ~ IS ?C 56 791$ 6 436s4 9 7’ . I 90697 ‘1766

ICTA L 654-OAt C ST$ 32)’~ $)$ 3 131244 l’l”~ 23*6 ’. 21 T 34 1 289444 253661 25~~7~ 7 21l C l~ 34464’.

• - P:4 I’.Tt I%t (III OF 10 9

T~~TAL 3%~ £5 CI~ h At I ~ 2 •~~ 6.’ $ • . 2~ I : —~ 
. 1’ ~2 IS’!l$ 2 32 :~~3 2)2633 2 32253 232381 23261 3

• - T O T A L  A • ~ A L  5 6  1,3 •~ ‘ •~ z •.‘-i • ‘~~ ‘ , :  I .  7.~~t T . -s’ •)4s4 $7444 ‘ :s ’.? 637 4$
~ - ~ • ICr A$• ass _ Al CCI ’S Ti’ ;’ 50 _ L s .  1 5 1 15 ~I:!?Q l., IT ~‘ .6.? 311554 313 7 95 365911 3 273’3 7Z$3

~~ ~ 
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t PLAN C

A%~ U AL CCSV S C’ V.,9ICI PAt ~~I4~ 35T~~)A ~ A 0%T (.AT (9 T$IAT NE IT

CA P I T O L  ,.P75 tl ~~lfS 19 11000
11(6

I ITt) LIT( 1172 5973 6910 1945 *990 1995 2003 ZOOS 20*0 231 5 2030 ? C ? A L  l$Sl?~lL

‘ ~ PLA. TS 09 1 606 34 0660 49900 TO 0 3900 0 II !2 tO 47120 I?I ~~~T 51002
E I P A C O  T C  LE SIL 1 33 0 32 .03 5030 C C 3 .3 3 5000 0 2 ‘ I • ’~ ‘ - I S
1I ?A40 TO LA - Al L 2 05 0 3 3 22000 3 0 0 0 2 2 0 0 0  2 0 “0 ~0 5 1 0 3 3
SLL :0% P A C I L I T I O S  35 3 •~~~T3 ‘.50 11303 .3 o 0 0 1430 3 15500 ~~~~ ~77~~?
S I S 3 A $  5.0 0 .9130 3 700 0 2’333 0 TZO o C .7 3 107473 20.5.
CET I S T I C ’. 915155 5) 3 0 0 3 3 73 0 0 0 0 3 0 3

~ T(~~A C A A A 3 ? .’S C .3 3 C 0 0 3 3 0 0 0 3 3 -3
- 5~ A * 1 $  C 9155(15 90 1 .33*4 3222 03 0 3 0 0 0 0 0 .3 3 T L ~~’~ c’~~53- £ 6AA753 i.c::ss 3’ 0 10400 0 0 tOss) 3703 7633 3 0 12’ 0 3 l~~:- ~3 3 2

~ S1C %0~ CY P~~~6I\G !~ 3 .94 22354 2 7376 0 .3 0 494 035• 20303 I 3 0 ’ ~ 
•
~~~5_

P0606 6A15S 50 0 531 b S 2  C -3 0 0 0 3 0 0 754.9 1~~73
S T C A I O 5  aE ’ .* ;s :TA S SC 3 003’ 47700 0 1’.’.’3 3 14443 .3 12903 0 3 ‘ 1~~3 !‘‘20
p4$5a,::~ £€~ f. L 10 0 552 87*8 0 OT39 o 102 2 2 0 11346 0 11545 •~~7’• I 1’S 

• 
-

1153 ‘~~~~‘AS? 0 ~‘E~ 30 0%;) 745 ¶545 7 517 371 7 353 0 3~ Z’. 31 70 071 3 ~6~~T 3 ~~ 5 3  T’l’.l -
I A a I 3STIC’. SYST T S ‘3 0 55 3 TOITI ‘.42 s334 LIAC 273 6 251’, 2674 63 0 l 4 n c T3 1 5 ;~ :0 1’542
C6364a3€ STStE~~S SQ .3 337 •1~~s3 379 2773 2A32 1St’ . 2149 23’3 1432 3 5~~-’00 23 .67
SL L CC E “05*3€ 9E~,T Sq 3004 52 7 3 1 72:0 342 2322 153 4 1037 7 0 3100 1643 2 2700 ~~~~~ 2 3 5 3 1
$IS CA L LA’.$C~..S 33 .3 1363 9322 73 6733 1310 1452 52 6 442 1862 5356 12, 70  13416

TOTAL 5154 353 912 626519 IOTST 135276 20466 59010 8626 16793 39238 650294 6305774 50~ f43

I TT” £‘.SUAI. CA 71111 . COSTS 19 81000 (AT 7%)

ITt) LIP E 1972 1979 1960 1~~63 1960 1993 2C00 2003 2010 2013 2023

PLA.I S 33 .3 4610 5374 5179 9154 9114 9’13 9413 4175 4132 4132
E XPA’. , IC LEVEL  1 35 0 651 9 4409 1604 66C’. 6609 45—1 4351 616 716 616
IX PA C O  IC Ltv E I~ 2 25 0 0 C 1~~°Z 14fl 6472 l’cZ 1”Z 1132 154 2 - 53 92
SLL C E F A C I L I T L € S  35 0 3537 3662 ‘.547 4547 4547 4547 4547 ~$3 4 L1~~2 115 2
STIllS SO 0 31 0* 5571 ¶~~7I 7T21 1121 7773 7773 7775 7775 7773
C-E 1(%IIC% !ASI’.S 33 0 0 3 0 0 0 0 0 0 0 0
rE ’ p :’AAy p~ .P’. 4 0 0 0 0 0 0 0 0 0 0 0
$-3 6 15  5 TIOSSEL S 90 0 0 OIL S 26716 26714 26713 26719 26718 26717 2 67 17 26714
£ 4 6 6 1 6 3  L A O C O S S  33 0 3 936 931 5.79 613 3 2753 6135 6773 6773 6745
SECC .C ASI P.~’PI50 33 0 0 34 1755 236C 23 63 2360 2363 2*40 2350 23 63
P0706 46 155 50 0 0 42 316 514 116 5 5 6  516 116 516 516
S T C ~~ 3~~1 A 7 S I A v -~1QS SO 0 3 Tb ’. 3674 4717 4717 5731 57*? 4 $ 74  $$$‘. 5 6 7 5
$€ 1 4’~~015 £19 L CL 60 0 3 63 II~~; 5 525 142 1 1739 1639 1975 17 7 2 159 3
LAS) ‘~~~C4 AS E  L ?77P 50 157 IS? lIs ‘IOe 451? 4472 517$ 535 4 5574 51~~3 57’.8
j7~~J ;4r5C ’ . S3Sr E ~~S 33 0 C ‘.0 ‘.~~~0 43.9 4172 ‘77’. ~997 5151. 5357 5317
SAAI ’ .336 S Y S T E S 53 3 3 31 3 1 4 1 3407 3550 3742 3951 4106 4242 Z’2
SLLCG ( PA S A C E A E S T  39 0 919 1393 1759 13 33 2319 2 ,35 2735 3120 2,9’. 2803
PI SCE L LAS ECUS 33 

- 
0 0 106 972 1’33 652 1 1b3 5 1673 1905 1693 5634

TOTA L Al 5 3/8* 627 1369! 230 01 631 11 71 ,51 72434 7’257 7462! $6561 660’b 65131
IC TAL Al 1 I 55? 5691$ 271 66 7?Ce S 673 57 (7342 9C 611 91079 6137) 6051 1 03)39
TOTAL IT 10 1 22 5 25633 3044 4 105735 159650 5 2117 3 L2’383 125049 *0191 0 11 1 0 1 1  11 12 27

A’.’.UIL C F (PAT IO4 A ’.~ A A I ’ .TI’ .A’ .CE CCSIS IS 11000

17EV • 19 72 1~~7S 1960 1913 1990 1995 2000 2035 2010 2015 2020 TOTAL

PLA ’ .IT 21427 33773 1011. 211’? 2Cc’? 26226 10672 11495 12334 132 7 8 14234 ~3l9I3
SL L OO E 3456 3742 7114 2521 2 1 2 3  2434 2)1 269 269 259 315 46~~ 1
$1417 5 0 237. 402 402 52 4 525 SOT 327 527 127 527 2132 3
T (~~~CA A 7 T  PiM PS 0 0 0 0 0 0 0 0 0 0 3 0
S,.aATS C 1U5 .CLS 0 0 244 2353 2425 2434 2’37 2313 2~~63 2363 2566 ‘1 -1’

• - £T6A TE) L A CCC .,S 0 0 733 824  7216 7’.~~5 645’ 474$ 5312 9373 5470 i~~37~~3
S (CC SCI8T 70AP155 3 0 43 6499 71St 8163 6*34 3639 9223 6494 9746 3023)6

? F O A C I  ‘A I ’.S 3 0 4 ‘3 43 45 43 43 45 43 45 lt~~7
110 8A 05 R E S E A S C I P S  0 0 11 215 32’ 321 391 396 ‘52 4’3 458 51479
I$S?A.3I3 LEA ~ Cl 0 0 36 990 5129 1)3? 1302 1399 1492 1134 65,1 —sS O O
IP A I O * T I C ’ .  SYS T5~~S 0 0 32 2443 2024 2 75? 0195 3053 3525 32 13 1214 L 0 2~~0’

~

_
J C~~I I5A 9 ‘17T€ 5 3 0 I 369 604 $41 674 736 731 7’3 755 331 ~~• - 

- - SLL CE A ’ .AC IM S’,T 0 1295 1666 373 7 $43 95 3 1226 1300 13*1 1*5? 1 *31 73071

1~ ‘ 
M I S C $ L L A %EC5S 0 0 0 0 0 0 0 0 0 0 0 0

~~~ 
I TOTAL 3C$23 36313 37456 ‘CICS 4733 6 49412 3)397 40234 42%?! 43?62 44444 15123 00

TOT OL A ’ .’ .UA L C O S T S  I’S 1)000

PC , INT (~~E 1T A A T T  CF 5 311

• TCT AL 1 %Jli C A P I T A L  127 I’’ 19~~~0 7 1 7 5 ?  7 1111 72474 ‘.è ,? 7452$ $6936 9’31, ‘.137
I T C T A L  0 \ A L  C’.’ 3:,! 3 I ~~0 2 37’~1’ . ‘:‘—5 4 737 9 •9~~l2 17~~;7 ‘0035 ‘217? 4 1 - s O  ~~~~~~

Y CT A.. A C’.)*I_ C Z I TS 30933 31595 606 1 7 I0 ~~~02 I I ” 6 ?  121 449 653954 11 .412 101739 1~~~’3A I I L 3 S 5

t ‘CA I ’ .TEP TS T PA Il CF 7 I

T ? A
~ 

A5 ’ .-.AI. C A’ I T A L  15’ I~~~l 6 24166 7? . ~~9 -  ~9 1? ‘‘3s2 97511 91079 P1319 * 0 7 5 1  9)636
T O T A L £5’ 3L ~~‘ 3 092 3 3 5 0 1 2  1 SI6 ‘:~~— s~~~~~ ’ ~7’ ‘c4~~2 3~~0S’ 42ZS4 .21Tl~~~~~ ~I1 j  44449

~ 
TO T A L  £ 5 5~.*4 COSTS 30310 54924 097)2 5 5 1 . 5 ’  I3 •~~53 63 7 7 54 I29~~~$ (51 333 123 936 12’,?3 1352 66

I ,CP ST ’’$SV la Ti CT 60 1

T T IL £ C ~~A L  C A P I T A L  221 21l~ ‘ I-C’ .C I 1.5 ~~~ 7 50 1211 7 1 ITC! 0 IPSO” I 5 I ~~~~ * 1 1 2 ) 5  1 3 1 2 2 7
- T~~TlL £ ‘.~~IL L5’ 3~~~~) 3500. - 3 713 ‘. S- :-’s~~~~~ 7, 3. 45’IZ 3 - 3 5 ?  5 0254 ‘237 4 4 i~~~ 0 6 4 ~~~ 4

TOT AL ISS Ai CZ ,11 J A C A  s~~~~~L’.; ’~~o - l4 ,~~~0 11S ~~~I L? ~~197 Ie~~T 1? I~~ ~~ ? 13412! 515 ?) 51 575

• 
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~ 1ASLE L~.9 (C.ontlnued) . . _ -

~ 
PLA N C

- 
AS SA IL CCSTS 0’ STCAPI .IT (I TR (AT6’’.T

- 
- 

CA’I TAL E IP (’OITU IE S IT. $1000
I T E N

•
- I TEV L I F E  1972 3973 1910 6693 596Q 1993 ZCC3 2003 2010 2365 2323 t O TA L  A A S I~~~AL

• 
PLA4IS 95 0 2434 3 45443 tl3’O 1337 ’ .A 1876 21930 1442 16746 32594 48.43 ‘,5 ~~Z 11300 ’

- (lAsso T O L E V E L  I 35 0 2 2 5  ‘.‘ 190 034 13$ 33 47 45 54 90 ! — ~~ 0
- EZPA SC 10 lE4E L 2 25 0 589 575 l~~’’ 252 254 361 241 256 2s1 0~~l • C 4  0

-‘ SLL -0 00 F A C I L I T I E S  35 0 1493 It’? 0 0 0 3 0 6443 C 0 4 6 5  2 07 1 •
- - S€ 6795 50 0 4 6 5 1 7  53 105 12s75 ‘0714 0 5 113 0 0 3 3 30 7 1 2 7  35 7 93, 

C T TE ’IIC’. (AS ISS 50 0 ‘493-0 63410 I7 C OS 9349 0 5406 0 0 0 0 3~~~lCC 51106
;- I ~ TI~~~C~~36 Y P5.~~PS 4 0 3 7 0 2  ~3 3 0 0 3 3 3 0 0 ‘‘,~ 3 - 

-
- ~ 

- S .A633 ~ TL5~~#LS 5~) 0 20430 79663 0 0 8 0 0 0 0 3 5 5c3 23)3’

—
- 

~ 
, A E A A T I O  L 4C00%~ 39 0 3 ~ 0 123 33 1517 137 3 23 0 3 0 I, ’57 ‘2)2

~ 3ECC 5~~A 67 ?~~“P I5 33 0 12 6031 0 lAS T 0 3235 0 12 2093 .03) 5 ’ 7  7.2

~ I FC .0E 4AI’s S 50 0 63 2060 0 A34 0 6926 0 0 0 0 3.54 23 75
- 1 ~ 

SICA 5CE N I S S A S C I I S  52 0 0 13969 0 6356 0 7456 3 133 $ 0 0 22’19 1 1 1 2 3

- I • RE 5E A~~0ll £EA L CL (3 0 0 6033 0 1531 0 2144 0 2321 7 2)35 53’) 23 .3
LA’.O 737 0-AS’. L paT e 53 7.96 3 51c1* 0 131$ ZA 1’1t 73 043 5 3 3 -2 2 0 !  1372 4

I I I A I G C I I C ’ .  !Y STE ~~5 33 0 3 5 0 1 5 3  0 1670 24 17 ) 4  39 3.5 10 76 4 7 3 0  25551 I1 ~~39I C 6Al5AO( 39377 45 $0 0 C 9136 0 1250 24 1403 36 513 II ~ 13s 35 ‘314

I SLUCCE PA%ACE’E ’ A T 39 0 0 4 3 3 3  0 346 0 356 0 66 0 3 5~~?3 668
• M 1SC 1LLA ’ .ECLS 33 0 0 2C63 0 1411 151 459 64 663 70 6943 9132 93.3

TOTAL 7496 23 9 951 102IAc 2C2 ’1’ 204626 43)7 103306 2051 24423 96404 859 .5  11961’1 333 467

ITEm AS SSAL C O P I TA L  CCS TS IS 16000 IAT 7$)

Il_ EP L I F E  1972 6975 1460 1935 1990 199* 2000 2009 2060 2015 2322

PL A N T S  33 0 1399 4913 9614 20044 20569 2 137 3 21991 21’13 23030 L~~T60

~ I EX PA ’ .C IC L E V E L  1 33 0 3 23 •O 144 553 157 139 ~5 3~ $9

0 IXP ASO TO LEVEL 2 25 0 9 34 31 9 227 249 262 216 197 5%) L I Z
SLt~CCE F O C I L I T I E S  35 0 134 242 2’2 2s2 242 242 242 242 51’. 514

- SE8E 4S SO 0 8313 10211 15’.29 13361 19761 22 1 63 221 1 3 22113 22 1 1) 221 1 )
— DETE CTI C ’. 635155 50 0 6134 154 00 15224 16A9 7 16897 17375 17575 17575 113 73 173 T3

~ 
T E~~;CPAA Y PL .PS 4 0 616 0 0 0 0 0 0 0 0

- 
ShAF 3 S C IL SS EL S 50 0 1504 7170 7170 7110 7170 7120 7170 7170 7 (73
£ T E A T E O  LA CC O.S 39 0 0 0 922 SCSI 6161 11 63 126$ 5 1 9 9  11 63
SEC C ’ .C AA Y 73*7190 3) 3 0 ‘71 753 755 1005 1033 ICOS 3 :09 5009
FC 4CE M A I S S  33 0 4 156 26% 291 392 392 173 352 A.,’
SICIA CE P ( 5 5 S 5 O L A 5  50 0 0 779 1247 5347 1799 1793 1q10 3’I3 5 . 5 )
RE SL OYC IA *~~7 t CL 30 0 0 112 357 251 35$ 353 34? ) ?  ‘~
I.A •,o P J R C O A SE  L pq~~p 53 539 539 594 1351 1475 547 3 1319 13)4 16’’ 174?
I A A I G A T I C ’ .  Sy S TEM S 33 3 0 0 839 IA’. 971 553 4 650 7 I I 1 ~ 11’ . 1 5’ .
C Q A I S A G E  5157065 50 3 0 0 651 744 746 6’6 $32 $49 ‘-.5 .;~
SL LOC- E N3520E ~~6 3T 39 0 0 2 322 344 746 375 375 IóO I’) 1’0
M I S C E L L A N E C U S  33 0 0 0 165 272 284 317 311 321 314 $ 5 9

TOT AL A l 5 3/61 434 12344 2’.207 4379$ *7’17 57592 636’.S 63 933 ~ I A T 7 S 7  ~ I
TCTA L A T 7 1 339 15275 2 1 7 3 5  59552 lOSs ’. 70566 18343 78424 7 7 7 1 8  ~~92 ~‘ • I
TOTAL AT IC I 757 2134 7 41115 74577 57469 97745 108353 109470 1 0 7 t 0 ~ 10S~~3 1~~5i’ 3

a6 %UAL CP (PITIG ’. £50 MAISTE,AS C T COSTS IS $1000

ITt) 1972 6975 Lq e o 194$ 5°90 5995 2000 2383 2010 2015 2020 tO TAL

- PLI9I S 0 311 ZCO6 4577 5439 6013 6493 6501 6612 4359 7 1 ? ’  2 3 5 4 9 0

1 SILOCE 0 9 A CA 737, 972 116 7 137 4 1483 1606 1543 31. 5 ‘.~7~~5

~ 
51.9 13 0 329 57’ 132 964 1067 1569 (139 III’ 1199 51 ~~5 • O A I I

- A TE P TC 4A$3 PI.56P5 0 C 0 0 0 0 0 0 C 3 3 C
• 57’1~~15 I Tu’.’.ELS 0 0 lOS 425 616 620 421 632 434 ‘.43 642 I~~’,1

,--
~~ 

£E OA T IO L&G ’ 03S .3 0 0 23 1351 1473 1545 1399 1653 1873 t5,s ‘-5 2 ,
i •? SEC05 a#Y Pu ’PISO 0 0 6 644 7 162$ 5672 215? ZZSs 2310 2346 5 1 )  T 3 ! ~~7
5 ,, Fca c1 •AI’.S 0 0 0 I’. 17 17 26 23 2A 2 3 26

~~ 
sTc’*:-n PE3E ’,’I C s  0 0 0 55 57 $1 125 123 639 152 132
86370101. A F’ C CL 3 0 400 6CC $41 $94 697 91% 939 ~~ ? 933 93 7 3 3

. 3  IPI IO) T IC ’ . STST3~~S 0 0 0 310 635 612 713 71? 74s 743 1~~3 23 ,17
-2  C #AI SAC E SY ST E~~S 0 0 0 11$ 13 6 132 149 149 137 15~ %34 3~~2~

- A SLL C€ M A 4 A & E A A S T  0 3 0 378 314 397 620 644 669 ‘.72 67 3 3 t ~~’3

—~ ~ 
PISCEL.L& ’ .TCUS 0 .3 .3 A C ) 173 333 233 203 210 21 3 263 1’3)

~ TOTAL 0 72 3 3494 SOCOO 1 3909 1C~~48 16206 16396 11094 17478 17741 57119 3

. 2 TCTA L A CISlSAL CCSTS IN $1000

~ 
TOO !STE PEST RAIl OF S 3/1 1

i i TOTAL £9CU IL CA A I T IL  .34 123.4 7420? 427’P 57s37 57592 43145 63 913 ‘.3947 72 336 63052
: TOTAL A .’.I)IL CC? 3 725 3454 b O O )  135)9 14648 1 6214 14553 170 94 I~~~7S 1 77’I

‘J 
- IC TA L A SSOAL CO STS 434 63069 27 701 S l i c E  T I3 2 6 72441 6CO$3 93311 $1031 -04 14 ‘*411

~i 
I FOR IS T (’T ST A A I €  OF 1 I

,~ • T O T A L  A45.JA L C IA I T A L  3~~ 132 7 9 2 97 21  51~~’2 70446 70689 ‘$343 19624 77113 7134~ 76245
• TCTAL A ’.’..,AL ~~ 9 7 725 3494 IO ~~~ I!~~)9 l43’t 1679$ 16319 37034 1767 6 17741

TOT AL A ’ .’ .LAL COSTS 339 660)3 33215 47532 $ ‘3*5 TSSI b 9437$ 95022 63602 5~~T 34 9)944

. 
F CA I S T I T E S T  P A T E  OF 10 1

, 
I ~ 

TCT AL 3’.’~J7 L C A A I T A L  TI? 2 1341 C I l I A  1~~~77 ‘.74)9 91745 139353 10’S?C 3346)5 I~~~52O I~~TS’.3

~ • • ICTAL £ - , A~ CC’ C 7 2 5  3SSC t O O  0 l3S 9 IS~~4S 5 2 2 3 5  I S S A I  170’s 5 7 .7’. 3’’ —l
I , 

- TOTAL £‘ ‘. 71. CC~~T1 73? 22372 4s29$ I’’.?? 6 5 1 3 2 9  lI ~~5~~3 12 4 3 3 1 133034 123 ~~3~ V.!.’. 123 7 , 4

~I ~ I

: ~ ~ V — 2 5
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TOTAL A55, .AL C O S T S  CF A A S T I A . T ( I  A SO 51C46.AT1I TICAT .)61

CA P I T A L  AI P (S3I TL .-€ 3 IF. 11000
— tT IN

~ 
III. LI F T  1912 1913 558.3 ISA ’ . 1993 1993 2033 2335 2013 0016 2020 T~’3A3 I E S I 3 ~~AL

P L A S T S  39 0 5 5 47 5  1 ’ 3 S 3C ~~4c L 2 9 ~~3’, I ’ # S  2 5 * ’ )  146 2  I 7 ~~’) 3 2 5 5 4  6 7 1 5 1  3 5 S ~~S5 I ’ - I ’ 0 b
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- COt’iPARATIVE COSTS

- 
Ana’yses of the ann ual costs of Mans A , B and C are represented on

- 

~i 

Fi gures V-I through V—7 i n terms of the uni t cost for each 1 ,000 gaijons

-

~~ 
treated.

I The unit costs include capital investment at 7 per cent interest and
/ 

all operation and maintenance costs. The unit costs do not include the

cont i ngency allowances .

Mun i c i pal/Ind ustrial Wastewater

Represented in Figure V—i are al l costs for in—basin and western Ohio

treatme nt sites for all three p lans. The time phased average dail y f low

is plotted against unit cost of treatment. The cost bulge for Plan C re—

f l ec t s  the su rcha rg ing of capi tal investment and associated operation and

mainte nance costs necessary to meet Level I treatment standards pri or to

1983 with water—based treatment facilities. The amortization period for

Level I t reatment capabi lity for the sho reline plants overlaps with the

- amortization period for large inves tments in the tunnel and the western

~ 
-
~ 

Ohio land treatment site components.

The bulge in Plan C costs illustrates the impact of the constraint

-
- - to meet Leve l 1 effluent standards using water-based plants before imp le—

I menting Leve l 2 land treatment. The amortization of the Leve l 1 facilities

~ abandoned in  1985 continues to the period from 1 995 to 2000.

.

~ 
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The 2010 and 2020 unit costs of treatment are least for Plan C ,

• hi ghest for Plan A , wi th Plan B falling in between.

The declining costs of all p lans after the year 2000 are a result

of building capaci ty prior to need , and of i ncreasing the volume s of waste-

~ 
water being treated.

Urban St orm Runoff

The ti me phased average daily flow of urban storm runoff ve rsus unit

cost of treatment for each 1 ,000 gallons is presented in Eigure V—2 for

all three plans.

The h i g h cost per 1 ,000 gallons t reated , i.e. 3 to 4 time s the cost

of m u n i c i pal/industrial wastewater , represents the problems of designing

r 
for a peak flow wh i ch occurs onl y once per yea r , with facilities par tia ll y

~ 
idle the remainde r of the time . It should be noted , howeve r , tha t  the cos ts

~ i n c l u d e  co l l ec t ion pi pes and a very large amount of flood contro l storage.

Plan C is least costly, Plan A is most costl y, and Plan B is intermediate

for  the f u l l  range of years .

Ordinances and other ins titutional practices to reduce the peak rate

of runof f from urban areas could reduce the cost of treating storm runoff

by approxima tely 25 to ~+0 percen t , or more.

There is no cos t bul ge i n  P l a n  C for  storn~ ater as the deep tunnel

storage continues to be used through 2020; prior to 1985 , on ly  comb ined

stormwater is treated , and that during off—peak capacity of the shoreline

I plants.

~ 
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I n— Basin Munici pal /I nd us t r i al Was tewa ter

- Costs of treatment for municipal/industrial wastewater in comparable
- 

in—basi n facilities for 1990 and 2020 are shown in Fi gures V— 3 and V— k .

These cost curves for Plans A and C indicate the economy of scale. In

: Plan C, the economy of scale is reduced by a relative l y hi gh i nvestment

~ i n secondary pump ing  p lan ts and in a force main at Kent. These are re-

quired for transmission of the wastewater to the land treatment site which

; lies south of Kent. The dashed line would indicate the cost trend if the

- 
transmission distance were shortened by fif ty percent.

- - The regionalization of the Liverpoo l p lant in Pla n A has created un—

us ua l l y  h i gh t rea tmen t cos ts , wh i ch are out—of—line with the costs of treat—

ment for the other water—based plants in 1990 and 2020.

Kent

Fi gure V 5  illustra tes the impact of time phasing . In Plan A , the

Kent facilities are in operation by 1980, but in Plan C by 1985. As a

resul t , the phys i cal—chemical treatment plant system in Plan A has a

s l i g h t l y higher present worth than the Plan C system for Kent.

-, 
Burton and M idd lef ield

~1i 
For Plan A , the Burton and Middlef ie ld plants are separate; in Plan

~~~ 
C , they are comb i ned. The curve in Fi gure V— 6 indicates a significantl y

~ lower cost for the land treatment alte rnative . This advantage has been

recognized by residents of the area as indicated by their expressed in—

teres t in a land treatment facility.

•~~ 
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Fa i rmoun t Road

~ Fi gure V— 7 also compares the treatment costs of an advanced bio—

- ~ log ical plan t and a land treatment system for Fa i rmount Roads. The re—

-
- : sults are similar to those for Burton and Middlef ield.

-
~~~ 

LAND TREATMENT SENSITIVITY

The most i mportant costs variables in land treatment of waste-

I water  are the t ransmiss i on d i s tance and the application rate. In Fig—

ure v— 8 the unit cost of land treatment is related to the annual irri ga—

; tion application rate . This curve shows the total annual costs (without

; contingencies) of land treatment for the 2020 munici pal/ind ustrial sew—

age flows that are transmitted through the tunnel from the shoreline

p lan ts to western Ohio. The costs include such i tems as sewers and pre—

treatment at the shoreline plants. Costs for storm~-ia ter are not in—

cluded.

The most sensitive portions of this curve occur in the tower ranges.

For example , the cost of treatment doubles for a change in app lication

~ rate from kO inches per year to 10 inches per year. Doubling the appli-

- 
‘ cation rate from 1+0 inches per year to 80 inches per yea r resul ts in a

:~ 
savings of about $20 million per year or about 20 percent. A p rojection

•
;~ 

of the curve to an app lica tfon rate of 160 inches , i .e., doubling the

~ 
rate a g a i n , resul ts in a savings of $k million , wh i ch is  equ i v a l e n t to a

- ~ savings of only 5 pe rcent.

~1
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SELONDARY TREATMENT ALTERNATIVE — PLANS B AND C

The 1972 Internationa l Agreement on Great Lakes Water Quality

between the Un i ted States and Canada stipulate s that mun icipal treatment

p lants with an average daily flow of 1.0 MG or more by 1980 shall have

the capability of reducing the phosphorous con tent in their discharged

effluen t to one (1) mg/i .

In Plans B and C as now formulated , the munici pal facilities in the

upp~ r basins provide secondary and tertiary treatmen t by aerated l~ joons

and land treatment , respective l y. The p~~sphorous remova l in this pro—

cess is comp leted by the land treatment. However, a comp licating factor

arises with r~spect to the tim ng: consideration of public acceptance

of land treatment may require that it be tested in designated “earl y—

action ” sites for severa l years prior to imp l ementation on a regional

basis.~ Therefore, it may not be possible to put the land treatment pro—

gram into operation by the required date for phosphorous removal. it

would then be necessary to substitute activated slud ge plants .-,ith

specia l phosphorous removal components for the aerated l agoons where

the average daily flow is greater than one (1) MGD . (For a discussion

of the affected plants , see Section IV , Phosphorous Remova l Requirements

for Plans B and C, pp IV-2k .)

The tabulat ions shown below indicate the diffe rence in cost wh i ch

results when the affected secondary treatmen t p lants , which are a ll

desi gnated to precede tertiary land treatment , are alte red from aerated

l agoons to activated sludge plants . See Table V 13.

* Constraint imposed on Formulation Contractor for institutiona l reasons.

L. v-k8



~
- -1 ~. TABLE V— l3

~1 
_____________________________JOTAL ANNUAL COSTS~

Including Al ternate Methods of Secondary Treatment
I ’ (at 7 Per Cen t Capita l Recovery Factor , in $1 ,000)

I For
In—Bas in Plants Over 1 .0 MGD by 1 980

PLAN B

(The affected p lants are Liverpoo l , Medina County ,
Ravenna and Chagrin Falls)

- 1 972 1980 1 990 2000 2010 2020

With Aerated Lagoons Li.145 1 ,331 3,087 3,991 14,14514 14,628

With Activated Sludge
Plants 14145 1,986 14,787 5,286 6,016 6,287

H •

PLAN C

(The affected plants are Liverpool , Medina County,

I - 

Ravenna , Chagrin Falls and New Kent)

L 1 972 j~80 1990 2000 2010 2020 H

With Aerated Lagoons 932 2,239 6 ,095 7,673 8,553 8,88k

With Activated Sludge
Plants 932 3,1443 8,893 9,865 11 ,036 11 ,14014

,
~ I

~:The costs shown do not include phosphate removal with either secondary
- I treatmen t process.

V-k9
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• REUSE AND RECYCLi NG BENEFITS

Plans A , B and C p rov i de hi gh quality treated wastewater available

for many water reuse purposes. The water-based plans A and B , provide

conveniently located effluent discharge points in the heav il y industrial—

ized and urbanized area of greater Cleve l and. Whereas no specific in—

-
~~ dustrial reuses have been eva l uated with respect to cost credits , the

portion of the Formulation Appendix dealing with the twelve orig inal al-

ternatives presents opportunities wh i ch exist.

In Pl an C , certain recycling and reuse benefits have been specifically

identified and cost estimated. These actual and potential ben. fits , some

- • I of which would be revenue-producing, have not been included in the p roject

cost summa ry Tables V-I through V-l2. These include the following:

I. Value of crops g rown on land treatment sites , at 2020

wastewater loads , in terms of 1972 dollars is estimated

fr~ at $35,85E~OOO per year. See Land Treatment Phase il l

Report , Table Ill—i.

H 2. The value of capital contributions from private in-

dustry for the power p lant site for a 3,000 megawatt

capacity p lant situated adjacent to the wint t reservoir

at the Western Land Treatment Area is estirr3ted to be

$30,000,000, based on a unit value of $10 per installed

kilowatt. Annua l income from cooling water sales on an

acre-foot basis would be in addition to the cap i tal value .

V—50 
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, 1

-: 3. Value of usable nutrient content of study area waste—

- water for the year 2020 effluent loads is estimated at

$9,456,000 annually. This amount is reflected in the

H value of crops grown given in Item #1 above.

All three plans provide si gnificant flood contro l benefits because

• of the temporary storage of urban storm runoff prior to treatment. No

flood control benefits have been estimated for any of the plans. On the

other hand , significant institutional means of reducing urban storm run-

off, such as those imp l emented in the Ch i cago area , have generall y not

been taken into cons i deration and mi ght be able to reduce substantiall y

the stormwater treatment costs given in this section of the repo r~ . This

potential cost savings has not been estimated.

I f

A

I ~
. -
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SECTION Vi

COMPAR I SONS OF THREE FINA L PLANS

Resource Requirements

- 

- 
If efforts directed ta~ards the abatement of water pollution

resulted in a wastewa ter management system which consumed other natural

resources to an inord Ina te degree, the system might rep resent a poor

balance in the use of available resources in the face of potentiall y

dwindling supp lies. Trade—offs must be eva l uated among the different

rates of use of the various resources by alternative systems. Use of

non—recoverable resources might weig h against a p lan , particularl y if such

usage were excessive.

The dnnual resource requirements for Plans A. B and C are tabulated

by decadc In Table Vt - i .

Chemicals. A comparison of the three formulated p lans shows tha t

Pan C, which s primarily land—based , consumes a much lesser quantity

of chemicals than Plan A , whose treatmen t is entirely water—based. It

should be noted that for Plan C the tonnaç~ of chem i cals required in the

year 2020 is almost entirely comprised of the requirements of the Akron

Sewage Treatment Plant , which rema i ns we*ter—based . The Phase III  Report

by Havens and Emerson Ltd. contains a discussion of the particular chemi cals

I nvolved in the treatment processes and their relative scarcity or abundance.

Electric Power. The land—based treatment In Plan C in the year 2020

utilizes approx Ima tel y 2. 5 tIme s the equiva l en t electrica l energy require d

by Plan A. The maJor portion of this increased usage is attributable to the

-: I pumping p~~er required to lift the sewage from the tunnel at Its western

terminus into the aerated lagoons.

V I—l 
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It should be point ed out tha t the table does not include the additional

significant power requirement to produce the chem i cals require d for the

- 

- 
trea tment systems. The ratio of the electric power requirements o~

Plan C to Plan A would be reduced to approximately 2:1 If the electrIc

• power required to produce the chemicals were added to the pump Ing power

and other power requirements of the water—based plan. An i n—depth

ana lysis of such indirect resource requirements or savings is beyond the

scope of this study, even though an awareness of these relationsh ips is

quite important to a comparison of land and water—based treatment technologI es.

The generation of increasing amounts of electrica l energy utilizIng

fossil fuel could of i tself cause yet another form of pollution —— air

pollution. The Imp lications of this particular problem are beyond the

scope of thIs study but remain a parameter in any ultimate resource

balance.

Plan C does have an important built—in element which would facilitate

the generation of additiona l electric power needed for wastewa ter treatment

on the scale projected In the study. ThIs elemen t Is the creation of a large

body of cooling water in the Western Land Treatment Area , wh i ch could, be

utilized by a power plant. The adverse ecolog ica l effects normall y

associated with increased water temperatures would not be of concern, and

this same body of cool Ing water would become more efficient In its

stabilization of remaining pollutants.

The d~ep drop shafts utilized in connection wi th the tunne l , in the

land—based treatment Plan C, have a potential for the direct generation

of electrica l power by means of turb i nes I ncorporated in the shaft con—

struct ion , thereby reducing the amount of electric power required from
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sources outsIde the system.

Lan d. The use of a much greate r amount of land for the land—based

system would appear to be a detriment , were it not for the synergistic use

of that land . The app lication of wastewater effluent with its entra i ned

nutrients to the land enhances Its agricultura l potential. Wh ile there

is some land .‘.rhich will be required for aerated lagoons and storage

reservoIrs , the majority of the additional land used in Plan C as compared

with Plan A is agricu l tura l land which does not represent a decrease of J -

the total land resource, but an Increased resource.

Manpower. The operation of a highly sophisticated techno l ogica l

system is not labor—intens i ve. The increase in use of manpower from 1980 to

2020 for any of the three formulated p lans is not felt to be excessIve in view

of the large Inc rease in the vol umes of water being ha -idled , particularly

stormwater. The overall degree of techn i ca l competency demanded of the

personnel In Plans A and B could require that greater numbers of such

pe rsonnel be available for the imp l ementation of those p lans . Plan C

-

- 
-
~ requires less tota l manpower than Plan A or B.

System Reliability

The matter of reliability of Systems has been approached from the

standpoint of general consistency from one p lan to another. Costing

has included allowances for standby fac ilities , such as parallel process

units and standby power supp lies . In essence provisions have been made to

avoid discharge of I nadequately treated wastewa ter when the overall system

is not function i ng as Intended.
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The mean time between failure (MTBF) and the mean time to repair the

“ .1 un i ts (MTTR) have been approached so as to maximi ze MTBF and minimize ?ITTR.

Standby facilities will tend to minimize the genera l I mportance of MTTR

- • in many instances. Selection of good quality equipment , carefu l treatment

-
~~ plant design , and redundant capacity in storage reservo i rs and irri gation

piping resulting from peak flow desi gn criteria will further minimize the

i mportance of MTBF for individua l i tems and tend to maximize the MTBF for

particular major components , or unit processes.

The land treatment facilities include significant storage capabil ity.

During i,nclement weathe r or unit failures , water will be stored. The

storage capability of advanced waste trea tment plants is minima l , and for

that reason, pa rallel units have been incorporated.

This study indicates that the water quality goa l of 100 percent

reliabIlity is atta i nable in the systems of the three plans , and this would

be one of the final desi gn objectives. The advanced wastewater treatment

plants wi l l receive special design contro l on this aspect because of the

lack of eff l uent storage, which is inherent in the land treatment technology .

It has been concluded that all alternatIve plans are essentiall y comparable

(a In this respect.

The desi gn performance of all units , components, and systems will

be continuousl y monitored by hig hly reliable instrumentation. This will

include the equival ent of Met ropol i tan Water intelligence Systems.
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