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UN IT COSTS

Tab le of Contents

Sect ion

1 . A b b r e v i a t i o n s

2. Costing Sequence Diagrams - Show i ng the Cost Components
of the Formulated Plans - The Numbers Shown are Keyed to
Those Used for the Detailed Cos t Sheet Component Columns
(See Section 4 for Samples of Detailed Cos t Sheets)

3. Unit Costs

A . Capital Costs - Det ails of Unit Cost Determination s

Detailed Cos t S,eer
Cost Component Co l umn ‘4unber

r (Bas h- Data) 

Treatment Faci l ities
(In Plants or Aerated Lagoons) . . . 7— 11

Transmission Facilities
Pump Plant  13
Force Main)
D .o p Shaft) . . .. . •  114
Tunne l
Secondary Pump Plant 15
Force M a in - 16 (See Col . 14)

Storage Res er /oir —

Re ser /oir 17
Aeration 18
Chlorination , . . •  . . -  19

Land Treatment Site
Purchase & Relocation 20
Site Preparation 22

Irri gation System
Pump Station 23
For~e Main 74 (See Col . l I.+)
Equipmen t & Di st ribu ti on Pip in g 25

Dra i nage System
Tile 26

L 

Conduits & Canals 27

Slud ge Management 28

Miscellaneous
(Monitoring , Admin . B l dgs ., Labs.) 29

CURVES USED FOR COSTIN G OF COMPONENTS . . . (See Sepa rate List)
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-• CAPITAL COSTS

L IST OF CURV ES
USED FOR COSTING

De tai l ed Cos t Sheet
Cost Component Curve Column Number

• Pump Pla nt (Station ) A 13 & 15

Force MaIn 0 14, 16, 24

Drop Shaft C 14

Tunnel (Lined Mole) B 114

Secondary Pump Plant E 15

Lif t Shaf t C 15

Aerated Lagoons G 10

• Stor age Reservoir or Det ’ n. Pond F 17

Ch lor inat ion H 19

Irri gation Pump I 23

Sl udge Storage (In Basin) K 28

Slud ge to Str ip Mine Areas L 28

Sewe r J



UNIT COSTS

Tab le of Contents (Co nt ’d .)

Sec t Ion

3. U nit Costs

• B. Operation & Maintenance Costs — Details of Unit Cost
Determ inations

Detai led Cost Sheet
Cost Component Co lumn Numbe r

(Basic Data)(See A . C ap it a l Costs ) . ( 1—6 )

Trea tment F~ c i’ i t i e s
(In Plants or Aerated Lagoons)    7— 11

• Aera ted Lagoons - Powe r . •    lOA
— Ma int. & Labo r , l O B
— Chlor ination  IOC

Transmission Faci l i t i e s
Pump Plant — Powe r l3A

— Ma int. & Labor    138
Force Mai n)
Drop Shaft)— M aint. & Labo r ,   114
Tunnel
Secondary Pump Plant - Powe r ,    l5P

— Maint . & Labor 158

Force Main — tl a int , & Labor   • 16 (See Col . 114)

Storage ReservOi r
Reser voir — Maint. & Labor .  ,  17
Aeration - Powe r 18A

— Mai n t , & Labor .    18B
Ch lorination — Power l9A

— Maint & Labo r   198

Land Treatment Site No O&M for
Cols. 20 & 22

Irr i gat i on System
Pump Station — Powe r , 23A

— Ma i n t . & Labor .  23B
Force Main — Mai nt. & Labor . .  214 (S ee Co l. 14)
Equi pment & D istr h ution Piping —

Mai nt. & Labor 25

Drainage System
T ile — Ma int. & Labo r 26
Conduits & Canals - Maint .  & !.abor 27

Sl udge Management — Powe r 28A
• — Ma i n t . & Labor , 28B

Miscellaneous — Ma int. & Labor . .  29

C. Contingencies — Percentage App lied to Capital Costs
- Percentage A pp l ied to O&M Costs

_ _  _  _ _ _ _ _ _ _ _ _ _ _ _  Li
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. U N I T  COSTS

Table of Contents (Cont ’ d .)

14. Sample Cos t Comp i lat Ion & Summary Forms Used in Costing
—D etailed Capit a l Costs — Sheets A & B
— Detailed O&M Costs — Sheets A & B
—Comparable Annua l Cost I ndex — Year 2020 — Sheets A & B (Cos t Summaries)
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ABBREVIATIONS

ADF = Average Dail y Flow

AR = Annua l Runoff

MDF = Maximum Da il y F1~ w

ME = Peak Hourl y Flow

MGD = M i l l i o n  Gallons Per Day

TDH = Tota l Dynamic Head

TPD = Tons Per Day 
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WA STEWAT ER MANAGEMENT SURVEY SCOPE STUDY
cL EvELAND . AKRON METROPOLITAN AND tHREE RIVERS WATER SHED AREA

Lo,,d T.eatmen ,/ Fo ,r.,.,,Ia’ or~ Pho~ e: 2 S5b . It..,,:___________________________

UNIT COST CONTAINE D (N DETAILED COSTING S WETS 
SHE ET NO. 

I 
OF

FOR COLUMN #: 1-6 JOB NO. 7I2,.- 7 0
ITEM: t3a sic Data BY W—ZIE DAT E 9— 2 0— 7 2

A. Cos t Type: Cap i ta l Cost X Operat ion & Maintenance (0&M) x
B. Genera l Component leading :

Transmi ssion Faci l ities __________ frr iga cio n Sy5 tem __________

Storage Reservo irs ________________ Dra in age -—
Land Trea tment Site ______________ M i s cel laneo us 

______

C. Cost I tem: Basic Data (Used in Costin g) Column: l —(.
• Name

Column No. I tem w/Sou ”ce of Da ta an4/or Explanation
1 Plant Name

2 Detention Storage (MG )
it&E
Piase I Report — P.i~ t l~

3 Plant Capacity (tIGD)
Was tewa te

M onicipa l Wastewa te ’ Flow —

DE Projecti cns
Phase I Report , Part  A

Industria l:
AWARE Projections

S to rn~ a te r:
.1&E Projections
Phase I Repc’rt , Part 13

Conceptualized Plants:
W—ME Pr ojections

14 Raw Slud~e - .l&E (TPD) Mute: The nur~;oe r of days used to

5 Winte r Storaoe (MG) 
de teir ;ine tie Wi nter Storage

- equa ls 365 days less t’e number
a, Sanita r y Plant of days of estima ted applica—

No. of Days x (: OF) MC Sto-a9e tion of wastewa ter , Th is can
b. Sani ta:y Plant with S:i~ rmwa ter va ry depending cp~.n the so i l

Sanitary + Storowa ter = MG Storage type be i nc used for treatment .
No, of Days x ~ADF) +~,,(AR) MG Sto rage

c. Sto rn~.ia ter Plant (two most widely used %‘s are show n as examples )
x Annu a l Runoff MG Storage

or x Annual Runoff = MG Storage

6 ~cres Needed for Trea tment
a. Sanita ry Pla nt

(ADF) x 365 x 3. c: Acre ft, / ~pp , Ra te • ~c res

b. Sanita y Pla nt with 5to:’r~j ’terSani t~ ry . cres + Storrnwater Acres
2 (ADF~ x 365 x 3.07 Acr e— ft. / App. Rate

+ AR x 3.07 ~cre—ft . / ‘pp. Rate — Acres

c. Storrmqater PAant
AR x 3.07 cr~~ Ft.. / fpp . Rate Acres

— ~ S ..  ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~— —_- -—-5
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WASTEW A TER MANAGEMENT SURVEY SCOPE STUDY
CLE VELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lo,,d Tr eai men t / Fo r= , . Iat ~o~ Phase :  2 S.s b . ten,.___________________________

UNIT COST CONTAINED IN DETAIL ED COSTING SHEETS 
S H E E T  NO. _____ OF __J .__ ..

FOR COLUMN #: 7—l i 
— JOB NO. 711 -70

ITEM: Trea tment (In Plants) (Aera ted Lagoon — Col, 10) 
— BY W M E  D A T E  9-20— 72

A . Cost Type : Cap i to l Cost X Ope ration 6 Maintenance (06M) 
_____

B. Genera l Component leading :

~~ Treatmen~ Fa ci li ties X - Irri gation Sys tem_________
Transmission Facilities Dra in ~.ge________________
Sto rage Reservoirs Miscellaneous _____________
Land Treatment S i te ______________

C. Cos t I tem Treatmen t (in PIan~s or Column : v—I l
,~era ted Lagoon)

Name

COMPUTATION :

A ll costs for sewage trea crnent p lants are st÷p lied :~y Havens & Emerson ,
For Plan 9A , 3 pla nts were cos ted osin c~ aera ted l agoons rat~er t-ian
secondary treatment in sewage trea tment p lants . Tie costs for t iese
aerated lagoons are included in I’~nd treatment costs , For Plan 12
all p lants were costed using aerated lagoons .

Column 10 in the deta i led cos t sheet’ shc’ws ae~ated lagoon cocts
and this component cos t is shown Inde r the Land T eatmen : Site head-
ing ra the r tim under Trea tment in Plants on the plan ~osi summary sheets .

C’~rie C 8’S een p lotted 0 show :.ie capita l cost for a wide range of
aerated lagoon t reatment capaci r ies . The costs srrow n in co i ’w’n 10 of
the detailed cost sieets we re selected fror’. Cu ve C.

E X P LA NAT I ON :

REFERENCES :

9evens & Emerson - Seconda ry , Tertiary end Advanced Wasteweter Tre.~trient
Pla nt Costs.
W—ME - Aerated Lagoo n Costs

2 FINAL UNIT COST USED : I-Il costs suppli ed iy 1-lavens t, Emerson excep t as in Plans 9, & 12.

_ _ _ _ _ _ _ _  ~~~--— ~~~~~- ,-.-- ~~~~~~~~~ , - _ -  ---.~~~~.
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Tr.o~m.nt/FormuIOt On Phas e : 2 Sub . Item :_________________________

UNIT COST CONTAI N ED IN DETAILED COSTIN G SHEET S SHEET NO. ____ cw _______

FOPS COLU MN #: 13 JOB NO. 7,1.70

ITFMt Purrçl ng Plant to Tunnel/ Force Main 
~~ 

W-*IE DATE 9-20—72

A. Cost Type: Cap ital Cost X Operat i on & Maintenance (O&M) 
_______

B. Genera l Component Heading :
TransmissIon Facilities X Irri gation System 

________

Storage Reservo i rs 
_______________ 

Drainage 
________________

Land Treatment Site 
______________ 

Miscellaneou s 
___________

C . Cost I tem Pun~ inq~ Plant Co lumn: 13
(‘lame

COMPUTAT I ON :

Curve A p lots the costs of various size pump ing plants as used
In the C—SELM project. The costs are based on actual contract
experience as well as designs built up from component labor and
ma terial costs.

k

EX PLA NATIO N:

REFERENCES :
OCE Cost Curve — Figure 2 1—1 3 as s hown in
Bauer , C— S ELM Report

(Feb. 1972)

FINA L UNIT COST USED: Curvs A Us ed to De te rm i ne Ind iv idu a l  P lan t  Costs

- ~~~~~~~~~~~~~~~~~~ ~~~~~~~ -
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WA STEWATE P MANAGEMENT SURVEY SCOPE STUDY

CLE VELAND . AKRON METROPOLIT AN AND THREE RIVERS WATERSHED AREA

Lan d T,.atn,ent/For~~~at on Phase: 2 s, 4, . u.~ __________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEE T NO. 1 OF

FOR COLUMN #: IL4 , 16 and 2+ JOB NO. 71! - 70

ITEM: Force Main BY W M E  DATE 9—20—72

A. Cost Type: Capita l Cost X Operation & Maintenance (DIM)_______

B. General Compo nent Heading :
Transmissio n Facilities X Irri gati on System X
Storage Reser-,oirs_______________ Drainage
Land Trea tment Site _______________ Miscellaneous _____________

C. Cost I tem: Force Main Column : IL4, 16 and 2L4
Name

COMPUTATI ON :

Curve 0 was p lotted from data in the referenced report. Costs
of some s i zes smal ler  as w e l l  as larcer than those shown in the
table were then determined by ext rapola t ion

EXPL .ANAT ION :

RE FER EN CE S
OCE Cos t Table 21— 3 as shown in
Bauer , C—SELM Report
(Feb. 1972)

1 
,~ 

FINAL UNIT COST USED: Use Curve D to Determine Cos t of Vario us Size Lines

Li 
_ _ _ _ _ _ __ _ _ _  _—-—.——.—— ~— .— —5’--- — — —5- - -. —



W A STEWATER MA NAGEMENT SURVEY SCOPE STUDY

CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lan d Tr.a,,n.nt/FarmuIot,on Pho,.: 2 Sub . It.m:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

UNIT COST CONTAINED IN DETA I LED COSTING SHEETS SHEET NO. 1 or
FOR COLUMN #: 114 and 15 JO~ NO. 71,2.70
ITEM: Drop Shaft (Lift: Shaft) ~~ GGR DATE 9 l 1 .72

A. Cos t Type : Capi tal Cost X Operation ~ Maintenanc e (O&M) 
_ _ _ _

B . Ge nera l Coaçonent Heading:
Tra nsmission FacIlities X Irrigat i on System .
Storage ReservoIrs 

_ _ _ _ _ _ _ _ _ _ _  Drain age
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

lend Trea tment Site 
_ _ _ _ _ _ _ _ _ _ _  

M isc~ l 1a neous 
_ _ _ _ _ _ _ _ _ _ _ _

C. Cost I tem: Drop Shaft (LIft Shaft) Column : 114 and IS
Name

COMPUTATiON :

Curve C , which is Figure 2 l — 1 L 4  from the O .i publication
(Task No . 21) of the unit costs deve l oped in the C—SELM ,
Baue r Eng i neering Study, is the source of drop shaft and
l i f t  shaft unit costs.

EXPLANAT I ON:

REFERENCES:
OCE Cos t FIgure 2i~~lL + as show n in
Baue r , C—S ELM Report
(Feb. 1972)

F I N A L  U N I T  COST USED : Use Curve C to De termine Costs of Various Diameter Shafts

iIIIIIia ~dIl~iI —--~~~~~ — --~ . ———--~~ 
L~~~
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W A S T E W A T E R  M A N A G E M E N T  S U R V E Y  SCOPE STUD Y

CLEVEL AND . AKRON METROPOLITAN AND THREE RIVERS WATER SHED AREA

Len d Tr.a,men~/ Fo,m..,Iat, on Phase: 2 Sub .

UNIT COST CONTAINED IN DETAILED COSTING SHEETS
SHEET NO. I OF

FOR COLUMN //: 14 JOB NO. 7,2., - 7 0
ITEM: Tunnel BY GGR D A T E  9 1 4 72

A. Cost Type : Capital Cost X Operation & Mainten ance (o&~i) —

B. Genera l Component h ead i ng :
Transmission FacI l i t i e s  X I r r i gation Sys tem 

________

Storage Reservoirs 
_______________ 

Drainage 
________________

Land Treatment S i te  Miscel laneou s 
___________

C. Cost item Tunnel Co l umn : 
— 

14
Name

COMPUT ATION : COST PER LINEAL FOOT (Constr. Cost Onl y)

Adjusted ‘72
~cIeve) ‘72 ‘72

Finish (Rpt) (Lt r )  (C—Se l r r  Rpt)
I The ENR Sept. 1970 Dia. D-D&L W C  BAUER AVERAGE ADJ USTED

Engr. Construction Cost :~ 8’ 280 400 310 330 350
Index ~ 1752 (Cleveland) 10 ’ 360 450 390 400 400

I (used by Dalton-Dalton-
Li tt ie~~ i6-72th~ 12 ’ 460 500 440 470 500

~ndex 
e. 2025 (Cleveland) I 14 ’ 570 600 530 570 600

2025 (Used to adjust 16 ’  660 650 640 650 650
1.1 6 D-D&L costs 1 8’ 780 800 750 780 750

from 1970
1972)

A l l  tunnels are l ined:

EXPLANAT ION:
Based on above average costs , it is fe l t  that tunne l costs in adjusted”
column are reasonable to use . This means t4-C costs as used before can be
reduced $50/ft for ths 8’ , 10’ , and 18’ tunnels. (The 18’ tunnel is adj-
usted to a sli ghtl y below the average fi gu re since the ori g ina l ~8O0 costwas not in the t4-C letter and was .‘ubsequent l y extrapolated at what is
now fe l t  to be th e more on the hig h side - $750 probabl y would have been a more
reasonable extrapolati on).

REFERENCES: September 1970 - Da l ton , Dalton 6 Little Cleveland Tunnel Report
February 1972 - C-Se lrn (Bauer) costs as Published by Cores
June 1972 - Woodward-Clevenge r & Assoc. Inc. letter to W M E

FINAL UNIT COST USED: See “Adjusted” column . (Cu rie B was plotted from the costs show n

~R~ vJ ’~~ n a~ f ‘-i’+~ 7) 
above)
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WASTEWATER MANAGE MENT SURVEY SCOPE STUDY

cLEV E LAN D ~ AKRON 
METRO POLITAN AND THREE RIVERS WATERSHE D AREA

Lan d Tr.atm .nt/FofmuIat40fl Pha~.:~~~~~~~~ 
Sub . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

UNIT COST CONTAINED IN DETtILED cosr iNG SHEETS _ SHEET HO. L_OF I —

FOR COLUMN #: 15 JOB NO. 711 - 70

I TEM: Secondary Pump Plant BY W M E  DATE 9-’2O 7~

A. Cost Type: Capital Cost X_ Operati on & Maintenance (O&M)

B. Genera l Component -leading :
Transmission Faci lities __________ Irrigat ion System_

Storage Reservoirs_______________ Dra i nage

Land Treatment Site______________ M scellaneOuS_____________

C. Cost I tem: Secondary Pump ~i Column : 15
Name

COMPUTATION :

Curves A and E both plot the costs of various size pump
ing plants

as used In the C—SELM project. The costs are t~ased on actua l

contract experience as well as designs built up for spec i f i c  applications .

Use Curve A for pump ing i nto tunne l or pump ing from p lant to

sto rage reservoirs.

Use Curve E for pump ing out of tunnel.

EXPLANATION :

REFERENCES:
Pump ing Station Construction Cos t as show n i n
Cost Data ‘nnex to Techn i ca l AppendIx
C—SELM , Baue r Eng i neering Report
(March , 1972)

W rig ht—Mclaug hlin Eng ineers

FINAL UNIT COST USED: Use Curves A and E to Determine Individu a l Plant Cos tS 
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
C L E V E L A N D  - A K R O N  M E T R O P O L I T A N  AND T H R E E  RIVERS WATERSHED AREA

Lend T i.at ,n.nt /Fo rm~~Iot,on Phas e:  2 S~ b - Item ;
__________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS
SHEET NO. I or

FOR CO LUMN I: 17 JOB NO. 711 -70
ITEM: Storage Reservo i rs BY 

GGR 
D A T E  9- 15-72

A. Cost Type : Cap ital Cost X - OperatIon 6 Maintenance (O&M) 
_______

[ B. Gene ra l Component Heading:
~~ Transmission Facilities 

___________ 
Irri gati on System 

________

Storage Reservo irs x Dr ainage 
________________

Land Treatment Site 
______________ 

Miscellaneous 
___________

C. Cost I tem Storage Reservo i rs Co l umn : 17

~4ame

COMPUTATION : ADJ USTCD COST /MG
STORAGE VOLUME COST/MG (25~ contingency Removed)

10 MG $8,200 x 0.8 $6,560Based on
samp le 540 MG 4,000 x 0.8 3,200
desi gns 12 ,500 MG 1 ,27 5 x 0.8 1 ,020and use $1 ,000/MG mm
costi ng : 

50,000 MG 1 ,230 x 0.8 985
L (4 cells)

100 ,000 700 ) Estimated based
(8 ce l l s )  on Bauer cost

150 ,000 500 ) experience

(12 cells)

Land costs and s i t e  preparation inc luded in above . Ti g ht soils should not require
linIng.

EXPLANAT ION : . . -NOTE: Cost ing is to be done so that any contingency factor wh i ch is  app l i ed
is added at the very end and to the total cost rather than to indiv id-
ual I tems com pris in~ the compos i te es t ima te .

Storage reservoirs had a 25~ contingency added in
as used in previous estimates -- th is 25~ is now removed

Chicago-Sc m Reservoir cost of $363/MG based on adjusted bidding
experience at Muskegon (C-Selm Res . is 369,000 iir,)

(In 8 cells Q 46 ,000 MG per cell)

REFE*~~~~ iMcLO :ig •.i l in Eng ineers — cost comps.
3auer En;r’r;~~CostS based on Muskegon and other data .

FINAL UM IT COST USED: As shown in adjusted col . above and as p lo tted for W-ME curve

t i t l e d  “St orage Reservoirs $De ’~’n Ponds - Cap ital Costs’ .

~Rev lsl on as of ‘~— I~+—7 2 ) 

_ ~~—~~--- -.-—-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ---- .— --~.-——- ,--- . .  - _ _ _
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WASTEWAT E R MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lan d Tv.otm sntf,Fcrmuiat~on Phos.: 2 5~b - J~~m:_________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS 1
____________________________  ___________________________  SHEET NO. ____ OF

~O.& COLUMN ~~
. 18 JOB NO. p 2,.. .70

ITrM~ 
AERAT I ON BY RMcL DATE~ 8 l I 72

A. Cost Type : CapI tal Cost x Operation & Maintenance (o&M)
________

B. Genera l Componen t Heading :
TransmissIon Faci lities ___________ IrrIgat ion System____________

Storage Reservoirs ~ Dra inage
____________________

Land Treatment Site______________ Misce llaneous________________

C. Cost item: Aerat1or~ 
Column : 18

• Name

COMPUTATION :

For emergency - supplemental storage aeration . Prototype 5 MG modu le ~ 20’ Depth (av g)
Area — 31 ,400 s . f .  or P. — 100’ (ok for area of Influence)

Avg BOD
5 

— 12 mg/i or BOD U 
— 20 mg/i

Say satisfy by feed ~ 2 mg/i/day maximum rate

f/day for 5 MG 40 f/day/unit —<2.0 #02/hr

Way low : Mixing intensity w i l l  govern . Norma l for D. 0. mIx • 6-8 HP/MG
With small units , reasonable 0.0. mix (at surface only) can be done
w/about 1.0 HP/MG .
5 HP unit w/cables & elect. — $3,500

EXPLAHA’A~~~
°°’5 MG — $700/MG

RE FE R1~ C ES

Wr i gh t-Mc laug h lIn Eng i neers

FINAL UNIT COST USED: $700/MG 

~~~--~ -- -• - - -~~~~~~~~~~~---~~~~~~ ~~ ‘~~~~~~~~~~~~~~~~~~~~~ •~~- --~~~~ - J
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~,A S T E *A 1 E R M A N A C E M E N 1  SURVEY SCOPE STUDY
r 1 E V E L  AND - AKRON M E TR OP OL ITAN AN D THREE RIVER S WATE RSHED AREA

I o.~ J T,eotn ’ent/i ,• . -  i a - .~ Pho,, 2 S~ b - lion,;__________________________

UNIT COST CONTAIN ED IN DETAILED COSTING _SHEETS SHEET NO. 1 OF!9~~~~~~~~!: !9 
_____ ______ JOB NO. 712.. -70

ITEM: Chlorination 
B~~~M & D A T E  9—2 0—72

A. Cos t Type : Capi tal Cos t X Operation & Maintenance (Ovi) 
_______B. General Component Hea d iny :

Transm ission Fac i l i tie s  
__________ 

Irr igat ion System 
_______

Storage Reservoirs x Drainage 
_________________

Land Treatment Site 
______________ 

Misce llaneous 
___________

C. Cost I tem ChlorInation Col umn : 19
Name

COMPUTATI ON :

Curve i~ is as supplied by Havens and Emerson .

EXPLANATION :

I
REFERENCES:

- i iavens & Emerson

-i

FIN L UNIT COST USED: Use Curve H t o  determine Chlorination cost for Var ious Plan t Sizes.
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WASTEW A TE R MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METRO POLITAN AND THREE R I V E R S  W A T E R S H E D  A R E A

Land Tr.aim .nt/ Form ulot ion Phas , : 2 Sub . I~~ m;___________________________

UNIT COST CONTA I NED IN DETAILED COSTIsIG ShEETS
_______________________________________________________ SHEET NO .__~~_ O F  

I

FOR CI’)LUMN 1: 20 — JOB NO. 711. - 70

ITE M : Purchase & Re loca t io n BY KRW DATE 9—14 72

A. Cost Type: Canital Cost X~ O per.~t ion & Maintena nce (O&M)
________

~~. 
Genera l  Cormonent t lead i ny :
Transm Ission Facili t lcs__________ I r r i j ation Syst~~n___________

Storagc Reservoius_______________ Dralna~jc____________________

Land Treatmeni Site X Miscellaneous ________________

C. Cost I tem : Purchase & Relocation Column: 20
Name

COMPUTATION :

Purchase Land Cost — Ave rage $334.00/Acre (page 3 of letter from Dept. of Army -

see reference below)
Family Relocation Cost:

Average Farm • 80 acres — based on listed averages
Cost for I unit of farm bu i ldings — $16 ,000
Relocatio n Cos t — $5,000
Total Re l ocation Cos t Relocation Cost Total Purchase & Relocation Cos t

for One Fami ly Per Acre Per Acre :
$16 ,000 — $21 ,000/BO acres $33Le/Ac~Raw purchase
5~000 $262.5O/~’c. 

$262jAc.Re l ocation
$21 ,000 $596/Ac.

!XPLANA T ION :

Method: Each County priced by townsh ip (S/acre)
Cos t (S/acre) averaged for each county
A verage cos t (5/acre ) for all  counties $3314/acre - See resume ,

page 3 of lette r
Average relo cation cos t — $262.50/acre - see above or page 14 of letter
Total EstImated Cos t Per Acre — $600/acre
(With 15% variation allowance — $700/acre — page 14 of letter)

REFERENCES : Dep t. of The A rmy
Nort h Centra l D i v i s i o n , Corps of Eng ineers
536 S. Cl ark Stree t
Chicago , Il l i n o is  60( 05
By le t te r  — July 24, 1972/Management & Disposal Branch , Rea l Esta te Div .

FINA L UNIT COST USED: $600/Acre Ldoes not inc lude any cont i n~encv)
Revision as of 9—14—72

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - - -~~~~~~~~~~~~
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W A S T E W A T E R  MANAGEMENT S U R V E Y  SCO PE STUDY

C L E V E L A N D  - A K R O N  M E T R O P O L I T A N  AND T HREE R I V E R S  W A T E R S H E D  A R E A

Len d T,.ain,.n~/ Fo,muIoI.on PNo so ; _2_ Su b - l ien,;_________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. _____ OF

FOR COLUMN #: 21 JOB NO. u I - 7 0

ITEM: Revision - Farm Equi pment 
BY W ..ME DATE ~~~~~~~

A. Cost Type : Capital Cost X Operation 6 Maintenance (DM1) 
_______

B. General Component Headin g:
Transmission Facili ties 

__________ 
Irrigation System 

_______

Storage Reservnirs 
________________ 

Drainage 
_________________

Land Treatment Site X Miscellaneous 
____________

C. Cost I tem Farm Equi pment Column : ~~ l
Name

COMP UTATION :

Do not include this in cost summa ry. This item ori g inall y estimated
at $100/ac. is a cost of doing busIness. It more appropriatel y should
be considered as a deduct from farm i ncome , along with labor , chemicals ,
gas , oi l , and vehicles .

Net farm income estimates can be more readil y referenced to by leaving
out of estimate.

EXPLANATION:
land management has been invest i gated in detail with regard to spec ific
crops , type of application , type of drainage , etc. Costs of irri gation
equi pment and drainage reflect land management techni ques required
initiall y such as surface preparation and specialized deep plowing .

REFERENCES : Wr i ght Mclaugh li n Engineers

FINAL UNIT COST USED : Drop Farm Equ i pment Cost ~ ev i sion as of 9—14—72)

I

~



W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
C L E V E L A N D  - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land T,.a,m.n?#’ Foc m ul ation PI.a,.: 2 Sub . Item :_________________________

UNIT COST CONTAINED IN DETA I LED COSTING SHEETS SHEET NO. 1 OF
FOR COLUMN #: 22 JOB NO. 71L .70

ITEM: SIte Preparation (Revised i BY ~~ME DATE
A. Cost Type: Capital Cost X Operation £ Maintenance (o&M) 

_______

B. General Component Heading:
Transmission FacI l Ities 

__________ 
Irriga tion System 

_______

Storage Reservo i rs 
_______________ 

Drainage 
________________

Land Treatment Site X Miscellaneous —

C. Cost I tem 
— 

tejreoaratlon Column :__________________
Name

COMPUTATION :

1) Woodland clearin g $35/acre
2) MIscellaneous site p reparation 20/acre

such as fences , removals, s i t e  work
3) Access roads 5/acre
4) MIsce llaneous gra ding for ope ration 5/acre

$65/acre

565/acre is basic site preparation. Specialized site p reparation to be
inc l uded In IrrI gation equI pment.

Note : Relocation costs and purchase of farm building s Inc l uded in
cost of land at $700/acre (Includes 15% contingency factor
Included by ChIcago DIv ision ) . Thus , use $600/acre in
computations for land purchase and relocatIon. Families not
moved from site would tend to l ower land costs.

EXPLANATION :

1) Woodland clearIn g computed at 10% of total area at $350/acre. Much of
woodland w i l l  not be cleared , however .

2) Includes remova l of building s  wf~Ich would conflic t with opera~~n.5.
3) Acce’s roacLs would be In addItion to existing roads , for access to operational

poInts of Irrigation end draInage facilities .
4) This Includes grading for Irrigation facilities , acces s roads , etc..

For specialized irrig ation and applic ation techni~ ses , add i t ional sI te
prepara tion w I l l  be Included under IrrI gatIon equipment.

REFERENCES: Reservo I r cle arIng experience In Colorado - Wri ght  - Mclaughlin Eng i neers
“Cost Suninary for Land Treatme nt” ($82/acre)
“Muskegon Contract No. 1’
C - SUM Report — Techn i ca l Appendix (Cost Data Annex)
March , 1972

FINAL t.!N I T  COST USED: $65/acre
(Revision as of 9— 1 14—72) -•
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~‘ A S T E W A T E P  M A N A G E M E N T  S U R V E Y  SCOPE STUDY
CLEVELA N D - A KRON METROPOLITA N AND THREE R1VERS WATE RSHED AR EA

- - Lan d T ,eot.,e n./ Fpfm.~~o~~Q,, Phase  2 Sub -

UNIT COST CONTAINED IN DETAILED COSTING SHEETS
SHEET NO I OF _______FOR COLUMN~~ : 

- ___ _____

—___________ 21 _______—______  _______________________ JOB NO. 77.1 -70

ITEM : Pump Station 
BY W—ME DA T E ~~~~?fl~~7~

A. Cost Type: Capital Cost x Operation 6 Maintenance (O&n)

B. General Component Heading :

Transmission Fac il it ies  
__________ 

Irrigat ion Sys tem X
Storage Reservoirs 

_______________ 
Dra inage 

________________

Land Treatmen t Site 
______________ 

Miscellaneous

C. Cost I tem Pun~ Station Column : 23
Name

COMPUTAT ION :

Curve I is based on construction cost experience .

EXPLAN ATION : -r - -

REF ER ENC S
U . S. Bureau of Rec l amation
Wright -McLaug hlin Eng I neers

FINAL UNIT COST USED: Use Cu rve I to Determ i ne Individua l Plant Costs

I~:
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W A S T E W A T E R  MANAGEMENT S U R V E Y  SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RiVERS WATERSHED AREA

Land Tr.o,inont/Formulotion Phase : 2. Sub - I t em: __________________________

UNIT COST CON T A I N E D  IN DETA I LEO COST ING SHEETS SHEET NO. i OF 6
FOR COLUMN 1: 25 JOB NO.ITEM: EQUIPMENT f, DISTRIBUT I ON PI PING - MAHON I NG SOILS BY W M E  DATE 9/18/72

A. Cost Type : Cap ita l Cost X ~~~~~~~~~~~~~~~~ Maintenance (O&M)
_ _ _ _ _ _ _ _

B. General Component h ead i ng :
Transrnission Facilities ___________ Irrigation Sys tem X
Storage Rese rvoirs_______________ Dra inage _____________________
Land Treatment Sit~~~ Miscellaneou s 

-

— ___________________________

C. Cost I ter.: EQUIPMENT 6 DI S T R I B U T I ON P I P I N G  Column : 25
Name

COMPUTAT ION : MAHONING SOILS - MINI-BORDER SYSTEM

For applica tion rates of 90 I nches/year (municipa l effluent)
or 150 i nches /year (separate storm runoff).

Automa ted farm distribution equipment (25-year life) .  $150/acre

Site Preparation:

Forming $ 1 0/acre

Soil preparation and seed i ng $ 15/acre
Deep p low i ng on contour $ 40/acre

$215 /acre

EXPLANAT iON :

REFERENCES : Donaid 1. Miles , I r r i gation Specia list , Agricu l tura l Eng i neer i ng Dept.
Colorado State University

Wrig ht-McLaug h l in Eng i neers
Valmon t Industr ies , Inc., Valley , Nebraska
I RECO industries , Inc. , Eugene , Oregon
ENRESCO , Colorado Springs , Colorado
R a i n  Bird Sprinkler Manufacturing Corp., Glendora , California

FI NAL UNIT COST USED: $215/acre

- 

-
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W A S T E W A T E R  M A N A G E M E N T  S U R V E Y  SCOPE STUDY

C L E V E L A N D  - AKRON METROPOLITAN AND THREE R I V E R S  W A T E R S H E D  AREA

Land Tr.atment/Fen,uulutuon Ph,,,: 2 Sub .

UN IT COST CON TAINED IN DETA ILED COSTING SHEETS SHEET NO. 2 or 6
FOR COLUMN #: 25 JOB NO. 77 2 . 70
lTEM:EpU I~~~NT DISTR IBUT I ON PIPING-CHILI 6 RELATED SOILS IN-~~!~N W-ME DATE 9/18/72
A. Cos t Type : Capital Cost X Operation t Maintenance (06M)________
B. Genera l Component Heading:

Transmission Facilities __________ Irrigation System X
Storage Reservo i rs

_______________ 
DraInage

____________________

Land Treatment Site_______________ Miscellaneous _________________

C. Cost I tem: EQU IPMENT 6 DISTRIBUTION PIPING Column: ~ j_
Nanie

COMPUTATION : CHILI AND RELATED SOILS IN-BASIN

For application rate of 60 Inches/year.

Use solid—set system.

Sprinklers $ 300/acre
Distribution System $ l75/acre

$ +75/acre

EXPLANATION:

REFERENCES : Donald L. Mi les , Irrigation Specialist , Agricultura l Engineering Dept.
Colorado State University

Wri ght-McLaugh lin Eng i neers
Vai mont Industries , Inc ., V a l l e y, Nebraska
IRECO Indus t ries , I nc . ,  Eugene , Oregon
ENRESCO , Colorado Sp r i ngs , Colorado
Rain Bird Sprinkler Manufacturing Corp., Glendora , C a l i f o r ni a

FINAL UNIT COST USED: $ L 75/acre

k~
- 

~~
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Tr.atm .nt/Formulation Ph.s.: 2 Sub - Item:_________________________

UN IT COST CONTAINED IN DETA I LED COST I N G Sh EET S SHEET NO. 3 
~~~~ 

6

- 

FOR COLUI’V~ I: 25 JOB NO 7)L- 70
ITEM: EQUIPMENT & DISTRIBUTION I~IP I NG - CARD I NGTON-BENN I NGTON BY±f~E DATE .9/lB/72

SOIL S (COMPOSITE)
A. Cost Type: CapIta l Cost X Operation & Maintenance (0111) -

B. Genera l Componen t HeadIng:
TransmIssion FacI lities ___________ Irrigation System X
Storage Reservoirs_______________ Drainage____________________
Land Treatment Site______________ Miscellaneous________________

C. Cost I tem : EQUIPMENT & DISTR I BUT I ON PIPING Colunii : 25
Name

COMPUTATION: CARD I NGTON - BENNINGTON SOILS

(COMPOS I TE OF WE STER N AREAS )

MIni—Border 5% 0.05 (175) 9
Hay & Pasture 30% 0.30 (475) — ~k2

Corn (Pivot Rlgs) 65% 0.65 (320) 208
359

USE $360/Acre

EXPLANAT I ON:

REFE REM C~S: Donal d L. Miles , Irrigation Specia list , Agricultura l Eng i neering Dept.
Colorado State Universi ty

Wright-McLaug hlin Eng ineers
Va lmont Indust r Ies , Inc., Valley , Nebraska
I RECO industr ies , I nc., Eugene , Oregon
ENR E SCO , Colorado Springs , Colorado
Rain Bird Sprinkler Manufactur ing Corp., Glendora , Cal i for n Ia

FINAL UNIT COST USED: $360/Acre

--- p _ _  - -~~~~~~~~~~~~~
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W AST EWATER MANAGEMENT SURVEY SCOPE STUDY
C L E V E L A N D  - A K R O N  M E T RO P O L I T A N  A N D  TH R E E  R I V E R S  W A T E R S H E D  A R E A

Lan d T,.a~,r.nt/ FonauIa,.on Ph ase 2 Sub . I tem _________________________

UNIT COST CONT AIN ED IN DET AI LED COSTI N G SHEETS 
SHEET NO. ____ OF 6

FOR COLUMN t: 25 
JOB NO. 77~~~ . 70

ITEM: EQUIPMENT & DISTRI BUTION PIPING — CA RDINGTO N —BENN INGTO N 
BY RLT DAT E 9/18/72Soils

A. Cost Type: Capita l Cost X OperatIon & Maintenan ce (0~11)_______B. Genera l Component Heed ing :
Transmission Facilities - Irrigation Sys tem X
Storage Reservoirs 

- Draina ge
____________________

Land Treatment Site
______________ Miscellaneou s

________________

C. Cos t I tem : EQUIPMENT & DISTR iBUTION PIPING Column : 25
Nane

• COMPUTAT I ON : CARD INGTON—BENN INGTCN SOILS

For app l ica t ion  rate of 75 Inches/year on corn w ith drip tubes
on ri gs. On 160 acres one large ri g IrrIgates 122 acres .

Cos t of PIvot  Ri g: $2 3,000
Cos t per acre : $23,000/)22 acres $190/acre Use : $200/acre
Cost of Piping $100/acre

Cir - ular Plowing with roads and gully crossing . . . $ 20/acre
$3~0/ac re

EXPLANATI ON:

REFERE’IC~~: Donald 1. Miles , Irri gat ion Specialist , Agricultura l Eng I neering Dept.,
Colo rado State UnIvers I ty

Wright—McLaugh lin Eng i neers
Valmon t IndustrIes , I nc., V a l l e y , Nebraska
IRECO I ndustries , Inc., Eugene, eregon
ENRESCO , Colorado Springs , Colorado
Rain Bird Sprinkler Manufa cturing Corp., Glendora , California

FINAL UNIT COST USED: $320/acre

I-
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WA STEWATER MAI~IAGEMENT SURVEY SCOPE STUDY

CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Tv.at m.n~/FormuIOtiO n Phase : 2 Sub - _________________________

______ 
UNIT COST CONTAINED IN DETAILED COSTiNG SHEETS SHEET NO. 5 OF 6

FOR COLU MN f :  25 JOB NO. 712.. .70

ITEM: EQUIPMENT & DISTRIBUT ION PIPING - CARDlNGTO N
~
BENNiNGTO NBY RLT DATE 9/18/72

A. Cost Type: Capita l Cost X Operation & Maintenance (DM1) — -

B. Genera l Component Head i ng :
Transmiss i on Facilities __________ IrrigatIon System x
Storage Reservoirs_______________ Drainage_____________________

Land Treatment Site______________ ?iiscellaneous _

C. Cost I teri : EQUIPMENT & DISTR I BUTION PIPING Column : — 
25a Name

COMPUTAT I ON : CARD INGTON-BENN INGTON SOILS

For app ’ i c at lon ra te of 50 Inches/year us i ng solid—set system.

Cos t of SprInk lers $300/acre

- : - 
Cost of Distribution System $175/acre

$475/acre

EXPLANATION :

REFERENCES: Donald L. MIles , IrrigatIon Specia list , Agricultura l Eng i neering Dept.,
Colorado State Univers i ty

Wright-McLaughlIn Engineers
Velmont I ndustries , Inc., Valley , Nebraska
PRECO I ndustrIes , Inc., Eugene, Oregon
ENRESCO , Colorado Springs , Colo rado
Rain Bi rd Sprinkler Manufacturing Corp., Glendora , Ca l i f o rn ia

FI NAL UN IT COST USED : ~
L.75facre

- -——  ~~~~~~~~~~~~~~~ 
_ _ _ _ _ _  _ _ _
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W A S T E W A T E R  MANAGEMENT S U R V E Y  SCOPE STUDY

C L E V E L A N D  - AKRON METRO POLITAN AND THREE RIVERS WATERSHED AREA

Lan d T,.ats ,en~/ For In u Iot.on Phas e :  2 S~,b - I,.,,, ;__________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. 6 OF 6
FOR COLUMN I: 25 JOB NO. 7L~. - 70

IThili EQUIPMENT & DISTR I BUTION PIP ING—CARD INGTON—BENN INGTON 
~~ 

RI•T DATE 9118/72
SCI~ S — MINI BORDER 

- ________

A. Cost Type : Capit o l Cost X O peration & Maintenance (O&M) 
________

B. Genera l Component Heading :
Transm ission Facilities Irrigation System X

• Storage Reservoirs D ra ina gv
_____________________

Land Treatment SIte Miscellaneous_________________

C. Cost Item : EQUIPMENT & DISTR ’BUTION PIPING Column : 25
Name

COMPUTATION: CARDINGTON—BENN INGTON SOILS — MINI—BORDER SYSTEM

Putomated Farm D i s t r i D u tl on $150/acre

- Site Pr ep ar a t i on

Forming ‘0/acre

Soil I repar~ t ion and Seeding ~ ~5/CCre

S I  75/ac re

EXPLANAT I Oil :

REF( l~C~ 1. Donald i. Mi ;es , Ir r i gat ion Specia l Ist , A gricu l tural Eng i neering Dept.,
Colorado St a te Unive rsi ty

W ri g h t—Mc l augh l in Eng i neers
v.simon t i ndustri es , I n c .,  l,a ’ Iey, Nebrask a
IRECO I ndustr ies , Inc ., E ugene , -‘ regon
ENRESCO , Colorado Spr i ngs , Colo rado
Rain Bird Sprinkler Planufacrur ing Corp., Glendora , Califo rnia

FINAL UNIT COS T u~CD: $17 5/acre

_________ — ~~~-~~~~- - 
_
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W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUD Y
C L E V E L A N D . AKRON METROPOLITAN AND THREE R I V E R S  W A T E R S H E D  A R E A

Land Tr.o ,ment / rormu Ia,~on Phase: 2 Sub - It.m:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• UNIT COST CONTAINED IN DETA I LED COSTING SHEETS SHEET NO. 1 OF 6
FOR COLUMN 1: 26 —____________________ JOB NO. 71~~~ .70ITEM: THe — Mahoning Soils — Mini—Border 

BY RLT DATE 9— 18— 72

A. Cost Type : Capita l Cost X Operation & Maintenance (O&M)________
B. Generid Component Uoading:

TransmIssion Facilities 
• 

Irrigation System____________
Storage Rese rvo i rs________________ Drainage X
Land Treatment Si te 

— Illscellaneous________________

C. Cost I tem : Tile — Mahoning Soils Co l umn : 26
Name

COMPUTATION :
M.A I-IONIN G SOIL S: M I N I — B O R D E R  SYSTEM

• For stornsvater use 150 /yr. app lication rate.
For sanitary sewage use 90 -/y r. app licatIon rate .

Spac i ng 20’
Tota l length = 7 1 80 ’

Total cos t of tHe (~ i80’) $328/a--re
Collectors and structures $ 95/acre

$423 /acre

Use $ 475/acre

EXPLANATI ON:
See above: T i l e  COStS a re based on ag r i’.u lt ur al costs in 197?

as dete rmine d by sur.’ey And majo r  checking w /Agr i cu l t u ra l
Engineers , in c l uding several at Ohio State Unive rs i ty.

REFERENC ES:
Donald L. M i l es  — •4gr icultura l Extension Agent for Colorado
W r i g9t— Mc Le ug h lin  Eng ineers

FINAL UNIT COST USED: $42~5/acre (Mt l-i ON ING S O I l S :  M I NI—BORDER SYST ~~1j

__ __ j  - - •~~~ - - -- - - - -
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W A STEWATER MANA GEMENT SURVEY SCOPF STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATE R SHED AREA

Lan d ~~~~~~~~~~~~~~~~~~~~~ Phase : 2 ~~ .

-
• 

UNIT COST COUTAI NED IN DETAILED COSTING SHEETS SHEET NO. 
2 

OF 
6

- - FOR COLUMN #: 26 JOB NO. 7I .~. - 70ITEM: Ti l e — Cardln gton—Bennington So il s 
BY R~~T DATE - 9—i8— 72

A . Cost Type : Capital Cost X 
— 

Operati on & Maintenance (O&M) 
________

B. Genera l Component Hcadin~:Transmission Facilities __________ Irrigation System___________
StoraQe Reservo i rs_______________ Drainage____________________
Land Treatment S i te

_____________ 
M iscellaneous 

-

. C. Cost I tem : THe—Carding ton—Benningt on Colu~t,:_____________________
Ilamc 5oils

- 

- COMPUTATION :
• CJiRDINGTON—BE NNINGTON SOILS —— CORi~

• Use app icati on rate of 75 /yr.

Spacing = 20’

Total ~eng t ’1 = 
(2~i9 ’  ‘180 Lf .

Total cost of ti l e ( 18O’) $L.80/acre
Add S70/acre for collectors ,

structures , etc. ~ JO/acre
$55O/a~ re

Deduct iO~ for existin g t i ie s= — 55/acre
$495/ac re

Net ~O~ t/acre — $495/a re
EXPLA~lPT I~~1 :

See aeove : Tile ‘osts are based - n  agri ~u ) tura -o s ’s in 97? as
deter m ined by sur~ey and major c i e r k ~ ng w/Ag ri -~u I tur a I
Eng i neers , in Iu dlng severa . a t O hio State Un~~.ersity .

Donald 1 . Miles — A g r ic u i t u r e i  Extens ion A gent For Colorado
Wr ght—M c ’.aughHn Eng i neers

F

FIi4AL UNIT COST U!~Et:: $~95/ac re (CA ~OI~ CTON-8ENNlNG~tN SOI LS--C ORN )



-

~~ ~~~
—

~~
‘- —a ~~~~~~~~~~~~

-‘—

W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Tr.aem.nt/For’nuløt ion Phase: 1 Sub . I~ .m:_________________________

UN I T  COST CONTA INED IN DETAILED COST l U G  SHEETS SHEET NO. 3 OF 6

- 

- FOR COLUMN I: 26 JOB NO. 711 .70
ITEM: Ti t e - Cardington-Benning ton Soils——Hay & Pasture BY RLT DATE 9— 18—72

A. Cost Type : Capi tal Cost X Operatir~n & Maintenance (O&s) 
________

B. General Component Head m c :
Transmission Facilities - I r ri gat ion System

__________

St orage ReservoIrs 
-_ 

Drainage X
Land Treatmen t Site_____________ Miscellaneous _______________

C. Cost I tem : Tile — C a r ding~on—Bennlngton Colunn : 26
p- . -

~ Name Soils

COMPUTAT I ON :
CARDINGTON—BE NNINGTO N SO I LS——HAY S. PASTURE

Use application rate of 50”/yr.

Spacing — 30’

Length — ‘.2~. (:09) 1450 1 .f.

Total cos t of tile (1450’) $320/acre
Add $70/acre for collectors ,

structures , etc. ~~7O/ecre -

$390/acre
Deduct 10% for existing tiles — — 40/acre
Net cost/acre $350/acre

EXPLANATI ON:

See above : Tile costs are based on agr lcultura costs in 1972 as
determ i ned by survey and major checking w /Agricultura i
Eng i neers , including severa l at Ohio State Unive rs i ty.

REFERENCES:
Donald C. Miles - A g ricultura l Extension Agent for Colorado
W r i ght—McLaug h! in Eng i neers

J FIMAL U N I T  COST USED: ~~50/acre (CARDIN GT O N -BE N NI N G TON SOILS-—HAY & PASTURE]
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WA STEW AT FRMAN A GEMENT SURVEY SCOPE STUDY
CLEVELAND - AXPON METROPOLITAN AND THREE RIVERS WATERSHED AR EA

Lan d T reatment/Fo .~ns Iat.on Phase: ~ S~b - Ivon~.__________________________

UNIT COST COHTA I ’IED IN DETAI LED COSTI NG S f!EETS SHEET NO, _____ OF 6
FOR COLUMU #: 26 JOB ~~O. 711 - 70
ITEM: Tile — C~ rdingt on—Be nntngton Soils——Compos i te Cut—of— BY R h DATE 9— 8—72

Basin
A. Cost Type : Cap ita l Cost X Operation & Maintenance (O&M)

________ 
- •

B. General Component Head Inq :
Transmission F.~cl?ft j es __________ t rr i i,-iti on Systeri___________

- 
- - StUraqe Reservoirs________________ Draina ge X• Land Treatmcnt S ite _______________ t 4lscc11nn ~~,us

C. Cost I ten : Til e — Car dington—Be nn ln~ ton C olir ~n: -

~~ °J_L~.

CO MPI TAT ION:
CA RDINGTON—BENN INGTON S(I I.S-—COMPOS I TE OF WESTERN AND AREAS

Mini—border 5% — .05(350) — $ 18/acre
Hay & I~asture 30% = .30(350) — $105/acre
Corn (pivot rigs) 65% — .65(495 ) -- 

~32’/acre
TCT! $445/acre

EXPLANAT I ON:

i_above : T il e costs are based on agr Icu lt ur al costs in 972
• -~s de termined by surs’ey and major checking w/t gr icul tura i

Eng i neers , Inc l uding several at ‘ -‘io State Un iv er s i ty.

RE FERE;lCE5~
Donald I•~ Mi les — ‘~gr icu Itura l Extens i on Agent for Colorado
Wr ight—MCLau g hl in Eng i neers

FINAL UNIT COST US(D: $445/acr, ~R~ lNCT~~-8E~~ I ’ - Grl , I S - - C O M I  ~S I T E )

- - - - -- ~~~~~~~~~~~~~~~- - -- •~~~~~~~~~~~~~~~~~~~~~~~
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W A S T EW A T ER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land T reat m ens/ Formulation Phase: ~~ Sub - It.m:_________________________

UNIT COST CO NTAI NED IN DETAILED COSTING SHEETS SHEET NO. 5 or 6
FOR COLUMN #: 26 JOB NO. 7L?_ .70

Tile — Cardington—Ben ntngton Soils——Mini—Borde r System BY Rh DATE 9 18—72

A. Cost Type: CapIta l Cos t X Operation F, Main tenance (O&M)
________

B. Genera l Component h eading :
Transmission Facili ties __________ lrr iaation System___________
Storage Reservoirs_______________ Drainage_____________________
Land Treatmen t Site______________ Miscellaneous ________________

C. Cost i tem : T1 e—Car dington—Benn ington Column : 
—

Name ~ dTls

COMPUTATION :

CARDINGTON—BENNINGTON SO I LS-—MINI—BORDER CONCEPT

Use 30’ spacI ng.
Same as Hay S. Pz’sture .

EXPLANATION :

See above : T i le cos ts are based on agricu ltura l costs in 1972 as
de termined by su rvey and major check i ng w/Agricuitura I
EngIneers , Includ ing several at Ohio State Univers i ty.

REFERE N CES:

Donald 1. MIles — A g r i cu ltu ra l  Extension Agent for Colorado
Wr i ght—Mc I.augh lin Eng i neers

‘ I
FINAL UNIT COST USED: j35~/acre (CARDINGTON—BENN I NGTON SO I LS-—MINI—BORDER CONCEPT)

_ _  
_ _  , -~~~~~~~~~~~~ -—- ~~~~~~~~~~~ - —,- -— -“ -- -~ - -  

j
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W ASTE WA TE R MANAGEMENT SURVEY SCOPE STUDY

C l EV E LAND . AKRON ME TRO POL ITAN AND THREE RIVERS WATERSHED AREA

Land T,eo,~~ent/FornuIO?.on Phase: 2 S~ b - It..., .__________________________

UPIIT COST COHTA INE D I II DETAIL E D COST IN G SHEET S SHEET NO. 6 OF 6
FOR COLUMN #: 26 JOB NO. 71L. - 70
ITEM: Tile — C h i h i  S~ i 1s 

BY RLT DATE 9— ’8—7 2

A. Cost Type: Cap i tal Cost X Operation & Maintenance (O&M) 
________

B. General Component Heading:
Trans~iission Fn ci litles __________ Irr lqn tion System___________
StoraNe Reservoirs Drainaqe_____________________
Land Treatment Site _____________ M i s cellan eous ______________

C. Cost I tem : Tile — C n i l i  Soils Co lur r , : 26
Name

COMPUTAT ION:
CH I ’ I SOILS

Use app lic atIon rate of 60 /yr.

Use spacing of 60’ ~ 5~--foot depth

Length 43.560 726 ft.

Cos t of 4 T i e  ( 7 ? 6 ’ )  = $ ‘90/acre
/dd S90/acre for collec tors ,

structures , etc . = 
~ 90/acre

TCTAI. $380/acre

EXPLANAT I ON ;

A l of tne C ii soi Is may not requl re ti e dra l nage , dependin g
on the topography . For exemp 1 e , On steep t e r ra i n  t i l e  d ia t i a g e
may be limi ted to the low— l y ing ~ands .

RE FE RE CE S
Tab e I I I , Prectlca i Inst e ll eti o n of Clay , Concrete and Corrugated
lastic Subsurface Dra i ns , oy Lyman .. Will a rdsor , A lso conversation

w i t n  Dr . Wi1 lard sor~.

FINAL UNIT COST USED: $380/acre (CHILI C lI •S)



!! ~~~~~~~~~ ~~~~~~ ~~~~~~~

WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Treaim.nt/Forn,uIa~jon Pho,,: 2. Sub - _________________________

UNIT COST CONTAINED IN DET AILED COSTING SHEE TS 
SHEET NO. 1 OF

FOR COLUMN I: 27 JOB NO. 71..... - 70
ITE’l : 

Conduits and Cana ls BY 
KRW DA TE 9— 16— 72

A . Cos t Type : Capi tal Cost X Operat ion & Maintenance (Oz,tl) -

B . Genera l Component Heading:
Transmission Facili ties 

___________ 
I r r i g a t i on  System 

—

Storage Reservoirs 
_______________ 

Drainage X
~ Land Treatment Site 

______________ 
Miscellaneous 

___________

C. Cost I tem Condutts and ~~~~~~ — 
Col umn : 27

- - Name

COMPUTATION :

Cost of construction .if !l be an average of $25’acre over and above drainage unit costs.

EXPLANAT I ON :

Conduits - il! be require~f to Convey return flow to suitable di scha rge points.
Canals w i l l  be used where vol imes are lerg t’. ‘~ydrolog i c aJ studies in western
Ohio show stream regIme s to be generall y suitab le.

REFFRENCES:

Based on eva l uation of typ i cal units and top- -gr aph ical maps , and on hydrolog ica l
study of streams .

FINAL W IT COST LSED CAP I TAL COST: S25/acr.~

(Rev i~~ion a’ of ~— 1~~72)
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W A S T EW A T E R M A N A G E M E N T  SURVEY SCOPE STUDY

CLE V E L A N D  - A K R O N  M E T R O P O L I T A N  AND THREE RIVERS WATERSHED A R E A

I ..~ d ~~~~~~~~~~~~~~~~~~~~ Phase . 2 s~ . fto,n ________________________

UNIT COST CONTAINED IN DETA ILED COSTING SHEETS
FOR COLUMN 1: 28 

SHEET NO. I OF 2

ITE M —
~~~

-- — - - ——— -—------- ____________ —-_____________________ JOB NO. ‘IL •70
Sludge Management ( In—Basin)  BY LAL DATE 9~~

21 72

A. Cost Type : Capital Cost x Operation & Maintenance (O&M) 
_______

B. Genera l Component heading:
Transmission Facilities 

__________ 
Irri gation System 

_______

Storage Reservoirs 
________________ 

Drainage 
_________________

Land Treatment Site 
______________ 

Miscellaneous

C. Cost Item Sludge Mananement (In-Basin) Coluvin :___________________
Name

COMPUTATION :

Costs based upon the storage capac i ty needed for winter months.
• (No costs were included for land or equipment as they are inclu ded under

land acquis ,7.ion and treatment costs~)

EXPLMNA TION :

Slud~e produced was converted to gallonage . Use Curve K to obtain cos t at
‘hat vol ine .

REFERENCES :

Wri ght—McLaug hlin E nc- ineers

FINAL UNIT COST USED: Use Curve K o Determine Costs of S?ud ge Management Fac i l it ies
In— d as i n ,

~~~~ W
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W A STEW A T E R MANAGEMENT SURVEY SCOPE STUDY
CI  E~~Et AND . AK RON M E T R O P O L IT A N  AND THREE RIVE RS WATERS H ED A R E A

I ~ r~~Qta’~~n$/ ~ ~.muIo,,on PI~os~ _ !  Sub - Item :
____________________________

111111 COST CONTAINED IN DETAILED COSTING SHEETS 
2 

_____SHEET NO. — or _____FOR COLUMN 1: 28 
- -  

_________________ JOB NO. 711 - 70ITEM : Slud ge Manage1~~nt_ SLtrj Dj lfned Areas) BY LAL DA T E_ ~ ’!ZE72
A. Cost Type: Capital Cost X Operation & Maintenance (0~,M) 

_______
B. General Cmponent Heading:

Transmission Facilities 
_________  I r r i gation System 

-Storage Reservo i rs 
_______________ Drain age 

________________Land Treatment Site 
- MIscellaneous

C. Cost I tem Slud ge Manageme n t (Stri p M.Areas~ o1umn t 28 
- —N ame

COMPUTA TION:

EXPLANATION :

Cap i ta l Cost for s ludge management to STRIP MIN ED AREAS based on;
1 . Pi pel ine Easement 5. DIst r Ibu~ ioj~ Pi p ing2. Pi peline 6. Trucks
3. Pump Stations 7. App l ication Equi pment4. Storage Reservoirs

REFER ENCES:

‘Bulk Transport of Waste Slurries to Inland and Ocean Disposal Sites ,”Oechtel Corpora tion , Sept. 1 969W r i gh t—McLaug hJj ~ Eng i neers
FINAL UNIT COST USED: Use Curve I to Determine Cost of Fa c i l i t i e s  for Sending Sludge toSt rip Min ed Areas.

-—



W ASTEW A TER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRO N METROPOLITAN AND THREE RIVERS WATER SHED AREA

Lan d T,eatment/Fo.-trn,Lat.on Phase: 2 S~ b .

U~IIT COST CONTAINED IN DETAILED COSTI NG SHEETS
SHEET NO. I OF IFOR COL UMN # 29 JOB NO. 711 ‘ 70

ITE M: Miscellaneous KRW 9-16-72
- BY DATE ________

A. Cost Type : Cap ita l Cos t 
~ 

Operat on & ?4a~ntenance [O&M) _______

B. Genera l Component Head ing:
Transm iss ion Fac H it i es  

_________ 
I r r i ga t i on  Syste m 

_______

Storage Reservoirs 
_______________ 

Dra i nage 
________________

Land Treatr~ent Site Mi sceli3 r ,t~ow, x

C. Cost I tem Miscellaneous Column : 
___________________

Name

COMP UTATION :

Computed at 5 percent of irri gation 6 drainage capital costs. (Cois . 2 3 thru 27)

EXPLANAT ION :

Miscellaneous includes capital cost for adr il ni str at ion building , monitor ing
holes for ground water . aNo outside eiec trica i costs not alread y included in
other major components and labo atories.

REFERENCES:

W rig ht-McLau ghlin Engineers
flaue r Eng ineering

FINAL UNIT COST USED: 5 percent of I rri gation & Dra i nage Cost (Cols . 23 thru 
~7)

_ - -



- - -
~ --~

-
~

- .— 
~~~~~~~~~~

• -
~~
-— -‘-

~~~~~~~~~~~~
-

~~~~~~~~
• • •-. ---- •- --— _ _ _

\ _
_~ —~ ;~

_

~ ~~~~~~~~~~~~ 
- - • .

~~~~~~~~~ ~~ ;_ - 
-
~~~~~~~~~~~~~~

-
~~

- —

o~~~~ o o
~~ o o o  0
o_ 0 0 0 0

E~ 

‘ 

‘ 

~
E -

~W~1~ :~ i 
~~~~~~~~~~ 

~~~~~~~~~ 
I

~~ ~~~~- - -T’ :-- --r- TT -
~ ~~ 

-

~~~~~~~~ ~ •~
; ‘-— — -: : :  -1~~~~

-~ ~~~~~~~~~~~~~~~~~~~~~ . :‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I \ ~~~~~~~~ _ L ~~~~~~~ 

_ _
~~~~~~ ~~, s~ ~ ~ ~

—r- ~ 
• -
~
- -  - —r -tl ‘ - - ‘

~~
‘
~~ 

- . - .“ 
‘
~~ 

•r •r r- •-‘ \ _1 
~~~~ ~ ~~~ 

I ~~ ~
- T — - - -‘ 

~: , . .  - - .  - - ~~ - ,~- ~ . t ~ ~ - ~~~ . ~~~~~~~ .. ~, . 1 .. .~~~~~~~~~~ ,
‘. - ‘T 

~: t — —-- — 
~~~

1—. 1-’ -
~ ~

‘ -r. ‘~
— — •— V

N ~I E ~~
ET

~1 tE~ _ _~t:Ei~~ I
:~~~~ . 

•

~~~~ ; . ;~~:: ~:: ::1 
~~~ 

-
, ~: 4~ ~~ 

_ 

~~~~ ~~~ 

::~~ :;r L~~~~ J ~~~ -

; 
~I

’
~~.t: ~ ~ ~~~ 

:~~~~~~~~ ~~~ ~ ~ ~~:~: : = ~~~~~~ 
~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~ ~~~~~~ ~ 

i
e~~~~ 4 — — ~~~~~~~~ - - -- -—~--~~ --’-4— - .

- -- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ t~~
I- 

~~~~ 
\1 0

~~~~~- - - - — .
~~~~~~—— —4-~

- .
~~
. --— —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ E,.

.. p . -  r l ~~~
::
~~~~

. 
~ 

- - -- ~ 
- ‘ , :

~~

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

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~ l’1 

- 

~~~~~~ ~~I -~ r -

- - - L’~~Z H’ - - - 

~: ~~~~~~~~I L~t~ 4
::Ti3~~ ~~~~~~~~~~~~~~~~~~~~

~J E ~~~ ~~t L~~r H ~~~~~~~~~~~1
~ ~t~f Tt 

-

~ 

— 

~rr 
— ‘-i- ‘I’ -. -r~--W - 

~~ L 

-

~r ~
-•-- —

.TTT ‘ 
-~~~~~ l : .T T ~~~’~T1~~

h

— ~~~~~~~~~~~~~~~~ — __

~ 

“~~~~~ ‘ ‘ : : . -

:~
- 

~~ ~~. .r ~~~~ :~~~ ff ~~i~ ~~~~~ ~~ + ~~~~~ .~~~~~~~~ :t;i u-r~
- 

~~~~~~ ~~~~~~~ ~
-
~

-f
~ ~ ~



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

.‘- -.. ----- 
___~ _ v~--_~-~

_____ __ _ -_’ -— -.- - —---~- - —. 

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

--- - -

~

- ----—--

~ 

800 

~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
--f-n: ~~

~ 

700 ~ f ~~

‘ 

~ ~~ 

r 

L 
d 

t ~~~~~~ 

4

~~~ ~ ~~~~~~~~~~~~~~~ ~~1 I~~~ 
I

~ 600 

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

4 

1 

ti~ ~ 
JIfrit~ 

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

- 
~ ~T 9 ~ ~~~ ~~~- ~~~~~~~~~ ~ t 

_ _

. . ~~~~~~~~~~~~~~~~~~~~~ L ~
~ ~

t
~~~± ~~~~~~ ~~ L~ 

I ~ ~~~~~~ 

T~~ 1

9 
500 ~~~~~ .- 

- 
- ~

- W ~ ~~~~~~~~~~~~~ 
‘-

I g -~
_

~- ~ ~~~~~~~ - -~ ‘-4 -.- ‘ 4__ - ,--‘

~ ~ 
- -i- 

~~~~~~~~~ 
L~±tit~

- 
~ -~-~-~

t-
~
-; ~~~~~~

~ ~ ~ ~
-1:V -t - t-~i~1

-ti-~-: :ri~~t~ .
-

~

- ~~~~~~ 
- 

- ~

- 

~ ~ ~ 
±-T~ffl-t ~

-
~

--; 
~~~~~~~~~~~~~~~~~~~~~

— !~ : I 4 ~ -I - • H- —+ --
~
-- 

~
--

~± 
4

! ~~~

. 

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

4 

- 

~~~~~~c~~~~~~~~~~~~~~~~~~~~~~~~
: 

L L

~ ~
-
~~; I _

_

- 4 ~~~~~~~~
. 

- 

~ ~ 
- 

-

J —tr ~ ~ - - - ~- ~ - -~ ~

-

~ ~—t- - * -~-4 - 4-1-4- ~ -

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

—

~

-• - - 
~ ~

00 ~ 
‘
~~ 

‘

~~

‘ ~ -i~
-t

~~ 4-~~ 
. 

- - 
- 

-

~ ~~T~~- ~~~~~~~~~~~~~~~ 
~~~~

3 8 10 12 1~ ~6 18

I NSIDE DIAMETER IN FEET

L~~~ - 
~ 

- 
~~~~

- - ~~ - -- -- ~~ - —  - - - — A



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- - 

~‘1

CURVE C
OCE , FIGURE 21—14

C—SELM , BAUER
(WME CAPITA L COSTS — COLS . 14 & 15)
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WASTEWATER MANAGEMENT SURV EY SCOPE STUDY

~ CLEVELAND ~ AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

• 
- 

Lan d T,eot,,.np/Fo,.n Ia~~c~, Phos ....j..... S~ b - I,..,,:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-~ UN IT COST CONTA INED IN DETA I LED COSTI NG SHEETS S H E E T  NO. .._L_..OF
FOR COLUMN #: 1—6 JOB NO. 71.2. . 70
ITEM: t~asic Da ta 

—  ~~ 
GGR DATE 9—20—72

A. Cost Type : Cap ita l Cost 
— 

Operation & Maintenance (Os.M) x
.~ a. Gene ra l Component Head ing :

Transmisskan Facilities ____________ Irri c at i on System______________
Storage Reservoirs _________________ Dra i nage______________________

- Land Trea tment Site ________________ Miscellaneous __________________

C. Cost I tem: 3 a s ic  Data (Used in Costing) Column : 1—6
Name

The basic  data s~Iown in columns 1—6 , as well as tr~e costs com l il ed

I under the Capital Costs Section contained he;ein , were used to
determine tie various Operation and Maintenance unit costs which
follcm in this O~-M Costs Section.

(See Capita l Cos t Sheet covering co l imns 1—6 for e,(p lana t i o n of
i ndividua l column i tems.)

~

_ _ _  —~~- -----—--- - -



WA STEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lan d Tr.otmant/ Formulat,on Phase: __2 Sub . I,~~~:___________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. _OF
FOR COLUMN #: 7- Il JOB NO. 711 .70

— ITEM: Trea tment (in Plants or Aerated Lagoons) 
~~ 

GGR DATE 9—20— 72
A. Cos t Type Cap i tal Cos t______ Operation & Main tenance (O~M) X
B. Gene ral Cowçonent leading :

Treatmen t Facili ties - x  I rri gation Sys tem___________
Transmission Fa c Iii tIes_ Dra i nage__________________
Storage Reservoirs________________ Miscellaneous _______________
Land Treatmen : SI te

__________________

C. Cost I tem: Trea tmen t (In Plants or Co l umn : 7—li
Aerated Lagoons)

Na me

COMPUTATION :
A l l  O&M cos ts for sewage treatment p lants are supplied by

• Havens & Emerson excep t those for Aerated Lagoons .

• (See the computation sheets for Column 10 - Aerated Lagoons ,
wh ich f o l l o w . )

Ae ra ted Lagoons were used for 3 plants in Plan 9A and .11
plants in Plan 12 .

EXPLANATION :

REFERENCES:
Havens & E m e r s o n  - Secondary, Tertiary and Advanced Wastewater

Trea tment Plant Costs
Wright—McLaughl in  Eng i neers — Ae rated Lagoon Costs

FINAL UNIT COST USED: Al l  costs supplied by lavens and Emerson except as in
Plans 9A & 12

- -P1

-—--~~~~~~~~~ —- _ _- --‘--~~ —--
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WA STEWAT ER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . A KRON METROPOLITAN AN~) TH REE RIVERS WATERSH ED AREA

Land T,.a,m.n,/Formu Ia,ton PI-.os. _..2....... S~ b . I tem _________________________-

UNIT COST COII TAI lED I ;l ‘~:TAl LC 0 COST I I~ 1. ~lIEETS SH EET NO. ....J........... OF 3
FOR COLtJi- ’~l - :  IDA (Trea tment ) JOB NO. 7)2 . 70

LTIJ~ Aerated Lagoons — Powe r BY DATE 9—20 72

A. Cost Type : Cap It1, 1 Cost______ Operation & Maintenance (OeM , X
B. ~enora I Ccwiponent I~ead ,i~ :

Transrissi,),, Foc i I F t i e~ ______________ 
Irr ied t i~~ ’rI ‘~v s t f - r ’

Stcrai1e Res~ rvoir1._________________ DrUlIla ge
Land Treatment Site______________ MisceII ane ,- u~

C. Cost I ter- : t-erated Lagoons — Power Ci~Ium ,~: 
IDA

~aci1e

COMPUTATIO N:
For ~oth IN— BASIN end OUT—OF— 5ASIN:

$7,550 x Tota l OF (MCD)

Note : For Plan 9A , 3 rlants which were costed i n d i i i d ua ll y have
aerated lagoonl. ; these costs were included in land treatment
costs In Plan 12 all p lants were costed wi - 4 -~ ae~ated lagoons

EXPLANATIO N :
Power costt, for aeration incl u de n ixi n g and oxygen transf s .
W-ME computed detailed Horsepowe r reqiirements.

~•~~
; ~~~~: 

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

RLFERENCES :
W ri ght—McL au gh lin Eng i neers

FIMAL UNIT COST US E D: $7~5j0 * Tota l ADF (MCD)

NO TE : For Plans 9~ 
and 12 only.

_
_ _ _  --- ------- -—



WA STEWAT ER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND T HREE R IVERS WATERSHED AREA

Land Tr.aem.ntJE r -’-~~~~ Phas e: 2 Sub - Item :___________________________

UNIT COST CO~VTAINEC IN DETAILED COSTING SHEETS SHEET NO. ~~ OF 3
FOR COLUM N 1: 108 (Treatrent) JOB NO. 712 - 70
ITEM: Aera ted lagoons — Maintenance and Labor BY NAB DA TE 9—20—72

A. Cost Type: Capital Cost______ Operation B Maintenance (asH) X
B. Genera l Component Head i ng :

Transmission Facfllties___________ Irr Ig at i on System___________
Storage Reservo i rs______________ Dra i n ag e  -—
Land Treatment Site _______________ M i s c e l l a n e o u s _________________

C .  Cost i tem : Aera ted Lagoons — Maint . & Column : l OB
Name Labor

COMP UTAT ION:

37~ of Capita l Cost

Note: For Plan 9A , 3 plants which were costed In dividually have
aera ted l agoons ; these costs were Included in land treatment
costs, in Plan 12 all plants were costed wIth aerated lagoons.

EXPLA N ATION :

Typica l maintenance and labor figures based on W-ME experience
were also used for comparIson .

REFERENCES:

Wrigh t—McL aughlIn Eng i neers

FIlIAL UNIT COST USED: 3°4~~f Capita l Cost

~: NOTE : For Plans 9t~ and 12 only.

-— -~~~~~~~— - —--- -- _ _ Th_~~__~~ __ ____ —  -- —- - - -  -——-- — - - ~~~~ - - -_
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W A S T E W A T E R  M A N A G E M E N T  S U R V E Y  SCOPE S T U DY

CLEVELAND - AKRON METROPOLITAN AND THREE RIV ERS WATERSHED AREA

L a n d  Tr.a,m.nt/F..rm..Io?.on Ph..,. ..j.. _ S..b . pan,.________________________

UNIT COST COIITtt INED iN DETAILED COSTING SHEETS SHEET NO.....J_OF 3
FOR COLUMN /‘: lOC (Trea tment) 

— JOB NO. 7)2.. . 7))
I T E M:  Ch Lrin at i~.n — Ae rated Lac~oons — M aint. & Labo — BY Hi.B DATE 9—20—72

(Power Ne~fl~~iile)
A. Cost Type : Capi ta l  Cost O perat io n & Maintenance (O&M) X
B. General Component llcading :

Transm ission Facilities Irr i q n tion System 
_ _ _ _ _ _ _

Storage Re~crvoirs _______ Dreinaqe -

Land Treatment Sit e tiis ceIIrIncou s_________________

C . Cost I ten: Chlori nation —Aerated Lagoons Colur~rI: lOC
• 

~~ JIW

• COMPUTATIOH :

In—B asi n $3,650 x To tal ADF (MCD)

Ou t-- f-Basin $2,500 x Total ADF (MCD)

No te: For Plan 9, , 3 p lan :s which were cos:ed i n d i v i d i a l l y ha ve
ae rated l açoons; t’~ese costs we re included in land trea~men:
costs In Plan 12 all p lan ts we-c cos~ ed w itn aerated lagoons .

‘~
-

EX P LAN AT IDI l :

OCE end -$&E cur-des for  O&M were used :0 ~~r -  ‘~~e at ::hese two
conversions . The Ou —o f — Ba. i n  un i t  cos: .  a~ e less because
larger systems are used

t ~ tJ
‘-I A... 

~~~~~ 
~~

- j

REFERE~ C ES : — -
~

•1aven~ and Emerson

• 
OCE

FINAL UNIT COST USED: $3~~ 50 x Tota l ADF (MGD)~ I n—B a sin

S2.500 * Total ADF (MGDI. 0ut—of-i~esfli

_ _ _ _  —

~ NOTE : For Plans 9A •nd 12 onl y- 

--
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WA STEWA TER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Treasm.nt/ Formulation Phase: 2 Sub . Item:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• UNIT COST CONTAINED IN DETA I LED COSTING SHEETS SHEET NO. _ _ _ _ _  

2
FOR COLLfl*1 I: I3A JOB NO. 7I .~~ -7O
IT c M~ 

Pump Station —— Power 
- 

B Y  NAB DA TE 9—2 1 —72

A .  Cos t Type : CapIta l Cost_ Operation B Maintenance (Osil) X
B. General Component Head i ng :

Transmission Facil i ties X IrrI ga t ion Sys tam
_ _ _ _ _ _ _ _ _ _ _ _

— Storage Reservoirs_______________ flr a l nage_ —~~~~~~

Land Treatment Site______________ Misce llaneous________________

— C. Cost I tem: Puñip Station —— Power Column : 13A
Name

COMPUTATION :

No In—Basi n facili ties

Out-of-Basin $2 ,100 x Total ADF (MGD)

EXPLANATION :
Cost is based upon TDH of 100’.

Basic data ($.Ol2l f kwhr and 65% wire to wate r efficiency used to pro—
vide costs consistent and comparaole to costs provided by r1&E.)

As a check, the main :enance and labor was added to the power and
compared to annual O&M costs for pump ins stations as prov ided  by
l-&E . The tota l W— ME 0514 cos ts we re also checked aga ins t OCE curves . 

•

REFE RFNCES :
$. 0l2 1/ kwhr and 65% W ire to wa ter e f f ic iency -— Havens & Emerson
Curve for Annua l Power Costs by Wright — McLaughlin Eng ineers
ADF - compute... by W- ME and MBE
1DM — W—ME computations for individua l plans

FINAL UNIT COST USED: $2,100 x total ADF (MGDI



- 
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY

CLEVELAND . AKRON METROPOLITAN AND TH REE R I V E R S  WATERSHED A R E A

Len d T,.a,,p, .np/Fe,..,uIot on Phos. ..2.._ .. Sub ___________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO.....!....... ~~~F 2

FOR COLUMN I: 138 JOB NO. 7)1 -70
ITEM:  PUMP STATION - MA I NTENANCE AND LABOR BY NAB DATE 9/21/72
A. Cost Type : Capital  Cos t 

_____ 
Operation & Maintenance (Owl ) X

B. General Component Ileading:
Transmission Facilities X Irr i ga t ion Sys t~ n 

________

Storage Reservoirs 
________________ 

Drainage 
_________________

Land Treatment Site 
______________ 

Misce l laneous 
___________

MAI NTENANCE AND LABOR —

C. Cost I tem EXCLUDING POWER Column : i3a

~4ame
COMPUTAT I ON : FOR OUT-OF-BASIN PUMP STATIONS 5% of Cap Ital Cost

L -

EXPLANATION: For annual maIntenance and l abor costs of pump stations , exc l ud i ng power ,

- 
- 5% of the capital cost was used. This was obtained from expenses for

g iven sized plants in Colorado based on past experience . As a check ,
maIntenance and labor costs were added to powe r costs and compared to

- 

- 

annua l total ~)&M costs for pump i ng stations as defined by Havens and - - 
-

Emerson.

REFERENCES: See Sheet I of 2.

FINAL UNIT COST USED: 5 Percent of Cap ital Cos t

_ _ _ _ _  ---—-~~~~~~~~~~~-- -— -~~~~~~-— -~~~~ -- - - - — —-~~~~~~-—— -
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WASTEWA TER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AR EA

Land Tr.atm .nt/Formul.,jon Phase : 2 Sub . Item :
_________________________

U N I T  COST CONTAINED IN DETAiLED COSTING SHEETS
SHEET NO. ‘ or _________FOR COLUMN I: 14, 16 and 24 
JOB NO. 7I~~. . 70ITEM: Force t laj n ,  Drop Shaft, Tunnel - Maintenance & Labor BY NAB DATE 8—20—72

1 - A . Cost Type: Cap ita l Cost______ Operation & Maintenance (O&M) X
B, General Component h ead i ng:

Transmission Facili ties X Irri gation System_ X
Storage ReservoIrs________________ Drainage______________________Land Treatment Site______________ MIscellaneou s

C . Cost I tem: Force Main , Drop Shaft , Tunne l Column : 14, 16 and 24
Name

COMPUTAT I ON :

1/2% of Capi te l Cost

I.-

EXPLA1IAT lOtl :

The 1/2/, rate was obtain ed from Mavens & Emerson. This percentage
was used for force mains , d rop shaf ts , and t’~nne l costs in order to
provide coSts consistent and compara 1e to costs ~y ~lavens & Emerson.

RE FE RE? ICES

Havens & Emerson

H 
_ _ _ _ _ _ _

FINAL UNIT COST USED: jj~~~of Capi tel Cos t

_ _ _  —--~~~—--~~~~~~~~~ -----—---- - ---- - ~~--~~~~~ -___
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W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Tr.atm en,/Fo,.,wI.,•o, Phas.: .2 ... Sub - lism ;_________________________

UNIT COST CONTAINED III DETAILED COSTiMG SHEETS SHEET NO~~....J.. ......OF 2
FOR COLUMN #: ISA JOB NO. 7)1 -70
ITEM: Secondary Puti~ Plan t — Power 

BY 
HAS DATE 9— 21— 72

A. Cost Type: Capita l Cost~~

__ 
Operation & Maintenance (O&M) X

B. Genera l Component Heading:
Transm IssIon Fa c ilitl es X Irr i çjatlon System___________
Storage Reservoirs

___________ 
Dr-~inacje_______________________

Land Treatment S i te
______________ 

Miscel lan eo u s

• . C. Cost Iten : Secondary Pump Plant — Power Colunn : l 5.i
Name

COMPUTAT ION:

In— ~as i n  = $5,550 x Tota l  ADF (MGD)

Out—of—Bas in  — $15, 000 x Total ADF (MGD)

. A —

EXPLANA TIOH :
I n—Basin TD~1 — 26 5’
Out—of- Basin TDH — 720’

Basic data ($.0121/kwhr and (5~ ~‘.i;e to wa ter efficiency )used o
p roV i de cos ts consistent and cotTarajle ~o cos ts p r ov i ded y - lt E.

As a check , the maintenance and la o! was added to the power and
compared :o annual OEM cos ts for ç uilp ing s tations as provided ~y
HI- E The otal W—ME O6M costs we -c also checked against OCE curves .

RE FE RE IICES
$.0l2)/kwhr and ~~ wire to w at e r  e f f i  c ienc- ,  -- ‘lavens & Emerson
Curve for Annua l Power Cos t s  by Wri 9h~-McLau~~ 1in Eng i nee r s
ADF - computed by W r i~~I —McLau~hl in E nc~i nee rs and levens t- Eaerson
TDH - Wri g h t—McLau g h l in  Eng i neers com putations for indiv idua l plans

FIN ~4L UNIT COST USED: $5 ,55 0 x Tota l j A~ F (MCD), ln-~~sin

$lS. 000 ~ Tota l  ADF (MCD) ., Ou t—of -Bas in

_  
~~--~~~~~~~~~~~~~~~~~~~~-
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wASTEWATER MANAGEMENT SURVEY SCOPE STUDY

CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED ARE A

‘I T~.aem.nt/ FonnuIUtiOn Phas .t 2 Sub - Item

- 

- UNI T COST CONTAINED IN DETP LED COSTIN G SHEETS SHEET NO. 2 or 2

FOR COLUMN 1: 15B JOB NO. 71!. .70

ITEM: Sac.ndary Pui~ Plan t - Maintenance and Labor ~y..._~ L_._- DATE 9—21—72

A. Cost Type: Cap ita l Cost______ Operation & Maintenance (O&M )_ X _ -

B. Genera l Component Head i ng : -

Transmission Facilities X IrrigatIon System____________ - 

/

Storage Reservoirs _______________ Drainage _____________________

Land Treatment Site Pllscellaneou s_______________

C .  Cost I tem : Secondary Pui~~ Plant 
— K~i iit. Column : l5B

Name & Labor

COMPUTATION : -

For In—Basin Punç Stations 5% of Capital Cost

For Ou t—of—Basin Pun~ Stations . . . . 3% of Capital Cost

~EST AVA f~&E COPY
EXPLANATION :

For annua l maintenance and labor costs of pump stations , exclud ing
power, 5% of th. capItal cost was us•d for I n—bas In statl ons and
3% of the capital cost for stations out—of— basin . This was ob taine d
f rom expenses for g iv en sizid plants i n  Colorado based on past
experience. As a check, maintenance and l abor costs were added to
power costs and compared to tota l annua l DIM costs for pump ing
stations as define d by Havens and Emerson . Out—of—B u m costs are
le ss b.cause the pump station cap i tal costs included shafts and
ot her related i tems which wou ld have an O&M of app roximate ly
1/2% x capi tal .

REFERENCES :
See Sheet I of 2.

FINAL UNIT COST USED: 5% of Ca p i tal Cos t. In— B a sin

3~ of Capita l Cos t. Out— of—Basin

_ _ _ _ _ _ _ __  j
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CL EVELAND . AKRON METROPOL ITAN AND THREE RIVERS WATERSHED AR EA

Land Tr.atm ent/For.nul.tion Ph...: 2 Sub . 
________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO._LOF I
FOR COLUMN I: 17 JOB NO. 711 .70
ITEM: Riservoir — Maintenance ; Labor BY DAT E 9—20—72

A. Coat Type, Capi tal Cost______ Operation & Maintenance (Oss) X
- - - 

B. General Component Heading:
Transmission Facilities - Irr I gation System

__________

Storage Reservoirs
______________ 

Drainage
____________________

Land Treatment Site_____________ M i scellaneous_______________

C. Cost I tem:  Reservoir — MaIntenance £ &abor Column: 17
Name

CONPUTAIIONz

1/2% of Cap I ta l Cost

—

EXPLANAT ION:
Bated on O&M cost for force ma ins and shafts plus g.nsral experIence
with similar type res.rvoi rs.

REFERENCES:
W rI ght—McLaughlin EngIneers

FINAL UNIT COST USED: I/2~i.of Caolt.l Cost 

- - ~~~~~~~~~~~~ -~~—~~~ - -— -—— ~~~~~~~~~~~~~~~~~~
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W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATE RSHED AREA

Land Tr.atmant/Fonnulotien Phase: 2 Sub - ft.,.:_________________________

UNIT COST CONTAINED I N DETAILED COSTING SHEETS _ SH EET NO. ____ o~ —
FOR COLUMN I: l8A — Powei~ l8B — Maintenance I Labor JOB NO. 71~~.-70
ITEM: Ae ration BY NAB DATE 92~~72

A. Cost Type: Capita l Cost______ Operation & Maintenance (Osil) X
- 

- B. Genera l Component Heading:
Transmission Facilities - Irrigation System 

— -•

Storage ReservoIrs_______________ Drainage____________________
Land Treatment Site______________ Miscellaneous________________

C. Cost I tem : Aera tion — Power/Mel nt.& Labor Column : 18* and 18B
Name

COMPUTATION:
For Plans 9* and 12
i n—Ba sin

Powe r $20 x Storage Reservoir Volume In MG

Maintenance and Labor:

$20 x Storage Reservoir Vo lume in MG

Out—o f—Basin and In reservo irs for storewater runoff i n—basin
there is no aeration of storage reservoirs .

EXPLANAT I ON:

I n—BasIn , Plans 9* and 12 —— Power was determined by W—ME .

REFERENCES:

Wri gh t—McLaughlin Engineers

FINAL UNIT COST USED: $Z0 s Storage Reservoir Volume In MG for Power and

$20 x Storace Reservoir ‘5 o l u iie in MG for Maintenance I Løbor 

~~~~~~~~-—— -— -— -- ~ - - - - - ~~~- -~~ ——— ----~ -- —



W A S T E W A T E R  M A N A G E M E N T  S U RV E Y  S C O P E  S T U D Y

CLEVELM4D - A,(RON uETROPOUTAN AND THREE RIVE RS W A T E R S H E D  A R E A

Land T..,?ment/Fo~ rn~IOt On Ph,s.. _ . 2 .  S~ b -

UNIT COST CONTAI NED IN DETAILED COSTING SNEETS SHEET NO~~~J._OF
FOR COLUMN #: 196 — _______________ ——~~ ~~ ~~ n2_ - 7o
ITEM: Ch lor in at ion — M aint 5 & Labor (Assumes Pc~ er Cost BY HPB DA TE 9— 2 1— 72

Negi IglbI e~
A. Cost Type : Capital Cost Operation & Ilaintenance (Oct1) X
B. General Co~nponent Head i ng:

Transmission Facilities Ir r iqa tio n System__________
Storage Reservoirs •j

~~~~~~~ Drai nage______________________
Land Treatment Site Mi scejioneous________________

C. Cos t item: Ch ’ori nation Co i u;nn: ~93
Name

COMPUTATION:

Efflue nt to storage reservoirs to land site reatment:

S I ,825 x Tota l -DF (~4GD)

~~~~~~~ -
, 

~~~~~~

• ~~~ f ~~~i~ i ~~~ — s..-.. ~

EXPLANATIO N :

T h s  is 1 /2 of the -4&E and OCE chlorin at io n FJ-~ costs as the
chior ’ne trea tment concentrat on s less th8n /2 requi red for
secondary treated sewage. Th is cost i s e qu i -iai e n t to ti a t used
by Bauer Eng i neering .

RErERE~Iccs :

CCE
Beuer Eng i neering

b 1 
_______________FINA L UNIT COST USES: $ I .825 x Total ADF (MOD)

_ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND . AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land Tceotm .nt/FormuIo~~on Phase : 2 Sub - Ite m :_________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. 
1

FOR COLUMN #: 20 and 22 (Col. 21 Cost was dropped) JOB NO. 71!-70
I TEM: Purchase & Relocation; Site Preparation - BY 

W M E  DATE 
9—22—72

A. Cost Type: Cap i tal Cos t______ 
Opera t ion & Mal nt sna nce (0&M)....JL.... .

B. Gensral Component Heading :
Transmission FacilI ties ____________ 

irrIgat i on System
Storag. ReservoIrs

________________ 
D rai nage

La nd Treatment Site ________________ 
Mis cellaneous _______________

C. Cost I tem: Purchase & Re 1 ocation~ SIte Column : 20 and 22
Name Prep.

THERE ARE NO OPERATION AND NA INT E N ANCE COSTS FOR THE FOLLOWING :

Component Coltann
- Land Treatment SI to

Purcha se and Relocation 20
S i t e  PreparatIon 22

- i



I

W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
C L E V E L A N D - AKRON M E T R O P O L I T A N  AND THREE R I V E R S  W A T E R S H E D  A R E A

Land T..as,,.nt/Fon.wIohon Pha,.: _ Z . _.. S..b - _________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO........L._..OF 2
FOR COLUMN #: 23A JOB NO. 7t2. - 7 0
ITEM: Puny Station — Power 

B Y  ________ DATE 9—21—72

A. Cost Type: Cap i ta l Cost_ _  Operation & Maintenance (OIM ) X
B. General Component Head i ng :

Transmission Facili ties__________ Irr i ga tion System X
Storage Reservoirs_______________ Dra inage____________________

- 
- Land Treatment Site M is c e l la neous

C. Cost item : Pun~ Station — Power Column : 23A
Na~e

COMPUTATION:

in—Basin — Wastweter : $18 x acres
Separa te Storrmqater : $36 x acres

Out—of-Basin — $16  x acres

EXPLANATION: I n Basln
W as tewa te r - TDH — 150’

Ave rage app l i ca t ion ra te — 75
Stormwa ter — TDH — 150’

Average app lica tion rate 150
Out—of—Basin

TDH — 150’
Average applic ation rate — 66’

Bas ic data ($, Oi2l/kwhr and 65~, wire to water efficlency)us.d to
provide costs consistent and coniparabie to costs p rov i ded by H&E.
The total W—ME O5.M costs were also checked against OCE curves.

RE FE RE I1CES
$.0121/kwhr and 65°c w i r e  to water  e f f i c i e n c y  - laven5 & Ea.rson
ADF computed by Wri ght—McLaug hlin Eng I neers end -laven s & Emerson
TDH — Wr i ght—Mc Laughlin Engineers computations for IndI vi dual p lans

FINAL UNIT COST USED: I n—B asi n Was tew!ter — $18 ~ acres- 
I In— B asin Separate Storuiq.ter - $36 ~~ 

acr e s
Out —of—Basin - $ 1 6 x acres

_ _  - -~~~~~~~~ --- -~~~~~~~~~~~~~~~~~ --~~~ -— 
-~~~~~~-- - ~~~~~~~~-— - -—  -~~~~~~~ -~~~~~~~~~~~~
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W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE R IVE RS WATERSHED AREA

Land Treatmen t/Formulation Phase: 2 Sub - Item :_________________________

UNIT COST CONTAINED IN DE.AIL ED COSTING Sh EETS SHEET NO. 2 Or ’ 2
FOR COLUMN I: 239 

JOB NO. 71! - 70
ITEM: Pump Station — Maintenance and Labo r 

BY DATE 9— 2 1— 72

A. Cost Type: Capital Cost______ Operation & Maintenance (ogs) x
B. Genera l Component Heading :

Transmission Facilities ___________ Irri gation System x
Sto rage Reservoirs 

— Drainage
____________________

Land Treatment Si te______________ MIscellaneous________________

C. Cost I tem : Pump Station — Maintenance & Column: - 239
Name Labor

COMPUTATI ON:

For In—Basin Pump Stations 5% of Cap i ta l Cos t

For Out— of—Basin Pump Sta t ions . . . 3~ of Cap i tal Cost

EXPLA N ATION:

For annual maintenance and labor costs of pump stat Ions , excluding
power , 5’h of the cap i ta l cos t was used for in—basin statIons and
3% of the cap i tal cost for stations out—of—basin . This was obtain ed
f rom expenses for given sized p lants i n  Colorado based on pas t
experience . #~s a check , ma intenance and labor costs were added to
powe r costs and compa red to total annua l O&Pl costs for pumpIng
stations as df ln ed by Havens and Emerson.

R E F E R E N C E S :
See Sheet i of 2.

FINAL UNIT COST USED: 5A of Cap i ta l  Cost i n — B a s i n

3~~of Cap i ta l  Cos t Out—of—Basin

- - - - ---- -— ----- -------— - - -  -~~~------ -—-
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W A S T E W A T E R  MANAGEMENT SURVEY SCOPE STUDY
C L E V E L A N D - AKRON METROPO LITAN AND THREE R I V E R S  W A T E R S H E D  A R E A

Land T,sa?m. n~/ Fo,n ,.Iation Ph,s. _ 2 _  S~ b - It em ._________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. ._L_OFFOR CO LUMN 1: 25 JOB NO. 712.. - 70

ITEM: Equipment and D i s t r i b ut i o n  Piping — Maint . & Labor BY NAB DATE 9—2 1 —72

A. Cost Type: Cap i tal Cost______ Operation & Maintenance (O&M) X
B. Genera l Component Head i ng :

Transmission Fac i l it i es
___________ 

I r r i g a t i o n  Systern_ X
Storage Reservoirs________________ Drainnge
Land Treatment Site______________ M iscel laneous

C. Cost Item : Equipme n t and Distribution Co l umn: 25
Name rip ing

• COMPUTATIOU:

In—Basin — $4/acre

Ou t—of—Bas in — $10/acre

EXPLAHAT IOU :
Mini—border system used in—basin and some sofld set system .
Both would have same maintenanc e and labor costs .
The $10 rate reflects an increase due to hi gher labor and
maintenance on P ivot spri nklers .

REFERE~~JCES:

Donald L. Miles — Agricu ltura l Extension Agent for Colorado
W r i gri t—McL .ughfln Engineers

FINAL LIMIT COST USED: $k/acre I n—B a sin
$ 10/acre Iut—of—$ asln
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lan d Tr.o,m.n,/Formulstion Phase: 2 Sub . Item :________________________

UNIT COST CONTAINED IN DETA I LED COSTING SHEETS SHEET NO. 1 OF
FOR COLUM N 1: 26 JOB NO. 712 .70
ITEM: Tile — Maintenance and Labor BY ~~~~~~ DATE 9—21—72

A. Cost Type: Cap ital Cost___ Operation & Maintenance (O&M) x
8. Genera l Component Head ing :

Transmission Facili ties___________ IrrIgation System____________
Storage Reservo i rs______________ Drainage X
Land Treatment S i te

______________ 
Miscellaneou s

________________

- 

- 

- C. Cos t Item : Tile — Maintenance and Labor Colurin :_ 26
Name

COMPUTATION :
I n—Basin — $14/acre

Ou t—of—Basin — $ti .50/acre

EXPLANATION:

Maintenance is approx i ma te l y Ih of Capital Cost.

RE FE RE U CES

Donald L. Miles — Agricu l tura l Extension Agen t for Colorado

— 
Wright-Mclaugh lin Eng ineers

FINAL UNIT COST USED: In—bas in — $~/acre

Out—of—Basin • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -
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W A S T E W A T E R  MANAGEMENT S U R V E Y  SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Tr.otment/Formulatj on Pt,as.: .~~~_. S,b - Item:________________________

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO 1 OF _ _ _ _ _ _

FOR COLUMN #: 27 JOB NO. 7,L - 70
ITEM: Conduits and Canals — MeTntsnance & Labor

__________________________________________________________________ 
B Y  KRW DATE 9—l6—7

A. Cost Type: Capita l Cost______ Operation & Ma intenance (O&M) x
B. Genera l Component Heading:

Transmission Facilities __________ Irri gat ion System__________
Storage Reservo i rs_______________ Drainage _____________________
Land Treatment Site______________ Miscpiianeous________________

C. Cost l tem :_ Condui ts and Canals Coluirn : 27
- Name

COMPUTATION:

Cos t of construction w i ll  be an average of $25/acre Over and above
drainage unit costs .
Maintenance and Labor cost for conduits and cana ls w i l l  be $2/ac re ,

EXPLANATION :
Conduits w i l l  be required to convey return fi~~.. tu suitab le di~~ch.-ge
points. Canals w i l l  be used where volumes are large. Hydrolog ical
studie s in westsrn Ohio show stream reg mes to be gene rall y Su i tab l e
Based on evaluat ion of typi ca l uni ts  and topographi cal ntap~~, and On
hydrolog ical study of 3treams .

REFERENCES:

W right —McL aughlin Eng i neers

FINAL U911 COST USED: ~2/acre(RevIsIon as of 9—lk—72J

-

~

- --- - -~~~~~~~--~ - - - - - -- -- .—
“~~~~~~- -~~~ ~--—-~~- -- -~~~~~~~~-— -- - - -
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Land T,.at,n.nt/ Formu atio~i Pha se: 2 Sub - Item:________________________

UNIT COST CONTAINED IN DETAILED COST iNG SHEETS SHEET NO. • OF
- 

- FOR COLUMN 0: 28 JOB NO. 71.! -70
ITEiI: Slud ge Management (Include s Power Cost) 

BY ~~B DA TE 9—21—72

A. Cost Type: Cap ita l Cost______ Operation & Maintenance (OE.M) X
B. Genera l Component Heading:

Transmission Facilities _________ Irriga tion System__________
Storage Reservoirs_______________ Drainag e____________________
Land Treatment SIte______________ Miscellaneous________________

C. Cost I tem: Sludge Management (Include s Column : 28
Name Power Cost)

COMPUTATION :

I n—Basin
No O&M cost for separa te storn~ ater derived sludge.
Plans 9A & 12 — $750 x Total ADF (MCD)
All other p lans — $1200 x Total ADF (MGD)

Ou t—of—BasIn
Plans 9.A and 12 — $750 x Total ADF (l’4GD)
All othe r plans $480 x Total ADF (MGD)

EXPLANAT IOf1 :

The $750/MOD is equivalent to $25/ton for aerated lagoons . This was
determIned by W—ME based upon the required equipment and sludge dis-
posal on land within approxIma tel y 6 miles .
The $480/MOD rate is equivalent to $16/ton which was obta l nsd from
the Bechte l Report on pipeline sludge disposal to strip mine areas.
The $1200 /MOD Is equivalent to $40/ton for In—Basin comb ined slu dge
disposal .

REFERENCES:

Wr i ght—Mclaughlin Eng ineers
Bechtel Corporation

~~ I FINAL (MIT COST USED: In— B a si n — $1200 x To ta l AVE (MCD)
In-Bis In  Plpns 9A and 12 - $7S0 x Tota l AVE (MCD)
Cut-of-~B.sin - ~~480 ~~ To tal ADF (MCD)
Out—of—BasIn Plans 9A end 1? — $750 x Y~ ta1 ADE (MCD)

_ _ _ _ _  _ _ _ _ _  
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W A S T E W A T E R  MANAGEMENT S U R V E Y  SCOPE STUDY
C L E V E L A N D  - A K R O N  M E T R O P O L I T A N  AND T H REE R I V E R S  W A T E R S H E D  A R E A

- -

. 

- 
Land T,.etm. nt / Fe .mulat ion Phase ..J._.... S.~b - Item:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET ~O.._L . or
FOR COLUMN #: 29 JOB NO. 7t .~ . - 70ITEM: Miscellaneous — Maintenance & Labor BY KRW D A T E  9 1 6 72

A. Cost Type : Capital Cost — 
Operation & M.-i inten .~nce (O&M) x

B. Genera l Component Head i ng:
TransmissIon Facili ties ___________ Irri qat ion Systeri____________
Storage Reservoirs________________ Dr~ i naqe______________________
Land Treatment Site______________ M i sce lI~ reou s________________

C. Cos t I tem : Miscellaneous — Mein t . & Labor Colunn : 29
Name

COMPUTA T I ON :
Compute O&M as l O - ~ of cap i tal cos t of thi s i tem.

EXPLANATIO N:
Mis cellaneou s includes cap ital cos t for administration build i ng ,
mOn i tor ing holes for ground water , a lso outs ide e l e c t r i c a l  ~o ’ts
not already included in othe r major components end l aboratories .

REFERENCES:

Wright—McL aug hlin Eng i neers

FINAL UNIT COST USED: lO~ of Cap it al Cost as cor~~uted for Hi s~~e l l a ’ ~eo u s r~
Col umn 9

-- -- -

~ 
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WA STEWATE R MANAGEMENT SURVEY SCOPE STUDY
C L E V E L A N D  - A K R ON ME T RO POL I T A N  AND THREE RIVERS WATE R SHED AR EA

Lon d Tr.ot,n.nt/Fo~n~~Iat,on Pho,. 2. S~b - Item ._________________________

UNIT COST CONTAINED IN DETA ILED COSTING SHEETS SHEET No ..L_or I
FOR COLUMN #: JOB NO. 7I~~ - 70

ITEM: Contingency 
- BY KRW DA TE 9~~~

6 7
~

A. Cos t Type : Cap i ta l  Cost X Opera tion & Maintenance (0&M) 
—k B. General Compone nt Ilead inç:

- 

- Transmission Facilities 
_________ 

Irrigation System 
______

Storage Reservoirs 
________________ 

Drainage 
_________________

Land Treatment Si te Mi sceilaneou~ ____________

C. Cost I ten Contingency Column :____________________
Name

-: COMPUTATION :
I . ~ 20—pe rcent contingency allowanc e w i l l  be added to the total Cost estim ate

to allow for uncertainties.

2. An additiona l 5—percent w i l l  be added for eng i n eering and design.

3 ~.n add t i o na i  5— p e r c e n t  ~, i l l  ~e added for superv i s . n  and  ad - nrist ,a t i o n

Total contingency added is 30 percent to cap ital costs.

EXPL~~~TION : I . 
- :~

‘
~ r -. 

-

- 

~~ ~ ~

REFERENCES: Wactewater Management Program , S t udy Procedure by C.C .E dated M~~ i , 1972.

FINA L UNIT COST USED: C~ PIT~ L COSTS — 30%

~ 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~ -
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WASTEWAT ER MAN AGEMENT SURVEY SCOPE STUDY
CLE VELAND - AKRON METROPOLITA N AND THREE RIVERS WATERSH ED AR EA

• Land T..a,.n.nt/ Faon ulavian Ph.~.
- 2 Sub - I tem _________________________

~~ UNIT COST CONTAINED IN DETAILED COSTI NG SrIEETS
- SHEET NO._±_OF
- FOR COLUMN I: -- ——______ JOB NO. 7I~~ - 70
- ITEM: Contingency B Y  KRW DA T E 9 0 7 2

A. Cost Type : Cap ita l Cost 
_____ 

Operation & Maintenance (O&M) X
B. General Component Heading :

Transmission Facili ties 
________ 

Irr iQ ati on System 
______

Storage Reservoir~. ________________ 
Draina ge 

_________________

Land Treatment S i t e  
_______________ 

1-lisce llaneous 
____________

: C. Cost I tem Contingency Coiunii : ——
. 

Name

• COMPUTATION :

I. For OEM , a 70% contingency w i l l  be added for uncertainties and

- 
overhead/.dmlnistretion , and control operat ions . (No E&D or S&A
added to O&M)

£XP LANAT 1CN :

REFE R ENCES: Was tewa t e r  Manager~~n t  Program , Stud y rocedure , oy OCE dated
M y  I , 1972

FINAL UNIT COST USED : 0~M Costs - 20-

- - -~~~~--~~~~~~~-- --~~~~~~~~~ ~~- -~~~~~ -- -- ---— -~~~~~~~-—-~~~~~~ —----- -— ~~~~~~~~~~ -~~~
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CLEVELAND—AKRON METROPOLiTA N

AND THREE RIVERS WATERSHED AREA

- - WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
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-- 
- 

PHASE III RE PORT

I.

PREPARED
FOR

U. S .  ARMY CORPS OF ENGINEERS

BUFFALO DISTR ICT

WIDER CONTRACT NO.: DACW49-72-C-OO51

~ I WRIGHT — Mc LAUGHLIN ENGi NEERS
ENGINEERING CONSULTANTS

DENVER , COLORAD O

A P R I L  19, 1973 
-
r

_____ -- - _ _ _~~~~~~ t__ - - - ~~~~~~~ —-— ~ -- -- ~~~~~~~~~~ —— ~~~~~~----~~~~~- - -—~~~~~~~~~— - - ---- - -—— ~~_k~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  - --

SECT ION I I I

FARM MANAGEMENT TECHNIQUES

OPERATI ON AND PERFO RMANCE OF LAN D TREATMENT SYSTEMS

Farm management varies from so i l  to s o i l .  For optimum performance the

ma nagement techniques mus t be specific all y designed and opera ted to meet the

physica l and env i ronmenta l cons t raints peculiar to each location .

Farm management for  the Ma honing—El lsworth so i l  a s s o c i a t i o n  would u t i l i z e

the overlan &-flow/inf iltrat ion method for both mun i c ipa l /in dustr i a l wastewater

and sepa ra te storm runoff.

On C h i l i  s o i l s , spray Irrigation would be emp loyed with center—p i vot

rigs and solid—set sprinklers.

The Western Land Treatment Area , which accounts for the major portion

of i r r i g a ted la nds in  P l a n  C , is located on Carding ton—Benn lngton soils ,

where center—p ivot r igs and solid—set sprinklers would be used. The Wes tern

Land Treatment A rea is shown in Figure 11 —2 .

WESTERN LAND TREATMENT AREA CROPS AND APPLICATION RATES

To enable farmers to maintain the current prac tice of grow i ng 30 to

40 percen t corn , fa rming would be done in circular strips wheneve r the

center—p i vot irrigation rigs we re used. Alternate s t r i p s  of Reed Canary

grass and corn would form concentric rings approx i matel y 11+ feet wide. This

w idth would accommodate modern machine ry and allow six rows of corn at 30—

I nch spac i ng,  althou gh the row spacing is not critica l .

W i t h i n  the irregular areas between the center—p i vot irrigation ri gs ,

solid—set irriga tion sys tems would be used. It i s  contemplated tha t Reed

Cana ry grass would be grown In these smaller irregular areas ..

i l l — i



~~~
-
~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1T~~TT ~ T~2~~T ~~~~—~--- T~~

— Severa l patterns of corn-to—g rass crop rotation would be possible

unde r the cen ter—pivot irrigation ri gs.

For examp le , the grass strips could be mainta i ned for three to ten

years , af ter wh i ch they would be p l owed under and plan ted in corn. The

old corn strips would be planted in grass duri ng the preceding autumn .

Th is method would requ i re lower than average irrigation rates until approx—

ima tel y the first cutting, to allow new grass to become established. The -
~~~

reduct ion , however , would not significantl y diminish the annua l capacity of

the land t reatment area, si nce the alternation between corn and grass would

be made for only 10% to 30% of the irrigation rigs each year.

Another method of crop rotation would be to plant Reed Cana ry grass

over the entire area using a desiccant to retard growth of the grass in the

• corn strips from spring to earl y f a l l .  The grass would  reasse rt it self in

the fall and become the grass strips In the following year~ Corn would be

p lan ted i n the sp ri ng, on the preced in g yea r ’s grass str ips after the desic-

ca nt wa s app l i ed , resulting in a no—tillage type of farming .

One of the desiccants used would be Paraqua t, which is non—selec tive

when applied at very high ra tes. At l ower rates It kills annua l weeds and

grasses while p reventing growth of perenni al grasses until later in the

season by acting as a contact desIccant.

Paraquat is subject to very rapid and complete inact ivation by the soil.

Therefore, the re is no dange r of its moving wi th the drainage water.

(Herbicide Handbook of the Weed Society of America , Second Edi tion , 1970).

- 

- 

Low concentra tions which might occur in  runoff have very l i t t l e  ef fect  on

p lant and anima l l i fe on land or i n  wa ter. (Ecolog i ca l Effects of Pesti—

cides on Non—Ta rget Species , published by the Executive Off i ce of the

r. PresIdent , June 1971).

I . 1 — 2  
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Regrowth of the grass before harvest t ime could be advantageous in

a we t f a l l , since heavy corn-harvesting equipment could operate in the

fields. During the fall of 1972, some of the corn crop was lost due to

the problem of soft ground making fields impassable.

• Center-p ivot  i r r i gat ion r igs wou ld  apply the treated wastewater  d i r —

ectl y onl y on the grass s t r i ps at tw i ce the average application ra te, For

the Cardi ngton—Benn ing ton s o i l s  in wes tern Ohio on which  an average app li-

ca t ion  rate of 75 inches per yea r is proposed , the grass strips would rece i ve

150 i nc hes per yea r .  The spray nozzles would produce d r o p l e t s  h a v i n g  low

kinetic energy , which would limi t the dispersion of soil agg rega tes upon

i mpact. Grass cover would also prevent soi l d ispers ion  on these s i l ty so i l s .

The center—p ivot ri gs would make three to four revolutions daily

app lying approx imate ly  0.18 i nches of wa ter on each pass. Th is  water  would

i n f i l t r ate long befo re the next rotation of the sprinkler .

On the area irrigated by the solid—set sprinklers , 75 inches of water

per year would be app lied uniforml y over the surface . Applications can be

scheduled as desired at a ra te of approx imate ly 0.25 i nche s per hour.

A pp l i c a t i o n s  of 2 .5  inche s per week would require ten total hours of

sprinkling at this rate. A pp lications on these l a n d s  cou ld  readi l y be

increased to 120 i nches per year or more , which prov i des a safety factor

of significant p roportions.

APPLICATION RATES FOR THE THREE SELECTED S O I L~
The sel ection of an app lication rate for each soil was based on the

parame tei~ of infi l tration rate , pe rmeability , nutrient balance , and re-

novat ive capaci ty  of the soi l .

111 - 3
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I n f i l t r a t i o n  Rate

• De ta i l s  of soi l  i n fi lt ra t ion  capacity are given In the Land Treatment

Phase I Techn ica l Appendix. This pa rameter may become the limiting condition

for soils with a high silt content in the uppe r horizon , wh i ch is character—

istic of both the Chill and Cardington—Benning ton soils. Large drops of

wate r on the ba re soil have a tendency to dIsperse the soil structure , wh i ch

~~ reduces the i nf i l t ra ti on capaci ty a nd for ms a th i n  crus t upon dry ing .

a . Chili so i l s  have a s i l t  content of approximately 60 perce nt in

the upper two feet. Below this depth , the so i l  gene ra l l y

changes drast ica lly to a sand a nd grave l layer  whe re the

sil t content drops to abou t 18 percent as shown i n  Table

Il-I of the Land Treatment Technica l Appendix. Deep p lowing

to a dep th of 30 to 36 i nches could overturn the s o i l  p ro f i l e ,

depos iting the coarser soi l on top . C~nside rable mixing would

be l i kel y to occ ur under these circumstances.

b. Ca rding ton—Benn lng ton soils in western Ohio have relatively

high silt contents i n  the top layer , wh i ch gradually diminish

w i t h  depth. Reed Cana ry grass used in conjunction with a soli d—

se t irri ga ti on sys tem would  avo i d the so i l d i spers i on effec t of

large drop lets on bare soil. Si m i larly, the center—p i vot irri-

gation rigs can be used successful l y wi th alterna te strips of

cor n a nd grass , as d iscussed above. The infiltration capacity

of the Cardington—Benn ing ton soil was the single most i mportant

constraint governing the selection of the fa rm management method.

W i t h  a to ta l grass crop , the average application rates could be

increased to about 120 inches per year for optimum nitrogen balance .

I I I -’~4
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c. Mahon i ng—El lsworth soils have a lower si l t  content than the

Ch i l i  or Card lng ton—Bennington soil associations , so that the

infiltration ra te is dependent not on surface condit ions , but

on the sub—surface permeability of the soil. The overland-

flow/infiltration method of irrigation is p roposed for the

Mahoning—E ll sworth soils .

Permeabilit y.

The permeability of a soil controls the rate at wh i ch percolating water

can reach the tile  drain system and the degree of aer a t illn in ‘he roo t zu”e .

Detailed dra i nage ana l yses have indicated suitab le t i l e  sp i -’u~ qreater th.~-

those selected in this study . The analyses were based upu’ i,umput ation s u ssnt ~

standard agricultural eng i neering methods , and up- ri recent Ohio f i e l d  t e s t s

made on s i m i l a r  soils .

The drain tile spacing in  the We ste rn Land Treatment Area iS satls fa ’ - --

for root aeration of both the corn and the Reed Cana r~ grass p ’ u p l se -4 . See

Land Treatment Phase I I  Appendix.

The permeability of the Card ng ton— B ennin c-’ton soi Is va ’  ies ‘‘u,r 0,63

to 2.0 inc hes per hou r in t he p low layer . Beneath t h i s  zone , the permeab i Ii t~~

dec reases to 0.2 to 0.63 inches per hou r .

For the Mahon ing soils the overlan d—flow/infilt ration me t hod on Reed

L 

Cana ry grass was chosen . This method simulates the borde r method (overla’~d

flow ) of releas i ng the water at the uppe r end of a ten—foo t wide strip and

allowing the wa ter to flow by gravit y towards the l ower end. Any water re-

ma ining at the lower end is collected and released to the next l owe r battery

of borde rs . For this method , 90 inches per yea r for municipal /industrial

effluent and 150 i nches for s torm water were selected. The hi gher rate for

s torm wa ter was used because o f the co ns i de rabl y lower co ncen tra t ion  of

1 1 1 — 5
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nutrients and BOO . Pe r m e a b i l i t y  of these s o i l s  w i l l  p e r m i t  complete i n f i l -

tration of the wastewater through the soil zone, wh i ch w i l l  result in a

double t reatment .

The Ch i l i  soil s are sufficientl y permeable so tha t th i s  parameter does

not l i m i t any reasonable app l i c a t i o n  ra te . For the uppe r two feet , the

pe r -r ea hi l i t y  varies f rom 2.0 to 6.3  i nches per hou r and increases to more

than 12. 0 inches per hour be i ow the C—horizon. The rate of 60 i nches per

year was selected on the basis of nitra te leaching potential . This appl i—

C I ?  i t t  a te  is considered conservative , and hi gher application ra tes may

me found reasonable after testin g .

P-t~~(r ier i t Balance

The -.uh j e c t  of n u t r i c n t  balance i s  d i s cussed  in a separate subsect ion

• eq inning on page I I I  -l L Ge neral l y, the app l i c a t i o n  ra te  i s Se 1cc ted

~ - pri,~ i ‘
~~

- eno:~qt n r - - q e -  f u r  opt i mum crop y ields without los i ng excess i ye

n i t , rltes by l .ni hing . Ar a l lowance should a l so  be made for  up to ~+O to 50

~~~~ 
p t  n i t r u q c n  loss  re f • e  p lant  uptake of n it rogen . Muc h of t h i s  n i t roge n

i S  vo l a t i l i z e d .  t -t’ pe r er rtage l o s t  t the atmosphere w i l l  depend on the

I - e . t i  c , temper d t  r ~‘ • tsr i st ure n d  I t ions and ac I di I y

Rcriu ~ a t t v e  Cepac. i t y

The - e-r v a t i ie capacity Is dependent upon the soil and p lants. Too high

an app l i c a t i r i r t  ra te  wou ld  cause an excess of nitro gen to be carried into the

d r a i ’ uq e  wa te r . The amount  w o u l d  depend on the type of c rop, so i l  texture ,

o r g a n i c  matter in the soil , and other factors. The selection of app lication

ra tes  eq ua l  to 60, 90 and 75 inches per year on the  C h i l i , Mahon i ng and

Card ing ton—Benning ton soils , respe ct ive l y, was based primarily on providing

enoug h nitrogen to the c rops for satisfactory y ields while meeting the max— 
—

1 1 1 — 6  - 
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i nium 0.C.E . levels for nitrogen as N of ~ mg/I .

Renovation of wastewa ter for othe r po l l u t an t s  such as phosphorous and

heavy metals is related more to the s o i l’ s capac i t y  to s tore these e l emen t s ,

althoug h p lant uptake is i mportant for phosphorous removal , e s p e c i a l l y  that

which is in the soluble forms.

The renovation of the wastewater for each of the farm management methods

is d iscussed in detai l in the Land Treatment Phase II Appendix. The return

flow w i l l  be renovated to a degree meeting the 1985 effluent goals.

DRAINAGE

Dra inage , both surface and subsurface , is of pa ramount importance to

farme rs in Ohio . A r t i f i c i a l  dra i nage helps the farme r to get into the fields

ea rly in the spring and at harvest time during a we t f a l l  and lesse ns the

possibility of depressed yields resulting from a prolonged ra i ny period.

Ihe C h i l i  A s s o c i a t i o n

This soi is relativel y coarse having a permeability range from 2.0

to 6.3 inches per hour in the A and B horizons. Below this , the so i l  has

sand and grave l texture with pe rmeabilities in excess of 12 inches per hou r .

For an app li c a t i o n  rate of 60 i nches per yea r, subsurface dra i nage would

rio t be requ i red on hi gh ground, but could be limited to the low a reas where

the wa ter table is hig h in the sprin g . For cost purposes , dra i ns we re

assumed to be constructed at a depth of five and one—half feet and spaced

60 feet apart. Shallow wells may be prefe rable to subsurface dra i ns , espec-

ially for reuse of the renovated effluent.

Cardington-Bennington A s s o c i a t i o n  in Western Ohio

Th is  so i l  assoc ia t i on  requires subsurface drainage under present con—
r - . *

1 1 1 — 7  
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ditions. The drains are p laced approximately 36 inches deep at the top of

the g l a c i a l  t i l l .  The d r a i n  spac ing  recommended by the 1965 Ohio Dra i nage

Gu~ de is 50 to 75 fee t for genera l crops . The pe rmeability of the “A”

horizo n is  f rom 0.63 to 2.0 inches per hour and diminishes to 0.2 to 0.63

i nches per hour in the “B” and “C” horizons . -

Two types of irrigatibn , the cen ter—p ivot and the solid—set systems ,

have been proposed for these soils. The large center—p i vot irrigation rigs

would be sui table for about 75 percen t of the area , and the i rregular a reas

remaining would be irriga ted by the solid—set system. All of the irrigation —

• wou ld  take p lace on Reed Cana ry grass.

Irrigation w i l l  cease dur ing wet periods , corn p lant ing and during

harvesting periods. When irri g ation i s  interrup ted during the planting and

h a r v e s t i n g  seasons , the wa te r table w i l l  tend to drop to the level of the

drains at about 36 inches. When the i r r i ga t i on  r igs are operat ing full time ,

the phreatic line w i l l  fluctuate within a relatively na r row range between

the ground surface and the drains.

The best es timate of the drain system f low—through ra te  comes from Schwab

and Fouss. Thei r  experimenta l da ta for s o i l s  w i t h  cha racter s t i c s  s i m i l a r

to the Mahoning soils , documented the performance of a system with a drain

spacing of L~O feet. This drain system d i scha rged , f rom a saturated p ro f i l e ,

two inches per day . For a 20—foot spacing , as p roposed for the Cardin gton—

Bennington soils , the discha rge from the drains should app rox i matel y double.

Si nce the water is to be applied on onl y one—half of the surface area , ei gh t

inches per day , including rainfalls , would be the theoret ica l maximum appli-

cation ra te for the hydraulic capacity of the soi l zone—drain t i l e  system

* 
under  s a t u r a ted c o n d i t i o n s .  The proposed irrigation rate is approxima te l y

five inches per week on the grass stri ps. A dra i naçe ana l y s i s  ~s presented  i n

l I 1 8
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the Land Trea tment Phase II Technical Appendix.

Mahoning S o i l s

The method of irri gation proposed for these soils is similar to the

borde r system s t i l l  used in the western states. The borders would be ten

feet wi de. Wate r would L~e released at the upper end and allowed to run

overland through a grass cove rto the lower end. All of the wa ter w i l l

i n f i l t r a te throug h the soil column so that there w i l l  be no excess at the

l owe r end.

-• The permeability of these soils is l ower than that of the Cardington—

Bennington s o i l s , rang ing from 0.2 to 0.63 i nches per hour in the upper foot,

and f rom 0.063 to 0.2 i nches per hour  in the next 18 to 214 in ches . These

permeabili ties are i dentica l to the Fulton soils on which Schwab and Fous s

conducted their experiemnts. In this case, however , the water wil l  be

app l ied  once a week at the ra te of about two and one—half i nches per week

(90 i nches per year) for municipal and I ndustria l effluent , and about four

i nches per week (150 i nches per year) for sto rm water. The app lication time -- 
-

wi 11 be gover ned by the infiltration ra te and le ngth of run .

CROPPING AND PROJECTED PRODUCT I ON

The crops currently grown in northern and western Ohio include corn ,

soybeans , whea t , oats and hay. In 1970 these crops represented approx i ma tely

32%, 33%, 13%, 7% and 15% of the harves t , respectivel y. On the Carding ton—

Bennington s o i l s , by use of alternatin g strips of grass and corn , h a l f  of

the area unde r the center—p i vot system would  be planted in corn. I t  is e s t i —

mated tha t 75 percent of the area In the western Ohio land trea tment site can

be put unde r a center-pivot system wh i ch al l ows app roxima tely 35 to 140 percent

of the land to be planted in corn. The remainder would be in Reed Canary g r a s s .  -i
111- 9
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The overland -flow/infiltration method recommended for the Mahon ing-E llsworth

s o i l  a s s o c i a t i o n  requ i res grass for the entire site . For convenience in

e s t i m a t i n g  c rop produc t ion , i t has been assumed tha t the C h i l i  soils w i l l

be 70 percent corn and 30 pe rcent grass. With the above assumptions the

va l ues of the crops from the land treatmen t areas are shown in Table I l l — I .

TABLE I l l — I

SUMMARY OF CROPS , Y I E LDS AND ANNUA L GROSS INCOME
FOR 2020 FLOWS IN PLA N C

Gross
Unit Gross Tota l

S o i l  Y i e l d  Pr ice Va lue Va lue
F A s s o c i a t i o n  Crop —— Acres O) Amount Unit _($) L$/Acre) ($ 1000)

C h i l i  Co rn 9,284 160 Bu/Ac 1.50 240 .00 2 ,228
Reed Canary—
grass 14,000 14 1/A c 50.00 200.00 800

Mahoning Reed Cana ry-
grass 6,280 14 1/Ac 50.00 200.00 1 ,256

cardington— Cor n 141 ,300 200 Bu/A c 1 .50 300 .00 12 ,390
Benning ton Reed Canary-

grass 76.727 5 T/A c 50.00 250.00 19,182

TOTALS 137,591 35,856

( I)  Does not include land i r r i gated by sepa ra te storm runoff
treatment systems .

The y ie lds  for the crops shown above are based on recommended farm manag-

ment practices. Nutrients w i l l  be prov i ded by the wastewater. The unit prices

are based on current (A p r i l , 1973) quotes which are now in an upward trend and

h i gher than the depressed prices received by the fa rmers a year ago. The

gros s annua l retu rn per acre amounts to $262 , resu l t i n9  in a net profit of

about  $200 per acre to the fa rmer , disregarding costs of land t reatment com-

ponents. The net profit also includes the fertili zer va l ue in the wastewa ter

e f f l uent wh ic h i s  p rov i ded a t no cos t to the far mer , bu t has a va l ue of approx—

imatel y $60 per acre.  Without the amount of nutrients prov i ded in the sewage

1 1 1 — 1 0
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effluent , the y ields would generally be l ower si nce mos t Ohio farmers would

not spend more than $40 per acre on commercial fertilizer. Furthe rmore , com—

mercial fer tilizers in Ohio are applie d once or twice a yea r, rathe r than in

steady daily or weekl y doses , which would not provide the nutri en ts as effi—

cientl y as would the steady applica tion s . Sewage effluen t also contains other

nutrients in readily available form which are not generall y provided in

commercial fertilizers unless a critica l deficiency has been indica ted by

a county extension agent.

In the future , wastewa ter renovation ponds and reservoirs may prov i de

a direc t source of cattle feed. The University of California at Davis

has deve loped and tested a p i lo t  plant which removes algae from these basins

E and converts it to a hi gh—protein cattle food. Anal yses have shown tha t the

prote i n cont ent is comparable to mature alfalfa hay and high qualit y oat hay.

SALINITY CONTROL

In arid a reas of the world , a hazard of irrigation is the sa linization

or alkalization of the s o i l .  This  hazard is related to the quality of ir r i —

gation water and to subsurface dra i nage.

Water quali ty for irrigation depends on (I) total dissolved solids con-

centration , (2) the proportion of sodium to other cations , and (3) the presence

of special toxic ions such as bora te or , for some crops , possibl y c h l o r i d e ,

sodium , or bicarbonate. Unfortuna te l y,  usua l chem i ca l analyses of the

Cleveland sho reline plants ’ effluent does not include information on elements

such as sod ium , potassium , calcium and magnesium. On Februa ry 23, 1973, a

sample of the Cleveland Southerl y plant was analyzed for the pertinent elements

with the following results :

I ll  — 1 1
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Calcium 92 mg/I

Sodium 150 mg/I

Magnesium k.l mg/i

Potassium 82 mg/i
Tota l Disso l ved Solid s 752 mg/lite r

Sodium chloride and calcium chloride are used on the stree ts to melt the

snow and ice in Cleveland. ~The snow was melting on Feb rua ry 23, 1973.

The calcium , sodium and tota l dissolved solids In this samp le are hig her

tha n would be no rmal.

The U. S. Salinity Labo ra tory uses the sodium adsorption ratio (SAR)

and the electrica l conductivity of the water as criteria to eva l uate the
Ir . sodium hazards of irrigation wa ter . For this particular samp le , the elec-

trica l conductivity and sodium adsorption ratio is equal to 1175 micromhos/

cm x 10
6 

and 14.2, respectively. A diagram used by the U.S . Salinity Labor-

atory for classify i ng irrigation wa ter based on the above two parameters

would place this samp le into the bette r quality side of Class C3— Sl . As

far as sodium is conce rned , the wa ter cou ld be used on al most a ll so i ls

with l i t t l e  danger of accumulation of ha rmful amounts of exchangeable sodium.

In an arid climate , where conserva ti on of wa ter is necessa ry, there would be

little surp lus water app l ied which would leach excess salts downward. With

such practices in mind , the U. S. Salinity Laboratory classified this water

as a medium salinity wa ter, which can be used on soils of medium permeability .

They also recommend tha t plants of mode rate salt tolerance should be selected

and tha t special salinity contro l management should be used. At the proposed

irrigation app l ication rates of 60 to 90 inches per yea r , however , sal ts wou ld

be leached to the dra i nage system, so that they would not tend to accumulate.

In the mode ratel y humid climate of Ohio , a t h i gh app lication rates and with

the proposed dra i nage tile spacing of 20 feet the leaching would constitute

1 1 1 — 1 2
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a special management contro l .

I t has been concl uded that the Clevela nd area was tewater is qu it e

suitable for irrigation from the standpoint of salinity and the SAR of the

so il.

A n advantageous aspect of the land treatment system In Plan C relative

to tota l dissolved solids is the fact tha t combining storm runoff with

municipa l and industrial wastewa ter in the Western Land Tr2atsnen t Area will

reduce the TDS concentration of the munici pal/industrial wastewater and of

the effluent discha rged to natura l wa tercourses.

NUTR I ENTS

Sewage effl uent from an activa ted sludge p lant , or an aerated l agoon ,

is rich in nutrients required for p lan t growth. Typ i ca l sewage effluent

in the Stud y Area conta i ns macro—nutr ients such as nitrogen , phosphorous,

po tass iu m , calcium , magnes i um and sul phur; and micro—nutrients such as i ron ,

copper and zinc .

When sewage effluent is utilized in a land treatment p rogram and

applied at a rate of 60 inches or more a year , mos t of these nutrients (with

the possible exception of nitrogen) exceed p la nt requirements. This excess

is usuall y cap tured by soil adsorption Onto clays , cation exchange or attach-

ment to organic matter. In areas with heavy ra i nfall and good soil drainage ,

some calc ium , magnesium and potassium wi l l  migra te with the soil solution

i nto the ground water aquifer or into subsurface dra i ns.

The nutrients , nitrogen , phosphorous , and potassi um are conside red p rim a ry

nutrients for p lant growth and are discussed below .

Nitrogen

More l abora tory and field work has been done on nitrogen than on any

other p lan t nutrient. Despite this research , concl usive statemen ts about the

111 - 1 3
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behav ior of nitrogen In the soil are scarce. Nitrogen is mobile and can be

transformed from the solid to the liquid or the gaseous state under the p roper

conditions. The soil’ s acidity , tempera ture, and moisture conte nt , and the

avai labl i lit y of oxygen, are the most I mportant variables wh i ch influence the

behaviou r of the element.

The concentration of nitrogen In effluen t from a standard activated

sludge plan t is app roximatel y 20 mg/l. Typically, 80 to 90 percent of this

ni trogen is in the form of ammonlum ions. Most of the remainder is in the

organic form with a small amount of nitra te and nitrite I ons. Wastewater

which has recei ved treatment in an aerated lagoon system may contain more

nitrogen i n the form of nitra tes than wastewater treated in an activated

sludge plan t.

Ni trogen up take by plants reaches a peak dun ~he grow in g seaso n, In

wa rm, moist weathe r nitr i fication of the ammonium ion also proceeds rapidly.

Mos t p lan ts requi re some of the nitrogen to be in the form of nitra tes,

al though the roots can readily accept the ammonlum ion and sometimes prefer It.

When the soi l temperature Is below 50°F, nitr l fication takes p lace much

more slowl y. Nitrogen Is then stored in the form of ammonia and held by the

soil collo lds . Experimen ts have been conducted in which anhydrous ammonia

fertil izer Is app l ied to agricultura l land for severa l years. After this

period , succeedi ng applications do not increase the crop yields,as large

amo untsof ni t rogen, stored in the form of the ammon l um ion , are available I n

the soi l  profile.

In a sandy , coarse—textured soi l , excess nitra tes will eventuall y migrate

wi th the ground water into the subsurface dra i nage system and pass into the

creeks and rivers .

Ni trate leach i ng may occur in fine—textured soils but the extent of the

II i-l k 
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leach i ng is limited by the soil’ s basic p roperties . The abundant clay

colloids tend to store the nitrogen as ammonia and to re l ease It according

to the plant demand. In addition , the nitrates mi gra te more slowly through

a fine—textured soil , giv ing root fibers mo re time to absorb these ions.

When sewage effl uent is app lied to fine—textured soils at a rate of two to

four in ches pe r week, al ternati ng aerobic and anaerob i c cond iti ons resul t i n

a nitrification—denitrification process. During these reversals , ni trogen

w i ll be los t to the atmosphere in the form of nitrogen gas (N2). This loss

may equa l up to fifty percent of the nitrogen applied.

App l ication Rates and Nitrogen Balance

To ensure the proper nitrogen balance in soils receiving applications

of sewage e f f l uen t , the app lication rates were ca l culated sepa ratel y for

each so il type. In the coarse—textured soils of the Cuyahoga Basin where

the re is some risk of nitra te leaching to the ground water , app lication ra tes

have been limited to 60 inches per year. On the ti ghter Cardington—Benning ton

and Mahon i ng—E llsworth soils , the app l ication ra tes have been set at 75 and

90 i nches per yea r, respecti vel y.

The effl uent app l ied on the Cardington—Bennlng ton soils in western Ohio

wi l l  be a mixture of municipal/industrial wastewater and storm runoff , wi th

nitrogen concentrations of 19.7 and 2.2 mg/l respectivel y, The m ixtu re of

83 percent M & I wastewa ter, and 17 percen t storm runof f wi l l  result in an

effl uent con tai n i ng ni trogen at app rox i ma tel y l6.~ mg/i , as stated In the

Phase II Land Treatment Report. A t an average application rate of 75 I nches

per year , the ave rage nitrogen application would amount to 278 lbs/acre/year.

The direc t app l ication rate of 150 i nches per year on one-half of the area

irr i ga ted by center—pivot rigs would result in a nitrogen application of

556 lbs /acre/year to the grass strips onl y. Vola tilization losses of nitrogen

11 1 — 1 5
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w i l l  range up to 50 percent of the total amount applied. Assum i ng a 140%

volatilization loss of 225 lbs/acre/yea r from the Carding ton— Benning ton

soils planted in strips of Reed Cana ry grass , 331 pounds of n i t roge n wo u ld

be available for crop uptake annuall y. Assum i ng a harves t of 4.5 tons of

Reed Canary grass per acre per yea r and a nitrogen con tent of 62 lbs. per

ton , the crop uptake would be 279 lbs/acre/yea r leaving a balance of 52

• lbs/acre/year.

• 
- There are three possibilities for the disposit ion of the balance :

leaching, uptake by the adjacent corn rows and storage in the soil . It is

estima ted that the adjacent corn rows would utilize at least 30 pounds of

the excess nitrogen from the irriga ted grass strips . Neg lec ti ng s torage of

nitrogen in the soil , approx i ma tel y 22 lbs . of n it roge n per ac re per yea r

wo uld mi grate th rough the soil zone to be carried in the return fl ow. How-

ever , this represents an ave rage migration of 11 lbs/acre/yea r from the gross

acreage under irrigation by the center—p i vot ri gs.

Based upon the effluent criterion for nitrogen of 4.0 mg/l for Leve l

II Standards , the permissible leaching of nitrogen with the return f low

should be limited to the range of 50 — 70 lbs/acre/year or approx i ma te l y

120 lbs/acre/year from the directl y-irri gated grass portion of the center—

pivo t rig acreage.

If onl y Reed Cana ry g rass we re grow n, as desc ribed in the Phase II Report ,

ave rage application rates should be ra i sed to 120 i nches/yea r for optimum

balance between high-protein grass and nitrogen app lication.

Tha t portion of the Cardin gton—Bennington soil irrigated by sol i d—set

sprinklers (25 percent) would rece i ve a nitrogen application of only 278

lbs/acre/year. The optimum nitrogen app l i ca ti on fo r Reed Ca nary grass is

approx i mately 1445 lbs /acre/year. Therefore, a substantial safety factor exists

1 1 1— 1 6
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for readjusting the application rates between areas irrigated by the center—

p ivot rigs and the solid—set equIpment . The amount of water app lied by the

solid—set equ i pment mi ght be increased to 120 inches per year , perm itt ing

a ~eduction in the app lication rate of the center—pivo t ri gs.

On Ch ili  soils within the Three Rivers Watershed , whe re an irr i gation

rate of 60 inches/yea r of municipal/Industrial effluent has been proposed ,

the annua l nitrogen app lication would be 268 lbs/acre . Volati li zation from

thIs relative l y coarse—gra i ned soil would accoun t for a l ower percentage of

the nitrogen than would volatilization from the Card i ngton—Benn i ngton soils .

Assum i ng a nitrogen loss of 25 percent of 67 lbs/acre/year through volat l l—

ization from the ChIl l soils , an annual balance of 201 lbs/acre would be

available for crop uptake or leaching. The rate of n itrogen uptake would be

160 lbs /acre /year for corn and si gn ificantl y more for Reed Canary grass ,

leaving a max i umum of 1+1 lbs /acre/year for leachIng and storage In the soil .

The app l ication of 90 inches/year to the fine—grained Mahon i ng soils ,

us i ng the overland—flow /infiltratIon method would result In a nitrogen

app l icat ion of 400 lbs/acre/year. It is antici pated that crop uptake by

the Reed Canary grass and the volatilization of nitrogen would account for

essentiall y the full amount of nitrogen app l ied .

Phosphorous Load i~ g

Accord ing to the Phase I Report by Havens & Emerson , the phosphate

contents of munici pal/industrial wastewater and storm runoff are 10.2 mg/I

and 2.2 mg/l , respective l y. At the Western Land Treatment Area , the combin-

ation of munici pal/industr ial wastewater and storm runoff would result in an

approx i mate phosphorous concentration of 8.3 mg/l , as s ta ted i n the Phase I I

Land Treatmen t Report. With an application rate of 75 Inches per year the

phosphorous loading would amount to 1145 pounds per acre per year. Th is repre—
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sents app roximately three t imes as much phosphorous as would normall y be

- I app lied In commercial fertilizers for good y i elds on typ ical soils. The

excess phosphorous wou ld react chem i call y with the aluminum and I ron Ions

abundant In the Cardington—Benn lngton soils. This p rocess would p roceed

rap idl y and the phosphorous wou ld not easil y be re l eased . CalcIum ions ,

prov i ded by l i me app l ications , would combIne chem i call y wi th phospho rous

to form a ti ghtl y held precipitate .

These processes would provide a high l evel of remova l at the Western

Land Treatment Area. The treatment will meet the Leve l II Standards easily

and may sati sfy the more stringent O.C .E. Goals of 0.1 0 mg/i for phosphorous

as P04. Treatmen t on the Mahoning—E llsworth soils utilizing the overland—

flow/infiltration method should achieve a sImIlar l eve l of remova l . On the

more coarsel y textured Chill soIls , the applI cation rates have been limited

to 60 Inches per yea r to meet the Level II Standards.

Potassium ApplIcat ion

Potassium is a primary crop nutrient . The Ohio Agronomy Guide suggests

an application rate of 250 pounds/ac re of potassium as K for best crop yields.

This crop requirement would be satIsfied by a concentratIon of 15 mg/i In

effluen t applied at a rate of 75 inches per year. The potassium content of waste—

water from the Study Area has not been documented by thi s stud y, but certainl y

exceeds the crop requ i rement. Excess potassi um wou ld be leached to the draina ge

system. The Leve l II water quality standards do not set a limitation on the

concen tration of potassium in treated effluent , since It is not considered a

harmfu l pollu tant.

RECYCLED NUTR I ENTS

Nu trients contained in wastewater from thc Cleveland—Akron Metropol I tan

i i i - l 8
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and Three Rivers Watershed Area represen t a substantIal resource, which wIll

become more va l uable as the elements become scarce and the cost and energy

requ i red to process them escalate . Tab l e 111 —2 presents the amounts of

nitrogen , phosphorous and potassium contained in Study Area wastewater,

storm runoff and sludge, sumar ized accord i ng to treatmen t facIlities pro-

posed in Plan C for the year 2020. The val ue of these nutrient s was based

on 1972 uni t costs of 15 cents per pound for nitrogen , ten cents per pound

for phosphorous, and five cents per pound for the amount of potassium re—

commended for crops. The net totals for the va l ue of phosphorous were

L 
ha l ved , since the tota l amount applied to the land would be twice that

required for top yields.

The estimated value of the reclaima ble nutrients Is $9,450,000 for the

year 2020. ~ApproxImatel y $705,000 worth of nutrients from the water—based

Akron p lan t are not included.) The additiona l va l ue of the secondary nutrients

su lfur , calci um and magnes i um, and the mirco—nutrients contained in the

effluent and slud ge has not been estimated . However, the va l ue of these

nutrients may increase considerab l y as the costs to process similar fertil—

izers escalate .

_ _ _ _ _ _ _ _ _  j
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TABLE 111 — 2

SUMMARY OF NUTR I ENTS IN SEWAGE EFFLUENT, STORMWATER AND SLUDGE

(Based on 2020 Flows in Plan C)

• NITROGEN PHOSPHOROUS POTASSIUM
Mi l l i o n Million M i l l i o n

• Lbs. $1000 Lbs. $1000 Lbs. $1000

WESTERN OHIO LAND TREAT-
MENT AREA

Sewage Effluent 32.9 $4800 17.3 $ 860 24.4 $1220

Storm Runoff .2 30 .1 5 .2 10

Sl udge 2.9 435 j.~J 
85 .9 45

Subto ta l 36.0 $5265 19.1 $ 950 34.5 $1275

• IN-BASIN TREATMENT

Sewage Effl uent 5.6 $ 8140 2.9 $ 1145 4.3$ 215
Storm Runoff 1.5 225 .3 15 1 .3 65
Slud ge 

____ 75 0.3 15 0.1 5
Subtota l 7.6 $11140 3.5 $ 175 7.1 $ 285

AKRO N TREATMENT PLANT

Sewage Effluent 9.0 $ 135 14.6 $ 230 6.8 $ 340
S 1 udge 1 .6 .~ Q 1.6 80 0.8 40

Subtotal 10.6 $ 375 6.2 $ 310 ~~ $ 380
TOTAL 54.2 $6780 28.8 $11435 51.5 $19140

These nutrients would be discha rged to the Cuyahoga River and would not
be reclaimable.

I I I —20



I

HEAVY METALS

Sources of Heavy Metals 
-

- • The metals In urban wastewater are generated by Industry , domestic wastes

and storm runoff. The industrial sources have been stud i ed by AWARE and are

discussed In detail in their Industrial Wastes Phase I Report. Five possible
C

lev els of industrial pretreatment were defined and costed by AWARE . These

alternatIves varied substantially in cost, depending upon theIr removal criteria .

Alternative 3 p rov i ded for the most comp l ete in—house industrial treatment and

was the most expensive alternative , with a present worth cost, at seven percent

interest , of $1 ,013.8 million . Alternative 5A , which called for a l ower degree

of Industrial pretreatment with remova l comp leted by land treatmen t, had a

present worth of $518.7 million ( at seven percent Interest) , or a present worth

approx imatel y half that of AlternatIve 3. The cost of industrial pretreatment

is thus in the same general range as that of the tota l municipal/indu strial

treatmen t system, wh ich is approx imatel y $1 ,400 m illion .

The U.S. Army Corps of Eng ineers has direc ted that all three wastewater

managemen t plans Include Alternative 3, with a high removal of heavy metals;

therefore, the discuss ion of confined disposal of heavy metals from ~fldustry

in the soil zone using land treatment is intended for genera l InformatIon pur-

poses onl y.

Section X of the Land Treatment Phase I Report provides a discussion con-

cerning the poten tial l oad of heavy metals from industry and their accumulation

in the soil . Spec ifIc reference Is made to Table X—8 which tabulated long—term

concentrations of some typical heavy metals , assuming no Indu strial pretreatment

to remove them. Furthermore, these metal l oadings assume no major future change

in the present philosophy of use and conservation of natura l resources by

Industry .
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Stormwater contributes heavy metals to the total treatment load as it

cleanses the streets , parking lo ts, lawns , dr i veways , raw material stockpiles ,

and open industrial areas. The stormwate r carries litter , particulate exhaust

emissions , hydrocarbons , heavy metals , toxic compounds , fer t il i zers , and

pesticides .;’:

The heavy metals washed Into receiving waters ~ur ing a 0.5 inch/hour

rainstorm from a typical urban area of one (1) million peop le were estimated

by Condon :

TABLE 111— 3 .

STORM RUNOFF FLUSHING OF HEAVY METALS

• Runoff Load in
Elemen ts Lbs/Hours

Z i nc 2,600
Copper 800
Lead 2,300
Ni ckel 200

• Mercury 290

The domestIc contributIon of heavy metals is not well known because nearl y

all municipa l effluen t contains industrial wastes to some extent. However , a

review of the lables of typical household produc ts such as cleaners , breakfas t

foods , vitamin p i l l s , toothpaste and common medicines ind i cates that a steady

stream of heavy metals Is contributed by domestic sewage.

Heavy Metal i!ptake by Crops

Typ ica l quantities of some heavy metals found in common crop plants are

presen ted In T~’ble 111— 4 . Since general ag ricultural conditions cause tremen-

dous variability i n uptake, the figures g i ven represen t va l ues near the middle

of the range reported. (Allaway , 1968, and Chapman , 1 966) . The average va l ues

g iven in the final column were used to calculate the amounts of heavy metals

removed from the soil by typica l p lant grow th, as shown in Table 11 1—5. The

• 
annua l heavy metals uptake was calculated based upon an average remova l of

111 — 22

Condon , Francis J. “Treatment of Urban Runoff”, APWA Report.r . 
~•



U,
L a ,

4 J_

c’J
~~ LA ~~

• . .
4-’ ~O 0 0 0 0 LA C~1 0 0 C

• C O  — —a ,.-  —

a-
I—

0

U, U,
a, U
o 0
4-’ 0 r- LA C
a, c’i 0 .— a)

• E — L.
o a,
I— 9-

a,
L

ci U
101an
.01 0 -~~>1

•
~~ 0 —

(I)
• 0.

• 0• 
-~~L) C LA

0 0 O’i 0 0 0
(.-) 0 LA C

L) — a,
—

~~~~~~~~ E
— C.., a.
a, a, -~~ 0 (UF - .~ ~~ . . -CL ~4— 0 0 0 N-. L)a.) ‘4— —

— 4-’ 0 -o
a, L) C-1- in E 10

• _J
— 4-’
— F- C L LA

— w a.) •

• X .— > 0 ‘.0 .— 0 Q~ ~~w 0. 0 — C’-,
• _J >- .- —

~~. >- C.,
L >..I— w

=
C 4~i (U

0
L —o E L •in a. a, c-., —

• a_ c~, >•
L&~~~~~~ - .0
0

• •0
I— s1 a,

01w 10 LA
F- .0 • 0

0 C’ 0.
0 a, a.,

a,a,
U, C
C ID
a,
a,

a,
-C
4-’

>1 ‘4-
a, o

— 0 — -1- a)
a, —

-D

• Ea,
‘4- a,

a,
• ‘4- LA Al 0 0

• — L
a,
I)

E 
C

~-‘ E ~)~ C ~~ 
.~~ L .— L a,v .— V a) a~~ E 0 0. C 0 ~~~ > U —

a, -O L. Q~ o ~~ U — C a,
— a, .c 0 I- a, .— •- -—
w ~ ) (.j I-.) — _l Z in r-.i ~

- ~~~~~~~~~~~~~~~~~~~~~~~~ .•-~~~~ •• • ~~~~~~~~~~ - •-~~~~~ -



~~ •~~~~~~~~~~~~~~~~
—

~~~~~~~~~~~~
— .- -

~~~~~~~~~

0
0 0

• I 0 0 0
4- I N- 0 0 0 • 0

— C I ~~~ 0 0 —
(U a, --1 • r’-~ — 0 c..~ LA

4 E — 4 - EI 0 I
— I I ~ I I

o 0 o ~~~1 0 0 0 0
Z U) L) .—1 • LA Al LA Al — — —

4.- >-• 0
• C

4-’ 0 0  N-
- • C — -— 0) 0 -.~1 <~~~ 0 LA ‘.0 U)

a , a , 4~~~>4 J  . . . .
U ~~ 0 C -1~ — Al -~~ LA 0 LA ‘.0

-1- —

— .-. ‘U —

-D
C
a,

4-
a,
L

— U
a) U) U) • (5
L 

~~~~ -~~~ Al — 4-i
I. - — U 0 0 ~.o CA — 0 U) L

- F — 10 < 0 0 0 ‘.0 0 0 0 — 0 0)
10 4 - ’ > - .. . . • . . . . . 0. 0.

~~~~C O m  0 0 0 0 0 0 0 0 0)
(I) C ( UE  a~ —I— C — a , _ j  a,

—
• .c~;—J a) • a,
• 0. q~~~L 4-i

1 0 1 0
>-

a - >.
— C 4.1

1/) (5 4- (1) - LA U) CA 4-’ L C
—‘ E C 4 - E  . . . c a ,  (5

L (U C 0 0 0 0 LA Al 0 0 4) 0. —
• • I— 0 — 0  — — E 0.

LU 0.L)  —LA X 40 4) >—
• • 4 ) .c %~— L U  .U
• — U, I — C

— L 4 - i  -— (4-.
LU C ( D O  0

LU = 0 0) 0 CI A
• .- U ,> 9 . .  (U N. U,

~~~ -~ 4- 4- I —
< ( U C O O J Al (4— CI— L~ L 4 ) O L~~~ 0’. C O  ~- • — 4-’ E --- O O’~ ‘.0 Al 0

C a ,  .~~~ . . . ~~~a, 0.
0) — L — 4) — LA CA 0 — v 0 ‘.0 C 4-’
U W Ui U U) LI’, — LA ‘.0 a~ o • 0C 4-’ 0..— 4-U- 04 - 4.- Ci.— (0

o ~~ 0 <—  in _1 C — -•

-j
4 4-’ ‘4-I ‘ - ‘ a , a , oo lU C ID

~~~ - 0 )
LU C .— .— L (0 (5

C C L  0 L L F - >
< O L  0

-- — ‘4- 0’, a,
~~~~4-i L I  ‘.0 Al ~~~C C a ,
40 (0 E 0) 0) — LA ~~‘, — CA 0 ‘.0 U) (0 .— L -•C L. 0 4- t.. 0 U) LA — 0 LII 0 ‘.0 I •

~~O 4-’ L IU O . . . . . . . . ) ( C a ,C 4 - ’-— C 9- ~~ <—  0 0 0 -~~ 0 0 0 0 0 U 0 C . -
4-4 4) •...

~~ a, 4) 0) 4)
- - U — C E O  — D L D 4J

.0 a, 0. 0) C
I O U ,  U , O

<C.)  U) 4- — U) F- lo E 40 U
.0 0 -0

E L J

0 Ui ‘4- 4) C
L L  L a ,

—I 9 - 1 0 ( U —
4) 0.

4- I C U , > U ,

~~ 0)1 LA ~~~~~~~~~~~~LI LA ‘.0 — ( U — a , - - -
a, UI N- — Al ‘.0 Al — CA 4- 40 0 (U L

— C < I  0 -~~ — -~~ 0 — 0 ‘.0 > > 0
~
j ) U, C

V VII 0 CA Al ‘.0 0 Al 0 Al a~ a, a, a,r c l U . 0I —
C 0 -ii — 4) — 0) .C

t :
• 4- E ~•~~~ C ~~ -- C. — C. — A l C A 4-

a, .— E a, 4) 4)
E £ 0 0. C D .~~ > U
a, C. 0. 0 45 U — C

— (0 .C o C. a, .— .- .-
LU C.~ C.) C.) — ...J Z in P-I

~~~~~~~ .~~~~~~L - ____



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

- - -

three tons of dry p lan t material per acre . This remova l figure is too high

for some plants and too low for othe rs, but it is sufficientl y accurate to

illus t rate tile point tha t a~ fairl y low percentage of the heavy metals added

each year would be removed ~,ith the crops. As indicated in Column 6 of

Table 111— 5 , the percen tage remova l would range from less tha n 1 to about

16 percent.

The capacity of soil to adsorb heavy meta l ions varies widel y, but is

at least 20,000 lbs/acre—foo t slice . Of the elements t rea ted in this repo rt ,

exclusive of i ron, soi ls contain abou t 2,000 — 2,500 lbs/acre—foot slice . The

amount of these elements added each year with 75 inches of effluen t, wou ld be

abo ut 20 — ~40 lbs/acre—foo t slice (exclusive of i ron). This is a fairl y ins i g-

nif icant amount compa red to the total adsorption capacity of the soil. It also

represents a small percen tage of the natura l ‘1background’ 1 concentration of

• these elements in soils.

The total amount of a pa rt ic u lar heavy metal present in the soi l may not

be very meaning ful in terms of plant growth , plant toxicity or leaching. It

is the solubility of the element tha t is most critica l and this information is

difficult to isolate due to the many factors , such as soil pH , degree of soil

aeration , texture and kind of clay minera l , organic matter , tempe ratu re and

moisture , which cause variations . The most critica l factor is soil pH , be-

cause the solubility of heavy metals is closely dependent upon it. Generally,

as pH increases , solubi l ity decreases.

A brief discuss ion of some important heavy metals is given below:

Cadm i um. The chemistry of cadm i um is somewha t similar to zinc, It would

take more than 100 years of adding .07 5 lbs/acre/yea r to reach the upper limit

of the norma l range of cadm i um in soils. John et al. (1972) showed that 90 lbs/

acre of cadmium added to the soil surface over severa l years did not move be l ow

111 —25
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the 14—inch l evel in the soil profile . They also showed little increase in

• cadmium uptake in oats. Trayno r and Knezek (1972) found some increase in

uptake in corn w ith cadmium application to the soil . Unless soluble and

mobile comp l exes with low molecular we i ght organic compounds are formed ,

there should be little dange r of leaching in high pH soils (Mur rmann and

Koutz , 1972).

Chrom i um. Although the three pounds of chromium per acre per yea r to

be added to soil through land t rea tment of effluent is relatively hig h corn-

• pa red to some of the ot he r heavy metals , it has a low solubi l ity and for -
•

severa l years this addition should be well within the no rma l range in soils.

Knezek (1973) indicated tha t soils ha ve a high capacity to fix ch rom i um .

Pratt (1966) found no app reciable accumulation of chromium in p lants in cases

where chrom i um toxicity has been thought to exist. However , Turner and Rust

(1971) found a chrom i um toxicity in soybeans when 10 lbs. chromium per acre

was added , al though the concentration of chromium in the p lants was not reported .

Soarte and Saunder (1959) showed tha t chromium added to aand cultures at concen—

t r~ tion s of 10 ppm caused toxicity to tobacco p lants ; however , they did not

prove tha t a hi gh chromium content in the serpentine soils was the cause of

infertility.

Copper. E l l i s  and Knezek (1972) showed that copper would be bound to

or ganic and clay comp lexes near the soil surface . Reuther and Labanauska s

(1966) reviewed the chemistry and toxicity of copper and indicated tha t it

shculd cause no plant toxicity prob l ems . Mitchell (19614) showed 1~~a~ there

• would be a minima l leaching of organic comp l exes containing copper into drain-

age waters . With the small amount of copper added each year in effluen t the re

should be few if any problems for many years , as long as the pH of the soil

• is maintained nea r 7.0.
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I ron. Rela ti vel y l arge quantities of i ron compared to other heavy metals

wi l l  be added in the effluent, but compa red to the •tota l of 50 tons or more

per acre—foot slice in soil already , i t Is a minute amount. Since the added

iron w i l l  be fixed rapidly (Mitchell , 1 962), and since i ron is .,eldom toxic

to p lants grown in natural soils (Wallahan , 1 966), little if any prob l em should

result from the effluent addition to soils of high pH. The major potential

prob l em could be interaction with the uptake of zinc and manga nese, if the

pH of the soil were to drop . (Mitchell , 19614; Sauchelli , 1 969; W all ahan , 1 966).

Lead. Pla nts can accumulate hi gh concen trations of lead (614 — 196 lbs/

acre , accordi ng to Cox and Rai ns , 1972) although it is not known to be essential

for anima l or plant growth. Much of the lead from sewage treatment plants

remains with the sludge , so that the effluent has a low concen tration of this

element. (Lead so lubi l ity is low at pH of 7.0, so leach in g shou ld p resent

• l ittle problem.) Plants wi l l  die of lead toxicity before the concentration

reaches levels high enough to be toxic to animals (Allaway , 1 968). Sol ution

culture with lead concentrations up to 200 ppm had no depressing effect on

apples and grapes (Childers , 19141). S imilar results wi th orange seedlings were

found in California (Vanselow and Bradford , 1960). However , W ilkins (1957)

found that lead concentrations of 10, 30, and 100 ppm in Solution cultures ,

• measureabl y retarded , markedl y retarded and stopped growth respectivel y of

fescue plants.

N icke l. Nicke l is not known to be essential for p lant growth but is

taken up by p la nts in concentrations of 0.5 to 150 ppm. Two ppm of nicke l is

H quite normal. A middle-of—the—range concentration in soils would be 100 ppm

(Swa ine , 1955), most of which is not soluble at any given time . The amount of

L soluble nicke l approaches I ppm (Vanselow , 1966). In all but serpentine and basic

ig neous rock—derived soils , nicke l toxicity should not be a serious problem .

111 -2 7 
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S lvt ~i . Li i t  It’ is known ahotit . i I ver iii ‘o1 Is , excep t l ila t it occurs

almost univer sal l y but only in minute amounts . Se l dom does it exceed I ppm

(Vanselow , 1966; Rogers et aL , 1939; Swa ine , 1951). I t has been reported

in p lant tissue in amounts of less than 0.01 and no higher than 1.3 ppm in

the dry matte r. The occurrence of toxic amounts of silve r is quite unlikely

because of its extreme l y low sol ubility . Little leaching and movement

through the soi l profile should occur .

Zinc. Al though zinc additions may be hi gh from some effluents , comparable

-• quantities are added as a fertilizer on field beans and corn in Michigan

(V i rande et al ., 1 967) with beneficial effects. Melton , e t al , (1970) in-

dica tes tha t the re ~s l itt le danger of leach i ng or tox i c it y from zinc added

with effluent , unless a zinc—sensitive p lant is grown. Allaway (1968) indicated

tha t some anima l feeds are deficient in zinc , so additiona l zinc could be bene-

ficial to animals. Zinc is needed at a concentration of 8 — 15 ppm in the forage

dry matter . Animals require abou t 10 — 140 ppm zinc in the diet. At 200 ppm of

the dry ma tter zinc is toxic .

-
• An unpublished work of Sabey and Hart (1973) indicated that there was a

bui ld— up of extract able zinc , coppe r, i ron and manganese on an irrigated sandy

loam in the zone of inco rpc’ration of sewage sludge . No downward movement of

these elements occurred durin g the first yea r after application.

The elements in Table II I - I V  should pose no serious threa t to the ground-

water or to plants growing on medium to fine—textured soils if the pH of the

soil is mainta i ned nea r 7.0. If howeve r , the p11 of the soil decreased to belo -~

• 
- 

6.0, there is a possibility of increas i ng solubility of severa l of the elements ,
• 

- therefore i ncreas in g the likel ihood of groundwa ter po llu tion and p lan t to,dcity.

Heavy Meta l Management

Maintenance of a sufficientl y h i gh pH (equal to 6.0 or more) in soils

L 111— 2 8
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receiving heavy metals would be an important part of land management unless

monitoring demonstra ted tha t ~omewhat in creased sol ub i l i zati on of the heavy

me tals at l ower pH va l ues was not a hazard. Maintaining the pH at thi s leve l

should pose no prob l em for agriculturalists , as good farm management generally

dictates the use of lime to ra i se the pH to approximatel y 6.5. Lime app li-

cations are common on Ohio soils.

The Oh io 1972-1973 Ag ronomy Guide , Bulle tin 1472, publ i shed by the

Cooperat i ve Ex tension Serv i ce of Ohio State Unive rs it y, reported that lime

applications on acid soils often return $6.00 to $9.00 for every dolla r in-

vested. Accord i ng to this bulletin , app rox i matel y ten tons per acre would be

requ i red to inc rease the present soil pH of abou t 5.5 to a level of 6.5.
L I

Subsequent annual lime applications of about three tons per acre per yea r

may be required to maintain the pH at abou t the 6.5 level.

It is clea r tha t the possibility of toxicity to plants is greatest with

an acid soil (pH less than approxima te l y 6.0).

Field tests conduc ted at the Universi ty of I ll i no i s have shown the

feasibility of manag ing heavy metals on agricultura l land. Should monitoring

indica te an undesirable rate of accumulat ion for a particular heavy metal ,

management steps mig ht include reduction of tha t meta l at the source , i ncor-

-
• poration of special remova l processes at the secondary treatment stage, re-

cyc li ng of the element by ind ustry, and rotation or substitution of crops .

F.
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