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UNIT COSTS

Table of Contents

é Section
;- # 1. Abbreviations
2. Costing Sequence Diagrams - Showing the Cost Components

of the Formulated Plans - The Numbers Shown are Keyed to

Those Used for the Detailed Cost Sheet Component Columns
(See Section L for Samples of Detailed Cost Sheets)

3. Unit Costs

A. Capital Costs - Details of Unit Cost Determinations

Detailed Cost Sheet

Cost Component Column Number
(BasiiteDaital)i ¥ SRS S (i=5)
Treatment Facilities
(In Plants or Aerated Lagoons) . . . 7-11
: Transmission Facilities
¢ B o e A o 7 ol st e i3
Force Main)
DsroptShalGte s i s e 14
Tunne | )
Secondary Pump Plant. : 115
R I i e il el o iy 16 (See Col. 14)
Storage Reservoir
RESEFNOMIE 2 o ettt & ot iay e ool s 17
A natON R i s B s e 18
Chlorination, « « o « . P 19
Land Yreatment Site
] Purchase & Relocation . . . . . . 20
5 Siicte Preparatiion. o w . e o v 22 %
Irrigation System
BUMPESIEatEoN. ol 0 e e s . 23 i
A e R M B S SRR e S 2L (See Col. 14) ﬂ
Equipment & Distribution Piping . 2
Drainage System |
TR S e o e s s 26 3
Y Gonaui'ts & Canals « . % s s 4w 27 :
:f i | Sludge Management. . . . . . . . . . 28 '

Miscel laneous
(Monitoring, Admin, Bldgs., Labs.) . 29

CURVES USED FOR COSTING OF COMPONENTS . . .(See Separate List)
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! CAPITAL COSTS
LIST OF CURVES
USED FOR COSTING

Detailed Cost Sheet

Cost Component Curve Column Number
Pump Plant (Station) A 13 & 15
Force Main D 4, 16, 24
Drop Shaft c 14
.. Tunnel (Lined Mole) B 4
Secondary Pump Plant E 15
Lift Shaft o 15
Aerated Lagoons G 10
: Storage Reservoir or Det'n. Pond F 17
% Chlorination H 19
g irrigation Pumé | 23
; Sludge Storage (In Basin) K 28
; Sludge to Strip Mine Areas L - 28
i Sewer J
G

e S——

b
3
3
]
3




y UNIT COSTS

Table of Contents (Cont'd.)

Sectlion
3. Unit Costs

B. Operation & Maintenance Costs = Details of Unit Cost
Determinations

Detailed Cost Sheet
Cost Component Column Number

(Basic Data)(See A. Capital Costs) . (1-6)

Treatment Facilities

(In Plants or Aerated Lagoons) . . . 7-11
Aerated Lagoons - Power . . . . . 104
- Maint. & Labor. 108
- Chlorination. . 10C
Transmission Facilities
Pump Plart ~ Power. . . . . . . . 13A
~ Maint. & Labor . . . 138
Force Maln)
Drop Shaft)~ Maint. & Labor . . . 14
Tunnel )
Secondary Pump Plant - Power. . . . 15A
- Maint, & lLabor 158
Force Main ~ Maint. & Labor . . . 16 (See Col. 1k4)
Storage Reservoir
Reservoir - Maint. & Labor., . . . 17
Reration = POWEr, « o + ¢ o % » » 18A
- Maint. & Labor . . . . 188
Chlorination - Power. . . . . . . 19A
- Maint & Labor . . 198
Land Tresgtment Sute. = o i w o« = v » No O&M for
Cols. 20 & 22

Irrigation System

Pump Station = Power. PN 23A
- Maint. & Labor . . 238
Force Main = Maint, & Labor . . . 24 (See col., 1L)
Equipment & Distribution Piping =
MBIHE S DA e s b e 25
: Drainage System
i Tile = Maint, & Labor , . . . . . 26
| Conduits & Canals - Maint. & labor 27
Sludge Management = Power, . . . . . 28A
- Maint, & Labor . 288
B Miscel laneous = Maint, & Labor . . . 29

C. Contingencies - Percentage Applied to Capital Costs
- Percentage /pplied to 0&6M Costs

e ol
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UNIT COSTS

Table of Contents (Cont'd.)

L4, Sample Cost Compllation & Summary Forms Used in Costing
-Detailed Capital Costs - Sheets A & B

-Detalled O&M Costs - Sheets A & B
-Comparable Annual Cost Index - Year 2020 - Sheets A & B (Cost Summaries)
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& ABBREVIATIONS

ADF = Average Daily Flow
AR = Annual Runoff

MDF = Maximum Daily Flow

T ———

MF = Peak Hourly Flow

MGD = Million Gallons Per Day

sl S g

TDH = Total Dynamic Head

TPD = Tons Per Day
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badd adits

ik

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

Lond Treatment/Formulation Phase: 2 Sub - Item:
: ! 1
UNIT COST CONTAINED IN DETALLED COSTING SHEETS Eeras, L
FOR COLUMN #: 1-6 JOB NO. 712 -70
ITEM: Basic Data gy W=NE oATE __9=20-72
A. Cost Type: Capital Cost _ X Operation & Maintenance (0&M) X
B. General Component ‘eading:
Transmission Facilities irrigacion System
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous
C. Cost Item:__Basic Data (Used in Costing) Column: 1-€
Name
Column No. | tem w/Source of Data and/or Explanation
1 Plant Name
2 Detention Storage (MG)
ieE
Phase | Report - Part B
3 Plant Capacity {MGD)
Was tewate: :

Municipal Wastewate: Flow -
{E Projecticns
Phase | Report, Part A
Industrial:
AWARE Projections
Stcrmwater:
HEE Projections 3
Phase | Repcrt, Part B
Conceptualized Plants:
W-ME Projections

b Raw Sludce - {&E (TPD) Note: The nurioer of days used to
deterriine the Winter Storage

Winter Storage (MG) equals 365 days less the number

a, Sanitary Plant of days of estimated applica=
No. of Days x (' DF) = MG Storage tion of wastewater. This can

b, Sanita:y Plant with S:crrwater vary depending vpun the soil
Sanitary + Stornwater = MG Storage type beinc used for treatment.

No. of Days x (ADF) +5(AR) = MG Storage
c. Stormwater Plant (two most widely used %'s are shown as examples)

%gg x Annual Runoff = MG Storage
or 3%§ x Annual Runoff = MG Storage

6 Acres Needed for Treatment
a, Sanitary Plant
(ADF) x 365 x 3.C7 ﬁszﬁiﬁg. / rpp. Rate = Acres

b. Sanitary Plant with Storrwater
Sanitary . cres + Stormwater /cres

(ADF) x 365 x ?,07 Acre-fr. / App. Rate
+ AR x 3.07 2&&%&1&; / “pp. Rate = Acres

c. ' Stormwater Plant
AR x 3.07 G / rpp. Rate = Acres
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phase: 2 Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS b e 1

SHEET NO.

FOR COLUMN #: 7-1) o8 6. 712 - 70
LTEM: Treatment (In Plants) (Aerated Lacoon - Col. 10) By _W-ME oate 9-20-72
A. Cost Type: Capitul Cost _ X Operation & Maintenance (0&M)
B. General Component eading:

Treatmen: Facilities X Irrigation System

Transmission Facilities Drainuge

Storage Reservoirs Miscellaneous

Land Treatment Site

C. Cost [tem Treatment (in Plan.s or Column: 7-11
ferated Lacoon)
Name

COMPUTATION:

A1] costs for sewaye creaiment plants are supplied Ly Havens & Emerson.
For Plan 9A, 3 plants were costed using aerated lagoons ratier than
secondary treatment in sewage treatment plants, The costs for these
aerated lagoons are included in |and treatment costs For Plan 12

all plants were costed using ae-ated lagoons.

Column 10 in the detailed cost sheets shows ae-ated lagoon costs

and this component cost is shown under che Land T-eatmen: Site head-

ing rather tnan under Treatment in Plants on the plan cost summary sheets,
Curve G haz reen plotted o show tae capital cost for a wide range of
aerated lagoon treatment capacities. The costs snown in column 10 of

the detailed cost sheets were selected from Curve G.

EXPLANATION:

REFERENCES :

Havens & Emerson - Secondary, Tertiary and Advanced Wastewater Treatment
Plant Costs.
W-ME - Aerated Lacoon Costs

FINAL UNIT COST USED: A1l costs supplied hy Havens & Emerson except as in Plans 9 & 12.
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/ WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
{ CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA
Land Treatment/Formulation Phase; 2 Sub - ltem:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO.__)__OF 1
FOR COLUMN #: 13 Jog NO. 712 -70
{TeM: Pumping Plant to Tunnel/ Force Main gy W=l pare_9-20-72
A, Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:
Transmission Facilities X lrrigation System
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous
C. Cost ltem Pumping Plant Column: 13
Hame
- COMPUTATION:
Curve A plots the costs of various size pumping 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
material costs,
EXPLANATION:
; . REFERENCES:
q OCE Cost Curve = Figure 21-13 as shown in

Bauer, C-SELM Report
(Feb. 1972)

FINAL UNIT COST USED: (Curve A Used to Determine Individual Plant Costs




Lond Treatment/Formulation

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

Phuso:_g__ Sub - Item:

UNIT COST CONTAINED IN DET/.ILED COSTING SHEETS

SHEET NO.__1 __oF 1

FOR COLUMN #:

14, 16 and 24

JjoB NO. 712 .70

| TEM: Force Main

gy W-HE pate 22072

A. Cost Type:

Capita) Cost_ X

3. General Component Heading:
Transmission Facilities X

Storage Reser/oirs

Land Treatment Site

C. Cost ltem:

COMPUTATION:

EXPLANATION:

REFERENCES:

FINAL UNIT COST USED:

Force Main
Name

Operation & Maintenance (OtM)

Irrigation System X
Drainage
Miscellaneous

e ————————————

Column: 4, 16 and 24

Curve D was plotted from data in the referenced report. Costs
of some sizes smalier as well as larger than those shown in the
table were *hen determined by extrapolation.

OCE Cost Table 21-3 as shown in
Bdauer, C-SELM Report
(Feb. 1972)

Use Curve D to Determine Cost of Various Size Lines




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

Lond Treatment/F ormulotion

UNIT COST CONTAINED IN DETAILED COSTING SHEETS

Phaose: 2

Sub - Item:

sweeT NO. ! __oF 1

FOR COLUMN #: 14 and 15

JOB NO. 712 -70

ITEM: Drop Shaft (LIft Shaft)

gy _G6R _ pave 9-14-72

A. Cost Type:
B. General Component Heading:
Transmission Facilities X
Storage Reservolrs
Land Treatment Site

Capital Cost X

Operation & Maintenance (0&M)
Irrigation System

Dralnage
Miscellaneous

Column: 14 and 15

i o e i i e

C. Cost Item:_Drop Shaft (LIft Shaft)

e

] COMPUTATION:

Curve C, which is Figure 21=14 from the C.é publication
(Task No. 21) of the unit costs deveioped in the C-SELM,
Bauer Enginesering Study, is the source of drop shaft and
lift shaft unit costs,

EXPLANATION:

REFERENCES:
OCE Cost Figure 21=14 as shown in ]
Bauer, C-SELM Report

| (Feb. 1972)

; =% FINAL UNIT COST USED: Use Curve C to Determine Costs of Various Diameter Shafts
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phosc:_z_ Sub - ltem: {

UNIT COST CONTAINED IN DETAILED COSTING SHEETS
FOR COLUMN #: 14

SHEET NO.—1 _oF 1
JOB NO. 712 -70

ITEM: Tusnal oy _G6R _ parg 9-14-72
A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading: 3
Transmission Facilities X Irrigation System
Storage Reservoirs Drainage
5 Land Treatment Site Miscellaneous

g~ C. Cost Item Tunne | Column: 14 ;
Name 4
COMPUTATION: COST PER LINEAL FOOT (Constr. Cost Only) %
Adjusted '72 i
Cleve) G720 " 72 E
e SR (el s (Rpt) (Ltr) (c-Selm Rpt) 1
|The ENR  Sept. 1970 | Dia. D-D&L W-C BAUER AVERAGE ADJUSTED i
: | |
Engr. Construction Cost | 8! 280 4oo 310 330 350 {
| Index = 1752 (Cleveland) 10' 360 450 380 Loo 400 |
| (used by Dalton-Dalton- | |
Little)Ong-72th 12! 460 500 440 470 500 i
{Index = 2025 (Cleveland)| 14 570 600 530 570 600 '
2025 _ 4 ¢ (Used to adjust 16' 660 650 640 650 650 |
1752 : D-D&L costs 18" 780 800 750 780 750 |
from 1970 = 3
1972) ~i

All tunnels are lined:

Sl e

EXPLANATION:
Based on above average costs, it is felt that tunnel costs in '‘adjusted"
column are reasonable to use. This means W-C costs as used before can be
reduced $50/ft for the 8', 10', and 18' tunnels. (The 18' tunnel is adj- ]
I

usted to a slightly below the average figure since the original $800 cost

E was not in the W-C letter and was -ubsequently extrapolated at what is

5 now felt to be the more on the high side - $750 probably would have been a more
reasonable extrapolation).

REFERENCES: September 1370 - Dalton, Dalton & Little Cleveland Tunnel Report |
February 1272 - C-Selm (Bauer) costs as Published by Corps |
June 1972 - Woodward-Clevenger & Assoc. Inc. letter to W-ME ]

FINAL UNIT COST USED: See ''Adjusted'' column. (Curve B was plotted from the costs shown
(Revicinn ac of =)4= 2) above)

B e

{
{
i
|
|
|




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

Land Treatment/Formulation Phase: 2 Sub - Item:

—_—

UNIT COST CONTAINED IN DETAILED COSTING SHEETS LR N e ey

FOR COLUMN #: 15 JOBNO. 712 -70
ITEM: Secondary Pump Plant By _W=ME DATE 92072
A. Cost Type: Capital Cost _X Operation & Maintenance (0sM)
8. General Component Heading:

Transmission Faclilities Irrigation System

Storage Reservoirs Drainage

Land Treatment Site Miscellaneous
C. Cost Item; Secondary Pump Plant Column: 15

Name

COMPUTATION:

Curves A and E both plot the costs of various size pumping plants
as used in the C=SELM project. The costs are Rased on actual
contract experience as well as designs built up for specific appllications,

Use Curve A for pumping into tunnel or pumping from plant to
storage reservoirs.

Use Curve E for pumping out of tunnel.

EXPLANATION:

REFERENCES:
Pumping Station Construction Cost as shown in
Cost Data Annex to Technical Appendix
C-SELM, Bauer Engineering Report
(March, 1972)

Wright=McLaughlin Engineers

FINAL UNIT COST USED: Use Curves A and E to Determine Individual Plant Costs
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phase: 2 Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS

SHEETNO. ' __oF !
FOR COLUMN #: 44 g 1.2
ITEM: Storage Reservoirs gy _GGR sang 515572
A. Cost Type: Capital Cost X Operation & Maintenance (0&M) ;
B. General Compcnent Heading: 4’
Transmission Facilities Irrigation System b
~ Storage Reservoirs X Drainage
e | Land Treatment Site Miscellaneous
%? - C. Cost Item Storage Reservoirs Column: 17
Name
COMPUTATION: ADJUSTED COST/MG 1
STORAGE VOLUME COST/MG (25% contingency Removed) :
B .8 = $6
ShEad o | 10 MG $8,200 x 0.8 $6,560
sample 540 MG 4,000 x 0.8 = 3,200
dej‘g"s {12,500 MG 1,275 x 0.8 = 1,020
e i use $1,000/MG min
costing { 50,000 MG 1,230 x 0.8 = 985
[ (4 cells) 3
100,000 700 ) Estimated based :
(8 cells) on Bauer cost 1
150,000 500 ) experience 3
(12 cells) 2
Land costs and site preparation included in above. Tight soils should not require
lining.

3 EXPLANATlON:NOTE: Costing is to be done so that any contingency factor which is applied
: is added at the very end and to the total cost rather than to individ-
ual items comprising the composite estimate.

Storage reservoirs had a 25% contingency added in
as used in previous estimates -- this 25% is now removed!

Chicago-Selm Reservoir cost of $363/MG based on adjusted bidding
experience at Muskegon (C-Selm Res. is 369,000 MG)
(in 8 cells @ 46,000 MG per cell)

REFEa§?8§§iHcLeughlin Engineeis - cost comps.

3auer Enji'ng-costs based on Muskegon and other data. ]
FIMAL UNIT COST USED: As shown in adjusted col. above and as plotted for W-ME curve E
titied ''Storage Reservoirs & Dei'n Ponds - Capital Costs'', .

'Revision as of “=il=72)
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Troum.nv‘Fgrmglahon Phase: 2 Sub - lrem.

UNIT COST COMTAINED Il DETAILED COSTING SHEETS 1 1
SHEET NO. OF
— FOR COLUMN #: 18 JOB NO. 712 -70

ITEM: AERAT ION gy _RMel  pare B8-11-72
A. Cost Type: Capital Cost_x Operation & Maintenance (0&M)
B. General Component Headlng:

Transmission Facilities Irrigation System

Storage Reservoirs X Drainage

Land Treatment Site Miscellaneous
C. Cost ltem:__ Aeration Column: 18

Name

COMPUTATION:

For emergency - supplemental storage aeration. Prototype 5 MG module @ 20' Depth (avg)
Area = 31,400 s.f. or R = 100 (ok for area of influence)

Avg BOD. = 12 mg/\ or BODU = 20 mg/1

Say satisfy by feed @ 2 mg/1/day maximum rate
#/day for 5 MG = 40 #/day/unit =<2.0 #OZ/hr

Way low: Mixing intensity will govern. Normal for D. 0. mix = 6-8 HP/MG
With small units, reasonable D.0. mix (at surface only) can be done

w/about 1.0 HP/MG.
5 HP unit w/cables & elect. = $3,500

EXPLANATIIN (O/5 MG = $700/MG

5

REFERFACES:

Wright-McLaughlin Engineers

FINAL UNIT COST USEC: $700/MG

R




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

Lond Treatment/F crmilarion Phose: 2 Sub - Item:

gg;rcggaxnco»fmuso IN DETAILED COSTING SHEETS ot b SR !
bt isllcintsanoil .. - e JOB NO. 712 -70
ITEM:  Chlorination g H-HE oate _9-20-72
A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs X Drainage

Land Treatment Site Miscellaneous
C. Cost ltem Chlorination Column: 19

Mame

COMPUTATION:

Curve H Is as supplied by Havens and Emerson.

EXPLANATION:

REFERENCES:
'favens £ Emerson

FINSL UNIT COST USED: Use Curve H_}o determine Chlorination cost for Various Plant Slzes.




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

Lond Treatment/Formulation Phase: _ 2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTHIG SHELTS 1 !
SHEETNO.— % OF — "
FOR COLUMN #: 20 JOB NO. 712 -70
ITEM: Purchase § Relocation Sy KRN pive 9-14-72
A. Cnst Type: Capital Cost X Operation & Maintenance (0&M)

L. General Component Heading:

Transnission Facilltlies Irrigation System

Storage Reservoirs Dralnaye
Land Treatment Site X Miscellancous 3
C. Cost ltem: Purchase & Relocation Column: 20 :
Name
COMPUTATION:

Purchase Land Cost - Average $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 | unit of farm bulldings = $16,000
Relocation Cost - $5,000

Total Relocation Cost Relocation Cost Total Purchase & Relocation Cost

for One Family Per Acre Per Acre:
$16,000 = $21,000/80 acres $334/Ac, Raw purchase
5,000 = $262.50/c, $262/Ac.Relocation :
$21,000 $596/Ac. 3
|
!
TXPLANATION: R
Method: Each County priced by township ($/acre) 3
Cost ($/acre) averaged for each county :
Average cost ($/acre) for all counties = $334/acre - See resume,
page 3 of letter
Average relocation cost = $262.50/acre - see above or page 4 of letter
Total Estimated Cost Per Acre = $600/acre
(With 15% variation allowance = $700/acre - page 4 of letter) _
’*ﬁ
REFERENCES: Dept. of The Army 3
:

North Central Division, Corps of Engineers

536 S. Clark Street

Chicago, 11linois €0605

By letter = July 24, 1972/Management & Disposal Branch, Real Estate Div.

FINAL UNIT COST USED: $G00/Acre (does not include any contlngency)

Revision as of 9-14=72
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulotion Phase: 2 Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS \

SHEET NO. OF

FOR COLUMN #: 21 JOB NO. 712 -70
ITEM: Revision - Farm Equipment o WME pate I-14-72
A, Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs Drainage

Land Treatment Site X Miscel laneous
C. Cost ltem Farm Equipment Column: 2

Name

COMPUTATION:

Do not include this in cost summary. This item originally estimated

at $100/ac. is a cost of doing business. It more appropriately should
be considered as a deduct from farm income, along with labor, chemicals,
gas, oil, and vehicles.

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

EXPLANATION:

Land management has been investigated in detail wlth regard to specific
crops, type of application, type of drainage, etc. Costs of irrigation
equipment and drainage reflect land management techniques required
initially such as surface preparation and specialized deep plowing.

REFERENCES: Wright McLaughlin Engineers

FINAL UNIT COST USED: Drop Farm Equipment Cost \Revision as of 9-14-72)
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

2 Sub - Item:

Lond Treatment/Formulation Phase:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS Sl L 1
FOR COLUMN #: 22 JOB NO. 712_-70
JTEM: Slte Preparation (Revised) BY _ W-ME_ patg_S=1l-72
A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs Dralnage

Land Treatment Site X Miscel laneous
C. Cost Item 1 Column: 22

Name

COMPUTATION:

EXPLANATION:

1)

1)
2)

3)
)

Woodland clearing $35/acre

Miscellaneous site preparation 20/acre

such as fences, removals, site work

Access roads 5/acre

Miscellaneous grading for operation S/acre
$o5/acre

$65/acre Is basic site preparation. Speclalized site preparation to be
included in Irrigation equipment.

Note: Relocation costs and purchase of farm bulldings Included in
cost of land at $700/acre (includes 15% contingency factor
included by Chicago Divislon). Thus, use $600/acre in
computations for land purchase and relocation. Families not
moved from site would tend to lower land costs.

Woodland clearing computed at 10% of total area at $350/acre. Much of
woodland will not be cleared, however,

2) Includes removal of buildings which would conflict with operatons.
3) Access roads would be In addition to exlsting roads, for access to operational
points of irrigation and drainage facilities.
4) This includes grading for Irrigation facllities, access roads, etc..
For speciallzed irrigation and application technigues, additional site
preparation will be Included under Irrigation equipment.
REFERENCES: Resarvolr clearing experience In Colorado - Wright - MclLaughlin Engineers
"Cost Summary for Lend Treatment'' ($82/acre)
""Muskegon Contrect No. 1"
C - S&tM Report - Technical Appendix (Cost Data Annex)
March, 1972
FINAL UNIT COST USED: $65/acre

(Revision as of 9=14=72)




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

Phosuj_z_ Sub - Item:

Lond Treatment/Foupyiation

UNIT COST CONTAINED IN DETAILED COSTING SHEETS
g SHEET NO._1__ OF 1
S S A S AT . JOB NO. 712 -70
ITEM: fimp Scation BY W-ME DATE 9=20=72
A. Cost Type: Capital Cost __ x Operation & Maintenance (0&M)
B. General Component Heading:
Transmission Facllitles lrrigation System X
Storage Reservolrs Drainage
Land Treatment Site Miscellaneous
C. Cost Item Pump Statlion Column: 23
Name
COMPUTATION:: =
Curve | is based on construction cost experience.

EXPLANATION:

REFERENCES:
U, S. Bureau of Reclamation
.

Wright-MclLaughlin Engineers

to Determine Individual Plant Costs

FINAL UNIT COST USED: _Use Curve |
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Laond Treotment/Formulation Phase: 2 Sub-item:
UNIT COST CONTAINED [N DETA(LED COSTING SHEETS s E S
FOR COLUMN #: 25 SR e
TTEM: "EQUIPMENT & DISTRIBUTION PIPING - MAHONING SOILS oy _W-ME L 9/18/72
MINI-EURBER §7§TEH T
A. Cost Type: Capital Cost X peration & Maintenance (0&M)
B. General Component tHeading:
Transmission Facilities Irrigation System X
Storage Reservoirs Drainage
Land Treatment Site Miscel laneous

C. Cost ftem: EQUIPMENT & DISTRIBUTION PIPING Column: 25
Hame

COMPUTATION: MAHONING SOILS - MINI-BORDER SYSTEM

For appllcation rates of 90 Inches/year (municipal effluent)
or 150 Inches/year (separate storm runoff).

Automated farm distribution equipment (25-year life) . . $150/acre
Site Preparation:
FOEMING o v s« s = @ ol s e e s e e s e s 9 10/acre

Soll preparation and seeding . . . . . . .« . . . . $ 15/acre
Deep plowing on contour . . . « « « « « ¢« « « « « . § hO/acre
$215/acre
EXPLANATION:
REFERENCES: Donald L. Miles, Irrigation Speclalist, Agricultural Engineering Dept.

Colorado State University
Wright-Mctaughlin Engingers
Valmont iIndustrlies, lnc., Valley, Nebraska
IRECO Industries, Inc., Eugene, Oregon
ENRESCO, Colorado Springs, Colorado
Ratn Bird Sprinkler Manufacturing Corp., Glendora, Callifornia

FINAL UNIT COST USED: $215/acre
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L ; WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
- CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA
Lond Treatment/Formulation Phase: _2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEETNO._2 OF__ 6
FOR COLUMN #: 25 so8no. 712 .70
______[liﬂiggulgngul DISTRIBUTION PIPING-CHIL| & RELATED SOILS IN-BASIN__ W-ME pate_9/18/72
\ A. Cost Type: Capital Cost X Operation & Maintenance (08M)
1 B. General Component Heading: 1
i Transmisslon Facilities Irrigation System X
- Storage Reservoirs Drainage
i Land Treatment Site Miscellaneous
k- C. Cost Item: EQUIPMENT & DISTRIBUTION PIPING Column: 25 ]
v Nanie ; !
" ;
COMPUTATION: CHILI AND RELATED SOILS IN-BASIN E

For application rate of 60 inches/year. 1
Use sollid-set system.

Sprinklers . ¢ ¢ ¢ v v 6 w0 ele e oo ow S 300/acre

D S e LA

Distribution System . . . . . . . . . . $ 175/acre

—_———

$475/acre

EXPLANATION:

a0 ARl e A e il R i MO

REFERENCES : Donald L. Miles, Irrigation Specialist, Agricultural Engineering Dept.
Colorado State University
Wright-McLaughlin Engineers
Valmont Industries, Inc., Valley, Nebraska
IRECO Industries, Inc., Eugene, Oregon
ENRESCO, Colorado Springs, Colorado
Rain Bird Sprinkler Manufacturing Corp., Glendora, Californla

FINAL UNIT COST USED: $ b75/acre
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phase; __2 _ Sub - item:
3 | UNIT COST CONTAINED IN DETAILED COSTING SHEETS seeTno. 3 or 6
F, FOR COLUMN #: 25 JoB NO 712 -70

ITEM: EQUIPMENT & DISTRIBUTION PIPING - CARDINGTON-BENNINGTON -ME 9/18/72
SGTLS (COMPOSITE) B JioA BT

A. Cost Type: Capital Cost X Operation & Maintenance (O8M) :
B. General Component Heading: ’
> Transmission Facillitles Irrigation System X
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous

C. Cost ltem: EQUIPMENT & DISTRIBUTION PIPING Column: 25
Name

COMPUTATION: CARDINGTON - BENNINGTON SOILS
(COMPOSITE OF WESTERN AREAS)

Mini-Border 5% 0.05 (175) = 9
Hay & Pasture 30% 0.30 (475) = 142
Corn (Pivot Rigs) 65% 0.65 (320) = 208

359

USE $360/Acre

EXPLANAT 1ON : .

REFERENCES : Donald L. Miles, lrrigation Speclalist, Agricultural Engineering Dept.
Colorado State University
Wright-McLaughlin Englneers
Valmont Industries, Inc., Valley, Nebraska
IRECO Industries, Inc., Eugene, Oregon
ENRESCO, Colorado Springs, Colorado
Rain Bird Sprinkler Manufacturing Corp., Glendora, California

1% FINAL UNIT COST USED: $360/Acre
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phose: 2 Sub - ltem:
———

UNIT COST CONTAINED IN DETAILED COSTING SHEETS

SHEET NO. b OF 6

FOR COLUMN #: 25 JOB NO. 712 -70

ITEM: EQUIPMENT & DISTRIBUTION PIPING = CARDINGTON=-BENN INGTON oy BLT oate /18772

SOTLS

A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities Irrigation System X

Storage Reservoirs Drainage

Land Treatment Site Miscellaneous
C. Cost ltem: EQUIPMENT & DISTRIBUTION PIPING Column: 25

Name

COMPUTATION: CARDINGTON=BENN INGTCN SOILS

For application rate of 75 Inches/year on corn with drip tubes
on rigs. On 160 acres one large rig Irrigates 122 acres.

Cost of Pivot Rig: $23,000
Cost per acre: $23,000/122 acres = $190/acre Use: $200/acre

Costof Piping . » . . « v v v v v v v v v v . . . .S100/acre
Circular Piowing with roads and gully crossing . . . ’ 20/acre
$370/acre
EXPLANATION:
REFERENCES ¢ Donald L. Miles, Irrigation Speclalist, Agricultural Engineering Dept.,

Colorado State Univers!ty
Wright=McLaughlin Englneers
Valmont Industries, Inc., Yalley, Nebraska
IRECO Industries, Inc., Eugene, Cregon
ENRESCO, Colorado Springs, Colorado
Rain Bird Sprinkler Manufacturing Corp., Glendora, California

FINAL UNIT COST USED: $320/acre




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

1 Lond Treatment/Formulation Phase: __2  Sub - Item:
: UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO.__ 5 __ OF 6
FOR COLUMN #: 25 JOB NO. 7124 -70
ITEM: EQUIPMENT & DISTRIBUTION PIPING = CARDINGTON-BENNINGTON,, RLT DATE 9/18/72
~SOILS
: A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
A B. General Component Heading:
[ Transmission Facilities Irrigation System X
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous
. C. Cost lten: EQUIPMENT & DISTRIBUTION PIPING Column: 25
. Name
COMPUTATION: CARDINGTON-BENN INGTON SCILS
* For appl!ication rate of 50 inches/year using solid-set system,

Cost of Sprinklers . . . . . . . . . $300/acre
Cost of Distribution System. . . . . $175/acre
$L475/acre

EXPLANATION:

REFERENCES: bonald L. Miles, Irrigation Speciaiist, Agriculturasl Engineering Dept.,
Colorado State University
Wright=McLaughlin Engineers ;
Valmont Industries, Inc., Valley, Nebraska
IRECO Industries, Inc.,, Eugene, Cregon
ENRESCO, Colorado Springs, Cvlorado
Rain Bird Sprinkler Manufacturing Corp., Glendora, California

(g FINAL UNIT COST USED: $k75/8cre
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formuiation Phau:_z. Sub - ltem:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS JeLce g St

FOR COLUMN #: 29 JOB NO. 712 -70

Ll‘névEQUIPMENT € DISTRIBUTION PIPING - CARDINGTON-BENNINGTON . RLT . . 9/18/72

SC1iS - MINI BORDER

A. Cost Type: Capital Cost X Operatlion & Maintenance (0&M)
B. General Component Headling:
Transmission Facilities Irrigation System X
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous
C. Cost ltem: EQUIPMENT & DISTR!BUTION PIPING Column: 25 :
Name
COMPUTATION: CARD INGTON=-BENNINGTON SOILS = MIN|=-BORDER SYSTEM
Automated Farm Distribution., . . . . . . . . $150/acre ;

Site Preparation

EGEIERG ' & o vid o e o v & 4 5 % iw = o 9 0lacre
Soil Freparation and Seeding. . . . . . . $ !5/acre ]
$175/acre ]
EXPLANATION :
REFERCICES: Donald L. Miles, Irrigation Speciallst, Agricultural Engineering Dept., ]

Colorado State University
Wright=MclL.aughlin Engineers
Valmont Industries, Inc., va'ley, Nebraska
IRECO Industries, Inc., Eugene, Uregon
ENRESCO, Colorado Springs, Colorado
Rain Bird Sprinkler Manufacturing Corp., Glendora, California

FINAL UNIT COST USED: _ §175/scre




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

s i Lond Treatment/Formulation Phaso:_i__ Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SEET O b e 6 E
FOR COLUMN #: 26 IOR-ND.” 1L 70 f
ITEM: T!le - Mahoning Soils - Mini-Border v L BLT. . . pare S=18-12
A. Cost Type: Capital Cost X Operation & Maintenance (0&M) h
B. General Component !feading:

Transmission Facilities ' Irrigation System

Storage Reservolrs Dralnage X

Land Treatment Site Miscellaneous
C. Cost Item: Tile - Mahoning Soils Column: 26

Name

COMPUTATION:

MAHONING SOILS: MINI-BORDER SYSTEM

For stormwater use 150 /yr. application rate. i
For sanitary sewage use 90 /yr. application rate. 5

Spacing = 20' i
Total length = 2180 b

Total cost of tile (2i80') = $328/are

Collectors and structures = $ 95/acre i
$4z3/acre ¥

Use $L25/acre

EXPLANATION:
See above: Tile costs are based on agricultural costs in 1972

as determined by sur-ey and major checking w/Agricultural
Engineers, including several at Ohio State University,

REFERENCES:
Donald L. Miles = Agricultural Extension Agent for Colorado

Wrignt=McLaughlin Engineers

FINAL UNIT COST USED:__$LZ5/acre (M/HONING SOILS: MINI~BORDER SYSTEM)




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

Lond Treatment/Formylation Phase: _2 Sub - ltem:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS e NGt B
FORREOLUMN #: 26 o6 WO i o
TTEM: Tile - Cardington-Benni i s :

rdington=-Bennington Soils By BT oaTe . 9-18-72

A, Cost Type: Capital Cost X Operation & Maintenance (0gM)
B. General Component Heading:

Transmission Facilitles Irrigation System

Storace Reservoirs Drainage X

Land Treatment Site Miscellaneous ’
C. Cost ftem: Tile - Cardington-Bennington Colunn: 26

Hame Soils

COMPUTATICN:
CARDINGTON-BENNINGTON SOILS ~- CORN

Use appiication rate of 75'"'/yr.

Spacing = 20'
” e
Total tength = 22 (799 < nig0 1 ¥,
Total cost of tile (-180') = §LBO/acre
Add $70/acre for collectors,
structures, etc. = §$_/0/acre
$550/acre
Deduct 107 for existing tiles= =~ 55/acre
sl95/acre

ERPL R e Net cost/acre = $L95/acre

See avove: Tile ~osts are based on agri-uitura -osts in i972 as
determined by survey and major checking w/Agricultural
Engineers, in luding severa, at Ohio State University,

REFENLNELS :
Donald .. Miles - Agriculturai Extension Agent for (olorado
Wright=Mc'.aughiin Engineers

FINAL UNIT COST USED: $495/acre (CARDINGTON-BENNINGTON SOILS==CORN)




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

Lond Treatment/Formulation Phase: 2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEETMD .} g
FOR COLUMN #: 26 JOB NO. 712 -70
ITEM: Ti'e - Cardington-Bennington Solls--Hay & Pasture gy __RLT  pate_9-18-72
A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities : Irrigation System

Storage Reservolrs Drainage X

Land Treatment Site Miscel laneous
C. Cost Item: Tile - Cardington=-Bennington Colunn: 26

Nare Solls
f

COMPUTATION: i
CARDINGTON-BENNINGTON SOILS=-=HAY & PASTURE i

Use application rate of 50''/yr.

s Spacing = 30' t
' lLength = ;g% (09) . 1450 1.7,

Total cost of tile (1450') a  $320/acre
1 Add $70/acre for collectors,
| structures, etc. = § 70/acre
$390/acre
Deduct 10% for existing tiles = = LO/acre
Net cost/acre = $350/acre
i EXPLANATION:
% See sbove: Tile costs are based on agricultura' costs in 1972 as
i determined by survey and major checking w/Agricul tural
| Engineers, including several at Ohio State University,
¥
£
- :
REFERENCES :

Donald I.. Miles = Agricultural Extension Agent for Colorado
Wright=MclLaugh!in Engineers

FINAL UNIT CQST USED: $350/acre (CARDINGTON=BENNINGTON SOILS-=HAY & PASTURE)




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

Lond Treatment/Formulation Phase: _2 __ Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. % oF 6
FOR COLuMN #: 26 JOB NO. 712 -70
ITEM: Tile -Cardington-Bennington Solls--Composite Cut-of- .. RIT oaTe 9-18-72
Basin

A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transrmission Facilities trrijation System

Storage Reservoirs Drainage X

Land Treatment Site Miscellaneous
C. Cost (tem: Tile = Carding}on-eennfqggpn Column: ’6

Mame Soils

COMPUTATION:

CARDINGTON=-BENNINGTON SC11.S~=COMPOSITE OF WESTERN i AND AREAS

Mini-border 5% = .05(350) = $ 18/acre
Hay & rasture 30% = .30(350) = $105/acre
Corn (pivot rigs) 657 = .65(495) - $327/acre

TCTAL  SLLS/acre

EXPLANATI0::

See above: Tile costs are based on agricultural costs in
~s determined by survey and major checking w/!gricultura!
Engineers, including several at finio State University.

REFERENCES:

1972

Donald |.. Miles = Agricultural Extension Agent for Colorado

Wright=McLaughlin Engineers

FINAL UNIT COST USLOD: 5445/acre (CARDINGTON=BENNIMNGTON 5011.5=-=COMFOSITE)

i




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

Lond Treatment/Formulation Phase: _2____ Sub - Item:
UNIT COST COMTAINED IM DETAILED COSTING SHEETS SHEETNO._ 5 _ofF___6
FOR COLUMN #: 26 JOB NO. 712 - 70

1Ten, T1le- Cardington-Bennington Sofls=-=Mini-Border System 5, RLT oaTe 9=18-72

A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs Drainage

tand Treatment Site Miscellaneous
C. Cost ltem: Tile=- Cardington-Bennington Column: 26

Name SoTls

COMPUTATION :

CARDINGTON-BENNINGTON SOILS--MINI-BORDER CONCEPT

Use 30' spacing.
Same as Hay & FPosture.

EXPLANATION:

See above: Tile costs are based on agricultural costs in 1972 as
determined by survey and major checking w/Agricul tural
Engineers, Including severa) at Ohio State University.

REFERENCES :

Donald L. Miles - Agricultural Extension Agent for Colorado
Wright-Mcl.aughlin Engineers

FINAL UNIT COST USED: _$350/acre (CARDINGTON=BENN INGTON SOILS-=MINI-BORDER CONEEE[)




Lond Treatment/Formulation

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

Phase: _2 __ Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS SEETHD b op- &
FOR COLUMN #: 26 JOB NO. 712 -70
ITEM: Tile = Chill Salls gae L RUT paTE _9-18-72
A. Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:
Transmission Facilities Irrigation System
k Storage Reservoirs Drainaae X
Land Treatment Slte Miscellaneous
C. Cost Item: Tile = Cnili Solls Column: 26
Name
COMPUTATION:
CHILI SOILS
Use application rate of 60''/yr.
Use spacing of 60' @ 5%-foot depth
Length = ﬁifgég = 726 fit:
Cost of L' Tile (776') = $790/acre
/+dd $90/acre for collectors,
structures, etc. = $_90/acre
TCTAL.  $380/acre
EXPLANATION:
Al' of tne Chiii soils may not require tile drainage, depending

REFERENCES @

crenTREER .

FIZAL UNIT COST USED:

on the topography. For example, on steep terrain tiie drainage
may be iimited to the low-lying iands.

Tab'e Ill, Practica!l
t lastic Subsurface Drains, by Lyman ..
with Dr. Willardson,

Installation of Clay, Concrete and (orrugated
Willardson. Also conversation

$380/acre (CHILI SCILS)
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Phase: < Sub - Item:

Lond Treatment/Formulation

UNIT COST CONTAINED IN DETAILED COSTING SHEETS AL SRy A 1
FOR"COLUHN 1 29 JOB NO. 71__ -70
VTENR: condul : Cauals g KRW  are 9-16-72
A, Cost Type: Capital Cost X Operation & Maintenance (0&M)
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs Drainage X

Land Treatment Site Miscellaneous
C. Cost Item Column: 27

Name

COMPUTATION:

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

EXPLANATION:

Conduits «il1! be required to convey return flow to suitable discharge points.
Canals will be used where volumes are large. “ydrological studies in western
Ohio show stream regimes to be generally suitable.

REFFRENCES :

Based on evaluation of typical units and topographical maps, and on hydrological
study of streams.

FINAL UMIT COST LSED CAPITAL COST: $25/acre

(Revision as of 1=14-72)
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Loand Treatment/F ormulation Phase: 2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS ’ 2
FOR TOLURN #i 28 HE Sl o o
ITEMT—— Sy P TRy JOB NO. 714 -70
Sludge Management (In-Basin) By _ LAL  pate 9-21-72

A. Cost Type: Capital Cost X Operation & Maintenance (0gM)
B. General Component Heading:

Transmission Facilities lrrigation System

Storage Reservolrs Drainage

Land Treatment Site Miscellaneous
C. Cost Item g -Basin) Column: 28

Name

COMPUTATION:

Costs based upon the storage capacity needed for winter months.
(No costs were included for land or equipment as they are included under
land acquis:iion and treatment costs.)

EXPLANATION:

Slud_e prodiced was converted to gallonage. Use Curve K to obtain cost at
“hat volume.

e

REFERENCES : 1

Wright=McLaughlin Encineers

FINAL UNIT COST USED: se r 0o D rmine Costs of Siud anagen acilities E
In=3asin.
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVEL AND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Ff armulation Phase: 2 Sub - ltem:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SYERT ey L OF 2
FOR COLUMN #: 28 3 J0B NO. 712 - 70
—'E"_’__ﬂmummt_mmmg_m;L BY —LAL _ paTE._9=21-72
A, Cost Type: Capital Cost X Operation & Maintenance (0&M)

B. General Component Heading:

Transmission Facllitjes Irrigation System

et sttty

Storage Reservolrs Drainage
Land Treatment Site Miscellaneous
C. Cost Item Sludge Manegement (Strip M.AreasXolumn: 28

Name

COMPUTATION:

EXPLANATION:

Capital Cost for s ludge managem&nt to STRIP MINED AREAS based on:

). Pipeline Easement 5. Distribution Piping

2. Pipeline 6. Trucks

3. Pump Stations 7. Application Equipment
L, sStorage Reservoirs

REFERENCES :

""Bulk Transport of Waste Slurries to Inland and Ocean Disposal Sites,"
Bechtel Corporation, Sept. 1969
Wright-McLaughlin Engineers
FINAL UNIT COST USED: yse Curve L to Determine Cost of Facilities for Sending Sludge to
Strip Mined Areas,
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Laond Treatment/Formulation Phosa:_g_ Sub - Item:

UMIT COST CONTAINED IN DETAILED COSTING SHEETS
SHEET NO. 1 oF 1

FOR COLUMN #: 2? s
I TEM: Miscel laneous oY KRW e 9-16-72

O 1

A, Cost Type: Capital Cost X Operation & Maintenance (0&M) 4

B, General Component Heading: ¥

Transmission Facilities Irrigation System |

Storage Reservoirs Crainage |

Land Treatment Site Miscellanevus X 3

C. Cost ltem Miscellanequs Column:__ g }

Name

COMPUTATION:

Computed at 5 percent of irrigation & drainage capital costs. (Cols. 23 thru 27)

EXPLANATION:

Miscellaneous includes capital cost for administration building, monitoring
holes for ground water.al<o outside electrical costs not already included in
other major components and laboratories.

REFERENCES:

Wright=McLaughlin Engineers
Jauer Engineering

FINAL UNIT COST USED: 5 percent of lIrrigation & Drainage Cost (Cols., 23 thru 27) ‘
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; CURVE €
OCE, FIGURE 21-14
C-SELM, BAUER
(WME CAPITAL COSTS - COLS. 14 & 15)

DEPTH =750
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CURVE C

DEPTH =250

/ "l

TOTAL COST OF DROP SHAFT - $1,000,000'S

: 0
! 1000 2000 3000 4000 5000
{ DROP SHAFT CAPACITY (CFS)
| 7y 9
| 1 - | | | ]
4 Ti 12° 15 18" 20"

DROP SHAFT DIAMETER
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY : 3
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

2

. Land Treatment/Formulation Phase' _ £ Sub - ltem:
3 4 UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO._ | OF 1
v FOR COLUMN #: 1-6 OB NO- 712 70
ITEM: UBasic Data sy _GGR DATE L 9520272
A. Cost Type: Capital Cost Operation & Maintenance (0&M) X
3. General Component ‘leading:
E Transmission Facilities Irrication System
Storage Reservoirs Drainage
Land Treatment Site Miscel laneous
C. Cost Item: 3asic Dzta (Used in Costing) Column: 1-6
Name

The basic data shown in columns 1-6, as well as the costs comy.iled :
under the Capital Costs Section contained he:rein, were used to |
determine the various Operation and Maintenance unit costs which
follew in this 0&£M Costs Section.

. (See Capital Cost Sheet covering columns 1-6 for explanation of ;
individual column items.) ]




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

Lond Treatment/Formulation Phosa:_z,_ Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS

SHEET NO. !

FOR COLUMN #: 7-11 JoBNO. 712 -70

ITEM: Treatment (In Plants or Aerated Lagoons) gy __GGR DATE _9-20-72
A. Cost Type Capital Cost Operation & Maintenance (OgM) X
B. General Component Heading:

Treatment Facilities X Irrigation System

Transmission Faclilities Drainage

Storage Reservoirs Miscel laneous

Land Treatmen: Site

C. Cost Item: Treatment (In Plants or column: 7=11
Aerated Lagoons)
Name

COMPUTATION:

All 08M costs for sewage treatment plants are supplied by
Havens & Emerson except those for Aerated Lagoons.

(See the computation sheets for Column 10 - Aerated Lagoons,
which follow.)

Aerated Lagoons were used for 3 plants in Plan 9A and all
plants in Plan 12,

EXPLANATION:

REFERENCES :

Havens & Emerson - Secondary, Tertiary and Advanced Wastewater
Treatment Plant Costs

Wright-McLaughlin Engineers - Aerated Lagoon Costs

FINAL UNIT COST USED: All costs supplied by Havens and Emerson except &8s in
Plans 9A & 12
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formylation Phose: _ 2 ___ Sub - Item:
UNIT COST CONTALHED 1 OCTAILED COSTING SHEETS SHEET NO. ) oF__ 3
FOR COLUMN :: 10A (Treatment) JOBIND. 7R -70
LTEmM: Aerated Lagoons - Power By — A8 pate._9-20-72
A. Cost Type: Caplitul Cost Operation & Maintenance (0EM) X
B. General Component licading:

Transrission Facillties Irrigation Svster

Stcrage Reservoirs Druinage

Land Treatment Site Miscellaneous
C. Cost Iterm: Aerated Lagoons - Power Column: 10A

Hame

COMPUTATION:

For oth IN-BASIN and OUT-OF-GASIN:

$7,550 x Total ..DF (MGD)

Note: For Plan 9A, 3 plants which were costed individually have
aerated lagoons; these costs were included in land treatment
costs. In Plan 12 all plants were costed wi:1 aerated lagoons

EXPLANATION:

Power costs for aeration include nixing and oxygen transfe.,
W-ME computed detailed horsepower requirements.

i ADRIL ‘"f“’:'.",iey
B jwr.EUwLL Lbi

REFERENCES :
Wright=MclLaughlin Engineers

FINAL UNIT COST USED: $7,550 x Total ADF (MGD)

NOTE: For Plans 9, and 12 only.
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY X
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatmen ttibosmulation Phon:,_z___ Sub « Item:
UNIT COST CONTAINEC IN DETAILED COSTING SHEETS SHEET NO._2 _OF__3_
FOR COLUMN #: 108 (Treatrent) JOBNO. 712 -70
ITEM: Aerated Lagoons - Maintenance and Labor gy _ HAB DATE 9-20-72
A. Cost Type: Capital Cost Operation & Maintenance (0sM) X
B. General Component Heading:

Transmisslon Facilities Irrigation System

Storage Reservoirs Drainage

Land Treatment Site Miscellaneous
C. Cost ltem: Aerated Lagoons - Maint. & Column: 108
Name Labor

COMPUTATION:

3% of Capital Cost

Note: For Plan 9A, 3 plants which were costed individually have
aerated lagoons; these costs were inciuded in land treatment
costs., In Plan 12 all plants were costed vith aerated lagoons,

EXPLANATION:

Typical maintenance and labor flgures based on W-ME experlience
were also used for comparison.

REFERENCES:

Wright=McLaughlin Engineers

FINAL UNIT COST USED: 3% of Capital Cost
NOTE: For Plans 9A and 12 only.
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatmant/Fermulation Phase: __2 Sub - lrem: 3
o UNIT COST CONTAINED iN DETAILED COSTING SHEETS AT L
. FOR COLUMN #: 10C (Treatment) oA
__|TEM; Chlcrinaticn - Aerated Lacoons - Maint. & Labo- BY HAB  pare 9720-72
(Power Negln:l)le’
A. Cost Type: Capital Cost__ Operation & Maintenance (0&M) X :

B. General Conponent Heading:
Transmission Facilities_

p——

Irrigation System

O

s Storage Rescrvoirs Ry Drainaqe
3 Land Treatment Site PR ] Miscellancous
€. Cost ltem:‘ Chlorination-Aer_ated Lagoons Colurmn: 10C ;
s e |
COMPUTATION:
In-Basin $3,650 x Totel ADF (MGD)
F Out-cf-Basin $2,500 x Total ADF (MGD)
i Note: For Plan 9, 3 plancs which were costed individially have
aerated lacoons; t'iese costs were included in land trea.ment f
costs In Plan 12 all plants we:e cos.ed with aerated lagoons.

EXPLANATION :

OCE and A6E curves for O8M were used to «r-ive at these two
conversions. The Ou -of-Basin unit costs are less decause
larger systems are used

¥
Vil J . NN
"""--t.‘.u*,:- t—oi/‘.’ :
; REFERLNCES: T i
A davens and Emerson
i OCE
e
{
|
4 FINAL UNIT COST USED: $3,A50 x Total ADF_(MGD), In-Basin 1

B $2,500 x Total ADF (MGD), Out-of-sasin

NOTE: For Plans 9A and 12 only.
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WASTEWATER MANAGEMENT SURVEY SCOPE $TUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

> Lond Treatment/Formulation Phase: _2 Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS AP T
FOR COLUMN #: 13A so8 no. 712 .70
{\TEM; Pump Station -- Power ay __HAB oave 9-21=72

?' A. Cost Type: Capital Cost Operation § Maintenance (0OEM) X ]
: B. General Component Heading:
Transmission Facilities X Irrigation System
Storage Reservoirs Drainage {
Land Treatment Site Miscellaneous ;i
C. Cost Item: Pump Station -- Power Column: 13A
Name
COMPUTATION:

No In-Basin facilities

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

EXPLANATION:
Cost is based upon TDH of 100'.

Basic data ($.0121/kwhr and 65% wire to water efficiency used to pro- ]
vide costs consistent and comparaole (o costs provided by HEE.)

As a check, the main:enance and labor was added to the power and
¥, compared to annual 0&M costs for pumping stations as provided by
+F6E. The .otal W-ME O&M costs were also checked against OCE curves.

REFERENCES:

$.0121/kwhr and 65% wire o water efficiency ~= Havens & Emerson
Curve for Annual Power Costs by Wright=-McLaughlin Engineers

ADF - computed by W-ME and HEE

TDY = W-ME computations for individual plans

FINAL UNIT COST USED: _$2,100 x total ADF_(MGD)




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

Lond Treatment/Formulation Phase: _2  Sub - Item:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS PO A
FOR COLUMN #: 138 JoB NO. 712 -70
ITEM: PUMP STATION - MAINTENANCE AND LABOR oy _HAB [ e 9/21/72

A. Cost Type: Capital Cost Operation & Maintenance (0&M) X

B. General Component Heading:
Transmission Facilities X Irrigation System
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous

MAINTENANCE AND LABOR
C. Cost Item EXCLUDING POWER Column: 138
Name

COMPUTATION: FOR OUT-OF-BASIN PUMP STATIONS . . . « . 5% of Capital Cost

EXPLANATION: For annual malntenance and labor costs of pump stations, excluding power,

5% of the capital cost was used. This was obtained from expenses for
glven sized plants in Colorado based on past experience. As a check,
maintenance and labor costs were added to power costs and compared to

annual total U&M costs for pumping stations as defined by Havens and
Emerson.

REFERENCES: See Sheet 1 of 2.

FINAL UNIT COST USED: 5 Percent of Capital Cost




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

Lond Treatment/Formulation Phase: _ _2 — Sub - Item:
i; UNIT COST CONTAINED IN DETAILED COSTING SHEETS ] |
. SHEET NO. OF
4 FOR COLUMN #: 14, 16 and 24 OB O, 7'3__70
. ITEM: Force Main, Drop Shaft, Tunnel - Maintenance § Labor py __HAB paTe 8-20-72
A. Cost Type: Caplital Cost Operation & Maintenance (9sM) X
B. General Component Heading:
Transmission Faclilities X Irrigation System X
Storage Reservoirs Dralnage
Land Treatment Site Miscellaneous

C. Cost Item: Force Main, Drop Shaft, Tunnel Column: 14, 1€ and 24
Name

TR

COMPUTATION:

) 1/2% of Capital Cost

EXPLAKNATION :
The 1/2% rate was obtained from Havens & Emerson. Tnis percen:age

was used for force mains, drop shafts, and tunnel costs in order to
provide costs consistent and compareole to costs oy Havens & Emerson.

REFERCNCES:

Havens & Emerson

FINAL UNIT COST USED: 1/2% of Capital Cost




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

i Lond Treatment/Formulation Phase:__2 _ Sub - Item:
E — UNIT COST CONTAIMED I DETAILED COSTING SHEETS sheerno._l _oFf 2
FOR COLUMN #: 15A JOB NO. 712 .70
ITEM; Secondary Pump Plant - Power gy _HAB oATE . 9=21=72
b A. Cost Type: Capltal Cost___ Operation & Maintenance (0N&M) X b
B. General Component Heading:
h‘ Transmission Facllities X s Irrigation System
Storage Reservoirs Drainage
B Land Treatment Site Miscellaneous
E 4 C. Cost ftem: Secondary Pump Plant ~Power Column: 154
Name

COMPUTATION:

In-Basin = $5,550 x Total ADF (MGD)

OQut-of-Basin = $15,000 x Total ADF (MGD)

S\ 1 ] - a\J i i
| P JK fu'\ 2 S Ll Si S D we 4 €
-

EXPLANAT 10N: ~
In-Basin TDH = 265 ]
OQut-of-Basin TDH = 720! 3

Basic data ($.0121/kwhr and (5 wire to water efficiency)used o
provide costs consistent and comparasle co costs provided »y HE. $

As a check, the maintenance and la,or was added to the power and 1
I compared o annual OtM costs for puping stations as provided oy
HLE. The .otal W-ME O&M costs were also checked against OCE curves.

REFERENCES: :
$.0121 /kwhr and 5% wire to water efficiency =~ Havens & Emerson i

Curve for Annual Power Costs by Wrighi~MclLaucalin Engineers ]
ADF - computed by Wrigh:=McLaughlin Encineers and i{avens & Emerson
TOH - Wright=McLaughlin Engineers computations for individual plans

FINAL UNIT COST USED: $5,550 x Tota! ADF (MGD), In=Basin

(2 $15,000 x Total ADF (MGD), Out~of=-Basin
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lvd Treatment/Formulation Phase:_2 _ Sub - ltem:
UNJT COST CONTAINED IN DETA LED COSTING SHEETS SiEETND. P oF 2
FOR COLUMN #: 15p 08 NO. 712270
ITEM: Secendary Pump Plant = Maintenance and Labor py _HAB __ pate 9-21-72
A. Cost Type: Capital Cost Operation & Maintenance (08M)__ X
B. General Component Heading: -

Transmission Facillitles X Irrigation System 4

Storage Reservoirs Drainage

Land Treatment Slte Miscellaneous
C. Cost ltem: Seconda ump Plant = 2 Column: 158

Name & Lebor

COMPUTATION:

For In-Basin Pump Stations . . . . . . 5% of Capital Cost

For Out-of-Basin Pump Stations . . . . 3% of Capital Cost

d

P

BEST AVAILABLE COPY

t

v

EXPLANATION:
For annual maintenance and labor costs of pump stations, excluding

power, 5% of the capltal cost was used for In-basin stations and

3% of the capltal cost for stations out-of-basin, This was obtained
from expenses for glven sized plants in Colorado based on past
experience. As a check, maintenance and labor costs were added to
power costs and compared to total annual O8M costs for pumping
stations as defined by Havens and Emerson, Out-of-Basin costs are
less because the pump station capital costs included shafts and
other related items which would have an 0sM of approximately

1/2% x capital,

REFEREMCES:
See Sheet 1 of 2.

FINAL UNIT COST USED: 5% of Cepitel Cost, In-Basin
34 of Capital Cost, Qut-of-Basin
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phase: 2 Sub - ltem:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO.—_L_OF B
FOR CCLUMN #: 17 joBNo. 712 .70
ITEM: Reservoir - Maintenance & Labor By —HAB _ pare _9-20-72
A. Cost Type: Capital Cost Operation & Malntenance (0&M) X
B, General Component Heading:

Transmission Facllitles Irrigation System

Storage Reservoirs 7 Drainage

Land Treatment Slte Miscellaneous

C. Cost ltem: Reservolir - Malntenance & Labor Column: 17

Name

COMPUTATION:

1/2% of Capltal Cost

EXPLANATION:

Based on O8M cost for force mains end shafts plus genera! experience

with similar type reservoirs,

REFERENCES :
Wright=McLaughlin Engineers

FINAL UNIT COST USED: 1/2% !




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

Lond Treatment/Formulation Phase: z Sub - (tem;
AILED COSTING SHEETS ~ sueerno.—! oF !

FOR COLUMN #: 18A - Powe:; 188 - Maintenance & Labor J0B NO. 712 .70
ITEM: Aeration sy __HAB pATE 9=21-72
A. Cost Type: Capital Cost Operation & Maintenance (0&M) X
B. General Component Heading:

Transmission Facllities ‘ Irrigation System

Storage Reservoirs Drainage

Land Treatment Site Miscellaneous

C. Cost Item: Aeratlon - Power/Maint.s Labor Column: 18A and 188
Name

COMPUTATION:
For Plans 9A and 12
In=Bas!in
Power = $20 x Storage Reservolir Yolume In MG

Malntenance and Labor:
$20 x Storage Reservolr Volume In MG

Out=of=-Basin and In reservoirs for storswater runoff in-basin
there is no aeration of storage reservoirs.

EXPLANATION:

In-Basin, Plans 9A and 12 -- Power was determined by W=ME.

REFERENCES :

Wright=McLaughlin Englneers

FINAL UNIT COST USED: $20 x Storage Reservoir Volume In MG for Power and

20 orage Reservoir Volu | for | [ § Labor
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— WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
! CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

: Loand Treatment/Formulation Phose. 2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO._ ! oF !
FOR COLUMN #: 198 JOB NO, 712 -70
ITEM: chlorination-Maint. & Labor (Assumes Power Cost py. JHABL Cro, o sBeDlal
Neglligible)
A. Cost Type: Capital Cost Operation & Maintenance (0&M) X
8. General Component Heading:
Transmission Facilities Irrigation System
Storage Reservoirs X Drainage
3 Land Treatment Site Miscellaneous
;5" C. Cost |tem: Chlorination Column: 193
p 4 Name S
COMPUTATION:

Effluent to storage reservolrs to land site ‘reatment:
$1,825 x Totai -DF (MGD)

E e ko B 3 B " B % £°8 ‘.;
- 4 ;a (7 Gyl ghisd p el ¥
:. i b } R Y S AR e W IR i
EXPLANATION:
. This Is 1/2 of the H&E and OCE chlorination 0&M costs as the
g chlorine treatment concentration is less than i/2 requlired for
secondary treated sewage. This cost is equivalent to taat used
y by Bauer Engineering.
REFEREMNCES:

CCE
Bauer Engineering

-é

FINAL UNIT COST USED: _$1,825 x Total ADF (MGD)




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

Lond Treatment/Formulation Phase:_2 __ Sub - ltem:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS e e | o 1
FOR COLUMN #: 20 and 27 (Col. 21 Cost was dropped) JoB NO. 71.2 .70
I TEM: Purchase & Relocation; Site Preparation e W=ME e 9~22-72
A. Cost Type: Capital Cost Operation & Malntenance (08M)__ X _
B. General Component Headlng: [

Transmisslon Faclilitlies Irrigation System

Storage Reservolrs Drainage

Land Trsatment Site X Miscel laneous
C. Cost Item: Pyrchase § Relocatlon; Site Column: 20 and 22

Name Lrep,

THERE ARE NO OPERATION AND MAINTENANCE COSTS FOR THE FOLLOWING:

Component Column
Land Treatment Site
Purchase and Relocation 20

Site Preparation 22

At

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

Lond Treatment/Formulation Phase: 2 ___ Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO._1__ OF 2
FOR COLUMN #: 23A JOBNO. 712 -70
llﬁu'. Eum Stltion - Power BY HA! DATE 2"2"22
A. Cost Type: Capital Cost Operation & Maintenance (0&M) —
B. General Component Heading:

Transmission Facilities Irrigation System X

Storage Reservoirs Drainage

Land Treatment Site Miscellaneous
C. Cost item: Pump Station ~ Power Column: 23A

Name

COMPUTATION:

In=Basin = \Wastewater: 518 x acres
Separate Stormwater: $36 x acres

Qut-of-Basin = $[6 x acres

EXPLANATION: In-Basin
wastewater - TDH = 150'
Average application rate = 75"
Stormwater - TDH = 150'
Average application rate = 150"
Out-of-Basin
TOH = 150"
Average application rate = 66'

Basic data ($.0121/kwhr and 65% wire to water efficiency)used to
provide costs consistent and comparable to costs provided by HEE.
The total W-ME 08M costs were also checked against OCE curves,

REFERENCES:
$.0121/kwhr and 65% wire to water efficliency - Havens & Emerson

ADF computed by Wright-McLaughlin Engineers and Havens & Emarson
TOH - Wright=McLaughlin Engineers computations for individual plans

FINAL UNIT COST USED: In-Basin Westewater - $i8 x acres
6

Out=of-Basin = $16 x acres




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

Lond Treatment/Formulation Phase: _2 Sub - ltem:
UNIT COST CONTAINED IN DE.AILED COSTING SHEETS SHEETNDL--2 - gl 2

FOR COLUMN #: 238

JOBNO. 71_ -70

ITEM: Pump Station - Maintenance and Labor

A. Cost Type: Capital Cost
B. General Component Headlng:
Transmission Facilities
Storage Reservoirs
Land Treatment Site

C. Cost Item: Pump Station - Maintenance &
Name Labor

COMPUTATION:
For In=-Basin Pump Stations .

For Out=of-Basin Pump Statlons

EXPLANATION:

py W-ME__ pure 9-21-72

Operation & Maintenance (06M) X

Irrigation System X

Drainage
Miscel lancous

Column: . 238

« « o« 5% of Capltal Cost

o o « 3% of Capltal Cost

For annual malntenance and labor costs of pump stations, excluding
power, 5j of the capital cost was used for in-basin stations and

3% of the capital cost for stations out=of-basin, This was obtained
from expenses for given sized plants in Colorado based on past
experience. As a check, meintenance and labor costs were added to
powar costs and compared to total annual O¢M costs for pumping
stations as defined by Havens and Emerson,

REFERENCES:
See Sheet | of 2,

FINAL UNIT COST USED: 54 of Capital Cost In=Basin
3% of Capital Cost Out-of-Basin

R TRee o




3 i WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
g | CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA
|
> Lond Treatment/Formulation Phase: _2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET NO. ) __ OF 1 i
£ 25 JOB NO. 712 - 70
ITEM: Equipment and Distribution Piping = Maint, & Labor BY HAB _ pate 9-21-72
3 A. Cost Type: Capital Cost Operation & Maintenance (0gM) X i
8 B. General Component Heading: 3
- Transmission Facilities Irrigation System X 3
3 Storage Reservoirs Drainaqe
Land Treatment Site Miscellaneous
C. Cost Item: Equipment and Distribution Column: 25
Mame PTpThg
R COMPUTAT I 0il:
In-Basin = SL4/acre 3

OQut=-of-Basin = $10/acre

e T s

EXPLANATION:
Mini-border system used in-basin and some solid set system.
Both would have same maintenance and labor costs.,
The $10 rate reflects an increase due to higher labor and 1
maintenance on pivot sprinklers, B
REFERENCES::

bonald L. Miles - Agricultural Extension Agent for Colorado |
Wright=McLaughlin Engineers

FINAL UNIT COST USED: $h/acre In-Basin

10/acre Cut~of-Basin
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY |
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA |

Lond Treatment/Formulation Phase: 2 ___ Sub - ltem: ;
UNIT COST CONTAINED IN DETAILED COSTING SHEETS SHEET No.__1 __OF 1 ;
FOR COLUMN #: 26 JOBNO. 712 -70 |
ITEM: Tile - Maintenance and Labor By __HAB DATE _9-21=72 |
A. Cost Type: Capital Cost Operation & Maintenance (0&M) X |
8. General Component Heading: |

Transmission Facilities Irrigation System |

Storage Reservoirs Dralnage X

Land Treatment Site Miscellaneous 5%
C. Cost ltem:_ Tile - Malntenance and Labor Column: 26 4

Name ;

COMPUTATION:
In-Basin = $h/acre
Out-of-Basin = $4,50/acre

EXPLANATION: . 4
Msintenance is approximately 1% of Capital Cost.

REFERENCES :

it aias O

Donaid L. Miles ~ Agricultural Extension Agent for Colorado
Wright-McLaughlin Engineers

i
k

FINAL UNIT COST USED: |Jn-Basin = $L/scre i
Out-of-Basin ~ $4,50/acre A
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY

’ CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA
* Lond Treatment/Formulation Phase: 2 Sub - Item:
UNIT COST COMTAIMED IN DETAILED COSTING SHEETS SHEET NO.__ ) oF ]
FOR COLUMN #: 27 J08 NO. 712 - 70

ITEM: dul ts Is = M KRW 9-16-7
Condults and Canals alntenance § Labor v oxTE . 9=16=72

A. Cost Type: Capital Cost Operation & Maintenance (0gM) X
B. General Component Headlng:

Transmission Facilities irrigation System

Storage Reservoirs Drainage X

Land Treatment Site Miscellaneous
C. Cost ltem:  Conduits and Canals Column: 27

Name
3 COMPUTATION:

Cost of construction will be an average of $25/acre over and above
drainage unit costs,

Maintenance and lLabor cost for conduits and canals will be $2/acre.

EXPLANATION:

Condults wil) be required to convey return flow to suitable discha-ge
points. Canals will be used where voiumes are large. Hydrologlcal
studies in western Ohio show stream regimes to be generally suitatle
: Based on evaluation of typical units and topographical raps, and on
K hydrological study of streams.

REFEREMCES:
Wright=McLaughlin Engineers

FINAL UMIT COST USED: acre
Revision &8s o =
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treoment/Formulation Phase: 2 Sub - Item:
et e

l UNIT COST CONTAINED IN DETAILED COSTING SHEETS aimErve. .l or 1

FOR COLUMN #: 28 so8No. 712 -70
TTEH: "Sludge Management (Includes Power Cost) HAB _ [aye_9-21-72

BY ]
A. Cost Type: Capital Cost Operation & Malntenance (0&M) X
B. General Component Heading: ,
Transmission Facllities Irrigation System 4
Storage Reservoirs Drainage
Land Treatment Slite Mliscellaneous
3
C. Cost Item:_Sludge Management (Includes Column: 28 k
Name ower Cost)
COMPUTATION:
In-Basin

No 0&M cost for separate stormwater derlved sludge.
Plans 9A & 12 = $750 x Total ADF (MGD)
A1l other plans = $1200 x Total ADF (MGD)

OQut-of=-Basin
i Plans 9A and 12 = $750 x Total ADF (MGD)
! All other plans = $4LBO x Total ADF (MGD)

EXPLANAT10W:

The $750/MGD is equivalent to $25/ton for aerated lagoons. This was ~3
determined by W-ME based upon the required equipment and sludge dis~ 3
posa) on land within approximately € miles.

The $480/MGD rate Is equivalent to $16/ton which was obtained from :
the Bechtel Report on pipeline sludge disposal to strip mine areas.

The $1200/MGD Is equivalent to $40/ton for In-Baslin combined sludge
disposal.

s

REFEPRENCES :

wWright=McLeughlin Englneers
Bechtel Corporation

FIMAL UNIT COST USED: [In=Basin = $1200 x Tota

‘; In-Basin Plans 2% and 12
Out=-of-Besin - $480 x Total A
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treotment/Formulation Phase: 2 Sub - Item:
UNIT COST CONTAINED IN DETAILED COSTING SHEETS EeT o) aF ]
FOR COLUMN #: 29
TTE? JOB NO. 712_-70
TEM: Miscellaneous - Maintenance & Labor By KRW DATE 9-16=72
A. Cost Type: Capital Cost Operation & Maintenance (0&M) X
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs Drainaqe

Land Treatment Site Miscellaneous X
C. Cost Item: Miscellaneous = Maint, & Labor Column: 29

Name

COMPUTATION:
Compute OsM as 107 of capital cost of this item,

EXPLANATION:
Miscellaneous includes capital cost for administration building,
monitoring holes for ground water, also outside electrical costs
not already included in other major components and laboratcries,
REFERENCES:

Wright=-McLaughlin Engineers

FINAL UMIT COST USED: 104 of Capital Cost as computed for Miscellaneous in

Column 29
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WASTEWATER MANAGEMENT SURVEY SCOPE STUDY
CLEVELAND - AKRON METROPOLITAN AND THREE RIVERS WATERSHED AREA

Lond Treatment/Formulation Phase: __2- Sub - Item:

UNIT COST CONTAINED IM DETAILED COSTING SHEETS |

SHEET NO. or__!
FOR COLUMN #:

e Ty JoB NO. 712 - 70
ITEM: gency gy _KRW paTed-16-72

A, Cost Type: Capital Cost X Operation & Maintenance (0&M)
6. General Component Heading:
Transmission Facilities Irrigation System
Storage Reservoirs Drainage
Land Treatment Site Miscellaneous

————

C. Cost ltem Contingency Column:
Name

COMPUTATION:

1. A 20-percent contingency allowance will be added to the total cost estimate
to allow for uncertainties.

2. An additional 5-percent will be added for engineering and design.
3. An additional 5-percent will he added for supervision and admiristration

Total contingency added is 30 percent to capital costs.

EXPLARAT 10N : PLLT AYIZ1L ADI
DL A f.*"r*:ii.i*“i)i.E COPY

REFERENCES: \Viastewater Management Progrem, ''Study Procedure'' by G.C.E dated May i, 1972,

FINAL UNIT COST USED: CAPITAL COSTS - 30%




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

Lond Treatment/Formulation Phase: 2 Sub - Irem:

UNIT COST CONTAINED IN DETAILED COSTING SHEETS \
SHEET NO. OF
FOR COLUMN #: =- o8 NO. 712 - 70

I TEM: Contlnggcy 8Y KRW DATE 9_:6_72
A, Cost Type: Capital Cost Operation & Maintenance (0&M) X
B. General Component Heading:

Transmission Facilities Irrigation System

Storage Reservoirs Drainage

Land Treatment Site Miscellaneous

C. Cost Item Contingency Column:
Name

COMPUTATION:
|. For OgM, & 20% contingency will be added for uncertainties and

overhead/sdministration, and control operations. (No E&D or S&A
added to 0&M)

EXPLANATICN:

REFERENCES: Wastewater Management Program, ''Study : rocedure, ' by OCE dated
May 1, 1972

FINAL UNIT COST USED: OgeM Costs - 20
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SECTION |11

FARM MANAGEMENT TECHNIQUES

OPERATION AND PERFORMANCE OF LAND TREATMENT SYSTEMS

Farm management varies from soil to soil. For optimum performance the
management techniques must be specifically designed and operated to meet the
physical and environmental constraints peculiar to each location,

Farm management for the Mahoning-Ellsworth soil association would utilize
the overland-flow/infiltration method for both municipal/industrial wastewater
and separate storm runoff.

Q_ On Chili soils, spray irrigation would be employed with center-pivot
rigs and solid-set sprinklers.
The Western Land Treatment Area, which accounts for the major portion

of irrigated lands in Plan C, is located on Cardington-Bennington soils,

where center-pivot rigs and solid-set sprinklers would be used. The Western

Land Treatment Area is shown in Figure |1-2,

WESTERN LAND TREATMENT AREA CROPS AND APPLICATION RATES

To enable farmers to maintain the current practice of growing 30 to
L0 percent corn, farming would be done in circular strips whenever the
center=-pivot irrigation rigs were used. Alternate strips of Reed Canary

grass and corn would form concentric rings approximately 14 feet wide. This

width would accommodate modern machinery and allow six rows of corn at 30-

inch spacing, although the row spacing is not critical.

: o Within the irregular areas between the center=-pivot irrigation rigs,
% solid-set irrigation systems would be used. |t is contemplated that Reed

{ # Canary grass would be grown in these smaller irregular areas,.
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Several patterns of corn-to-grass crop rotation would be possible
under the center=-pivot irrigation rigs.

For example, the grass strips could be maintained for three to ten
years, after which they would be plowed under and planted in corn. The
old corn strips would be planted in grass during the preceding autumn.

This method would requiré lower than average irrigation rates until approx-
imately the first cutting, to allow new grass to become established. The
reduct ion, however, would not significantly diminish the annual capacity of
the land treatment area, since 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 Canary grass
over the entire area using a desiccant to retard growth of the grass in the
corn strips from spring to early fall. The grass would reassert itself in
the fall and become the grass strips in the following year. Corn would be
planted in the spring, on the preceding year's giass strips after the desic-
cant was applied, resulting in a no-tillage type of farming.

One of the desiccants used would be Paraquat, which is non-selective
when applied at very high rates. At lower rates It kills annual weeds and
grasses while preventing growth of perennial grasses untii later in the
season by acting as a contact desiccant.

Paraquat is subject to very rapid and complete inactivation by the soil.
Therefore, there is no' danger of its moving with the drainage water.
(Herbicide Handbook of the Weed Society of America, Second Edition, 1970).
Low concentrations which might occur in runoff have very little effect on
plant and animal life on land or in water. (Ecological Effects of Pesti-
cides on Non-Target Species, published by the Executive Office of the

President, June 1971).
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Regrowth of the grass before harvest time could be advantageous in
a wet fall, since heavy corn-harvesting equipment could operate in the
fields. During the fall of 1972, some of the corn crop was iost due to
the problem of soft ground making fields Impassable.

Center-pivot irrigation rigs would apply the treated wastewater dir-
ectly only on the grass strips at twice the average application rate, For
the Cardington-Bennington soils in western Ohio on which an average appli-
cation rate of 75 inches per year is proposed, the grass strips would receive
150 inches per year. The spray nozzles would produce droplets having iow
kinetic energy, which wauld limit the dispersion of soil aggregates upon
impact. Grass cover would also prevent soil dispersion on these silty soils.

The center-pivot rigs would make three to four revolutions daily
applying approximately 0.18 inches of water on each pass. This water would
infiltrate long before the next rotation of the sprinkler.

On the area irrigated by the solid-set sprinklers, 75 inches of water
per year would be applied uniformly over the surface. Applications can be \f
scheduled as desired at a rate of approximately 0.25 inches per hour.
Applications of 2.5 inches per week would require ten total hours of
sprinkling at this rate. Applications on these lands couid readily be
increased to 120 inches per vear or more, which provides a safety factor

of significant proportions.

APPLICATION RATES FOR THE THREE SELECTED SOILS

The selection of an application rate for each soil was based on the

parameterms of infiltration rate, permeability, nutrient balance, and re-

novative capacity of the soil,




Infiltration Rate

Details of soil infiltration capacity are given in the Land Treatment

Phase | Technical Appendix. This parameter may become thke limiting condition

for soils with a high silt content in the upper horizon, which is character-
3 istic of both the Chili and Cardington-Bennington soils. Large drops of ]
3 water on the bare soil have a tendency to disperse the soil structure, which
1

reduces the infiltration capacity and forms a thin crust upon drying.
a. Chili soils have a silt content of approximately 60 percent in

the upper two feet. Below this depth, the soil generally
changes drastically to a sand and gravel layer where the
silt content drops to about 18 percent as shown in Table
I1-1 of the Land Treatment Technical Appendix. Deep plowing
to a depth of 30 to 36 inches could overturn the soil profile,
depositing the coarser soil on top. Cénsiderable mixing would
be likely to occur under these circumstances.

b. Cardington-Bennington soils in western Ohio have relatively

high silt contents in the top layer, which gradually diminish
with depth. Reed Canary grass used in conjunction with a solid= .
set irrigation system would avoid the soil dispersion effect of
large droplets on bare soil. Similarly, the center=-pivot irri=
gation rigs can be used successfully with alternate strips of
corn and grass, as discussed above. The infiltration capacity
of the Cardington-Bennington soil was the single most important
constraint governing the selection of the farm management method. 1
| With a total grass crop, the average application rates could be

increased to about 120 inches per year for optimum nitrogen balance. 3
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c. Mahoning-Ellsworth soils have a lower silt content than the

Chili or Cardington-Bennington soil associations, so that the
infiltration rate is dependent not on surface conditions, but
on the sub-surface permeability of the soil. The overland-
flow/infiltration method of irrigation is proposed for the

Mahoning=Ellsworth soils.

Permeability.

The permeability of a soil controls the rate at which percolating water
can reach the tile drain system and the degree of aeration in the root zone,
Detailed drainage analyses have indicated suitable tile spacinas greater than
i those selected in this study. The analyses were based upon computations using

standard agricultural engineering methods, and upon recent Ohio field tests
made on similar soils,

The drain tile spacing in the Western Land Treatment Area is satisfactory
for root aeration of both the corn and the Reed Canary grass proposed See
Land Treatment Phase || Appendix.

The permeability of the Cardington-Bennincton soils varies from 0.63
to 2.0 inches per hour in the plow layer. Beneath this zone, the permeability
decreases to 0.2 to 0.63 inches per hour.

For the Mahoning soils the overland-flow/infiltration method on Reed
Canary grass was chosen. This method simulates the border method (overland
flow) of releasing the water at the upper end of a ten-foot wide strip and
allowing the water to flow by gravity towards the lower end. Any water re-

! maining at the lower end is collected and released to the next lower battery

of borders. For this method, 90 inches per year for municipal/industrial
effluent and 150 inches for storm water were selected. The higher rate for

! storm water was used because of the considerably lower concentration of
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nutrients and BOD. Permeasflity of these soils will per;it complete infil=-
tration of the wastewater through the soil zone, which will result in a
double treatment.

The Chili soils are sufficiently permeable so that this parameter does
not limit any reasonable application rate. For the upper two feet, the
permeability varies from 2.0 to 6.3 inches per hour and increases to more
than 12.0 inches per hour below the C~horizon. The rate of 60 inches per
year was selected on the basis of nitrate leaching potential. This appli-
cation rate is considered conservative, and higher application rates may

be found reasonable after testing.

Nutrient Balance

The subject of nutrient balance is discussed in a separate subsection
beginning on page |11-13. Generally, the application rate is selected
to provide enough nitrogen for optimum crop yields without losing excessive
nitrates by leaching. An allowance should also be made for up to 40 to 50
percent nitrogen loss before plant uptake of nitrogen. Much of this nitrogen
is volatilized. The percentage lost to the atmosphere will depend on the

soil texture, temperature, moisture conditions and acidity,.

Renovative Capacity

The renovative capacity is dependent upon the soil and plants. Too high
an application rate would cause an excess of nitrogen to be carried into the
drainage water. The amount would depend on the type of crop, soil texture,
organic matter in the soil, and other factors. The selection of application
rates equal to 60, 90 and 75 inches per year on the Chili, Mahoning and
Cardington=-Bennington soils, respectively, was based primarily on providing

enough nitrogen to the crops for satisfactory yields while meeting the max-
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imum O.C.E. levels for nitrogen as N of &4 mg/l.

Renovation of wastewater for other pollutants such as phosphorous and
heavy metals is related more to the soil's capacity to store these elements,
although plant uptake is important for phosphorous removal, especially that
which is in the soluble forms.

The renovation of the wastewater for each of the farm management methods

is discussed in detail in the Land Treatment Phase || Abpendix. The return
flow will be renovated to a degree meeting the 1985 effluent goals.
DRA INAGE

Drainage, both surface and subsurface, is of paramount importance to
farmers in Ohio. Artificial drainage helps the farmer to get into the fields
early in the spring and at harvest time during a wet fall and lessens the

possibility of depressed yields resulting from a prolonged rainy period.

The Chili Association

This soi is relatively coarse having a permeability range from 2.0
to 6.3 inches per hour in the A and B horizons. Below this, the soil has
sand and gravel texture with permeabilities in excess of 12 inches per hour.
For an application rate of 60 inches per year, subsurface drainage would
not be required on high ground, but could be limited to the low areas where
the water table is high in the spring. For cost purposes, drains were
assumed to be constructed at a depth of five and one-half feet and spaced
60 feet apart. Shallow wells may be preferable to subsurface drains, espec-

ially for reuse of the renovated effluent.

Cardington=Bennington Association in Western Ohio

This soil association requires subsurface drainage under present con-
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ditions. The drains are placed approximately 36 inches deep at the top of
the glacial till. The drain spacing recommended by the 1965 Ohio Drainage
Guide is 50 to 75 feet for general crops. The permeability of the 'A"
horizo; is from 0.63 to 2.0 inches per hour and diminishes to 0.2 to 0.63
inches per hour in the '"B'" and ''C'' horizons.

Two types of irrigation, the center-pivot and the solid-set systems,
have been proposed for these soils. The large center-pivot irrigation rigs
would be suitable for about 75 percent of the area, and the irregular areas
remaining would be irrigated by the solid-set system. All of the irrigation
would take place on Reed Canary grass.

Irrigation will cease during wet periods, corn planting and during
harvesting periods. When irrigation is interrupted during the planting and
harvesting seasons, the water table will tend to drop to the level of the
drains at about 36 inches. When the irrigation rigs are operating full time,
the phreatic line will fluctuate within a relatively narrow range between
the ground surface and the drains.

The best estimate of the drain system flow-through rate comes from Schwab
and Fouss. Their experimental data for soils with characteristics similar
to the Mahoning soils, documented the performance of a system with a drain
spacing of 40 feet. This drain system discharged, from a saturated profile,
two inches per day. For a 20-foot spacing, as proposed for the Cardington-
Bennington soils, the discharge from the drains should approximately double.
Since the water is to be applied on only one-half of the surface area, eight
inches per day, including rainfalls, would be the theoretical maximum appli-
cation rate for the hydraulic capacity of the soil zone-drain tile system
under saturated conditions. The proposed irrigation rate is approximately

five inches per week on the grass strips. A drainage analysis is presented in
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the Land Treatment Phase |l Technical Appendix.

Mahoning Soils

The method of irrigation proposed for these soils is similar to the
border system still used in the western states. The borders would be ten
o feet wide. Water would be released at the upper end and allowed to run
3 overland through a grass coverto the lower end. All of the water will
infiltrate through the soil column so that there will be no excess at the
lower end.
The permeability of these soils is lower than that of the Cardington-
Bennington soils, ranging from 0.2 to 0.63 inches per hour in the upper foot,
and from 0.063 to 0.2 inches per hour in the next 18 to 24 inches. These
permeabilities are identical to the Fulton soils on which Schwab and Fouss
conducted their experiemnts. In this case, however, the water will be
applied once a week at the rate of about two and one-half inches per week
(90 inches per year) for municipal and industrial effluent, and about four
inches per week (150 inches per year) for storm water. The application time

wi 11 be governed by the infiltration rate and length of run.

CROPPING AND PROJECTED PRODUCTION

The crops currently grown in northern and western Ohio include corn,
soybeans, wheat, oats and hay. |In 1970 these crops represented approximately
32%, 33%, 13%, 7% and 15% of the harvest, respectively. On the Cardington-

Bennington soils, by use of alternating strips of grass and corn, half of

the area under the center=-pivot system would be planted in corn. It is esti=
mated that 75 percent of the area in the western Ohio land treatment site can
be put under a center-pivot system which al lows approximately 35 to 40 percent

of the land to be planted in corn. The remainder would be in Reed Canary grass.
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The overland—flow/infiltration method recommended for the Mahoning=-Ellsworth
{ soil association requires grass for the entire site. For convenience in
estimating crop production, it has been assumed that the Chili soils will
be 70 percent corn and 30 percent grass. With the above assumptions the
values of the crops from the land treatment areas are shown in Table III-1.
TABLE 111=1

SUMMARY OF CROPS, YIELDS AND ANNUAL GROSS INCOME
FOR 2020 FLOWS IN PLAN C

Gross
Unit Gross Total
B Soi l Yield Price Value Value
3 Association Crop Acres(]) Amount Unit ($) ($/Acre) ($1000)
Chili Corn 9,284 160 Bu/Ac 1.50 240,00 2,228
Reed Canary-
# grass 4,000 L T/Ac 50.00 200.00 800
Mahoning Reed Canary-
. grass 6,280 L T/Ac 50.00 200.00 1,256
: Cardington=- Corn 41,300 200 Bu/Ac 1.50 300.00 12,390 3
‘ Bennington Reed Canary-
grass 16,727 5 T/Ac 50.00 250.00 19,182
TOTALS 137,591 35,856 3

(1) Does not include land irrigated by separate storm runoff E
treatment systems. 5

The yields for the crops shown above are based on recommended farm manag-
ment practices. Nutrients will be provided by the wastewater. The unit prices
are based on current (April, 1973) quotes which are now in an upward trend and
higher than the depressed prices received by the farmers a year ago. The
gross annual return per acre amounts to $262, resulting in a net profit of
about $200 per acre to the farmer, disregarding costs of land treatment com-
ponents, The net profit also includes the fertilizer value in the wastewater

effluent which is provided at no cost to the farmer, but has a value of approx-

imately $60 per acre. Without the amount of nutrients provided in the sewage
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effluent, the yields would generally be lower since most Ohio farmers would

not spend more than $40 per acre on commercial fertilizer. Furthermore, com-
mercial fertilizers in Ohio are applied once or twice a year, rather than in
steady daily or weekly doses, which would not provide the nutrients as effi-
ciently as would the steady applications. Sewage effluent also contains other
nutrients in readily available form which are not generally provided in
commercial fertilizers unless a critical deficiency has been indicated by
a county extension agent.

In the future, wastewater renovation ponds and reservoirs may provide
a direct source of cattle feed. The University of California at Davis
has developed and tested a pilot plant which removes algae from these basins
and converts it to a high-protein cattle food. Analyses have shown that the

protein content is comparable to mature alfalfa hay and high quality oat hay.

SALINITY CONTROL

In arid areas of the world, a hazard of irrigation is the salinization
or alkalization of the soil. This hazard is related to the quality of irri-
gation water and to subsurface drainage.

Water quality for irrigation depends on (1) total dissolved solids con-
centration, (2) the proportion of sodium to other cations, and (3) the presence
of special toxic ions such as borate or, for some crops, possibly chloride,
sodium, or bicarbonate. Unfortunately, usual chemical analyses of the
Cleveland shoreline plants' effluent does not include information on elements
such as sodium, potassium, calcium and magnesium. On February 23, 1973, a
sample of the Cleveland Southerly plant was analyzed for the pertinent elements

with the following resul ts:
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Calcium 92 mg/1

Sodium 150 mg/1

Magnesium L.1 mg/1

Potassium 82 mg/1
Total Dissolved Solids 752 mg/liter

Sodium chloride and calcium chloride are used on the streets to melt the
snow and ice in Cleveland. .The snow was melting on February 23, 1973.
The calcium, sodium and total dissolved solids in this sample are higher
than would be normal.

The U.S. Salinity Laboratory uses the sodium adsorption ratio (SAR)
and the electrical conductivity of the water as criteria to evaluate the
sodium hazards of irrigation water. For this particular sample, the elec-
trical conductivity and sodium adsorption ratio is equal to 1175 micromhos/
cm X 106 and 4.2, respectively. A diagram used by the U.S. Salinity Labor-
atory for classifying irrigation water based on the above two parameters
would place this sample into the better quality side of Class £3=-S1. As
far as sodium is concerned, the water could be used on almost all soils
with little danger of accumulation of harmful amounts of exchangeable sodium.
In an arid climate, where conservation of water is necessary, there would be
little surplus water applied which would leach excess salts downward. With
such practices in mind, the U, S. Salinity Laboratory classified this water
as a medium salinity water, which can be used on soils of medium permeability.
They also recommend that plants of moderate salt tolerance should be selected
and that special salinity control management should be used. At the proposed
irrigation application rates of 60 to 90 inches per year, however, salts would
be leached to the drainage system, so that they would not tend to accumulate.
In the moderately humid climate of Ohio, at high application rates and with

the proposed drainage tile spacing of 20 feet the leaching would constitute

=12
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a special management control,

It has been concluded that the Cleveland area wastewater is quite
suitable for irrigation from the standpoint of salinity and the SAR of the
soil.

An advantageous aspect of the land treatment system in Plan C relative
to total dissolved solids is the fact that combining storm runoff with
municipal and industrial wastewater in the Western Land Trsatment Area will
reduce the TDS concentration of the municipal/industrial wastewater and of

the effluent discharged to natural watercourses.

NUTRIENTS

Sewage effluent from an activated sludge plant, or an aerated lagoon,
is rich in nutrients required for plant growth. Typical sewage effluent
in the Study Area contains macro-nutrients such as ni trogen, phosphorous,
potassium, calcium, magnesium and sulphur; and micro-nutrients such as iron,
copper and zinc.

When sewage effluent is utilized in a land treatment program and
applied at a rate of 60 inches or more a year, most of these nutrients (with
the possible exception of nitrogen) exceed plant requirements. This excess
is usually captured by soil adsorption onto clays, cation exchange or attach-
ment to organic matter. |In areas with heavy rainfall and good soil drainage,
some calcium, magnesium and potassium will migrate with the soil solution
into the ground water aquifer or into subsurface drains.

The nutrients, nitrogen, phosphorous, and potassium are considered primary

nutrients for plant growth and are discussed below.

Nitrogen

More laboratory and field work has been done on nitrogen than on any

other plant nutrient. Despite this research, conclusive statements about the

Sah. i
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behavior 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 proper
conditions. The soil's acidlity, temperature, and moisture content, and the
availablility of oxygen, are the most important variables which influence the
behaviour of the element.

The concentration of nitrogen in effluent from a standard activated
sludge plant is approximately 20 mg/1. Typically, 80 to 90 percent of this
nitrogen is in the form of ammonium ions. Most of the remainder is in the
organic form with a small amount of nitrate and nitrite ions. Wastewater
which has received treatment in an aerated lagoon system may contain more
nitrogen in the form of nitrates than wastewater treated in an activated
sludge plant.

Nitrogen uptake by plants reaches a peak dur: che growing season, In
warm, moist weather nitrification of the ammonium ion also proceeds rapidly.
Most plants require some of the nitrogen to be in the form of nitrates,
although the roots can readily accept the ammonium ion and sometimes prefer it.

When the soil temperature is below SOOF, nitrification takes place much
more slowly. Nitrogen is then stored in the form of ammonia and held by the
soil colloids. Experiments have been conducted in which anhydrous ammonia
fertilizer is applied to agricultural land for several years. After this
period, succeeding applications do not increase the crop yields,as large
amountsof nitrogen, stored in the forh of the ammonium ion, are available in
the soil profile.

In a sandy, coarse-textured soil, excess nitrates will eventually migrate
wi th the ground water Into the subsurface drainage system and pass into the
creeks and rivers.

Nitrate leaching may occur in fine~textured soils but the extent of the
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leaching is limited by the soil's basic properties. The abundant clay

colloids tend to store the nitrogen as ammonia and to release it according
to the plant demand. |In addition, the nitrates migrate more slowly through
a fine-textured soil, giving root fibers more time to absorb these ions.
When sewage effluent is applied to fine-textured soils at a rate of two to
four inches per week, alternating aerobic and anaerobic conditions result in
a nitrification-denitrification process. During these reversals, nitrogen
will be lost to the atmosphere in the form of nitrogen gas (Nz). This loss

may equal up to fifty percent of the nitrogen applied.

Application Rates and Nitrogen Balance

To ensure the proper nitrogen balance in soils receiving applications
of sewage effluent, the application rates were calculated separately for
each soil type. In the coarse-textured soils of the Cuyahoga Basin where
there is some risk of nitrate leaching to the ground water, application rates
have been limited to 60 inches per year. On the tighter Cardington-Bennington
and Mahoning-Ellsworth soils, the application rates have been set at 75 and
90 inches per year, respectively.

The effluent applied on the Cardington-Bennington soils in western Ohio
will be a mixture of municipai/industrial wastewater and storm runoff, with
nitrogen concentrations of 19.7 and 2.2 mg/]1 respectively, The mixture of
83 percent M & | wastewater, and 17 percent storm runoff will result in an
effluent containing nitrogen at approximately 16.4 mg/1, as stated In the
Phase || Land Treatment Report. At an average application rate of 75 inches
per year, the average nitrogen application would amount to 278 lbs/acre/year.
The direct application rate of 150 inches per year on one-half of the area
irrigated by center-pivot rigs would result in a nitrogen application of

556 Ibs/acre/year to the grass strips only., Volatilization losses of nitrogen
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will range up to 50 percent of the total amount applied. Assuming a 40%

volatilization loss of 225 lbs/acre/year from the Cardington-Bennington
soils planted in strips of Reed Canary grass, 331 pounds of nitrogen would
be available for crop uptake annually. Assuming a harvest of 4.5 tons of
Reed Canary grass per acre per year and a nitrogen content of 62 lbs. per
ton, the crop uptake would be 279 lbs/acre/year leaving a balance of 52
Ibs/acre/year.

There are three possibilities for the disposition of the balance:
leaching, uptake by the adjacent corn rows and storage in the soil. It is
estimated that the adjacent corn rows would utilize at least 30 pounds of
the excess nitrogen from the irrigated grass strips. Neglecting storage of
nitrogen in the soil, approximately 22 lbs. of nitrogen per acre per year
would migrate through the soil zone to be carried in the return flow. How-
ever, this represents an average migration of 11 1bs/acre/year from the gross
acreage under irrigation by the center-pivot rigs.

Based upon the effluent criterion for nitrogen of 4,0 mg/1 for Level
Il Standards, the permissible leaching of nitrogen with the return flow
should be limited to the range of 50 - 70 Ibs/acre/year or approximately
120 1bs/acre/year from the directly-irrigated grass portion of the center-
pivot rig acreage.

If only Reed Canary grass were grown, as described in the Phase || Report,
average application rates should be raised to 120 inches/year for optimum
balance between high-protein grass and nitrogen application.

That portion of the Cardington-Bennington soil irrigated by solid-set

sprinklers (25 percent) would receive a ni trogen application of only 278

Ibs/acre/year. The optimum nitrogen application for Reed Canary grass is

approximately LL5 1bs/acre/year. Therefore, a substantial safety factor exists
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for readjusting the application rates between areas irrigated by the center-
pivot rigs and the solid-set equipment, The amount of water applied by the

solid-set equipment might be increased to 120 inches per year, permitting

a reduction in the application rate of the center-pivot rigs.
On Chili soils within the Three Rivers Watershed, where an irrigation
rate of 60 inches/year of municipal/industrial effluent has been proposed,

the annual nitrogen application would be 268 1bs/acre. Volatilization from

this relatively coarse-grained soil would account for a lower percentage of

the nitrogen than would volatilization from the Cardington-Bennington soils,

Assuming a nitrogen loss of 25 percent of 67 lbs/acre/year through volatil-

ization from the Chili soils, an annual balance of 201 Ibs/acre would be

available for crop uptake or leaching. The rate of nitrogen uptake would be
160 1bs’/acre’/year for corn and significantly more for Reed Canary grass,
leaving a maxiumum of 41 1bs/acre/year for leaching and storage in the soll.

The application of 90 inches/year to the fine-grained Mahoning soils, 3
using the overland-flow/infiltration method would result in a nitrogen
applicat ion of 40O Ibs/acre/year. It Is anticipated that crop uptake by ~
the Reed Canary grass and the volatilization of nitrogen would account for

essentially the full amount of nitrogen applied.

Phosphorous Loading

According to the Phase | Report by Havens & Emerson, the phosphate
contents of municipal/industrial wastewater and storm runoff are 10.2 mg/1

and 2.2 mg/1, respectively. At the Western Land Treatment Area, the combin-

ation of municipal/industrial wastewater and storm runoff would result in an
approximate phosphorous concentration of 8.3 mg/l, as stated in the Phase ||

Land Treatment Report. With an application rate of 75 inches per year the

e S i —

phosphorous loading would amount to 145 pounds per acre per year. This repre-
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sents approximately three times as much phosphorous as would normally be
applied in commercial fertilizers for good ylelds on typical soils., The
excess phosphorous would react chemically with the aluminum and iron ions
abundant in the Cardington-Bennington soils, This process would proceed
rapidly and the phosphorous would not easily be released. Calcium lons,
provided by lime applications, would combine chemically with phosphorous
to form a tightly held precipitate.

These processes would provide a high level of removal at the Western
Land Treatment Area. The treatment will meet the Level || Standards easily
and may satisfy the more stringent 0.C.E. Goals of 0.10 mg/1 for phosphorous
as P0,. Treatment on the Mahoning-Ellsworth soils utilizing the overland-
flow/infiltration method should achieve a similar level of removal. On the
more coarsely textured Chili soils, the application rates have been 1imited

to 60 inches per year to meet the Level || Standards.

Potassium Application

Potassium is a primary crop nutrient, The Ohio Agronomy Guide suggests
an application rate of 250 pounds/acre of potassium as K for best crop yields.
This crop requirement would be satisfied by a concentration of 15 mg/1 In
effluent applied at a rate of 75 Inches per year. The potassium content of waste-
water from the Study Area has not been documented by this study, but certainly
exceeds the crop requirement, Excess potassium would be leached to the drainage
system, The Level || water quality standards do not set a limitation on the
concentration of potassium In treated effluent, since it is not considered a

harmful pollutant,

RECYCLED NUTRIENTS

Nutrients contained in wastewater from the Cleveland-Akron Metropolitan
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and Three Rivers Watershed Area represent a substantial resource, which will

become more valuable as the elements become scarce and the cost and energy
required to process them escalate. Table [11=2 presents the amounts of
nitrogen, phosphorous and potassium contained in Study Area wastewater,
storm runoff and sludge, summarized according to treatment facilitles pro-
posed in Plan C for the year 2020. The value of these nutrients was based
on 1972 unit 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 value of phosphorous were
halved, since the total amount applied to the land would be twice that
required for top ylields.

The estimated value of the reclaimable nutrients Is $9,450,000 for the

year 2020. (Approximately $705,000 worth of nutrients from the water-based

Akron plant are not included.) The additional value of the secondary nutrients

sulfur, calcium and magnesium, and the mirco-nutrients contained in the
effluent and sludge has not been estimated. However, the value of these
nutrients may increase considerably as the costs to process similar fertil-

izers escalate,

o
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TABLE 111-2

{ SUMMARY OF NUTRIENTS IN SEWAGE EFFLUENT, STORMWATER AND SLUDGE

(Based on 2020 Flows in Plan C)

NITROGEN PHOSPHOROUS POTASS |UM
Million Million Million
Lbs. $1000 Lbs. $1000 Lbs. $1000 7
WESTERN OHIO LAND TREAT- %
MENT AREA
Sewage Effluent 32.9 $4800 17.3 $ 860 24,4 $1220 4
Storm Runoff v 30 £ 5 = o i
Sludge e L :
Subtotal 36.0 $5265 19.1 $ 950 34.5 $1275
IN-BASIN TREATMENT
Sewage Effluent 5.6 $ 8Lo 2.9 § 145 L.3 § 215
Storm Runoff 1.5 225 .3 156 1.3 65
Sludge o5 75 71 . oy
i Subtotal 7.6 $1140 3.5 ¢ 5175 7.1 ¢ 285
| AKRON TREATMENT PLANT
Sewage Effluent 9.0 $ 135 4.6 $ 230 6.8 $ 340
Sludge 1.6 _2ko el 80 0.8 40
Subtotal ]0.6 § 3715 a2 5 310 9.9 $ 380
TOTAL 54.2 $6780 28.8 $1435 51.5 $1940

These nutrients would be discharged to the Cuyahoga River and would not
be reclaimable.

111=-20
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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 studied by AWARE and are
discussed in detail in their Industrial Wastes Phase | Report, Five possible
levels of industrial pretreatment were defined and costed by AWARE, These
alternatives varied substantially in cost, depending upon their removal criteria.
Alternative 3 provided for the most complete In-house industrial treatment and
was the most expensive alternative, with a present worth cost, at seven percent
interest, of $1,013.8 milllon. Alternative 5A, which called for a lower degree
of Industrial pretreatment with removal completed by land treatment, had a
present worth of $518.7 milllon ( at seven percent interest), or a present worth
approximately half that of Alternative 3. The cost of industrial pretreatment
is thus in the same general range as that of the total municipai/industrial
treatment system, which Is approximately $1,400 million,

The U.S. Armmy Corps of Engineers has directed that all three wastewater
management plans include Alternative 3, with a high removal of heavy metais;
therefore, the discussion of confined disposal of heavy metals from §ndustry
in the soil zone using land treatment Is Intended for general Information pur-
poses only.

Section X of the Land Treatment Phase | Report provides a discussion con-

cerning the potential load of heavy metals from industry and their accumulation
in the soll. Specific reference is made to Table X-8 which tabulated long-term
concentrations of some typical heavy metals, assuming no industrial pretreatment
to remove them. Furthermore, these metal loadings assume no major future change
in the present philosophy of use and conservation of natural resources by

Industry.

111=2]
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Stormwater contributes heavy metals to the total treatment load as It

cleanses the streets, parking lots, lawns, driveways, raw material stockpliles,
and open industrial areas. The stormwater carries litter, particulate exhaust
emissions, hydrocarbons, heavy metals, toxic compounds, fertllizers, and
pesticides,*

The heavy metals washed into receiving waters during a 0.5 inch/hour
rainstorm from a typical urban area of one (1) million people were estimated
by Condon:

TABLE 111=-3.

STORM RUNOFF FLUSHING OF HEAVY METALS
Runoff Load in

Elements Lbs/Hours
Zinc 2,600
Copper 800
Lead 2,300
Nickel 200
Mercury 290

The domestic contribution of heavy metais is not well known because nearly
all municipal effluent contains industrial wastes to some extent. However, a
review of the lables of typical household products such as cleaners, breakfast
foods, vitamin pills, toothpaste and common medicines indicates that a steady

stream of heavy metals is contributed by domestic sewage.

Heavy Metal Uptake by Crops

Typical quantities of some heavy metals found in common crop plants are
presented in Teble Ill1=4. Since general agricultura! conditions cause tremen-
dous variability in uptake, the figures given represent values near the middle
of the range reported. (Allaway, 1968, and Chapman, 1966). The average values
given in the final column were used to calculate the amounts of heavy metals
removed from the soil by typical plant growth, as shown In Tabie [l1i=5. The

annual heavy metals uptake was calculated based upon an average removal of

111-22

* Condon, Francis J, 'Treatment of Urban Runoff'', APWA Reporter.
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three tons of dry plant material per acre. This removal figure is too high
for some plants and too low for others, but it is sufficiently accurate to
illustrate the point that a fairly low percentage of the heavy metals added
each year would be removed with the crops. As indicated in Column 6 of
Table I11-5, the percentage removal would range from less than 1 to about
16 percent.

The capacity of soil to adsorb heavy metal ions varies widely, but is
at least 20,000 lbs/acre~foot slice. Of the elements treated in this report,
exclusive of iron, soils contain about 2,000 - 2,500 lbs/acre-foot slice. The
amount of these elements added each year with 75 inches of effluent, would be
about 20 - 4O 1bs/acre-foot slice (exclusive of irOn).> This is a fairly insig-
nificant amount compared to the total adsorption capacity of the soil. It also
represents a small percentage of the natural 'background' concentration of
these elements in soils.

The total amount of a particular heavy metal present in the soil may not
be very meaningful in terms of plant growth, plant toxicity or leaching. It
is the solubility of the element that is most critical 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 mineral, organic matter, temperature and
moisture, which cause variations. The most critical factor is soil pH, be-
cause the solubility of heavy metals is closely dependent upon it. Generally,
as pH increases, solubili;y decreases.

A brief discussion of some important heavy metals is given below:

Cadmium. The chemistry of cadmium is somewhat similar to zinc. |t would
take more than 100 years of adding .075 lbs/acre/year to reach the upper limit
of the normal range of cadmium in soils. John et al. (1972) showed that 90 1bs/

acre of cadmium added to the soil surface over several years did not move below

111=25




the L-inch level in the soil profile., They also showed little increase in
cadmium uptake in oats. Traynor and Knezek (1972) found some increase in
uptake in corn with cadmium application to the soil. Unless soluble and
mobile complexes with low molecular weight organic compounds are formed,
there should be little danger of leaching in high pH soils (Murrmann and
Koutz, 1972).

Chromium. Although the three pounds of chromium per acre per year to
be added to soil through land treatment of effluent is relatively high com-
pared to some of the other heavy metals, it has a low solubility and for
several years this addition should be well within the normal range in soils.
Knezek (1973) indicated that soils have a high capacity to fix chromium.
Pratt (1966) found no appreciable accumulation of chromium in plants in cases
where chromium toxicity has been thought to exist. However, Turner and Rust

(1971) found a chromium toxicity in soybeans when 10 lbs. chromium per acre

i
i
i

was added, although the concentration of chromium in the plants was not reported.

Soane and Saunder (1959) showed that chromium added to sand cultures at concen-
trations of 10 ppm caused toxicity to tobacco plants; however, they did not
prove that a high chromium content in the serpentine soils was the cause of
infertility.

Copper. Ellis and Knezek (1972) showed that copper would be bound to
organic and clay complexes near the soil surface. Reuther and Labanauskas
(1966) reviewed the chemistry and toxicity of copper and indicated that it
shou ld cause no plant toxicity problems. Mitchell (1964) showed that there
would be a minimal leaching of organic complexes containing copper into drain-
age waters, With the small amount of copper added each year in effluent there
should be few if any problems for many years, as long as the pH of the soil
is maintained near 7.0,
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lron. Relatively large quantities of iron compared to other heavy metals
will be added in the effluent, but compared to the.total of 50 tons or more
per acre-foot slice in soil already, it is a minute amount. Since the added
iron will be fixed rapidly (Mitchell, 1962), and since iron is seldom toxic

to plants grown in natural soils (Wallahan, 1966), little if any problem should

result from the effluent addition to soils of high pH. The major potential 3
problem could be interaction with the uptake of zinc and manganese, if the 'é
pH of the soil were to drop. (Mitchell, 1964; Sauchelli, 1969; Wallahan, 1966).
Lead. Plants can accumulate high concentrations of lead (64 - 196 1bs/
acre, according to Cox and Rains, 1972) although it is not known to be essential
for animal or plant growth. Much of the lead from sewage treatment plants
remains with the sludge, so that the effluent has a low concentration of this
| element. (Lead solubility is low at pH of 7.0, so leaching should present
little problem.) Plants will die of lead toxicity before the concentration
E | reaches levels high enough to be toxic to animals (Allaway, 1968). Solution

culture with lead concentrations up to 200 ppm had no depressing effect on

apples and grapes (Childers, 1941). Similar results with orange seedlings were
found in California (Vanselow and Bradford, 1960). However, Wilkins (1957)
found that lead concentrations of 10, 30, and 100 ppm in solution cultures,
measureably retarded, markedly retarded and stopped growth respectively of
fescue plants.

Nickel. Nickel is not known to be essential for plant growth but is

taken up by plants in concentrations of 0.5 to 150 ppm. Two ppm of nickel is

quite normal. A middie-of-the-range concentration in soils would be 100 ppm
(Swaine, 1955), 'most of which is not soluble at any given time. The amount of
soluble nickel approaches 1 ppm (Vanselow, 1966). In all but serpentine and basic

igneous rock=-derived soils, nickel toxicity should not be a serious problem.
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Silver. Little is known about silver in soils, except that it occurs
almost universally but only in minute amounts. Seldom does it exceed | ppm
(vanselow, 1966; Rogers et al., 1939; Swaine, 1951). |t has been reported
in plant tissue in amounts of less than 0.01 and no higher than 1.3 ppm in
the dry matter. The occurrence of toxic amounts of silver is quite unlikely
because of its extremely low solubility. Little leaching and movement
through the soil profile should occur.

Zinc. Although zinc additions may be high from some effluents, comparable
quantities are added as a fertilizer on field beans and corn in Michigan
(Virande et al., 1967) with beneficial effects. Melton, et al. (1970) in-
dicates that there is little danger of leaching or toxicity from zinc added
with effluent, unless a zinc-sensitive plant is grown. Allaway (1968) indicated
that some animal feeds are deficient in zinc, so additional zinc could be bene-
ficial to animals. Zinc is needed at a concentration of 8 - 15 ppm in the forage
dry matter. Animals require about 10 - 4O ppm zinc in the diet. At 200 ppm of
the dry matter zinc is toxic.

An unpublished work of Sabey and Hart (1973) indicated that there was a
build-up of extractable zinc, copper, iron and manganese on an irrigated sandy
loam in the zone of incorporation of sewage sludge. No downward movement of
these elements occurred during the first year after application.

The elements in Table [[[=IV should pose no serious threat to the ground=
water or to plants growing on medium to fine-textured soils if the pH of the
soil is maintained near 7.0. |If however, the pH of the soil decreased to below
6.0, there is a possibility of increasing solubility of several of the elements,
therefore increasing the likelihood of groundwater pollution and plant toxicity.

Heavy Metal Management

Maintenance of a sufficiently high pH (equal to 6.0 or more) in soils
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receiving heavy metals would be an important part of land management unless
moni toring demonstrated that somewhat increased solubilization of the heavy
metals at lower pH values was not a hazard. Maintaining the pH at this level
should pose no problem for ;griculturalists, as good farm management generally
dictates the use of lime to raise the pH to approximately 6.5. Lime appli-
cations are common on Ohio soils.

The Ohio 1972-1973 Agronomy Guide, Bulletin 472, published by the
Cooperative Extension Service of Ohio State University, reported that lime
applications on acid soils often return $6.00 to $9.00 for every dollar in-
vested. According to this bulletin, approximately ten tons per acre would be
required to increase the present soil pH of about 5.5 to a level of 6.5.
Subsequent annual lime applications of about three tons per acre per year
may be required to maintain the pH at about the 6.5 level.

It is clear that the possibility of toxicity to plants is greatest with
an acid soil (pH less than approximately 6.0).

Field tests conducted at the University of Illinois have shown the
feasibility of managing heavy metals on agricultural land. Should monitoring
indicate an undesirable rate of accumulation for a particular heavy metal,
management steps might include reduction of that metal at the source, incor-
poration of special removal processes at the secondary treatment stage, re-

cycling of the element by industry, and rotation or substitution of crops.
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