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¥ REPLY TO ATTENTION OF:
JAN 16 1981

TO ALL INT=RESTED AGENCIES, PUBLIC GROUPS
AND CITIZENS

The Final Pnvironmental Impact Statement (EIS) for Sludge Disposal and
Land Reclamation in Fulton County, Illinois is hereby submitted for
your information and review. This EIS has been prepared in compliance
with the National Envirommental Policy Act of 1969, and the subsequent
regulations prepared by the Council on BEnvironmental Quality and the
Environmental Protection Agercy. This EIS presents an analysis of the
methodologies utilized by the Metropolitan Sanitary District of Greater
Chicago for the application of sludge on strip—mined land in Fulton
County, Illinois and concludes after prolonged study, that there are no
significant adverse impacts associated with this project.

Upon publication of a notice in the Federal Register, a 30-day period
will commence durmg which this Agency will not take any administrative

action on this ject.
%‘\M
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U.S. Environmental Protection Agency
Region V, Chicago
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2. Description of the Action

An analysis of the methodologies utilized by the Metropolitan Sanitary Gistrict
of Greater Chicago (MSDGC) for the application of siudge on strip-mined land in
Fulton County, Iliinois is presented. Since the project is already being impie=~
mented, this statement uniquely presents the observed and projected impacts of
continued operations. Digested siudge is loaded at MSOGC's West-Southwest Treat-
ment Plant in Stickney, Iliinois and barged approximately 200 miles via the
I1llnois River to Liverpool. From the Liverpool dock the sludge Is pumped 10
miles via underground pipeline to the project holding basins for storage. Dredge
equipment is used to mix the sludge to a uniform consistency and solids content
of 6 percent or less before pumping from the basins Into the distribution system.
Studge is applied to land which had been previously drastically dlsturbed through
strip-mining activities. The project began using spray app!lication methods.
However, due to odor problems and public input, the current methodology being
utilized Is tandem disk incorporation. Other methodologies are being explored.

Flelds recelving sludge have been contoured to afllow collection of runoff due

to storm events or application. Environmental control systems are employed to
monitor surface and groundwater, soil and sediment, plants and aquatic biota,

and the atmosphere.

3. Environmental Impacts

s. Water

Some contamination of surface water has occurred at the project site due to runoff
from sludge application to flelds and release of effluents from field retention
basins. Some retention basins were found to have insufficient capacity and were
therefore ineffective In removing suspended solids resulting in siltation and
exces: dissoived oxygen deplation in receiving waters. Observation of the site
showed that the situation is being corrected. Many additional si|+ation basins
have been added to newer fields. However, runoff from strip-mined areas and
effluents from improperly maintained septic tanks and the sewage treatment plant
at Canton also contribute to this pollution. Water quality Is not adversely
Impacted by project operations. Groundwater, as sampled at wells and springs,
has not been degraded by the application of sludge.

The MSOGC has been in violation of water quallity standards on numerous occasions
due to breaks In the surface pipeline that carrles sludge to the appilication flelds.
The MSDGC has entered Into a program to strengthen the pipeline in critical a eas
where a break wouid cause serious water quality problems. The primary cause of the
breaks has been expansion and contraction from changes in the temperature. This

program will continue as an integral part of the project operation.

I



b. Soils

Sludge has had a beneficial effect upon the physical properties of spoil soils.
The high organic content of sludge provides a matrix for formation of a stable
soi | structure. Incorporation of sludge into sol!s by disking has decreased

+he chance for runoff and erosion. Increases in soil organic content and
increased crop productivity have created beneficial economic and Iand use impacts.

c. QOdors and Nolse

Complaints of offensive odors have arisen from citizens within a 4 to 5 mile area
surrounding the siudge appllication sites and holding basins during the current
operations. A reduction in malodorants has occurred due to the modification of
application to soil incorporation.

Noise generated at the Liverpool dock includes the noise associated with barge
maneuver ing and booster pumping. These activities Increase the amblent noise
lavels around the community of Liverpooi. Nolse lavels at the site are attributed
to tractors and sludge sprayers. These noise levels can be detected at the peri-
moter of the project site. The noise levels are similar to existing agricultural
noises in magnitude and duration.

d. ﬂgelih Effects

Among all methods of siudge application, pressurized spraying offered the greaiest
potential for direct transfer of hazardous components to humans or animals.
Inhalation of sludge aerosols, possibly containing pathogens or toxic substances,
presents an opportunity for protracted and repetitive exposure. The lack ot
reported cases of haalth effects from Fulton County operations indicates that the
level of risk associated with sludge application has been minimal. As the project
developed, MSDGC has taken measures to avold any potential health Impact. They
have abandoned pressur ized spray application practices in favor of incorporating
the sludge into the soil utilizing tractor drawn disking and chisel plow equipment.
A distribution system and hoses allow the siudge to be placed in the furrow.

Indirect offoects are caused by the consumption of plants or animals that have been
contaminated by heavy metails, The interactions among sludge components and the
food chain are complex and information concerning the ability of each trophic
level to accumulate toxlic compounds and pass them on to succeeding trophic levels
is sparse and qualitative at best. The most |ikely suspects for potential hazard
are arsenic, cadmium, lead, mercury, and selenium. doth sludge and soil at the
project site are high in cadmium, especially in relation to zinc. Crop monitoring
by the MSDGC should decrease the risk that contaminaied crops would reach the
market place. Row cropping with grain crops reduces the risk that human health
would be affected. Risk could be further reduced by using grain crops to produce
alcohol for gasohol. U. S. Environmental Protection Agency (USEPA) regulations

40 CFR 257.3-5 further out!ine a program to minimize the effect of sludge disposal
upon human health where cadmium levels may be a problem.

The actual Iindirect hazard to humans would stem from the future use of reclaimed
strip-mined land for caropping or |ivestock, grazing, possibly resulting in a
majority of a family's food intake being contaminated by trace slements. This
appears unlikely to occur due to land use constraints and availebility of better-
suited property. Once again, compliance with 40 CFR 257 will minimlze this
problem because future land owners will be aware of sludge application sites
because of a stipuiation In the land record or property deed.



8. Socjo-sconomic Effects

The most obvious short-term local sconomic effact of the project has been to
create jobs for approximately 120 skllled and unskilled laborers who average
6 to 8 months of emplioyment yearly.

The sludge application project has also affected tne Iacal public economy by
increasing future market value of the land and the tax base.

f. Land Use

Laveling and grading of strip=-mined sactions of the project site t> prepare the
siudge application fields have Increased the suitability of the land for agricul-
ture. The removal of surface rocks and lavaling of steep siopes hava also
consideraoly increased the area's suitability for recreational use Including
playgrounds, campsites, roads and trails. The project has put former agricul-
tural land back Into productivity.

The Fuiton County project has in essence reduced the arra's recreational acreaqe
by some 15,000 acres, as the Jistrict restricts access 0 property which was
originally open for public and private racreation. This restriction is dons In
order to protect Jistrict equipment and pipelines.

4. Alternatives Cons!dsred

The MS)GC considered the following sludge handiing systems prior to beginning
operations In Fulton County. The residents of Fuiton County were exploring
ways t5 return the disturbed land back to some lavel of productivity. A few
early attempts had been made to restore the land prior to tne MSOGC project.

a. Sludge Disposal Subsystems

(1) Sanitary landfill
(2) Lagooning
(3) Qcean dumping

b. Sludge Utillzation Subsystems

(1) Fertilizer production
(2) Composting
(3) Soll reciamation

c. Sludge Transportation Subsystems

(1) Truck transportation
(2) Rail transportation
(3) 3arge transportation

(4) Pipeline transportation



In conclusion, sludge is applied to land which had %een previdusly drastizally
disturbded through strip-nining activities. The project degan using spray appli-
cation mathods. rHowevar, due t5 odor problems and public input, the Current
methodafogy being utilized is tandam disk incorporation. Fislds receiving sludga
hava been contoured to allow zollection of runotf due to storm avents or applica-
tion. ¢gnviroamental control systams ara smployed td monitor surface and ground
water, soil and rock, nlants and aquatic biota, and the atmosphere.



TA3LE OF CONTENTS

Jage
Sunmary i
List of Tables xi
List of “igures xv
Symbols and Apbreviations %I x
I, SUWARY AdD SONCLUSIINS =t
A. Project distory 1=2
3. Pra-axisting Conditions -3
I, Climate -3
2. Topography |=3
3. 3eo0logy and Soils -4
4, Hydrology and Watar Juality 1-4
5. Land Use and Economic Conditisns 1=5
C. Existing Project Conditions 1-5
D. Atternatives t> the 2roject -8
L. Existing Policiss and Recommendation of Federal
Agencies -3
l. Food and Orug Administartion 1-3
2. U.S. Department of Agricuiture 1=10
3. J.S. environmental Protection Agancy =12
4. Councilt for Agricultural Science and
Technology 1=15
F. Environmental Impacts 1=16
l. Land 1=16
2. wWater 1=17
3. Air -3
4. Health 1-19
5. Noise 1-20
6. Land Use 1=20
7. Economics 1-20
G. Mitigative Measures Needed to Ensure Environmental
Compatibility 1=21
|. Land Management Measures 1-21
2. Air Juality Management Measures 1=-22
3. Health Management Measures 1=-23
4. Plans and Records 1-23



Table of Tontents (Zont'd)

1. 3ACKGRIOUND AND INTROJCTION
?ro ject lackground and Overview

I, 3ensfits
2. Potential Problems

Project History and Issues

I. Aistory and Policy Matters
2. Environmantal _itigation

Related Activities

I. The 3ig 3luestsm °rogram and acreational 3enefits
2. The Fulton County Steering Jommittee

5. Recreational A4reas

The Study Area

I. 3asls for the Study Area
2. Pollution Control Standards

NDescription of “SIGT Treatment Systems
. MS)GC Sewage Treatment 2lants
2. West-Southwest Treatment 2lants
3. Sludge Processing and Jlisposal
111, EXISTING CONDITIONS
Climate and Topography

. General Meteoroloagy
2. Seneral Topography

380129y and Soils

|. Geological Characteristics
2. Soil Characteristics

Hydrology and Water Juality
I. Surface Water Hydrology
2. Groundwater Hydrology

3. water Quality

3ialogy and Ecosystems

|, Fish and Wildlife

2. Natural Vegetation

vi

1=l
=3

1-4
-4

=5
11-5

11=5
-5

Li=5
11-5

=11
t1=13

-1
11=3

=9

-9
-1t

L11=13
11=-16
1El=16
1ni-19
t11-24

111-24
111=25



Table of Contants (Cont'd)

E.

B‘

Population and Economics

| . Demographic Characteristics
2. Economic Characteristics

Land Use Development

|. Established Uses of Land

2. Projected Uses of Land

3. Land Development Potential
Environmentally Sensitive Areas
| . Water Resources

2. Land Resources
3. Cultural Resources

IV. THE CHOSEN ALTERNATIVE

. Description of Project Features

Sludge Shipment and Supernatant Return

l.
2. Sludge Storage
3. Sludge Appllication
4. Supernatant at the Gale Farm
5. Land Purchasss
Environmental Control and Monitor ing Systems
|. Holding and Runoff Baslins
2. Environmental Monitoring Systems
V. ENVIRONMENTAL IMPACTS OF THE PROJECT
Sofls
[ . Background
2, Eroslion of +he Project Site
3. Chemical Effacts on Soils at the Project Site
Water
|. Surface Water Quality
2. Groundwater Quailty
Alr
Health Effects

1. Direct Health Effects

vil

Iv-1

V=12
V=13
1v-28
1v-28

tv-3|

(V=31
Iv=-33

V-2
V-5
V=6

V-8
V=30

V=36
v-38
v-38



Tabie of Contents (Cont'd)

E. Noise

F.

Signiticant Socio-economic and Land Use |mpacts

I. Soclo-economic Impacts
2. Land Use

VI. ALTERNATIVES TO THE PROJECT

Disposal ar Utillization Alternatives

I. Incineration

2. Heat Jrying for Soil Conditlons
3. Sanitary Landfiil

4. Lagooning

5. Ocean Dumping

6. Fartillizer Production

7. Composting

3. Soil Reclamation

Transporation

I. Truck Transportation

2. Rall Transportation

3. Barge Transportation

4, Pipeline Transportation
System Alternatives

Vil. MITIGATIVE MEASURES

Land
Water

Alr

. Health Effects

. Recommended Mitigative Measures

1. Sludge Application Rates
2. Land

3. Nater

4. Air

5. Health Aspects

6. Plans and Records

vili

Page
V=42

v-46

v-46
V=51

vi-1

Yi=I
Vi3
Yi=s
vi=5
Vi=6
Vi-6
Yi=7
vi-8

Viel2
Vi=i2
Vi=I5
Vi=-i5
Vi=17

vi-i8

Vit=1
Vii=2
vii-4
Vii-4
Vii=5
vVil=5
Vil-6
Vii=6
vil=7

Vii-8
vil-8



Table of Zontents ( ont'd)

~age
VIiIl., ENVIIONMENTAL CONSEQUENCZS OF THE
PROJECT Vill=|

A. navoidadle Adverse |mpacts Vill={

I. Distribution Systems Vill=I

2. Recontouring Vill=1

3. Human Health vitl=i
3. lelationship 3atwaen Short-term Use and Long-term

Productivity Viii=2
C. Irraversible and Irretrisvable Commitment of asources VIil=2
B13L10GRAPHY |
SLOSSARY 9
LIST JF PREPARERS 15
JISTRABUTION LIST 17

APPENDIX A, IEPA Water Pollution Control 2ermit
APPENDIX 3, Comments Ruceived on the DJraft £1S

APPENDIX C, Rcsponse to Comments



-3

1114

F11=5

111-5

tit=7
11-3
1i1=-9

=12

=12

LIST OF TASLES

Maximum Cumulative Sludge Matal Applications
for Privately Owned Land

composition of Frash, Anaerobically Jigested
Sewage Sludge

Adater Juality Standards for the State of i1llindis

Effluent Standards for Retention 3asin
Discharge in the State of I1linais

Per formance of ¥SJGC Plants

West=Southwest Sludge Processing Systems, 1973
Predicted 24-Hour Storm Patterns for Fulton County
Average Annual Frequencies of Aind Vectors by
Percentage, Sreator Peoria Airport, January 1364

through Decaember 1973

Average Seasonal Atmospheric Stability by
Percentage, Greater Peoria Airport

Summary of Climatic Conditions In the Area of >eoria,
Iliinols

Metals, Exchangeable Calcium and Organiz Content
of Spoi|l Material and ?iace Lands in Fulton County
Prior to the Application of Jigestsd Sludge

Selected Characteristics of the Fulton County Calcareous
Mine Spoil Material

Daily Jischarges at USGS Gage Stations
Elavations of Well Water
Surface Water Juality In 197!

Ranges of Various Water Quality Parameters in well
Water, 1971 and 1972, and U.S. Averages

Levels of Nitrite and Nitrats Nitrogen and Ammonlia
Nitrogen Iin Well Waters in 1972

Histor ical Population Trends in Fulton County

x1

2a3e_

11=2

11=-3

11=10
1=12
=15
11=3
11i=5

111-7

-3

til-14

I1i=15
FHI=16
11=20

=21

H1i-22

1H-23
111=27



List of Tables (Jont'd)

t=t3
1i-t4
=15

ni=1s

=17

1i-18

IV=1]

V=2

Iv-3

V-4
1V=5

V=6

v=7

1v-3

v-4

Population Projections for Fulton County
Trends In Median Famity Income (in 1967 dollars)
Emp loyment Structure in Fulton County, I1linois

Histor ical Agricultural Trends in Fulton County,
I11inois

Major Land Holders in Fulton County, 1373

Land Use Survey of Strip-vine Lands in Fulton
County, lllinois

fmounts of Sludge a2nd Supernatant 3arged to and
from the Holding 3asins in Fulton County

Compliance of Sludge Juality with Applicable Standards
as of May 1975

Compar ison of Sludge Characteristics with Applicable
Sludge Juality Standards

Sludge Application Rates and Amounts
Supernatant Application at Fulton County

Fulton County Land Reclamation 2roject Sewage
Sludge Analysis

Fulton County Land Rectamation Project water
Analysis, April 1975

Retention 3asin cffivent Quallity

Zinc, Cadmium, Nickel and Copper Concentrations
in Surface Soils, and Annual Sliudge Application
Rates, for Typlical Siudge-Amended Mine Spoil and
Non-Mined Fields at Fulton County

Ratio of Violations and Observations Reported at
Various Stream Sampling Stations, July 1372 to
July 1375

The NOp + NO3 =N, NH4 -N, Phosphorus, Iron, and
Fecal Coliform Content of Streams for 1971-1976

Fuiton County Land Reclamation Project Water
Analysis = Fulton County Stream and Spring Data

xli

Jage
111=29
111-29

11i=34

I1t=32

111=34

111-35

1V=5

I¥=6

V=11
IV=19-27

1V=-29-30

1v=-36

1v-39

1¥-40

V=10=11{

v=lz

V=i7-19



List of Tables (Zont'd)

V-5

V=9

V=10

V=11

v-12

Vi=l|

Vi=2
vi-3

Vi-4

Water Juality of \@servoirs

The N02+ NO , =N, NH3 =N, Phosphorus, Iron,
and Facal Coliform Content of eservoirs for
1371-1976

Effluent Quality of Qunoff Ratention 3asins

Capacity of wunoff etention 3asins and Volume of
24-Hour Storm Runoff

The NO 5 + NO 3 =N, NH 3 =N, and Fa Content of Wells
i1, 14, 7, and (7 for 1971-1975

Concentrations for Various Constituents in Groundwater

Composition of Frash, Heated, Anaerobically Jigested
Sewage Sludge

Noise Lavel in d3a of Various Noise Sources as a
Function of Distance

Annual Capital and Operating Costs for Multiple
Hearth incineration

Jigested Sludge Application Rates
Land Spreading Costs

System Alternatives, System equirements, Construction
Phasing, 2nd Life of Facllities

xiii

2ages
v-20

V=21

V-256-23

v=-31-33

V=35

V=37



V=2

=2

bhi=3

111=-4

11-5

ti1=5

1ii=7
-3
1i=3

=19

1v=2

1vy=-3

V=4

V=5

1v=-5

V=7

LIST OF_FIGUIES

Systam Jparations and Sludge ©lows
droject Site and Surroundings
Available MSOGT Solids System

Yariations in HMonthly Mean, Maximum, and
Minimum Precipitation ar Peoria Airport Station

wind wss at Metsorological Station #14342,
Peoria, Illinois, January 1364
throujh December 1373

Aind Rose at Storays asins, MSOGC
Fulton County Project Site

Typical Stratigraphic Profile In the Project Area
Spatial Distribution of Soil Areas

I1linois River and Tributaries Associated with
the Project Site

Pattern of Sroundwater Flow

Fulton County Township Population Change, [360-1370
Futton Ccunty Land Jse, 1968

Major Snvironmsntally Sensitive Areas in Fulton County

Siudge Application Fields at the Project Site and their
unoff etention 3asins

Unloading Dock, Pipeline Routing and nalding 3asins

Past Sludge Shipments between West-Southwest Piant
Lawndale Lagoons, and Holding 3asins at Project Site

Total Solids Concentration in Sludge from the Lawndale
Lagoons

Volatile Solids Concentrations in Sludge from the
Lawndale Lagoons

Volatile Acids Concentrations in Sludge from the
Lawndale Lagoons

Alkalinity Concentrations in Sludge from the Lawndale
Lagoons

XV

2a3e

H1=6

11~14

=2

111-6

=5
th=19

=12

=17
111=13
1i-23
111-33

t1i-37

1y=-2

1¥-3

1v-4

V=7

V=7

V-8

Iv=8



List o>f Figures (Zonttd)

1v-3

V=3

iv=19

V=11

1y=-12

V=13

V=14

V=15

1V=16

V=17

V=13

V=1

V-2

V=3

V-4

V=5

Total Sotids Concentrations in Studge from tne WSA
Plant

Total Volatile Solids Concentrations in Sludge from
the WSW Plant

Volatile Aclids Concentrations In jiudge from tne W3W
2lant

Alkalinity Concentrations In Sludge from the WSW
2lant

Typical Vertical Profilas of Characteristics of
Studge in Holding 3asins |, 2, and 3A, April 1375

Traveling Sprayer Applying .iquid Siudge to a Corn Crop
and Jisk incorporation with Trailing Supply Hose

Injection Unit Showing Three Injectors

Periods of Sludge Application to Fiaelds in Fulton County
Typical Storm Runoff Retentlon 3asin

Orainage Control Features of a Typizal Field

Water Monitoring Locations in Fulton County

Major Interactions of Sludge and Soil Constituents

Seneral Area Applisd with Sludge and Water Monitoring
Stations

Variation of Fecal Coliform Concentrations with Time
for Stations S| and S2

Water Monitoring Locations at Fulton County

Reservoir wWater Temperature and Level of Dissolved
Oxy gen

Range of Sound Pressure Levels from Pumps

Single Vehicle Noise Qutput as a Function of Vehicle
Speed

Common Indoor and Qutdoor Noisa Lavels

xvi

223

Iv=9

1v=93

Iv=13

iv=19

IV=14-15

IV=15
=17
Iv=-18
V=32
V=34
iv=33

v-3



List of Figures (lont'd)

Vi=|

vi-2

¥i=3

Vi-4

Surface Spreading Costs
Truck Costs
Rail Costs

System Jperations and Sludge Flows

xvii

7a3e

Vi=13
Vi-14
Viel)

Vi=i9



SYMBOLS AND A33REVIATIONS

u Mu, micro, nizcron
< less than
> greater than
TECHNTZAL A33CVIATIONS
Al Aluminun
300 Jiochemical oxygen demand
C Carbon
ca Calcium
CaCl 4 Calcium carbonate
cd Cadnium
CEC Cation exchange capacity
Ci ~hiorine
= lonized chlorins
Cr Chromium
Cu Zopper
d3a Adjustod decibel
2.0. Jissolved oxygen
dt/d Dry tons per day
£.C. Slectrical conductivity
FC Fecal zoliforms
Fe lron
HC Ayrochioric acid
ale} Mercury
X Potassium
1b/ton Pound per ton
neq Yilliequivalent
Mg Magnesiun
mg milligram
G Ml lion gallons
3D Million gallons per day
mg/| Milligram per litar
Mn danganese
N Nitrogen
N Normality (See 5lossary)
Na Sodium
NH 3 =N Ammonia nitrogen
Ni Nickel
NOo + NO4 =N Nitrite and nitrate nitrogen
P Phosphorus
Pb Lead
PC3 Polychlorinated biphenyls
ppm Pats per million
R80 Research and development
Se Selenium
S04 Sulfate ion
T0S Total dissolved solids
TLm Mean Tolerance Limit
TSS Total suspended solids
TVS Total volatile solids
Zn Zinc

xix



Cﬁapte: E
Summary and C’o

"&




I. SJ44ARY AND CONCLUSIONS

Tae Fulton County land reclamation project ogerated o/ tae Jdetropolitan sanitary
bistrict of Greater Cnicago (M30GC) is a unigue and dynamic project. e pro-
ject o2gan in 1371 and continues taday a3 an a2xanple of one wajor wetropolitan
area working witn a rural, agriculturally oriantad county to solve sawe vasic
enviconnental proolams. Tae MSOGK nas oeen searcning for an environnentdily
acceptaole and low cost means to utilize municipal sludje solids jeaecated froaan
the wastewater trectient process; wille Fulton County was looking for a .aeans
of returning drastically disturoed, strip-ained land vack to a productive use.
Tne Jroject nas jone taraigh a nuaoer of pnases in laad Jeveloment and apera-
tional Jrocedures whicn have built on ootin tue imnediate successes and failures
of large-scale lanxd application of sludge. [ae ASOGC nas «odifiad practices
oased yion public input and sponsorad researcn projects. They nave contrioutad
endorimously to tne understanding of vota the tecanical and practical aspects of
qunicipal sludje solids utilization.

This wapter swanarizes tne oconclusion and recomendations of tne J.3. snviron-
gental Protection Agency (USEPA) oased ujpun several ygears of evaluation and
field ooservations at the project site. It i3 a unigue experience to prapare
an Eavironrental Lipact Stateiment (2IS) on an onguing project. DJue to droject
data collection and analysis, many impacts taat ~sould otuerwise oe notad as
taeoretical are recorded in tals Jdoausat as actual Lagacts. Several jraaises
are usad in evaluating tne impact of tais project.

Tney are:
l) 4SDGC generates aundreds of tons of sludye daily;

2) tnere are aoundant parcals of Jrastically Jdisturoed lands sucn
as the Fulton Caunty site tnat would o2nefit from reclamation; and

3) tne Clean Adater Act and tuie resource loasarvation and fecovery Act
»lace constraints on certain practices involved in tiis project.

Tne USEPA nas taken a position tnat it saquld encoucage, 20 tae .naxiakd axteat
Jossiple, the safe utilization of municipgal sludje solids on land. Thais cecoyniz-
es tnat gsewaye sludge i3 not a waste product, out a resource waica, winen safaely
asplied to land, penefits a0t only tae land in soil ouilding, out reduces tie
need cor castly syntnetic fertilizers, USESPA pramlgated criteria tor Jdisposal

of 30lid wastes, including sludje, in Seotemoer 1973. The oasic Jrawnises of

tnese criteria #Jere applied to tais project Jduring tais evaluation.

Aany comments received on tnis project nave oeen addressed witnin tne text. The
Jroject nas peen .modified since tne preparation of tne Dcaft EIS in June 1375,
and nany comments received on formec operational provcedures wauld no longecr oe
valid. For 2sample, O spray operations exist at toe site and tae nwmwer of
ador complaints received by tue fulton County iealta Departient nave Jdrastically
Jdiuninisnad, full Jdiscussions of project operations and ingacts are contained ia
aporopriate chapters and are sumnarized oelow.
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A, Project History

The first collective action resulting from the long-standing concern of Fulton
County citizens over the adverse effects of strip mining on the agricultural
economy was taken in 1970, when the County Board of Supervisors and the States
jttorney's office formed a special citizens committee to investigate the feasi-
bility of a strip-mine landfill and leveling project in Fulton County. When

it became apparent that some measures were needed to modify the inorganic mine
spoil covering the landfill, the use of digested sewage sludge solids was oro—
posed by MSDGC as a means of soil rehabilitation and crop fertilization. After
many investigations, the County Board approved a resolution proposed by the
Mines and Mining Committee to negotiate for a sludge utilization project.

Fulton County had over 45,000 acres of strip-mined land and was adding to this
at a rate of 1,200 to 2,000 acres per year. The reclamation and productive
agricultural reuse of this land proposed by the MSDGC would be accomplished at
no cost to the County, and direct involvement of County government in the pro-
ject from its conception would offer strong local environmental controls.
Presumably, a project utilizing wastewater byproducts from an urbanized area
would be tightly controlled by State and Federal agencies having the expertise
and authority to ensure environmental and health safety. The County Board chose
to suoport the Sanitary District oroposal.

During the initial years=—in the early seventies—of project construction and
operation, some members of the local community sought injunctions against the
MSDGC and damages for alleged odor nuisance. However, on February 26, 1976,

the Illinois Pollution Control Board rendered its final opinion in favor of the
MSDGC, removing a limitation imposed by the Illinois Environmental Protection
Agency (IEPA) on the amount. of sludge to be stored in the holding basins.

While the outcome of the litigation is still pending, the MSDGC had discontinued
aerial spraying of sludge and substituted surface incorporation using soil
disking machinery. The Pollution Control Board still has the Odor issue under
review,

Although the recent conversion to direct sludge incorporation into soil has
largely resolved the odor issue, it also caused the reexamination of project
goals for recycling sewage sludge solids through crop fertilization. Wwhile
spray operations allowed apolication of sludge to growing crops, tandem disk
operations pteclude the oroduction of crops during the year of sludge appli-
cation. The normal cropping practice includes one application of sludge prior
to preparing the seed bed. After cropping, the field would lie fallow during
the next year allowing sludge applications of approximately 25 dry tons per
acre. At six percent solids, this usually means five or six applications
during the year.

Economic considerations have further altered the original thrust of the Fulton
County sludge utilization project. Instead.of returning all of the surplus
supernatant fraction of sludge stored in the holding basins to Chicago sewage
treatment olants, as in the early years of operation, most of it is now utilized
on the oroject site by large-scale apolication through gated pipe to hay crops.
Nitrogen is removed from the sludge application site by crooping hay. Since
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the sludge supernatant is very low in sludge organic solids (0.1 percent
s0lids), it contributes considerably less to soils rehabilitation. Another
modification to the initial land reclamation and croo fertilization scheme

is the utilization of sludge and supernatant for reestablishing an original
Illinois tallgrass prairie rather than for traditional agriculture. This
effort is presently experimental, as is another activity involving reclamation
of unleveled strip-mine gob and slurry piles by incorvorating sludge through
deep trenching and back-filling.

All project activities are under the close scrutiny of the Fulton County Steer-
ing Committee which was established in 1971 to provide public participation.
The Committee is comprised of public officials, vrivate citizens, and MSDGC
personnel. Ample surveillance of project development and operations is pro-
vided through Committee membership involving public agencies responsible for
environmental and health safety—the Illinois EPA and Fulton County Health
Department. Organized citizens groups also participate.

B, Pre-existing Conditions

Prior to the strip-mining operations in Fulton County, the existing land use
was row crop production. The site was then gently rolling with rich deep
prairie soils which annually oroduced corn and soy bean crops. Some cattle
were probably raised in small areas. Several farms were scattered within

the site. The strip-mining operations destroyed these conditions. The follow-
ing description of environment is based uoon the drastically disturbed land
that was left behind. Only vart of the area was partially reclaimed orior to
purchase by the MSDGC.

1. Climate

The Fulton County land reclamation project site is located in central Fulton
County, which is situated in the upper region of the Spoon River watershed in
west central Illinois (see Figure II-1). The climate of the project area is
typically continental. The most probable weather conditions are a neutral
atmosphere (Pasquill Stability Class D) and southerly winds at 10.2 miles per
hour.

2. Topography

One consequence of the large-scale strip-mining operations in Pulton County is
an extremely rough topography, presenting a large challenge to full land recla-
mation and reuse. Strip mining has left steeply sloping spoil mounds which
may increase the capacity of storm runoff to carry suspended solids into
receiving waters. Mining has also resulted in a number of long, narrow lakes,
which probably have altered the distribution of thermal energy at the site
and, therefore, the microclimate. One early attempt at reclamation was
carried out by Mr. William Gale. He bulldozed several hundreds of acres of
land in an effort to run a cattle ranch. Another effort was made to grow
trees on the unreclaimed spoils; neither of these operations greatly modified
the strip—mined land. At the western perimeter of the current site a number
of gob and slurry viles were left by the United Electric Company at the
termination of mining overations. This area is the only area where acid

mine drainage occurs.
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3. Geology and Soils

During surface mining, the overburden soils and cao rock were removed. The
subsur face of strip~mined areas consists of cohesive fine-grained soils with
pockets and discontinuous zones of boulder-size rock. The rearranged and re-
distributed overburden soils have extremely low permeability, minimizing the
potential for groundwater contamination from leaching of surface pollutants,
but increasing surface runoff and the votential for surface water contamina-
tion. Nevertheless, some zones or layers may consist of broken shale and
sandstone or blocks arranged in a way that increases permeability to a rate
as high as 10-1 centimeter per second. Although such zones are seldom
continuous for more than short distances, they are considered important near
reservoirs.

In areas where strip-mining has occurred, the glacial soils are covered by
loess. This material has low permeability and is subject to erosion, depernd-
ing on vegetative cover and other conservation practices. Decomposition of
mineral deposits such as black shale, which are exposed by strip mining, create
high background levels of trace elements, comolicating the assessment of water
oollution from sludge,

While most strip-mined areas are characterized by acidic soils and surface
waters, Fulton County's calcareous soils are near-neutral to alkaline. This
characteristic is highly significant because it leads to the immobilization
of many hazardous metals that might otherwise be available for plant uptake
in an acidic environment. This is true both for heavy metals existing in the
olace land or mine spoil and for those added when sludge is applied.

4. Hydrology and Water Quality

Most of the surface water at the project site is drained by Big Creek and Slug
Run to the Spoon River, a tributary of the Illinois River. Steep slopes, sparse
vegetative cover and poor Soil permeability create high runoff volume and
velocity, promoting erosion and stream or lake siltation which can adversely
affect aquatic biota.

Determinations of baseline surface water quality before the sludge utilization
project began show the overwhelming influence of strip mining on the quality
of water in streams and reservoirs at the site. Pre-project lewvels of sulfate,
copper, leaj, iron and manganese in streams and reservoirs, which violated
State standards, reflect the compogition of runoff over strip-mined land.

High corcentration of ammonia nitrogen amd fecal coliforms in Big Creek before
the project began, often in violation of Illinois standards, illustrate the
strong influence of pollutant sources upstream from the project site, includ-
ing effluent from the Canton sewage treatment plant.

Groundwater quality reports for the project area before the project began
opverations indicated that concentrations of chromium, copper, iron, lead,
manganese, and nickel were within ranges found elsewhere in the United States.
Baseline ranges of pH and zinc concentrations were close to national values,
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but those of chloride, sulfate, calcium, magnesium, and sodium were higher,
indicating high dissolved solids or salt concentrations, at least with refer-
ence to standards for groundwater used as a water suvply. The chemical
camposition of groundwater was influenced by the geochemical characteristics
of abandoned strip mines, such as heavy metals in exposed black shale. It is
important to add that mnst municipal grourdwater supolies in the vroject
vicinity are obtained from deep wells unaffected by surface land disturbance.
Also, low soil permeability makes groundwater resources much less vulnerable
to sludge leachate.

S. Land use and Economic Conditions

According to present trends, demand for farmlamd in Fulton County has

remained high. Local agriculture is changing in composition. Dairy, winter
wheat and poultry production is declining, while corn, soybean, swine and beef
cattle production have increased. Thus, future land use in the ovroject area
will probably be centered more on forage crops, pasture and feedlots than on
plant or animal produce.

Suitability of strip-mined land in the oroject area for various uses is affect-
ed by topography, soils, and drainage. Problems of settlement with unconsoli-
dated soils in the strip-mined sections of the project site could make it more
difficult to build hard-surface roads, underground utilities, and residential

or industrial structures. Nearby developments on similar mined land, however,
demonstrate the feasibility of construction on the MSDGC property. Current levels
of available plant nutrients and organic matter make these soils unsuitable

for intensive agriculture. Without land reclamation utilizing sewage sludge,

any row-crop production on formerly strip-mined fields would depend on liberal

use of costly chemical fertilizers, extensive s0il conditioning, and rigorous
conservation oractices. Steep slopes and severe problems of access in unreclaimed
strip~mining areas have caused failure of previous attempts to manage timber

crops in Fulton County.

The recreation potential of the oroject area has been limited by poor accessi-
bility (at least until the proposed Interstate Highway is completed) and
competition from the diverse attractions in nearby Swoon River Valley, along
the Illinois River, at Dickson Mounds State Park, and in the numerous former
strip-mined areas where recreation uses are of particular interest. Some
hunting and fishing activities have occurred. One area in particular contain-
ed potholes which attracted migratory waterfowl. Recreational votential

for nearly all the MSDGC property is limited by the existence of an extensive
above-ground sludge pipeline system which is subject to vandalism. That
vandalism has prompted the MSDGC to close all of their property other than the
"Fulton County Conservation Area" to public access.

Large tracts of equally available and suitable land in Fulton County are
expected to keep land values low in the project area. According to tax
assessment records, reclaimed strip-mined lands which are used productively
have been valued only 25 percent more than unreclaimed lands.

C. Existing Project rations
Project construction began in January 1971. Approximately 4,344 acres of the

15,529-acre project site (August 1977) have been recontoured and graded to
create 43 fields sujtable for sludge apolication and row croo agriculture.
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Sixty-one retention basins were constructed to contain stormwater and erssion
including sludge runoff from aovolication fiz2lds. Four large holding Hasins
having a combined capacity of 8 million cubic yards were constructed to
provide for the interim storage of liquid sludge and sludge supernatant.

To orotect against environmental degradation possibly resulting from the oro-
ject, slidge holding basins were lined to pravent seepags to jroundwater,
control berms and retention basins were installed on sludy2 aoplication fields
to contain all field runoff and control basin effluent guality, and the fislds
were Jraded and orovided with siltation basins to reduce runoff velocity,
erosion and sedimentation. The effectiveness of environmnental control systems
and the environmantal soundness of orujact operations are monitorad intensively
by the State of Illinois and the County. Each step of the project is monitored
to assess impacts on the environmant,

The operations begin when anaarobically digested sewage sludge from the MSDGC
West~-Southwest Treatment Plant or aged sludge from the Lawndale lagoons, or a
nixture, is barged aporoximately 180 miles from Chicago down the Illinois River
to the dock at Liverpool in Fulton County. In 1977, shioments averaged 200 dry
tons cer day or one-third of the entire MSDGC sludg2 output. The sludge is
oumded out of barges and rz2layed 10 miles by booster oumps to the project hold-
ing basins for storage. DOredging equioment is used to withdraw sludge from the
basins. The withdrawn sludge is pumped and distributed to th2 aoolication
fields at an average rate of 23 dry tons Jer acre (1977), using a modular pioe
network installed on the jround surface. The opunded mixture usually has a
solids content of approximately 5 percent. A major portion of the sludge
supernatant oreviously was barged back to the head end of tha West-Southwest
1reatment Plant or to the Chicago Lawndala lagoons. 1n 1976, the MSDGC modi-
fied its orocedures vroviding for the large-scale aoplication >f supernatant

to 17 additional fields at the project site, comorising 1,334 acres. Maxiaum
pvermitted rate of gsupernatant aoplication is 117,000 gallons per acre per year,
which provides 120 pounds of available nitrogen. In practice, the soil hydrau-
lic capacity has been a more limiting factor.

Sludge that is shipped to Fulton County must meet standards set by the Fulton
County Health Departiment. Prior to November 8, 1975, the following standards
apolied:

1. Volatile acids—no more than five 24-hour composite samplas takan
in a 30-Jay period shall exceaed 300 milligrams per litar

2. Alkalinity--no more than 5 vercent of the 24-hour comoosite samplas
taken in a 30-day period shall be lower than 2,500 milligram per liter

3. Wlatile solids—no 24-hour comoosite samole shall be more than 62
dercent of total so

4. oH—no 24-hour composite samole shall be less than 6.9.
As of May 1975, sludge from the Lawndale lagoons complied with all standards

except for alkalinity, which was deficient 9.5 percent of the time. Sludge
from the West-Southwest plant complied with the volatile acids standards, but
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wag Jeficiant 3.9 D2rcent >f tha time fac total volatile solids, 1.4 narcent
of the tina £ar alkalinity, and 1.3 72ercent of th2 tina foc oH.

By Novenber 1375, the Fulton County H2alth Deodartmwnent cecojnized that sluije
stocaje for long veriods of time c23ults in volatilization of anmonia ani
conszquant lecreas:s in alkalinity, ani existing c2julatisns wac2 oachaos
too strinjent in view of the fact that sone sludje shioped to Fulton County
had been in storaje in the Lawndala lajoons for neciois canjiag uo to 15
years, At that time, thec2for2, th2 volatile aciis ani alkalianity standacis
wece chanjed to> the following.

* If volatile aciis are la2ss than 100 nillijrams oec litac than
the alkalinity cannot be 12ss than 1,500 nillijcans oer litar

* If volatile acils 2xceed 100 nilliyrams oer litec then thz
alkalinity canndt be 12ss8 than 2,500 nillijcans oer litec.

Since the staniaris wace amanied, there have hHean nd violations., Slulje
quality has actually inocoved since 1374; alkalinity stanlaris hal not
baan vislated since December 1, 1374; oH has naver Heen 12ficiant since
Novamber 26, 1973; and tha standard for total volatila solids has baen nzt
since Novenbar 14, 1373.

The Fulton County 30ar3 reo2ala2d thair ordinance on Sludje 4andling in July
1380 and no lonjec has any tyoe of conteals over sludyz haniling o¢ sludje
ality,

The sludje is a7’oli2d to the soil by a tcactoc-drawn tanden 3isk iacocgorator.
The Jisk incocpocator apolias 3ludj2 to the entice olow layer of tha soil,
using a liskinj nachite with a listeibution nanifold that lirects sludje to
a2ach 3isk while tillinj thz soil.

Supacnatant is apolia2d throuzh a jate2d ircijation oipe., With the 3atz23d icri-
Jation oive, the 9oive is 12il on hijh 3jrouni ani sluijz suvernatant is numnped
through th2 slats, forniay a downsloo2 shaat flow across tha aoolication fiali.
Hacvesting thcee hay croos Juring the orinacy Jrowing s2ason c2n0vas 2xc293
nitcojen.

Anmual sludje apolication rat2s ware orijinally orooos2id ts be 75 dcy tons

ver acr2 in the ficst year >f oroject doderations, taoecing down to 25 Ary

tong 2er acre by the fifth y2ac and continuiag at that rata, Th2 actual averaje
cate of sludja aoolication has incc2ased from 2.7 dcy tons ver acr2 in 1972 to
23 &y tons per acre in 1377,

In sone instanceg, sludje has hean aooliad ta arijinal olace 1anl at reclana-
tion cather than ajconomic cates. Th2 Illindis Enviconmental Protection
Ajency (IEPA) defines ajronomnic rat2s to b= adoroximately 5-12 3ry tons o2r
acte per year. This ocactice is oscnittel by th2 IEPA wher2 thece is adequate
anviconmeatal nonitocing. Dn apolication fizlis oraviously strio ninel,
annual ratzs of apolication r2ached 60 iry tons per acc2 in 1976. 9y latz
1377, oaly one a’olicatisn fiell desijned to utilize sluilje supecnatant

was in use; supernatant is caquiced to b2 avolied at the nitrojen ajronowmiz
cate for the hay croos harvestai.

A sludje analysis orojgram is Jesijned to ensure ajequate treatmnent of sluije
befoce shioment to the twliing basins, Th2 water wonitoring gystem incluiles
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samoling from 26 wells, 1 soring, 1l stream stations, 10 reservoir stations,
and 61 runoff retention basins. The soil monitoring orogram includes sampling
of the olow layer (0-5 inches) and s0il boring to bedrock taken and analyzed
for physical and chamical parameters. Sampling of aguatic biota as well as
croo leaves, jrain, and tissues of livestock test herds is being conducted

to determnine effects of sewage sludge apolication. 1In addition, a portable
meteorological station was set up close to the holding basing to measure

air tamperature, wind speed and direction, r2lative humnidity, and rainfall,

Bejinning in 1971 through the oresent, oroject operations have been performed
oursuant to permits issued by the Illinois Environmental Protection Agency
and the Fultoan lounty Health Department.

The Fulton County Planning Commission reviews all land use plans and requests
modifications or jives approval.

D. Alternatives to the Project

The sludge orocassing and disposal methods oracticed by the MSDGC reoresents
nearly the full spectrum of system alternatives., Ten system ootions were
derived by the MSDGC from various combinations of subsystems, for sludge
dewatering, stabilization, disposal, utilization, and transportation. The
ten systems chosen for analysis are presented in a cursory manner in Pigure
I-1 because they are only peripherally related to actual impacts at the
site. They do provide information concerning ootions and relative risks.

The cost-effectiveness of a system represents a balance between capital,
ooerating and maintenance costs, system reliability, environmental imoacts,
and costs for measures to prevent or mitigate potential environmental hazards
or impacts. The only comoonent in this balance for which actual values can
be assigned is total annual costs. Environmental impacts can be asgessed
only in terms of relative potential impacts from each system alternative,

as the state of the art has not progressed to the point of reliably assigning
monetary or oSther exact values to environmental 2ffects.

While either incineration and sanitary landfill of ash or direct sanitary
landfill of dewatered sludge might appear to be attractive alternatives

to land application, several overriding considerations are not highlighted
here. The high energy requirements for incineration and potential emissions
of volatilized hazardous substances such as cadmium tend to outweigh the
lower costs; also, this alternative is effectively unavailable in the Chicago
tegion due to fuel and air quality restrictions. New sanitary landfill sites
in the Chicajo region are practically unobtainable, and they waste the nutri-
nutrients in sludge which can be recycled safely and efficiently in a well-
designed, well-managed land utilization project.

E. Existing polices and recommendation of Federal Agencies

1. Pood and Drug Administration

The Food and Drug Administration (FD2) of the U. S. Department of Agriculture
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has primary responsibility for ensuring the safety and wholesomeness of the
nation's food supply. Specific FDA tesearch is directed at preventing levels
of sludge contaminants in soils and foods from becoming sufficiently high

to subject consumers to unnecessary risks or necessitate large withdrawls

of land from food production. Specific FDA concerns and recommendations are
summar ized below.

The PDA has assigned first priority in its heavy metals orogram to mercury,
lead, cadmium, arsenic, selenium, and zinc in foods. Tha FDA pcesently cte-
jards cadmium and lead as the metals of greatest concern, while moce infor-
mation is needed on the content of mercury, arsenic, and selenium in sludge
and food to properly assess their hazacd.

Repeated application of cadmium-containing sludge causes a build-up of cad-
mium in the soil, according to the FDA, and many crops, including the grains,
take up cadmium from the soil. Because approximately 23 percent of th2 total
cadmium intake in the diet comes from grain and cer=al products, the FDA
believes that an increase of cadmium in grains could lead to a significant
increase in the cadmium burden from our food supply.

With regard to pathogens as a possible hazard, the FDA believes that the
development of a cycle with ascarid eggs (intestinal worms) in sludge is a
potential problem. Such a cycle would begin with increased intake of ascarid
eggs by a community ingesting food grown on sludge-amended soils, increased
pathogens discharged into the sewage system, and increased numbers of egys
sutviving sewage treatment and re-entering the food chain through application
of sludge to agricultural land. The FDA also states that Salmonella, other
bacteria, and pathogenic viruses, are a cause for concern with sludge-treated
soils and crops.

2. U.S. Department of Agriculture

The U.S. Department of Agricultucre (USDA) states that the application of sludje

to agricultural land which may be used for crop production, must be accomplished

80 that cropland resources are protected and harmful contaminants do not accumu-
late in the human food chain. Specific suggestions of the USDA have been incorpo-
rated in the development of the USEPA Technical Bulletin on Municical Sludge Manage-
ment. This was published in final form on November 2, 1979 and its recommendations
are pregsented below. ULimits are based on experiments directed at the determination
of heavy metal levels toxic to plants or absorbed by plants. These levels may

not constitute appropriate levels for human intake and should be subject to ravision
as new information becomes available. Levels of metal additions apply only to

g0ils that are adjusted to pH 6.5 or greater when sludge is applied, and managed

at pH 6.2 or greater thereafter (soil pH determined by 1l:1 watetr, or equivalent
method).

Sludges having cadmium contents greater than 25 milligrams
per kilogram or 25 parts pet million (dry weight) should
not be applied to privately owned land unless their
proportions of cadmium to zinc are less than or equal

to 1.5 petcent. This safeguacd is designed so that
vigible damage to plants from zinc toxicity would serve
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as a warning of, or deterrent to, excess accumulation
of cadmium. 3Sludge having a greater proportion of
cadmium as compared to zinc should not be apolied on

a continuing basis unless there is an abatement orogram
to reduce concentrations in the sludge to acceptable
levels,

Annual sludge application rates on vrivately owned land
should be the lower of the nitrogen requirement of

the croo (inorganic nitrogen + 20 percent orgjanic nitrogen),
defined as 100 percent of the crop requirement when

sludge is incorovorated into the soil and 150 vercent of the
crop requirement when apolied to the soil surface or the
cadmium loadings on land, which should not exceed 1 kilogran/
hectare/vear from liquid sludge or 2 kilograms/hectare/year
from dewatered sludge.

No greater amounts of sludge-borne metals may be aoplied
to orivately owned land than those shown in the following
table.

Maximum Cumulative Sludge Metal Applications
_Table I-1. for Privately Owned Land (kilogram per hectare)
Soil Catio. Exchange Capacity (meg/100g)*

Metal 0-5 5-15 15
Lead 500 1,000 2,000
z2inc 250 500 1,000
Copper 125 250 500
Nickel 50 100 200
Cadmium 5 10 20

*Determined on unsludged soil by the method utilizing pH 7
ammonium acetate for a weichted average to a deoth of 50
centimeters (milliequivalents per 100 grams)

On land dedicated to sludge application (such as publicly
owned or leased land, up to five times the amounts of
sludge is mixed into the 0-15 centimeter layer of surface
80il. where deeper incorporation is practiced, vrovor-
tionally higher total metal applications may be made.

If the sludge metal appiication rates on land dedicated
to sludge application exceed those maxima recommended

for privately owned land, metal analysis should be
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orovided to nourchasers of marketed oroducts grown there.
Growing leafy vegetables on sludge-treated land is not
recommended without monitoring the metal contents of the
Croo..

Sludge should not be apolied to privately owned land
having soils with less than 50 centimeters of depth.

3. U.S. Environmental Protection Agency

As stated earlier, on November 2, 1977, the USEPA published the final version
of "Municipal Sludge Management: Environmental Factors."” This document is a
Technical Bulletin for use in the USEPA Construction Grants Program

and is to be used in an advisory manner.

Recommendations relevant to indirect health effects are summarized
as follows:

Although absolute numerical limitations on heavy metals are
not appropriate, the project should conform to any limitations
established by the FDA or USDA. If the sludge is relatively
high in heavy metals, it is prudent to pretreat the contribu-
ting industrial wastewaters, maintain a oH above 6.5 in the
combined soil and sludge, grow grain crops as opposed to
leafy vegetables, and intensify heavy metals monitoring in the
sludge, s0il and plant tissues.

Sludge avolication rates should be controlled so that the
total amount of nitrogen added and available to plants is no
greater than twice their nitrogen requirements for growth,
including that nineralized from the soil, the inorganic
sludge nitrogen, and organic sludge nitrogen based on a
mineralization rate of 15 to 20 percent for the first growing
season, and 3 vercent of the residual sludge nitrogen for
three subsequent growing seasons (volatilization of ammonia
from surface-apolied sludge should be taken into account).

When sludge is used for agricultural purposes, it is necessary
to achieve vathogen reduction beyond that attained by stabili-
zation, Methods reported as successful include pasteurization
for 30 minutes at 70 degrees Centigrade (C); high oH treatment,
typically with lime, at a pH greater than 12 for 3 hours; storage
of liquid digested sludge for 60 days at 20 degrees C or 120 days
at 4 deqrees C; complete composting at temperatures about 55
degrees C as a result of oxidative bacterial action and curing

in a stockpile for at least 30 days.

Secause specific orjanisms may survive in the soil for extended
periods, sludge-treated land should not be used for growing
human food crops to be eaten raw before three years after the
last sludge application. For orchard crops eaten raw, heat-
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dried sludge can be us=d provided the projact is appcoved by
the FDA.

If direct contact occurs betwesn sludge and a growing crop,
sludge. should be negative for Salmonella and Ascaris ova
if the crop, although normally cooked 1n the home before
consumption, is to be marketed without processing which is
lethal to pathogenic microorganisms and oarasites.

Forage and pasture crops should not be consumed by animals
while these crops are physically contaminated by sludge.
Grazing animals should not be permitted on pastures befora
thorough removal of sludge, by rain or some other means.
when there is a risk of direct ingestion of the sludge by
grazing animals, the lead content of the sludge should not
exceed 1,000 milligrams oer kilogram (dry basis) and the
cadmium content should not exceed 20 milligrams per kilogram
{dry basis).

New regulations addressing Cadmium loading rates, PCB concentrations, vathogen
levels, and public health considerations were published September 13, 1979.
eEntitled "Criteria for the Classification of Solid Waste Disvosal Facilities

and Practices", these requlations superseded the above-mentioned recommendations
in the categories that it addresses. These regulations set forth the requirements
and criteria for applyiny municipal sludge to land for agricultural purposes.
Compliance with thess criteria is mandatory under Section 405 of the Clean Water
Act. It should pe noted that those portions of the regulations <ealing with
sludge apolication are designated as interim-final regulations. This means

that they are lagally binding but subject to change based upon additional public
comment .

A summary of these regulations as they pertain to the land application of sludge
is presented below.

40 CFR 257 - Criteria for Classification of Solid Waste
Disposal raclilities and Practices

a. Cadmium - The regulations oput forth two approaches to cadmium control.

(1) This approach involves disposal site management controls and
standards qoverning cadmium applications. It requires that the soil/sludge
mixture pH be 6.5 or greater at the time of each sludge apolication. There is mo
o requirement if the sludge contains concentrations of cadmium 2 milligrams pet
kilogram (dry rate) or less., For application of sludge to soils that will be used
for the oroduction of tobacco, leafy vegetablas, or root croos grown for human
consumption, a mass loading limit of 0.5 kilograms cadmium per hectare may not be
exceeded.

For all other food chain crops the annual cadmium apolication rate may not exceed:
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ANNUAL CADMIUM
APPLICATION RATE

TIME (KILOGRAMS PER HECTARE)
- Present to
June 30, 1984 2.0
July 1, 1984 to
December 31, 1986 1.25%
Beginning
January 1, 1987 0.5

Limitation on cumulative sludge cadmium applications are as follows: 5 kilograms
per hectare, where soil cation and exchange cavacity (CEC) is less than 5 milli-
equivalents (meq) per 100 grams; 10 kilograms per hectare where CEC is between 5
and 15 meq/100 grams and 20 kilograms per hectare where CEC exceeds 15 meq/100
grams. If background soil pH is less than 6.5, cumulative sludge cadmium limit
is 5 kilograms per hectare reqgardless of cation exchange capacity unless the oH
is adjusted to and maintained at 6.5 or greater whenever food chain crops are
grown.

(2) The second approach involving cadmium limits is known as the "con-
trol site” or "dedicated site". This concept is analogous to the Fulton County
project that is under the direction of the Metropolitan Sanitary District of
Greater Chicago. Under this management scheme, there is no cadmium mass loading
limit. However, the owner or operator must maintain sludge/s90il oH of 6.5 or
greater when the sludge is aovplied or when crop is planted, whichever is later;
this pH level must be maintained whenever food chain croos are grown. Also, the
owner or operator of the site must develop a facility operating plan which shows
how animal feed will be distributed to prevent ingestion by humans and describes
measures to be taken to safeguard -against opossible health hazards from cadmium
in the food chain which may result from alternative land uses. This latter asvect
is basically a requirement that future property owners are notified by a stioula-
tion in the land record or oroperty deed stating that the oroverty has received
sludge at high cadmium application rates, and that food chain crops should not be
grown,

b. Polychlorinated Biphenyls (PCB's) - For municinal sludges containing
PCB's in concentrations greater than 10 milligrams per kilogram (dry weight), the
regqulations require that such sludge be incorporated into the soil. Incorporation
into the soil is not required if assurance can be given that the PCB content in
the animal feed grown is less than 0.2 milligrams ver kilogram or that milk from
animals grazed on land that has been amended with sludge has less than 1.5 milli-
gcam per kilogram of PCB.

c. Pathogen Levels - There are two land application approaches outlined
in this portion of the regqulation, depending.on the type of crops grown.

(1) Septage (solids from septic tanks) may be apolied directly to
agricultural land provided that oublic access is restricted for 12 months and
that grazing by animals whose products are consumed by humans is prevented
for at least one month. Similarly, sewage sludge that has achieved a level of
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pathogen reduction comparable to anaerobic digestion, may be applied directly
to agricultural land, provided that public access is controlled for at least
12 months and grazing is prevented for at least one month.

(2) If sewage sludge or septage is apolied to land that is used for
crops directly consumed by humang, a stabilization process equivalent to heat
drying or thermophilic aerobic digestion must have been used. This level of
treatment is not required if there is no contact between the solid waste and the
edible portion of the crov.

d. Other Criteria - It is immortant to remember that all of the criteria
and requlations found within 40 CFR 257 will apwly to land application programs.
The additional criteria describe performance standards and/or overating techniques
to protect air and water quality, sensitive land and biological resources, and
public health and safety. For example, in flood plaing, the criteria woull oro-
hibit land application of sludge which would restrict the flow of the base (100
year) flood plain, reduce temporary water storage capacity, or result in a washout
of sludge that would threaten human life, wildlife, or land or water resources.
The criteria also address endangered species, oollutant discharges, underground
sources of drinking water, and open burning.

4. Council for Agricultural Science and Technology

As an aid in addressing questions concerning heavy metals arising from the
USEPA proposed Technical Bulletin, the USEPA requested that the Council for
Agricultural Science and Technology (CAST) create a task force to review
recent research on the application of sludge to cropland and to prepare a
consensus statement on the ootential of hazards of heavy metals in sludce
to plants and animals. A report was prepared by a group of 30 scientists,
most of whom have been actively engaged in research on the application of
sewage sludge to agricultural land. Conclusions and recommendations con-
cerning specific metals evaluated in this report are summarized below.

Manganese, iron, aluminum, chromium, arsenic, selenium,
antimony, lead, and mercury produce relatively little
plant accumulation or hazard to crop oroduction when
sludge is apolied to the soil because all either have
low solubility in slightly acid or neutral, well aera-
ted soils or, as with selenium, are present in such
small amounts that their concentration in soils is
quite low, The availability of these elements to
olants is relatiely low, and little uptake by olants
occurs.

Caxdmium, copper, molybdenum, nickel, and zinc can
accumulate in olants and may pose a hazard to plants,
animals, or humans under certain circumstances.

In general, the increase in metal contents of plants

is greater from the initial sludge application than
from subsequent applications.
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CAST recommendations are as follows:

To limit cadmium accumulation in food suoply
from sludje treated land to a relatively low
level, maintain soil pH at or abowve 6.5, grow
croos which tend to exclude cadmium from the
whole nlant or from reprcductive tissue, aovply
low annual rates of cadmium and use sludges
which have a low cadmium concentration, and/or
grow non-edible croos.

Maintaining soil oH at 6.5 or greater should
also orevent zinc and nickel from oosing a
threat to olants and/or the food supply. While
this results in greater solubility and availa-
bility of molybdenum than would occur at lower
pH values, sludges are usually very low in
molybdenum and that element would probably not
vose a serious hazard to the health of grazing
animals.

The long-term imoact of repeated apolications

of sludge on metal concentrations in the food
sunoly could be reduced substantially by growing
corn and other selected croos harvested for their
adible seeds or fruits in place of forages or
leafy vegetables.

The USEPA recognizes that these recommendations are based uvon applications to
agricultural lands which have not been strip mined. In the case of Fulton County,
where two goals are being aidressed, land application and reclamation, the USEPA
provoses that the larnd aonlication program be consistent with the Criteria for
Classification of Sclid Waste Disposal Facilities and Practices to the fullest
extent possible. 3hould occasional variances occur, access to land should be
controlled and both the site and crops monitored to detect opotential adverse
impacts. Comoliance with the alternate cadmium control procedures would be
required.

¢. Environmental Imacts

1. Land

The effect of sludge amolication to the spoil soils of Fulton County in conjunc-
tion with i2veling operations has a beneficial impact. The positive effects to
the soil result mainly from the high content of organic matter in the sludge.

Increased aggregate stability resulting from the addition of organic matter
results in decreased erosion potential. Organic matter also orovides a matrix
for ionic loading and water absorption, and plant nutrients for increased
agricultural oroductivity.
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Although increased soil organic matter reduces erosion ootzntial, the degrez of
soil erosion depends to a greater extent on the contour of the land. Early
designs based uoon spray operation required convex shaped fizlds which promoted
runoff, especially along field ocerimeters. Redesign and ooerational modifications
have rectified the initial deficiencies. Also, soray irrijation is no longer usad.

The MSDGC has been constructing supolamental siltation basins to retain silt-laden
runoff. However, a lack of vegetation on control “erms, in orooerly structticed
drainage channesls and basin dikes »2= « ~fributad to severe gullv eros” n.
accelarating siltation and therec, ceuu. 3 this addad capacity ..c concual’ing
soil loss and sedimentation in crunoff retention basins, Aavailable records

indicat= only sooradic cleaning o© siltation basins; it is difficult to determine
whether this reflects poor maintenance or ovoor racord-keeoing., MSOGC records are
also sparse in documenting revairs to drainage oipes, which have on occasion become
damaged or clogged, obstructing discharge from siltation basins into run-off reten-
tion basins.

High rates of disk incorporation of sludje contribute to soil erosion by necessi-
tating multiole passes of tha incorporator during the orimary growing season,
obviating the ocossibility of jrowing a croo. In alternats y=ars, when a field
lies fallow without even a cover crop and sludg2 is aoolied, soil erosion will
increase considerably.

It is uncertain as to what prooortion of accumulat2d toxic metals are actually
available and therefore detrimental to crops. Monitoring at Fulton County has
shown that metal uptake by croos oresently corresponds mwore to the amounts of
sludge applied in the current growing season than to th2 amounts accumulated from
previous years. Becaus2 the MSDGC no longer odroduc2s a crop in the alternate
years of sludge aoplication, the availability of metals for uotake should be re-
duced considerably in the intervening years when crops are grown.

2. Water

Pre-project investigations show that surface wat2ar quality was 2xceedingly poor as
a result of runoff and leachate from strip-min2 spoil and, in Big Creek, upstream
pollution sources including effluent from the Canton szwage treatment plant.

High background concentrations of metals and nutrients, which are not attributable
to MSDGC operations, may allow small contributions of sludge constituents to be
masked and thereby go undetected. At the same time, podr uostream water quality
vastly decreases the likelihood of such contributions resulting in the €urther
deterioration of water quality.

a. Surface water impacts - Surface water Juality is monitored at
stream and reservolr stations as well as runoff retention basins. A comparison
of Illinois water quality standacds to the quality of stream and reservoir samples
during earlier and more recent stages of the project shows that surface water
quality has not significantly deteriorated.

The downstream station located on Big Creek demonstrates better overall water
quality than the station located upstream on Big Creek before it enters the pro-
ject area. This indicates that dilution and instream purification occur in this
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stretch of Big Creek. Although increased levels of sulfate and total dissolved
solids occurs at S2, this has been attributed to previous strio mining opera-
tions performed at the site. These operations brought in new soil materials,
including pyrite, shale, and limestone to the surface.

Observations at the site indicate that the greatest shortcoming of the runoff
basins is their inability to contain storm runoff and intermittent rainfall of
approximately one to two inches per day which may occur daily over a period of
about a week. These conditions lead to hydraulic soil saturation, during which
time the s0il cannot accommodate recycled runoff basin contents. This circum-
stance has sometimes led to emergency releases of runoff basin effluents that
could not meet effluent standards.

Examination of the logs of runoff basin discharges reveals faulty operating proce-
dures. Basin discharge gates that have been left open during prolonged periods
of heavy rainfall, allowing the free flow of runoff, sometimes result in substan-
dard effluents entering surrounding surface waters. Records produce no mention
of backoumping retained runoff onto application fields, although this procedure
was intended in the project design and backoumping records were required by the
initial IEPA operating vermit.

Effects resulting from underdesigned and poorly maintained runoff basins are orob-
ably highly localized and confined within the project gite. Project operations
through 1977 do not aopear to have made any significant impact on surface water
quality.

b. Groundwater impacts -~ Trend analyses were made for nitrate and
nitrate nitrogen, ammonia nitrogen and iron in four wells selected to represent
background groundwater quality ("without the project®™). Data were examined to
investigate possible seepage from the sludge holding basins and possible ground-
water contamination from sludge application. The data were found to indicate
increasing nitrite and nitrate levels in one well only, and this was not attribut-
able to project operations.

Fecal coliforms, trace elements and other chemical concentrations in wells

remain close to the pre-project conditions. The variations in groundwater quality
at most stations are comparable and are probably influenced by the geochemical
characteristics of abandoned strip mines. Groundwater quality has apparently re-
mained unaffected at this stage of the oroject. Therefore, soils appear to be
functioning well as a biochemical filter for removal, conversion, and fixation of
sludge.

3. Ar

Impacts on air quality may result from aerosolization and volatilization of sludge
constituents, possibly presenting odor problems. This section suwsarizes odor
complaint data and the relative odor votential of the sludge holding basins and
alternative application techniques.

Since project initiation, complaints of offensive odors have arisen from citizens
near the project site. The Midwest Research Institute (MRI), under contract with
Fulton County Health Department, designed a vrogram to verify the origin of these
complaints. The frequency of odor complaints has been found to be decreasing each
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year. Although some localized odors can be detected under special conditions,
modified application techniques may have reduced the incidence of odor generation.
This can be attributed to the elimination of the spraying operations.

4. Health

Stabilized sludge contains wvotentially toxic substances such as heavy metals and
pesticides, and may also contain human and animal pathogens and parasites, al-
though usually in very low concentrations.

The oresence of animal virus downwind of the sludge spraying source during active
apolication periods was found not to be indevendent of background conditions.
There is evidence which indicates that the spray application was not the only
source of virus. Bacteria concentrations decreased exponentially with distance
from the spray source. Wind velocity, temperature and relative humidity seemed to
have little influence on downwind concentrations of bacteria (USEPA, March 1979).

The spraying operations terminated in 1976, exceot for one research field run by
the University of 11linois. Therefore, this source of ootentially harmful patho-~
gens has been substantially reduced. Probably the best barometer of health effects
is lack of health-related oroblems associated with project overators and local citi-
Zens within the county.

A major concern with the application of sewage sludge to land is the possibility
of heavy metals being transferred indirectly to the oublic through the consumption
of contaminated vegetables and meat. No indirect health effects are evident at
this time. The nature of the project itself precludes the direct human ingestion
of crops grown on site. Hay, corn, soybean and sorghum are sold on the open
market. They represent a small fraction of the total crop produced in Fulton
County and receive even greater dilution in larger markets. There is no evidence
that crops are directly consumed by humans, Crops fed to animals consumed by
humans add little to the existing burden.

On September 13, 1979, USEPA adopted criteria for regulating land disposal of
301id waste designed to control annual and cumulative additions of cadmium to

the soil. Because of the extensive monitoring available in Fulton County, the
MSDGC oroject qualifies under the suggested alternative, which calls for analysis
of cadmium comparable to levels present in similar crops or livestock oroduced
locally where sludge has not been applied to land. The alternative criterion does
not define "comparable"™ in a statistical sense, nor does it present an approach
to determining what levels are locally reoresentative.

Due to some severe land use constraints to build roads and housing on the present
land, many ootential health-related imoacts will orobably nmot occur. The current
land is used where vossible for row crops, not root crops or leafy vegetables.

If the land is committed to this current usage, the relative risks of the project
are very acceptable,

Further develooment of buffer zones and maturing vegetation will reduce not
only some of the visual impacts but reduce further the potential risks

due to runoff or erosion. Most of the site resembles typical farm lands
with associated practices or modifications of the former strip-mined land.
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Housing developments in the area apvarently have not been adversely impacted
by water quality associated with the strio-mining activities, tut indeed have
created their own pollution problems in non-project reservoirs (algae blooms
due to contamination from septic fields).

5. Noise

Sources of noise related to the project include pumps and tractors. Three pumping
or sludge distribution stations are located within project property, and one
booster station is situated at the Liverpool dock. The pumping stations on the
project site are situated at least one mile from the nearest farm. The booster
station at the Liverpool dock and barge pumps are within 1/2-mile radius of
Liverovool. Tractors and trucks are mobile noise sources that will be detected
only when in operation near the boundary of project property.

Considering the one-mile buffer distance and further dissipation of noise by
buildings, vegetation and tooography, the noise level of pumws is acceptable

for residential areas as recommended by the U.S. Department of Housing and Urban
Development. Noise generated from pumws at the Liverpool dock and by barge
pumps will somewhat increase the ambient noise level around the community of
Liverpool, but not significantly.

6. Land Use

Leveling and grading of strio-mined sections of the project site to prepare the
sludge application fields, and the removal of large rock fragments from the surface,
have increased the suitability of the land for a number of uses. Beyond the ob~
vious benefits to agriculture, leveling has made it possible to use farm machinery
to control tree growth, instead of emoloying hand labor which is prohibitive in
cost.

The removal of surface rocks and leveling of steep slopes have also considerably
increased suitability for recreational use, including playgrounds, campsites,
recreation building sites, roads, and trails.,

7. Economics

The most obvious short-term local economic effect of the vroject has been to create
jobs for approximately 120 skilled and unskilled contract laborers who average 6 to
8 months of employment yearly. In 1975, the MSDGC oaid approximately $890,000 to
their contract employees and $300,000 to their full-time staff of 23.

The sludge apolication project has also affected the local economy by increasing
the future market value of the land and the tax base. In 1973, the MSOGC paid to
Fulton County about $102,000 in real estate taxas, which amounted to 1.3 percent
of total tax revenues, and $34,000 in personal property taxes which amounted to
3.4 percent of the total. Land reclamation and reuse could theoretically add
about $280,000 to the market value of the 4,344 project acres of strip-mined land
scheduled for sludge application.
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Future uses of lard will not be economically intensive and would generate little
on-site employment and income. Income due to tourist-related retail and service
enterprises has occurred in the recent past. Agdricultural reuse, especially
jgrazing, would have a small multiolier effect on local employment and income.
Feedlots could contribute to the exmansion of nearby meat oacking firms. Full
reclamation and agricultural reuse could theoretically add 5100,000 to $200,000
per year (1970 dollars) to the ultimate value of agricultural outout.

3. Mitigative Measures Needed to Ensure Environmental Tomoatibility

1. Land Management Measures

MSDGC should develop a Facilities Overating Plan as outlined in 40 CFR 257.3-5
(d)(1)(e). As promulgated, this cadmium management appbroach sets forth require-
ments which will serve to minimize the potential for many nollutants reaching the
aquatic environment or the human food chain. This approach is more fully dis-
cussed on page VII-S5. To further reduce the potential for contaminants entering
the food chain it is recommended that the croos grown on fields used for sludge
application be scld to alcohol producers and used for gasohol production.

The MSOGC should evaluate the optimum sludge awplication rate where soil erosion
and siltation basin maintenance can be held to a minimum but land requirements
do not get too large. Tradeoffs should be evaluated to keep soil compaction at
a minimum and common agricultural techniques used to reduce associated problems.
Chisel plowing and dry discing could be utilized to reduce soil compaction.

Where feasible, fields that are graded to drain laterally across the orincipal
slope into ditches along the perimeter should be ungraded with a broad, shallow
depression and retention dike at the base of the slove to add backup runoff reten-
tion capacity on the field itself, thus eliminating high velocity runoff, scouring,
and gqully erosion at the edge of the field.

Terraces constructed across long slopes and maintained in permanent vegetation
should be provided, when practicable, for greater erosion control; drainage chan-
nels or ditches, dikes, and berms should be permanently grassed to stabilize the
soil.

Cover crops to stabilize surface soil should be established and maintained on
fallow fields immediately following seasonal sludge aoplications. MSDGC has
indicated that they currently plant winter wheat to help satisfy this condition.

Breached dikes or berms should be repaired promptly; carriers of rock, hay bales
or other material should be placed in ditches or runoff channels containing high
velocity flow to reduce scouring and gully erosion.

Application fields should not be worked with sludge incorporation machinery when
fields are muddy and pording of sludge is most likely to occur. Often the "pull®
on the incorporation hogse by the tractor is the limiting factor to working in
maddy fields, but oonding should be avoided where possible.

The effectiveness of vast soil conservation practices should be carefully evaluat-
ed, and technical assistance should be sought from the Soil Congervation Service
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through the Fulton County Soil and Water Conservation District in olanning the
needed conservation practices to assure that soil loss does not exceed tolerable
limits as defined by the Universal Soil Loss Equation.

It is essential that combined soil and sludge p+ in all fields be maintained at
or above 6.5 continuously.

The MSDGC should extend the current oractice of building supolemental siltation
basins, especially whers soil loss and siltation of retention basins is severe
and runoff retention capacity is marginal; also, there should be more frequent
cleanout of full siltation basins and mowing of overgrown basins to preserve
their function.

The prescribed oractice of pumping from vartially or nearly filled runoff reten-
tion basins back onto application fields should be employed where necessary to
avoid emergency releases of substandard effluent; such recycling of runoff should
occur before fislds are saturated from rainfall and sludge application combined.

Discharge control gates should be kept closed during a period of runoff from a
storm; prolonged periods when gates remain open should be carefully avoided.

A refined water quality monitoring scheme is required to differentiate the oollu-
tant contributions from project point sources (reteation basin discharges), com-
munity ocoint sources (Canton sewage treatment olant), and non-voint sources
(runoff over mine spoil). Stream monitoring stations in particular are too few
to enable segregating these contributions, and community pollution of Big Creek,
where most stream monitoring occurs, tends to mask the possible vollution of
minor contributions from project operations.

Quality of runoff retention basin effluents must be upgraded and should be moni-
tored by analysis of 24-hour comoosite samoles or by averaging the values of
samples taken at several intervals instead of using a single jrab sample. This
is to say that during a release event MSDGC shoull take a series of grab samples
over time, instead of one grab sample. Several mobile composite samples could
be utilized by staggering release events. The current Illinois EPA requirement,
which assumes relatively stable concentrations of biochemical oxygen demand,
total suspended solids and “ecal coliforms, has been ineffective in preventing
occasional release of contaminants whose concentration can fluctuate widely in
24 hours. The IEPA should ensure that discharges do not cause a violation of
instream water quality standards as required in 40 CFR 257.3-3(a). The sampling
scheme should be agreed upon with IEPA.

2, Air Quality Management Measures

Periodic regrading to remove devressions due to subsidence of unconsolidated subeoil
or mine spoil should be performed as necessary to prevent ponding of freshly applied
sludge which presents a potential for odor emissions. Occasional unavoidable
ponding should prommt measures to cortrol odor generation. The MSDGC has aoplied
an odor control product to oonded areas, and this practice should be continued.
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The use of wind barriers such as tall, dense hedgerows arouad the holding basin
berms, could reduce surface turbulence and wave action which intensify odor
emissions. The oresent requirement of a 4-foot freeboard from the sludge surface
to the top of the berm provides wind baffling only for a short distance downwind.
A reduction in the overall size of the holding basins is a good measure for
reducing the basin odors.

3. Health Management Measures

Potential hazards to human health will greatly devend on the tyves of crops grown
on the project fields. Crops should be selected carefully to avoid those which
favor the accumulation of metals in edible plant tissues. In general, grain
crops present a lesser heavy-metal hazard to the food suooly than do forages,
vasturage, and leafy vegetable (CAST, 1976).

Crops which may be eaten raw should not be planted within three years of the last
sludge apolication (EPA, 1976).

The efficiency of wastewater treatment and improved industrial pre-treatment as
required should reduce the concentrations of potentially toxic substances,
especially heavy metals, in MSOGC sludge.

4. Plans and Records

Steps should be taken to ensure that all project maintenance activities are re-
corded on a regular basis in accessible documents. Items to be recorded shouyld
include dates, locations and descriptions of revairs to fields and basins, berms,
dikes, drainage ditches and pipes, as well as significant reseeding, fertilizing
and mowing. Observations of conditions requiring correction, such as soil subsi-~
dence and gully erosion, accelerated siltation, overtopping or breaching of
embankments, and overgrown or Sparse vegetation should also be recorded. where
necessary, maps or diagrams should be provided to reference the locations of
planned or completed activities.

Operations records also require improvement. For examole, oresent records con—
cerning the operation of runoff retention basins should be augmented to include
periodic reporting of the stage or level of all basins, discharging or not, so
that available capacity may be determined in the event of a storm. All emergency
discharges from retention basins should be recorded along with the results of a
water quality analysis of the discharged effluent. Recycling of substandard
effluent by oumping back onto the fields, if oracticed at all, should be recorded
in times and amounts.
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II. BACKGROUND AND INTRODUCTION

A. Project Background and Overview

Sewage sludge disposal is a problem associated with the sewage treatment procass
of most larje cities. In some cases, accumulation of larjze amounts can pose
severe problems for ultimate disposal, given economic and land use constraints.
In recent years, land application Of sludge, when properly managed, has proven

to be an economic and environmentally acceptablz method of ultimate disposal.

Land application, if properly practiced, has the benefit of turning the waste
product of sludge into a resource of fertilizer by utilizing the nutrient content.
any successful program must recognize the environmental limitations of land
application as well as the needs and problems of both the urban and agcicultural
comunities. Sewage sludge, when applied at an agronomic rate, will supply
nutcients to the plants as well as improve soil orovertias. This soil improvament
capability has the potential to renovate devleted or barren land, Benefits and
problems associated with the application of sewage sludge on agricultural and

old strip-mined land are discussed.

1. B_e_rlefits

a. Characteristics of Metropolitan Sanitary District of Sreater Chicago
(MSDGC) Sludge - The term "sludge", as apolied to tgxs project, raters to an
anaerobically stabilized byproduct of sewage treatment. Liquid sludjye contains
dissolved, colloidal, and susvended solids. Purely domestic waste is often
quite acceptable for land application programs. However, in a large metropoli-
tan area, such as Chicago, tie sludge characteristics are altered by the types
of industries contributing to the wastewater. Most sludges contain 2-5 percent
solids as they finish the treatment process. The solid portion is composed of
approximately equal amounts of inorganic and organic materials. The inorjanic
portion is largely fine particles having the texture of silt and clay, and con-
tains mainly nitrogen, phosphorus, sulfur, ctlorine, carbonates, anid metal salts.
The organic portion is a camplex mixture of constituents comprising organic carbon,
nitrogen, vhosphorus, and sulfuc.

Table II-I gives a range of the chemical composition of sludge and specifications
for a "typical" liquid, digested sewage sludge as it flows from the digester.

The composition of different batches of sludge can vary aporeciably from the
values shown; these are given only as a general guideline. Not all of the nitro-
gen in sewage sludge is available to crops during the year of application. Some
may be lost by volatilization or leaching, and the remaining organic nitrogen

must be mineralized before it can be assimilated by crops. Also, nearly all of
the minor and trace elaments can be toxic at some concentration; their availa-
bility to plants devends on soil oroperties, crop varieties, and many other factors
(University of Illinois, 1976).

b. Application Method and Rates - A sludge containing about 6 percent
so0lids or less can be handled as a liquid; i.e., through pipes, carried in tank
trucks, barges and special oumps may be used to achizve the transfer. Generally,
liquid manure spreading equipment can be used. When sludge contains more than 10
percent 90lids, special equipment is needed. Also, dewatered sludge may be handled
as a solid.
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Table II-1

Comoosition of Fresh, Anaerobically Digested
Sewage Sludge (University of Illinois, 1976)

Typical Sludge (dry basis)

Element " Concentration Concentration (%) amount {lb/ton)

Range (%)

Elements essential for plants

Nitrogen-organic 2to5 3 60
Nitrogen-ammonium 1 to3 2 40
{(Nitrogen-total) (1 to 6) (5) (100)
Phosphorus-as P 0.8 to 6 3 60
(Phosphorus as P 0 (6.8) (137)
Potassium-as K 0.1 to 0.7 0.4 8
(Potassium as K O (0.5) (10)
Calcium 1 to8 3 60
Magnesium 0.5 to 2 0.9 20
Sulfur 0.3 to 1.5 0.9 18
Iron 0.1 to S5 4 80
ppm* pom*

Sodium 800 to 4,000 2,000 4
Zinc S0 to 50,000 5,000 10
Copoer 200 to 17,000 1,000 2
Manganese 100 to 800 500 1
Boron 15 to 1,000 100 0.2
Elements not essential for plants

Cadmium 3 to 3,000 150 0.3
Lead 100 to 10,000 1,000 2
Mercury 1 to 100 3 trace
Chromium S0 to 30,000 3,000 6
Nickel 25 to 8,000 400 0.8

*oom - Parts per million

Note: Values varying according to source, treatment and other factors.
Sludges held in storage lagoons for long periods may be considerably lower
in nitrogen content.
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Although not a recommendad oractice, liguid sludge can be sorayed through large
diameter irrigation nozzles. Sludge and supernatant also can be allowed to

flow down furrows over a gradad field. Land application of sludge is not a substi-
tute for irrigation if a oroblam of insufficient cainfall exists.

In some oresent operations in Illinois, sludge is pumped through a flexiblz hos2
to an injection plow traveling through the field. At the plow, sludge flows
through a manifold which connects with outlets at each plowshare or Jdisk. Sludge
can thus be incorporated immediately into the soil, It is necessary that caution
be exaccised in apolying sludge to slooing land to ensure that resulting runoff
does not contaminate streams and othar bodies of water.

Aoolication rates are exoressed in terms of inches of liquid per acre, tons of
liquid per acr2, ot tons of dry solids per acre. 1A layer of liquid sludge onez
inch Jeep amounts to about 27,000 gallons (100 tons) on each acre coverad.

In determining the correct avolication rate to satisfy croo requiraments for
nutcients, many variablas must be taken into consideration. For 2xampla, the
percentages of specific nutrient concentrations that arz in a form available

for plant uptake, the loss of 2lements from leaching through the soil, and the
minecralization or immobilization of 2lements after apolication must be determined,
An application rate that is suitablzs for one constituent of sludge might be
unsuitable for another, causing either nutrient deficiency or toxicity. In addi-
tion, the contribution of tracs elements, especially heavy metals, may limit the
long-range utilization or disposal of sludge on agricultural lands (University

of Illinois, 1976).

Application rates must be specified according to the analysis of sludge being
used, and sufficient sampling must be done to measure variability in composition
over a reasonable veriod of time. The University of Illinois has done sufficient
cesearch to indicate favorable crop resoonse and increases in soil organic content
when sludge is applied to agricultural and strip-mined land. (University of
Illinois, 1976).

c. Value of sludge aoolication - Sludge orovides a source of orjanic
matter that may be beneficial 1n many soils, particularly those low in orgjanic
matter such as sandy soils or previously strip-mined lands. Imoroved structure
ard water-holding characteristics result from an increase in soil organic matter
when it is at a low level (under 3 percent) (University of Illinois, 1976).

2. Potential Problems

Potential problams that must be takan into consideration when planning a land
application program include:

a. Odors from sludge apolication methods can be minimized by incorporating
the liquid sludge. Storage basin odors have caused the most complaints in the
past. The upper layer sometimes has a high ammonia contant. Odor can be raduced
by minimizing surface aresa and length of time needed for storage.

b. Many concerns about long-term sludge application have centered around
trace metals in the sludge. The elaments of most concern include nickel, zinc, cad-
mium, and coppet but such concern extends to mercury, lead, boron, chromium, cobalt
selenium, and molybdenum. The fear is that these substances may accumulate to
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cause toxic concentrations in the crops. The University of Illinois has traced
tha movements of heavy metals in the food chain, Studi2s have indicated that
ther2 is no indication of high levels of toxic metals in the soils or plants
where municipal sludges are apoliad at ajronomic rates. (University of Illinois,
1375).

c. There has besn sarious concern that sewage sludge might contain patho-
jens and that animal and human health problems might result from sludge utilization.
Howevar, specific studies have shown that viruses are unlikely to survive a period
of 15 days in a heated anaerobic digester, at least in a condition capable of caus-
ing an infaction. Much the same situation was found for sevecal kinds of parasites.

d. 1In regard to nutrients, it was found that both the rate of nitrogen
transformed to nitrate and the movament through soil are the same, tegardless of
the source. Phosohorus poses someswhat more of a problem in that ohosphorus added
to soils as a sludge constituent apoears to be highly available to crops. Hence,
it is possible for available phosphorus to accumulat2 in soils to levels toxic to
sensitive croos if sludge apolication rates are high. also, the levels of phospho-
rus in drainage water may possibly increase to the point of posing a eutrophication
thceat when drainage water is returned to mon-flowing surface waters. Howevec,
thase oroblams are not expected to result as lonj as agronomic rates of sludge
apolication are not exceeded (University of Illinois, 1976).

3. Project History and Issues

1. History and Policy Matters

Fulton County citizens have been concerned about the after effects of strip mining
in the County for years., The first collective action was taken in 1970, when the
CTounty Board of Supervisors and the State Attorney's Office formed a special citizen:
committee. This group directed the State Attorney to investigate the feasibility

of a land application project in Fultcn County.

It was apparent from othar studies that although the mnined area could be effectivaly
levelad, some measures would have to be taken to modify the ooor inorzanic mine
sooil material of the acea. It was then that the use of sawage sludge was proposed.

The MSDGC was invited to make a oresentation to the Fulton County officials on
Seotemder 11, 1970. Several administrative approaches to the project were discuss-
ad, but MSDGC outrchasad about 15,000 acres of mined land which was being used for
pasture. It was the intent of the MSDGC to jrade the land in order to contcol run-
off, increase the organic content of the soil by large additions of sludge and
restore the land to full agricultural oroductivity.

2. Environmental Litigation

Several ocourt casas were brought against MSDGC. Also, MSDGC filed several cases
against the Illinois Environmental Protection Agency (IEPA}. A summacy follows:

a, 1EPA vs, MSDGC - charged air pollution violations against MSDGC.

b. MSDGC vs. IEPA - a permit appeal. The decision was in favor of IEPA.
All permits stayed” until a decision in the above case was reached.
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C. MSDGC vs. IEPA - a mandamus action brought by the district to comnpel
the issuance of the Fulton County permits.

C. Related Activities

1. The Big Bluestem Program and Recreational Benefits

One reclamation program called for returning a 3,000-acre segment of land to
original tall grass orairie vegetation. The principle is that a tall

grass prairie may prove even better than crops and pasture in recycling

and reclamation. The vprairie plants offer new possibilities for both
agriculture and land reclamation. The idea of reintroducing wildlife

and attracting tourists was discussed.

2. The Fulton County Steering Committee

This committee was established to provide local public participation for
the Prairie restoration program. The committee was composed of public
officials, orivate citizens, and MSDGC staff personnel.

3. Recreational areas

Areas will be established and certain pothole areas opreserved.

D. The Study Area

1. Basis for the Study Area

The study of socioeconomic and land use impacts emnloys three areas of focus.
The largest area of study is regional, covering Fulton County and any influences
of Peoria. An area of more intensified study contains land surrounding the
project site and includes Canton. The smallest area of study is confined within
the boundaries of the oroject site (see Figure II-l).

The study of environmental effects of the project includes odor and noise nuisance,
potential contamination of surface and groundwater and soil, vossible health
effects of airborne pathogens, and potential biomagnification of toxic materials
in food chains via crop and livestock production and consumption. No definite
geographic boundary can be assigned to accommodate all effects. For example,
problems associated with odors and airborne pathogens, which can travel great
distances, require a larger study area. Related climatological features must

be examined not only locally but also regionally.

Generally speaking, the study area is extended to at least five miles from the
boundarieg of the project uroperty. This area includes the communities of Canton,
Cuba, St. David, Bryant, and Lewiston (see Figure II-1). All environmental and
health effects resulting from the oroject are evaluated against the avplicable
standards as discussed in the following section and confirmed with findings

fro~ similar studies in published and unoublished literature,

2. Pollution Control Standards

The MSDGC must comoly with four basic sets of requlations to construct and
operate the Fulton County lard reclamation project. There are effluent stan-
dards, as gtated in the Illinois EPA Water Pollution Control Permit, which reflect
the water pollution regulations of Illinois Rule 404, governing the concentrations
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of total dissolved solide, biociemical oxygzen demand (®0D), and fecal coliforms.
The MSDGC must construct, operate and maintain the project so as to maintain the
eneral Water Quality Standards for the State of Illinois. 1In addition, the
Fulton County Board of Health requires a permit for any sewage 3ludge operation;
it contains standards for the chemical composition, transoortation, storage,

use and disposal of digested and undigestad sawage sludge. The USEPA requlations
pertaining to land application are oublished in the Federal Register undar 40 CFR
257. These seoarate sets of standards acte examined in turn in this section.
Miscellansous standards and special standacds applying to gatad-pipe apolication
of supernatant liquid and deep trench incorpotration of sludgs to svecific prover-
ties are also covared.

a, Water Quality Standatds - The water guality standards for the State
of 1llinois are designed to protect Illinois waters for aquatic life, agricultural
and industrial uses, and orimary and secondary contact (for recreation), and to
insuce the aesthetic quality for the environment. All waters of the States must
meet the water quality standards defined in Table II-2. 1In addition, the follow-
ing standards must be met:

Any substance toxic to aquatic life shall not exceed 1/10 of the 48-hour median
tolerance limit (48~hour TLm) for native fish ot essential fish food organisms.

All State waters must be free from unnatural sludge or bottom deposits, floating
debris, visible oil, odor, unnatural plant or algal jrowth, unnatucal c¢olor or
turbidity, or matter in concentrations or combinations toxic or harmful to human,
animal, plant, or aquatic life of other than natural ocijin.

There shall be no artificially induced temperature changes that may adversely
affect aquatic life, that may disturb the normal daily and seasonal temperature
fluctuations, or that may cause the tempecature to rise more than 5 degrees
Fahrenheit (F) above natural temperatuce.

b. Effluent standards - To construct and/oc operate any water oollution
control facility in the State of Illinois, a permit from the Illinois Environmen-—
tal Protection Agency (IEPA) is required., Each permit is comprised of standacd
conditions common to all such permits and a number of special conditions based on
the specific case. The Comorehensive Operating Permit issued to the MSDGC contains
15 Special Conditions. (see appendix).

According to Special Condition $#9, offluent discharged from any runoff retention
basin must meet the avplicable effluent requirements for dischargs to the waters
of the State as sstablished by the Illincis Pollution Control Board Rules and
Requlations. The point of discharge is considarad to be the overflow structure
of 2ach of the retention basins.

Special Condition #10 states that certain contaminant concentcations are to be
considered background values, and that the effluent standards are met when the
sum of the background concentration and the allowable regulatory concentcation
is greater than the measured concentrationS for the respective parameter. The
regulatory concentcations applicable to the Fulton County site are defined in
Chapter 3 of the Water Pollution Regulations of Illinois, Rule 404(f), which
describes State effluent standards for streams with less than 1l:1 dilution, basad
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Table II-2, Water Quality Standards for the State of Illinois

Parameter

Standard (mg/1l)

Armonia nitrogen (as N)
rsenic
Barium
Boron
Cadmium
Chloride
Chromium (total hexavalent)
Chromium (total trivalent)
Copper
Cyanide
Dissolved Oxygen
minimum for 14 out of 24 hours
minimum at any time
Fluoride
Iron
Lead
Manganese
Mercury
Nickel
Phenols
Phosphorus (as P)*
Selenium
Silver
Sulfate
Toral Dissolved Solids

zZing

Acidity-alkalinity

Pecal coliforms**
Geometric mean
vaximum for 10% of samples

Radicacitivity
Beta
Radium 226
Strontium 90

1.5
1.0
5.0
1.0
0.05
500.0
0.05
1.0
0.02
0.025

[=]
o
vt

[=)
v

wn
(=3
HFOOOMFHFOOMOKKOMKFWMO
.
OO QCOCOMHFOCOOHFO&® OO

100

per 100 ml

200
400

Ei flitt

100

*In any reservoir or lake, or in any stream at the point of

entry to any reservoir or lake

**Bagsed on a minimum of five samples taken over not more than

a 30-day period
***pPico curies per liter
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based on the 7-day, l0-vear low flow. These allowable requlatory concentrations
were defined tn be the requirements for secondarily treated wastewater. The
numerical values of these standards are presented in Table II-3. After
negotiation between IEPA and MSDGC these discharge standards were relaxed to

be consistent with the requirements for a secondarily treated wastewater dis-
charge. (Table II-3a)

¢. Sludge standards - The Fulton County Board of Health Sewage 3ludge
Rules and Requlations require that any transportation, storage, use, or disposal
of sewage sludge or digested sewage sludge requires a valid permit from the 3card
of Health. All sewage sludge transported for storage or applied to land must be
digested.

Tests must be performed by the permit holder on a 24-hour composite sample of
digested sewage sludge to be transported for storaga in Fulton County. Weekly
results are to be submitted to the Fulton County Board of Health, which retains
the right to indeocendently sample the sewage sludge of any permit holder in Fulton
County.

As of November 18, 1975, the Volatile acids and alkalinity standards were changed
to the following:

If volatile acids are less than 100 milligrams per liter, then the alkalinity
cannot be less than 2,000 milligrams per liter.

The Fulton County Health Department tock into account the fact that some of the
sludge shipped to Fulton County had been in storage in the Chicago Lawndale lagoons
for periods ranging up to 15 years. Exceedingly long storage veriods result in
volatilization of ammonia and consequent decreases in alkalinity.

4. Solid Waste Disposal Criteria - Criteria for the classification of
Solid Waste Disoosal Facilities Practices (40 CFR 257) includes the latest raquire-
ments to ensure a safe sludge disposal operation. These were oublished in the
September 21, 1979 Federal Register.

e. Miscellansous requirements - According to the Fulton County Board of
Health Sewage Sludge Rules and Regulations, the use and disposal of digested
sludge must comply with the following standards:

Cropping practices shall be such that soil loss does not exceed tolerable
limits as defined by the Universal Soil Loss Equation for the soil tyve.

Underground aquifers shall not be contaminated with digested sewage
absorbed into all soils

Spray apolications shall be done so as to contain the material within
the land-apolication area designated in the permit

In addition, sewage sludge shall not be apolied:
Within 100 feet of a stream, lake; well, or any potable water supply
Within 200 feet of a dwelling unit

On root crops for human consumption
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Table II-3
Effluent Standards for Retention Basin

Discharge in the State of Illinois

Total Pecal
Parameter Suspended Solids 800 Coliforms
_ {mg/1) (mg/1) (mg/1)
Background
3rithmetic Mean 61.7 2.75 -
Background -_ - 94.3
Geometric Mean
Water Pollution
Regulations of
Illinois Rule 404(f)
{Regulatory
concentration) 5.0 4.0 400.0
Effluent Standard
(Total concentration) 66.7 6.75 494.0
my/1 = Milligrams oer liter
Table II-3a
Effluent Standards for Retention 3asir
Discharge in the State of Illinois, Revised

Total Fecal
Parameter Suspended Solids BOD Coliforms

(mg/1) {mg/1) _(mg/1)
Background
Arithmetic Mean 61.7 2.75 —
Background
Geometric Mean -— 94.3
Water Pollution
Requlations of
Illinois Rule 404(f}
(Regulatory
concentration) 37 30 400.0
Effluent Standard
(Total concentration) 99 33 494.0
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In a flood plain, unless adequate pollution control mechanisms are availabls
To frozen or snow-covered land
Outside of the land-apolication area

f. Discharge Limitations - Water Pollution Control Permits from the IEPA
were issued on June 19, 1975, for sludge distribution on various project areas.
The permits are presented in Apoendix A. Agronomic rates of apolication, avoiding
steeo sloping land, avoiding vonding, trying to avoid rainstorms, and not aoolying
on snow and ice were some of the conditions placed on the distribution process.

E. Descriotion of MSDGC Treatment Systems

1. MSDGC Sewage Treatment Plants

The MSDGC has seven wastewater treatment olants. The West-Southwest (WSW), Calu-~
met arnd Northside plants are secondary treatment works, while Hanover, Streamwood,
Lemont, and John E. Egan provide tertiary treatment. The John E. Egan water
reclamation plant has been operating since December 1975. The Streamwood Plant
was retired in September 1977. The new O'Hare Water Reclamation olant began
operation in mid 1980,

Presently, only the West-Southwest and Northside facilities oroduce sludge to be
shipped to Fulton County for land reclamation (MSDGC, 1975). As operations
progress at the O'Hare plant the vossibility exists that some sludge from the
facility may be shipped to the Fulton County Site. The Northside facility

has no sludge stabilization, recycling or disposal systems. After concentration,
sludge at approximately 1.3 percent solids is pumped to the West-Southwest facility
via pipeline. In 1975, the Northside plant oumped 2.5 million gallons ver day

(133 dry tons per day) of primary and secondary sludge to the West-Southwest

plant (MSDGC, 1976m). Summary oerformance data from the MSDGC plants are presented
in Table II-4.

2. West-Southwest Treatment Plant

The WSW vlant is comprised of the West Side Treatment Works, which is an Imhoff
facility, and the Southwest Side Treatment Works, an activated sludge facility.
The facilities of both treatment works can be divided conveniently into two
groups: sewage treatment systems and sludge processing systems. The sewage treat-
ment systems are briefly discussed below, followed by a detailed descriotion of
the sludge processing systems.

The West Side Treatment Works consist of a grit chamber and screen house, skimming
tanks, Imhoff tanks for sewage treatment and sludge stabilization, and drying beds
for sludge dewatering. There are 108 Imhoff tanks arranged in three batteries

of 36 tanks each, Digested Imhoff sludge is dried on 12 underdrained sand beds 80
feet wide and sludge is scraped from the beds and hauled to a dumo 3 miles west of
the plant. Dried Imhoff sludge was given away as "Nu-Earth". In recent years the
"Nu-Earth® program has been curtailed. 2as an option, Imhcff sludge may be screened
prior to either lagooning or heated anaerobic digestion.

The Southwest Treatment Works include aerated grit chambers, grit dewatering build-
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Table 11-4. Performance of MSDGC Plants (MSDGC, 1976 m)
West-Southwest Northside Calumet Hanover Lesmont Streamwood Egan

Degree of
Treatment Secondary Secondary Secondary Tertiary Tertiary Tertiary Tertiary
Capacity (MGD) 1200 333 220 6.0 1.2 3.0 30
Flow Ranges in
1975 (MGD)

Average Daily 847.0 330.0 220.0 5.7 0.8 2.4 -

Lowest Daily 744.0 235.0 160.0 2.6 0.4 1.2 -

Highest Daily 1446.0 401.0 330.0 11.7 2.3 5.5 -
Average Effluent Con-
centrations (ppm) and
Percent Reduction in 1975

BODg 7 (94%) 12 (87%) 25 (88%) 5 (97%) 4 (98%) 4 (96%) -

TSS 7 (97%) 9 (91%) 27 (90%) 5 (97%) 9 (95%) 5 (97%)

Ammonia 5.4 4.0 11.9 1.5 2.4 l.4 -

(1) Plant expanded to handle increased flow in May of 1975.

(2) Plant operational December 1975.



ing, orelininary sa2ttling tanks, 32cation tanks £oc¢ th= activatad slulye oracess,
ani €inal sattling tanks €or s2waje tr2atnent h2at Irying aad hezat2d anazrodi-
lijestion are tha twd sluije orocess2s usad at tha Southwast Treatmwent Wock3. Thz
w2t aic oxiiation orocass has daea liscontinued Jua to odoarating oroblans, adversa
2ffacts from racycled streans, and safaty consilecations.

The heat Jeying orocass includes screeainy o>f sluijs By bar scocaeas and 3rinding
tne screenings by hamnec aills and sludje Jawatzacing by 33 vacuun filtaes, The
sludjya 2coluced is 3011 as fectilizer base material.

3. 5lulje Processing and Oisoosal

In 13753, th2 MS03C ordducei avoroxinataly 525 dey tons 7ec jay (dt/3) of sawajz
sluize. The M3N3C a3as a2 numdar O>f systens availabla far sludjz handling, stapili-
zation and lisposal, and is devalooing othats., (TI2s2 are oresantzd in Fijure
II-2) Detailed 3iscussions on the systens celated to this study are iiscussai
later. Thae sludje orocessiay syst2ams it th2 WSWH olant ace sumnarizad in Tadle
II-5, which jives the typasg >f systans utilized in 1975 and tha2ic cacacitizs in
dry tons mer Jay.

In sumnacy the followiag €Eouc sluije hanidlinj, stabilization, and lisd0sal schanas
are utilized,

1. Heat Icyiny and fartilizac sale
2. H2ated anaerooic dijastion and laysoaing

3. ‘feat2d ana2robis Jigestion and land aodoli-ation in
Fulton County

4. TInhoff dijestion followed by air 3rying on sand heis
and subsagqueat 3isteibutisa as "Nu~Earth®,
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SYSTEMS
PRIMARY
SECONDARY

TERTIARY

TMHOFF

HEAT DRY

VACUUM FILTRATION
AIR DRY

SETTLING AND FLOTATION-CONC
DIGESTION

VET AIR OXIDATION
LAGOONING
STOCKPILING
NU-EARTH
SELL HEAT-DRIED
LAGOON CLEAMNING CONTRACTS
CALUMET AND HANOVER FARMS
FULTON COUNTY:
SOIL INCORPORATION
SOIL INJECTION
CROP SPRAY
FOREST SPRAY
OVERLAND FLOW

DISPOSAL
RECYCLE

|

FENERATIRG  STABILIZATION CONCENTRATION

Figure I[-2

Available MSDGC Solids Systems (MSDGC)
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West-Southwest Sludge Processing Systems,

Table I1I-5
1973 (MSDGC, 1976m)

e ——

System Type Capacity (dt/d)

Imhoff Digestion, Stabilization 100

Air Drying on Sand Beds, and Recycling

and Storage

Heat Drying Stabilization 380
and Recycling

Heated Anaerobic Stabilization 300

Digestion

Wet Air Oxidation Stabilization 190

Process (on standy

basis only)

Land Reclamation Recycling 110

(based on land available

for application for

1975 season and a 20

dt/d/A loading rate)

Lagoons (requiring Stabilization 0

periodic cleaning; and Storage

no long-term disposal
capacity available)

dt/d/A: dry tons per
dt/4a: dry tons per day

day per acre
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I1IT. EXISTING CONDITIONS

This chapter provides a description of baseline information concerning climate,
topography, geology, soils, hydrology, watet quality, biology and ecosystems.
Past and projected trends in local population and the economy are presented
along with the established and forecasted land patterns and land development
potential, The chapter concludes with a discussion of natural and cultural
resources in Fulton County that are particularly sensitive to planned project
operations.

3, Climate And Topograohy

Past and oresent climatic conditions and local meteorology must be determined in
order to predict the most orobable and worst conditions affecting project opera-
tions. Potential air quality problems, and particularly odor transmission are
considered. The area climate, which is represented by a record of numerous
atmospheric events, is defined by weather elements such as temperature, wind,
cloud cover, solar radiation, humidity, precipitation, and atmospheric stability.
Climatic data from two weather stations are used for analysis. Weathec station
$14842 is located at the Greater Peotia Airport approximately 25 miles east-north-
east of the oroject site (National Climatic Center, 1974a). The second weather
station was set up by the MSDGC at the project site (MSDGC, 1975b).

In addition to climate, local topography is summacized in terms of land-form
characteristics which could influence the microclimate and create susceptibility
to impacts on air and water quality.

1. Seneral Meteorology

The climate of this area is typically continental, as is evidenced by the change-
able weather and wide range of temperature extremes. Meteorological characteristics
of the oroject area are discussed in the following sections.

a. Temperature and precipitation - Accerding to 40-year observations at
the Peoria Airport station, E& average monthly temperatuce varies from 25 degrees
F to 75 degrees F, with an annual average of 51.1 degrees F. Sub~freezing minimim
temperatures generally do not occur from late March through mid-November. Using
a baseline of 65 degrees F, thare i3 an average of 6,200 annual heating degree

days and 943 cooling degree days (National Climatic Center, 1574a).

The annual rainfall, as recorded at Peoria Airport, averages 34.99 inches, with
a maximum of 50.27 inches and minimum of 23,99 inches. vVariations in monthly
mean, maximum and minimum precipitation are shown in Figuce III-l. The monthly
maximum and minimum rainfalls are displayed for the Peoria Airport station,
while the monthly means measured at both Peoria Airport and the project site are
shown for overlapping observation periods. In spite of the 25-mile distance
between these two stations, the precipitation pattern is quite uniform. The
maximum amount of rainfall occurring in any 24-hour period was 5.52 inches in May
1927, The predicted 24-hour rainfall patterns for Pulton County at four recurcence
intervals (l-year, S~year, 25-year and 100-year) are presented in Tabla III-1,
The cumulative amount of rainfall is estimated to be 6.53 inches for a 24-hour,
100-year rainstorm.
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Inches of Rain for 24-Hour Storm

Table ITT~1 Predicted 24-Hour Storm Patter:: for Fulton County (MSOGC, 1975a)

facurrence
laterval

100 years

25 years
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The average annual snowrall is normally 23.1 inch2s, with a maximum of 42.3
inches and a minimum of 7.3 inches. 3ignificant snowfall usually begins in mid-
actober and ends in mid-April. Mid-Decamber through February ate freezing months
during which snow accumulation is at a maximum.

b. Wind vectors - Wind data are recorded for direction and speed. By
dividing the numbet of tecorded wind vectors within a given sector of wind direc-
tion and interval of wind speed by the total number of observations, the frequency
of winds in that vector interval can be established. Normally 16 wind directions
22.5 degrees apact are chosen for this type of analysis, along with four wind
speed intervals (0-3, 3.1-6, 6.1-10, and 10.1 mph or higher). The average wind
rector frequencies at Greater Peoria Airport between 1964 and 1973 ace given in
Table III-2. Calm periods normally occur during 2.83 percent of the year.

The vector frequencies oresentad in Table III-2 were usad to construct a wind
"rose” as shown in Figure III-2, The vectors in this figure indicate wind direc-
tions and contain four segments, each representing a wind speed intecval with the
lowest wind speeds beginning at the core of the rose. The frequency of wind in a
jiven wind speed interval and wind direction is oroportional to the length of its
representative segment. This wind rose indicates that southerly winds orevail in
this general area for all wind velocities. Winds from other sectors are rathet
uniformly distributed. A wind rose representing conditions at the sludge holding
basins on the oroject site was constructed and is shown in Figure III-3. Data
were available for aoproximately 2 y=ars only; therefore, the level of statistical
confidence in this case is not as high. At the oroject site, there is a strong
southerly wind component as there is at Peoria Airport. However, at the sita,
winds from the southwest and west-northwest sectors are similarly important. The
difficulties between the wind roses are belisved to be due to differences in local
terrain.

c. Atmospheric stability - In air pollution studies concecning the dis-
persion of airborne materials, atmospheric stability, which is a measure of the
mixing capacity of the atmosphers, is of major interest. A stable atmosphere has
a limited mixing ability and provides little capacity for the dilution of air
pollutants. Pasquill introduced a system for the classification of atmosphecic
stability (Turner, 1964). Parameters considered in this system include net solat
insolation, solar altitude, cloud cover and ceiling height, wind speed, and the
presence of urbanization., There are seven stability classes: Class A, extremely
unstable; Class B, unstable; Class C, slightly unstable; Class D, neutral; Class
E, slightly stable; Class P, stabla; and Class 3, extremely stable. Based on
data collected at the Greater Peoria Airport station, the annual and seasonal
percentages of occurrence for each stability class are summarized in Table III-3.
The predominant atmospheric condition in the area is Pasquill Stability Class D,
a neutral atmosphere, with an annual frequency of 57.75 percent, or 211 days per
year.

d. gxgical weather conditions - Climatic conditions in the Peoria area
are summar ized iIn Table III-4. = annual prevailing wind is southerly with a
mean velocity of 10.3 mph. Relative humidity is seldom below 50 peccent, ranjing
between 62 and 83 percent annually., The average number of days with heavy fog or

visibility equal to or less than 1/4 mile ranges from 1 to 3 days per month and
peaks during winter. Nighttime radiational loss is believed to be the major fac-
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Table I1II-2, Average Annual Frequencies of Wind Vectors by Percentage,
Greater Peoria Airport, January 1964 through December 1973
(Natienal Climatic Center, 1974a)

All 4 Wind Speed

Wind Wind Speed (mph} Intervals for Given
Cirection 0-3.0 3.1-6.0 6.1-10.0 __>»10.1 Wind Direction
Noith 0.63 1.80 2.44 1.87 6.74
North-Northeast 0.41 1.04 1.15 C.57 3.17
Northeast 0.38 1.03 1.58 1.14 4.13
East-Northeast -.45 1.33 1.91 1.27 4.96
East 0.46 1.46 2.26 1.16 5.34
East-Southeast 0.41 1.13 1.41 0.68 3.63
Southeast 0.46 1.47 2.02 1.18 5.13
South-Southeast 0.48 1.86 2.40 2.08 6.82
South 1.33 4,51 7.20 5.44 18.48
South-Southwest 0.58 1.63 1.84 1.35 5.40
Southwest 0.59 1.50 1.92 1.28 5.29
West-Southwest 0.63 1.40 1.61 1.18 4.82
West 0.66 1.55 2.16 2.95 7.33

West-Northwest 0.53 1.44 2.02 3.86 7.85
Northwest 0.44 1.29 2,24 2.43 6.40
North-Northwest 0.41 1.16 1.78 1.16 4.51

All 16 Wind Direc-
tions for Given
Wind Speed Interval 8.85% 25.60 35.95 29,60 100.00

s

*Calm periods account for 2.83% annually.
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Calm = 2.83%

Figure III-2
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Wind Rose at Meteorolagical Station
#14842, Peoria, I1linois, January 1964
through December 1973 (National Clima-
tic Center, 1974a)

Figure 11I-3

Wind Rose at Storage Basins,
MSDGC Fulton County Project
Site (MSDGC, 1975b)
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Table I1i-3. Average Seasonal Atmospheric Stability by Percentage, Greater Peoria Airport
(National Climatic Center, 1974)

Pasquill Stability Class

A B C D E F i 6
Extremely STightly Slightly Extremely

Period Unstable Unstable Unstable Neutral Stable Stable Stable
SPRING:
(March, April, & May) 0.24 3.51 8.97 65.26 11.30 7.95 2.77
SUMMER:
(June, July, & August) 1.01 10.53 18.01 38.93 11.36 13.56 6.60
FALL:
(September, October, & November) 0.04 2.57 8.81 54.71 14.70 13.76 5.40
WINTER:
December, January, & February) 0.01 0.42 5.04 72.38 11.711 8.07 2.38

ANNUAL 0.33 4.28 10.24 57.74 12.26 10.84 4.30




Table YXI=4 smary of Climatic Conditions in the Area of Peoria, I11inois (Mational Climstic Center, 19742, 1974b, 1975)

8-III

Average Number
of Days with Percent of Time Each Year
Range of Heavy Fog or Ceiling Height
Prevailing Wind Relative Visibility of 174 Equal to or Joint Frequency of
Period Direction %ﬁ Humidit Mile or Less Less than 400 ft. Light Winds Height and Light Winds
mh ltl

March el 12.3 64-81 2 0.3 0.25 0.0116
SPRING April S 12.3 56-78 1 0.09 0.28 0.0032

My S 10.5 57-81 1 0.20 0.79 0.0187

June S 9.2 56-81 1 0 0.52 4]
SUMMER July S 8.0 59-86 1 0 0.93 0

August S 1.8 59-87 1 0.12 0.76 0.0192

September S 8.8 65-88 1 0.16 0.40 0.0094
FALL October S 9.5 58-85 2 0.35 0.70 0.0292

Novesber S 1.2 66-83 2 0.54 0.2} 0.0137

Decesber S 10.9 73-83 3 1.06 0.0532
WINTER January H 1.2 68-78 3 1.03 0.57 0.0739

February (] 1.6 66-77 3 0.58 0.0447
YEAR S 10.3 62-83 21 -- - 0.2678
LEWGTH OF RECORD

(years) 3 15 3 2 2 2




tor contributing to ooor visibility. Ground fog normally occurs during the night
and at dawn. Periods of low ceiling height and light wind can lead to severe con-
ditions during which air oollutants accumulate at jround level. The annual joint
frequency of low ceiling height and light wind is 0.27 percent which is equivalent
to only 24-hours in a yeac.

2. General Topography

Strip-mining activities in the project area have left steeply sloping spoil mounds
and a number of long, narrow lakes with abruptly sloping shorelines scatterad
about the project site. Uneven settling of unconsolidated and claysy soils within
the mined sections has gnoduced an almost undulating surface. In addition, the pro-
ject area is covered with rocks and potholes., The application fields have been
prepared for agricultural use by leveling and grading, filling potholes and re-
moving rocks. As a result, the application fields themgelves have a level to
gently sloping topogcraphy.

The capacity of storm runoff to carry solids such as silt or spoil fines may have
been increased by the steepened slopes resulting from coal stripping and piled,
abandoned spoil. This is evidenced by several spoil downwashes on the project
site, The leveling and grading accomplished for site preparation should have
significantly reduced the erosion problem. Site areas not developed as sludge
application fields may continue to erode, causing water quality problems.

8. Geology And Soils

Environmental impacts such as erosion or groundwater contamination, and socio-
economic factors such as land development potential, will depend to a great degcee
upon the geological and 30il characteristics. This section contains a discussion
of past and present geological conditions and a description of soil characteristics
in the vicinity of Pulton County.

1. Geological Characteristics

The land surface is covered with unconsolidated Pleistocene soil deposits in this
general area which nearly obscure the bedrock except neat the valleys of major
drainage channels. A brief discussion of the bedrock and Pleistocene stcatigraphy
is presented in this section, concluding in a description of the characteristics
of mine spoil.

Outcrops of bedrock reveal that the geological formation consists of shales and
sandstones, of the Pennsylvanian Age Carbondale Formation containing several strata
of coal and limestone beds. Pigure III-4 shows a typical stcatigraphic profile.

A soft gray shale known as Canton Shale, approximately 40 to 60 feet thick, lies
immediately beneath the surface soil deposits. This shale is underlain by 1 to 2
feet of gray, fossiliferous limestone known as Saint David Limestone. Beneath this
stratum are 4 to 6 feet of black shale, which merges into a high-quality coal de-
signated as No. 5 or Springfield coal. This coal seam has a thickness of 4 1/2 to
5 feet and is located near elevation 580. The relatively shallow depth and high
quality of this coal has led to considerable strip and shaft mining throughout the
general area. The coal is underlain by soft clay to shale and sevecal other thin
strata of limestone and shale. These layers have a total thickness of approximately
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5 to 8 feet.

The bedrock surface is coverad by a3 30 to 50-foot mantle of glacial drift or drift-
related deposits. The bottom layer is composed of a silty clay to clayey silt
matcix resulting from glacial till during the Illinois Glacial Era. TIllinoisan
glacial till is topped by a windblown silt material known as loessg, which often
reaches thicknesses of 20 to 30 feet in this general area. Soil borings on the
project site indicate a thickness ranjing from 3 to 40 feet, averaging about 20
feet. Past coal mining operations have modified this stratigraphic profile. The
uppermost bedrock strata and the unconsolidated sediments have been ramoved and
remolded into a generally similar but locally variable soil mass (AsH Engineering
Corvoration, 1971).

2. Soil Characteristics

A study of the oroject site to identify areas with basically similar soil and
grourdwater characteristics was conducted L. T. Hooper (1971).

According to Hooper, the project site can be divided into three basic areas:
. Area 1 — completely strip-mined land

» Area 2 — virgin or place land with a cover
of loess over glacial till

. Area 3 — alluvial land within major stream beds,
affected by mining activities.

The spatial distribution of these soil areas is presented in Figure ITI-5.

During surface mining operations, the overburden soils and cap rock in Area 1
were removed from the entire area to obtain coal. Therafore, the subsurface of
Area 1 consists of a heterogenous landfill which is composed of cohesive fine-
grained soils with pockets and discontinuous zones of boulder-size rock. These
rearranged and redistributad overburden soils are cather impervious. Numerous
deoressions werte created, most of which have no drainage outlet. farge lakes
maintain nearly uniform levels which are controlled by culverts. Mining activi-
ties have resulted in slightly different features in parts of Area 1. A sub-
classification of Area 1 and its description can be founi in the Subsurface
Investigation and Evaluation - Final Report (Hoopver, 1971).

Atea 2 is the area in which no strip-mining activities have been undertaken.
Approximately 3 to 40 feet (avecaging 20 f2et) of loess, which is comprised of
50 percent clay amd 50 percent silt-sized pacticles, covers the glacial soils.
These materials have low permeability and, devending on vegetative cover and con-
servation practices, are subject to erogsion. A groundwater table at a depth of
approximately 15 feet is normal throughout the area with the exception of slopes
leading down to stceam valleys, It is known that much of Area 2 has been mined
underground by tunneling methods (Hooper, 1971).

Area 3 consists of alluvial s0ils within major stream beds, and defines most of
the continuous drainage channels. These 30ils are relatively impervious to perco-
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lation watar, but are moderatz2ly oermeabl= to horizontal flow. A high groundwatec
table is normal here.

Basad on field pumoing tests, laboratory tests, and analysis of existing ground-
water conditions, the permeability of the overall mass of mine spoil is estimated
to be in the range of 10-3 to l10-5 centimeters oer second (am/sec)., The vacrtical
vermeability of soils was estimated by labocatory tests to be from 10-5 to 10-3
cn/sec. According to Casagrande's classification of soils by permeability, these
soils ara2 impervious, non~draining or voorly draining (Casagrande, 1948). However,
some zones or layecs may consist of broken shale and sandstone slabs or blocks
arranged in a way that orovides a rapid path for water (AsH Engineering Cocrpora-
tion, 1971). Such areas may J0ssess a permeability as high as 10-1 an/sec.
Although they are seldom continuous for more than short distances, these zones
are considered important in cesecvoir areas.

There ar2 no published Soil Conservation Service soil surveys available for
Fulton County. However, the Fulton County Soil Conservation agent at Lewistown
provided highly useful information concerning the agricultural capability of
local soils (see Section F. 3. of this chauter).

Over 52 soil borings were made to bedrock to determine the background characteris-
tics of 30il and rocks. Physical soil characteristics, such as vermeability,
were used to exanine potential grourdwatar contamination from the project.

The chemical composition of both mining spoils and olane land sampled from a 0-6
inch depth is summarized in Table III-5. Included are the mean, maximum and
ainimum values of exchangeabls calcium, organic carbon, and hydrochloric acid-
extractable metals such as aluminum, cadmium, coppetr, chromium, lead, manganase,
nickel, 2nd zinc. 1In general, the spoil material and place land have approximate-
ly equal concentrations. The mining spoils, however, contain significantly higher
levels of cadmium and copper. Increased Cadmium and Copper concentcations in
spoil matecial probably arise from the black shale above the coal seam which is
now dispersed throughout the overburden spoil materials. The spoils also contain
more exchangeable calcium but less otrganic carbon than place land. The higher
organic carbon content of the place land indicates that it is more fertile. .

The characteristics of the calcareous mine spoil material have been analyzed sepa-
rately and are presented in Tablz III-6. Clay species in the clay fraction of the
soil were investigated by the ootash content, surface area, and X-ray diffraction
patterns of the soil particles. 1llite is the dominant mineral and accounts for
54 percent of the total clay. Kaolinite was estimated at 27 percent, and chlocite
at 8 percent, vermiculite at 1l percent of the total.

C. Hydrology And Water Quality

This section describes the hydrological and water quality characteristics of the
project area. The purposes of this review are to define local hydrological pat-
terns, establish baseline water quality information, and define their interrela-
tionships. Moreover, the background quality of ground and surface waters and

their respective flows will determine their vulnerability to project operations.

ITI-13



¥1-111

Table 111-5 Metals, Exchangeable Calcium and Organic Content of Spoil Material
and Place Lands in Fulton County Prior to the Application of Digested

Sludge (MSDGC, Spring 1972)

Mean
Minimum
Kaximum
Mean
Minimum

Maximum

0.1N HC! Extractable Metals

Exchangeable Organic

Mn Zn Cu Ccd Ct Ni Pb Al Ca Carbon
(ug/g of Oven Dry Soil (%) (%)
509 154 31.7 6.7 4.79 3.52 1.22 0.2 0.83 0.61
384 79 11.1 3.2 1.90 0 0 0 0.53 0.24
620 208 €9.4 10.0 19.1 8.50 3.40 1.36 1.12  1.56
540 146.1 31.4 7.5 2.62 4.55 1.23 0.08 0.36 1.64
317 92.0 10.3 3.2 1.48 2.23 0.30 -0 0.20 0.92
741 258.6 68.7 12.7 3.73 7.94 3.17 0.66 0.72 4.55

THREE SUCCESSIVE 5-MINUTE EXTRACTIONS OF 1.5 GRAMS OF SOIL WITH 15 MILLILITERS OF ACID



Table III-6

Selected Characteristics of the Fulton County

Calcareous Mine Spoii Material (MSDGC, 1974)

Parameter and Unit Quantity

spoil Material
pH 1.8
E.C. umhos/cm 0.46
1/3 bar water (%) 26.72
15 bar water (%) 12,49
Cation exchange capacity (meq/100 g) 14.8
Ammonium fixation capacity (megq/100 g) 5.2
Silt content (%) 64
Clay content (%) 28
Sand content (%) 8

Clay Fraction Only
Illite (%) 54
Kaolinite (%) 27
Vermiculite (%) 11
Chlorite (%) 8
Surface area (mz/g) 138
Ky0 (%) 4.47
Mg0 (%) 2.29
Ca0 (%) 1.15
Nazo (%) 0.82
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1. Surface Water Hydrology

The project site is locatad within the Illinois River Basin. Most of the
sur face water is drained by Big Creek and Slug Run, a branch of Big Creek, to
Spoon River, a tributary of the Illincis River. The tributacies associated
with the project. gite, on a regional scale, are shown in Figure III-6. The flows
of Big Creek and Spoon River have been monitored at thr2e USGS gage stations.
Two stations are located on Big Creek at St, David and near Bryant, and the third
on the Spoon River at Seville. The daily average, maximum and mimimum discharges
at these stations in 1972 and 1973 are shown in Table III-7. (The detailed drain-
age pattern neat the project site is (Gepicted in Figure III-7).

Table III-7 Daily Discharges at USGS Gage
Stations (USGS, 1972 and 1973)

1972

Daily Discharge (cfs)*
an Maximum Minimum

3age Stations

1973

Daily Discharge (cfs)
Mean Maximum Minimum

Big Creek at St. David
(USGS 3tation 05570350) 16.9 137 1.9

Big Creek near Bryant
(USGS Station 05570370) 28.3 259 6.7

Spoon River at Seville

(USGs station 05570000) 625.0 5150 37.0

*cubic feet per second

39.4 700 7.6

56.4 803 1.0

Based on a soil permeability of 10-5 cm/sec (as discussed in Section III-B), the
vertical infiltcation rate ranges from 1.2 X 10~-6 inches per hour for a rainfall

intensity of 1.0l inches per howr.

The amount of rainwater infiltcating the

0il surface is relatively insignificant when compared to surface runoff. This
poor soil drainage forces most rain water to be discharged to creeks or streams

as surface runoff.

2. Sroundwater Bydrology

Flood hazards are generally confined to the flood plains,

Migration or drainage of groundwater is much more difficult to define than for

surface water.

With the aid of well-water elevations and river watecr levels, the

groundwater flow in the general area has been interpreted qualitatively, The
water elevations in 22 wells within and around the project site have been observed

monthly by MSDGC personnel.

After some data reduction, all observations are

expressed as an average value, accampanied by its standard deviation and range
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of variation thcoujhout the ohgacvatisn oerinds. Th2 r2s3ults ace sunnarizal in
Table I1I-8. (All water alevations ar2 53ased o1 JS3S nean 32a laval with the
1929 adjustment.) Utilizinj w2ll wat2sr and stream watzac lavals, the opattarna of
Jeourdwatae flow can b2 apocoxinated by the "stc2anline” nathod., This mattera
is 1isolay2d in Fijur2 III-7.

The intacactions batwesn jrouniwatar and sur face watac systens cannot be attri-
buted solaly to soil petcolation or trans-wijcation v2cause 30ils in this acza
are c2latively invermneadbla. Thzrefore, surface watar flow is 3=nz2cally dzciveld
fron upstraam tributary flow, stocn cundff, and smow melt, Patvs Of caonid flow
betw2en jrouni and sur face waters may furnish the nechaanisn for jeosuniwatac
depletion,

3. Aater Quality

To assass 908sidble impact on water quality from xoject operations, surface and
jeouniwater juality orior to oroject inolamentation nust be astablisaned. Using
1371 as th2 bas2line year, stream watar quality at monitorinj stations 31, 32,

and S3 (see Fijure Vv-4) is summarized in Tadle III-9. Th2se n2asuraments wece
then comoared to standacis for the Statz of Illinois which ar2 oresant2l in Chao-
tec II. The 1971 oH values and the chlocide, cadnium, chronium, mnanjanase,
neccury, nickel, and zinc concentcations wece j2necally in confacnance with watar
quality standards. Averaje 2oncentrations of sulfatz ions (S74),» coover ani l2al
were within or macjinally closs to staniacds, althoujh the staniards wece violatad
occasionally, as evidenced by the 1971 naxinun concentcations which wera 31l hiyher
than allowel. Ammonia nitcojen (WM, -N). irong, a3 Czcal coliform conceatcationg
violated standarde 3z nuuwet0us occasionsg, indicating ”91lution in 3iy Creek.

Ties2 violations were not caused by the sludje avolication orojact.

Stations 31 and S2 an B8ij Creak constitut2 an uostczam-iownste2an paicr celative
t> the xxoject sita. Poor watec quality at uostcean station Sl, which cannot
92 affected by the nrojact, is attributabla to sa2waje 2££luent fron th2 Canton
sawaje tceatunent olant and othec sources of oollution uostcean from 51. 3S2ne-
tally, the straam at station 31 was lower in guality than at the Jownstr2am
station 32 with regoect to ammonia nitcojen, chlocine, sulfate ions, coover and
fecal coliforms. This inlicates that cl2ansing and dilution occurcad along the
aporoxinataly 6.5~nile stream reach batwean the twd stations. laveals of calanium,
iton, nickel, and zinc camained relativaly coastant at both statinng. Sur face
cunoff and leachatas ocijinating in the strip-nined area alonj this saymeat of
3i3 Creak mnay contcibute t> incc2ased levels of chronium, 12ad and nanjanasz in
the Jownstrean iirection.

Jouniwatac samolag were collected from a nunber of wells and one spring. The
neasured canjes of all jroundwater quality pacamaters cecorted in 1971 ani 1972,
prior to woject opecations, are oresanted in Tabla III-10. 1In this tabla, the
well associated with maximum c2ading of a jiven paramnetec is jasijnated by varen-
theses, Wells W2, w4, W9, Wll, w'2, ani W13 indicatz2d nijh Jegreas of contanina-
tion. variations in concentcations of nitrite anmd nitcate nitrojen (Ndp+¥N43-N)
ani ammonia nitrogen at all wonitoring stations are sumnarized in Table

III-11 for 1972.
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Table XII-8 frevarions of well Mater (MSDGC 1972 a through 1975 g)

Well Wl w2 w3 e | ] ] w7 w8 w9 wio Wl Wiz i3 w4
Mean Elevation (ft.ms)) - -- -- -- -- 617.9 608.8 622.2 593.6 621.3 624.5 628.1 60).6 638.4
Standard Deviation (ft.) - - -- -- -- 7.8 2.0 3.7 2. 6.4 1.4 1.7 0.9 1.5
Range of Variation (ft.) -- - -- .- -- 2.0 6.0 9.9 6.0 20.2 4.0 4.0 3.0 5.0
Observations 0 0 0 0 0 18 20 n 18 18 9 19 13 16
Well wis W6 w17 WiB W19 w20 w21 W22 W23 w24 w25 W26 w7

Mean Elevation (ft.ms1) 656.7 634.8 625.3 632.0 608.0 600.0 572.0 571.4 601.2 675.7 647.7 659.8 673.8
Standard Deviation (ft.) 0.4 0.6 .7 1.2 6.2 -- -- 1.3 3.2 2.4 9.3 1.9 6.2
Range of Varfation (ft.) 0.7 2.6 12.0 3.3 61 -- -- 4.0 0.0 8.0 250 4.0 21.0
Observations 4 10 16 $ 4 1 1 10 20 21 20 7 19




Table ITI-9 Surface Water Quality in 1971 (MSDGC, 1971)

Parameter Monitoring Station Parameter Monitoring Station
and Unit S1 S2 S3 and Unit S1 S2 S3
mean 7.9 8.1 8.0 mean 1.5 1.3 0.3
pH max. 8.8 8.7 8.3 fe max. 4.8 4.5 0.6
min. 7.3 7.1 7.5 (mg/1) min. 0 0.1 0.1
) mean 53 28 10 mean 0.05 0.09 0.08
a1 max. 120 72 15 Pb max. 0.2 0.28 0.2
(mg/1) min. 24 4 6 (mg/1) min. 0 0 0
2 mean 389 381 606 mean 0.7 0.8 0.47
) max. 1,250 879 743 Mn max. 0.98 1.31 0.9
(m/1)  wmin. 120 80 424 (mg/1) min.  0.06 0.60 0.24
mean 2.6 1.8 0.4 n
H =N max. 8.1 6.6 0.7 H mean 00,9 0
md/1)  min. 0.3 0.1 0.1 (/1) iy o 5 0
mean 0 0 0 mean 0 0 0
Cd max. 0 0.06 0.04 Ni max. 0.35 0.33 0.3
(mg/1) min. 0 0 0 (mg/1) min. 0 0 0
mean  0.02 0.02 0.0 0
Cu max. 0.13 0.06 0.03 Zn il 0y oo 0
(mg/1) min. 0 0 0 {mg/1) min. 0 0 0
mean 0 0.02 0.02 Feca) mean 7,500 1,700 920
Cr max.  0.18 0.28 0.12 Coliforms max. 34,000 3,800 4,000
(mg/1)  min. 0 0 0 (17100 m1) min. 270 20 80

III-21



Table III-10. Ranges of Various Water Nuality Parameters in Well Water,

1971 and 1972, and U.S. Averages (MSDGC, 1972a through
1075 g; Durfor and Becker, 1964)

Range in Quality
of Croundvater
Used for bater

P unit 1971 1972 Uoar Ltudy Areas

PH 6.6-9.0 €.5-0.2 6.7-8.7
Total P mg/1  0.6.0 (W9) 0-0.54 (W2) --
ol mg/1  2-500 (W4) 2-488 (Wa) 2.0-92
50,72 mg/1  1-500 (Wd) 3-1,812 (W14) 0.8-572
Alkalinity

(CaC03) ~  mg/1 41,650 (W11) 100-1,000 (W11) --
Conduc-

tivity ~ gmho 901,050 (W17)  200-4,000 (W4) 108-1,660
Al mg/1 -- -- 2.9-83
Cd mg/1 33-495 (W12) 38.5-883 (W1) 3.2-12
Ca mg/1 0-0.1 (W6) 0-0.22 (W2) -
cr mg/1 0-0.39 (W6) 0-0.05 (W13; W18) ND-1.1
Cu ma/1 0-0.5 (W2) 0-1.82 (W2) ¢0.8-15
Fe mg/1 0-118.7 (W9) 0-182.5 (W13) 1.1-6,600
Pb mg/1 0-1.0 (W19) 0-2.2 (W2) ND-38
Mg mg/1  21-390 (412) 23-410 (W14) 0.3-120
Mn mg/1 0-12.7 (w9) 0-8.3 (W12) ND-340
Hg B 0-20 (W19) 0-2.8 (W7) --
N4 mg/1 0-0.42 (W10) 0-0.3 ND-<15
K mg/1  0.1-24.9 (W4) 0-19.4 (W4) 0.4-30
Na mg/1  11.7-310 (W8) 7-646 (W11) 6.1-129
Zn mg/1 0-390 (W12) 0-140 (W10) ND- <470
Fecal
Coliforms 1/100 ml  9-<100 ¢-120 (W7) -

ND = not detected.
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Table 111-11 Levels of Nitrite and N.trate Nitrogen and
Ammonia Nitrogen in Well Waters in 1972
(MSDGC, 1972a through 1975g)

NO,+NO4-N (mg/1) NH3-N (mg/1)

Well Mean Max. Min. Mean Max. Min.
Wl 0.03 0.1 0 0.40 .70 0
W2 0.03 0.1 0 0.80 4.10 0
w4 0.29 1.51 0 1.1 1.9 0
W5 0.04 0.27 0 0.2 0.6 0
w7 0.16 0.28 0.04 0.5 1.1 0.1
W8 0.01 0.05 0 1.8 4.3 0
W9 0.02 0.09 0 1.0 1.7 0
w10 0.02 0.09 0 0.8 1.6 0.4
Wi 0 0.02 0 1.8 2.1 1.4
W12 0.03 0.13 0 0.8 1.3 0.2
W13 0.08 0.21 0 0.6 0.8 0.3
w4 0.01 0.07 0 0.6 1.3 0.
W15 0.06 0.28 0 1.1 1.9 0.
W17 0.81 2.50 0 0.5 2.2 0.
W18 0.03 ¢.N 0 1.8 2.7 1.3
W19 0.03 0.13 0 0.99 2.0 0.0
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The U.S. Department of Interior conducted a survey of water quality fcom wells and
infiltration galleries in more than 17 study areas throughout the United States,
The range in quality of groundwater used for water supply is summarized in Table
111-10 (Durfor and Becker, 1964). Comparison of the baseline groundwater in

the project area with that from the Devartment of the Interior study indicates
that concentrations of Chromium, coppet, iron, lead, manganese and nickel in the
oject area were within the range found elsewhere in the United States; the
ranges of pH and zinc concentration were close to the national values. Concentra-
tions of chlorine, sulfate ion, calcium, magnesium, and sodium were higher than
those found nationwide, indicating that dissolved solids or salt concentrations
were relatively high in the project area, at least with reference to standards

for groundwater used as a water supply.

The recommended maximum level of nitrate nitrogen for drinking water is 10 milli-
gcams per liter (mg/l1) as nitrogen (U.S. Department of Public Health Service,
1962 and 1969), 1f all ammonia nitrogen were oxidized to nitrite or nitrate, the
range of nitrite and nitrate nitrogen concentrations in the project acea would
fall between zero and 5.2 my/l. This range falls within the lower one-third of
the national cange of 0 to 17 mg/1l as reported by Durfor and Becker (1964). The
maximum nitrite and nitrate concentration of 5.21 mg/l, recorded at well W4 in
the comunity of Cuba, was well within the recommended drinking water standard.
The baseline quality of groundwater in the area of the project appears to be com-
patible with use for public water supply. However, the high overall concentration
of dissolved minerals, approximately three times the the U.S. standard of 500

pom could necessitate extensive hardness removal. Most municipal groundwater
supplies in the project vicinity are obtained from deep wells unaffected by sur-
face land disturbance.

D. Biology And Ecosystems

The following discussion of biology and ecosystems is divided into two sections:
fish and wildlife, and natural vegetation. Within each of these are discussed
major species, both past and present, and the rare and endangered species possibly
inhabiting the project area.

L. Fish and Wildlife

Fish abound in most of the local lakes, and are the most numerous vertebrates
in the study area. The predominant fish are bluegill, green and redear sunfish,
black crappie, yellow and black bullheads, large-mouth bass, and catfish.

A great diversity of wildlife currently inhabits the project area. Turtles,
frogs, water insects, and crustaceans are abundant in Lake Evelyn. There are also
some black snakes and signs of beaver activity. The steep-sided lakes formed by
strip mining have fewer crustaceans and water insects, but muskrats and frogs

are abundant. Land animals include dear, fox, raccoon, skunk, opossum, rabbit,
coyote, badger, groundhog, and weasel. Water fowl include ducks, geese (es-
pecially the giant Canada goose), swans and an occasional great blue heron. Other
birds include crows, hawks, warblers, robins, starlings, sparrows, red-winged
blackbirds, bluejays, and finches,

Within historic times, other animals have populated Fulton County. These prairie
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aninals incluisd ocooulations »f 2lk, buffalo, trumoeter swans, sanihill ccanes,
ani th» orairie chicken, as well as larje ocedators like the coujar, dear, ani
wolf. 3ij Bluestem, 3 vroject aimed at re-creating a native prairie on part of
ths M3D5C orovecty (the 2,972-acce former 3ale Farm) is olanned to create habitat
Joooctunitizs for a nunber of orijyinal oraicia aninals.

Six rar2 and endanjered animal species are listed £or the cejion containing Il1li-
nois., Fish spacias are the lonjjaw cisco and th2 blue nike. ®ndanjered birds
are the arctic ovecejrine falcon and Kictland's warbler, and nammals are the
Indiana bat and the easgtarn timber wolf., Howavac, the orobability of aay of thase
30eciag b2injy oragent in the oroject area is extramely ramot2, ani should thera-
fore not xxesant a oroblen,

2. Natural vegetation

The twd tyoas of vejatation in the orojact area consist of cultivatad monocultuces
(ocredoninantly corn) in the sludje aoplication fields, and th2 ar2a's natural
vejetation., Tha followingy is a discussion of this natural vegjatation ani tha
locally rarz and enjanjeced olant species which wight occur.

The oredoninant jrassas are beome, alfalfa, and reel canary jrass. Trees are
those janerally propajated by wind-blown seeds, incluiling 21w, cottonwood, ani
willow., Most >f the lak2s in the moject area were formed from the end cuts of
strio=nininy ooerations, ani have stesply slopiny siles ani a small littoral zone.
This zone supoorts some jrowth of Chara and Nitella, Diatoms are tha oredominant
olanktonic species. No cattails or ceels are present.

A fow lakas have jently slopinj sides ani a relatively largje littoral zone. Thas2
lakas havz an abundance of lake cattails and ceeds, Diatows and lessec amounts

of jreen aljas are the najor olanktonic soecies, Submecjed aquatic vejetation
includas stonaworts, Chara, Nitella, Elodea, vallesenaria, and somne of the Potona-
jetons. Considerabl2"numbers of curcant, casgoeccy, and blackbeccy bushes Jrow
alony the Sanks.

Thare are three endanjered olant species which nay axist in the acojact acea
(Fedecal Rejister, July 1, 1975). One, an endanjered woodlani specias, i3 Aster
chagei, a2 woodland astac. Two enjanjeced oraicis specias are Lespedeza leoto-
stachya, a bush clover found on 4cy ocairie, and Petalostemum Foliosum, a3 orairie
clover founi near rivec banks.

E. Pooulation And Economics

Tnis saction is a Jescrivtion and intecoretation of the baseline jata needed for
the assesswent of the socio-aconomic and land use impacts of the oroject. What

is presantad hece is a selective reoresentation of a Hroal dita collection effort
and contains only those Jata which are celevant to the orediction of inoacts. The
two nain topics discussed in this sasction are dewojcaphiz ani economic character is-
tics.

1. Demojraphic Characteristics

Population will be a major factor in detecanining the tyoes of lani use for which
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thece will be a demand in the project area. The following paragraphs discuss
historic and recent demographic trends in Fulton County, and give population
projections developed from analysis of trends, The section concludes with a
discussion of family incoms in the County.

a. Pooulation trends - Table III-12 shows historic oopulation trends
in Fulton County. The lounty's population decreased from approximately
50,000 persons in 1910 to about 42,000 in 1970, Slight increases in the popula-
tions of Canton, Lewistown and Farmington slowed the decline in total population
to 6.1 percent between 1940 and 1970. However, an increase from 41,000 in April
1970, to 42,000 in July 1974, indicates that past declines may be reversed by
new factors which could lead to future population growth. The general demographic
trerd prior to 1970 was one of declining rural population, only partially balanced
by increase in local town populations. Approximately 80 percent of the pooulation
was rural in 1910, declining to less than 30 percent in 1970 (U.S. Bureau of the
Census, 1930 to 1970; Bnviro Control, Inc., 1975). Rwral population decrease has
been caused largely by national decline in the labor intensiveness of farm oroduc-
tion.

Township population data (1960-1970) show that growth is occurring along a corridor
of townships which cross the County from Canton and Orion Townships on the east to
Vecmont Township on the west (see Figure ITI-8). On both sides of this corridor,
township population is declining. It is noteworthy that these declining areas

are largely agricultural. The heavily strip-mined Townships of Putman, Canton

ard Orion show significant population increase. Thus, in terms of population
growth, economic development tends to coincide with mining activities. During
this same period the communities of the County showed a pattern of population
change consisting of three comoonents:

. Major conmunities (Canton, Cuba, Lewistown, and
Farmington) increased significantly

. Communities in the predominantly agricultural western
part of the County (Ellisville, Ipava, Marietta, and
Smithfield) declined.

. Other communities grew slowly

b. Population projections - PFuture population growth is predicted in the
most recent projections describing Fulton County and its surroundingy watec resour-
ces sub-region. The 1972-E OBERS Projections predict a 43 percent population
increase between 1970W6r77£’ﬁnty water resources sub-area contain-
ing Fulton County. The basis given is the expected expansion of manufacturing.
Increased opportunities in industry would facilitate the maintenance of the exigt-
ing population, and would encourage population in-migration to the areas near new
industrial plants, Consistent with the 1972-E OBERS Projections are population
projections for Fulton County which have been released recently by the State of
Illinois (see Table III-13 below). These 1975 projections by the Bureau of the
Budget, State of Illinois, predict a 29 percent increase in PFulton County's
population between 1970 and 2020.
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Table rTI-12 Historical Population Trends in

Fulton Cou 'ty (U.S. Census of Fopu-

IXI~-27

lation)

Taunship tand Area® 1970 1960 1950 1940 1930
Astor{a 36.6 1,138 1,781 1,976 1,953 1,997
Banner 3.7 694 739 756 690 617
Bernadottle 7.7 333 362 369 671 643
Buckn2art 350 1,779 1,974 2,257 2,320 2,389
Canton 35.7 15,837 15,080 15,056 14,182 13,937
Cass. 38.7 819 835 948 1,018 937
Oeerfield 34.8 424 476 528 563 630
EYlisville 13.8 230 280 319 423 k)|
Fatrview 35.4 923 91 1,029 1,065 .13
farmers 35.7 498 561 617 67 976
Farmington 356.2 3,998 4,052 3,950 3,937 3,941
Harris 318 520 589 680 903 1k |
Isabel 29.5 300 348 387 537 460
Joshua 35.8 641 707 813 857 814
Xerton 2723 178 195 283 370 338
Lee 37.2 404 475 496 504 627
Lewistown 35.7 3,252 3,163 3,237 2,943 2,834
Liverpool 42.2 84 932 1,057 1,.0n 955
Orian 36.5 898 176 789 900 181
Pleasant 37.9 1.018 1,128 1.199 1,299 y,333
Putman 34.8 2,115 1,79 2,028 2,189 2,123
Union 36.7 1,387 1,443 1,350 1,370 1,355
Yermont 36.7 1,399 1,423 1,490 1,590 1,602
Waterford 1.3 238 266 346 352 303
Vocdland 38.7 596 700 843 76 976
Young Hickory 24.3 869 957 906 940 798
Communi ty

Astoria 1,281 1,206 1,303 1,292 1,183
fryant 326 346 395 g7 442
St. David 773 862 812 859 977
Canton 14,217 13,538 11,927 1,577 11,718
Norris 359 307 319 339 329
Snithfield kit ] 329 35§ 359 315
Ellisville 137 140 157 216 164
Fairview 601 544 568 528 822
Table Grove 469 400 481 480 483
farmington 2,959 2,811 2.651 2,225 2,269
Harfetta 169 200 178 193 202
Levistown 2,706 2,603 2,630 2,338 2,249
Ipava 608 6§23 667 629 635
Cuba 1,581 1.380 1,482 1,620 1,479
Avon 1,013 996 aro 803 799
VYermont 947 903 940 935 948

- Loadon Hills 612 - - - 432

Banner 235 247 215 172 -
Ounfermline 282 284 292 - -
Liverpool 218 188 - - -
* Acres
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Table III-13 Population Projections for Fulten County
(Illinois Pooulation Projections, 1975)

1370
Census 1975 1980 1985 1990 2000 2020
41,883 41,308 42,031 43,196 44,691 49,454 54,048

c. Family income - Median family income in Fulton County is relatively
high when compared to other predominantly rural counties (Griffin and Chicoine,
1974). principal causes for higher income are the availability of nearby manu-
facturing employment and historic labor-intensive modes of agricultural and
strip-mine production. Much of the manufacturing employment pays high union
wajes. Many other, less well-paid members of the work force are able to supple-
ment their income by working shifts at the factories. Fewer peoole work on farms
or at strip mines at present, but the skills required to operate increasingly
sophisticated equipment enable them to command higher salaries.

Table III-14 shows that the median family income has been increasing at approxi-
mately the same rate in Fulton County as in the entire country.

Table ITI-14 Trends in Median Family Income (in 1967 dollars)
(County and City Data Book, 1972, 1967, 1956;
Statistical Abstract of the United States, 1974, 1977)

Geographic Unit 1349 1959 1969 1970
Fulton County $4,235 §5,981 $7,852 $8,619

2. Economic Characteristics

A number of local economic conditions will influence the overall impacts of the
project. These conditions are described in the followi.g section in terms of
historic trends and current and probable future conditions. The analysis is
divided into two major topics. The first consists of employment and governmental
finances, including land vzlues in relation to tax base. These factors create a
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feanawork for an ensuinj Jescriotion 5E tnhe ajricultural, aining and manufactucing
and the c2tail and whol2salz trade sectors of tha 10cal aconomy, which isg tha
sazoni tooic,

2, Emoloyment and fiscal tranis - Taole IIT-135 sunnacizas 3 Jatailal
histocy of amoloynent 1In Fulton county. Saveral jeneral tceais acz apoacent
in thesa dati. rarye Jdeclines in enoloynent hava osccucced in the ajcicultural
amd nining sectors; littla chanje has occurcr2d in sacvic2s and wholasal2 teaja;
nanufactur iny has fluctuat2d; and slight incceasz2s havz occurced in ratail

te ad=,

F. Land Use iAnd Develoomant

Land us2 is one ohysizal wnanifastatiasn o€ 3dcial and aconomis values, In the
followiny saction, Jata 3asgerining 2ast and cuccent land usz, as well as ardjactal
30cial and 2conmonic teenis, are usad to orojact futucz land usa,

1. Establishel Jses of Lani

e followiny liscussion of land us2 is diviied iato two major cata3jocies:
. Lamd us2 Dattacns
. Us2 5f strio-mited lani.

a. Land us2 oattecn - A county-wile invaatocy of land us2 was naie in
1953 (4arland Sartholonaw and Associat2s, 1353). Racent low cat2s >f social and
acomnis chanje in Fulton County indicat2 that 1368 3ata reliadly aporoxinat2
curcent conditions. Accoeling to thase data, most of the land in Fulton County
is 3svotz2d to unintznsive us2. Aooroxinataly 38 oarceat of tha land is =2ithae
cover=2d oy forast o water, used far ayricultur2, o¢ is vacant. Fallow stcio-
nined land covars neacly 7 osccent 5f the arza, bBublic and sani-oublic areas,
rostly unintensively usel, covat ovae 3 percent of the odunty. Only the 2 percent
of cenaiting land is u323 intansively. Intensive usas anount to a little over 1
vercent c2sijential, l2ss than 0.5 cerceat commercial, and adout 0.7 percent
injustrial.

while guantitative estinatas of oast land usz are j2necally unavailabla, 30me
estinatag of ajyricultural and stcipo-nining acr=2aja wera obtained. Data from the
Census of ajyriculture (322 Table ITI-15) show that the oercent >f land in tha
County dzvoted to ajcicultuce 3lecrzased from 37.5 oceccant in 1345 to 82.7 vercent
in 1359. This chanje was acconmanizl, from 1345 t> 1359, by a 3ecr2as2 >f 50,000
acc2s of oDastur2 and an incc2ase of 32,000 acc2s of croolani. Sy 1374 aooroxi-
natsly 5,000 acres of steip-nined lani had bean added to tha 1353 county-wile
total of 40,000 acras (Sanibery, 1373). Du2 to ceceatly incraased raquicznents
for lan3 ceclamation, this aided acreaje has been ceclained to a Iejree wuch
closer to its orijinal stata than were most of the 40,000 accas.

The celationshio of tha orojact site to neighboring areas of iwnportance is orovii-
el in Pijuc2 III-3. This nap shows the strony orientation of intensive usges to
Canton and, to a lessac extent, Lawistown. Wee-Ma-Tuk Hills anl 3200n Rivar
Collej= ara the majoc intensively Jeveloped sites n2ar the oroject ara2a; both
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Table IIT~15 Employment Structure in Fulton County, Illinois
(U.S. Census, County Business Patterns and Census
of Government)

COMPONENT : Years
1950 1959 1964 1969
Agricul ture! 4302 3842 3922 123!
1953 1959 1964 1967 1972
Manufacturing 2,601 919 2,683 3,605 2,551
Trade-Retail 1,726 612 1,715 1,898 2,004
Trade-Whoiesale 276 145 180 227 221
Services 467 195 828 1,024 1,273
Mining 1,268 -- 837 1,004 699
Contract Construction 133 265 134 127 192
Forestry & Other 7 20 10 -- --
1957 1962 1967 1972
Government3 1,317 1,359 2,177 1,913
Education
Total 390 295 505 955
(Teachers) (229) (375) (673)

]For Class 1-5 farms for worker by number of days worked -- 150 days or

more.
2Horkers by number of days worked -- 150 days or more.

3Loca] government employment and payrol!l in individual city areas.
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Table III-16

Farms

Land in Farms (acres)
Average Size of Farms (acres)
Land in Farms (%)

Farm Population

Farm Operators on Farms
Hired Workers

Absentee Farm Qperators

Total Cropland (acres)
Total Pastureland (acres)?
Corn (acres)

Sorghums (acres)

Oats (acres)

Winter Wheat (acres)
Soybeans (acres)

Cattle and Calves
Cow Milked

Hogs  and Pigs
Chickens

Value of A1l Products (1967 dollars)

1

Historical Agricultural Trends in Fulton County, I1linois (U.S. Census of Agriculture)

1940 1945 1950 1959 1969
3,199 2,892 2,780 2,314 1,772
501,867 489,318 489,919 496,427 464,314
156.9 169.2 169.2 214.5 262.0
89.7 87.5 87.6 88.7 82.7
NA 10,614 NA NA 5,890
2,885 2,709 2,621 1,925, 1,323
739 376 8421 680 NA
165 173 131 176 311
251,635 269,964 261,894 293,928 302,083
189,129 183,518 164,126 129,482
106,985 132,621 128,421 143,893 145,884
63 48 N 365 380

35,334 29,264 45,678 27,795

33,832 13,348 13,348 19,071 12,578
24,916 46,783 31,037 39,451 56,302
41,789 54,109 47,836 61,933 55,674
12,395 1,762 9,953 4,002 902
79,753 122,229 161,982 204,669 120,332
209,967 252,613 187,980 125,604 59,770
$12,646,440  $23,988,145  $23,826,590  $26,523,367  $31,483,785

Number of farms reporting the use of hired help.

ZEar class 1-5 farms (greater than $2,500 sales).
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exhibit potential for future growth.

The predominant urban land use is residential, accounting for almost 38 percent
of the total urban area (Harland, Bartholomew and Associates, 1969). Most indus-
trial activities are located in or adjacent to urban areas; remaining rural
industrial operations are mostly agriculturally oriented. Strip-mining activities
are located in the central, northeastern, and southwestern sections of the County.
Agricultural activities are located throughout the County.

Substantial, widely scattered forests are located along streams and in areas
where steep slopes have limited the use of the land. Major conservation districts
are located along the Illinois River. Parks and orivate recreation clubs occupy
many other scattered areas. Hunting, fishing, and camping are the primary recrea-
tional activities. Most recreation is seasonal and requires an extensive amount
of land per user. Most cegional recreation is concentrated at Dickson Mounds
State pPark and throughout the Spoon River Valley. Parks are planned for several
sites near the Spoon River (Bordner, 1975).

The major land holders in Fulton County are the mining companies, incorporated
farms and owners of a number of large farms, as well as MSDGC. Land holdings
as of 1373 are detailed in Table III-17, indicating that large portione of the
County are owned by relatively few individuals and corporations. Tue existence
of large tracts of land makes it relatively easy to buy land for recreation,
conservation, industrial development, or strip mining.

Table III-17. Major Land Holders in Fulton County, 1973
(Fulton County Plat Book, 1973)

Land Holders Acres Percent
Total County Land 561,152.00 100.00
Mining companies 41,716.58 7.43
Incorporated Farms (9 companies) 25,382.90 4.52
Other Major Parms (18 owners) 12,576.05 2.24
4SDGC 9,711.31* 1.73
State of Illinois 4,266.33 0.76
Private Recreation 2,912.28 0.51
Banks 1,998.90 0.35
Major Developers 1,676.44 0.29
Industrial Pirms 832.40 0.14
Total 101,073.19 18.01

* Acreage was 15,528 as of August 1975
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b. Use of strip-mined land - A 1973 survey identified land use in
currently and formerly strip-mined areas {Sandberj, 1973). Table IIT-18 summa-
rizes the existing use of reclaimed and unreclaimed strip-mined lands. Unceclaim
ed lands were defined as areas where no attempt has been made to reclaim stripped
land to a productive use. Reclaimed lands were defined as areas where the land
has been leveled to. reasonable slopes and surface drainage has been restoced.
Fulton County contains about 21,600 acres of unreclaimed and 15,500 acres of re-
claimed strip-mined lands. Most unreclaimed areas arz in woodlands, light cover,
or no cover; most reclaimed areas are in light cover, light pastuce, or heavy
pasture. In 1973, none of the unreclaimed mining sites and less than 3 percent of
the reclaimed sites were used as cropland.

2, Projected Uses of Land

The 1990 land use plan for Fulton County designates future land use on the basis of
1968 estimates of future demographic and economic change. Since the anticipated
changes were minor, these future designations are closely related to the existing
land use pattern (Figure III-9).

Residential uses are expected to increasingly concentrate in and near the estab-
lished urbanized areas. Major residential growth is expected to the east and
northwest of Canton; to the north, east, and west of Lewistown; to the west and
northeast of of Farmington; and around Avon, Cuba, and Vermont. Increases ace
anticipated in the number of single-family, multifamily and mobile home dwellings
in tract subdivisions, and decreases are expected in the number of farm residences.

Commercial uses are oredicted to concentrate in the central business districts of
Canton, Lewistown and Farmington. The plan anticipates major industrial areas
near Liverpool and in and near Canton, Lewistown, and Farmington. The anticipated
major new public lands are six reservoirs with adjacent forest preserves (see
Figuwe III-10). Conservation and recreation expansion would concentrate in the
surroundings of the Spoon River Scenic Drive along the river from Dickson Mounds
to London Mills.

Most future strip mining is expected to occur morth of Canton. A major emchasis

in the County's land use policy is the reclamation of strip-mined lands. Stringent
conditional use permits regulate the nuisance aspects of strip-mining and require
substantial reclamation of the land. Land use is also cegulated on a County-wide
basis by a zoning ordinance, and Canton, Cuba and Farmington have separate ordi-
nances.

3. Lland Development Potential

The potential for actual land development depends uwpon the interaction among land
suitability, accessibility and attractiveness, with the social and economic
factors of land use demand discussaed earlier. The suitability, accessibility
and attractiveness of land are the physical components of developed potential;
they deal with the conditions of the site, its location and aesthetics.

G. Environmentally Sensitive Areas

Fulton County has a number of environmentally sensitive land areas and resources.
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TebleITI~18 1973 Land Use Survey of Strip-Mine Lands in Fulton County, 111inofs (Sandderg, 1973)

Type of Land | Yotal Unreclaimed Lands
Unreclaimed Mine Water Reclaimed

Use Lands vastes Areas Lands
A. ‘oodlands 8818 - - 392
8. Light Cover 6547 - - 4064
C. Light Pasture o a7 - 5992
0. Heavy Pasture - - - N
€. Cropland - - - 405
F. Restdence - - - ™
6. Commerce - - - -
H. Industry 22 ¢ - -
1. Langfidl 15 . - -
J. Public Recreation - - - -
K. Private Recreation 190 - 374 24
L. Public & Semtpubiic - - 9 -
M. Conservation-Wildlife - - 3888 -
N. Unusad-No Cover 5068 1978 - 988
TOTAL ACRES 21,57 2,50 8,21 15,456
YALUE PER ACRE* $259 bl $323

* Yalus Per Acre » 100% value in 1967 dollars
v* Ooes not Include the value of mining equipment and structures.

Notes:

A, Noodlands included dense, forested lands where the ground surface wes not visidle
or raraly sesn n the aeria) photographic interpretation.

B. Light describes areas with surface cover of some form or other,
usually grasses, low shrubs and scattered trees.

C. Light Pagturg often included newly reclaimed areas where surface fol1age was
prov or grazing. In other natural areas, the distinction between 11ght cover
and 1ight pasture was made on the basis of visible anima! paths from flelds

t0 barns or sheds.

0. vy Pagtyre included areas where Targe-scale grazing operstions ware found.
Stock trails, anima) pens, feeding stations and the 11ke were often used to
determine the schle of operation.

E. Cropland is determined by the visible pattern of planted or harvestad crops.

F. Residence Argas are determingd by the outline of butldings, drivewsrs,
and arrengement of lots,

6. OF“ includes small commercial facilities usua)ly associsted with highways
in the smller communities.

M. Indugtry includes active mining areas, ratirosds, coal tipples and similar
{ntensive operations.

1. ug%ll 18 an ares where 10114 wests materials are turfed 1n a deep trench
and covered with dirt.

J. W are owned by a rﬁ"c agoncy or unft of local government
and sTemade ave @ Tor use by the general public.

K. W include goif clubs, private reserves, camps and the 11ke
and are ava e to or awners, not the genersl public.

L. m%w include schools, churches, cemeteries, public sewage
plants statlar uses.

" E’F”WMMM“ water srees and surrounding lands which, by
virtue of prox » creats a4 habitat for wildiife.

N. W;n areds where 3011 condftions are not conducive to growth of
nature on. lands are ofien associated with mine waste aress.
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These are depicted in Figure I1I-10 and identified in the ensuing discussion of
water, land, and cultural cesources.,

1. Water Resources

Surface water is a source for some public and industcial water supplies in Fulton
County. Six multi-use reservoirs (forest, conservation, cecreation, and water

supply) are planned to maximize future use of surface watec supplies. Pollution
in the Spoon River ot Copperas Creek watersheds would severely degrade the value
of these resources. The entire length of the Spoon River is especially valuable
because it is one of the last remaining natural streams in the State of Illinois.

Wetland areas comprise another environmentally sensitive local resource; they are
located primarily in the flood plain of the Illinois River and are not directly
affected by the project. Major wetland conservation areas include Rice and Andec-
son Lakes, which serve as habitats for large populations of game and migratocy
birds. tlakes and ponds created by strip mining in the project area are currently
important to a flock of Canada geese.

2. land Resources

Besides the flood plain wetlands, thece are four upland tyoes of environmentally
sensitive areas in Fulton County. The first of these, strip-mined land, is
particularly susceptible to damage by erosion. Svarse vegetative cover, steep
slopes, and poor soil permeability are three factors contributing to the erosion
of unreclaimed or incompletely reclaimed strip-mined areas. FErosion diminishes
downstream water quality and accelerates sedimentation in downstream ceservoirs.

Prime agricultural land, watecshed woodland, and tallgrass prairie are valuabla
natural resources, The prime agricultural lands in Fulton County are character-
ized by thick, deeply weathered loess 30ils, small topographic relief, and few
stones in the upcer soil layers. Large fields of these prime soils are well
suited for highly mechanized methods of agricultural oroduction.

The main values of local woodland are its recreation potential and ability to oro-
tect the quality of surface water by stabilizing s0ils and reducing runoff volume
and velocity, which are key factors in erosion. The local importance of surface
water in Fulton County intensifies the value of these woodlands. The most valuable
woodlands are found in the watershed of the Spoon River valley and in watersheds
upstream from each of the olanned reservoirs.

Prairie, particularly tallgrass prairie, such as that being planted as a part of
the Bluestem Management Plan, is enviconmentally valuable for a number of reasons.
Pirst, it would preserve a rare portion of Illinois' natural history. In additionm,
such prairie can serve as a conservation area for wildlife, including such locally
care species as the greater prairie chicken, sharp-tailed grouse, trumpeter swan,
and the sandhill crane. Finally, prairie grasser-, with tneir deep abundant roots,
pcovide excellent soil-building and erosion control characteristics.

3. Qultural Resources

Fulton County has numecrous areas devoted primarily to outdooc recreation. tocal
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recreation needs of many residents are met by public park distcicts in Canton,
Lewistown, and Farmington. Public recreation needs of a more regional scope are
served by a 400-acre tract of land which has been made available to the County
by the MSDGC. Private recreation includes an area at Lake Wee-Ma-Tuk, several
private hunting and fishing areas on strip-mined lands, and campsites with trails
for use of off-the-road vehicles on private lands. The most environmentally sen-
sitive recreation resources are those located adjacent to streams and lakes,

Fulton County has a number of historic and archaeological sites. 014 mansions,
"underground railway®” stations, and early shaft coal mines are located throughout
the County. An extensive prehistoric mound-building culture left over 800 mounds
in the area. The most impoctant of these, the Dickson Mounds, are preserved as a
state museum. According to National Register Assistant, Theodore Hild, no histo-
ric sites are affected by the project.
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IV. TdHE CHOSEN ALTERNATIVE

The land reclamation orojest of th2 MSOGC is located centrally in Fulton County,
Illinois. The ordj2ct site is iwmediately 2ast of th2 Villag2 of Cuba or aooroxi-
natzly 25 miles west-southwast of Peoria. Most of the site is between tha Cuba-
Canton Road (Illinois Routz 5) and Illinois Rout2 100 near Cantain t3 the nsrtheast
and Lewistown t> th2 south. 3i3 Cresk flows southwasterly throujh the aroject
site and nerjes with Syon River, which is a tributary of the Illinois River, a
major navijyable waterway. A rejional nao oreoared from a 1:250,000 USSS ma»,
showing the 2xoject site anid surroundings, is oresant2d in Figure II-I, Daje II-6.

The surcraunlings of the oroject are rural. Some jrowth of pooulation i3 exoected,
but the area is not in the oath of urban or suburban jrowth, The major local
aezonomis influencas are farmingy, strio mining, ani manufacturiny. Canton and
Lewistown are the orincipal nearby central places, Peoria and Pzkin have a major
rejional influence on the oroject area; they are the Jominant centers 2€ trade and
amaloyment within Fulton Countv. Land us2 in the area surrouniing the orojact

sitz is oredominantly unintansive. The orimary us2s are row crop farning, live-
stock jrazing and strin mining. Farming and nining are becoming hijhly mechanized,
amolaying orojecassively Fawer D200l2.

More than 50 oercent >f the oroject site was strio mined for coal years aje, forw
in3 a roujh terrain of isorassions and lakss without drainaje outlats, Sdils have
a high clay contant and are relatively ingervious. However, som2 Daths of ranil
flow Jevzlonel by rearranjement and redistribution >f soils and unconsolidatad bed-
rock during mining ogerations. Access r22ds jenerally form the diviling ridze
lin2s batwaen aijazent nini-sections.

A. Descriotion Of Project Features

Sinca 1971, th2 oroject site has been jraded ani shaoed to sreate fields suitabls
for sludge aoolication and row croo ajriculture. Retention basins havz been con-
structed to contain stora water run-off from aoolication fields. Four holiing
»31sing have been constructed for the ourvose of storing sludje and sludje super-
natant. Figures IV-1 and IV-2 show the avolization fields and holiiny'basins at
the sitas. A Jatajled descriotion of the oroject features, ocerations, ani envi-
ronmantal control and monitoring systems is oresentad in the followinjy saction.

1. 5ludge Shidom2nt and Sunernatant Return

There are three tyoves of sludjes being shiopad to Fulton County: sludge drawn
from h2ated anaerobic dijestars at the West Southwest (WSW) treatment olant of
the ¥MS0GC; sluije takan from the Lawndale lajoons, 2xcent in wintar when icing
oravents ramoval; and aixtur2s of th2 twd. A3 stated nreviously, supernatant

in the wooar layer of sludje in the holiing basing is 19 19nger baryed back b
the h2ad end of the Wast-Southwest treatment olant or to the Chicajzo Lawndale
lajoons. Sludje and suo2cnatant shiowents ace shown in Table IvV-1 and Fijure
Iv-3. “ore recently, sludj2 supernatant has b2en 3aoplied to the land duriny iy
2eriods throujh jated irrijation oives.

The total sludje shiooed to th2 holiing basins amounted t5 1,397.5 million 3allons

or 5.7 million net tons from Aoril 1972 to May 1975. Suoernatant caturn totaled
477.4 million jallons or 1.93 million wet tons Jurinj the same ceriod., Based on
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Sludge barged from
the WSW Plant to the
project site

Sludge barged from the
Lawndale Lagoons to the
project site

Supernatant barged back
from the project site
to the WSW Plant
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Figure IV-3 Past Sludge Shipments between West-Southwest Plant

Lawndale Lagoons, and Holding Basins at Project Site
{MSDGC, 1972 a,b, 1973 a through h, 1974 a through 1,

1975 a through g)
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Table IV-1,

Amounte of Sludge and Supernatant Barged to snd from the Holding Basins in Fulton County

Sludge Barged from:

Supernatant Returned to:

PERIOD WS4 Plant Lasndale Lagoons Both WSW & Lawndale WSW Plant . Lawndale Lagc.ns
106 Callons Wet Tons 10.5Galions Yot Tops, 10° Gallona yot Tons |{10° Gallons wet Tong w
kth Quarter, 1972 164.3 690,065 -— - - -- -- - - -
1st Quarter, 1973 137.5 577,427 -— - -~ - - - - - -
2nd Quarter, 197) 145.5 611,309 - - -~ - - - - --
3rd Qusrter, 1973 69.1 149,230 1.53 6,427 - - 2.08 8,746 -— -
4th Quarter, 1973 84.5 354,769 8.13 34,129 47.0 197,317 56.6 209,199 - --
1lst Quarter, 1974 132.7 557.279 - - -~ -~ 30.0 126,750 - -
2nd Quarter, 1974 147.1 617,810 5.08 21,321 - -— 87.4 366,808 - -
Ird Quarter, 1974 72.0 302,561 6.82 28,650 63.8 268,147 64.6 271,139 6.75 28,360
&th Quarter, 1974 41.9 175,812 - - 77.8 327,017 113.1 475,022 2.52 10,587
1st Quarter, 1975 114.1 479,189 - - — - 101.4 425,703 - -
2nd Quarter, 1975 35.2 147,689 - - 87.3 366,519 7.82 32,851 36.2 181,229
3rd Quarter, 1975 - - -— - 84.8 356,308 - - 70.3 295,114
4th Quarter, 197. 61.4 257,758 - - 22,2 93,362 65.3 272,783 23.3 97,655
ist Quarter, 1976 }100.0 420,115 - -- - 6.2 26,221 - -
2nd Querter, 1976 11.4 47,888 - - 106.7 448,340 -~ - - -
3rd Quarter, 1976 ~— - - - 104.0 437,004 - - - -
4th Quarter, 1976 50.4 211,596 - - 74.6 374,964 -- - - -
1st Quarter, 1977 20.0 84,101 - - -— - - - - -
April, 1977 — -— - -— -— - - - - - -
s2+ gubtotal 1,387.1 5,684,598 21.56 90,527 668.2 2868,978 534.5 2.215.221l 139.1 612,945
##4 Total 2,076.9 million gallons or 8,644,103 wet tons 673.6 million gallons or 2,828,167 wet
G () tona

® Excluding Septeaber 1973
%% Rxcluding October 1973

sttt Fxcludiag Septamber and October, 1973



the totzl wet tons of sludge applied to the oroject fields, the cumulative fluid
volume of sludge applied was 244.8 million gallons through an application operiod
of 13 months, beginning in April 1972 and ending in May 1975. Daily composite
samples of sludge have been taken from the WSW plant loading dock and the Mannheim
Road Terminal loading dock next to the Lawndale lagoons. The data on total solids,
volatile solids and acids, and aikalinity are analyzed and plotted on logarithm-
probability paper in Figures IV-4 through IV=7 focr sludge originating from Lawndala
lagoons and Figures IV-8 thcough IV-11 for sludge from the WSW plant digesters.
Sludge drawn from WSW digestecs is occasionally used to dilute sludge from Lawndala
lagoons to improve pumping efficiency. Mixtures of plant and lagoon sludges are
regarded as sludge from Lawndale since there are no data reflecting the mixtuce.

In these figures, the frequencies of sludge constituent concentrations, such as
total solids, volatile solids, volatile acids, or alkalinity, are given in petcent.

Figures IV=4 througn IV-11 show the gjeometric mean, geometric standard deviatiom,
and number of observations, providing a general picture of the data spread or
fluctuation. The plottings for volatile acids and alkalinity of sludges from both
the WSW plant and Lawndale lagoons approximate two straight segments with a break
point. Probably this is attributable to digestar performance or to the different
ages of sludge in the lagoons.

Properly digested sludge generally has high alkalinity and low volatile acids.
Total solids and total volatile solids are less sensitive sludge quality indicators
than are volatile acids or alkalinity. Sludge quality was compared with applicable
sludge quality standards specified in the operating permit issued to the MSDGC.

The applicable standards and the results of the commarative study are summarized

in Table 1V-3. In addition to the four pacameters cited above, the oH value is in-
cluded. Based on the length of the monitoring period, the number of samples, and
the applicable standards, the number of deficiencies permitted was calculated and
indicated in Table IV-3. Compliance of sludge quality with apolicabls standacds is
determined by camparing the actual number of deficiencies with the permissible num-
ber. The frequency of deficiencies is summacized below in Tabla IV-2.

Table IV-2. Compliance of Sludge Quality with Applicable Standards as of May
1975 (MSDGC, 1972a through 1975g; eEnvico Control, Inc., 1976)

Total
Volatile Solids Volatile Acids Alkalinity pd
Sludge from Total Total Deficient 9.5% Total
Lawndale Lagoons compliance compliance of the time compliance
Sludge from Deficient 3.8% Total Deficient 1.4% Deficient 1.3%
WSW Plant of the time compl iance of the time of the time

The past deficiencies reported here are in some respects misleading. In November
of 1975, the Fulton County Health Department revised the volatile acids and alka-
linity standards to account for the fact that some of the sludge shipped to Fulton
County has been in storage in the lawndale lagoons for up to 15 years. Exceedingly
long storage periods cause a decline in alkalinity as a consequence of ammonia
volatilization. This at least partially accounts for the telatively high numbet

Iv-6




a2 Y MNDOWO

Total Solids (%)
~ wt

100
90

70
60

50
40
30

20

Volatile Solids (%)

10

Total Solids

51 2 65 10 20 3040506070 B0 90 95 98 99 99.5
Occurrence of Concentrations of Total Solids g the Stated Value (%)
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Enviro Control Inc., 1975)
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Figure yy-7 Alkalinity Concentrations in Sludge from the
Lawndale Lagoons (MSDGC, 1972a through
1975g; Enviro Contrel Inc., 1975)
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Figure 1IV-1G Volatile Acids Concentrations in Sludge
from the WSW Plant (MSDGC, 1972 a through
1975 g; Enviro Control Inc., 1975)
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Table Ty-3 Comparison of Sludge Characteristics With Applicable Sludge Quality Standards (MSDGC, 1978a through 1975g; Enviro Control, Inc.. 1976)

Yotal Solids

Total
Volatile Solids

Valatile Acids
{as Acetic Acid)

Alkalinity
{as CaC03)

M

\ ity Parameter

ppplicable Sltudge Quality Standards

Not Available

No 24-hr. composite
sample may exceed
623 of total solids.

No more than five 24-
hr. composite samples
may exceed 300 mg/! in
30 days.

No more than 51 of
the 24-hr. composite
samples in 30 days may

be lower than 2,500 mg/).

No 24-hr. compos-
ite sample may be
less than 6.9 units |

Number of Semples 147 130 69 137 14
[ludoe from  coometric Mean .3 4 £2 wg/] 3,800 wg/ 1 7 ATArithmetic Mean
L Geometric Standard Deviati 1. 1. .8 1 Not Applicable
dgoons No. of Violations Permitted | Wot Applicable 0 [ 7
Actual No. of Violations Not Applicable 0 [ 20 [1]
Mumber of Sasples 396 367 241 222 394
Kludge from ric_Mean 3.3 jL 1 €5 mg/1 ¥, 200 mg/) B.0(Arithmetic Mean
WSH Plant  Geometric Standard Deviation . T.1 1.8 1.3 Not AppTicatle
No. of Yiolations Permit Not Applicable 0 %0 )] 0
Actual No. of Yiolations Not Applicable 1] T 1 5




of alkalinity deficiencies of sludge taken from the Lawndale Lagoons. With the
exception of alkalinity, sludge originating from the Lawndale Lagoons has a gene—
rally higher quality than sludge drawn from the WSW Plant digesters, which is also
attributable to the aging of sludge in the lagoons. Sludge drawn from the diges-
ters has occasionally been substandard in terms of total volatile solids, alkalinity,
and/or pH. Fulton County amended their sludge quality standards in November 1975
recognizing problems associated with alkalinity. Since that time sludge segments
have met all apolicable standards. If the standards had not been changed, there
would not have been much effect since sludge quality had improved.

2. Sludge Storage
The average sludge storage time in these holding basins can be ectimated by a

number of methods. Because the holding basins were never used at full capacity,
a method for estimating the average storage time is as follows:

ts (months) = (Fb - Fr)MG = (1397.5-477,4) x 106 gal = 49 months
Ff MG/month (244.8 x g 3 months)

Where ts = average storage time
Fb = sludge barged to the holding basins
Fr = supernatant returned to Chicago
and Ff = sludge applied to fields

This estimation does not account for loss of sludge water by evaporatisn or increase
by rainfall. A storage time of 49 months is considerably long, and is a result of
low sludge application volumes during the develooment stages of the oroject.

The application rate was originally proposed to be 70 dry tons per acre per year
in the first vear and taper down to 20 dry tons/acre/year in the fifth year of
operations (Dalton and Murphy, 1973). These rates correspond to 726.5 and 207.6
million gallons of sludge, based on a 4 percent total solids content, avolied to
Fields #1 through #38, having a total area of 1,731.6 acres. Accordingly, the
mean storage capacity was provided for at least a six-month storage or retention
time.

Assuming a 20 dry tons/acre/year application rate and a 4 vercent solids content,
the basin could store sufficient solids for a maximum development of application
fields of approximately 26,960 acres. Presumably this surplus capacity of the
holding basins was justified for the purpose of stockpiling sludge reserves during
the early years of project development or to maintain operations during years of
discontinuous sludge shipments. More recently however, the 49 months average
storage time and capacity for applying sludge to 26,960 acres per year when only
3,700 acres per year are actually being used demonstrates that the basins are
ot designed as part of the oroject design but rather as a sludge storage area
for MSDGC sludge. This demonstrates that the holding basin volume is much larger
than any needs the MSDGC might have for flexibility of ooeration. This situation
presents considerably more votential for odor than basins sized only for staging
project operation.

During the storage periods, sludge solids settle to the bottom of the holding
basins, creating two layers of material. The top layer ranges through most of

the bagin and is composed of supernatant containing less than 0.25 percent solids.
The bottom layer consists of settled and compacted sludge with solids up to approxi-
mately 10 percent. During periods of storage, it is estimated that aporoximately
one—-fifth of the nitrogen in the sludge is lost to the atmosphere in the form

of ammonia.
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Tgoical vertical profiles of sludje mardcteristics in the nolding oasins are
snown in Figure IV-12. Profiles are presented for taree nolding oasins and seven
Jarameters. In general, pd values remain oconstant in tne top five meters and taen
decrease witn deptn. Because larjge proportions of nitrogen and pnospnorus canm
sounds are associated with suspended solids wnicn settle in tae pasins, tne total
suspended solids, total nitrojen, and total phosphorus concentrations are nigyhest
at tne oottom of tne holding pasins. Tne same pattern of ammonia nitrogen concentra-
tion, Woian is constant in tne top five meters and then increases witn deptn, is
recorded for all three basins. Generally speakin,. tie total volatile solids and
volatile acids are sligntly enricned at the ocottam of tne masins. Conventional
dredjing eguipment is utilized to witndraw solids from two of tae holding vasins.
Ine cutter nead mixes tue concentrated sulids witn tne liguid fraction and pumps
tne resultant mixture of approximately five percent solids to the nain pumping
station for further distribution.

3. Sludge Application

buring application seasons, tne sludje is pum>2d from tne holding pasins via a sur-
face land pipe distrioution systam and applied to tne land oy a muaer of tecnnigues.
field application Jdevices availanle at tne site include: traveliny sprager, center-
21vot sprayer, woldooand plow incorporator, a tank truck, and, for supernatant only,
Jated irrigation pipe (ASDGC, 1975i). During the first few years of sruject opera-
tion, spraying was tne major application metnod. It is no lomnger used. Spraying
was accamnplisned oy imodular units consisting of pumas, an above—jro:ind neader systanm,
and a "biyg jun" spray venicle (Figyure IV-13). To prevent clogying, tne nozzle of
the spray Jun nad a 2-inch diameter or larjer. The pressure and soray rate were 30
Sounds per sguare inan and 600 jallons per ainute, respectively, and tne norizontal
tnrow was approximately 120 to 250 feet (4SDGC, 1975i).

Two types of tillage macaines can be used to incorporate sludge into soil — tae
moldooard plow incorporator and the tandem disk incorporator (Figure IV~-13 saows
the latter). 3ludge is presently incorporated into 30il oy a tractor—drawn tandain
disk incorporator witn a distrioution manifold wnicn directs sludye to eacn disk
plade as it tills the soil. Sludge is thereuy applied to the entire cross-sectional
aza of the soil pbeing tilled. The s0il injector (Ffigure IV-14) works on the same
principle as tne soil incorporator, except tnat an injector apgplies sludge to slots
formed in the soil by a tool snank.

Application fields were developed fram 1971 througn 1973 in taree stages, varying
in size fran 15 to 114 acres (Figyure IV-l1). £ach field is provided wita runoff
cerms and one or more runoff retention vasin to divert and contain storm run-off
and to control tne water guality of field effluents.

Sludje is agplied to the fields during the growing s2ason. Periods of sludge
agplication to various fields are snown schematically in Figure IV-15. wWork
hours are agproximately 8 nours per day at the peginning of tne application
season, increase to a maximun of 1o nours per day, and taper off to 8 nhours per
day at tne end of tne season. Application on one field of a given module is
Jenerally campleted oefore peyinning on anotner field. However, two fields of a
module are sometimes applied simuitaneously. It takes agproximately 30 aminutes
to camplete application on one acre of land (MSDGC, 1975j). Tne sludye agplica-
tion rate in dry and wet tons per acre and total tonnage of sludje applied per
Jear on each field are summarized in Taole IV-4.
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Figure IV-13 Traveling Sprayer Applying Liquid Sludge to a Corn Crop (top)
and Disk Incorporation with Trailing Supply Hose (MSDGC, 1975h)
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Figure Iv- 14 Injection Unit Showing Three Injectors (MSDGC, 1975h)
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Table IV-4

Sludae Application Rates and Amounts
(MSDGC - 1973 a through h,
1974 a through 1,
1975 a throuah a)

Year 1975
Field Size Year 1973 Year 1974 {(May, June & July)
Field {acres) dt/acre _dt dt/acre dt dt/acre dt

1 46 - -- 19.0 874.0 19.5 897.0
2 52 -- -- 24.0 1,248.0 14.8 769.6
3 4) 1.21 49.6 24.4 1,000.4 3.5 143.5
4 80 0.50 40.0 24.5 1,960.0 19.9 1,5992.0
5 30 0.58 17.4 23.2 696.0 29.1 873.0
6 15 -- -- 0.2 3.0 -- --
7 110 0.49 53.9 21.3 2,343.0 13.4 1,474.0
8 71 0.95 67.5 12.1 859.1 17.7 1,256.7
9 93 2.38 221.3 16.3 1,515.9 6.7 623.1
10 94 - - 25.8 2,825.2 16.6 1,500.4
1 21 - - 29.4 617.4 27.4 575.4
12 27 -- - 17.0 459.0 16.3 440.1
13 36 -- -- 16.2 £83.2 7.7 277.2
14 70 -- -- 6.6 462.0 6.9 483.0
15 22 -- -- 29.1 640.2 27.7 609.4
16 150 - -- 17.6 2,640.0 14.9 2,235.0
17 88 -- - 19.2 1,689.6 9.4 827.2
19 38 1.35 5T1.3 16.4 623.2 14.6 554.8
20 114 0.37 42.2 23.4 2,667.6 - -~
21 39 1.50 58.5 27.2 1,060.8 17.7 690.3
22 52 0.57 29.6 6.3 327.6 17.5 910.0
23 22 -- -- -~ -- 7.3 160.6
24 .- -- -- 0.5 -- -- --
25 38 -- .- 9.7 368.6 11.3 429.4
26 64 -- - 27.3 1,747.2 - --
27 43 -- -- 20.2 868.6 -- --
28 31 -- - 17.2 633.2 -- --
30 69 - -- 20.7 1,386.9 -- --
31 18.5 -- -- 8.4 155.4 - -~
%? 18 -- - 3.6 54.0 - --
33 19 -- -- 4.1 77.9 - -
37 68.9 -- .- 7.2 496.8 -- -
34 54.2 - -- 1.9 103.0 - -
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TABLE 1IV-4 (Cont'd) Sludge Application Rates and Amounts

1976
FIELD VOLUME WET TONS WET TONS DRY TONS  DRY TONS
NO. CU.YDS. TONS PER ACRE TONS PER ACRE
TONS/ACRE TONS /ACRE
1 59237 49918 1084 2474 53.8
2 68979 58136 1117 2988 57.5
3 36636 30848 -752 1526 37.2
4 97630 82266 1028 4181 52.3
5 25131 21177 705 1079 36.0
6 0 0 0 0 0
7 14371 12101 109 657 6.0
8 §0098 50647 665 2439 32.1
9 44619 37593 428 1779 20.7
10 66970 56404 598 2816 30.1
11 26951 22712 1081 1110 53.0
12 16701 14075 519 732 27.2
13 14636 12336 343 638 17.7
14 15890 13393 191 707 10.1
15 59678 50285 1142 2615 59.4
16 97069 81791 544 3911 26.2
17 30859 26004 292 1326 15.0
18 0 0 0 0 0
19 20187 17000 446 851 22.4
20 48057 40480 355 1981 17.5
21 11898 10018 256 561 14.4
22 27714 23357 448 1110 21.4
23 3698 3114 141 167 7.6
24 0 0 0 0 0
25 0 ° 0 0 [
SUB-
TOTAL 847009 713655 35648

MSDGC 1977 Annual Operating Raport
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TABLE IV-4 (Cont'd) Sludge Application Rates and Amounts

1976
FIELD VOLUME WET TONS WET TONS DRY TONS  DRY TONS
NO. CU.YDS, TONS PER ACRE TONS PER ACRE
TONS/ACRE TONS/ACRE

26 64942 54736 855 2807 43.7
27 41228 34750 807 1655 38.5
28 31440 26501 854 1309 42.4
29 0 0 0 0 0
30 71505 60274 873 3100 45.0
31 2540 2138 115 113 6.1
32 10811 9115 608 429 28.7
33 19256 16232 854 773 40.7
34 12388 10431 145 575 8.0
35 76165 64167 486 3001 22.9
36 29040 24469 489 1164 23.3
37 10717 9024 130 499 7.2
38 0 0 0 0 0
39 23009 19398 462 980 23.4
30 47551 40088 498 1986 24.6
41 34508 29091 529 1402 25.5
42 101469 85544 528 4292 26.5
43 61865 52154 884 2636 44.6
44 12428 10478 308 577 17.0
45 52105 43930 301 2172 14.9
46 0 0 0 0 0
47 16754 14126 471 735 24.5
48 0 0 0 0 0

TOTAL 1,566,745 1,320,347 65,995
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TABLE IV-4 (Cont'd) Sludge Application Rates and Amounts

1977
FIELD VOLUME WET TONS WET TONS DRY TONS DRY TONS
NO. CU.YDS. TONS PER ACRE TONS PER ACRE
TONS/ACRE TONS/ACRE
1 o} ] 0.0 0.0 0.0
2 45,431 38,253 735.6 1,869.4 36.0
3 0 0 0.0 0.0 0.0
y 53,028 UL, 650 558.1 2,397.0 30.0
5 (o} 0 0.0 0.0 0.0
6 0 0 0.0 0.0 0.0
7 68,560 57,728 524.8 3,159.9 28.7
8 0 0 0.0 0.0 0.0
9 28,441 23,9u8 273.7 1,102.5 12.8
10 61,419 51,715 550.2 2,91L.1 31.0
11 0 0 0.0 0.0 0.0
12 15,227 12,821 LTh.9 703.7 26.1
13 30,882 26,002 722.3 1,291.2 35.9
1k 45,639 38,428 549.0 2,016.8 28.8
15 39,680 33,10 759.3 1,792.3 Lo.7
16 62,242 52,L08 349.4 2,812.6 18.8
17 73,995 62,304 712.0 3,298.6 37.7
18 0 0 0.0 0.0 0.0
19 16,911 14,239 37L.7 701.6 18.5
20 43,588 36,701 321.9 1,628.7 14.3
21 23,194 19,530 500.8 1,080.8 27.7
22 8,822 7,428 142.8 388.2 7.5
23 11,273 9,492 431.5 513.9 23.k
2l 0 0 0.0 0.0 0.0
25 k1,887 35,269 928.1 1,925.3 50.7
26 67,167 56,554 883.7 2,969.5 L6k
27 36,415 30,661 713.1 1,602.4 37.3
28 0 o} 0.0 0.0 0.0
29 0 0 0.0 0.0 0.0
30 91,65k 77.173 1,118.4 3,883.9 56.3
3 11,354 9,560 516.8 510.1 27.6
32 0 0 0.0 0.0 0.0
33 0 0 0.0 0.0 0.0
34 k2,262 35,585 L97.0 2,063.4 28.8
35 56,244 47,357 360.1 2,278.2 173

MSDGC 1978 Annual Operating Report
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TABLE IV-4 (Cont'd)

1977 (Cont'd

Sludge Application Rates and Amounts

FIELD VOLUME WET TONS WET TONS DRY TONS DRY TONS
NO. CU.YDS. TONS PER ACRE TONS PER ACRE
TONS /ACRE TONS/ACRE
36 27,275 22,965 459.3 1,441.0 28.8
7 38,507 32,423 470.6 1,647.2 23.9
38 0 0 0.0 0.0 0.0
39 25,020 21,067 S01.6 1,119.0 26.6
40 28,541 24,032 293.1 1,060.0 12.9
41 33,035 27,815 505.7 1,550.6 28.2
42 102,342 86,172 531.9 4,657.1 28.7
43 43,819 36,896 625.4 2,051.0 34.8
44 518 437 12.8 19.5 0.6
45 34,132 28,7139 196.8 1,233.9 8.5
46 0 0 0.0 0.0 0.0
47 24,648 20,754 691.8 1,123.5 37.4
48 0 0 0.0 0.0 0.0
TOTAL 1,323,150 1,122,510 58,806.7
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TABLE 1V-4 (Cont'd)

Sludge Application Rates and Amounts

1978
FIELD VOLUME WET TQNS WET TONS DRY TONS DRY TONS
No. CU.YDS. TONS PER ACRE TCNS PER ACRE
TQNS/ACRE TONS/ACRE
1 57,857 43,715 1,059.0 2,388.4 51.9
2 17,508 14,741 283.5 824.6 15.9
3 36,005 31,316 739.4 1,526.0 37.2
A 0 0 0.0 0.0 0.0
5 18,442 15,528 517.6 711.2 23.7
6 0 ) 0.0 0.0 0.0
7 68,324 97,529 523.0 2,891.1 26.3
8 L8,517 ko,851 575 .4 2,018.0 28.4
9 63,560 53,518 611.6 2,633.0 30.1
10 60,096 50,600 538.3 2,539.3 27.0
11 23,397 19,701 938.1 1,022.1 48.7
12 ) 0 0.0 0.0 0.0
13 17,065 14,369 399.1 702.4 19.5
14 57,754 48,629 694.7 2,349.3 33.6
15 8,654 7,285 165.6 380.7 8.7
16 70,320 59,209 394.7 2,894.5 19.3
17 18,509 15,585 178.1 Th4. 7 8.5
18 ) 0 0.0 0.0 0.0
19 15,080 12,698 33k.2 633.8 16.7
20 74,501 62,730 550.3 2,957.9 25.9
21 21,292 17,928 459.7 1,042.0 26.7
22 33,345 28,076 539.9 1,363.3 26.2
23 13,315 1,211 509.6 546.7 24.8
24 0 0 0.0 0.0 0.0
25 33,084 27,857 733.1 1,447 38.0
26 61,293 51,609 806.4 2,530.8 39.5
27 3,552 2,991 69.6 175.9 b1
28 26,048 21,933 707.5 1,093.k 35.2
29 0 0 0.0 0.0 0.0
30 17,009 14,322 207.6 695.7 10.1
31 12,749 10,734 580.2 560.1 30.3
32 10,181 8,572 571.5 505.1 33.7
33 19,366 16,306 858.2 829.3 43.6
34 45,870 38,622 539.4 1,865.6 26.1
35 86,249 72,621 552.3 3,402.4 25.9
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TABLE IV-4 (Cont'd) Sludge Application Rates and Amounts

1978 {Cont'4)

FIELD VOLUME WET TONS WET TONS IRY TONS DRY TORS
NO, CU.YIS. TCNS PER ACRE TONS PER ACRE
TANS /ACRE TONS/ACRE
36 35,284 29,709 ‘ 594.2 1,484.7 29.7
37 39,815 33,52k 486.6 1,752.8 25.4
38 o] 0 0.0 0.0 0.0
39 20,7h2 17,465 415.8 812.8 19.4
Lo 53,865 15,354 553.1 2,179.7 26.6
L1 25,324 21,323 387.7 1,129.4 20.5
L2 126,948 106,890 659.8 5,430.5 33.5
L3 32,577 27,L430 h6h.9 1,390.9 23.6
Ll 35,060 29,521 B68.3 1,539.6 k5.3
L5 101,782 85,701 587.0 4,078.5 27.9
L6 0 0 0.0 0.0 0.0
k7 25,338 21,335 1.2 1,212.2 k.4
L8 0 0 0.0 0.0 0.0
TOTAL 1,535,670 1,293,040 64,283.2
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TABLE IV-4 (Cont'd) Sludge Application Rates and Amounts

1979
FIELD VOLILE WET TQIS WET TOUS DRY TONS DRY TGS
NO. CU.YDS. TQS PER ACRE TS PER ACRZ
TC3/ACRE TQ!S/ACR=
1 0 0 0.0 0.0 0.0
2 55,656 46,863 901.2 2,491.5 L7.9
3 5,155 4,341 105.9 254.2 6.2
N 73,522 61,906 773.8 3,356.9 L42.0
5 21,84k 18,393 613.1 1,005.7 33.5
6 0 0 0.0 0.0 0.0
7 0 0 0.0 0.0 0.0
8 41,177 34,671 488.3 1,845.9 26.0
9 o 0 0.0 0.0 0.0
10 61,323 51,634 549.3 2,650.6 28.2
11 23,385 19,690 937.6 982.4 46.8
12 23,413 19,713 730.1 1,101.3 Lo.8
13 29,190 24,578 682.7 1,221.6 36.7
14 14,348 12,081 172.6 632.6 9.0
15 57,858 48,716 1,107.2 2,547.7 57.9
16 126,090 106,168 707.8 5,630.3 37.5
17 104,944 88,363 1,009.9 4,683.8 53.5
18 0 C 0.0 0.0 0.0
19 30,383 25,583 673.2 1,266.4 33.3
20 73,839 62,172 545.4 3,503.1 30.8
21 24,775 20,861 534.9 1,15k4.7 29.6
22 31,79% 26,771 514.8 1,k79.4 28.5
23 14,879 12,528 569.5 652.3 23.7
o4 0 o] 0.0 0.0 0.0
25 10,675 8,988 236.5 Lss.7 12.6
26 10,813 9,105 142.3 L82.6 7.5
27 34,812 29,212 681.7 1,586.2 25.6
28 k1,221 3k4,708 1,119.6 1,872.1 60.L
29 0 0 0.0 0.0 0.0
30 60,232 67,555 979.1 3,5%0.4 S1.3
31 1%,£65 12,517 676.6 646.5 34,
22 7.505 6,320 421.3 333.3 22.?
33 23,805 20,0L4 1,054.9 1,052.6 53.5L
34 40,551 34,163 L77.2 1,892.2 26.L
35 83,693 70,470 535.9 3,588.4 27.2

MSDGC 1980 Annual Operating
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TABLE IV-4 (Cont‘'d) Sludge Application Rates and Amounts

1979

FIFLD VOLUME - WET TQIS WET TQNS DRY TQ'S DRY T3
NO. CU.YIS, TONS PER ACRE TS PER ACRZ

TONS /ACRE TONS /ACT S,

36 28,473 23,974 479.5 1,331.6 26.6
37 50,227 42,291 613.8 2,460.5 35.7
38 o] o] 0.0 0.0 0.0
39 27,538 23,187 552.1 1,225.2 29.2
Lo 53,143 Lk, 746 sLs ¢ 2,666.7 32.5
L1 LY o15 37,818 687.6 2,0l6.9 37.2
L2 196,791 165,693 1,022.8 8,974.2 55.4
43 59,194 49,841 844.8 2,814.3 L7.7
Ly 36,203 30,483 896.6 1,510.7 Ly L
45 124,730 105,023 719.3 5,596.5 38.3
L6 0 0 0.0 0.0 0.0
L7 26,646 22,436 7.9 1,176.0 39.2
18 0 0 0.0 0.0 0.0
kg 0 o] 0.0 0.0 0.0
TOTAL 1,809,630 1,523,710 81,818.2
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According to the Illinois Snvironmental Protection Agency (IEPA), agronomic rates
for sludge application to cropland are rouynly in tue range of five to twelve Jdry
tons per acre per year depending on tne crop Jrown. In 1373, place land rields
31, 34, and 37 received 42.1, 31.7, 37.3, and 23.9 Jdry tons of sludyge pec acre;

in 1976, Fields-19, 22, 35, 36 and 40 received 22.4, 21.4, 22.3, 23.3, and 24.5
Jdry tons per acre. The rates of application on place land generally Jdecreased
fran 1375 to 1976. It is evident tnat some place lands aave received sludje at
"reclamation” ratner tnan "agronamic" rates. Annual sludge application rates were
originally proposed to ve 75 dry tons per acre in tne first year, taperiny down to
25 Jdry tons per acre oy tne fiftn year and continuing at tnat rate.

4. Supernatant Application at tne Gale Farm

Tne orijinal project design called for tne snipping of sludge supernatant framn tne
holding pasins ocack to tne nead of tne treatment plant. Taole IV-1 (page IV-5)
snows tnat this practice has not occurred since tae first quarter of 1375. It was
recoynized that tnis expensive practice was possioly unnecessary, considering tnat
tne supernatant could oe applied to land at tae project site to provide nutrients
for crops sucn as hay.

Tne property selected for supernatant application was tne 3,015.3-acre Gale Farn,
apgproximately 1,334 acres of wnicn will eventually oe utilized., Supernatant (0.1
2ercent solids) from two holding basins presently storing supernatant only is
applied tarouyn jated pipe at agronomic rates. The supernatant flows taraagn
2ipes and onto the application fields through slotted openings at intervals along
tae pipes, creating a sneet Llow oy Jravity. Tne system nas veen in operation
since September 1976. According to the Illinois Zavironmental Protection Ajgency
Aater Pollution Control Permit (see appendix A), tne agronomic rate is Jefined as
a rate necessary to supply a maximum of 120 pounds of availaole nitrogen per acre
which corresponds to 30,000 gallons of sludye at 4.1 percent solids or 117,000
Jallons of supernatant at 0.1 percent solids.

Fields wnere supgernatant liyuid is applied thrauyn gated pipe are constructed
to oe closed drainage systems not discnarying to sourrounding surface water;
tnere is conseguently no monitoring of runoff fram these fields. 3upernatant
liguid is generally applied tO these fields to the limit of soil nydraulic
capacity. Tne total amount of supernatant in wet tons, gJallons and gallons
Qer acre applied on eacn field during 1377 tarough 1379 is summarized in

5. [and Purchases

On August 8, 1974, MSDGC purchased 2,106 acres of land in Fulton County formerly
owned by tne United Electric Coal Campany. Approximately 90% of tne land aad
peen strip mined. On April 14, 1975, a land use-reclamation plan suomitted oy
MSOGC to tne Fulton County Plan Commission and County 3doard w~as approved.

This owverall plan includes a projram, to reclaim and revegetate tne gJoo, slurry
and acid lake area in the southwest portion of tne property. Tnis 200-acre site
is located on the former Cula Mine #9 refuse area and consists of 75 acras of
3lurry and 85 acres of goo, roads, dam and dumpingy areas. A 40=-acre, nighly
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TABLE IV-5 SUPERNATANT APPLICATION AT FULTON COUNTY

1977
FIELD WET TONS GALLONS GALLONS PFR
NO. (TONS ) (1000°'S) ACRE
51 §1,822.0 10,024.7 99,550.5
52 7,615.3 1,825.4 81,490.5
53 5,354.8 1,283.6 147,534.0
sk 3L,65k.4 8,306.7 149,400.0
55 23,927.2 5,735.4 155,852.0
56 38,908.7 9,326.4 140,670.0
57 18,124.7 4,344.5 89,9u8.1
58 30,781.5 7,378.3 160,050.0
59 10,914.6 2,616.2 91,157.8
60 19,710.1 4,724.5 94,679.6
61 0.0 0.0 0.0
62 54,816.3 13,139.5 150,509.0
63 394,627.0 94,592.1 128,295.0
&l 0.0 0.0 0.0
S 0.0 0.0 0.0
1978
FIELD WET TONS GALLONS GALLONS PER
NO. (TS ) ~ (1000'S) ACRE
51 37,204.2 8,917.9 88,558.6
52 8,275.1 1,983.5 88,551.9
53 5,558.6 1,332.4 153,149.0
sk 54,207.6 12,993.6 233,697.0
55 301737'1 7,367'7 200,209.0
56 46,580.5 11,165.3 168,406.0
57 19,429.5 4,657.3 96,423.4
58 38,276.8 9,175.0 199,023.0
59 8,049.9 1,929.6 67,232.1
60 11,651.5 2,792.9 55,969.2
61 5,301.% 1,270.8 36,726.8
62 30,206.6 7,240.5 82,938.4
63 4g7,716.0 119,302.0 161,810.0
6L 18,455.5 4,423.8 68,585.8
65 0.0 0.0 0.0
TOTALS 811,650.0 194,553.0
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TABLE IV-5 (Cont'd)

SUPERNATANT APPLICATIOM AT SULTCM COUNTY

1975
FIELD WET TCWS GALLCNS GALLOMS PER

NO. (TS ) (1000'S) ACRE
18 54,941.3 13,169.4 119,722.0
29 15,06L.1 3,610.9 128,959.0
50 47,695.0 11,432.5 73,426. 4
51 22,839.4 5,474.6 54,365.5
52 1k4,408.2 3,453.7 154,181.0
53 6,668.3 1,598.4 183,723.C
5h 50,270.9 12,052.3 216,763.0
55 19,511.4 4,676.9 127,083.0
56 39,725.3 9,522.2 143,622.0
57 15,514.0 3,718.7 76,991.8
58 28,847.1 6,914.7 149,992.0
59 8,859.3 2,123.6 73,932.1
60 28,375.7 6,801.7 136,305.0
€1 8,295.1 1,988.3 57,4€6.3
62 48,4345 11,609.8 132,657.0
63 580,838.0 139,227.0 188,833.0
64 25,567.1 6,128.4 95,01%.5
65 6,216.0 1,490.0 57,306.7
TOTALS 1,022,080.0 2k%,993.0

Iv-30

MSDGC 19680 Annual Operating Report



acidic retention pond collects all surface runoff, and effluent from the site
Jrains into a trioutary of 3ig Creek and eventually into Spoon River.

Reclamation and reveyetation will be accomplished tnrough regrading the land to
meet row Crop reguirements (generally 5 percent sloge topoyrapay and tne lacorpo-
ration of approximately 200 ejuivalent dry tons per acre of liquid sludje (5 per-
cent solids) oy means of trenching, ridge and furrow, continuous excavation,
irrigation, deep plowing and pulldozing, and/or plow or disc¢ injection. Surface
flow irrigation will oe used for supplemental moisture and nutrients after plant
material cover appears, at a rate of approxiimately 20 dry tons per acre annually.
Plant materials will oe selected on the basis of suitanility to toe restructured
Job/slurry/sludje growtn medium, Jermination and growth rate, and effectiveness
for soil ercsion control.

This project will serve as a full-scale demonstration project tnat can determine
toe engineering, environmental consideration, and metnodoloyy involved in using
sewage sludje to reclaim this type of land. A comprehensive report will pe puo-
lisned tnat will identify and assess experiments and studies tnat nave oeen
performed, and will provide accurate data in a desiyn manual for tne application
of sludge to other yob slurry areas across the State.

3. Enviroamental Control And Monitoring Systems

To ensure ajainst environmental degradation resulting fram project operation,
some systems for protection were incorporated into the project during tne
Planning and develcopment stages. These include a campact clay lining of hold-
ing oasins to prevent groundwater contamination from seepage or percolation of
sludge, control benmns and retention oasins to contain runoff fram each field and
to ocontrol water quality of field effluents, and terracing and grading of finlds
to reducs runoff velocity, erosion and sedimentation. Tne effectiveness of these
control systems and the environmental soundness of project operations have peen
monitorad using five systams pertaining to sludge, water, soil and rock, plants
and ajuatic oiota, and air.

1. Holding and Runoff Basins

Trne holding pasins were constructed following the engineering recommendations
waich concluded a suosurface investigation and evaluation (Aad Engingeerinyg Corp—
Qoration, 1971). The interior of the holding oasins were contoured to take advan-
tage of tne natural terrain. No slopes witnin the oasins are steeper tnan 1:5.

A continuous compact eartn lining was constructed within tue perimeter of tne
vasin envarkment to prevent seepage. The eartn lining nas a minimum 2-foot thick-
ness of compact clay. The degree of compaction is specified in the subsurface
study report.

Tne fields were graded and reshaped and retention berms and desiltation areas witn
slotted standpipes were constructed at the tops of tne terrace underdrains. Tnese
features were designed to retain storm runoff in tne fields lonj enough to allow
most of tne silt to settle in tne fields ratner than wash into the retention
pasins. A typical runoff retention oasin is shown in Figure IV-16. Ruoff oasins
were designed to retain water so that it wauld not pe released unless it meets
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aplicable water guality standards. Project Jdesiyn included recycling of supbstan—-
dard runoff oy sumping it pack on tie fields if there was not sufficient oasin
storage capacity to permit extended storage for purposes of improving water
quality; records indicate that tnis practice never occurred. In Figure IV-17
retention berms and pasins, terraces and dikes,, basin inlet and outfall, and out-
fall control structures are snown for a typical field. The original and modified
contours are also indicated.

2. Environmental Monitoring Systems

Extensive wonitoring takes place in all aspects of tne sludye handling and land
application process—fram the digesters at the West-Southwest Chicago plant to
Fulton Caunty. Many elements of the environment could oe influenced by sludge
application, including crops, air and groundwater (wells). A monitoring program
exists at eacn place in the pathway wnere environmental elements could be impacted.

Monitoriny of sludge, water, soils, crops and cattle, fisn and aljae, and air is
oconducted at tne site by several agencies including the MSDGC, the Fulton County
dealtn Department (FCdD), the University of Illinois (U of I), tne Illinois £nvi-
ronmental Protection Agency (IEPA), the U.S. Geological Survey (USGS), and the
food and Druyg Administration (FDA). Each of tnese systems is presented in capsule
Eorm celow, followed oy highlights of selected aspects of these projrams.

a. Sludge Monitoring - There are 13 features in tne sludge monitoring
projran;

® wWeekly monitorinc- of digester feed for cnemical and paysical parameters and
metals (MSDGC)

® Jmtnly sampling of digester feed and draw for indicator orjanisms and patno~-
Jens (MSDGC)

® Daily sampling of all sludje shipped to Fulton Caunty for pnysical and chemical
parameters; metals are analyzed weexly (4ASDGT)

® Jmnthly sampling of digester feed, draw and sludje snipped to Fulton County
for parasites (U of I)

e Quarterly sampling of all sludye shipped to Fulton County for indicator orza-
nisms and patnogens (MSDGC)

® Selected sampling of sludye snipped to Fulton County for chemical and physical
parameters and trace orjanics (FCHD)

e Jmthly profile sampling of the Fulton County holding basing for physical and
chemical parameters (MSDGC)

® Quarterly sampling of sludge in nolding pasins for indicator organisms and
pathogens (MSOGC)

® Selected sampling of the Fulton Caunty holding basins for physical and chemical
parameters and metals (FCHD)
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2 Weekly composite of daily sludje applications to fields for cnemical and paysi-
cal parameters and metals (MSDGC)

O 3elected sampling of sludje applied to fields for pnysical and cnemical parame-
ters, metals and trace organics (UsSGS, FCHD, U of I, IEPA)

o \uarterly sampling of sludge applied to fields for indicator organisms and
pathogens (M3DGC)

o Selected sampling of sludye applied to fields for parasites, cnemical and
paysical parameters and trace orjanics (U of I).

The sludge analysis program was mainly desijned to ensure adeyuate treatment

of sludge oefore it is transported to tne nolding oasins at the project site.

For this purpose, twenty-four hour composite samples of sludje peiny oarjed to tne
Jroject site are analyzed for campliance witn sludge Juality standards. In addi-
tion to measuring tne wolatile acids, o value, total alkalinity and volatile
solids, as required oy tne project's operatinj permit, total solids, total pnos-
ahorus, «jeldanl nitrogen, ammonia nitrogen, and electrical conductivity are
determined for eacn camposite sample. Joncentrations of cnloride, sulfate, and
14 metal elements are determined weekly. Tnere are daily grao samples of sludye
fram toe qump station at the Liverpool oarge depot, montnly profile samples at
the sludge holding pasins, and weekly composite samples from tne distrioution
Aump station. Tne supernatants returned fram tne noiding ocasins are also samnpled
and analyzed. A typical data log is presented in Table IV-6.

b. WNater monitoring - There are 7 features in the surface and ground
water monitoring programs:

® 3Sanling of all runoff oasins before and after discharye for cnemical
and oiological parameters (MSDGC)

® 3elected sampling of runoff pasin discnarges by IEPA and FCAD for cnemical,
oiological, and paysical parameters and trace orgjanics

® Selected sampling of streams, reservoirs and runoff oasin discaarges oy
ASDGC and supsequent analysis oy USGS for trace organics

e .Jmthly sampling of reservoirs and streams for cnemical, bioloyical, and
onysical parameters and metals (MSOGT)

e Selected sampling of reservoirs and streams for cnemical, oniolujical, and
paysical parameters, metals, and trace organics (FCAD, USGS, IEPA)

® Janthly sampling and analysis of wells for cnemical, physical, and oiological
parameters and metals (MSDGC)

® Selective sampling of wells for metals, cnemical and pnysical parameters and
trace organics (USGS, FCHD, IEPA).

The water monitoring system includes water sampling, analysis, data reporting and
data reduction. +Water samples are taken fram 26 wells, 1 spring, ll stream samp—



Table IV-6

Fulton County Land Reclamation Project Sewage
Sludge Analysis, April 1975 (MSDGC, 1975g)

Date
MDL* 4/3 4/5 4/6 4/7

Total Solids % 3.72 3.38 3.37 3.42
Total Volatile Solids % 52.62 54.15 55.68 54.62
Volatile Acids** (mg/1) 67.00 67.00 45.00 90.00
pH 7.40 7.50 7.80 7.60
Tatal P (mg/1) 0.01 980.00 830.00 1,010.00 890.00
C1- (mg/1) 1.0 292.00 404.00
S04~ (mg/1) 1.0

N-Kjeldahl (mg/1) 1.0 2,849.00 2,681.00 2,513.00 2,632.00
NH3-N  (mg/1) 1.0 1,344.00 1,372.00 1,421.00 1,435.00
A]Ealinity as CaC03 (mg/1) 0.1 3,900.00 4,780.00 4,920.00 4,940.00
Electrical Conduut?vity (pmhos/cm) 1.0 7,300.00 8,000.00 7,500.00 8,000.00
AVl (mg/1) 1.0 220.00 200.00
cd  (mg/1) 0.0 7.00 7.00
Ca (mg/1) 1.0 1,200.00 1,010.00
tr {mg/) 0.02 93.80 86.90
Cu (mg/1) 0.01 48.00 48.80
Fe (mg/1) g.l 1,370.00 1,652.00

.03 30.40 32.6

Pb (mg/1) 0.4 (no samples taken) 0
Hg (pg/1) 0.1 151.00 140.00
Mg (mg/1) 1.0 500.00 490.00
Mn  {mg/1) 0.01 13.20 14.80
Ni  (mg/1) 0.1 13.00 13.00
K (mg/1) 1.0 220.00 200.00
Na (mg/1) 1.0 110.00 150.00
In (mg/Y) 0.1 115.00 98.00

*MDL = minimum detection limit of laboratory.

**As acetic acid.

mg/1 - milligrams per liter
unhos/cm - micromhos per centimeter
ug/1 - microgram per liter



lingy stations located on 8 creeks or streans, effluent sampling stations at run-
off oasins, and at a nunoer of reservoirs. The locations of sampling stations
are indicated in Figure IV-18. Water Juality parameters analyzed and reported
include:

® Pnyssical parameters sucn as total suspended solids (TSS), total dissolved
solids (IDs), total volatile solids {IVS) electrical conductivity, and
temperature

e Cremical garameters sucn as o, total alkalinity, dissolved oxypen (D.0.),
total pnospnorus (P), total Kjeldanl nitrogen (N), amnonia nitrogen (Nid3-N),
nitrate and nitrite nitrogen (NOp+NO4-N)

® Anions such as calorine (Cl) and sulfate (S0,) and cations suca as potassiwa
(K), sodium (Na), calcium (Ca), and magnesiwa (My)

® Trace metals sucn as zinc (2n), cadmiwn (Cd), copper (Cu), chramium (Cr),
manganese {Mn), lead (Pb), iron (Fe), aluminum (Al), mercury (id3), and
selenium (Se)

® diological and microbiological parameters sucnh as 5-day biochemical oxygen
dJenand (aoos) and fecal colifoms.

In addition, Jroundwater elevations have veen coserved and recorded monthly,
water samples are collected and examined every montn, and findings are summa-
rized in a monthly report entitled Environnental Protection Systam Report for
Fulton County, Illinois. Typical examples of data are jiven in Tanles IV-7
and IV-8. Tne former taple reports tne quality of well, reservoir, spring and
Stream waters; the latter snows tne guality of effluent fram retention basins.
3amnples taken prior to project operation constitute oaseline information for
the "no-action" water Jyuality sicuation. Cuanges are revealed oy camparing
water gquality resulting from project operation witn the baseline data.

c. 3o0il monitoring = [he soil monitoring program includes sampling of
the plow layer (0-6 1n.) and soil borings to ped rock taken and analszed for
Physical and chemical parameters oy the MSDGC.

Prior to project operation, 52 soil borings to pedrock approximately 40 feet
deep were made to determine the paysical and chemical cnaracteristics of soils
and rock. Physical tests included the penetration test, strenytn test, density
test, compressibility test, permeapility test, and field pumping tests. Strati-
Jraphs of types of soils and their geographical distrioution were estaolished.
The texture, color, moisture content, Jrain size distrioution, and permeability
of the spoil material were analyzed (A&d Engineering Corporation, 1971). Chem~
ical analyses included exchangeable calcium, organic carbon, and hydroailoric
acid~extractable metals such as manganese, zinc, copper, cadmium, chramium,
nickel, lead, and aluminum, for poth spoils .nd place land (MSDGC, 1975). It
was proposed that, 5 years after project initiation (1977), another set of soil
porings wauld pe made to cedrock to investigate changes in soil chemistry, if
needed (Dalton and Murpny, 1973). To date, no cnanges have occurred in the upper
horizons of soil to necessitate repeatinjy the extensive soil boring program
(Dalton, 1980 personal communication).
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Table IV-7

Fulton County Land Reclamation Project
Water Analysis, April 1975 (MSDGC, 1975g)

Well Data Reservoir.Data Stream & Spring Data
Sampling Stations: v w2 1 2 sPr s1 52
pATE: LT | ML) NS YR Y7 TA e 416

MOLY 7 7 7

1.20 7.%0 7.80 8.10 7.170 7.80 7.80
ToTAL P m/L 0.0 0.15 0.38 0.09 0.13 0.10 0.56 0.33
CLe - 1.0 15.00 21.00 9.00 12,00 15,00 29,00 27.00
soda " 1.0 192,00 67,00 85,00 893,00 | 1383.00 360.00 501,00
N-KJELDAHL b 0.5 0.80 1.30 1. 1, 0.80 2.%0 2.30
N-t13 " 04 c.70 1.10 0.4 0.30 0.80 1.40 0.90
N-NO2+NO3 =  0.01 0.01 0.00 3.48 2.56 0,09 3.16 3.%0
ALK AS CACO3 " 1.0 390,00 420,00 360,00  a70.00 | | 500,00  260.00  280.00
ELEC.COND, UMMOS/C 700,00 650,00 IGZS.OO 950.00 | 600,00 900.00 1000.00
3 nest 1.0 0.00 0.00 3.00 3.00 8. §.00 4,00
M " 1.0 12,00 12.00 20.00 | | 137.00 66.00 76.00
€A = 1,0 121,00  121.00 135,00  165.00 | | 528.00 130,00 135,00
"e - 1.0 0.00 52,00 78,00 72,00 195.00 68.00 .00
N * 0.l 0,00 0.20 0,00 0.00 0.00 0.00 0.00
¢o = o0 .00 0.00 0.00 0.00 0.00 0.00
v * 0.0 0.00 0.00 ‘#-( 0.00 v.00({ 0.00 0.00 0.00
cr = 0,02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nl " ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00
wm = 0,01 0.19 0.15 0.04 0.24 1.67 0,42 0.40
[ - 9,00 . 0.00 0.00 0.03 0.00 .00 0.00
rFe - 0.1 3.40 7.%0 0.00 0.00 3.00 0.80 0.70
AL * 1.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
] e/l 0.l 0,00 6.00 0.10 0.40 0.12 0.10 0.0
SE mG/L 0,2 0.00 0.00 0.00 0.00 .00 0.00 0.00
FC sER 100 ML 2 0.00 0.00 0.00 2.00 0.00 7.2€408  3900.00
.0, /L 0.5 11,40 11,50
Terp, L | 3.00 8,00
STATIC H20 EL. PT, 2,00 5.00 10,00 37.00 16,00
soo /L sak.00  913.00] B230.00  BA3.00 1010.CO

*MOLZMINIMUM DETECTION LIMIT OF LABORATORY, ALL VALUBS LESS
THAN THESE ARE REPORTED AS ZERO,
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Table IV-8 Retention Basin Effluent Quality
(MSDGC, 1975g)

Field Runoff Basin Log at the District Site in
Fulton County, Illinois

Basin number 4-1 5-1 7-3 8-1
Stage reading 35% 35% 60% 45%

9:30 a.m. 9:45 a.m. 10:15 a.m. 10:30 a.m,
Date opened/checked 4/15 4/15 4/15 4/15
R&D approval Yes Yes Yes Yes
Sampled Yes Yes Yes Yes

3:00 p.m. 9:30 a.m. 10:15 a.m. 8:00 a.m.
Date closed 4/15 4/17 4/21 4/16
No. days open 0.23 2.00 6.00 0.90
Discharge (MG) 0.04 0.31 0.72 0.42
Comments

Field Runoff Basins - Water Analysis and Discharges at
Fulton County During April 1975

Date Sampled 4-15-75 4-15-75 4-15-7% 4-15-75
Source B-2-2 B-3-1 B-4-1 8-5-1
1SS mg/1 43 38 220 33

BOD mg/ 4 8 23 7

FC per 100 mi 10 20 10 410
Oate discharged 4-15-75 4-15-75 '4-15-75 4-15-75
Quantity MG 0.32 1.48 0.04 0.3
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Yearly plow lajer samples are analygzed for pd, electrical conductivity availaole
PhosSonorus, organic caroon, exchangeadle ammoniun and oases, nitrate, cation
excaange capacity and acid-extractable wetals. Also, twice yearly tnere are
14C centimeter snallow soil oorings made.

d. CroLénd cattle smonitoring - Grain and leaf samples are taken yearly
and analyzed for metals oy tae uaiversity of Illinols and tae 45.GC.

The memical comaposition of plants grown in sludje-fertilized fields and tanose
Jrown on control plots are determined 30 as to evaluate tne plants' nutrient
uotake rates and to detect any buildup of chemical constituents. The analysis
includes samples fram stalk:s, leaves and Jrain of the fertilized plants. A Jde-
tailed evaluation of tnis data is performed in Chapter V.

Tne Uriversity of Illinois also monitors a control and experimental cattle nerd
for growth rate, Jarasites, trace orjanics and metals in various tissues ootained
eitner oy surjical oiopsy or at slaugnter.

e. Ffisn and algae wonitoring - Tne MSDGC yearly cnecks tne condition of
indigenous fisn gopulations in the Fulton County reservoirs. On a guarterly
Jasis, the MSDGC determines the numoers and types of aljae in taese reservoirs.

An ecological study of aguatic oiota in streams and reservoirs was initiated in
June 1971. At tne start of tne project, pentnos samnples were taken Lrom Reser-
voirs R3, RI0 and Rl2. Fisn and plankton nave oeen sanpled, collected and
analyzed montnly, and data reported uarterly. Tne fishery study includes fish
Sopulation, diversityz, and tne oady condition or "well veing™ of various fish
species sucn as blueyill, large mouth ocass and green sunfish. The vody condi-
tion of tne fisn population i3 detennined and reported oy taue weignt-lenytn
factor or condition factor K. Ihe plankton study of reservoir water includes
2lankton counts and population distrioution amony identified species.

desides these acological data, .ore than 338 paysical, cnemical and oiolojical
parameters of tne sample w~atar are analyzed for studies of phendanena sucqn as
lake eutropnication., These include pi value, conductivity, alkalinity, solids
concentrations, different fonas of nitroyen camnpounds, total puospnorus, dis-
solved oxys.en, water temperature, water transparency, l4 metals, and several
cations {(M3SDSC, 1972a taraugh 19759; Canpoell and Lind, 1969; General Water
Quality Standards for Illinois' Adaters). Control Reservoir 10 has peen main-
tained to Jdifferentiate changes in conditions of fisn and plankton fram suca
oconditions in the non-control reservoirs #hicn receive discnaryes froa field
runoff oasins.

f. Air monitoring - Tnere are six features in tne.air monitoring program:

e The MSDGC maintains a weather station on tne property to measure precipita-
tion, wind, temperature, and relative humidity

e Ambient ammonia levels are measured three times per week at the holding basins

e The FCHD investigates odor complaints ani takes odor samples whicn are analszed
by tine Midwest Research Institute
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e All odor complaints to the FCHD are investigated by MSOGC personnel

e Odor samples are taken oy MSOGC personnel and analzzed oy tne Illinois Insti-
tute of Technology Research Institute

¢ Ambient air samples nave been analyzed for viruses oy tae USEPA,

To estaolish tne air Juality situation at tne site, a meteorological station
was set up close to tne nolding basins and an air sampling program desiyned.

Air temperature, wind speed and direction, relative anumidity and rainfall were
observed Jaily and canpiled in a montnly report. In addition to general weather
cpservations, atmospheric ammonia concentration nas been monitored at tne down-
#ind oerm of tne nholding ocasins an a vatca oasis. Duringy ammonia monitoring
ceriods, average wind speed and direction, air temperature, dew point, and vol-
uine of air sampled are imeasured.
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V. ENVIRONMENTAL IMPACTS OF THE PROJECT

This chaoter will jiscuss the sijnificant environmwental inpacts of the
oroject and relate these imvacts to availabls options for nunicioal sludje
disposal or utilization. General backjround information is woroviied con-
cerniny soils, land use, surface and jround water, and air; ani a discussion
is oresentad on theoretical asoects of the project on haalth considerations.

The MSDGC xoject has had a siynificant neneficial imoact uvon the land us2
and econownic factors of Fulton County. These benefits have been the recla-
mation of land takan out of ajricultural activity and the n»roductiosn of
cash croos and jobs within the County. Details on these are proviied.

During the oroject veriod, no siynificant adverse inpacts have been surfacei.
During 2arly staj2s of the oroject, odor amd visual oroblens wer2 encounterad.
Through oublic inout and advanced technology, the MSOGC has resoonded to
saveral oroblam arzas and modified their aoproach. Several timnes during the
arojact 2eriod 20or quality effluent was releasay from the retantion dasins to
surface waters. Steos have been taken to ramedy this situation both in ooera-
tional orocedures and redesijyn or restoration of 2xisting structures.

Saveral unanswer2d questions hava persisted in scientific and rajulatory arzas.
Thes2 questions concerning heavy mnetal application rates, pathojens and 2C3's
nave bd2en addrassed in USEPA rejulation 40 CFR 257 published in Seotenber 19379.
In the "Criteria for Disvosal of Solid Waste™ oreoared by USEPA, larje lani
aonlication sitas, such as Fulton County, would continue to operate, if accom
sani2d by a well-orjanized monitoring system and the other safajuards nentioned
earlier.

The questions of total loadinjy of heavy netals and their imvact on cross is
sonawhat muted by the constituents of the unconsolidated soils at the oroject
area. 'y of the contamninates found in sludje are also found in the xoject
soils. The MSOGC monitors the surface and jroundwatar and crops. The rasults
would indicate that only moderate increas2s in heavy metals in croos are
associated with the project.

3, Soils
The utilization of sludje solids on land has both lonj and short terw inpacts
on soils. Most of the jeneralized impacts on soils have been notel in reoorts

wreoared by the Council of Agricultural Sciance and Technolojy and USEPA and
will be only referenced for this text.

V-1



1. 3ackyrouni

30il is a chemically and biolojically active nedium. A wide sosctcum of
11cr99C 3311318 3uch a3 bacteria, orotd2oans and fungzi, as wz2ll 35 macro~
2 Janisms. such a3 earthworms and ins2cts inhadbit the '1onec ocortion of the
soil. Tha2 s$2il organisms are canable of both stecuctucal and chemical
miifization of tae 30ils whil2 utiliziang or janic matter as an ana2ryy
soxce. The comdinad actions of Hoth Hlants and animals cause Jacomposi-
tion >f 2331 natter intd> watec, minecal comoounds and humas which is
g2cyclad with the 30il systam.

The sulk o€ mst goils consists o€ 3 variaty of minarals £alling int>
theee 3ize ranjas - sand, silt and clay. These mninerals contribute inoc-
31ni2 212ments to the 30il/Hidta and t5 Jrowing olant3 a3 they are slow-
ly dissolved by water. Clay surfacas carry 2 nat n2Jjative charge which
attracts cationg in solution. The zations whizh become adsocbed ontd

slay narticles can be 2xchanjad with other cations; the cacacity of 2

30il t5 adsocb and exchang2 ions is knmown as the "zation exchanja caoacity®
(CET) and is measured in milliejuivalents oder 100 3cams of soil, Adsoro~
tion and oracioitation ceactinng in soil are also influenca2i by chanjas

in tha 30il oi, which cause changas in the clay sucfaces affecting tha
adsorotion charactecistizs and CEC of the soil. e adgorotion caoacity
of 39ils is also affected by reactions of iron, aluninum ani nanjanese,
whizh forn hydkous oxides oo sesquioxides. dy¥rous oxides have hijghly
adsorotive surfaces and in many soils and sediments conteal the solubility
of 1=2avy metals (U322, 1375).

rhe interactions amwng infiltrating caiwatar, minecals, oc3janis matter,
cr20s, and s$oil Hiota allow for the Jecomoosition of argjanic substances
ani the c2cycling of Jdecomoosition aroducts. Inorjanic elements are alson
altacnately fixei and mobilized. TIais assimilative and cecycling caoa-
bility of 30il cr2nd2r3 it a natural wedium for the tceatment of waste
materials (7J32P4, 1975).

3imilar to5 x3Janic matter from other 3ources. sewa3g2 solids undarjyo many
tyoes of reactions after H2in3 annlied to soil. These jeneral teactions
e illustratad in Figuwwre v-1. Reaction cat2s and conlitions are Joverned
by 311432 oronerties and aodlication rates, cover ccoo, soil tyoe, CEC,
arJaniz mattec, $0il or3anism loading, eonviconmzatal chacacteristizs such
as tamoerature, and 39 forth. #ac this reason, the oxtraoolation of
c2<alts from a1 marticulac soil study to oc2dict the “Behaviae of sthee 30ils
is tenuous. A comdination of 3 host of chemicals alrealdy bziny heald in the
s0il with the infinite nutbar of shysical, ciemical and bislozizal trans-
formations renders the soil systam 1233 orzdictable than, for a2xamole,
ound o surface water systems., In Fulton Jounty, th2 situation is made
aven moce ¢omolax by the high backjround metal lavals orzsent in the nine
sooil.
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Figure V-1  Major Interactians of Sludge and Soil
Constituents (Lindsay, 1972).
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Most of the 15,000 acres of land at the orojact site have heen significantly
imoacted by orevious steid-mining overations, The results of strio mining
were unsonsolidatad soils and rock left in an unceclainwed state. Too s0ils
wecte either hauled away or mnixed with stcio nining sooils leaving tha surface
with materials low in 2r3anic matter, #hile some early attemots were made
to teclaim parts of the 1land, nothing was successful.

Until such time as the aroject 1and could be level and the 2¢32nic content
of the s0ils increased, the s0oil could not be cetucned to its former use,

farming. The MSD3C wrojact was aimed at reclamation of land and soils by

using 3ludge 321ids to build organic matter in soils.

The ohysical effects of sludge aoolication to strin-nin2d soils are benefi-
cial. The high cr3janic content of sludge orovides a matrix for ionic 19ading
and water adsorotion, contributing to increased agricultural ocoductivity.

Increased 133regate stability cesulting from the addition of orjanic mattec
tesults in increased infiltcation and oecmeability rates, increasad aecation
ooco3ity, and Jecreased bulk density. These otouoerties, in tuen, influence
301l 2r9osion ootantial, the so0il atmosohere, and the tyves of cz2actions oc-
cxring in th2 soil. Erosion ootential Jecreases with increased water infil-
tcation cates and stabilization of 30il oarticles, with a resulting Jdecraase
in dislod32ment and f£iltcation. In addition, a surface layer of oc3anic
natter ceduces the energy of raindron o¢ soray dcoolat ifmoact. Reduced ero-
sion may be among the most dositive benefits derived from s3ludze aoolication.

The oresence of or3Janic mattet is chemically significant to the aoolication
of sludge to agricultural land. The trace elements in municival wastes may
occur larjely in association with comolax oc3anic oolvanions. This interac-
tion between heavy metals and humic, Polymecic substances in the sludge and
s2il may have a orofouni 2ffect upon the mobility ani toxicity of metal ions
when 3ewage 3luidge is aoolied to agricultucal soils. The ceactions of metal
ions in the s0il include solution, oxidation, teduction, oracioitation,
adsorotion, absorption, and comolaxation, all of which may result in a build-
uo of trace mnetals.

The argjanic matter in Fulton County strio—mined soils begins at an extyemely
low level and increas2s on a lonjy-tarm basis, until it ceaches a steady state
equilibriun Like other soils, if sludje avolication wece to be discontinued
this st2ady state would not be maintained cresulting in a Jecrease in organic
matter Jue to decompogition. Agricultural activity could not be aconomically
sustained at deorassed s0il organic matter lavels. If th: land were to lay
fallow, a new 2quilibcium wouli be ceached, based uoon the level of bactecrial
oooulation changes.
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There is a3 direct link between amount of soil organic matter and cation
exchange capacity. As the org3anic matter in a so0il increases so does
the CEC. Most trace minerals can be absorbed onts the soil-organic
matrix. The sijnificance of the cation exchange cavacity of a soil is
that cations derived from sludje may be incorporated in the soil ex-
change comolex. deavy metal cations, for instance, are stron3jly absorbed
on s0il colloids., Once incoroorated into the soil exchangz complax, they
can be tamoorarily or oermanently immobilized or become vart of the com=
olex from which olants absorb nutrients. Plant absorotion is desirable
as a means of removing certain elements from the system or uniesirable if
the 2loments are harmful (USEPA, 1976). As a rule, olants 4o not accumlate
large quantities of soil slsments other than nitrogen, ohosphorus amd
ootagsium, and the actual jquantity removed vermanently from the 30il by
commercially salable oroducts is 3mall even for these. Metal reactions
Jo not necessarily follow axoected oatterns, and jquantitative oredi:tion
of the fate of heavy metals in soil is therefore difficult.

2. EBrosion of the Project Site

jlthough the addition of sewage sludga to 30il reduces erosion through
its beneficial influenc2 on soil structure, erosisn can still occur in
sijnificant quantities. Drainage and erosion control measures (becrms,
dikes, 3jrading) wers dascribed in Chaoter IV. Actual conterol of so0il
erosion deoends to a jreat 2xtent on the level of maintenance of dikes
and Yerms, on farming oractices, ani on the methois and amounts of sludge
apolication. Actual field obsgervation of aoolication oractices is used
to demonstrate the need for 3ood maintenance oraceiures.

Observation of selectad fields were conducted during October 1376 and
Seotember 1977. Insvection of Field #4 in 1976 showed that faulty gcading
caused a oortion of the runoff to be channeled to the fie2li's perimeter
tathetr than collecting in the 2stablished basins, causing severs erosion
on the oerimetar of the field., Terracing procedures which were not in
accordance with 3C3 oractice contributed to =rosion on Pields #4 and #14,
insoected in 1975. Pieslds $4, #10, #11, $l4 and M43, (See Figure IV-1) in
which sludge is incoroorated by tandem disk into the top six to sight inches
of soil, were insoected in 1977. High sludge aoolication rates in these
fields necessitate five to six oassas of the disk. This oractice can lead
to a highly comoactad zone starting six to eight inches below the surface.
This compaction may result in saturation of the uooer 30ils with relatively
little rainfall or sludge aoolication.

Most of the oxisting fields were designed for aoplication via the traveling
Jun, which would soray solids across the surface of the soils. Wwhen this
oractice was discontinued, some fields were ceshaoed tn accommodate the
large tractors and tandam disk3, Other 3mall fields avoarently were
“abandoned” from future use. Many of the redesigns were not recorded by
the MSOGC and were discovered by actual site inspections. “uch reshaoping
and filling of settled areas has been accomplished at tha site, HYowever,
further work may be necessary to orevent further erosion.
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The currant oractice at the Fulton County site i3 t5 aooly sludge 39lilds to
aooroximately onz-half of the total available agricultural acrsage each
year. This oractice 3oes not allow for croos to b2 jrown on these fi=lis
due to the reoeated aoolications during the nocmal jrowing s2ason. There-
fore, a field is croooed one year and lies fallow the naxt year while
sludge is being aoplied. Records indicate that in ceality cronoing may
oCcur oniy once in three years, The combination of comoaction of 30ils

and lack of a cover croo can jreatly increase runoff and soil 2cosion,

Faulty convax grading on the older of the five aoolication fizlds insoected
was found to result in runoff being channeled toward the fi=ld perimeters,
creating Jdeao julleys. Lack of vegetation in control herms, runoff chaanals
and basin dikes wer2 also seen to contribute to s0il =rosion, Newer fizlis
were observed to be guperior to slder ones in terms of oroo2r grading and
celated runoff control. Concave jrading of the newer fialds creates backun
resacvoirs for use when the cunoff retention basing ara filled.

Problams were noted in the gated pipe ooceration on Fiell #61. The yated pipe
delivers supernatent to field areas which are established in grass and hay
oroducing vegetation. This area was partially reclaimed orior to MSDGC
ourchase. The ¥SOGC has used the rolling contour of the land to the maximum
axtent oossible to create a jravity flow of suoernatent to increase hay
oroductivity. Attemots hava been made to balance the flow of the system;
however, dua t) the contour of the land, sheet flow is usually not accomplished.
The flow of suoernatent is toward rills and gullies. Erosion has resulted.
Iris may be corrected by construction of control berms and svreader 3litches.
another control may be utilization of vegetation that is more tolerant of
large quantities of water thereby holding more water,

In 1976, revairs occurcted on Fields I3, 2, 13, 16, 17, 26, 35, 37, 44,

45, anmd 47 to correct 2rosion conditions and imorove fi2ld overations.
Congiderabl2 seediny for erosion control also took vlace, including the saeld-
ing of about 270 acres of barms. Additional seeding was oerformel in that
vear on Fields $24, 38, 51, 52, 57, 59 and 62 for 3oil arosion control and
hay oroduction. Proposed olans for reoair of ditches and erosion ulli=s

on Fields #61 ani 63 include reshaoing of eroded areas t> divert surface
runoff, revegatation, amd in Field #61, construction of an earthen Jam with

a control structure, construction of berms, rock ovicking, chisel olowing,
fertilizing, tandem disk and dray harrowing, seeding, and mulching,

It appears that oroblems of 3rainage control due to 238 than ootimm jrading
schames, esovecially with the older aoolication fields, will persist into the
future and vossibly be comoounied by the new oractice of ctoooin; only in
alternative years. Further fisld modifications base3 ugon naw ocerational
data and observations would reduce this impact. This work should be done in
conjunction with cleaning out siltation basins and berm repairs.

3. Chemical Effects on Soils at the Project Site

Monitoring of oroject fields includes the 3etermination of 0.1 Normal hydro-
chloric acid (V 4C1l) 2xtractable metals in soils. Zinc, cadwium, nickel,
and coooer concentrations of surface soils for typical sludgs amended mine
so0il and non-mined fiel3s at Pulton County are shown in Table V~I. TIhe
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Sludge
Applied Zinc Cadmium Nickel Copper
Field ¢ Year Metric tons ug/g ug/q ug/g ug/g
hectare dry basis dry basis dry bagis | dry basis
dry basis
1972 12.9 20.0 - - -
1973 2.7 - 1.22 0.59 11.4
3 1974 54.7 20.9 1.47 2.58 9.84
Mine-spoil 19758 22.8 71.6 5.63 8.20 31.6
field, crop 1976 i 133 8.19 11.4 42.2
1972 -— - - - --
4 1973 1.1 - - - -
Mine-spoil 1974 54.9 10.9 0.43 6.24 5.40
? fieid, Fallow 1975 85.8 93.5 1.63 10.6 38.2
~ 1976 - 125 9.04 12.9 42.8
1972 - 10.8 0.28 4.07 3.11
20 1973 0.8 - - - -
Non-mined 1974 52.4 13.5 0.36 3.63 4.37
field, c:oppndi 1975 20.4 72.4 5.12 11.3 21.9
1976 - 124 7.33 12.8 32.6
1972 - - —-- - -
36 1973 - - - - -
Non-mined 1974 -- 8.0 0.17 4.72 2.67
field, Fallow] 1975 - 6.8 1.18 3.15 2,97
1976 84.9 96.6 6.94 7.15 30.0

Table V-1. 2inc, Cadmium, Nickel and Copper Concentrations in Surface Soils, and Annual
Sludge Application Rates, for Typical Sludge-Amended Mine Spoil and Non-Mined

Fields at Fulton County (Peterson etal; 1977).



table shows that concentrations of 0.1 N HCL extractable zinc, cadmium, nickel
and copoer in the selected application fields increased with each year of
sludge applications.

The agricultural issues associated with lonj-term soil contamination are
whether contaminated soils can support olant jrowth and, if so, whether the
crops jrown on such soils will oresent a health hazard to consuming animals
and humans. These i3sues are related to the long-term availability of
metals that have accumulated in the soil, which is discussed in dstail in
Section D of this chapter. Experiments that have been performed using
recovery of extractable metals from soils to indicate plant availability
have shown that heavy metals that have accumulated in soil can be available
to olants for a consijerable veriod of time {Chaney, 1978).

B. Water

Sur face water quality is assessed at streams, reservoirs and runoff basins
and groundwater quality is assessed at wells and springs. Potential impacts
on surface and groundwater are delineated separately below.

1. Surface Water Quality

There are 11 stream water quality monitoring stations and 10 reservoir stations
throughout the project area; these are designated, respectively: S1, S2, S3,
s19, s20, s21, s27, S29, S31, S32, S33; and Rl, R2, R3, R4, RS, R10, Rl2, R27,
R28, R34, Their locations are shown in Figure v~2, Application fields re-
ceiving or scheduled to receive sludje are orovided with at least one runoff
retention basin, the effluent quality of which is analyzed whenever there is

a discharje. Water quality samovles from these stations and basins are analyzed
armd summarized.

a. Water %111:% of Streams - Water quality observations versus
violations of nois g ards is summarized in Table V-2. The data senara-
tion into two time oeriods, a result only of the updating of this document,
provides a useful indication of whether violations have increased during the

later years of the oroject. Trends in selacted water quality constituents
for all stream stations are presented in Table V-3.

The pH values and concentrations of chlorine, chromium, nickel and selenium
are within standards at all stations. All stations show violations of total
dissolved solids and iron, while most exhibit violations of sulfate ion,
copper and manganese throughout the monitoring period. Most of these viola-
tions probably result from runoff over strip-mined land. In addition,
stations stations S20, S21, and S33 indicate numerous violations in standards
for ammonia nitrogen.
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Table V-2

Ratio of Violations and Observations Reported at Various Stream
Sampling Statfons, July 1972 to July 1975 (MSOGC, 1972a through

19759; ral Mater Quality Standards for I11inois Waters)
Contaminant
ks ettt pH O 50, M, Cd o Cu Fe P Hg " N se In 108
s o3 o3 §3 N wN N W/ /N ¥R o/ YN o3 015 0/31 6/10
2 /N o3 WA §31 N N W N ¥R o/ Yy N 015 0/3) 910
3 /N oN I3 YRy oM N e s U un N ons o3 18
19 o3 o w3 wN w3 N g2 YN &N YN N N ons N 29
520 o/e  0/4 4/4 s o/ 074 0/4 274 0/4  0/4 4 o4 0 o/4 44
21 o3 03 3/3 e 0 e o4 Gye e 03 Y7 Y R 17 VTR VE
27 /3 o/ &N /N /N N 53 W YN 0N YN N oNs o3 19
29 N o3 /31 w3 /30 o3 /3 4N &N Y N o/ oNs o 8
531 /N /N N N UN uN YN I N YN N o/N 0e /31 99
$32 o3} o3 N o N N 4N &3 KN S/B31 oN /N oS o 18
$33 o9 09 9/9 59 /9 o7 /9 89 W9 09 9/9 o9 0/9 ¥y 18




Table V-2 ( Cont'd)

PH Cl= SO4™ NH3-N ¢cd4 Cr Cu Fe Pb Hg Mn Ni Se In TDS

Station

s1 0/2H 17284 1/ 3/21 | 1/21) 0/21] 2/2] 14/21 1/2)| 0/21 0/2]] 0721} 0/14] 0/2)f 8/21

52 o/21 o/21 7/ 0/211 1/21f 0/21| 0/21§ 7/21 0/2][0/21 1721 0/21 0/141 0/21 14/21

s3 0/2) 0/21) 15/ 0721 | 0721} 0/21 0/21{ 2/21 |0/2Y 0721 3/21{ 0/21f 0/19 0/211 20/20
519 0/2Y4 0/2110/21 | 0/2110/21) 0/4 '2/21} 5/21 |0/2) O/21 | 2/2) O/21} 0/18} 1/2}f 3/20
520 0/24 1/214 15721 | 18/2)] 0/21} 0/21}3/21) 3/21 |1/2Y} 0/21 |0O/2Y 0/21) 0/18) 0/21| 19/20
s21 0/9 [ 0/9 | 6/9 179 (0/9 119 |2/9(79 |(0/9|0/9 |8/9t0/9}0/6|0/91]7/9
s27 0721} 0/21{9/21 | 0/21 | 0/21}0/21)1/21) 5/21 |0/21] 0/21 | 4/2)) 0/21} 0/17) 0/2]) 14/19
s29 0/2} 0/21]1/21 | 0/21 | 0/21|0/21|1/21} 3/21 |0/2]] O/21 |2/21} 0/4 | 0/17}0/2]f 4/2]
531 0/211 0/21} 16/21 | 0/21 | O/21|0/21)5/21]| 6/21 |1/2)) 1/21|18/2]) O/21} 0/18}Q/21} 18/21
532 0721 0/2112/21 |} 2/21 | 0/21{0/21]|0/21| 4/21 |0/21]| O/21| 4/21) O/21| 0/18|0/21] 12/21
833 0/21| 0/21|17/21 | 5/21 | 0/21|0/21|3/21| 18/21]0/21| 0/21]19/21f O/2}1} 0/18] 2/21} 20421

AUGUST 1975 - APRIL 1977
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Table V-3
Fecal Coliform Conten

(Zenz et.al., 1976, Enviro Control,1977, MSDGC)

The NO,+NO

g—N, NH.-N, Phosphorus,

of Stfeams

for 1971-197

Iron, and
6

sl S2 S3 S19 520 s21 s27 S29 S31 S32 s33
NO,+NO3~N (Nitrite and nitrate nitrogen)
1971 2.65 2.22 .10 - - - - - - - -
1972 2.82 2,48 .11 1.79 - - 1.6 5.95 1.99 1.6 -
1973 3.12 2.57 .15 5.13 - - 2.85 10.08 3.00 2.86 -
1974 2.34 1.87 .12 3.46 -~ - 1.83 7.36 1.87 1.53 -
1975 1.99 1.85 .10 3.20 .37 .57 2.11 8.00 2.49 1.91 .75
1976 2.62 1.83 .07 3.47 .12 .95 1.34 5.46 3.01 1.49 .87
Phosphorus
1971 1.20 .77 .20 - - - - - - - -
1972 1.27 .67 .25 .12 - - .21 .15 .23 .08 -
1973 .89 .46 .13 .16 - - .19 .12 .13 .14 -
1974 .69 .44 .09 .15 - - .16 .10 .09 .12 -
1975 .70 .48 .16 .16 2.41 .19 .11 .12 .15 .07 .40
1976 1.20 .70 .11 .13 3.57 .22 .12 .21 .15 .13 .30
NH3-N (Ammonia nitrogen)
1971 2.6 1.8 .40 - - - - - - - -
1972 2.5 1.13 .33 .50 - .22 .32 .33 .30 -
1973 .77 .59 .28 .15 - - .37 .15 .10 .15 -
1974 1.0 .60 .20 .20 - - .30 .20 .30 .20 -
1975 1.71 .90 .41 .35 4.44 5.50 .25 .17 .20 .25 1.28
1976 .76 .30 .10 .12 6.02 2.02 .15 .25 .22 .63 .87
Fecal Coliform*
1971 - - - - - - - - - - -
1972 - - - - - - - - - - -
1973 8000 4700 172 325 - - 1148 315 173 100 -
1974 22,000 9564 344 6758 - - 2175 1390 185 349 -
1975 14,241 23980 161 397 1385 230 813 <204 300 <26 423
1976 1060 209 S8 135 1420 42 361 249 227 34 245
Iron
1971 1.5¢ 1.30 .30 - - - - - - - -
1972 1.91 1.84 1.80 1.07 - - 1.05 .82 .80 1.3 -
1673 1.21 1.10 .87 .71 - - 1.08 .82 .43 .5 -
1974 1.20 1.10 .60 .52 - - .99 .70 .60 .40 -
1975 1.98 2.02 .50 1.98 .44 6.87 .92 .68 .53 .59 11.84
1976 1.58 1.55 .70 .48 .59 5.82 .64 .65 .98 .64 4.44

*Geometric mean
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These stations mijht be influenced by the surface tunoff from a cattle
feedlot, effluents from failing or improperly maintained seotic tanks in the
community of Cuba, seepage from an oxidation pond, and landfill leachate
within the oroject oroperty. 3ome changes in experimental sample design
should be accomplished to provide information on susovected sources of con-
tamination.

Comparing violations of Illinois standards during both time ceriods shows
that the extent of violations has remained, for the most part, unchanged.
This apoears to indicate that stream water guality has not significantly
deteriorated as a result of sludje application. This is corroborated by
the trend analysis in Table V-3, which oresents annual averaje for nitrite
and nitrate nitrogen, total phosphorus, ammonia nitrogen, fecal coliforms,
and iron in each stream station. The table shows no discernible trends in
any parameter for any station, further indicating that stream water quality
has remained unaffected by sludje application.

The number of violations reported at S2 correlates with that at Sl, and
water quality at both of these stations is stronjly influenced by pollution
sources upstream from Sl, including effluent from the Canton Sewage Treat-
ment Plant. Data 4id show that there have been effluent quality standard
violations at the treatment plant as well as other sources in the Big Creek
stretch between station S1 and the treatment plant. The new Canton treatment
plant began operation in May 1976 and better Juality water in Bigy Creek

is expected.

The sumary completed in 1977 indicates that downstream station S2 demon-
strates better overall quality than station S1, indicating that dilution and
instream ourification occur along Big Creek between these two stations.

This cleansing is, however, insufficient to reduce pollutants at S2 to acceot-
able levels. It must be emphasized that project influences on Big Creek water
quality are difficult to assess because of the strong influence of treatment
plant effluents, which tend to mask any project contrihutions that may exist.
It can be stated, however, that because the "existing” water quality has been
30 poor, votential contributions from the project are of little concern.

The only parameters showiny increased violations of standards in 1977 in S2
over Sl are sulfate and total 4dissolved solids (TDS). Although increas2d TDS
nay indicate that runoff basins provided for the sludge avplication fields
have not been effective in removing dissolved solids, numerous other sources
may be responsible for this increase.

The wonitoring program was not designed to sa2grejate sources affecting

water quality and, as a result, no conclusion can be made regardiing this
observation.
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The only biological water gquality carameter measured at these monitoring
stations is fecal coliform concentration. Fecal coliforms, while non-
pathogenic, indicate that ocathojenic organisms of fecal oriyin nay 9e
oregent in the water. Annual geometric mean fecal coliform concentrations
are oresented in Table V-3. This table shows that fecal coliform counts
in most stations have been hijh but have not been increasinjy. Hijh fecal
coliform concentrations are orobably due to contamination by human or
animal waste in effluents from the Canton Sewaje Treatment Plant (Sl ani
S2) anid faulty seotic tanks, and in runoff from cattle feedlots. The obser-
vation that th2se values have not been increasing indicates that sludge
application is not responsible for hijh fecal coliform counts.

Fecal coliform concentrations jenerally decrease between stations Sl and S2
as Jemonstrated in Figure v-3. A natural Jdecrease in S2 counts ovar high Sl
counts (caused by pollutant sources upstreamn, including effluents from the
Canton Sewage Treatment Plant) is expected to occur from die-off and dilution.
The important issue is whether the observed decrease is less than the natural
Jecrease would have been in the absence of sludje apolication. Although this
issue cannot be resolved because of the many other sources of fecal coliforms
in that area, valuable insijht can be jained from a study verformed by Lus-
fing et al, 1977. This study concerns bacterial levels in R3, 51, and S2 from
1972 to 1975. Station R3 is located at the discharge of Reservoir 3 which
drains aporoximately 2000 hectares of the site, ultimately to the stretch of
Biy Creek betiween 31 and S2. The study reports that although total olate
counts increased at all samoling sites from 1972 through 1975, levels of fecal
ooliforms in R3 were consistently one to one and one-half orders of maynitude
lower than in Bij Creek. Drainage from these 2000 hectares could, therefore,
not have been responsible for ovoor water quality in Big Creek in terms of
indicator organisms.

Due to the span of time between the orintingy of the Draft and Pinal EIS,
water Jquality data from 1979 was reviewed to determine if any chanjes had
taken place. The data was taken from the 1980 MSDGC operatiny recort. Most
parameters indicate that the water gquality actually improves as it flows from
sampling ooint S1 (above the oroject site) to samoling point S2 (below the
project site). The only parameters to decline somewhat were total dissolved
golids, calcium, sodium, chlorine and sulfate. This data is very encouraging
but may not reflect any rainfall events or correlate with sludje spreadinmg
ooerations since the sampling was performed on November 6, 1979. A map (PFij~
ure V-4) and the data (Table V-4) follow.

The evidence points to the conclusion that sludje application has not affected
stream water quality.

b. Water quality of reservoirs - Reservoir water guality is first
generally analyzed; %aEIe 5—5 shows the overall minimum and maximum for all
water guality constituents, collectively for all reservoirs. This analysis
provides an indicztion of which parameters violate Illinois water quality

standards. Table V-6 then oresents trends in selected water guality constit-
uents for svecific reservoirs. Table V-5 shows that pH values and ammonia
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TABLE V-4

CANNTY LANTD RFECLAMATIOM
TR OANALYSIS - Y ILToN COJNTY

STREAM AND SPRT'IL NATA
NOVEHMARET 1979

e P ———— . ————— ——— -

PROJSCT

STRTA™M MIIMRER . SPR 51 S2 S3
IATE SAMPLED 11/ 5 11/ 6 11/ 6 11/13
M")L*
PR TTTTTTT 7.80  8.1n 3.70 3.0
TATAL P v /1, n.11 0.n2 1.27 1,00 N.NY
L= " l.n 22.00 43.N00 44.00 14.70
S 4m " 1.0 INK.NN 4467.00 521.00 1313.90
MR JELDAYTL " 2.1 N.70 2.40 1.30 n.3in
M-N17 " Nt N3N 1.30 N.70 .00
N-NO2+101] " 0.01 N.Nk 2.725% 1.86 0.04
ALY, A5 £ACN3 " 9.0 S41.00 250,10 261.00 333.90
EL.GOYMN . NS /o 2600.00  1260.90  1440.07 1700.90
v ur /L 1.n 2.10 7.70 R.00 7.00
YA " 1.9 150.00 77.N0 0.9 04,00
CA " 1.0 4117.00 223.10 110.00 210.20
"6 " 1.0 120.00 58.10 74.00 140.00
N " 0.1 7.0 0.0 0.n0 0.00
cn " nN.n1 n.n0 n.nn 0.N0 N.00
cu " N.N1 0.00 nN."0 N.NH 0.00
rR " N.N2 1.00 N.N0 nN.02 0.1h
vyt " 0.1 n.non 9.00 0.00 N.30
MM " .91 1.23 n.70 N.19 1,27
p3 " n,nl n.1n n,nn 0.170 0n.20
T " del 2.30 n.1n 0.79 1.00
AL Y 1.0 N.N0 n.N0 n.no 0.no
u; nc/L n.1 n.No n.10 .00 0.3
SE MG/L n.?2 9.n0 n.nn 9.00 0.09
F. COLIFNORM/1N9 ML 2 0.0N 59.50 21.90 4.00
L] un/t n.s
TSS " 4400 6.00 5.N0 2,00
oS " 1096.90 1150.79 1299.90 2174.00
ANL=MINIMUM DETRCTION LIMIT OF LASORATORY, ALY VALVUES LESS

THAN LUESFE ARE RM

PIRTIIN AS ZERN
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TABLE V-4
(Cont'd)

FULTON COA'INTY LAND RECLAMATION YROJECT
YATER ANALYSLIS - FULTOY COUNTY
STRTAM ANN SPRING NATA

NOVEMRER 1979

- - ———— . =5 b - o} = _— . — -

-

T GTREAM  UMALR: ) 320 529 §31
DATFE SAMPLED: t1/ s 11/ 5 11/ s 11/ 5
INLA

PH T TR T T T UAn T7.99 3 10
TNTAL P KsFAR N0.01 N.13 hoaN4 .16 0N.N4
oL- " 1.9 9.00 642,00 19.00 31.00
SN4m ” 1.0 586 .00 560.00 1196.00 670.10
N~-KJELDAHL " N.l 0,80 11,10 1.20 0.80
M-NH3 " 0.1 n.no 5.80 n.20 0.Nn0
N-NN2+NO3 " n.nt n.0ns n.ns N.45 0.21
ALK AS CACO3 " 5.0 290,00 304,00 191.00 212.00
TL.CAND.,  UMENS /O 1120.00  3009%.00  1400.00 2000.00
v "o /L 1.0 4.00 18.10 6.90 2.90
HA o 1.0 20.N0 470.00 74.00 $2.00
cA " 1.0 110.90 170.00 140.00 230.90
“c " 1.9 79.190 60,00 100.00 129.00
z " 0.1 0.00 n.on 0.00 0.10
ch " n.nl nN.no 0.006 0,N0 0.00
cu " 0.01 n,nn n.00 N.NN 0.02
ce " 0.02 0.0 0,00 0.n0 0.00
N1 " 0.1 N.L0 n.1n 0.10 n.1n
My " Q.01 0.39 0.13 n.1s 0.80
PR " 0.11 n.10 0.10 0. 10 0.0n
PE " n.1 nN.90 1.40 n,AN 1.70
AL " 1.0 1.00 .00 1.00 1.00
"G uG/L 0.1 0.n0 n.00 0.00 1,90
SE MG /L 0.2 n.n0 .00 2,00 Q.00
F. COLIPORM/1N0 ML 2 10,00 220,00 .00 430.00
BOD G /L 0,5 19.00

TSS " 3.n00 48,00 6.00Q 4.0
08§ " 1159.00 2398,00 1508.00 2344.00

—

#MDLaINIMUM DETECTION LIMIT OF LARORATHRY. ALL VALUES LESS

THAN THES® ARF REPORTED AS ZERO
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TABLE V-4
(Cont'd)

FULTOT COUNTY LAHND RECLAMATION PROJECT
UATER ANALYSIS = FULTNM COOUNTY
STREAM AND SPRIMNG DATA

NOVEMRER 1979

STREAM NUM8LR: $312 533
DATFE SAMPLED: 11/ 5 11/ s
LW

PH R.10 R.10
TOTAL P UL 0.0 0.n9 n.11
CL- " 1.9 17.00  170.00
SN4= " 1.0 1225.00 1232.00
q-KJELDANL " Nl 0.50 n.80
N-\’Hl " o-l 0'00 0-00
N-¥024Y13 " 0.01 n.2% n.86
ALY AS CACH3] " 5.0 753,00  3n2.90
EL.CONDN. UMYAS/CM 2700.00 2500.00
X UG/L 1.9 0.00 6,00
NA " 1.0 150.00  220.Nn0
ra " 1.0 11n.00  290.00
"s " 1.9 90,00  170.90
A " n.1 0.10 n.19
cn " 0.01 n.10 n.no
cu " 0.01 5.00 n.00
CR " 0.12 0.00 n.n0
NI " 0.1 9.10 0.1
yY " 0.01 0.n2 2.49
(3} " 0.01 n.00 n.19
FT g 0.1 0.10 0,60
AL " 1.0 1.70 n,00
4G UG/ 0.1 0.20 0.00
st uG/L N.2 n.n0 0.0
F. COLIFORY/100 ML 2 7.00  250.90
BOD HG/L 0.5

TSS " 17.90 7.00
™S " 2781.00. 2477.90

- -y - - -

ANLeMINIMIY DETECTIIN LIMIT OF LARORATARY. ALl VALUES LESS
THAN THESE ARFT R7PORTEN AS ZERO
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Table V-5 Water Quality of Reservoirs (MSDGC, 1972a through 1975q;
General Water Quality Standards for Illinois' Waters)

Reservoir Samples

Water Quality

Il1linois Surface
Water Quality

Parameter and Unit 1971 1972 1973 1974 1975 1976 Standards

pH 6.9-10.1 6.9-10.0 7.3-8.9 7.3-9.0 6.9-9.0 7.1-9.0 6.5-9.0

Total P (mg/l) 0-1.2 0-1.20 0.02-0.73 0-2.f0 0-1.1 0-.32 £0.05

Cl (mg/l) 1-30 1-30 5-20 2~31z 2-130 3-52 €500

S04 (mg/1) 4-1508 4-1,508 16-781 13-1,160 13-1013 0-1057 €500

N-Kjeldahl (mg/1) 0-23 0-4.4 0-2.4 0-4.5 0-7.6 0-4.7 -

NH3-N (mg/1) .1-1.5 0.1-1.5 0-1.07 0-2.0 0-5.7 0-4 £1.5

NO3+NO3~N (mg/1) 0-1.1 0~1.10 0-8.30 0~6.30 .01-15.50 0-7.9 -

Alkalinity 70-580 70-580 80-500 5%=530 30-900 49-490 --

(as CaCOi) (mg/1)

Conductivity (mho) 120-2500 120-2,500 300-3,340 570-2,300 300-2000 250-2900 -

Ca (mg/l) 9-360 9-360 45-367 45-550 20-418 35-250 --

K (mg/l) 2-12.7 0-13 1-8 2-10 1-10 .1-11 -~

Na (mg/l) 1-535 1-535 9-229 9-265 9-219 4-241 -

Al (mg/1l) - - 0-3.77 0-4.0 0-6 0-4 -

cd (mg/1) 0-.1 0-0.1 0-0.02 0-0.03 0-.02 0-.05 €0.05

Cr (mg/1) ¢-.11 0-0.11 0-0.02 0-0.03 0-.1 0-.12 {Cr(+6)$0.05
Cr(+3)<€1.0

Cu (mg/1) 0-.15 0--0.16 0-0.13 0-0.08 0-.02 0-.15 £0.02

Pe (mg/1) 0-3.6 0-3.6 0-1.9 0-9.2 0-22 0-4 £1.0

Pb (mg/1) 0-.31 0-0.31 0-0.33 0-0.27 0-.13 0-.6 0.1

Mg (mg/1) 10-483 10-483 34-132 35-162 20-137 17-155 --

Mn (mg/1) 0-1.19 0-1.19 0-1.22 0-1.55 0-1.23 0-3.48 £1l.0

Hg (ug/1) 0-.9 0-0.9 0-0.8 0-3.0 0-3.2 0-2 £0.5

Ni (mg/l) 0-.38 0-0.38 0 0-0.1 0-14 0-.2 <1l.0

Zn (mg/l) 0-.6 0-0.6 0 0-0.4 0-.2 0-.9 51.0

T.D.5. (mg/l) - -— - 422-2,092 189-6940 302-2467 51.000

Fecal Coliforms <2-4000 0->7,000 0-7,600 0-1,500 0-4100 0-5600 £200

(1/100 ml) (geometric mean)

D.0. (mg/l) 6.2-20 6.0-20.0 5.6-15.6 8.4-15.3 4.9-14.2 6.5-17 25

(anytime)



Constituent

Table V-6 The NO 2+NO »N, NHh~N, Phosphotus,

Content of Reservoirs for 1971 - 1976

(Zenz etal., 1976; BEnviro Control, 1977; MSDGC )

Iron, and Fecal Coliform

Year Rl R2 R3 R4 R10 R12 R27 R28 R34
1
NO 2+ NO3-N 1971 .16 .32 .16 - .09 .08 - - —
1972 .07 17 .09 .04 .09 Al .09 - .94
1973 .05 .35 .48 .24 .11 .35 .13 .09 2.85
1974 .17 .69 +65 .05 .30 .70 .07 .04 2.90
1975 1.48 .92 11.26 | 1.27 .27 1.17 .08 .16 3.51
1976 .60 .39 | 1.26 .22 .08 2.50 .16 Al 1.9
Phosphorus 1971 .20 .26 .29 - .1 .16 - - -
1972 .10 .09 .13 «12 .07 .06 .08 - .48
1973 .12 09 .30 16 .15 12 17 .11 .21
1974 .06 .07 .09 .09 .06 .06 .29 .07 .17
1975 .08 .11 .18 .22 .06 .05 .08 .06 .16
1976 .10 .10 .14 .13 .08 .08 .11 .09 .16
NH3-N 197 .30 .3 -4 - .4 .5 - - -
1972 020 '3 .2 .‘ 02 03 02 - 1-0
1973 .13 .14 .3 .3 .08 .16 .10 .06 .59
1974 .10 .20 4 .2 .2 4 .10 .10 7
1975 .27 .17 .42 .18 .21 22 .16 .13 1.1
1976 .26 .11 .24 .12 .09 .16 .19 .14 .66
Pecal 1971 - - 7 - — - - ~ -
Coliform 1972 - - 5 -— -— - - - -
1973 5 19 6 M 11 11 18 5 196
1974 10 38 18 56 17 85 24 5 620
1975 5 S 7 18 6 3 8 3 371
197¢ 3 5 5 7 6 6 5 2 63
Fe 1971 .16 .2 -4 .28 .1 - - -
(Iron) 1972 -4 3 4 .9 .2 5 .3 -— 2.0
1973 .2 34 .3 .9 34 +26 .38 .30 1.3
1974 .2 3 .l 1.1 .3 .3 .17 .12 1.6
1975 2.07 24 32 | 1.12 .43 43 .29 .23 1.68
1976 .27 27 .33 | 1.32 .34 .29 .57 .39 1.06
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nitrogen levels in these reservoirs generally conform to Illinois water
guality standards. Concentrations of chlorides and metals such as cadmium,
chromium, nickel and zinc are normally within state standards. The reser-
voirs do, however, exhibit high levels of total phosphorus, sulfate, copper,
iron, lead, manganese and mercury which violate Illinois standards, as well
as occasionally elevated levels of inorjanic nitrojen. A comparison of these
violations to those recorded in 1871 and 1972, before significant amounts of
sludge were apolied, reveals that the same varameters have shown consistent
violations during both time periods. These violations cannot, therefore, be
attributed to sludje application but rather to surface runoff over strio-
mined areas or sources orobably unrelated to oroject operations.

High salt content often increages the level of total dissolved solids above
the standard. This parameter was not monitored until 1974, however, and no
comparison can be made to pre-project conditions. Fecal coliform concen-
trations in all reservoirs have remained generally low, indicating that the
treated and ajed sludge applied to the fields has a low fecal coliform
level and/or the runoff retention basing are effective in removingy fecal
bacter ia.

Annual average values for total phosphorus, amwonia-nitrogen, nitrite and
nitrate nitrogen, iron, axd fecal coliforms are presented in Table V-6 for
reservoirs Rl, R2, R3, R4, R0, R12, R27, R28, and R34. RS was excluded

from the trend analysis because sampling data are unavailable before 1975.

Table V-6 shows no trends in any reservoir for phosphorus, ammonia, iron,

or fecal coliforms. Nitrite and nitrate nitrogen levels in reservoirs R3

and R12, however, have been rising. Although both reservoirs are located in
the vicinity of fields applied with sludge during the earlier stages of the
rroject, it is difficult to attribute nitrite and nitrate nitrogen increases
to any particular source; for example, R3 receives drainage from other pastures
and croplands. The drinking water standari for ammonia nitrogen (which does
not apply to this situation and is mentioned here only as a measure of the
potential significance of the upward trend) is 10 millijyrams per liter.
Throughout the life of the project, this level has never been exceeded in

R3 and R12, and in fact has been exceeded in all the reservoirs only once,
when reservoir R34 was shown to contain 15.50 millijrams per liter in December
197S.

Dissolved oxyzen (D.0.) concentrations determine the capacity of a water body
to support aquatic life. The State of Illinois specifies that a minimum of

6 milligrams ver liter of D.O. must be maintained for 16 hours of a 24-hour
period, and a minimum of 5 milligrams per liter of D.0. must be maintained at
all times. The D.0. status of reservoirs Rl, R2 and R3 are discussed below.
Data are unavailable for the other reservoirs.

D.0. levels, average water temperatures, and average theoretical saturation
values of D.O. in the three reservoirs are presented in Figure V-5. As the
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4ata indicate, D.0. levels are jenerally higher than the minimum standard of

S milligrams per liter. The D.0O. levels of all three reservoirs form a typical
seasonal pattern, with D.0. veaking in winter and at a minimum in summer. This
cyclic pattern is, as axpacted, opposite to the seasonal variation of reservoir
temperature. D.O. levels are close to the average theoretical saturation
values, and are therefore predominantly influenced by water temperature and the
reservoir mixing chacacteristics. The reservoirs probably have not received
large inputs of oxyjen-demanding pollutants such as carbonaceous and nitro-
Jeneous organic materials.

nuring May 1973 and July 1975, D.O. levels dropoed below 6 milligrams per

liter in reservoir Rl, which receives runoff basin effluents from sludge
application fields $26, $27, #28, and #30. Sludge was not apolied to these
fields until August 1974. Runoff retention basin 8-30-2 discharged into
reservoir Rl after the reservoir water wis sampled on July 9, 1975. Therefore,
no connection between observed low D.0. concentrations in reservoir Rl and the
project operation can be established.

The reservoir data for 1979 indicated that at no time 4id the D.O. level fall
below S milligrams per liter.

During the summer, when ambient temperatures are high and D.O. saturation
levels are low, nighttime D.O. levels may be much lower than daytime levels.
This is attributable to the continued depletion of D.0O. by olanktonic resvira-
tion while photosynthetic oxygen regeneration is absent. Nighttime monitor-
ing of 0.0. is therefore essential to complete the assessment of Dossible
environmental impacts resulting from project operations.

c. Water 1lity and capacity of runoff basins - More than S0 runoff
retention basins have construc oroject property as of July
1975. With the exception of field $#38, on which sludge was aoplied in October
1974, all fields receiving or scheduled to receive sludge are provided with at
least one basin. Each runoff basin is coded with the same number as the fieldl
it serves, with a sub-number when more than one basin is provided for a par-
ticular field. For example, basin B-20-3 represents basin #3 of field $20.

Effluent ity - The criteria for field runoff basin effluent discharge
was developed g %'ﬁ'e' Illinois EPA (IEPA). The IEPA operating permit issued in
1974 was apoended with the following two comlitions which regulate the effluent
quality from retention basins.

(1) SPECIAL CONDITION #9: The effluent lischarge from any retention
basin approved under this permit must meet the applicable effluent
requirenent for discharje to the waters of the State as required by
Illinois Pollution Control Board Rules and Regulations Chapter 3.
The voint of discharge to the waters of the State is considered to be
the overflow structure of each of the retention basins.

(2) SPECTAL OONDITION $10: This vermit is issued with the condition
that the following contaminant concentrations are considered to be
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background values and the numerical effluent standards shall be
considered met at the desiynated effluent sampling point described
in Special Condition #9 when the background concentration plus the
allowable reyulatory concentration is greater than the measured
concentration for the appropriate parameters:

Il1linois EPA backygrourd Concentrations for Field
Runoff Retention Basins Discharges at the District
Site in Fulton County, Illinois

Total Fecal
Suspended Coliform
Solids BOD { counts)
{mg/1)  (mg/1) 100 ml
Arithmetic Mean 6l.7 2.75 -
Standard Deviation 87.3 1.48 -
Geametric Mean - - 94.3

The applicable effluent standards by which the District is currently
operating these field runoff retention basins, therefore, are TSS 499

mg/1, BOD < 33 mg/l, amd fecal coliform €494 counts/100 ml. The average
quality of the effluent from these basins must conform to these criteria

o qualify for release. These values are arrived at by adding the background
values (above) to the "secondary treatment” effluent requirements of 37 mg/l
TSS, 30 my/1 BOD, and 400 counts/100 ml.

Effluent quality of a runoff basin is analyzed whenever there is a discharye.
The discharye of effluents fram the runoff basin 18 necessary to rcduce the
water level even in the absence of sludge application. The arithmetic'or
Jeametric mean, maximum, and minimum levels of TSS, BOD, and fecal colifomms
in each runoff basin are presented in Table V-7.

Discharge from runoff basins occurs intermittently and rarely more than
once a month. Therefore, the effects of a discharge upon the receiving
reservoir or creek probably diminish to insignificant levels when the
subsequent discharge is made.

Storm runoff capacities - Runoff basins were constructed to provide
a retention capacity for runoff fram a 100-year storm. The purpose of the
basins is to retain runoff from application fields for the length of time
required to meet standards before the runoff water is discharged. Project
designs called for the recycling of substandard basin water by pumping to
the application field, but records indicate this has never been done. One
way in which the effectiveness of runoff basins in containing 100-year
storm runoff can be calculated is by camparing the design capacity of the
basins with the anticipated volure of storm runoff. The 24-hour runoff
volumes for 25-year and 100-year storms are calculated using SCS runoff
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Table V-7 [ffivent Qulity of Rumoff Retention Basins (MSDGC,
9720 through 19759; and Enviro Comtrol, Inc., 1976)
Parameter §{:,‘..“:',': __Runoff Retention Besin
B-1-1 ) 8-2-1 | 8-2-2 | 823 J8-3-1 |s-4-y [s-a-z | p-5-1 [ 860 | 871 ] 912
Mo, of tions Arithmetic mean 5 4 8 9 5 16 1 " 3 2 [
. of Vislatiens of 1SS shel! ) o 1 2 7 Y ) 2 i 7 )
@é Nean (mg/! 6.7 my/) | 22.2 9 5.5 3.3 | e 13.7 | 10 %.5 78 2.5 .| 21.3
=3 Mextow (my/! [ 26 16 a 82 353 220 -- 644 184 93 52
Matme (my/}) 9 (] 10 7 1 1 -- 5 -8 [7] []
a #0. of Observations Aritimetic mean 5 i s 8 19 12 1 13 2 - 1
3 . of vielations of B0 shall P 3 ) ’ 6 ] 10 v | - 7
?g Noan (mg/) 6.75 my/ 9.2 1.3 | 9.1 s | 2.9 109 | 2 .2 2.5 -- 7
2 Maximm (my/1 13 16| 2 8 6 a . 32 3 - ]
Ninlme (mp/1) 4 2 2 2 2 ) - } 3 -- 5
¥o. of Observations Geometric mean s 4 8 9 26 12 1 13 2 1 ]
B w0, of violatiom o s 0 0 0 ) 2 0 0 [ 0 ) )
'§§ Geo. Mean (1/100 @1} | shall mot 71 " 16 22 74 12 80 n n | 0 %%
3| taxtmm (1/100 w1) e er 60 w | 2 130 | 2,000 | wsa | - | 1.300 | 1300 | -- 130
Minimm (1/100 1) 100 =) <10 €10 J<io 2 2 &0 -- 2 2 - <10
EFfiven: Runoff Retention Basin
Standard 8-7-3 | 8-8-1 | s-8-2 |0-9-1 Ju-9-2 le-9-3 ]s-10-1] s-10-2 | 8-11-1 | #-12-1 | 81340
Arithmetic mean 12 12 7 21 1 3 3 1 ) 5 ‘
| of TS5 ool ] ) 3 0 3 ! 0 0 ' 0 0
[ 66.7 my/ 326 | a9.4 L1220 | 308 | 433 | na ]| » a s8.6 | 29 3.3
127 101 148 6t o 28 3 -- ) 50 as
Mataum (m9/1) 4 S 17 3 1 6 22 -- »n ] 2)
No. of Qbservations Arithmetic mean 10 10 [ 16 4 -- 3 1 [ [ 4
3 No. of Violations of t'?:‘::" 4 s 1 6 0 -- 2 0 8 3 3
35 Noan (my/} 6.75 my/1 6.3 6.8 3 7.9 a5 ] -- 7.7 ] 15 10 9.3
s Moxtoum (ng/) 1) 18 2 22 5 -- 1 -- 34 2 4
- Mintmen (wg/1) 2 2 2 1 3 -- 5 - ? 2 3
No. of Observations Geometric mean 11 11 6 19 7 1 3 1 8 5 4
gl Ne. of Violations ::':;::L o 1 9 ) 1 0 0 0 0 0 ]
'§= Geo. Mean (17100 m1) | shalt not 2 2 | s “% s | <0 7 <10 25 0 2
-3} Nexian (1/100 @) :;:f;‘m 160 520 130 %0 500 -- 50 - 150 30 1%0
Nin'wem (17100 ®1) 100 al 2 £10 2 2 2 -- <10 - <0 €10 <10
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Table V=7 Continued
¥
Paremater g::"‘:::: T T T Y Runoff Retention Basin
13-2 18-14-) 19-15-) 18-16-1 | 9-97-1 | B-17-2 [8-19-1 | n-20-1 l@-20-2 [B-20-3 ] m-21-1
. of Observations Arithmetic mean 2 0 ] 8 9 4 5 13 1 7 4
_ B Mo of yielations | Of,TS shD} 0 - 2 0 2 2 2 0 3 ] 0
2% 66.7 mg/} 16 - 5.5 | 1s.3 0.1 | wir] 638 | 79.8 | 1086 | 3.7 26.3
" EY] _Mextam (mg/1) . % -- 16 » 153 6 |00 59 N2 ) 5]
Mntmg (pas1) ) -- 10 2 1 [ 20 3 17 1 5
| %. of Opservations Arithmetic mean 2 0 6 8 6 3 . 10 6 L) 2
b M. of violations of BOD shall 0 -- 3 7 1 2 2 5 4 1 0
8‘§ Node (mg/1 :;5';;,'7’ 4 - 8.2 | 1.3 s wal| s 6.3 | ss 5 2
2€Y _ mximm (w1 5 -- 17 20 7 38 12 10 73 7 3
Ninimm (maf)) 3 =e F F 2 3 £ 3 2 3 1
%o. of Opservations Geometric aean 2 o s 8 9 1 4 N 3 5 5
! W _of Vislations of fecal 0 .= ) 0 0 0 0 0 1 1 1
-& 1 coriforms
3z Goo. Mean (1/100 m)) | shall mot 33 -- 59 2 ] 15 u 15 2 21 3%
8] _max 17100 m) :;:.;‘m 100 ml 1%0 -- 5,000 ' 160 190 50 10 80 2,6~ V1,000 [ 2,800
Hinfman (1/100 m1) ’ <10 -- <0 f<w <19 <10« J<ro 2z | z 2
Eff1vent Runoff Retention Basin
Standard 8-22-1 | 8-22-2 [ 9-23-1 |8-25-1 [8-25-2 [B-26-1 |8-26-2 | B-27-1 | 8-27-2 | 8-28-1 | 8-30-1
Arithmetic mean 20 2 )] 3 1 5 6 (] L s ]
6.7 mg/) 16.4 Bel - 15.3 [} 236 | v we | 3.3 2.4] 12
2 ™ - 25 -- a 2 | 2 19 61 17
Maimm (ag/1) [} 2 - S .- 3 8 5 & 4 5
| _No. of Qbsorvations | Arithmetic mean n [ '] 3 1 ] 6 4 [} 5 5
3 o] M. of Violations of 900 sha! ] 3 - 0 0 2 3 0 0 3 2
's"g Nosn (wp/! 6.75 wy/} 8.5 .2 | - 5.7 ) s.6 6.8 s 5.75| 8.6 6.4
d ! | Yoxioge {eg/1) | 16 n - 5 — )] 12 ] 7 14 9
- Riniom 1) 3 3 -- 5 -- 4 4 - 4 4 ]
%o. of Gheervationy Ceametric mesn 16 1 ) 3 ! L] (1 4 4 s 5
o, of Yie s il a o - 9 ) 9 } ° 9 ]
K shall aot 16 49 -- g | <we 12 2 n <10 2 <10
3 534"3‘9« 320 4 -- -- -- 20 100 2,600 | -- 130 ==
Winteen (17100 ml) 100 wi 2 10 -- .- -- <0 410 <10 -- <10 --




Tavle V=7 Continued
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Runoff Retention fasin
Paraneter A '
B-30-2 | B-31-1 | B-32-1 8-33 B-34-1 {8-34-2 { 8-35-1|8-36-1
No. of Qbservations Arithmetic mean 6 9 0 0 0 0 0 9
T X of T5S shall
,__,,: No. of Violations not esceed 0 - - -- -- -- - -
gg— Mean (mg/1) 66.7 mg/1 6.5 | - -- -- -- -- -- --
2 Haximum (mg/1) \ 28 - - -- -- -- -~ -
Minimum (mg/1) 6 - -- - -- - o= --
- No. of Observations Arithmetic mean 6 1] 0 0 0 0 0 0 2
Sco| M. of Violations | of BOD shall 2 -- - - -- - -~ -- s
ggg not exceed 6.3
SRE|Mean (ng/1) 6.75 mg/1 - - = - = - S
= Maxfoum {mg/1) 9 -- -- -- -- -- -- --
Minimum (mg/1) 4 -- - -- - - - -
wl_ No. of Observations Geometric mean 6 0 0 0 9 0 0 (4
El no. of violations °f1f*f=cﬂ 0 -- - - -- -- - -
32| ceo Mear (1100 1) | shall not <10 S - .- -- - | -
wol Maximum (17100 1) | :;:egd -- -- -- -- -- -- -~ --
Minimm (1/100 1) pre<ied -- -- - - - - _ .
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Table Y=7 Continued
Parameter Effluert Runoff Retention Basin
Standard 8-41-1 | 8-42-1 |2.42-2 {8-43-1 [p-44-1 [B-45-1 [8-47-1
N9, of Qbservations Arfthmet ic mean 3 2 4 3 S 3 3
of TSS shall
~E.4 to. of violations not exceed 1 0 0 0 2 0 0
R 66.7 mg/1
oot Mean (rq/1)
av‘
Maximer ‘mg/1)
Winizun (ro/1]
¥o. of Dbservations Arithmetic mean 3 2 4 3 5 3 3
— of B0D shatl
® ol No. of Violations not exceed 1 ? 2 2 1 0 )
=S E 6.75 mo/1
ES% Yean (mg/1)
SO
= Fexirum (rcf1}
Pinimum {no/1)
No. of Observations Geometric mean 3 2 4 3 5 3 3
. of fecal
§ Ko. of Violations coliforms 0 0 0 0 0 0 0
k] shail not
o Geo. Vean {17100 m1) exceed
£3 424.3 per
w Paximue (17100 m1) 100 m1
Minirun (17100 m1)




curve nutber 98, assuming low 30il vermeability ani no consarvation prac-
tices, evapotranspiration or Jepression storage. Althoujh assumptions
result in slijhtly overestimating storm runoff, the evaluation of retention
ovasin effectiveness also assumes that the basins are completely empty

vrior to each storm, and that the basin capacities are not diminished by
sedimentation of suspended solilds from previous storm runoff. The effective-
ness of a runoff basin is seriously imoaired when a storm occurs before the
basin is entirely empty. BEmotying the basins before a oredicted storm may
cause bottom sediment contaminated with sludje varticles to be discharjed

to the receiving water.

Table V-8 summarizes the desiyn capacity of 2ach retention basin an3 cal-
culated storm runoff volume for 25 and 100-y=ar storms. From these cal-
culations the retention basins for fields 3, 14, 20, and 21 apoeat unable
to contain the 25-year storm runoff and basins for fizlis 4, 7, 11, 12, 19,
22, 25, 26, 29, 30, 39, 40, 42, 43, 44, 45, and 47 are unable to contain
the 100-year storm runoff. Actual field observations indicate that these
nay not be the worst case events. The worst case may accur when basins
are partially full orior to application, the ground becomes saturated by
apolication and then intermittent heavy rainfall occurs within saveral
days. This was observed in Septamber 1977.

Some deficiencias between correlation of calculated retention basin capacities
and observed deficiencies can be explained in terms of variables ranjing from
characteristics of storm to the comdition of the soil at the time of storm.
However, the most likely explanation lies in the applicability of the SCS
method to the oroject site. The SCS method as used here provides the

amount of runoff that can be expected on the basis of "average site

character istics". Ideally, a different runoff curve should be aoplied to
each field, devenmdiny on local hydrologic conditions of the soil, soil

tyoe, soil depth, tyoe of croo Jrown, consarvation treatment, and many

other factors. These factors must be considered at Fulton County, where

each retention basin is tailored to the runoff volume exvected from

a varticular field. Other sources of error can likely be found in oredicting
the portion of a fiell drainingy into each of its retention basins, as exvlained
above with respect to field #2. Runoff basins with inadequate capacity for
containing 100-year storm runoff as well as runoff from recurring, high
intensity storms, are particularly ineffective in r=moving suspended solids
from storm runoff. Numerous violations of effluent standaris for total
suspended solids and biochemical oxyjen demand show that the runoff retention
basins have been ineffective. Prolonjed violations could result in siltation
and excess dissolved oxyjen depletion in receivinj waters.

2. Groundwater gquality

Groundwater quality was assessed from samnles collected from 26 wells and
one spring duringy a six year period. The ideal approach to jroundwater
analysis would have included a designation of background wells measuring
natural parameter variations and a trend analysis among remaininj wells
before and after sludgye apolication. Unfortunately, this could not be
accomplished in a comprehensive fashion for Fulton County. First, this
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Table V-8 Capacity of Runoff Retention Basins and Volume of
24-Hour Storm Runoff (MSDGC 1972¢ through 1972g and
19731 through 1973k; Enviro control, Inc., 1976)

Runoff Retention Basins

. Capacity Capacity Calculated 24-Hr. Runofg
Field Per Basin Per Field (acre-ft.)
Number Bagin (acre-ft) (acre-ft) 25-¥r, Storm 100-¥r. Storm
1 Bel-l 24.4 24.4 15.0 19.6
2 B-2-1 .5
B-2-2 4.1 28.5 16.9 22.1
B~-2-3 2.9
3 B=-3-1 12.9 12.9 13.3 17.4
4 B=4=1 25.9
B~-4-2 6.2 32.1 26.0 34.0
5 B-5-i 15.3 15.3 9.8 12.8
6 B-6-1 6.6 6.6 4.8 6.4
7 B=7-1 5.9
B-7-2 16.0 38.9 35.8 46.8
B-7-3 17.0
8 B-8-1 25.2
B-8-2 6.4 31.6 23.1 30.2
9 B-9~-1 43.2
B-9-2 13.7 61.8 56.9 74.4
B-9-3 4.9
10 B-10-1 21.5 44.5 30.6 40.0
B~-10-2 23.0
11 B-11-1 8.0 8.0 6.8 8.9
12 B-12-1 11.0 11.0 8.8 11.5
13 B-13-1 9.5 48.5 5.1 15.3
B-13-2 39.5
15 B-15-1 10.5 10.5 7.2 9.4
16 B-~16-1 70.3 70.3 48.8 63.8
19 B-19-1 14.2 14.2 12.4 16.2
20 B=-20-1 15.0
B~20-2 11.2 35.0 37.1 48.5
B-20-3 8.8
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Table V-8 continued

Capacity Capacity Calculated 24-Hr. Runoff
Field Per Bagin Per Field (acre-ft.)
Number Basin (acre-£ft) (acre-ft) 25=-Yr, Storm 100-Yr, Storm

21 B-?l-l 4.5 4.5 12.7 16.6

22 B-22-1 13.7 21.6 16.9 22.1
B-22~2 7.9

23 B=23-1 14.9 14.9 7.2 9.4

25 B=25-1 6.9 14.4 12.4 16.2
B-25~2 7.5

26 B-26-1 13.8 22.6 20.8 27.2
B=-26-~2 8.8

27 B-27-1 17.5 24.6 14.0 18.3
B=27=2 7.1

28 B=-28-1 13.5 13.5 10.1 13.2

29 B-29-1 14.9 14.9 12,7 16.6

30 B-30-1 7.2 27.3 22.4 29.3
B=30-2 20.1

31 B-31-1 9.3 9.3 6.0 7.9

32 B-32-1 15.8 15.8 11.1 14.5

33 B-~33 b

34 B-34-1 26.4 38.7 23.3 30.4
B-34-2 12 . 3

35 B-35-1 14,2

36 B-36-1 78.8 93.0 59.0 77.1

37 B=37=1 35.7 35.7 22.4 29.3

38 NA NA NA 17.6 23.0

40 B-40-1 30.7 30.7 26.7 34.9

4] B-41-1 23.3 23.3 17.9 23.4
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Table V-8 continued

Capacity Capacity Calculated 24-Hr. Runoff

Field Per Basin Per Field (Acre=-ft.)
Number Basin (acre-ft) (acre-ft) 25-Yr. Storm 100-Yr, Storm

42 B-42-1 . 33.3 57.7 52.7 68.9

B-42~2 24.4

43 B-43-1 23.1 23.1 19.2 25.1

44 B-44-1 11.6 11.6 11.1 14.5

45 B~45-1 48.1 48.1 47.5 62.1

47 B-47-1 12,5 12.5 9.8 12.8

Note: NA - Not Available
*Field #33 drains its runoff to Retention Basin B-32-1 of Field #32.
#*Field #35 drains its eastern portion of runoff to Retention Basin
B-36-1 of Field #36.
#*Field #14 drains some of its runoff to basins serving fields
#13 and $16.
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would have reguired a hijhly 4detailed and oresently unavailable tracing of
jroumdwater flow. Secondly, sludje aoplication was initiated at aifferent
tines and rates on each field, makingy a clear cut definition of "before and
afte™ imoossible. Technology cucrrently exists to weasure jroundwater flow
ani direction. This could be utilized if it becomes naecessary to isolate a
jrourdwater polluticn source.

While this tyoe of analysis coull not be conduct2d commrehensively, certain
wells were selected to reorasent a cross section of thosz in the mine sooil
area of the site, an analysis of which was not constrained by the above
oroblems., It must e emphasized that this analysis Joes not at this stage
orovide a long-ranje conclusion, because extremely low soil oermeability
vastly lemjthens the time needed for sludj= to interact with jJroumndwater.

An exception is the case of direct fissure flow, the effaects of which become
aoparent much more quickly.

a. Chemical trends in selected wells - The locations of wells ani
springs ace shown in Fijure V-i. The todr wells chosen for illustrative
purposes are wWll, wWl4, W7, and Wl7. Well W1l should reflect seepaje orijinat-
iny from the holding basins. wWell Wld is located in field #9, which has
teceived sludje at moderate rates since 1972, and may also be affected by
Fields #6 throujyh 8 (sludje avolication initiated in 1973) and #7 (1974).
Well W7 is likely to be affected by fields #20 (1973) and %26, 28, and 30
(1974) These two wells should reflect the effects of sludje avolication.
Well W17, locatad in an area receiving no sludje as of Oecember 1976, is
a backjround well. The constituents selected for analysis are those vresent
in the digested sludgye at levels sufficiently hijh to serve as a tracer
material for for direct fissure flow: nitrite and nitrate nitrojgen and iron
(MSDGC, 1976). Table V-9 shows the respective concentrations in each well.

Well W1l shows no trends towards increasing nitrate, nitrite or ammonia
concentrations. Iron lsvels have fluctuated and would apoear to be showing
an uoward trend, but 1976 data are unavailable bescause of well relocation.
In the absence of further 3Jata, this trend . nnot be substantiated. It is
hijhly unlikely, however, that substantial seepaje would cccur through the
clay-lined holding basins.

Wells W14 and W7, ootentially affected by sludje apolication, show no uoward
trends in either nitrite and nitrate nitrogen or amwonia nitrojen. The same
is true for iron in well Wl4. Iron concentrations in well 47 show an uoward
trend while those in well W17, the "control,” remain relatively constant.

The wward trend began in 1972, however, and sludge apolication on the
associated fields 4id not begin until 1973 or 1974. Iron incraases are there-
fore most likely attributable to sources unrelatad to the =xoiject.

These Jata indicate that sludje application nas not significantly affected
Jroundwater guality at the site. Because of the sijnificance of potential
jroundwater contaunination, certain aspects are examined in closer detail
below.
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Table V-9 The NOj; + NO3 - N, NH3 - N, and Fe Content of wells 11, 14, 7, and 17 for 1971-1976
{MSDGC, 1976 and Enviro Control, 1977)
Well 11 Well 14 Well 7 Well 17
Constituent Year Mean Range Mean Range Mean Range Mean Range
{mg/1) (mg/1) (mg/1) (mg/1) {mg/1) (mg/1 (mg/1) (mg/1)
1971 0.07 0.03-0.15 0.08 0.0-0.19 0.1 0.0-0.25 0.41 0.04-1.68
1972 0.0 n.0-2.02 0.01 0.0-0.07 6.16 0.04-0.28 2.5 0.0-0.11
NO2 + NO3 - N 1973 0.07 0.0-0.42 0.03 0.0-0.07 0.73 0.18-1.61 0.40 0.03-0.73
1974 0.04 0.0-0.14 0.03 0.0-0.06 0.26 0.01-0.54 0.21 0.0-0.79
1975 0.04 0.0-0.09 0.04 0.0-0.11 0.27 0.06-0.76 0.23 0.9-0.63
1976 - - 0.02 0.0-0.06 0.06 0.0-0.2 0.13 0.0-0.2
1971 1.9 1.7-2.4 0.7 0.2-2.3 0.5 0.1-0.9 0.6 0.1-2.1
< 1972 1.8 1.4-2.1 0.6 0.1-1.3 0.5 0.1-1.1 0.5 1.3-2.7
b NH3 - N 1973 1.35 0.5-1.7 0.78 0.2-1,2 0.57 0.2-1.8 0.21 0.0-0.4
1974 1.€8 0.9-2.2 0.60 0.4-0.8 0.52 0.2-0.9 0.22 0.1-0.7
1975 2.07 1.6-2.60 0.73 0.4-1.3 0.64 0.5-0.9 0.18 0.0-0.4
1976 - - 0.52 0.0-1.0 0.5 0.1-1.1 0.18 0.0-0.8
1971 5.9 2.4-10.5 28.9 6.5-63.8 2.1 0.3-4.0 12.3 1.0-22
1972 15.3 4.8-36.1 54.7 32,9-90.8 15.9 3.3-40.4 11.6 13.0-181
Fe (Iron) 1973 10.6 2,7-27.3 60.6 15.0-193.0 47.2 11.3-78.8 14.5 9.0-19
1974 15.2 4.7-59.0 34.6 20.4-49.6 63.0 35.8-92.9 16.2 10-22
1978 22.8 4.0-46.2 36.5 13.2-78.9 83.1 56.7-107.0 13.1 9.7-16.4
1976 - - 27.2 10.9-77.0 101.7 69.3-130.0 14.0 9.5-27.1




b. Nitrite and nitrate trends in all wells - The nitrite and nitrate
nitrogen concentration in each well or spring was analyzed fram August 1973
to April 1977. Only wells W8, W10, and W2l reported concentrations in
excess of 10 milligrams per liter, which is recamnended as the maximum level
by the U.S. Public Health Service (U.S. Public Health Service, 1962, 1969).
Well WB has consistently low levels of nitrite and nitrate nitroyen, with
the exception of a spike between January and May 1975.

Wells showing possibly increasing nitrite and nitrate nitrogen levels are Wi,
W4, W12 and W22. Of these, Wl and W4 are located upstream from the project
site and are unaffected by project activities. Increases in nitrite ard
nitrate nitrogen levels in wells W12 and W22, and fluctuations in nitrite

and nitrate levels at the other wells, do not seem to correlate with project
activities. In addition, the levels are generally lower than 0.2 milligram
per liter, except for well W10 which possesses consistently high values.

These findings suggest that a large portion of nitrogen in the applied sludge
is fixed by soil mclecules, converted and released as ammonia gas, or taken

up by crops for bio—synthesis. Apparently, little soluble nitrogen is leaching
into the groundwater system. In addition to Wll, wells W12 and W13, conceivably
vulnerable to seepage from holding basins, have generally shown less than

1.2 milligrams per liter of nitrite and nitrate nitrogyen. This further indi-
cates that the clay linings in the four basins have been effective.

The possible effects of increasing application rates or accumulation of
sludge in the fields on yroundwater nitrogen levels cannot be assessed at this
stage of project development. Data are not sufficient for analysis of trends,
and long-term monitoring of groundwater quality is required to establish the
relationship between project operations and the nitrite and nitrate nitrogen
level.

¢. Trace element and other concentrations - Variations in groundwater
constituents are shown in Table V-10. The ramnge of variation is given for
seven calendar periods, either before or during the sludgye application season.
The well reporting the maximum level of a yiven constituent is indicated in
parentheses.

The pH values, alkalinity, conductivity, and ooncentrations of total phosphorus,
sulfate ion, calcium, potassium, sodium, aluminum, iron, magnesium, manganese,
mercury, nickel, selenium and fecal coliforms remain close tc the 1971 and 1972
baseline conditions (see Chapter III). Recent concentrations of cadmium,
chramium, copprr, lead and zinc are lower than the baseline concentrations. In
1971 and 1972, 40 percent of the wells tested contained excessively high levels
of chemical constituents. when retested between 1973 and 1975, after the pro—
ject had bequn, the statistic was the same. Groundwater constituents are,
therefore, probably influenced by sources unrelated to the project.

C. Bir
Impacts on air quality may result from aerosolization and volatilization

of sludge constituents, perhaps presenting ador problems or health hazards.
Potential health hazards are discussed in section D, "Health Effects”.
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Table V=10 Concentrations of Various Constituents in Groundwater (WSDGC, 1972 a through 1975 g¢)

First Quarter June August fpr{l July
1973 1974 1974 1975 1975
(before sludge (urlng l973 s Tudge (Inlore 1971 sl {during 1974 sludgel(during 1974 s! (before 1975 sludge] (during 1975 si
t fon application season) lication seasonl application season) |application season)l application season) 1]
7.0-7.9 1.0-9.9 6.6-8.1 7.1-7.8 6.9-7.7 6.9-8.1 7.3-8.3
»9/1]0.08-0.95 (w7}] 0.07-0.65 (w4 0.04-0.87 {m 0-0.29 (W10) 0.02-1.80 (M 0.07-0.38 0.05-0.73 (M2
2-3%2 4-420 (W 2-390 (w21 2-40 0-381 gu 0-34 0-40¢ (I
18-1,048 (¥12 61,546 (M12) §3-1,706 (W12) 0-1,293 (¥13) 40-1,999 (W12) 0-1,43% 0-1,479 (W
wg/l| 227-1,107 (1] 150-1,320 (W26) 150-1,160 (M26) | 210-9¢0  (w)1) 120-1,160 (W26) 210-1,300 (m) 88-788 (M18)
tivity m- .l C1L] Azs-s 450 600-5,500 (w27 460-3.900 } 12 520-2,380 (3%) 420-1,200 ig% 400-2,500
/) U-549 (W12 24-549 52-395 (@ 48-627 38-405 (W9)
/N o-n ) 1 l’ 1-19 (@) 0-17 1-16 (:: 0-18 0-19 (W)
Y X H tm n-szo i 12-612 ’uzs 5-630 (ﬂ 8-700 (us; 7-030 t 9-625 im)
1 qnl o-4.9 (NTT} o-10 w23 0-6.0 (W13 0-7.0 (%23 g; 0-3.0 (g-%
tA /M 0-0.02 (W11 0-0.02 (W13) 0-0.03 (M13) 0-0.03 (¥13) 0-0.02 (W1l; 0-0.02 (W4; 0
1K)} (1K)
v wg/t| 0-0.00 (W12] 0-0.06 (W25) 0-0.04 (M25) 0-0.02 (W12; 0 = () 0-0.03 (_u%;
W ]
n/1]10.00-0.09 (W13 0-0.06 (W13) 0-0.12 {(422) 0-0.16 [¥le) 0-0.36 (W16) 0-0.2 (¥13) 0-0.22 (12;
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This section discusses odor in terms of theoretical considerations, odor
canplaint data fram the project site, and the relative odor potential of
the sludge holding basins and alternative application methods.

D. Health Effects

Sludge solids may contain pathogens, chemicals and metals that are poten-
tially hamful t humans and animals. Extended exposure to these camponents
may result in adverse health impacts. While there are several routes by
which humans or animals can be exposed to sludge, the main routes are di-
rect ingestion or inhalation of airborne sludgye particles. Indirectly,
heavy metals and some chemicals may be ingested when plant tissues are
consumed by animals. The U.S. Department of Ayriculture, the Council of
Agricultural Science and Technology and others have reported on the hazards
and impacts of heavy metals and expected health impacts from sludge appli-
cations.

1. Direct Health Effects

Direct health effects can result from the inhalation of sludge aerosols,

the severity of the effect depending on concentrations of hazardous materials
in the sludge, the amount of sludge aerosolized, the extent to which the
airborne particles are inhaled, and many other variables. As stated in the
discussions of odor, sludye aerosolization does not occur with surface
spreading (overland flow and infiltration-percolation) or surface penetration
(soil incorporation and soil injection). Although white-capping in the
holding basins can cause aerousolization, pressurized spraying offers the
greatest potential for direct transfer of hazardous components to humans or
animals.

Pressurized spraying has been discontinued as an application method in

Fulton County, and it is unlikely that significant amounts of aerosols would
result from white-capping in the holding basins. Therefore, significant inha-
lation of aerosols (and associated potential health effects) is not likely

to occur at this stage of the project. Because pressurized spray has consti-
tuted a larye proportion of past application methods, however, it will be dis-
cussed in this chapter. Mitigative measures will not be presented because,

as long as spray application is not practiced, inhalation of aerosols will
probably be negligible.

a. Background -~ Although very few pathogens survive wastewater treat-
ment, salmonellas, Mycobacterium tuberculosis, and many enteroviruses (viruses
of the gastrointestinal tract) may even survive chlorination in low numbers
and it has been shown that the absence of coliformns does not necessarily
indicate virus inactivation (Allen et al., 1949: Sorber, 1973; Kruze
et al., 1970; D'Itri et al., u/d). The microbial population of sludge is
greatly reduced by holding for a few weeks, but is not eliminated com—
pletely. It should be emphasized here that high-rate anaerobic digestion
followed by lagooning practices which are employed by the MSDGC, are
considered by the USEPA to be sufficient for pathogen control.
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Pathojens may be present in sludje in minimal numbers esven after months of
lagooniny. A major factor influencimy their presence amd quantity is the
community's discharjes into the system, which may be expected to be highly
variable, Sources are human and animal and they include slaughter houses,
the meat products industry, ooultry and egg processing plants, tanneries,

and many others (McCoy, 1971). It is evident that the nature and concentra-
tions of pathogens enteriny and cotentially surviving treatment must vary
widely from place to place and time to time. Evidence from places other than
Fulton County are therefore of little predictive value, and samples taken in
Pulton County at one point in time will not necessarily be valid for other
times. For example, midday counts of E. coli were 5.5 in January 1970 and
0.18 in September 1970, and midnight counts were 0.3 in both months (McCoy,
1971). Puthermore, B. coli are the overwhelmingly dominant bacterial species
in domestic waste; diseases of seasonal and epidemic character would show
auch wider fluctuation. It may be noted that bacteria, which are sizeable
compared with the droplets, will not inhabit all droplets; this is also true,
especially, for larger amebic cysts, helninth eggs, and so forth. O0issolved
substances, in contact, are present in all particles. Treatment plants hand-
ling a substantial proportion of industrial waste are liable to have a conside-
rable burden of toxic substances in the sludge. Thorne, Hinesly and Jones'
data are reported in Table V-11.

Table v-11. Composition of Fresh, Heated, Anaerobically Digested
Sewage Sludge (Thorne et al., 1975)

Dry Sludge Basis

Typical Tyoical
Concentration Concentration Anount
Range (pom)* (opm) * (1b/ton)
Cadmium (Q3) 3 to 3,000 150 0.3
Chromium (Cr) 50 to 30,000 3,000 6
Lead (P ) 100 to 10,000 1,000 2
Mercury (Hg) 1 to 100 3 0.006
Nickel (Ni) 25 to 8,000 400 0.8

*Mercury units exoressed in ug/1

Por comparison, data available from Fulton County reveal an average of about
450 pon for cadmium, and a maximum concentration of 1,125 pom.

It must be emthasized that the input rate for such materials at the treatment
plant is likely to vary widely, even during stable conditiona of industrial
production with discharges occurring, for example, at one step in a batch
peocess or during periodic cleansing., When processes chanje or new processes
are introduced, further variations in the effluent may be expected. Conse-
quently, a few Jrab samples widely separated in time may jive a highly mislead-
ing indication of average concentrations.

b. Airborne Transmissions - Constituents of sludge can becoma airborne
ad os transmitted to downwind receptors. In the case of Pulton County, there
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were two main sources that were investigated. The first was the transmission
of constituents when sludge was sprayed by rainguns on fields. The impact
and probability of direct health effects would be indirect relationship to the
amount of aerosolization and distance from the source. Downwind concentrations
will depend on variables in transit. The concentration is inversely propor-
tional to windspeed, which determines the downwind particle spread. The par-
ticles are also spread out vertically and across the wind by turbulent mixing
of the air. Another factor is deposition. Por example, a 50 micron particle
of unit density has a settling rate of about 10 centimeters per second and
will fall through 1 meter of still air in 10 seconds. However, some particles
will remain airborne much longer in a turbulent atmosphere.

Another form of physical depletion, impaction on surfaces, is not a signifi-
cant factor in the present context. FPFor this to occur, particles must be
relatively large, windspeed must be high, or the obstacle must be very narrow;
otherwise, the particles simply slip by the obstacle in the streamlines.
Therefore, vegetative barriers cannot be expected to effect any substantial
depletion in particles of respirable size.

Pathogens are subject to another form of depletion which can be extensive.
Mogt pathogens are affected by desiccation and exposure to the atmosphere,
and are also highly susceptible to sunlight or even diffuse daylight. This
response is extremely variable. Other sludge ingredients may have a large
retarding or accelerating effect or loss of viability. (Webb, 1959, 1960a,
1960b) .

Variables at the receptor are also complex. A breathing human is an active
receptor (as opposed to a passive obstacle), "sampling” the air and trapping
particles of different sizes in various parts of the respiratory tract. The
rate of "sampling” depends upon the deqgree of activity and can vary by one
order of magnitude or more. An average figure of 15 liters per minute,
corresponding to light activity, will be used in this analysis. Efficiency
of retention varies from 100 percent for larger particles to about 25
percent for those least retained. However, most of the total mass of
airborne material will be in particles for which 100 percent retention

is an acceptable approximation.

Account will not be taken of the effect of particle size on the infectivity
of some microorganisms. The number of microorganisms required to infect
exposed subjects will vary greatly with particle size. Experiments performed
with bacterial agents in animals have shown that the infective dose is much
less for 1 micron than 10 micron particles, the transition occurring at
about 5 microns and corresponding with a transition from deposition in the
lower to the upper respiratory tract (Harper and Morton, 1953; Druett et
al., 1953). Particles less than S microns in diameter are frequently spoken
of as being in the "respirable” size range, and many recent papers, including
several on sewage aeroscl hazards, are written as though larger particles
were not hazardous. However, there is evidence that the difference is small

in some cases (e.g., for Pasteurella pestis in the Rhesus monkey), and it
msay be supposed that enteroviruses, I%Ed in the upper respiratory tract
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and subsequently swallowed, can infect via the jastrointestinal tract. Further-
more, we are also concerned with toxic substances for which the portal of entry
may bear little significance.

From data obtained at this site, stability classes, receptor response and
calculated intake of sludje particles, it appears that sludge aerosol inhala-
tion is not likely to present a health hazard in terms of heavy metals. It
should also be mentioned that the World Health Organization's daily intake
limits have been established for worst case conditions where a subject is
likely to be daily exposed to aerosols.

The impact from airborne pathogens are much harder to assess. The survival

rate of pathogens is quite unpredictable except in the most robust species.

Environmental conditions would greatly determine the viability and infecta-

bility of bacteria or viruses. The best barometer of impact on human health
is the lack of verifiable health problems at the site or generally at waste-
water treatment plants across the country. (This discussion was included as
background information. MSDGC no longer uses spray irrigation at the Fulton
County project).

During the veriod of 1976 to 1979 USEPA did an extensive investigation of the
health impacts associated with aerosols from wastewater treatment plants.
This study was prompted by the construction of a larje facility, the MSDGC
O'Hare Water Reclamation Plant, in a densely populated area. After extensive
testing described as "thorough, critical, of a sensitive nature, and represen-
ting the feasible limit of scientific and economic capability,” there was no
indication of a direct or indirect health hazard resulting from exposure to
aerosols. (USEPA, 1979)

c. Human Health Implications - Any evaluation of direct health hazards
at Fulton County must E‘F based on indirect evidence. The most useful indirect
information concerning the Fulton County oxoject is the absence of reported
health effects. As this situation continues, the probability of serious
trouble clearly diminishes. ILack of evidence concerning health effects is
apparently based on absence of conspicuous ill effects rather than an active
medical search for indicatora. For example, serological evidence of immune
levels might point to subinfective exposure, medical records might show abnor-
mal incidence of respiratory disease in the vicinity, or occupational health
records might reveal cases where exposure at home had tipped the balance of
response by augmenting occupational exposure to an industrial chemical.
Despite these reservations, the missing evidence is encouraging and correlates
with experience elsewhere (Viraraghavan, 1973; Sorber, 1973; 8enarde, 1973;
Krishnaswami, 1971; Dixon and McCabe, 19564; Anders, 1954; Browning and Gannon,
1963; Ladbetter et al., 1973; Illinois Advisory Committee, 1975).

Another possible mode of transmission that could affect both man and animals
is by insect vector. Any operation resulting in standiig water containing
pathogen-contaminated sludge presents a potential hazard (Sorber, 1973).
There are no data to support an evaluation of this risk for Pulton County,
but it may be surmised that the risk is small or negligible. The initial
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concentration of any vathogen would not be hijh and would be likely to decay
rapidly in exposed shallow water. In addition, the stagnant water is unlikely
to remain for long periods of time, o the chances of infecting vectors are
low.

E. Noise

The project is located in a remote rural area. The closest communities are
Canton, Cuba, St. Davis, and Bryant, with a combined population of less than
15,000. The ambient noise level is similar to that of typical rural areas
and is estimated to be not more than 45 adjusted decibels (dBa) 90 percent of
the time, which is designated the l0-percentile noise level.

Sources of noise in the environment of the project include tractors on the
adjacent farms and occasional motor vehicles on highways and local roads.
Because the traffic is light, these sources do not contribute significantly to
the ambient or background noise level. Sources of noise related to the project
include pumps, tractors, amd sludge sorayers. Three oumping or sludge distri-
bution stations are located within the project property, and one booster sta-
tion is situated at the Liverpool dock. The pumping stations on the project
site are at least one mile from the nearest farmstead. However, the booster
station at the Liverpool dock and barge pumps are within a half-mile radius of
Liverpool, which had a population of 218 in 1970 (U.S. Bureau of Census, 1972).
Tractors, trucks, and sludge sprayers are mobile noise sources. This equipment
will generate noise detected by sensitive receptors only when in operation near
the boundary of project property.

The typical ranges of sound pressure levels from pumps and vehicles are shown
in Figures V-6 amd V-7. As a conservative estimate, the noise level for an
unenclosed pump is about 95 dBa 3 feet away from the pump, and about 80 dsa
25 feet from a tractor and sprayer. The noise levels at different distances
from these sources are derived from the dissipation law of sound pressure and
are shown in Table V-12. These values were calculated assuming the absence
of sound barriers such as buildings, dense vegetation, and terrain with high
telief. For comparison, examples of common indoor and outdoor noise levels
are listed in Figure V-8.

Table V-12 Noisgse Level in dBa of various Noise
Sources as a Function of Distance
(Enviro Control, Inc., 1976)

Distance from Noise Source
Nolse Source _J ft. 25 Ft. 100 ft. 800 ft. 1,800 Ft. 3,200 TE. 5,280 EE.

Pump without

BEnclosure 95 86 80 n 68 64 63
Tractor

and Sxayer — 80 74 65 62 59 57

Noise impacts from the punping station are minimized because of a one-nile
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buffer distance between the station and the closest farm families. OConsider-
ing further dissipation of noise by buildings, vegetation and topography, the
noise level of pumps at a one-mile distance should be less than 60 dBa. This
level is acceptable for residential arzas, as recommended by the U.S. Depart-
ment of Housing and Urban Develooment (1971 and 1972).

Noise generated by pumps at the Liverpool dock and by barge pumps will some-
what increase the ambient noise level around the community of Liverpool.
Impacts from this intermittent noise cannot be quantified in the absence of
noise data; however, they should not bz severe.

P. Significant Socio—-economic and Land Use Impacts

Since the project has been in progress for nine years, there are several fac-
tors that can be readily measured. Precise impacts of the project are
described in the text below.

1. Socio—economic impacts

Baseline information was provided in an earlier chaoter. This discussion will
address population trends, employment and income land value, agricultural
activity, and future mining activities.

a. %g‘uﬁlation‘ - Recent national rural-urban trends predict future
population qro in areas such as Fulton County. These demographic trends
include both historic trends and more recent factors which are expected to
influence fu:ure trends. Past declines in agricultural and strip-mining
employment have been instrumental in causing decline in the overall population
of Pulton County and increases in the populations of Canton, Lewistown and
Farmington. Expected future declines in agricultural and strip-mining employ-~
ment will continue to affect the future population size and distribution.

More recent trends, such as the spread of industry to the exurban fringe of
cities, will increase employment ovoortunity in many rural areas. Some of
this manufacturing employment will encourage in-migration of skilled labor.
Less-gkilled labor can come from the existing rural labor force. Expansion
of industry to the west and south of Peoria can be expected to enhance employ~
ment opportunities for the current residents of Fulton County and increase the
in-migration of skilled laborers and their families.

A national survey has indicated that many city residents prefer nearby, or
even remote, cural or small town residence to living in a large city (Beale,
1975). Considerable demographic data have shown that, since 1970, nonmetro-
politan areas are not only retaining people but are also receiving a net
migration (Beale, 1975). Factors associated with mijration to rural areas
include the growth of state and community colleges ani the development of
rural cecreation and retirement places, as well as the decentralization of
manufacturing. FPulton County offers both recreational and retirement oppor-
tunities such as the Wee-Ma-Tuk Hills development adjoining the land recla-
mation project. Community collegjes, such as the Spoon River Community College
near Canton and adjacent to the project site, often cooperate with local busi-




nesses in providing aporopriate skills for new =nterprise.

This evidence clearly suggests that the population of Fulton County can be
expected to grow. The major influences on the growth rate are the develop-
ment of new manufacturing in Fulton and southwestern Peoria Counties and the
accesggibility of existing and potential residential areas to these manufactur-
ing plants. When such factors affecting growth are considered, the total
future population of Fulton County is expected to significantly exceed the
pooulation forecast by the Bureau of the Budget, State of Illinois. Future
population is expected to be increasingly concentrated in Canton, Lewistown
and Farmington. Substantial growth can also be expected in the northeastern
quadrant of the County toward Peoria.

If the project is abandoned in its present state, curcent MSDGC employees
would have to seek new employment. Manufacturing growth along the Illincis
River should provide employment for many of the seasonal employees working on
the Prairie Pian project. Most of these employees are either current resi-
dents of the area or utilize the nroject as summer employment. Some of these
employees can be expected to relocate their families. Most of the 23 verma-
nent MSOGC employees would be expecied to relocate their families outside of
Fulton County. The projected net impact is minimal because machinery performs
more work.

Reclamation and reuse of the project area to produce croos or livestock would
increase population only marginally, because it is estimated that 708 acres
of pasture or 360 acres of row crops are needed to support one family
(Schmitz, 1974 and Muehler, 1975). Conservation and recreation reuse would
attract transient tourist populations. The existing recreational center is
used by many local residents for summer trailers. If this area were en.arged
a small additional population may be served.

b. ylg@t and income - Continued declines in employment can be
expected in the agricultural sector. The most recent declines reflect the
influence of advanced technology in replacing labor with capital-intensive
nethods of production. Such practices increased training and abilities of
the resident labor force while importation of certain skilled labors occurred.
Even though the number of employees in agriculture will decline, increasing
skills will enhance average incomes.

Under expected future conditions of higher labor mobility and increasing
skills, the median income in Fulton County is expected to jradually converge
with that of the U.S. (U.S. Water Rasources Council, 1974). The higher
average income and purchasing power in Pulton County should increase the
strength of its service and trade activitieg. Ibwever, higher local wages
combined with low unemployment is not especially attractive to new manufac-
turing, although the proximity of underutilized urban labor markets and
higher labor mobility should enable a new manufacturer to import labor or
attract commuters. Most of the new industries can be expected to have small
labor requirements and to be tied to the production of metal and machinery.

The land purchased by MSDGC originally supoorted an estimated 37 full and
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vart-time jobs, mostly held by local residents (Kelly, 1974). Wwhile these
jobs were lost after the purchase, the increasing amount of agricultural
land needed to support a farm worker indicates that, without the MSDGC
purchagses, the land in the project area would have supported progressively
fewer workers. The increased number of jobs created by the Sanitary District
absorbed approximately 120 skilled and unskilled contract laborers who
average 6 to 8 months of employment yearly. Most of the skilled labor came
from a multi-county region surrounding and including Fulton County, but

most unskilled labor orijinated within Fulton.

When the project site is fully developed, several additional full-time
employees may be necessary to effectively manage the farming enterprises.
However , the amount of ssasonal and contractual laborers would decrease.
Development of initial fields and basins is labor intensive, while land
application and cropping decreases this need. If the MSDGC abandoned the
gite, it is expected that many of the full-time farm operating jobs would
be lost. Attempts to farm the poor, unconsolidated soils would continue
to provide a few jobs.

The area now orovides a few less intensive economic activities such as recrea-
tion, huntiny and fishing, and livestock production. This is mot anticipated
to change. These uses would generate little on-site employment and income.
Visitors to the regionally attractive conservation or recreation sites
created by the project would add some local income in tourist-related retail
and service enterprises. However, poor access to the project area from lar-
ger population centers, due to distance and lack of a high-speed link, will
limit this potential, until the proposed Interstate Highway (Peoria-Kansas
City) is completed. The use of strip-mine soil for grazing would have a
small multiplier effect on local employment and income. Feedlots could
contribute to the expansion of nearby meat packing firms.

¢. Land values - Future land values in the project area will be govern-
ed by the growh of Canton, competitive position in land speculation, and the
economic intensity of future land uses. Expected future growth of Canton
wauld slightly increase the value of all land within its geographic sphetre of
influence. Speculation in coal extraction and marketing might affect values
in the mxoject area should it become economically feasible to mine the thin
seam of coal underlying the strip-mined surface layers.

The availability of competing land at least equally suitable for development
is the major determinant of local land values. Large tracts of equally avail-
able and suitable land in Fulton County should keep land values low in the
project area. Much of the project land is highly unsuited for building con-
struction. Residential or industrial buildings may require expensive struc-
tural modifications where they are built on the disturbed, unsettled soil of
a strip-mined site. 1If a priority is developed for class one agricultural
land preservation, more emphasis on the use of strip-mined land will occur.

In Land Use of Strip Mines, Fulton County, Illinois, unreclaimed lands

are as vareas e NO A reclaim stripped land
to a productive use.” Using this definition, unreclaimed lands have been
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estimated to be worth $259 per acre or $64 per acre less than reclaimed strip-
mined lands which are used productively. Land reclamation and reuse could,
therefore, theoretically add about $278,016 to the market value of the 4,344
acres of strip-mined land scheduled for sludye application (MSDGC Land Project
Development Schedule, revised August 1974). For the period of sludge applica-
tion, the 4,344 acres of stripped land and 1,181 acres of place land (formerly
row—cropped), which comgrise the current and planned sludge recycling fields,
continue to be worth to the MSDGC the paid value of $378 an acre (Kelly, 1974).
The last parcel of land that camprises the Fulton County site was purchased by
MSDGC on March 20, 1975. Up to this date the total amount paid for land was
$5,961,367.30. On January 1, 1978 the Fulton County Assessor valued the MSDGC
holdings at $14,223,609.

d. Public finance - Two major influences are expected to significantly
improve the ability of Fulton County to attract and accammodate future growth,
and thereby expand local public finance. One is the Central Illinois Light
Canpany (CILCO) power plant, now neariny campletion. When the CILCO plant is
operational, it will double the total tax base of Fulton County (Sandberg,
1975). The expanded tax base is expected to yield the local revenues necessary
to enhance public facilities and services so as to facilitate growth. The
other influence is Federal and State funding of public works, such as the cur-
rently proposed road improvements between Peoria and Canton, which are expected
to substantially improve the regional attractiveness of Fulton County.

Contributions of the reclamation project to local public finance would be minor
as campared to the projected huge tax revenues fram the CILCO plant and poten—
tial ocutside public funds for road or other imrovements. Discontinuing the
project will result in lost county revenues. In 1975, the MSDGC paid to Fulton
County roughly $180,300 in real estate taxes and $53,423 in personal property
taxes. In 1977, these figures were $237,341.56 for real estate taxes and
$109,976.86 for personal property taxes. In 1978, the MSDGC paid $243,245.52
for real estate taxes and $116,810.59 for personal property taxes. Most of
this revenue would be lost if the project is abandoned and the land is not
reused. According to a statutory requirement, those formerly strip-mined
portions of the project area would be assessed at rates applicable to their
uses prior to strip-mining. Other portions would be assessed as unproductive
agricultural land.

Most feasible reuses of the land would produce much smaller public revenues
than were gained fram MSDGC tax payments. Even prime ayricultural land in
Fulton County (and very little of the project site can be considered as such)
is assessed at only $380 to $570 (1975 estimates, Fulton County Tax Assessor).
Public recreation or conservation uses would generate no tax revenues.

e. Agricultural activity - The soils and topography of northern Fulton
County, and of West Central Illinois in general, are well suited for agricul-
ture ard support highly productive principal crogs such as corn, 3oybeans, and
hay. Future productivity of local agriculture will be influenced tw the rich
loess soils and the generally level topography, as well as by changing methads
of agricultural production. Average farm size should increase while farming
should continue to become more capital and less labor intensive, causing con-




tinued decrease in farm employment and population. At the same time, trends in
farm pcoduction will increasingly favor the use of larger, more level fields
farms,

The impact of the project on agricultural activity in Pulton County hinges on
the potential productivity of the 4,344 acres of formerly strip-mined land used
for sludge disposal. It is assumed that sludge application to the 1,181 acres
of place lad will only marginally affect the oroductivity of these presently
fertile fields. Other portions of the project area are only marginally suited
to agricultural uses. Calculations based on 1970 data show an average annual
net return per acre from farmland in Fulton County of aporoximately $85 for row
crops amd $31 for pasture. These figures may be slightlv lower as the 1980's
begin. PFeedlots have a considerably higher return. This Suggegsts an ultimate
agricultural value added per year by the project of approximately $200,000 to
$300,000 (1970 dollars) due to reclamation and agricultural reuse. {1969 data
show a conty-wide produce value of $33 million on commercial-sized farms, or
farms with sales of over §2,500 per year.) These estimates of dollar return
should be viewed only as crude indications of the potential lost value of
agricultural productivity should the project be abandoned or full reclamation
not be achieved. The values of agricultural production fluctuate considerably
from year to ywar.

In its present state, land in the project area could be used primarily for
grazing and row-cropping. However, without reclamation utilizing sewage
sludye, any row-crop production on formerly strip-mined fields would depend on
liberal applications of costly chemical fertilizers, extensive soil condition-
ing, and rigorous conservation practices such as crop rotation. Continued
sludge application can be expected to enhance the nutrient and organic content
of the s0il considerably, and this would favor more intensive row=crop farming
over the grazing of livestock.

f. Mining and manufacturing - The future importance of strip

mining in MEgn' County may be determined by three factors:
Increagsing national consumption of coal for power generation
vertical integration of major coal consumers

Large amounts of strippable reserves in Fulton County.

Increasing coal consumption, interacting with air pollution regulations, land
reclamation requirements, and future improvements in sulfur removal from coal
or coal combustion gases, will jovern demand for high-sulfur coal such as
exists locally. The vertical integration of major coal consumers, such as
mine owmnership amd operation by a power company, could make large amounts of
capital available for the continued mining of Pulton County's coal reserves.
Previously unmined, yet strippable coal covers over S4 percent of the County
(Griffin and Chicoine, 1974).

Clearly, the enormous reserves, the availability of capital for their extrac-
tion and increasing use of high-sulfur coal would exert jreat pressure to




further exploit this resource. Nevertheless, coal mining is not likely to
be a future land use in the project area itself. The remaining thin, deeper
seams of coal below the project site are not nearly as well suited for future
extraction as are other reserves nearby.

The major industrial firms in Pulton County are the International Harvester
Company and the Central Illinois Light Company. Other large industries in-
clude J. C. Schaefer Electric, Inc. and Astoria Fibra Steel, Inc. Mich of
the influence of industry on local employment is applied by firms located

in southwestern Peoria County. New industries would be more inclined to
locate along the Illinois River than at the project site where road access
is comparatively oocor and cheaper water transportation for high bulk, low-
value cargo is unavailable. The water supply at the project site is inade—
quate to suoport many industries, and low local unemployment rates indicate
a low labor supply. Industrial location, both along the river and at the
site, is favored by large land holdirgs, low land prices, available railroad
transportation, close proximity to central markets, and the availability of
coal. Impetus for new industrial and commercial develovment will be redirect-
ed to the new Interstate Highway (Peoria-Kansas City) bisecting the County
and tangent to the Prairie Plan site.

The provision of internal access roads and the leveling of strip-mined areas
have lowered construction costs for industrial buildings in the project area.
However , wastewater 3disposal problems and highly mineralized water supplies
discourage industrial development there. Also, unstable soils add significant
costs and uncertainties to the construction of building foundations, hard-sur-
face roads, rail spurs, and underground pipelines. Thus, the project site is
neither physically nor economically adaptable for future manufacturing uses.
MSDGC does not, however, have industrial zoning classifications within any of
its approved land use reclamation plans.

g. Retail and wholesale trade - Puture retail and wholesale activities
in and near Tanton depend on the progress of road improvements. Non-neighbor-
hood retail business and most wholesale activities in Canton could be affected
adversely by increased accessibility of the Peoria market. Service activities
should continue to increase in Fulton County, tempered by the location in
Peoria of most highly specialized services.

Discontinuing the project would cause some temporary decline in the volume of
local trade and services due to lost purchasing power of current employees of
the MSDGC or its contractors. Reuse of the project land would be economically
unintensive.

2. Land Use

The analysis of land uses opportunities and constraints focuses upon the com-
bined effects of socio—economic demand and physical land suitability on the
future reuse of project land. Of course, land reuse is not assured by success~
ful reclamation; there must be actual economic demand. Once demand by society
is eatablished, the available land nust be physically capable of accommodating
the desired land use.
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Sludge application fields which were formerly strip—mined (4,344 acres) would
be attractive for added row-crop farming. While the addition of nutrients
and organic matter has been limited so far, the leveling of steep slopes,
removal of large rock fragments from the surface, and the installation of
erosion controls has increased the adaptability of these fields to row crops.

Cattle jrazing is not an economically competitive use in those areas which
were formerly row-cropped. Growing pasture, however, would be a more likely
alternative than row-cropping on the 4,344 acres of formerly strip-mined lard.
The major benefits from the project for pasture use are the leveling of strip-
mine spoil and the addition of nutrients and organic materials. Leveling
makes it possible to use farm machinery to control tree growth instead of hand
labor which is prohibitive in cost. Small portions of the project area are
well suited for the development of feedlots. Major on-site capability tfor
feedlots hasg been provided by systems installed to control and monitor
pollution from stormwater runoff. Such systems are necessary for environmen-
tally sound management of feedlots.

a. Potential for agricultural uses - Present and future feasible uses
for agricultural land In ﬁ'&rﬁ County Include row cropping, pasture, feedlots,
and forest management. Available information suggests that the future

economic demard for increased amounts of farmland will be small. Besides
shifting toward larger individual farms and increasing mechanization, local
ajriculture is chanmjing its comvosition. Deiry, winter wheat and voultry pro-
Juction have declined, while corn, soybeans, swine, and beef cattle oroduction
have increased. Increases in beef and vork production have been encouraged by
expanding local and regional meat packing facilities, notably Oscar Mayer. A
trend toward feedlot production can be expected to be matched by increasing
owoduction of corn for feed.

Steep slopes and severe problems of access in unreclaimed strip-mining areas
have caused failure of previous local attempts to manage timber crops. The
steep slopes of the strip-mined portions of the project area have been leveled
and many access roads have already been built as a part of the MSDGC project.
However , there would be a long time lag before the first timber harvest, and
considerably more local land would have to be planted with trees to provide
enough continuous supply to support a local lumber products industry. ne
attempt at beef ranching was also tried prior to the MSDGC project.

Continued sludge application followed by reuse of the project site could have
a major beneficial impact during the entire application period, The project
could serve as the principal site in the U.S. for evaluating the effects of
various application methods in different agricultural activities. The experi-
ment would be highly valuable in assisting other communities in designing and
managing their sludge disposal systems. Continued sludge application would
also affect the eventual reuse of the project site. The future productivity
of the formerly strip-mined areas can be expectsd to increase significantly
with the continued application of sludge, possibly making row-crop production
economically feasible.

b. Residential uses - Puture demand for housing in Pulton County will
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peimacily reflect projected population increases and replacements of the exist-
ing housing stock. This housing demand will concentrate in central places
(pcimarily Canton, Lewistown and Farmington) and in eastern portions of the
County which have easy access to developiny industrial employment in Peoria-
Pekin and along the Illinois River. Although the population of Canton can be
expected to increase, the size of this increase will be limited in two ways.
First, employment centers and regional facilities in Peoria are presently
relatively inaccesaible to the Canton population. Second, the trend in
suburban expansion of Peoria demonstrates that the outer ring of this expan~
sion is not likely to reach Canton in the foreseeable future.

T™wo independent methods are used to calculate future housing demand. ne is
based on population projections; the other is based on trends in the issuance
of buildinjy permits. Population projections by the State of Illinois Bureau
of the Budget (1975) predict a countywide populatijon of 42,031, for 1980 and
44,691 for 1990. Assuming 3.5 persons per household, this population increase
would add nearly 460 by 1980 and a total of over 1,300 units by 1990. Con-
sidering all factors, the total number of new units might exceed 600 by 1980
and 2,000 by 1990. Building permit data substantiate these projections. Data
from 1972 to 1975 show that building permits were issued for an average of 98
sinyle-family homes and 48 mobile homes each year. The average number of
building permits issued per month significantly increased from 1972 to 197S.

There are major constraints to residential uses in the project area. These
telate primarily to water quality and the problems of building on unconsoli-
dated materials. Local groundwater is too highly mineralized to be suitable
for drinking water. The naturally clear, deep blue local lakes are attractive
to residential development. However, this clarity results from deficiencies
of nutrients necessary to support algae growth. Experience in Wee-Ma-Tuk
Hills demonstrates that even well-maintained aerobic septic gystems with a
sand filter and chlorinated discharge cause nutrient over-encictment and con-
sequent aesthetic degradation of the lakes. These systems are the most
feasible for the project area, yet they cost $1,500 more than a conventional
anaerobic septic system (Muehler, 1975).

Building on the unconsolidated matecrials of strip-mine spoil adds other
premium costs to home building. Settling problems force homes to be built on
reinforced slabs that average $1,000 in cost above conventional foundations
(Muehler, 1975). Potential settling also adds significantly to the cost of
providing and maintaining pipelines and hard-surface roads. Despite such
serious constraintsg, improvements made by the MSDGC to the formerly stripmined
portions of the project site have increased its suitability for residential
use. These improvements do not, however, counter-balance the constraints
which, together with the availsbility of numerous competing home sites through-
out the county, make future residential development highly unlikely.

¢. Recreation and conservation uses - Poor accessibility will be a
major limitation on the number of visitors to a recreation facility in the
project area. Poor road conditions compound the difficulty in getting to
the project site from interstate highways or major population centers. Of
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course, poor accessibility hinders but does not preclude large numbers of
travelers. Past records have shown more than 100,000 visitors to Dickson
Mounds State Park and 100,000 visitors attended the four-day Spoon River Dxive
Fall Festival (Bordner, 1975; Shields, 1975).

The attractiveness of a regional recreation facility in the project area would
be enhanced by the diveiLse attractions in nearby Spoon River Valley, along the
Illinois River, at Dickson Mounds State Park, and in numerous formerly strip-
mined areas. They are often used for hunting, fishing, camping, and driving
off-the-road vehicles such as trailbikes and snowmobiles.

Probable recreation and conservation uses in the project area include hunting,
fishing, camping, native prairie and wildlife and an outdoor ecology labora-
tory. The MSDGC's past and future alterations of the project site can be
expected to exert important influences upon each of these activities., Con-
tinued sludge application would add organic material and mineral nutrients in
qQuantities sufficient for the growth of a greater diversity of plant species
than are normally found in unteclaimed strip-mined areas. Increased plant
diversity generally lexds to increased diversity in wildlife.

The pH values, alkalinity, conductivity, and concentrations of total phospho-
rus, sulfate ion, calcium, votassium, sodium, aluminum, iron, magnesium,
manjanese, mercury, nickel, selenium and fecal coliforms remain close to the
1971 and 1972 baseline conditions (see Chapter IV). Recent concentrations of
cadmium, chromium, copper, lead and zinc are lower than the baseline concen-
trations. In 1971 and 1972, 40 vercent of the wells tested contained exces-
sively high levels of chemical constituents. When retested between 1973 and
1975, after the project had begun, the statistic was the same. Groundwater
constituents are, therefore, probably influenced by sources unrelated to

the project.
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VI. ALTERNATIVES TO THE PROJECT

The Draft EIS presented a more thorough discussion of sub-alternatives to the
complete system, such as dewatering, digestion, and drying systems. This dis-
cussion is not presented here. Only the volume reduction or disposal alterna-
tives are presented. It should be kept in mind that digestion processes are
not needed for incineration, but are mandatory for land application alterna-
tives. It became necessary to update costs as presented in this Chapter.
Periodicals and EPA mnanuals were reviewed tu determine recent capital and
operation and maintainance costs for various sludge disposal orocesses. How-
ever, the literature did not present costs in a manner that could be applied
to update the costs used in the discussion below. There was no way to compare
the costs accurately without making some assumptions and changing some of the
sludge quantity parameters. In order to be consistent, costs used in the dis-
cussion below remain unchanged from the Draft EIS. Following each category of
sludge disposal, the costs have been updated tc 1980 by using the EPA Sewage
Treatment Plant Construction Costs Index.

The ratio of the March 1980, EPA Construction Cost Index for Sewage Treat-
ment Plants to the base year cost index was used in the cost updating

process. As an e.ample, the cost index for March 1980 is 357.5. The cost
index for = 1972 cost is 172.0. The ratio of indices indicates the magni-
tude of cost increase to construct or operate wastewater treatment plants.

A. Disposal or Utilization Alternatives

1. Incineration

Dewatered sludge cakes from vacuum filters and centrifuges can be sterilized
and reduced in volume by incineration. Incineration destroys organic matter
in the sludge and dewaters the sludge by evaporation. The two types of
incinerators most applicable to sewage sludge are multiple hearth and flui-
dized bed incinerators.

The multiple hearth furnace consists of a circular steel shell surrounding a
number of stack-up solid refractory hearths. Partially dewatered sludge is
continucusly fed to the upper hearths, where the sludge is heated and vapo-
rized at roughly 1,000 degrees F. Openings in each hearth allow sludge
particles to crop to the next lower hearth. A high-temperature ccmbustion
zone between 1,600 and 1,800 degrees F is formed in the intermediate hearth,
where volatile gases and solids are burned. The bottom hearth serves as a
cooling zone. Fly ash is removed from the exhaust gases by wet scrubbers.

The fluidized bed incinerator consists of a combustion reactor or bed of
fluidized sand which is supported by upward-moving air. Intimate contact
between the sludge particles and oxygen is achieved by rapid mixing of the
fluidized sand grains.

Because of the large surface area provided by the sand particles, heat
exchange between gases and solids is extremely rapid. Sludge is burned in
the combustion zone at 1,400 to 1,500 degrees F. Auxiliary fuel is usually
required when secondary sludge is burned. However, after start-up, dewatered
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raw primary sludge may be burned without this supplementary fuel. The resi-
dual ash particles are removed from the reactor by the upward movement of
combustion gases. Ash particles are removed from the gas phase by wet
scrubbers.

From the study of a model city with 10,000 people contributing 2,530 tons

of solids per year, the capital and operating costs for multiple hearth
incineration aie given in Table V1-1, Annual Capital and Operating Costs for
Multiple Hearth Incineration (Quirk, 1964). The totzl annual capital, operat-
ing and maintenance costs for a plant handling more than 500 dry tons of
sludge per day are less than $15 per dry ton, based on the 1972 dollar (Stan-
ley Consultants, 1972). Utilizing the 1972 base index of 357.2, the 1980 cost
would be $31.20.

Table VI-1. Amnual Crpital and Operating Costs for Mulciple Hearth
Incinera.‘on (Quirk, 1964)

(dollars per ton of dry solids)

Incineration Without 1980* Incineration With 1980*

Deodorjzation Deodorization
Capital Cost $ 9.15 29.73 $9.47 30.77
Operating Cost $ 6.36 20.¢e7 $ 9.50 30.87
Total Annual Cost $15.51 50.40 $18.97 61.64
357.5

*To convert to 1980 dollars, multiply each number by 110 , or 3.25.

The annual capital and operating costs reported for fluidized bed incinera-
tion at Lynnwood, Washington, ranged from $26 to $35 for systems serving
populations of 22,000 and 8,000, respectively (Alberson, 1965). At the
East Cliff Sanitary District Plant, California, operating costs of approxi-
mately $25 per dry ton per year were reported (Sohr et al., 1965).

The cost index for 1965 is 112. Therefore the ratio with the March 1980
index of 357.5 is 3.19 yielding:

3.19 X $26 = $82
3.19 X $35 = §112
3.19 X §25 = $80




Pactors affecting the cost of sludge incineration are:
* Nature of the sludge

* Amount and type of chemical used in sludge
conditioning before mechanical dewatering

* Degree of mechanical dewatering

* (Costs of fuel, water and power

* Extent of air pollution control required
* Size and design of the treatment plant

Environmental considerations for incineration are centered around air and
water pollution. Air vollutant emissions include particles, odors, sulfur
oxides, nitrogen oxides, and volatile trace metals such as mercury. Wet
scrubbers are efficient in removing fly ash but ineffective in caoturing
hazardous sub-micron particles (diameters between 0.1 and 1.0 millionth of
a meter can lodge permanently in the lung). The wastewater from the scrub~
bers requires treatment to avoid water pollution problems.

Odor problems associated with incineration are of congtant concern. Incom-
plete combustion or partial breakdown of organic volatile molecules is the
major cause of odor. Maintaining an exit temperature of 1,200 to 1,500 de-
grees F is effective in destroying odorants. This measure, however, requires
auxiliary fuel and burners. High solids dewatered sludge cake (35 percent
or greater solids) made by heat treatments and/or high pressure filtration
requires no additional fuel. Volatile trace metals which escape the scrub-
bers have some adverse impact on the environment. Economical means for
removal of these emissions are not available. The relatively high fuel con-
sumption for incineration, as opposed to other sludge processing methods,
creates an impact on the enviromnment and non-renewable resources.

2. Heat Drying for Soil Conditioners

Heat drying removes moisture from sludge, thereby providing for efficient
incineration. Heat drying also prepares sludge for conversion into fertili-
zer. Drying is necessary in fertilizer manufacture to permit grinding and
to reduce the weight of the sludge.

Dewatered sludge is mixed with dry sludge to reduce moisture content and
particle size. The mixture is then fed into a flash drying system. In the
gystem, sludge is passed through a high-temperature-and-turbulence zone for
a few seconds, reducing the moisture content to 2 to 5 percent. Heat-dried
sludge is separated from the gaseous phase in a cyclone separator. After-
burners at a temperature of 1,400 degrees P or higher are frequently required
to deodorize stack emissions.




A study of the economic aspects of heat drying in a medium size plant, hand-
ling 2,530 dry tons per year, revealing that the annual capital and operating
costs approximate $37 per dry ton with stack gas deodorization and $29 per dry
ton without deodorization (Quirk, 1964). These costs do not account for the
sale of dried sludge as fertilizer or as a soil conditioner. The cost index
for 1964 is 110.0. The 1980 cost would be $120 and $94, respectively.

Heat drying consumes more fuel than incineration processes. It also contri-
butes to air pollution by emitting suspended particles, nitrogen oxides, sul-
fur oxides and trace metals. However, heat drying has less air pollution
potential than does conventional incineration, which reguires combustion tem—
peratures. Cost of air ovollution abatement of exhaust gases can be substantial.

3. Sanitary Landfill

Sanitary landfill can be used for disposal of sludge, grease and grit, stabi-
lized or not, if a suitable site is available.

The landfill is most beneficial if it is also used for disposal of refuse and
other s0lid wastes. Liquid sludge acts as a wetting agent which increases
compaction of the landfill; sludge cake or incineration ash mixed with refuse
increases the density.

Sanitary 1andfills can be divided into two major categories—area landfills,
which are on relatively flat terrain, and depression landfills, which utilize
natural or man-made depressions in the landscape such as a quarry or gravel pit.

Sanitary landfills have traditionally operated at low unit cost. Capital
costs for landfill include investment in land, site facilities, and equioment.
A general capital cost cannot be estimated because of the wide variability in
land prices. Annual operating costs for sanitary landfills were reported to
vary between $0.50 and $2.00 per wet ton (Stone, 1962). The cost index for
1962 is 107.0, yvielding a range of $1.67 to $6.68 for the costs, updated to
1980. These figures are very low compared to other landfill data. Therefore,
overall costs are largely determined by hauling costs and land prices. Exclud-
ing land investment, the total capital, operating and maintenance costs are
estimated ¢ range downward from $1.80 to $1.20 per wet ton of sludge per year
for operations of 1,000 to 10,000 wet tons per day, respectively (Stanley
Consultants, 1972). Increased emphasis on environmental effects may elevate
costs of sanitary landfills. The cost index for 1972 is 172. The range,
expressed in 1980 costs would be from $3.75 to $2.50.

Poor management of sanitary landfills can result in adverse environmental
effects. Dewatered sludge and other solid wastes in landfills degrade chemi-
cally and biologically to produce solid, liquid, and gaseous products. Micro-
biological decomposition of landfill material initially occurs aerobically,
and then anaerobically when oxygen is depleted. Characteristic waste products
of aerobic decomposition are carbon dioxide, nitrate, and nitrite. Migration
or leaching of nitrate and nitrite can cause groundwater contamination. Typi-
cal products of anaerobic decomposition are methane, carbon dioxide, water,
organic acids, nitrogen, ammonia, inorganic salts, and hydrogen sulfide. Some
of these products are odorous. Acidic products can lower the pH value of the
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landfill and cause mobilization of trace metals which may affect the quality
of surface and groundwater. Nuisance conditions such as odors and flies can
be minimized with daily coverage of the waste, but cannot be avoided altogether.

In most areas, available land conveniently located is becoming increasingly
scarce and old sanitary landfills are now being used for development. In
general, this reuse was not contemplated during the construction of the origi-
nal fill. Uneven settlement and voor bearing strength of fill materials pre
sent foundation problems which significantly increase construction costs.
Total failure of structures built on landfill sites has been revorted. There-
fore, it may be desirable to build landfills so that future development can be
undertaken at reasonable cost (Sowers 1968).

The Northeastern Illinois Planning Commission has noted in their 208 studies
that landfill sites in Northern Illinois will be practically non-uxistent
within the next ten years.

4. Lagooning

Lagooning has been the most popular sludge disposal method for industrial
wastewater treatment plants; lagoons are also used at municipal plants.
Lagooning can be used as a contingency method of sludge handling and storage
while other sludge processes are temporarily overloaded or out of service.
Lagoons can be divided into three classes: thickening, storage, and digestion
lagoons; drying lagoons; and permanent lagoons.

Digestion of sludge in the first type of lagoon is a lengthy process which
creates multiple nuisance problems. Drying lagoons certainly compete with

the use of sand drying beds. The sludge must be digested before entering the
lagoon, Removal of dried sludge, which must be disposed of by other means, is
necessary to maintain the effective capacity of a drying lagoon. Maltiple
units and supernatant decanting devices are required in the first two types of
lagoons, as the supernatent is always returned to the head of the plant. A
permanent lagoon, one from which the sludge is never removed, in an ultimate
disposal site similar in function to sanitary landfills has proven to be the
most economical method of sludge disposal where suitable sites still exist.

Variables in lagooning operations are land availability, climate, subsoil
permeability, groundwater table elevation, sludge characteristics, and sludge
loading rates. Land available adjacent to the treatment plant substantially
reduces sludge hauling costs. Good climatic conditions, which enhance evapo-
ration of sludge water, are necessary for efficient performance. Soil permea-
bility and groundwater elevation affect lagoon performance by determining the
rate of drainage and the potential for groundwater contamination. Raw sludge
generally requires less lagoon capacity than digested sludge. One cubic foot
of lagoon can handle 6 pounds of raw sludge per year as cowpared to 2.3

pounds of digested sludge per year. Construction costs of sewage stabilization
ponds in the Midwest were reported to vary between $1,000 and $3,000 or more
per acre. The cost index for 1972 is 172.0. The range expressed in 1980 costs
would be from $2,080 to $6,240. Lagoons constructed in depcession areas can be
significantly cheaper (Howells and Dubois, 1959). Excluding land investment,
the construction costs of lagoons were estimated to range downward from $28.62
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to §12.70 a year per acre-foot for lagoon capacities of 10 and 100 acre-feet,
respectively. The costs are amortized using a 7 percent discount rate over
20 years and are based on the 1972 dollar (Stanley Consultants, 1972). The
cost index for 1972 is 172. The range expressed in 1980 costs would be from
$59.52 to $26.42,

Literature reviews show that the operating and maintenance cost of sludge
lagooning range from $1.00 to $3.50 per dry ton of sludge per year (Dubois,
1962, Caron, 1964, Burd, 1968). 1In 1972 dollars, the annual operating and
maintenance costs were reported by Stanley Consultants to be approximately
$5.00 per dry ton for a plant producing 100 dry tons of sludge per day.
Costs will increase if the sludge is transported long distances for lagoon-
ing. The cost index for 1972 is 172 and the costs can be updated to $10.40,
in 1980,

Lagooning of raw sludge creates nuisance problems such as poor odor emission
and insect infestation. Nuisance problems associated with lagooning of di-
gested sludge are less severe, To minimize these problems, adequate buffer
distances must be provided between the lagoons and the nearest sensitive
receptors. Seepage and percolation of sludge water through permeable soil
can present groundwater pollution problems., Lining the lagoon can prevent
groundwater contamination, but this will increase both initial and operating
costs; artificial drainage may be required due to loss of subsoil drainage.

S. Ocean Dumping

Ocean disposal of industrial and mmicipal sewage sludge has been commonly
adopted by municipalities close to the sea, Some of the largest cities in
the United States, including Boston, New York, Philadelphia, and Los Angeles,
dispose of their sludge in this fashion. Ocean disposal was an economical
solution for cities located along the coasts. However, ocean dumping has
created severe environmental and public health problems. This method will
be phased out soon and no further discussion is provided here.

6. Pertilizer Production

Sewage sludge has been used as fertilizer and soil conditioner for many years.
The use of liquid sludge has been rather limited because of handling difficulty,
but dried sludge reduces this problem significantly. Preparation of these
sludge products can be achieved by air drying on sand beds, mechanical
dewatering, or heat drying, as discussed previously in this chapter.

The value of sludge fertilizer is determined by nitrogen, carbon, phosphorus,
and potagssium contents. Hence, the value of sludge as a fertilizer is limited
because of low concentrations of nitrogen, phosphoric acid, and potash. How-
ever, the high content of organic material in sewage sludge provides for
excellent soil conditioning. The phosphorus content of municipal sewage sludge
was significantly increased with the use of phosphate detergents (Anderson,
1956). Of course, this may not be as true currently because of the development
of low phosphate detergent3a. Of particular interest to agronomists is the car-
bor-nitrogen ratio pf sewage sludge. A study of sludge characteristics in five
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municipalities indicated that the nitrogen content ranged from 2.0 to 6.0
percent; carbon 21 to 47 percent; phosphoric oxide 1.0 to 11 percent; ash
content 24 to 52 percent; and humus 33 to 41 percent (Anderson, 1956). In
general, digested sludge has a lower fertilizer value because the nitrogen
content is reduced 40 to 50 vercent by the digestion process.

In the past, many treatment plants with heat drying equipment converted from
fertilizer production to sludge i.acineration or landfilling, because the
sludge fertilizer market could not be successfully developed. This trend has
been reversed recently because of the high-energy demands of incineration and
the scarcity of landfill sites., Based on potential sales revenues and the
concept of recycling nutrients, fertilizer production may gain more public
acceptance. For example, Milwaukee, Chicago and Houston have successfully
marketed large guantities of heat-dried activated sludge for many years. The
price has depended on the nitrogen content of the sludge and has varied from
$12 to $18 per ton (Burd, 1968). The cost index for 1968 is 123.6. The range
in 1980 costs is between $34.71 and $52.06.

Over 200,000 tons each year were sold by these cities for application to
crops, golf courses, and park land. However, most cities have donated sludge
dried on sand beds in order to dispose of it off the plant site.

The major environmental concerns over the utilization of sludge as fertilizer
or soil conditioner deal with possible health hazards from pathogenic micro-
organisms and trace metals and nom-point source water pollution. Pathogenic
microorganisms are destroyed by heat drying, but pathogens in air-dried or
mechanically dewatered sludge might contact food plants or fodder and be
ingested by humans or livestock. Trace metals such as zinc, nickel, copper,
cadmium, lead, chromium, and mercury may be selectively concentrated or
biomagnified through the food chain, presenting health problems to domestic
animals and man.

Uncontrolled application of dried-sludge fertilizer may also contribute to
non-point source water pollution, which is extremely difficult to confine
and regulate. Wwhen assessing the benefits of stabilized sludge used as
fertilizer, potential consequences to the environment must be weighed.
Perhaps controlled distribution, mandatory sterilization, and limitation
of dried-sludge fertilizer application to plant species having low rates
of uptake and concentration of harmful substances would render this waste
product safe enough. The costs of pretreatment or advanced treatment

of industrial wastewater, using carbon absorption or other means to remove
heavy metals, might be offset by the increased value of safe sludge ferti-
lizer.

7. Composting

Composting is defined as the aerobic thermophilic decomposition of organic
wastes to a relatively stable humus by microorganisms. The product of compost-
ing can be used as a s0il conditioner. Traditionally, composting has been

usad to stabilize solid refuse. Sewage sludge has only occasionally been used
in solid refuse composting. Composting systems generally fall into three cate-
gories: pile, windrow, and mechanized or enclosed systems.
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Camposting consists of three stages; mixing, composting and maturing. Solid
refuse is sorted by screening and magnetic separation, and is pulverized in
a grinder. Sewage sludge is then mixed with the pulverized refuse. The mix-
ture is placed in windrows, pits, or silos for decamposition and stabiliza-
tion. The compost row or pile is normally turned daily for 2 weeks or longer
with a composter, except during periods of rain. Under oroper camposting condi-
tions, temperatures in the windrow range from 130 to 150 degrees P, falling
into the thermophilic range wherein the rate of decomposition is the highest.
The heat generated as a regult of thermophilic microbial oxidation creates a
convection current, supplying air to the microorganism. High temperature
also can provide for efficient destruction of pathogenic organisms and weed
seeds. For effecient compostin, the optimum pH of the material should be
neutral .

After decomoosition, the compost row or pile is flattened for further drying.
Material removed from the composting system is cured for at least 30 days,
which provides further stabilization. Besides s0lid refuse, other bulking
agents such as sawdust, shredded paper, or wood chips can be used for sludge
composting.

The Agricultural Research Service at Beltsville, Maryland, has studied sludge
camposting for several years. The capacity of the compost site is approxi-
mately 100 to 150 wet tons per day. Their experience suggests that the major
problems associated with the operation are adverse weather conditions and
odors. The study concluded that the annual capital and operating costs for
camposting 200 wet tons per day of digested sludge with 20 percent solids is
approximately $7.31 (1980: $12.03) per wet ton or $30.00 (1980: $49.50)

per dry ton of sludge. The operating cost alone accounts for $4.10 (1980:
$6.76) per wet ton or $16.80 (1980: $27.72) per dry ton. Wood chips contri-
bute over $2 per wet ton to the costs, most of which is for hauling. The
oost estimate does not consider benefits from sale of the product. FRodale
and Scott reported that compost has been sold for $2.00 (1980: $5.78) to
$90.00 (1980: $260.10) per ton {Burd, 1968). The smaller figure was the
price of large quantities of raw compost; the large figure was the price

for small gpecialty markets such as gardens and golf courses.

The environmental problems associated with composting are odors and attrac—
tion of insects. Odor nuisance seems to outweigh insect problems. If the
compost system is too large, dense, or wet, anaerobic conditions may set in
and produce undesirable odors. Enclosing the system is beneficial but
increases cost. Distributing camposting products as s80il conditioners pro-
vides revenue, but may cause the same envirommental problems as pertain to
fertilizer production, discussed previously in this chapter.

8. Soil Reclamation

Application of liquid sludge to land is a practice dating back to antiquity,
especially in England (Benarde, 1973). In the United States, disposal of
sswage effluent or digested sludge on farmland has not been widely practiced,
due partly to the past availability of inexpensive and conveniently handled
inorganic fertilizer. However, higher costs and environmental risks with
other methods of sludge disposal are making them less attractive. This fact
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prompts many wastewater management organizations to seriously consider the
alternative of land application.

St. Mary's Pennsylvania, has disposed of digested sludge on hay fields, pas-
ture, corn stubble and athletic fields. The application rate for pasture is
about 64 wet tons per acre per year with 3.7% solids. Raw sewage from Muske-
gon, Michigan is pumped to a series of aerated lagoons. The effluent from
the lagoons, whose quality is equivalent to that from secondary treatment,

is sprayed on farmland. The projected capacity of the system is 43.4 million
gallons per day (MGD), including an industrial flow of 24 MGD (Chaiken,
Poloncsik, and Wilson, 1973).

Digested sludga has normally been utilized for land application, because raw
primary and activated sludges decaompose and create a nuisance. Liquid digest-
ed sludge can be apolied to fields by spraying, soil incorporation, soil
injection, ridge and furrow irrigation, and infiltration by shallow impound-
ment. Each method has specific advantages and disadvantages in terms of
workability, reliability, and environmental effects. Transvortation of sludge
to the application site can be accomplished by tank truck, railroad tank car,
enclosed barge, or pipeline, depending upon transport availability, site loca-
tion, and cost-effectiveness. Detailed discussions of transportation are
presented in the following section.

The rate of sludge application to land is determined by a number of factors,
including climate, topography, hydrology, and soil and sludge characteristics.
Literature review indicates that a wide range of application rates up to
several hundred dry tons per acre per year have benefited soil and crop
growth (Table VI-2., Digested Sludge Application Rates, Burd, 1968; Ewing

and Dick, 1970). Upper limits are not yet recognized; ultimately they will
be determined by the build-up of nutrients and heavy metals in the soils

and future land use.

The land application process recycles inexpensive and useful organic and
inorganic materials back to the land, conserves non-renewable resources such
as inorganic fertilizers, and eliminates costly sludge thickening and dewater-
ing. The capital costs for land application include land acquisition, access
roads and fencing, site grading, sludge storage facilities, distribution
systems, and application equipment. Operating costs include sludge transpor-
tation, sludge application and crop cultivation., Systems to monitor and
control environmental effects further add to costs, and should be accounted
for and weighed againat those for other alternatives for sludge disposal or
utilization, Table VI-3., Land Spreading Costs (Burd, 1968; Dalton et al.,
1968), presents reported unit costs associated with land spreading of sludge.
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Table VI-2 Digested Sludge Application Rates (Burd, 1968; Ewing and Dick, 1970)

Approximate Approximate
Solids Dry Solids
Reference Year Type of Sludge Concentration Loading Remarks
(%) {ton/acre/yr.)
Kershaw and Wood 1952 Digested primary 4.0 2.5*% England.
and activated sludge
Merz 1955 Digested primary San Diego; 25 tons/
sludge 6.5 10-100 acre equivalent to
commercial fertilizer.
California State 1957 Digested -- 100-300* California; high to
Water Pollution low rainfall areas,
Control Boards respectively.
Nusbaum and Cook 1900 Digested - 1,000* San Diego; land re-
clamation.
Wolfel 1964 Digested primary 4.1 3.0* Pennsylvania; well be-
sludge low commonly reported
application rates.

-- -- Digested primary and -- 2.0* Nine Pennsylvania com-
activated sludge or munities; well below
trickling humus commonly reported ap-

plication rates.
Troemper 1965 Digested primary
and activated sludge 6.0 61 Springfield, I1linois;
average application rate.
Hinesly and Sosewitz 1968 Digested 3.0 8-29* Chicago; soybeans and

*No indication of annual repetition, so units may be ton/acre.

corn responded favorably.



Tﬁle VI'3 .

tand Saxeading Costs {Burd, 1368; Dalton et al., 1358

Refer ance Year
Scanlon 1357
Nusbaun and Cook 1959-1960
Nusbaun and Cook 1960
Dalton et al. 1953
Burl 1958

avoroxinate

oot ey BT
ton of Ity solids

37.50

$10.00

4.00

$20.00-23.00

$4.00-30.00

Renarks

YNew York, about
the sane as
bar 3iny to sea.

San DieJo,
21-aile haul.

San Diajo, $1.50
for oipeline
transfer .,

Chicajs Sanitary
oisteict preli-
ninacy estimate,

Senedal canje
with $10/ton
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The wide ranje in costs is Jus to the various haulingy distancas cavortel in
zach of the stuldies. The construction cost, amortized capital cost, opet-
atiny and maintesnance cost, and total cost, sxcludiny lani amoctized at 7
percent over 20 years are oresented in Pijure vI-l., Surface Sor2alingy Costs
(Stanley Consultants, 1972), baszd on the 1972 dollar. For a ordject caoa-
city of 1,000 dry tons ver Jay, the total annual cost is avoroximately §7
ver 3Icy ton of sluije,

The major oroblem associat2d with land application is oublic acceotance.
potential environnental oroblems include transwission of odors and airborna
Pathojens, build-uo of nutrisnts and heavy metals in the 30ils, surface

water and jrouniwater contamination, and bismajnification of toxic substances
in food chaing of transfar 5f vathojens by injestion, if agcicultural oroduce
is raised on the apolication fields. Proper choice and conteol of 3ludje
aoolication methods, catas and veriods, an3 orover wonitoring and collution
control should eliminate o nininize sone of these enviconmental oroblems,

3. Transoortation

31udje transvoctation is an intejral oart of sludje 1isvosal > utilization.
Teansoortation fceguently exerts a sijnificant influence uoon overall costs.
Jotinization of sluije haniling and disoosal or utilization requires exami-
nation of the celiability, costs, and enviconnental 2£fects of various sludje
tcansoortation modes. Thece ace four identified: truck, rail, barje, ani
oivelina.

l. Ttuck Transooctation

Hauling of sludge by tcuck offers tha advantage of flexibility in coutes and
Jagtinations., Liguid sludje can be hauled by trucks from one treatment vlant
to another for furthac treatment of iisposal. Dewateced gluije is coanonly
hauled by trucks to landfill sites for 3isposal, or to stockoiles for subse-
quant utilization as fertilizer and 30il conditioner. Hauling distance can
canje from a fow miles to several hundred miles.

Bcononics of trucking sludje is determined by haulinj distances and sludge
chacactecistics. Unit costs increase with incr2asing solids coatent and haul-
iny distance. A comoparative study of the costs of tcansococting 3.5 oercent
solids by oipeline, tank truck and cailroad tank car indicates that trcuck
transooctation is the nost economical mode for listances uo to 150 miles and
for a treatnent olant size of approximately 1.5 MGD. Truck hauling costs oer
wet o¢ 3ty ton of slulje are uresented as a function of slulge hauling dis-
tarces and soliis content in Pijure VI-2., Truck Costs (Rildell and Cormick,
1963; 3tanley Consultants, 1972).

The Slue Plainsg tceatment 2lant in the District of Columbia in 1973 used its
iijested sludge for ceclaining marjinal soils, Iruck hauliny and final disopo-
sal of aluige cake (208 =30lils) were handlel by a oxrivate contractor at a cost
of $6.95 vec wet ton, In 1974, the contracted nric2 was up to $8.25 oer wet
ton (Cassel an3 Mohe, 1974).
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Figure vi-1  Surface Spreading Costs (Stanley Consultants, 1972)
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Health hazaris and odor nuisance associated with sludje hauling by trucks
ace nininized by tha use of special trucks with a sealed tailjatz amd taroau-
lin cover or, in case liguil sludge is hauled, 1 s2aled tank. Howaver, the
mois2 and air pollutants jenerated by the tcucks en routz to lisoosal oc
utilization sites are jenerally unavoilabla.

2. Rail Transportation

Railcoads ace an attractive node for sludje transpoctation when tracks ace
near the orijin amd Jestination of the sludje and lony iistance hauling is
tequiced, Ligquid sluije can be hauled by rail tank cars, and jewataced sludje
in 2ithec open or closed hopoer cars. Major structur2s cajuiced for railroad
tcanspoctation ace loading and unloaling facilitias.

Recently, sowe attention has bsen jiven to the unit train concaot as a neans
of hauling sludje and refus2. The ta2chnold3jy is available and undec consile-
cation by several wetcopolitan districts. The unit train in this instance
aight be comorisad of 30 cacs or vehicles. EBach vahicle is a 20,000-3allon
tank car with special fittings, and can handla a 1oad of 80 tons of sludge.
Th2 train coull maka journeys of several hundred niles, Indoor aor sutdoor
systams could loal sludje 2ithar throuzh the too of the tank or thcoush a
loading connection at the bottom. Complately automnatzd systems could loal
400,000 3jallons of sludjs into 20 cars in l2ss than 3 1/2 hours with a three-
man crew. 9y increasing oumoing ratas, the facility coull loai 500,000 3al-
lons of sludy2 in 2 1/2 hours. A two-man or2w could unload the sludj2 in
appcoxinately 2 hours. 3ased on a 200-mile journey, tha 30-car unit train
woull have an overall turn—around tine of 43 howrs (Kostalich, 1973).

8Sased on a Jaily handling catz of 7,000 wet tons, the hauling cost for a unit
teain would be less than $2.00 per ton of wet sludje containinj 6 veccent
901133 (Kostalich, 1373). The wnit cost of haulinj sluije by a cejulac traia
is hijher and i2vends on the rate structures, which vary with jeojcaohic loza-
tion. On ceviawing the haulinj contracts for Philadelohia and 5an Prancisco,
unit costs werza founmd to be $5.39 oer ton and $6.25 pec ton, respectively.
The former fijure includes final 3Jisposal; tha lattar Joes not (Stanley Con-
sultants). The unit cost per iry ton of sludje as a function of hauliny
distance is jiven in Fijue VI-3., Rail costs {Riddell ani Cornick, 1968;
Stanley Consultants, 1972). P> 3listancas 3jr2ater than 150 nilas, rail
transpoctation iz noce econonical than trucking foc treatment olants of 1.5
MGD, 3Senerally, the cost of c¢ail transportation could be reduced in half if
the unit train concept wete utilized (Easton, 1370).

The enviconnental hazacds of hauling sluige by cail are sinilar to those foc
teuck hauliny. Howsver, in the event 5f an accijent, enviconmental iupacts
could be worse because of the vastly incraased amount of sludje.

3. Barje Trxansvoctation

8arjing of 3sludje must be consileced as an altecnative mode of shivoing when
navijable waterways are available between orijin and jestination. Large
uantitiss of sluidge can be transvorted efficiasntly, and often bacjes can
be rented,
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The cost of barjing 250 uiles from Washinjton D,C., has been regorted as

$3.50 (1980: 310.12) per wet ton (Smith, 1968). The bar3jing of sludjye 133
ailes on the Illinois River from Chicajo costs 31.80 (1930: $5.20) oer wet
ton, based on a shiopingy cate of 9,000 tons per day (Stanley Consultants).

gnvicommental consijecations in bar3zing sludje are comoletaly diffecent from
thoss for truck oc cail haulinj. Accidental spills of sludje from bargjes
coull cause savere short-term irreversible imoacts such as fish kill or
Jestruction of local benthos. However, the orobability of this occurring is
very small,

4. Pioeline Transportation

Pumoingy of sludje a3 waste slurcies through oivelines has been oracticed for
nany y=ars, Shoct iistance oumoing of sludge axists in mwost sewaje tczatmnent
plants. Tansporting sludye dipelines has algo becore a opular wode far
internediate anl long 3iistances.

When ass2ssing this altecnative, the main factor to consilec is the hydraulic
characteristics of the sludye, Sludje containingy S peccent solils flows as
Newtonian liquil, which is sinilac to water with cespect to friction and oower
tequirswents, Sludjye with jceater than 6 percent solils possesses plastic
propecties, requicing a ocohihitive amount >f enecjy for lony distance pumping
(Sparr, 1971). A aininun flow velocity must be maintained to prevent soliis
fron settling and to sustain the flow Jurinj turbulence. xther oroblems asso-
clated with sludye oumpingy are jcease buildup and pipe corcosion. Degyreasing
the sludje orior to pumping and installing orotective pipe lining coulld avoid
thess prctlems.

A stuly was coiducted to detscnine the feasibility of pumoing sludye from
Clevelard via a 92-mile, 12-inch iiameter pipeline for 3isposal on strip-nined
land i1 southecn Ohio, and of woumping sludge froa the Washington-3altimoce
arsa 80 miles Oy oioeline to an ocean outfall (Bechtel Corporation, 1963).
Capital and ooerating costs in the first case ware estimat2d to be 525 (1330:
$67.35) oer 3Icy ton or $0.27 (1380: $0.73) per ton-wils, assuming 3.5 vercent
dijestesd solids, The costs in the lattsr cass wece sstimated to be $23 (133%0:
$75.43) ver dcy ton or $0.35 (1990: $0.94) over ton-wile, Based on 1 pooula-
tion of 2,000,000, dijested sludje with 5 ocercent soliids coull be ounped 100
uiles at a cost of $7 or $3 (1980: $20,.95 o¢ $23.92) per icy ton, o¢ avoroxi-
mately $0.05 (1330: $0.15) per ton-nile, to reclaim marjinal ot stcip-mined
land (Rand Development Cocporation, 1967). These costs 3o mot inclule acqui-
gsition of sasewents alony pioeline routas. The use of oipelines ioes not
become economical for tcanspocting sludys 25 ailes away until the olant size
reaches aoocoximataly 10 MGD. A 300-nile oivpeline cannot be econowmically
justified until olant size ceachas approximatsly 25 MGD (Riddell and Coramick,
1958).

Stort-tecm envicronasntal effects duringy pipeline constcuction include air
pollution from teaffic jaws caused by the discuption or inter fecence of tcaf-
fic, sspacially in urban areas. Propec insulation of 1ift and boostat stations
will winiaize iwpects on surcounding aceas.
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C. System Alternatives

Ten system alternatives for sludge processing and disposal were developed on
the basis of experience gained from plant operations and research on various
technical topics (MSDGC, 1973a, 1974a, 1974b, 1974c). Each system alterna-
tive has a planning period of 25 years, an average sludge production rate
of 1,236 dry tons per day. Each alternative consists of a combination of
several subsystems; namely, dewatering, stabilization, disposal and/or
utilizarica and transportation subsystems. The system alternatives and
sludge flows for each alternative are presented in Figure VI-4, System
Operations and Sludge Flows (MSDGC, 1975a). The costs, system requirements,
construction phasing, and life of facilities for each system alternative

are summarized in Table VI-4 (MSDGC, 1975a).

The MSDGC considered the total scope of their disposal needs and decided that
the best alternative was one that had flexibility within the system and more
than one final option. Therefore, System 10 was chosen. Of the total 1,236
dry tons of sludge per day, 439 dry tons per day goes to the Fulton County
project. While alternative 10 is not the least cost alternative, credit must
be given on a wholistic basis for energy savings, reclamation of land that
otherwise might not be in productivity, and employment of full and part-time
persons to manage and operate the Fulton County site. The 1979 Operating
Cost for Fulton County was $190.00 per equivalent dry ton.

This project can be considered a major milestone in reclamation of drasti-
cally disturbed land. The MSDGC has endeavored to involve different interest
groups to the maximum vossible in the design, operation, monitoring and redi-
rectico of the project. This highly dynamic project has been modified to
utilize the most up-to-date equipment and technigues. Its basic premise was
to take two difficult problems, unusable land and enormous amounts of munici-
pal sludge, and realize the beneficial constituents of sludge for soil building
and nutrients to return land into agricultural productivity. There was very
little state-of-the-art when the project began, s0 the MSDGC had to experiment
with application methods, piping systems and crop rotations. Their chief
problem in early years was that they were not farmers. This led to critjcism
by some local citizens. While there still is some local opposition to the
project, the County Board and most advisory groupe support the project.

The project has provided opportunity for research by the University of Illi-
nois, The County Extension Service, and Svoon River Commumnity College. Much
of the data on ingestion of pathogens and metals from sludge was conducted by
the Univereity of Illinois. Several recearchers that have monitored the
project since start-up are still associated with the project, providing the
first long-term study data on sludge application projects. The Soil Conser-
vation Service has provided timely input into the project.. Many of their
conservation measures have been built into the project.

This does not mean that the project is without problems. Earlier noted
erosion problexs have been addressed in many cases. Gully erosion problems
along the perimeter of some field may take longer to rectify. Most of these
problems are contained within the site and don't necessarily add to the exist-
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Tokl® yp_y

System Altematives, Systes Requirements, Construction
Phasing, any L1fe of Mac'lities {MSDGC, 1975e)

Years
g & zwﬁ sottary/yr. System Requirements and LgERE M
System "Rl 08 M Total Constructin Phasing 22228
0] [N
1 5.62 26.05 N.¢? 7- 100 dt/d digester batteries with
concentration factlities. (25-yr.)
4- 100 dt/d digester battertes with
concentration facilities. ] (28-yr.)
37 - 21.9 dt/d centrifuges to sup-
plement existing vacuum filtration
facilities. b p (10-yr.)
10- 21.9 dt/d centrifuges. 1 b (10-yr.)
Additions! 152 dt/d flotation-conm-
centration facilities. {20-yr.)
2 11.84 36.22 50.06* Same as System }. s PPPPYO
47.70** Land development (25,000 acres). (12.5-yr.)
Application equipment. ’
3 10.4S 34.53 44.38 7- 100 dt/d digester batteries with
concentration facilities. (25-yr.)
& 100 dt/d digester batteries with
concentration facilities. 4 (25-yr.)
Land development (25,000 acres), ’
‘ 5.20  26.62 31.82  48- 21.9 dt/d centrifuges with flo- L L
tation-concentration factlities. p (10-yr.)
14- 21.9 dt/d centrifuges with flo-
tation-concentration facilities. b b (10-yr.)
40- 12,000 b water/hour drying
1ines. P (20-yr.)
10- 12,000 1b water/hour drying
Tines. ‘
5 5.2 22.7) 21.e3  48- 21.9 dt/d centrifuges with flo- L
tition-concentration facilities. b p {(10-yr.)
4. 21.9 dt/d centrifuges with flo-
tatfon-concentration facilities. r (10-yr.)
10- 33.0 ft. diameter fluidized bed
inctneration units. [ p P (25-yr.)
102 3t/d ash dewatering centrifuges.
6 4.95 23.82 a8.77 6- 100 dt/d digester batteries with
concentratian faciltties. p (25-yr.)
§7- 21.9 dt/d centrifuges. p 10-yr.)
11- 21.9 dt/d centrifuges. p p 10-yr.)
19~ 12,000 1b water/hour drying
Tines. (20-yr.)
Additional flotation-concentration
facilities. (25-yr.)
7 8.50 29.00 37.50  Same as System §. Bl
tand development (10,200 acres). (12.8-yr.)
Application equipment.
8 §.74 28.78 21.%2 Rehabilitation of Imhof$ tanks and
sand drying beds.
7- 100 dt/d digaster Satteries with
concentration facilitias. (25-yr.;
3- 100 dt/d digester batteries with L
concentration facilities. (25-yr.)
37- 21.9 dt/¢ centrifuges to sup-
plement existing vacuum filtration L
facilities. p o 10-yr.)
10- 21.9 dt/d centrifyges. p ol 10-yr.)
Additfonat 152 dt/d flotation-con-
centration facilities.
’ 13.96 35,95 49.91°  Seme as Sy:tem 8., |
47.54%* Lond devalopment (25,000 acres) °
Application equipment. (12.5-yr.)
1 3.67  31.43 35.10 3- 100 dt/d digeste- battaries with
0 ¥ concentration facilittes. p (25-yr.)
2- 100 dt/d digester batteries with
wentration fecilities. p (25-yr.)
27- 21.9 4t/d centrifunes. p | @ (13-yr.)

1and purchase and dcvelopment
(2,700 acres).
Application eyuipment.

*Assuming truck trensportstion.

**Assuming rail trarsportation.
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contamination from strip-mine runoff. This is evident from water quality
investigations showing that water quality is better in Big Creek downstream
of the project.

Local farmers have seen benefits from utilizing sludge as a soil amendment
and fertilizer and have inquired about obtaining sludge for their own lands.
With the rising costs of commercial fertilizers, sludge amplications become
more attractive, Also, the state-of-the-art is being improved, thereby
reducing the relative risks associated with the project.

Reliability factors that were considered for the project included landfill
availability in Northern Illinois, small scale land apolication on private
lands, low sludge application rates and land requirements, fertilizer markets
and energy requirements. On most of thcese factors, the Fulton County oroject
rates very well. The establishment of a privately held site that is well
monitored should allow the continuous implementation of land application. As
further acreage is developed, weather-related problems would be reduced in
that lower apolication rates on fields could be accommodated and a variety of
field conditions would allow greater flexibility.

while some critics still remain, they have not provided a better alternative

solution to the growing amount of sewage sludge. Given the full line of con-
straints associated with incineration and giveaway orograms for large munici-
palities, the MSDGC project provides more benefits than risks. It is expected
that as further data become available, the project will respond to techniques.
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VII. MITIGATIVE MEASURES

A. Land

Two major areas of concern at the Fulton County project site are soil erosion

and long-term soil contamination. Soil erosion depends to a great degree on

the design of the fields as well as the level of maintenance of drainage control
features. While available records suggest that considerable work is being done

in regrading fields and revegetation, dikes and berms, field observations indicate
that maintenance procedures are not entirely effective. The major impacts of
erosion and siltation are on the internal basins. Very little cunoff ends up in
natural waterways. However, proper maintenance is recommended to ensure that
this remaing so. A positive aspect of the project is that the leveling activities
have decreased the possibility of erosion in genecal areas,

Drainage control appears to be superior at the newer application fields compared
to those designed and constructed initially. Grading of some of the newer fields
has provided a shallow concave profile, creating backup resecrvoirs for use when
the runoff retension basins are filled. Fields graded with a convex profile
cause runoff to be channeled along the field perimeter, resulting in high velocity
and scouring.

The MSDGC has sought a remedy by constructing additional siltation basing to retain
silt-laden runoff. However, a lack of vegetation on control berms, drainage chan-
nels, and basin dikes has contributed to sever2 gully erosion, accelerating the
rate of siltation and thereby reducing the added capacity for runoff control. This
has increased the need for frequent desiltation ovecations. Available records
however , indicate only sporadic cleaning of siltation basins. It is difficult to
determine whether the apparent failure to clean existing basing is actual or mere-
ly reflects poor record-keeping. Also, field investigation demonstrated the exis-
tence on unrecorded, newly constructed siltation basins.

MSOGC cecords are sparse in documenting repairs to drainage pipes. Field observa-
tions indicated some instances of pipes being damaged by farm equipment and pipes
clogged with silt, obstructing discharge from siltation basins into runoff reten-
tion basins.

With few exceptions, on fields where sludge is applied by disk incorporation,
applications are made considerably above the nitrogen agronomic rate. Such high
rates of application contribute 'to erosion of the soil in saveral ways. To incoc-
porate large amounts of sludge, multiple passes (5 to 6) of the disk incorporator
are required dwing the primary growing season, obviating the possibility of
growing a ccop. Thus the MSDGC has cecently resorted to planting crops only in
alternate years on most of these fields. In years when a field lies fallow and
bare while sludge is applied periodically, soil erosion will increase considerably.
Lack of a crop also prevents evapotranspiration. Recently, the MSDGC has planted
a saccifice crop at the end of the application year to help control erosion. This
practice has been helpful.

Several unrecorded measures may combine to deccease the erosion and siltation

effects at the project site. The MSDGC should document all redesign and new
construction to credit their mitigative measures. when older fields were recon-
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toured for tractor opecations, the events were not crecorded, nor were the cleaning
of siltation berms and basins., It is extremely important to completely document
such measures, especially if sludge will continue to be apolied at rates higher
than nitrogen requirements for crops. It must be keot in mind that one specific
goal is to raise the organic matter content of the spoil lands thereby increasing
agcicultural productivity.

A rather persistent question arose concerning the introduction of heavy metals to
the land. At the Fulton County site the 30ils are generally unconsolidated mix-
tures of former soils and parent matecials. The basic constituents of the mine
spoil include heavy metals and chemicals similar to constituents in sludge. Tt
would be hard to assess the total impact of metal loading on the Fulton County
site. However, if the MSDGC were not applying sludge to the soils the land
would not have been reclaimed to any extent. The fact that MSDGC owns the land
and controls access, reduces the possibility of contact with adverse conditions.
Some experiments using acid-extractability to indicate long-term plant availabil-
ity have shown that these metals can be available to plants for a considecable
period of time. Fulton County data acquired using actual field dates seem to
indicate that metal levels in crops do not reflect cumulative applications over a
number of years. Further data should be provided to substantiate this finding.

B. Water

The analysis of water quality impacts in Fulton County is complex. Background
invegtigations show that the quality of ground and surface water at the project
site was exceedingly woor before project opecations began. High background con-
centrations of sulfate, copper, manganese, iron, lead and total dissolved solids
in surface waters (streams and reservoirs) are probably due to leaching of strip-
mine spoil. The water quality of Big Creek, both before and after sludge appli-
cation, has been strongly influenced by sources of pollution upstream from the
project site, including effluents from the Canton Sewage Treatment Plant upstream.
If low-lev2l contributions of sludge constituents to sucface water were to result
from sludge application, it would most likely be masked by high background levels
of metals and other constituents. While this situation may allow small contribu-
tions of sludge constituents to go undetected, it also vastly decreases the
significance of potential contributions in tarms of water guality deterioration.

A refinement of the sampling design should be considered to try to distinguish
various sources of contaminant input to Big Creek. While this might be costly,
it would help provide detailed answers to sources of total dissolved solids.

A compar ison of violations of Illinois water quality standards in the stream and
reservoir stations during early and recent project stages indicates that surface
water quality has not significantly deteriorated. Trend analyses for nitrite and
nitcate-nitrogen, total phosphorus, ammonia-nitrogen and fecal coliforms in stream
and reservoir stations indicate no increasing trends with the exception of increas-
ing nitrite and nitrate nitrogen in R3 and Rl2 which can be attributed to any of a
nusber of sources. Nitcrate levels in both resecvoirs, although increasing, have
congistently remained within dcinking water standards. Pecal coliform concentra-
tions in all reservoirs are generally low,. indicating that the applied sludge has
been low in fecal coliforms and/or that the runoff basins have been effective in
tetaining fecal bacteria. Pecal coliform counts have been high in most stream
stations but have not been increasing and are probably not due to the project.
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lowsr fecal coliform levels in R3 than in 3i3 Creek into which the cesscvoic
Jeains iniicates that sluije aoolication on the 2000 hectarz2s of land iraining
eventually intd> R3 could mot be resoonsible for high levels of indicatoc orjanisns
in Bij Creek. Higher concentrations of sulfate and total 3issolved solils in Bij
Treek 3tation S2 over uostcean station Sl can be attributed to a numbec of 3sources,
none of which can be sinjled out.

Sur face water guality at tha oroject sita lepends in pact on the desijn operation
and maintenance of the cunoff basins. Calculations show that basins for 21 fields
are mnable to contain cunoff from a 24-hour, 100-ysar storm. when a stocm of this
tyoe occurred, however, in July 1976, only theee cunoff basins could not contain
the cesulting cunoff. Jbsecvations at the oroject site have shown the jreatast
shoctconing in the cunoff basins' 3d2sijns to be theic inability to contain cunoff
from an intermnittent, cecurciny cainfall (over a week) with an intansity of about
one X two inches per lay, when the soil becomes too saturated to accomnodate
cecycled watec from the rundff basins., Recycling of fi2ld cunoff is necessacy to
craate mwore storaje space, This has in some cases lel to a2nerjency celeases of
runoff basin water before effluent quality standacds are satisfiad. ®aclier
concetn over the adaquacy of cunoff cetention basin storm cagacities was relieved
gonewhat when inspection cevealed that the MSDGC is 2ddingy storm cunoff cetantion
and silt storaje capacity by construction of suoolemnental siltation basins as the
neel arisag, Nevertheless, the available stocn cavacities of siltation anid run-
off ratention basins Japeni not only on thair 3esiyn and Jejycee >f siltation, but
also on the averaje irawiown or orovoction of total capacity already utilizad at
the time of 2 storn event. Avvarently no cecorls ace keot fcom which one can
Jetarnine the averaje available caovacitiag of thes2 basing. “onthly Enviconmental
Protection System c2pocts 30 list the staje or level of a basin at th2 tize of
discharje, but thay 3o not repoct levels for basins not discharjed that wnonth.

There i3 o evidence 2ither on record or from observation that the prasceibed cou-
tine oractice of punoing the contents of vactially filled ceteation basins back
onto the apolication fiells to incc2ase available basin capacity has ever been
enployed. Emnecjency dischacje of substandarl effluent from filled basins to sur-
coundiny sur face water night have been aviiled if this practice hal baen employei.

while watec juality control may be complicata2d by vary hijh aoolication ratas ani
nejlecting to oump back stored ruaoff from cetention basing to aoolication fielis,
any Mverse offects ace hijhly localized and confinel to surface water within the
ocoject site. Flowiny surface watec, orimarily Bij Creek, is so contauninated fron
local sources of wllution other than the sludje lisposal =xroject that any axdojact
conte ibutions of pollutants would be masked by the voor ambient water quality.
This circunstance nay oxtend to imoounied sucface watar extecnal to the orojsct;
aljal blooas have been observed in local lakas or oconds,

Tcend analyses for nitcite and nitcata-nitrojen, amwwonia-nitrogen, nd icon in
four wells selected to cepresent backjround Jround water Juality, vossible sesvaze
fcon the holiing basing, ani oossible jrouniwatae contamination from slulje avoli-
cation indicats an increasing nitcate trend in one well which could not be attci-
buted to orojsct ovecations. No other trenis in thess four wells ace appacent,
and seepaje has not occurced from the holiing basins. Graphs of nitcite axd
nitrats nitcojen levels in all wells show increasing concentcations in Wi, W4, W12
and #22; of thase, Wl and WM are located ucstrsan from the project and are thus
unaffected by sludje application. Increasing levels in W12 and W22, as well as
fluctustions in the other wells, 3o not appear to cocrelats with oroject activi-
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ties, Furthermore, with the exception of W10, nitrite and nitrate nitrogen levels
are generally lower than 0.2 milligrams per liter (as opposed to the drinking water
standard of 10 milligrams per liter indicating that little soluble nitrogen is
leaching into the groundwater system.

Fecal coliform, trace element, and other chemical concentrations in wells remain
close to baseline conditions.

Apparently, most groundwater constituents have been little influenced by project
operations at this stage of project development. The variations in their concen-
trations are probably influenced by the geochemical characteristics of abandoned
strip mines, such as heavy metals in exposed black shale. The variations in ground-
water Quality at most stations are comparable. Therefore, so1l18 are either func-
tioning well as a biochemical filter for the removal, conversion, and fixation of
sludge congtituents or are not permeable enough to allow sludge constituents to
percolate into groundwater. It must be noted that the likelihood of this project
significantly affecting ground and drinking water resources is extremely small
because aquifiers providing drinking water are deep and are covered by impermeable
strata. Water quality data are, however, insufficient for long-range projections
of groundwater quality.

C. Air

The only two potentially significant odor sources at the project site are the
sludge holding basins and sludge ponding in the application fields. Although the
strength of odor emissions from surface-applied sludge is equal to that from the
holding basins, the consequent odor problems are short-term because most odorants
are released into the atmosphere within the first week. Surface penetration meth-
ods do not generate aerosols and evaporation of malodorants is small.

It has been shown that ammonia concentrations at the sludge holding basing, even
during the most unfavorable meteorological conditions, are less than the threshold
value reported by Leonardos et al. (1969). Confirmed sludge odors during months
when no sludge was applied, however, suggest that odors were arising from the hold-
ing basins. Malodorants other than ammonia therefore reside in the sludge, which
act synergistically to generate a sewage sludge smell.

Within the past several years, decreases in odor complaints can probably be attri-
buted to the decrease and final elimination of spraying activities, and a reduction
in the surface area of sludge storage lagoons. This reduction in stored sludge
volume is attributed o continued sludge application while barge shipments from
Chicago were tempor .ily halted, thus diminishing supplies on hand. New problems
will result from sludge application if soil incorporation techniques continue to
be used, provided that sludge ponding is kept to a minimm by better management
practices.,

D. Health Effects

Because spray application constituted a large proportion of past application tech-
niques, the extent of aerosol inhalation was estimated from a dispersion model.
The calculated respiratory intakes were found to be low when compared to world
Health Organization (WHO)-recommended maximum daily intakes, suggesting that past
inhalation of sludge aerosols was probably not dangerous. This is supported by
the absence of reported health effects in Fulton County.
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while som2 indicect health impacts nay arise from the injestion of plants oc ani-
mals contaninated with sludje constituents, wost of thes2 iupacts will be con-
teolled by monitoring of ceons xoduced. Seconily, Iilutisn of crovs into the
nacrkat will ceduce th2 iwpact to any oarticular animal or vecson. Crove coull
30 ints jasohol =acoduction.

The MSDGC shoull continue to monitor soils, olants and animals on the aroject
sit2 to orovida infocmation concecning h2avy wustal uotake, Soecial intecest in
cainiun and oolychlorinatad biohenyls by rejulatory orjanizatisns warcants thesa
continued stuilies.

In tacus of human health, tha future 1and use of the area woull Jdictate the future
inpacts. Listad below are the worst and bast cases concerniny lamd use and hunan
h2alth iapacts:

Ao st Case
Sale of land to farm opecators who live on the ocenises and raisge
theic own food with no wonitoring or contcols. Ruxral housing
jevelopuent where resiients jarien with no monitoring conteols.
Bast Case
Lard c2mains in hands of the MSOGC with cental to farmecs,
2oviling nanajeneat and monitoring controls. rani Jdevelopel for
outdooc cecceation, orairie ocaservation, and tce2 facns.

E. Recommended Mitigjative Measures

1. Sludge Apolication Rates

MSOC shoull develop a Facilitiss Jo2cating Plan as sutlined in 40 CPR 257.3-5(4)
{1)(2). as promuljated, this cadnium nanajenent aocoroach sets faocth fouwr cequice-
ments which will sacrve td5 nininize the increase of cadwnium in the human food chain.
First, only animal feed may Ye jrown under this ootion. The Likelihood of sijaifi-
cantly increasing inlivilual oc jeneral listary cadnium levels through aniwal feeis
is neglijible. Tha second control to assura proper manajenent of ths facility is
the cequirement that the s0lid waste and 99il mixture have a of of 6.5 or Jreater
at the tine of solil wasta apolication oc at the time the croo is olanteld, which-
aver occurs latar. This oH balance is inmvortant where cadunium apolication is unce-
stecicted. The third caquicameat calls for the Jeveloomwent of a facilitiss overating
olan. The purposa of this olan is to demonstrate how tha animal feed will be
iisteibuted and what safejuacis are utilized to prevent the ccoo from beconiny a
human £o03d source. The fourth requicement is a stioulation in tha land record or
oroverty dzed which states that the proverty has cec2ived solid wasts at hijh cad-
aiun apolication cates anid that food chain crops should not be yrown, Jue t5 a
oossible hsalth hazarl.

In li2u of Jrowinj the crops for animnal consuaption, the cising sackat focr crop
products for alcohol oroduction may be the safest way of assuring that the crops
3o not 2ntec the human food chain. Recently, the jemand for alcohol £or gasohol
ocaduction has jyreatly increased. Pucthermoce, a 3istillecy in Peoria may be a
3003 macket for MSOGC crop oroducts. This corn, atc. would then be used as a
cenawable enerjy cesowrce.
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Tae MSDGC shoull plant cover crops as soon as vossible after sludje apolication.
Attampts should be naje to increase the solids content of sludj2 aoplied to
ceduce the numwbec Of aoolications. This shoull lessan thes soil compaction
inpacts. Purther information should de oroviled concetning the criteria for
cteclaining spoil. Tast results for orjanic matter content in s7ils shoulld be
peoviled for analysis of the first five years of ooeration,

2. Land

whare f2asible, €i2lis that are jyradled to Jdrain latecally accoss the orincipal
slooe into 4itches alony the verinetec should be rejcaded with a eoad, shallow
Jeoression and cetantion dike at the basz of the slooe to aid backuo cumff ce-
tention caoacity on the fizld itself, thus elininating hijh valocity cunoff,

scour ing, and jully ocosion at the edje of the fiali. This is maialy for the
older fields, Naw fie2lis are battar J2sijned and 35 not show some of the asoects.

Taccac2s constecucted accoss lony sloves and maintained in perwmanent vegetation
shouli be oroviied when oracticable f£ar jr2atec 2r93ion zontrol; icainaje channels
o¢ ditches, dikas, and berns should be vermanently Jrass=3 to stabilize the soil.

Be2ached likas ¢ berms should be cepaired pcomotly; barciers of rock, hay bales
ot othar mnatacial should be placel in ditches or rundoff channels containing hijh
velocity flow to reduce scouring and jully erosion.

3. Watec

The MSDGC shoull extend the curcent oractice of building suoolemental siltation
baging, 23vecially wher2 soil loss and siltation of catention basing is severe
and cunoff cetantion caoacity is narjinal; also, there shoull be wora fregueat
claanout of silted basing and mowing of over 3rown basing to ocesetve thair func-
tion.

The orescribed oractice of oumnping from vactially or nearly filled cunoff ceten-
tion basing back onto apolication fislds should be enoloyed where necessary to
avoil emetr jency relesases of substaniard effluant; 3such cecycling of cunoff shoull
occwr bafoce fields are saturated from rainfall and sludje apolication combined.

Discharje contcol jates should be kaot closad juring a oceciod of cunoff from a
storm; orolonyed ver iods when jates remain open shoull be carzfully avoidel.

Poor watet quality flowing into th2 oroject sitza is not a licens2 to fucthec
pollute. A c2fined water quality wonitoriny schene is sujjasted to liffacentiate
tha vollutant contributions from 2raject ooint soucces (retention basin dischary-
2g), comunity point sourcas (Canton 3a2waje tr2atnent olant), and nonooint
sources (cunoff over nine spoil). Stream monitoring stations in oacticular are

too few Lo enabla sejcejating thase contributions, and community oollution of 8ij
Creek, whare wost stream monitoring occurs, tenis to mask the gossible pollution
of ninoc tributacies from project ooecations. Pollution sources and oroblenm areas
shou{i be identified and nitijative neasuces takan to> alleviate water quality
problams,

Quality of cunoff cetention basin effluent nust be uojraied ani shoull be monitor-
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ed by malysis of 24-hour comoosite sampl2s of by awerajing the values of zawdlas
taken at several intervals inst2ad of using a sinjle jrab sample. The current
IEPA requitement, which assumes relatively stable concentrations of binschanical
xyen lanand, total susoenied solids and fecal califocns, has been insffective in
o aventing occasional relzas2 of contaninants whos2 concentrations can fluctuatz
wilely in 24 houcs.

Analysis of the nutciant concentrations in effluants from cunoff basias shoull be
vec forned to datermine nutrient inouts into recaiving waterways and caservoics.
These 3ata will ail in estinating tha eutcroohication —otential in ceceivinj waters.

Since written recocds have not oroviied a complate picture o>f overations amd main-
tanance activities, oseriodic inspection of tha oroject 3ite by tha U.S. and I11li-
nois Environmental Protection Ajencias could 2stablish a constructive dasis for
reducing undesirabla invacts of the =xoject >n watac and air gquality throujh
inoroved oroceduras for soil nanagameat and drainaje control. An inspection tzan
aight inctude a soil sciantist, ajcomonist, agricultural anjinesc, hydrolojist,
amd pollution control enjyineer. A local soil consecvationist and cownunity
health sanitarian coull orovile additional insijhts and constructive cecomnenda-
tions.

MSDGC shoull revise their jrouniwatar wonitoring orojcram to Jetermine the direc-
tion and rate of flow; ther2fore b2ing able to Jaternina if the sluija aoplica-
tion is having an adverse inpact on jroundwatae. A Jrouniwatar flow mnaster,
tecently developed, will somawhat sinolify this analysis. Sroundwater monitorimg
should continue to identify if a oollution "be2akthrough® to an aguifar would
occwur .

o Ar

par iodic reyrading to ctemove Jeoressinns jue t5 subsilence of unconsolilated sub-
89il o¢ mine spoil should be per forned as necassary to orevent ovoniinjy of frashly
aoolial sludje which presents a ootential for odor emissions.

Occasional unavoilable poniing should instijate control wethodolojgies for odor
contcol. The MSOGC has apoliad 7477, an 53oc contcol axoduct of Pollution
Sciences, Inc., to oonlingy ar2as, and this oractice shoulld be furthaz avaluated
and continued if waccantad.

Recojnizinj that the storaje lajoons are an occasional source of odor, effocts
should be na3e to linit the amount Sf sludja stoced at the Pulton County sita,
Linitinj sludje storaj2 to the amount of 3ludje necessary for the stajing of
land aoolization practices would reduce 1ajoon surface area and orevent odoc-
oroducing lajoon turnovecs.

Tha MSDGC Tomxehensive Pecwit is currently undec aopeal and there is currently
= enforcement action concerning odor violations, pending bafore tha Illinois
pollution Control Board.

We will work with the TEPA to ootimize the opecation ani eaviconmental comoati-
bility of the Fulton County mroject,
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The uge of wind bacriers such ag tall, jdens2 hedjerows or fences arouni the holi-
ing basin berms, or perhavs flratiny bafflas within the basing if this could be
Jevelopad to be aconomically feasible, coull reduce sur face turdulanze ani wave
action which intensify odoc enissions. The orasent cegquicanent of a 4-foot free-
boar3 from the sludje sur face to the tdop of the bern oroviles wind baffling only
£2¢ a1 shoct listance Jownwind.

5. Sealth Asoects

The feagi»ility of jevelooinj lands at tha oaroject site for outdoor cecreation,
ocair ie oreservation, tctee farms, o¢ oSther usas that 3o not include 3rowing crovs
in th2 hunan £503 chain shoull be carefully investijat2i. wultinle us2 oslanning
congigtent with Section 201(f) of the Cl2an Water Act, as auenied, should be
inplemantal. )

Ccovs which are eaten raw should not de plant2d within 13 months of the last
sluijz aoolication as ra2quirei by 40 CFR 257.

Potential hazacds to hunan and aninal health will jreatly 3ep=nd on the tydes of
ccops Jcawn on the fields, Crovs shoild be carz2fully selected to avoil those
which accumulate metals in edible olant tissues. 1In jenecal terws, Jrain croos
oc2sent a lasgser haavy-uretal hazard to the £ood supoly than 3o focajes, pasturas
and leafy vejetablas {(CAST 1376). MSDGC shoull develoo olans to put their crops
into 3asohol production, if feasible,

Croo coots as well as aerial tissues nust be analyzed to diagnose all plant
toxicities (CAST 1976).

S. Plans and Racocis

Steus shoull be takan to ensuce that all mnaintenance activitias ace cecoriel on

a regular bagis in accessible Jocuments. Items to be racoried shoulld inclule
jatag, locations an3 Jescriptions of czpaics to fizlis and basias, berns ani
1ikes, drainaje ditches and pioes as well as routine raseeling, fertilizing ani
mowing. Obsacvations of coniitions cequiring coccection, such as soil subsilenca
ani jullay ecosion, accalerated siltation, overtouoing or 9r2aching of sabahk-
nents, and overJycown of sparsz vegstation should also be recoried. whecre neces-
sacy, maps o liajcans should b2 pecovided to raference the locations >f planned or
complated activitias,

Noacationg cecords 1lso requice inorovement. For exaaple, wresent recoris concern-
ing the operation of runoff cetention bagins should H2 aujmented to incluie peri-
2dic revorting of the stata o¢ level of all basias, dischacjing or not, 30 that
available capacity may be jetecnined in the avent of a storn., All amerjency lis-
char Jes from cetention basias snhoull be recocied alonjy with the results of a watar
quality analysis of the lischarjed affluent.

Recycling of substanlacd effluent by oumoing back onto the fiells, if oracticed at
all, should be recorded in timzs and anounts.
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VIII. ENVIRONMENTAL CONSEQUENCES
Of THE PRQJECT

A. Unavoidable Adverse Impacts

1. DUDistribution Systems

In a project as large as the MSDGC Fulton County occiect, there are many unavoid-
able impacts., However, when the impacts are viewed in terms of viable options
available and the relative risks of each alternative, the risks appear to fall
into the acceptable range. Undoubtedly, some sludge genetrated in Chicago will
spill into the waterways of the State of Illinois due to loading and unloading
operations at the Chicago and Liverpool barge facilities. The magnitude and
frequency of spills should be controllable to some extent. Sludge entering the
waterways will have adverse impacts on fish resoutces, general water quality

and benthos. These impacts should be short term and infrequent. Runoff from
fields and overflow from retention structures on the project site may contaminate
streams and lakes on the project site.

The pipeline from Liverpool to the site could break due to natural ot human forces
causing pollution of land and groundwater resources., The walls of the storage
basin could be ruptuted. The distribution pipe on the project site has been
vandalized in the past. This could happen again.

2. Recontouring

Recontouring the land to improve the capabilities of existing fields or rew fields
to receive sludge would generate short~term distuption in traffic flow <:ong local
roads. These construction activities produce noise that would discupt the exist-
ing conditions. However, most noise would be in the interior of the site and
thetefore would ot greatly impact humans other than construction and farm opera-
tors.

Thece would likely be a loss of potholes and surface waters if recontouring con-
tinues. Soil erosion and siltation would occur until cover materials could be
established. The MSDGC has used some 30il consecvation practices in the past,
strict alhetence to these same fundamentals in the future would decrease the
sever ity of new site development. Redeveloping the strip-mined land would also
decrease iand available for wildlife, Although there are no endangered species
on the site, several rare plants and many of the animals could be furthec dis-~
placed,

3. Human Health
Although the risk is extremely small, both livestock and human health could be
adversely impacted by continued operations. This could be either direct, such
as the death of a farm worker in a tractor incident, or indirect by ingestion of
pathogens related to sludge.

Further odors could arise from the project site that would advecsely affect human
activities such as church, recreation and farming.
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B. Relationship Between Short-term Use and Long-term Productivity

The MSDGC project has had a very positive impact on Fulton County. It has in-
duced employment, raised tax money and abated runoff from strip-mined areas
that may have resulted in better stream water gquality. The project has result-
ed in establishment of row crops on the site. However, much of the terrain was
50 disturbed that much of the site has not been recontoured. Land has also
been set aside for conservdation, recreation and environmental protection. The
long-term effects of the project will be enhanced soils, decreased dependence
upon chemical fertilizers for row crop production, and enhanced land use with
improved employment and tax base within the County. For Chicago residents the
project is an innovative, productive method to utilize sludge solids. It will
help to dectease our dependence on oil and natural gas supplies for incincera-
tion and fertilizer production.

C. Irreversible and Irretrievable Commitment of Resources

The project has committed many person-years of construction, monitoring and
operational time. The MSDGC has committed millions of dollars to the operation
and research of this project. This has led to major modifications to improve
operations and environmental controls. A huge commitment of vehicles, piping
and fuels for construction and operation have been made. This commitment for
fuels has decreased now that farming operations are the predominant activity.
The land may be held into perpetuity by MSDGC for the now existing usage.
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absorption:

adsorption:

aerobic:

agronomy ¢

anaerobic:

aqul fer:

bacterla:

berm:

benthos:
biochemical

oxygen demand
(BOD):

blota:

8005 :

calcareous:

cation:

GLOSSARY
The penetration of one substance into or through another.

The attachment of the molecules of a 1iquid or gaseous

- substance Into or through another.

Refers to |ife or processes that occur oniy In the presence
of oxygen.

The principles and procedures of soli management and of field
crop and special-purpose plant improvement, management and
production.

Refers to il1fe or processes that occur in the absence of oxygen.

A geologlic stratum or unit that contains water and will allow
I+ to pass through. The water may reside in and travel through
innumerable spaces between rock gralins In a sand or gravel
aquifer, small or cavernous openings formed by solution In a

| imestone aquifer, or fissures, cracks, and rubble In such
harder rocks as shale.

Any of a large group of microscoplic plants living In soii, water
or organic matter, important t+o man because of their chemlical
effects as . nitrogen fixation.

Refers to a narrow ledge or shelf used to control the runoff of
water from a tleld,

The piants and animals +that inhabit+ the bottom of a water body.

A measure of the amount of oxygen consumed in the biological
processes that decompose organic matter in water. Large amounts
of organic waste use up large amounts of dissolved oxygen; thus,
the greater the degree of poliution, the greater the BOD.

The plants and animals of an area.

See "blochemical oxygen demand." Standard measurement Is made
for 5 days at 20 degrees Centigrade.

Resembi ing, contalning, or composed of calcium carbonate.

A positively charged atom or group of atoms, or a radical which
moves to the negative pole during electrolysis.

cation exchange

capacity
(CEC):

The sum total of exchangeabla cations that a soll can adsorb.




col iform
bacter ia:

col | form
organism:

campost:

curle:

dec iduous:

dissolved
ox ygen
(D.0.):

dredging:

ecosystem:

effluent:

erosion:

Members of a large group of bacter ia that fiourish in soil,
in the feces, and/or Intestines of warm-blooded animals,
including man. Fecal collform bacteria enter water mostly

In fecal matter, such as sewage or feed-lot runoff. Collform
bacter ia apparently do not cause serious human dlseases,

but these organisms are abundant In polluted waters and they
are falirly easy to detect. The abundance of fecal coliform
bacteria In water, therefore, is used as an index to the
probabil ity of the occurrence of such dlisease-producing
bodles {(pathogens) as Salmonella, Shigelia, and enteric
viruses. These pathogens are relatively difficult to detect.

Any of a number of organisms common to the intestinal tract
of man and animals whose presence In wastewater Is an Indicator

of pollution and of potentlally dangerous bacter lal contamination.

Relatively stable decamposed organic material.
A measure of radioactivity,

The term describing a plant that periodically loses all of
its leaves, usually In the autumn. Most broadleaf trees in
North Amer ica and a few conifers, such as |larch and cypress,
are decliduous.

The oxygen gas (0O x dissolved In water or sewage. Adequate
oxygen I|s necessary for maintenance of fish and other aquatic
organisms. Low disso.ved oxygen concentrations sometimes are
due to presence, In Inadequately treated wastewater, of high
levels of organic compounds.

To remove earth from the bottom of water bodfes using a scooping
machine. This disturbs the ecosystem and causes si|ting that
can kil aquatic |lfe.

An ecological community together with its physical environment,
considered as a unit.

Wastewater or other |liquid, partially or completely treated, or
In 1ts natural state, flowing out of a reservoir, basin, treat-
ment plant, or Industrial plant, or part thereof.

The process by which an object Is eroded, or worn away, by the
action of wind, water, glaclal ice, or combinations of these
agents. Sometimes used to refer to results of chemical actlons
or temperature changes. Erosion may be acceierated by human
activitles.




evapotranspiration:

Discharge of a water from the earth's surface to the atmosphere
by evaporation from lakes, streams, and soll surfaces and by
transpiration from plants.

fecal

col t forms: "See "Coliform Bacteria.”

forage: Food for animals.

gob: The refuse or waste left in a mine from which coal has been

worked away.

groundwater : The supply of fresh water under the Earth's surface that
forms a natural reservoir.

groundwater

runoff: Groundwater that is discharged into a stream channel as spring
or seepage water.

leaching: The separation or dissolving out of soluble constituents from
a rock or sediment by percolation of water.

| agoon: A shallow pond where sunlight, bacterial action, and oxygen

work to purity wastewater.

| I++oral zone: Of or pertaining to the biogeographic zone between the high
and low water marks.

loess: A buff to gray, fine-grained, calcareous silt or ciay, thought
to be a deposit of wind-blown dust.

malodorant: A subs*ance causing bad odor, stench.

mho: Untt of conductance reciprocal to the ohm.

milliequivalent
(meq): One-+housandth of a compound's or an element's equivalent weight.

normal ity (i.e.

normal

solution,

abbr. Nj: Measure of the number of gram-equivalent weights of a compound
per [iter of solutlion.

percolation: The downward movement of water through pore spaces or larger
volds in soll or rock.

permeability: The property or capacity of porous rock, sediment, or soil
to transmit a fluld, usually water, or alir; it Is a measure
of the relative ease of flow under unequal pressures.




planktonic: 0f or pertaining to plant and animal organisms, generally
microscopic, that float or drift in great numbers in fresh
or salt water.

polychlorinated

biphenyls

PCB's): " A group of texic, persistent chemicals used in transformers
a.d capacitators, Further sale or new use was banned in
1979 by law.

runoff: Water from rain, snow melf, or Irrigation that flows over the
ground surface and returns to streams, |t can collect
po! lutants from alr or land and carry them to recelving waters.

silt: A sedimentary material consisting of fine mineral particles
intermediate in size between sand and clay.

siltation: The deposition or accumulation of stream-deposited silt that
Is suspended in a body of standing water.

sludge: A semiliquid waste with a solid concentration in excess of 2500
parts per miliion, obtained from the purification of municlpai
sewage.

slurry: A thin mixture of a liquid, especially water, and any of several
finely dlvided substances such as clay particles.

spoil: Dirt or rock that has been removed from its original location,
destroying the composition of the soil In the process, as with
strip mining or dredging.

strata: 3eds or layers of rock having the same composition throughout.

stratification:
Separating Into layers.

strip

mining: A process that uses machines to scrape soll or rock away
from mineral deposits just under the Earth's surface.

supernatant: Floating on the surface.

suspended

sollds: Undissolved particles that are suspended in water, waste-
water or other liquid, and that contribute to turbidity.
The examination of suspended sofids pius the B00 test constitute
the two main determinations for water quality performed at
wastewater treatment facillties.

synergism: The action of two or more substances, organs or organisms

to achlieve an effect of which each Is individually Incapable.
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terracing:

thermophilic:

topography:

toxic
substances:
trophic:
vertebrate:

volatile:

Dikes bullt along the contour of agricultural land to nold
runoff and sediment, thus reducing erosion.

Requiring high temperatures for normal development, as
certaln bacter ia.

The physical features of a surface area including relative
elevations and the position of natural and man-made features.
A chemical or mixture tha+ may present an unreasonable risk
ot injury to heaith or the environment.

Of or pertaining +to nutrition or to the nutritive processes.

All animals with backbones, from fish to man.

Evaporating read!ly at normal temperatures and pressures.




LIST OF PREPARERS

: Exper | ence
Name Organization Project Assignment Education Years
Jack Evan Braun USEPA Project Officer/ M.S5. (Blology) p)
Author
Douglas Ehorn USEPA Project Officer/ M.S. (Blology) 8
Advisor
Gregory Vander | aan USEPA Pro ject Advisor M.S. (Environmental 4
Studies)
Gerard Kelly WAPORA Environmental
Scientist M.S. ‘Public 8
Health)
Joal Soden WAPORA Alr Scientist M.S. 5
Rober+ Cutier WAPORA Senior Air M.S., P.E. 10
Scientist

(Some preliminary work on this Final EIS was performed by Enviro Control, inc.,
Rockville, MD)

Project History

The Draft Environmental impact Statement was published in June 1976. Many unanswered
questions existed In that document and many comments were recelved during the public
review period. Ouring the preparation of the Final Environmental Impact Statement,
we have iried to incorporate the many changes in sludge management regulations and
have made the best effort possible to Improve the quality of this document over the
Draft+ Environmental Impact Statement. Many of the new requirements developed through
the Iimplementation of the Resource Recovery and Conservation Act have also been taken
into consideration in this document.
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HLLINQIS ENVIROMNMENTAL PROTECTIOMN ACENCY
WATER POLLUTION CONTROL PERAMIT

Permit Number: 1974-DB-444-Qp DATE ISSUED: March 7, 1974

PROJECT LOG MUMBERS: 3686"'73 ' 3687_

SUBJECT: FULTON COUNTY -~ Metropolitan Sanitary District 3688-73,174-7
of Greater Chicago Sludge Disposal 175-74

Project - Comprehensive Operating Permit

PERMITTEE TO OPERATE: Metropolitan Sanitary District of Greater Chicac
100 East Erie Street
Chicago, Illinois 60611

Permit is hereby granted to the above designated permittee
to operate water pollution control facilities described as follows:

The sludge transportation system, sludge storage facilities and
sludge application fields previously approved under Permits #1971-DA-4-
#1971-DA-487-1, $1972-DA-215, #1973-DB-1460-0P, #1973~DB~1460-0P-1,
#1973-DB-1492, #1973-DB-1492-1, #1973-DB-1682, #1973-DB-1682-1, #1973-I
1752, #1973-DB-2185 and #1974-DB-45-COP.

This Operating Permit expires on March 7, 1975.

The Application for Operating Permit and supporting documents
approved by this Permit were prepared by Metropolitan Sanitary District
of Greater Chicago and are identified in the records of the Illinois
Environmental Protection Agency, Division of Water Pollution Control,
Permit Section by the log numbers designated in the subject above.

This Permit renews and replaces Permit Numbers #1971-DA-470,
$1971-DA-487-1, #1972-DA-215, $1973-DB-1460-0P, #1973-DB-1460-0P-1,
#1973-DB-1492, #1973-DB-1492-1, $1973-DB-1682, #1973-DB-1682-1,
#1973-DB-1752, #1973-DB-2185 and #1974-DB-45-COP, which yer
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