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ABSTRACT

The existing and future sludge disposal problem in Knoxville,
Tennessee was investigated, and six major sludge management plans
were developed. The plans were derived and evaluated by utilizing
a methodology previously developed for the U.S. Environmental
Protection Agency.

The plans detail the processing, transportation, and ultimate
disposal sub-systems necessary to meet environmental, operational,
and institutional constraints found in the study area. In addition,
costs of the various sub-systems and the overall costs of the plans
were determined.

This report was submitted in fulfillment of RFP No. WA75-R210,
Contract No. 68-01-3225, by Engineering-Science, Inc. under sponsor-
ship of the U.S. Environmental Protection Agency. Work was completed
as of 10 September 1975.
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CHAPTER I

CONCLUSIONS AND RECOMMENDATIONS

INTRODUCTION

This report addresses the sludge disposal problem currently
experienced in Knoxville, Tennessee and the anticipated problem
expected upon expansion and upgrading of existing wastewater
treatment facilities and the construction of a regional facility.
The techniques employed in the projection of the present and
future sludge quantities and qualities; selection of feasible
sludge handling, transportation, and ultimate disposal or resource
recovery methods; and the evaluation of these methods compiled in-
to management plans were derived from a previously developed
methodology document discussed later in this report. The following
sections present the conclusions and recommendations derived during
this study for both the Knoxville-Knox County Study Area as they
impact upon the on-going 208 planning process in this Area and
the evaluation of the utility and constraints of the methodology
document.

CONCLUSIONS

Study Area

* 8ix sludge management plans were found feasible for further
in-depth consideration and final selection in the Study
Area. They are (not listed in any order of priority):

(1) truck transport and sanitary landfill disposal of a
digested, dewatered sludge to a County-owned and
operated site in the northeastern portion of the
County;

(2) truck transport and trench-incorporation of a
digested, dewatered sludge to a City-owned and
operated site in the northeastern portion of the
County;

(3) truck transport and incineration of an undigested,
dewatered sludge to a City-owned and operated
incinerator located on the site of the proposed
regional wastewater treatment facility with truck
transport and sanitary landfill disposal of a digested,
dewvatered sludge from two outlying treatment plants,
to the landfill identified in (1) above;



(4) tank truck transport and land application (via
spray irrigation) of a digested sludge to a County-
owned and City operated site in the northeastern
portion of the County with truck transport of a
digested, dewatered sludge from one outlying facility
to the landfill site identified in (1) above;

(5) truck transport and land application (via composting
and disking) of a digested, dewatered sludge to a
County-owned and City-operated site [same as in (4)
above] with truck transport of a digested, dewatered
sludge from one outlying facility to the landfill
site identified in (1) above; and

(6) tank truck and barge (from the regional facility)
transport of a digested sludge to a privately-owned
and operated sludge dewatering and fertilizer produc-
tion facility on Pickel Island in the eastern portion
of the County.

The six management plans identified above appear to present
no insurmountable problems in terms of meeting environmental
constraints, performance criteria, or institutional and
legal feasibility. However, the land application (via
spray irrigation) plan appears, at the level of cost
information available in this study, to be less cost-
effective than the other five plans.

Data constraints under which this study operated precluded
the development of the sludge management plans at any level
greater than a feasibility/representative system descrip-
tion. It appears at this time that in order to develop

the data and its concomitant level of detail.for developing
site-specific alternatives for public review and selection
of a final plan, 208 planning agencies must be willing to
spend a larger portion of time and effort in residual waste
management plan development than perhaps is curreatly
alloted and/or allocated to them in the 208 grant monies
and planning time-frame.

OEY

Cost data presented in the Methodology document were, in
many instances during the conduct of this study, extra-
polated from curves. Thus, the utility of the cost data
for this study is limited to a first-order feasibility
analysis with an unknown variability when applied to a
specific area. Site specific costs were either non-
existent or not made available to verify Methodology costs.



The Methodology document, as was intended, was used as
both a source for information readily obtainable within
the document and as a reference to other sources of
information. During future studies in which the
Methodology document is utilized to develop alternative
sludge management plans, the user (e.g. a 208 planning
agency) should make every effort to supplement the
Methodology document with the publications referenced -
in that document. This is particularly true when local
data are lacking or incomplete.

Care must be exercised in the utilization of sludge
quantity projections by 208 planning agencies. Where
local data indicate a different per capita wastewater
flow, significant variations in raw sewage qualities

due to industrial inputs or large infiltration and inflow
contributions to the sewer system, the values presented
in the Methodology document must be adjusted accordingly.

RECOMMENDATIONS

Study Area

* Additional local data, particularly with regard to the types
and distribution of flora and fauna, site preparation and
acquisition costs, probable users fees, and transportation
costs are required as inputs before final selection of the
preferred sludge management plan.

* Future long-term solutions for resource recovery appear
promising and should be investigated as soon as possible.
These solutions include strip-mine reclamation in areas
outside the County and fuel supplementation in either a
City-owned municipal solid waste incinerator or coal-

fired power plants within Tennessee Valley Authority
jurisdiction.,

The Knoxville-Knox County Metropolitan Planning Commission
(the 208 planning agency) should, as soon as possible,
obtain from local utility districts and their engineers
verified or additional/corrected values for the sludge
quantities present in this report. A close review and
substantiation of the data and assumptions made during
both the 201 Facilities planning effort and this study
should be made by the agency to insure a common base of
facilities and sludge production.



Methodology

The evaluation procedures provided in the Methodology
document can be taken to any level of detail desired.
It is recommended that, in using the Methodology,

such a feasibility level of analyses as represented

by this case study, be done initially prior to detailed
transportation routing and site evaluation. Undesireable
alternatives, as defined by the involved institutions
and general public, could then be eliminated without
undue time and monetary constraints. This feasibility
evaluation, in addition to identifying feasible alter-
natives, also identifies critical data needs requiring
further and more detailed resolution and/or quantifica-
tion.

The environmental, feasibility, and performance evalua-
tion factors in the Methodology document are rated in a
subjective manner. Prior to the site-specific evaluation
of the feasible alternatives, the 208 planning agency
should review the factors and use local, site-specific
data to provide quantitative measures or descriptiomns of
the ratings where possible.



CHAPTER TII

INTRODUCTION

BACKGROUND

A review of the Federal Water Pollution Control Act Amendments
of 1972 (the Act) and the associated legislative history clearly
indicates the Congressional intent to eliminate as much as possible
pollutant discharges to receiving components of the environment.
The basic waste treatment process consists of separating contaminants
in a way that is acceptable to local, State, and Federal regulatory
agencies. Proper ultimate disposal or reuse of residual wastes is
essential so that usable environmental components such as surface
or ground waters will not be needlessly contaminated and that pollut-
ants are not continuously and directly recycled into water supplies,
food chains, and other cycles.

At the present time, solids handling and other ultimate disposal
operations are probably the most troublesome problems in treatment
plant operations, partly because they have had the least attention.
The problem is becoming more critical because residual waste volumes
are increasing with higher treatment efficiencies and because the
physical-chemical sludges and other residual wastes from tertiary
treatment operations are more difficult to handle than some of the
common biological sludges.

The basic approaches embodied in the Act require pragmatic and
logical steps to identify and control pollution sources, including:

(1) regional planning and management of the Nation's waters
wvhich will eventually identify all point and non-point
sources of pollution within a given region, and establish
effluent limitations on these sources of pollution;

(2) delegation of the permit programs to approved State programs
after guidelines have been prepared by the Federal Govern-
ment; and

(3) control programs to determine compliance with the effluent
limitations and commencement of civil and criminal proceed-
ings against violators.

Regional planning and management processes to be undertaken by
the States must be as inclusive as physically possible, both with
respect to known types of pollution and the limitations of treatment
processes for removing various pollutants. In addition, Sections

~5=



201(d), 201(e), 201(f) of the Act specifically encourage resource
utilization and rescurce recycling. Within this encouragement 1lies
the intent that planning processes carried out in fulfillment of
Sections 201, 208, and 303 recognize and promote, where possible,
areawide implementation concepts of residual waste management.

Under subsections (J) and (K) of Section 208(b)(2) of the Act,
208 planning and management agencies must address ''a process to
control the disposition of all residual waste generated in such area
which could affect water quality; and a process to control the dis-
posal of pollutants on land or in subsurface excavations within such
area to protect ground and surface water quality." In addition,
Section 201 (d) (4) of the Act requires in facilities planning con-
sideration of "the ultimate disposal of sludge in a manner that will
not result in environmental hazards." It therefore is also the
concern of 208 planning agencies that facilities plans already made
and either presently under construction or proposed for construction
within the twenty-year 208 planning time framework be incorporated
into the overall 208 plan which is to include residual waste disposal
control.

As the United States moves toward the goals and policies
described in Section 101 of the Act, publicly-owned treatment works
(POTW's) are required to meet by July 1, 1977, or July 1, 1978 (for
new construction), secondary treatment as defined in the Federal

Register (Ref. II-1). 1In addition, by Sections 201(g) (2)(A) and
301(b) (2)(B) of the Act, POTW's are to provide by July 1, 1983, the

application of best practicable waste treatment technology.

The application of wastewater treatment technologies to meet
these requirements is anticipated to generate substantial amounts
of municipal wastewater treatment plant sludges which must be
handled yearly. Realizing that sludge handling absorbs 35 percent
of the capital costs and 55 percent of the annual operation and
maintenance costs of a wastewater treatment plant, these projected
increases in sludge production will mean considerable expenditures
of money (Ref. II-2). Every effort must be taken by 208 planning
and management agencies to see that the expenditures necessary for
sludge handling and disposal are made wisely.

Recognizing that 208 agencies may require assistance in the
evaluation of residual waste management and disposal alternatives
for their areas, the Environmental Protection Agency (EPA) prepared
a Methodology document which considers the sources and characteristics
of municipal wastewater treatment plant residual wastes, processing
and transportation alternatives, and various methods of ultimate
disposal and resource recovery, hereinafter referred to as the
Methodology (Ref. II-2). This Methodology also considered the



physical, chemical, and biological nature of the residual wastes
generated and various alternate disposal/recovery methods in light
of economic, environmental, social, and institutional implications
in the evaluation and formulation of alternative plans and the
selection of the preferred plan in the 208 planning process.

PURPOSE
The purposes of this report are threefold, namely:

(1) to demonstrate the Methodology in a specific 208 planning
area;

(2) to apply and verify the Methodology and suggest improve-
ments; and

(3) to document the results as a planning tool for consider-
ing alternatives.

This demonstration study was conducted in Knoxville, Tennessee,
as a coordinated effort between the Knoxville-Knox County Metropolitan
Planning Agency (MPC); the Water Planning Division of EPA, Washington,
D.C.; and Engineering-Science, Inc. of McLean, Virginia. The study
area 1s depicted in Figure II-1.

Data sources were obtained from local sources established by MPC,
principally from previous local studies and 201 and 303 planning.
The MPC provided an understanding of timely cooperation with local
sources for technical information on the location and size of exist-
ing and proposed wastewater treatment plants, the magnitude and
character of the sludges either currently generated or to be
generated, pertinent land and water resource data, and socio-
political conditions. During the course of this study, additional
outside data sources such as State and regional planning agencies;
State, county, and local agencies; and published reports were used
to augment data available through MPC. Where data was unavailable,
reasonable assumptions were made utilizing as necessary the
information provided in the Methodology.
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CHAPTER III

THE PLANNING PERSPECTIVE AND THE STUDY APPROACH

THE METHODOLOGY PLANNING PERSPECTIVE

The planning perspective for municipal wastewater treatment
and residual waste disposal is depicted in Figure III-1. Two major
pathways of concern in the 208 planning and management process are:

(1) Given an existing wastewater treatment facility, what is
the most suitable ultimate disposal method for the resid-~
ual wastes produced?

(2) Where a wastewater treatment facility is needed and planned,
and given existing and anticipated physical, technological,
environmental, social, and economic constraints of residual
waste management and control, what is the most suitable type
of wastewater treatment facility for the chosen residual
waste disposal or use methodology? ‘

In the first situation (pathway) cited above, the existing
wastewater treatment facility is generating a known quantity and
quality of residual wastes. Federal, State, and local guidelines
and regulations help define the ultimate residual waste disposal
options available to that facility. These disposal options,
by virtue of regulatory and environmental, social, and economic
constraints, will then have restrictions as to the quantity and
quality of residual wastes they can accept. By a comparison of
the disposal method's qualities and quantities of residual wastes
they can handle with the known values from the wastewater treat-
ment facility, the facility can either utilize the disposal methods
available or further treat and transform the residual wastes
to qualities and quantities amenable to the available disposal
methods.

The second situation (pathway) is essentially the reverse
process. A planning area will have acceptable ultimate disposal
methods, again constrained in quantities and qualities which they
can handle by virtue of regulations and environmental, social, and
economic factors, acceptable for use in the area. The choice of
the type of wastewater facility will then be influenced by comparing
predicted quantities and qualities of residual wastes from a
variety of treatment processes to those of the acceptable and
available ultimate disposal methods. In this case, the quantities
and qualities of residual wastes from various wastewater treat-
ment processes can be modified by both raw wastewater modification,

~10-



FIGURE IH-|
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such as industrial pretreatment and sewer infiltration and inflow
controls, and by residual waste treatment and transformation proces-
ses.

The evaluative process Jcowcribed above would be the same,
although more complex, where more than one wastewater treatment
facility either exists or is planned. However, the potential for
economies of scale will require that combined treatment processes,
both for wastewater and residual wastes, be investigated to insure
a cost-effective plan as well as a plan that could provide for the
resource recovery, recycling, and utilization .encouraged in the
Act.

STUDY APPROACH

The Methodology pathway (approach) used in the Knoxville-Knox
County case study is not constrained by existing/proposed quantities
and qualities of sludge. This approach corresponds to the second
situation described in the previous section. The study approach
and report organization derived from following the pathway in
Figure III-1 are shown in Figure III-2.

As shown in Figure III-2, the study initially has three
independent processes occurring concurrently: 1) generation of
the raw-sludge forecast; 2) characterization of the study area;
and 3) delineation of the ultimate disposal options. The first
intersection of processes occurs in the feasibility analysis of
ultimate disposal options in which the study area constraints
(derived from the study area characterization) and the general
siting/suitability criteria for the ultimate disposal options are
compared and evaluated. Subsequently, the feasible disposal options
and the required sludge conditions (i.e., digested, de-watered, etc.)
are identified. A sludge management plan for the study area is
then developed for each feasible disposal option incorporating
the raw-sludge forecast and the required sludge condition (i.e.,
solids handling system). In the last step of the approach, each
alternative sludge management plan is evaluated according to the
criteria delineated in Chapter VII of the Methodology (i.e.,
economic, environmental, performance, and feasibility parameters) .
The general data requirements and the data sources utilized to
meet them are presented in Table III-1.

The approach taken during this study and as depicted in Figure
1II-2 is a possible approach that may be taken by the 208
planning agencies. Existing ana/or proposed wastewater treat-
ment plants generally have either poor records of existing
quantities and qualities of sludge or insufficient and unavailable

~12-
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TABLE ITI-1

DATA REQUIREMENTS AND SOURCES FOR KNOXVILLE-

KNOX COUNTY CASE STUDY

DATA REQUIRED

Existing/Proposed STP's

Population Projections

Wastewater Treatment Requirements

Study Area Characteristics
(e.g., geology, land use, etc.)

Ultimate Sludge Disposal Options/
Siting Criteria/Costs

Federal, State Sludge Disposal
Regulations

Alternative Solids Handling
Systems/Costs

Transportation Costs

Evaluation Criteria

DATA SOURCE

201 facilities plan (draft), MPC,
utility districts, Wastewater
Control System (City of Knoxville)

201 facilities plan (draft), MPC

201 facilities plan (draft),
utility districts, EPA Regional
Office

303(e) planning reports, 201
facilities plan (draft), MPC and
TVA reports, Tennessee Department
of Conservation, miscellaneous
maps and reports from Federal,
regional, and educational
institutions

Methodology (Chapter VI), MPC,
TVA

Methodology (Chapter VI),
Tennessee State Agencies (Air,
Water, Public Hgalth).

'Methodology.(Chapter 1V and VIII)

Methodology (Chapter V)

Methodology (Chapter VII)

information in 201 Facilities Plans for proposed plants.

Many 208

agencies will be faced, as was the case in this study, with in-
complete or on-going facilities planning programs and, thus, will
be required to generate sludge quantities and qualities utilizing
initially local information, if available, and secondly the
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Methodology. The data sources utilized during this study (see
Table III~1) would therefore also be the same types of sources

other 208 planning agencies would use in the development of
sludge management plans.
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CHAPTER 1V

CHARACTERIZATION OF THE KNOXVILLE-KNOX COUNTY AREA

INTRODUCTION

The primary purpose of this chapter is to provide background
data on the Knoxville-Knox County Study Area used in developing
and evaluating municipal wastewater sludge disposal alternatives.
Because this is a case study which will be read by persons unfamiliar
with the Study Area, it is deemed necessary to include such a pre-
sentation of general background information as an aid in understand-

ing the tailoring of the Methodology to the Knoxville-Knox County
area. ‘

The following sections are intended to provide brief but com-
prehensive pictures of the Study Area. The pictures to be described
are the natural and cultural systems or settings. An understanding
of these systems should guarantee both protection of existing and
future environmental and cultural values in the region and a minimum
cost for a sludge management system. Ignoring any or all of these
systems might result in sludge disposal methods that impair existing
and/or future uses of air, land, and water resources and lead to
costly corrective or containment actions.

The natural setting includes discussions of the physiography,
the geology, climatology, hydrology, soils, and other physical
characteristics which provide a basis for evaluating the environmental
suitability of the Study Area for various types of sludge management
options and the probable environmental impact. The cultural setting
describes the evolution of socioeconomic development in the Study
Area and the projected level, type, and distribution of future
development. This is important in delineating future sludge
quantities and in locating possible sludge management facilities,
particularly those having large land requirements. Included in the
cultural setting is a discussion of the institutional framework
(as related to wastewater sludge management) which attempts to
evaluate the legal, administrative, and technical capabilities of
existing agencies. Such knowledge is important for assigning
agency responsibility when developing sludge management alternatives
for consideration. Finally,a discussion of the legal setting high-
lights the existing laws under which a residual waste management
agency might finance, administer, implement, and enforce a
recommended management plan.
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NATURAL SETTING

The natural processes dominant in the Study Area are perhaps
most easily described within the context of the physiographic
region. Physiographic regions are generally defined as contiguous
areas having similar geologic structure and climate that have
evolved the same general land forms. Inherent in this definition
is the understanding that it is the interaction between geology and
climate which defines the drainage pattern of streams and rivers;
the topography, types and locations of soils, vegetation, and wild-
life; and the distribution of ground water. These latter character-
istics are directly related to the inherent environmental suitability
of the region for the various sludge disposal methods.

The Study Area physiography is also dependent in certain areas
on the reaction of the underlying carbonate rocks (i.e., limestone
and dolomite) with the existing humid temperate climate. Carbonate
and calcareous rocks are susceptible to solvation, particularly
along fractures and bedding planes. Over long periods of time,
the subsurface solution features begin to greatly affect landforms,
surface drainage, and groundwater availability. Regions in which
large-scale solution occurs are known as '"karst' regions. Within
the Study Area there are many areas in which karst features (Figure
IV-1) are abundant along with the unique problems associated with
such areas (e.g., flooding, subsidence, etc.).

The Study Area lies entirely within the Valley and Ridge
physiographic province. The Valley and Ridge province is a narrow
belt of faulted and folded rocks of Paleozoic age, extending 1200
miles (1931 kilometers) from central Alabama to the St. Lawrence
Valley. The region is characterized by parallel ridges and valleys
which are only occasionally broken by wind and water gaps. The
Valley and Ridge province in Tennessee is bounded on the west by
the Appalachian Plateau province, a low chain of folded mountains,
and on the east by the Blue Ridge province, a belt of mountains
composed primarily of metamorphic rocks.

Geology

The rocks of the Valley and Ridge province were originally
deposited on the margins of the interior Paleozoic sea, the sediment
originating from the erosion of highlands to the southeast and
northwest. During or after their deposition, the Appalachian revolu-
tion (i.e., mountain-building period) occurred which folded and
faulted the 30,000 to 40,000 feet (9100 to 12,000 meters) of strati-
fied rock and sediment causing a substantial decrease in the basin
width. The compression of these rocks resulted in parallel bands
of rock extending in a southwest-to-northeast direction.
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The geologic formations present in the Study Area are primarily
limestones, dolomites, calcareous and sandy shales, and sandstones
of early Paleozoic age. Carbonate rocks underlie approximately 55
percent of the land surface with shales and sandstones underlying
40 and five percent, respectively. These formations are generally
covered by a mantle of residual soil, mostly clay, which varies
in thickness up to 150 feet (46 meters) (Ref. IV-1). The residual
soil or regolith is a product of the weathering of the underlying
bedrock and is of a much more recent age. Alluvial deposits of
gravel, sand, and clay of very recent origin have been deposited
along floodplains and terraces.

Climate and Air Quality

The climate of the Study Area is apparently moderated to a
great extent by the adjacent Cumberland Plateau (a division of the
Appalachian Plateau) and the Blue Ridge provinces. The Cumberland
Plateau to the west has a rain-shadow effect on the Valley and Ridge
province causing annual precipitation to be 10 inches (25.4 cm) less
in the Study Area than that of the plateau region. The Cumberland
Plateau also acts to reduce the impacts of winter and cold fronts.
The Blue Ridge province to the east tends to divert hot summer
winds from high-pressure systems off the South Atlantic Coast.

Precipitation in the Study Area averages about 48 inches
(122 cm) annually including about 12 inches (30 cm) of snow.
Rainfall is fairly evenly distributed throughout the year with the
least rainfall occurring in September and October. The frost-free
period for the area is 215 to 220 days.

January through March is considered the winter season with
winds predominately from the west and southwest, these wind
directions also occurring during the spring season. The wind
speeds during these months (January-June) rarely fall below five
miles per hour [224 centimeters per second (cms)]. In summer
months the wind speeds are at their lowest, with speeds below five
miles per hour (224 cms) occurring thirty percent of the time.
During the fall (October through December), the winds are more
directional than any other season, with speeds lower than five
miles per hour (224 cms) from the northwest occurring 33 percent
of the time (Ref. 1V-2),

"In addition to seasonal fluctuations in wind speed and
direction, there exists pronounced diurnal fluctuations in the
wind. Daytime winds generally have a southwesterly component,
while nightime winds tend to be from the northeast' (Ref. IV-2).

In accordance with 40 CFR 51.12(e) published in the Federal
Register of June 18, 1973, states are to identify those areas which
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have the potential for exceeding any National Ambient Air Quality
Standards between 1975 and 1985. The identified areas are to be
known as Air Quality Maintenance Areas (AQMA's). Knoxville-Knox
County was not designated as an AQMA. Within the Knoxville Standard
Metropolitan Statistical Area (SMSA), the projected particulate
emissions (including Anderson, Blount, Union, and Knox County) for
1975 are 21,541 tons per year (19,542 metric tons per year) and
for 1985, they are projected to be 28,788 tons per year (26,166
metric tons per year) (Ref, IV-3). Pertinent Federal, State, and
local air pollution standards and air quality data for Knoxville
(1974) may be found in Appendix A.

Topography

The Study Area topography is classified as Open Hills surface
type in the Appalachian Rough Lands Subdivision (Ref. IV-4). This
type of topography is characterized by 20-50 percent of the land
being in gentle ‘slopes with over 75 percent of the gentle slopes

being in lowland areas (Figure IV-2). Local relief ranges from
300-500 feet (91-152 meters).

The land surface comprises a series of narrow subparallel
valleys and ridges oriented approximately N 55°E. These are a
result of the folded and faulted nature of the underlying gealogic
formations which vary in their ability to resist weathering erosion.
In general, the ridges are comprised of resistant cherty limestones
and dolomites and sandstones, while the valleys are underlain by
soluble carbonate rocks or shales which are easily weathered and
eroded. Relief between valley floors and ridge crests is between
180-400 feet (55-122 meters), decreasing slightly from northeast to
southwest.

Hydrology and Water Quality

The principle rivers draining the Study Area are the Clinch,
French Broad, and the Holston Rivers. The latter two join at
Knoxville to form the Tennessee. The northwestern third of the
area is drained to the Clinch River (Melton Hill Lake) by Bullrun
and Beaver Creeks. The remainder of the area is drained to the
Holston and French Broad Rivers and, from Knoxville downstream, to
the Tennessee River (Fort Loudoun Lake) by many small streams
(Figure IV-3.).

The mean flow of the Tennessee River at Knoxville is 12,850 cfs
(21,845 cu m/min) of which the Holston and French Broad contribute
35 and 65 percent, respectively. The flow of the Holston River
is controlled by Cherokee Dam, 52 miles (84 kilometers) upstream of
Knoxville, and that of the French Broad by Douglas Dam, 32 miles
(51 kilometers) upstream.
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Major flooding of the Tennessee, Holston, and French Broad
Rivers in the Study Area has not occurred since the construction
of Tennessee Valley Authority (TVA) impoundments upstream and down-
stream. However, studies conducted by TVA indicate that such flood-
ing is possible in the future under certain storm conditions (Ref.
IV-5). Flooding is possible on many of the smaiicr tributary streams
under many winter storm and thunaerstorm conditions. Figure IV-4
shows those areas most prone to flooding and includes sinkhole
areas (karst features) which, because of their importance in local
drainage, could under certain circumstances contribute to flooding.

Annual runoff in Knox County averages about 19 inches (48 cm)
with 7-9 inches (18-23 cm) passing through the groundwater system
before discharging to streams. Evapotranspiration processes return
the remaining 29 inches (74 cm) of annual precipitation to the
atmosphere (Ref. IV-6),

The occurrence of ground water in the Study Area is controlled
by fractures in the underlying rocks. These rocks have little pri-
mary porosity and permeability, but fracturing due to folding and
faulting and solvation along bedding planes have created a secondary
porosity and permeability. In carbonate and calcareous rocks the
fractures are enlarged by percolating ground water which dissolves
calcium carbonate from the rock. The area of active solvation with-
in carbonate rocks is generally within 300 feet (91 meters) of the
land surface. Below this depth fractures are small and precipita-
tion of dissolved calcium carbonate occurs which decreases the
secondary porosity and permeability (Ref. Iv-1).

There is no area~wide aquifer underlying the Study Area which
will yield predictable, large supplies of ground water to wells.
In general, areas underlain by carbonate rocks have the most ground-
water storage and areas underlain by shale and sandstone the least.
Much of the groundwater storage in carbonate rock areas is in the
residual soil overlying the bedrock, which can be as much as 150
feet (46 meters) thick. However, the permeability of this material
is low causing it to act as a recharge reservoir for the bedrock
system. The bedrock system has limited storage but high transmission
capacities along fractures and bedding planes. The yield of springs
or wells in these areas is dependent on the number and extent of
fracture systems intercepted.

Domestic supplies of ground water [5-10 gallons per minute
(gpm)] [0.32-0.63 liters per second (l/sec)] are available to
wells in virtually all parts of the Study Area. Well yields sub-
stantially greater than that required for domestic purposes occur
much less frequently for the reasons stated above.
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A review of the 303(e) plans developed for the Study Area
indicates that the majority of municipal and industrial dischargers
of concern in this study are located on water-quality-limiting
stream segments (Ref. IV-6, IV-7, IV-8, and IV-9). 1In addition
the 303(e) plans all assumed that '"by 1980 all persons living with-
in an urbanized area will be served by a waste treatment facility"
(Refs. 1IV-7, IV-8, and IV-9). Knoxville-Knox County SMSA and, in
particular, the Study Area for this report being essentially in
urban character (Ref. IV-10), it was assumed (see also Chapter V)
that the population within the Study Area will be sewered and the
wastewater treatment facilities will meet, at the minimum, discharge
standards promulgated to ensure compliance with stream standards for

water—quality-limiting segments.

In accordance with the Water Quality Control Act of 1971,
Chapter 164 Public Acts of 1971 as Amended, Sections 70-324 through
70-342, Tennessee Code Annotated, the Tennessee Water Quality Control
Board and the Division of Water Quality Control are seeking the
achievement of water quality conditions necessary to meet all the
reasonable and necessary water needs of the people of the basin and
to provide the greatest possible net benefit to the region.

As a part of the overall water quality goal, specific water
quality criteria have been established for all streams within the
State of Tennessee. The '"General Water Quality Criteria for the
Definition and Control of Pollution in the Waters of Tennessee
were adopted on May 26, 1967 by the Tennessee Stream Pollution
Control Board and were amended and readopted on October 26, 1971
by the Tennessee Water Quality Control Board with subsequent
amendments on December 14, 1971, and October 30, 1973. This Board
succeeded and replaced the Tennessee Stream Pollution Control
Board as required by the Water Quality Control Act of 1971.

The Water Quality Criteria vary according to each of seven
recognized reasonable and necessary water uses: domestic raw water
supply, industrial water supply, fish and aquatic life, recreation,
irrigation, livestock watering and wildlife, and navigation. The
Water Quality Criteria are given in Appendix B. Tennessee's
Water Quality Standards have been approved by the Water Quality
Office of EPA (Refs. IV-7, 1IV-8, and IV-9).

Soils

There are 60 kinds of soil represented in the Study Area
(Ref. 1V-11). These soils vary greatly in their characteristics
which are dependent to a great extent on parent material, relief,
and time, and to a lesser extent, on climate and living organisms.
In general, the most developed and thickest soils occur in the
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valleys where the rate of erosion is least and, consequently, the
time for soil development the greatest. The parent material in
the valley areas is chiefly residuum (the clay and silt remaining
after solution of the underlying carbonate rocks) with some over-
lying alluvial (stream) and colluvial (gravity slope) deposits.
The soils formed in the residuum are generally poorly-drained with
low to moderate fertility. Those soils formed in the alluvium

and colluvium are well-drained and highly fertile. The alluvial
and colluvial soils are the prime agricultural soils in the Study
Area; the residuum soils being more suited for hay and pasture.
The locations of these soils in the Study Area are shown in Figure
IV-5.

The soils formed near and along the ridges are generally thin,
poorly developed, and infertile. This is primarily due to the
higher rate of erosion in these steep-sloped regions which removes
the soil almost as fast as it is produced.

Flora/Fauna

Information characterizing the flora and fauna of the Study
Area was not found during the course of this study in detail
sufficient for use in the Methodology. The existing floral and
faunal systems gererally fcund in the Valley and Ridge province
today are primarily those of oak forest (Ref. IV-11). In uncut
areas, red and white oak predominate on intermediate slopes and
chestnut oak on higher rocky slopes and crests. The valley areas
are predominately white and red oak with hickories and tulip
poplars. Some of the valley areas might have been natural prairie
at one time. The wildlife associated with such vegetated areas
would include numerous varieties of birds and small mammals,
including deer, fox, raccoon, and oppossum.

Mineral Resources

The mineral resources of the Study Area are related primarily
to the carbonate rocks. Carbonate rocks are important as sources
of crushed stoue, agricultural limestone, lime, cement, and dimen-
sion stone. Carbonate rocks near the town of Mascot are the host
for zinc deposits which are mined primarily as sphalerite concentrates.
Shale is also quarried for brick and lightweight aggregate manu-
facture. The locations of active quarries and mines are shown in
Figure 1IV-6. On a regional basis, the Study Area is located only
several tens of miles east of extensive coal strip-mining operations
which could provide feasible reclamation alternatives for sludge
disposal.

CULURAL SETTING

Just as it is unwise to plan sludge disposal management
ignorant of the natural setting, so is it equally unwise to develop
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and evaluate disposal alternatives without considering the exist-
ing and projected cultural setting and values. Sludge disposal
alternatives compete with other public and private interests

for economic and environmental resources, whether it be for space
in a sanitary landfill or the money for building and operating an
incinerator. The following sections are intended to present in
brief form the cultural setting as it exists now and, possibly
more important, what it is desired/projected to be.

Evolution of the Knoxville-Knox County Area

The primary driving force in the socioeconimic development of
the Study Area has been its location at the navigable headwaters
of the Tennessee River. This natural access to cheap bulk trans-
portation has led to a concentration of wholesale, retail, banking,
transportation, and manufacturing services, (primarily located in
and adjacent to Knoxville) which serve eastern Tennessee and parts
of Virginia, Kentucky, and North Carolina. With its evolution
from an area primarily devoted to developing local agricultural,
forest, and mineral resources to one of providing regional services
(not dependent, to any great extent, upon local natural resources),
a different set of environmental needs and values related to urban-

ization developed within the Study Area.

Initially, the urbanization process occurred north of and
adjacent to the upper Tennessee River in what is noWw the central
core of Knoxville. Urban development through the 1950's occurred in
areas adjacent to past development with the steep ridge areas left
undeveloped. Post-1960 development occurred in rural areas several
miles from the city limits primarily as medium and low density
residential developments. This recent development has 18? Lo
environmental quality problems related to the use of septic tank ’
disposal in clay and/or thin soil areas (i.e., groundwater pollution,
drainfield seepage, etc.). In addition, suburban development has
resulted in competitijon for prime agricultural land which in many
cases is susceptible to flooding (Figures IV-4 and Iv-5).

Critical to its function as a regionmal center, transportation
networks of all types are available within the Knoxville-Knox County
area. Highway accessibility has been increased with the completion
of Interstate Highways 40, 75, and 81. Local and surrounding
area traffic is handled by several additional Federal and State
highways. The Louisville and Nashville Railroad and the Southern
Railroad operate rail freight facilities in Knoxville providing
rail service in virtually all directions. The Tennessee River is

presently navigable from Knoxville to its confluence with the
Ohio River.

The economy of the Study Area is diversified with manufacturing
the largest single employment category. Trades, government, and
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services are also significant economic factors. The agricultural
economy is characterized by numerous small farms [about 1800 farms
with an average size of 73 acres (30 hectares) in 1969] with a

long-term decreasing trend in the number of farms and the acreage
farmed (Refs. 1V-7, IV-8, and IV-9).

The population of the Study Area has grown from 74,000 in 1900
to 276,000 in 1970. The growth rate per decade has been fairly
constant. A current population estimate made by the Metropolitan
Planning Commission (MPC) in July, 1974 is 303,379 of which 59
percent live within the city limits of Knoxville. Figure V-4
shows the distribution of the estimated 1975 and 1995 populations
per drainage area. Primary population centers outside Knoxville
are to the north, west, and southwest of the city limits.

The existing land use (Figure IV;7) for the Study Area outside
Knoxville has major residential developments west and north of the
city limits adjacent to major highways. 1Industrial areas are located
primarily within Knoxville and adjacent to railroad lines. Pre-1960
development, particularly residential, occurred in a ring-like
pattern centered around the central core-area of Knoxville. Post-
1960 residential and industrial development has occurred in a much
more dispersed manner. Many medium and low density residential
projects and large commerical and office parks have been built in
formerly rural areas, particularly in west Knox County. The
northern portion of Knox County has had additional suburban
residential development on a smaller scale. East Knox County has
not experienced much development since 1960 with the exception of
the Forks-of-the-River industrial area. Recent development in
southern Knox County has been limited to some low density residential
developments.

The 1990 General Plan for Knoxville-Knox County

The primary goal of the 1990 General Plan for the Study Area
as delineated by the MPC is to provide the greatest number of people
with public services and facilities on a cost-effective basis., This
is most easily accomplished by filling in currently sparsely populated
areas with future new development. Figure 1V-8 snows the 1990
land use plan which, when compared to the existing land use map

(Figure IV-7), reveals several assumptions/desires of the MPC in
regard to the future development of the area:

"Most of the urbanized areas will remain in their present
uses and character, except where urban renewal or other
similar programs can change the economic equation suffi-
ciently to allow redevelopment.

The major elements of the transportation system will
remain essentially intact.

Location of additional development will be greatly
influenced by topography and transportation corridors.
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Some manufacturing uses will be located outside of the
city with regional services and distribution facilities
concentrated within the city." (Ref. 1V-13).

In addition to allowing for more extensive and cost-effective
public services, increasing the densiiLy of development would
preserve land for other uses such as agriculture and recreation.

Population projections (Figure V-4) indicate three general
areas within the Study Area which are expected to absorb most of
the new development through 1990. West Knox County is expected
to accommodate the greatest amount of development. North and
south Knox County are expected to absorb the bulk of the remaining
development potential with new development in north Knox County
being a greater certainty.

Institutional Characterization

Another important parameter to be considered in the general
feasibility of a sludge management alternative is the number of
implementation alternatives practically available in the Study
Area. It would show poor foresight to develop disposal alternatives
which are compatible with the environment and the projected land
uses of an area but infeasible to implement for political or
financial reasons. And, although there are a large number of
possible financial, operational, and political alternatives, only
a limited number would apply to any given area. The following
discussion is intended to delineate the existing wastewater
agencies operating in the Study Area and their financial, legal,
and administrative capabilities, and assess the institutional
possibiiities for various types of disposal alternatives.

Currently several wastewater management agencies are operating
within the Study Area. The largest such agency is the Public
Service Department of the City of Knoxville which services about
70 percent of the city population. Three utility districts
(autonomous service areas created within the county) provide sewer
and treatment services to certain developing communities in Knox
County. In addition, Knox County owns and operates an industrial
park wastewater treatment facility at Forks-of-the-River.

The Public Service Department (PSD) has been responsible for
the sanitary sewer system and treatment facilities in the City of
Knoxville since 1923. The division of the Department currently
responsible for the day-to-day operation of these facilities is
the Wastewater Control System, established in 1953. Policy
decisions for the sanitary system are made at the Department level.
The Department has all the legal powers necessary to perform its
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functions (which would include sludge disposal) as provided in the
Tennessee Annotated Code and Knoxville city charter (Ref. 1V-10).
Among its legal prerogatives are the ability to enter into contracts
with other municipalities or private corporations outside its juris-
diction in order to provide adequate service and the power of eminent
domain, which under certain circumstances can extend beyond the
corporate limits of the city. The Department has the power to issue
general obligation bonds and can determine sewer rates (subject to
City Council approval). It has received Federal and State funds in
the past and, owing to inadequate and malfunctioning treatment plants,
is ranked high on the priority list for Federal funding. Revenues to
repay bonded indebtedness and system operating costs are generated
through user charges, improvement fees, and industrial surcharges.

If these revenues are not enough to meet expenses, funds can be
cbtained from the general tax fund of the city, although this has
never been required in the past. Because city taxes guarantee the
bonds, the Department has an "A" bond rating. The Department has

an established record for providing diverse public services and

would have some of the technical expertise in-house required to
design and operate a sludge management program.

The three utility districts providing sewer service and treat-
ment to areas of Knox County are West Knox, Hallsdale-Powell, and
First Utility (Figure V-2). The sewered populations served by
these districts are small although they are expected to increase
substantially in the future (see previous section Hydrology and
Water Quality). 1In the past, the utility districts have operated
relatively autonomously, although they are participating in recent
"201" and ''208" planning. Two of the utility districts are currently
coordinating with the PSD in order to sewer parts of their districts
to the city system. Utility districts do not have the power to
levy taxes and must rely on revenue bonds, short-term loans, and
Federal assistance for financing capital improvements. Because of
their small size and inability to tax, utility district bond ratings
are low (BBB or less) which means high interest rates., Utility
districts do have most of the other legal powers given to municipali-
ties, such as eminent domain and entering into contracts as stated
in the Utility District Act of 1937 of the State of Tennessee
(Ref. IV-10). The technical and administrative capabilities of
the districts are limited, such services being normally provided
by outside consultants.

Knox County has only recently (1967) provided sewer service
and treatment with the Forks-of-the-River industrial park facility.
Traditionally, most counties in Tennessee have avoided providing
such services, hence the creation of the utility districts. This
has been in accordance with legislative and constitutional limita-
tions upon the power and nature of county government., In 1961,
however, a public act of the legislature specifically gave the
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counties the right to provide certain urban services including
sanitary sewer service (Tennessee Code Annotated, Sec. 3-1612).
There are tentative indications that the County is evolving a more
responsible County-wide awareness which could lead to greater
County participation in services and planning in the future. For
example, the Knox County Court, in 1971, created the Knox County
Environmental Commission with a gecal of bringing County-wide
water services, sewage disposal, and solid waste disposal under a
single agency (presumably the County). Currently the county is
limited in its ability to administer any of these functions.
Although it has MPC to perform technical planning duties, the
County does not have a large technical staff available.

From an institutional perspective, then, the Study Area can
be described as a large municipal agency (PSD) surrounded by
several small utility districts within a county matrix. Tradi-
tionally, these agencies have operated independently with little or
no interaction. In recent years, however, the PSD (City of Knox-
ville) and the First Utility and West Knox utility districts have
cooperated in providing sewer service to portions of west Knox
County, thus establishing a precedent for interagency cooperation.
At the same time, a metropolitan attitude has been evolving within
the Study Area via various civic groups, planning agencies, and
City and County officials. An initial step in this perspective
change is the growing awareness within Knox County of the need
for the County to participate more extensively in the provision
of public services and in the planning and direction of future
development. These functions could, however, be usurped by
individual developers and the utility districts which do not and
could not have an area-wide perspective or concern for their impacts
on County development. As a result two desirable but conflicting
institutional processes are evolving within the Study Area:

(1) greater interagency cooperation among existing agencies; and
(2) growing pressure for the County to enlarge its responsibilities
and participation in the future development of the area. The
latter increase in power by the County would be at the expense of
the utility districts.

From a sludge management perspective, the institutional setting
is currently limiting in regards to metropolitan-level solutions.
The utility districts can not be required to participate in a metro-
politan solution. The financial instability and inherent limited
financial capabilities of the utility districts (i.e., small size,
no taxation power) would almost certainly deter their participation
in an expensive but environmentally-and socially-sound alternative.
Moreover, it is conceivable that a utility district would become a
principal adversary in the implementation of a large land applica-
tion system within its jurisdiction, not necessarily for environ-
mental or cost reasons, but based on its need/desire to encourage
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residential development within its area in order to finance the
existing system and future improvements. As a result, a sludge
management alternative incorporating a metropolitan solution would
need to be both economically advantageous to a utility district
and noninterfering with regard to its development needs in order
to expect the utility district's cooperation.

LEGAL SETTING

The setting in which residual waste management [including both
solid waste and municipal wastewater treatment plant sludges, which
are considered a 'special" solid waste (see following discussion
under The Solid Waste Disposal Act, TCA 53-4302 et seq.)] could be
addresses from a legal standpoint is also a concern in the planning
and management of any disposal or resource recovery plan. The
following information has been provided by the East Tennessee
Development District (ETDD) which covers 26 counties of east
Tennessee and 3 counties of north Georgia (Ref. 1IV-14).

In order to determine the available options for regional
waste management it is necessary to examine the laws of Tennessee
pertaining to solid waste, intergovernmental cooperation, and the
formation of other corporate and municipal type entities capable
of waste management. Solid waste collection and disposal is
covered under a number of different sections of the Tennessee
Code Annotated (TCA). The two most significant Acts which relate
to the institutional arrangements for a resource and energy
recovery system are the Garbage and Rubbish Collection and
Disposal Services Act, TCA 5-1901 et seq., which authorizes
governmental bodies and joint efforts of the same to collect
and dispose of solid wastes; and the Tennessee Solid Waste
Disposal Act, TCA 53-4302 et seq., which provides for grants to
governmental bodies to aid in the proper disposal of solid waste
and loans for the construction of resource and energy recovery
systems.

In addition to these Acts, the Utility District Act, TCA
6-2601 et seq.; the Industrial Development Corporation Act,
TCA 6-2501 et seq.; and the Corporations laws at TCA 48 have
potential use in the development of management possibilities
for a resource and energy recovery system and related industrial
development. A brief discussion of each of these laws follows.

The Garbage and Rubbish Collection and Disposal Services Act
(TCA 5-1901 et seq.)

Under this Act, the counties of the State of Tennessee
are authorized to provide garbage and rubbish collection services
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and to provide disposal services to the entire county or to
special districts within the county. The Act contains an inter-
local agreement section which gives counties the option of enter-
ing into cooperative agreements for either the collection or the
disposal of solid waste. (TCA 5-1901). This section of the Act
is broad in that it allows counties to enter into such agreements
with other counties or with any other governmental unit or
agency, Federal, State, or local. It includes municipalities,
towns, utility districts, and improvement districts within the
County, and also allows contracting with private contractors

for collection and/or disposal, or any other entity which provides
either or both services.

The interlocal agreement section of the Garbage and Rubbish
Collection and Disposal Services Act specifically gives the
cooperative management entity the power to raise revenues in any
and all ways that the county can raise revenues, such as by
revenue bonds, by taxes levied in specific districts, by
combinations of revenue bonds and income from facilities operated
by the several jurisdictions, etc. For the purposes of the
institutional arrangements of a resource recovery facility in the
Study area, this section could be used to form either one entity
to oversee the entire operation or groups of cooperative entities
to construct and manage transfer stations, to operate regional
sanitary landfills, and to coordinate collection.

The interlocal agreement section of the Act would give a
stronger basis for such cooperative efforts than would the
Interlocai Cooperation Act, TCA 12-801 et seq. The Interlocal
Cooperation Act is vague about power to raise revenues for the
operation of a cooperative effort. This vagueness could result
in delays while an agency formed under it is tested in court action.
The Des Moines Solid Waste Agency was formed under an Interlocal
Agreement Act very similar to that of the Tennessee Code Annotated,
and the Supreme Court of Iowa found that additional legislation
would be required to give that agency the power to raise revenues
(Goreham V. Des Moines, 188 NW 2nd 860).

At least two possible arrangements exist and would be work-
able under TCA 5-1901 et seq. (1) The local government could
contract with the provider of the recovery facility on an individual
basis for disposal of solid waste. Where the amount of waste
generated by a specific local government is insufficient to make
the transportation from that county alone economically feasible,
a cooperative unit of several local govermments could be formed.
That unit could contract in turn with TVA, the City of Knoxville,
or any other provider of a resource/energy recovery facility
for disposal of solid waste. (2) Another possibility would be
for the entire Study Area to form an agency for the construction
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and management of transfer staticns necessary to store and prepare
waste for transportation to a resource/energy recovery facility,
and for the acquisition and management of regional sanitary land-
fills for waste unsuitable for recovery and as alternative
disposal sites in the event of facility snutdown. (A private
corportation could also participate at any of the stages of the
operation; that is, it could do the collection, construct and
manage the transfer facilities, handle the transportation, or
construct and operate the recovery facility.)

Solid Waste Disposal Act, (TCA 53-4302 et seq.)

This Act as amended in 1974 will also be very beneficial
in developing the institutional arrangements for a solid waste
system with resource/energy recovery. Grants of up to one
dollar ($1.00) per capita are available from the State for each
incorporated city or town or for each county to be used in
operating and maintaining state approved disposal facilities,
Cooperative efforts are encouraged as part of the specific
legislative intent of the grant section of TCA 53-4302 et seq.
"It is the further intent of this section to reduce the number
of these optimum feasible solid waste disposal facilities or
systems to the absolute minimum by vesting in the department
(of Health) the authority to insist upon maximum cooperation
among local instrumentalities as a prerequisite to receiving
these special minimum-level grants'" (TCA 53-4318).

The grant funds are available for the purposes of "Acquiring,
establishing, constructing, altering or operating solid waste
disposal facilities or systems or for the purpose of purchasing
equipment therefor, or for the service of debt incurred therefor"
(TCA 53-4317). These funds may be provided either directly to the
cities, towns, and counties involved or they may be provided by
contract with one or more other political subdivisions of the
State as authorized by the Interlocal Agreement Act. They
may also go to an approved private solid waste disposal system
or facility that is certified as eligible by the Department
of Health.

The Solid Waste Disposal Act also gives the Tennessee
Department of Public Health authority to approve grants and loans

from the Federal government or other sources to local governments
(TCA 53-4309).
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The 1974 amendment to the Act provides for resource/energy
recovery facility loans from the State. (TCA 53-4322 et seq.).
This section provides that the '"State of Tennessee is hereby
authorized to make loans to any municipal corporation or county
for the construction of energy recovery facilities and/or solid
waste resource recovery facilities. Such loans shall be made
from the proceeds of State bond sales authorized pursuant to
implementing acts of the State of Tennessee' (TCA 53-4323).
Limits of indebtedness imposed by other laws of the State are
not applicable to loans under this Act (TCA 53-4335).

Loans under this section of the Act can be supplementary
to grants made under the other provisions of the Act. Loans are
available to special districts of the State empowered to provide

solid waste disposal service as well as to municipal corporations
and counties,

Pertinent sections of the regulations governing solid waste
processing and disposal in Tennessee may be found in Appendix D,

The Utility District Act, (TCA 6-2601 et seq.)

Solid waste collection and disposal are among the services
that can be performed by utility districts in Tennessee (TCA
6-2603) . The potential for using utility districts for the
purpose of coordinating local governments in solid waste collec-
tion and disposal has not been adequately explored in Tennessee.
A factor that supports utility districts in waste management
is their ability to charge customers for actual services. This
would allow local governments to remove solid waste collection
and/or disposal from their ordinary expenses and actual costs
could be billed to the customer-user in the same manner as other
utilities are now billed.

The Urban Type Public Facilities Act, (TCA 5-1601 et seq.)

This Act used with the Interlocal Cooperation Act, supra,
created the Tellico Area Service System in Monroe and Loudon
Counties for development of the Tellico Area and the Timberlake
Community. It gives the system utility functions including the
incineration or other disposal of solid waste. However special
authorization is necessary for the addition of each new service.
It is limited to the two counties but could be expanded or
other counties could form similar service systems if necessary.

Fhe Industrial Development Corporation Act, (TCA 6-2801 et seq.)

This Act provides for the issuance of bonds to raise revenue
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for industrial deévelopment. The revenues can fund nonprofit
corporations established to increase industry. 1ts purpose is
to develop job potential through industrialization. It also
seems to provide for loans to existing industry for acquisition
of pollution control devices necessary to meet State standards.
It might prove useful in developing resource recovery related
industry and in ultimately financing pollution control equipment
for a resource/energy recovery facility. 1Its use for the latter

appears somewhat dubious because of the lack of clarity of those
provisions of the Act.

Corporations, (TCA 48-102 et seq.)

The Corporation Act of the State of Tennessee has been
used at all stages of solid waste collection and disposal,
and corporations chartered by this State and others are engaged
in each area of activity at this time. Two landfills in the ETDD
area are owned and operated by private for-profit corporations.
Transfer stations are operated in conjunction with one of the
landfills. Collection is carried on by large numbers of
corporations in the grant area, ranging from the largest cor-
poration in the Nation involved in the solid waste industry,
Browning Ferris Industries, Inc., to small family corporations
operating one or two trucks for collection.

In Nashville, Tennessee, the Nashville Thermal Transfer
Corporation is chartered by the State of Tennessee as a not-for-
profit corporation whose purpose is to provide low-cost district
cooling and heating services for downtown Nashville. The Nashville
Electric Service and the Nashville Gas Company were initially
approached with the idea of providing a central heating and
cooling plant for the area, but because a referendum would have
been required to give them the authority to do this, the not-
for-profit corporation was formed so that the work on the system
could be begun within a necessary time frame.

The system proposed by I.C. Thomasson and Associates for
Knoxville (see also Chapter V) is similar in design to the
Nashville Thermal Transfer Facility. While it could be establish-
ed as a not-for-profit corporation, the proposal calls for it to
be owned by the city and financed through either revenue or
general obligation bonds.

Additional Legal Considerations

In additional to the laws discussed above and earlier sectionms
of this chapter (see Climate and Air Quality and Hydrology and
Water Quality), there are two legal considerations that impact
on sludge management for Knoxville-Knox County. Ordinance No.

5819 of the City of Knoxville, effective 8 November, 1974,
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established rules and regulations governing the wastewater control
system of the city. Normal domestic wastewater, as defined in
Article III of the ordinance is as follows:

"Normal Domestic Wastewater' shall be regarded as
“normal” for Knoxville. Normal domestic wastewater
shall contain a daily average of not more than 2,500
pounds (300 Milligrams per liter) of suspended
solids; not more than 2,000 pounds (240 Milligrams
per liter) of B.0.D.; and not more than 471 pounds
(50 Milligrams per liter) of grease and oil, each,
per million gallons.

Industrial discharges to the City sewer system must either pretreat
their wastes to domestic wastewater quality levels prior to
discharge or pay an extra strength surcharge (Articles IV, Section
8, Paragraph G-1 and Article IV, Section 6, Paragraph C). In
addition, Article IV, Section 8, Paragraph H establishes waste-
water discharge criteria which include heavy metals such as
cadwmium, iron, chromium, copper, zinc, and nickel.

As also noted in Chapter V of this study, it was assumed, due
to a lack of data, that future industrial discharges to the City
sewer system would be comparable, in terms of strength, to domestic
sewage. It should be pointed out that the present extra strength
surcharge rates appear both low in terms of dollars charged for
pounds in excess and lacking in ability to consider excess heavy
metals in the surcharge. Thus, the industries may not presently
have a sufficient economic incentive to provide pretreatment
facilities capable of heavy metal removal. If sludge disposal
options are selected which are sensitive to heavy metal inputs
(e.g., land application systems), the City may be required, for
operational concerns in these options, to provide stricter heavy
metals discharge standards and extra strength surcharges based
also upon heavy metals. This can be done by Article IV, Section
8, Paragraph H as cited below.

"No statement in this ordinance is intended or may

be construed to prohibit the Director from establish-
ing specific wastewater discharge criteria more
restrictive where wastes are determined to be harmful
or destructive to the facilities of the Waste Water
Control System, or to create a public nuisance, or

to cause the discharge of any treatment facility
operated by the Waste Water Control System to violate
effluent or stream quality standards imposed or as
may be imposed by the Tennessee Department of Public
Health and/or the United States Environmental
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Protection Agency, or to exceed industrial effluent
standards for discharge to minicipal wastewater
treatment systems as imposed or as may be imposed
by the Tennessee Department of Public Health and/or
the United States Environmental Protection Agency."

Zoning ordinances for both the City of Knoxville and Knox
County provide restrictions as to the uses of various types of
lands within their respective boundaries. The existing and
proposed land maps for the Study Area as noted earlier in
this chapter were developed by MPC and considered the various
applicable zoning ordinances. The evaluation of potential
disposal options utilized these maps and thus, indirectly,
zoning ordinances (see Chapter VI, Table VI-2 of this report).

The issue of eminent domain (see under Institutional
Characterization) has been addressed in a recent publication
(Ref. IV-15). As noted in this publication, Article 1, Section
21 of the Tennessee Constitution allows the taking of private
property for public use only upon payment of just compensation
to the owner thereof. Just compensation is satisfied by the
payment of the fair market value of the property actually
taken. To determine the fair market value, the Circuit Courts
(under which jurisdiction over eminent domain proceedings is
vested by statute unless the Chancery Courts acquire jurisdiction
over a matter pecurlarly cognizable such as to assess damages
in a suit originally brought to avoid a contract or to reform
a deed) must assess all available uses and capacities to which
the property is adaptable and all the available uses to which
it might be applied given its size, zoning, location, and
condition.

If only partial taking of a landowner's tract is involved,
the landowner is entitled to recover the fair market value of
the property actually taken, to which will be added by statute
(TCA, Title 23, Sections 1414 and 1537), damages incidentally
done to the residue by reason of the taking, less the value of
any benefits accruing thereto by reasons of the proposed improve-
ment. By definition, incidental damages to the residue are
allowable only to a property owner some part of whose land
was actually taken, and do not cover compensation for ajoining
or abutting owners no part of whose land is actually taken for
the improvement. The following have been held compensable as
incidental damage to the residue of property taken: noise, soot,
and inconvenience created by the operation of a railroad;
obstruction of view by a highway embankment within the right-
of-way; change of grade in a municipal street, reasonable
apprehension of danger from inherent and unavoidable defects in
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the improvement; and loss of access to abutting street. In
addition, reasonable expenses of removing and reinstalling
fixtures, moving expenses for a distance not to exceed ten
miles, cost of amortizing the remaining principal of a mortgage
or deed of trust at a rate not to exceed nine percent are also
included as incidental damages that may be recovered.

The condemnor is entitled to off-set against incidental
damages the value of any benefits accruing to the residue
by reason of the improvement, but is not entitled to offset
any general increase or advance in the value of the residue
occasioned by the construction of the improvement.

Following proper procedure (i.e., determination of juris-
diction, petition, filing of notice, and deposit of amount
of damages the condemnor determines as due the owner for which
he can seek legal remedy under equity), the City of Knoxville
of Knox County can proceed under its powers of eminent domain
(specifically, water works and sewers TCA 6-1701, et seq.) to
obtain lands necessary for ultimate disposal of sludges derived
from such works. As discussed above, it would appear that the
least costly means of acquiring such property would be the
acquisition of whole property and not leaving in an owner's
possession residue property which is part of a disposal site.

The City of Knoxville/Knox County might also wish to consider
leasing rather than purchasing the land. The City currently is
under a lease agreement for the sanitary landfill located near
Rutledge Pike and therefore has prior experience and legal
capabilities in such arrangements (Ref. IV-18).

The disadvantage of utilizing a lease arrangement for land
application systems is that, unlike purchase and outright land
ownership where the purchase price can be shared 75 percent by
Federal funding with State and local share of only 25 percent,
the lease payments would be considered an operating expense to be
borne totally by the local area. Thus, prior to evaluation of a
land-oriented sludge management plan, the true costs of leasing
versus amortization of the 25 percent capital expense of purchase
must be compared to determine the most cost-effective financial

arrangement.

In addition, care must be excerised in drawing up the lease
arrangement to protect the legal interests of the lessor from
possible suits brought against the lessee for improner operation
of the land site leading to off-site environmental degradation.

Land application programs require site preparation and design
features (contouring, dikes, berms, underground collection systems)
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to prevent run-off from entering nearby water courses. The

design and construction costs of these features are quite high,
generally greater than the purchase costs of the land itself.

In the development of sludge management plans for Greater Chicago,
the Metropolitan Sanitation District looked at purchase versus
leasing of suburban lands south of the city. It was noted that
"since the investment in site preparation is large relative to the
purchase price of the land, it is generally preferable to purchase,
rather than lease, land in order to be able to recover development
costs in the event of a later sale of the property” (Ref. IV-19).
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CHAPTER V

THE SLUDGE DISPOSAL PROBLEM

INTRODUCTION

Evaluation of the planning perspective figure in Chapter III
indicates that one of the investigations necessary in the develop-
ment of residual waste management options is the review of existing
and proposed wastewater treatment facilities in the 208 Study Area
and the projection of sludge quantities from these facilities. This
review and projection would be facilitated by having completed 201
Facilities Plans available such that the actual quantities could be
ascertained and utilized. However, the 201 Facilities Plan for Knox-
ville-Knox County was not completed during the course of this investi-
gation, thus making it necessary to utilize the Methodology to develop
sludge projections. It should be recognized that in a great many cases
this lack of completed 201 Facilities Plans for use in a 208 planning
study would likely be the rule. Therefore, the following portions of
this chapter are intended to: 1) characterize the existing situation
in terms of wastewater treatment facilities and current disposal
practices; and 2) describe the future anticipated facilities and
project for these facilities raw sludge production.

Due to the lack of sufficient or complete data within the 201
Facilities Plan as noted above, the following procedure was utilized
such that the characterization of the Study Area in terms of existing
municipal wastewater treatment facilities (and the drainage areas
served by them) and their respective sludge quantities and existing
disposal practices could be described. The goals of the procedure
were to: 1) identify the extent of the present service area served
by each existing facility; 2) identify the responsible agencies
providing the sewerage and treatment facilities; and 3) the existing
treatment facilities (their present average dry weather flows and
operational difficulties which impact upon current and/or proposed
sludge handling and disposal).

The procedure was as follows:

(1) review the 201 Facilities Plan and, to the extent possible,
abstract and synthesize data from the Plan;

(2) describe in some manner common to the Plan the existing

situation (thus providing some commonality between 201 and
208 planning);
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(3) contact local agencies, utility districts, and consulting
engineering firms such that missing or incomplete data
could be filled in; and

(4) from tvhe first three steps above summarize the existing
facilities, their current sludge quantities produced and
the current disposal practices.

The same procedural format was also utilized in the development
of information necessary to describe the anticipated facilities.
During the course of this phase (i.e., description of the anticipated
facilities), it became necessary to make reasonable assumptions as to
the extent of future service areas and population served such that
projected future raw sludge quantities could be made. These
assumptions, required because of a lack of data supplied in the 201
Facilities Plan regarding future sludge quantities, were made in
order to facilitate the use of the per capita sludge generation
numbers found in the Methodology. The method and the necessary
assumptions used to describe future sludge quantities are described
in a latter portion of this chapter.

EXISTING FACILITIES

As shown on Figure V-1, there are thirty-one distinct and
separate drainage basins within the Study Area. These thirty-one
drainage basins were combined during the preparation of the 201
Facilities Plan into the eleven major drainage areas described below
and utilized during this study (Ref. V-1). The major wastewater
facilities are presented and industrial discharges to the system
discussed. Figure V-2 indicates the boundaries of the utility
districts and the City of Knoxville discussed in the following text.

Third Creek Drainage Area

The Third Creek Drainage Area encompasses approximately 64
square miles (166 square kilometers) of which 50 square miles (129
square kilometers) are in the City of Knoxville. It consists of the
central, northern, and southern portions of the City of Knoxville and
includes eight drainage basins. These drainage basins are First Creek;
Second Creek; Goose Creek; Toll Creek; and portions of Third Creek,
Knob Creek, Williams Creek and Loves Creek. Sewerage service within
the basins is provided by the City of Knoxville.
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The largest existing waste treatment facility located in this
drainage area, as well as in the Study Area, is the Third Creek Treat-
ment Plant. It is owned and operated by the City of Knoxville. The
plant provides primary treatment for the entire wastewater flow
entering the plant, secondary activated sludge treatment for a portion
of the flow and effluent chlorination for the entire flow. Its sewage
collection system serves the entire area within the City limits of this
drainage area and serves approximately 132,400 people (1970 figure).

The existing effective capacity of the Third Creek Treatment
Plant is 18.0 million gallons per day (mgd) (6.81 x 104 cu m/day).
However, the average dry weather flow received at the plant is 26.8
mgd (10.14 x 104 cu m/day). As indicated, the plant is severely over-
loaded. The effluent, which presently does not meet the requirements
of the regulatory agencies, is discharged to the Tennessee River (Fort
Loudoun Lake) at River Mile 646.3 (Ref. V-1).

Thirty-seven industries discharge to the Third Creek sewerage
system 6.52 mgd (2.47 x 104 cu m/day). Of these thirty-seven
industries, nine operate on a seven day a week, twenty-four hour a
day basis and discharge 2.98 mgd (1.13 x 104 cu m/day). The other
twenty-eight industries operate on a five day a week, eight hour a
day basis., Thus, on weekends the Third Creek plant receives only
46 percent of the total industrial input experienced during the
earlier five day work week; an operational problem which may
adversely impact upon wastewater treatment efficiency and sludge
handling. Only four of the thirty-seven industries provide pre-
treatment prior to sewer discharge at the present time (Ref, V-1).

Fourth Creek Drainage Area

The Fourth Creek Drainage Area occupies approximately 43 square
miles (111 square kilometers) in the western part of the City of Knox-
ville and part of west-central Knox County. It consists of four
drainage basins, including Fourth Creek, Bluegrass, Duncan Branch,
and the portion of Third Creek previously discussed.

Sewerage service for approximately 65 percent of the Fourth
Creek Drainage Area is provided by the City of Knoxville. However,
due to the land use pattern and topography, much of the area is
unsewered. These unsewered areas are treating their wastcwaters
through the use of individual septic tanks and leaching fields. The
Fou