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CONVERSION FACTORS

For use of readers who prefer to use metric units, conversion factors for
terms used in this report are listed below:

Multiply By To obtain

foot (ft) 0.3048 meter (m)

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)

cubic foot per second (ft3/s) 0.02832 cubic meter per second
(m3/s)

gallon per day (gal/d) 0.0038 cubic meter per day (m3/d)

million gallon per day (Mgal/d) 3,785 cubic meter per day (m3/d)

gallon per minute (gal/min) 0.06309 cubic meter per second (m3/s)

cubic foot per second per 0.01093 cubic meter per second per

square mile [(£ft3/s)/mi?) square kilometer

[(m3/s)/km? ]

inch (im.) 25.4 millimeter (mm)

inch per year (in/yr) 25.4 millimeter per year (mm/a)

square mile (mi2) 2.590 square kilometer (km?)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum

derived from a general adjustment of the first order level nets of both the
United States and Canada, formerly called mean sea level. NGVD of 1929 is

referred to as sea level in this report.
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DROUGHT-RELATED IMPACTS ON MUNICIPAL AND MAJOR SELF-SUPPLIED
INDUSTRIAL WATER WITHDRAWALS IN TENNESSEE--PART B

By Frank M. Alexander and Lee A. Keck, TDWM; Lewis G. Conn, USGS;
and Stanley J. Wentz, TVA

ABSTRACT

The Tennessee Division of Water Management conducted a water use survey of
all public community water facilities and large, self-supplied commercial and
industrial water users during 1982. During 1981, 463 public community water
facilities supplied water to approximately 3,814,000 people or 83 percent of
the 1980 population of Tennessee. Total water supplied was 566.1 million
gallons per day of which 346.8 million gallons per day or 61 percent was from
surface-water sources and 219.3 million gallons per day or 39 percent was from
ground water. Ground water was used for public supply statewide, however, it
was the sole source of public supply west of the Tennessee River basin. Of
the 219.3 million gallons per day used statewide, 164.0 million gallons per
day or 75 percent was used in West Tennessee.

Statewide 129 companies indicated a self-supplied water use of 0.1 million
gallons per day or more. Four of these companies were in the Cumberland
River basin, 40 in West Tennessee, and 85 in the Tennessee River basin. The
total self-supplied water used by these companies was 1,106.7 million gallons
per day of which 1,006.8 million gallons per day or 91 percent was surface
water while 99.9 million gallons per day or 9 percent was ground water. The
largest self-supplied user had an average demand of 454.3 million gallons per
day.

Analysis of the study results and findings indicates that many communities in
Tennessee do experience occasional water-supply, quantity-related shortages.
Some type of problem was reported at 107 of the public water suppliers and 23
of the self-supplied commercial and industrial water users. Altogether, 172
problems were reported which could be grouped into 18 types. Occasional tur-
bidity, inadequate storage capacity, inadequate water supply during droughts,
and excessive water losses due to leaks in distribution lines accounted for
110 or 64 percent of the problems reported. Twenty five or 15 percent of the
problems reported were related to water shortage. Only two large, self-
supplied industries reported experiencing water shortages during periods of
droughts. Both were located in the Tennessee River basin. No problems were
reported by industry in the West Tennessee area or in the Cumberland River
basin.

Study results also indicate that the large self-supplied commercial and indus-
trial users in the State are generally quite knowledgeable about their water-
supply needs and tend to locate in those areas which have sufficient water
resources to meet their needs. It should also be noted there are many self-
supplied industries which withdraw less than 100,000 gallons per day; however,
in terms of total water withdrawals and employment, those industries whose use
exceeds 100,000 gallons per day are generally assumed to be greater than those
using less than 100,000 gallons per day.



INTRODUCTION

Tennessee has large quantities of water owing to an average annual rainfall
of about 50 inches. In addition, there are many large storage reservoirs to
help balance the natural variability of the supply. With good management
there should be no statewide water shortage in the near future. This does
not mean, however, that currently localized problems may not spread or that
the people of Tennessee may not ever have widespread water problems (Johnson
and others, 1968, p. 5. What was true in 1968 is still true in 1983. During
the past decade, many towns and industries have encountered water-supply
problems because of occasional drought periods, particularly during 1980 and
1981, and inadequate water-supply facilities.

A special joint committee established by the Ninety-First Tennessee General
Assembly under House Joint Resolution 242 to evaluate Tennessee's public
water policy, recognizes that Tennessee has abundant water resources. How-
ever, the committee also noted that current land and water use patterns,
particularly the increase in heavy industrial development, have changed
significantly in recent years. This, coupled with the State's reliance on
riparian water rights and the continuing urban growth, may be placing a
severe strain on the State's available water resource according to the
committee.

Recent droughts, increasing water requirements for both instream and offstream
uses, and nationwide concerns about future water shortages, said to be poten-
tially more serious than the energy crisis, have resulted in a growing
awareness among water resources planners and managers of the need for current
and accurate information and data relative to the State's available water
resources to assist decisionmakers in resolving critical water quantity and
quality needs and problems. For example, one of the needs identified in
Tennessee's Safe Growth Plan is the need to take a comprehensive look at the
major water quantity and quality issues confronting the State and to determine
the adequacy of Tennessee's water resources to meet needs during the late
1980's from both a quantity and quality standpoint (Tennessee Safe Growth
Plan, 1981, p. 14-16.)

In view of these issues, the special joint committee of the Tennessee General
Assembly recommended that a new study of water policy in Tennessee be con-
ducted. On April 22, 1981, the Ninety-Second Tennessee General Assembly
passed House Bill 924, which created a special interagency task force chaired
by Tennessee's Division of Water Resources (now part of the Tennessee
Division of Water Management) to supervise and conduct a study during 1982
and 1983 of the State's current water resources policy, use, and law.

Recognizing the broad nature of the Legislature's directive, it was deter-
mined by the task force that the study objective could best be accomplished
by the conduct of two separate studies - one to analyze current State water
law and a second on water policy to identify potential water management
limitations under current legislation. These two studies, sponsored by the
University of Tennessee Water Resources Research Center, were completed in
1983.

In addition, the TDWM felt it necessary to undertake a third effort to
evaluate existing water use and supply relationships in Tennessee. To



facilitate accomplishment of the third study, the Tennessee Division of Water
Management (TDWM) engaged the services of the Tennessee Valley Authority
(TVA); U.S. Army Corps of Engineers, Memphis District (COE, Memphis); and the
U.S. Geological Survey to assist in a survey and study of all public, com
munity water—supply facilities and large, self-supplied commercial and indus-
trial water users (100,000 gallons per day or more). Although coal-fired and
nuclear power generation facilities are large water users, they were not com
sidered or included in this study. Essentially, this study was designed to
identify and describe water problems resulting from inadequate water supplies
from a quantity standpoint, particularly during period of severe and (or)
extended drought.

The reason for this study's concentration on water-supply, quantity-related
aspects was two-fold in nature: (1) previous State and Federal agency water
resources studies tended to concentrate on or emphasize the collection of
water—quality-related data with limited attention to the analysis of the
quantity-related aspects of these resources and (2) strict time and budgetary
limitations. However, all data and information provided by individual commu-
nity water systems and large, self-supplied water users regarding existing
water—quality-related problems such as high turbidity, excessive iron and
manganese concentrations, low dissolved oxygen levels, and so forth, were to
be noted in the appropriate water-supply inventories and analysis of the
adequacy of each basin's water supplies to meet current needs. As decision—
makers proceed to address and deal with the State's water-related needs and
problems during the 1980's, it is important that they are apprised and aware
of the need to give full consideration to both water—quantity- and quality-
related data and information in developing and implementing water management
programs which are politically, economically, and environmentally viable.

As previously mentioned, several State and Federal agencies have been involved
in the collection and evaluation of pertinent water—quantity- and quality-
related data and information for existing public water-supply systems and
self-supplied users. For example, in 1980 the Tennessee Department of
Economic and Community Development published a document entitled Tennessee
Appalachian Development Plan, Supplement I, Evaluation of Water Treatment and
Distribution Facilities which provides information regarding current and pro-
jected water needs for public and industrial purposes supplied by public water
systems in the Appalachian portion of East Tennessee. Recently (198l), TVA
completed a survey of municipal and industrial water users and wastewater
treatment facilities in the Clinch, Duck-Buffalo, and Elk-Shoal River basins
in Tennessee under the Cumberlandian Mollusk Conservation Program. A cursory
analysis of these studies and data collection efforts indicates that each has
been designed to achieve a specific purpose ranging from water availability
for industrial growth and development to the evaluation of specific stream
reaches as potential transplant sites for the Cumberlandian Mollusk.

This study of drought-related impacts on major water users, however, has
concentrated solely on the development of (1) inventories of community water
systems and large, self-supplied users and (2) evaluation of these supplies'
relative adequacy, from a quantity standpoint, to meet current needs, partic-
ularly in times of severe or extended drought. Basic data and information
reflected in this study were derived from water use data and information
provided by public water systems and self-supplied users through the TDWM's
water use survey program during the 1979-81 time period and updated via a
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telephone survey during the summer of 1982. In comparing the basic data
reflected in this study with data contained in other agency studies, it is
apparent that some differences exist both in the type of data shown and the
numerical values for specific water use data categories such as population
served, average water use, and so forth. These differences can be attributed
to the (1) differing purposes for which individual studies were conducted and
(2) the fact that water use for municipal and industrial purposes is very
dynamic and constantly changing from year-to-year.

Purpose and Scope

Because water availability is critical to Tennessee's continued economic
growth and development as well as social well-being, the primary purpose of
this study was to determine the impact of extended drought conditions on
existing municipal, commercial, and industrial water users excluding power
generation facilities. Basic information and data compiled through this
study relative to existing water supplies and use, associated water-supply
problems, and general conclusions and recommendations regarding problem
resolution will be useful to decisionmakers at all levels of government as
renewed efforts are being initiated to evaluate Tennessee's existing water
law, policy, and pertinent water-related programs to determine what changes,
if any, are needed to meet water management challenges of the 1980's.

Goals and Ob jectives

This study's primary goal was to provide decisionmakers with (1) current
information and data on existing water use and supply for municipal and large
self-supplied commercial and industrial water users and (2) some broad
conclusions and recommendations regarding suggested program options to be
considered in formulating and implementing a viable program to address and
resolve or alleviate, to the extent possible, severe water-supply shortages
be they drought-related or otherwise. More specifically, the study's basic
objectives were to:

e Develop current inventories of (1) public, community water-supply facilities
and (2) large self-supplied commercial and industrial water users whose
average daily use exceeds 0.1 Mgal/d. Basically, these inventories provide
recent information and data relative to existing water-supply source and
use, source capacity, population served, treatment plant and storage
capacity, and water—supply, particularly quantity-related, problems.

e Evaluate and categorize each of these facilities and users' ability to meet
current water—supply needs according to selected categories denoting each
facility or user's source of water, existence or lack of adequate impound-
ment facilities to meet the anticipated 90-day demand, base streamflow
(3-day, 20-year on nonregulated streams and the minimum daily average flow
on regulated streams) adequacy, and ground-water availability.

e Identify and discuss briefly the (1) water-related issues and problems such
as deteriorating or inadequate water mains, distribution lines, and treat-
ment plants; inadequate water quality; competing and/or conflicting water
uses; and institutional issues which can seriously exacerbate or worsen
drought-related water-supply shortages and (2) economic, environmental, and
social implications of drought-related water—supply shortages on Tennessee's
continued economic growth and development; valuable water and related land
resources; and residents.



e Outline some broad, general conclusions and recommendations for decision-
makers to consider relative to (1) the organizational structure and makeup
or basic elements of an '"emergency preparedness program' to respond to and
deal with critical water-supply shortages; (2) Federal/State/local agen-
cies' responsibilities and role in addressing and resolving or alleviating
identified water-supply problem areas and issues; and (3) the next step or
future planning and study activities to be undertaken to focus in greater
detail on existing or potential problem areas and alternative solutions to
those problems.

Previous Water Use Investigations

Although the Tennessee Division of Water Management is continually collecting
water use information, only results of four surveys have been published. The
first two, in 1955 and 1958, were surveys of irrigation water use only. The
third in 1963, was a complete inventory, the results of which were published
from 1968 to 1970 by the Division as a four-part series entitled 'Water Use
in Tennessee.'" The fourth survey was made in 1970 and the results published
in 1973 in the report entitled, '"Water Use in Tennessee, 1970," covering
industrial, municipal, and irrigation water use. Other surveys have been made
by the U.S. Department of Commerce, Bureau of Census, the Tennessee Valley
Authority, the U.S. Geological Survey, Soil Conservation Service, and the
U.S. Water Resources Council.

Data Collection and Presentation

The data presented in this report were collected and compiled by the COE,
Memphis; TVA; Geological Survey; and the TDWM. Survey forms received from
public water utilities and large, self-supplied water users by the TDWM
during the 1979-82 time period were used in compiling these data. These data
were updated during the summer of 1982. All counties in the Tennessee River
Basin were surveyed by TVA. Those counties.in the Cumberland and Green River
Basins were the responsibility of the Geological Survey, while all counties
west of the Tennessee River Basin were the responsibility of the COE.

Analysis of the basic study results and findings indicates that a number of
Tennessee communities and self-supplied water users, particularly those
located along the rim of the Tennessee Valley, are utilizing surface- and
ground-water resources whose long-term, dependable capacity is less than or
only slightly more than their average daily use. However, the use of these
resources at capacity should not necessarily be viewed as unwise or risky.
In actuality, the use of a specific water resource at or even somewhat in
excess of capacity for short periods of time often reflects wise use and
management of the resource provided that the resource is not being adversely
affected by underground pollutants or a gradual lowering of the water table.
However, it seems reasonable to assume that these same communities and self-
supplied users might be subject to potentially serious water-supply shortages
during severe and (or) extended drought periods. The problem will be most
serious for those communities and self-supplied users whose supply systems
are characterized by (1) a single source of supply with no backup or conjunc-
tive water source, (2) by inadequate storage for treated water, and (3) exces-
sive water losses from deteriorating water mains and distribution lines.



More detailed information and data regarding existing and potential water-
supply, quantity-related problems, that 1is, water-supply shortages, are
presented by river basin for each of the 13 major river basins in Tennessee
(fig. 1). These river basins were delineated by J. W. Cragwall, Jr., U.S.
Geological Survey, in 1962 and revised by J. M. Kernodle and L. A. Keck,
Tennessee Division of Water Resources, in 1972 and 1982, respectively
(Tennessee Department of Conservation, 1963, Revised 1972 and 1978).

Essentially, each basin's writeup includes (1) a brief description of the
basin's topographic, hydrologic, and demographic characteristics; (2) perti-
nent information and data including maps regarding the number, water-supply
source, and average daily water use of existing community water-supply
systems, and large, self-supplied commercial and industrial water users; and
(3) a detailed delineation of existing Valley surface-water storage facilities
and discussion of the relative adequacy of each basin's existing water sup-
plies to meet current needs including the identification of specific commun-
ities and self-supplied water users which are or have the potential for
experiencing serious water-supply shortages during severe and extended drought
periods.

Maps depicting the general location and water-supply source of all public and
large, self-supplied commercial and industrial water users inventoried with
the exception of those public and self-supplied users who purchase their
entire water supply from another public water-supply facility are included in
each basin's writeup. The name of each facility and (or) self-supplied user
depicted on the map is provided in the explanation following each map along
with its corresponding number from the map.

Each basin's writeup also provides detailed information and data describing
the basin's major water storage facilities in terms of location; controlled
drainage area; reference period; and individual reservoir operation patterns
relative to the (1) minimum daily average flow or reservoir discharge on
those days in which reservoir releases occurred; (2) complete cessation of
reservoir releases for one or more entire calendar days (Tennessee Valley
Authority, 1982); and (3) existing mutual agreements between TVA, COE, and
Valley water users regarding specified reservoir releases to provide adequate
downstream flows for both instream (navigation, recreation, water quality,
and so forth) and offstream (industrial, water supply, and so forth) purposes
(Tennessee Valley Authority, 1978).

Basic information and data relative to existing public water-supply systems
and self-supplied water users were developed through the preparation of the
tabular inventories of (1) public water-supply facilities and (2) 1large,
self-supplied commercial and industrial water users from available information
and data compiled by Tennessee's DWR through its ongoing water use survey
efforts during recent years (Tennessee Department of Conservation, 1979-81)
and updated by the study participants during the summer of 1982. Copies of
these inventories for each basin are included in Appendix I.

Demogr aphy

Population and economic data included in this report were obtained from the
Department of Commerce and TVA. Hydrologic data were developed from the
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resource material utilized is listed in Selected References.
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CLINCH RIVER BASIN

Basin Description

The Tennessee part of the Clinch River basin covers 2,612 square miles (mi2)
of land and water area and consists of all or parts of the following tributary
basins as delineated by the Geological Survey and the Tennessee Department of
Water Management in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 2) description (square miles)
194 Clinch River from the Tennessee State 596

line to Norris Dam excluding the Powell
River and minor tributaries.

19B Powell River from the Tennessee State 387
line to the river's mouth.

19C Minor Clinch River west-side tributaries 128
between the Powell River and Norris Dam.

19D Clinch River from Norris Dam to the river's 636
mouth.

20A Obed River 520

20B Emory River excluding the Obed River 345

Hydrologically, this basin encompasses all or major parts of Anderson, Camp-
bell, Claiborne, Cumberland, Hancock, Morgan, Roane, and Union Counties and
minor parts of Fentress, Grainger, Hamblen, Knox, and Loudon Counties. A map
of the east Tennessee part of the Tennessee River basin which highlights the
Clinch River basin is shown in figure 2.

Togograghz

As a whole, the Clinch River basin consists of the area drained by the Clinch
and Emory Rivers. The area drained by the Clinch River is a broad, lowland
belt characterized by minor parallel ridges and intervening valleys corre-
sponding to the northeast-southeast trend of the Tennessee Valley region. The
Clinch River and its major tributary, the Powell River, plus a number of
smaller streams including Bear, Beaver, Big War, Buffalo, Bullrumn, Cove, Davis,
Hinds, Indian, Mulberry, Poplar, Sycamore, and White Creeks flow in broad,
winding courses in the intervening valleys with relatively flat valley sloves.
Average stream slopes in the Tennessee part of the Clinch River drainage area
equal about 1.50 ft/mi from river mile O to river mile 80 and 2.92 ft/mi from
river mile 80 to the Tennessee State line. Elevations in this area range from
about 800 to 4,000 feet above sea level.
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The Emory River and its principal tributaries including the Obed and Little
Emory Rivers and Clear, Clifty, Cook, Crab Orchard, Crooked Fork, Daddys,
Drowning, Greasy, Island, and Rock Creeks drain the generally flat uplands of
the Cumberland Plateau. These streams are characterized by meandering courses
with steep side slopes which have cut deeply into the Plateau's surface.
Average stream slopes in this area range from 1.00 ft/mi from river mile 0 to
river mile 13 and 21.60 ft/mi above river mile 13 including the Obed River and
Daddys Creek. The elevations in this area range from about 800 to 2,500 feet
above sea level.

Hydrology

Surface Water

This basin's surface- and ground-water resources are fed by an abundant rain-
fall whose long-term, 30-year (1941-70), average is 46.81 inches above Norris
Dam. From 1970-79, average annual precipitation on the Clinch River above
Norris Dam was 52.94 inches and ranged from 45.30 inches in 1976 to 61.29
inches in 1972. Average precipitation data for the 1970-79 period for water—
shed subdivisions of the Clinch River basin are presented in table 1. Annual
1979 and long-term (1941-70) precipitation data for selected TVA and National
Weather Service (NWS) rainfall stations in the Tennessee part of the area
drained by the Clinch and Emory Rivers (Tennessee Valley Authority, 1979a) are
summarized in table 2.

Usually, the months of September, October, and November are the driest months
with average annual rainfall ranging from 2.44 to 3.46 inches above Norris Dam
on the Clinch River. Other months generally average about 3.66 to 5.07 inches
above Norris Dam with July being the wettest month. Analysis of long-term
precipitation data at selected hydrologic data stations below Norris Dam
(Melton Hill Dam) and in the Emory River part of the basin (Crossville,
Hebbertsburg, and Kingston) indicates that the driest months of the year are
usually August, September, and October with precipitation ranging from 2.78 to
3.83 inches. Other months generally range from 3.80 to 6.52 inches at these
stations with March being the wettest month.

Average annual runoff in the Tennessee part of the Clinch River basin ranges
from about 19 to 30 inches as one moves southwestward through the basin from
the Tennessee-Virginia State 1line. Average discharge data for selected
hydrologic data stations in the Clinch River basin (U.S. Geological Survey,
1981) are presented in table 3.

The majority of this runoff occurs during the winter and spring months. In
the late summer and fall months, particularly during drought periods, 1t is
not unusual for small, unregulated streams to go dry, particularly along the
basin's rim.

Ma jor Reservoirs
Major reservoirs located in this basin and their total storage in acre-feet at
normal minimum pool are Melton Hill Reservoir (94,100) and Norris Reservoir

(630,000). Detailed information describing the reservoirs' location and
operation pattern follows:
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Table l.--Precipitation data by watershed subdivision for the period 1970-79, Clinch River basin

Precipitation (inches)

Watershed description High Year Low Year 10-year average
Powell River upstream from Arthur 64.40 1972 46.80 1976 55.84
Clinch River upstream from Tazewell 58.50 1972 41.00 1970 49.98
Clinch River from Norris 67.80 1973 47.10 1976 56.04

Dam to Tazewell and the
Powell River downstream
from Arthur.
Clinch River from 72.40 1973 49.80 1970 58.80
Kingston to Norris Dam.
Emory River upstream from Oakdale 75.10 1973 49.90 1976 60.38
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Table 2.--Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Clinch River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Kingston steam plant TVA 790 29 71.45 51.33
Petros TVA 1,375 45 83.14 60.95
Isoline TVA 1,880 13 74.51 63.81
Clarkrange TVA 1,770 44 62.78 50.81
Hebbertsburg TVA 1,770 45 65.81 53.07
Crossville NWS 1,810 68 65.02 56.82
Lantana TVA 2,010 39 63.25 51.45
Big Lick TVA 1,800 30 65.77 58.50
Frankfort TVA 1,460 25 52.90 46.06
Crossville Airport NWS 1,881 26 64.56 56.33
Melton Hill Dam TVA 941 19 63.01 54,11
Bull Run steam plant TVA 836 17 64.91 53.84
Oak Ridge NWS 905 33 67.30 52.60
Norris Dam TVA 920 36 70.00 50.29
La Follette TVA 1,250 46 64.63 51.30
Arthur TVA 1,250 44 62.37 51.11
White Hollow TVA 1,640 45 55.77 47.03
Thorn Hill TVA 1,420 33 54.18 48.17




VI

Table 3.--Average discharge data for selected hydrologic data stations operated

by the U.S. Geological Survey, Clinch River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Clinch River upstream from 159.8 1,474 62 2,116 19.49 1.44
Tazewell (Claiborne).
Powell River near 65.4 685 61 1,154 22.88 1.68
Arthur (Claiborne).
Bullrun Creek near Halls 16.3 68.5 23 103 20.42 1.50
Crossroads (Knox).
Clinch River at Melton Hill 23.1 3,343 31 4,690 - 1.40
Dam tailwater (Loudon).
Poplar Creek near Oak 13.8 82,5 20 181 29.79 2.19
Ridge (Roane).
East Fork Poplar Creek 3.3 19.5 20 52.8 - 2.71
near Oak Ridge (Roane).
Obed River near Lancing 1.5 518 19 1,089 28.55 2.10
(Morgan) .
Emory River at Oakdale 18.3 764 53 1,476 26.23 1.93

(Morgan) .




Melton Hill Reservoir

Location and drainage area.--Melton Hill Reservoir is formed by Melton Hill
Dam which is located on the Clinch River at river mile 23.1 in Loudon and Roane
Counties. Melton Hill Dam controls 3,343 miZ of drainage area.

Reference period.—-—-1962-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Melton Hill Dam during the reference period ranged from a low
of approximately 8.0 ft3/s (5.2 Mgal/d) in 1970 to a high of approximately
723.0 ft3/s (467.3 Mgal/d) in 1974. The average, l-day minimum discharge
during the reference period was approximately 265.9 ft3/s (171.9 Mgal/d).

Average number of days of zero flow.--Over the 20-year period from 1962-81,
Melton Hill Dam has averaged slightly over 40 days of zero discharge per year
ranging from a low of no days of zero discharge in 1979 to a high of 224 days
of zero discharge in 1962. Since 1962, the greatest number of days of zero
discharge equaled 74 days in 1966 with 1979 being the only year in which there
were no days of zero discharge from the reservoir. Days of zero-discharge were
most common during the months of March, April, and May. Through the reference
period, there have been 53 instances of zero discharge for 3 or more consec-
utive days from Melton Hill Dam. In seven of these instances during the years
of 1965-68 and 1981, consecutive days of zero discharge from Melton Hill Dam
ranged from a low of 7 days in several years to a high of 29 days in 1966.

Existing agreements regarding reservoir releases.~-None.

Norris Reservoir

Location and drainage area.—-Norris Reservoir is formed by Norris Dam which
is located on the Clinch River at river mile 79.8 in Anderson and Campbell
Counties. Norris Dam controls 2,912 mi2 of drainage area.

Reference period.—--1960-81.

Reservoir discharge (minimum daily average flow).-—Minimum daily average
discharge from Norris Dam during the 1960-1981 time period ranged from a low
of about 5.0 ft3/s (3.2 Mgal/d) in 1975 to a high of about 127.0 ft3/s
(82.1 Mgal/d) in 1978. The average, l-day minimum discharge from Norris Dam
during the reference period was about 50.9 ft3/s (32.9 Mgal/d).

Average number of days of zero flow.-—-From 1960-81, Norris Dam has averaged
slightly over 44 days of zero discharge per year ranging from a low of 2 days
of zero discharge in 1979 to a high of 102 days of zero discharge in 1966.
Zero discharge days were most common during the months of March, April, and
May. During the reference period, there were 98 instances in which zero
discharge from Norris Dam extended over 3 or more consecutive days. On 23 of
these occasions during the years of 1960-64, 1966-69, 1971, 1975, 1978 and
1981, consecutive days of zero discharge from Norris Dam ranged from a low of
7 days in several years to a high of 27 days in 1967.

Existing agreements regarding reservoir releases.—--None.
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In addition to these reservoirs, several smaller water-supply impoundments
including Cove, Davis Branch, Holiday Hills, Meadow Park, and Ollis Creek
Lakes plus Brushy Mountain Prison's reservoir are also located in this basin.
Further information regarding the estimated storage capacity of these reser-
voirs is found in table 1 of appendix I.

Ground Water

The Clinch River and its tributaries drain parts of the Cumberland Plateau and
Valley and Ridge physiographic provinces. Water occurs in limited fractures
in the sandstone underlying the Cumberland Plateau and in solutionally enlarged
openings in the carbonate rocks of the Valley and Ridge province. The average
yields and water quality of wells and springs in these areas are quite differ—
ent. Most of the Clinch River basin lies in the Valley and Ridge province.
This area is characterized by northeast-trending parallel valleys and ridges.
The ridges are capped by resistant sandstones, silty shales, and silt stones,
while the valleys are primarily underlain by more soluble calcareous rocks
such as limestone, dolomite, and limy shale rocks. The rocks in the Valley
and Ridge province contain little or no primary porosity; however, secondary
porosity in the form of solution cavities in the calcareous has been developed
by circulating ground water. On the ridges, domestic supplies are obtained
from dug wells, drilled wells, and springs. Well yields are generally low,
normally ranging from a few gallons per minute to 15 gal/min from depths of
200 feet or less. Ground water in the valleys 1is generally easier to obtain
than on the ridges. Domestic supplies are available from drilled and dug
wells as well as springs. Yields of wells normally average 25 gal/min or less
from depths of 300 feet or less; however, as the fractures in the calcareous
rocks have been enlarged to varying degrees by the dissolving action of circu-
lating ground water, yields of 100 gal/min or more are common. Moderately
large (50-100 gal/min) to large (>100 gal/min) springs are numerous in the
Valley and Ridge part of the Clinch River basin, with the exception of Hancock
and Campbell Counties. A number of municipalities use springs for public
water supplies. Water quality is generally good, with the most objectionable
property of water from calcareous rocks being hardness which, in most cases,
is 100 mg/L.

Ground water in the Cumberland Plateau areas of the Clinch River basin occurs
in fractures in tightly cemented sandstones. As these siliceous rocks have
not been structurally disturbed to the extent of those in the Valley and Ridge
province (with the exception of the eastern escarpment of the Plateau), frac-
tures are not as numerous. Also, fractures in the plateau rocks are resistant
to enlargement by the solvent action of ground water. Consequently, ground
water is more difficult to obtain in significant quantities. Yields to drilled
wells are generally low; however, in areas of more severe fracturing, near
surface streams, well yields of 100 gal/min or more have been recorded. Well
depths are usually 200 feet or less. However, some unpublished well logs are
reported to indicate that the Sewanee Conglomerate can yield good-quality water
from depths of at least 500 feet in Cumberland County and other local areas of
the Cumberland Plateau. With the exception of water produced from the Sewanee
Conglomerate, ground water from plateau wells of less than 150 feet in depth
is usually rather high in iron. In most cases, the water is acidic due to
dissolved carbon dioxide. Water encountered at or near coal seams or carbona-
ceous shale is usually high in sulfates and sometimes very acidic due to the
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decomposition of pyrite to sulfuric acid. Springs on the plateau generally
have low yields and often go dry in times of low rainfall.

Ground water in the Clinch River basin is generally confined to fractures and
solution cavities in the rocks. In areas where fractures are numerous and
particularly where they have been enlarged by solution, relatively large-yield
wells are possible. Most of the wells listed in the existing ground-water data
base were drilled for domestic use and were not located as the result of local
geologic investigation. Therefore, the true ground-water potential of the
Clinch River basin cannot be accurately assessed at present.

Demography

Historical (1970) and recent (1980) population (U.S. Department of Commerce,
1982a), total wage and salary employment (Tennessee Valley Authority, 1982)
including both full- and part-time workers, and per capita personal income
(Tennessee Valley Authority, 1982) data for the county boundary approximation
of the Clinch River basin are presented in table 4. Counties included in this
approximation are Anderson, Campbell, Claiborne, Cumberland, Hancock, Morgan,
and Union. Note, both Anderson and Union Counties are also part of the Knox-
ville Standard Metropolitan Statistical Area (SMSA) which encompasses Anderson,
Blount, Knox, and Union Counties with the majority of its population being
located in the Upper Tennessee River basin. Urban or metropolitan areas in the
Tennessee part of the basin and their 1980 census population include Clinton
(5,245), Crossville (6,394), Harriman (8,303), Kingston (4,441), La Follette
(8,198), Oak Ridge (27,662), and Oliver Springs (3,659).

Public and Self-Supplied Commercial and Industrial Water Users

Presently, there is a total of 30 public, community water-supply facilities
and three large, self-supplied commercial and industrial water users whose use
exceeds 0.1 million gallons per day (Mgal/d) in the Clinch River basin part of
the State of Tennessee. Tabular inventories containing pertinent information
and data relative to each community or self-supplied user's source of water,
average daily water use, source capacity, population served, treatment plant
and storage capacities, and water-supply quantity-related problems are found
in tables 1 and 2 of appendix I, respectively. Total water withdrawals for
public and large, self-supplied commercial and industrial purposes in the
Clinch River basin currently amounts to about 29.8 Mgal/d. The location and
water-supply source of all public and large, self-supplied commercial and
industrial water users inventoried in the Clinch River basin are shown 1in
figures 3 and 4, respectively.

Currently, public water systems serve approximately 188,000 or 98 percent of
the basin's 1980 population. Average daily water use for public purposes
equals about 16.3 Mgal/d of which about 11.6 Mgal/d or 71 percent is withdrawn
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Table 4.--County population, employment, and per capita personal income data, Clinch River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Anderson 60,300 67,346 25,983 36,393 $7,678 $9,464
Campbell 26,045 34,923 5,964 8,842 4,408 5,700
Claiborne 19,420 24,595 3,810 5,890 4,051 5,497
Cumberland 20,733 28,676 5,494 7,883 4,228 5,427
Hancock 6,719 6,887 951 768 3,947 4,108
Morgan 13,619 16,604 2,320 3,418 3,614 4,436
Union 9,072 11,707 867 1,342 4,011 4,983

Total 155,908 190,738 45,389 64,536 - -




from surface-water sources and 4.7 Mgal/d or 29 percent from ground-water
sources. Major public water-supply facilities whose average daily use exceeds
1.0 Mgal/d include the following:

Facility Average water
name use (Mgal/d)
Clinton Utilities Board 1.261
La Follette WD 1.200
North Anderson County UD 1.029
Crossville WS 2.100
Hallsdale-Powell UD 3.171
Harriman UD 2.030

Together these systems account for about 66 percent of the basin's total water
use for public purposes.

Large, self-supplied commercial and industrial users use or withdraw about

13.5 Mgal/d from surface-water sources in the basin. Available survey
information indicates that no large, self-supplied water users are currently
utilizing any ground-water sources. Approximately 77 percent of the total

water withdrawn for commercial and industrial purposes is withdrawn by the
U.S. Department of Energy's Oak Ridge Gaseous Diffusion Plant (10.4 Mgal/d) in
Oak Ridge. Consumptive water use by large, self-supplied users equals about
0.5 Mgal/d.

Summarized below is a list of the specific water-supply problems now being
experienced by individual communities and self-supplied commercial and indus-—
trial water users in the Clinch River basin. The number in parentheses
following each identified problem indicates the number of communities and
self-supplied water users who are now or have experienced this problem in the
past. Note, these are not listed in order of frequency of occurrence or
overall severity.

e Occasional turbidity problems following heavy rainfall and flooding. (5)

e Limited storage for treated water and inadequate booster pump capacity. (2)

e Periodic water-supply shortages during drought periods. (1)

e Excessive water losses due to leaks in the water mains and distribution
lines. (3)

e Occasional periods of discoloration. (1)

Water-Supply Adequacy Analysis

Approximately 2,612 mi2 or 1,672,000 acres of land and water area are drained
by the Clinch River basin in Tennessee. In general, this basin's water
resources are of good quality and replenished by ample rainfall whose long-
term (1941-70) average above Norris Dam is 46.81 inches. As one moves south-
westward through the basin, average annual runoff varies from about 19 to 30
inches. Normally, the 3-month period from September through November is the
driest time of the year with July and March being the wettest months. It is
not unusual for this basin's small, unregulated streams to go dry during
drought periods in the late summer and fall months, particularly in Cumberland
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Figure 3--Explanation

Site No. Facility name

1 Anderson County Utility Board
2 First UD of Anderson County

3 North Anderson County UD

4 Oliver Springs WS

5 Clinton Utilities Board

6 Norris WS

7 Oak Ridge WS

8 La Follette WD

9 Caryville-Jacksboro UD

10 Arthur—-Shawnee UD

11 Claiborne County UD

12 Lincoln Memorial University WS
13 Crossville WS

14 Sneedville UD

15 Hallsdale-Powell UD

16 Brushy Mountain Prison WS
17 Plateau (Wartburg) UD

18 Cumberland UD

19 Harriman UD
20 Maynardville WS

and Morgan Counties along the rim of the basin. Streamflows in these counties
are generally intermittent because of their limited drainage area while ground-
water supplies under water table conditions are often unreliable because of
their limited recharge area and the type of aquifer (U.S. Water Resources
Council, 1978, p. 16).

Average daily water use or withdrawal for public and large, self-supplied
commercial and industrial water users in the Clinch River basin equals about
29.8 Mgal/d. Of this amount, water use for public purposes equals about 16.3
Mgal/d, of which about 11.6 Mgal/d or 71 percent is from surface-water sources
and 4.7 Mgal/d or 29 percent from ground-water sources. Self-supplied com
mercial and industrial water use amounts to 13.5 Mgal/d, all of which is with-
drawn from surface-water sources. Consumptive water use by known large, self-
supplied water users equals 0.5 Mgal/d.

Based on available data and information only the Lincoln Memorial University
WS is experiencing periodic water-supply shortages. However, analysis of the
basin's known water-supply facilities for whom recent data are available indi-
cates that a number of communities, as shown below, are utilizing surface- and
ground-water sources whose source capacity is less than or nearly equal to the
facility's average daily use as indicated by the percentage figure following
each facility's supply source(s).
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Figure 4--Explanation

Site No. Facility name
1 U.S. Department of Energy, Y-12 Plant (Oak Ridge)
2 Harriman Paperboard Corp. (Harriman)
3 U.S. Department of Energy, Gaseous Diffusion

Plant (Oak Ridge)

Water Source Average
Facility name source capacity daily use
and county (percent) (Mgal/d) (Mgal/d)

Cumberland UD Little Emory River (60) 0.000 0.300
(Roane) Springs (40) 0.200 0.200

First UD of Springs (53) 0.288 0.224
Anderson County

Hallsdale - Powell Springs (56) 1.161 1.776
UD (Knox)

Harriman UD Emory River (100) 0.060 2.030
(Roane)

Lincoln Memorial Spring (100) 0.144 0.142
University WS
(Claiborne)

Maynardville WS Spring (100) 0.110 0.110
(Union)

Norris WS Spring (100) 0.346 0.320
(Anderson)

North Anderson Spring (28) 0.288 0.288
County UD

Oliver Springs WS Spring (94) 0.281 0.788
(Anderson)

Plateau (Wartburg) Crooked Fork Creek (50) 0.000 0.175
UD (Morgan) Wells (50) 0.216 0.175

Sneedville UD Spring (100) 0.140 0.188
(Hancock)

While several of these systems also withdraw a part of their daily requirement
from surface-water sources (Hallsdale - Powell UD and North Anderson County UD)
whose source capacity appears adequate to provide additional water or purchase
water from neighboring systems (First UD of Anderson County, North Anderson
County, and Oliver Springs WS); it is entirely possible that some or all of
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these systems could expect to face water shortages because of extended drought
or increased water use due to industrial expansion and (or) an increase in
population.

At present, only one large, self-supplied water user (Harriman Paperboard
Corporation) is utilizing a water-supply source (Emory River) whose source
capacity (0.060 Mgal/d) is considerably less than the industry's average daily
water withdrawal (1.000 Mgal/d). However, to date, the industry has reported
no water-supply shortage problems. Recognizing that the industry's intake is
located within Watts Bar Lake at normal maximum pool (elevation 741) and just
outside the lake at normal minimum pool (elevation 735), no serious water-
supply shortages are anticipated.

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate or of unknown capacity should consider explor-
ing the availability of alternative, cost-effective water—-supply sources to
augment or meet their future water needs if necessary. While the basin's
water resources are subject to contamination from a variety of sources;
existing and pending Federal, State, and local statutes relative to water-
quality protection and maintenance or improvement should ensure that current
water quality will be maintained with little, if any, future degradation of
the basin's water resources. Potential sources of contamination include (1)
leachate from municipal and industrial water disposal facilities and septic
tank systems; (2) agricultural pollution from fertilizers, pesticides and
herbicides, and livestock wastes; and (3) runoff from surface mine lands and
quarries.

Al though there are periods of extended drought which cause seasonal water table
declines and periodic local problems with adequate ground-water supplies,
observation—well data indicate there are no long-term, regional water table
declines. Periodic local problems associated with a decline in an area's
water table are caused by excessive withdrawals. To alleviate this problem,
optimum ground-water withdrawal rates should be determined during the initial
test pumping of the source.
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LOWER CUMBERLAND RIVER BASIN

Basin Description

The Tennessee part of the Lower Cumberland River basin (including that part of
the Green River basin in Tennessee) covers 5,599 miZ2 of land and water area
and consists of all or parts of the following tributary basins as delineated
by the Geological Survey and the Tennessee Department of Water Management in
198 2.

Tributary Tennessee

basin No. Basin drainage area

(fig. 5) description (square miles)
6A Cumberland River south-side minor tribu- 442

taries between Caney Fork and Stones River.

6B Cumberland River north-side minor tribu- 618
taries between Caney Fork and Stones River.

7A East and West Forks Stones River 569
7B Stones River below East and West Fork 367
8 Cumberland River and minor tributaries 574

between Stones River and Harpeth River.

9A Harpeth River above Bellevue, including 408
Little Harpeth River.

9B Harpeth River below Bellevue 458

10A Upper Red River and Sulphur Fork 509

10B Lower Red River below Sulphur Fork 258

11 Cumberland River and minor tributaries below 984

Harpeth River to Tennessee-Kentucky State
line, but excluding Red River.

12 Barren River basin, Kentucky  Tennessee 412

The Lower Cumberland River basin (including that part of the Green River basin
in Tennessee) includes all or major parts of Cheatham, Davidson, Dickson,
Macon, Montgomery, Robertson, Rutherford, Stewart, Sumner, Trousdale, William
son, and Wilson Counties and minor parts of Cannon, Hickman, Houston, Jackson,
and Smith Counties. A map of middle Tennessee which delineates the area
drained by the Lower Cumberland River basin is shown in figure 5.
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Topography

From the Caney Fork, the Cumberland River flows westward to Davidson County
and then turns in a northwesterly direction to the Tennessee-Kentucky State
line. This part of the Cumberland River Basin is in the Central Basin and the
Western Highland Rim physiographic sections. The Central Basin is charac-
terized by gently rolling to hilly terrain, with some nearly level areas, and
by meandering, low-gradient streams. The Western Highland Rim is characterized
by dissected, rolling terrain that is crossed by numerous streams (Miller,
1974, p. 5). Water-surface elevations of the Cumberland River in the study
area are controlled by three reservoirs, Barkley, Cheatham, and Old Hickory.
The normal pool elevations of Barkley Reservoir are 359.0 feet and 354.0 feet
during the summer season and winter season, respectively. These elevations
affect that part of the river between mile 30.6 and mile 148.7. Cheatham
Reservoir has a normal pool elevation of 385 feet, which would affect that part
of the river between mile 148.7 and mile 216.2. The normal pool elevation of
0ld Hickory Reservoir 1s 445.0 feet, which affects that part of the river
between mile 216.2 and mile 313.5. Major streams and tributaries draining this
basin include:

Harpeth River. Jones Creek, South Harpeth River, Turnbull Creek, and West
Harpeth River.

Stones River. East Fork Stones River, Fall Creek, Hurricane Creek,
Stewart Creek, Suggs Creek, and West Fork Stones River.

Cumberland River Minor Tributaries. Barton, Bear, Big Elk, Cedar, Drake,
Goose, Johnson, Long, Mill, Peyton, Round Lick, Saline, Sams, Spencer,
Spring, Station Camp, Sycamore, and Yellow Creeks.

The elevation in this basin generally ranges from 350 to over 2,000 feet above
sea level. The maximum elevation is 2,092 feet atop Short Mountain, which is
an erosional remnant of the Cumberland Plateau, in Cannon County.

Approximately 18 percent of the Green River basin is located in Tennessee. The
headwaters of several creeks are in this part of the basin. All flow is to
the north through hilly terrain into Kentucky. Elevations of the basin range
from about 1,060 feet at the basin divide to 610 feet above sea level at the
Kentucky-Tennessee State line. Streams draining this basin include West Fork
Drakes Creek, Salt Lick Creek, and its tributary, Long Fork.

szrologx

Surface Water

Surface- and ground-water resources in this basin are replenished by ample
rainfall whose long-term (1941-70) average downstream from Carthage equals
48.51 1inches. From 1970-79, average annual precipitation below Carthage
equaled 55.20 inches with a low of 45.02 inches in 1971 and a high of 69.86
inches in 1979. Average precipitation data for watershed subdivisions of the
Lower Cumberland basin during the 1970-79 time period are summarized in table 5
(Corps of Engineers, Nashville, District, unpublished data). Annual (1979)
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Table 5.--Precipitation data by watershed subdivision for the period 1970-79,

Lower Cumberland River basin

Precipitation (inches)

Watershed description High Ye ar Low Year 10-year average

Cumberland River from 73.21 1979 46.45 1976 58.78
Carthage to Hunters Point.

Cumberland River from Hunters 67.97 1979 46.11 1976 56.59
Point to 0ld Hickory Dam.

Stones River upstream from 69.79 1973 46.65 1976 57.26
J. Percy Priest Dam.

Cumberland River from O1ld 69.24 1979 39.22 1971 54.32
Hickory Dam to Nashville.

Cumberland River from Nash- 71.25 1979 42.76 1971 55.98
ville to Cheatham Dam.

Harpeth River upstream from 74.14 1979 44.38 1971 57.58
Kingston Springs.

Cumberland River from 67.79 1979 41.68 1976 52.43

Cheatham Dam to Clarksville.

Cumberland River from 67.64 1979 45.09 1978 53.50

Clarksville to Dover.

Red River upstream from Port Royal 73.34 1979 41.60 1971 53.83

Cumberland River from 66.46 1979 40.90 1971 51.77

Dover to Barkley Dam.




and long-term (1941-70) precipitation data for selected rainfall statioms in
the basin are shown in table 6 (Department of Commerce, 1977 and 1979; and
Water Information Center, 1974).

Generally, the months of August, September, and October are the driest months
in the Lower Cumberland River basin. During these months, average rainfall
varies from 2.50 to 3.59 inches. Throughout the rest of the year, rainfall
varies from 3.62 to 5.28 inches with March having the highest rainfall.
Analysis of long-term precipitation records for the 1941-70 time period for
selected rainfall stations (Clarksville, Dover, and Nashville) indicate that,
in general, the months of August, September, and October are the driest with
rainfall ranging from 2.16 to 3.49 inches. During the remaining months,
rainfall varies from 3.38 to 5.35 inches with the most rain falling in March.

Average annual runoff in this basin usually ranges from 18 to 28 inches.
Average discharge data for selected hydrologic data stations in the Lower
Cumberland River basin is shown in table 7. Most of this runoff occurs during
the winter and spring months.

Major Reservoirs

Major reservoirs located in the basin and their total storage in acre-feet at
normal minimum pool are 0ld Hickory (356,600), J. Percy Priest (268,000),
Cheatham Lake (84,100), and Lake Barkley (339,200). Detailed information
describing the reservoirs' location and operation pattern follows:

Cheatham Reservoir

Location and drainage area.-—-Cheatham Reservoir is formed by Cheatham Dam
which 1s located on the Cumberland River at river mile 148.7. Cheatham Dam
controls 14,159 mi2 of drainage area.

Reference period.--1959-82.

Reservoir discharge (minimum daily average discharge).--During the refer-
ence period, the minimum daily average discharge ranged from a low of 600
ft3/s in 1960 to a high of 4,530 ft3/s in 1961.

Average number of days of zero flow.——None.

Existing agreements regarding reservoir releases.-—-None.

J. Percy Priest Reservoir

Location and drainage area.~-J. Percy Priest Reservoir is formed by
J. Percy Priest Dam which is located on the Stones River at river mile 6.8 in
Davidson County.

Reference period.—--1970-82.

Reservoir discharge (minimum daily average flow).--During the reference
period, minimum daily average discharge from J. Percy Priest Dam was zero for
each year.
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Table 6.~-Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Lower Cumberland River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Clarksville NWS 382 120 a 68.44 47.50
Dover NWS 475 87 a 78.76 49.56
Springfield NWS 745 47 a 74.68 46.98
Kingston Springs NWS 448 37 72.05 48.78
Dickson NWS 780 87 75.55 50.11
Lafayette NWS 975 24 72.27 b 54,21
Nashville NWS 580 42 70.12 46.00
Portland sewage plant NWS 794 10 78.14 € 56.71
Franklin NWS 655 100 78.16 49.59
Murfreesboro NWS 550 98 a4 67.51 49.59

2Estimated.

bPeriod of record only (1956-79).

CPeriod of record only (1962-63 and 1972-79).
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Table 7.--Average discharge data for selected hydrologic data stations operated
by the U.S. Geological Survey, Lower Cumberland River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile

Cumberland River at 308.2 10,690 58 17,690 22.46 1.65
Carthage (Smith).

Cumberland River downstream 212.1 11,735 44 19,270 -—- 1.64
from 0ld Hickory (Davidson).

East Fork Stones River 45.6 39.1 18 71.2 24.73 1.82
at Woodbury (Cannon).

East Fork Stones River 15.4 262 25 472 24.46 1.80
near Lascassas (Rutherford).

West Fork Stones River 16.1 165 7 304 25.02 1.84
at Manson Pike, at
Murfreesboro (Rutherford).

West Fork Stones River 10.7 177 8 361 27.70 2.04
at Murfreesboro
(Rutherford).

West Fork Stones River 6.4 237 15 461 26.42 1.95
near Smyrna (Rutherford).

Richland Creek at 3.6 24.3 16 36.6 20.45 1.51
Charlotte Avenue, at
Nashville (Davidson).

Sycamore Creek near 8.6 97.2 19 146 20.40 1.50
Ashland City (Cheatham).

Harpeth River at 88.1 191 6 368 26.16 1.93

Franklin (Williamson).
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Table 7.-—-Average discharge data for selected hydrologic data stations operated
by the U.S. Geological Survey, Lower Cumberland River basin—-Continued

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Harpeth River at 62.1 408 60 584 19.44 1.43
Bellevue (Davidson).
Harpeth River near 32.4 681 56 990 19.75 1.45
Kingston Springs
(Cheatham) .
Cumberland River downstream 148.4 14,163 26 24,080 —-—- 1.70
from Cheatham Dam (Cheatham).
Sulphur Fork Red River 10.2 186 42 251 18.33 1.35
near Adams (Robertson).
Red River at Port 25.5 935 19 1,353 19.65 1.45
Royal (Montgomery) .
Yellow Creek near Shiloh 9.0 124 23 190 20.81 1.53

(Montgomery) .




Average number of days of zero flow.--From 1970-82, J. Percy Priest Dam
has averaged about 138 days of zero discharfe per year ranging from a low of
72 days in 1975 to a high of 202 days in 1980. Zero discharge days were most
common during the months of June, July, August, and September. During the
reference period there were 1,797 days of zero discharge and 126 instances of
zero discharge for 3 or more consecutive days from J. Percy Priest Dam. The
maximum number of consecutive days per year ranged from a low of 11 days in
1975 to a high of 71 days in 1981.

Existing agreements regarding reservoir releases.-—None.

01d Hickory Reservoir

Location and drainage area.--01d Hickory Reservoir is formed by 014
Hickory Dam which is located on the Cumberland River at river mile 216.2 in
Sumner County. O0ld Hickory Dam controls 11,673 mi2 of drainage area.

Reference period.—-1957-82.

Reservoir discharge (minimum daily average flow).--During the reference
period, minimum daily average discharge from Old Hickory Dam ranged from zero
flow in 1957 to a high of about 4,300 ft3/s in 1960. The average l-day
minimum discharge for the reference period was about 2,020 ft3/s.

Average number of days of zero flow.--From 1957-82, only 1 day of zero
discharge has occurred at 01d Hickory Dam. This was on November 11, 1957.

Existing agreements regarding reservoir releases.-—Although no formal
agreement exists regarding reservoir releases, the Corps of Engineers main-
tains a minimum daily average flow of 1,000 ft3/s past Nashville for
water—quality control.

Ground Water

The Lower Cumberland River basin lies within two physiographic sections, each
with characteristic rocks and ground-water resources. The southeastern half
of the basin is within the Central Basin physiographic section where ground
water occurs in solution-widened joints and bedding plane openings 1in the
limestone bedrock. The clay-rich regolith is only about 6 feet thick and
stores little, if any, water for recharging openings in the underlying bedrock.

In the Central Basin, domestic supplies of 5 to 10 gal/min are obtained from
wells drilled less than 200 feet into the bedrock. Most of the shallow, water—
bearing openings extend only a few hundred to a few thousand feet laterally
and are no more than a fraction of an inch to a few inches high. Locally they
may not exist and, consequently, a significant number of holes are dry or fail
to obtain an adequate supply. In these situations and in the southern half of
the Central Basin in the Lower Cumberland River basin, domestic supplies of
potable, but highly mineralized water may be obtained from the Knox Dolomite
at depths between 350 and 1,500 feet. Supplies greater than 100 gal/min and
as much as 900 gal/min are available locally from the bedrock at depths less
than 200 feet, but are difficult to locate. These large supplies appear to be
associated with gaining reaches of streams, with fracture zones whose presence
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is revealed by alinement of sinkholes, and with unusually coarse-grained or
fossil-fragmental limestone bedrock. In addition, supplies of 200 to 300
gal/min are available from sand and gravel locally occurring near the base of
the alluvium that fills the flood plain of the Cumberland River and its major
tributaries (Rima and Mull, 1980).

Al though the ground water is hard to very hard, it is suitable for drinking
water use with only chlorination needed at a few locations. Locally, concen-
trations of iron and manganese, which can cause staining of laundry and
plumbing fixtures, occur in the water from the alluvium.

The northwestern half of the Lower Cumberland River basin is within the High-
land Rim physiographic section where ground water occurs in the thick, clay-
rich regolith as well as in solution openings in the underlying limestone,
dolomite, and silicified-carbonate bedrock. Supplies of 5 to 10 gal/min for
domestic use often are obtained by drilled wells either from rock rubble at
the base of the regolith at about 80-foot depths or from a solution opening
within the upper 100 feet of the bedrock. Dry holes are rare. Supplies of 50
gal/min may be obtained from depths less than 200 feet from partly clay-filled
solution openings in the Fort Payne Formation in those locations that are
within a few miles of the Highland Rim escarpment where the Fort Payne is the
shallowest bedrock capping the Rim (C. R. Burchett, written commun., 1982).
In some places, supplies of 200 to 400 gal/min may be obtained from depths less
than 200 feet from solution openings in interbedded coarse-grained and fine-
grained carbonate rock underlying thick regolith on uplands northwest of the
outcrop of the Fort Payne Formation (M. W. Bradley, written commun., 1982).
In addition, supplies of 300 to 500 gal/min are available from sand and gravel
near the base of the alluvium that fills the flood plains of the Cumberland
River and its major tributaries (Rima and Mull, 1980).

The ground water in the bedrock in the Highland Rim section of the Lower
Cumberland River basin is hard to very hard but is suitable for drinking-water
use without treatment unless the water is obtained from openings below gypsum
horizons in the Fort Payne Formation. Water from these openings may contain
greater than 1,000 mg/L of dissolved solids, mostly calcium and sulfate, as
well as objectionable concentrations of iron and manganese (Burchett and
others, 1982). Excessive iron and manganese may also occur in water from the
alluvium.

Demogr aphy

Historical (1970) and recent (1980) population and employment and per capita
personal income (1980) data for the county boundary approximation of the basin
are summarized in table 8. Counties included are Cannon, Cheatham, Davidson,
Dickson, Macon, Montgomery, Robertson, Rutherford, Smith, Stewart, Sumner,
Trousdale, Williamson, and Wilson. Urban and metropolitan centers in the basin
and their 1980 census populations are Clarksville (54,777), Franklin (12,407),
Gallatin (17,191), Lafayette (3,808), Lebanon (11,872), Murfreesboro (32,845),
Nashville (344,273), Portland (4,030), and Red Boiling Springs (1,173).
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Table 8.--County population, employment, and per capita personal income data,

[Per capita income based on 1970 income converted to 1980 dollars]

Lower Cumberland River basin

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980
Cannon 8,467 10,234 1,666 2,412 $4,524 $6,273
Cheatham 13,199 21,616 2,665 - 4,281 5,872 6,322
Davidson 447,877 477,811 229,217 292,849 8,176 10,018
Dickson 21,977 30,037 5,717 7,283 5,950 6,698
Macon 12,315 15,700 3,638 3,677 5,197 6,572
Montgomery 62,721 83,342 15,443 21,857 7,225 6,963
Robertson 29,102 37,021 6,271 9,123 6,065 7,275
Rutherford 59,428 84,058 18,237 26,388 6,014 7,159
Smith 12,509 14,935 3,023 5,237 5,089 6,363
Stewart 7,319 8,665 4,044 2,814 5,632 6,080
Sumner 56,266 85,790 11,794 19,493 6,642 7,115
Trousdale 5,155 6,137 2,323 8,674 5,572 7,066
Williamson 34,423 58,108 8,634 15,210 7,671 8,385
Wilson 36,999 56,064 10,012 14,630 6,563 7,292

Total 807,757 989,518 322,684 433,928 - -




Public and Self-Supplied Commercial and Industrial Water Users

Presently, there is a total of 60 public, community water-supply facilities and
three large, self-supplied commercial and industrial water users whose use
exceeds 0.1 Mgal/d in the Lower Cumberland River basin. Detailed inventories
containing pertinent information and data relative to each community or self-
supplied user's source of water, average daily water use, source capacity,
population served, treatment plant and storage capacities, and water supply
quantity related problems are found in tables 3 and 4 of appendix I, respec-
tively. Total water use or withdrawal for public and large, self-supplied
commercial and industrial users in the basin equals about 160.1 Mgal/d. The
general location and water-supply source of all public and large, self-supplied
commercial and industrial water users inventoried in the Lower Cumberland
River basin are shown in figures 6 and 7, respectively.

Figure 6-—-Explanation

Site No. Facility name Site No. Facility name
1 Woodbury WS 21 Springfield WS
2 Ashland City WD 22 White House UD
3 Pleasant View UD 23 Eagleville WD
4 South Cheatham UD 24 Murfreesboro WD
5 River Road UD 25 Smyrna WD
6 Cumberland UD 26 Dover WD
7 Harpeth Valley UD 27 Gallatin WD
8 Nashville 28 Hendersonville UD
9 Madison Suburban UD 29 Portland WS
10 01d Hickory UD 30 Hartsville WD
11 Harpeth UD 31 College Grove UD
12 Turnbull UD 32 Franklin WD
13 Van leer WS 33 Nolensville UD
14 Erin WD 34 Lebanon WD
15 Tennessee Ridge WS 35 Watertown WS
16 Clarksville WD 36 West Wilson UD
17 Adams-Cedar Hill UD 37 Red Boiling Springs WS
18 Greenbrier WS 38 Lafayette
19 Mill Creek Heights UD
20 Orlinda WS

Public water systems currently serve about 815,000 or about 82 percent of
the basin’'s 1980 population. Total water use or withdrawal for public
purposes averages about 119.6 Mgal/d of which 115.8 Mgal/d or 97 percent is
withdrawn from surface-water sources and 3.8 Mgal/d or 3 percent from
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Figure 7--Explanation

Site No. Facility name
1 E. I. DuPont De Nemours and Co., Inc.
2 Ford Motor Co., Inc.
3 Jersey Miniere Zinc Co.

ground-water sources. Major public water-supply facilities whose average
daily use exceeds 1.0 Mgal/d include the following:

Facility Average water

name use (Mgal/d)
Cumberland UD 1.510
Harpeth Valley UD 3.500
Nashville WD 65.000
Madison Suburban UD 7.500
Turnbull UD 1.250
Clarksville WD 10.000
Springfield WS 1.840
White House UD 2.863
Mur freesboro WD 5.500
Smyrna WD 1.533
Gallatin WD 3.646
Hendersonville UD 3.000
Franklin WD 2.378
Lebanon WD 3.470
West Wilson UD 1.300

Together, these systems account for about 96 percent of the total water use
for public purposes.

Self-supplied commercial and industrial users currently use or withdraw about
40.5 Mgal/d, all of which is obtained from surface-water sources. The only
major self-supplied users are E. I. DuPont De Nemours and Company (26.736
Mgal/d) and Ford Motor Co. (13.000 Mgal/d) in Davidson County and Jersey
Miniere Zinc Co. (0.800 Mgal/d) in Montgomery County. The total consumptive
use of these three companies is about 3.776 Mgal/d.

Summarized below is a list of the specific water-supply problems experienced
in the basin during the period surveyed. The number in parentheses following
each identified problem indicates the number of communities or self-supplied
water users who are now or have experienced this problem in the past. Note,
these are not listed in order of frequency of occurrence or overall severity.

¢ Inadequate treatment capacity. (1)

e Occasional turbidity problems following heavy rainfall or during periods of
flooding. (5)

e Periodic water-supply shortage during extended drought. (3)

e Clogging of water-supply intake facilities during fall of year. (1)

e Occasional taste or odor problems. (2)
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Water-Supply Adequacy Analysis

The Lower Cumberland River basin covers 5,599 mi2 (3,320,000 acres) of
land and water area. This basin's surface- and ground-water resources are
replenished by substantial rainfall whose long-term (1941-70) average below
Carthage equals 48.51 inches. Average annual runoff generally ranges from
18 to 28 inches with the heaviest runoff occurring in the vicinity of
Murfreesboro. The driest months of the year are usually August, September,
and October with March being the wettest month.

Total present water use or withdrawal for public and large self-supplied
commercial and industrial purposes in the Lower Cumberland River basin
amounts to approximately 160.1 Mgal/d. Of this amount, public water systems
use about 119.6 Mgal/d, of which about 115.8 Mgal/d or 97 percent is with-
drawn from surface-water sources and 3.8 Mgal/d or 3 percent from ground-
water sources. Self-supplied commercial and industrial users use about 40.5
Mgal/d, all of which is obtained from surface-water sources.

Generally, the basin's public water-supply systems, particularly those served
by surface-water sources, are found to be adequate in quantity to meet the
basin's present needs. However, three systems (Harpeth, Red Boiling Springs,
and Van Leer) that use springs as their primary water source have experienced
shortages during dry periods. Several communities or systems (including
College Grove, Eagleville, Franklin, Lafayette, Mill Creek Heights, Nolens-
ville, Orlinda, River Road, Tennessee Ridge, Watertown, and Woodbury) are
presently using ground-water sources of unknown capacity. Three systems
(Franklin, Murfreesboro, and Portland) obtain their supplies from surface-
water sources which are inadequate to meet the total demands of the systems
at times. However, these systems have other sources of supply.

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequte or of unknown capacity should consider explor—
ing the availability of alternative, cost-effective water-supply sources to
augment or meet their future water needs i1f necessary. While the basin's
water resources are subject to contamination from a variety of sources;
existing and pending Federal, State, and local statutes relative to water—
quality protection and maintenance or improvement should ensure that current
water quality will be maintained with little, if any, future degradation of
the basin's water resources. Potential sources of contamination include
(1) leachate from municipal and industrial water disposal facilities and
septic tank systems; (2) agricultural pollution from fertilizers, pesticides
and herbicides, and livestock wastes; and (3) runoff from surface mine lands
and quarries.

Although there are periods of extended drought which cause seasonal water
table declines and periodic local problems with adequate ground-water
supplies, observatiomwell data indicate there are no long-term, regional
water table declines. Periodic local problems associated with a decline in
an area's water table are caused by excessive withdrawals. To alleviate
this problem, optimum ground-water withdrawal rates should be determined
during the initial test pumping of the source.
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UPPER CUMBERLAND RIVER BASIN

Basin Description

The Tennessee part of the Upper Cumberland River basin covers 5,505 mi2 of
land and water area and consists of all or parts of the following tributary
basins as delineated by the U.S. Geological Survey and the Tennessee Depart-
ment of Water Management in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 8) description (square miles)
1 Clear Fork and Jellico Creek from head- 318

waters to Tennessee—Kentucky State line.

24 New River and Clear Fork from headwaters 679
to confluence.

2B South Fork Cumberland River from confluence 299
New River and Clear Fork to Tennessee-
Kentucky State line.

3A East and West Forks Obey River from head- 413
waters to mouth.

3B Obey River from confluence of East and 369
West Forks to Tennessee-Kentucky State line.

4A Cumberland River and minor tributaries from 795
below the Obey River to above Caney Fork.

4B Cumberland River and minor tributaries between i3
the Tennessee-Kentucky State line and the Obey
River.

5A Caney Fork above Great Falls Dam, excluding 885

Collins River.

5B Collins River 791
5C Caney Fork from Great Falls Dam to mouth 909
47 Yellow Creek above Tennessee-Kentucky 14

State line.

The Upper Cumberland River basin includes all or major parts of Cannon, Clay,
DeKalb, Fentress, Grundy, Jackson, Overton, Pickett, Putnam, Van Buren,
Warren, and White Counties and minor parts of Anderson, Bledsoe, Campbell,
Claiborne, Coffee, Cumberland, Macon, Morgan, Sequatchie, Smith, and Wilson
Counties. A map of the northeast part of the Cumberland River basin which
delineates the area drained by the Upper Cumberland River basin in Tennessee
is shown in figure 8.
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The Cumberland River originates in Harlan County, Ky., at the confluence of
the Clover Fork and Poor Fork at a point 694.2 miles above its mouth. The
Upper Cumberland River basin in Tennessee includes 14 mi2 of the Yellow
Creek basin and that part of the Cumberland River from the Tennessee-Kentucky
State line at river mile 385.5 to the mouth of and including the Caney Fork
River at river mile 309.2.

Topography

From the Tennessee-Kentucky State line, the Cumberland River flows in a
southwesterly direction through an area of steep hills which are about 70
percent forested. Elevations of the drainage basin range from about 450 feet
at the mouth of the Caney Fork to about 3,500 feet above sea level atop Cross
Mountain on the Anderson-Campbell County line. Water-surface elevations from
the Caney Fork to the Tennessee-Kentucky State line are controlled by two
reservoirs, 0Old Hickory and Cordell Hull. The normal pool elevation of O0ld
Hickory Reservoir is 445 feet above sea level, which would affect that part of
the river from mile 309.2 to mile 313.5. Cordell Hull Reservoir has normal
summer season and winter season pool elevations of 504.0 feet and 501.0 feet
above sea level, respectively. These elevations affect that part of the river
between river miles 313.5 and 385.5. Major tributaries to the Cumberland
River include the Caney Fork, Obey River, and Roaring River.

Major streams and tributaries draining this basin include:
Obey River. East Fork Obey River, West Fork Obey River, and Wolf River.
Caney Fork. Bee Creek, Calfkiller River, Cane Creek, Collins River,
Falling Water River, Indian Creek, Laurel Creek, Pine Creek, Rocky River,

Sink Creek, and Smith Fork.

Roaring River. Blackburn Fork, Flat Creek, and Spring Creek.

Cumberland River Minor Tributaries. Defeated, Flynn, Jennings, Martin,
and Mill Creeks.

Hydrology

Surface Water

Surface~ and ground-water resources in this part of the basin are fed by ample
rainfall whose long-term (1941-70) average equals 53.13 inches. From 1970-79,
the average precipitation equaled 57.73 inches ranging from a low of 46.16
inches in 1978 to a high of 69.84 inches in 1973. A summary of average precip-
itation data (Corps of Engineers, unpublished data) for the basin's watershed
subdivisions during the period from 1970 to 1979 is presented in table 9.
Precipitation data for 1979 and for the period 1941-70 for selected NWS rain-
fall stations (Department of Commerce 1977 and 1979, Water Information Center,
1974) in the Upper Cumberland River basin are presented in table 10.
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Table 9.--Precipitation

data by watershed subdivision for the period 1970-792,
Upper Cumberland River basin

Precipitation (inches)

Watershed description Hi gh Year Low Year 10-year average

Cumberland River upstream 64.16 1972 46.36 1976 54.82
from Wolf Creek Dam.

Cumberland River from 67.01 1979 48.24 1971 57.36
Wolf Creek Dam to Celina.

Cumberland River upstream 67.86 1979 47.44 1970 58.57
from Dale Hollow Dam.

Cumberland River from 70.76 1979 47.53 1976 58.65
Celina to Cordell Hull Dam.

Cumberland River from 73.91 1979 46.95 1976 59.55
Cordell Hull Dam to Carthage.

Caney Fork River above 69.84 1973 46.16 1978 57.44
Center Hill Dam.

a Precipitation data were obtained from the U.S. Army Corps of Engineers.
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Table 10.--Precipitation data for 1979 and for the period 1941-70 for selected
rainfall stations, Upper Cumberland River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation
Station location Station owner (feet) record (years) (inches) (inches)
Sparta NWS 950 39 2 66.43 53.56
McMinnville NWS 940 99 59.39 52.96
Celina NWS 550 31 71.02 50.91
Allardt NWS 1,672 31 64.07 55.10

a4 Estimated.



In the Upper Cumberland River basin, the months of August, September, and
October generally have the least rainfall during the year. The average rain-
fall over the basin ranges from 2.57 inches in October to 3.77 inches in
September. During the remainder of the year, the average rainfall over the
basin ranges from 3.97 to 5.57 inches with March having the greatest rainfall.
Analysis of long-term precipitation records for the period 1941 to 1970 for
selected rainfall stations at Celina, Crossville, and McMinnville indicate the
driest months of the year generally are August, September, and October with
precipitation ranging from 2.49 to 4.09 inches. During the rest of the year,
monthly precipitation ranged from 3.65 to 6.08 inches with January, February,
and March being the wettest months.

Average annual runoff in this basin generally ranges from 19 to 39 inches.
Most of this runoff occurs during the winter and spring months. Average
discharge data for selected hydrologic data stations in the Upper Cumberland
River basin is shown in table 11.

Ma jor Reservoirs

Major reservoirs located in the basin and their total storage in acre-feet at
normal minimum pool are Dale Hollow (857,000), Cordell Hull (204,800), Great
Falls (2,980), and Center Hill (837,400). Detailed information describing the
reservoirs' location and operation pattern follows:

Center Hill Reservoir

Location and drainage area.——Center Hill Reservoir 1is formed by Center
Hill Dam which is located on the Caney Fork at river mile 26.6 in DeKalb
County. Center Hill Dam controls 2,174 mi2 of drainage area.

Reference period.--1951-82.

Reservior discharge (minimum daily average flow).--During the reference
period, minimum daily average discnarge at Center Hill Dam was zero 1n each
year.

Average number of days of zero flow.--From 1951-82, Center Hill Dam has
averaged about 46 days of zero discharge per year ranging from a low of 19 days
in 1975 and 1979 to a high of 144 days in 1952. Zero discharge days were most
common during the months of July, August, September, and October. During the
reference period there were 80 instances of zero discharge for 3 or more conse-
cutive days from Center Hill Dam. In six of these instances, consecutive days
of zero discharge from Center Hill Dam ranged from a low of 7 days in 1956 and
1966 to a high of 16 days in 1952.

Existing agreements regarding reservoir releases.-—Although no formal
agreement exists, the Corps of Engineers releases discharge from at least one
turbine unit for a minimum of 1 hour within any 48 hour period to maintain fish
life below the dam between June 1 and November 30.

46



Ly

Table 11.--Average discharge data for selected hydrologic data stations operated
by the U.S. Geological Survey, Upper Cumberland River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile

Bills Branch near 0.7 0.67 5 1.91 38.71 T 2.85
Hembree (Scott).

New River at New 8.6 382 46 745 26.48 1.95
River (Scott).

Clear Fork near Robbins 3.7 272 46 473 23.62 1.74
(Scott).

East Fork Obey River 12.7 202 38 424 28.51 2.10
near Jamestown (Fentress).

West Fork Obey River 8.0 115 30 160 18.89 1.39
near Alpine (Overton).

Wolf River near 26.2 106 38 192 24.60 1.81
Byrdstown (Pickett).

Cumberland River 380.8 7,307 58 11,800 21.93 1.61
at Celina (Clay). ‘

Roaring River upstream from 9.1 210 6 315 20.37 1.50
Gainesboro (Jackson). o

Collins River near 19.5 640 56 1,178 25.00 1.84
McMinnville (Warren).

Caney Fork near 90.3 1,678 66 3,218 26.04 1.92

Rock Island (White).




Cordell Hull Reservoir

Location and drainage area.-—Cordell Hull Reservoir is formed by Cordell
Hull Dam which is located on the Cumberland River at river mile 313.5 in Smith
County. Cordell Hull Dam controls 8,095 mi2 of drainage area.

Reference period.—--1974-82.

Reservoir discharge (minimum daily average flow).--During the reference
period, minimum daily average discharge from Cordell Hull Dam ranged from no
flow in 1980 to a high of about 3,080 ft3/s in 1982. The average l-day
minimum discharge for the reference period was about 1,130 ft3/s.

Average number of days of zero flow.--From 1974-82 only 1 day of zero
discharge has occurred at Cordell Hull Dam. This was on November 2, 1980.

Existing agreements regarding reservoir releases.-—None.

Dale Hollow Reservoir

Location and drainage area.--Dale Hollow Reservoir 1is formed by Dale
Hollow Dam which is located on the Obey River at river mile 7.3 in Clay
County. Dale Hollow Dam controls 936 miZ of drainage area.

Reference Period.--1946-82.

Reservoir discharge (minimum daily average flow).--During the reference
period, minimum daily average discharge was zero discharge for 21 years
(1946-66) . From 1967-82, the minimum daily average discharg: ranged from a
low of 6 £t3/s in 1968 to a high of 18 ft3/s in 1973-75.

Average number of days of zero flow.-—From 1946-66, Dale Hollow Dam has
averaged about 100 days of zero flow per year ranging from a low of 36 days in
1949 to a high of 275 days in 1948. From 1967-82, there were 298 days of no
discharge through the turbines; however, water was released through the gates
to supply a fish hatchery below the dam. These no-discharge days ranged from
a low of 1 day in 1972 and 1981 to a high of 63 days in '1978.

Existing agreements regarding reservoir releases.-—Although no formal
agreement exists regarding reservoir releases, the Corps of Engineers
maintains a minimum of one turbine unit of discharge for at least 1 hour
within any 48 hour period to maintain fish life below the dam between June 1
and November 30.

Ground Water

The Upper Cumberland River basin lies within three physiographic provinces
each with characteristic rocks and ground-water resources.

The eastern third of the basin is within the Cumberland Plateau physiographic

province where ground water occurs in weathered fractures and bedding-plane
openings in the sandstones that are interbedded with siltstone, shale and
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coal. The sandy regolith (soil and weathered rock) is thin and stores very
little water for recharging the water-bearing openings in the rock below.
Supplies of 5 to 10 gal/min for domestic use are obtained from small springs
and from dug wells in the regolith and shallow drilled wells (less than 150
feet deep) in the rock. The shallow water-bearing openings do not have great
lateral extent and, consequently, a significant number of holes are dry or
fail to obtain an adequate supply at times. Supplies of greater than 100
gal/min are available but difficult to locate. Wells with large yields seem
to be associated either with unusual fracturing or faulting of the rock or
with valley locations where the rocks have been arched upward by the removal
of overlying rock and by stress of the weight of the rocks in the adjacent
valley walls. This phenomenon is known as stress relief (Wyrick and Borchers,
1981, p. 12). 0il exploration wells in the northeastern corner of the Upper
Cumberland River basin in Tennessee frequently obtain 50 gal/min of water from
sandstones where the sandstone-shale section is at least 600 feet thick, and
occasionally obtain 500 gal/min. The availability of these large supplies
rarely can be determined without a detailed geologic and hydrologic investi-
gation and test drilling at any site in question.

The average rate of ground-water recharge in the Tennessee Region is about 0.5
(Mgal/d)/mi2 of drainage area (Zurawski, 1978, p. L5). Part of the Cumber—
land Plateau is in the Tennessee Region; and based on hydrograph separations
for six stations in the Region, the recharge rate for the Cumberland Plateau
would range from 0.43 to 0.66 (Mgal/d)/mil.

Ground water in the Cumberland Plateau is soft to moderately hard with rela-
tively low dissolved solids concentrations compared to ground water in the
other physiographic sections. It often requires no more than chlorination to
make it suitable for public supply; however, iron and manganese concentrations
frequently are high enough to stain laundry and plumbing fixtures. Only a
tenth as much iron and manganese occur in the sandstones deeper than 300 feet
compared to the shallower sandstones (Wilson, 1965).

The middle third of the Upper Cumberland River basin is within the Highland
Rim physiographic section where ground water occurs in the thick regolith as
well as in solution openings in the interbedded carbonate and silicified
carbonate bedrock. Domestic supplies of 5 to 10 gal/min are obtained almost
everywhere from dug wells in the regolith where it is thicker than 50 feet or
from drilled wells penetrating water-bearing openings in the upper 50 to 100
feet of the bedrock. Dry holes are rare. Supplies of 100 to 500 gal/min are
locally available where the regolith is at least 100 feet thick, and the base
of the regolith contains coarse rock rubble weathered from the coarser-grained,
silicified carbonate bedrock. The availability of these large supplies cannot
be determined without test drilling and aquifer testing locally. However,
there are many areas in which large supplies are simply not available. Based
on computations of hydrograph separations for Buffalo River near Lobelville,
Tenn. (1968 water year), the recharge rate for the Highland Rim ranges from
0.54 to 0.76 (Mgal/d)/miZ.

The water from the regolith in the Highland Rim may be soft and may be so
corrosive as to corrode steel well casing and pumping equipment. Water from
the bedrock is moderately hard to hard with local iron and manganese staining
problems.
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The western third of the Upper Cumberland River basin is within the Central
Basin physiographic section where ground water occurs 1in solution-widened
joints and bedding planes in the limestone bedrock. The clay-rich regolith is
thin and stores little if any water for recharging openings 1n the underlying
bedrock. Supplies of 5 to 10 gal/min for domestic use are obtained from small
springs and from wells drilled to depths of about 100 feet below the top of
the bedrock. The water—-bearing openings in the rock are often only a fraction
of an inch to a couple of inches high, rarely occur at depths greater than 100
feet in this area, and commonly extend laterally only a few hundred feet to a
few thousand feet. Consequently, many holes are dry or fail to yield an
adequate supply. Supplies of greater than 50 gal/min are available near major
streams, but are rarely located without detailed geologic and streamflow data
derived from a careful survey of changes in streamflow and geology from one
stream reach to another. Based on computations of hydrograph separations for
Wartrace Creek at Bell Buckle, Tenn. (1968 water year), the recharge rate for
the Central Basin was found to range from 0.47 to 0.73 (Mgal/d)/mi2.

The ground water in the Central Basin is hard to very hard. Depending upon
the degree of interconnection with local streams, the water may remain clear
and bacteria-free at all times, or may become turbid and contain measurable
bacteria following heavy rainfall. In most cases, the water is suitable for
drinking water use without treatment.

Demogr aphy

Historical (1970) and recent (1980) population and employment and per capita
personal income (1980) data for the county boundary approximation of the basin
are summarized in table 12. Counties included are Clay, DeKalb, Fentress,
Grundy, Jackson, Overton, Pickett, Putnam, Scott, Van Buren, Warren, and White.
Urban and metropolitan centers in the basin and their 1980 populations are
Cookeville (20,535), Gainesboro (1,119), Jamestown (2,364), Livingston (3,372),
McMinnville (10,683), Oneida (3,717), and Sparta (4,864).

Public and Self-Supplied Commercial and Industrial Water Users

Currently, there are a total of 48 public, community water-supply facilities
and one large, self-supplied industrial water user whose use exceeds 0.1 Mgal/d
in the Upper Cumberland basin. Detailed inventories containing pertinent
information and data relative to each community or self-supplied user's source
of water, average daily water use, source capacity, population served, treat-
ment plant and storage capacities, and water-supply quantity-related problems
are found in tables 5 and 6 of appendix I, respectively. Total water use or
withdrawal for public and large, self-supplied commercial and industrial users
in the basin equals about 19.2 Mgal/d. The general location and water-supply
source of all public and large, self-supplied commercial and industrial water
users inventoried in the Upper Cumberland River basin are shown in figures 9
and 10, respectively.

Public water systems currently serve about 162,000 or about 79 percent of the
basin's 1980 population. Total water use or withdrawal for public purposes
averages about 18.4 Mgal/d of which 18.3 Mgal/d or 99 percent is withdrawn
from surface-water sources and 0.1 Mgal/d or 1 percent from ground-water
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Table 12.--County population, employment, and per capita personal income data,
Upper Cumberland River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Clay 6,624 7,676 1,096 1,809 $3,559 $4,873
DeKalb 11,151 13,589 3,332 3,727 5,201 6,145
Fentress 12,593 14,826 2,987 3,982 3,724 4,215
Grundy 10,631 13,787 1,729 2,199 4,197 4,758
Jackson 8,141 9,398 1,603 1,844 4,042 4,572
Overton 14,866 17,575 3,561 3,645 3,938 4,731
Pickett 3,774 4,358 972 932 3,824 4,080
Pu tnam 35,487 47,690 12,028 18,309 5,186 6,405
Scott 14,762 19,259 3,476 4,878 3,826 5,191
Van Buren 3,758 4,728 814 907 3,514 3,892
Warren 26,972 32,653 11,277 13,129 6,001 6,783
White 16,329 19,567 4,636 5,682 5,144 5,391

Total 165,088 205,106 47,511 61,043 - -




Figure 9--Explanation

Site No. Facility name
1 Jellico WD
2 Celina WS
3 Dowelltown-Liberty UD
4 Smithville WS
5 Jamestown WD
6 Gainesboro WD
7 Livingston WD
8 Byrdstown WD
9 Cookeville WD
10 Monterey WD
11 Oneida Water
and Sewer Commission
12 Carthage WD
13 Smith UD
14 Spencer UD
15 Taft Youth Center WD
16 McMinnville WD
17 Bon de Croft UD
18 Sparta WS

sources. Major public water-supply facilities whose average daily use exceeds
1.0 Mgal/d include the following:

Facility Average water
name use (Mgal/d)
Cookeville WD 6.500
Oneida Water and Sewer Commission 1.000
McMinnville WD 2.850
Sparta 2.000

Together, these systems account for about 67 percent of the total water use
for public purposes.

Self-supplied commercial and industrial users currently use or withdraw about
0.8 Mgal/d all of which is obtained from surface-water sources. This water is
used by Jersey Miniere Zinc Co. which is the only large self-supplied user in
the basin.

Summarized below is a list of the specific water-supply problems experienced
in the basin during the period surveyed. The number in parentheses following
each identified problem indicates the number of communities or self-supplied
water users who are now or have experienced this problem in the past. Note,
these are not listed in order of frequency of occurrence or overall severity.

o Periodic water-supply shortage during extended droughts. (7)
o Occasional water-quality problems. (1)
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Figure 9.--Public water-supply facilities, Upper Cumberland River basin.




Figure l0--Explanation

Site No. Facility name

1 Jersey Miniere Zinc Co.

Occasional flooding problem. (3)

Occasional turbidity problem following heavy rainfall. (2)
Problem with algae in summer months. (1)

Inadequate treatment capacity at times. (1)

Inadequate storage capacity. (2)

Occasional loss of pressure due to leaks. (1)

Occasional odor problem. (1)

2 @ @ o 0 @ @

Water-Supply Adequacy Analysis

The Upper Cumberland River basin covers 5,505 mi2 (3,514,000 acres) of land
and water area. This basin's surface- and ground-water resources are replen—
ished by substantial rainfall whose long-term (1941-70) average equals 53.13
inches. Average annual runoff generally ranges from 19 to 39 inches with
the heaviest runoff occurring in the Caney Fork basin and along the northern
boundary of the State in Scott and Fentress Counties. The driest months of
the year are gemerally August, September, and October with January,
February, and March being the wettest months.

Total average daily water use or withdrawal for public and large, self-
supplied commercial and industrial water users in the Upper Cumberland River
basin equals approximately 19.2 Mgal/d. Of that amount, about 18.4 Mgal/d
are withdrawn for public water-supply purposes with 18.3 Mgal/d or 99 percent
coming from surface-water sources and 0.1 Mgal/d or 1 percent from ground-
water sources. Self-supplied water users withdraw approximately 0.8 Mgal/d
from surface-water sources. Jersey Miniere Zinc Co. at Elmwood is the only
large self-supplied water user in the basin (0.8 Mgal/d). Consumptive water
use is about 0.007 Mgal/d.

Most of the basin's public water-supply systems have an adequate source of
supply. However, four systems (Jellico WD, Monterey WD, Spencer UD, and
Taft Youth Center WD) are located on small streams which have no flow at
times during dry summers. The Oneida Water and Sewer Commission, which has
an average water use of 1.000 Mgal/d is supplied by a small stream and two
wells and has storage facilities for 200 million gallons of untreated water
(Howard H. Baker Lake), experiences water shortages during severe droughts.
Two systems (Jamestown WD and Livingston WD) obtain water from streams whose
minimum flows (3-day, 2 year) are less than their average daily use. How-
ever, both systems have sufficient storage facilities for untreated water
that they normally do not have shortage problems during severe droughts.
Although the McMinnville WD has an adequate water supply, shortages occur
during dry, hot summers because of inadequate treatment capacity. The
Dowelltown-Liberty UD is presently using ground-water sources of unknown
capacity.
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Figure 10.--Self-supplied commercial and industrial water users, Upper Cumberland River basin.




Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate or of unknown capacity should consider explor-
ing the availability of alternative, cost-effective water-supply sources to
augment or meet their future water needs if necessary. While the basin's
water resources are subject to contamination from a variety of sources;
existing and pending Federal, State, and local statutes relative to water—
quality protection and maintenance or improvement should ensure that current
water quality will be maintained with little, if any, future degradation of
the basin's water resources. Potential sources of contamination include
(1) leachate from municipal and industrial water disposal facilities and
septic tank systems; (2) agricultural pollution from fertilizers, pesticides
and herbicides, and livestock wastes; and (3) runoff from surface mine lands
and quarries.

Al though there are periods of extended drought which cause seasonal water
table declines and periodic local problems with adequate ground-water
supplies, observation-well data indicate there are no long-term, regional
water table declines. Periodic local problems associated with a decline in
an area's water table are caused by excessive withdrawals. To alleviate
this problem, optimum ground-water withdrawal rates should be determined
during the initial test pumping of the source.
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DUCK-BUFFALO RIVER BASIN

Basin Description

The Duck-Buffalo River basin drains 3,500 mi2 of land and water area and
consists of all or parts of the following tributary basins as delineated by
the Geological Survey and Tennessee Department of Water Management in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 11) description (square miles)
34A Duck River headwaters to below Flat 481

Creek 2 miles west of Shelbyville.

34B Duck River from below Flat Creek 727
to Columbia.

34C Duck River from Columbia to Center- 840
ville.
34D Duck River from Centerville to its 688

mouth excluding the Buffalo River.
35 Buffalo River 764

The Duck-Buffalo River basin encompasses all or major parts of Bedford, Coffee,
Hickman, Lewis, Marshall, and Maury Counties and minor parts of Dickson,
Humphreys, Lawrence, Perry, Rutherford, Wayne, and Williamson Counties. A map
of the west-central Tennessee part of the Tennessee River basin which deline-
ates the area drained by the Duck-Buffalo River basin is shown in figure ll.

Topogr aph

The Duck River originates on the western edge of the Cumberland Plateau in an
area which is characterized by unusually level terrain and numerous swamplike
areas. From its headwaters, the river flows generally westward through the
basin's gently rolling to hilly terrain. While the main river gradients are
relatively flat, the river is fed by somewhat steeper, meandering tributaries.
The Buffalo River and western part of the Duck River basin are characterized
by a dissected, rolling terrain that is crossed by numerous streams. Major
streams and tributaries draining this basin include:

e Duck River. Beaverdam, Big Bigby, Big Swan, Blue, East Rock, Flat, Hurri-
cane, Lick, Little Bigby, Rutherford, Sinking, Spring, Sugar, Thompson,
Tumbling, and Wartrace Creeks,

e Buffalo River. Little Buffalo and Green Rivers plus Big Oppossum, Brush,
Cane, Coon, Fortyweight, Grinders, Hurricane, Rockhouse, Sinking, Saw,
Short, and Trace Creeks.
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Average stream slopes in this basin range from 1.59 ft/mi in the lower Duck
River watershed between river miles 0 and 133 to 1.83 ft/mi in the upper water—
shed between river miles 133 and 221. The elevation in this basin generally
ranges from 375 to 1,200 feet above sea level. The maximum elevation 1s about
1,300 feet.

Hydrology

Surface Water

Surface- and ground-water resources in this basin are replenished by ample
rainfall whose long-term (1941-70) average equals 52.01 inches. From 1970-79,
average annual precipitation equaled 58.81 inches with a low of 47.57 inches
in 1978 and a high of 68.48 inches in 1973. Average precipitation data for
watershed subdivisions of the Duck-Buffalo River basin during the 1970~79 time
period are summarized in table 13. Annual (1979) and long-term (1941-70)
precipitation data for selected TVA, NWS, and private (Victor Chemical Works)
rainfall stations in the basin are outlined in table 14.

Generally, the months of August, September, and October are the driest months
in that part of the Tennessee River basin. During these months, average rain-
fall varies from 2.57 to 3.54 inches. Throughout the rest of the year, rain-
fall varies from 4.05 to 5.72 inches with March having the highest rainfall.
Analysis of long-term precipitation records for the 1941-70 time period for
selected rainfall stations (Lewisburg, Manchester, Pinewood, and Waynesboro)
indicates that, in general, the months of August, September, and October are
the driest with rainfall ranging from 2.36 to 3.80 inches. During the
remaining months, rainfall varies from 3.98 to 6.12 inches with the most rain
falling in January, February, and March.

Average annual runoff in the Duck-Buffalo River basin ranges from about 21 to
24 inches as one moves eastward across the basin. A summary of average
discharge data for selected hydrologic data stations in the Duck-Buffalo River
basin is presented in table 15 (U.S. Geological Survey, 1981). The majority
of this runoff occurs during the winter and spring months.

Major Reservoirs

This basin's only major existing reservoir is Normandy Reservoir which has a
storage capacity of 66,600 acre-feet at normal minimum pool. Detailed infor-
mation describing the location and operation pattern of Normandy Reservoir
follows:

Normandy Reservoir

Location and drainage area.--Normandy Reservoir is formed by Normandy Dam
which is located on the Duck River at river mile 248.6 in Coffee County.
Normandy Dam controls 195 mi2 of drainage area.

Reference Period.--1976-81.
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Table 13.--Precipitation data by watershed subdivision for the period
Duck-Buffalo River basin

1970-79,

Precipitation (inches)

Watershed description High Year Low Year 10-year average
Duck River from Columbia to 75.20 1979 44.90 1971 58.05
the river's mouth.
Duck River above Columbia 74.60 1973 47.60 1978 58.17
Buffalo River upstream from 73.90 1979 47.40 1971 60.77
Lobelville.
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Table 14.--Precipitation data for 1979 and for the period 1941-70 for selected rainfall stations,
Duck-Buffalo River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Hohenwald TVA 975 92 79.23 51.57
Waynesboro NWS 750 95 73.63 54.57
Pinewood TVA 550 64 80.32 48.78
Dickson NWS 814 88 76.11 50.11
Mt. Pleasant VCW 720 27 75.91 53.88
Columbia TVA 620 41 63.69 50.08
Neapolis TVA 720 28 74.46 53.52
Franklin NWS 670 91 77.63 49.59
Culleoka TVA 675 13 73.28 56.17
Lewisburg NWS 787 86 71.16 52.12
Chapel Hill TVA 693 44 62.59 50.95
Shelbyville NWS 785 29 63.54 54.52

No rmandy TVA 880 16 63.03 56.15
Manchester TVA 1,060 30 57.93 55.58
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Table 15.-~Average discharge data for selected hydrologic data stations,
Duck-Buffalo River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Duck River downstream from 265.4 107 46 189 23.99 1.77
Manchester (Coffee).
Duck River near 216.2 481 47 832 23.49 1.73
Shelbyville (Bedford).
Duck River at Columbia 132.8 1,208 64 2,020 22.70 1.67
(Maury) .
Big Bigby Creek at Sandy 17.9 17.5 27 28.8 22.35 1.65
Hook (Maury).
Piney River at Vernon 8.3 202 55 317 21.31 1.57
(Hickman) .
Duck River upstream from 26.0 2,557 55 4,151 22.05 1.62
Hurricane Mills (Humphreys).
Buffalo River near 58.7 447 60 757 23.00 1.69
Flatwoods (Perry).
Buffalo River near 17.7 707 53 1,197 22.99 1.69

Lobelville (Perry).




Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Normandy Dam since its closure #in January of 1976 ranged from a
low of about 17.0 ft3/s (11.0 Mgal/d) in 1976 to a high of about 118.0
£t3/s (76.3 Mgal/d) in 1981. The average, l-day minimum discharge since the
dam's closure was about 53.0 ft3/s (34.3 Mgal/d).

Average number of days of zero flow.——None

Existing agreements regarding reservoir releases.-~Normandy Dam is operated
to ensure a minimum instantaneous flow of 158.0 ft3/s (102.1 Mgal/d), 155.0
£t3/s for water quality and 3.0 ft3/s for water supply, across the spillway
of Shelbyville Dam located at river mile 221.4 on the Duck River. 1In addition,
Normandy Dam is operated to ensure a minimum instantaneous flow of at least
40.0 f£t3/s (25.8 Mgal/d) immediately below the dam. By 2000, releases from
Normandy Dam for water-supply purposes are projected to increase to about 10.0
£t3/s (6.5 Mgal/d).

Columbia Reservoir

Another reservoir to be impounded by the authorized Columbia Dam is located on
the Duck River at river mile 136.9 and will have an estimated storage capacity
of 80,000 acre-feet at normal minimum pool when completed. TVA stopped con-
struction on the Columbia Dam project in September 1983 pending determination
of the likely success of TVA's mussel conservation program. Water—quality
studies, cultural investigations and other planning studies continue. Comple-
tion of the project is now scheduled for 1987. Upon completion, Columbia Dam
will be operated to provide a minimum release or discharge of 200.0 ft3/s
including 155.0 ft3/s (100.2 Mgal/d) for water-quality purposes and 45.0
ft3/s (29.1 Mgal/d) for water-supply purposes. Over the 100-year life of
the project, releases for water-suppﬁy purposes are projected to increase from
45.0 ft3/s to a maximum of 150.0 ft3/s (96.9 Mgal/d). In view of the heavy
surface-water losses (20 to 30 ft3/s) between Shelbyville and Columbia
because of evaporation and transpiration losses during prolonged drought
periods, Columbia Dam will do much to meet the projected water-supply require-
ments of the Upper Duck River area (Tennessee Valley Authority, 1979b).

Ground Water

The Duck-Buffalo River basin extends essentially east-west across parts of the
eastern Highland Rim, the Central Basin, and the western Highland Rim. The
Highland Rim physiographic province is an old erosion surface or peneplain
which completely surrounds the Central Basin province. The altitude of the
eastern Highland Rim is some 500 feet higher than the altitude of the Central
Basin floor, while the altitude of the western Rim is somewhat lower, being
about 300 feet or less above the Central Basin floor. There are two modes of
occurrence of ground water on the Highland Rim. One is at or near the contact
between the relatively thick regolith and the underlying limestone. This
residual blanket is composed primarily of clay, chert blocks and fragments,
siliceous silt, and some sand. It is generally 30 feet or more in thickness
and sometimes reaches 100 feet in thickness. The regolith 1is capable of
storing a large amount of water but commonly furnishes a relatively small
amount of water, 25 gal/min or less, to dug or drilled wells. However, a chert
rubble zone sometimes occurs at or a few feet above the top of the underlying
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rock and is capable of furnishing several hundred gallons per minute of water
to wells on the eastern Highland Rim. An occurrence of this zone is in the
vicinity of Manchester where it is capable of furnishing water in sufficient
amounts for industrial purposes. Water quality is usually good. However, it
is most often acidic due to dissolved carbon dioxide. If the water is to be
used to augment a surface supply for a public system, it may require treatment
to raise the pH so as to achieve compatibility. The chert rubble zone does
not appear to be present on the western Highland Rim on the basis of present
information. However, several wells drilled near Dickson encountered a zone
of broken rock at the top of the underlying rock which yielded similar
quantities of water. Also, thicknesses of the regolith were reported to be
more than 200 feet. The regolith on the western Highland Rim in some areas
seems to contain more clay than that on the eastern Highland Rim. Therefore,
it is not as permeable and dug wells generally have low yields and often go
dry during periods of low rainfall. 1In these cases, they are sometimes used
as cisterns. In a number of minor drainage basins on the western Highland Rim
that are underlain by siliceous limestone of the Ft. Payne formation, the
regolith below well-drained soil is largely bedded chert which 1is quite
permeable. The lower part of this chert zone furnishes water to a number of
domestic wells.

The other occurrence of ground water on the Highland Rim is in solutiomnally
enlarged joints (cracks) and bedding plane openings in limestone. These
cracks, caused by the structural upwarping of the Nashville Dome, are subject
to the dissolving action of downward percolating ground water. They are
generally largest near the rock surface and in perennial stream valleys and
become smaller with increased depth. Most often the cracks are not signif-
icantly enlarged at depths below 300 feet. Consequently, on the basis of
present information, it is not advisable to drill much deeper. Also, the
chances of encountering relatively high mineral water increase with depth.
Drilling into one of these water-filled openings is a "hit-or-miss'" proposition
and wells drilled into rock commonly gain no additional water after passing
through the regolith. However, some wells encounter rather large openings
within the first 100 feet below the top of rock and provide yields of 100
gal/min or more. Water quality is usually good but may be somewhat acidic.

The Highland Rim is underlain at various depths by the Chattanooga Shale. The
Chattanooga is a carbonaceous black shale which, when present, acts as an
impervious barrier to the downward migration of ground water. It is present
in most areas of the Highland Rim escarpment surrounding the Central Basin
where it is nearer the land surface. Its impervious nature causes its top to
be a prominent spring horizon wherever it crops out along the Highland Rim
escarpment. These springs issuing from the overlying limestone are often
relatively large, yielding as much as 1,000 gal/min, particularly during the
rainy season. The yields of these springs fluctuate seasonally but, because
of the Highlnd Rim regolith's ability to store large quantities of water, they
do not decrease in flow as much as most limestone springs, particularly as
much as those on the floor of the Central Basin. As stated before, the Chatta-
nooga Shale is generally nearer the land surface along the escarpment surround-
ing the Central Basin and on the spurs and outliers of the rim extending into
the Basin. Due to its impervious character almost all of the wells encoun
tering water-filled openings beneath the shale yield water too highly mineral-
ized to be economically treated. Consequently, it is advisable not to drill
below the top of the shale. Where the Chattanooga is near the surface, small
quantities are encountered in joints in the shale. However, since the
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Chattanooga contains considerable quantities of the mineral pyrite (iron
sulfide), this water is high in hydrogen sulfide and compounds of iron. The
same is true for any springs that might issue from it.

The middle part of the Duck-Buffalo River basin lies in the Central Basin that
is often termed the Nashville Basin. This area contains numerous spurs and
outlying remnants of the Highland Rim. Ground water is often difficult to
obtain in quantity on some of these ridges because of the lack of adequate
watershed. The valleys and parts of the Central Basin floor are underlain by
limestone formations of varying purity and solubility. Some of these forma-
tions are relatively thin-bedded and the individual beds are separated by thin
layers of shale that contain considerable clay. This is particularly true of
the uppermost limestones which have a thickness of some 200 feet and lie just
below the base of the Chattanooga Shale. The presence of these shale layers
tends to inhibit the downward migration of ground water and the joints in the
rocks are enlarged to a lesser degree than in the purer limestones. Therefore,
in these rocks ground water is generally available only in relatively small
quantities, if at all. Dry holes are common and sulfur water high in iron is
often encountered. In the northern part of the area under discussion, older
and purer, more soluble limestones underlie the relatively thin soil of the
Central Basin. Here, water in quantities sufficient for domestic use is
reasonably easy to obtain., Well yields in the Central Basin part of the Duck-
Buffalo River basin are extremely subject to variation with the seasons of low
and high rainfall. Wells that can maintain a sustained yield of 50 gal/min or
more are rare. Exceptions to this fact may be those wells drilled on the flood
plains of larger streams.

The depth to the base of the zone of weathering or the maximum depth at which
significantly enlarged openings exist is about 275 feet in this area of the
Central Basin. Therefore, it is generally not advisable to drill below this
depth. Also, the chances of encountering highly mineralized water increase
with depth. The quality of the water from wells is generally good with the
exception of those that are high in hydrogen sulfide and iron. Water quality
cannot be predicted with accuracy. Springs are common, yielding no more than
40 gal/min for the most part. As with wells, the yield fluctuates with the
seasons and many go dry in periods of low rainfall. Water quality is usually
good.

There is a relatively deep source of ground water available in the Central
Basin from wells that are drilled into the Knox Group - a series of beds of
dolomite, dolomitic limestone, and limestone some 5,000 feet in thickness.
The top of these rocks occurs from about 650 to 1,100 feet below the surface
in the area under discussion depending on topographic location and location
with respect to the axis of the Nashville Dome. This source has been under
investigation since about 1949 as a possible source of drinking water. Because
of its depth and drilling costs to reach it, not as much information has been
gathered as in the case of the shallower aquifers. On the basis of present
information, the dissolved mineral content of Knox water generally increases
with depth. The better quality of water seems to occur within the top 300
feet of the Knox Group. Yields are low and probably do not exceed 15 gal/min.
The average yield is probably around 1 gal/min. Water quantity and quality at
any given location is impossible to predict at present. However, some areas
can be delineated as probably yielding water too high in dissolved solids to
be potable. Water from most Knox wells that have currently been drilled on the
Highland Rim fall into this category.
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Most of these wells listed in the existing ground-water data base were drilled
for domestic use and were not located on the basis of geologic studies. There-
fore, the true ground-water potential of the Duck-Buffalo River basin needs
further study at this time.

Demograghz

Historical (1970) and recent (1980) population, total wage and salary employ-
ment including both full- and part-time workers, and per capita personal income
data for the county boundary approximation of the Duck-Buffalo River basin is
presented in table 16. Counties included in this approximation are Bedford,
Coffee, Hickman, Lewis, Marshall, Maury, and Perry. Principal urban or metro-
politan areas in the basin and their 1980 census population are Centerville
(2,854), Columbia (26,372), Hohenwald (3,922), Lewisburg (8,760), Manchester
(7,250), and Shelbyville (13,530).

Public and Self-Supplied Commercial and Industrial Water Users

Currently, there are a total of 33 public water-supply facilities and 14
large, self-supplied commercial and industrial water users whose use exceeds
0.1 Mgal/d in the Tennessee part of the Duck-Buffalo River basin. Detailed
inventories containing pertinent information and data relative to each com
munity or self-supplied user's source of water, average daily water use,
source capacity, population served, treatment plant and storage capacities,
and water-supply shortage problems are found in tables 7 and 8 of appendix I,
respectively. Total water use or withdrawal at the present time for public
and large, self-supplied commercial and industrial purposes in the Duck-Buffalo
River basin amounts to approximately 71.2 Mgal/d. The general location and
water-supply source of all public and large, self-supplied commercial and
industrial water users inventoried in the Duck-Buffalo River basin are depicted
in figures 12 and 13, respectively.

Public water systems currently serve about 161,000 people or 96 percent of the
basin's 1980, county boundary approximated, population. The estimated popula-
tion served does not include either those people served via the Dickson WD in
Dickson County (12,500) since Dickson County was not included in the county
boundary population approximation or that part of the HB & TS (Hillsboro and
Thompson Station) UD's population served (3,200) by water withdrawals from the
Cumberland River via the Harpeth Valley UD. Average daily water use for public
purposes equals about 23.1 Mgal/d, of which approximately 19.0 Mgal/d or 82
percent is withdrawn from surface-water sources and 4.1 Mgal/d or 18 percent
from ground-water sources. Major public water-supply facilities whose average
daily use exceeds 1.0 Mgal/d include the following:

Facility Average water
name use (Mgal/d)
Shelbyville WD 3.500
Manchester WD 1.200
Tullahoma WD 2.300
Dickson WD 1.000
Lewisburg WS 2.268
Columbia WS 7.633
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Table 16.~-County population, employment, and per capita personal income data,
Duck-Buffalo River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars

County
1970 1980 1970 1980 1970 1980
Bedford 25,039 27,916 10,153 10,709 $6,568 $7,471
Coffee 32,572 38,311 13,394 17,447 6,628 7,690
Hickman 12,096 15,151 2,814 2,997 5,323 6,151
Lewis 6,761 9,700 1,954 3,298 4,762 4,495
Marshall 17,319 19,698 6,636 9,200 6,337 7,243
Maury 44,028 51,095 16,248 20,427 6,560 7,528
Perry 5,238 6,111 1,274 1,577 4,648 5,48;
Total 143,053 167,982 52,473 65,655 - -




Together these systems account for approximately 80 percent of the basin's
total water use for public purposes.

Figure 12--Explanation

Site No. Facility name

Shelbyville WD

Wartrace WS

Duck River Utility Commission
Dickson WD

Bon Aqua-Lyles UD

W e

6 Centerville WS

7 Turney Center WS
8 McEwen WD

9 Waverly WS

10 Summertown WS

11 Hohenwald WS

12 Lewisburg WS

13 Columbia WS

14 Mount Pleasant WS
15 Linden WD

16 Lobelville WD

17 Waynesboro WS

Self-supplied commercial and industrial water users currently use or withdraw
approximately 48.2 Mgal/d with all but 0.5 Mgal/d or 99 percent being withdrawn
from surface-water sources. The basin's major self-supplied industrial water
users include Occidental Chemical Corp. (9.5 Mgal/d at three plants) and Mon—
santo Industrial Chemicals GCo. (33.1 Mgal/d) in Maury County. Consumptive
water use by large, self-supplied commercial and industrial water users in the
basin equals slightly less than 2.5 Mgal/d.

Summarized below is a list of the specific water-supply problems now being
experienced by individual communities and self-supplied commercial and indus-
trial users in the Duck-Buffalo River basin. The number in parentheses
following each identified problem indicates the number of communities and (or)
self-supplied water users who are now or have experienced this problem in the
past. Note, these problems are not listed in order of frequency of occurrence
or overall severity.

e Excessive concentrations of manganese and iron due to reservoir releases from
Normandy Dam. (1)

e Periodic water shortages during severe and extended droughts. (2)

® Serious water losses due to deteriorating water mains and lines. (1)

e Occasional taste and odor in the Duck River due to reservoir releases from
Normandy Dam. (1)

® Seasonal problems caused by algae growth which results in increased treatment
costs. (1)

o Inadequate water pressure in distribution mains and lines due to increased
demands by neighboring water users. (1)

e Occasional flooding and turbidity problems following heavy rains. (2)
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Figure 12.--Public water-supply facilities, Duck-Buffalo River basin.




Figure 13--Explanation

Site No. Facility name

1 Levi Strauss and Co. (Centerville)

2 M. C. West and Co. (Columbia)

3 Lewis Products (Hohenwald)

4 Lewisburg Materials (Lewisburg)

5 Dupont E.I. DeNemours and Co., Inc.
(Columbia)

6 Occidental Chemical Corp., Godwin Washer
Plant (Columbia)

7 Occidental Chemical Corp., Williamsport
Washer Plant (Columbia)

8 Occidental Chemical Corp., Furnace Plant
(Columbia)

9 Monsanto Industrial Chemicals Co. (Columbia)

10 Presnell Phosphate Co., Inc. (Columbia)

11 Stauffer Chemical Co., Inc. (Mount Pleasant)

12 Stauffer Chemical Co., Globe Plant
(Mount Pleasant)

13 Stauffer Furnace Plant (Mount Pleasant)

14 True Temper Corp. (Waynesboro)

Water—-Supply Adequacy Analysis

About 3,500 miZ or 2,240,000 acres of land and water area are drained by the
Duck-Buffalo River basin. This basin's surface- and ground-water supplies are
replenished by extensive rainfall whose long-term (1941-70) average equals
52.01 inches. Average annual runoff in this basin ranges from about 21 to 24
inches as one moves eastward across the basin. Generally, the months of August
through October are the driest months with the greatest precipitation coming
during the first 3 months of the year.

Average daily water use for public and self-supplied commercial and industrial
water users exceeding 0.1 Mgal/d in the Duck-Buffalo River basin equals
approximately 71.2 Mgal/d. Of this amount, about 23.1 Mgal/d are withdrawn
for public-water supply use with 19.0 Mgal/d or 82 percent coming from surface-
water sources and 4.1 Mgal/d or 18 percent from ground-water sources. Water
use by self-supplied commercial and industrial facilities equals about 48.2
Mgal/d with 47.7 Mgal/d or 99 percent being supplied by surface-water resources
and 0.5 Mgal/d or 1 percent from ground-water resources. Major self-supplied
water users in this basin include Occidental Chemical Corp. (9.5 Mgal/d) and
Monsanto Industrial Chemicals Co. (33.1 Mgal/d) in Maury County. Consumptive
water use by self-supplied commercial and industrial facilities equals about
2.5 Mgal/d.

The majority of this basin's public and self-supplied commercial and industrial
water use is supplied by surface-water resources. This is due primarily to the
existence of large surface-water resources such as Normandy Reservoir, the Duck
and Buffalo Rivers, and the limited ground-water development studies which have
been completed in the basin to date. However, it is possible for trained geo-
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Figure 13.--Self-supplied commercial and indusirial water users, Duck-Buffalo River basin.




hydrologists to locate well sites in the Highland Rim and Central Basin areas
which could be expected to yield about 0.100 to 0.150 Mgal/d of good quality
water at depths ranging from about 100 to a maximum of 300 feet.

Analysis of the public water—-supply and self-supplied water user inventories
indicates that a number of users are utilizing surface- and ground-water
resources as their primary, and frequently only, supply source whose source
capacity is either unknown or less than the user's average daily use. Specific
public water systems included are the Bon Aqua Lyles UD in Hickman County;
Mount Pleasant WS in Maury County; and Summertown WS in Lawrence County. Self-
supplied commercial and industrial facilities included in this group are Lewis
Products in Lewis County; Lewisburg Materials in Marshall County; Presnell
Phosphate and Stauffer Chemical Co. in Maury County; and True Temper Corp. in
Wayne County. While several of these systems and self-supplied users also
purchase a part of their daily water supply from neighboring public water—
supply systems which could probably provide additional water if needed, some of
these systems and users may face periodic water-supply shortages during periods
of extreme and (or) extended drought conditions.

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate or of unknown capacity should consider exploring
the availability of alternative, cost—effective water—-supply sources to augment
or meet their future water needs if necessary. While the basin's water
resources are subject to contamination from a variety of sources, existing and
pending Federal, State, and local statutes relative to water-quality protection
and maintenance or improvement should ensure that current water quality will
be maintained with little, if any, future degradation of the basin's water
resources. Potential sources of contamination include (1) leachate from
municipal and industrial water disposal facilities and septic tank systems;
(2) agricultural pollution from fertilizers, pesticides and herbicides, and
livestock wastes; and (3) runoff from surface mine lands and quarries.

Al though there are periods of extended drought which cause seasonal water table
declines and periodic local problems with adequate ground-water supplies,
observation well data indicate there are no long-term, regional water table
declines. Periodic local problems associated with a decline in an area's water
table are caused by excessive withdrawals. To alleviate this problem, optimum
ground-water withdrawal rates should be determined during the initial test
pumping of the source.
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ELK-SHOAL RIVER BASIN

Basin Description

The Elk-Shoal River basin encompasses 3,041 mi2 of land and water area in
Tennessee and consists of all or parts of the following tributary basins as
delineated by the Geological Survey and Tennessee Department of Water Manage-
ment in 1982,

Tributary Tennessee

basin MNo. Basin drainage area

(fig. 14) description (square miles)
25 Tennessee River north-side minor tribu- 326

taries from the mouth of the Sequatchie
River including Crow Creek to the Tennessee-
Al abama State line.

26 Tennessee River north-side minor tribu- 212
taries above the Elk River to the Tennessee-
Al abama State line.

27A Elk River headwaters to just above Beans 569
Creek.
278 Elk River from just above Beans Creek to 726

just above Richland Creek.
27C Richland Creek 488

27D Elk River from below Richland Creek to 216
the Tennessee—Al abama State line.

28A Tennessee River north-side minor tribu- 454
taries including the Shoal Creek area
from just above Bluewater Creek to just
below Butler Creek to the Tennessee-
Alabama State line.

28B Tennessee River north-side minor tribu-— 50
taries from just below Anderson Creek to
just below Second Creek to the Tennessee~
Alabama State line.

Hydrologically, the Elk-Shoal River basin includes all or major parts of
Franklin, Giles, Lawrence, Lincoln, and Moore Counties and minor parts of
Coffee, Grundy, Marion, Marshall, and Wayne Counties. A map of the west—
central Tennessee part of the Tennessee River basin which highlights the Elk-
Shoal River basin is shown in figure 14.
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Topography

This basin's topography is characterized by gently rolling to hilly terrain
with some nearly level areas and meandering, low-gradient streams. Major
streams and tributaries draining the Elk-Shoal River basin are:

e Elk River. Bean, Bluewater, Butler, Cane, Coldwater, Hurricane, Mulberry,
Richland, and Sugar Creeks.

o Tennessee River Minor Tributaries. Flint River plus Battle, Crow, Hester,
Keller, and Shoal Creeks.

Average stream slopes on the Elk River range from 1.56 ft/mi from the
Tennessee-Alabama State line to river mile 90 and 2.87 ft/mi from river mile
90 to river mile 160. Basin elevations generally range from 600 to 1,800 feet
with a maximum elevation of 2,000 feet above sea level.

Hydrology

Surface Water

This basin's surface- and ground-water resources are fed by ample rainfall
whose long-term (1941-70) average equals 52.01 inches. During the 10-year
period from 1970-79, average annual precipitation equaled 58.81 inches and
ranged from a low of 47.57 inches in 1978 to a high of 68.48 inches in 1973.
Average precipitation data for watershed subdivisions of the Elk-Shoal River
basin during the 1970-79 time period are summarized in table 17. Annual 1979
and long-term (1941-70) precipitation data for selected TVA rainfall stations
in the Elk-Shoal River basin in Tennessee are presented in table 18.

The months of August, September, and October are usually the driest with the
average rainfall ranging from 2.57 to 3.54 inches. During the remainder of
the year, average rainfall ranges from 4.05 to 5.72 inches with March having
the greatest rainfall. More specifically, in the Elk-Shoal River basin an
analysis of the long-term precipitation records for the 1941-70 period for
selected rainfall stations (Elkhead, Pulaski, Smithtown, and Tims Ford Dam)
indicates that the driest months of the year are normally June, August, and
October with precipitation ranging from 3.16 to 4.11 inches. During the rest
of the year, rainfall ranges from 4.15 to 7.30 inches. March is usually the
wettest month.

Average annual runoff in this basin generally ranges from 24 to 30 inches with
the heaviest runoff occurring in the headwaters area and eastern part of the
basin. Average discharge data for selected hydrologic data stations in the
Elk-Shoal River basin are summarized in table 19. The majority of this runoff
occurs during the winter and spring months. It is not uncommon in the late
summer and fall months during extended drought periods for small, unregulated
streams to go dry, particularly along the basin's rim.

Major Reservoirs

Ma jor reservoirs located in this basin and their total storage in acre-feet at
normal minimum pool are Tims Ford Reservoir (325,400) and Woods Reservoir
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Table 17.--Precipitation data by station subdivision for the period 1970-79, Elk-Shoal River basin

Precipitation (inches)

Watershed description High Year Low Year 1l0-year average
Tennessee River from 70.00 1975 45.20 1978 57.53
Florence to Decatur, Ala.
Shoal Creek upstream from 72.90 1973 47.50 1978 60.67
Iron City.
Elk River from Fayetteville 70.40 1973 49.10 1978 60.11

to the Tennessee—Alabama
State line.

Elk River upstream from 71.40 1973 45.40 1978 60.01
Fayetteville.
Tennessee River from Decatur 71.20 1975 46.50 1978 59.00

to Guntersville, Ala.

Flint River upstream from 69.80 1973 44.80 1978 58.40
Chase, Ala.

Paint Rock River upstream from 71.10 1973 41.90 1978 61.26
Woodville, Ala.

Tennessee River from the 69.90 1977 42.90 1978 60.57
Tennessee—Alabama State line
to Nickajack Dam.

Tennessee River from 71.40 1973 45,20 1978 60.32
Nickajack Dam to
Chickamauga Dam.
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Table 18.--Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Elk-Shoal River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation
Station location Station owner (feet) record (years) (inches) (inches)
Elk River
Bethel TVA 605 45 67.69 54.44
Pulaski TVA 655 14 73.31 59.27
Campbellsville TVA 770 13 70.38 58.34
Lynnville TVA 740 91 68.44 54.11
Diana TVA 725 19 60.17 55.92
Fayetteville TVA 750 8 69.67 61.73
Belleville TVA 755 38 70.99 58.70
Charity Church TVA 810 13 62.60 56.04
Tims Ford Dam TVA 770 12 65.29 57.14
Tullahoma TVA 1,065 13 79.32 64.70
Winchester TVA 960 40 58.06 51.27
Estill Springs TVA 916 12 59.30 50.90
Hillsboro TVA 1,060 30 62.88 55.52
Elkhead TVA 1,045 19 62.38 57.05
Tennessee River Minor
Tributaries

Elora TVA 930 38 63.00 54.78
Smithtown TVA 670 29 74.73 60.74

Sewanee TVA 1,920 86 75.27 60.59
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Table 19.--Average discharge data for selected hydrologic data stations, Elk-Shoal River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Tennessee River at South 418.2 22,640 50 38,070 - 1.68
Pittsburg (Marion).
Elk River near Pelham 194.2 65.6 29 143 29.60 2.18
(Grundy) .
Elk River near Estill 167.3 275 60 492 24.30 1.79
Springs (Franklin).
Elk River upstream from 93.9 827 46 1,461 23.99 1.77
Fayetteville (Lincoln).
Elk River near Prospect 41.5 1,784 64 3,103 23.62 1.74
(Gi].es) .
Shoal Creek at 55.9 55.4 14 114 27.94 2.06
Lawrenceburg (Lawrence).
Chisholm Creek at 1.2 43.0 18 89.3 28.20 2.08
Westpoint (Lawrence).
Shoal Creek at Iron City 22.3 348 55 655 25.56 1.88

(Lawrence).




(10,700) . More detailed information describing the location and operation
pattern of these reservoirs follows.

Tims Ford Reservoir

Location and drainage area.--Tims Ford Reservoir is formed by Tims Ford
Dam which is located on the Elk River at river mile 133.3 in Franklin County.
Tims Ford Dam controls 529 mi2 of drainage area.

Reference period.-—-1969-81.

Reservoir discharge (minimum daily average flow).--During the reference
period, minimum daily average discharge from Tims Ford Dam ranged from a low
of about 2.0 ft3/s (1.3 Mgal/d) in 1971 to a high of about 255.0 ft3/s
(164.8 Mgal/d) in 1974. The average, l—day minimum discharge for the reference
period was about 52.0 ft3/s (33.6 Mgal/d).

Average number of days of zero flow.--From 1969-81, Tims Ford Dam has
averaged almost 51 days of zero discharge per year ranging from a low of no
days of zero discharge in 1969 to a high of 138 days of zero discharge in 1971.
Zero-discharge days were most common during the months of March, April, and
May. During the reference period, there were 43 instances of zero discharge
for 3 or more consecutive days from Tims Ford Dam. In nine of these instances,
consecutive days of zero discharge from Tims Ford Dam ranged from a low of 9
days in 1970 to a high of 92 days in 1971.

Existing agreements regarding reservoir releases.——Tims Ford Dam 1s oper-
ated whenever necessary to maintain a minimum average daily flow of about
106.0 ft3/s (68.5 Mgal/d) in the Elk River at Fayetteville. On weekends from
Memorial Day through September, these releases are scheduled to enhance aquatic
life habitat and opportunities for canoeing and fishing.

Woods Reservoir

Woods Reservoir is formed by Elk River Dam which is located on the Elk River
at river mile 170.0 in Coffee and Franklin Counties. Elk River Dam controls
263 mi2 of drainage area. Discharges from Woods Reservoir during the period
from 1920-81 have ranged from a low of about 10.0 ft3/s (6.5 Mgal/d) in 1925
to a high of about 38,100 ft3/s (24,612.6 Mgal/d) in 1973. The average daily
discharge during that period was about 487.0 ft3/s (314.6 Mgal/d).

Ground Water

The Elk-Shoal River basin extends across parts of the Cumberland Plateau, High-
land Rim, and Central Basin physiographic provinces. Only a very small area
of the Cumberland Plateau as compared with the total area of the basin lies in
Grundy, Coffee, and Franklin Counties in the extreme eastern part of the Elk-
Shoal River basin. Ground water there occurs in fractures in tightly cemented
sandstone. As this siliceous rock is resistant to the solvent action of ground
water, the fractures are not solutionally enlarged. Consequently, ground water
is difficult to obtain in significant quantities and yields to drilled wells
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are generally low, usually no more than 25 gal/min. Also, this area of the
Elk-Shoal River basin lies on the dissected western escarpment of the Plateau
where a considerable amount of ground water is discharged from springs. This
situation is partly responsible for the low yields of wells. Therefore, the
potential for obtaining ground-water supplies in this relatively small area
other than amounts for domestic purposes is probably low on the basis of
present information. The yields of springs discharging from the sandstone in
this area are generally low and usually no more than 5 gal/min. Water from
wells, which are generally no deeper than 200 feet, may be high in iron and is
usually acidic due to dissolved carbon dioxide.

The Highland Rim physiographic province is an old erosion surface lying some
1,000 feet lower topographically than the Cumberland Plateau. The Elk-Shoal
River basin extends across parts of the eastern, southern, and western Highland
Rim. There are two modes of occurrence of ground water on the Highland Rim.
One is at or near the contact point between the relatively thick regolith and
the underlying limestone. This residual blanket, composed primarily of clay,
chert blocks and fragments, siliceous silt, and some sand; is generally 30 feet
or more in thickness and sometimes reaches 100 feet in thickness. The regolith
is capable of storing a large amount of water but commonly furnishes a rela~
tively small amount of water, 25 gal/min or less, to dug or drilled wells.
However, a chert rubble zone sometimes occurs at or a few feet above the top
of the underlying rock and is capable of furnishing several hundred gallons of
water per minute to wells. An occurrence of this zone is found in the vicinity
of Tullahoma where it furnishes water in sufficient amounts for industrial
purposes. Water quality is usually good; however, it is often acidic due to
dissolved carbon dioxide. If the water is to be used to augment a surface
supply for a public system, it may require treatment to raise the pH so as to
achieve compatibility.

The other occurrence of ground water on the Highland Rim is in solutionally
enlarged joints (cracks) and bedding plane openings in limestone. These
cracks, caused by the structural upwarping of the Nashville Dome, are subject
to the dissolving action of downward percolating ground water. They are
generally largest near the rock surface and in perennial stream valleys become
smaller at increased depth. Most often the cracks are not significantly
enlarged at depths below 250 feet. Consequently, on the basis of present
information, it is not advisable to drill much deeper. Also, the chance of
encountering relatively high mineral water increases with depth. Drilling into
one of these water-filled openings is a "hit-or-miss' proposition and wells
drilled into rock commonly gain no additional water after passing through the
regolith. However, some wells encounter rather large openings within the first
100 feet below the top of rock and provide yields of 100 gal/min or more.
Water quality is usually good but may be somewhat acidic. Springs are common,
particularly along or near the escarpment of the Cumberland Plateau, and range
in yield from a few gallons per minute to some 1,200 gal/min.

The Highland Rim is underlain at various depths by the Chattanooga Shale. The
Chattanooga 1is a carbonaceous black shale which, when present, acts as an
impervious barrier to the downward migration of ground water. It is present
in most areas of the Highland Rim escarpment surrounding the Central Basin
where it is nearer the land surface. Its impervious nature causes its top to
be a prominent spring horizon wherever it crops out along the Highland Rim
escarpment. These springs issuing from the overlying limestone are often
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relatively large-yielding, as much as 1,000 gal/min, particularly during the
rainy season. The yields of these springs fluctuate seasonally but, because
of the Highland Rim regolith's ability to store large quantities of water,
they do not decrease in flow as much as most limestone springs, particularly
as much as those on the floor of the Central Basin. As stated before, the
Chattanooga Shale is generally nearer the land surface along the escarpment
surrounding the Central Basin and on the spurs and outliers of the Highland
Rim extending into the Basin. Due to its impervious character almost all of
the wells encountering water—-filled openings beneath the shale yield water too
highly mineralized to be economically treated. Consequently, it 1is advisable
not to drill below the top of the shale. Where the Chattanooga Shale is near
the surface, small quantities of water are sometimes encountered in joints in
the shale. However, since the Chattanooga Shale contains considerable quanti-
ties of the mineral pyrite (iron sulfide), this water is high in hydrogen
sulfide and compounds of iron. The same is true for any springs that might
issue from it.

A relatively small part of the Elk-Shoal River basin lies in the Central Basin
physiographic province. The Central Basin floor is some 500 feet lower in
altitude than the Highland Rim to the east and somewhat less than that on the
south and west. This area contains numerous spurs and outlying remnants of the
Highland Rim. Ground water is often difficult to obtain in quantity on some of
these ridges because of the lack of an adequate watershed. The valleys and
parts of the Central Basin floor are underlain by limestone formations of
varying purity and solubility. Some of the uppermost limestone formations in
this area are thin bedded with the beds separated by thin layers of clay shale.
The presence of these shale layers tends to inhibit the downward migration of
ground water and the joints in the rocks are enlarged to a lesser degree than
in the purer limestones. Therefore, ground water is generally available only
in relatively small quantities, if at all. Dry holes are common and sulfur
water high in iron is often encountered. It appears that weathering of the
Central Basin rocks has not progressed beyond fairly shallow depths and that
the movement of groundwater is extremely slow in this part of the Elk-Shoal
River basin. The larger yield wells are probably located near perennial
streams. Springs in the Central Basin limestones in this area are generally
low in yield and may become dry in periods of low rainfall. The quality of
the spring water is generally good.

Most of the wells listed in the existing ground-water data base were drilled
for domestic use and were not located as the result of local geologic investi-
gation. Therefore, the true ground-water potential of the Elk-Shoal River
basin needs further study at this time.

Demography

Historical (1970) and recent (1980) population, total wage and salary employ-
ment including both full- and part-time workers, and per capita personal income
data for the county boundary approximation of the Elk-Shoal River basin are
presented in table 20. Counties included in this approximation are Franklin,
Giles, Lawrence, Lincoln, and Moore. Urban and metropolitan areas in the basin
and their 1980 census population include Fayetteville (7,559), Lawrenceburg
(10,184), Pulaski (7,184), Tullahoma (15,800), and Winchester (5,821).
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Table 20.--County population, employment, and per capita personal income data, Elk-Shoal River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Franklin 27,289 31,983 6,872 7,448 $5,274 $6,065
Giles 22,138 24,625 7,348 9,361 5,783 7,342
Lawrence 29,097 34,110 7,645 11,359 4,968 6,921
Lincoln 24,318 26,483 6,642 8,317 5,325 6,298
Moore 3,568 4,510 772 1,249 6,000 6,392

Total 106,410 121,711 29,279 37,734 - -




Public and Self-Supplied Commercial and Industrial Water Users

At present, there are a total of 37 public water-supply facilities and 10
large, self-supplied commercial and industrial water users whose use exceeds
0.1 Mgal/d in the Elk-Shoal River basin. Detailed inventories containing
pertinent information and data relative to each community or self-supplied
user's source of water, average daily water use, source capacity, population
served, treatment plant and storage capacities, and water-supply shortage
problems are found in tables 9 and 10 of appendix I, respectively. Total
water use or withdrawal for public and large, self-supplied commercial and
industrial users in the basin equals about 78.1 Mgal/d at the present time.
The general location and water-supply source of all public and large, self-
supplied commercial and industrial water users inventoried in the Elk-Shoal
River basin are shown in figures 15 and 16, respectively.

Currently, public water systems serve about 88,000 or 73 percent of the
basin's 1980 population. Total water use or withdrawal for public purposes
averages about 12.7 Mgal/d of which about 8.6 Mgal/d or 68 percent is
withdrawn from surface-water sources and 4.1 Mgal/d or 32 percent from
ground-water sources. Major public water-supply facilities whose average
daily use exceeds 1.0 Mgal/d include the following:

Facility Average water
name use (Mgal/d)
Winchester UD 1.141
Pulaski WS 1.600
Lawrenceburg 3.494
Fayetteville WS 2.444

These systems account for over 68 percent of the total water withdrawal for
public purposes.

Self-supplied water users withdraw about 65.4 Mgal/d of which some 63.8 Mgal/d
or 98 percent comes from surface-water sources and 1.6 Mgal/d or 2 percent
from ground-water sources. Arnold Air Force Development Center at Tullahoma
represents the principal self-supplied industrial water user (60.8 Mgal/d) in
the basin. Consumptive water use by self-supplied commercial and industrial
water users equals slightly over 2.9 Mgal/d.

Summarized below is a list of the specific water-supply problems now being
experienced by individual communities and self-supplied commercial and indus-
trial water users in the Elk-Shoal River basin. The number in parentheses
following each identified problem indicates the number of communities and (or)
self-supplied water users who are now or have experienced this problem in the
past. Note, these are not listed in order of frequency of occurrence or
overall severity.

e Inadequate storage capacity and transmission and distribution line facil-
ities. (2)

e Serious water losses from leaking surface-water impoundments and deteri-
orating water mains and distribution lines. (2)

e Water-supply shortages during peak demand periods as well as drought
periods. (3)
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e Discoloration resulting from old galvanized steel transmission and distri-
bution lines. (2)

Figure 15--Explanation

Site No. Facility name Site No. Facility name
1 Belvidere Rural UD 16 Loretto WS
2 Cowan WS 17 St. Joseph WS
3 Decherd Water Works 18 Westpoint UD
4 Estill Springs WD 19 Fayetteville WS
5 Huntland WS 20 Lincoln County Board
of Public Utilities
6 Sewanee Utility Department
7 Winchester UD 21 Orme WS
8 Ardmore WS 22 South Pittsburg WS
9 Pulaski WS 23 Lynchburg WS
10 South Giles UD
11 Monteagle WS
12 Tracy City WS
13 Iron City UD
14 Lawrenceburg WS
15 Leoma UD

Water-Supply Adequacy Analysis

The Elk-Shoal River basin in south-central Tennessee encompasses 3,041 mi?
or 1,946,000 acres of land and water area. This basin's surface- and ground-
water resources are replenished by substantial rainfall whose long-term
(1941-70) average equals 52.01 inches. Average annual runoff generally varies
from 24 to 30 inches with the heaviest runoff occurring in the basin's head-
waters area. The driest months of the year are usually August, September, and
October with March being the wettest month.

Total average daily water use or withdrawal for public and large, self-supplied
commercial and industrial water users in the Elk-Shoal River basin equals
approximately 78.1 Mgal/d. Of that. amount, about 12.7 Mgal/d are withdrawn
for public water-supply purposes with 8.6 Mgal/d or 68 percent coming from
surface-water sources and 4.1 Mgal/d or 32 percent from ground-water sources.
Self-supplied water users withdraw approximately 65.4 Mgal/d of which 63.8
Mgal/d or 98 percent comes from surface-water sources and 1.6 Mgal/d or 2
percent from ground-water sources. Arnold Air Force Development Center at
Tullahoma represents the principal self-supplied industrial water user (60.8
Mgal/d) in the basin. Consumptive water use by self-supplied commercial and
industrial water users equals slightly over 2.9 Mgal/d.

Public water systems serving the communities of Cowan, Leoma, and Tracy City
are dependent entirely upon ground-water supplies whose source capacity 1is
either unknown or substantially less than the communities' average daily water
use. Three other systems serving Fayetteville, Iron City, and Lawrenceburg are
partially dependent upon ground-water sources whose source capacity 1s less
than or equal to their average daily withdrawal from the ground-water source.
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Figure 16--Explanation

Site No. Facility name

Arnold Air Force Development Center (Tullahoma)
Cumberland Mountain Sand Co. (Hillsboro)
Lannon Manufacturing Co., Inc. (Tullahoma)
Tennessee Dickel Distilling Co. (Tullahoma)
Giles County Materials (Pulaski)

L e

Pulaski Rubber Co. (Pulaski)

Union Carbide Corp. (Lawrenceburg)

Gamble Asphalt Materials, Inc. (South Pittsburg)
Penn—-Dixie Industries, Inc. (Richard City)

Jack Daniel Distillery (Lynchburg)

O W o~

However, each of these latter systems withdraws the major part of its daily
water use from the following surface-water sources; Elk River (Fayetteville),
Hawley Creek (Iron City), and Shoal Creek (Lawrenceburg); whose source capacity
is more than adequate to meet the community's total daily water use, if neces-
sary. Currently, Cowan and Tracy City are experiencing periodic water—-supply
shortages during drought periods. These communities need to actively seek
additional and (or) alternative, cost-effective water-supply sources. Should
these systems wish to expand their ground-water use, well sites can be located
which will intersect solution cavities in the carbonate bedrock underlying much
of this area and produce up to 0.100 to 0.200 Mgal/d of good quality water.
For best results, however, these well sites should be located by a trained
ground-water hydrologist.

Analysis of the inventory of self-supplied commercial and industrial water
users indicates that a number of these users are utilizing surface- and ground-
water sources whose source capacity is either unknown or considerally less than
the facility's average daily use. At present, however, only Cumberland Moun-
tain Sand Co. near Hillsboro is experiencing any water-supply shortages during
drought periods. Those not experiencing any water quantity-related problems
at the present time include Tennessee Dickel Distilling Co. in Coffee County;
Giles County Materials and Pulaski Rubber Co. in Giles County; Gamble Asphalt
Materials and Peno-Dixie Industries in Marion County; and Jack Daniels in Moore
County. Since most of these users are (1) characterized by relatively limited
ground-water use and (2) served by either major surface-water sources such as
the Tennessee River and Tims Ford Reservoir or by public water-supply systems
served by surface-water sources with source capacities generally well in excess
of their average daily use, no serious water-supply shortages are anticipated
for any of these facilities,

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate or of unknown capacity should consider explor-
ing the availability of alternative, cost-effective water-supply sources to
augment or meet their future water needs if necessary. While the basin's water
resources are subject to contamination from a variety of sources; existing and
pending Federal, State, and local statutes relative to water—quality protection
and maintenance or improvement should ensure that current water quality will
be maintained with little, if any, future degradation of the basin's water
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resources. Potential sources of contamination include (1) 1leachate from
municipal and industrial water disposal facidities and septic tank systems;
(2) agricultural pollution from fertilizers, pesticides and herbicides, and
livestock wastes; and (3) runoff from surface mine lands and quarries.

Al though there are periods of extended drought which cause seasonal water table
declines and periodic local problems with adequate ground-water supplies,
observatiomwell data indicate that there are no long-term, regional water
table declines. Periodic local problems associated with a decline in an area's
water table are caused by excessive withdrawals. To alleviate this problem,
optimum ground-water withdrawal rates should be determined during the initial

test pumping of the source.
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FRENCH BROAD RIVER BASIN

Basin Description

The Tennessee part of the French Broad River basin covers 2,298 mi2 of land
and water area and consists of all or parts of the following tributary basins
as delineated by the Geological Survey and the Tennessee Department of Water
Management in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 17) description (square miles)
134 French Broad River from the Tennessee 217

State line to the Pigeon River,

13B Pigeon River and tributaries from the 153
Tennessee State line to the river's mouth.

13c French Broad River and tributaries from 28
the mouth of the Pigeon River to the mouth
of the Nolichucky River.

13D French Broad River below the Nolichucky 770
River to the river's mouth.

14A Nolichucky River from the Tennessee State 557
line to Nolichucky Dam.

14B Nolichucky River from Nolichucky Dam to 573
the river's mouth.

Hydrologically, this basin encompasses all or major parts of Cocke, Greene,
Jefferson, Sevier, Unicoi, and Washington Counties as well as minor parts of
Blount, Hamblen, Hawkins, and Knox Counties. A map of the east Tennessee part
of the Tennessee River basin which highlights the French Broad River basin is
shown in figure 17.

Topograph

The French Broad River meanders through a rather broad valley to its jumnction
with the Holston River about 4.5 river miles above Knoxville. From the
Tennessee-North Carolina State line to a point about 2 miles upstream from
Bridgeport, Tennessee, near river mile 85; the river valley is characterized
by deep, precipitous gorges and high, craggy ridges. Average stream slope in
this part of the basin equals about 13.10 feet per river mile. Below Bridge-
port, the river valley is characterized by relatively flat valley slopes with
an average stream slope equal to about 2.43 feet per river mile. Basin eleva-
tions generally range from 900 to 5,000 feet above sea level. Major tribu-
taries to the French Broad River include the Nolichucky and Pigeon Rivers and
several smaller streams such as the Little Pigeon River and Boyds, Dumplin,
Gulf Fork, Big, Long, Sinking, and Trail Fork Big Creeks. Other tributaries
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to the Nolichucky, Pigeon, and Little Pigeon River include Bent, Big Limestone,
English, Jennings, Lick, Long, Meadow, North and South Indian, Richland,
Waldon, and Webb Creeks plus the East and West Forks of the Little Pigeon
River.

Hydrology

Surface Water

This basin's surface- and ground-water resources are replenished by an abundant
rainfall whose long-term (1941-70) average ranges from 51.53 inches above
Newport to 49.20 inches above Douglas Dam to 47.28 inches above Knoxville.
Average annual precipitation for each of these areas during the period 1970-79
is shown below:

e Above Newport average annual precipitation was 55.22 inches and ranged from
42.41 inches in 1970 to 66.26 inches in 1979.

e Above Douglas Dam average annual precipitation was 52.64 inches and ranged
from 41.46 inches in 1970 to 59.84 inches in 1979.

e Above Knoxville average annual precipitation was 51.19 inches and ranged
from 40.73 inches in 1970 to 57.23 inches in 1972.

Average precipitation data for the period 1970-79 for watershed subdivisions
of the French Broad River basin are presented in table 21. Annual 1979 and
long-term (1941-70), precipitation data for selected TVA, NWS, and U.S. Depart-
ment of Interior (USDI) rainfall stations in the Tennessee part of the French
Broad River basin are presented in table 22.

Normally, the months of September, October, and November are the driest months
with average rainfall ranging from 3.49 to 3.88 inches above Newport; 3.16 to
3.56 inches above Douglas Dam; and 2.85 to 3.35 inches above Knoxville. During
the other months, rainfall generally averages about 3.91 to 5.52 inches above
Newport; 3.81 to 5.30 inches above Douglas Dam; and 3.80 to 5.14 inches above
Knoxville. July normally has the heaviest rainfall throughout the Tennessee
part of the French Broad River basin.

Average annual runoff in the Tennessee part of the French Broad River basin
ranges from dpproximately 16 to 22 inches as one moves east and northeastward
from Knoxville except for the eastern edge of the basin, particularly the Great
Smoky Mountains area, where the average annual runoff ranges from 38 to 40
inches. A summary of average discharge data for selected hydrologic data
stations in the French Broad River basin is presented in table 23. Most of
this runoff occurs during the winter and spring months. During extended
drought periods in the late summer and fall months, it is not unusual for
small, unregulated streams to be characterized by low streamflows.

Major Reservoirs

Major reservoirs located in this basin and their total storage in acre-feet at
normal minimum pool are Davy Crockett Reservoir (minimal) created by Nolichucky
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Table 21. ——Prec1p1tat10n data by watershed subdivision for the period 1970-79,
French Broad River basin

Watershed description

Precipitation (inches)

High

Year

Low

Year

10-year average

Nolichucky River upstream from
Embreeville.

Nolichucky River upstream
from Morristown
to Embreeville.

French Broad River
from Newport to
Asheville.

French Broad River from
Newport to Douglas Dam
including the Nolichucky
River downstream from Morristown
and the Tennessee part of
the Pigeon River.

French Broad River from
Knoxville to Douglas Dam.

64.70

56.10

53.80

59.00

62.80

1979

1972

1974

1972

1972

44.70

34.40

36.00

38.10

43.30

1970

1978

1970

1970

1970

55.53

45.57

47.20

48.32

52.85
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Table 22.--Precipitation data for 1979 and for tne period
1941-70 for selected rainfall stations, French Broad River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation
Station location Station owner (feet) record (years) (inches) (inches)
Sevierville TVA 920 36 42.95 46.67
Gatlinburg NWS 1,454 54 66.05 55.31
Douglas Dam TVA 958 38 46.49 44,52
Bulls Gap TVA 1,140 45 46.39 44,11
Nolichucky Dam TVA 1,260 35 36.20 42.00
Greeneville NWS 1,320 47 47.02 41.62
Centerville TVA 1,815 27 50.04 47.69
Erwin TVA 1,640 52 50.57 45.46
Clingmans Peak NWS 6,525 26 108.87 72.00
Newport TVA 1,040 37 42.91 43.66
Cosby No. 4 USDI 1,720 39 65.40 55.75

Waterville NWS 1,440 49 54.30 47.28
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Table 23.--Average discharge data for selected hydrologic data stations operated
by the U.S. Geological Survey, French Broad River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
French Broad River near 77.5 1,858 62 3,009 21.99 1.62
Newport (Cocke).
Cosby Creek upstream from 10.7 10.1 14 28.5 38.32 3.79
Cosby (Cocke).
Pigeon River at Newport 6.8 666 63 1,258 - 1.89
(Cocke) .
No lichucky River at 89.0 805 61 1,374 23.18 1.71
Embreeville (Washington).
Little Pigeon River at 4.4 353 60 573 22.04 1.62
Sevierville (Sevier).
French Broad River near 7.5 5,101 35 7,966 21.21 1.56

Knoxville (Knox).




Dam and Douglas Reservoir (223,000). Due to excessive sedimentation from
upstream mica and feldspar mining operations, Davy Crockett Reservoir has been
virtually filled with sediment allowing the Nolichucky River to flow directly
through the reservoir with no flow retention or further sediment deposition.
Consequently, the outdated generating facilities at Nolichucky Dam were retired
in August 1972 and the dam strengthened and modified to permit the reservoir's
use as a waterfowl refuge. Detailed information describing Douglas Reservoir's
location and operation pattern follows:

Douglas Reservoir

Location and drainage area.--Douglas Reservoir is formed by Douglas Dam
which is located on the French Broad River at river mile 32.3 in Cocke, Jeffer-
son, and Sevier Counties. Douglas Dam controls 4,541 mi2 of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Douglas Dam during the reference period ranged from a low of
about 22.0 ft3/s (14.2 Mgal/d) in 1967 to a high of about 712.0 ft3/s
(460.2 Mgal/d) in 1978. The average, l-day minimum discharge over the refer-
ence period was about 173.0 ft3/s (111.8 Mgal/d).

Average number of days of zero flow.--During the period from 1960-81,
Douglas Dam has averaged slightly over 17 days of zero discharge per year
ranging from a low of 2 days of zero discharge in 1979 to a high of 47 days of
zero discharge in 1970. Zero-discharge days were most common during the months
of April and May. During the 1960-81 time period, there were 30 instances of
zero discharge for 3 or more consecutive days from Douglas Dam. 1In six of
these instances during the years of 1963, 1966-68, and 1970, consecutive days
of zero discharge from Douglas Dam ranged from a low of 6 days in several years
to a high of 18 days in 1968.

Existing agreements regarding reservoir releases.--Reservoir releases from
Douglas Dam are correlated with releases from Cherokee Dam to provide a mini-
mum average daily flow of 2,000 £t3/s (about 1,292.6 Mgal/d) past Knoxville.

Ground Water

Ground water in the French Broad River basin in Tennessee occurs in fractures
in the underlying rock formations that have been subjected to severe folding
and faulting. Approximately one-third of the basin area lying along the
eastern margin is located in the Blue Ridge physiographic province. The
mountains in this area are underlain primarily by noncarbonate rocks such as
shale, sandstone, siltstone, and highly siliceous crystalline rock. Fractures
in these rocks are not significantly enlarged by the dissolving action of
percolating ground water. Consequently, well yields are generally low ranging
from a few gallons per minute to 25 gal/min. Domestic supplies are generally
obtained from dug wells and springs. However, larger yields are often obtained
in the valleys where carbonate rock formations are located. Moderately large
yield wells and large springs are common in the valley areas. Reported well
depths range from some 15 feet to usually not more than 200 feet. The shal-
lower wells are those dug in the regolith, i.e., sand, clay, and rock
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fragments, while the majority are drilled wells. A number of wells have been
reported as dry holes or as supplying an insignificant amount of water. How-
ever, in recent years, wells have been drilled that are capable of supplying
100 gal/min or more at several locations in the Blue Ridge province. The sites
for these wells were picked after a detailed geologic study was made of the
area. Higher yield wells were found at or near fault zones covered by rela-
tively thick regolith. In view of this finding and lack of data in some areas,
the true potential for the development of significant ground-water supplies in
the Blue Ridge part of the French Broad River basin needs further study at the
present time. A number of municipalities in this area derive their water
supplies from large springs. The ground-water quality is usually acceptable.

The remaining area of the Tennessee part of the French Broad River basin lies
in the Valley and Ridge province. This area is primarily underlain by carbon-
ate rock formations such as limestone and dolomite together with calcareous
shale and limy sandstone. Ground water occurs in fractures and bedding plane
openings in the limestone and dolomite formations which have been enlarged in
varying degrees by the dissolving action of circulating ground water. Water
occurs in fractures in the sandstone which may be enlarged somewhat by solu-
tion, but to a much lesser degree than the openings in the carbonate rocks.
Ground water in quantities sufficient for domestic purposes can usually be
obtained in areas underlain by the soluble carbonates and fractured sandstones.
Although ground water moves -through openings in shale beds, shale 1is an
effective barrier to vertical ground-water movement and generally yields only
limited ground water. Domestic supplies can usually be found in the sandstone
at depths of 100 feet or less. Wells in dolomite and limestone are deeper on
the average with the majority ranging from 50 to 200 feet in depth. These
enlarged openings generally become smaller and less numerous with depth and it
is generally not advisable to drill deeper than 300 to 350 feet on the basis
of presently available information. Most of the wells reported in the Valley
and Ridge province yield from 3 to 50 gal/min. However, yields from 100 to
250 gal/min are common. Larger yield wells (100 gal/min or more) are usually
located near perennial streams. Water quality is usually acceptable; however,
water from the Sevier Shale is locally high in sulfur and iron. It should be
emphasized that the existing water—well data base is composed of wells drilled
primarily for domestic needs which can be satisfied with relatively small
supplies. Also, choices of favorable locations for drilling based on geologic
studies are extremely limited. Springs flowing from openings in carbonate
rocks are numerous. Pending further studies, the potential for the development
of large ground-water supplies cannot be predicted with certainty.

Demograghx

Historical (1970) and recent (1980) population, total wage and salary employ-
ment including both full- and part-time workers, and per capita personal
income data for the county boundary approximation of the French Broad River
basin are presented in table 24. Counties included in this approximation are
Cocke, Greene, Jefferson, Sevier, and Unicoi. Major urban or metropolitan
areas in the Tennessee part of the basin and their 1980 census population
include Banner Hill (2,913), Erwin (4,739), Gatlinburg (3,210), Greeneville

(14,097), and Newport (7,580).
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Table 24.--County population, employment, and per capita personal income data, French Broad River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Cocke 25,283 28,792 6,164 6,915 $4,650 $5,272
Greene 47,630 54,422 16,191 20,187 5,424 6,395
Jefferson 24,940 31,284 7,630 9,230 5,363 6,646
Sevier 28,241 41,418 7,754 15,184 5,809 6,968
Unicoi 15,254 16,362 4,119 4,429 5,615 6,611

Total 141,348 172,278 41,858 55,945 - -




Public and Self-Supplied Commercial and Industrial Water Users

Currently, there are 22 public, community water—supply facilities and 15 large,
self-supplied commercial and industrial water users whose use exceeds 0.1
Mgal/d in the Tennessee part of the French Broad River basin. Detailed inven-
tories containing information and data relative to each community or self-
supplied user's source of water, average daily water use, source capacity,
population served, treatment plant and storage capacities, and water supply,
quantity-related problems are contained in tables 11 and 12 of appendix I,
respectively. Total water withdrawal at the present time for public and large,
self-supplied commercial and industrial purposes in the French Broad River
basin equals about 46.4 Mgal/d. The location and water-supply source of all
public and large, self-supplied commercial and industrial water users inven-
toried in the French Broad River basin are shown in figures 18 and 19,
respectively.

Figure 18--Explanation

Site No. Facility name
1 Newport WS
2 Greeneville WC
3 North Greene UD
4 Dandridge WD
5 Lakeland UD

6 White Pine WD

7 Forks of the River Industrial Park WS
8 Knox—-Chapman UD

9 English Mountain WS

0

1 Pigeon Forge WS

11 Gatlinburg WS

12 Sevierville WS

13 Webb Creek UD

14 Erwin Utility Board

15 Jonesboro UD

At the present time, public water systems serve about 145,000 people or 84
percent of the basin's 1980 population. Average daily water use or withdrawal
for public purposes equals about 17.9 Mgal/d of which approximately 15.5 Mgal/d
or 87 percent is extracted from surface-water sources and 2.4 Mgal/d or 13
percent from ground-water sources. Major community water-supply facilities
whose average daily use exceeds 1.0 Mgal/d include the following:

Facility Average water

name use (Mgal/d)
Newport WS 3.000
Greeneville WC 5.500
Knox-Chapman UD 1.500
Gatlinburg WS 1.965
Erwin Utility Board 1.600
Jonesboro UD 1.250
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Figure 18.--Public water-supply facilities, French Broad River basin.




Combined, these systems account for 83 percent of the basin's total water use
for public purposes.

Figure 19--Explanation

Site No. Facility name

Ball Metal and Chemical Corp. (Greeneville)

Nolichucky Sand Co. (Greeneville)

Parvin Sand Co. (Afton)

Pet, Inc. (Greeneville)

Tennessee Electrominerals Corp.
(Greeneville)

wm Wk =

6 American Enka Co. (lLowland)

7 Bush Brothers and Co. (Chestnut Hill)
8 American Limestone Co. (Knoxville)

9 Modine Manufacturing Co. (Knoxville)
0

1 Arnold Engineering Co. (Sevierville)
11 Cherokee Textile Mills (Sevierville)
12 Clinchfield Railroad (Erwin)

13 Moody Dunbar, Inc. (Limestone)

14 Moody Dunbar Pepper Plant (Limestone)

Self-supplied commercial and industrial users use (withdraw) about 28.5 Mgal/d,
of which about 27.0 Mgal/d or 95 percent is from surface-water sources and 1.5
Mgal/d or 5 percent from ground-water sources. Slightly over 80 percent or
23.0 Mgal/d of the total water withdrawal for commercial and industrial pur-
poses is by American Enka Co. at Lowland. Consumptive water use equals about
1.4 Mgal/d.

Summarized below is a list of the specific water-supply problems now being
experienced by individual communities and self-supplied commercial and indus-
trial water users in the French Broad River basin. The number in parentheses
following each identified problem indicates the number of communities and (or)
self-supplied water users who are now or have experienced this problem in the
past. MNote, these are not listed in order of frequency of occurrence or
overall severity.

e High chlorine demand. (1)

Drastic to moderate fluctuations in turbidity following periods of heavy
rain and flooding. (8)

Occasional clogging of water-supply intakes due to excessive siltation. (2)
Poor water quality due to fecal coliform from upstream campgrounds. (1)
Occasional industrial spills. (1)

Occasional low streamflows. (1)

Water-Supply Adequacy Analysis

The French Broad River drains 2,298 miZ2 or approximately 1,471,000 acres of
land and water area in Tennessee. Surface- and ground-water resources are
quite substantial and are replenished by an abundant rainfall whose long-term
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(1941-70) average varies from 51.53 inches above Newport to 49.20 inches above
Douglas Dam to 47.28 inches above Knoxville. Average annual runoff ranges from
16 to 22 inches as one moves eastward through the basin except for the Great
Smoky Mountains part of the basin where runoff ranges from 38 to 40 inches.
September, October, and November are the driest months of the year with July
being the wettest month. Small, unregulated streams are often characterized
by low streamflow conditions during extended drought periods during the late
summer and fall months.

Current water use or withdrawal for public and large, self-supplied commercial
and industrial water users in the French Broad River basin equal approximately
46.4 Mgal/d. Public water systems use about 17.9 Mgal/d, of which approxi-
mately 15.5 Mgal/d or 87 percent is withdrawn from surface-water sources and
2.4 Mgal/d or 13 percent from ground-water sources. Self-supplied commercial
and industrial use was about 28.5 Mgal/d, of which about 27.0 Mgal/d or 95
percent was from surface-water sources and 1.5 Mgal/d or 5 percent from ground-
water sources. Slightly over 80 percent or 23.0 Mgal/d of the total water
withdrawn for commercial and industrial purposes is by American Enka Co. at
Lowland. Consumptive water use equals about 1.4 Mgal/d.

Generally, the basin's public-water supplies, particularly those served via
surface-water sources, appear to be adequate from a quantity standpoint to
meet the basin's current needs. However, two communities — Erwin and White
Pine - which get their water from springs and wells, respectively, are
currently withdrawing slightly more water than their dependable, long-term
source capacity. Both of these communities could expect to face water defi-
ciencies either during extended drought periods or because of increased water
use due to industrial expansion or an increase in population. Two communities,
English Mountain and Lakeland, are presently being served by ground-water
sources of unknown capacity. However, neither of these communities is experi-
encing any water-supply shortages at the present time and none are anticipated
because both of these systems are quite small with average daily water use of
0.016 Mgal/d at English Mountain and 0.003 Mgal/d at Lakeland.

Analysis of the basin's water supplies for self-supplied commercial and indus-
trial users indicates that while several users in Greene, Jeffersom, Unicoi,
and Washington Counties are utilizing surface- and (or) ground-water sources
whose dependable source capacity is either unknown or less than the current
average daily use, none of these users is currently experiencing any water—
supply shortages. It is possible, however, that some of these industries
could face serious water-supply shortages during times of extended drought
conditions and should seek additional or other more dependable sources.

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate or of unknown capacity should consider explor—
ing the availability of alternative, cost—-effective water-supply sources to
augment or meet their future water needs if necessary. While the basin's
water resources are subject to contamination from a wvariety of sources;
existing and pending Federal, State, and local statutes relative to water—
quality protection and maintenance or improvement should ensure that current
water quality will be maintained with little, if any, future degradation of
the basin's water resources. Potential sources of contamination include
(1) leachate from municipal and industrial waste disposal facilties and septic
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tank systems; (2) agricultural pollution from fertilizers, pesticides and
herbicides, and livestock wastes; and (3) runoff from surface mine lands and
quarries.

Al though there are periods of extended drought which cause seasonal water table
declines and periodic local problems with adequate ground water supplies,
observatiomwell data indicate there are no long-term, regional water table
declines. Periodic local problems associated with a decline in an area's water
table are caused by excessive withdrawals. To alleviate this problem, optimum
ground-water withdrawal rates should be determined during the initial test
pumping of the source.
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HATCHIE RIVER BASIN

Basin Description

The Tennessee part of the Hatchie River basin, including that part of the
alluvial Mississippi River valley between the Obion and Loosahatchie Rivers,
covers 2,260 mi2 of land and water area and consists of all or parts of the
following tributary basins as delineated by the Geological Survey and the
Tennessee Department of Water Management in 1982,

Tributary Tennessee
basin No. Basin drainage area
(fig. 20) description (square miles)
41B Mississippi Al luvial Valley in Tennessee 235
from the Obion River to the Hatchie River.
41C Mississippi Al luvial Valley in Tennessee 148
from the Hatchie River to the loosahatchie
River.
42A Hatchie River basin above Searles includ- 424

ing Little Hatchie Creek.

428 Hatchie River basin from Searles to 628
Hillsville.

42C Hatchie River basin from Hillsville to 825
mouth.

The Hatchie River basin encompasses all or major parts of Haywood, Hardeman,
Lauderdale, McNairy, and Tipton Counties as well as minor parts of Chester,
Fayette, Madison and Shelby Counties. A map of West Tennessee which delineates
the area drained by the Hatchie River basin is shown in figure 20.

Topography

The Hatchie River basin consists of that part of West Tennessee drained by the
Hatchie River as well as that part of the alluvial Mississippi River valley
between the Obion and Loosahatchie Rivers.

The Hatchie River originates south of the Tennessee-Mississippli State line and
flows in a northwesterly direction for about 185 miles across McNairy, Harde-
man, Haywood, Tipton, and Lauderdale Counties to its confluence with the
Mississippi River at river mile 773.3, approximately 34 miles due north of the
city of Memphis. Major tributaries include the Tuscumbia River, Porters Creek,
Clear Creek, Glover Creek, Bear Creek, Big Muddy Canal, Indian Creek, and
Spring Creek. The drainage area of this basin is approximately 2,609 mi2.
Of this, approximately 1,877 mi2 are in the West Tennessee area. Elevations
range from about 230 to 665 feet above sea level. Topography is characterized
as gently rolling, interrupted by small ditches and drainage divides. Some
gullied topography has developed and swampy conditions are common.
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From the mouth of the Obion River, the Mississippi River flows in a southerly
direction for about 79 miles along the western boundary of the Hatchie River
basin to the mouth of the Loosahatchie River. At the mouth of the Loosahatchie
River, the Mississippi River has a drainage area of approximately 927,900
miZ. Of this, approximately 383 miZ2 are included within the alluvial
valley in the Hatchie River basin. The Mississippi River is the outlet for all
streams in the State located west of the Tennessee Valley.

Hydrology

Surface Water

Surface- and ground-water resources of this basin are replenished by an ample
rainfall whose long-term (1941-70) average is approximately 49 inches. From
1970-79, the average precipitation was approximately 56 inches. The average
1979 rainfall was approximately 66 inches. Annual (1979) and long-term
(1941-70) precipitation data for selected NWS rainfall stations in the Hatchie
River basin are presented in table 25. The 1970-79 precipitation averages for
these same rainfall stations with their high and low year of precipitation are
presented in table 26.

The months of August, September, and October are usually the driest with the
average rainfall ranging from 2.75 to 3.51 inches. During the remainder of
the year, average rainfall ranges from 3.56 to 5.42 inches with March usually
being the wettest month.

The surface-water supply for this basin is derived from precipitation and
runoff within the area, streamflow including ground-water discharge entering
the area from adjacent areas, and ground-water discharge to streams within the
area. Average discharge data for selected hydrologic data stations are
presented in table 27. Theoretically, there is a large quantity of surface
water available for use in this basin. However, because of the small number
of available storage sites and the increased evaporative losses of surface
water that occur with this development, this quantity is not realistically
obtainable.

Ground Water

West Tennessee embraces two physiographic provinces. One is the West Tennes-
see Plain, including the subdivision known as the West Tennessee Uplands, and
the other is the Mississippi River Valley.

The West Tennessee Plain extends from the western margin of the Western Valley
of the Tennessee River, or the divide, known as the West Tennessee Uplands,
separating eastward flowing drainage to the Tennessee River from streams
flowing westward to the Mississippi River. This area contains three major
drainage basins: the Obion-Forked Deer, the Hatchie, and the Memphis Area
which includes the Loosahatchie River, Wolf River, and Nonconnah Creek.

West Tennessee lies in the region known as the Mississippi embayment. This is
an area in which Paleozoic limestones were downwarped in the geologic past
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Table 25.--Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Hatchie River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation
Station location Station owner (feet) record (years) (inches) (inches)
Covington NWS 310 97 63.48 50.76
Ripley NWS 335 18 61.87 48.98
Brownsville NWS 330 97 61.19 50.69
Brownsville sewage plant NWS 355 38 64.70 46.25
Bolivar Water Works NWS 455 92 71.46 49.09
Selmer NWS 470 55 75.11 51.08
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Table 26.--Precipitation data for the period 1970-79 for selected
rainfall stations, Hatchie River basin

Precipitation (inches)

Station location High Year Low Year 10-year average
Covington 63.48 1979 40.51 1977 55.47
Ripley 63.18 1975 40.43 1977 54.82
Brownsville 70.23 1974 42.58 1971 53.96
Brownsville sewage plant 66.70 1974 41.00 1971 54.21
Bolivar Water Works 71.46 1979 44.45 1970 56.54
Se lmer 75.11 1979 45.49 1976 60.28
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Table 27.~~Average discharge data for selected hydrologic data stations,
Hatchie River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile

Mississippi River at 734.7 928,700 45 528,071 7.72 0.57
Memphis (Shelby).2

Hatchie River at 135.1 1,480 52 3,311 30.46 2.24
Bolivar (Hardeman).

Hatchie River at 34.0 2,308 44 3,370 19.82 1.46

Rialto (Tipton).

a4 This hydrologic data station is actually located outside the Hatchie River basin. However, its discharge
data is representative of the Mississippi River in this basin.



forming a trough with its axis or deepest part roughly parallel to the present
course of the Mississippi River and extending from the Gulf Coast northward to
the southern tip of Illinois. Its eastern margin lies in parts of Kentucky,
Tennessee, Alabama, and Mississippi while its western margin lies in parts of
Missouri, Arkansas, Louisiana, and Texas. During geologic time, the sea
successively advanced and receded in the trough depositing sediments consisting
of uncemented sand and clay with minor amounts of other materials. Thick non-
marine sediments were also deposited. Consequently, these sands and clays are
at the surface east of the Mississippi River and dip at the rate of 15 to 30
ft/mi westward toward the river where they begin to rise again and reappear
west of the river although covered by alluvial deposits. Inclination of the
water-bearing sands and the presence of clay layers and lenses cause the water
in the sands to be under artesian pressure away from the outcrop area. In
West Tennessee, the oldest sediments appear on the surface near the Tennessee
River and dip westward reaching a depth of over 3,000 feet below the
Mississippi River.

Inasmuch as the sand aquifers are continuous through the West Tennessee Plain
and extend into other states, it is not practical to discuss them on a river
basin basis but rather on a regional basis. While almost any sand body in any
formation may furnish adequate supplies of freshwater for domestic use at or
near its outcrop area, there are four major aquifers that are capable of
furnishing relatively large supplies for municipalities and industries. From
oldest to youngest these aquifers are the Coffee Sand and McNairy Sand of
Cretaceous age and the Wilcox Formation and the Claiborne Formation of Tertiary
age. In the Memphis area, the Wilcox and Claiborne aquifers are respectively
known as the '1,400-foot sand", or the Fort Pillow Sand, and the '500-foot
sand", or the Memphis Sand." The outcrop areas and dominant recharge areas of
these aquifers occur as bands trending from south-southwest to north-—northeast
across West Tennessee. The eastern margin of the outcrop area of the Coffee
Sand lies near the Tennessee River and the outcrop areas of the younger aqui-
fers occur successively to the west until the Claiborne, including the Memphis
Sand, is hidden from view near Paris, Jackson, and Somerville by a blanket of
relatively recent loess and terrace deposits which extend westward to the
Mississippi River Valley.

The Coffee Sand of Upper Cretaceous age is present in northern Mississippi and
crops out in a belt in Tennessee from southwestern Hardin County to the Ken-
tucky State line in northeastern Henry County. This outcrop belt is approxi-
mately 6 miles wide near the Mississippi-Tennessee border and becomes narrower
to the north-northeast where it merges with the younger McNairy Sand near the
Kentucky 1line. Its thickness ranges from approximately 200 feet near the
Mississippi line and thins northeastward to less than 50 feet in southern Henry
County. It has been estimated to underlie an area of approximately 6,000 miZ
overall. The Coffee Sand is the oldest and smallest of the four major aqui-
fers, and wells producing from it generally have lower yields. The larger
yield wells producing from this aquifer probably do not supply much more than
300 gal/min. The Coffee Sand dips beneath the surface westward from its out-
crop area and is at a depth of some 3,000 feet or more at Memphis. Water in
the aquifer becomes relatively highly mineralized near the Fayette-Shelby
County line.

The McNairy Sand is present in northern Mississippi and extends across
Tennessee into Kentucky. Its outcrop belt is approximately 12 miles wide in
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McNairy County and thins northward to less than 8 miles in Benton County. The
outcrop area is narrowest near the Kentucky line. The McNairy Sand is approxi-
mately 200 feet thick in the northern end of the embayment and thickens to some
375 feet in the subsurface at Memphis. It has been estimated that this sand
underlies approximately 11,000 mi? of Tennessee and Kentucky. The McNairy
Sand is an excellent aquifer particularly at or near its outcrop area. Yields
of wells drilled into it range from 250 to 500 gal/min. Like the Coffee Sand,
the McNairy Sand dips westward from its outcrop area into the subsurface and
lies at a depth of some 2,400 feet at Memphis. If freshwater is defined as
water having a concentration of no more than 1,000 mg/L total dissolved solids,
then the McNairy Sand is at the base of the zone of freshwater at Memphis as
the water in it there contains the limit of total dissolved solids. Presently,
it is not used as a source of water in the Memphis area.

The Wilcox Formation contains an aquifer known in the Memphis area as the
"1,400-foot sand," or Fort Pillow Sand, which is present in Mississippi and
extends across West Tennessee into Kentucky. Its outcrop is narrow in Tennessee
due to thinning and overlap by the overlying Claiborne Formation. In some
places the Wilcox is completely overlapped by the Claibornme. The outcrop area
is about 13 miles wide in Hardeman County and is less than a mile wide in
northern Henry County. The "1,400-foot sand," or Fort Pillow Sand, thickens
from about 50 feet on the western edge of the Wilcox outcrop belt to over 300
feet thick in the subsurface in Lake, Dyer, and Lauderdale Counties near the
Mississippi River. It has been estimated that the Fort Pillow Sand underlies
about 7,000 mi2 in Tennessee and Kentucky. A number of wells obtain water
from it in or near its outcrop belt but few are known to exist elsewhere in
Tennessee except for a large industrial user in Memphis. Well yields at
Memphis are reported to range from 400 to 1,600 gal/min. The Wilcox Formation
is considered to be a reserve source of water for the city of Memphis.

The Claiborne Formation is the largest aquifer in West Tennesse and contains
the '"500-foot sand," or the Memphis Sand in the Memphis area. It is exposed
at the surface westward from its feather edge overlying the Wilcox until
covered by loess and alluvial deposits when it becomes the subcrop bedrock.
The Claiborne is overlain by the Jackson Formation in areas of the counties
bordering the Mississippi River. The outcrop belt of the Claiborme is much
wider than that of the Wilcox. The Memphis Sand thickens from a feather edge
to an estimated thickness of about 900 feet at the Mississippi River in south-
western Shelby County and its areal extent is approximately 7,000 miZ in
Tennessee and Kentucky. Its broad outcrop area and thickness make it an
excellent aquifer. The city of Memphis secures its water supply from this sand
which is capable of yielding as much as 2,500 gal/min to wells.

Water quality of all West Tennessee aquifers is generally good at or near their
outcrop areas. However, their iron content is generally high and requires
treatment. The total dissolved solids content is often less than 100 parts per
million (ppm) in these areas. Water having a dissolved solids content of less
than 500 ppm is usually available at depths of less than 1,000 feet, and water
having a dissolved solids concentration of 1,000 mg/L or less is present in
some places to depths of a little more than 2,000 feet. Iron content often
decreases with depth. Water in any aquifer increases in dissolved solids con-
tent with depth. It also changes in chemical character from a calcium bicar
bonate to a sodium bicarbonate type when relatively deeply buried.
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The potential for ground-water development infmost of the West Tennessee Plain
is high. At present, no single aquifer has been developed to a point anywhere
near its potential. Each major aquifer receives about 12.5 inches of recharge
per year in the outcrop areas. This would represent an average recharge of
about 0.6 (Mgal/d)/mi2.

The Tennessee part of the Mississippi River Valley is a narrow strip of the
Mississippi River flood plain extending from Memphis to the Kentucky line. At
Memphis, it does not exist as the river extends to the base of the Chickasaw
Bluffs which mark the western margin of the West Tennessee Plain with the
exception of Presidents Island and the area south of Memphis. Northward it
attains a maximum width of 10 miles. Much of the region is covered at times
by the extreme high waters of the river. 1In the flood plain areas of Lauder-
dale, Dyer, and Lake Counties, the alluvium is capable of furnishing rather
large quantities of water to wells. This water is generally high in iron and
is not used for domestic supplies but is used for irrigation. South of Lauder-
dale County, the flood plain alluvium yields smaller quantities of water.

Demography

Historical (1970) and recent (1980) population, employment, and per capita
personal income data for the county boundary approximation of the basin are
summarized in table 28. Counties included are Hardeman, Haywood, Lauderdale,
McNairy, and Tipton. Major urban or metropolitan areas in this basin and
their 1980 census population include Bolivar (6,597), Brownsville (9,307),
Covington (6,065), Ripley (6,366), Selmer (3,979), and Whiteville (1,270).

Public and Self-Supplied Commercial and Industrial Water Users

Presently, there is a total of 20 public water-supply facilties and three
large, self-supplied commercial and industrial water users whose use exceeds
0.1 Mgal/d in the Hatchie River basin. Detailed inventories containing perti-
nent information and data relative to each community or self-supplied users'
source of water, average daily water use, source capacity, population served,
treatment plant and storage capacities, and water-supply quantity related
problems are found in tables 13 and 14 of appendix I, respectively. Total
water use for public and large, self-supplied commercial and industrial users
in the basin equals about 13.1 Mgal/d. The general location and water-supply
source of all public and large, self-supplied commercial and industrial water
users inventoried in the Hatchie River basin are shown in figures 21 and 22,
respectively.

Public water systems currently serve about 68,000 or 55 percent of the
basin's 1980 population. Total water use or withdrawal for public purposes
averages about 9.2 Mgal/d, all of which is withdrawn from ground-water sources.
Major public water-supply facilities whose average daily use exceeds 1.0 Mgal/d
include the following:
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Table 28.--County population, employment, and per capita personal income data,
Hatchie River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Hardeman 22,435 23,873 6,702 8,034 $3,508 $4,412
Haywood 19,596 20,318 5,981 6,738 3,323 4,435
Lauderdale 20,271 24,555 6,126 8,540 3,300 4,554
McNairy 18,369 22,525 6,191 8,723 3,767 4,968
Tipton 28,001 32,747 8,228 12,167 3,376 5,287

Total 108,672 124,018 33,228 44,202 - -




Facility Average water

name use (Mgal/d)
Bolivar WD 1.137
Brownsville UD 1.310
Covington WD 1.351
Ripley WD 1.522
Selmer WD 1.500

Together, these systems account for about 74 percent of the total water use
for public purposes.

Figure 21--Explanation

Site No. Facility name Site No. Facility name
1 Bolivar WD 11 Covington WD
2 Middleton WD 12 First UD of Tipton County
3 Toone WD 13 Henning WD
4 Western Mental Health 14 Stanton WD
Institute 15 Mercer UD
5 Whiteville WS
16 Bethel Springs WD
6 Brownsville Utility Department 17 Brighton WD
7 Fort Pillow State Prison
8 Ripley WD
9 Lauderdale County WS
10 Selmer WD

Self-supplied commercial and industrial users currently withdraw about 3.9
Mgal/d of which 3.0 Mgal/d or 77 percent is obtained from sandpits and 0.9
Mgal/d or 23 percent is withdrawn from ground-water sources. The basin's only
major self-supplied commercial and industrial user is the Bolivar Sand Company
(3.000 Mgal/d) in Bolivar.

Only one facility in the basin reported a specific water-supply problem experi-

enced during the period surveyed. This problem was a high level of iron con-
tent in the water.

Water-Supply Adequacy Analysis

The Hatchie River basin covers 2,260 mi2 (1,446,400 acres) of land and water
area. This basin's surface- and ground—water resources are replenished by sub-
stantial rainfall whose long-term (1941-70) average is approximately 49 inches.
The driest months of the year are usually August, September, and October with
March usually being the wettest month,

Total present water use or withdrawal for public and large self-supplied com
mercial and industrial purposes in the Hatchie River basin amounts to approxi-
mately 13.1 Mgal/d. Of this amount, public-water systems use about 9.2 Mgal/d,
all of which is withdrawn from ground-water sources. Self-supplied commercial
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Figure 21.--Public water-supply facilities, Hatchie River basin.




Figure 22--Explanation

Site No. Facility name
1 Armira Corp. (Bolivar)
2 Bolivar Sand Co. (Bolivar)
3 Colonial Fiber Co. (Covington)

and industrial users use about 3.9 Mgal/d, of which about 3.0 Mgal/d or 77
percent is obtained from sandpits and 0.9 Mgal/d or 23 percent is withdrawn
from ground-water sources.

Generally, the basin's public water-supply systems are adequate in quantity to
meet the basin's present needs, and no single aquifer has been developed
anywhere near its potential. No water-supply shortage problems were reported
by any of the public water-supply systems or by any of the large, self-supplied
water users.
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HOLSTON RIVER BASIN

Basin Description

The Tennessee part of the Holston River basin covers 2,253 miZ of land and
water area and consists of all or parts of the following tributary basins as
delineated by the Geological Survey and the Tennessee Department of Water
Management in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 23) description (square miles)
15A South Fork Holston River above South 161

Holston Dam to the Tennessee State line.

15B South Fork Holston River from South 402
Holston Dam to the river's mouth,
excluding the Watauga River in Tennessee.

15¢C Watauga River above Watauga Dam to the 265
Tennessee State line.

15D Watauga River from Watauga Dam to the 401
river's mouth.

16A Holston River from the confluence of 651
the North and South Forks of the
Holston River to Cherokee Dam.

16B Holston River from Cherokee Dam to 348
the river's mouth.

48 North Fork Holston River from the Virginia 25
State line to the river's mouth.

This basin's hydrologic area encompasses all or major parts of Carter,
Grainger, Hamblen, Hawkins, Johnson, Sullivan, and Washington Counties as well
as minor parts of Jefferson, Knox, and Union Counties in northeast Tennessee.
A map of the east Tennessee part of the Tennessee River basin which highlights
the Holston River basin is shown in figure 23.

ToEograEhx

On the whole, the basin is a broad, lowland belt characterized in places by
minor parallel ridges and intervening valleys corresponding to the northeast-
southwest trend of the Tennessee Valley. The Holston River and its principal
tributaries including the North, South, and Middle Forks of the Holston River
and the Watauga River plus numerous smaller streams such as Beech, Big, Big
Flat, Caney, Poor Valley, Richland, Robertson, Roseberry, and Swanpond Creeks
flow in broad, winding courses in the intervening valleys. While the main
river valleys are characterized by steep side slopes, the smaller tributary
streams are characterized by relatively flat wvalley slopes. Average stream
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slopes in the Tennessee part of the basin equal about 2.76 ft/mi. Basin
elevations generally range from around 900 to 3,500 feet above sea level.

Hydrology

Surface Water

Surface- and ground-water resources in this basin are fed by an abundant rain-
fall whose long-term (1941-70) average ranges from 44.14 inches above Cherokee
Dam to 47.28 inches above Knoxville. During the 10-year period from 1970-79,
average annual precipitation above Cherokee Dam was 47.97 inches and ranged
from 38.47 inches in 1970 to 55.64 inches in 1972. Above Knoxville, average
annual precipitation for the same period was 51.19 inches with a low of 40.73
inches in 1970 and a high of 57.23 inches in 1972. Average precipitation data
for watershed subdivisions of the Holston River basin during the 1970-79 time
period are presented in table 29. Annual 1979 and long-term (1941-70), precip-
itation data for selected TVA and NWS rainfall stations in the Tennessee part
of the Holston River basin are presented in table 30.

Usually, the months of September, October, and November are the driest months
with average rainfall ranging from 2.45 to 3.13 inches above Cherokee Dam and
2.85 to 3.35 inches above Knoxville. Other months generally average about
3.60 to 4.92 inches above Cherokee Dam and 3.80 to 5.14 inches above Knoxville
with July having the heaviest rainfall.

Average annual runoff in the Tennessee part of the Holston River basin ranges
from about 15 to 22 inches as one moves northeastward from Knoxville. Average
discharge data for selected hydrologic data stations in the Holston River basin
are summarized in table 31. Much of this runoff occurs during the winter and
spring months. During extended drought periods in the late summer and fall
months; small, unregulated streams often go dry, particularly along the rim of
the basin,

Ma jor Reservoirs

Major reservoirs located in this basin and their total storage in acre-feet at
normal minimum pool are Boone Reservoir (45,000); Cherokee Reservoir (393,000);
Fort Patrick Henry Reservoir (22,700); South Holston Reservoir (326,000);
Watauga Reservoir (323,000); and Wilbur Reservoir (388). Detailed information
describing each reservoir's location and operation pattern follows:

Boone Reservoir

Location and drainage area.--Boone Reservoir is formed by Boone Dam which
is located on the South Fork Holston River at river mile 18.6 about 1.4 miles
below its confluence with the Watauga River in Sullivan and Washington
Counties. Boone Dam controls 1,840 miZ of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Boone Dam during the reference period ranged from a low of about
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Table 29.--Precipitation data by watershed subdivision for the period 1970-79, Holston River basin

Watershed description

Precipitation (inches)

High

Year

low

Year

10~year average

South Fork of the Holston
River upstream from South
Holston Dam.

Watauga River upstream from
Watauga Dam.

South Fork of the Holston
River from Kingsport to
South Holston Dam and the
Watauga River downstream from
Watauga Dam.

Ho lston River from Cherokee
Dam to Kingsport and the
Tennessee part of the North
Fork of the Holston River.

Holston River from Knoxville
to Cherokee Dam.,

59.10

60.30

54.70

54.70

62.80

1972

1979

1974

1972

1972

38.50

39.20

35.40

39.70

43.30

1978

1970

1970

1978

1970

47.87

50.74

47.41

47.82

52.85
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Table 30.--Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Holston River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Mountain City TVA 2,280 16 48.39 45.00
South Holston Dam TVA 1,535 34 54.26 46.97
Watauga Dam TVA 1,714 33 59.02 49.48
Roan Mountain TVA 2,550 29 52.22 45.83
Boone Dam ' TVA 1,334 29 47.82 42.80
Kingsport TVA 1,200 25 41.14 43.01
Elizabethton TVA 1,512 88 47.12 41.96
John Sevier steam plant TVA 1,120 27 50.19 44.56
Jefferson City TVA 1,200 38 52.16 46.59
Cherokee Dam TVA 1,012 39 59.67 44.46
Strawberry Plains TVA 870 41 52.07 45.30
Johnson City TVA 1,545 32 45.67 43.50
Bristol Airport NWS 1,525 42 43.71 41.47

Rogersville NWS 1,355 95 55.97 45.16
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Table 3l.-~Average discharge data for selected hydrologic data stations operated
by the U.S. Geological Survey, Holston River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Watauga River downstream from 33.6 471 38 754 21.74 1.60
Wilbur Dam (Carter).
Doe River at 1.0 137 65 225 22.30 1.64
Elizabethton (Carter).
Watauga River at 25.9 692 50 1,100 21.59 1.59
Elizabethton (Carter).
Reedy Creek at Orebank 9.8 36.3 17 46.8 17.51 1.29
(Sullivan).
Holston River at 118.7 2,874 40 3,820 18.05 1.33
Surgoinsville (Hawkins).
Big Creek near Rogersville 2.0 47.3 30 60.9 17.48 1.29
(Hawkins).
Beech Creek at Kepler 6.6 47.0 15 52.9 15.28 1.13
(Hawkins).
Holston River near 5.5 3,747 47 4,766 17.27 1.27

Knoxville (Knox).




17.0 ft3/s (11.0 Mgal/d) in 1965 to a high of about 441.0 ft3/s (285.0
Mgal/d) in 1980. The average, l-day minimum discharge over the reference
period was about 176.7 ft3/s (114.4 Mgal/d).

Average number of days of zero flow.--During the reference period, Boone
Dam has averaged slightly over 2 days of zero discharge per year ranging from
a low of no days of zero discharge in all but 3 years since 1973 to a high of
11 days of zero discharge in 1964. Zero-discharge days, when they did occur,
were most common during the months of May, June, and July. There were no
instances of zero discharge for 3 or more consecutive days from Boone Dam
during the reference period.

Existing agreements regarding reservoir releases.—-None.

Cherokee Reservoir

Location and drainage area.--Cherokee Reservoir is formed by Cherokee Dam
which 1s located on the Holston River at river mile 52.3 in Grainger and
Je fferson Counties. Cherokee Dam controls 3,428 mi2 of drainage area.

Reference period.—--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Cherokee Dam during the reference period ranged from a low of
about 12.0 ft3/s (7.8 Mgal/d) in 1963 to a high of about 168.0 ft3/s
(108.6 Mgal/d) in 1965. The average, l-day minimum discharge over the refer-
ence period was approximately 60.9 ft3/s (39.4 Mgal/d).

Average number of days of zero flow.--During the reference period, Chero-
kee Dam has averaged slightly over 70 days of zero discharge per year ranging
from a low of 18 days in 1980 to a high of 120 days in 1964. Zero-discharge
days were most common during the months of February, March, April, and May.
During the reference period, there were 168 instances of zero discharge for 3
or more consecutive days from Cherokee Dam. In 36 of these instances during
the years of 1960-68, 1970, 1972, 1976, 1977, 1980, and 1981; consecutive days
of zero discharge from Cherokee Dam ranged from a low of 7 days in a number of
years to a high of 44 days in 1981.

Existing agreements regarding reservoir releases.—-—Reservoir releases from
Cherokee Dam are correlated with releases from Douglas Dam to provide a
minimum average daily flow of 2,000.0 ft3/s (about 1,292.6 Mgal/d) past
Knoxville.

Fort Patrick Henry Reservoir

Location and drainage area.——Fort Patrick Henry Reservoir is formed by Fort
Patrick Henry Dam which is located on the South Fork Holston River at river
mile 8.2 in Sullivan County. Fort Patrick Henry Dam controls 1,903 mi2 of
drainage area.

Reference period.--1960-81.
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Reservoir discharge (minimum daily average flow).--The minimum daily
average discharge from Fort Patrick Henry Dam during the reference period
ranged from a low of approximately 381.0 ft3/s (246.2 Mgal/d) in 1963 to a
high of about 780.0 ft3/s (503.9 Mgal/d) in 1979. The average, l-day mini-
mum discharge during the reference period was approximately 628.9 fe3/s
(406.5 Mgal/d). Since 1970, the average, l-day minimum discharge has been
about 748.7 ft3/s (483.9 Mgal/d).

Average number of days of zero flow.-—None.

Existing agreements regarding reservoir releases.—-Fort Patrick Henry Dam
provides a minimum average daily reservoir release of 750.0 £t3/s (about
484.7 Mgal/d) by contractual agreement between TVA and Tennessee Eastman
Company at Kingsport.

South Holston Reservoir

Location and drainage area.—--South Holston Reservoir is formed by South
Holston Dam which is located on the South Fork Holston River at river mile
49.8 in Sullivan County. South Holston Dam controls 703 mi2 of drainage
area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).~-The minimum daily
average discharge from South Holston Dam during the reference period ranged
from a low of approximately 2.0 ft3/s (1.3 Mgal/d) in 1963 to a high of
approximately 89.0 ft3/s (57.5 Mgal/d) in 1980. The average, l-day minimum
discharge during the reference period was about 19.8 ft3/s (12.8 Mgal/d).

Average number of days of zero flow.--During the reference period, South
Holston Dam has averaged about 59 days of zero discharge per year ranging from
a low of 1 day in 1981 to a high of 112 days in 1964 and 1966. Zero-discharge
days were most common during the months of March, April, and May. During the
reference period, there were 115 instances of zero discharge for 3 or more
consecutive days from South Holston Dam. In 16 of these instances during the
years of 1961, 1963-66, 1968, 1969, and 1971 consecutive days of zero discharge
from South Holston Dam ranged from a low of 7 days in several years to a high
of 15 days in 1961.

Existing agreements regarding reservoir releases.—--Bristol, Tennessee, has
a water-supply intake immediately below South Holston Dam which was in place
prior to the dam's construction. Consequently, TVA has agreed to make special
water releases whenever normal reservoir operation does not provide adequate
water to meet the city's intake demands.

Watauga Reservoir

Location and drainage area.--Watauga Reservoir is formed by Watauga Dam
which is located on the Watauga River at river mile 36.7 in Carter County.
Watauga Dam controls 468 mi2 of drainage area.

Reference period.—--1960-81.
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Reservoir discharge (minimum daily average flow).-~The minimum daily
average discharge from Watauga Dam during the reference period ranged from a
low of approximately 2.0 ft3/s (1.3 Mgal/d) in 1971 to a high of about 45.0
ft3/s (29.1 Mgal/d) in 1978. The average, l-day minimum discharge during
the reference period was about 12.1 ft3/s (7.8 Mgal/d). With the exception
of 1978, the minimum daily average discharge since 1974 has averaged about
20.3 ft3/s (13.1 Mgal/d).

Average number of days of zero flow.--During the 22-year reference period,
Watauga Dam has averaged almost 56 days of zero discharge per year ranging
from a low of 42 days in 1973 and 1975 to a high of 92 days in 1964. Days of
zero~discharge were most common during the months of February, March, April,
and May. During the reference period, there were 73 instances of zero
discharge for 3 or more consecutive days from Watauga Dam. In four of these
instances during the years of 1960, 1961, 1963, and 1972; consecutive days of
zero discharge from Watauga Dam ranged from a low of 7 days in several years
to a high of 9 days in 1960.

Existing agreements regarding reservoir releases.-—Whenever necessary to
maintain a minimum average flow of about 112.0 ft3/s (72.4 Mgal/d) at
Elizabethton, releases are made from both Watauga and Wilbur Dams.

Wilbur Reservoir

Location and drainage area.-—Wilbur Reservoir is formed by Wilbur Dam
which is located on the Watauga River at river mile 34.0 in Carter County.
Wilbur Dam controls 471 miZ of drainage area.

Reference period.--1962-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Wilbur Dam during the reference period ranged from a low of
about 12.0 ft3/s (7.8 Mgal/d) in 1972 to a high of about 46.0 ft3/s (29.7
Mgal/d) in 1964. The average, l-day minimum discharge during the reference
period was about 29.2 ft3/s (18.9 Mgal/d).

Average number of days of zero flow.--None.

Existing agreements regarding reservoir releases.-—Whenever necessary to
maintain a minimum average flow of about 112.0 ft3/s (72.4 Mgal/d) at
Elizabethton, releases are made from both Watauga and Wilbur Dams.

Ground Water

Ground water in the Holston River basin in Tennessee occurs in fractures in
the underlying rock formations that have been subjected to severe folding and
faulting. With the exception of the westernmost edge of Carter County which
lies in the Valley and Ridge physiographic province, both Johnson and Carter
Counties lie in the Blue Ridge province. The easternmost edge of Sullivan
County also lies in that province. The Holston River basin in this area is
underlain primarily by noncarbonate rocks such as shale, sandstone, siltstone,
and highly siliceous crystalline rock. Fractures in these rocks are not
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significantly enlarged by solution that maz be caused by percolating ground
water. Consequently, well yields are generally low ranging mostly from 3 to 25
gal/min. However, larger yields (100 gal/min or more) are sometimes obtained
particularly where carbonate rock formations are located. Yields sufficient
for domestic purposes can usually be obtained with the possible exception of
areas lying on the tops or slopes of prominent ridges and mountains. Reported
well depths range from some 15 feet to usually not more than 200 feet. The
shallower wells are those dug in the regolith, i.e., sand, clay, and rock
fragments, while the majority are drilled wells. A number of wells have been
reported as dry holes or as supplying an insignificant amount of water. How-
ever, in recent years wells capable of supplying 100 gal/min or more have been
drilled at several locations in the Blue Ridge province. The sites for these
wells were picked after a detailed geologic study was made of the area. These
higher yield wells were found at or near fault zones covered by relatively
thick regolith. In view of this finding, the true potential for the develop-
ment of significant ground-water supplies in the Blue Ridge part of the basin
needs further study at the present time. A number of municipalities in this
area derive their water supplies from large springs. The ground-water quality
is usually acceptable.

The remaining area of the Tennessee part of the Holston River basin lies in
the Valley and Ridge province. This area is primarily underlain by carbonate
rock formations such as limestone and dolomite together with calcareous shale
and limy sandstone. Ground water occurs in fractures and bedding-plane open-
ings in the limestone and dolomite formations which have been enlarged in
varying degrees by the dissolving action of circulating ground water. Water
also occurs in fractures in the shale and sandstone which may be enlarged some-
what by solution of the lime content, but to a much lesser degree than in the
openings in the carbonate rocks. Ground water in quantities sufficient for
domestic purposes can usually be obtained in areas underlain by the soluble
carbonates and fractured sandstones. Al though ground water moves through
openings in shale beds, shale is an effective barrier to vertical ground-water
movement and generally yields only limited ground water. Domestic supplies
can usually be found in the sandstone at depths of 100 feet or less. Wells in
dolomite and limestone are deeper on the average with the majority ranging from
50 to 200 feet in depth. These enlarged openings generally become smaller and
less numerous witn depth and it is generally not advisable to drill deeper than
300 to 350 feet on the basis of presently available information. Most of the
wells reported in the Valley and Ridge province yield from 3 to 50 gal/min.
However, yields from 100 to 250 gal/min are common. Water quality is usually
acceptable.

It should be emphasized that the existing water-well data base is composed of
wells drilled primarily for domestic needs which can be satisfied with rela-
tively small supplies. Also, choices of favorable locations for drilling based
on geologic studies are extremely limited. Springs flowing from openings in
carbonate rocks are numerous. Pending further studies, the potential for the
development of large ground-water supplies cannot be predicted with certainty.

Demography

Historical (1970) and recent (1980) population, total wage and salary employ-
ment including both full- and part-time workers, and per capita personal income
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data for the county boundary approximation of the Holston River basin are
presented in table 32. Counties included in this approximation are Carter,
Grainger, Hamblen, Hawkins, Johnson, Sullivan, and Washington. Major urban or
metropolitan areas in the Tennessee part of this basin and their 1980 census
population include Bristol (23,986), Elizabethton (12,431), Jefferson City
(5,612), Johnmson City (39,753), Kingsport (32,027), Morristown (19,683), and
Rogersville (4,368). Also included in this basin is the Tennessee part of the
Johnson City-Kingsport-Bristol, Tennessee-Virginia, Standard Metropolitan
Statistical Area (SMSA) which consists of Carter, Hawkins, Sullivan, Unicoi,
and Washington Counties.

Public and Self~Supplied Commercial and Industrial Water Users

Currently, there are a total of 54 public water-supply facilities and 11 large,
self-supplied commercial and industrial water users whose use exceeds 0.1
Mgal/d in the Tennessee part of the Holston River basin. Detailed inventories
containing pertinent information and data relative to each community or self-
supplied user's source of water; average daily water use; source capacity;
population served; treatment plant and storage capacities; and water—-supply,
quantity-related problems are found in tables 15 and 16 of appendix I, respec-—
tively. Total water use or withdrawal at the present time for public and
large, self-supplied commercial and industrial purposes in the Holston River
basin amounts to approximately 604.7 Mgal/d. The general location and water—
supply source of all public and large, self-supplied commercial and industrial
water users inventoried in the Holston River basin are shown in figures 24 and
25, respectively.

Public water systems currently serve about 371,000 people or 91 percent of the
basin's 1980 population. Average daily water use or withdrawal for public
purposes equals about 51.8 Mgal/d of which approximately 34.9 Mgal/d or 67
percent is withdrawn from surface-water sources and 16.9 Mgal/d or 33 percent
from ground-water sources. Major public water-supply facilities whose average
daily use exceeds 1.0 Mgal/d include the following:

Facility Average water

name use (Mgal/d)
Elizabethton WD 4.800
Morristown WS 5.810
First UD - Hawkins County 1.075
Rogersville WS 1.135
Jefferson City WS 3.000
Northeast Knox UD 1.152
Bristol WS 5.000
Kingsport WS 12.000
Johnson City PWD 12.800

Together these systems account for about 91 percent of the total water use for
public purposes.

Self-supplied commercial and industrial users use (withdraw) about 552.8

Mgal/d, of which some 540.1 Mgal/d or 98 percent is from surface-water sources
and about 12.8 Mgal/d or 2 percent from ground-water sources. About 99 percent
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Table 32.--County population, employment, and per capita personal income data, Holston River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Carter 43,259 50,205 10,177 10,187 $5,017 $5,565
Grainger 13,948 16,751 1,543 2,469 4,240 5,136
Hamblen 38,696 49,300 19,884 23,039 5,915 6,427
Hawkins 33,757 43,751 5,179 9,702 5,047 5,610
Johnson 11,569 13,745 2,739 4,387 4,372 5,882
Sullivan 127,329 143,968 59,978 67,376 7,644 8,397
Washington 73,924 88,755 28,724 38,386 6,577 7,468

Total 342,482 406,475 128,224 155,546 - -




Figure 24--Explanation

Site No. Facility name Site No. Facility name
1 Elizabethton WD 16 Carderview UD
2 First UD - Carter County 17 Cold Springs WS
3 Hampton UD 18 Doe Valley WS
4 Hank Johnson Subdivision WS 19 Harbin Hill Community WS
5 Roan Mountain Water Co. 20 Mountain City WS
6 Luttrell-Blaine-Corryton UD 21 East Knox UD
7 Morristown WS 22 Northeast Knoxville UD
8 Camelot WS 23 Bloomingdale UD
9 First UD - Hawkins County 24 Bluff City WS
10 Lakemont UD 25 Bristol WS
11 Mooresburg UD 26 Bristol-Bluff City UD
12 Rogersville WS 27 Chinquapin Grove UD
13 Surgoinsville UD 28 Kingsport WS
14 Jefferson City WS 29 Johnson City PWD
15 Brownlow WS

of the total water withdrawal for commercial and industrial purposes is with-
drawn by the Holston Defense Corp. (67.6 Mgal/d) and Mead Papers (12.0 Mgal/d),
and Tennessee Eastman Co. (454.3 Mgal/d) in Kingsport, and North American Rayon
Corp. (11.1 Mgal/d) in Elizabethton. Consumptive water use by large, self-
supplied commercial and industrial water users in the basin equals about 1.2
Mgal/d.

Summarized below is a list of the specific water—-supply problems now being
experienced by individual communities and self-supplied commercial and indus-~
trial water users in the Holston River basin. The number in parentheses
following each identified problem indicates the number of communities and (or)
self-supplied water users who are now or have experienced this problem in the
past. Note, these problems are not listed in order of frequency of occurrence
or overall severity.

Low water pressure. (2)

Inadequate storage and pumping capacity. (3)

Occasional turbidity following periods of heavy rain. (2)

Excessive water losses due to leaking mains and distribution lines. (2)
Periodic water-supply, quantity-related shortages during dry months. (2)
Occasional clogging of water-supply intakes by sand and other debris. (1)
Considerable fluctuation in river level and temperature due to water holdup
and discharge from Fort Patrick Henry Dam. (1)

Water Supply Adequacy Analysis

The Tennessee part of the Holston River basin encompasses some 2,253 miZ or
about 1,442,000 acres of land and water area. This basin's surface and ground-
water resources are replenished by an abundant rainfall whose long-term
(1941-70) average ranges from 44.14 inches above Cherokee Dam to 47.28 inches

130



I€1L

State base mep. 1978 Y
™= Tributary basin divide
== = Tributary basin subdivision
1 GA Tributary basin identification number
A23 Surface-water supply
¥ 2 Ground-water supply
®m7 Ssurface- and ground-water supply
CeR R A = J,f{ ._:-ﬁ_ __“:;_{;?‘r",«

[ 19 20 20 MILES

A Teataa——— = T
16 o 13 o 36 W0 K ILOMETERS

Figure 24.--Public water-supply facilities, Holston River basin.




Figure 25--Explanation

Site No. Facility name

North American Rayon Corp. (Elizabethton)
ASG Industries, Inc. (Kingsport)
Holliston Mills, Inc. (New Canton)
Holston Defense Corp. (Kingsport)
ASARCO, Inc. (New Market)

WP WwN -

ASARCO, Inc. (Mascot)

U.S. Steel Corp. (Jefferson City)
Knoxville By-Products (Knoxville)
Meads Paper (Kingsport)

Penn-Dixie Industries, Inc. (Kingsport)

O W 0o~ O

11 Tennessee Eastman Co. (Kingsport)

above Knoxville. Average annual runoff ranges from 15 to 22 inches as one
moves northeastward across the basin. Generally, the months of September,
October, and November are the driest with July being the wettest month. It is
not uncommon for small, unregulated streams to go dry during extended drought
periods, particularly along the rim of the basin.

Total present water use or withdrawal for public and large, self-supplied
commercial and industrial purposes in the Holston River basin amounts to
approximately 604.7 Mgal/d. Of this amount, public water systems use is about
51.8 Mgal/d, of which about 34.9 Mgal/d or 67 percent is withdrawn from
surface-water sources and 16.9 Mgal/d or 33 percent from ground-water sources.
Self-supplied commercial and industrial users use about 552.8 Mgal/d, of which
some 540.1 Mgal/d or 98 percent is from surface-water sources and about 12.8
Mgal/d or 2 percent from ground-water sources.

Generally, the basin's public water-supply systems, particularly those served
by surface-water sources, are found to be adequate in quantity to meet the
basin's present needs. However, several public water-supply systems that use
springs or wells as their primary and frequently only water source are
currently operating at or above their dependable, long-term source capacity.
These systems such as Jefferson City, Doe Valley, and Mountain City could
expect to experience water deficiencies either during extended drought periods
or in the event of a significant increase in water use due to industrial expan-
sion or an increase in population. Several communities or systems including
Brownlow, Camelot, Carderview, Cold Springs, Lakemont, and Harbin Hill are
presently utilizing ground-water sources of unknown capacity. While Harbin
Hill is experiencing occasional water-supply shortages during dry months, it
is unlikely that any of these communities would experience severe, long-term
water-supply shortages because the systems are very small with average daily
water use ranging from 0.002 to 0.017 Mgal/d.

Analysis of the basin's water supplies for self-supplied commercial and indus-
trial water users indicates that while several users in Jefferson and Knox
Counties are utilizing surface—water sources whose 3-day, 20-year recurrence
interval low flow is less than their average daily use or ground-water sources
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Figure 25.--Self-supplied commercial and indusirial water users, Holston River basin.




of unknown capacity, none of these users have experienced any water—supply
shortages 1n recent Yyears. However, these industries could expect to face
potentially serious water shortages during severe and extended drought condi-
tions, particularly those utilizing surface-water sources, and should seek
other more dependable sources.

It should also be noted that the principal source of water in Sullivan County
is the South Fork Holston River and demand is approaching the limits of
available supply, particularly in the Kingsport area (Brandes, W. F., 1981).

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate, or of unknown capacity, should consider explor—
ing the availability of alternative, cost-effective water-supply sources to
augment or meet their future water needs if necessary. While the basin's water
resources are subject to contamination from a variety of sources; existing and
pending Federal, State, and local statutes relative to water-quality protection
and maintenance or improvement should ensure that current water quality will
be maintained with little, if any, future degradation of the basin's water
resources. Potential sources of contamination include (1) leachate from
municipal and industrial waste disposal facilities and septic tank systems;
(2) agricultural pollution from fertilizers, pesticides and herbicides, and
livestock wastes; and (3) runoff from surface mine lands and quarries.

Although there are periods of extended drought which cause seasonal water table
declines and periodic local problems with adequate ground-water supplies,
observation—well data indicate there are no long-term, regional water table
declines. Periodic local problems associated with a decline in an area's water
table are caused by excessive withdrawals. To alleviate this problem, optimum
ground-water withdrawal rates should be determined during the initial test
pumping of the source.
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MEMPHIS AREA BASIN

Basin Description

The Memphis Area basin, including that part of the alluvial Mississippi River
valley below the Loosahatchie River, covers 1,559 miZ of land and water area
and consists of all or parts of the following tributary basins as delineated
by the U.S. Geological Survey and the Tennessee Department of Water Management
in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 26) description (square miles)
41D Mississippi Alluvial Valley in Tenmessee 98

below the Loosahatchie River excluding
the Wolf River and Nonconnah Creek.

43 Loosahatchie River 742

444 Upper Wolf River to below Shaws Creek 349

448 Lower Wolf River downstream from Shaws 220
Creek.

44C Nonconnah Creek 149

44D Minor tributaries to Nonconnah Creek 1

The Memphis Area basin encompasses all or major parts of Fayette and Shelby
Counties as well as minor parts of Hardeman, Haywood, Henry, and Tipton
Counties. A map of West Tennessee which delineates the area drained by the
Memphis Area basim is shown in figure 26.

To pograph

The Memphis Area basin consists of that part of West Tennessee drained by the
Loosahatchie and Wolf Rivers and Nonconnah Creek as well as that part of the
alluvial Mississippi River Valley below the Loosahatchie River.

The Loosahatchie River rises in the steep hills of Hardeman County and flows
in a westerly direction for about 65 miles across Fayette and Shelby Counties
to 1its confluence with the Mississippi River at river mile 740.5, just north
of the city of Memphis. Major tributaries include Big, Beaver, and Clear
Cypress Creeks. The drainage area of this basin is approximately 742 mil.
Elevations range from about 220 to 660 feet above sea level.

The Wolf River originates south of the Tennessee-Mississippi State line and
flows in a northwesterly direction for about 80 miles across Fayette and
Shelby Counties, through the northern part of the city of Memphis to its
confluence with the Mississippi River at river mile 738.7. Major tributaries
include Grays, Fletcher, Shaws, and North Fork Creeks. The drainage area of

135



9¢1

S Tributary basin divide
- Tributary basin subdivision

4 4B Tributary basin identification number

Bage trom .5, Goologlcal Survaey
U” Siate base map, 107203

SCALE lal,00G,000

i 0 30 MILES

1o °]
T ———
10 a 1+

-y
20 30 40 KRILDMETERS

Figure 26.--Memphis Area basin.




this basin is approximately 825 mi2. Of this, approximately 569 miZ are
included in the West Tennessee area. Elevations range from about 215 to 660
feet above sea level.

Nonconnah Creek also originates just south of the Tennessee-Mississippi State
line and flows in a northwesterly direction for 25 miles across Fayette and
Shelby Counties, through the southern part of the city of Memphis to its
terminus with McKellar Lake, an offshoot bendway run of the Mississippi River.
Major tributaries include Johns, Ten Mile, Hurricane, and Days Creeks. The
drainage area of this basin is approximately 183 miZ. Of this, approximately
150 mi2 are included in the West Tennessee area. Elevations range from about
200 to 400 feet above sea level.

Topography in the Loosahatchie River, Wolf River, and Nonconnah Creek basins
is characterized as being gently rolling, interrupted by small ditches and
drainage divides. Some gullied topography has developed and swampy conditions
are common.

From the mouth of the Loosahatchie River, the Mississippi River flows in a
southerly direction for about 25 miles along the western boundary of the Mem-—
phis area to the Tennessee-Mississippi State line. At Memphis, the Mississippi
River has a drainage area of approximately 928,700 mi2. Of this, approxi-
mately 98 mi2 are included within the alluvial valley in the Memphis area.
The Mississippi River is the outlet for all streams in the State located west
of the Tennessee Valley.

Hydrology

Surface Water

Surface- and ground-water resources in the Memphis Area basin are replenished
by an ample rainfall whose long-term (1941-70) average is approximately 47
inches. From 1970-79, the average precipitation was approximately 55 inches.
The average 1979 rainfall was approximately 68 inches. Annual (1979) and long-
term (1941-70) precipitation data for selected NWS rainfall stations in the
Memphis Area basin are presented in table 33. The 1970-79 precipitation aver-
ages for these same rainfall stations with their high and low year of precipi-
tation are presented in table 34.

The months of August, September, and October are usually the driest with the
average rainfall ranging from 2.63 to 3.31 inches. During the remainder of
the year, average rainfall ranges from 3.43 to 5.36 inches with April usually
being the wettest month.

The surface-water supply for this basin is derived from precipitation and run-
off within the area, streamflow including ground-water discharge entering the
area from adjacent areas, and ground-water discharge to streams within the
area. Average discharge data for selected hydrologic data stations are pre-
sented in table 35. Theoretically, there is a large quantity of surface water
available for use in this basin. However, because of the small number of
available storage sites and the increased evaporative losses of surface water
that occur with this development, this quantity 1is not realistically
obtainable.
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Table 33.--Precipitation data for 1979 and for the period 1941-70

for selected rainfall stations, Memphis Area basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Memphis NWS 205 15 - 43.31
Memphis weather service NWS 258 47 70.89 50.59

office airport.
Bolton NWS 300 38 69.94 48.43
Drummonds NWS 450 28 59.70 43.54
Mason NWS 319 39 64.30 45.79
Moscow NWS 340 59 73.45 51.94
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Table 34.,--Precipitation data for the period 1970-79
for selected rainfall stations, Memphis Area basin

Precipitation (inches)

Watershed description High Year Low Year 1l0-year average
Memphis 65.40 1973 40.24 1971 52.39
Memphis weather service

office airport 70.89 1979 41.20 1977 56.26
Bolton 69.94 1979 46.76 1977 57.82
Dr ummonds 70.90 1973 39.88 1971 52.61
Mason 70.30 1974 40.00 1976 53.42
Moscow 73.45 1979 44,15 1978 55.46
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Table 35.-—Average discharge data for selected hydrologic data stations, Memphis Area basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Mississippi River at 734.7 928,700 45 528,071 7.72 0.57
Memphis (Shelby).
Loosahatchie River near 30.4 262 11 403 20.95 1.54
Arlington (Shelby).
Wolf River at Germantown 18.9 699 11 1,381 26.90 1.98
(Shelby).




Ground Water

West Tennessee embraces two physiographic provinces. One is the West Tennessee
Plain, including the subdivision known as the West Tennessee Uplands, and the
other is the Mississippi River Valley.

The West Tennessee Plain extends from the western margin of the Western Valley
of the Tennessee River, or the divide, known as the West Tennessee Uplands,
separating eastward flowing drainage to the Tennessee River from streams
flowing westward to the Mississippi River. This area contains three major
drainage basins: the Obion-Forked Deer, the Hatchie, and the Memphis Area
which includes the Loosahatchie River, Wolf River, and Nonconnah Creek.

West Tennessee lies in the region known as the Mississippi embayment. This is
an area in which Paleozoic limestones were downwarped in the geologic past
forming a trough with its axis or deepest part roughly parallel to the present
course of the Mississippi River and extending from the Gulf Coast northward to
the southern tip of Illinois. Its eastern margin lies in parts of Kentucky,
Tennessee, Alabama, and Mississippi while its western margin lies in parts of
Missouri, Arkansas, Louisiana, and Texas. During geologic time, the sea suc-
cessively advanced and receded in the trough depositing sediments consisting
of uncemented sand and clay with minor amounts of other materials. Thick non~
marine sediments were also deposited. Consequently, these sands and clays are
at the surface east of the Mississippi River and dip at the rate of 15 to 30
ft/mi westward toward the river where they begin to rise again and reappear
west of the river although covered by alluvial deposits. Inclination of the
water-bearing sands and the presence of clay layers and lenses cause the water
in the sands to be under artesian pressure away from the outcrop area. In
West Tennessee, the oldest sediments appear on the surface near the Tennessee
River and dip westward reaching a depth of over 3,000 feet below the
Mississippi River.

Inasmuch as the sand aquifers are continuous through the West Tennessee Plain
and extend into other states, it is not practical to discuss them on a river
basin basis but rather on a regional basis. While almost any sand body in any
formation may furnish adequate supplies of freshwater for domestic use at or
near its outcrop area, there are four major aquifers that are capable of fur
nishing relatively large supplies for municipalities and industries. From
oldest to youngest these aquifers are the Coffee Sand and McNairy Sand of Cre-
taceous age and the Wilcox Formation and the Claiborne Formation of Tertiary
age. In the Memphis area, the Wilcox and Claiborne aquifers are respectively
known as the "1,400-foot sand", or the Fort Pillow Sand, and the "500-foot
sand”, or the Memphis Sand." The outcrop areas and dominant recharge areas of
these aquifers occur as bands trending from south-southwest to north-northeast
across West Tennessee. The eastern margin of the outcrop area of the Coffee
Sand lies near the Tennessee River and the outcrop areas of the younger aqui-
fers occur successively to the west until the Claiborne, including the Memphis
Sand, is hidden from view near Paris, Jackson, and Somerville by a blanket of
relatively recent loess and terrace deposits which extend westward to the
Mississippi River Valley.

The Coffee Sand of Upper Cretaceous age is present in northern Mississippi and

crops out in a belt in Tennessee from southwestern Hardin County to the
Kentucky State line in northeastern Henry County. This outcrop belt 1is
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approximately 6 miles wide near the Mississippi-Tennessee border and becomes
narrower to the north-northeast where it mdrges with the younger McNairy Sand
near the Kentucky line. Its thickness ranges from approximately 200 feet near
the Mississippi line and thins northeastward to less than 50 feet in southern
Henry County. It has been estimated to underlie an area of approximately
6,000 mi2 overall. The Coffee Sand is the oldest and smallest of the four
major aquifers, and wells producing from it generally have lower yields. The
larger yield wells producing from this aquifer probably do not supply much more
than 300 gal/min. The Coffee Sand dips beneath the surface westward from its
outcrop area and is at a depth of some 3,000 feet or more at Memphis. Water
in the aquifer becomes relatively highly mineralized near the Fayette-Shelby
County line.

The McNairy Sand is present in northern Mississippi and extends across
Tennessee into Kentucky. Its outcrop belt is approximately 12 miles wide in
McNairy County and thins northward to less than 8 miles in Benton County. The
outcrop area is narrowest near the Kentucky line. The McNairy Sand is approxi-
mately 200 feet thick in the northern end of the embayment and thickens to some
375 feet in the subsurface at Memphis. It has been estimated that this sand
underlies approximately 11,000 miZ of Tennessee and Kentucky. The McNairy
Sand is an excellent aquifer particularly at or near its outcrop area. Yields
of wells drilled into it range from 250 to 500 gal/min. Like the Coffee Sand,
the McNairy Sand dips westward from its outcrop area into the subsurface and
lies at a depth of some 2,400 feet at Memphis. If freshwater is defined as
water having a concentration of no more than 1,000 mg/L total dissolved solids,
then the McNairy Sand is at the base of the zone of freshwater at Memphis as
the water in it there contains the limit of total dissolved solids. Presently,
it is not used as a source of water in the Memphis area.

The Wilcox Formation contains an aquifer known in the Memphis area as the
"1,400-foot sand," or Fort Pillow Sand, which is present in Mississippi and
extends across West Tennessee 1into Kentucky. Its outcrop 1is narrow 1in
Tennessee due to thinning and overlap by the overlying Claiborne Formation.
In some places the Wilcox is completely overlapped by the Claiborne. The
outcrop area is about 13 miles wide in Hardeman County and is less than a mile
wide in northern Henry County. The "1,400-foot sand," or Fort Pillow Sand,
thickens from about 50 feet on the western edge of the Wilcox outcrop belt to
over 300 feet thick in the subsurface in Lake, Dyer, and Lauderdale Counties
near the Mississippi River. It has been estimated that the Fort Pillow Sand
underlies about 7,000 mi2 in Tennessee and Kentucky. A number of wells
obtain water from it in or near its outcrop belt but few are known to exist
elsewhere in Tennessee except for a large industrial user in Memphis. Well
yields at Memphis are reported to range from 400 to 1,600 gal/min. The Wilcox
Formation 1is considered to be a reserve source of water for the city of
Memphis.

The Claiborne Formation is the largest aquifer in West Tennesse and contains
the "500-foot sand," or the Memphis Sand in the Memphis area. It is exposed
at the surface westward from its feather edge overlying the Wilcox until
covered by loess and alluvial deposits when it becomes the subcrop bedrock.
The Claiborne is overlain by the Jackson Formation in areas of the counties
bordering the Mississippi River. The outcrop belt of the Claiborne is much
wider than that of the Wilcox. The Memphis Sand thickens from a feather edge
to an estimated thickness of about 900 feet at the Mississippi River 1in
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southwestern Shelby County and its areal extent is approximately 7,000 miZ
in Tennessee and Kentucky. Its broad outcrop area and thickness make it an
excellent aquifer. The city of Memphis secures its water supply from this
sand which is capable of yielding as much as 2,500 gal/min to wells.

Water quality of all West Tennessee aquifers is generally good at or near their
outcrop areas. However, their iron content is generally high and requires
treatment. The total dissolved solids content is often less than 100 parts
per million (ppm) in these areas. Water having a dissolved solids content of
less than 500 ppm is usually available at depths of less than 1,000 feet, and
water having a dissolved solids concentration of 1,000 mg/L or less is present
in some places to depths of a little more than 2,000 feet. Iron content often
decreases with depth. Water in any aquifer increases in dissolved solids
content with depth. It also changes in chemical character from a calcium
bicarbonate to a sodium bicarbonate type when relatively deeply buried.

The potential for ground-water development in most of the West Tennessee Plain
is high. At present, no single aquifer has been developed to a point anywhere
near its potential. Each major aquifer receives about 12.5 inches of recharge
per year in the outcrop areas. This would represent an average recharge of
about 0.6 (Mgal/d)/mi2.

The Tennessee part of the Mississippi River Valley is a narrow strip of the
Mississippi River flood plain extending from Memphis to the Kentucky line. At
Memphis, it does not exist as the river extends to the base of the Chickasaw
Bluffs which mark the western margin of the West Tennessee Plain with the
exception of Presidents Island and the area south of Memphis. Northward it
attains a maximum width of 10 miles. Much of the region is covered at times
by the extreme high waters of the river. 1In the flood plain areas of Lauder-
dale, Dyer, and Lake Counties, the alluvium is capable of furnishing rather
large quantities of water to wells. This water is generally high in iron and
is not used for domestic supplies but is used for irrigation. South of Lauder-
dale County, the flood plain alluvium yields smaller quantities of water.

Demography

Historical (1970) and recent (1980) population, employment, and per capita
personal income data for county boundary approximation of the basin are
summarized in table 36. Counties included are Fayette and Shelby. Major
urban or metropolitan areas in this area and their 1980 census population
include Bartlett (17,170), Collierville (7,839), Germantown (21,482), Memphis
(646,356) , Millington (20,236), and Somerville (2,264).

Public and Self~Supplied Commercial and Industrial Water Users

Presently, there is a total of 19 public water-supply facilties and 27 large,
self-supplied commercial and industrial water users whose use exceeds 0.1
Mgal/d in the Memphis Area basin. Detailed inventories containing pertinent
information and data relative to each community or self-supplied users' source
of water, average daily water use, source capacity, population served, treat-
ment plant and storage capacities, and water-supply quantity related problems
are found in tables 17 and 18 of appendix I, respectively. Total water use for
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Table 36.——County population, employment, and per capita personal income data, Memphis Area basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County
1970 1980 1970 1980 1970 1980
Fayette 22,692 25,305 6,295 8,643 $2,738 $4,299
Shelby 722,111 777,113 265,876 322,287 5,862 6,697
Total 744,803 802,418 272,171 330,930 - ~




public and large, self-supplied commercial and industrial users in the basin
equals about 186.6 Mgal/d. The general location and water-supply source of all
public and large, self-supplied commercial and industrial water users inven-
toried in the Memphis Area basin are shown in figures 27 and 28, respectively.

Public water systems currently serve about 666,000 or 83 percent of the
basin's 1980 population. Total water use for public purposes averages about
125.1 Mgal/d, all of which is withdrawn from ground-water sources. Major
public water-supply facilities whose average daily use exceeds 1.0 Mgal/d
include the following:

Facility Average water
name use (Mgal/d)
Collierville WD 1.416
Germantown WD 2.901
Lakeland Development Corporation 1.200
Memphis Light, Gas and Water Division 115.000

fogether, these systems account for atout 96 percent of the total water use
for public purposes.

Self-supplied commercial and industrial users currently withdraw about 61.4
Mgal/d of which 59.4 Mgal/d or 97 percent is withdrawn from ground-water
sources and 2.0 Mgal/d or 3 percent is obtained from ponds. Major self-
supplied commercial and industrial users whose average daily use exceeds 1.000
Mgal/d include the following:

Company Average water

name use (Mgal/d)
Agricultural Chemical Group - Memphis 1.980
Buckeye Cellulose Corp. - Memphis 10.000
Cargill, Inc. - Memphis 3.888
E. I. DuPont De Nemour & Co. - Memphis 16.800
Firestone Tire and Rubber Co. - Memphis 3.636
Humko Products, Inc. - Memphis 1.368
Kimberly Clark Corp. — Memphis 6.200
Memphis Stone and Gravel Co. - Arlington 1.100
Quaker Oats Co. — Memphis 2.938
Ralston Purina Co. Protein Division -~

Memphis 1.343

Joseph Schlitz Brewing Co. — Memphis 2.466
Tri-State Industries, Inc. - Memphis 1.000
United Foods, Inc. - Rossville 1.440
Velsicol Chemical Corp. — Memphis 2.300

The total consumptive use of the above industries is about 1.310 Mgal/d.

Summarized below is a list of the specific water-supply problems experienced
in the basin during the period surveyed. The number in parentheses following
each identified problem indicates the number of communities or self-supplied
water users who are now or have experienced this problem in the past. Note,
these are not listed in order of frequency of occurrence or overall severity.
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e High level of iron content in water. (2)
e Inadequate distribution line sizes. (2)
e Inadequate storage capacity. (5)

Figure 27--Explanation

Site No. Facility name
1 LaGrange WD
2 Oakland WD
3 Rossville WS
4 Somerville WD
5 Grand Junction WD

6 Arlington WD

7 Bartlett-Ellendale WD

8 Collierville WD

9 Lakeland Development Corp.
0

1 Memphis Light, Gas and Water Division
11 Germantown WD

12 Millington WD

13 Munford WD

14 Poplar Grove UD

15 Gallaway WD

16 Moscow WD

17 Mason WD

Water-Supply Adequacy Analysis

The Memphis Area basin covers 1,559 mi2 (997,760 acres) of land and water
area. This basin's surface- and ground-water resources are replenished by
substantial rainfall whose long-term (1941-70) average 1is approximately 47
inches. The driest months of the year are usually August, September, and
October with April usually being the wettest month.

Total present water use or withdrawal for public and large self-supplied
commercial and industrial purposes in the Memphis Area basin amounts to
approximately 186.6 Mgal/d. Of this amount, public-water systems use about
125.1 Mgal/d, all of which is withdrawn from ground-water sources. Self-
supplied commercial and industrial users use about 61.4 Mgal/d, of which about
59.4 Mgal/d or 97 percent is withdrawn from ground-water sources and 2.0
Mgal/d or 3 percent is obtained from ponds.

Generally, the basin's public water-supply systems are adequate in quantity to
meet the basin's present needs, and no single aquifer has been developed
anywhere near its potential. Two systems (Collierville WD and Germantown WD)
experience water shortages because of inadequate distribution line sizes and
five systems (Atoka WD, Germantown WD, Mason WD, Munford WD, and Poplar Grove
UD) have inadequate storage capacity.

No water-supply shortage problems were reported by any of the large, self-
supplied water users.
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Figure 28--Explanation

Site No. Facility name

1 Alpha Chemical Corp. (Collierville)

2 Troxel Manufacturing Co., Inc. (Moscow)
3 United Foods, Inc. (Rossville)

4 Agricultural Chemical Group (Memphis)

5 Ashland-Warren, Inc. (Memphis)

6 Buckeye Cellulose Corp. (Memphis)
7 Cargill, Inc. (Memphis)

8 Celotex Corp. (Memphis)

9 Certainteed Corp. (Eads)

0

1 Velsicol Chemical Corp. (Memphis)

11 Chromium Mining Smelting Corp. (Memphis)

12 Delta Refining Co. (Memphis)

13 E. I. DuPont De Nemours & Co. (Memphis)

14 Firestone Tire and Rubber Co. (Memphis)

15 General Electric Memphis Lamp Plant (Memphis)

16 Humko Products, Inc. (Memphis)

17 Humko Products = Chemical Plant (Memphis)

18 Kellogg Co. (Memphis)

19 Kimberly Clark Corp. (Memphis)

20 Mid American Industries (Memphis)

21 Memphis Stone and Gravel Co. (Arlington)

22 Pulvair Corp. (Millington)

23 Quaker Oats Co. (Memphis)

24 Ralston Purina Co.-Protein Division
(Memphis)

25 Joseph Schlitz Brewing Co. (Memphis)

26 Tri-State Industries, Inc. (Memphis)

27 Valley Products Co. (Memphis)
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Figure 28.--Self-supplied commercial and industrial water users, Memphis Area basin.




OBION-FORKED DEER RIVER BASIN

Basin Description

The Tennessee part of the Obion-Forked Deer River basin, including that part
of the alluvial Mississippi River Valley above the Obion River, covers 4,568
mi2 of land and water area and consists of all or parts of the following
tributary basins as delineated by the U.S. Geological Survey and the Tennessee
Department of Water Management in 1982.

Tributary
basin No.

(fig. 29)

39A

398

39C

39D

39E

39F

40A

40B

40C

40D

40E

41A

Basin

description

Obion River above North Fork but exclud-
ing Middle Fork and Mud Creek.

Middle Fork Obion River and Mud Creek
North Fork Obion River

Running Reelfoot Bayou

Obion River from North Fork to mouth
excluding Forked Deer River and Running

Reelfoot Bayou.

Minor tributaries south of Tennessee—
Kentucky State line.

South Fork Forked Deer River above Madison-
Haywood County line.

North and Middle Forks Forked Deer Rivers
at confluence.

South Fork Forked Deer River below Madison—
Haywood County line.

North Fork Forked Deer River below Middle
Fork.

Forked Deer River below confluence of North
and South Forks.

Mississippi Al luvial Valley in Tennessee
above the Obion River.

Tennessee
drainage area
(square miles)

732

426

492

259

418

6380

728

381

224

67

156

The Obion-Forked Deer River basin encompasses all or major parts of Carroll,
Chester, Crockett, Dyer, Gibson, Lake, Madison, Obion, and Weakley Counties as
well as minor parts of Haywood, Henderson, Henry, Lauderdale, and McNairy

Counties.

ObionForked Deer River basin is shown in figure 29.
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Topography

The Obiom Forked Deer River basin consists of that part of West Tennessee
drained by the Obion and Forked Deer Rivers as well as that part of the
alluvial Mississippi River Valley above the Obion River.

The Obion River, through its principal tributaries, the North, South, Middle,
and Rutherford Forks, which spread fan-shaped in an area above the main stem,
rises in the uplands of Henry, Weakley, and Carroll Counties and, from the
junction of its North and South Forks, flows in a southwesterly direction for
about 83 miles across Obion, Dyer, and Lauderdale Counties to its confluence
with the Mississippi River at river mile 819.4. Other major tributaries
include the Forked Deer River and Running Reelfoot Bayou. The drainage area
of this basin (excluding the Forked Deer River watershed) is approximately
2,475 miZ. Of this, approximately 2,332 mi? are in the West Tennessee
area. Elevations range from about 250 to 630 feet above sea level.

The Forked Deer River, through its principal tributaries, the North, South, and
Middle Forks, rises in the uplands of Gibson, Henderson, and McNairy Counties
and, from the junction of its North and South Forks, flows in a southwesterly
direction for 21 miles across Dyer and Lauderdale Counties to its confluence
with the Obion River at river mile 4.2. The drainage area of this basin is
approximately 2,072 miZ. Elevations range from about 250 feet to 670 feet
above sea level.

Topography in the Obion-Forked Deer basin is characterized as gently rolling,
interrupted by small ditches and drainage divides. Some gullied topography
has developed and swampy conditions are common.

From the Tennessee-Kentucky State line, the Mississippi River flows in a
southerly direction for about 86 miles along the western boundary of the
Obion-Forked Deer River basin to the mouth of the Obion River. At the mouth
of the Obion River, the Mississippi River has a drainage area of approximately
924,000 miZ. Of this, approximately 156 mi2 are included within the
alluvial valley in the Obion-Forked Deer River basin. The Mississippi River
is the outlet for all streams in the State located west of the Tennessee
Valley.

derologg

Surface Water

Surface- and ground-water resources of this basin are replenished by an abunm
dant rainfall whose long-term (1941-70) average is approximately 48 inches.
From 1970-79, the average precipitation was approximately 57 inches. The
average 1979 rainfall was approximately 65 inches. Annual (1979) and long-
term (1941-70) precipitation data for selected NWS rainfall stations in the
ObiomForked Deer River basin are presented in table 37. The 1970-79 precipi-
tation averages for these same rainfall stations with their high and low year
of precipitation are presented in table 38.

The months of August, September, and October are usually the driest with the
average rainfall ranging from 2.78 to 3.10 inches. During the remainder of
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Table 37.--Precipitation data for 1979 and for the period 1941-70 for selected rainfall stations,
Obion-Forked Deer River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation
Station location Station owner (feet) record (years) (inches) (inches)
Dyersburg FAA airport NWS 337 31 56.89 48.33
Dyersburg NWS 385 37 59.30 45.53
Samburg wildlife refuge NWS 290 54 62.00 46.39
Newbern NWS 370 54 61.05 48.76
Union City NWS 335 82 63.28 47.98
Jackson FAA airport NWS 433 31 69.53 49.32
Jackson experimental
station NWS 400 90 73.59 47.75
Humboldt NWS 332 36 65.00 47.55
Milan NWS 430 98 67.02 51.10
Greenfield NWS 400 35 64.30 47.50
Martin University of
Tennessee NWS 340 43 62.57 49.53
Dresden NWS 450 54 66.92 50.04"
Huntingdon Water Works NWS 440 18 76.50 48.72
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Table 38.--Precipitation data for the period 1970~79 for selected rainfall stations,

ObiomForked Deer River basin

Precipitation (inches)

Watershed description Hi gh Year Low Year 10-year average
Dyersburg FAA airport 62.42 1973 41.77 1971 52.74
Dyersburg 59.30 1979 40.37 1971 52.72
Samburg wildlife refuge 66.56 1973 44.30 1976 53.10
Newbern 62.57 1973 44.26 1977 55.38
Union City 68.30 1973 40.30 1976 55.41
Jackson FAA airport 75.98 1974 42.82 1971 57.55
Jackson experimental station 73.59 1979 42.70 1976 57.54
Humboldt 65.40 1973 43.74 1971 55.22
Milan 67.44 1974 48.09 1976 59.87
Greenfield 64.30 1979 41.90 1976 54.08
Martin University of Tennessee 70.82 1975 45.73 1971 58.20
Dresden 71.87 1975 50.93 1976 59.16
Huntingdon Water Works 76.50 1979 51.72 1971 63.51




the year, average rainfall ranges from 3.96 to 5.33 inches with March usually
being the wettest month.

The surface-water supply for this basin is derived from precipitation and
runoff within the area, streamflow including ground-water discharge entering
the area from adjacent areas, and ground-water discharge to streams within the
area. Average discharge data for selected hydrologic data stations are
presented in table 39. Theoretically, there is a large quantity of surface
water available for use in this basin. However, because of the small number
of available storage sites and the increased evaporative losses of surface
water that occur with this development, this quantity is not realistically
obtainable.

Ground Water

West Tennessee embraces two physiographic provinces. One is the West Tennessee
Plain, including the subdivision known as the West Tennessee Uplands, and the
other is the Mississippi River Valley.

The West Tennessee Plain extends from the western margin of the Western Valley
of the Tennessee River, or the divide, known as the West Tennessee Uplands,
separating eastward flowing drainage to the Tennessee River from streams
flowing westward to the Mississippi River. This area contains three major
drainage basins: the Obion-Forked Deer, the Hatchie, and the Memphis Area
which includes the loosahatchie River, Wolf River, and Nonconnah Creek.

West Tennessee lies in the region known as the Mississippi embayment. This is
an area in which Paleozoic limestones were downwarped in the geologic past
forming a trough with its axis or deepest part roughly parallel to the present
course of the Mississippi River and extending from the Gulf Coast northward to
the southern tip of Illinois. Its eastern margin lies in parts of Kentucky,
Tennessee, Alabama, and Mississippi while its western margin lies in parts of
Missouri, Arkansas, Louisiana, and Texas. During geologic time, the sea suc-
cessively advanced and receded in the trough depositing sediments consisting
of uncemented sand and clay with minor amounts of other materials. Thick
nonmarine sediments were also deposited. Consequently, these sands and clays
are at the surface east of the Mississippi River and dip at the rate of 15 to
30 ft/mi westward toward the river where they begin to rise again and reappear
west of the river although covered by alluvial deposits. Inclination of the
water-bearing sands and the presence of clay layers and lenses cause the water
in the sands to be under artesian pressure away from the outcrop area. In
West Tennessee, the oldest sediments appear on the surface near the Tennessee
River and dip westward reaching a depth of over 3,000 feet below the Missis-
sippi River.

Inasmuch as the sand aquifers are continuous through the West Tennessee Plain
and extend into other states, it is not practical to discuss them on a river
basin basis but rather on a regional basis. While almost any sand body in any
formation may furnish adequate supplies of freshwater for domestic use at or
near its outcrop area, there are four major aquifers that are capable of fur
nishing relatively large supplies for municipalities and industries. From
oldest to youngest these aquifers are the Coffee Sand and McNairy Sand of Cre-
taceous age and the Wilcox Formation and the Claiborne Formation of Tertiary
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Table 39.--Average discharge data for selected hydrologic data stations,
Obion-Forked Deer River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Mississippi River at 734.7 928,700 45 528,071 7.72 0.57
Memphis (Shelby).2
North Fork of the Forked 6.4 939 44 1,348 19.49 1.44
Deer River at Dyersburg
(Dyer) .
South Fork of the Forked 11.3 1,014 40 1,390 18.61 1.37

Deer River near Halls
(Lauderdale).

a This hydrologic data station is actually located outside the ObiomForked Deer River basin.
However, its discharge data is representative of the Mississippi River in this basin.



age. In the Memphis area, the Wilcox and Claiborne aquifers are respectively
known as the '"1,400-foot sand", or the Fort Pillow Sand, and the "500-~foot
sand"”, or the Memphis Sand." The outcrop areas and dominant recharge areas of
these aquifers occur as bands trending from south-southwest to north-northeast
across West Tennessee. The eastern margin of the outcrop area of the Coffee
Sand lies near the Tennessee River and the outcrop areas of the younger aqui-
fers occur successively to the west until the Claiborne, including the Memphis
Sand, is hidden from view near Paris, Jackson, and Somerville by a blanket of
relatively recent loess and terrace deposits which extend westward to the
Mississippi River Valley.

The Coffee Sand of Upper Cretaceous age is present in northern Mississippi and
crops out in a belt in Tennessee from southwestern Hardin County to the Ken-
tucky State line in northeastern Henry County. This outcrop belt is approxi-
mately 6 miles wide near the Mississippi-Tennessee border and becomes narrower
to the north—northeast where it merges with the younger McNairy Sand near the
Kentucky line. Its thickness ranges from approximately 200 feet near the
Mississippi line and thins northeastward to less than 50 feet in southern Henry
County. It has been estimated to underlie an area of approximately 6,000 mi
overall. The Coffee Sand is the oldest and smallest of the four major aqui-
fers, and wells producing from it generally have lower yields. The larger
yield wells producing from this aquifer probably do not supply much more than
300 gal/min. The Coffee Sand dips beneath the surface westward from its out-
crop area and is at a depth of some 3,000 feet or more at Memphis. Water in
the aquifer becomes relatively highly mineralized near the Fayette-Shelby
County line.

The McNairy Sand is present in northern Mississippi and extends across
Tennessee into Kentucky. Its outcrop belt is approximately 12 miles wide in
McNairy County and thins northward to less than 8 miles in Benton County. The
outcrop area is narrowest near the Kentucky line. The McNairy Sand is approxi-
mately 200 feet thick in the northern end of the embayment and thickens to some
375 feet in the subsurface at Memphis. It has been estimated that this sand
underlies approximately 11,000 mi2 of Tennessee and Kentucky. The McNairy
Sand is an excellent aquifer particularly at or near its outcrop area. Yields
of wells drilled into it range from 250 to 500 gal/min. Like the Coffee Sand,
the McNairy Sand dips westward from its outcrop area into the subsurface and
lies at a depth of some 2,400 feet at Memphis. If freshwater is defined as
water having a concentration of no more than 1,000 mg/L total dissolved solids,
then the McNairy Sand is at the base of the zone of freshwater at Memphis as
the water in it there contains the limit of total dissolved solids. Presently,
it is not used as a source of water in the Memphis area.

The Wilcox Formation contains an aquifer known in the Memphis area as the
"1,400-foot sand," or Fort Pillow Sand, which is present in Mississippi and
extends across West Tennessee into Kentucky. Its outcrop is narrow in Tennes-—
see due to thinning and overlap by the overlying Claiborne Formation. In some
places the Wilcox is completely overlapped by the Claiborne. The outcrop area
is about 13 miles wide in Hardeman County and is less than a mile wide in
northern Henry County. The "1,400-foot sand," or Fort Pillow Sand, thickens
from about 50 feet on the western edge of the Wilcox outcrop belt to over 300
feet thick in the subsurface in Lake, Dyer, and lLauderdale Counties near the
Mississippi River. It has been estimated that the Fort Pillow Sand underlies
about 7,000 mi2 in Tennessee and Kentucky. A number of wells obtain water
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from it in or near its outcrop belt but few are known to exist elsewhere in
Tennessee except for a large industrial user in Memphis. Well yields at
Memphis are reported to range from 400 to 1,600 gal/min. The Wilcox Formation
is considered to be a reserve source of water for the city of Memphis.

The Claiborne Formation is the largest aquifer in West Tennesse and contains
the '"500-foot sand," or the Memphis Sand in the Memphis area. It is exposed
at the surface westward from its feather edge overlying the Wilcox until
covered by loess and alluvial deposits when it becomes the subcrop bedrock.
The Claiborne is overlain by the Jackson Formation in areas of the counties
bordering the Mississippi River. The outcrop belt of the Claiborne is much
wider than that of the Wilcox. The Memphis Sand thickens from a feather edge
to an estimated thickness of about 900 feet at the Mississippi River in south-
western Shelby County and its areal extent is approximately 7,000 mi2 in
Tennessee and Kentucky. Its broad outcrop area and thickness make it an excel-
lent aquifer. The city of Memphis secures its water supply from this sand
which is capable of yielding as much as 2,500 gal/min to wells.

Water quality of all West Tennessee aquifers is generally good at or near their
outcrop areas. However, their iron content is generally high and requires
treatment. The total dissolved solids content is often less than 100 parts
per million (ppm) in these areas. Water having a dissolved solids content of
less than 500 ppm is usually available at depths of less than 1,000 feet, and
water having a dissolved solids concentration of 1,000 mg/L or less is present
in some places to depths of a little more than 2,000 feet. Iromn content often
decreases with depth. Water in any aquifer increases in dissolved solids
content with depth. It also changes in chemical character from a calcium
bicarbonate to a sodium bicarbonate type when relatively deeply buried.

The potential for ground-water development in most of the West Tennessee Plain
is high. At present, no single aquifer has been developed to a point anywhere
near its potential. Each major aquifer receives about 12.5 inches of recharge
per year in the outcrop areas. This would represent an average recharge of
about 0.6 (Mgal/d)/miZ.

The Tennessee part of the Mississippi River Valley is a narrow strip of the
Mississippi River flood plain extending from Memphis to the Kentucky line. At
Memphis, it does not exist as the river extends to the base of the Chickasaw
Bluffs which mark the western margin of the West Tennessee Plain with the
exception of Presidents Island and the area south of Memphis. Northward it
attains a maximum width of 10 miles. Much of the region is covered at times
by the extreme high waters of the river. In the flood plain areas of Lauder—
dale, Dyer, and lLake Counties, the alluvium is capable of furnishing rather
large quantities of water to wells. This water is generally high in iron and
is not used for domestic supplies but is used for irrigation. South of Lauder-
dale County, the flood plain alluvium yields smaller quantities of water.

Demograghz

Historical (1970) and recent (1980) population, employment, and per capita
personal income data for the county boundary approximation of the basin are
summarized in table 40. Counties included are Carroll, Chester, Crockett,
Dyer, Gibson, Lake, Madison, Obion and Weakley. Major urban or metropolitan
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Table 40.--County population, employment, and per capita personal income data,
Obion-Forked Deer River basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population Employment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Carroll 25,741 28,285 10,513 11,321 $4,851 $5,306
Chester 9,927 12,727 3,684 5,191 3,983 4,913
Crockett 14,402 14,941 4,936 5,671 4,160 4,979
Dyer 30,427 34,663 12,211 14,036 4,735 5,556
Gibson 47,871 49,467 19,095 19,608 4,871 5,461
Lake 8,074 7,455 2,564 2,507 3,780 4,687
Madison 65,774 74,546 24,321 31,574 4,953 6,010
Obion 30,247 32,781 11,987 13,389 4,977 6,116
Weakley 28,827 32,896 11,090 13,239 4,561 5,203

Total 261,29 287,761 100,401 117,536 - -




areas in this area and their 1980 census population include Dyersburg (15,856),
Humboldt (10,209), Jackson (49,131), Martin (8,898), Milan (8,083), and Trenton
(4,601).

Public and Self-Supplied Commercial and Industrial Water Users

Presently, there is a total of 54 public water—supply facilties and 10 large,
self-supplied commercial and industrial water users whose use exceeds 0.1
Mgal/d in the ObiomForked Deer River basin. Detailed inventories containing
pertinent information and data relative to each community or self-supplied
users' source of water, average daily water use, source capacity, population
served, treatment plant and storage capacities, and water-supply quantity
related problems are found in tables 19 and 20 of appendix I, respectively.
Total water use or withdrawal for public and large, self-supplied commercial
and industrial users in the basin equals about 48.4 Mgal/d. The general loca-
tion and water-supply source of all public and large, self-supplied commercial
and industrial water users inventoried in the ObiomForked Deer River basin are
shown in figures 30 and 31, respectively.

Figure 30--Explanation

Site No. Facility name Site No. Facility name
1 Atwood WD 26 Halls WD
2 Cedar Grove UD 27 Jackson Utility Division
3 Huntingdon WD 28 Elbridge UD
4 McKenzie WD 29 Hornbeak UD
5 Henderson WD 30 Kenton WD
6 Al amo WD 31 Obion WD
7 Bells Public UD 32 South Fulton WD
8 County-Wide UD 33 Troy WD
9 Maury City WD 34 Union City WD
10 Dyersburg Suburban 35 Dresden WD
Consolidated UD
36 Gleason WD
11 Dyersburg WD 37 Greenfield WD
12 Newbern WD 38 Martin WD
13 Trimble WD 39 McLlemoresville WD
14 Bradford WD 40 Trezevant WD
15 Dyer WD
41 Crockett Mills UD
16 Gibson County 42 Friendship WC
Municipal Water District 43 Gibson WD
17 Humboldt WD 44 West State UD
18 Medina WD 45 Reelfoot Lake State
19 Milan Department Park
of Public Utilities
20 Rutherford WD 46 Henry WS
21 Trenton WD
22 Reelfoot UD
23 Ridgely WD
24 Tiptonville WD
25 Gates WD
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Figure 30.--Public water-supply facilities, Obion-Forked Deer River basin.




Figure 31--Explanation

Site No. Facility name

Norandal USA, Inc. (Huntingdon)
Winter Garden, Inc. (Bells)
Dyersburg Fabrics, Inc. (Dyersburg)
Beare Co. (Humboldt)

Martin Marietta Sales, Inc. (Milan)

[V - R T

Consolidated Aluminum Corp. (Jackson)
Owens-Corning Fiberglass Co. (Jackson)
Goodyear Tire and Rubber Co. (Union City)
Kinkead Industries, Inc. (Union City)
Reelfoot Packing Co. (Union City)

QW 0o~ O

1

Public water systems currently serve about 228,000 or 79 percent of the basin's
1980 population. Total water use or withdrawal for public purposes averages
about 29.7 Mgal/d, all of which is withdrawn from ground-water sources. Major
public water-supply facilities whose average daily use exceeds 1.0 Mgal/d
include the following:

Facility Average water
name use (Mgal/d)
Dyersburg WD 3.500
Humboldt WD 1.000
Jackson Utility Division 8.600
Martin WD 1.300
Milan Department of Public Utilities 1.300
Union City WD 2.300

Together, these systems account for about 61 percent of the total water use
for public purposes.

Self-supplied commercial and industrial users currently use or withdraw about
18.7 Mgal/d, all of which is withdrawn from ground-water sources. Major self-
supplied commercial and industrial users whose average daily use exceeds 1.000
Mgal/d include the following:

Company Average water

name use (Mgal/d)
Consolidated Aluminum Corp. - Jackson 3.980
Goodyear Tire and Rubber Co. - Union City 4.752
Norandal USA, Inc. - Huntingdon 1.017
Reelfoot Packing Co. — Uniom City 1.500
Winter Garden, Inc. - Bells 4.400

The total consumptive use of the above industries is about 0.260 Mgal/d.
Summarized below is a list of the specific water-supply problems experienced

in the basin during the period surveyed. The number in parentheses following
each identified problem indicates the number of communities or self-supplied
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Figure 31.--Self-supplied commercial and industrial water users, Obion-Forked Deer River basin.




water users who are now or have experienced this problem in the past. Note,
these are not listed in order of frequency of occurrence or overall severity.

High level of iron content in water. (6)
Inadequate storage capacity. (6)

Inadequate pumping and treatment facilities. (1)
Corrosive raw and treated water. (2)

Excessive hardness in water (1)

. Water-Supply Adequacy Analysis

The Obion-Forked Deer River basin covers 4,568 mi2 (2,923,520 acres) of land
and water area. This basin's surface- and ground-water resources are replen-
ished by substantial rainfall whose long-term (1941-70) average is approxi-
mately 48 inches. The driest months of the year are usually August, September,
and October with March usually being the wettest month.

Total present water use or withdrawal for public and large self-supplied com-
mercial and industrial purposes in the Obion-Forked Deer River basin amounts
to approximately 48.4 Mgal/d. Of this amount, public-water systems use about
29.7 Mgal/d, all of which is withdrawn from ground-water sources. Self-
supplied commercial and industrial users use about 18.7 Mgal/d, all of which
is withdrawn from ground-water sources.

Generally, the basin's public water-supply systems are adequate in quantity to
meet the basin's present needs, and no single aquifer has been developed any-
where near its potential. Two public community water systems (Alamo WD and
Hornbeak UD) have daily water use demands that are about equal to their pumping
or treatment plant capacity. Six systems (Bradford WD, County-Wide UD, Dyers-
burg Suburban Consolidated UD, Milan Department of Public Utilities, Tipton-
ville WD, and Troy WD) have inadequate storage capacity. The Bradford WD has
inadequate pumping and treatment facilities at times.

No water-supply shortage problems were reported by any of the large, self-
supplied water users.
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LOWER TENNESSEE RIVER BASIN

Basin Description

Tennessee's part of the Lower Tennessee River basin encompasses 3,029 mil of
land and water area and consists of all or parts of the following tributary
basins as delineated by the Geological Survey and Tennessee Department of
Water Management in 1982.

Tributary Tennessee

basin No. Basin drainage area

(fig. 32) description (square miles)
22A Hiwassee River from the Tennessee-North 344

Carolina State line to the Ocoee River.
228 Ocoee River in Tennessee 172

22C Hiwassee River from below the Ocoee River 699
to the river's mouth.

49A Tennessee River east-side minor tributaries 171
from Watts Bar Dam to the Hiwassee River.

498 Tennessee River west-side minor tributaries 192
from Watts Bar Dam to the Hiwassee River.

23A Tennessee River north-side minor tributaries 380
from the Hiwassee River to below North
Chickamauga Creek.

23B Tennessee River south-side minor tributaries 252
from the Hiwassee River to below South
Chickamauga Creek.

23C Tennessee River minor tributaries on both 214
sides of the river from below South Chicka-
mauga Creek to the Sequatchie River.

24 Sequatchie River 605

Southeast Tennessee also includes 127 miZ of the Conasauga River basin
(Tributary basin No. 38) which originates in southeast Tennessee and flows
southward into Georgia.

Hydrologically, this basin encompasses all or major parts of Bledsoce, Bradley,
Hamilton, Marion, McMinn, Meigs, Polk, Rhea, and Sequatchie Counties as well
as minor parts of Grundy, Monroe, and Roane Counties in southeast Tennessee.
A map of the east Tennessee part of the Tennessee River Basin which highlights
the Lower Tennessee River basin is shown in figure 32.
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Topography

While this basin's terrain is not as rugged as that of the Little Tennessee
River drainage area in the Upper Tennessee River basin, the basin is charac-
terized by rugged terrain with streams in the upper part of the basin above
the mouth of the Ocoee River flowing through steep, well-entrenched gorges.
Below the mouth of the Ocoee River, the Hiwassee River flows through an ever-
widening valley at or near right angles to the general northeast-southwest
trend of the Tennessee Valley to its mouth below Dayton, Tennessee. Average
stream slopes along the Hiwassee River in Tennessee range from about 1.39
ft/mi from river mile 0 to 44 to 21.50 ft/mi from river mile 44 to 65. Eleva-
tions in the Hiwassee River drainage area generally range from approximately
750 to 3,500 feet with a maximum elevation of about 5,000 feet above sea level.

The Sequatchie River arises in the Cumberland Plateau area and flows through a
long, narrow, deeply—cut trough which nearly parallels the Tennessee Valley's
northeast-southwest trend. Stream slopes along the Sequatchie River average
about 2.63 ft/mi from river mile 0 to 35 and 6.22 ft/mi from river mile 35 to
70. General elevations in the Sequatchie River drainage area range from 650
to 2,000 feet above sea level. The maximum elevation in the Sequatchie River
area 1s about 3,000 feet.

Minor tributary streams to the Tennessee River between Watts Bar Dam and the
mouth of the Sequatchie River are characterized by relatively narrow, parallel
ridges and broader, intervening valleys which have nearly a right-angle
orientation to the Tennessee Valley itself. The average stream slope along
the Tennessee River mainstem varies from 0.51 ft/mi between river mile 410 and
464 to 0.96 ft/mi from river mile 464 to 530. Watershed elevations along this
reach of the Tennessee River range from about 300 to 1,200 feet above sea
level.

Major streams and tributaries draining the Lower Tennessee River basin include
the following:

e Hiwassee River. Ocoee River plus a number of smaller streams including
Agency, Candies, Chatata, Coker, North and South Chestuee, North and South
Mouse, Oostanaula, Price, Rogers, Spring, Sugar, Towee, and Turtletown
Creeks.

® Sequatchie River. Little Sequatchie River and Big Brush, Crystal, Hicks,
McWilliams, Skillern, and Woodcock Creeks.

e Tennessee River Minor Tributaries. Big Possum, Clear, Decatur, Long
Savannah, Lookout, Middle, Mullins, North and South Chickamauga, Richland,
Rock, Running Water, Sale, Sewee, Soddy, Wolftever, and Yellow Creeks.

Hydrology

Surface Water
This basin's surface- and ground-water resources are fed by an abundant

rainfall whose long-term (1941-70) average ranges from 57.90 inches above
Charleston on the Hiwassee River to 51.10 inches above Chattanooga. Over the
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10-year period from 1970-79, average annual precipitation above Charleston was
62.14 inches and ranged from 47.96 inches in 1978 to 69.51 inches in 1973.
During the same period, the average annual precipitation above Chattanooga was
55.99 inches with a low of 45.90 inches in 1978 and a high of 62.21 inches in
1973. Average annual precipitation data for watershed subdivisions in the
Lower Tennessee River basin during the 1970-79 time period are summarized in
table 41. Annual 1979 and long-term (1941-70) precipitation data for selected
TVA rainfall stations in the Lower Tennessee River basin are presented in
table 42.

Normally, the months of May, September, and October are the driest months in
the Hiwassee River drainage area above Charleston with the average rainfall
ranging from 3.34 to 4.10 inches. Above Chattanooga, the driest months are
usually September, October, and November with rainfall averaging from 2.91 to
3.77 inches. During the remainder of the year, rainfall generally averages
from 4.25 to 6.25 inches above Charleston and 3.86 to 5.31 inches above
Chattanooga with March having the highest rainfall.

Average annual runoff in this part of the basin ranges from about 22 to 32
inches with the heaviest runoff occuring along the Tennessee State line in the
Hiwassee River gorge area. Average discharge data for selected hydrologic
data stations in the Lower Tennessee River basin are presented in table 43.
Most of this runoff occurs during the winter and spring months.

Ma jor Reservoirs

Major reservoirs located in the basin and their total storage in acre-feet at
normal minimum pool are Chickamauga Reservoir (392,000), Nickajack Reservoir
(220,100), Parksville (Ocoee No. 1) Reservoir (53,500), Ocoee No. 2 Reservoir
(silted in), and Ocoee No. 3 Reservoir (220). 1In addition, several reservoirs
including Watts Bar Reservoir (796,000) on the Tennessee River in the Upper
Tennessee River basin; Apalachia Reservoir (49,000) on the Hiwassee River in
North Carolina, and Toccoa Reservoir (12,000) on the Toccoa River in Georgia
also have a significant impact on streamflows in the Lower Tennessee River
basin. Guntersville Reservoir (879,700), which is located on the Tennessee
River primarily in northeast Alabama, backs water up to Nickajack Dam about
8.2 river miles above the Tennessee-Alabama State line. Detailed information
describing the location and operation pattern of each reservoir, with the
exception of Guntersville Lake, follows:

Apalachia Reservoir

Location and drainage area.--Apalachia Reservoir is formed by Apalachia Dam
which is located on the Hiwassee River at river mile 66.0 in Cherokee County,
North Carolina. Apalachia Dam controls 1,018 mi2 of drainage area.

Reference period.--1960-~81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Apalachia Dam during the 1960-81 time period ranged from a low
of about 4.0 ft3/s (2.6 Mgal/d) in 1969 to a high of about 517.0 ft3/s
(334.1 Mgal/d) in 1973. The average, l-day minimum discharge during the
reference period was about 108.8 ft3/s (70.3 Mgal/d).
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Table 41.--Precipitation data by watershed subdivision for the period 1970-79,
Lower Tennessee River basin

Precipitation (inches)

Watershed description Hi gh Year Low Year l0-year average

Hiwassee River from Reliance 7G.70 1979 49.50 1978 60.97
to Hiwassee Dam.

Ocoee River from Ocoee Dam 71.50 1973 46.40 1978 63.10
No. 1 to Blue Ridge Dam.

Hiwassee River from 65.90 1979 46.80 1978 57.18
Charleston to Reliance and
the Ocoee River downstream
from Ocoee Dam No. 1.

Tennessee River from 70.00 1973 46.10 1978 59.05
Chickamauga Dam to
Watts Bar Dam.

Sequatchie River upstream 75.10 1973 49.30 1978 55.11
from Whitwell.

Tennessee River from 71.40 1973 45.20 1978 60.32

Nickajack Dam to
Chickamauga Dam.
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Table 42.--Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Lower Tennessee River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Hiwassee River

Big Spring TVA 730 45 60.22 53.84
Cleveland substation TVA 850 40 68.24 52.22
Charleston TVA 720 87 68.54 53.41
Athens TVA 900 18 65.81 59.55
Double Springs TVA 850 36 64.08 52.54
Parksville Dam TVA 750 55 68.47 53.71
Ocoee Dam No. 2 TVA 860 65 72.94 54.81

powerhouse.

Copperhill NWS 1,535 66 66.55 57.25
Turtletown TVA 1,600 45 70.86 59.92
Tennessee River and Minor

Tributaries from Nickajack

Dam to Watts Bar Dam
Lockhart Tower TVA 2,140 44 75.13 61.60
Dunlap TVA 730 56 63.74 54.35
Cagle TVA 2,060 40 86.15 55.32
Nickajack Dam TVA 645 16 66.27 56.55
Chattanooga airport NWS 685 101 68.55 51.92
Chickamauga Dam TVA 700 44 66.27 53.90
Ooltewah TVA 187 49 1493 3,300













Reference period.—--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Ocoee No. 2 Dam for the reference period ranged from a low of
about 10.0 ft3/s (6.5 Mgal/d) in 1980 to a high of about 974 ft3/s (629.5
Mgal/d) in 1973. The average, l-day minimum discharge for the reference
period was about 352 ft3/s (227.5 Mgal/d). Since Ocoee No. 2 Reservoir is
filled with silt and the dam's power generation facilities ceased operation in
1976 due to flume failure, all flows, that 1is, reservoir releases from Ocoee
No. 3 Dam, are passed through the reservoir to Parksville Reservoir.

Average number of days of zero flow.--None.

Existing agreements regarding reservoir releases.-—None.

Ocoee No. 3 Reservoir

Location and drainage area.--Ocoee No. 3 Reservoir is formed by Ocoee No.
3 Dam which 1s located on the Ocoee River at river mile 29.2 in Polk County.
Ocoee No. 3 Dam controls 492 mi2 of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Ocoee No. 3 Dam during the reference period ranged from a low
of about 25.0 ft3/s (16.2 Mgal/d) in 1981 to a high of about 884 ft3/s
(571.3 Mgal/d) in 1973. The average, l-day minimum discharge during the
reference period was about 331 ft3/s (213.9 Mgal/d).

Average number of days of zero flow.—--During the reference period, Ocoee
No. 3 Dam has averaged almost 2 days of zero discharge per year ranging from a
low of no days of zero discharge in numerous years to a high of 13 days in
1981. Zero-discharge days, when they did occur, were most common during the
months of September and October. During the reference period, there were two
instances, both in 1981, of zero discharge for 3 consecutive days from Ocoee
No. 3 Dam.

Existing agreements regarding reservoir releases.—-None.

Watts Bar Reservoir

Location and drainage area.--Watts Bar Reservoir is formed by Watts Bar
Dam which is located on the Tennessee River at river mile 529.9 in Meigs and
Rhea Counties. Watts Bar Dam controls 17,310 mi2 of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Watts Bar Dam for the 1960-81 time period ranged from a low of
about 100 ft3/s (64.6 Mgal/d) in 1963 to a high of about 16,600 ft3/s
(10,728.9 Mgal/d) in 1979. The average, l-day minimum discharge during the
reference period was about 5,195 £t3/s (3,358.0 Mgal/d).
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Average number of days of zero flow.--Zero-discharge days from Watts Bar
Dam are rare with only 7 days having been recorded during the reference period.
To date, there has been only one instance of zero discharge for 3 consecutive
days and that occured in 1969.

Existing agreements regarding reservoir releases.--None.

Ground Water

The eastern part of the Lower Tennessee River basin lies in the Blue Ridge
physiographic province and includes parts of Polk, McMinn, and Monroe Counties.
The extreme western part of the basin lies on the Cumberland Plateau and
includes parts of Hamilton, Sequatchie, Bledsoe, Marion, Grundy, and Rhea
Counties. All of the remainder of the Lower Tennessee River basin lies in the
Valley and Ridge province with the exception of the valley of the Sequatchie
River. However, the rock formations underlying the Sequatchie Valley and the
valleys of its tributaries are similar to those underlying the Valley and
Ridge province. Consequently, the availability of ground water is essentially
the same. Ground water is confined to fractures and openings in the underlying
rock formations caused by severe folding and faulting of the rocks by the Unaka
Mountain building forces. The number and size of these fractures are con-
trolled both by the composition of the rock, distance from the Unaka Mountains,
and by circulating ground water.

The Blue Ridge part of the Lower Tennessee River basin is underlain primarily
by noncarbonate rocks such as sandstone, siltstone, shale, and conglomerate.
Fractures in these rocks are not significantly enlarged by solution that may
be caused by percolating ground water. Consequently, the yields of wells
drilled on the mountains are generally low, ranging from 1 to 25 gal/min.
Wells encountering little or no water are common on the mountain tops. The
valleys often have a relatively thick regolith consisting of sand, clay, and
rock fragments. Here, dug wells commonly furnish domestic supplies. Some
wells have been located on the basis of geologic data and supply 100 gal/min
or more. These were located near faults or a series of faults. Normally,
wells drilled on the mountains and in the valleys do not exceed 250 feet in
depth. Springs are common but furnish relatively small amounts of water in
comparison with those in areas underlain by carbonate rocks. Ground-water
quality is usually acceptable.

The area of the Lower Tennessee River basin lying in the Valley and Ridge
province is primarily underlain by carbonate rock formations such as limestone
and dolomite together with calcareous shale and limy sandstone. Ground water
occurs in fractures and bedding plane openings in the limestone and dolomite
formations which have been enlarged somewhat by solution, but to a much lesser
degree than the openings in the carbonate rocks. Ground water in quantities
sufficient for domestic purposes are generally obtained from limestones and
dolomites. Domestic supplies can usually be found ia the sandstones at depths
of 100 feet or less. Wells in dolomite and limestone are deeper on the average
with the majority ranging from 50 to 200 feet in depth. These enlarged open-
ings generally become smaller and less numerous with depth and it is generally
not advisable to drill deeper than 300 to 350 feet on the basis of presently
available information. Most of the wells reported in the Valley and Ridge
province yield from several gallons per minute to 50 gal/min. However yields

175



from 100 to 250 gal/min are common. Some unpublished well logs indicate that
open fractures yield water locally at depths greater than 350 feet.
Moderately large to large springs are common in the limestone and dolomites.
Water quality is usually acceptable.

The western part of the Lower Tennessee River basin lying in parts of Hamilton,
Sequatchie, Marion, Rhea, Grundy, and Bledsoe Counties is located in the
Cumberland Plateau physiographic province. Ground water 1in the Cumberland
Plateau province occurs in fractures in tightly cemented sandstones and silty
shales. As these siliceous rocks have not been structurally disturbed to the
extent of those in the Valley and Ridge province, with the exception of the
eastern escarpment of the Plateau, fractures are not as numerous. Also, frac-
tures in the Plateau rocks are resistant to enlargement by the solvent action
of ground water. Consequently, ground water is more difficult to obtain in
significant quantities. Yields to drilled wells are generally less than 25
gal/min. However, in areas of more severe faulting near surface streams, well
yields of 100 gal/min or more have been recorded. Well depths are usually 200
feet or less. However, unpublished well logs indicate that the Sewanee Con~
glomerate, in some local areas, can yield good—quality water from depths of at
least 500 feet. With the exception of water produced in some local areas from
the Sewanee Conglomerate, ground water from Plateau wells of less than 150 feet
in depth is usually rather high in iron. In most cases the water is acidic
due to dissolved carbon dioxide. Water encountered at or near coal seams or
carbonaceous shale is usually high in sulfates and sometimes very acidic due to
the decomposition of pyrite to sulfuric acid. Springs generally have low
yields (less than 25 gal/min) and often go dry in times of low rainfall.

Ground water in the Lower Tennessee River basin is essentially confined to
fractures in the rocks. In areas where fractures are numerous and particularly
where they have been enlarged by solution relatively large yield wells are pos—
sible. Most of the wells listed in the existing ground-water data base were
drilled for domestic use and were not located as a result of local geologic
investigation. Therefore, the true ground-water potential of the Lower Tennes-
see River basin cannot be accurately assessed at present.

Demogr aphy

Historical (1970) and recent (1980) population, total wage and salary employ-
ment including both full- and part-time workers, and per capita personal income
data for the county boundary approximation of the Lower Tennessee River basin
are summarized in table 44. Individual counties included in this approxi-
mation are Bledsoe, Bradley, Hamilton, Marion, McMinn, Meigs, Polk, Rhea, and
Sequatchie Counties. It should be noted that Hamilton, Marion, and Sequatchie
Counties make up the Tennessee part of the Chattanooga, Tennessee-Georgia,
Standard Metropolitan Statistical Area (SMSA). Large urban or metropolitan
areas in the Tennessee part of the basin and their 1980 census population are
Athens (12,080), Chattanooga (169,558), Cleveland (26,415), Collegedale
(4,607), Dayton (5,913), Dunlap (3,681), East Ridge (21,236), Etowah (3,758),
Jasper (2,633), Red Bank (13,299), Signal Mountain (5,818), and Soddy-Daisy
(8,388).
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Table 44.--County population, employment, and per capita personal income data,
Lower Tennessee River Basin

[Per capita income based on 1970 income converted to 1980 dollars]

Per capita personal

Population FEmployment income 1980 dollars
County

1970 1980 1970 1980 1970 1980

Bledsoe 7,643 9,478 1,249 1,722 $4,026 $4,505
Bradley 50,686 67,547 20,130 25,794 6,447 7,239
Hamilton 255,077 287,740 126,204 152,669 7,916 9,005
Marion 20,577 24,416 3,908 5,437 5,253 6,504
McMinn 35,462 41,878 13,419 16,781 5,891 6,512
Meigs 5,219 7,431 997 1,500 4,817 6,041
Polk 11,669 13,602 3,893 3,712 5,448 6,210
Rhea 17,202 24,235 4,910 11,761 4,894 7,639
Sequatchie 6,331 8,605 1,118 1,813 4,593 4,997

Total 409,866 484,932 175,900 221,189 - -




Public and Self-Supplied Commercial and Industrial Water Users

Currently, there are a total of 39 public water-supply facilities and 18 large,
self-supplied commercial and industrial water users whose use exceeds 0.1
Mgal/d in the Lower Tennessee River basin. Detailed inventories containing
pertinent information and data relative to each community or self-supplied
user's source of water, average daily water use, source capacity, population
served, treatment plant and storage capacities, and water supply shortage prob-
lems are found in table 21 and 22 of appendix I, respectively. Total water use
or withdrawal at the present time for public and large, self-supplied commer-
cial and industrial purposes in the Lower Tennessee River basin amounts to
approximately 246.6 Mgal/d exclusive of the withdrawal for Southern Cellulose
Products, Inc., which is confidential in nature. The general location and
water-supply source of all public and large, self-supplied commercial and
industrial water users inventoried in the Lower Tennessee River basin are
depicted in figures 33 and 34, respectively.

Figure 33--Explanation

Site No. Facility name Site No. Facility name
1 Pikeville WS 16 Sequatchie Water Works
2 Hiwassee Utilities 17 Whitwell WS
Commission 18 Athens Utilities Board
3 Cleveland Utilities Board 19 Englewood WS
4 Ocoee UD 20 Etowah WS
5 Big Creek UD
21 Benton WS
6 Daisy—-Soddy Falling Water UD 22 Riceville UD
7 Mowbray Mountain UD 23 Decatur WS
8 Sale Creek UD 24 Cherokee Mills UD
9 Union Fork-Bakewell UD 25 Copperhill WS
10 Savannah Valley UD
26 De lano WS
11 Tennessee-American Water Co. 27 Ducktown WS
12 Eastside UD 28 Dayton WS
13 Hixson UD , 29 Graysville WS
14 Waldens Ridge UD 30 Dunlap WS
15 Jasper WS

Public water systems currently serve about 451,000 people or 93 percent of the
basin's 1980 population. Average daily water use for public purposes equals
about 69.0 Mgal/d, of which approximately 56.2 Mgal/d or 81 percent is with-
drawn from surface-water sources and 12.8 Mgal/d or 19 percent from ground-
water sources. Major public water-supply facilities whose average daily use
exceeds 1.0 Mgal/d include the following:

Facility Average water

name use (Mgal/d)
Hiwassee Utilities Commission 3.000
Cleveland Utilities Board 6.500
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Figure 33.--Public water-supply facilities, Lower Tennessee River basin.




Facility Average water

name use (Mgal/d)
Tennessee—American Water Co. 42.200
Eastside UD 3.013
Hixson UD 4.000
Athens Utilities Board 2.225
Etowah WS 1.559

Together, these systems account for approximately 91 percent of the total water
use for public purposes.

Figure 34--Explanation

Site No. Facility name
1 Hardwick Stove Co. (Cleveland)
2 Magic Chef, Inc. (Cleveland)
3 Olin Corp. (Charleston)
4 Carbonic Industries Corp. (Harrison)
5 C. F. Industries, Inc. (Harrison)
6 Chattem Drug and Chemical Co. (Chattanooga)
7 Cumberland Corp. (Chattanooga)
8 Dixie Yarns, Inc. (Chattanooga)
9 DuPont Co. (Chattanooga)
10 General Portland, Inc. (Chattanocoga)
11 Scholze Tannery (Chattanooga)
12 Southern Cellulose Products, Inc. (Chattanooga)
13 Tennessee Paper Mills, Inc. (Chattanooga)
14 General Portland, Inc. (Jasper)
15 Bowaters Southern Paper Corp. (Calhoun)
16 Ten Mile Stone Co., Inc. (Ten Mile)
17 Cities Service Co. (Copperhill)
18 Alco Chemical Corp. (Chattanooga)

Self-supplied commercial and industrial users currently use or withdraw about
177.5 Mgal/d, of which some 174.6 Mgal/d or 98 percent is withdrawn from
surface-water sources and some 2.9 Mgal/d or 2 percent from ground-water
sources. Major self-supplied industrial water wusers include DuPont Co.
(10.400 Mgal/d) in Hamilton County, Bowaters Southern Paper Co. (80.000
Mgal/d) in McMinn County, and Cities Service Co. (72.000 Mgal/d) in Polk
County. Consumptive water use by large, self-supplied commercial and
industrial water users in the basin equals about 2.3 Mgal/d exclusive of the
consumptive use for Southern Cellulose Products, Inc. which is less than 0.1
Mgal/d.

Summarized below is a list of the specific water-supply problems now being
experienced by individual communities and self-supplied commercial and
industrial water users in the Lower Tennessee River basin. The number in
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parentheses following each identified problem indicates the number of
communities and (or) self-supplied water users who are now or have experienced
this problem in the past. Note, these are not listed in order of frequency of
occurrence or overall severity.

e Occasional turbidity following heavy rainfall and flooding. (6)

e Inadequate storage capacity. (&)

e Periodic water—supply shortages during the late summer and fall months. (2)

e Serious water losses due to breaks in deteriorating water mains and
distribution lines. (6)

e Occasional pumping problems at water-supply intake facilities along the

Hiwassee River due to low river levels during periods of nonpower generation
at Apalachia Dam. (1)

e Clogging of water-supply intake facilities as a result of the buildup of
leaves and mud around the intake pumps. (1)

Water Supply Adequacy Analysis

The Lower Tennessee River drains approximately 3,029 miZ or 1,939,000 acres
of land and water area. Surface- and ground-water resources in this basin are
fed by an abundant rainfall whose long-term (1941-70) average varies from
51.10 inches above Chattanmooga on the Tennessee River to 57.90 inches above
Charleston on the Hiwassee River. Average annual runoff in the Lower Tennessee
River basin ranges from 22 to 32 inches with the heaviest runoff occurring in
the Hiwassee River gorge area along the Tennessee State line. In general, the
months of September, October, and November are the driest months in this area
with March having the highest rainfall.

Average daily water use or withdrawal for public and large, self-supplied water
users in the Lower Tennessee River basin equals about 246.6 Mgal/d. Approxi-
mately, 69.0 Mgal/d of this amount is withdrawn for public water-supply pur-
poses with 56.2 Mgal/d or 81 percent being withdrawn from surface water
supplies and 12.8 Mgal/d or 19 percent from ground-water supplies. Commercial
and industrial water users utilize some 177.5 Mgal/d of which 174.6 Mgal/d or
98 percent are withdrawn from surface-water sources and 2.9 Mgal/d or 2 percent
from ground-water sources. Major self-supplied industrial water users include
DuPont Co. (10.400 Mgal/d) in Hamilton County; Bowaters Southern Paper Co.
(80.000 Mgal/d) in McMinn County; and Cities Service Co. (72.000 Mgal/d) in
Polk County. Consumptive water use by self-supplied commercial and industrial
water users equals only 2.3 Mgal/d exclusive of Southern Cellulose Products'
consumptive use which is less than 0.1 Mgal/d.

While many of this basin's public and self-supplied water users are served via
surface- and (or) ground-water sources whose long-term, dependable source
capacity is well in excess of or amply adequate to meet the community or user's
water withdrawal demands, others listed below are utilizing water sources whose
source capacity is either unknown or less than or nearly equal to their average
daily withdrawal. The figure in parentheses following each source indicates
what percentage of that facility or user's total water demand is supplied by
that source.
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Water Source Average

Facility source capacity daily use
and county (percent) (Mgal/d) (Mgal/d)

Public Water Supply Systems

Big Creek UD Ranger Creek (100) Unknown 0.500
(Grundy)

Mowbray Mountain UD Mont Lake (100) Un known 0.120
(Hamilton)

Sale Creek UD Wells (100) 0.090 0.086
(Hamilton)

Union Fork - Wells (99) 0.215 0.175
Bakewell UD

(Hamilton)

Jasper WS (Marion) Blue Spring (98) 0.325 0.440
Benton WS (McMinn)  Springs (99) 0.014 0.187
Riceville UD Spring (100) Unknown 0.044
(McMinn)

Cherokee Hills UD Pleasant Hill Springs Unknown 0.086
(Polk) (100)

Copper Hill WS Springs (100) Un known Un known
(Polk)

Delano WS (Polk) Wells (100) 0.100 0.100

Self-Supplied Commercial and Industrial Users

Hardwick Stove Wells (81) 0.197 0.197
(Bradley)
Magic Chef Springs (70) 0.334 0.334
(Bradley)
Alco Chemical Corp. Well (77) 0.230 0.230
(Hamilton)
Chattem Drug Wells (78) 0.850 0.850
(Hamilton)
Cumberland Corp. Wells (94) 0.238 0.238
(Hamilton)
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Water Source Average

Facility source capacity daily use
and county (percent) (Mgal/d) (Mgal/d)

Self-Supplied Commercial and Industrial User s—~Continued

Dixie Yarns Wells (62) 0.535 0.535
(Hamilton)
Scholze Tannery Wells (81) 0.156 0.156
(Hamilton)
Southern Cellulose Wells (98) 4.000 4. 000
(Hamilton)
Cities Service Co. Ocoee River (99) 43.000 ‘ 72.000
(Polk) Spring (1) 0.382 0.382

Many of the public water systems and users listed should actively seek addi-
tional and (or) altermative sources. In those parts of the Lower Tennessee
River basin underlain by the Valley and Ridge province and Cumberland Plateau,
ground-water yields ranging from 0.150 to 0.200 Mgal/d on the average are not
uncommon. Wells intersecting the solution cavities in the carbonate bedrock
could be expected to yield up to 1.200 Mgal/d. However, for best results
these wells should be located by trained ground-water hydrologists.

Those communities and self-supplied users served by ground-water sources of
unknown or limited source capacity should consider seeking alternative cost-
effective water sources. For example, Benton in McMinn County and Copperhill
in Polk County might consider utilizing the Hiwassee and Ocoee Rivers, respec-—
tively, as alternative sources of water. While the Ocoee River at river mile
37.5 near Copperhill has a minimum daily average flow of about 66.5 ft3/s
(43.0 Mgal/d), the river has a very high acidity level due to runoff from the
area's highly acidic soils. Recognizing the abundance of water available in
the Hiwassee River, communities and self-supplied industries in McMinn and
surrounding counties might seriously consider the development of a regiomal
water-grid system on a county or mwmulticounty basis to alleviate current
shortages and enhance opportunities for continued economic growth and
development.

Al though the Cleveland and Ocoee water-supply systems in Bradley County appear
to have adequate water supplies from ground-water sources, these systems should
seek an alternative or backup, cost-effective source to accommodate future
domestic, commercial, and industrial growth.

Most self-supplied commercial and industrial water users listed in the pre-
ceding chart, with the exception of Cities Service Co., also receive a part of
their average daily water use from major public water-supply systems (Cleveland
Utilities Board and Tennessee ~ American Water Co.) which utilize the Hiwassee
and Tennessee Rivers, respectively, as their source of supply. Since both of
these sources are characterized by water supplies whose source capacity far
exceeds each system's average daily use, it would seem feasible to assume that
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in the event of a serious and extended drought these self-supplied users could
increase their purchase of water from the Cleveland Utilities Board and
Tennessee - American Water Co. to supplement and meet their water demands.
However, Cities Service Co. could have a more serious problem should a severe
and extended drought occur. While the company has experienced no water-supply
shortages which necessitated any cutback in production or plant shutdown,
there have been occasions when the available supply has become criticail.
Consequently, the company should consider seeking additional sources of water
to supplement their existing water sources.

Water systems which are currently utilizing surface- and (or) ground-water
resources which are inadequate or of unknown capacity should consider explor-
ing the availability of alternative, cost-effective water—supply sources to
augment or meet their future water needs if necessary. While the basin's water
resources are subject to contamination from a variety of sources; existing and
pending Federal, State, and local statutes relative to water-quality protec-
tion and maintenance or improvement should ensure that current water quality
will be maintained with little, if any, future degradation of the basin's
water resources. Potential sources of contamination include (1) leachate from
municipal and industrial water disposal facilities and septic tank systems;
(2) agricultural pollution from fertilizers, pesticides and herbicides, and
livestock wastes; and (3) urban runoff.

Al though there are periods of extended drought which cause seasonal water table
declines and periodic local problems resulting from inadequate ground-water
supplies, observatiomwell data indicate there are no long-term regional water
table declines. Periodic local problems associated with a decline in an area's
water table are caused by excessive withdrawals. To alleviate this problem,
optimum ground-water withdrawal rates should be determined during the initial
test pumping of the source.
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UPPER TENNESSEE RIVER BASIN

Basin Description

The Upper Tennessee River basin covers 2,148 mi2 of land and water area and
consists of all or parts of the following tributary basins as delineated by
the U.S. Geological Survey and Tennessee Department of Water Management in
198 2.

Tributary Tennessee

basin No. Basin drainage area

(fig. 35) description (square miles)
17 Tennessee River minor tributaries from 650

the river's head to Fort Loudoun Dam.

18A Little Tennesssee River from the 261
Tennessee State line to Ninemile Creek
and the Tellico River.

18B Te llico River 275

18C Little Tennessee River from Ninemile 245
Creek to the river's mouth.

21A Tennessee River south and east—-side minor 256
tributaries below the Clinch River to
Watts Bar Dam.

21B Tennessee River west-side minor 365
tributaries below the Clinch River
to Watts Bar Dam.

21C Tennessee River north-side minor 96
tributaries above the Clinch River.

The Upper Tennessee River basin encompasses all or major parts of Blount, Knox,
Loudon, Monroe, and Roane Counties plus minor parts of Bledsoe, Cumberland,
Meigs, Rhea, and Sevier Counties. A map of the east Tennessee part of the
Tennessee River basin highlighting the Upper Tennessee River basin is shown in
figure 35.

Topography

This basin's topography, particularly in the Little Tennessee and Little River
drainage areas, is very mountainous in nature. With the exception of the lower
30 miles, the Little Tennessee River is characterized by rugged mountain topog-
raphy and considerable topographic relief with elevations ranging from about
850 feet where the river emerges from the mountains to over 6,600 feet above
sea level at Mt. Guyot on the divide between the Little Tennessee and French
Broad Rivers. Throughout most of this area, the Little Tennessee River flows
in a steep, narrow, and precipitous gorge. Just below Fontana Dam in east
Tennessee, the ridges and peaks rise some 2,000 to 3,000 feet above the river.
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Figure 35.--Upper Tennessee River basin.




Similarly, the Little River which rises on the northern slope of the Smoky
Mountains near Clingmans Dome is characterized by a rapid fall in elevation
from 6,000 feet to 900 feet above sea level within a distance of 15 miles.
The lower reaches of these streams and the Tennessee River minor tributaries
drainage area are characterized by comparatively narrow, parallel ridges and
somewhat broader, intervening valleys of northeast-southwest trend.

Principal streams and tributaries draining the Upper Tennessee River basin are
delineated below by drainage area:

e Little Tennessee River. Tellico River plus numerous smaller streams
including Abrams, Baker, Bat, Citico, Fork, Island, and Ninemile Creeks.

e Little River. Several smaller streams such as Crooked, Ellejoy, Hesse,
Knob, MNails, Pistol, and West Laurel Creeks.

e Tennessee River Minor Tributaries. Piney River plus a number of smaller
streams including Black, Caney, Cave, Hines, Lackey, Paint Rock, Pipey,
Pole Cat, Pond, Richland, Riley, Steekee, Sweetwater, Ten Mile, Turkey,
Whites, and Wolf Creeks.

Average stream slopes in the Little Tennessee River basin equal about 2.81
ft/mi from river mile 0 to 42 and 17.30 ft/mi from river mile 42 to the
Tennessee-North Carolina State line. In the Little River basin, stream slopes
average about 5.30 ft/mi from river mile 0 to 24 and 15.80 ft/mi from river
mile 24 to 35. The average stream slope along the Tennessee River mainstem
equals about 0.96 ft/mi. Basin elevations range from 800 to 4,500 feet in the
Little Tennessee River drainage area; 850 to 3,500 feet in the Little River
drainage area; and 300 to 5,000 feet above sea level along the Tennessee River
mainstem between Watts Bar Dam and Knoxville.

tlxdmlogx

Surface Water

Surface- and ground-water resources in this basin are fed by ample rainfall
whose long-term (1941-70) average above McGhee on the Little Tennessee River
equals 59.90 inches. Over the 1l0-year period from 1970-79, average annual
precipitation above McGhee in the Little Tennessee River drainage area was
65.07 inches with a low of 51.57 inches in 1978 and a high of 73.51 inches in
1979.  Average precipitation data for watershed subdivisions of the Upper
Tennessee River basin during the 10-year period from 1970-79 is summarized in
table 45. Annual 1979 and long-term (1941-70) precipitation data for selected
TVA, Aluminum Company of America (ALCDA), NWS, Tennessee Division of Water
Management (TDWM); and U.S. Department of Agriculture (USDA) rainfall stations
in the Little Tennessee River and the Tennessee River and its minor tributaries
above Watts Bar Dam are presented in table 46.

Above McGhee in the Little Tennessee River drainage area, the driest months of
the year are usually May, September, and October with average annual rainfall
ranging from 3.49 to 4.23 inches. During the rest of the year rainfall gener-
ally averages about 4.42 to 6.47 inches above McGhee with March being the
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Table 45.--Precipitation data by watershed subdivision for the period 1970-79,
Upper Tennessee River basin

Precipitation (inches)

Watershed description Hi gh Year Low Year 10-year average
Little Tennessee River from 72.70 1972 50.60 1978 62.13
Calderwood to Fontana and
Santeetlah.
Little Tennessee River from 71.70 1972 46.70 1978 60.47
McGhee to Calderwood.
Tennessee River from Fort 63.50 1972 46.20 1970 54.66
Loudoun to Knoxville.
Tennessee River from Watts 72.40 1973 49,80 1970 58.80

Bar to Fort Loudoun.
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Table 46.--Precipitation data for 1979 and for the period 1941-70
for selected rainfall stations, Upper Tennessee River basin

Elevation 1979 Long-term annual
above sea level Period of Precipitation precipitation

Station location Station owner (feet) record (years) (inches) (inches)
Little Tennessee River -
McGhee TVA 930 75 61.28 51.78
Tellico Plains TVA 900 66 62.98 55.38
Stratton Meadows TVA 4,640 25 82.30 78.71
Calderwood powerhouse ALCOA 950 49 63.72 54.30
Clingmans Dome TVA 6,250 25 94.40 82.40
Tennessee River and Minor

Tributaries upstream

from Watts Bar Dam

Watts Bar Dam TVA 830 40 66.87 52.57
Jewett TVA 1,920 22 66.67 56.97
Roddy TVA 810 44 67.18 52.11
Rockwood NWS 780 18 77.14 60.17
Mt. Roosevelt TDWM 2,000 15 65.20 53.89
Lenoir City NWS 785 785 56.43 50.64
Fort Loudoun Dam TVA 845 39 53.44 48.02
U.S. cotton field USDA 885 45 52.61 48.78

station
Knoxville Airport NWS 980 41 53.80 46.18
Providence TVA 1,100 41 53.08 47.25
Wildwood TVA 1,040 29 55.53 51.17
Townsend TVA 1,070 29 53.11 50.92
University of uT 974 109 52.71 46.14

Tennessee Geology

Building

Knoxville (Evans TVA 970 26 51.05 45.60

Building)




wettest month. Review of long-term precipitation data at selected hydrologic
data stations (Townsend, Knoxville, Fort Loudoun Dam, Rockwood, and Watts Bar
Dam) in the Tennessee River and minor tributaries drainage area indicates that
the driest months of the year are usually August, September, and October with
rainfall ranging from 2.70 to 3.83 inches. During other months, precipitation
ranges from 3.95 to 6.91 inches with March and July being the wettest months.

Average annual runoff in the Tennessee part of the Upper Tennessee River basin
ranges from 20 to 24 inches in the Knoxville - Watts Bar Dam area to 32 to 38
inches along the Tennesseee~North Carolina State line. Average discharge data
for selected hydrologic data stations in the Upper Tennessee River basin 1is
given in table 47. Much of this runoff occurs during the winter and spring
months.

Ma jor Reservoirs

Major reservoirs located in this basin and their total storage in acre-feet at
normal minimum pool are Calderwood Reservoir (39,490), Chilhowee Reservoir
(42,450), Fort Loudoun Reservoir (282,000), and Tellico Reservoir (321,300).
While Watts Bar Reservoir with 796,000 acre-feet of storage at normal minimum
pool is located within this basin, the effect of releases from this reservoir
are realized in the Lower Tennessee River basin which encompasses the down-
stream reach of the Tennessee River below Watts Bar Dam. Detailed information
describing the location and operation pattern of each reservoir, with the
exception of Watts Bar Reservoir, follows. Similar information for Watts Bar
Reservoir is included in the water-supply adequacy analysis for the Lower
Tennessee River basin.

Ca lderwood Reservolr

Location and drainage area.--Calderwood Reservoir is formed by Calderwood
Dam which is located on the Little Tennessee River at river mile 43.7 in Blount
and Monroe Counties. Calderwood Dam controls 1,856 mi2 of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Calderwood Dam during the reference period ranged from a low of
approximately 9.0 ft3/s (5.8 Mgal/d) in 1967 to a high of approximately
1,679 ft3/s (1,085.2 Mgal/d) in 1979. The average, l-day minimum discharge
during the reference period was approximately 452.3 ft3/s (292.3 Mgal/d).

Average number of days of zero flow.--During the reference period, Calder—
wood Dam has averaged less than 1 day of zero discharge per year. From
1960-81, there were only 9 days in which zero discharge occurred and then only
for 1 or 2 days per year.

Existing agreements regarding reservoir releases.~-None.
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Table 47.-—-Average discharge data for selected hydrologic data stations operated
by the U.S. Geological Survey, Upper Tennessee River basin

Period Average discharge
Station name Drainage of Cubic feet
and River area record Cubic feet Inches per second
location (county) mile (square miles) (years) per second per year per square mile
Tennessee River at 651.4 8,934 81 13,150 - 1.47
Knoxville (Knox).
Little River upstream 35.3 106 17 294 37.66 2.77
from Townsend (Blount).
Little River near 17.3 269 29 539 27.21 2.00
Maryville (Blount).
Tellico River at Tellico 28.2 118 55 287 33.03 2.43
Plains (Monroe).
Tennessee River at the 529.9 17,310 11 29,940 - 1.73

Watts Bar Dam
tailwater (Rhea).




Chilhowee Reservoir

Location and drainage area.-—-Chilhowee Reservoir is formed by Chilhowee Dam
which is located on the Little Tennessee River at river mile 33.6 in Blount and
Monroe Counties. Chilhowee Dam controls 1,977 mi2 of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).--Minimum daily average
discharge from Chilhowee Dam during the 1960-81 time period has been very con-
sistent ranging from a low of about 1,311 ft3/s (847.3 Mgal/d) in 1969 to a
high of about 1,693 ft3/s (1,094.2 Mgal/d) in 1962. The average, l-day
minimum discharge during the reference period was about 1,377 ft3/s (890.1
Mgal/d).

Average number of days of zero flow.--Zero flow from Chilhowee Dam occurred
only once during the reference period and that was for 2 days in 1964.

Existing agreements regarding reservoir releases.—-Chilhowee Dam is oper-
ated to provide a minimum instantaneous flow of about 1,360 ft3/s (879.0
Mgal/d) below the dam.

Fort Loudoun Reservoir

Location and drainage area.—--Fort Loudoun Reservoir is formed by Fort
Loudoun Dam which 1is located on the Tennessee River at river mile 602.3 1in
Loudon County. Fort Loudoun Dam controls 9,550 mi2 of drainage area.

Reference period.--1960-81.

Reservoir discharge (minimum daily average flow).-—Minimum daily average
discharge from Fort Loudoun Dam during the 1960-81 time period ranged from a
low of about 100 ft3/s (64.6 Mgal/d) in 1965 and 1970 to a high of about
3,700 ft3/s (2,391.4 Mgal/d) in 1974 and 1977. The average, l-day minimum
discharge during the 1960-81 time period was about 1,382.8 ft3/s (893.1
Mgal/d).

Average number of days of zero flow.--During the period from 1960-70, Fort
Loudoun Dam has averaged slightly over 2 days of zero discharge per year
ranging from a low of no days of zero discharge in 1967 and 1969 to a high of
9 days of zero discharge in 1963. Since 1970, there have been no days of zero
discharge from Fort Loudoun Dam. Prior to 1970, there was only one instance
of zero discharge for 3 or more consecutive days from Fort Loudoun Dam and
that occurred in 1968 for 3 days.

Existing agreements regarding reservoir releases.~—-None.

Tellico Reservoir

Location and drainage area.--Tellico Reservoir is formed by Tellico Dam
which is located on the Little Tennessee River about river mile 0.3 in Konox and
Loudon Counties. Tellico Dam controls 2,627 mi2 of drainage area.
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Reference period.--While statistical streamflow data is available for the
Little Tennessee River at river mile 0.3 for the 1960-1980 time period, it
should be noted that the construction of Tellico Dam was only recently com
pleted and the dam closed in November of 1979.

Reservoir discharge (minimum daily average flow).--Minimum daily average
streamflow at river mile 0.3 on the Little Tennessee River during the 1960-79
time period ranged from a low of approximately 342 ft3/s (221.0 Mgal/d) in
1964 to a high of approximately 2,420 ft3/s (1,564.1 Mgal/d). During the
period from 1960-79, the average, l-day minimum discharge equaled about 1,606
ft3/s (1,038.0 Mgal/d). Since closure of Tellico Dam in 1979, all reservoir
releases from Tellico Dam are made through a navigable canal connecting Tellico
Reservoir with Fort Loudoun Reservoir. During 1980, the l-day minimum dis-
charge from Tellico to Fort Loudoun Reservoir was about 4,000 ft3/s (2,585.3
Mgal/d).

Average number of days of zero flow.—--None.

Existing agreements regarding reservoir releases.--None.

Ground Water

The eastern part of the Upper Tennessee River basin lies in the Blue Ridge
physiographic province and includes parts of Sevier, Blount, and Monroe
Counties. The extreme western part of the basin lies on the Cumberland
Plateau and includes parts of Roane, Cumberland, Bledsoe, and Rhea Counties.
All of the remainder of the Upper Tennessee River basin lies in the Valley and
Ridge province. Ground water is confined to fractures and openings in the
underlying rock formations caused by severe folding and faulting of the rocks
by the Unaka Mountain building forces. The number and size of these openings
are controlled both by the composition of the rock, the distance from the
Unaka Mountains, and the solutional enlargement of cavities in the soluble
carbonate rocks.

The Blue Ridge part of the Upper Tennessee River basin is underlain primarily
by noncarbonate rocks such as sandstone, siltstone, shale, and conglomerate.
Fractures in these rocks are not significantly enlarged by solution that may
be caused by percolating ground water. Consequently, the yields of wells
drilled on the mountains are generally low, ranging from 1 to 25 gal/min.
Wells encountering little or no water are common on the mountain tops. The
valleys often have a relatively thick regolith consisting of sand, clay, and
rock fragments. Here, dug wells commonly furnish domestic supplies. Some
wells have been located on the basis of geologic data and supply 100 gal/min
or more. These were located near faults or a series of faults. Normally,
wells drilled on the mountains and in the valleys do not exceed 250 feet in
depth. Springs are common but furnish relatively small amounts of water in
comparison with those in areas underlain by carbonate rocks. Ground-water
quality is usually acceptable.

The area of the Upper Tennessee River basin lying in the Valley and Ridge
province is primarily underlain by carbonate rock formations such as limestone
and dolomite together with calcareous shale and limy sandstone. Ground water
occurs in fractures and bedding plane openings in the limestone and dolomite
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formations which have been enlarged in varying degrees by the dissolving action

of circulating ground water. Water occurs in fractures in the sandstone which
may be enlarged somewhat by solution but to a much lesser degree than the
openings in the carbonate rocks. Ground water in quantities sufficient for
domestic purposes are generally found in the limestones and dolomites. Domes-
tic supplies can usually be found in the sandstone at depths of 100 feet or
less. Wells in dolomite and limestone are deeper on the average with the
majority ranging from 50 to 200 feet in depth. These enlarged openings gener-
ally become smaller and less numerous with depth and it is generally not advis-
able to drill deeper than 300 to 350 feet on the basis of presently available
information. Most of the wells reported in the Valley and Ridge province yield
from 3 to 50 gal/min. However, yields from 100 to 250 gal/min are common. One
well located in the city of Maryville reportedly produces 250 gal/min from a
cavity at a depth of 630 feet. This suggests that it may be possible for open
fractures to yield water at depths greater than 350 feet in some local areas.
Moderately large to large springs are common in the limestone and dolomites.
Water quality is usually acceptable.

The western part of the Upper Tennessee River basin lying in parts of Roane,
Cumberland, Rhea, and Bledsoe Counties is located in the Cumberland Plateau
physiographic province. Ground water in the Cumberland Plateau province occurs
in fractures in tightly cemented sandstones. As these siliceous rocks have
not been structurally disturbed to the extent of those in the Valley and Ridge
province, with the exception of the eastern escarpment of the Plateau, frac-
tures are not as numerous. Also, fractures in the Plateau rocks are resistant
to enlargement by the solvent action of ground water. Consequently, ground
water is more difficult to obtain in significant quantities. Yields to drilled
wells are generally low. However, in areas of more severe faulting and frac-
turing near surface streams, well yields of 100 gal/min or more have been
recorded. Well depths are usually 200 feet or less. However, some unpublished
well logs indicate that the Sewanee Conglomerate can yield good-quality water
from depths of at least 500 feet in Cumberland County and other areas of the
Cumberland Plateau. With the exception of water produced from the Sewanee
Conglomerate, ground water from Plateau wells of less than 150 feet in depth
is usually rather high in iroan. In most cases, the water is acidic due to
dissolved carbon dioxide. Water encountered at or near coal seams or carbona-
ceous shale is usually high in sulfates and sometimes very acidic due to the
decomposition of pyrite to sulfuric acid. Springs generally have low yields
and often go dry in times of low rainfall. '

Ground water in the Upper Tennessee River basin 1is essentially confined to
fractures in the rocks. 1In areas where fractures are numerous and particularly
where they have been enlarged by solution, relatively large yield wells are
possible. Most of the wells listed in the existing ground-water data base
were drilled for domestic use and were not located as the result of local
geologic investigation. Therefore, the true ground-water potential of the
Upper Tennessee River basin cannot be accurately assessed at present.

Demogr aphy
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