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A MESSAGE FROM THE TENNESSEE DISTRICT CHIEF: 

This report summarizes the principal programs and activities of the Water Resources Division of the U.S. Geological 
Survey in Tennessee during the last 12 months. It has been an exciting period of many varied activities, projects, and in- 
vestigations. The variety of these activities is a reflection of the complexity of the water issues in Tennessee and points 
out the need for a strong ongoing water-resources research program. The USGS is in a position to meet this challenge 
with an outstanding staff, necessary resources, and pertinent programs in partnership with other county, state, and 
federal agencies that participate in the District cooperative programs. 

During the last year, we have witnessed a significant shift in the orientation of the projects and investigations we con- 
duct. Ground water has emerged as one of the most important environmental issues in the Nation and the State. In 
Tennessee, ground water provides about 51 percent of the drinking-water supplies, and its use is increasing at a faster 
rate than surface-water supplies. Several communities, including Memphis and Jackson, depend entirely on ground 
water as their source of drinking water. There are significant concerns among the people and government officials about 
the quality, quantity, and ocurrence of ground water in Tennessee. The USGS is meeting these concerns through assign- 
ing higher priorities and additional funds to investigations involving ground-water issues. In the years to come, this trend 
will continue. 

The mission of the USGS in Tennessee is to provide timely, accurate, and unbiased water-resources information to 
citizens and government officials, We intend to continue meeting the goals of this mission by maintaining excellence in 
our staff and programs. We feel proud of the accomplishments of the last year. I wish to share these successes with the 
cooperating agencies and organizations that have made these programs possible. 

. 
Ferdinand Ouinones 
District Chief, WRD 
Tennessee District 
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WATER-RESOURCES INVESTIGATIONS 
IN TENNESSEE: 

PROGRAMS AND ACTIVITIES 
OF THE U.S. GEOLOGICAL SURVEY, 

1987-1988 
By Ferdinand Quinones, Barbara H. Balthrop, and E.G. Baker 

HYDROLOGIC DATA SECTION 
Hydrologic data, or basic data as it is commonly named, is the backbone of the investigations conducted by the U.S. 

Geological Survey (USGS). The basic data programs conducted by the Tennessee District provide streamflow, quality 
of water, and ground-water levels information essential to the assessment and management of the State’s water resour- 
ces. Long-term streamflow, quality of water, and ground-water levels networks are operated as part of the Hydrologic 
Data Section. Field operations are about equally divided among field offices in Memphis, Nashville, and Knoxville. A 
staff of about 40 engineers, hydrologists, and hydrologic technicians labor in the operation of the long-term network as 
well as short-term efforts in support of area1 investigations. The data collected as part of the networks are published in 
the series of annual data reports entitled “Water Resources Data for Tennessee.” Engineer Jeff May is the chief of the 
Hydrologic Data Section, assisted by engineers W. Harry Doyle in Memphis, Delmer O’Connell in Nashville, and Bob 
Livesay in Knoxville, chiefs of those respective subdistricts. 

Hydrologic Data Section personnel. 



SURFACE-WATER MONITORING NETWORK 

The Tennessee District operates a network of continuous streamflow gaging stations throughout Tennessee. In 
1988, the network includes 85 continuous streamflow gages and 12 continuous stream or lake water-level only gages. Ad- 
ditionally, 22 continuous rainfall stations were operated in conjunction with other research or lake-level gages. Con- 
tinuous streamflow data are recorded and disseminated for many purposes, including: 

. Assessment of water available for many and variable uses. 
l Operation of impoundment and pumping structures. 
. Flood or drought monitoring and forecasting. 
. Waste disposal and control. 
. Legal requirements and enforcement. 
. Research and hydrologic trends or other special studies. 

Changes to this network in 1988 include adding 5 stations and discontinuing 22 stations. 

Program cooperators supporting this network are: 
Tennessee Valley Authority (TVA) 

U.S. Army Corps of Engineers, Nashville District (COE) 
Tennessee Department of Health and Environment (TDHE) 

Tennessee Wildlife Resources Agency (TWRA) 
Cities of: Alcoa, Bartlett, Lawrenceburg, Memphis, 

Metropolitan Government of Nashville 
and Davidson County, and Murfreesboro. 

U.S. Department of Energy (DOE) 
Shelby County 

Memphis Light, Gas and Water (MLGW) 

Location of streamflow stations in Tennessee. 
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GROUND-WATER LEVEL NETWORK 

The USGS operates about 30 observation wells in cooperation with the Office of Water Management, Tennessee 
Division of Health and Environment and about 18 observation wells in cooperation with Memphis Light, Gas, and Water. 
The 30 observation wells are part of the Statewide ground-water-level network. These wells are used to monitor water- 
level fluctuations in response to natural and man-induced stress on the ground-water system. 

The observation wells in the Memphis area monitor the water-level response to pumping from the major well fields 
in the Memphis area. The Memphis Sand aquifer currently supplies about 196 million gallons of water per day for 
municipal and industrial supplies in the Memphis area. Memphis Light, Gas and Water is the single largest user of 
ground water in the State. 

EXPLANATIO N 

b0 WELLS 

:w- 

l GROUND-WATER 
OBSERVATION WELLS 

Location of observation wells in Tennessee. 
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WATER-QUALITY NETWORK 

The USGS monitors water quality at numerous surface-water stations in Tennessee. Six stations compose part of 
the National Stream Quality Accounting Network (NASQAN). NASQAN data-collection sites are located at or near 
the downstream end of hydrologic accounting units. A comprehensive list of physical and chemical characteristics are 
measured bimonthly or quarterly to fulfill information needs of water-resources planners and managers. Two sites within 
the Statearepart of the national Hydrologic Bench-Mark Network (HBMN). At HBMN sites the USGS assesses natural 
streamflow and water quality of small river basins that are known to be relatively little affected by man’s activities. In 
cooperation with the U.S. Army Corps of Engineers, water-quality monitors are operated at four sites along the Cum- 
berland River and its tributaries in Middle Tennessee. A fifth monitor is located above the wastewater treatment plant 
for the city of Murfreesboro. These instruments record hourly values for water temperature and conductance, and, in 
some cases, pH and dissolved-oxygen concentration. Water quality also is assessed quarterly at three sites in Maury 
County near the new Saturn industrial facility. At these sites concentrations of suspended sediments, bacteria, organic 
compounds, and priority pollutant metals are determined. 

The USGS is actively pursuing plans for a statewide network to monitor the quality of ground water. This network 
will consist of approximately 200 wells chosen to represent the State’s principal aquifers and land-use patterns. 

# I I I 0 I I / \I I EXPLANATION 

o NASQAN STATIONS 

z*- 0 HBMN STATIONS 

l WATER-QUALITY 
MONITORS 

l SATURN SITES 

Water-quality data-collection sites in Tennessee. 
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SUSPENDED-SEDIMENT NETWORK 

In cooperation with the Tennessee Wildlife Resources Agency (TWRA), the USGS conducts sediment transport 
investigations in Tennessee. The program provides sediment data to define sediment loads, concentrations, and 
transport characteristics for Tennessee streams. The data are also used to define the effects of impoundments on 
transport characteristics, to define long-term trends, and to provide a data bank for programs in water management and 
monitoring. 

Three daily-record stations in the Reelfoot Lake drainage basin (North Reelfoot Creek at State Highway 22, near 
Clayton, Tenn.; South Reelfoot Creek near Clayton, Tenn.; and Running Slough near Ledford, KY.) were in operation 
in 1987-88. The purpose of these stations is to monitor the suspended-sediment discharge into Reelfoot Lake. 
Hydrologist Bill Carey is in charge of the sediment programs. 

/-0702664Il 

070264 

Location of sediment stations in Tennessee. 
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WATER-USE PROGRAM 

Collecting water-use data is one of the most important basic data programs conducted by the USGS. In coopera- 
tion with the Tennessee Department of Health and Environment, the USGS water-use program has the following ob- 
jectives: 

. Determine how much fresh surface and ground water is withdrawn and for what purposes; how much water is 
consumed during use; and, how much water is returned to the source after use. 

l Develop and refine a computerized system to store and retrieve the water-use information. 
. Devise and apply techniques and methods to improve the analysis of water-use data. 
l Prepare and publish reports about water use in Tennessee and its importance as part of the hydrologic cycle. 

During 1987, water-use data were collected for the categories agriculture, industry, public supply, hydroelectric 
and thermoelectric power generation. Reports were prepared describing: the use ofwater in Tennessee in 1985; ground- 
water public-supply sites; an inventory of irrigation; and, an inventory of public-supply withdrawals. Hydrologist Susan 
Hutson, from the Memphis Subdistrict office, directs the Tennessee Water-Use Information Program. 

EXPLANATION 
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Ground-water public-supply withdrawals, in million gallons per day, by county in 1987. 
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FLOOD INVESTIGATIONS 

In cooperation with the Tennessee Department of Transportation (TDOT) and the Metropolitan Government of 
Nashville and Davidson County, the USGS is conducting flood investigations in Tennessee. The objective of this program 
is to appraise and define the flood characteristics of Tennessee streams by: 

l Investigation and documentation of outstanding floods. 
. Operation of a network of about 90 crest-stage partial-record gages to provide flood data on small streams and 

in parts of the state where data are sparse. 
l Providing analytical techniques and reports as needed to further understand the flood hydrology of Tennessee. 

Other aspects of the program provide for preparation of hydraulic analyses at specific sites and verification of 
hydraulic techniques. The site analyses can be simple or complex, depending on the site and type of data needed by 
TDOT. At almost all sites, data on historical floods is required. Additional data requirements may be as simple as a 
stage-discharge relation at the site for the unconstricted valley. Complex sites where the roadway may parallel a stream 
may require flood-profile computations for a long reach ofstream, and could include computation of flow through several 
bridges or culverts. 

Several analytical reports, in addition to reports documenting outstanding floods, have been published to aid the 
cooperator in the proper design of hydraulic structures within the State’s highway system. Included within those reports 
were the following: 

. Method to compute depth of floods of various recurrence intervals at ungaged sites. 
l Method to compute a flood hydrograph for most ungaged sites within the state. 
l Regionalized flood-frequency analyses to provide peak discharges for ungaged sites for various recurrence in- 

tervals. 

During the 1987 fiscal year, numerous requests were answered from the TDOT for miscellaneous flood and other 
hydrologic information. The areal extent of this project is statewide and the project chief is hydrologist Charles Gamble. 
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HYDROGRAPH CONTROLLED RELEASE STREAMFLOW GAGES 

At some locations, the State of Tennessee will issue effluent release permits to wastewater treatment facilities to 
release treated effluence to a receiving stream in proportion to the flow of the stream. That type of release system is 
referred to as a Hydrograph Controlled Release (HCR) system. Two primary components of a HCR system are storage 
capacity for treated effluence at the treatment plant, such as lagoons, and a streamflow gaging station on the receiving 
streiml. 

From the continuous recorders at the gaging station, an electronic signal giving the rate of flow in the receiving 
stream is transmitted to the treatment plant control center or to any office that needs the data for plant operations. The 
signal can be transmitted over landlines (telephone or dedicated lines) or by radio transmitter from a data collection 
platfform (DCP) in the gaging station instrument house to a GOES satellite. The GOES satellite will relay the signal 
backto a ground receive antenna and from that location it is sent over telephone lines to the USGS’s Nashville computer 
center, or any computer center nationwide. If remotely transmitted streamflow data are not needed for plant operations 
but periodic or daily readings are needed, an observer can read the gage instruments to determine the streamflow at any 
time. The gaging station is usually located close to the wastewater treatment plant, therefore, it does not require a lot 
of time to stop and read the gage. 

Eight HCR gages are in various stages of completion, from being fully operational to negotiations and planning, 
in Middle and East Tennessee. The USGS will match up to SO percent of all construction, instrumentation, and opera- 
tional costs along with 50 percent provided by State or local governmental agencies for these HCR gages. Continuous 
streamflow data from the gages are archived permanently on the USGS’s Nashville computer system, published annual- 
ly, and used in other hydrologic investigations of water resources in the stream basins. 

Location of HCR streamflow gages. 



DCP NETWORK 

In cooperation with the U.S. Army Corps of Engineers, Nashville District (COE), the USGS is operating a net- 
work of real-time stations that monitors streamflows, water-quality, and rainfall in the Cumberland River basin. The 
network includes 36 stations equipped with data collection platforms (DCP) that transmit data to a GOES stationary 
orbiting satellite. The program provides quality control to assure that accurate data is being collected; and review of 
those data on a daily basis provides information for efficient scheduling of field crews to make streamflow measurements, 
service the recorders and perform maintenance. The COE utilizes the data for the management and operation of the 
Cumberland River system. Data from the network is especially important for real-time response to major floods in the 
basin. 

Automatic recording instruments collect streamflow water-quality and precipitation data. The information is 
transmitted by the DCP at 2-hour intervals. The data is received by ground stations at the facilities in Columbia, South 
Carolina, and the COE offices in Cincinnati, Ohio. The ground stations transmit the data to computers at the USGS 
and COE offices in Nashville, Tennessee. Graphic and table outputs permit a continuous scan of current precipitation 
and streamflow parameters from the DCP output. The data are archived and published in the annual data reports. 

EXPLANATION 
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Network of DCP stations. 



HYDROLOGIC INVESTIGATIONS SECTION 
The Hydrologic Investigations Section of the Tennessee District, WRD, is responsible for the design and execu- 

tion of interpretive area1 water-resources investigations. Surface-, ground-, and quality-of-water studies throughout the 
State are conducted in support of federal and cooperative programs. Projects, ranging in duration from 1 to 14 years, 
include areas as large as 45,000 square miles, and can cost as much as several million dollars. 

The staff of the Hydrologic Investigations Section includes about 20 highly qualified and experienced geologists, 
engineers, biologists, and technicians. The high caliber of the staff is reflected in the number of scientists with doctoral 
degrees (4) master degrees (9), and other advanced college work. Experienced hydrologists and technicians are sup- 
ported by a strong staff of recently hired engineers and scientists. State-of-the-art equipment is utilized in complex 
hydrological investigations. 

In 1987, the Hydrologic Investigations Section was involved in 14 area1 studies. Four projects were completed and 
four were initiated. The Section staff produced more than 32 reports, journal papers, and symposia articles. 

Hydrologic Investigations Section personnel. 
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STABILITY OF SELECTED CHANNEL REACHES IN WEST TENNESSEE 

In cooperation with the Tennessee Department of Transportation (TDOT), the USGS has conducted investiga- 
tions of channel-stability characteristics as part of TDOT’s program of bridge designs. Like the bridge-site reports that 
delineate hydraulic and hydrologic characteristics of specific sites, these studies are designed to address questions con- 
cerning channel bed and bank stability. The majority of the sites investigated from year to year are located in West Ten- 
nessee where channel instability is a significant problem. 

From six to eight site studies are done each year and usually consist of various combinations of the following tasks: 

Channel surveys. 
Review of available data (such as hydrologic, construction plans). 
Bed- and bank-material sampling. 
Shear-strength testing. 
Slope-stability analysis. 
Bed response analysis. 
Dendrochronologic analysis of riparian vegetation. 
Analysis of rates of bank widening or accretion. 

This is a continuing study that benefits both TDOT and the USGS by supplying a means of acquiring channel in- 
formation on streams other than those included in the larger channel evolution studies. It also allows for continuing 
technology transfer between the USGS and the TDOT. 

Most channel reaches encountered during this study are, to some extent, unstable. Bank conditions are assessed 
through slope-stability analyses and then tested for various alignments and water-table heights. Factors of safety for 
these various conditions are then reported to TDGT as part of the site-study report. Andrew Simon, geomorphologist, 
is the project chief. 

Location of study streams in West Tennessee. 
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HYDROGEOLOGY OF RADIOACTIVE WASTES BURIAL GROUNDS 
AT THE OAK RIDGE NATIONAL LABORATORY 

The ground-water and surface-water flow systems near the radioactive waste burial grounds at the Oak Ridge 
National Laboratory are being investigated in cooperation with the U.S. Department of Energy. Low-level radioactive 
wastes have been buried in shallow trenches on the laboratory grounds since 1944, and most wastes are buried in Mel- 
ton Valley. Radionuclides have leached from the wastes and have been transported by ground water away from burial 
areas to local streams in the valley. The project began in 1975 and will be completed in 1989. 

The objectives of the study are to provide: 
. Descriptions of the ground-water and surface-water flow systems near the waste burial grounds. 
. Descriptions of the quality of ground water and surface water near the burial areas. 
. Hydrologic information for development of an integrated ground-water and surface-water monitoring system. 

Data, and interpretive information will be provided for use in remedial-action investigations presently underway at Oak 
Ridge National Laboratory. 

Several types of data are being collected in order to provide a base for understanding the flow systems: 
. Surface-water data are being collected at the two principal streams draining the burial areas. 
. Several surface-geophysical methods were used to provide information on subsurface stratigraphy and struc- 

ture. Fifteen auger holes and 9 shallow wells were installed to determine depth to bedrock and to provide infor- 
mation on flow through the maximum 60-foot thick weathered rock strata in Melton Valley. Nine two-well 
clusters and one three-well cluster were recently completed to a maximum depth of 230 feet. 

. Geologic, water-level, and water-quality data are being collected from the wells to provide information on 
ground-water boundaries, flow through both shallow weathered rock and deeper bedrock, and water quality 
within the flow system. 

Conceptual flow through the ground-water system was described in a report completed in early 1988. A three- 
dimensional mode1 of ground-water flow is presently being developed. A report describing preliminary modeling results 
has been published. 

Data collec- 
tion, flow-model 
development, 
and data inter- 
pretation will 
continue through 
1988. Work in 
1989 will consist 
of writing a 
hydrogeologic 
report based on 
all data collected 
during the span 
of the project. 
The project lead- 
er is Harold Zeh- 
ner, a geologist in 
the Knoxville 
Subdistrict of- 
fice. 

-. ss. 
EXPLANATION _’ ’ URiTL _ r .^ - *ti.- _ --.. , 
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Study areu and locution of burial grounds. 
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HYDROGEOLOGY OF THE McNAIRY-NACATOCH AQUIFER IN WEST TENNESSEE 

In 1983, the Tennessee District of the USGS began a 6-year investigation of the deep regional aquifer systems of 
the northern Mississippi embayment. This investigation is part of a National program of regional aquifer-systems 
analyses (RASA), and this particular study focuses on the McNairy-Nacatoch and contiguous aquifers of West Ten- 
nessee and adjacent states. 

Results from the investigation are providing project chief Dr. John Van Brahana with valuable insight into the com- 
plex flow system: 

. Flow-modeling studies indicate that the aquifer can safely support more than twice the current pumping rate. 

. Geochemical and thermal modeling studies indicate that water from this aquifer can provide heat for small- 
scale, local uses in a limited area in southeast Missouri. 

. Newly developed age-dating techniques suggest that water from this aquifer is very old (from 30,000 to more 
than a million years). Isolation from near-surface contamination makes this aquifer an ideal alternative water- . , 
supply system in the event shallower aquifers become contaminated. 

Major accomplishments include publication of: 

. Flow-modeling results. 

. Documentation of the model. 

. Extensive water-quality data collected specifically for this study. 

New research techniques being 
used in this study hold promise 
for widespread application lo 
hydrologic problems in other 
areas of similar hydrogeology. 

Zone of lrbnormally warm water in McNairy-Nacatocb aquifer. 



HYDROGEOLOGY IN THE VICINITY OF THE Y-12 PLANT 
AT THE OAK RIDGE RESERVATION 

Several hazardous-waste disposal sites where contaminants may be leaching into ground and surface water are lo- 
cated in Bear Creek Valley, within the Oak Ridge Reservation. An investigation of Bear Creek Valley and Union Val- 
ley, an extension of the valley to the east, is being conducted in cooperation with the U.S. Department of Energy. The 
objectives of the investigation of the hydrogeology of the valley are to: 

l Formulate an understanding of the ground-water flow system. 
. Determine the potential extent of contaminant migration. 

Initial phases of the project, begun in 1984, included: 

l Assessment of existing geologic and hydrologic data. 
. Collection of surface-water flow and water-quality data. 

l Installation of well clusters on the hydrologic boundaries of the valley. 
l Mapping formations within the Conasauga Group. 
l Interpreting geochemistry data. 

l Analyzing hydraulic-conductivity data by statistical and regression-model techniques. 
l Formulating a concept of the flow system. 

Four data reports and two interpretive reports have been published. 

During 1987, a three-dimensional ground-water flow model was constructed using the concepts and hydraulic 
characteristics determined during earlier phases of the project. Three interpretive reports have been approved for pub- 
lication. A final project report will summarize the hydrogeologic findings of the study and present the results of the 
ground-water flow modeling and geochemical analyses. The project is directed by Zelda Bailey (geologist) assisted by 
Roger Lee (geochemist) and Dr. Joseph Connell (engineer). 

CHESTNUT----- ---________----- 

Location of Bear Creek Valley study area. 
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CHANNELEVOLUTiONINVESTIGATIONSINWESTTENNESSEESTREAMS 

Channel modifications throughout much of West Tennessee’s alluvial streams have caused large-scale channel ad- 
justments such as upstream degradation, downstream aggradation, and bank failures. As a result of these adjustments, 
a number of highway bridges have collapsed, in some cases, leading to the loss of life. The primary objective of this study, 
conducted in cooperation with the Tennessee Department of Transportation, is to quantitatively assess ongoing and fu- 
ture channel changes through the development of empirical models of alluvial-channel evolution. 

Results have shown that degradation occurs for 10 to 15 years at a site, followed by an equal period but lesser amount 
of aggradation. Reaches close to the area of maximum disturbance are the most severely affected with the magnitude 
of the response decreasing with distance upstream. Changes on the channel bed are closely tied to subsequent changes 
of the channel banks and, together, have been organized into a six-stage model of channel evolution. Bank widening does 
not occur until degradation and fluvial undercutting of the banks has heightened and steepened the channel banks beyond 
their critical conditions. Bank-failure thresholds and rates of channel widening are assessed through shear-strength test- 
ing, field surveys, and dendrochronology. 

The majority of the channels are still unstable. Those that have been redredged recently, such as the South Fork 
Forked Deer River, will remain unstable for a long time to come. The project staff, headed by Andrew Simon (geomor- 
phologist) with the assistance of Dr. Cliff Hupp (botanist) and Bradley Bryan (hydrologist), is now completing quan- 
titative descriptions of channel changes such as widening, timing to initial bank stability, critical conditions of bank 
stability, and hydraulic characteristics of each stage of the model. These subroutines of the model will be combined into 
an empirical model of channel evolution over time and space. The project was completed at the end of 1987. 

Location of study streams in West Tennessee. 
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SEDIMENT YIELDS IN THE TENNESSEE RIVER BASIN, 1930-60 

Historical records of suspended-sediment data in the Tennessee and Cumberland River basins are being compiled 
as part of a project in cooperation with Tennessee Technological University. The primary objective of the project is to 
compile and enter intocomputer storage suspended-sediment data that were collected by the Tennessee Valley Authority 
during sampling efforts in the late 1930’s and mid-1960’s. These data consist of daily record for 48 stations obtained 
during the 1930’s and daily record for 10 stations obtained during the 1960’s. A second objective is to use the data to as- 
sess the sediment transport characteristics and yields of the basins sampled. 

A draft version of a master index to sediment data in the Tennessee and Cumberland River basins has been prepared. 
The index consists of a table for each basin that lists information about available data for each station. These tables will 
be included in a report that discusses the history of sediment sampling in the two basins and describes the available data. 
A report of the data inventory has been prepared and will be available soon. 

Tennessee Technological University has created daily value files of concentration data for 52 stations. These files 
are currently being read into and stored on the USGS WATSTORE data storage system. Statistical analyses have been 
completed and the final report is in review. 

The project is headed by Bill Carey, hydrologist, with the assistance of Dr. Russ T. Brown from Tennessee Tech- 
nological University. 
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Locution of suspended-sediment stations in the Tennessee River basin. 
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GEOMORPHIC CHANGES IN THE CHANNEL OF CANE CREEK IN WEST TENNESSEE 

In cooperation with the U.S. Soil Conservation Service, the USGS is conducting a study to determine the present 
state of channel morphology, to estimate future channel changes due to natural adjustment processes, and to evaluate 
alternative measures for regaining stable channel conditions. Assessment of channel adjustment trends and estimation 
of future channel geometry will provide the information needed to protect bridges, farmland, and ultimately human life. 

Postmodification downcutting and widening of the Cane Creek main channel was found to have basinwide effects. 
Main channel evolution resulted in tributary system downcutting and widening. Tributary system degradation has lagged 
behind the main channel because of lower flow capacities. Because of the erosive nature of the Cane Creek basin soils, 
tributary system degradation is expected to continue until the level of the main channel is reached. 

Evaluation of Cane Creek channel adjustment trends and future channel geometry have provided a basis for deter- 
mining appropriate engineering applications for controlling degradation. The project, led by both Andrew Simon (geo- 
morphologist) and Bradley Bryan (hydrologist), is scheduled for completion in April 1988. 

LAU0ElDAl.E 

CIIOCKETT 

Location of Cane Creek in Lauderdale County, West Tennessee. 
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PESTICIDE TRANSPORT AT NORTH HOLLYWOOD DUMP, MEMPHIS, TENNESSEE 

‘The USGS, in cooperation with the City of Memphis, is conducting a hazardous-waste study at the North Hol- 
lywood Dump, a municipal-industrial landfill which is on the U.S. Environmental Protection Agency’s “Superfund” list. 
The City of Memphis is particularly concerned with the possible contamination of its drinking-water aquifer by cancer- 
causing chemicals. Residues of pesticides have been detected in local soils, sediments, biota, and in ground and surface 
waters. The goals of the study are to: 

. Describe the current extent of contamination at the site. 

l Estimate the potential for migration of toxic constituents toward points of human exposure. 

Water-quality sampling efforts at 50 monitoringwells have outlined a diffuse plume extending from the dump down- 
gradient toward the Wolf River. The highest concentrations of organochlorine pesticides were 37 micrograms per liter 
(kg/l,) of lindane and 24 t&L of chlordane. Analyses for specific conductance, chloride, and total organic carbon sup- 
ported the concept that leachate introduced to the surficial aquifer remains in the shallow flow system and discharges 
directly to the Wolf River. 

Two reports describing the results and conclusions of the study will be completed by the end of 1988. Co-project 
chiefs are hydrologist Mike Bradley and Dr. Robert Broshears. 
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Hollywood Dump and Mempis Light, Gas and Water 
municipal well fields. 
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EVIDENCE OF VERTICAL LEAKAGE TO THE MEMPHIS SAND AQUIFER NEAR THE 
SHELBY COUNTY LANDFILL, MEMPHIS, TENNESSEE 

Ground water from the alluvial aquifer near the Shelby County landfill is leaking vertically to the underlying Mem- 
phis Sand aquifer. The objectives of this investigation were to: 

l Determine the extent of leakage to the Memphis Sand aquifer. 
l Determine if contamination from the landfill has migrated to the alluvial aquifer and possibly to the Memphis 

Sand aquifer. This study was conducted in cooperation with the Shelby County Department of Public Works 
and the Tennessee Department of Health and Environment, Division of Solid Waste Management. 

Water-quality analyses from the alluvial and Memphis Sand aquifers were compared to determine the effect of 
leakage into the Memphis Sand. Ground water in the alluvial aquifer contains 100 to 300 milligrams per liter (mg/L) 
dissolved-solids concentrations. In areas affected by leachate migration, the dissolved-solids concentrations are 700 to 
1,000 mg/L. Ground water in the Memphis Sand aquifer in the area near the Shelby County landfill generally contains 
50 to 80 mg/L dissolved solids, 2 to 5 mg/L chloride, and 23 to 74 mg/L hardness as calcium carbonate. In the area of 
vertical leakage, the water quality of the Memphis Sand aquifer has been affected by water from the alluvial aquifer and 
dissolved-solids concentrations are about 150 mg/L; chloride concentrations about 5 to 20 mg/L; and hardness about 80 
mg/L. There is no evidence of contamination from the landfill reaching the Memphis Sand aquifer at this site. 

With the movement of water from the alluvial aquifer into the Memphis Sand aquifer, tritium concentrations in 
water from the Memphis Sand should show the presence of recent water. Tritium concentrations in ground water can 
be used to identify water that has entered the water table since about 1953. Atmospheric testing of nuclear weapons in 
the early 1950’s effectively ‘tagged’ recent precipitation with elevated tritium concentrations. Water in the alluvial and 
terrace aquifers in the Memphis area have tritium concentrations of 4 to 9 tritium units (TU). The tritium concentra- 
tion of water from the Memphis Sand in areas without significant leakage is generally less than 2 TU. The Memphis 
Sand aquifer in the area near the Shelby County landfill contains water with tritium concentrations ranging from less 
than 1 to about 10 TU. The vertical distribution of tritium units in ground water near the landfill is: 

. 10 TU in the alluvial aquifer. 
l 5 to 10 TU in the shallow Memphis Sand. 
l less than 1 TU in the middle Memphis Sand aquifer. 

* The project leader for the 
investigation, which 
ended in September 
1987, was Michael Brad- 
ley, hydrologist. 
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Shelby County landfill area and location ofwell sites. 
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STRATIGRAPHY AND HYDROGEOLOGY AT A DEEP TEST WELL, 
HUMPHREYS COUNTY 

One of the deepest wells in the United States with a continuous core and comprehensive hydrologic tests is being 
drilled by DuPont de Nemours Co., Inc., in Humphreys County, Tennessee. The well will be drilled to a depth of 8,500 
feet below land surface. Four-inch core samples will be collected from land surface to the bottom of the well. Ap- 
proximately 24 hydrologic tests will be conducted by the USGS in cooperation with Humphreys County to determine 
the hydrology of each aquifer and confining layer present at the site. 

Hydrologic tests will include: 

. Determination of aquifer yields. 

. Determination of the presence of confining beds. 

. Collection of water-quality samples. 

The water-quality analyses will include a full suite of major and trace inorganic constituents, dissolved gases, 
isotopes, and age determinations. Tritium, carbon-14, and chloride-36 will be used to determine the age of the water 
samples. The project chiefof the investigation is Michael Bradley. The project, which began inJanuary 1988, is scheduled 
for completion in September 1990. 

Location of Humphreys County study area and drill site. 

20 



INVESTIGATION OF RECHARGE AND HYDRAULIC CHARACTERISTICS OF AQUIFERS 
IN TENNESSEE UTILIZING BASE FLOW OF STREAMS 

In cooperation with the Division of Groundwater Protection of the Tennessee Department of Health and Environ- 
ment, the USGS is conducting an investigation to assess recharge and hydraulic characteristics of selected unconfined 
aquifers in Middle and East Tennessee. Quantification of the hydrologic and hydraulic properties of these aquifers is 
essential for development of ground water in this area, where demand for water is increasing. The initial phase of the 
project, begun in 1985, included base-flow analysis of streamflow hydrographs from 75 drainage basins to determine 
values for: 

. Recharge rate to the aquifer. 
l Aquifer hydraulic diffusivity. 
. Transmissivity. 
0 Storage coefficient. 

These estimates have already found application in several hydrogeologic investigations, including digital ground- 
water flow modeling studies, currently conducted by the Tennessee District. 

Accomplishments during 1987 included statistical analyses of these estimates to determine regional trends and cor- 
relation among variables and preparation of a draft version of a final report for the project. This report summarizes the 
analytical methods used in the investigation and presents the estimates and statistical analyses of recharge rate and 
hydraulic characteristics. The project is scheduled for completion in 1989. Project leader is Anne HOOS, engineer. 
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PRELIMINARY ASSESSMENT OF THE POTENTIAL FOR CONTAMINATION 
OF THE MEMPHIS SAND AQUIFER IN THE MEMPHIS AREA, TENNESSEE 

The City of Memphis and most of Shelby County depends entirely on the Memphis Sand aquifer for water supply. 
Traclitionally, the Memphis Sand has been thought of as an ideal artesian aquifer overlain by a thick, impermeable clay 
bed that serves as the upper confining layer and protects the aquifer from contamination from near-surface sources. 
Studies, however, have shown that the confining layer locally is thin or absent, or it contains sand “windows” that could 
provide”pathwayd for contaminants to reach the Memphis Sand aquifer. Studies also have shown that downward leakage 
occurs from the water-table aquifers (alluvium and fluvial deposits) to the Memphis Sand aquifer. 

Recently, synthetic organic compounds have been detected in two municipal supply wells in the Memphis Sand 
aquifer--one at Collierville and the other in the Allen well field of Memphis Light, Gas and Water Division at Memphis. 
These are the first instances of synthetic organic compounds having been detected in the Memphis Sand aquifer and 
prove that the principal aquifer in the Memphis area is vulnerable to contamination. Thousands of potential sources of 
contamination exist in the Memphis-Shelby County area. These sources include: 

l Abandoned and active solid waste disposal sites. 
l Underground storage tanks containing synthetic organic compounds. 
l Industries and commercial establishments using or processing hazardous materials. 
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Location of project area and Memphis Light, Gas and Water Division well fields. 



Many of these potential sources of contamination are in proximity to municipal and industrial well fields, which contain 
about 200 wells. The extent and degree of any contamination of the Memphis Sand aquifer from these po-tential sour- 
ces of contamination is not known. 

The objective of the present investigation (conducted in cooperation with the City of Memphis, Memphis Light, 
Gas and Water Division and the Tennessee De-partment of Health and Environment, Division of Solid Waste Manage- 
ment) is to make a preliminary assessment of the potential for contam- ination of the Memphis Sand aquifer in the Mem- 
phis area by identifying potential sources of contamination and showing their location as related to direction of 
ground-water flow and thickness of the confining layer separating the water-table aquifers from the Memphis Sand 
aquifer. William S. Parks, (geologist) in the USGS Memphis Subdistrict office, is the project leader. 
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GROUND-WATER QUALITY IN THE SHALLOW AQUIFER NEAR EAST 
FORK POPLAR CREEK AT OAK RIDGE 

In cooperation with the U.S. Department of Energy, the USGS recently completed a study of ground-water con- 
tamination in the shallow aquifer system in and near the flood plain of East Fork Poplar Creek, near the Oak Ridge 
Reservation. Water-quality samples collected from 17 USGS monitor wells in April 1987 were analyzed for selected or- 
ganic compounds by International Technology Corporation in Knoxville, and for selected trace metals, miscellaneous 
organic substances, and radionuclides by the K-25 Plant Analytical Chemistry Department, in Oak Ridge. 

Although unfiltered samples from several of the wells contained antimony, chromium, lead, mercury, selenium, 
total phenols, and radioactivity from strontium-90 in concentrations which exceeded drinking-water standards, samples 
filtered for dissolved analyses contained,only uranium in elevated concentrations. These data indicate that most con- 
taminants in the unfiltered samples were associated with sediment which was removed from the dissolved samples by 
filtration, and therefore, represent concentrations which are significantly higher than those actually occurring in the 
ground water. A report summarizing the results of the completed study is being prepared by the project leader, 
hydrologist John Carmichael. 

Location of East Fork Poplar Creek study area. 
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EFFECTS OF PROPOSED DIVERSION ON REELFOOT LAKE IN WEST TENNESSEE 

Reelfoot Lake, in northwestern Tennessee, is a valuable natural resource that is threatened by sedimentation, 
eutrophication, and deterioration of the quality of the water. An investigation was begun by the USGS in 1986, in 
cooperation with the Tennessee Wildlife Resources Agency (TWRA), to quantitatively define the hydrology of the Reel- 
foot Lake basin, and to determine the impacts of various management strategies. This information is needed to evaluate 
available water supplies to the lake and the potential environmental impacts of lake-level manipulation and pumpage. 
The objectives will be accomplished by analyses of data from extensive climatic, surface-water, and ground-water data- 
collection networks using energy budget and mass-transfer equations, calibrated streamflow synthesis models, and finite- 
difference ground-water flow models. Data collection was completed in March 1988, and the final report is in 
preparation. Hydrologist Mike Lewis is the project chief. 
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INVESTIGATION OF GROUND-WATER CONTAMINATION 
FROM A HAZARDOUS-WASTE DISPOSAL SITE 

NEAR BRENTWOOD, WILLIAMSON COUNTY 

In cooperationwith the Division of Superfund of the Tennessee Department of Health and Environment, the USGS 
is in the final stages of a comprehensive 2-year investigation of ground-water contamination near Brentwood, Tennessee. 
Project activities have included: (1) drilling and monitoring of water levels in 34 wells at 17 sites near the disposal site, 
(2) two seepage investigations to provide information on ground-water contribution to the Little Harpeth River, 
(3)borehole and surface geophysics, (1) computer simulation of ground-water flow, and (5) water-quality analyses. Ad- 
ditionally, soil-gas sampling techniques were tested to aid in the delineation of the contaminant plume. Results of the 
investigation indicate that the upper aquifer, in which the waste was disposed, is effectively isolated from the lower 
aquifer by the Hermitage confining unit. Three reports on the results of the study will be published in 1988: (1) “Con- 
struction, geologic, and water-level data for observation wells near Brentwood, Williamson County, Tennessee,” 
(2) “Lithology and geologic structure of a hazardous-waste disposal site in Williamson County, Tennessee”, and 
(3) “Hydrogeology of a hazardous-waste disposal site near Brentwood, Williamson County, Tennessee.” The investiga- 
tion is directed by Roger Lee (geochemist), with the assistance of Patrick Tucci (modeling specialist) and Dorothea 
Withington (geologist). 
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Location of Brenhvood, Williamson County, study area. 
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GROUND-WATER AVAILABILITY IN THE SPRING HILL AREA, 
MAURY AND WILLIAMSON COUNTIES 

In cooperation with the City of Spring Hill, in April 1987, the USGS made a study of the discharge of ground water 
to streams in a 50-square-mile area around Spring Hill. The streams at the time were discharging on the average of 400 
gallons per minute (gal/min) for each square mile of drainage area. Several of the 45 basin segments yielded considerab- 
ly more water than the average and, on this basis, three sites were picked for drilling test wells. 

Spring Hill used this information to drill two test wells yielding about 10 and JO gal’min each. In addition, they 
tested an existing well at one of the three sites, pumping at a maximum rate of 286 galimin for 3-‘/z hours with only 51 
feet of drawdown. The Nashville Subdistrict Office, under the direction of Delmer O’Connell, made the streamflow 
measurements that were interpreted by E.F. Hollyday, hydrogeologist and project chief. 

Location of Spring Hill study area in Tennessee. 
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SIDE-LOOKING AIRBORNE RADAR DATA FOR USE IN ESTIMATING 
SUSCEPTIBILITY FOR GROUND-WATER CONTAMINATION 

The objective of this project is to test the usefulness of side-looking airborne radar for mapping ground-water pol- 
lution susceptibility in the Valley and Ridge physiographic province in East Tennessee. 

The investigation involved an evaluation of the pollution susceptibility of the Valley and Ridge province in an area 
including and surrounding the city of Oak Ridge. The DRASTIC system for evaluating pollution potential as developed 
for the US. Environmental Protection Agency was used. Three hydrogeologic settings were designated and the pollu- 
tion potential, referred to as the DRASTIC index, of each was computed. 

In areas where the boundaries of the hydrogeologic settings were compared to the map boundaries produced from 
overlays, a very good match of the boundary lines occurred over most of the area. This close correlation enabled the 
hydrogeologic settings and the corresponding DRASTIC indexes to be transferred from the Oak Ridge radar image to 
the Chattanooga 2’quadrangle. A DRASTIC index was computed for a landfill site on the Chattanooga quadrangle for 
comparison with the transferred index. It was found that radar images can be used successfully in conjunction with a 
methodology such as DRASTIC to evaluate ground-water pollution susceptibility. 

The project was supported from federal funds from the USGS headquarters in Reston, Va. A report is being 
prepared by hydrogeologist E.F. Hollyday and geologist Dolores Mulderink. 

Location of radar test site in East Tennessee showing the Lo quadrangle covered by a radar mosaic 
and two smaller sites covered by digital radar data. 
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WATER-SUPPLY POTENTIAL OF THE GROUND-WATER SYSTEM OF THE HIXSON 
UTILITY DISTRICT OF HAMILTON COUNTY 

In cooperation with the Hixson Utility District, the USGS is conducting an appraisal of the availability of ground- 
water in the Hixson Utility District service area. Objectives are to: 

l Define the geology and ground-water hydrology of the service area. 
l Define the area1 extent and storage capacity of the Cave Springs reservoir. 
l Identify and test areas where there is greatest protential for additional development of ground-water supply. 
l Characterize the existing water quality and its variability with recharge events of the Cave Springs reservoir. 
l Assess the vulnerability of the Cave Springs reservoir to contamination from surface sources. 

The utility district currentlywithdraws water from an extensive cave system in the limestones of Cave Springs Ridge. 
Aquifer tests using the large-capacity pumps operated by the utility district indicated a specific capacity of 2,800 gallons 
per minute per foot of drawdown. Additional drilling near the existing wells revealed more solution openings below the 
major cave system that may provide additional drawdown capacity during periods of drought. 

The second phase of this 2-year project includes a seepage investiga- 
tion to identify streams that are losing water to the ground-water sys- 
tem. This information along with a potentiometric map of the 
ground-water table will be used to select areas that may provide 
auxiliary water supplies in the Hixson Utility District service 
area. The project is under the direction bf hydrologist 
Arthur Bradfield and is scheduled for completion in Sep- 
tember 1988. 
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Location of the Hixson Utility District in Hamilton County, Tennessee. 
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DEVELOPMENT AND PROTECTION OF THE GROUND-WATER SOURCE OF DRINKING 
WATER IN THE EASTSIDE UTILITY DISTRICT 

The Chattanooga-Eastside Utility District is one of the largest utilities in the State, supplying 3 to 4 million gallons 
of water per day to 26,000 customers in an area of about 50 square miles in southeastern Hamilton County. Since 1936, 
the water supply for Eastside has been obtained from Carson Spring either directly from the spring pool or from ad- 
jacent wells, just south of Wolftever Creek embayment of Chickamauga Lake. The flow of the spring varies seasonally 
ranging from a low of about 2.0 million gallons per day to an unknown high. 

Although many springs in East Tennessee have been measured continuously by the USGS, there are no continuous 
flow records for Carson Spring. The USGS, in cooperation with the Eastside Utility District, is conducting an inves- 
tigation to: 

. Determine the average daily flow and any seasonal variations in the daily flow from Carson Spring. 

. Define the size and geometry of the aquifer supplying the spring, as well as the extent of the drainage area con- 
tributing water to the aquifer. 

. Investigate thti availability of additional ground-water supplies within the 50-square-mile service area of the 
utility district. 

. Interpret the hydrologic nature and water-supply potential of any additional sources. 

Plans for Phase 2 of the project to be conducted during 1988 
include: 

. Drilling additional observation wells and test holes for 
production wells in the Carson Spring watershed and \ 
other areas identified as overlying potential sources of 
ground water. 

. Collection and analysis of water-quality samples, 
continued collection of discharge data from Car- 
son Spring and ground-water level data from the 
spring’s watershed. 

. Development of wellhead protection 
strategies for present and future areas 
of ground-water withdrawal by the 
Eastside Utility District. 

The project leader is John Carmichael, 
hydrologist. 
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Location of Eastside Utility District in southeastern Hamilton 
County, Tennessee. 
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GROUND-WATER AVAILABILITY IN THE WEBB CREEK AREA, SEVIER COUNTY 

In cooperation with the Webb Creek Utility District, the USGS is investigating the ground-water resources of 
Greenbrier Valley on the northern flank of the Great Smoky Mountains National Park. The purpose is to locate one or 
more year-round sources of supply for the utility district, and to provide information on the occurrence and movement 
of ground water in a narrow valley underlain by metamorphosed sediments, typical of many other valleys in the Blue 
Ridge province. 

Six candidate sites have been selected for exploratory drilling, based on the following: 

. Low-flow Jeepage investigation of Webb Creek. 

. High-altitude photography. 

l Geologic structure and characteristics of the geologic materials underlying the valley. 

. Results of previous investigations in the Blue Ridge terrane. 

Additional sites may be relected after the initial wells have been drilled. It is expected that the basic information on 
ground-water occurrence, quantity, and quality provided by this work will have application in developing water supplies 
for other utility districts and communities in the southeastern Appalachian Mountains. The project is headed by David 
Webster, hydrologist. 

I. 

Location of Webb Creek Utility District study area in Tennessee. 
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IMPACT FROM URBAN RUNOFF ON GROUND-WATER QUALITY 

In many karst areas of Tennessee, drainage wells have been installed to accept stormwater runoff from urban areas 
in order to reduce surface flooding problems. This diversion can introduce contaminants such as: 

l Oil and grease 

. Trace metals 

l Bacteria 

0 Salts 

l Organic compounds 

into the ground-water system, and thus alter the quality of ground water downgradient from the drainage well. In 
cooperation with the Division of Construction Grants and Loans of the Tennessee Department of Health and Environ- 
ment, the USGS is conducting an investigation in the Clarksville area to determine the extent of any ground-water con- 
tamination due to diversion of runoff from a parking lot into a drainage well. The results of the investigation will assist 
the cooperator in designing a long-term monitoring strategy for ground-water quality in Tennessee. 

Flow direction and velocity in the ground-water system have been determined by a flow-tracing investigation, in 
which dye injected at the sinkhole was recovered from a nearby spring. Time-series data has been collected at the 
drainage well and the spring during storm events to characterize the quantity and quality of runoff from the catchment 
area and the ground-water quality downgradient from the well. Up to five observation and sampling wells will be in- 
stalled near the drainage well to provide additional sample points in the flow system. The project leader is Anne Hoes, 
engineer. 

CLARKSVILLE 

MONTGOMERY COUNTY 

Location of study area near Clarksville, Tennessee. 
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REAERATION CHARACTERISTICS OF SELECTED 
STREAM REACHES IN TENNESSEE 

Waste-load allocation to streams’ is based on the simulation of stream dissolved-oxygen concentration in response 
to waste loading. The accuracy of these simulations depends in large part upon an accurate determination of the reaera- 
tion coefficient, which defines the rate at which oxygen is physically absorbed from the atmosphere by the flowing stream. 
To date, the only procedure available for estimating this important parameter for Tennessee streams has been the use 
of empirical equations derived and verified for data collected outside of Tennessee. 

In cooperation with the Division of Water Pollution Control of the Tennessee Department of Health and Environ- 
ment, the USGS conducted reaeration studies of the Obed River near Crossville and East Fork Mulberry Creek near 
Lynchburg. The study applied the innovative gas-tracer method, recently developed by USGS hydrologists, which per- 
mits direct calculation of the reaeration coefficient. Values of the coefficient were calculated for three consecutive 
reaches from each of the streams studied, and were compared to the predicted values from the empirical equations. 
Project leader is Anne HOOS, engineer, with assistance from Dr. Robert Broshears, engineer. 

Location of the Obed River and East Fork Mulberry Creek in Tennessee. 
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IMPACT ON GROUND-WATER QUALITY OF BLASTED-IN 
SUBSURFACE SEWAGE SYSTEM FIELD LINES 

Almost one-third of the population of Tennessee is served by subsurface sewage disposal systems, which are the 
largest of all contributors of wastewater to the ground. This public health problem is likely to be greatest in subdivided 
tracts in suburban areas, especially where field lines have been installed in blasted rock. The USGS, in cooperation with 
the Division of Construction Grants and Loans of Tennessee Department of Health and Environment, is undertaking 
an investigation to establish the nature and degree of relation between ground-water contamination and blasted-in fiild 
lines. The approach to achieve this objective includes sampling ground water at two test sites; one control site, where 
the subsurface is suitable for a septic system, and an experimental site, where the field lines have been blasted in. This 
study is being conducted by hydrogeologist E.F. Hollyday and geologist Dorothea Withington. 

Block diagram showing flow of field line eftluence from subsurface sewage system ido Wasted reck, 
to household well, and to nearby creek in subdivision using individualwell-septic spkms. 
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CHARACTERIZATION OF INFLOW OF PESTICIDES AND NUTRIENTS FROM STORM 
RUNOFF INTO REELFOOT LAKE, WEST TENNESSEE 

An investigation is being conducted in cooperation with the Division of Construction Grants and Loans of the Ten- 
nessee Department of Health and Environment to define the contributions of nutrients and pesticides from storm events 
to Reelfoot Lake. Reelfoot Lake in West Tennessee, one of the most important natural resources in the State, is a key 
tourism and recreation area, a traditional commercial fishery, part of a National Wildlife Refuge and a State Conserva- 
tion Area. 

The specific objectives of the project are !o: 

. Define the concentrations of nutrients and pesticides relative to seasonal variation and stage for storm events 
of varied magnitude at three principal tributaries. 

. Utilize time-concentration data and streamflow-suspended sediment records from existing stations at the three 
principal tributaries to the lake to estimate annual nutrient and pesticide loading from tributary inflow. 

Although measurements of nitrogen concentrations in the waters of Reelfoot Lake are scarce, the available data 
indicate that Reelfoot Creek is an important source of nitrogen for the lake (TWRA, in press). Thus, a major source of 
these components in the lake is from inflows of the three principal tributaries (North and South Reelfoot Creeks, Run- 
ning Slough). Agricultural ac- 
tivities in the basins of these 
tributaries contribute residues of 
fertilizers and pesticides to storm 
runoff that flows into the lake. The 
extent of the contribution and the 
percentage contributed by storms 
of different magnitude have not 
been defined. The annual budget 
of nutrients and pesticides flowing 
to the lake is poorly quantified. 

Engineer Bill Carey is the 
project chief. 

Location of project area, Reelfoot Lake, and surface-water monitoring stations. 



RECONNAISSANCE OF THE IMPACT OF AGRICULTURAL CHEMICALS 
ON GROUND-WATER QUALITV 

The USGS, in cooperation with the Tennessee Department of Health and Environment, Division of Construction 
Grants and Loans, is conducting an investigation to determine the effects of agricultural chemicals on ground-water 
quality. For this study, selected shallow wells at three sites are being sampled for concentrations of nutrients and pes- 
ticides Sampling sites, located in Shelby, Lake, and Haywood Counties, were chosen to represent the three major 
agricultural products of West Tennessee: corn, soybeans, and cotton. All wells are located near fields under active cul- 
tivation. 

One sampling run has been completed and another is scheduled for May-June 1988. The analyses from these sam- 
pling events will provide an indication of the impact of agricultural chemicals on ground-water quality. A report 
documenting the results of this study will be completed in December 1988. The project leader is Dorothea Withington, 
geologist. 

Location of sampling sites in Haywood, Lake, and Shelby Counties. 
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PRELIMINARY ASSESSMENT OF THE HYDROGEOLOGY AND POTENTIAL SOURCES 
OF GROUND-WATER CONTAMINATION AT JACKSON, TENNESSEE 

In 1987 the USGS, in cooperation with the Division of Groundwater Protection of the Tennessee Department of 
Health and Environment and Jackson Utility Division, selected the city of Jackson, Tennessee, as the site for an inves- 
tigation to demonstrate the factors to be considered in developing a local plan for ground-water protection. The pur- 
pose of the investigation was to provide preliminary information and analyses for the development of a wellhead 
protection program. The investigation was limited to a preliminary assessment of the local hydrogeologic framework, 
current ground-water quality, and potential sources of ground-water contamination. Preliminary data were used to 
demonstrate several methods for the delineation of wellhead protection areas. 

The utility, in Madison County, pumps about 9 million gallons of ground water daily from an unconfined aquifer. 
This aquifer comprises Eocene sands of the Wilcox and Claiborne Groups. Under natural hydraulic gradients, ground 
water flows toward the utility’s south well field at approximately 2 to 3 feet per day; natural flow toward the utility’s north 
well field is from the east at 1 to 2 feet per day. Water quality is generally good, as dissolved solids are low, and exces- 
sive iron concentrations are the only significant naturally occurring problem. However, trace concentrations of volatile 
organic compounds have been detected in water pumped from the south well field; the highest concentration of a single 
compound has been 23 kg/L of tetrachloroethylene. Potential sources of ground-water contamination in the Jackson 
area include a CERCLA and RCRA site, wastewater-discharge sites, municipal and industrial landfills, and underground 
storage tanks. Methods suggested by the U.S. Environmental Protection Agency for the delineation of wellhead protec- 
tion areas were evaluated, and a uniform flow equation was used to map zones of contribution for the utility’s well fields 
and to delineate ground-water time-of-travel contours. 
Recommendations were made for a more rigorous assess- 
ment of ground-water flow in the Jackson area, including 
development of a numerical flow model. 

The project leader for the investigation is Dr. Robert E. 
Broshears. 350 
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Location of Jackson study area. 
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INDEX OF GEOGRAPHIC INFORMATION SYSTEMS (GIS) IN TENNESSEE 

Within the last 4 years, the number of computerized mapping systems, commonly called Geographic Information 
Systems (GIS), within Tennessee has increased rapidly. In order to examine the present status of GIS efforts, the Ten- 
nessee !jtate Planning Office and the USGS entered into a cooperative agreement to collect information about mapping 
usage, computer equipment, GIS software, and existing digital data. 

The objectives of the project are as follows: 

l Perform a survey of existing mapping coverages, location of specific data bases, available transformation 
software, and transfer techniques that exist at various state, federal, county, and municipal agencies. 

l Ccreate a computer data base of the results of the survey. 
l Develop suggested standards for digitized data. 
l Describe, in general, communications techniques that can be used to transfer data from one system to another. 
l Create a map coverage of Tennessee and the 75minute quadrangle maps within the State and allow identifica- 

tion of existing map coverages for each. 
l Publish a reference guide containing information obtained from the above. 

As of March 1988,63 offices had been contacted. Twelve GIS systems were in operation, and 841 map coverages 
had been developed. The data base for storage of the above information has been completed and the data entered. input 
forms for the data base and retrieval programs have also been completed. In addition, the 7.5minute quadrangle coverage 
of the State is near completion. 
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ANALYSIS OF SEDIMENT DEPOSITION IN WETLANDS 
IN RELATION TO BRIDGE STRUCTURES 

In cooperation with the Tennessee Department of Transportation, the USGS is conducting a study of sedimen- 
tologic processes and sediment storage in riverine wetlands. The objectives of the study include: 

l Determination of the amount and rate of sediment deposition using data obtained from affected bottomland 
trees, artificial substrates, and single-stage sediment collectors. 

. Determination and interpretation of wetland species responses using tree-ring analysis. 

l Determination of the effects of ridge structures on sedimentation processes and normal hydroperiod in 
adjacent wetlands. 

Ten wetland sites near bridge structures have been selected for detailed study in West Tennessee. Control wet- 
lands occur near each site. Instrumentation of sites, plant ecological analysis, sedimentological analysis, and tree-ring 
analysis have begun at several of the study sites. Initial results suggest that analysis of buried trees provide accurate rates 
of recent sedimentation and allow for the determination of the relative effects of bridge structures. Additionally, several 
species of bottomland trees may be highly indicative of ambient depositional conditions. Tupelo gum appears to be par- 
ticularly tolerant of high sedimentation rates, while hydric oaks are not. The study, scheduled for completion in 1990, 
is directed by Dr. Cliff R. Hupp, botanist. 

Location of study streams in West Tennessee. 
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Generalized buried tree. Excavation of tree and tree- 
ring analysis yield amount and rate of deposition. 

39 



FLOOD FREQUENCY 

This project is a part of the Flood Investigations project and is being undertaken in cooperation with the Tennessee 
Department of Transportation (TDOT). The project involves the updating of a previous flood-frequency regionaliza- 
tion report published in 1976. It will use data collected at the crest-stage partial-record stations (described under Flood 
Investigations) along with data from the regular gaging station network. A station flood-frequency curve will be com- 
puted for each site. Peak discharges for selected recurrence intervals for each station and selected basin characteristics 
will be used in a regression analysis to define regional equations for computing peak discharge at ungaged sites. Fur- 
ther statistical analyses will be made to determine the accuracy of the estimating equations and to pinpoint the source 
of the error of the estimates. The prediction error for ungaged sites can be divided into model error and sampling error 
(including both time- and spatial-sampling error). 

The project is statewide and the project chief is hydrologist Charles Gamble. 

GEOCHEMICAL AND GEOMICROBIAL PROCESSES AFFECTING THE FATE 
OF ORGANOCHLORINE PESTICIDES IN GROUND WATER 

In cooperation with Memphis State University, the USGS is studying geochemical and geomicrobial processes af- 
fecting the fate of organochlorine pesticides in ground water. Organochlorine pesticides include chlordane, heptachlor, 
and lindane. These compounds are the chemicals of primary concern at three of the seven hazardous-waste sites in Ten- 
nessee currently on the U.S. Environmental Protection Agency’s National Priority List. They pose potential health risks 
via ground-water pathways at these sites and at other locations around the country. 

The specific objectives of the study are the understanding and quantification of key processes affecting the fate of 
organochlorine pesticides in saturated subsurface environments. These processes include solubilization, sorption, and 
biotransformation. Pesticide solubility will be quantified and geochemical controls on solubilization will be assessed. 
Sorptive behavior, including the influence of water and solid-surface chemistry, will be quantified. Biotransformation 
pathways will be defined, and factors determining degradation rates and products will be identified. 

The project chief is Dr. Robert E. Broshears. 



FLOOD-FREQUENCY INVESTIGATIONS AT PROBLEMATIC OR UNGAGED STATIONS 
USING BOTANICAL EVIDENCE AND MAXIMUM LIKELIHOOD ESTIMATORS 

This study, located largely in the Tennessee River valley, uses botanical evidence of floods as historic information 
in maximum likelihood statistical procedures. These techniques, while still experimental, are highly valuable in extend- 
ing flood records, reducing standard errors, and in particular, in developing accurate flood-frequency curves for un- 
gaged basins. Dr. Cliff R. Hupp (botanist) and Bradley A. Bryan (hydrologist) are the project leaders. 

Several streams with short or problematic gaging-station records have been investigated. A few streams with long 
systematic records have been investigated as test cases for the procedures. Botanically determined dates of flooding, es- 
timated stage characteristics for each flood, and flood-perception thresholds are entered into a computer maximum 
likelihood program, from Cornell University, that develops flood-frequency curves with standard-error, confidence-in- 
terval, and marginal-gain information. Results have shown that substantial reduction of standard errors and confidence 
intervals at several flood-return periods may be achieved using these techniques. Marginal-gain analysis shows that 100 
years of botanical record is equivalent to 37 years of systematic record for some studied streams. These procedures have 
been used successfully to improve the flood record on streams where there existed a wide divergence between the flood- 
frequency curve estimated by systematic records and regional-flood equations. The maximum likelihood program using 
index-flood information will establish flood-frequency curves for ungaged streams with on-site botanical information. 
This project is supported by the Tennessee Department of Transportation, the Office of Surface Water of the USGS, 
and the Tennessee Valley Authority. 

CORRASION SCAR 

Botanical evidence of floods. 
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SIDONIA PROJECT 

This project involves a study of about an O-mile reach of South Fork Obion River (designated the Sidonia Item by 
the Memphis District, Corps of Engineers) in cooperation with the Tennessee Department of Health and Environment 
(TDHE). The objective of the project is to determine the hydraulic and environmental effects of the proposed chan- 
nelization of this reach of South Fork Obion River by the Corps of Engineers as related to: 

. Bankfull discharge and frequency. 

. Sediment-transport rates. 

. Channel erosion and deposition. 

. Bank stability. 

. Wetland hydroperiod. 

. Ground-water table elevations. 

The field and analytical techniques to be used in this investigation are multidisciplinary, including hydrology and 
hydraulics, geomorphology, soil mechanics and slope stability, geobotany, and ground-water modeling. 

Some of the results of this study may have transfer value to other areas where channelization may affect these same 
environmental factors. Project chief is Charles Gamble, hydrologist. 

Study area 

Location of the Sidonia study area. 
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DOCUMENTATION OF MILLINGTON FLOOD 

In cooperation with Shelby County and the City of Millington, Tennessee, the USGS has a project to document the 
flood of December 251987, in the city of Millington and in northern Shelby County (Loosahatchie River). Preliminary 
data indicate that this flood on the Loosahatchie River was about a 50-year flood, and on Big Creek and some of its 
tributaries in Millington, it may have been a loo-year flood or greater. 

The documentation will include: 

. Flood profiles for the streams involved. 

. Computation of peak discharges and frequencies for Big Creek and North Fork Creek in Millington. 

l Delineation of flooded areas and flood depths in Millington. 

The data will be published as a Hydrologic Atlas and should be very helpful to local officials in planning for future flood- 
protection measures, zoning, and updating of flood insurance studies. 

The project chief is hydrologic technician James G. Lewis in the Knoxville Subdistrict office. 

Location of the Millington study area. 
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A.PPALACHIAN VALLEYS-PIEDMONT REGIONAL AQUIFER-SYSTEMS ANALYSIS 

The Appalachian Valley and Ridge, Blue Ridge, and Piedmont physiographic provinces of the eastern United 
States cover about 135,000 square miles from the northern New Jersey border to Birmingham, Alabama. If this region 
is to be able to supply the water resources needed as it continues to develop, it is imperative that the resources of the 
area be understood. It is intended that the Appalachian-Piedmont Regional Aquifer-Systems Analysis (RASA) study 
develop that understanding and provide the necessary information. The project is supported by federal funds. 

The specific objectives of the study are to: 

. Delineate and describe the ground-water flow systems within each of the provinces and to subdivide further 
the provinces by lithology, structure, and topography. 

l Develop an understanding of the processes controlling recharge and discharge in the region. 

. Provide regional estimates of ground-water pumpage, natural discharge, and ground-water recharge and 
storage. 

l Develop prototype mathematical models of the flow systems that represent “type” areas as an aid in under- 
standing flow systems in other locations with similar geology, structure, and topography. 

. Develop a comprehensive data base capable of supporting mathematical modeling of basins throughout the 
region as the need develops. 

. Determine the importance and interrelational surface-water and ground-water flow systems within the region 
and their effects on water quality. 

The approach to be taken in this 
study will be to identify and quantify 
specific hydrologic components at 
selected “type” areas from which an 
understanding of these characteristics 
can be transferred to other areas with 
similar geologic and hydrologic condi- 
tions. 

Project chief of the Tennessee 
subregion is E.F. Hollyday, hydro- 
geologist. 
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Location of the Appalachian Valleys-Piedmont Regional Aquifer- 
Systems Analysis study area. 

44 



DEVELOPMENT OF A GEOGRAPHIC INFORMATION SYSTEM 
FOR MANAGING GROUND-WATER RESOURCES 

IN THE MEMPHIS-SHELBY COUNTY AREA, TENNESSEE 

The USGS, in cooperationwith ShelbyCounty(Memphis-Shelby County Health Department) and the City of Mem- 
phis Light, Gas and Water Division (MLGW), will develop a Geographic Information System (GIS) to assist in the 
management of the ground-water resources in the Memphis-Shelby County area. The GIS will contain all available 
ground-water data for the shallow and deep aquifers in the area. The data will be supplemented with other geographic 
information including, but not limited to, soils, surface geology, sources of contamination, streams, topography, and land 
use. 

A key element of the project will be the development of a computerized data base to store all the available well data 
in the county. The well data, including location of wells, construction, physical characteristics of the boreholes, water 
levels, and quality of the water from the wells, will be stored on a priority basis to provide Shelby County with an effec- 
tive tool in the management of their ground-water and wells-permitting programs. The GIS will initially be installed at 
the USGS computer facilities in the Memphis office. The initial phase of the project will begin in 1988 and will consist 
of acquiring both computer software and hardware. Project personnel will be assigned and training will commence in 
1988. In the following 2 years, all available ground-water data will be entered into the GIS on a priority basis. Updates 
to the system will be made on a continuous basis. 

Real-time access will be provided to MLGW and Shelby County to be undertaken to transfer the GIS to the MLGW 
computers. Susan S. Hutson, hydrologist, will be the project leader. 

SHELBY CO .-: .______ -__- ._-. 
MISSISSIPPI DE5OTO CO 

Location of the Memphis-Shelby County study area. 

45 



HYDROGEOLOGY OF THE MEMPHIS SAND AND FORT PILLOW SAND AQUIFERS 

The USGS, in cooperation with Memphis Light, Gas and Water Division, is quantitatively assessing the ground- 
water resources of the major deep aquifers in the Memphis area, the Memphis Sand and the Fort Pillow Sand. A three- 
dimensional ground-water flow model developed exclusively for this study is serving as the primary tool with which to 
make the assessment. 

The purpose of the model, which will ultimately be used as a tool to evaluate management alternatives, is to aid in 
understanding the hydrology of the complete system of aquifers in the area. Because leakage from shallow to deeper 
aquifers occurs, and because the shallow aquifers may contain water of inferior quality, it is essential to establish the 
location of leakage and recharge, and to know what flow directions water from these locations may follow if it is intro- 
duced into the aquifer. The flow model allows such calculations to be made. The model also shows the effects of chang- 
ing pumping distributions within existing well fields and the effects of adding new well fields to the system. 

Project chief Dr. John Van Brahana, geologist, assisted by Dr. Robert E. Broshears, engineer, has completed 
calibration of the model and has submitted the report, which is currently in review. 

Original water level in 1866 

v Maximum water-level decline in 1985 

Effects of pumping from the Memphis Sand calculated by tlow model. 
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WAYNE COUNTY LANDFILL INVESTIGATION 

The USGS, in cooperation with the Tennessee Department of Health and Environment, Division of Superfund, 
has undertaken a hydrologic and geologic investigation of the area surrounding the recently closed landfill in Wayne 
County, Tennessee. The lo-year-old landfill is situated upon a ridgetop in the Mississippian age Fort Payne Formation. 

The objectives of the investigation are to: 

l Define the hydrogeology of the area and potential contaminant pathways from the landfill. 
l Determine background and present chemical quality of ground water and surface water, including sediment. 
l Determine the nature and chemical composition of leachate from the disposal site. 
. Determine the nature and extent of contaminants in the project area. 

Planned activities for the project include installation of a stream gage, installation of monitoring wells, multiple in- 
jection point dye tracing, water-quality sampling and analyses, and bottom sediment sampling in streams. Drilling of 
monitor wells began in March, 1988. 

The project is scheduled for completion in April 1989. The project chief is Roger Lee, geochemist. 
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Location of Wayne County landfill study area. 
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