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PREFACE

Welcome to the 23" Tennessee Water Resources Symposium sponsored by the Tennessee Section of
the American Water Resources Association (TNAWRA). | am excited that you have chosen to join us this
year. The conference committee this year was composed of a group of experienced, hard working water
resources professionals who crafted an Agenda with excellent speakers and fun social activities just for
you — the attendee. | am honored and humbled to be serving as President during this conference.

Welcome to the Civil Engineers who have chosen to attend the Tennessee Water Resources
Symposium. Several years ago, the conference committee realized that water resources engineers
especially appreciated the symposium. As we have for the past 2 years, we have again partnered with
the Environment Water Resources Institute of the Tennessee Section of the American Society of Civil
Engineers to offer an “Engineering Track” of presentations that the conference committee felt would be of
special interest to engineers. The “Engineering Track” is indicated on the Agenda, but of course, all
attendees are welcome to attend any track that is of interest to them. Be sure to attend the Keynote talk
at lunch on Monday to hear Bob Hirsh of the USGS speak about “Changing Hydraulic Systems.” | am
also looking forward to hearing David Haskell's talk on “The Forest Unseen: A Year's Watch of One
Square Meter of Forest” at the luncheon on Tuesday.

Almost everyone who knows me has heard my TNAWRA story. When | moved back to Tennessee and
began working in water resources, | was looking for a meeting to keep abreast of the current state of the
field. | attended the TNAWRA symposium in 2000. When | attended the symposium, | attended as many
sessions as possible in order to learn as much as | could (and to get those ever important Professional
Development Hours that Engineers need!). | work in the field of water quality protection. At my first
symposium, | attended presentations on storm water pollution prevention, groundwater remediation,
reservoir hydraulics and operations, flooding, source water protection, wetlands, water monitoring and
stream restoration. As | continued to work in the water resources field over the next year, | realized that |
had come to use something | learned from every presentation | attended. Therefore | encourage you to
attend a presentation that seems to be outside of your field to see if you learn something that you can use
later in your work.

The other thing | liked about the symposium is that it is really friendly. | knew no one the first time | went
to the symposium in 2000, but by the end of the symposium, | knew many people and each year | return, |
meet more people and get to catch up with those | met last year. If you do not know anyone or would just
like to meet someone new, | challenge you to step outside of your comfort zone. Say “hello” to someone.
If you don’t know what to say next try “what kind of work do you do?” or “did you see the presentation
about (fill in the blank)?” Also, be sure to come up to me and say hello.

| have the dubious honor of being the longest serving single term President, having a term of almost 19
months. The symposium is usually held in the Spring of each year and the President is sworn in on the
last day of the symposium. Due to Federal budget issues in the early Spring of 2013, the symposium was
moved to November 2013, which is where we are today. We are back on track and the next symposium
will be on April 1-3 of 2015, a mere 17 months away. Mark your calendars and plan to come back.

Attend — Learn — Participate

Thomas B. Lawrence, PE, President, Tennessee Section AWRA, 2013 Conference Chair
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12:00 - 1:30 p.m.
Monday, November 4
Keynote Address by Robert Hirsch, U.S. Geological Survey

“CHANGING HYDROLOGIC SYSTEMS—THINKING ABOUT NON-STATIONARITY
OF STREAMFLOW AND WATER QUALITY”

12:00 - 1:30 p.m.
Tuesday, November 5
Luncheon Presentation by David G. Haskell, Sewanee, The University of the South

“THE FOREST UNSEEN: A YEAR'S WATCH OF ONE SQUARE
METER OF FOREST”

I discuss my year's watch of a small area of forest in southeastern Tennessee. Through a calendar
year I returned to observe the one square meter of forest, paying attention to the ecological
interactions happening within its bounds. In this talk I will share both scientific and personal
insights from the project and give short readings from resulting book, The Forest Unseen.
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WATER MANAGEMENT AND POWER PRODUCTION IN EAST TENNESSEE:
AN ASSESSMENT OF WATER-ENERGY INTERACTIONS AND POLICY

Christopher Clark', Carol Harden?, William Park', John Schwartz’, Caroline Ellis', Julie
McKnight®, Evan Betterton', Hope Tracy?, and Kelly VanCor'

ABSTRACT

Effective water management is crucial to meeting changing energy and water needs. In the
southeastern U.S., recent drought and water conflicts have illuminated the need to evaluate
impacts of increasing power production on water quantity and quality. The scale of water use and
various types of power production in East Tennessee (TN) make this an ideal location to study
water-energy management, policy, and trade-offs. We assessed available water use and quality
data and water policy in East TN. While water use per unit energy data are well expressed at the
national level, a regional quantification of actual water use is lacking. Permits are required for
water withdrawals exceeding 10,000 gallons per day; however, actual water use is unclear as
there is no reporting requirement or maximum withdrawal amount. In terms of water quality,
thresholds are defined for regional water resources, though operational allowances in water use
permits for power facilities often extend beyond these limits. Increases in water temperatures
with regional climate change also emerged as a critical concern for both power production and
ecosystem health. Intake of warmer waters reduces effectiveness of thermoelectric cooling
towers while waters discharged downstream of a facility may exceed biological temperature
thresholds. To better integrate science and policy, we recommend future work which quantifies
water use per energy unit in East TN, specifies water use reporting guidelines and maximum
withdrawals under varying water level conditions, and develops optimal water temperature
thresholds for both power plant operation and ecosystem health.

'University of Tennessee, Department of Agricultural & Resource Economics, Knoxville, TN 37996
*University of Tennessee, Department of Geography, Knoxville, TN 37996
*University of Tennessee, Department of Civil & Environmental Engineering, Knoxville, TN 37996
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TENNESSEE UTILITIES PLUG-IN FOR ENERGY SAVINGS AT THEIR
WASTEWATER FACILITIES

Jennifer Dodd!

In late 2011, staff from EPA Region 4 and TDEC Division of Water Resources began
conversation that lead to the formation of the Tennessee Water and Wastewater Energy
Efficiency Partnership. The Partnership is a collaboration of staff from EPA Region 4, TDEC,
TVA, the University of Memphis, University of Tennessee — Municipal Technical Advisory
Service, the Environmental Finance Center (University of North Carolina) and Schneider
Electric. Tennessee is the first state in Region 4 to participate in such a program with EPA.

Patterned after an EPA Region 7 initiative, the Tennessee program consisted of an individual
energy assessment for each facility and a series of four workshops that facilitated action plans
and funding options for capital improvements. The participants in the program were Nashville,
Columbia, Fayetteville, Franklin, Caryville-Jacksboro, Lenoir City, and First UD Knox County.

All seven participants found potential energy savings at their wastewater treatment plants.
Additionally, Lenoir City Utility Board found potential energy savings at its water treatment
plant. The combined potential savings for all eight facilities is over 7 million kilowatt hours per
year, which would reduce CO, emissions by 6,696 tons, equivalent to 1,190 cars removed from
the road for a year or 739 homes powered for a year. Projected annual savings ranged from
$15,750 to $210,000, with the average facility having a potential reduction of 17.8%.

Discussions are ongoing for a second round of energy assessments and workshops, beginning in
the spring or early summer 2013.

' TDEC Division of Water Resources
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REPORTED VERSUS ESTIMATED WATER-USE DATA AT THERMOELECTRIC
POWER PLANTS IN THE SOUTHEASTERN UNITED STATES

Melissa A. Harris'

The U.S. Geological Survey (USGS) compiles and publishes national water-withdrawal
estimates for various uses on a five-year cycle. Thermoelectric power plants have accounted for
the largest water withdrawals since 1965. In the past, thermoelectric water use has been
compiled from regulatory data provided by facility operators to State and Federal agencies.
Analysis of published data revealed inconsistencies and reported water-use values that were
thermodynamically unrealistic. The USGS has developed a method for estimating water
withdrawal and consumption at power plants based on an energy budget constrained by power
plant generation, cooling technologies, and environmental variables such as air temperature and
wind speed. Water-use estimates were calculated for approximately 1,300 thermoelectric plants
in the United States with generating capacities of at least one megawatt, 240 of which are located
in the southeast. The estimates include ranges of plausible water withdrawal and consumption
rates for each plant. Reported water-use data were compared to estimated plausible ranges for
quality assurance. Of the 180 plants in the southeast that reported water-use data, 61 percent
reported plausible withdrawal data, but only 27 percent reported plausible consumption data.
Some of the discrepancies in the consumption data are likely due to the lack of reported
consumption data by thermoelectric plants with once-through cooling systems. For once-through
cooled plants, most of the consumption happens outside the plant boundaries in the form of
forced evaporation of surface waters due to added heat load.

! Physical Scientist, U.S. Geological Survey, 640 Grassmere Park, Suite 100, Nashville, Tennessee 37211,
mharris@usgs.gov
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ESTABLISHING DESIGN BASIS FLOOD LEVELS AT TVA DAMS
Michael A. Eiffe, Program Manager, Hydrology, TVA

TVA has for many decades used the Probable Maximum Flood (PMF) as the hydrologic design
basis for its high hazard dams. The PMF is determined by assessing the flood runoff associated
with maximum design storm rainfall published by the National Weather Service. For most TVA
projects, previous analyses establishing maximum flood levels and discharges had been
completed in the 1980°s. Changes in reservoir operating policy, both in operating levels and
operational rules, revised dam spillway rating curves, and developments in hydrologic modeling
techniques led to a revised analysis to re-establish design basis flood levels. In particular, the
legacy TVA code used for unsteady flow simulations was replaced by the industry standard
HEC-RAS model. This analysis was comprehensive, and included all TVA projects, even those
for which the design basis flood is an event smaller than the PMF. The analysis has now been
completed. The presentation will describe how the analysis was done, and present both results
and expected future directions in hydrologic assessment.
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A RECORD OF SEDIMENT EROSION, FLOOD FREQUENCY, AND SEDIMENT
CONTAMINATION ANALYZED FROM FINE SEDIMENT DEPOSITED IN CAVES
AND SINKHOLES DRAINING AN URBAN AREA

Evan A. Hart'
EXTENDED ABSTRACT

Fluvial sediment deposited in caves often remains preserved for long time periods. Analysis of
cave sediments can reveal important clues about the environmental history of the surrounding
watershed. For example, valuable information about paleoclimate has been extracted from
chemically deposited cave sediments (White, 2007; Sasowsky and Mylroie, 2007). Cave
sediments have also allowed researchers to estimate river incision rates on the Cumberland
Plateau and in other localities. Less research has focused on contemporary cave sediments, one
reason being is that recently deposited cave sediment do not survive long in one location and are
continuously swept downstream. However, hydraulic conditions vary widely from one cave to
another based on the morphology of the cave. Some caves have high velocity flows during
floods, while others back up during floods, leading to periods when very low velocities prevail.
Thus a wide range of sedimentary deposits are expected in caves due to the high variability of
flow conditions.

We discovered a 2-meter sequence of fine sediment preserved in Capshaw Cave, Cookeville, TN
and analyzed these sediments for particle size and heavy metal concentrations. The sequence
shows at least 50 alternating layers of silt/clay (dark color) and fine sand (light color). Silt/clay
layers range in thickness from 2 to 10 cm, while fine sand layers are all less than 2 cm in
thickness. These alternating layers are the result of flooding in the cave. The silt/clay layers are
deposited at peak flood stage, when the cave is completely filled, and water velocities are
minimal. The thickness of the silt/clay layers suggests the length of time the cave was flooded.
The fine sand layers are deposited in the waning stages of each flood as the cave drains out and
water velocities increase. Lead concentrations in the sediments ranged from 80 to 130 ppm and
were significantly higher than background soil lead concentrations measured in nearby rural
areas. Chromium concentrations in the cave sediments were also higher than background
samples. Lead in cave sediments likely comes from the surrounding urban area and leakage
from the city’s sanitary sewer system may be the main source of chromium. The presence of
heavy metals suggests that deposition of cave sediments occurred after the urbanization of the
watershed (< 100 yr).

These results have further implications for the movement of sediment through watersheds over
historic timescales. Human impacts on soil redistribution within watersheds have been widely
studied in many different environments. In the eastern US, land clearing for agriculture after
European settlement led to increased rates of hillslope erosion and floodplain sedimentation.
The magnitude of increased erosion rates has been deduced by analysis of so-called ‘legacy’
sediments, found today deposited along streams and on floodplains, and where present, behind

! Dept of Earth Sciences, Tennessee Tech University, Cookeville, TN 38505 ehart@tntech.edu
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mill dams (Walter and Merritts, 2008). The widespread occurrence of legacy sediments has led
to questions about the natural state of stream channels before European settlement and to
management questions regarding stream restoration. Analysis of legacy sediments has revealed
valuable information about flood frequency, sediment budgets, and the storage and release of
contaminated sediment along floodplains. Another form of legacy sediments are those derived
from land disturbance during periods of urban growth. In some areas, urbanization produced a
sharp increase in sediment delivered to streams (during the construction phase), then a rapid
decline in sediment erosion due to covering of impervious surfaces.

In addition to cave sediments, sinkhole sediments were also examined in this study. In karst
regions, runoff of water and sediment is strongly controlled by the presence of closed
depressions (dolines, sinkholes, pjoles, etc.) that effectively partition the landscape into sub-
watersheds, a pattern that has been referred to as polygonal karst (Williams, 1972). Hydrologic
connections between sub-watersheds and master streams in karst areas are not immediately
apparent from topographic maps, resulting in uncertainties in drainage pathways, the delineation
of which require tracing techniques. With respect to sediment, closed depressions, such as
sinkholes, act as ‘gate-keepers’ by restricting or delaying the passage of sediment from sub-
watersheds area to master streams. The degree to which sediment is trapped in sinkholes
depends on the size of sinkholes and the presence of swallet openings that may connect to cave
systems. While some sinkholes have large swallet openings that permit sediment transport
directly to subsurface passages, many sinkholes are efficient or indefinite sediment traps.
Despite the widespread occurrence of karst terrain, few studies have documented sediment
deposition or the residence time of sediment within sinkholes. Data about this ‘gate-keeping’
function of sinkholes would be useful in determining, for instance, the impacts of disturbances
(e.g., forest clearing, urbanization) on downstream sediment flux. In addition, sediment
deposited in sinkholes provides a potential record of erosion and environmental conditions in the
watershed. Based on field data we were able to quantify historic sedimentation rates for
selected sinkholes.

Previous research on sinkhole sediments has focused on the origin of the sediments, rates of
deposition within sinkholes, and paleoclimate studies. The origin of sinkhole sediments and
soils has been debated. For example, Hall (1976) showed that terra rosa soils, contained within
sinkholes in southern Indiana and traditionally interpreted as residual soils, were likely of
alluvial origin. He cited several lines of evidence for a fluvial origin of terra rosa, including
rounded quartz grains and fine laminations (Hall, 1976). Oh (1992) found that sinkholes in
Wisconsin contained an array of colluvium, residuum, alluvium, and loess, dating to between
440 and 6540 '*C ybp. Sedimentation rates for these Wisconsin sinkholes averaged 2 mm yr™,
which is significantly higher than floodplain sedimentation rates in the same region (Oh, 1992).
This difference is attributed to a higher trap-efficiency of sinkholes compared to floodplains.
Crownover et al. (1994) found alluvial and colluvial soils in sinkholes to be several thousand
years old, indicating that sinkholes sediments can be stable for millennia with little or no
movement into cave systems. Turnage et al. (1997) used "*’Cs to determine sedimentation rates
since 1950 for sinkholes in East Tennessee. Their work showed that sedimentation rates were
highest for sinkholes with cropland and lowest for sinkholes in forested areas. Stepisnik (2004)
found that many collapse sinkholes in Slovenia were filled with loam deposited by overflow
flooding from underlying karst systems. This finding suggests that some sinkholes may actually
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contain sediment derived from cave systems. Goldie and Marker (2001) showed that many
sinkholes in the UK are filled with loess overlain by a peat horizon dating to 9000 '*C ybp,
denoting a dry-to-humid climate transition at that time. Sediment cores have also been extracted
from sinkhole lakes to obtain pollen samples for paleoclimate reconstruction (Wright, 1966;
Delcourt, 1979; Hodell et al., 2005). Balbo et al. (2006) used sediment cores from poljes in
Croatia to date the onset of human settlement during the Holocene. Bruxelles et al. (2006) found
that poljes in France had undergone several meters of infilling with alluvium and colluvium since
the Paleolithic times.

The study area lies within the Pigeon Roost Creek watershed near Cookeville, TN, located on the
East Highland Rim in northern middle Tennessee. The East Highland Rim is a sinkhole plain
underlain by Mississippian limestone, shale, and chert. Variation in bedrock solubility in the
area has created a classic fluviokarst landscape. Fluviokarst is thought to be a less well-
developed karst landscape where surface streams flow along the surface in areas where insoluble
bedrock is found at the surface. Streams often enter the subsurface at accordant elevations which
coincide with soluble bedrock layers. Sinkholes in the present study area are formed in two main
bedrock units. The St. Louis formation consists chiefly of micro- to medium-grained limestone.
The stratigraphically lower Warsaw formation is a heterolithic unit of sandy limestone,
calcareous siltstone and shale, and argillaceous limestone. Most streams in the study area sink
into caves formed in soluble beds of the middle Warsaw formation. These caves serve as
stormwater drains for the city of Cookeville. Cave streams reemerge on the surface at an
elevation correspondent to the less-soluble lower Warsaw formation. Many of these sinkholes
have slow draining swallets resulting in back-up flooding and damage to structures during heavy
rain events.

Approximately half of the land area within the Cookeville city limits drains into one of the 218
sinkholes that have been identified using LIDAR. Land use changes have affected sedimentation
and erosion patterns around swallets in the study area. Agricultural activities in the watershed
led to severe upland erosion beginning in the 1800s until the early 1900s. The earliest aerial
photographs of the area (1938) show a landscape scarred by numerous gullies and bare soil areas.
Original soil survey maps show numerous gullies in these watersheds during the early 1900s.
Much of the sediment eroded from hillslopes at that time was deposited in sinkholes and caves
by tributary streams. Air photos from 1955 and 1972 show evidence of the healing and recovery
of upland gullies, which likely led to reduced hillslope erosion rates. Sediment produced in the
watershed today originates mainly from construction sites and channel bank erosion (Hart and
Schurger, 2005). Land use changes have also affected peak runoff rates in the study watershed.
Between 1955 and 1997, commercial land use in the watershed increased nearly 400% and
residential land use increased nearly 100% (Hart, 2006). Rainfall-runoff models suggest that the
increased percentage of impervious surfaces led to a doubling of peak discharges for tributaries
of Pigeon Roost Creek (Hart, 2006). Sediment captured and stored in sinkholes and small
floodplains during the agricultural period is now being re-mobilized by channel bank erosion
brought on by higher peak discharges.

Many sinkholes were inspected in the field to determine if swallets were present and to observe

current sedimentation conditions around swallets. Swallets were classified as either: 1) Open—
allow direct passage of water and sediment directly to the subsurface and to points downstream;

1A-7



2) Closed—swallet openings do not exist or are covered with soil or debris (sediment is retained
in these sinkholes while water infiltrates gradually into the subsurface); and 3) Intermittent—
swallet openings are evident but are periodically blocked by debris (water and sediment passage
is contingent upon swallet conditions which may change from one flood event to the next). For
this study, three sinkholes representing each of the swallet conditions listed above were chosen
for detailed field analysis (Table 1). All sinkholes examined here are found on the Cookeville
East 7.5° USGS topographic quadrangle. Each sinkhole contained alluvial sediments, with
vertical stratification evident in many cases. Terry Sink contains a large open swallet (2 m by 10
m) that permits free flow of water and sediment into Terry Cave and does not, at least under
present conditions, become clogged with debris. The Terry Cave watershed drains 169 ha and
has 30% impervious surfaces. No swallet opening or cave entrance presently exists in Denton
Sink. Floodwaters drain more slowly from this sinkhole and sediments cover the sinkhole floor.
The drainage area contributing flow to Denton sink is 85 ha and has 46% impervious surfaces.
Warehouse Sink (165 ha) drains the most highly urbanized portion of the study area (58 %
impervious surfaces) and has an intermittent cave entrance located in the swallet. Debris
blocking the swallet changes after each flood event in the sinkhole.

Changes in sedimentation conditions around the three sinkholes were monitored between 2001
and 2010 using repeat surveying and repeat photography. Sediment profiles were described from
exposures along entrenched channel banks and from hand-dug pits. Samples were collected for
particle size analysis and dating, to a maximum depth of approximately 1.5 m, where refusal was
met in the form of large chert fragments. Relative and absolute dating techniques were applied
to sinkhole sediments, depending on applicability. For Warehouse Sink, recent trash items
washed into the sinkhole from city streets were used to ascertain the relative age of sediment.
For example a sediment layer containing an aluminum can copyright dated at 1999, would
indicate that the layer was not deposited before 1999. This technique provided a maximum age
limit for sediment layers, and thus a minimum estimate of sedimentation rate. This dating
technique is similar to those suggested by Trimble (1998) using other available historic artifacts.
The results of this study demonstrate the importance of sinkholes as sediment storage sites. The
rate of sedimentation in sinkholes can vary from annual, to decadal, to century-long time scales.
Rates of sediment deposition over short time periods (e.g., Warehouse Sink) may be extremely
high if the measurement period corresponds to land disturbance in the watershed. Over decades
and centuries, sedimentation rates are lower and represent long term averages (Terry and Denton
Sinks in this study). In karst watersheds, sediment budgets need to recognize the storage
potential of sinkholes in order to estimate long-term sediment yields. Sediment yields could
easily be overestimated if much of the sediment delivered from hillslopes is stored for long time
periods in sinkholes. Additionally, karst processes, such as sinkhole collapses, could release
sediment from sinkholes and increase downstream sediment yields, without any changes in
upland sediment erosion. Intermittent blockage of sinkhole swallets by debris or sediment,
which was apparent at Warehouse sink in this study, can complicate matters by causing
sinkholes to cycle through phases of being net sediment trap and net sediment sources.
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APPENDIX: (figures)

Fig. 1. Cave sediment deposit showing alternating light (fine sand) and dark (silt/clay) flood-
deposited layers.
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Fig 2. Deposit of sediment in sinkhole. These are recent deposits with trash articles in the lower
layers dating to ~1999.
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LOWERING FLOOD ELEVATIONS ON THE ALABAMA RIVER
Patrick A. Dobbs!

INTRODUCTION

The Alabama River is a large and valuable water resource spanning approximately 320 miles
across southern Alabama. The river begins at the Coosa River and Tallapoosa River confluence
and ends at the Tombigbee River confluence, where it becomes the Mobile River. The river has
three U.S. Army Corps of Engineers navigation dams and flows through a major population
center, the City of Montgomery. The last hydrologic and hydraulic study performed on the
Alabama River was in 1984, and due to changes in physical watershed characteristics, modeling
technology, and regulation, this 25-year-old study is widely accepted to be out-of-date and
inaccurate. The inaccuracy claims are validated by USGS gage data and high water marks
collected during the 1990 flood. Revered for its navigation, hydroelectric generation, and
recreation uses, as well as its scenic value, the entity undertaking a study of the Alabama River
must be conscious of technical, political, and social concerns regarding the results of the study.

Through the Fiscal Year 2010 Cooperating Technical Partner agreement, the Alabama
Department of Economic and Community Affairs, Office of Water Resources, selected the
Upper Alabama Watershed for a Risk MAP study; AMEC Environment & Infrastructure, Inc. is
a mapping partner. This study was a perfect opportunity to update the hydrologic and hydraulic
analyses of the Alabama River, leading to more accurate base flood elevations, flood hazard
delineations, and definition of flood risk. The study reach covers 187 miles, beginning upstream
at Jordan Dam on the Coosa River, north of Wetumpka, AL, and ending downstream at Miller’s
Ferry Lock and Dam, northwest of Camden, AL. Undertaking such a study has required
coordination with federal, state, and local agencies, such as the U.S. Army Corps of Engineers,
U.S. Geological Survey, Alabama Power, and the Counties bordering the river.

APPROACH

The downstream end of the reach has a drainage area of 20,600 square miles. USGS gage data
was used to determine flood discharges. Survey data, bathymetry, LIDAR, and bridge plans
were used to develop a HEC-RAS model. From a 1990 flood event, USGS measured high water
marks were used for calibration. Updates provided to stakeholders helped manage political and
social concerns.

RESULTS AND DISCUSSION

The base flood elevations (BFEs) resulting from the study are, on average, 2.6 feet lower than
the 1984 study. The lower BFEs were thoroughly investigated and justified using model
calibration and historic documents. The results met community expectations. The presentation
will further discuss community responses to the study.

" AMEC Environment & Infrastructure, 3800 Ezell Road, Suite 100, Nashville, TN 37211 patrick.dobbs@amec.com
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ESTIMATION OF WETLAND ELEVATIONS BASED ON ANALYSIS
OF DAILY STAGES USING THE WETSORT COMPUTER PROGRAM

Robert Hunt'! and Joshua Koontz’

ABSTRACT

Whether a surface water project is primarily intended to increase habitat, or has another primary
purpose, such as increasing agricultural production, it may be necessary to estimate wetland
elevations for both existing conditions and project alternatives, and to evaluate the associated
implications for habitat. Wetland elevation is the maximum elevation below which land may be
considered a wetland, and so the contour line of the wetland elevation constitutes a boundary line
enclosing the potential wetlands at the site. To estimate wetland elevations for project
alternatives the Memphis District Corps of Engineers uses a method published by the USDA
Natural Resources Conservation Service and implemented in a Vicksburg District computer
program named WETSORT. WETSORT analyzes daily stages over a period of years to
determine a maximum continuously flooded elevation over a specified duration during the
growing season of each year, and reports the median of the annual wetland elevations as the
effective wetland elevation for the site. Daily elevations may be historical gage data or
simulation model output. The WETSORT algorithm is explained and example input and output
is presented.

INTRODUCTION

Engineering projects in channels and floodplains can affect the hydroperiod of streams. Some of
these projects are intended to change hydroperiod, while for other projects the change is an
unintended side-effect. Whether a project affecting surface water is primarily intended to
increase habitat, or has another primary purpose, such as increasing agricultural production, it
may be necessary to estimate wetland elevations for both existing conditions and project
alternatives, and to evaluate the associated implications for habitat. Assuming a flat pool, once a
wetland elevation has been estimated, the area enclosed by that elevation contour is the extent of
potential wetlands for that project alternative. For stream reaches where a flat pool concept does
not apply, the wetland elevation can be used to delineate the edges of a sloping water surface, so
the areal extent of potential wetlands within the stream reach may be determined.

The need to judge wetland extent for proposed projects is based on federal and state laws that
require determination of how a project affects wetlands in floodplains and to determine the
amount of any needed mitigation.

The three parameters used to determine wetland extent in floodplains includes soil
characteristics, type of vegetation, and wetness. However, if a set of potential project

' Hydraulic Engineer, U.S. Army Corps of Engineers, Memphis District
? Biologist, U.S. Army Corps of Engineers, Memphis District
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alternatives is to be evaluated and compared against existing conditions, simulation of wetness
provides a common measure for comparing existing and potential future conditions. Typical
project alternatives to consider include existing conditions, future without-project conditions, and
multiple project-specific alternatives.

Wetness includes surface water and soil moisture. For projects, surface water extent may be
estimated realistically throughout a growing season or project life by referring to historical
stream gage records and/or using synthetic records obtained from continuous simulation models.
The continuous simulation models may include local rainfall/runoff inflows in addition to the
backwater effects from adjacent streams. Although soil moisture may be implicitly reflected in
continuous simulation models based on antecedent precipitation index models, or explicitly
indicated by soil moisture accounting models, WETSORT only reports statistics for surface
water.

Estimation of the absolute extent of wetlands for project alternatives is uncertain by any method.
However, if a family of alternatives is modeled using WETSORT, the relative changes in
wetland extent present a reliable pattern for decision making. Moreover, the use of data from a
multi-year analysis period emphasizes the possible range and variability of wetland elevations.

METHOD

The method used in WETSORT has been published by the USDA National Resources
Conservation Service in the Engineering Field Handbook, Chapter 19 (1997). WETSORT is
simply a utility program to quickly and accurately process many years of water surface elevation
data according to the NRCS method. WETSORT is only used to analyze surface water--not
shallow groundwater or topsoil moisture.

WETSORT was originally written in the FORTRAN 77 language by the US Army Corps of
Engineers, Vicksburg District and run as a command line program in the DOS window of
computers operating under Microsoft Windows. A windows version was written later. The
WETSORT method is simple enough to apply using an ordinary spreadsheet, although the setup
for the running of many alternatives would be tedious.

WETSORT obtains all of its run control input from keyboard and/or mouse entries, but obtains
the daily water surface elevation data from a binary file in the Corps HEC-DSS format. The
Data Storage System (DSS) is the Corps' water data management software. WETSORT
produces an ASCII output file.

Ideally, wetlands are occupied by species of plants that tolerate standing water, or moist soil, or
occasional flooding lasting several continuous days during the growing season. Since
WETSORT is not applicable to evaluating moist soil or shallow groundwater, the discussion here
will focus only on the rise and fall of water surface elevations in a wetland over time.

In a wetland, the general absence of non-water tolerant plant species below a certain elevation is

associated with a history of flooding at approximately that elevation during the growing season.
The flooding lasts long enough at that elevation to kill non-water tolerant plants. The number of
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days of flooding sufficient to kill non-water tolerant plants is called the duration. During a single
growing season, the highest elevation continuously flooded for the lethal duration is the wetland
elevation for that growing season, and also for that calendar year. Of course, over a period of
years, the annual wetland elevation varies randomly about some representative elevation.

In Figure 1 below, the dashed water surface elevation represents such a representative wetland
elevation. All vegetation rooted below the dashed line is water tolerant. In this figure, the low
flow elevation of the stream is somewhat lower than the wetland elevation. Of course, there are
degrees of water tolerance among plants, and it is the role of the biologist to identify the marker
species for an analysis and the duration to be used in a WETSORT analysis. The vertical bell
curve to the right of the figure represents the distribution of annual wetland elevations.

Since flooding varies randomly from year to year, the annual wetland elevation varies randomly
also. WETSORT facilitates the identification of a median wetland elevation determined from a
multi-year analysis period. The median wetland elevation is considered representative for
characterizing the long-term average wetland elevation at a site.

non-water !
tolerant plant !
species \
| water
' tolerant plant

species

v

distribution of '
annual wetland
elevations

wetland elevation

Wy/_ \W\W i

floodplain streambed —

Figure 1. Section of Stream and Floodplain

The growing season is the only part of the year for which WETSORT analyzes water surface
elevations. The beginning and ending dates of the growing season must be specified by the user.
In Figure 2 the growing season begins on 20MAR and ends on 10NOV (a total of 236 days), and
this is the growing season used in the example problem.

In some analyses a flat number of days, such as 15, for example, is specified as the duration--this
is how the example problem is set up. However, in some project analyses, percentages of the
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growing season have been calculated and rounded to the nearest day. For example, percentages
of 5 and 12.5 percent have been used in projects, with the intent of bracketing a zone of
elevations that may, or may not, be wetlands. Land below the 12.5 percent elevation has been
considered definitely a wetland. Land above the 5 percent elevation has been considered
definitely not a wetland. The elevation zone between the 5 and 12.5 percent elevations was to be
checked to determine if it was a wetland.

If the 5 and 12.5 percent durations had been used in the example problem, the durations would
have been 12 and 30 days. For 5 percent of the 236-day growing season, 11.8 days can be
rounded to 12 days. For 12.5 percent of the 236-day growing season, 29.5 days can be rounded
to 30 days.

June

Start of
Growing
Season

20Mar
(Day 79)

Sep Mar

End of
Growing
Season
Nov 10
(Day 314)

Figure 2. Example Growing Season, 20Mar to 10Nov, Inclusive (236 Days)

Within the growing season of any given year, the duration is stepped through the hydrograph

in one-day steps as shown in Figure 3. The single daily stage marked with the red circle is the
wetland elevation for the year, because it is the lowest individual elevation within the governing
duration.
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1-day steps

water
surface
elev, ft

"lowest of the" highest"
is adopted as the
wetland elev. duration, days

calendar time, days

Figure 3. Using Duration to Identify Wetland Elevation for One Year

EXAMPLE PROBLEM

A hypothetical example given below shows the input and output of the WETSORT program.
The wetland elevation in this example is 26.55 feet, which is obtained by taking the mean of the
ranked elevations listed for the tenth and eleventh years.

Input
Location : Lost Highway bridge on Nowhere River

Analysis period : 1971 - 1990, inclusive

Growing season : 20Mar - 10Nov, inclusive

Duration : 15 days

Gage Zero: 0.0 feet (stages and elevations will print out as if equal)

(Input Continued)
Stage hydrograph of analysis period stored in HEC-DSS (Figure 4):
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Figure 4. Daily Stage Hydrograph 1971-1990
(Example wetland elev = 26.55 feet plotted as red dashed horizontal line)
Output

WETSORT writes two output tables to an ASCII file. The first table, shown in Exhibit 1, lists
annual wetland elevations in chronological order. The input stream, location, growing season
dates, and duration are listed at the top of the table. For each year are listed the wetland stage,
wetland elevation, and duration starting and ending dates that determine the wetland elevation.
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Exhibit 1. WETSORT Annual Output in Chronological Order

WETEXMPL.OUT

NOWHERE RIVER
LOST HIGHWAY BRIDGE

MONTH/DAY GROWING SEASON BEGINS 3/ 20
MONTH/DAY GROWING SEASON ENDS 11/ 10

NUMBER OF DAYS OF FIVE PERCENT DURATION = 15
----STARTING---  ----- ENDING----
STAGE ELEV MON DAY YR MON DAY YR
1 17.70 17.70 3 20 1971 4 3 1971
2 25.30 25.30 5 6 1972 5 20 1972
3 32.90 32.90 4 27 1973 5 11 1973
4 27.00 27.00 6 10 1974 6 24 1974
5 30.80 30.80 4 1 1975 4 15 1975
6 24.20 24.20 6 30 1976 7 14 1976
7 26.60 26.60 4 6 1977 4 20 1977
8 26.20 26.20 3 31 1978 4 14 1978
9 29.90 29.90 4 6 1979 4 20 1979
10 24.40 24.40 4 10 1980 4 24 1980
11 22.00 22.00 6 4 1981 6 18 1981
12 23.50 23.50 3 20 1982 4 3 1982
13 29.00 29.00 5 13 1983 5 27 1983
14 27.60 27.60 5 8 1984 5 22 1984
15 28.70 28.70 4 5 1985 4 19 1985
16 25.70 25.70 4 21 1986 5 5 1986
17 26.10 26.10 3 20 1987 4 3 1987
18 26.50 26.50 4 16 1988 4 30 1988
19 28.00 28.00 3 29 1989 4 12 1989
20 28.10 28.10 4 25 1990 5 9 1990

The second table, shown in Exhibit 2, repeats the information in the first table, but lists annual
wetland elevations in descending elevation order, which facilitates the determination of median
elevation. In this example, the mean of the elevations listed on row 10 and 11 is adopted as the
median elevation (26.55 feet). Elevation 26.55 feet has been plotted as a horizontal dashed line
in Figure 4.
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Exhibit 2. WETSORT Annual Output in Elevation Order

WETEXMPLZ.0UT
----- SORTED TABLE-----
NOWHERE RIVER
LOST HIGHWAY BRIDGE
MONTH/DAY GROWING SEASON BEGINS 3/ 20
MONTH/DAY GROWING SEASON ENDS 11/ 10
NUMBER OF DAYS OF FIVE PERCENT DURATION = 15
---=-STARTING---  ----- ENDING----
STAGE ELEV MON DAY YR MON DAY YR
1 32.90 32.90 4 27 1973 5 11 1973
2 30.80 30.80 4 1 1975 4 15 1975
3 29.90 29.90 4 6 1979 4 20 1979
4 29.00 29.00 5 13 1983 5 27 1983
5 28.70 28.70 4 5 1985 4 19 1985
6 28.10 28.10 4 25 1990 5 9 1990
7 28.00 28.00 3 29 1989 4 12 1989
8 27.60 27.60 5 8 1984 5 22 1984
9 27.00 27.00 6 10 1974 6 24 1974
10 26.60 26.60 4 6 1977 4 20 1977
11 26.50 26.50 4 16 1988 4 30 1988
12 26.20 26.20 3 31 1978 4 14 1978
13 26.10 26.10 3 20 1987 4 3 1987
14 25.70 25.70 4 21 1986 5 5 1986
15 25.30 25.30 5 6 1972 5 20 1972
16 24.40 24.40 4 10 1980 4 24 1980
17 24.20 24.20 6 30 1976 7 14 1976
18 23.50 23.50 3 20 1982 4 3 1982
19 22.00 22.00 6 4 1981 6 18 1981
20 17.70 17.70 3 20 1971 4 3 1971

In Figure 5, the daily elevations are plotted for the year 1971. In addition, the determining 15
day duration of March 20 through April 3, inclusive, is plotted. The 15 day period has the
highest continuous elevation within the growing season, while the resultant wetland elevation of
17.7 feet is the lowest elevation of the 15 day period. The value of 17.7 feet marked on the
figure is also listed in Exhibits 1 and 2 for the year 1971.
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Figure 5. Daily Stage Hydrograph for the Year 1971, Including Identification of the
Determining Period and Resultant Wetland Elevation for the Year.

SUMMARY

WETSORT is an implementation of a method described by NRCS to estimate wetland elevation,
by analyzing daily surface water elevations throughout the growing seasons of a multi-year

analysis period.

The areal extent of potential wetlands can be estimated by plotting the wetland elevation contour
on a map of the project area.

Wetland elevation for one year is determined by adopting a multi-day inundation duration and
stepping this duration through the growing season in one-day time steps.
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The median of ranked annual wetland elevations is adopted as the wetland elevation for the
analysis period.

The WETSORT method provides a common basis to compare a wide range of project
alternatives.

REFERENCES
US Army Corps of Engineers, Hydrologic Engineering Center, CPD-79 HEC-DssVue, HEC
Data Storage System Visual Utility Engine, Users Manual, Version 1.2, May, 2005 (Revised Jan,
2006).

US Army Corps of Engineers, Vicksburg District, WETSORT, unpublished FORTRAN 77
computer program, circa 1995.

US Department of Agriculture, National Resources Conservation Service, Part 650 Engineering
Field Handbook, Chapter 19, Hydrology Tools for Wetland Determination, August, 1997.
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ESTIMATION OF FISH SPAWNING AND REARING HABITAT BASED ON
ANALYSIS OF DAILY STAGES USING THE ENVIROFISH COMPUTER PROGRAM

Barry Bruchman', Joshua Koontzz, and L.Y. Lin®
ABSTRACT

Whether a surface water project is primarily intended to increase habitat, or has another primary
purpose, such as increasing agricultural production, it may be necessary to estimate fish
spawning and rearing habitat for existing conditions and project alternatives. To estimate fish
spawning and rearing habitat units for project alternatives, the Memphis District Corps of
Engineers uses a model devised by Dr. Jack Killgore of the Corps of Engineers Engineer
Research Development Center in Vicksburg, Mississippi and implemented in a computer
program named EnviroFish. EnviroFish analyzes daily stages over a period of years to quantify
the spawning and rearing habitat in the fluctuating shoreline area of a stream or pool during the
spawning season of each year, lists the statistics for each year in the analysis period, and reports
the mean of the annual habitat units as the effective habitat measure for the site. Daily elevations
may be historical gage data or model output. The habitat quantification is weighted by the
vegetative cover of the inundated land. The EnviroFish algorithm is explained and example
input and output is presented.

INTRODUCTION

Engineering projects in channels and floodplains can affect the hydroperiod of streams. Some of
these projects are intended to change hydroperiod, while for other projects the change is an
unintended side-effect. Whether a project affecting surface water is primarily intended to
increase habitat, or has another primary purpose, such as increasing agricultural production, it
may be necessary to estimate fish spawning or rearing habitat for both existing conditions and
project alternatives. The amount of fish spawning or rearing habitat may be estimated for flat
pools in floodplains or sloping water surfaces in flowing streams.

The need to estimate the amount of fish spawning or rearing habitat for proposed projects is
based on federal and state laws that require determination of how a project affects wetlands in
floodplains and to determine the amount of any needed mitigation.

The EnviroFish method of quantifying fish spawning and rearing habitat relies on analysis of
multi-year daily water surface elevations within a reproductive season in a project area. If
potential project alternatives are to be evaluated and compared against existing conditions,
simulation of daily water surface elevations provides a common measure for comparing existing
and potential future conditions. Typical project alternatives to consider include existing
conditions, future without-project conditions, and multiple project-specific alternatives.

! Hydraulic Engineer, U.S. Army Corps of Engineers, Memphis District
? Biologist, U.S. Army Corps of Engineers, Memphis District
? Professor of Civil Engineering, Christian Brothers University, Memphis, Tennessee
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For projects, surface water elevations may be estimated realistically throughout a reproductive
season or project life, by referring to historical stream gage records and/or using synthetic
records obtained from continuous simulation models. The continuous simulation models may
include local rainfall/runoff inflows in addition to the backwater effects from adjacent streams.

Estimation of the absolute extent of fish reproductive habitat for project alternatives is uncertain
by any method. However, if a family of alternatives is modeled using EnviroFish, the relative
changes in habitat present a reliable pattern for decision making. Moreover, the use of data from
a multi-year analysis period emphasizes the possible range and variability of water surface
elevations and associated habitat.

EnviroFish is a Microsoft Windows program written in the Java language. Daily water surface
elevations are retrieved from the HEC-DSS database software.

Exhibits presented in this article are taken from the EnviroFish Users Manual.

METHOD

EnviroFish analyzes daily stages over a period of years to quantify the spawning and rearing
habitat in the fluctuating shoreline area of a stream or pool during the spawning season of each
year. EnviroFish tracks daily water surface elevations throughout a fish spawning or rearing
season, lists the statistics for each year in the analysis period, and reports the mean of the annual
habitat units as the effective habitat measure for the site.

To build an EnviroFish model to estimate fish spawning or rearing habitat the user needs to:

- select an analysis period of many continuous years

- adopt season, duration, and Habitat Suitability Index values for land use

- determine elevation/area table for each land use on the site

- determine fish species-specific inputs, such as spawning season, durations for spawning or
rearing, and limiting maximum or minimum water depths

- determine daily water surface elevations and Average Daily Flooded Area (ADFA)

- determine total Habitat Units for each year

- adopt the mean of the annual Habitat Units as representative of the analysis period.

The EnviroFish method allows the user to set the Habitat Suitability Index (HSI) values for
different land uses within the project area. As shown in Exhibit 1, the Users Manual presents
sample values for agricultural and fallow land, marsh and bottomland hardwoods, and large and

small waterbodies. The natural land uses have a value of unity (1.0), while agricultural land has
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a value of only 0.2. The user may adopt other values for land uses. However, in the current
version, the EnviroFish program does not accept the HSI input. Instead, the program outputs
Average Daily Flooded Area for each land use, and the user must post-process the areas to obtain
Habitat Units. The spreadsheet shown in Exhibit 11 was used to produce final output for the
example problem.

Exhibit 1. Sample Habitat Suitability Index Values

Table 2-1. Habitat Suitability Index (HSI) Values for Spawning and Rearing of Fishes
used to Evaluate Riverine Floodplains of the Lower Mississippi River Valley

Land use Category HSI
Agricultural land 0.2
Fallow 0.5
Herbaceous Marsh 1.0
Bottomland hardwoods 1.0
Large (=1 acre), floodplain waterbodies (e.g.. oxbow lakes) 1.0
Small. floodplain waterbodies (e.g. scatters, brakes, sloughs) 1.0

EnviroFish combines biological and hydrologic factors to arrive at an estimate of the total fish
reproductive habitat available in the project area. As shown in Exhibit 2, the biological factors
of reproductive strategy for fish species and the suitability of land uses are matched with flood
depth, duration, and land use to arrive at an average daily flooded area by land use category, and,
ultimately, total habitat units for the project area.
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Exhibit 2. Flowchart of Habitat Unit Determination

( Requirements ) ( Opportunities )
Reproductive Strategy Hydrology and Hydraulics
Present
Fish behavior in
riverine floodplains Flood depth and duration
Habitat Suitability Index Land Uses Present
(HSI)

Classification, delineation, and
Values of land uses to elevation of floodplain habitats
representative species

i
( Integration of requirement

and opportunities ) /

Average Daily Flooded Area (ADFA)

By land use category

I

Habitat Units {(HUs)
Consolidated measure of
habitat for the project
landscape as a whole, with
Impact / Mitigation
implications

The general concept of EnviroFish gains its modeling power by calculating habitat units for
multiple land uses over an analysis period of many years. In addition to the Habitat Suitability
Index for each land use, each land use within the project area is described by an elevation versus
area table. Therefore the contribution of each land use to total Habitat Units in the project area is
estimated for each year, and is reflected in the representative estimate for the analysis period.
The calculation cycles required to analyze multiple land uses and years are shown in Exhibit 3.
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Exhibit 3. Flowchart of Multi-Landuse and Multi-Year Calculations

[ | Start Calculations
Loop--Work on each land vse type input in tarn N
2nd Ist
¥
Loop--Werk on each year of water surface elevation |

input in turn

¥
Calculate the Average Daily Flooded Area (ADFA) fora
given land vse and a given year of water elevation’s

.

Next year

r
Average the yearly ADFA's for a given land use to obtain
an ADFA for the entire analysis period

¥
Next land nse type

3rd

»
(All land use types have been analyzed over the entire analysis period—
the Enviro Fish computer program stops here)

L 4
For each land use, multiply ADFA by Habitat Suitability Index (HSI)
to obtain value of habitat, expressed in Habitat Units (HUs) !

L

End Calculations

EnviroFish results are used to support judgments about the magnitude of project impacts to fish
habitat and the need for mitigation. The factors considered to evaluate habitat and mitigation
requirements are shown in Exhibit 4. Just as EnviroFish can estimate project impacts it can also
estimate the effectiveness of mitigation areas.
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Exhibit 4. Flowchart of Project Impacts and Mitigation

Guilds Peak flows Peak flows
A | Spawning chronology "‘. Topography (Elev vs. Area)
\ 4 / y | Depth and Duration
. | | 3 "I". |
Fish Reproduction '*}‘ IJ, ’/

Hydrology and Hydraulics

Spawning and Field data

rearing { _
f.' Professional
/ -/ opinicn
¥

Habitat Suitability Index (HSI)

\ Permanent

; - — waterbodies
Floodplain Habitat 4

{ Note: "‘-=-____ Seasonally flooded
EnviroFizh lands
software output

concludes with - Depth &duration
ADFA ) Average Daily Flooded Area e
\ (ADFA) " Annual average

|  Habitat Units (HU)
l __.-""..-'P- Construction
Annualization [4——— Project life
‘-\-""\-.
l - Habhitat changes

Average Annual Habitat Units

l eforestation

Restoring / creating
Impacts / Mitigation |got-witerbodies

T
T Water level
management

Some projects have the benefit of long and complete stream gage records. However, even
projects with extended historical gaging of high quality may require synthetic water surface
elevations as input to EnviroFish if future without-project conditions or possible alternatives
would change the hydroperiod on the floodplain within the project area. The flowchart shown in
Exhibit 5 describes the factors that determine the need to synthetically generate water surface
elevations as input to EnviroFish. Those factors are changes in inflow volume, timing of inflow,
live storage, topography, and boundary conditions. Typically, synthetic flows from local runoff

1B-16



require continuous rainfall-runoff simulation, based on the land use associated with the
alternative. Water surface elevations affected by river backwater, levees, culverts, and pump
stations may require use of software such as HEC-HMS, HEC-RAS unsteady, or other programs
specifically written to simulate wetland hydroperiod.

Exhibit 5. Flowchart of Determination of Need to Use Synthetic Daily Water Elevations

-
Volume of inflow changes significantly Yes
- changed land use'vegetative cover

- drversion of flow

- changes m imigation

- changes m connectivity of closed depressions

Nol

Timing of inflow changes significantlhy

- changes m chammel roughness

- changes m channel section

- meander restoration

- changes m connectivity of closed depressions

Yes

No

Use of available live storage™ changes significantly .
- installation/decommissioning‘changing the operation of Yes
levees, gated culverts, pump stahons, water level control
stuchures

No

k.

Topography changes affect live storage significantly Ves
- excavationfilling of drainzble depressions =

Mo

h

Dovwnstream boundary condition: change significantly
- flows on recerving stream change Yes
- conveyance of recerving stream changes

No

k. k

Generzhon of Synthete Generaton of Synthetic
Input is not requmed Inpuat is required

End

* The valume of water stared permanerntly in a depression is dead sforage, since it does oot affect roating—only velmes that can altematsly
store and release water affect routing compuations md are referred w as [ storose.

Although EnviroFish models both spawning and rearing habitat, for brevity this article focuses
primarily on spawning. The modeling of rearing is similar to that of spawning and is described
in the Users Manual. EnviroFish typically calculates fish spawning habitat by focusing on a
fringe area of a level pool. As shown in Exhibit 6, the fringe area available for spawning is, in
general, a ring of submerged shore with user-specified minimum water depth greater than zero
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and a user-specified maximum depth. As shown in Exhibit 7 and Exhibit 8, eggs deposited
within this ring of shore will perish if the water level falls before the eggs hatch.

Exhibit 6. Spawning Depth Constraints

Faim of Bowl MMmmmm Depth Swface
Water Surface EL 99 Mararom EL

III| Depth Swface

Depth

Bowl i i Depth Surface I-)EP‘TJ:I. Surface i
\ ! | "Deep Nest” "Shallow Nast" i
\ ; | EL 90 EL 99 5
ll'l i i ll‘l' \ Water Surface i
\ : : \ EL 100 :
l\ i i I'\ 1'.\ !
\l i '\l ‘-.II !
% \
i
et \

Example Mimmum Depth = 1 Ft
Example Maxmmum Depth = 10 Ft

b Section
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Exhibit 7. Fate of a Fish Egg During Falling Water Levels

Cm day 1, ege in nest
iz locared between the Ezzmmestis
oiminm and mesim submerged, buat at less
dapths (satizfactory depth) than the mmimm depth

| (Orphaned if user sefting

II &= Mot Allowed")

i II.'

II

| Waner ."I

| Surface

| | Egrmmestis

."I noit sobmerzed
Crphamed

(
repariless of

Dayl

Day B

Spamming Pericd, Dlays

Note: An B-day spawning period is assumed as an example

Note: The stage at which the egg is deposited 15 constant over time, but the
water surface in this example is falling over time.
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Exhibit 8. Spawning Depth Constraints through Time

Mote: An 3-day spawmning peniod 15 assumed
a5 an example

Mote: A 24-hour time step 15 assumed

Water Surface
Minivmm Depth
Surface

—z /

Stage,
Fi

Satisfactéry Range : \
! if Shallodr Nests arg Not Allqwed
& Deeep Hests are Hntﬂ.lluwi:ad
{Caze 4) : Depth
: i Surface
1 2 3 4 5 6

Spawnmg Penod, Days
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EXAMPLE PROBLEM

This example is presented in full in the EnviroFish Users Manual. For brevity, this article only
presents enough material for the reader to get a sense of the results generated by EnviroFish.
The 3 year analysis period is much shorter than desirable for a real project, but suffices to show
the range of variability possible in calculated habitat units. The essential facts about the example
are listed below:

project - flood damage protection for cropland

flooding - river backwater and runoff from project area

analysis period - 3 years (1 dry, 1 average, and 1 wet year)

site location - hypothetical

analysis period daily stream backwater hydrograph - hypothetical

daily local rainfall/runoff inflows - hypothetical

alternative 1 - existing conditions

alternative 2 - levee and gated culvert

alternative 3 - levee, gated culvert, and pump station.

Settings to determine spawning and rearing habitat:

season: 1Mar - 30Jun, inclusive

spawning period: 8 days

spawning depth: 1 ft. min. to 10 ft. max.

restricted rearing : 0.1 ft. min to 11 ft. max.

option to count orphaned areas: no

option to count deep areas: no.
As shown in Exhibit 9, the example problem features five land uses--cypress forest, bottomland
hardwood forest, permanent water bodies, stream channel, and cropland. The elevation range

that EnviroFish processes is from 500 to 525 feet above seal level. The land use areas are
cumulative. These values allow EnviroFish to track the effect of hydroperiod on each land use.
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Exhibit 9. Elevation vs. Area for Each Land Use Within Project Area

Area
Cypress BLH Parmanent

Elevation Forest Forest|{ Water Body| Channel| Cropland Taotal
Acre Acre Acre Acre Acre Acre

Feet
500 0 0 0 0.0 0.0 0.0
501 0 0 0 25 0.0 25
502 0 0 0 5.5 0.0 55
503 0 0 0 90 0.0 9.0
S04 0 0 0 129 0.0 129
505 0 0 0 172 0.0 172
506 0 0 0 21.8 546 764
507 0 0 0 26.4 2185 2449
508 0 0 0 310 4917 5227
509 S0 0 0 366 8232 9098
510 200 0 0 40.2 11659 14061
511 350 0 0 447 15685 19632
512 400 50 0 493 20332 25325
513 400 200/ 0 539 24602 31141
514 400 300 0 58.5 2949 4 37079
515 400 00 0 53.1 32509 4314.0
516 400 300/ 0 67.7 36646 49323
517 400 200 0 723 4190.5 55628
518 400 1000 300 76.9 44287 6205.6
519 400 1150/ 00 515 49292 6860.7
520 400 1200 300 56.1 5541 .8 7532759
521 400 1200 300 90.6 62169 B2075
522 400 1200 00 95.2 69040 28002
523 400 1200 300 o0 8 7603 4 06032
5 400 1200 300 104 4 83151 103195
525 400 1200 300 109.0 0389 110480

The annual hydrograph for the wet year in the EnviroFish Users Manual example is presented in
Exhibit 10, since it best demonstrates the differences between the three alternatives. The greatest
differences between the three alternatives occur in January through June. The Alternative 1
(existing conditions) hydrograph closely follows the river backwater hydrograph. The
Alternative 2 (levee and gated culvert) lags the rising river, but closely matches the falling river
as the project area drains through the culvert. The Alternative 3 (levee, gated culvert, and pump
station) is most independent of the river backwater. The saw-toothed pattern in the Alternative 3
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hydrograph is due to the pumps cycling on and off. These differences in hydrographs between
alternatives are reflected in the calculations of habitat units by EnviroFish.

Exhibit 10. Comparison of Alternatives in a Wet Year

530

[neacwater fioozing |

| | | |difference in flooding dapth
g8 f— LAetwesn Exsing Conditions
] _.r-/ | J& Alternatve 1
J " |
820 Vil

Altarnative 1--with gate
closad pool Tilks slowly Trom
| |headwater

518

\ Dy

510
i ool cannol arop
E below bed of stream,
& | | | [ El. 500
B VA A AT AR AR
VYV IVVVVVYVYYY \
&00 f \
Amernative 2-- purmps [ | | [
cycling on and off | | | | H_
455
— i - | |
450 ————— = =Poal Exsting Cordilicns —r
— | Frojeci-Alernatie 1-Leves & Culsart
Fool Froject-Albernatie 2-Levee & Culvert £ Pump |
485
1-darn-05

Tifmi, ¥ Gbrd

The results of the EnviroFish run for the example problem are listed in Exhibit 11. In Exhibits
11and 12 the existing conditions alternative is not numbered, the levee and gated culvert are
named Alternative 1, and the levee, gated culvert, and pump station are named Alternative 2.
Focusing on spawning habitat only, the project area habitat units for existing conditions,
Alternative 1, and Alternative 2 are 624.9, 519.4, and 3.2, respectively, which emphasizes how
much more impact the pump station alternative has than does the levee and gated culvert only.
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The same overall results listed in Exhibit 11 are presented graphically in Exhibit 12. Bear in
mind that this example was devised to demonstrate just such a potential difference, and that in
practice EnviroFish can be used to guide the operation of flood control projects so that impacts to
fish habitat are minimized.

Exhibit 11. Comparison of Habit Units by Alternative and Land Use

Habitat Suitability Indices

Larud Use HE
Y eSS 0g
Join 1.0
v bimr 08
channel 0.5
=] 0.2

Spawning Habitat

Lard Use Exigling Condions [l lernative 1 Allemalbve 2
ADFA HU ADFA HU ADFA HU
AGIG B BCNG BGTE ACIG BTG
cyprass farest 1341 1207 12,4 108 4 oG a0
BLH 1927 1027 167.8 187 & o 0.0
penmanant waler JBS B F32 188 (KK 0.0
channel 213 10.7 0.0 10.0 B3 3.2
cropkand 13502 270.0 1074 4 214 B LB 0.0
HU Tatals ; B35 5194 32

Restricted Rearing Hahitat

Lard Lise Exisling Condions Allernative 1 Allanakve 2
ADEA, Hu ALF A HU ADFA, HU
ACE =l Bong =1L acrg BETE
myprass forest 2001 1801 1785 Rl Qg 0.0
BLH MGES H6.9 2439 24 W 0o aa
permanent waler 408 IE a52 28.M o 0.0
channel 322 16,1 i 145 120 G0
Erapiand 20658 414.0 1576.5 3153 78 1.5
HU Totads © 966.9 TGRS re

Total Rearing Habitat

Lerd Lise Existing Condions Palb=rnasies 1 Akemiabes 2
ADFA Hu ADEFA HU AOFA HU
Hora Bcre aora Acre ACre aera
cypress forest 2429 214.5) 1543 1731 [LE 0.0
ELH 3363 3383 2983 ot R o 0.a
permanent water Al 4.1 A FLE LR, 0.9
chanmniel 435 218 is4 183 123 5,2
cropland 23707 474.1 1704.4 LR 8.3 1.9
HU Totads 1092.9 2.5 a0
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Exhibit 12. Comparison of Habit Units by Alternative and Land Use

Habitat Units, Acre
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Figore 6-11. Habitat Units for Example Problem Alternatives
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SUMMARY

EnviroFish uses topography, daily water surface elevations, and land use value to estimate the
fish spawning or rearing habitats in a project area

EnviroFish is a powerful technique for assessing existing conditions and the expected impact of
project alternatives on fish reproductive habitat, by examining the effect of varying water surface
elevations in the project area over a multi-year analysis period.

REFERENCES
US Army Corps of Engineers, Hydrologic Engineering Center, CPD-79 HEC-DssVue, HEC

Data Storage System Visual Utility Engine, Users Manual, Version 1.2, May, 2005 (Revised Jan,
2006).

EnviroFish, Version 1.0: User's Manual, Killgore, et al., US Army Corps of Engineers,
Engineering Research and Development Center, Vicksburg, Mississippi, 2012.
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COMBINED APPLICATION OF WETLAND AND FISH HABITAT ESTIMATION
METHODS FOR THE TUNICA LAKE WEIR, TUNICA, MISSISSIPPI

L.Y. Lin' and Robert Hunt

ABSTRACT

In 2002 the Memphis District Corps of Engineers installed a riprap weir in the mouth of Tunica
Lake to maintain water levels in the lake when the Mississippi River falls below the elevation of
the lake outlet. The weir was federally funded under the Section 1135 Environmental
Restoration Program, with the State of Mississippi Department of Wildlife, Fisheries, and Parks
as the local cost sharing sponsor, to restore the Tunica Lake hydroperiod that existed before man-
made cutoffs were installed nearby on the Mississippi River. In recent years the Memphis
District has used the WETSORT and EnviroFish computer programs to estimate wetland
elevations and fish spawning habitat, respectively. Although these programs were not used in
the design of the weir, Tunica Lake is an excellent site to demonstrate the combined use of the
WETSORT and EnviroFish computer programs. Therefore a multi-year analysis of the site is
presented to illustrate how with- and without-project environmental conditions can be evaluated
and compared, as well as how expected environmental performance can be balanced with design
constraints.

INTRODUCTION

The WETSORT and EnviroFish computer programs are described in two conference articles
accompanying this article. This article illustrates the use of WETSORT and EnviroFish on a site
in the Mississippi River floodplain between the main line Arkansas and Mississippi levees.

Shown in Figure 1, Tunica Lake is located about 35 miles south of Memphis, Tennessee and 4
miles west of the city of Tunica, Mississippi. Tunica Lake is the former channel of the
Mississippi River prior to the construction of a cutoff by the Corps of Engineers. The lowering
of the river channel as a result of the cutoff made Tunica Lake eligible for a Section 1135
environmental restoration project. The red rectangle in Figure 1 is the location of the project
weir, which has a footprint of less than 10 acres.

! Professor of Civil Engineering, Christian Brothers University, Memphis, Tennessee
? Hydraulic Engineer, US Army Corps of Engineers, Memphis District
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Figure 1. Aerial Photo of Tunica Lake (source Google Earth)

A section through the crest of the installed weir is shown in Figure 2. During a falling river, the
broad weir notch helps pull lake levels down quickly to avoid damages to lakeside property,
while the narrower notch allows the pool to fall more slowly down to its normal elevation of 159
feet above sea level. Figure 3 is a profile of the riprap weir showing an overall length of 340 feet
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Figure 2. Section Through Crest of Riprap Weir
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Figure 3. Profile Centerline of Riprap Weir

Figure 4 shows water flowing through Tunica Weir. The flow in the center of the photo is
shallow because it is flowing over the broad crest at elevation 161 feet. The flow at the extreme
left of the photograph is flowing through the narrow center notch having a crest elevation of 159
feet above sea level. Flow not only leaves Tunica Lake by flowing over the weir, but also flows
in the reverse direction from the Mississippi River to the lake when the river is higher than the
lake. This allows the sediment and nutrients in the river to enter the lake to support plant and
animal life there.
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Figure 4. Photograph of Installed Tunica Weir

METHOD

The mouth of Tunica Lake is at mile 677.5 on the Mississippi River, while the location of the
closest Mississippi River gage, Helena, is at river mile 663.3, for a distance of 14.2 miles. The
approximate typical water surface slope between Helena and Tunica Lake is 0.5 feet per mile.
Therefore, the daily water surface elevation of the Mississippi River at the mouth of Tunica Lake
was estimated by adding a constant value of 7.0 feet to the water surface elevation at Helena.
The Mississippi River hydrograph at the mouth of Tunica Lake is shown in Figure 5. Due to the
very high elevations attained by the Mississippi River with respect to the natural ground
elevation around Tunica Lake, the river dominates the hydroperiod of Tunica Lake and the land
around it.
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Figure 5. 1980-2010 Hydrograph of Mississippi River at the Mouth of Tunica Lake
(red dashed line is the WETSORT wetland elevation of 186.8 feet)

The natural ground around Tunica Lake is the low, flat land of the Mississippi River floodplain.
Figure 6, shows LIDAR mapping of the area that drains into the Lake, and for this analysis the
lake and drainage area around it have been modeled as the project area. Within the project area
there are only two land uses--permanent water body and bottomland hardwood forest, for a total
area of 26,700 acres. Table 1 lists elevation versus area for both land uses. Areas for elevations
above 160 feet were obtained from LIDAR, but areas at lower elevations were estimated.
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Figure 6. LIDAR Topography of the Floodplain Draining Into Tunica Lake
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Table 1. Elevation versus Area of Tunica Lake and Drainage Area by Land Use

Lake Woods Total

Elev Area Area Area
Ft Acre Acre Acre
140 0 0 0
142 50 (0] 50
144 200 0 200
146 400 0 400
148 700 0 700
150 1100 0 1100
152 1500 0 1500
154 2000 0 2000
156 2500 0 2500
158 3000 0 3000
160 3500 0 3500
162 3500 500 4000
164 3500 1100 4600
166 3500 1500 5000
168 3500 1900 5400
170 3500 2366 5866
172 3500 3218 6718
174 3500 3997 7497
176 3500 5082 8582
178 3500 6229 9729
180 3500 7483 10983
182 3500 8913 12413
184 3500 10484 13984
186 3500 12225 15725
188 3500 14133 17633
190 3500 16519 20019
192 3500 18838 22338
194 3500 20752 24252
196 3500 21890 25390
198 3500 22549 26049
200 3500 22897 26397
202 3500 23056 26556
204 3500 23141 26641
206 3500 23175 26675
208 3500 23194 26694
210 3500 23204 26704
212 3500 23200 26700
214 3500 23200 26700
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Continuous simulation of daily rainfall/runoff was performed to model inflows to Tunica Lake
from its surrounding drainage area of bottomland hardwood forest. The local inflow allows the
lake level to be higher than the weir crest when the Mississippi River is low. As shown in Figure
7, the weir has a negligible effect on lake levels above 170 feet above sea level and typically
affects lake levels only below elevation 165 feet. This performance protects the lake itself
without affecting properties that surround the lake. Weir crest elevations of 157, 159, and 161
provide significant boost to lake levels compared to the conditions existing when the weir was
installed. Lake levels under future without-project conditions are so low they are almost
identical with the Mississippi River water levels.
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Figure 7. Example Hydrographs for Alternatives, 1980-1981
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RESULTS

The results of the WETSORT and EnviroFish analyses are listed in Table 2. The wetland
elevation calculated by WETSORT is 186.8 feet regardless of the alternative. This is due to the
very high annual Mississippi River water surface elevations, which dominate the hydroperiod of
Tunica Lake in the Spring. The EnviroFish estimates of total Habitat Units do vary with
alternative, but not greatly. Since the permanent water bodies and bottomland hardwood forests
were both weighted with a Habitat Suitability Index of 1.0, the total Habitat Units are simply the
sum of the Average Daily Flooded Areas for the two land uses.

What these results mean is that the restoration of Tunica Lake is successful primarily as a year-
round volume of water for fish habitat throughout the year, rather than as a major change in the
hydrology of the bottomland hardwood habitat or a major addition to fish spawning habitat. As
shown in Table 3, the selected weir provides for a normal pool of 3250 acres and 47,000 acre-
feet, compared to the future without-project values of only 400 acres and 11,000 acre-feet.

For other projects involving flood control for cropland the differences in wetland elevation and
fish reproductive habitat could be significant.

Table 2. WETSORT and EnviroFish Spawning Habitat Results

EnviroFish
EnviroFish ADFA
WETSORT ADFA Bottomland EnviroFish
Wetland Permanent Hardwood Total
Alternative Elev Water Body Forest Habitat
Feet Acre Acre Units
existing conditions 186.8 3376 4100 7476
future w/o project 186.8 3328 4089 7417
weir crest 157 186.8 3488 4169 7657
weir crest 159(selected) 186.8 3500 4237 7737
weir crest 161 186.8 3500 4324 7824
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Table 3. Tunica Lake Normal Pool Elevation, Area, and Volume
with Respect to Alternative

Normal Normal Normal
Pool Pool Pool
Alternative Elev Area Volume
Feet Acre Ac-Ft
existing conditions 152 1500 24000
future w/o project 146 400 11000
weir crest 157 157 2750 39000
weir crest 159(selected) 159 3250 47000
weir crest 161 161 3750 54000
SUMMARY

The Section 1135 Environmental Restoration project installed on Tunica Lake primarily provides
a year-round volume of water for fish habitat, but does not affect wetland elevations in the
surrounding bottomland hardwood forest, and does not greatly increase fish spawning habitat.

The WETSORT and EnviroFish computer programs facilitate comparisons between alternatives
and show the sensitivity of habitat to changes in hydroperiod.
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THE BEAVER CREEK WATERSHED RESTORATION INITIATIVE: 2008-2012
Roy A. Arthur'* and Ruth Anne Hanahan®
INTRODUCTION

The 86 square miles of the Beaver Creek Watershed, located in north Knox County, Tennessee,
has been the focal point of the Beaver Creek Task Force (BCTF) partnership for the past 15
years. The entire 44 miles of Beaver Creek and many of its tributaries are on the state’s 303(d)
list. The primary pollutants are sediment and pathogens. With over 80,000 people living in the
watershed addressing these two pollutants has been a challenge to the BCTF. After 10 years of
assessment and planning the BCTF received a $919,000 grant in 2008 based on the Beaver Creek
Watershed Restoration Plan, primarily to address sediment. Using the results of two different
models used to prepare the watershed plan, the Task Force developed a four pronged approach to
begin restoring Beaver Creek to its intended uses:

e A comprehensive community engagement program
e An agricultural BMP program

e A streambank rehabilitation program in urban areas
e A retrofit program for residential communities

APPROACH

Since its inception the BCTF has operated with a Communication Plan with three main
components; watershed awareness, education and involvement. This approach was used for all
three restoration components and focused on developing public/private partnerships. The
primary BCTF partners participating in projects were Knox County Stormwater Management,
the Knox County Soil Conservation District, the Tennessee Water Resources Research Center
(TN WRRC), the University of Tennessee, and Hallsdale Powell Utility District. Different
partners took the lead on projects allowing the Task Force to focus on multiple projects
concurrently.

Agricultural BMP Program: The Ag BMP program was conducted by the Knox County Soil
Conservation District (SCD). The BCTF created a brochure for the SCD and a letter announcing
the availability of funding for Ag BMPs and touting the economic benefits of installing BMPs on
farms. The letter and brochure were sent to all agricultural landowners in the watershed. It was
followed by two farm tours, three SCD banquets, and two Farmer’s Breakfasts. The Farmer’s
Breakfasts drew close to 200 participants and resulted in the bulk of projects implemented. I
addition all farmers who installed BMPs were given a 4° X 4* “Beaver Creek Conservation
Farm” sign to install on their properties.

! Watershed Coordinator, Knox County Department of Engineering and Public Works, Stormwater Management
Division, 205 West Baxter Avenue, Knoxville, TN 37917, Rarthurroy@aol.com

? Senior Research Associate, TN Water Resources Research Center, University of Tennessee, 311 Conference
Center, Knoxville, TN 37996, rhanahan@utk.edu
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Streambank Rehabilitation Program: The Streambank Rehabilitation Program for Urban Areas
began with a project in a public park led by UT’s Department of Civil and Environmental
Engineering was designed to re-create pool/riffle/run sequences in a low gradient, channelized
portion of Beaver Creek in the upper third of the watershed. Several newspaper articles about
this project led to a 1,400 foot streambank rehabilitation project in the upper portion of Beaver
Creek in a subdivision where residents were losing backyards to streambank failure. Led by the
Knox County Stormwater Management Division a total of 10 contiguous landowners signed
agreements with the County to let the Task Force repair the streambank. An additional 1,000 feet
of streambank and the re-connection of a wetland isolated from the creek are planned as funding
becomes available.

Retrofit 