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HousE DOCUMENT NUMBER 114125

DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY
CIVIL WORKS
108 ARMY PENTAGON
WASHINGTON DC 20310-0108

MAR 17 2016

Honorable Paul Ryan

Speaker of the House of Representatives
U.S. Capitol Building, Room H-232
Washington, DC 20515

Dear Mr. Speaker:

In response to the resolutions by the Committee on Fransportation and Infrastructure
of the United States House of Representatives adopted September 4, 1995 and
December 7, 2005, the Secretary of the Army supports the authorization and
construction of the Mill Creek Flood Risk Management project in Davidson County and
the City of Nashville, Tennessee. The proposal is described in the report of the Chief of
Engineers, dated October 16, 2015 which includes other pertinent documents. The
Secretary of the Army plans to implement the project at'the appropriate time,
considering National priorities and the availability of funds.

The project study was conducted to analyze and formulate plans for-reducing flood
risk on Mill Creek. The recommended pian is the National Economic Development
(NED) plan and includes construtting a 377-acre-foot capacity storm water detention
basin at mile 3.67 on Sevenmile Creek, modifying the Briley Parkway bridge and
widening the Mill Creek channel at mile 7.1, raising nine residential structures in-place
above the 1-percent chance flood elevation, and purchasing and removing 80 frequently
damaged residential structures located in the regulated floodway of Mill Creek and its
tributaries.

The purchase and removal of frequently damaged structures will, to the extent
practicable, be implemented on a willing seller basis; however, eminent domain by the
non-Federal sponsor will be utilized when determined to be warranted. ‘Acquisition of
structures for removal will comply with the provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act:(P.L. 91-646), as amended, and
the uniform regulations containedin 49 Code of Federal Regulations, Part 24, including
the provision of payment of relocation assistance benefits to eligible recipients.

Based on October 2015 (FY 2016) price levels, the estimated project first cost of the
NED pilan; which includes both structural and nonstructural flood risk management
features; is $28,785,000 which includes pre-construction engineering:and design costs
of$1,352,000. ‘The project first costs-are allocated to structural flood risk management
and nonstructural fiood risk management components at a cost of $9,433,000 and
$19,352,000 respectively. The total cost of lands, easements, rights-of-way,
relocations; ‘and disposal areas (LERRD) is estimated at $20,685,000. This amount
includes $3,605,000 allocated to structural project features and $17,080,000 associated
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with nonstructural project features. Because the non-structural LERRDs are greater
than the non-Federal cost share, the sponsor would be reimbursed for an amount
currently estimated at $10,307,000. LERRDs for the structural component are 100
percent non-Federal sponsor cost. Additionally, the sponsor is required to pay a
minimum 5% cash ($471,000) on the structural component. The Federal share of the
total project cost of the structural and nonstructural flood risk management features
would be about $17,935,000 (62 percent) and the non-Federal share would be about
$10,850,000 (38 percent) overall.

The City of Nashvilie Metro Water Services, representing the Metropolitan
Government of Nashville and Davidson County, is the non-Federal cost-sharing sponsor
for ali flood risk management features. The non-Federal sponsor would be responsible
for operation, maintenance, repair, replacement and rehabilitation (OMRR&R) of the
project after construction, at an estimated average annual cost of $52,000.

Based on FY 2016 price levels, a discount rate of 3.125 percent, and a 50-year
period of economic analysis, the total equivalent annual costs of the project are
estimated to be $1,197,000 including OMRR&R. Implementing the NED plan will
reduce expected average annual flood damages by about 50 percent. Equivalent
annual residual damages are estimated at $3,070,000. The equivalent annual benefits
are estimated to be $2,390,000 with net average annua! benefits of $1,193,000. The
benefit-to-cost ratio is approximately 2.0 to 1.

An Environmental Assessment and Finding of No Significant Impact were prepared
in accordance with the National Environmental Policy Act and the recommended plan
has been identified as the environmentally preferred plan. The recommended plan will
not result in any significant direct or indirect impacts, causing only minimal and
temporary adverse impacts during construction to water quality, aquatic resources,
terrestrial resources, socioeconomics, noise, navigation, recreation and scenic
resources. Therefore, no compensatory mitigation is required. A final Biological
Opinion (BO) was received from the United States Fish and Wildlife Service on March
23, 2015, and states that the preferred alternative would not likely jeopardize the
continued existence of the Nashville crayfish with the implementation of the BO.

An Independent External Peer Review ({EPR) was completed by Battelle Memorial
institute. The IEPR panel consisted of four members with expertise in economics and
civil works planning, environmental review and environmental policy, hydrologic and
hydraulic engineering, and geotechnicat and structural engineering. Al IEPR review
comments have been resolved.

The Office of Management and Budget (OMB) advises that there is no objection to
the submission of the report to Congress and concludes that the report recommendation
is consistent with the policy and programs of the President. However, OMB also noted
that the project would need to compete with other proposed investments for funding in
future budgets. A copy of OMB's etter, dated March 7, 2016, is enclosed. [am
providing a copy of this transmittal and the OMB letter to the Subcommittee on Water
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Resources and Environment of the House Committee on Transportation and
Infrastructure, and the Subcommittee on Energy and Water Development of the House
Committee on Appropriations. | am also providing an identical letter to the President of

the Senate.

Very truly yours,

(Civil Works)
Enclosures
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5 Enclosures

OMB Clearance letter, dated March 7, 2016

Finding of No Significant Impact, dated March 14, 2016

Chief's Report, October 16, 2015

State and Agency review letters

Final Integrated Feasibility Report and Environmenta!l Assessment, July 2015,
Mill Creek Flood Risk Management Study, Nashville, Tennessee (CD)
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

March 7, 2016

The Honorable Jo-Ellen Darcy

Assistant Secretary of the Army (Civil Works)
108 Army Pentagon

Washington, DC 20310-0108

Dear Ms. Darcy:

As required by Executive Order 12322, the Office of Management and Budget has
reviewed a November 2015 Army Corps of Engineers Final Feasibility Report and
Environmental Assessment recommending a flood risk management project on the Mill Creek
watershed in Nashville and Davidson County, Tennessee. According to the report, the proposed
project includes both structural and non-structural measures to reduce the risk of flooding in the
Mill Creek watershed. Based on our review of the Corps’ report, an authorization to construct
this project would be consistent with the policy and programs of the President.

The Office of Management and Budget does not object to your submitting this report to
Congress. When you do so, please advise the Congress that should the Congress authorize this
project for construction, the project would need to compete with other proposed investments for
funding in future budgets.

Sincerely,

John Rasquantino
Deputy Associate Director
Energy, Science, and Water
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U.S. ARMY CORPS OF ENGINEERS
NASHVILLE DISTRICT

FINDING OF NO SIGNIFICANT IMPACT

Mill Creek Flood Risk Management Study
Integrated Feasibility Report and Environmental Assessment
Nashville, Tennessee

The U. S. Army Corps of Engineers, Nashville District (Corps) has conducted an
environmental analysis in accordance with the National Environmental Policy Act of
1969, as amended. The Corps addressed the effects of the recommended plan in the
Final integrated Feasibility Report and Environmental Assessment (IFR/EA), dated July
2015, for the Mill Creek Fiood Risk Management Study, Nashville, Davidson County,
Tennessee, which is incorporated herein by reference. The purpose of the study is to
analyze potential solutions for the flooding problems within the Miil Creek watershed.
The recommended plan includes the following actions:

« Construct a 377-acre-foot capacity storm water detention basin at mile 3.67 on
Sevenmile Creek;

» Modify the Briley Parkway bridge and widen the Mill Creek channel at mile 7.1:

» Raise nine residential structures in-place above the 1-percent change flood
elevation; and,

» Purchase and remove 80 frequently damaged residential structures located in
the regulated floodway of Mill Creek and its tributanies.

2. In addition to the “no action” alternative, a wide variety of flood risk management
measures were developed that would address one or more of the planning objectives.
The recommended plan, Plan BDA, was uitimately determined to be the National
Economic Development (NED) Plan and the environmentally-preferred alternative. The
NED plan provides the greatest net benefits of any of the considered alternatives. The
recommended plan aiso leaves cansiderably less residual risk in the floodplain than
other plans in the final array.

3. All practicable means to avoid and minimize adverse environmental effects have
been incorporated into the recommended plan. The recommended plan will not result in
any significant direct or indirect impacts, causing only minimal and temporary adverse
impacts during construction to water quality, aquatic resources, terrestrial resources,
socioeconomics, noise, navigation, recreation and scenic resources. Therefore, no
compensatory mitigation is required.
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4. Due to potential impacts to the Nashville crayfish the Corps entered into formal
consultation with U.S. Fish and Wildlife Service (USFWS). A Biological Assessment
was sent to USFWS on August 28, 2014. A final Biological Opinion (BO) was received
from USFWS on March 23, 2015. The USFWS’ BO states that the preferred alternative
would not likely jeopardize the continued existence of the Nashville crayfish with the
implementation of the BO.

5. Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended,
was initiated with the State Historic Preservation Office (SHPO), American Indian Tribes
with an ancestral connection to Davidson County, Metropolitan Nashville and Davidson
County Historical Commission, and other consulting parties on February 14, 2013. ina
letter dated February 11, 2015, SHPO concurred with the Corps determination that “the
project will not adversely affect any property that is eligible for listing in the National
Register.” Section 106 of the NHPA concluded with a “no adverse effect to historic
properties” determination.

6. Executive Order 12898, Federal Actions to Address Environmental Justice in
Minority Populations and Low Income Populations, was signed on February 11, 1994.
The order requires Federal agencies to promote “nondiscrimination in Federai programs
substantially affecting human health and the environment.” The Corps documented no
disproportionately high and adverse human health or environmental effects of their
programs, policies, and activities on minority and low-income populations. The
proposed action is in compliance with Executive Order 12898 for Environmental Justice.

7. | have reviewed the final IFR/EA and the public and agency comments, in light of the
general public interest. Technical and economic criteria used in the formulation of
alternative plans were those specified in the Water Resource Council's 1983 Economic
and Environmental Principles for Water and Related Land Resources Implementation
Studies. All applicable laws, executive orders, regulations, and local government plans
were considered in the evaluation of the altematives. It is my determination that the
recommended plan does not constitute a major federat action that would significantly
affect the human environment; therefore, preparation of an Environmental Impact

Statement is not required.

IU-MAR- 1
DATE

Lieutenant Colonel, U.S. Army
District Commander
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DEPARTMENT OF THE ARMY
CHIEF OF ENGINEERS
2600 ARMY PENTAGON
WASHINGTON, DC 20310-2600

0CT 16 2015

DAEN

SUBJECT: Mill Creek Flood Risk Management Study, Nashville, Tennessee

THE SECRETARY OF THE ARMY

1. 1 submit for transmission to Congress my report on managing flood risk along Mill
Creek, Nashville, Tennessee. It is accompanied by the report of the district and the
division engineers. These reports partially respond to resolutions of the U.S. House of
Representatives Committee on Transportation and Infrastructure, adopted September,
4, 1995 and December 7, 2005. These resolutions requested the Secretary of the Army
to review pertinent reports on the Cumberiand River and its tributaries to determine
whether any modifications of the recommendations contained therein are advisable in
the interest of environmental restoration and protection, flood damage reduction,
enhancement and control of water quality, stream bank protection, regional water
systems, recreation, greenways, and other watershed management improvements.
Preconstruction engineering and design activities would continue under the authority of
the September 4, 1995 and December 7, 2005 resolutions.

2. The reporting officers recommend authorizing a National Economic Development
(NED) plan of structural and nonstructural features to manage flood risks aiong Mill
Creek and its tributaries. The NED plan includes constructing a 377-acre-foot capacity
storm water detention basin at mile 3.67 on Sevenmile Creek, modifying the Briley
Parkway bridge and widening the Miil Creek channel at mile 7.1, raising nine residential
structures in-place above the 1-percent chance flood elevation, and purchasing and
removing 80 frequently damaged residential structures located in the regulated
floodway of Mill Creek and its tributaries. The purchase and removal of frequently
damaged structures will, to the extent practicable, be implemented on a willing selter
basis; however, eminent domain will be utifized when determined to be warranted.
Acquisition of structures for removal will comply with the provisions of the Uniform
Relocations Assistance and Real Property Acquisition Policies Act (P.L. 81-646), as
amended, and the uniform regulations contained in 49 Code of Federal Reguiations,
Part 24, including the provision of payment of relocation assistance benefits to eligible
recipients. The recommended plan would not have significant adverse effects;
consequently, no mitigation measures, beyond best management practices and
avoidance, or compensation measures would be required. Al features are located in
Nashville, Tennessee.
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DAEN
SUBJECT: Mill Creek Flood Risk Management Study, Nashville, Tennessee

3. The City of Nashville Metro Water Services, representing the Metropolitan
Government of Nashville and Davidson County, is the non-federal cost-sharing sponsor
for all flood risk management features. Based on October 2014 price levels, the
estimated project first cost of the NED pian, which includes both structural and
nonstructural flood risk management features is $28,504,000. This amount includes
$9,342,000 allocated to structural flood risk management and $19,162,000 associated
with a nonstructural flood risk management program. The total cost of lands,
easements, rights-of-way, relocations, and disposal (LERRD) is estimated at
$20,482,000. This amount includes $3,571,000 aiiocated to structural project features
and $16,912,000 associated with nonstructural project features. in accordance with the
cost sharing provisions of Section 103 of the Water Resources Development Act
(WRDA) of 1986, as amended by Section 202 of WRDA 1996, the federal share of the
project first cost of the structural and nonstructural flood risk management features
would be about $5,304,000 (56.8 percent) and $12,455,000 (65 percent), respectively,
and $17,759,000 (62 percent) overail. The non-federal share of the first costs of the
structural and nonstructural flood risk management features would be about $4,038,000
(43.2 percent) and $6,707,000 (35 percent), respectively, and $10,745,000 (38 percent)
overall. The City of Nashville Metro Water Services will be responsible for the
operation, maintenance, repair, replacement, and rehabilitation (OMRR&R) of the
project after construction, a cost currently estimated at about $52,000 per year.

4. Based on a 3.375-percent discount rate and a 50-year period of economic
evaluation, the total equivalent annual costs of the project are estimated to be
$1,251,000 including OMRR&R. The equivalent annual benefits are estimated to be
$2,390,000 with net average annual benefits of $1,139,000. The benefit-cost ratio is
approximately 1.9 to 1. Implementing the NED plan will reduce expected average
annual flood damages by about 44 percent. Equivalent annual residual damages are
estimated at $3,070,000.

5 In accordance with the current Engineer Circular on review of decision documents,
all technical, engineering and scientific work underwent an open, dynamic and vigorous
review process to ensure technical quality. This included District Quality Control,
Agency Technical Review, Policy and Legal Compliance Review, Cost Engineering
Mandatory Center of Expertise Review and Certification, Independent External Peer
Review (IEPR), and the review and approval of technical modeils. The IEPR was
completed by Battelle Memorial Institute. The IEPR panel consisted of four members
with expertise in economics and civil works planning, environmentai review and
environmental policy, hydrologic and hydraulic engineering, and geotechnical and
structural engineering. The review panel identified and documented 14 final comments.
Of these, one comment was designated as having high significance, three as having
medium-to-high significance, seven as having medium significance, and three as having
medium-to-low significance. All IEPR review comments have been resolved. There

2
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DAEN
SUBJECT: Mill Creek Flood Risk Management Study, Nashville, Tennessee

have been no significant changes to the plan formulation, engineering assumptions, and
environmental analyses that supported the decision-making process and plan selection.
All comments from the above referenced reviews will be addressed and incorporated
into the final documents as appropriate. A safety assurance review (Type Hl IEPR) of
the structural flood risk management components of the project will be conducted during
the design phase of the project.

6. Washington level review indicates that the plan recommended by the reporting
officers is technically sound, environmentaily and socially acceptable, and on the basis
of congressional directives, economically justified. The plan complies with all essential
elements of the U.S. Water Resources Council’'s Economic and Environmental
Principles and Guideiines for Water and Land Related Resources Impiementation
Studies. The recommended plan complies with other Administration and legislative
policies and guidelines. The views of interested parties, including federal, state and
local agencies have been considered.

7. I concur with the findings, conclusions, and recommendations of the reporting
officers. Accordingly, | recommend that the plan to reduce flood damages along Mill
Creek and its tributaries at Nashville, Tennessee be authorized in accordance with the
reporting officers’ recommended plan at an estimated project first cost of $28,504,000
with such modifications as in the discretion of the Chief of Engineers may be advisable.
My recommendation is subject to cost sharing, financing, and other applicable
requirements of federal and state laws and policies, including Section 103 of WRDA
1986, as amended, 33 U.S.C. § 2213. The non-federal sponsors will provide the non-
federal cost share and all LERRD. Further, the non-federal sponsors will be responsible
for all OMRR&R. This recommendation is subject to the non-federal sponsors agreeing
to comply with all applicable federal laws and policies, including but not limited to:

a. Provide 35 percent of design costs in accordance with the terms of a design
agreement entered into prior to commencement of design work;

b. Provide a minimum of 35 percent, but not to exceed 50 percent of total structural
flood risk management costs as further specified below:

(1) Provide, during the first year of construction, any additional funds necessary
to pay the full non-federal share of design costs allocated by the government to the
structural flood risk management features;

(2) Provide, during construction, a contribution of funds equal to 5 percent of total
structural flood risk management costs;
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(3) Provide all lands, easements, and rights-of-way, including those required for
relocations, the borrowing of material, and the disposal of dredged or excavated
material; perform or ensure the performance of all relocations; and construct all
improvements required on lands, easements, and rights-of-way to enable the disposal
of dredged or excavated material all as determined by the government to be required or
to be necessary for the construction, operation, and maintenance of the structural flood
risk management features;

(4) Provide, during construction, any additional funds necessary to make its total
contribution for structural flood risk management equal to at least 35 percent of total
structural flood risk management costs;

c. Provide 35 percent total nonstructural flood risk management costs as further
specified below:

(1) Provide, during the first year of construction, any additional funds necessary
to pay the full non-federal share of design costs allocated by the government to the
nonstructural flood risk management features;

(2) Provide all lands, easements, and rights-of-way, including those required for
relocations, the borrowing of material, and the disposal of dredged or excavated
material, perform or ensure the performance of all relocations; and construct all
improvements required on lands, easements, and rights-of-way to enable the disposal
of dredged or excavated material all as determined by the govemment to be required or
to be necessary for the construction, operation, and maintenance of the nonstructural
fiood risk management features;

(3) Provide, during construction, any additional funds necessary to make its total
contribution for nonstructural flood risk management equal to 35 percent of total
nonstructural flood risk management costs;

d. Not less than once each year, inform affected interests of the extent of protection
afforded by the project.

e. Agree to participate in and comply with applicable federal floodplain management
and flood insurance programs.

f. Comply with Section 402 of the WRDA of 1986, as amended (33 U.S.C. 701b-12),
which requires a non-federal interest to prepare a floodplain management plan within
one year after the date of signing a project partnership agreement, and to implement
such plan not later than one year after completion of construction of the project.
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g. Publicize floodplain information in the area concerned and provide this
information to zoning and other regulatory agencies for their use in adopting regulations,
or taking other actions, to prevent unwise future development and to ensure
compatibility with protection levels provided by the project.

h. Prevent obstructions or encroachments on the project (including prescribing and
enforcing regulations to prevent such obstructions or encroachments) such as any new
developments on project lands, easements, and rights-of-way or the addition of facilities
which might reduce the level of protection the project affords, hinder operation and
maintenance of the project, or interfere with the project's proper function.

i, For so long as the project remains authorized, operate, maintain, repair,
rehabilitate, and replace the project, or functional portions of the project, including any
mitigation features, at no cost to the federal government, in a manner compatible with
the project's authorized purposes and in accordance with applicable federal and state
laws and regulations and any specific directions prescribed by the federal government.

j. Hold and save the United States free from all damages arising from the
construction, OMRR&R of the project and any betterments, except for damages due to
the fault or negligence of the United States or its contractors.

k. Perform, or ensure performance of, any investigations for hazardous substances
that are determined necessary to identify the existence and extent of any hazardous
substances regulated under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), Public Law 96-510, as amended (42 U.S.C.
9601-9675), that may exist in, on, or under lands, easements, or rights-of-way that the
federal government determines to be required for construction, operation, and
maintenance of the project. However, for lands that the federal government determines
to be subject to the navigation servitude, only the federal government shall perform
such investigations unless the federal government provides the non-federal sponsor
with prior specific written direction, in which case the non-federal sponsor shall perform
such investigations in accordance with such written direction.

l. Assume, as between the federal government and the non-federal sponsor,
complete financial responsibility for all necessary cleanup and response costs of any
hazardous substances regulated under CERCLA that are located in, on, or under lands,
easements, or rights-of-way that the federal government determines to be required for
construction, operation, and maintenance of the project.

m. Agree, as between the federal government and the non-federal sponsor, that the
non-federal sponsor shall be considered the operator of the project for the purpose of
CERCLA liability, and to the maximum extent practicable, operate, maintain, repair,
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rehabilitate, and replace the project in a manner that will not cause liability to arise
under CERCLA.

8. The recommendation contained herein reflects the information available at this time
and current departmental policies governing formulation of individual projects. it does
not reflect program and budgeting priorities inherent in the formulation of a national civil
works construction program or the perspective of higher review levels within the
executive branch. Consequently, the recommendation may be modified before it is
transmitted to the Congress as a proposal for authorization and implementation funding.
However, prior to transmittal to Congress, the non-federal sponsor, the state, interested
federal agencies, and other parties will be advised of any significant modifications and
will be afforded an opportunity to comment further.

THOMAS P. BOSTICK
Lieutenant General, USA
Chief of Engineers
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June 30, 2015

Mr. Russ L. Rote, PE, PMP, CFM
Chief, Project Planning Branch
U.S. Army Corps of Engineers
Nashville District

801 Broadway

Nashville, Tennessee 37203

RE: Final Feasibility Report and Environmental Assessment for the Mill Creek Flood Risk
Management Study, Nashville, Tennessee

Dear Mr. Rote:

The U.S. Environmental Protection Agency (EPA) has reviewed the above reference
document consistent with the National Environmental Policy Act (NEPA) Section 102(2)(C) and
the Clean Air Act (CAA) Section 309, The U.S. Army Corps of Engineers (COE) proposes to
take both structural and non-structural floodplain control measures to address future potential
flooding in the Mill Creek watershed which is located in Nashville, Tennessee. The COE.
identified and documented past flooding issues in the Final Feasibility Report and Environmental
Assessment (FFR/EA) due to historic encroachment into the floodplain.

The FFR/EA included the discussion of the process of developing various flood risk
management measures that would address one of more of the planning objectives. The two main
objectives of the FFR/EA are to reduce residual risk to life and property and increase flood
attenuation opportunities and restore riparian and floodplain connectivity in the Mill Creek
watershed. Twelve (12) plans that included one or more of the management measures were
developed and then further evaluated for cost efficiency and flood risk reduction effectiveness to
a final evaluation of five (5) plans. The COE has identified Plan ‘BDA" as the National
Economic Development (NED) plan. Plan BDA includes the Ellington Detention (basin), Briley
Bridge and Channel Modifications and Non-structural elements.

The three primary elements of the Plan BDA include the construction of a detention basin
at Sevenmile Creek that targets a 25-year flood, bridge and channel modifications at Briley
Parkway for a 50-year flood event, and a buyout and removal or raise in place of numerous
residential buildings located in the 5-year floodplain. Based upon the information contained in
the FFR/EA, there are minimal impacts to the jurisdictional wetlands and streams, An estimated
0.05 acres of wetlands impact are associated with the construction of the Ellington Detention
Basin. No compensatory mitigation for this impact is required.
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The Nashville Crayfish (Orconectes shoupi) is an endangered species that is located in
the project area and could potentially be effected by channe! modifications at Briley Parkway.
The COE submitted a Biological Assessment to the U.S. Fish and Wildlife Service (FWS) in
August of 2014 and the FWS issued a draft Biological Opinion with the COE’s receipt on
February 6, 2015. The FWS determined that the proposed project would not likely jeopardize the
continued existence of the Nashville Crayfish and provided ‘reasonable and prudent measures’ as
well as other ‘terms and conditions’ for the proposed project.

For the non-structural element of the Plan BDA, the COE is recommending the ‘NS-12
alternative which includes the removal or raise in place of residential structures damaged by the
+5-year flood event. This alternative would include 89 residential structures that removes
approximately $1.75 million in expected annual damages. The COE evaluated the non-structural
residential part of the proposed project in consideration of the Executive Order 12898 on
Environmental Justice (Page 142 of the FFR/EA). The COE has concluded that the proposed
project will not have a disproportionate, adverse impact on Jow-income and minority
populations. The COE indicates that the overall effect of the project on the community will be a
positive one since lower-income residents are more impacted by flooding events due to the
average costs of housing within the project study area compared to other areas in Nashville. The
COE is proposing full market value for these houses and relocation assistance. No specific
neighborhood or community is expected to be effected and the non-structural plan used the 5-
year floodplain elevation for determining which residences would be removed or raised in place.
EPA requests that specific documentation regarding the percentages of low-income and minority
residences from the 89 total (9 raise in place and 80 fee simple acquisition) to be effected
compared to county statistics are included in the Finding of No Significant Impact/Chief’s
Report.

In summary, EPA concurs with the COE that its preferred Plan BDA represents a
balanced and environmentally-sound alternative for addressing long-term concerns for flooding
in the Mill Creek watershed. EPA requests a copy of the Finding of No Significant
Impact/Chief’s Report when it becomes available. Thank you for the opportunity to review the
FFR/EA and please address any comments to Mr, Christopher Militscher of my staff at 404-562-

9512 or Militscher.chris(@epa.gov.

Sincerely,

Yol

Heinz J. Mueller, Chief
NEPA Program Office
Resource Conservation and Restoration Division
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DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, D.C. 20314-1000

OCT 23 2015

Heinz J. Mueller

Chief NEPA Program Office

United States Environmental Protection Agency
Region IV

61 Forsyth Street

Atlanta, Georgia 30303-8960

Dear Mr. Mueller:

Thank you for providing a detailed review of the Mill Creek, Tennessee Integrated
Feasibility Report and Environmental Assessment. Your comments are appreciated
and have been considered in the final report.

Through the Civil Works Flood Risk Management Program, the Corps manages
flood risks while balancing the benefits and costs to the nation. As stated in your letter,
the report recommendation represents a balanced and environmentally-sound
aiternative for addressing long-term concerns for flooding in the Mill Creek watershed.

With regard to the implementation of the non-structural plan, your office requested
that additional information be added to the Finding of No Significant impact / Chief's
Report describing the background of the residences within the recommended pian. To
address this request, additional information has been added to the Finding of No
Significant Impact discussion of Executive Order 12898. Further details are provided in
the Final Report in section 7.10.

Once this project is authorized by Congress, we look forward to continuing to
coordinate with EPA to ensure that project implementation meets Federal flood risk
management goals.

THEODORE A. BROWN, P.E.
Chief, Planning and Policy Division
Directorate of Civil Works
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Executive Summary

Study information — The purpose of this report is to analyze potential solutions for the flooding problems in
the Mill Creek watershed, Nashville, Tennessee. The report documents a Federal interest in implementation
of structural and non-structural measures. This report has been prepared in response to the study
authorization contained in the US House Committee on Transportation and Infrastructure resolution adopted
September 14, 1995. The report presents the flood risk management problems and opportunities within the
Mill Creek watershed as well as the measures and alternatives considered to reduce damages within the
region. The economic analysis for each management measure and alternative is documented and a
tentatively selected plan is recommended. The study was conducted in conjunction with the Metropolitan
Government of Nashville and Davidson County (Metro) serving as the non-Federal sponsor, and the U.S. Army
Corps of Engineers {Corps).

Problem — The City of Nashville experiences damages from flash floods due to historic encroachment into
the floodplain. This encroachment causes a loss of flood storage capacity and insufficient flow capacity or
flow restrictions along Mill Creek and its tributaries. The area along Mill Creek is heavily urbanized and
includes extensive infrastructure associated with commercial, industrial, and residential developments. As
the loss of floodplain storage in the watershed continues to increase, each major flood will incur damages to
a larger number of structures resuiting in a farger economic impact to the region.

Objectives — The objective of the study is to reduce flood risk and improve the overall quality of life for the

residents of Nashville, Tennessee and surrounding communities. The planning objectives are as follows:

s Reduce residual risk to life and property in the Mili Creek watershed

e Increase flood attenuation opportunities and restore riparian and floodpiain connectivity in the Mill
Creek watershed

Plans Considered — A wide variety of fifty-one flood risk management measures were developed that wouid
address one or more of the planning objectives. These measures were then screened for efficiency and
acceptability and combined into alternative plans. Twelve plans that included one or more of the
management measures were developed. The twelve plans were evaluated for cost efficiency and flood risk
reduction effectiveness. Ultimately, a final array of five plans was developed.

Recommendad Plan — The National Economic Development {NED) Plan is the plan that provides the greatest
net benefits. Plan BDA, Ellington Detention, Briley Bridge and Channel Modifications and Non-Structural Plan,
provides the greatest amount of net benefits. Plan BDA also leaves considerably less residual risk in the
floodplain than other plans in the final array.

» Plan BDA maximizes net annual benefits and provides significant residual risk reduction while being
cost effective. Plan BDA includes a detention basin at Sevenmile Creek targeting moderate flooding,
1/25 ACE or 25 year flood. Damage reduction is realized up to the 1/500 ACE or 500-year flood. The
plan inciudes bridge and channel modifications at Briley Parkway targeting major flood damages,
1/50 ACE or 50 year event, while realizing significant damage reductions up to the 1/500 ACE or 500
year flood. The plan also combines these structural components with the buyout and removal or
raise in place of residential buildings located in the 1/5 ACE or 5-year floodplain. The recommended
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plan has the potential to remove nearly half of the expected annual damages associated with Miil
Creek and tributary flooding.

Project impacts — Due to the highly developed, urban environment of the project footprint, the resulting
environmental impacts for most components of the selected plan are minimal. The Ellington Detention Basin
would have minimal impacts to an existing wetland {(approximately 0.05 acre permanent impact/0.05 acre
temporary impact} and the removal and replacement of the existing bridge at this location. The proposed
project, Plan BDA, impacted wetland acreage of 0.05 permanent impacts was minimized and requires no
compensatory mitigation per Tennessee Department of Environment and Conservation (TDEC) and
Department of the Army (DA} Regulatory reguirements. In addition the project meets both Sections 404
(Corps Nationwide Permit 18 — Minor Discharge) and 401 (TDEC General Permit of Minor Alterations to
Wetlands}) of the Clean Water Act. Therefore no mitigation for impacted wetlands is required. The Nashville
Crayfish {(Orconectes shoupi} is endemic to the Mill Creek watershed and is classified by U. S. Fish and Wildlife
Service (USFWS} as endangered. Plan BDA would affect the Nashville Crayfish and as a result USACE has
entered into formal consuitation with USFWS. USACE submitted a Biological Assessment, dated August 2014,
requesting USFWS correspondence that would result in an Endangered Species Act {ESA) determination.
USACE received the Draft Biological Opinion from USFWS on 6 February 2015. it is the USFWS’ biological
opinion that the preferred alternative would not likely jeopardize the continued existence of the Nashville
crayfish. The USFWS provided "Reasonable and Prudent Measures" as well as "Terms and Conditions" for
the proposed action. These are summarized in Section 6 of this Main Report and Appendix D. The lower reach
has Hazardous, Toxic or Radioactive Waste {HTRW]) sites; however, the selected plan does not include any of
these sites in the footprint of the project.

Benefits and Costs — The recommended plan, Plan BDA, has an investment cost at October 2015 price levels
of $28,785,000; an annual cost of $1,197,000 including Operations, Maintenance, Repair, Rehabilitation and
Replacement costs {OMRR&R); annual benefits of $2,390,000; net benefits of $1,193,000; and a benefit-to-
cost ratio {BCR) of 2.00 at a discount rate of 3.375 percent, a 50-year period of analysis, and a three year
construction period. The fully funded total project cost is estimated to be $30,336,000 with a sponsor
contribution of $11,437,000 and a Federal contribution of $18,899,000. The sponsor is responsible for 100
percent of the OMRR&R costs.

Timeline - The Chief's Report approval is anticipated by 18 August 2015. Pending Congressional Approval
and Appropriations; Preconstruction, Engineering, and Design of the Recommended Plan is scheduled for
completion in 2018; and Construction of all measures could be completed by 2021.
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Acronyms and Abbreviations

AAD Average Annual Damages

AFB Alternative Formulation Briefing

ASTM American Society for Testing and Materials

ATR Agency Technical Review

BCR Benefit to Cost Ratio

BMP Best Management Practices

CE Cost Effective

CELRN USACE Nashville District

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations

CPi-U Consumer Price Index-Urban Consumers

CSo Combined Sewer Overflow

CWA Clean Water Act

DNR Department of Natural Resources

DFAL Diverse Fish and Aquatic Life

DFiRM Digital Flood Insurance Rate Maps

EAD Equivalent Annual Damages

ECO PCX National Ecosystem Planning Center of Expertise

EGM Engineering Guidance Memorandum

EOP Environmental Operating Principle

EPA Environmental Protection Agency

ER Ecosystem Restoration

ERDC Engineer Research and Development Center

FEMA Federal Emergency Management Agency

FRM Flood Risk Management

FRM PCX Fiood Risk Management Pianning Center of Expertise
FWQP FWQP Conditions

FWP Future With Project

GIS Geographic information Systems

HAZUS FEMA Hazard Data

HEC-1 USACE Hydrologic Engineering Center hydrologic model
HEC-2 USACE Hydrologic Engineering Center hydraulic model
HEC-FDA Hydrologic Engineering Center Flood Damage Analysis Model
HEC-RAS Hydrologic Engineering Center River Analysis System
HGM Hydrogeomorphic Assessment

HSt Habitat Suitability index

HQUSACE U.S. Army Corps of Engineers Headquarters

HTRW Hazardous, Radioactive and Toxic Waste

HUs Habitat Units

1B} Index of Biotic Integrity

ICA Incremental Cost Analysis

IWR Institute for Water Resources

LER Lands, Easements, and Rights-of-way

LERRD Lands, Easements, Right-of-Way, Relocations, and Disposal Areas
LIDAR Light Detection and Ranging

LRR Limited Reevaluation Report

NED National Economic Development

NEPA National Environmental Policy Act

NER National Ecosystem Restoration
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NFiP National Flood Insurance Program

NAVD 1988 North American Vertical Datum 1988

NGVD 1929 National Geographic Vertical Datum 1929
NPDES National Pollution Discharge Elimination System
NRCS National Resources Conservation Service

O&M Operation and Maintenance

OMRR&R Operation, Maintenance, Repair, Rehabilitation and Replacement
P&G Principles & Guidelines

PED Preconstruction Engineering and Design

PDT Project Delivery Team

P.L. Public Law

PPA Project Partnership Agreement

Sl Suitability Index

SWMP Stormwater Management Plan

TDA Tennessee Department of Agriculture

TDEC Tennesse Department of Environment and Conservation
TDOT Tennessee Department of Transportation

THC Tennessee Historical Commission

TVA Tennessee Valley Authority

USACE U.S. Army Corps of Engineers

USEPA U.S. Environmental Protection Agency

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

waQ Water Quality
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1 Study Information

The purpose of this report is to analyze flood risk management opportunities in Mill Creek, Nashville, TN. The
Metropolitan Government of Nashville and Davidson County {abbreviated as Metro Nashville} is the study
sponsor. Metro Nashville requested assistance from the U.S. Army Corps of Engineers {USACE) to study and
provide recommendations for reducing significant flood damages in the Mill Creek watershed.

1.1 Study Authority

This report is a partial response to the following resolutions, focusing on flood damage reduction in the Mill
Creek watershed of Davidson County, Tennessee. Study authority is granted by two resolutions of the US
House Committee on Transportation and Infrastructure adopted on 14 September, 1995, and 7 December
2005. The resolutions read as follows, respectively:

U.S. House of Representatives COMMITTEE ON TRANSPORTATION AND INFRASTRUCTURE
Resolution Docket 2466, Cumberland River, Nashville, Tennessee. Adopted September 14, 1995
“..the Secretary of the Army is requested to review the report of the Chief of Engineers on the
Cumberland River and Tributaries...published as House Document Numbered 761, 75th Congress,
and other pertinent reports, with a view to determining whether any modifications of the
recommendations contained therein are advisable at the present time, in the interest of
environmental restoration, streambank protection, greenways and other purposes for Davidson

County, Tennessee.”

COMMITTEE ON TRANSPORTATION AND INFRASTRUCTURE OF THE UNITED STATES HOUSE OF
REPRESENTATIVES, Resolution Docket 2746, Tennessee River Tributaries, North Carolina,
Adopted December 7, 2005

“... the Secretary of the Army is requested to review the report of the Chief of Engineers on the
Cumberland River, Kentucky ond Tennessee, published as House Document Numbered 761, 79%
Congress, 2™ Session... and other pertinent reports to determine whether any madifications of the
recommendations contained therein are advisable at the present time in the interest of
environmental restoration and protection, flood damage reduction, enhancement and control of
water quality, streambank protection, regional water systems, recreation, greenways, and other

watershed management improvements.

1.2 Study Partners and Coordination

Metro Nashville is the study sponsor. They are specifically represented by Metro Water Services {(MWS).
Cost sharing funds are provided by MWS. Metro Nashville includes over 650,000 residents and has an annual
operating budget of $1.9 billion. Metro Water Services has an annual operating budget of $119 million. The
following table includes the current list of stakeholders for the Mill Creek study.

Mill Creek, Nashvifle, TN 1 Final Feasibility Report
and Integrated Environmental Assessment



14

Table 1. List of Stakeholders

. . Mill Creck Stakeholders - .
Metropolitan Government of Nashvilie and Davidson County
Residents within Mill Creeck Watershed ~ Nashville
Cumberland River Compact
il Creek Watershed Assoc
U.S. Fish and Wildlife Service
115, Geological Survey
National Weather Service
Natural Resources Conservation Service
Environmental Protection Agernicy
TN Wildlife Resources Agency
State of Tennessee
TN Department of Transportation
TN Department of Environment and Conservation

1.3 Purpose and Scope

The purpose of this flood risk management study is to document existing and forecasted future conditions,
establish defined objectives for future conditions, identify alternatives that would contribute to attaining the
objectives, formulate, evaluate and compare aiternative plans and recommend a plan with preliminary
designs for implementation. This report includes an Environmental Assessment to meet requirements of the
National Environmental Policy Act and the Clean Water Act.

The overall objective of the planning study is to improve flood risk management, maintain or improve aquatic
ecosystem resources, and improve the overall quality of life for the neighborhoods of Nashville, Tennessee
within the Mill Creek watershed. The City experiences routine damages from flash floods because of floodway
and floodplain infringement coupled with insufficient flow capacity and urbanization along Mill Creek.
Extensive damages during major flooding are incurred by intense weather events, the most recent of which
was May 1-2, 2010. The areas along Mill Creek and its tributaries are heavily urbanized and includes expansive
infrastructure associated with residential, commercial, and industrial development.

The original intent of this general investigations study was to provide both fiood damage reduction solutions
and ecosystem restoration solutions for the Mill Creek Watershed area in Nashville, Tennessee. However, it
was determined after the May 2010 flood that flood damage reduction alternatives would move forward and
the ecosystem restoration alternatives would be pursued and implemented separately by Metro Nashvilie.
The Mill Creek basin was severely impacted by flooding during the record May 2010 flood events. interstate
24 was flooded and shut down when Mill Creek overtopped it during this event, hundreds of homes and
businesses were left damaged in the wake of the flood in addition to two flood related fatalities. As a resuit,
the reinitiated and refocused Mill Creek study will only address flood risk management solutions. Hydraulic
and hydrologic conditions were updated, new rainfall-runoff models developed and the economic analysis
structure inventory database was updated. This information was then applied to reevaluate alternatives to
reduce flood damages such as home buyout and removal, channel modifications, floodplain restoration,
bridge modifications, storm water detention structures, and a quarry diversion.
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This report analyzes the problems and opportunities and expresses desired outcomes as planning objectives.
Alternatives are then developed to address these objectives. These alternatives include a plan of no action
and various combinations of flood risk management measures. The economic and environmental impacts of
alternatives are then evaluated and a feasible plan is tentatively selected. The report also presents detail on
Corps and sponsor participation needed to implement the plan. The report concludes with a
recommendation for authorization. The final recommendation will attempt to address the impacts to certain
neighborhoods in the Mill Creek watershed that have been experiencing systemic flood risks for decades by
providing an economically justified and environmentally acceptable array of implementable solutions.

1.4 Project Location

Located in one of the most rapidly urbanizing areas of Middie Tennessee, the 108-square mile Mill Creek
Watershed drains about 13% of Nashville, Davidson County, Tennessee and 6% of Williamson County,
Tennessee. The watershed has a teardrop shape, is about 18 miles long and averages 6 miles wide. A study
area map is included in Figure 1. About two thirds of the watershed is within Davidson County, one third in
Williamson County and a small headwater area extends into Rutherford County.

Figure 1. Mill Cresk Watershed

Mill Creek flows generally northward from its origin in Nolensville to its confluence with the Cumberiand
River in Nashville. Along the way it is fed by a number of tributaries, the most significant being Sevenmile
Creek which joins Mill Creek at Mile 7.9 and has a drainage area of 17.5 square miles. Other major tributaries
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in Davidson County include: Collins Creek, Edmonson Branch, Frankiin Branch, Hoit Creek, indian Creek, Owl
Creek, Sims Branch, Sorghum Branch, Turkey Creek, and Whittemore Branch. A detailed study of flooding
and flood damages was not performed for Williamson County, as they elected not to co-sponsor the study.

Topography in the Mill Creek Basin ranges from flat to moderately sioping along the main stem to rolling and
hilly uplands which form the watershed divide. Elevations range from about 385 feet above mean sea level
at the mouth to around 1200 feet in the upper extremities of the basin. The main stem is 27 miles long and
falls about 280 feet from its source to its mouth. Average channel gradient is roughiy 10 feet per mile in
lower stream reaches and 35 feet per mile in upper stream reaches.

Mill Creek main channel averages approximately 75 to 100 feet wide and the 100-year floodplain about 700
to 800 feet wide. The well-defined streambanks are generally 10 to 15 feet above streambed. The regulated
floodway is generally between 400 to 500 feet wide, where prior encroachments have not occurred. The
floodway building code regulations and restrictions have varied greatly over the years resulting in areas in
the urbanized portions of the stream with floodway encroachments into the riparian zone and in some cases
to the stream bank. This can be attributed to both less stringent regulations that predate the FEMA flood
insurance study (FIS) maps and increased flows over time due to the increased impervious footprints
throughout the watershed as the area transitioned from rural to urban and suburban. Upper portions of Mill
Creek and its headwaters flow primarily from farmland. As the stream enters Davidson County, runoff
characteristics become primarily suburban, changing to urban approximately halfway through the basin, with
residential, commercial, industrial and open area sources. Almost every summer, the flow of Mill Creek
approaches zero at Mile 22, near the Williamson county fine, and aquatic life is restricted to pools. This lack
of continual flow inhibits habitat availability and ecosystem processes and functions of Mill Creek.

Sevenmile Creek originates near the Davidson-Williamson County line and flows north and east before joining
Mill Creek. Sevenmile is approximately 7.3 miles long with a drainage area of 17.6 square miles, an average
slope of 18.9 feet per mile, an average 100-year floodplain width of 500 feet, and an average floodway width
of 200 feet. Streambanks range from 3 to 9 feet high; existing channel averages 20 to 30 feet wide.
Approximately half the flow is through a heavily urbanized area, while the upper half is less developed.

As show on Figure 2, as much as 1/4 of the upper watersheds of both Mill and Sevenmile Creeks could be
characterized as vacant or farmland as existing land use conditions. This is rapidly changing as vacant land
and farms are shifting to suburban development. Williamson County is experiencing Tennessee's fastest rate
of growth when ranked by percent change in population. A similar rate of growth is occurring in Davidson
County’s upstream portion of the watershed.
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Existing Conditions
Wil Craek Subbasins
% Impervious

o

Figurs 2, Mill Creek Bxisting Conditions: % Impervious

Climate conditions in the watershed are relatively uniform. Normal mean monthly temperatures (Nashville
Airport 1948 ~ 2005) vary from 89.8 degrees in July to 46.9 degrees in January and average 59.4 degrees
annually. Normal annual precipitation is around 48.1 inches with winter and spring being the wettest and
fali being the driest.

The Outer Nashville Basin {Ecoregion 71h) is characterized by open hills, gently rolling to steep; some plains
with hills; highly dissected escarpments; moderate gradient bedrock and gravel-bottomed streams. The
Inner Nashville Basin {71i) consists of smooth to rolling plains, with some small hills and knobs. Streams are
low gradient with clear water on bedrock substrate {(EPA, 1997).

The watershed is situated on limestone of Nashville and Stones River groups of Ordovician age. Formations
of the Nashville Group exposed (or covered only by soil} include Cathey’s, Bigby-Cannon, and Hermitage. Of
the Stones River Group, only the Carter’s and Lebanon formations are exposed in the study area. Solution
cavities and sinkholes have developed along structuraily-controiled joints and near-horizontal bedding planes
{USACE, 1986}. The limestone rock and soils are generally high in phosphorus.

According to US Department of Agriculture Soil Survey of Davidson County, Tennessee (1981), soils of the
Mill and Sevenmile Creeks floodplains are in the Arrington-Lindeli-Armour association. These soils are
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undulating to rolling, well to moderately-well drained. Most of these soils qualify as prime farmiand soils but
are fast becoming sites for residential development. Soils on the uplands adjacent to the floodplain are in
the Talbott-Rock Outcrop association. These soils are not prime farmland soils, and are undulating to hilly,
well-drained. Soils deeper into the watershed are primarily Stiversville-Hampshire-Urban land. These soils
are classified as undulating to hilly and well drained. Outcrops of limestone and a few limestone sinkholes
occur. Infiltration rates of much of the soils are low, less than 0.10 inches per hour due to high silt/clay
content. Mill Creek soils are predominantly loams or silt loams or mixtures of clays, loams, silt loams, and
siity clay loams. Bedrock depths are generally less than five feet and water table depth ranges from four to
six feet. A detailed analysis of the soils and infiltration characteristics can be found in Appendix C:
Attachment A. Hydrology and Hydraulics Report.

1.5 History of the Investigation

In May 2010, the most damaging flood on record in the watershed occurred. As much as sixteen inches of
rainfall fell over the course of thirty-six hours, which resulted in floodwaters 10 to 12 feet deep in some
places, damage to at least 700 homes, and displacement of thousands of people, with an estimated $185
million in damages to private property alone. It was a 1/100 to 1/500 annual chance exceedance {ACE) flood
depending upon the tributary stream and its recorded flows. More detail is provided in the H+H Appendix. In
response to the flood, the City requested to cease the ongoing Investigations study, which Metro Nashville,
as the non-Federal sponsor, and USACE initiated by signing a Feasibility Cost Sharing Agreement (FCSA) on
24 April 2003. The Feasibility study was conducting reviews and nearing completion for flood risk
management and ecosystem restoration alternatives for main-stem Mill Creek and Sevenmile Creek when
the flood occurred in May 2010.

By Letter Agreement Metro Nashville and USACE modified the Feasibility Cost Share Agreement (FCSA} to
resume study following the completion of a Metro Nashville funded, county-wide Unified Flood Preparedness
Plan {UFPP}. The UFPP analyzed the six major streams in Metro Nashville, updated data from the 2010 event
and evaluated solutions to flood damages on a reconnaissance level for Cumberland River, Harpeth River,
Mill Creek, Richland Creek, Whites Creek, and Browns Creek.

Following completion of the UFPP in January 2013, the Letter Agreement between Metro Nashville and
USACE was enacted and the study resumed to build upon the work conducted in the UFPP and update the
flood risk management data and alternatives under investigation prior to the flood. The Letter Agreement
amending the FCSA was signed on 25 January 2013.

1.6 Previous Studies and Existing Projects

Frequency profiles for Mill Creek and Sevenmile Creek were developed in conjunction with the Davidson and
Williamson County Flood insurance Studies (FIS) beginning in 1977. The hydrologic and hydraulic analyses
for these studies are performed by the U.S. Geological Survey (USGS). The work was complieted just before
the May 1979 flood, the flood of record for Mill Creek prior to May 2010. The statistical frequency analysis
for FIS was revised in 1980 by the Corps to reflect this flood. This analysis is discussed later as the adopted
procedure.
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In 1980 work began on a Stage |i report for the Mill Creek Basin. The backwater model developed for the FIS
by USGS is converted to a “Water Surface Profiles, HEC-2” computer program format for use in this study.
Verification runs are made using this model to determine its accuracy in reproducing the 1979 floods. Several
updates were made to the HEC-2 model, but overall it was adequate to investigate and compare flood control
alternatives.

Prior to the 1979 floods, a study was conducted by the USGS entitled, “Effects of Urbanization on Flood
Characteristics in Nashville-Davidson County Tennessee.” The severity of the 1979 floods and the findings in
this report {(a conclusion of no impact from urbanization) prompted a detailed study by the Corps of
Engineers. The Corps study was completed in 1986. The study focused primarily on the Mili Creek and
Sevenmile Creek floodplains within Davidson County. Detailed HEC-1 and HEC-2 modeis were developed for
the watershed and study streams. A large array of alternatives was analyzed including both structural and
nonstructural solutions. Nonstructural alternatives do not modify floods, but are intended to reduce
susceptibility to flood damages. These measures include floodplain zoning ordinances, flood insurance
policies, flood forecasting and warning, flood proofing and permanent evacuation of the floodplain.
Structural alternatives, on the other hand, actually reduce flood stages in problem areas. These actions may
include dams and reservoirs, levees, bridge modifications, channel modifications, or clearing and snagging.
A total of 43 plans or combination of pians was evaluated from hydrologic, hydraulic, economic, and
environmental viewpoints. The selected plan which provided the greatest return on the investment of tax
doliars (the most net benefits) is the NED plan. The 1986 study recommended plan was the construction of
a dam at Mile 16.81 on Milt Creek, constructing a dam at Mile 3.70 on Sevenmile Creek, and widening a
section of Sevenmile Creek from Mile 0.70 to 1.51. The recommended plan was congressionally authorized
for construction but never completed due to public opposition.

The Corps of Engineers completed a Section 22 study {Planning Assistance to States) in 1990 for the Mill Creek
Basin within Williamson County. The purpose of the study was to provide Williamson County with hydrologic
information concerning the possible use of regional detention to reduce flooding in the Nolensville
Community. The study evaluated two regional detention sites which provided flood reductions along Mill
Creek in the vicinity of Nolensville, Tennessee. The selection of the sites was based on the hydrology of the
basin, available storage, required length of dam, and open area. Based on study resuits, Williamson County
did not proceed with the regional detention approach due to loss of valuable land in the detention areas.

In 1996, the Corps of Engineers conducted a floodway storage analysis for the Cumberland River and Mill
Creek in Davidson County, Tennessee to evaluate the requirement to compensate storage for fill in the
floodway fringe. An unsteady flow (UNET)} model was developed for Mill Creek within Davidson County.
Results of the analysis indicated that compensation storage was necessary along most of the Mill Creek main
stem to attenuate flood hydrographs and minimize encroachment surcharge.

Metro Nashville has completed several of their own studies for Mill Creek and its tributaries. The
Metro/Davidson County and Williamson County governments are both very supportive of the FEMA Flood
Insurance Program, solutions to reduce or minimize flooding and improve water quality and ecosystem. The
Stormwater Division of Metro Water Services was formed April 1, 2002, The formation of the Stormwater
Division nearly doubied the stormwater budget allowing more funding to address immediate problems like
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local drainage. It has also allowed Metro additional funds for partnering with federal agencies like the Corps
and USGS for Watershed Studies like this one to address stormwater drainage and flooding issues.

The Nashville District Corps of Engineers is conducting a General Investigation {Gl) Study for the Mill Creek
Watershed which began in 2003. The study was scoped for both flood damage reduction and ecosystem
restoration components, with FIS updates included under the umbrella of flood damage reduction. A Flood
Insurance Study was completed in 2006 as part of the Gl Study. The FIS update included a complete restudy
of Mill Creek and its tributaries within Davidson County. This study included the development of observed
flood and hypothetical (frequency) event based HEC-HMS models and geo-referenced HEC-RAS models. All
detailed (Zone AE) and approximate {Zone A} streams shown on FEMA maps were updated to detailed study
zones. These models were provided to FEMA for adoption during the next map revision for Davidson County
and were put on hold to incorporate new terrain {LiDAR) data and May 2010 Flood impacts to flood
frequency.

Other reports following the 2010 flood had regional focuses, but also included much data on Mill Creek. These
include the May 2010 Cumberland and Tennessee River Basins Post Flood Technical Report, Metro Nashville
Flood Preparedness, and the Metro Nashville Unified Flood Preparedness Plan {UFPP). These are described
below:

The 2010 Post Flood Technical Report provides details on the devastating impacts of this flood of record,
post completion of the Cumberiand River Basin system. Mill Creek data was updated as part of the larger
effort to document the event. USACE completed a technical report that provides a thorough and complete
understanding of the record flood event of May 1-4, 2010. The report documents the meteorology of the
storm, the hydraulic characteristics of the flood event, and the factors that contributed to the severity of the
flood. Rainfall totals across the region on May 1 and 2, 2010 far exceeded previous record amounts and
resulted in record stages and/or discharges along the Cumberiand River, from above Nashville to its
confluence with the Ohio River. Some areas received rainfall amounts that exceeded 17 inches during the
two-day event, the highest amount in more than 140 years of record. Historical stream flow and flood stage
records were exceeded on the Cumberland and many tributaries to both the Cumberland and Duck Rivers as

a resuit of the torrential rains. The report was completed in February 2012.

As a result of the May 2010 flood, Metro Nashville partnered with the Corps to develop flood inundation
models and flood preparedness tools for 6 streams in the county (referred to as Metro Flood Preparedness
Phase 1}. The streams include the Cumberland and Harpeth Rivers and Mill, Browns, Whites and Richland
Creeks. The majority of the population impacted by the flood and all of the loss of life was associated with
these streams. Three of the streams, the Cumberland River, Mill and Richland Creeks had good existing
models which only needed updates. The Harpeth River, Whites and Browns Creeks had models that were 20
to 30 years old using outdated technologies. All stream models have been completely redone. In addition
to the modeling, tools that enable the city to better predict what is likely to occur under different flooding
scenarios have been completed. With these tools, Metro will know what is flooded at various flood stages
on the Cumberiand and Harpeth Rivers and be abie to predict what could flood on the smaller streams when
certain amounts of rain occur. The USGS and NWS are also partnering on this project. The USGS has added
new gages and is updating rating curves for the existing gages. NWS is working on additional forecasting for
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specific creeks and updating flood alerts levels and actions. Phase 2 of the study included Real Time
Simulation (RTS) modeling for the 6 streams discussed above.

The modeling will be able to incorporate real time observed data, NEXRAD radar, NWS rainfall predictions to
predict inundated areas and depths. The models can be used to simulate the impacts from different rainfall
scenarios and have been made available to both Metro and the National Weather Service. Phase 2 aiso
included updating frequency and flow data to turn over to FEMA who will use the date to update the Flood
Insurance Study {FiS) maps in Davidson County. The updated products will also be used to evaluate
alternatives on three of the streams. About 122 miles of streams have been updated to date. Phase 3
streams include those flowing into the Stones River below J Percy Priest Dam. Phase 4 streams include all
the remaining streams in Davidson County. Phase | completed in 2012 and Phase i in 2013. Phases lli and IV
are underway. Updating the FIS will help better define floodplains and reduce future flood risk as well as
provide better tools for decision makers and emergency responders to reduce fiood risk.

Following the 2010 flood event, Metro Nashville embarked on a deliberate study, called the Unified Flood
Preparedness Plan (UFPP), to identify and evaluate flood damage reduction measures on the Cumberfand
River and its five major tributaries — Harpeth River, Whites Creek, Browns Creek, Mill Creek and Richland
Creek. The goal of the UFPP is to develop a sustainable flood protection program that improves public
safety, protects environmental and cultural resources, and supports economic growth by promoting a
unified approach to lowering the damages caused by flooding. The UFPP’s goal of long-term preparedness
is based on a program approach that is collaborative, integrated, comprehensive, and impiementable. That
report was completed in January 2013. Following this, the Mill Creek Flood Risk Management study was
re-initiated in April 2013 upon the arrival of federal funding to complete the study.

1.7 Planning Process and Report Organization

The planning process consists of six major steps: {1) Water and related land resources problems and
opportunities; {2) Existing inventory, forecast and analysis of water and related land resources conditions
within the study area (problems and opportunities); (3} Future without project conditions; {4) Plan
formulation; (5) Evaluation of the effects of the alternative plans; {6) Comparison of the alternative plans;
and ultimately selection of the recommended plan based upon the comparison of the alternative plans. The
planning process and environmental assessment are closely aligned. The chapter headings and order in this
report generally follow the outline of the USACE planning process, per EC 1105-2-100. Chapters of the report
relate to the six steps of the planning process as follows:

= The second chapter of this report, Problem Description and Objectives of the Proposed Action, covers
the first step in the planning process {Discussion of water and related land resources problems and
opportunities}).

= The third chapter of the report entails a discussion of the formulation of future without project
conditions, and, analysis of buiid-out scenarios on the attenuation of Mill Creek floodwaters. This section
provides the data to link the cost effectiveness of floodplain management practices and long term flood
reduction benefits.

= The fourth chapter of this report, Plans, is the focus of the report and is therefore placed before the more
detailed discussions of resources and impacts. It covers the third step in the planning process {Plan
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formulation), the fifth step in the planning process (Comparison of alternative plans} and the sixth step
of the planning process {The selection of the recommended plan based upon the comparison of the
alternative plans).

= The fifth chapter of this report, Affected Environment, covers the second step of the planning process
(Inventory, forecast and analysis of water and related land resources in the study area).

®  The sixth chapter of this report, Effects on Environmental Resources, covers the fourth step of the
planning process (Evaluation of the effects of the alternative plans). The fifth and sixth chapters support
the integration of the information required by the NEPA process.

This report was written as a part of the USACE Planning modernization. This report is termed a Legacy study
per Guiding Principles for Legacy Study Risk Management (dated December 11, 2013}, with transition to
3x3x3 planning paradigm. Information contained in the report demonstrates the decision-making process.
For more information on the detailed analysis, please refer to the appendices.
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Z Problem Description, Study Objectives and Constraints

2.1 National Objectives

A key Federal objective of water resources and related land resource planning is to contribute to the national
economic development. The study and its recommendation must be consistent with protecting the nation’s
environment, pursuant to national environmental statutes, with all Federal planning requirements.
Contributions to National Economic Development (NED) are increases in the net value of the national output
of goods and services, expressed in monetary units. Contributions to NED are the direct net benefits that
accrue in the planning area and in the rest of the nation.

2.2 Public Commentis

During the course of the study a number of concerns were identified by the public and community at-large.
Input was received through coordination with the sponsor and other agencies through pubiic meetings.
Preparation of the Environmental Assessment includes agency and public notification of the proposal and an
opportunity for agency and public review and comment prior to agency decision making. Scoping letters
have been issued at various stages of this project study. The first letter was issued in November 2003; after
reevaluation following the May 2010 fiood event, a second letter was issued in January 2013. The letters
were sent to the public and to local, state, and federal governmental agencies with jurisdiction by law and
special expertise. This Integrated Report/EA was circulated in draft form to the scoping respondents and to
local, state, and federal governmental agencies with jurisdiction by faw or special expertise for a 30 day
review/comment period. A complete discussion of public involvement is included in Chapter 7, Public
Involvement.

5

2.3 Problems and Opportunities

Problems

Located in one of the most rapidly urbanizing areas of Middle Tennessee, the 108-square mile Mill Creek
Watershed drains about 13% of Nashville, Davidson County, Tennessee and 6% of Williamson County,
Tennessee. Flooding occurs in the Mill Creek basin during all seasons of the year, major floods occur primarily
during winter and early spring. In addition to major damages along Mill Creek proper, the tributary streams
are also vulnerable to floods resuiting from summer and fall thunderstorms. Major flood events, where
frequencies are greater than 1/25 ACE, have occurred in 1955, 1960, 1962, 1979 (twice), and 2010. Two of
these flood events included frequencies greater than 1/100 ACE. The event in May 1979 included economic
damages valued at $85M. The May 2010 flood event resulted in over $185M in damages and also resuited in
two fatalities. Rainfall on May 1 and 2, 2010 resulted in record flood stages in the Mill Creek basin. Radar
rainfall in the Mill Creek basin ranged from 11 inches to 16 inches during the event. Gage rainfall ranged from
13.5inchesto 16.2 inches over the two-day period. Stream gages at Woodbine and Antioch recorded flooding
3 feet and 4 feet above the previous flood of record, respectively, which occurred in 1979.

All streams in the basin tend to rise rapidly following intense rainfail. Flooding is of relatively short duration,
averaging 12 hours. Flooding along the major streams in the watershed also occurs during more frequent (or
higher probability of occurrence) flood events. A key contributor to the major damages in Mill Creek is that
most development in the watershed was unregulated until after the 1979 floods. Entire sections of lower Mill
Creek and Sevenmile Creek were nearly built-out prior to the adoption of floodplain management
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requirements. Among other factors this contributes, to the nearly 160 residential structures iocated in the
floodway of Mill Creek and its three principal tributaries. A more detailed discussion of historic flooding can
be found in the Hydrology and Hydraulics Appendix.

There are over 1200 residential and over 200 non-residential structures in the 500-year (0.2 percent
probability or 1/500 ACE) floodplain of Mill Creek in Davidson County with a flood loss potential of nearly
$5.3 million annually under existing conditions and $5.5 million under future without project conditions using
a 50-year period of analysis. Table 7 shows the number of structures located in the various floodplains. For
economic analysis, Mill Creek was divided into seven reaches and Sevenmile Creek into five reaches to
facilitate flood damage evaluation. Sorghum Branch and Whittemore Branch have a single reach each. Table
2 also shows these 14 reaches, which define the damage centers in Davidson County for the future without
project condition, with total number of structures damages and total future conditions annual damages.
Future without project assumptions are discussed in greater detail in Chapter 3. Figure 3 shows a map of the
damage reaches described in Table 2.

Tabla 2. Number of Structures in the Mill Cresk Watershed sorted by Damage Reach

Mill Creek
Reach ; Numberof | Residential | Commercial | Industrial | Public | Structure
Structures Values
in Reach $'s=1,000's
MC-1 258 214 32 12 [} 51,551.7
MC-2 40 22 18 0 o] 17,723.8
MC-3 188 179 9 0 [} 20,044.4
MC-4 68 37 25 6 o] 67,391.7
MC-5 166 82 80 1 3 41,127.1
MC-6 124 124 0 0 o] 11,000.7
MC-7 16 12 4 0 [} 6,729.7
Total 860 670 168 19 3 215,569.1
Tributaries

Sevenmite Creek

SM-1 119 118 0 0 1 9,165.3
M2 129 112 17 0 o] 19,564.1
SM-3 135 135 0 0 o] 13,004.2
S5M-4 10 9 1 [} [} 4,027.4
SM-S 7 7 0 0 o] 1,354.4
Total 400 381 18 [} 1 47,115.4
Sorghum Branch
5B-1 | 67 60 % 5 g 1 § 1 17,745.3
Whittemore Branch
WB-1 138 ; 136 i 0 % 0 g 2 10,456.1
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Figura 3. Ml Crask Watershed: Feonomic Damage Beaches

Table 3 displays flood damages by category for existing and future conditions. Under both existing conditions
and future without project conditions the majority of the damages are to residential structures. Under the
future without project condition, damages to commercial and industrial property increase at a slightly higher
rate than existing conditions. Residential and vehicles account for roughly 64% of the expected annual
damages (EADs). More detail can be found in the Economic Analysis Appendix {Appendix A}.

Tabla 3. Mill Creek Damages by Category

Damages in $1,000

‘ %?deﬁlafahd
Vehicles

Commercial and
Industrial

1,776.7
1,967.7 |
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Ecological Impairment

Assessment of ecological problems and needs was made by researching available studies and reports;
conducting interviews with local, state, and federal agencies and with the public; and by conducting onsite
visits and data collection. Through these efforts, recurring problems that impact a majority of the watershed
and Mill Creek specifically were found to include flooding, impaired water quality, streambank erosion, and

loss of aquatic and riparian habitat {See Section 5}.

Cuporiunitiss

The location of the Mill Creek watershed in one of the fastest growing corridors in the state, combined with
the historic flooding along Mill and Sevenmile Creeks were the driving forces behind this study. There was
an opportunity to look at a stream, its tributaries and an entire 108 square mile watershed from both quantity
and quality aspects and develop tools to help manage growth. The impacts of growth in the entire watershed
were considered, but alternatives for improvement or management measures were evaluated for only

Davidson County.

The study also looks at the guality and quantity aspects of development together. it serves as a catalyst for
bringing many agencies and organizations together to examine these issues. The main opportunities of this
study are to reduce flood damages in the Mill Creek Watershed by developing the national economic
development {NED) plan. To reduce flood damages long term by analyzing potential projects for non-
structural and structural flood damage reduction. And ultimately to buy down future flood risk by removing
the most damaged and most susceptible residences from future flood events. Ancillary opportunities include
providing additional recreation opportunities in the Mill Creek floodplain, educating citizens and local officials
about flood plains, reducing impacts of future developments and increasing open space.

Although the USACE Mill Creek study eventually became only FRM focused, previous evaluations of the
environmental and ecosystem restoration opportunities in the study area ied to the following cooperative
learning opportunities including:

» Formation of interagency working group

e Assistance to Tennessee Department of Agriculture with demonstration of rain gardens in
the Sevenmile Creek watershed

*  Working with the “Building Outside the Box” effort by Cumberland River Compact to
demonstrate innovative “green design” stormwater management structures

®  Preparing the Flood Insurance Update for FEMA and Metro

*  Working with the Tennessee Stream Mitigation Program

o Field comparison of the TDEC and NRCS stream assessment protocols

o Application of the LRD method for standardizing ecosystem outputs

2.4 Planning Goals and Objectives

The primary goal for the Mill Creek watershed is achieving long term sustainability for the human and natural
environment. The aim is to predict and minimize flood damages in a way that protects, maintains, and
restores ecologically sensitive resources of Mill Creek and its tributaries. Additional goals inciude
understanding and detangling the intertwined impacts of urbanization on water from both human and
ecological view points. Flood damage reduction encourages economic development in a manner that
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requires less investment in intervention and recovery at all levels of government and insures a higher quality
of life for citizens than under existing conditions.

In its Environmental Operating Principals, the Corps of Engineers has defined environmental sustainability as
follows: “a synergistic process whereby environmental and economic considerations are effectively balanced
through the life cycle of project planning, design, construction, operation and maintenance to improve the
quality of life for present and future generations.” Ecosystem sustainability is evidenced by complex and
diverse riparian and aquatic communities that are biologically rich with native plant and animal species and
are capabie of self-regulation well into the future. Sustainability can be encouraged by closely returning a
stream’s natural hydrology, thereby allowing storm water to rise and recede over longer periods of time than
occurs in a highly modified watershed. These goals can be achieved through regional planning for growth
and development. A sustainable watershed also provides opportunities for increased community
involvement, education, and recreation.

Objectives

Objectives more specifically define study goals. They lead to the development of actions and measures which
in turn form the basis of alternatives. Alternatives are specifically defined at discrete locations and are being
fully evaluated to determine costs and social, environmental, and economic impacts, both positive and
negative. Forthe Mill Creek study the following objectives have been identified and each is to be measured
by its performance during the 50 year life cycle of the recommended project. Note that not all objectives are
high priority mission areas for the Corps:

Objective 1 ~ Reduce residual risk to life and property in the Mill Creek watershed
Objective 2 — Increase flood attenuation opportunities and restore riparian and floodplain connectivity in

the Mill Creek watershed
2.5 Planning Constraints

Several major constraints were identified during this study, as listed below.

o Continued rapid development in the upper watershed will impact future conditions.

e Thelack of a sponsor for potential improvement measures in Williamson County limits outcomes in both
Williamson and Davidson Counties.

» Measures may impact neighborhood cohesion, in the high risk, frequently inundated areas.

e Metro Nashville floodplain ordinance and building codes prohibit new construction or substantial
modification in the floodway. it also prescribes residential construction in the floodplain must be built
four feet above the base flood elevation (BFE).

¢  Must avoid impacts to threatened and endangered species.
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3 Inventory and Forecast of Rescurce Conditions

1 Historic and Existing Conditions

3.
Basin Descrintion

Mill Creek flows approximately 27 miles in a northerly direction from its headwaters just south of Nolensville,
Tennessee in Williamson County, Tennessee to its confluence with the Cumberland River {Cheatham
Reservoir) at Mile 194.4 in Nashville, Davidson County, Tennessee. The basin is teardrop shaped with a total
drainage area of 108 square miles as shown in Figure 4. It lies principally in Davidson County, although 35
percent of the upper watershed is in Williamson County and a small headwater portion extends into
Rutherford County.

o3

RUTHERFORD
COUNTY

WILIAMSON
COUNTY

Figure 4. Mill Creek Watershed Vicinity Map

Mill Creek is fed by a number of tributaries; however, its most significant tributaries are Sevenmile Creek in
the lower haif and Owl Creek in the Upper third of the watershed. Both tributaries fiow in a north easterly
direction joining Mill Creek at Mile 7.9 and 19.9, respectively. Sevenmile and Owl Creek have drainage areas
of 17.5 and 13.2 square miles respectively. The remaining tributaries have drainage areas less than 10 square
miles and generally flow to the northeast or northwest.

Topography in the Mill Creek Basin ranges from flat to moderately sloping along the main stem to rolling and
hilly uplands which form the watershed divide. Elevations range from about 385 feet above mean sea level
at the mouth to around 1200 feet in the upper extremities of the basin.

The land use in the Mill Creek Basin varies greatly and is experiencing very rapid changes. Progressing
upstream from the mouth, the lower 9 miles of the watershed are a mixture of residential, commercial, and
industrial development. This type of intense development also continues up the Sevenmile Creek Basin for
approximately 3 miles. The middle portion of the Mill Creek and the upper half of the Sevenmile Creek Basins
are moderately developed, predominately commercial and residential. The upper haif of the Mill Creek Basin,
encompassing over 40 square miles of drainage area, is mostly in Williamson County and is less developed
but experiencing rapid and intense growth.
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Historical Flogding

Information is available for several significant floods on Mill and Sevenmile Creeks dating back to 1955.

Although this is a relatively short time span, a wide variety of rainfall amounts and storm distributions and

durations have occurred which provide excellent insight into the basin’s flooding characteristics. A

chronological discussion of storms and floods is given in the following paragraphs.

The flood of 20-21 March 1955 resuited from a period of widespread rainfall during the night of the
20" and a heavy burst of 3 inches for a 6-hour period starting on 21 March. Total rainfall amounts
for the storm averaged from 4.8 inches throughout most of the basin to 5.5 inches in the upper most
region of the watershed. This resulted in a stage of 19.73 feet at the Mill Creek gage which forced
evacuation of families along Mill and Sevenmile Creeks.

During the night of 16-17 June 1960, a very intense thunderstorm produced a relatively narrow band
of heavy rainfall that centered near the Mill Creek headwaters. This flood was higher than the March
1955 flood in the Antioch area just upstream of the gage. However, the maximum stage of 19.15 at
the gage was one-half foot lower than the 1955 flood. The lower reaches of Mill Creek and Sevenmite
Creek, where most urban development was located at the time, experienced only a moderate rise.
A wet winter and early spring in 1962 featured several storms which caused moderate flood rises on
all streams in the Middle Tennessee area. The most severe of these storms in the Mill Creek
watershed occurred in late February 1962 when a 60-hour period of precipitation, beginning on the
25" produced an average of 6 inches of rainfall. Because the rainfall is widespread and long in
duration, the flood crested along the entire lengths of Mill Creek and Sevenmile Creek on 27
February.

The 4 May 1979 flood was the flood of record on Mill Creek and produced the most severe flood
damages ever experienced along the entire stream prior to May 2010. Initial wetting occurred during
the early morning of 3 May when an inch of rainfall fell over the entire basin. Starting at 8 p.m.on 3
May an intense thunderstorm, moving from west to east with its center in the upper half of the Mill
Creek basin, deposited nearly 5.5 inches of rainfall in a 6~hour period. The lower half of the basin,
including 5evenmile Creek, received 3.1 inches during this same 6-hour period. This resulted in a
flood with about twice the magnitude of flow of any previously known flood on Mill Creek.
September in Nashville is usually a very dry month; however, the 11.44 inches of rainfall which fell
during September 1979 made this the wettest September since records began in 1871. A part of this
record rainfall resulted in severe flooding in the Mill Creek Basin for the second time in 1979. The
heaviest rainfail for the month was a direct result of the tropical hurricane Frederick. During the 6-
hour period from 1 p.m.to 7 p.m. on 13 September, rainfall amounts of 4.8 to 5.3 inches are recorded
throughout the basin. Although the rainfall amounts for this storm closely resemble the May storm,
the very dry antecedent moisture conditions resuited in reduced peak discharges which are about
two-thirds of the May flood discharges.

Figure 5, on the following page, depicts Mill Creek flood damages in the Wimpole Drive Thompson
Lane area in September 1979.
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Figure 5. Wimpols Drive, September 1979

* Duringthe months of April and May of 1984, residents were twice again alarmed by nuisance flooding
on Mili Creek and Sevenmile Creek. Although these fioods damaged mainly yards and basements,
residents and merchants were fearful of a repeat of the 1979 events.

s Flood damages along Mill Creek and its tributaries are documented for several flood events occurring
in 1990s and 2000s. On June 4, 1998 flooding was reported along Sevenmile and Mill Creeks. Water
threatened the Harding Mal! and other structures. The Mill Creek near Nolensville gage reach the
year highest marks on June 4" at 16.23 ft and a peak discharge greater than 10,000 cfs. On May 24,
2000 fiooding occurred at Sevenmile Creek near the Harding Mall at 0120 CST. Minor fiooding was
reported on November 29, 2001 when Sevenmile Creek overflowed its banks spilling into many
backyards. On May 5, 2003 spotters reported flooding at Edmonson Pike and Blackman Road along
Sevenmile Creek. There was six feet of water over roads and some homes were flooded. Highwater
marks for this event were as high as the May 1979 flood at some locations along Sevenmile Creek.

e The May 2010 flood is the flood of record along Mill Creek and its tributaries within Davidson County.
On Saturday, May 1, 2010, heavy rain began falling in the Cumberiand River Valley, Tennessee, and
continued through the following day. Within the middle reach of Mill Creek, 16.21 inches of rainfall
was measured near the Antioch gage, an unprecedented amount that doubled the previous 2-day
record of 6.68 set in September 1979, and exceeded the May monthly total record of 11 inches. The
daily rainfall totals were 8.42 inches and 7.79 inches on May 01 and May 02, respectively. The
maximum 12-hour rainfail totals were 7.90 inches and 7.72 inches on May 01 and May 02,
respectively. This intensity of rainfall quickly overwheimed tributaries to the Cumberiand in the
Nashville area, causing wide-spread and serious flooding. There were two fatalities and over $185
million dollars in estimated damages in the Mill Creek watershed, as reported by the May 2010 Post
Flood Technical Report. Stream gages at Woodbine and Antioch reported 21.77 feet and 26.00 ft,
respectively, 3 and 4 feet above the previous flood of record which occurred in May 1979. The top
10 historic peak discharges for available Mill Creek gages are listed in Table 4.

The picture on the following page, Figure & reflects Mill Creek flood damages near the Antioch Pike and Blue
Hole Road intersection in May 2010.

Mill Creek, Nashville, TN 18 Final Feasibility Report
and Integrated Environmental Assessment



31

gure 5. May 2010 Ml Creek flood damage Antioch Pike

Table 4, Historie Peak Dischargas in the Ml Creek Weitershed

Mili Creek At Nolensville

Mill Creek Near Nolensville

[Mill Creek Trib at Glenrose Ave

DA 12.0 square miles DA 40.5 square miles DA 1.17 square miles
Peak Peak Peak
Rank Date Discharge Rank Date Discharge Rank Date Discharge
{cfs) {cfs) {(cfs)
1 5/1/2010 11,600 1 5/1/2010 30,600 1 5/6/1984 833
2 5/7/1984 11,400 2 51411979 28,600 2 5/4/1979 830
3 5/4/1979 11,400 3 9/13/1979 15,200 3 6/26/1994 612
4 6/26/1994 8,630 4 10/5/1995 13,000 4 712111996 550
5 5/25/2000 8,300 5 5/25/2000 12,600 5 5/3/1993 546
[§ 9/22/2003 8,160 6 5/14/1995 12,600 8 5/25/2000 535
7 5/14/1995 7,620 7 6/7/12003 12,500 7 3/17/2002 523
8 10/5/1995 7,370 8 5/5/2003 11,100 8 11/27/1994 501
9 1/231999 7,020 9 6/26/1994 10,600 9 71311992 491
10 12M/1991 6,820 10 3/3/1997 10,500 10 5/5/2003 460
[MIll Creek Near Antioch VI Creek AL Thompson Lane Seven Mile Creek at Blackman Rd
DA 64.0 square miles DA 93.4 square miles DA 12.2 square miles
Peak Peak Peak
Rank Date Discharge Rank Date Discharge Rank Date Discharge
{cfs) {cfs) {cfs)
1 5/1/2010 37,910 1 5/1/2010 33,000 1 5/1/2010 11,000
2 5/4/1979 30,100 2 5/411979 26,200 2 6/4/1998 10,500
3 9/13/1979 | 19,000 3 9131979 20,000 3 5/5/2003 7,320
4 3/4/1955 17,000 4 2/14/1989 16,000 4 9131979 7,320
5 61711960 | 15,600 5 5/5/2003 14,200 5 2/14/1989 4,780
8 22711962 | 13,800 8 311211975 13,600 3 4/25(1993 4,040
7 5/5/2003 11,500 7 6/4/1998 13,500 7 3/28/11975 2,960
8 5/25/2000 | 10,800 8 5/711984 13,400 8 10/5/1995 2,930
9 6/4/1998 10,800 9 5/25/2000 13,300 9 5/252000 2,500
10 5/7/1984 10,700 10 10/5/1995 13,000 10 5/19/1983 2,070
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Existing Flood Risk Manazement

In 1986, a USACE Chief’s Report recommended construction of a dry dam {peak flow detention structure}
located in the vicinity of Old Hickory Boulevard in the Cane Ridge area of South Nashville. The design flood
for the project was the 1/100 ACE or 100-year flood. This structure would have had significant flood control
benefits in the middle and lower reaches of Mill Creek, by current estimates, nearly $2M in annual damages
prevented. The recommended plan was never implemented due to public opposition to the acquisition of
land required for the impoundment area. The City of Nashville working with USACE is testing Real Time
Simulation Modeling {HEC RTS) for Mill Creek and several other flashy streams in the county. Using real time
gage and radar data, the models will enable the city to predict flooding before it occurs and take appropriate
actions including road closures, evacuations, and sand bagging.

Natural Resource Conditions

Existing conditions for terrestrial resources are typical of urban/suburban areas. The lower two-thirds of the

watershed are urban with some open fields along floodplains and in park lands. Most of the area is residential
or commercial land use with minimal habitat value. Vegetation is typical of residential areas with some
pockets of floodplain-riparian areas being forested but highly occupied by invasive species. Wildlife species
are those typical of urban areas. Aquatic resources through-out Mill Creek are generally acceptable but
refiect the consistent bedrock substrate and flashy urban hydrology. Upper-most streams are often flow-
limited and go dry on a seasonal basis. The Nashville Crayfish {Orconectes shoupi), an endangered species
found in numbers in Mill Creek, is listed since it is endemic to Mill Creek. It appears to be tolerable of urban
development. No known HTRW issues exist within lands utilized by the alternatives under consideration,
however, potential issues do occur in adjacent areas, as would be expected of areas that have been urbanized
for a number of years. These are discussed in more detail in Appendix C, Attachment D. Likewise, several
historic structures occur within the watershed but are outside of areas required for alternatives under
consideration. Insummary, existing environmental resources are typical of urban areas and would not affect
plan formuiation, outside of avoidance of work in streams to avoid potential effects on the Nashvilie Crayfish.

A reconnaissance investigation for Mill Creek indicated, “that there is significant potential that cost effective
engineering solutions to the problems identified can be formulated. The potential solutions are consistent
with Army policy and budgetary policies and the project will meet criteria for Federal participation in project
implementation.” Current study finds that existing annual damages from flooding in the study area amount
to nearly $5.2M. The recent flood in May 2010 resulted in $185M in damages in the Mill Creek watershed.
During that flood, two fatalities occurred in the watershed.

3.2 Future Without Project Conditions

Future land use projections were obtained from the Metropolitan Nashville and Davidson County Planning
Commission and the Williamson County Planner and Engineer. Metro provided detailed GIS data layers and
a parcel by parcel analysis of development potential. The Williamson County data was based on GIS zoning
data. Although a large portion of the watershed is under Williamson County jurisdiction today, the urban
growth boundaries for the cities of Brentwood and Nolensville will encompass almost all the upper 1/3 of the
watershed. The data assumes a continued build out of the ongoing residential development with a
smattering of other types of development.
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In general, the entire watershed is projected to increase to about 100% build out by 2050. The Mili Creek
watershed was divided into 5 major zones as shown in Figuire 7. Zones 1, 2, 3 and 4 lie almost entirely within
Davidson County and Zone 5 within Williamson County. Zones 1, 2 and 3 are very urbanized while zones 4

and 5 are less developed. The division of zones provides a good separation into smaller subwatershed
drainage characteristics and GIS analysis. This build out was then translated to imperviousness based onthe
relationships developed during the existing conditions analysis of the hyperspectral data. For example, the
runoff characteristics for pasture with the potential for conversion to residential development were changed
to runoff characteristics for a suitable existing residential development. A comparison of existing and future
conditions imperviousness is shown as Table 5. The imperviousness changes from about 40% to 50% in the
most downstream areas, from 30% to 40% in the middle, and from about 15% to 30% in the upper part of
Davidson County. Williamson County changes would be very similar to the upper part of Davidson County
with less density, steeper terrain and more open space where imperviousness would change from about 10%
to 20%. The Existing and Future Conditions imperviousness are shown in Figtire 7.

Table 5. Comparison of Existing and Future Conditions hmperviousness

{Zones) %IMP %tMP %IMP
Zonel 39 45 6
Zone 2 30 39 9
Zone 3 29 36 7
Zone 4 13 31 18
Zone 5 6 20 14

The future without project condition for this study is based on a continuation of existing stormwater
detention and floodplain management policies in Davidson and Williamson Counties with these buildout
conditions in place. Existing and future conditions discharges are shown in Tabile 6 and Tabie 7 at select
locations along Mill and Sevenmile Creeks. Discharges along the headwaters of Sevenmile Creek, Whittemore
and Sorghum Branches were adopted from previous Metro HEC-1 studies and deemed conservative for
Future conditions and are summarized in the hydraulic modeling section of the H+H Appendix.

Risk reduction to people and property are the primary focus of this feasibility study. As documented above,
and in Section 3.3 Watershed and Floodplain Management, flooding in the Future Without Project is
anticipated to continue and increase in levels of damage and total value of damage. A no action alternative,
or no recommended project to address the residual risk associated with the without project condition would
result in zero solutions to reduce risks to life and property, and zero reduction to the over $5M in expected
annual damages from future flood events. Further detail on development of future without project
conditions can be found in the H+H Appendix, Appendix C.

The future without project condition for environmental resources would be a continuation of current land
use development, although development within floodplains would be improved over what occurred
historically {prior to current floodplain management). Ecological resources would be impacted by urban
development, particularly in the upper third of the watershed which would experience higher growth rates.
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Current open-areas would be converted to residential-commercial developments as growth continues.
Historical development within flood-prone areas would continue to degrade aquatic resources and

downstream floodplain areas as debris and sewage would result following periodic flood events.
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Frequency Discharges
Location Drainage Area 291 5yr 10yr | 25yr 50yr 100yr | 200yr | 500yr
{Sq Miles) {cfs} | {cfs) | {cfs} | (cfs) {cfs} {cfs} (cfs} {cfs)
At Oakley Drive 7.28 Existing § 2,922 | 3,784 1 4838 1 5838 | 6594 | 7,378 | 8187 | 4,382
Future | 3,012 [ 3,842 | 4,875 1 5,865 | 6626 | 7,409 | 8218 | 9,419
USGS Gage at Blackman Road 12.05 Existing { 3,809 | 4,891 | 6,328 § 7,672 | 8,692 9,805 | 10873 | 12,947
Future | 3,932 | 4,879 | 6,390 | 7,725 | 8,745 | 9,860 | 11,032 | 13,016
At Nolensville Pike 14.00 Existing {4,219 | 5400 | 6,795 { 8175 | 9,249 | 10,186 | 11,011 | 13,141
Future {4,356 | 5498 | 6,858 | 8,234 | 9,305 | 10,238 | 11,072 | 13,226
At Paragon Mills Road 16.43 Existing | 4,864 | 6,164 | 7,597 | 5,046 | 10,193 | 11,025 | 11,801 | 13,336
Future | 5,015 | 6,247 | 7,663 | 9,108 | 10,238 | 11,075 | 11,955 | 13,394
Sevenmile Creek at Mouth 17.53 Existing | 4,746 | 6,006 | 7,318 | 8,595 | 9,618 | 10,587 | 11,501 | 12,815
Future {4,891 | 6,113 | 7,378 | 8,653 | 9677 | 10,639 | 11,554 | 12,871
Tahle 7. Mill Creek Existing and Future Conditions Discharges
Frequency Discharges
Location Drainage Area F2YR FSYR F10YR F25YR F50YR F100YR | F200YR | FB00YR
(Sq. Mites) {cfs) (cfs) {cfs) {cfs) (cfs) {cfs) (cfs) {cfs)
ABOVE OWL CREEK 21.04 Existing] 6,403 9,014 12,129 14,872 16,983 19,203 21,668 24,934
Future | 6,731 B,264 12,263 15,008 17,117 18,338 21,803 25,070
USGS GAGE MILL CREEK NEAR NOLENSVILLE 40.46 Existing] 8,977 12,734 17,526 | 21,806 | 25142 | 28692 | 32,402 | 37,720
Future | 9,626 13,151 17,812 | 22,061 25410 | 28955 | 32,660 | 38,014
BELOW COLLINS CREEK 57.31 Existing] 8,022 11,240 15,683 19,900 23,267 26,823 30,569 36,139
future | 8,726 11,851 16,140 | 20,352 | 23,696 | 27,257 | 31,010 | 36,623
USACE GAGE MiLL CREEK NEAR ANTIOCH 64.20 Existingl 7,756 10,461 14,712 18,860 | 22,059 | 25483 | 29,089 | 34,311
Future | 8,456 11,102 | 15256 | 19,349 | 22,538 | 25977 | 20,503 | 34,850
USGS GAGE MILL CREEK AT THOMPSON LANE 93.20 Existingi 10,607 13,257 16,885 20,856 25,111 29,986 35,002 42,103
Future | 11,440 | 13,986 | 17,534 | 21,577 | 25813 | 30,608 | 35,712 | 42,857
MiLL CREEK AT MOUTH 107.26 Existing] 11,581 14,629 18,621 22399 | 25995 | 30652 | 3B.SST | 42,632
Future | 12,587 | 15,486 | 19,334 | 22,871 26,724 | 31,358 | 36,318 | 43,414
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3.3 WATERSHED AND FLOODPLAIN MANAGEMENT

This watershed and floodplain management evaluation defines watershed flooding characteristics and
demonstrates how changes in land use and floodplain storage characteristics may impact stormwater runoff
and flooding in the Mill Creek basin. increased urbanization can cause radical changes to the topography,
ground cover, and stormwater management systems within a watershed. Sometimes, these changes have
adverse effects on the environment, primarily through the subsequent increase in runoff quantity and
nonpoint source poilution, which has a negative impact on stormwater quality. Both Davidson and
Williamson Counties strictly enforce stormwater quantity and floodplain ordinances which provide both
technical guidelines requiring on-site detention of stormwater for developments and alternate storage
provisions to off-set any filling of the floodplain. To minimize adverse stormwater quantity impacts, ali new
developments are evaluated for adverse impacts on downstream properties. These requirements are
mandatory for all developments that are not served by an adequately sized regional stormwater
management facility and subject to review by the regulating jurisdiction. Because detention in downstream
areas of a large watershed can cause increased peak fiows in downstream channels, the regulating
jurisdiction also reserves the right to alter the detention criteria and to prohibit it where it would cause
adverse impacts. These decisions are based on sound engineering judgment along with supporting data and
studies.

Metro/Davidson County encompasses the lower two-thirds of the watershed and understands their existing
flooding problems along Mill Creek and its urbanized tributaries. The majority of the repetitive loss structures
were built before the existence of stormwater and floodplain ordinances. These high damage reaches include
major transportation infrastructure (Interstate and rail}, commercial, industrial and residential components.
Flood damages within Williamson County (Brentwood and Nolensvilte) along headwater streams are very
small in comparison to Davidson County.

The upper two-thirds of the Mill Creek watershed is one of the fastest growing areas surrounding Nashville.
Communities within the watershed would like to see as much of their rural character preserved as possible.
There is consensus among the public that rural character and open spaces are important community
amenities and should be preserved as much as is feasible. The method by which rural character preservation
and open space could be accomplished varies among different communities; however, the idea of
permanently preserving rural open space is a key theme throughout. Both Davidson and Williamson Counties
accomplishes this by setting aside a large rural area and open space policies as part of their community plans.
Plans also provide for new parks and open space that will provide for future recreational opportunities with
the added bonus of providing protection for streams and creeks that make up the watershed. Much of the
open space is created with greenways that will connect schools, parks, neighborhoods and centers.

In Metro Nashville, new development and significant redevelopment are required to preserve water quality
buffers along intermittent and perennial streams, lakes and ponds with hydrologic connectivity and wetlands
that have been identified by the U.S. Army Corps of Engineers, TDEC, or Metro Water Services {MWS) staff.
Zone 1 for all buffers is considered a “no disturb zone” where vegetation cannot be disturbed, removed or
replanted unless a buffer restoration plan has been approved by MWS. Zone 2 can consist of managed
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vegetation, meaning the buffer zone can be disturbed and pianted with grass or other vegetation. However,
no structures or impervious surface can be placed in Zone 2. For FEMA studied streams or streams with a
drainage area greater than or equal to one square mile, the stream buffers are defined as Zone 1 = Floodway
+ 50 feet, and Zone 2 = 25 feet. An illustration of the 75 foot buffer for streams with floodways is shown in
Figure 8. The Williamson County portion of the Mill Creek Watershed includes mostly the Cities of Nolensville
and Brentwood, Tennessee. Both the City of Nolensville and Brentwood have similar compensation storage
regulations requiring at least an equal amount of compensation storage volume as occupied by fill.
Nolensville has a 50-foot water quality buffer. Brentwood has no water quality buffers at this time.
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Figure B, Buffer Examole for Streams with Floodways

3.3.1 Watershed Flooding Characteristics

Historical flood events provide much information about the nature of flooding in the Mill Creek basin. Floods
occur during all seasons of the year, but are most prevalent during the winter and early spring when
antecedent moisture conditions are highest. The floods are flashy, with rates of rise ranging from 2 to 4 feet
per hour and durations averaging 12 hours. Fioods can be intensified by the orientation of the storm {how
the storm tracks across the watershed) and rainfall volumes.

Major storms like the May 2010 event have occurred where initial wetting in combination with large storm
event intensified flooding. The May 2010 event was actually two very different flood events occurring on May
01 and May 02, 2010. During the May 01, 2010 and May 1979 flood events of record much heavier rainfall
fell in the upper portions of the watershed within Williamson County while the May 02, 2010 event and other
significant floods {September 1979) experienced the heaviest rainfall in the lower Davidson County portion
of the watershed. The May 01, 2010 maximum precipitation and storm track is shown in Figure 9, The red
dots show locations with maximum reported gage precipitation in inches. The black dashed line (and
background isohyetal grid) shows the track and direction of the most intense rainfall thru the Nashville area.
The May 02, 2010 maximum precipitation and storm track are shown in Figure 10 for comparison. The May
02 event also moved from the west to east in a Northeasterly direction with the most intense portion of the
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storm moving thru downtown Nashville just northwest of the Mill Creek basin. May 2010 flood event

cumulative rainfall curves and streamflow hydrographs are shown in Figure

The May 01, 2010 storm event is possibly the worst-case scenario for flooding along the main stem in the
upper two-thirds of the basin. The upper portion (headwaters) of the basin received the heaviest rainfall
much earlier during event where Mill Creek was able to rapidly rise to a moderate flood level. As the flood
peak traveled downstream it was further intensified by the second wave of heavy rainfall creating the worst
flooding ever experienced along Miil Creek. Essentially, the second wave created a near coincidental peak
occurrence between the main stem and its lateral inflow tributary streams causing a more severe flood. On
May 02, the rainfall was more intense and earlier in the lower portion of the watershed. The lateral tributaries
are very flashy and can cause significant flooding along the lower reaches of Mill Creek as identified as peaks
number 1 and 2 in Figure 11. Peak number 3 is the runoff contribution from the Mill Creek headwaters after
progressing downstream. Although the peak discharges were less on May 02, the flooding in the lower end
of the basin along Mill Creek was prolonged by the timing of lateral tributary inflows. Coincidental peaking
of the upper Mill and Owl Creeks can also further intensifying downstream flooding as observed from real-
time streamflow records at the near Nolensville gage on Mill Creek as shown in Figure 12.

Figure 9, May 01, 2010 Maximum Precipitation and Storm Track
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Figurs 10, May 02, 2010 Maximum Precipitation and Storm Track
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Figure 3. May 2010 Flood Event Cumulative Rainfall and Stream Gage Hydrographs
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Figure 12, Coincidental Peaking of Headwater Streams

Figure 13 shows the hydrologic response for a 50-year {1/50 ACE} 24-hour uniformly-distributed frequency
storm at select locations in the Mill Creek basin. Note that the drainage area for Mill Creek at
Davidson/Williamson County fine (green hydrograph) is 40 square miles, 75 square miles just above
Sevenmile Creek {blue hydrograph} and 93 square miles below Sevenmile Creek {red hydrograph} at
Thompson Lane. As observed from real-time gages and modeling studies the peak discharge along Mili Creek
can attenuate as it travels downstream from the headwater confluences. When fiood flows exceed the
channel carrying capacity, water flows into overbank areas where flow is slowed greatly. This is commonly
referred to as floodplain storage or valley storage and can be significant in terms of translation and
attenuation of the flood wave {hydrograph}. As discussed in previous paragraph, the lower reach below
Sevenmile Creek can experience multiple flood peaks typically four to six hours apart. This is represented
graphically in the upper left corner of Figure 13. The first sharper peak is from the combination of runoff from
urbanized Sevenmile Creek and lower Mill Creek tributaries located within Davidson County, while the second
peak contribution is from the lesser developed upper Milt Creek basin mostly within Williamson County.

Figura 13, Hydrologic Rasponse for 24-hour Balancad Stovm
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3.3.2 Watarshed Sensitivity to Changes in Impervicusness

Calibration to historic floods show that Mill Creek watershed is not very sensitive to increased imperviousness
during winter and early spring months when soils are saturated and the water table is high. Infiltration rates
are typically less than 0.1 inches per hour and the moisture deficit {i.e., volume of rainfall the ground can
absorb before saturated) is less than 0.5 inches. The two largest floods on record {May 1979 and May 01,
2010) were preceded by a significant rainfail event which kept ground near saturation prior to main event.
Modeling results indicate that a uniform increase in imperviousness impacts more frequent floods like the 2-
year {1/2 ACE} and 5-year (1/5 ACE) events. The infiitration rates average 0.08 inches per hour for frequency
rainfall-runoff simulations. Moisture deficit vary from 0.3 inches for a 500-yr {1/500 ACE) to 1.3 inches for a
2-yr {1/2 ACE). This reflects the likelihood that the more frequent runoff events occur when the moisture
deficit in the watershed is high while the less frequent runoff events occur when the moisture deficit in the
watershed is iow as observed historicaily. As drainage area increases the effects of imperviousness is slightly
greater due to the accumulation of added runoff volume.

3.3.3 Watershed Sensitivity to Changes in Upland Floodwater Controls

Davidson and Williamson County stormwater regulations require new developments to attenuate post-
development discharges to a level not to exceed the pre-development discharges for the 2-year thru 100-
year frequency flood events. However, detaining the discharge from a site can sometimes exacerbate
flooding downstream due to the flow peak timing or the increased volume of runoff coming from a site. if
water quantity control {detention) structures are indiscriminately placed in a watershed and changes to the
flow timing are not considered, the structural control may increase the peak discharge downstream. Another
impact of new development is an increase in the total runoff volume of flow. Thus, even if the peak flow is
effectively attenuated, the longer duration of higher flows due to the increased volume may combine with
downstream tributaries to increase the downstream peak flows. Metro also implemented the “Ten Percent”
rule to further evaluate the increased runoff volume. The rule recognizes that in addition to controlling the
peak discharge from the outlet of the detention facility, these facilities change the timing of the entire
outflow hydrograph for the stream or river in question. Where required, channel routing calculations must
proceed downstream to the confiuence point where the drainage area being analyzed represents ten percent
or less of the total drainage area. At this point, if the effect of the hydrograph is assessed and shown not to
increase flows in the downstream hydrographs, detention can be waived. if increased flows are found, then
backwater calculations and determination of fiood elevations for the areas impacted by increased fiow, if
any, must be prepared. Where downstream increases in peak flow or flood elevations are shown, detention
will be required on site to attenuate storm flows from post-development to pre-development flows.

It is somewhat challenging to evaluate the sensitivity of upland floodwater controis. There are numerous
existing site and regional floodwater controls throughout the Mill Creek basin. Site upland floodwater
controls are smaller in size primarily reducing or maintaining flood discharges at a site development outlet
and designed for shorter duration storms. Regional floodwater controls or stormwater detention facilities
servicing large developments produce more economical and effective results than numerous smaller ones
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and typically include the evaluation of minimizing downstream peak flow, timing and volume impacts for
longer duration storms.

The hydrologic models were developed using a gridded approach where the grid size was generally equivalent
to a 10-acre parcel as shown in Figure 14. The 10-acre grid size was well suited for urban areas allowing for
a more detailed analysis of infiltration, land use and runoff changes within the watershed. Figure 14 depicts
a Mill Creek one square mile subbasin with 10-acre grids superimposed on it. Grid cell parameters were
modified to reflect urbanization without upland floodwater controls. This was accomplished by applying a
25% reduction to subbasin time of concentration and Clark unit hydrograph storage parameters. Reduction
of these parameters has the effect of peaking the unit hydrograph for each one square mile subbasin. Time
of concentration reductions reflect changes in velocity of overland, shallow concentrated and channel flow.
For example, travel time from the 10-acre parcel (yellow square} to basin outlet (yellow dot)} is reduced from
60 to 45 minutes. Depression areas are filled and upper collection systems are modified (e.g., curb and gutter
or concrete pipe) reducing the storage characteristics of the subbasin.

Figure 14, h-acre gridd calls superimposed on one square mile subbasin

Analysis was performed throughout the basin for the 2-yr (1/2 ACE), 10-yr {1/10 ACE), and 100yr {1/100 ACE)
frequency flood events. Figure 15 illustrates the sensitivity of analysis results. As the drainage area increased,
the impacts from hydrograph peaking were reduced. For example, Turkey Creek has a drainage area of
approximately two square miles where the frequency discharge increased by nearly 25 percent. Indian Creek
with drainage area of five square miles was slightly less. Along Mill Creek, the frequency flood discharges
increased by approximately ten percent at the Nolensvilie Gage {near Davidson/Williamson County Line) and
five percent downstream at the Antioch and Woodbine Gages. A ten percent increase in the 100-year {1/100
ACE} discharge along Mill Creek would increase the flood stage by approximately six inches (0.5 ft). If the
upland floodwater controls were fifty percent effective over the range of frequency events, it would equate
to a couple (2 — 3) of inches of increase in the 100-yr {1/100 ACE) flood stages along Mill Creek. Smaller
tributary creeks would experience greater impact from hydrograph peaking if enforcement of upland
floodwater controls is not enforced.
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Figure 15, Flood Frequency Discharge Sensitivity to Hydrograph Peaking

3.3.4 Watershed Sensitivity to Changes In Floodplain Storage

Hydrologic and hydraulic models typically do not account for loss of floodplain storage. The standard practice
is to compute discharges, water surface profiles, and floodways based on existing conditions with no
consideration for increased discharge due to future development or loss of floodplain storage. For this
analysis the floodplain storage was divided into 3 major basins named Lower {Nashville}, Middie {Antioch}
and Upper (Nolensville) as shown in Figuire 16, The floodplains in the most downstream basin {Nashville) are
urbanized with a combination of natural and man-made storage most of which is along Sevenmile and Mil
Creeks. An example of man-made storage is backwater behind the CSX Railroad culvert over Sevenmile
Creek. The middie basin {Antioch) has less floodplain development and abundant natural storage along Mill
Creek’s main stem where storage in backwater areas at the confluences with major tributary streams like
Turkey, Indian, Holt and Collins Creeks are also beneficial. Most streams have some natural storage, but as
the streams get smaller and steeper, storage becomes less significant in reducing flood elevations and
attenuating flood waves. The upper basin (Nolensville) is less urbanized with natural storage along the
headwater reaches of Mill and Ow! Creeks, but as headwaters streams fan out, storage rapidly diminishes.

Hydrologic model storage parameters were modified to refiect the loss of conveyance and storage in the
overbanks. Fizure 16 demonstrates the changes in peak flow and flood wave travel time for a major flood
event in the Mill Creek basin with and without floodplain storage compensation. The fiood wave travel times
in the Nolensville basin were reduced by approximately 0.5 hours along the headwater reaches of Owl and
Mill Creeks. The travel time along Mill Creek main stem in Antioch basin was reduced by 2.4 hours, the most
significant change. Travel times along Sevenmile Creek and Mill Creek in Nashville basin were reduced by 1.8
and 0.9 hours, respectively.

Typical hydrograph responses for major floods {approximately a 50-year} along Mill Creek with and without
floodplain storage compensation are shown in Figure 17 for the upper {Nolensville) middie {Antioch} and
lower (Nashville) storage basins. Flood peak discharges increased along Mill Creek from 10 percent at the
headwater confluences to 30 percent along the lower reaches of Mill Creek. Overbank floodwaters typically
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become disconnected from the main stem in backwater or silow moving adjacent floodplains. The
encroachment without compensation essentially pushes these overbank flood waters back into main channel
conveyance area speeding up the Mill Creek main stem hydrograph. The tributaries peaks will also move
closer in time to coinciding with the main stem peak further intensifying flood peaks.

A floodway analysis was performed in HEC-RAS for Mill Creek and Sevenmile Creek to demonstrate the
impacts from increased development without enforcement of compensation floodplain storage ordinances.
The floodway boundaries were first determined using the future conditions discharges for both the 100-yr
without and the 100-yr with encroachment. Encroachment surcharges were limited to positive 1.0 ft as
required by FEMA. The floodway discharges were then updated using the revised fiows from the hydrologic
model with modified storage parameters. The revised discharges were based on floodplain condition
representing the loss of valley storage equal to the floodway plus 50 ft water quality buffer. The floodway
analysis resulted in a 1 — 2 ft increase in 100-yr water surface elevations along Mill Creek in the upper and
middie reaches above the Sevenmile Creek confiuence and 2 — 5 ft increase along the more developed Mill
Creek reach below Sevenmile creek. The larger increases along the lower reach resuited from the
combination of flow restrictions thru existing bridges and the increased flow resulting from the accelerated
main stem hydrograph. Sevenmile Creek showed less of an impact from loss of floodplain storage with 100-
yr water surface increases of 1 ft in the upper reached and as much as 2 feet in the lower end. The Mill Creek
hydrologic model was calibrated to both highwater mark and real-time streamflow data where significant
flow attenuation was required to reproduce observed data. This analysis only demonstrates the sensitivity
of how extreme modifications to floodplains along Mill Creek and its major tributaries could impact flood
stages.
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Figure 17, Mill Creek Hydrograph for Major Flood Event
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4 Plan Formulation

This chapter describes the process and development of management measures into alternative plans that
address the planning objectives and the comparison of those plans. It uitimately describes the recommended
Plan and its implementation requirements. Many various flood risk management measures were developed
that would address the planning objectives. These measures were then evaluated and screened as described
below. Following that preliminary analysis, alternative plans were developed from combinations of the
management measures. Throughout the iterative planning process, plans were formulated as a resuit of
analysis.

4.1 Management Measures

Previous USACE and Metro Nashville analysis provided the basis for engineering evaluations in the Mill Creek
watershed. All previously engineered measures were reviewed to determine how changes in the watershed
would affect their performance. Any measure that was feasible in earlier studies was given particular scrutiny.
Forty-three measures were considered in the 1986 study, fifteen of those were carried forward in the 2007
Feasibility Scoping Meeting documentation report. Eight additional measures were considered from
development of the Unified Fiood Preparedness Plan for a total of fifty-one measures analyzed. These
measures were compared against updated H+H data, flood damages reduced and preliminary economic
analysis.

Ultimately, based on engineering performance, thirty-one measures, nineteen structural and tweijve non-
structural, were identified for detailed evaluation to determine whether they would accomplish flood
damage reduction in the Mill Creek watershed, based on detailed basin study and the damage centers
depicted in Section 3.4 of the Economic Appendix (Appendix A}. These preliminary measures were developed
by evaluating future without project damage conditions, hydraulic indicators such as head loss through
bridges and other constraints, and updating the alternatives evaluated in the numerous earlier studies.

Nonstructural flood damage reduction measures do not modify floods; rather, they reduce flood damage by
removing buildings and damageable contents away from the flood waters. Non-structural measures include
floodplain zoning ordinances to keep buildings out of the floodplain, flood forecasting and warning,
floodplain evacuation (buyout and removal), structure raise-in-place, and flood proofing. Structural
measures are designed to keep flood water away from damageable property. Structural measures may
include dams and reservoirs, levees, detention basins, bridge modifications, channel modifications, and flow
diversions.

The following non-structural measures were considered: flood warning and evacuation planning, raise-in-
place, flood-proofing, and evacuation or removal. The following structural measures were considered: levee,
floodwalls, detention basin, channel modification, bridge modification. These measures were evaluated
against damage center data and environmental impacts. Mill Creek and the tributaries Sevenmile Creek,
Sorghum Branch, Whittemore Branch are all urban streams which impacted formulation of management
measures. These measures were also coordinated with the sponsor as the PDT participated in the
development of the UFPP and the increased level of involvement in muitiple projects with the City of
Nashville following the May 2010 flood event.
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Floodplain zoning management and enforcement is not being considered further because the City has an
advanced flood warning system and zoning enforcement office. Metro Nashville has implemented a series of
planning, zoning, and codes measures meant to limit future damages and improved this enforcement since
May 2010. Briefing and educational materials have been prepared for Metro’s Stormwater Variance
Committee describing the impacts of varying from Metro’s strong stormwater ordinances.

Levees and floodwalis have not been considered in greater detail as a result of preliminary benefit analyses
which showed low rankings compared to other measures. While areas in the watershed such as Space Park,
sustain significant damages, levees or floodwalis are not viable. The primary limitation there is land due to
buildings being constructed right up to the streambank. Uitimately several buyouts of commercial buildings
would have to be made to allow for the land required to build this measure. The preliminary benefits did not
provide enough cause to consider this measure further.

The remaining measures have been matched to various sites in the study area to accomplish one or more
objectives; further detail is provided in Section 4.1.3 for the non-structural measures and 4.1.4 for the
structural measures.

4.5.1 Preliminary Flood Damage Reduction Measures

By examining and combining the above series of measures and their ability to accomplish the objectives of
the study, the following set of preliminary alternatives for flood damage reduction and ecosystem restoration
were formulated and evaluated. As previously stated, this study was modified following the May 2010 fiood
when the City of Nashville decided to only pursue implementation of flood risk management measures. To
be clear, no ecosystem measures will be recommended by this report to be pursued to implementation, but
the data developed prior to 2010, has been provided to Metro Nashville and they may choose to continue to
pursue these measures independently.

As previously stated, a total of twelve nonstructural and nineteen structural measures were identified for
preliminary screening. The nonstructural alternatives address only residential damages and are defined in
Section 4.1.3. Preliminary economic analysis found no viabie commercial nonstructural measures. Raise-in-
place, buyout and removal or evacuation of the floodplain, were the focus of these residential non- structural
measures. The preliminary screening of the nonstructural alternatives does not include any ecosystem
restoration or recreation features or benefits. Those features could be added by Metro Nashville separate
to the results of this study. Nineteen structural measures were identified for preliminary screening and these
are described and listed in Table 10. Following early iterations, the number is reduced to fifteen measures
and those are listed in Section 4.1.4. They include regional flood control {stormwater detention and
diversions), channel and bridge modifications. Combinations of these measures were also evaluated to
maximize flood damage reduction benefits. Some measures were screened out early due to preliminary
benefit/cost ratios below 1.0, which means costs exceed benefits, or for insignificant economic benefits.
Various constraints impacted alternative development including the amount of land area required for an
alternative, bridge or channei restrictions, the amount of development in the footprint required for detention
sites, etc. In particular, implementation area constraints {Davidson County) prevented large scale detention
options in the upper third of the watershed (Williamson County), where it may have greater impacts with
sufficient floodpiain acreage to yield greater downstream benefits.
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4.1.2 Flood Warning and Emergency Evacuation

Mill Creek Flood Warning Plan

People and property in the Mill Creek watershed are impacted by flooding from Miil Creek and its tributaries.
The watershed is in one of the most rapidly growing urban areas of Middle Tennessee, thereby putting more
people and property at risk. Floods occur during all seasons, but are prevalent during winter and early spring.
To better prepare for these eventualities in 2009, USACE partnered with Metro Nashville to develop a flood
warning and emergency evacuation plan {FWEEP). The overall objective of a FWEEP is to enable the public
and emergency personnel to act to protect lives and property before a flood occurs or reaches damaging or
threatening depths. To accomplish this, the FWEEP must be complete, geographically comprehensive,
integrated, appropriate, sustainable, collaborative, timely, informative, reliable, redundant, and scalable. To
provide this support the following components were created for the FWEEP; a data system, an evaluation
system, a notification system, a response and recovery system, and a preparedness education system. The
Mill Creek FWEEP is provided as part of this study as Appendix C, Attachment Al. Referencing Chapter 5 of
the FWEEP and the implementation table, ten of the thirteen recommendations proposed by the 2009 FWEEP
have been implemented by Metro Nashville as part of the City’s flood warning program, Metro Nashville
Situational Awareness for Flood Events {SAFE). The three remaining items are under development in the SAFE
program, which is described in greater detail below.

Metro Nashville Situational Awareness for Flood Events (SAFE)
After the flood of May 2010, Metro Nashville and the Corps initiated a study under the Planning Assistance
to States Program to develop Hydrologic and Hydraulic {H&H) models and tools for a comprehensive flood

preparedness plan in Davidson County. The tools include geographic information systems {GIS} and
automated warning systems {AWS}. All of the modeling and mapping products completed for Metro Nashville
Flood Preparedness were leveraged for use in development of this report. in Metro, the vast majority of flood
damage and potential for loss of life are concentrated on six streams - the Cumberland and Harpeth Rivers
and Mill, Richland, Whites, and Browns Creeks. The tools assist Metro in defining flooded areas and depths
during storm events and help relate flood forecasts for specific locations to other points within the
watershed. The tools and products also aliow a better, quicker and more directed response to flood events.
The tools have also served as a template for other areas in Tennessee. For example, USACE and the City of
Chattanooga are in the second phase of developing a similar program in Hamilton County, Tennessee.

Metro Nashville Flood Preparedness Phase 1 was completed by May 1, 2011, the one-year anniversary of the
May 2010 Flood. The Corps developed hydrologic and hydraulic models and inundation mapping for the May
2010 Flood Event and a range of potential floods on the 6 major watersheds. Model development included
refinement of existing models for the Cumberiand River and Mill Creek and Richland Creek watersheds. New
models were developed for the Harpeth River and Whites and Browns Creek watersheds. All hydrologic (HEC-
HMS) and hydraulic {HEC-RAS) models were calibrated to May 2010 flood observed discharges and high water
marks (HWMs) where available. USACE also assisted in the development of the tools necessary to predict and
display potential inundation and depth, and assisted Metro and supporting contractors in training watershed
advisors on using tools and interpreting the modeling results. This cooperative effort led to the creation of
the Nashville Situational Awareness for Flood Events (SAFE} program.
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The Nashville SAFE program is a partnership between Metro Water Services (MWS), Metro Office of
Emergency Management {OEM), Metro Planning Department {Planning), the U.S. Army Corps of Engineers
(USACE), the U.S. Geological Survey {USGS}, the National Weather Service (NWS)}, and AMEC Environment &
Infrastructure, the purpose of which is to provide Metro emergency management personnel with a myriad
of internal tools to assist in decision making during a flood event.

The three fundamental components of the program are the Nashville SAFE tool, MWS Watershed Advisors,
and Watershed Advisory Guides. Examples of Nashville SAFE Watershed Advisory Guide products are shown
as Figure 20 and Figure 21. The Nashville SAFE tool is an internal mapping program developed by Metro
Planning which can retrieve real-time NWS, Metro, and USGS precipitation and river stage data and display
a resulting flooded area and impacts associated with current and predicted flooding based on modeling
provided by the USACE. The MWS Watershed Advisors are a team of trained engineers whose purpose is to
analyze current and predicted stream conditions and make recommendations to the Situation Management
Team at the Emergency Operations Center during a flood event that will minimize potential human loss or
injury and property damage from flooding. Watershed Advisors understand how timing and magnitude of
rainfall in a particular area affect the timing and magnitude of flow and stage in streams in the watershed.
Additionally, they understand the interrelationships between various types of data available for analysis
during a flood event and are able to interpret the data, in reai-time, while collaborating with NWS, USGS,
USACE, and OEM personnel.

Using this collaboration of agency data the Watershed Advisor interprets data shown on the Nashville SAFE
Tool and provides scientifically-based impact assessments and decision recommendations to the Situation
Management Team during a flooding event. As a supplement to the Nashville SAFE tool, Watershed Advisory
Guides have been created by AMEC using modeling and data provided by the USACE, Planning, and the NWS
that contains watershed-specific impact assessments performed at 11 flood action levels for six watersheds
within Nashville. The impact assessments include tables of bridges, side streets, and critical infrastructure
flooded at each action level as well as timing between action levels. The Guides also include watershed maps
and stream profiles for rivers and creeks modeled by the USACE.

Other activities within the Nashville SAFE program included instaliation of several new stage gages
throughout Metro by the USGS, installation of 12 precipitation gages throughout Metro by MWS and Metro
IT, collection and processing of new LiDAR-based topography for watersheds contributing to Davidson
County, replication of Metro Planning’s GIS server from the Metro Office Building to the EOC and training of
Metro Watershed Advisors and ESC’s using a tabletop exercise. In addition to the modeling, tools were
developed that enable the city to better predict what is likely to occur under different flooding scenarios.
Phase 2 of the study included Real Time Simulation {HEC-RTS) modeling for the 6 streams discussed above.
The modeling incorporated real time observed data, NEXRAD radar, NWS rainfall predictions to predict
inundated areas and depths. The models are used to simulate the impacts from different rainfall scenarios
and are available to both Metro and the National Weather Service. Phase 2 also included updating frequency
and flow data to turn over to FEMA who will use the data to update the Fiood Insurance Maps in Davidson
County.

MiH Creek, Nashville, TN 39 Final Feasibility Report
and Integrated Environmental Assessment



52

Flood Freguency Analysis

Flood Frequency Analysis was performed for 4 gage locations in the Mill Creek Watershed using the
Hydrologic Engineering Center Statistical Software Package (HEC-SSP). Procedures outlined in Builetin #178B,
“Guidelines for Determining Flood Flow Frequency”, U.S. Department of Interior Geological Survey, March
1982, were applied to compute flood frequency curves. The majorities of the streams in Nashville area have
on average less than 50 years of systematic record and experienced significant urbanization over the period.
Annual peak discharges were obtained from USGS publications where available. May 2010 Event discharges
and other historic events were obtained from a combination of USGS publications and calibrated hydrologic
and hydraulic modeis developed by USACE. In some cases the peak discharges computed from models used
in frequency analysis were different that USGS published vaiues. Examples of USGS annual peak flow data
and HEC-SSP computed frequency curve are shown as Figure 18 and Figure 19, respectively.

USGS 03431060 MILL CREEK AT THOMPSON LANE, NEAR WOODBINE, TN
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The May 2010 flood event was included as a systematic event within the analysis period and sometimes was
determined to be a high outlier by HEC-SSP program. Frequency curves were computed using both station

skew and regional skew = 0.0 for comparison.

One must be careful in comparing statistical flood frequency results to published and future discharges from
FEMA flood insurance studies. Published FEMA values are often computed with rainfali-runoff models using
design storms and regression equations that may be significantly different than statistical frequency resuits.
The statistical analysis results are used as a guide to establish fiood frequency discharges. Rainfall-runoff
models used for this study were calibrated to recent observed storm events and provide reasonabie results
for establishing frequency discharges based on current watershed conditions. Errors in flow estimates are
generally greatest during maximum flood flows. Measurement errors are usually random, and the variance
is usually small in comparison to the year-to-year variance in flood flow. The effects of measurement error,
therefore, may normally be neglected in fiood frequency flow analysis. Peak flow estimates of historic floods
can be substantial in error because of the uncertainty in both stage and stage-discharge relationships.

Milt Creek, Nashville, TN 41 Final Feasibility Report
and Integrated Envircnmental Assessment



54

WSLISSISSY [PIUSLULOIAUT pajesdatu) pue

[a’4 NL ‘SlliAYSEN 881D [IIIN

UORAI0sHCE SIRATY UORIY (BPING AOSIADY PaUSILIRAR Yoa4s [N "02 2l

PELLIBIR I, SR AAwEG
&g s AICIADY PRUSISIEM

D) S HUBBLIONY Jon PO o SdSen i LinkmaE
psti3 O} $UAIRG) Gp) 30 WO 1800 ARmouy ABnig

M {BASTT HOBIY

I UBMBERYY 1200 BAT BESE 1o BLIntny sHsusHE
ey o suiliag peom sy sl Gy

 jone UbHaY

RIS B U] 2AIBUBIND SalC0Rg BUpuols
1@aa uondy

S50 5100

4 i BT SN0
se3); o LD DRGNS KSR tc it

e ROOM I L SEUEANE
H SRS G0y~

o oy e pooicouieu weoRing £uR SOLUICHUME | LBARH 1NeE
ol o e i 1585 50 OB D IS U0 SRH0N

& BT BOR5Y

POGI oy G QAL WEWBERE UG TR FE 51 Bl i Wi P Jm?,u i MN w® qmciss {ERBIALOS
D O] w.mwﬁ P

) o ey g Qakw»w:.wﬁ 1 :s_ :aﬂh&@?

PRELES LT

I )0 B0 A o BRAIDG [ERisANOL

20 2y LS A ioAng

; SLBLICHE cery g5t

For .._bauq O0LSE geyr 29l

BANEE B § BE AU T 3 55300 Gty BEBI b 7 ook &80
POOISUEIBy SIS LITAIE B UL BAC) SIOTHINY U0 SRS SI0U Sarauay Bt 777 S T

pony o USion aaur] Wi aveds o sheping

BOZILY Eild

ale
OOy 0 SuBac Sy BN PUE SROM OHTISEREII 40 N0 0K
e 0 LIS SR SOBWONL BAU S50 300, 5 .
spooy Apadnil Buy Aueg o MMW%%% %
o 0y LB Py AMTUG S i
P o wlies poousnlion pruns e S U oK ] n u«
5 jeRaT GolaY sousmEs
PEOOOY B8 AT Pdolg: Busie gasnoy B yuekieg UoREANE M
B 1PABT UOHSY SRR DU BOASE SREEEIA | H HHAROGRK UM 4910 v
ASBUNG [3/8"] UOHSY PBUSIORLY
BUiLams o ity

Y (SRS UGy




55

JUDLISSSSSY jejuswiuodiaug _Umwmgumu:_ pue
v NL ‘SlIAUSEN 549213 (N

Buiddeis) YONBPUNLL Y1 S12A87 YOIRY 12PIND AMOSIAGY POUSISIRM HRoa?) (I "T7 sinSi

o7 KoM
T2 IS 384 0007 ot

PSLSIBTEANRTY PIA 0oUELL PRS00 Y




56

4.1.3 Nonstructural Measures

Non-Structural Measures

The following includes a detailed description of the various non-structural analyses conducted for this study
in attempts to meet the planning objectives. Raise-in-place, buyout and removal or evacuation of the
floodplain, were the focus of these residential measures. The non-structural measure (raise-in-place) under
consideration would include voluntary participation by the property owners. With regard to the evacuation
or buyout and removal measures; to the extent practicable, acquisition would be on a voluntary or willing
seller basis, but eminent domain could be utilized when determined to be warranted. Flood proofing of
commercial structures was eliminated in the preliminary economic analysis due to low net benefits and the
sponsor’s fack of support. Only one commercial damage center could be reduced. This did not compare
favorably to the net reductions provided to residential structures. Per policy guidance, non-structural
measures were updated to include only those economically justified following inclusion and benefit reduction
of the structural measures.

Metro Nashville Floodplain Management Impacts
It is noteworthy to consider the impact local floodplain ordinances has on the outcomes of these plans.

Metro’s requirement for new residential structures in the 100-year floodplain to be built 4 feet above the
BFE, requires structures being considered for raising in place to elevated 4 feet above the BFE. Thus, the
average raising for structures evaluated in the 5-year floodplain was nearly six feet. Metro Nashviile has
additional restrictions against any new development in the floodway of mapped streams, and included
provisions against significant structural modification in the floodway. Thus, city code precludes raising any
homes in the floodway. Of the roughly 1,200 residential structures in the floodplain, 156 are in the floodway,
meaning none of these structures could be included in raising alternatives which greatly reduced the costs of
the raise-in-place measures but aiso reduced the number of net annual benefits.

NS-1 - Floodway Evacuations
This alternative includes removing all homes in the floodway, regardless of the first floor elevation, and

several other structures that would be isolated after removal of the floodway structures. it would remove
156 residential structures from the floodway and eliminate over $1.18 million in expected annual damages
(EADs). The total cost for this measure is approximately $37.44 million which when annualized creates $1.66
million in annual costs. This flood reduction measure has a benefit to cost (BCR} of 0.71. This alternative, left
considerable residual risk, when compared with the selected plan.

NS-2 — Floodplain Removals with EADs greater than $5,000

Alternative NS-2 evacuates residential structures receiving more than $5,000 in expected annual damages.
Eighty-one residential structures and their automobiles are removed from the floodplain at a total cost of
over $18.7 million. Annual costs for this measure are nearly $864,000. The alternative creates over $511,875
million in expected annual benefits, has a benefit to cost ratio of 0.59. This alternative has a BCR below 1, not

comparing well to the selected plan.

Milt Creek, Nashville, TN 44 Final Feasibility Report
and integrated Environmental Assessment



57

NS-3 - Raises with EAD greater than $5,000

This flood reduction measure raises residential structures that receive greater than $5,000 in EADs. it raises
54 residential structures and creates $679,000 in average annual benefits. Total cost for the alternative is
over $11.5 million, which creates annual costs of $591,840. The BCR for this alternative is 1.28. This
alternative generally targets the most expensive homes in frequent damage zones. This alternative was
eventually removed from later plan development due to low net benefit and lack of plan cohesion.
Additionally, sponsor ordinances do not affow significant modification to structures in the floodway removing
over half of the buildings from this plan.

NS-4 — Remove all residential structures flooded by the 2-year event
Alternative NS-4 includes removing all homes damaged by the 2-year event, regardless of the first floor

elevation, and several other structures that would be isolated after removal of the floodway structures. It
would remove 127 residential structures and eliminate nearly $2.48 million in expected annual damages
(EADs). The total cost for this measure is approximately $30.2 million which when annualized creates $1.32
million in annual costs. This flood reduction measure has a benefit to cost (BCR) of 1.89. This plan was
uitimately not selected due to high residual damages and a lack of connectivity among buyouts as compared
with other measures. Other plans ultimately maximized the net benefit in damage reductions. In addition to
continuity and residual damage issues, alternative NS-4 does not meet the acceptability screening criteria
because of the significant number of residential structures that would remain in the floodway. The floodway
is the portion of the floodplain that effectively carries flow and has the greatest flood hazard and associated
life safety concerns. Therefore the local, state and federal priority is to keep the floodway free of structures.
When compared to NS-5, NS-4 leaves an additional 70 structures in the floodway effecting residual risk.

NS-5 — Remove All residential structures flooded by 5-year event
This alternative includes removing all homes damaged by the 5-year event, regardless of the first floor

elevation, and several other structures that would be isolated after removai of the floodway structures. it
would remove 202 residential structures and eliminate $2.84 miilion in expected annual damages (EADs).
The total cost for this measure is approximately $39.6 million which when annualized creates $1.72 million
in annual costs. This flood reduction alternative has a benefit to cost {BCR) of 1.62. The additional benefits
gained by incorporating the 5-year event {NS-5) in addition to the 2-year event {NS-4) has the potential to
buy down an additional 60% of the associated risks for the most flood prone residences. This plan was
modified during the iterative process to maximize benefits in the pian selection process. Plan NS-5 provides
the foundation through which multiple iterations later becomes Plan N-S 11. Pian NS-11 is a variation of NS-
5 following inclusion of benefit reductions from all structural measures, and includes an additional 14 homes
that are in-between or adjacent to NS-5 homes for the sake of connectivity in implementation. N-S 11 is
further modified, at the recommendation of internal policy review. Those recommendations lead to inclusion
of only those 5-year structures which still provide benefits that warrant buyout or raise-in-place measures
after implementation of the structural measures is considered. N-S 12 which becomes the selected non-
structural plan is later referred to as Plan A.

NS-6- Remove all residential structures flooded by 10-year event
This alternative includes removing all homes damaged by the 10-year event, regardless of the first floor
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elevation, and several other structures that would be isolated after removal of the floodway structures. It
would remove 303 residential structures from the floodway and eliminate over $2.64 million in expected
annual damages (EADs). The total cost for this measure is approximately $70.6 million which when
annualized creates $3.31 million in annual costs. This flood reduction measure has a benefit to cost (BCR) of
0.89. Cost and benefit analysis ruled this out in the development phase, by having lower net benefits
compared to the selected plan.

NS-7- Remove all residential structures flooded by 25-year event

Alternative NS-7 includes removing all homes damaged by the 25 year event, regardless of the first floor
elevation, and several other structures that would be isolated after removal of the floodway structures. [t
would remove 392 residential structures and eliminate over $2.98 million in expected annual damages
(EADs). The total cost for this measure is approximately $90.7 million which when annualized creates $4.40
million in annual costs. This flood reduction measure has a benefit to cost (BCR} of 0.67. Total project costs
as well as low net benefit return for the higher number of structures caused this measure to fall out early in
pian development.

NS-8 Floodway Removals of residential structures with EADs > $5,000
This alternative includes removing all homes with EADs greater than $5,000 also in the floodway, regardiess

of the first floor elevation, and several other structures that would be isolated after removal of the floodway
structures. It would remove 33 residential structures from the floodway and eliminate over $201,250 in
expected annual damages (EADs). The total cost for this measure is approximately $7.2 million which when
annualized creates $331,200 in annual costs. This flood reduction measure has a benefit to cost (BCR) of
0.61. This proposed measure had significant residual risks.

NS-9 Remove all residential structures in the floodway with EADs > $10,000

This alternative includes removing ail homes with EADs greater than $10,000 also in the floodway, regardiess
of the first floor elevation, and several other structures that would be isolated after removal of the floodway
structures. It would remove 24 residential structures from the floodway and eliminate over $716,000 in
expected annual damages {EADs). The total cost for this measure is approximately $5.8 million which when
annualized creates $265,000 in annual costs. This flood reduction measure has a benefit to cost (BCR) of
3.02. This proposed measure had significant residual risks, hand selecting only the most frequently damaged
homes, resulting in the targeting of a small segment of the hundreds of at risk structures.

NS-10 Raising all residential structures damaged by the +5- year event
Alternative NS-10 includes raising all homes impacted by the 5-year event, the optimum flood event for non-

structural action comparing net benefit and residual risk. [t would raise 198 residential structures and
eliminate over $2.09 million in expected annual damages {(EADs). The total cost for this measure is
approximately $31.2 million which when annualized creates $1.29 million in annual costs. This flood
reduction measure has a benefit to cost {BCR) of 1.62. When compared to NS-11 this measure is ruled out by
lower net benefit totals, attributed principally to the high number of floodway structures as well as to the
low frequency damages not prevented and vehicle damages not removed as the structures are still in the
flood zone. Of additional note is the Metro floodplain regulations mentioned previously. Structures in the
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floodway, plus seventy-five foot buffer, cannot be altered or significantly modified. The regulations of the
sponsor prevent the majority of the structures in this plan from being raised; regardiess of the lower net
benefit, and greater residual risk when compared to the selected non-structural pian. Of the 178 structures
eligible based upon based upon elevation requirements, approximately 150 of these structures cannot be
raised as they are floodway structures.

NS-11 Removal of all residential structures damaged by the +5-year event

This alternative includes removing all homes in the 5 year event, regardiess of the first floor elevation, and
several other structures that would be isolated after removal of the floodway structures. It would remove
216 residential structures from the floodplain and eliminate over $2.59 million in expected annual damages
(EADs). The total cost for this measure is approximately $42 million which when annualized creates $1.91
million in annual costs. This flood reduction measure has a benefit to cost (BCR) of 1.51. This plan is a later
version of the optimized Plan NS-5 through the iterative planning process. This measure originally formed
the basis of the combined structural aiternative plans later analyzed due to maximized net benefits and
lowest residual risk. Later, Plan NS-11 was modified to maximize net benefits. The final non-structural plan
was optimized to include only those structures within the 1/5 ACE floodplain that still provide benefits,
through raise-in-place or buyout measures, after the structural measures are implemented. Raise-in-place
or buyout properties that did not meet this metric were removed, resulting in plan NS-12. Additionally, local
floodplain ordinance of the Non-Federal Sponsor prevent any rebuiiding or new buildings located in the
floodway plus a 75’ buffer, these restrictions further address reduction of future fiood damages and the
corresponding reductions of residual risk where these parcels are concentrated. When applying the 75’ buffer
to the selected non-structural plan all 216 structures/parcels fall under this restriction.

NS-12 Removal or Raise-in-place of residential structures damaged by the +5-year event
This alternative includes the buyout and removal or raise-in-place of structures within the 5-year floodplain

that still warrant non-structural measures following implementation of all structural measures. Of the 216
structures identified from Plan NS-11, 89 residential structures still have benefit reductions that warrant
either buyout and removal or raise-in-place when evaluated individually after accounting for alf structural
damage reductions. This plan removes $1.75M in expected annual damages. The total cost for this measure
is $17.3M, with an annual cost of $740,000 and a benefit to cost ratio (BCR) of 2.69. See Figure 22 and Figure
23 for sample location maps for the Foxglove and Benzing damage centers, respectively. Appendix B (Real

Estate Plan) includes the complete map-book for the recommended Non-Structural Plan A.
bi inal Blan A {Non-Structural Bl

NS-9 24 716 265 2.70 451
NS-3 54 679 592 1.15 87
NS-12 89 $1,751 $799 2,19 $952
NS-11 216 32,585 $1,911 135 674
NS-6 303 $2,636 3,310 .80 -674
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Buyout Plan - Plat 14716 (W
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&.1.4 Structural Measures

Preliminary screening was conducted to identify flood reduction measures for further analysis and eliminate
costly or impractical ones. The screening described in this section includes structural measures only. To
maximize benefits, future conditions models were used to evaluate measures at the screening level. Previous
studies evaluated muitiple flood reduction measures. The 1986 study recommended a plan to construct
regional flood control measures at Mile 16.81 on Mill Creek and Mile 3.70 on Sevenmile Creek, and a widened
section of Sevenmile Creek from Mile 0.70 to 1.51. A total of forty-three measures were evaluated from
hydrologic, hydraulic, economic, and environmental viewpoints, but the recommended plan was never
implemented due to a lack of public support. All previous measures were reviewed to determine how changes
in the watershed would affect their performance. Those measures include the forty-three measures
considered in the 1986 study, which was later reduced to fifteen by the 2007 Feasibility Scoping Meeting
(FSM) documentation report, additional data provided as a result of the Unified Flood Preparedness Pfan in
2012 was also considered. Any measure that was feasible in earlier studies was given particular scrutiny.

These measures were evaluated by future without project damage concentrations, hydraulic indicators such
as head loss through bridges, floodplain benches, and other constraints evaluated by the numerous earlier
studies. As defined in Section 3.4 of the Economic Appendix {Appendix A} the damages along Mill Creek and
its principal tributaries are generaily spread out among the associated river miles along the stream and its
associated floodway and flood fringe areas. The generally divided nature of the damage centers along those
reaches made structural measures more difficuit to justify on the comparison of project costs to flood
damages prevented and the benefits each measure would accrue. Many measures that were evaluated were
eliminated when considering reduced benefits when compared to previous study. In today’s dollars, damages
are much less than in 1986 due to better floodplain management practices, removal of repetitive loss
structures, revised flood frequency data, and better modeling techniques. Over the last twenty years, Metro
has acquired and demolished over 120 repetitive loss residential structures in the watershed using FEMA
Fiood Hazard Mitigation Funds. The majority of the homes are in the Paragon Milis, Pebbie Creek, Blackman
Road, and Wimpole Drive damage areas. Those neighborhoods are located in the tributaries of Sevenmile
Creek, Sorghum Branch, Whittemore Branch, and middle reaches of Mill Creek. The locations of the repetitive
loss buyouts have effectively reduced the expected annual damages from floods in those neighborhoods. For
those reasons, many of the measures evaluated in 1986 were not feasible when re-evaluated in the 2007
FSM. The 2007 FSM carried forward fifteen measures, the re-evaluations in 2013 focused on additional data
from the UFPP analysis and added four measures to the fifteen measures carried forward in the 2007 FSM,
resulting in detailed analysis conducted on nineteen structural measures in the watershed.

The nineteen structural measures identified for further screening are listed in Table 3. These measures
provide benefits in the middle reaches of Mill Creek, characterized by Antioch, Space Park, and Wimpole
damage centers. Those locations contain the greatest number of commercial, residential, and industrial
structures within the Mill Creek basin. These damage centers are provided in the location map, Figure 24. On
the tributaries, Sevenmile damage centers near Paragon Mills and Suter Drive provided the greatest ievels of
risk reduction. By comparison, the tributaries Whittemore Branch and Sorghum Branch did not contain
sufficient density of structures to warrant the benefits for structural measures. The impacts to those
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neighborhoods were generally spread among non-contiguous frequently damaged structures, which did not
support structural solutions.

Table 9. Preliminary Measures

OHC ory
WE Mifl Creek Wimpole Channel Modifications Wimpole
MBM Mill Creek Wimpole Murfreesboro Rd Bridge + Channel Wimpole
Modifications
TBM Wimpole Murfreeshoro Rd + Tharmpson Lane Bridge + Wimpole
Channel Modifications
ARR Antioch Railroad Bridge Removal + Channel Antiach
Modifications
APBM Antioch Frankfin Limestone Bridge + Channet Antioch
Modifications
ARC10 Antioch Channel Modifications 10.9 Antiach
ARC11 Antioch Channel Modifications 11.3 Antioch
EB Ellington Detention Basin Ragional — Seven Mile Creek
SPD Space Park Briley Bridge Modifications Space Park
SPRR7 Space Park Briley and Railroad Bridge Modifications Space Park
SPC Space Park Briley Railroad + Space South Bridge Space Park
Madifications
SPRR Space Park Briley Railroad + Space South Bridge and Space Park
Channel Modifications
SPCM Space Park Channel Modifications Space Park
QHC60 Old Hickery Detention Basin — 60 ft Regional Mill Creek
OHCEB 0id Hickery and Effington Detention Basins Regional Mili Creek + Seven
Mile Creek
OHSPD 0id Hickary Detention + Briley Bridge Modification Regional — Mill Creek
vap Vuican Quarry Channel Diversion Regional Mill Creek
WCM200 Wimpoie Channel Modifications — 200" Wimpole

In early formulation, the list is reduced from nineteen to fifteen based on project performance and pre-
liminary economic results. The four measures not carried forward are the largest Old Hickory Detention Basin
(OHC60), the largest channel modifications at Wimpole {(WCM200), the largest channel modifications at
Antioch {ARC11)}, and the largest channel modifications at Space Park {SPCM). The measures were ineffective
and inefficient by comparison to smaller iterations. Therefore, these four measures were removed via
incremental analysis which provided that reduced footprints of those management measures were more
effective, providing similar stage reductions and benefits while requiring much less real estate and material
quantities to effect the key damage centers more efficiently. The remaining fifteen measures and their
locations relative to the damage centers are shown in Figure 24.

From that list, measures that did provide protections and benefits to these damage centers which warrant
further investigation include regional flood control {stormwater detention and diversions}, channe! and
bridge modifications. Combinations of these measures were also evaluated to maximize flood damage
reduction benefits. Some measures were screened out early on during analysis due to preliminary
benefit/cost ratios below unity (less than 1.0} or insignificant economic benefits. The locations of these
structural measures are shown in Figure 24. On this location map, Mill Creek river miles 4-6 coincide with the
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Wimpole damage center, miles 7-9 coincide with the Space Park damage center and miles 10-12 coincide
with the Antioch damage center. On Sevenmile Creek, miles 1-3 coincide with the Edmondson and Paragon
Mills damage centers.

The best performing measures, depending upon the damage centers are detention basins, bridge
modification, and channel modification. Mill Creek is an urban stream and the tributaries are even more
heavily impacted by urbanization. For these reasons only two locations provided the land area necessary to
locate detention basins. Those locations coincide with numbers 1 and 3 in Table 10. Those sites are at the
appropriate focations in Mili Creek and Seven Mile Creek watersheds to affect significant reductions on the
major damage centers downstream of those locations. Both sites aiso happen to be in the mid-point of the
watersheds and also have significant unimproved land where a detention site could be proposed. in the case
of Mill Creek, the location coincides with a major bend in the creek with a wide undeveloped fioodplain.
Along Seven Mile Creek, the Ellington detention site is protected in park land / open space by both the State
of Tennessee and the City of Nashville. There is no other location along either stream with the requisite
acreage and topography to site detention basins.

The locations for bridge modifications, located in Figure 24, coincide with numbers 5, 6, 8, 9, 10, 12, 14, and
15. Those locations include key restrictions at each of the primary damage centers along Mill Creek; Wimpole,
Space Park, and Antioch, respectively as provided in Table 10. Those locations are the only ones with
significant constriction points that also coincide with significant structure and content damages along Mill
Creek. The measures differed in effect on stage and damage reductions and relevant to the costs of the
measure to impiement, one or two locations proved to be more effective than any combination of the others.
The Briley and Railroad bridges at Space Park proved to have the most impact providing benefits to Space
Park and Antioch damage center. Bridge modifications investigated along Seven Miie Creek were not carried
forward as no restriction point exists which provides benefits substantial enough to warrant investment.
Tributaries Sorghum Branch and Whittemore Branch also did not have significant constrictions and benefits
to warrant investment and resulted in inefficient measures.

The locations for channel modifications were focused on locations in key damage centers where riparian zone
exists to modify the channel and subsequent structure and content damage existed to warrant the
investment. These locations existed in Wimpole, Space Park and Antioch damage centers, located in Figure
24, to coincide with numbers 4, 7, 11, and 13 in Table 10. Reductions at Wimpole and Antioch did not warrant
further investment, however the Space Park location was further evaluated in multiple iterations.
Incremental analysis and engineering results provided that the channel modification combined with the
bridge modifications at Briley {(number 8} proved most effective by mitigating the key constriction point for
the primary damage centers, providing reductions for both Space Park and Antioch. The Frankiin Limestone
channel modification {number 13} was quite effective at stage reduction in Antioch, but the impacts only
benefit a single entity, which eliminates that measure from further consideration in this study due to
regulations regarding single-beneficiaries and federal investment. Channel modifications along Seven Miie
Creek were not carried forward as the only constriction point that provides needed stage reduction aiso
coincides with no riparian zone or area to implement the measure. To provide the lands needed for such
measures, the riparian zone would need to be reclaimed from residential development. Coupled with those
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significant structure removal costs, the reductions in damages (less than 1%) were not competitive when
compared to the detention basin at Ellington, which did not require removal of any structures for
implementation. Tributaries Sorghum Branch and Whittemore Branch aiso did not have significant
constrictions and benefits to warrant channel modifications.

For detailed outputs and project description of the best performing measures see the Engineering Appendix
{Appendix C). For detailed economic outputs based on the damage centers and river miles of Mill Creek and
tributaries see the Economic Appendix (Appendix A). The structural measures are described in more detail in
the sections below.

Table 18, Praliminary Structural ives Map Key

Old Hickory Detention (Measure C} Mill Creek
2 Vulcan Quarry Detention (Measure QD) Mill Creek
3 Ellington Detention {(Measure B) 7 Mile Creek
4 Wimpole Channel Mod {Measure E} Wimpole
5 Murfreesboro Bridge Mod {Measure MBM) Wimpole
6 Thompson Bridge Mod (Measure TBM} Wimpole
7 Space Park Channel Mod {Measure SPC} Space Park
8 Briley Bridge/Channel Mod (Measure D) Space Park
9 Railroad Bridge Mod 7 (RR7) Space Park
10 Space Park S. Bridge Mod (SPC} Space Park
11 Massman Dr. Channel Mod (APC) Antioch
12 Space Park Railroad Bridge Mod {Measure SPRR} Antioch
13 Limestone Rd Channel Mod (ARC) Antioch
14 Railroad Bridge Mod {Measure ARR}) Antioch
15 Antioch Pike Bridge Mod {APBM) Antioch

Mill Creek, Nashville, TN 52 Final Feasibility Report

and Integrated Environmental Assessment



& RiverMies

#  Regional Measures

¢  Channel Modifications
¥ Bridge Modifications

Floodway

Figure 24, Structural Measures Lovation Map

MiH Creek, Nashville, TN 53 Final Feasibility Report
and integrated Environmental Assessment



66

Regional Measures

Regional approaches can often produce more economical and effective results than numerous small flood
damage reduction projects. The regional detention measures recommended in the 1986 study are
impractical today because the storage areas, the natural river valley upstream, have been partially
developed. However, modified versions of those measures were developed and evaluated.

RCC Structure above Old Hickory Boulevard {River Mile 18.0}
A new site was selected on Mill Creek at river mile 18.0, approximately 0.6 miles upstream from Old Hickory

Boulevard and 1.2 miles upstream from the previous detention site to avoid significant development near
the original site. The measure captures 43.0 square miles, 40% of total Mill Creek watershed. The low level
outlet will pass normal flow and require no manual or mechanical operation. The embankment acts as a weir
or spillway for flows exceeding the 10-year frequency event. The embankment section will be Roller
Compacted Concrete and have a vertical upstream face, a 1:1 downstream face with a 15-foot top width.
The RCC structure is 23-feet high and 700 feet long. The HEC-HMS model used to calcutate frequency
discharges for future conditions was modified to represent the storage and outflow characteristics of the
proposed measure. The resulting “with project” discharges were then placed in the calibrated HEC-RAS
models to calculate frequency-flood profiles. The technical data and H&H results for the Regional Detention
measure are included in the Engineering Appendix.

Flgure 25, RCU Stracture - Mill Creek River Mile 18.0
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Vulcan Quarry Diversion

Stormwater diversion into the Vulcan quarry on the right bank of Miil Creek (between river mile 10.2 and
10.6) was evaluated for regional flood reduction as shown in Figure 26. The measure captures 67 square
miles, 67% of total Mill Creek watershed. The quarry alternative includes a diversion structure at river mile
10.25 that backs floodwaters into a gate/tunnel structure at river mile 10.36 spilling into the quarry. The
measure is designed to start spilling into quarry at the 10-year frequency flood event and is designed to
reduce flooding for major flood events. Flood hydrographs generated from the future conditions HEC-HMS
model were used as input into an unsteady flow HEC-RAS model developed for the quarry alternative, Output
hydrographs from the unsteady flow model were then put back into the HEC-HMS model to calculate the
downstream frequency-flood discharges used in HEC-RAS. The technical data for the Vulcan Quarry Diversion
is shown below. The Quarry Elevation-Area-Volume relationship and Flood Frequency Data are shown as
Tables 11 and 12. The downstream effects for frequency floods and historic floods are also shown as Table
13. Water surface profiles for frequency and historic floods and typical hydrographs for frequency floods and
historic floods are shown in the Engineering Appendix, Hydraulic and Hydrologic {H&H) Engineering
Attachment. As demonstrated by the tables and figures, the quarry diversion provides significant flood
reduction for the less frequent, record floods such as the May 1979 and May 2010 events. If implemented,
the quarry diversion could reduce major or record levels by several feet. The Quarry diversion, as designed
for this feasibility report, would reduce flow downstream between 30-50 percent and include stage
reductions of between three and five feet for record flooding such as May 1979 and May 2010. Reductions
by profile are provided in Tabie 13. As shown in Table 13, the meaure is ineffective in reducing more frequent
flood profiles which impacts the cost feasiblility of implementation, especially in regards to the ongoing
successful quarry operation. Further detail on performance and cost feasibility is provided in Section 4.2. The
complete technical datasets and H&H analysis results for the diversion measure are included in the
Engineering Appendix, H&H Attachment.

Diversion Structure — Mill Creek River Mile 10.25
Embankment material = RCC

Culvert opening width = 70 feet

Culvert opening height = 10 feet

Culvert invert elevation = 468 feet

Top of embankment = 494 feet

Top width of embankment = 530 feet

Embankment height at channel = 27 feet

Average embankment height along left overbank = 15 feet

Gate Structure at Tunnel — Mill Creek River Mile 10.36
Sluice gate width = 100 feet
Sluice gate height = 20 feet
Sluice gate invert = 480 feet
Channel invert at gate = 467 feet

Tunnel into Quarry — Mill Creek River Mile 10.36

Tunnel invert = 467 feet

Tunnel iength = 200 feet

Depth of rock to tunnel invert = 75 feet

Height of tunnel invert above bottom of quarry = 290 feet
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Table 11. Vulcan Quarry Elevation-Area-Volumes Relationship

Elevation Area Cumuliative
(Feet) (Acres) Molume (Acre-ft)

175 0.0 0

195 241 303
215 36.2 912
235 38.3 1,663
255 41.3 2,453
275 43.2 3,298
295 44.6 4,176
315 46.0 5,083
335 47.0 6,012
355 49.3 6,973
375 52.2 7,983
395 53.8 9,045
415 55.2 10,135
435 59.1 11,274
455 60.6 12,472
475 63.4 13,710
495 74.5 15,099

Table 12, Quarry Frequency-Flood Data

Quarry | Quarry | Quarry
Frequency | Peak Peak Peak

Event Inflow Stage | Volume
(cfs) (ft) (acre-ft)
2yr Not Used
Syr Not Used
10yr 4,900 238 1,770
25yr 6,400 280 3,390
50yr 8,200 300 4,470

100yr 10,200 330 5,650
200yr 13,000 350 6,900
500yr 15,500 390 8,700
May 1979 | 11,500 325 5,520
May 2010 | 16,500 473 13,590
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Table 13, Vulcan Quarry Diversion Downstream Efects
Somce Park ~ Mill Creek just below Sevenmile Creel confluence

Storm Future W/O Project Future with Project WSEL
Frequency Discharge Elevation | Discharge Elevation Reduction

or Event (cfs) (feet) (cfs) (feet) (feet)
2yr 11,223 458.2 11,223 458.2 0.0
Syr 13,716 459.6 13,716 459.6 0.0
10yr 17,241 461.8 17,241 461.8 0.0
25yr 21,465 463.9 20,800 463.5 -0.3
50yr 25,646 465.9 23,800 465.0 -0.9
100-yr 30,535 468.0 26,500 466.4 -1.5
200-yr 35,494 469.2 29,100 467.6 -1.8
500yr 42,619 471.1 33,500 468.8 -2.3
May 1979 30,000 467.8 20,500 463.3 -4.5
May 2010 36,000 469.3 28,000 466.6 -2.7

Figure 26. Vultan Guarry Diversion
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Ellington Agricuitural Center Regional Detention {River Mile 3.7)

A detention site was selected on Sevenmile Creek at river mile 3.7 located at the Ellington Agriculture Center
Entrance Bridge. The measure captures 7.9 square miles, 45% of Sevenmile Creek total watershed. The low
level outlet will pass normal flow and require no manual or mechanical operation. The embankment would
act as a weir or spillway for flows exceeding the 25-year frequency event. The design of this structure targets
reductions in the high frequency (less than 50-year) flood events. The embankment section will be
compacted-earth, with armoring and stilling basin on the downstream face. The HEC-HMS model used to
calculate frequency discharges for future conditions was modified to represent the storage and outflow
characteristics of the proposed measure. The resulting “with project” discharges were then placed in the
calibrated HEC-RAS modeis to calculate frequency-flood profiles. The technicai data and H&H results for the
Regional Detention measure are included in the Engineering Appendix.

Figure 27, Ellington Bridge Modification
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Bridge Modifications

Bridges with significant head loss in target damage centers were removed from the future conditions
hydraulic models to evaluate water surface reductions and added benefits. Modifications to hydraulic model
(HEC-RAS) cross-section geometry in the vicinity of selected bridges were made to reflect their removal. The
intent was to focate bridges that could either be removed or modified to reduce flood damages. Mill Creek
bridges included Murfreesbhoro Road (RM 4.814}, Thompson Lane {(RM 6.333), Briley Parkway {RM 7.059},
CSX Railroad (RM 7.3), Space Park South Drive (RM 8.173), and abandoned railroad {RM 10.915), Franklin
Limestone Road (RM 11.083}, CSX Railroad RM 11.695 and Antioch Pike {RM 12.096}. The HEC-RAS water
surface profiles (.wsp files) were then used by the economist to calculate added benefits {reductions in
Estimated Annual Damages). Briley Parkway was the only bridge modification to move forward past
preliminary analysis. The Briley Parkway bridge modification includes changes to the divided highway, at this
location traffic flows east-west. The east and west bound lanes {divided) will be aitered on the (downstream)
left overbank only. The (downstream} right bank will not be altered as that abutment ties into the cliff (rock}.
The left overbank modification would include widening the east and west bound bridge openings by
approximately 65 feet. The technical data and H&H resuits for the Briley Parkway bridge modification
measure are included in the Engineering Appendix. Project implementation will be performed in conjunction
with USACE policy regarding Highway Bridges found in EP 1165-2-1 (page 10-11, paragraph 10-4 a.1} and will
be cost-shared according to ER 1105-2-100 (E127-130).

Figure 28, Briley Parkway Bridge Modifications
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Channel Modifications

Wimpole Drive Channel Modifications

Channel modifications were analyzed along Miil Creek in the vicinity of the Wimpole Drive residential damage
center. The Wimpole Drive channel modifications included a 100-foot high-flow along the left and right
overbanks between river mile 4.9 and 6.2. The bench elevation would be approximately 5 to 8 feet above
channel bottom. The channel would be cleared and vegetation removed. Slopes would be excavated at a
2H:1V siope. The slopes would be protected with riprap but other flat exposed surfaces could have native

grasses planted. The future conditions hydraulic models were modified to include these channel
modifications. The technical data and H&H results for the channel modification measures are included in the
Engineering Appendix.

Flgure 28, Wimpole Drive Channe! Improvemants
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Space Park Channel Modifications

Channel modifications were analyzed along Mill Creek in the vicinity of the Space Park South commercial and
industrial damage center. The Space Park channel modifications include a 50-foot to 100-foot high-flow
bench along the left and right overbanks between river mile 7.4 and 7.8. The bench elevation would be
approximately 6 to 8 feet above channel bottom. The channel would be cleared and vegetation removed.
Slopes would be excavated at a 2H:1V slope. The slopes would be protected with riprap but other flat
exposed surfaces could have native grasses planted. The future conditions hydraulic models were modified
to include these channel modifications. The technical data and H&H results for the channel modification
measures are included in the Engineering Appendix.

Figure 39, Space Pavl Channe! Modifications
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4.1.5 Ecosystem Maintenance and Ancillary Benefits

Ecosystem Restoration - As stated previously, Metro Nashville does not wish to acquire property or

implement solutions solely for ecosystem restoration. A National Ecosystem Restoration {NER) plan was
considered, but was not supported by the sponsor, Metro Nashville. Following the May 2010 flood, this study
was modified as the City of Nashville decided to only pursue implementation of flood risk management
measures. The revised scope of work, entered into by letter agreement on 25 January 2013, indicates a sole
focus on flood risk management opportunities, by which only incidental environmental benefits can become
a part of the recommended plan. No ecosystem measures will be pursued to implementation for this study,
but the data has been provided to Metro Nashville and they may choose to pursue these measures
independently.

There are significant tracts of public land in the watershed and additional land may be acquired in conjunction
with flood damage reduction measures. Over six hundred and fifty acres on thirteen different parcels of
public land are available for restoration activities. These parcels are directly adjacent to Mill and Sevenmile
Creeks and additional public property in the watershed. Eight of the thirteen original public sites are owned
by Metro and three others were acquired following the flood. Restoration measures may be considered for
all property in current Metro ownership and could be considered for those being acquired, independent from
this study. Two other public sites along the creek are owned by the State of Tennessee and restoration sites
continue to be expanded upon there.

Restoration Measures - Maximum ecosystem benefits would be achieved by implementing multipie
measures at multiple locations. in-stream habitat structure is present in some areas, but lacks diversity in
others. Also sedimentation limits its availability and use to aquatic fauna, specifically the Nashville Crayfish.
Lack of flow is also a limiting factor. Thus, the ecosystem restoration measures address lack of flow,
sedimentation, in-stream habitat structure, riparian restoration and exotic invasive plant removal.

Bank_Stabilization - Bank stabilization measures, such as riprap and/or bioengineering are proposed at
Metro’s Ezell Park, Wimpole Drive and Antioch Community Center. These sites have active erosion that
contributes sediment to Mill Creek. This measure would benefit both water quality and aquatic habitat.
Reducing sediment entering the creeks decreases embeddedness of interstitial spaces of gravel and cobble.
Also, as sediment load decreases suspended materials are removed and water clarity and temperature
improves. Protection of these sites helps reduce a state listed 303{d} contaminant {sedimentation) and
protects existing greenway trails and sewer lines that parallel the stream at Antioch and Ezell. Habitat aiong
the top of bank and extending into the riparian zone at each site is also stabilized and a sewer line and
greenway trail would be incidentally protected. Aiternatives would include placement of riprap,
bicengineering, and foreshore dikes. A variation in methods would provide additional habitat diversity both
in-stream and along the banks; bioengineering would also add additional fittration for stormwater runoff.
The bank stabilization, as well as other measures could serve as demonstration projects to educate residential
and commercial entities.
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Riparian Vegetation Restoration --Tree Plantings and Exotic Species Removal - There are two components
to vegetative restoration. Much of the public lands considered for project work, specificaily riparian zones

along the creeks, are inhabited with non-native, invasive plant species. Two of the most common species are
bush honeysuckle (Lonicera spp.) and privet {Ligustrum spp.}. This measure would remove existing exotic
vegetation by mechanical and chemical means. Upon removal of the non-preferred species, native tree and
shrub species would be planted.

Removal and plantings would occur to the fullest extent possible along streambanks and within the riparian
buffer area. This measure would improve both aquatic and wildlife habitat. Wildlife would be provided
additional and diverse food, cover, and travel corridors. Connectivity of riparian corridors is an important
component for functional wildlife habitat. Riparian areas represent a small percentage of the landscape
(often less than 1%), yet often harbor a disproportionately high number of wildlife species and perform an
unequal number of ecological functions compared to most upland habitats {Fischer 2001). In addition with
more trees and shrubs, stormwater and non-point source (NPS} pollution runoff is slowed with greater
ground infiltration and uptake by the herbaceous layers. Wider zones of native plants would also serve to
buffer and capture poliutants, including sediments from surface water. Thereby, water quality within Mill
Creek and its tributaries would be improved. Improved water quality means improved clarity, decreased
water temperature, decreased suspended solids, and decreased embeddedness. This action transiates to
improved habitat for aquatic fauna.

Infiltration Basins/Wetlands - infiltration basins or retention areas, commonly referred to as rain gardens,

are depressions constructed to capture stormwater runoff and hold these waters until soil infiltration can
occur. They are a stormwater Best Management Practice {(BMP) with goals of reducing bank erosion by both
decreasing a streams flashiness and velocity. in addition, infiltration basins capture sediment, chemicals,
nutrients, and other poliutants before they reach a waterway. With increased development there is great
concern over the conversion of natural surfaces to impervious areas, such as highways, parking lots, and
rooftops.

As previously mentioned, sections of Mill Creek and its tributaries reach zero flows during summer months
or other dry periods. This measure would aid in recharging groundwater which in turn would increase base
flow in the creeks. Design features include manipulation of soil material to be a mixture of sand and clay to
achieve optimum infiltration and minimize fong-term ponding. In addition, hydrophytic vegetation can be
planted which encourages uptake of stormwater to prevent runoff to creeks. When infiltration to
complement/supplement base flow is a primary goal, as is the situation with Mill Creek, planting shrubs for
water uptake would need further evaluation. For preliminary screening of this measure, infiltration basins
proposed are sized to capture 10% of the drainage to the specific area.

Wetlands could also be constructed in several areas. A careful evaluation of hydrology and soils will be
undertaken at each site to determine whether it is more suitable for a rain garden, infiltration basin or
wetland.
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In-stream Flow Diversion Structures — To reduce the impacts of low base flow in summer months, in-stream
structures to concentrate flow within the creek channel are being evaluated. Because Mill Creek and
tributaries have solid bedrock substrates, the channels tend to widen as imperviousness increases in the
watershed. While this helps to carry more flow during flood events, there are severe negative impacts during
low flow. Wide, shallow streams become heated very quickly. With higher water temperatures, there is
decreased dissolved oxygen. Aquatic fauna (animals} become concentrated in poo! areas. As this occurs,
biological oxygen demand increases, and dissolved oxygen in the water decreases resuiting in fish kills.
Aquatic floras (plants}), such as algae, also respond to increased sunlight and warmer water temperatures.
Overabundance, and then die-offs of algae decrease the amount of oxygen available as well as become

impediments to fauna.

Structures such as cross vanes and weirs are commonly used to redirect channe! flow. By concentrating the
stream flow, the water would remain deeper and move through an area faster. With deeper and faster water,
dissolved oxygen would be improved and temperatures would remain at more favorable levels. Habitat
would be improved for aquatic fauna. Various structures will be evaluated to determine suitable measures
within Mill Creek and tributaries. Structures will be evaluated to withstand velocities from high flow events
as well as to ensure installed features are not flow impediments.

4.1.6 Screening of Measures

Following the management measure analysis, several items were established to form the basis of alternative
development. The non-structural measure {NS-12} provided the greatest net benefit, while also accounting
for the lowest residual risk. The NS-12 Plan would remove or raise 89 residential structures that are damaged
by the 5 year (1/5 ACE} flood event. The NS-12 measure was determined to form Plan A. All subsequent plans
were measured against this. Several non-structural measures were eliminated due to residual risks, costs,
and low net benefits in comparison to Pian A. Structural measures eliminated in the initial analysis, due to
high costs and low net benefits, included channel modification and bridge modification for the Antioch
damage center as well as bridge modifications for the Thompson Lane damage center. The remaining
structural measures were combined with one another in various alternatives to compare damages prevented
with costs of implementation. More detail on the screening of the structural measures is provided in Section
4.2. below.
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4.2 Plan Evaluation and Comparison
Multiple iterations were performed on the previously described measures during the alternative selection
process. This process is simplified by Figure 31 below.

Flgure 33§ i woass - ferative O ET T

The alternative plans were screened by formulation criteria established in the Principles and Gujdelines for

Water Resources Projects (P&G): completeness, effectiveness, efficiency and acceptability.

e Acceptability - Acceptability is viability of the plan by the focal sponsor and the concerned pubilic. All of
the pians in the final array were in accordance with Federal law and policy.

e Completeness - Completeness is the extent to which the pian includes all elements necessary to achieve
the objectives of the study. For a project to be successful in this area, it must meet all of the objectives
for the project listed in Section 5.

» Effectiveness — An effective plan is responsive to the identified needs and makes significant contributions
to the solution of the identified problem. An effective plan contributes to the attainment of the planning
objectives. All of the plans in the final array provided some contribution to the planning objectives.

e Efficiency - The cost effectiveness of a plan is expressed in net benefits and is a measure of its efficiency.
All of the plans in the final array provided positive net benefits. Plans removed from consideration
produced the same level of protection with fewer net benefits than other plans.

As detailed in Section 4.1.4, fifteen of these measures were viable and carried into more detailed screening.
Four measures were removed in preliminary screening due to prohibitive costs, low benefits, or ineffective
performance at stage reduction. The Vulcan Quarry Diversion {QD} was eliminated due to costs associated
with the gate/tunnel and diversion structures coupled with operations costs tied to pump systems needed
for an operable quarry. The Quarry is still in operation, meaning opportunity costs must be associated with
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a massive pump system to prevent the quarry from being inoperabie for months at a time following flood
events. Lost equipment must also be associated with this measure adding millions of dollars to the overail
project total. Different configuration (gated and fuse plug} designs were evaluated for the diversion
structure to optimize downstream reductions at different levels of protection. The costs of modified
designs were minor in comparison to the quarry pumping and lost operation costs. This measure could
reduce flood stages downstream by several feet. Though it is not cost feasible while the quarry is in
operation, if another arrangement for compensation could be made or in the event the quarry ceases
operations, this measure should get urgent consideration for the reduction in stage, flow and resulting
damages of major/record floods. The Massman channel modification, measure APC, was removed due to
inefficient performance tied lack of available real estate {lack of riparian zone) and to backwater effects at
the damage center to implement the measure. Expensive commercial sites {acreage) must be acquired to
provide the required area for the channel modification, rendering the measure cost prohibitive. The Space
Park railroad bridge measure and channel modifications were removed via inefficient incremental cost
analysis when compared to other measures at the Space Park damage center. The Bridge and channel work

in the vicinity of Franklin Limestone Road was removed as incomplete due to the fact that this measure

would only benefit a single private entity.

Table 14, Scres

ing Struct

2

1 Old Hickory Detention (Measure C} Effective at stage reduction, viable RE costs
2 Vuican Quarry Detention {Measure QD}) Effective at stage reduction, inefficient economic results
due to costs of pump, diversion, gate/tunnel
3 Ellington Detention {Measure B) Effective at stage reduction, viable on state/metro park
fands or open space
4 Wimpole Channel Mod {Measure E} Effective at stage reduction
5 Murfreesboro Bridge Mod (Measure MBM) Effective, efficient
6 Thompson Bridge Mod (Measure TBM) Effective, efficient
7 Space Park Channel Mod {Measure SPC) Effective, efficient
8 Briley Bridge/Channel Mod (Measure D) Effective at stage reduction
9 Railroad Bridge Mod 7 {RR7) Efficient works with downstream measures to reduce
stage
10 Space Park S. Bridge Mod (SPC) Efficient works with downstream measures to reduce
stage
11 Massman Dr. Channel Mod {APC) Inefficient-ineffective, backwater effects impact
measure performance in low frequency events
12 Space Park Railroad Bridge Mod (Measure Ineffective at stage reduction
APRR}
13 Limestone Rd Channel Mod (ARC) Incomplete, ineffective, eliminated as single beneficiary
14 Railroad Bridge Mod {Measure ARR}) Effective, efficient
15 Antioch Pike Bridge Mod (APBM) Effective at stage reduction
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4.2.1 eration One: Initlal Array of Plans

The purpose of iteration One was to determine which plans to investigate further. The initial plans were
formed following the preliminary cost/benefit analysis of management measures, as these measures were
combined into alternative plans. The following alternative plans were considered:

o No Action (Future Without Project Condition)

* Regional Detention Structures
e Detention Structures and Nonstructural — Consisted of raising-in-place or buying out structures that

sustained high damage and removing them from the floodplain.

* Non-structural Buy-outs and Raisings — Measures to raise-in-place eligible structures and remove more

frequently damaged structures from the floodplain.

e Bridge and Channel Modifications — Measures throughout Mill Creek watershed meant to reduce

damages at principal damage centers.

No Action

Major flood events have occurred since the 1950s on the average of nearly every ten years. This continued
flooding will result in adverse impacts to the community. Without serious large-scale public involvement in
flood damage reductions the area would continue to be at risk from large flooding events. Additionally, the
impacted communities will experience repeated economic development concerns as well as potential for the
loss of life. The problem would continue to worsen over time with no action taken because growth and
redevelopment in the watershed will only increase flows and flood damages for future conditions. The No
Action Plan does not alleviate any risks to public health and safety, and when measured against these life and
safety risks, does not measure up to the array of plans offered in this document to address residuai flood
risks in the watershed.

Regional Detention Basins

This plan consisted of three detention basins that met efficiency standards during preliminary analysis. This
alternative pian includes the; Old Hickory RCC structure at river mile 18.0, the Vuican Quarry Diversion, and
the Ellington detention site on Sevenmile Creek. This plan reduced the peaks on the lower reaches of Mill
Creek by as much 30-40%. Detention becomes cost prohibitive, in particular when comparing the Vulcan
Quarry to other plans. The Quarry is still in operation, meaning opportunity costs must be associated with a
massive pump system to prevent the quarry from being inoperabie for months at a time following flood
events. The Old Hickory RCC structure on its own barely passed the unity test when comparing preliminary
costs to benefits. In later iterations this plan was modified to examine which individual detention measure
would perform best when combined with more cost effective plans. Ellington detention site proved to be a
promising measure with good engineering performance and strong preliminary cost to benefit
measurements. Preliminary analysis results are below.
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Elfington $420 $209 2,01 211
Old Hickory $850 $746 1.1 104
Vulcan Quarry $535 $1,076 0.5 -541

Detention and Non-Structural

This plan compared the relationship between reduced flows from the detention structures to raise-in-place
or removed buildings from the floodplain. Since the majority of the non-structural benefits are on the
tributary streams to Mill Creek, the Old Hickory detention structure had the greatest likelihood to reduce
benefits overall without concerning dual benefits from the buyouts on the tributaries. The Otd Hickory RCC
structure targeted commercial and industrial damages in the middie and lower reaches of Mill Creek and only
1
various non-structural plans that were combined with the detention structures from Table 15. More detailed

intersected with non-structural benefits in the Wimpole Drive damage center. Table 15 below shows the

analysis for non-structural results, when combined with the Detention structures, is included in Iteration Two.

Floodway 156 $1,180 $1,660 71 $-480
1/5 202 $2,840 $1,720 1.62 $1,120
1/10 303 $2,950 $3,310 0.89 $-360

Non-Structural {Raisings and Buyouts}

Non-structural analysis included raising in place and buyout/removal options. Flood proofing was screened
out in preliminary economic analysis due to low benefits. Eleven various measures were analyzed as
described in Section 4.1.3. Only two measures were carried forward into alternative plan development,
analysis of the 5 year flood (buyout and raise-in-place}. While ultimately neither plan was selected for uniform
raise-in-place or buyout and removal, the figures below support the preliminary iterations of the non-
structural plan, that the 5-year elevation maximizes net benefits. Later iterations optimize net benefits by
individually selecting the appropriate non-structural measure per structure when reviewing the costs and
benefits of each measure against construction criteria for floodway, life safety, and raising restrictions based
on integrity of the structure at certain heights compared to material or depth and velocity of floodwaters.
More detail on the combination of the plans foliows in this chapter. Preliminary analysis resuits are below.

Table 17, Non-structural P

¥ Economic Analysis

1/5 - Raise 178 $2,090 $1,290 1.62 $800
1/5 - Remove 202 $2,800 $1,800 1.55 $1,000
>5k EADs - Raise 54 $759 $592 1.28 5167

Bridge and Channel Modifications
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Channel modifications were analyzed along Mill Creek main stem in three damage center locations. The
channel modifications included a high-flow bench targeting the 5-year flood elevation and varied in width to
as much as 100 feet. The varying alternatives intended to protect industrial, commercial, and residential
areas, respectively. Bridge modifications were also analyzed along Mill Creek main stem in three damage
centers. Various designs targeted constriction points along the damage center areas. Bridge modifications
targeted areas with commercial and residential flood damages. Preliminary analysis results are below. The
alternatives are various elements of Plan D {bridge modifications} and Plan E {channel improvements).

D,E-Wimpole $278 $393 .70

D-Space Park $529 5809 .65 $-280
E-Antioch $61 $49 1.2 $12

E-Space Park $217 $328 .66 $-111
D-Briley $219 $199 1.1 20

{No changes to table 15, as designs/costs for these measures did not vary from Nov to Feb.)

Iteration One Conclusions

Eleven plans were analyzed and the best performing pians move forward in various iterations. The benefits
categories used to compare the plans included flood damages reduced or prevented (structure, content and
auto). Other benefit categories, such as infrastructure damage and emergency costs were investigated but
provided negligible benefits. For those purposes, they were excluded from the calculation and had no bearing
on the choice of the selected plan. For further details on benefit figures and economics methodology, see
the Economic Analysis Appendix {A). Plans began to be combined by measures that addressed specific
damage centers. Plan A became the central non-structural plan due to greatest net benefit results. The
Detention Basins plan was eliminated. Therefore the remaining structures were separated, Ellington
Detention Structure became Plan B and Old Hickory Detention Structure became Plan C. Plan D includes the
bridge modifications with positive net annual benefits and focuses on optimizing their benefit or identifying
cost savings to bring those into the next iterative phase. Plan E includes channel improvements that maintain
a BCR above unity, the channel work in the vicinity of Wimpole Drive and Space Park were carried forward to
evaluate maximization of design. In ater iterations these plans were also optimized to improve any channel
related benefits. For documentation purposes, the Vuican Quarry alternative is described as Plan F. The
impacts of this alternative, which drastically reduce flows in the lower reaches of Mill Creek, warranted
further analysis. Following economic analysis, however, the Vulcan Quarry detention was ruled ineffective
and eliminated. The other detention alternatives were carried forward to see if they could be maximized by
combination with various plans. If the quarry operation ceases, the associated operation costs and pump
station items in this alternative could be re-analyzed and the cost benefit relationship redefined by Metro

Nashville.

Mill Creek, Nashville, TN 69 Final Feasibility Report
and Integrated Environmental Assessment



82

4.2.2 Wevation Two: Plans Combined, Scaled and Compared

The purpose of iteration Two was to determine which plans performed best when combined and at what
level of protection or scale of the project maximized benefits. The following alternative plans were
considered:

Plan A: Non-structural. In this phase of study it became clear that the non-structural component would play
a central role in reduction of future damages. Several iterations of buyouts and raisings were compared.
Raising structures eliminates the more frequent event damages, but does not remove the residual risk
because structures are still in the floodplain or floodway. Likewise, vehicle damages and other associated
social effects are not removed from future flood damages. Therefore, uniform raisings were eliminated from
further consideration. Raisings {at the optimal scale {1/5 ACE) were equivalent in damages prevented to the
Plan C, Old Hickory detention structure. The benefits of both raise-in-place- and buyout and removal provide
the optimal scale for Plan A as the 1/5 ACE or 5-year event.

Table 18, Plan & Economic Analysis

Floodway 51,180 51,660 . $-480
1/5 202 $2,800 $1,800 1.62 $1,000
1/10 303 52,950 $3,310 0.89 $-360

Various iterations of Plan A moved forward to determine the proper structures to remove from the floodway.
Once again this table demonstrates the optimal plan is Plan A, the raise in place and removal of residential
structures damaged by 1/5 ACE. Later iterations would examine maximizing Plan A to target the most heavily
damaged structures associated with 1/5 ACE or in immediate proximity to the 202 structures on the initial
list.

Table 20. Plan A Rerations

1/5 - Raise $2,090 $1,290 $800
1/5 - Remove 202 $2,800 $1,800 1.55 $1,000
>5k EADs - Raise 54 $759 $592 1.28 $167

Plan BC: Detention Structures (Ellington and Old Hickory). In this phase of the study it became clear that for
the detention structures to work best, the timing, arrival, and magnitude of outflows would have to be
maximized. Various iterations of outflows, structure heights, inundated areas, induced damaged, and other
factors were examined. Ultimately the optimal scale for Old Hickory is the 1/100 ACE and Eilington site is
1/25 ACE. After many different H+H and Economic analytical approaches, no particular structural alternative
came close to the expected annual damages prevented or residual risk components of Pian A. The following
table defines that relationship in terms annual damages prevented, annual costs, and net annual benefits.
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The combination of Ellington and Old Hickory detention basins is above unity; however, net benefits are
maximized by combining structural measures with the scaled Plan A.

Teble 21, Plan BC Economis Analysis

Ellington & Old Hickory Detention $1,270 $1,148 . $122
Structures

Plan BA: Ellington 1/25 ACE and Non-Structural 1/5 ACE. During Iteration Two it appeared that the smaller
and less costly detention site at Ellington on Sevenmile Creek had the opportunity to compare/combine well
with Plan A. The majority of flood damages occur on Sevenmile Creek, the fargest and most populous
tributary to Mill Creek. The area is almost entirely residential, which does create some dual or duplicate
benefits when the plans are combined. Even after these are taken into account this measure carries forward
favorably. Although, some of the damages prevented by Plan B can be eliminated by Plan A, this alternative
compares well with net annual benefits of other plans. The following table defines the results of Plan BA.

!

Table 22. Plan AB Eo i A

Ellington Detention Structure & $2,988 $2,175 1.4 $813
Non-Structural

Plan CA: Oid Hickory Detention 1/100 ACE and Non-Structural 1/5 ACE. This Plan combines the two greatest
annuat reductions of flood damages. The damages prevented for this plan are the most significant of any
combination. However, the large scale of both measures, create high annual costs such that the net annual
benefits of this plan are outweighed by other alternatives. Meaning that for lesser costs, annual benefits are
optimized in another plan. The table below shows the results of Plan CA.

1/5 ACE Buyouts & OId Hickory
Detention Structure

Plan DA: Non — Structural 1/5 ACE and Space Park Bridge Modifications 1/50 ACE. Iteration Two continued
to address potential changes to the bridge modifications that reduce damages at the confluence of Mill Creek
and Sevenmile Creek. The table below shows the results of Plan DA. Plan DA can capture many of the same
benefits as Plan CA, but at much reduced costs. Going forward the team identified that iterations to Plan DA
could provide the maximum benefit at comparatively lower costs. This is borne out by results of iteration
Four.
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1/5 ACE Buyouts & Mill Creek
Bridge Modifications

Plan EA: Non-Structural 1/5 ACE and Channel Improvements 1/50 ACE. Plan AE, during iteration two
evaluated the maximum benefit that various channel improvements at Space Park and Wimpole area damage
centers could provide when combined with Plan A. Although iterations from 1/25 to 1/100 ACE were
evaluated for both damage centers, the optimized Plan was the 1/50 ACE solely for Wimpole Drive damage
center. The results for Plan AE are shown bejow.

Table 28

Plan AE Economic Analysis

1/5 ACE Buyouts & Mill Creek $2,975 $2,359 13 $615
Channel Improvements

Iteration Two Conclusions
For Structural analysis, Plans BC and EA were removed from consideration in Iteration Two. Plans BA, CA, and

DA produced more net benefits. Further combinations were included in the plans formed in iterations 3 and
4, for the final array. Table 26 below presents a comparison of the structural plans considered in {teration

Two.
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Alternative Analysis

$'s = 1,000's
Economic Analysis Results Pian CA Pian BA Plan DA
Total Without Project Damages 5,456.89 5,456.89 5,456.89
Annual Non-Structural Benefits 2,821.8 2,520.3 2,836.8
Annual Structural Benefits 850.3 420.0 218.6
Total Annual Benefits 3,720.2 2,988.4 3,103.5
Residual Damages 1,744.3 2,476.1 2,361
Total Non-Structurai Cost 42,503.4 42,503.4 42,503.4
Total Structural Cost 13,834.4 4,830.9 1,666.4
Total Project Cost™ 56,337.8 47,334.3 44,169.8
Total Annual Cost 2,655.3 2,175.8 2,033.9
Benefit Cost Ratio 14 14 1.5
Net Annual Benefits 1,065 813 1,070

*TPC at current cost levels {FY15})

4.2.3 iteration Three: Maximize Plan Efficlency

Plan BA: Attempts to maximize this plan initially met with mixed results. There is a limiting factor to the
inundated area immediately upstream of the project area. An access road built immediately upstream for a
subdivision / apartment complex reduces any opportunity to increase capacity of the structure, but aiso
prevents any induced damages upstream, varying from Plan CA significantly. Even without increased capacity
the structure can separate enough duplicate benefits to warrant further design considerations. The spillway
and overflow sections of the weir were maximized to detain water resulting in target reductions increasing
from the 1/10 ACE to 1/25 ACE. The raise-in-place and buyouts of plan A intersect with the damages
prevented of Plan B. Plan A in the same area also removes significant damages to the structures there within
the 5-year floodplain and carries significant net benefits overall. When combined, Plan BA accounts for the
duplication of these benefits in the areas downstream of the Ellington project area.

Yable 27. Plan AB NED: Net Benafit Analysis

1/5 ACE Buyouts & Eliington $2,988 $2,176 1.4 813
Detention Structure

Plan CA: To maximize the protection of structures, the outflows and construction method of the structure
were changed. The height and length of the structure were decreased to reduce the footprint of the

Mill Creek, Nashvilie, TN 73 Final Feasibility Repart
and Integrated Environmentaf Assessment




86

detention structure and impact in the impoundment area. These actions reduced total benefits distancing
this plan from Plan BA and DA as the NED plan. Annual benefits were reduced from $3,720 million to $3,640
million and annual costs decreased from $2,655 to $2,369 million. The decrease in costs to the structure
made the net benefits compare more favorably to Plans BA and DA. However, later in 2014, further
development within the footprint of the required inundation {detention) area for this structure rendered this
re-design and real estate estimates obsolete. An additional 25-30 homes and townhomes were approved for
development within the fringe of the 1/100 or 100 year floodplain. Therefore, further iterations of this
measure were ceased as the project area required to provide the downstream reductions was no longer
available. The addition of 25 to 30 new properties needed for purchase would result in either the structure
again being lowered to avoid inundating the subdivision now under construction at this time of the study.
The benefits and costs are no longer viable for this measure. For these reasons Plan CA was eliminated in the
final array.*

Net Benefit Analysi

1/5 ACE Buyouts & Oid Hickory $3,640 $2,369 R 1,271
Detention Structure

Plan DA: This plan provided the most residual risk reduction while still being cost effective. It included 1/5
ACE or 5-year protection by selecting residential structures for raise in place and buyout and removal. This
plan was augmented by bridge modification at Briley Parkway targeting the 1/50 or 50-year flood level of
protection for key commercial damage centers. The bridge was maximized by removing the channel
modifications upstream and downstream of the bridge. This reduced costs while maintaining the damage
reductions. An additional 40 feet were added to the left abutment of the bridge. The modification increased
excavation and hauling of materials while significant reductions were found in the quantities of the bridge
re-build. A pillar was designed eliminating the need to replace the left abutment. These alternatives had cost
savings impacts on the project while simultaneously increasing benefits of the alternative.

Tab Plan ADZ NED;

ie et Benefit Analysh

1/5 ACE Buyouts & Mill Creek $3,103 $2,034 . 1,070
Bridge Modifications

Iteration Three Conclusions

When combined, Plans DA and BA were more efficient than any other plans. The combined elements of
Plans DA and BA maximize the residential and commercial protections at the key damage centers along
Sevenmile Creek and its confluence with Mill Creek. Figure 32 is a location map for a portion of the
recommended non-structural plan along Sevenmile Creek. It becomes clear following these iterations,
along with the complications of further construction in the inundation footprint of Plan C that plans B, D,
and A must be combined and optimized to reduce risk of future floods.
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Alternative Analysis $'s = 1,000's
Plan BA Plan CA*® Plan DA
Total Without Project Damages 5,464.5 5,464.5 5,464.5
Annual Non-Structurai Benefits 2,520.3 2,791.5 2,836.8
Annual Structural Benefits 420.0 848.5 218.6
Total Annual Benefits 2,988.4 3,640.0 3,103.5
Residual Damages 2,476.1 1,824.5 2,361
Total Non-Structural Cost 42,503.4 42,503.4 42,5034
Total Structural Cost {Less PED) 4,830.9 13,834.4 1,710.2
Total Project Cost* 47,334.3 56,337.8 44,169.8
Total Annual Cost 2,175.8 2,369.0 2,0339
Benefit Cost Ratio 1.4 1.5 1.5
Net Annual Benefits 813 1,250 1,070

Figure 32, Plan A Location Map: Plat 14/16
4.2.4 lreration Four: Plan Optimization

The following items were undertaken to optimize Plan BDA;
e Material improvements were made to downstream siope and stilling basin armoring resulting in costs
savings for the Ellington Detention measure.
* Improved bridge outflows in conjunction with iteration three, bridge outflows were maximized based
on the fill material recommended for removal and design of the pillar/abutment.
e The final non-structural plan was optimized to include only those structures within the 1/5 ACE
floodplain that still provide benefits, through raise-in-place or buyout measures, after the structural
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measures are implemented. Raise-in-place or buyout properties that did not meet this metric were
removed. The final iteration decreased the number of homes in the non-structural plan from 202 to
89, greatly reducing the cost of this measure and maximizing net benefits.

o  Cost benefit analysis of the final array are included in Tahie 33, the Final Array Comparison table.
Table 31 NED Plan: Plan BDA

Ellington Detention, Briley Bridge
Modifications and Non-Structural Plan

*Figures updated based upon latest economic data, August 2014.

Iteration Four Conclusions

Plan BDA combines the Ellington detention basin and Briley Parkway Bridge modifications with the non-
structural buyout and removal and raise in place of selected residential structures impacted by the 1/5 ACE
that meet life safety hazard criteria based upon depth and velocity of flows. In Mill Creek and tributaries
Sevenmile Creek, Sorghum Branch, and Whittemore Branch, the non-structural plan equates to 89 structures.
The recommended plan has the potential to remove nearly half of the expected annual damages associated
with Mill Creek and tributary flooding.

4,2.5 Formulation Criteria

The plans were screened by four formulation criteria established in the P&G: acceptability, completeness,
effectiveness, and efficiency. Table 32 on the following pages describes how each of the plans meets the

criteria.

Table 32, Four Planning Accounts: Formulation Criteria
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Detention
Basins Only

Plan A {Non-
structural
Plan}

Yes - Significantly reduced flows in
the project area and resulted in
significant net benefits. Supported
by sponsor, implementable by
laws and codes.

Yes — Non-structural buyouts
fower residual risks. Supported by
sponsor, implementable by faws
and codes.

Yes — Sponsor willing
to acquire, USACE
maintains capability to
design and construct.

Yes —Partial solution.
Sponsor willing to
acquire, USACE
maintains capability to
design and construct.

No — Removed
significant risks from
flooding but did not
meet all objectives.

Yes, reduces nearly 50%
of residual risk, positive
net benefits.

No — Most expensive
{$60M) plans and stili
had high residuat risks,
when combined not a
feasible plan to
implement. BCR below
unity.

Yes — Lower cost option
for total removal of
nearly 50% residual
flood risks. BCR 2,15,

Plan C

PlanE

Acceptability

=

Yes - Significantly reduced flows in
the project area. Supported by

sponsor, implementable by laws

and codes,

Yes, reduces flood flows in the
target area. Supported by sponsor,
implementable by faws and codes.

Completeness

Yes - Sponsor willing
to acquire, USACE
maintains capability to
design and construct. .

Yes- Sponsor willing to
acquire, USACE
maintains capability to
design and construct.

Effectiveness

No - Left substantial
residual risk in tributary
streams.

Only impacts nuisance
flooding for two
damage centers.

Efficiency

Only addresses
significant reductions
for lower / middle
reaches Mili Creek. BCR
1.0.

Only addresses
significant reductions
for middie reaches Mill
Creek, BCR below unity.

Plan BA

Yes, reduces damages in the target

area. Supported by sponsor,
implementable by laws and codes.

Yes- Sponsor willing to

acquire, USACE
maintains capability to
design and construct.

Yes, reduces stage and
drops residual risk by
about 40%.

Yes — Net benefits ranks
this plan in the final
array. BCR 1.8.
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4.2.6 Plan Formulation snd Evalustion Results

Plan formulation resuits indicated that the following plans composed the final array.
¢ Plan BA — Ellington Detention Structure & 1/5 ACE Non-Structural Plan
e Plan DA — Briley Bridge Modifications & 1/5 ACE Non-Structurai Plan

e Plan BDA - Ellington Detention, Briley Bridge Modifications & 1/5 ACE Non-Structural Plan
e Plan CA ~ Old Hickory Detention Structure & 1/5 ACE Non-Structuraf Plan

e Pian EA ~ Wimpole Bridge and Channel Modifications & 1/5 ACE Non-Structural Plan

4.3 Final Array of Plans

Plan Comparison is the fifth step in the USACE planning process. it is based on the evaluation of the plans,
the fourth step in the planning process. The more detailed evaluations of the impacts of the plans are

presented in Chapter 6, Effects on Environmental Resources.

Takle 33,

al Array Gomparisen

Alternative Analysis $'s = 1,000's
Plan DA Plan BA Plan BDA PlanCA Plan EA
Total Without Project 5,456.9 5,456.9 5,456.9 5,456.9 5,456.9
D
Total Annual Benefits 1,970.2 2,171.6 2,390.2 2,601.9 2,975.1
Residual Damages 3,486.7 3,285.3 3,066.7 2,855.0 2,489.4
Total Project Cost 22,192 25,474 28,785 35,245 51,554
Total Annual Cost 976.9 1,217.1 1,1597.0 1,593.9 2,308.2
Benefit Cost Ratio 2.02 1.78 2.00 1.63 1.27
Net Annual Benefits 933 955 1,193 1,008 634
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4.3.1 Planning Objective Matrix

The planning matrix, on the following page, reveals how each of the final array of plans matches up to the
planning objectives for the study, identified in Section 2.5. Each plan is to be measured by its performance
during the fifty year life cycle of the project.

4.3.2 Action versus No Action

There is systemic risk associated with continual flooding in the Mili Creek watershed. Major flood events have
occurred since the 1950s on the average of nearly every ten years. This continued flooding has and will result
in adverse impacts to the community. Without serious large-scale public involvement in flood damage
reductions the area would continue to be at risk from large flooding events. Additionally, the impacted
communities will experience repeated economic development concerns as well as potential for the loss of
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life. The problem would continue to worsen over time with no action taken because growth and
redevelopment in the watershed will only increase fiows and flood damages for future conditions. The No
Action Plan does not alleviate any risks to public health and safety, and when measured against these life and
safety risks, does not measure up to the array of plans offered in this document to address residual flood
risks in the watershed.

4.3.3 Risk and Uncartainty

The selected plan BDA provides significant reductions in residual risk to future flood damages. Pian BDA will
eliminate approximately 44% of the expected annual damages for the Mili Creek watershed.

Risk reduction to people and property were the primary focus of this project, but must be balanced with scale
of the flood damage reduction alternative that reasonably maximizes expected net benefits, per ER 1105-2-
101. All project increments comprise different risk management aiternatives represented by the tradeoffs
among engineering performance, economic performance and project costs. The project objectives focus on
maximizing risk and damage reduction, where costs are feasible. Following implementation of the NED Pian,
flooding will persist, but fewer people and less property would be affected. For the people inthe most danger,
those in the floodway and lower elevation areas of the higher frequency floodplain, the NED Plan greatly
reduces their risk.

As per U.S. Army Corps of Engineers Guidance documents EM 1110-2-1619 and ER 1105-2-101, a risk and
uncertainty analysis is required to be performed for the hydrologic {discharge-probability function), hydraulic
(stage-discharge function}, and economic {stage-damage function} portions of a feasibility study. The future
without project conditions was used for the baseline of all uncertainty analysis contained in this document.
Information gathered from this analysis provided the hydrologic and hydraulic uncertainty functions for HEC~
FDA, a flood risk analysis model. With the NED Plan {Plan BDA}, the detention structure affects timing and
flood attenuation. it allows the peak flows in the lower and middle reach tributaries of Sevenmile Creek to
vacate before the arrival of peak flows from Sevenmile Creek, itself. This design can mitigate the double peak
aspect seen as flood storm systems move from upstream to downstream. Plan BDA can lower the
downstream peak fiows by between one and two feet, in addition to the non-structural risk reduction of
removing people and property from the 5-year floodplain. Flooding along Sevenmile Creek is widespread
with multiple residential and commercial areas experiencing significant damage during moderate floods
events. The May 1979, September 1979 and May 2003 flood events were identical in magnitude and
representative of moderate flooding conditions along Sevenmile Creek with estimated flood frequencies
between 1/10 and 1/25 ACE. The May 2010 flood event was the flood of record along Sevenmile Creek with
estimated flood frequency of 1/100 ACE or a 100-Year Flood Event. There is insufficient storage above the
Ellington detention structure to significantly reduce major floods like the May 2010 event. Moderate fioods
were targeted to maximize the downstream flood damage reduction (discharge and stage).

Flood performance is summarized below for the 1/10, 1/25, 1/50, 1/100 and 1/500 ACE flood events for
key residential and commercial damage centers along Sevenmile Creek. The Bridge and Channel
Modifications at Briley Parkway also have significant impacts up to the 1/50 ACE flood events and do
reduce stage in the immediate damage center by between 1-3 feet. Briley Parkway is improves the
hydraulic capacity of the bridge by removing fill material in the left overbank and restoring the naturai
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floodway along Mill Creek. Flood reductions are experienced across the full range of benchmark fioods in
the upstream residential subdivision and Space Park commercial area and summarized below. Tables 35-38
, on the following page, provide the stage and flow reductions of measure performance at key damage
centers for the various flood events.
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Table 35. Ellington Ag Center Reglonal Detention Downstream Effects

Suter Drive/T

wchman Road - Seven Mile Creek ~ River Mile 2.8

Elevation Elevation Reduction
(cfs) (feet) (cfs) {feet) {feet)
1/10 5,899 511.8 4,348 510.7 -1.1
1/25 7,129 512.6 5,691 511.7 -1.0
1/50 8,067 513.2 7,041 512.6 -0.7
1/100 9,051 513.8 8,299 513.3 -0.5
1/500 12,003 515.0 11,573 514.7 -0.2

3,

Table 36. Elington Ag Center Regional Detention Downstream Effects

S

ACE Discharge Elevation Discharge Elevation Reduction
{cfs) (feet) (cfs) (feet) (feet)
1/10 6,858 503.5 5,666 502.2 -1.3
1/25 8,234 504.7 6,564 503.5 -1.2
1/50 9,305 505.8 7,770 503.8 -2.0
1/100 10,238 506.5 9,048 505.4 -1.1
1/500 13,236 508.2 11,707 507.3 -0.9

Tahle 37, Briley Parkway Britge and Channel Modification Downstream Effects
ond / Upstream from Paricaay — Mill Creelo- Mile 7,13

D

ACE Elevation {ft) Elevation (ft) | Reduction {ft)
1/10 458.2 456.7 -1.5
1/50 461.7 459.6 -2.1
1/100 463.6 461.2 -2.4
1/500 467.3 464.4 -2.8

Table 38, Briley Parkwa
5

y Bridge and Channe! Modiflcations Downstream Effects

vl Soputh - Wi

1

i

C

o - Bl

ACE Elevation (ft) Elevation (ft) | Reduction (ft)
1/10 461.8 461.3 -0.6
1/50 465.9 465.0 -0.9
1/100 468.0 467.1 -0.9
1/500 4711 470.0 -1.1
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With the implementation of Plan BDA, the opportunity exists to eliminate nearly half of the flood risk
associated with future flood events. The locations experiencing the majority of the benefits from flood risk
reduction are the tributary communities of Sevenmile and Whittemore Branch as well as the middie reaches
of Mill Creek proper. The key component of the non-structural plan has the opportunity to eliminate much
of the floodway damages experienced as well as the most frequently damaged properties, those within the
2- and 5-year floodplains. Of course, risks are still associated with those properties on the frequency curve in
the 50-, 100-, and 500-year elevations. Major floods will still occur and resuit in significant damages. Climate
variability may affect the level of protection that is estimated from this project. Extreme flood events
occurredin May 2010 and others may occur during the life of this project Tabie 39 below presents the residual
risk aspects of Plan BDA. The best way to combat that including prevention of life loss is to continue
implementation and improvement of the flood warning and evacuation activities described in Section 4.1.2.

Table 38, Residusl Risl {Selected Plan}

Plan BDA

Damages Prevented $2.39 million

Buildings Removed from the 1/100 ACE _

The Metro Safe program was developed following the May 2010 flood as Metro Nashville and the Corps
initiated a study under the Planning Assistance to States Program to develop Hydrologic and Hydraulic (H&H)
models and tools for a comprehensive flood preparedness plan in Davidson County. The tools include
geographic information systems {GIS} and automated warning systems (AWS). All of the modeling and
mapping products completed for Metro Nashvilie Flood Preparedness were leveraged for use in development
of this report and updating the Flood Insurance Studies. The tools assist Metro in defining flooded areas and
depths during storm events and help relate flood forecasts for specific locations to other paints within the
watershed. The tools and products also allow a better, quicker and more directed response to flood events.
To combat the residual risk these tools must continue to be honed and the multi-agency approach continue
to effect changes to the comprehensive flood warning approach.

4.3.4 Envirowmenta! Considerations

Due to the highly developed, urban environment of the project footprint, the resulting environmental
impacts for most components of the selected plan are minimal. The selected pian, Plan BDA (Ellington
Detention Basin), would not require mitigation for impacts to existing wetlands (approximately 0.05 acres
permanent/0.05 acres temporary impacts) located within the proposed project footprint. The proposed
project, Plan BDA, would require no compensatory mitigation per TDEC and DA Regulatory requirements.
In addition the project meets both Sections 404 {Corps Nationwide Permit 18 — Minor Discharge} and 401
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(TDEC General Permit of Minor Alterations to Wetlands) of the Clean Water Act. Stream impacts would
only be associated with Plan B, removal/construction of a bridge. Impacts associated with the
removal/construction of a bridge would meet TDEC General Permit for Construction and Removal of Minor
Road Crossings. This permit authorizes the construction and/or removal of minor road crossings. TDEC
defines “minor road crossings” as a bridged or culverted roadway fill across a stream or river which results
in the alteration of 200 linear feet or less of stream bed {(on a single stream) or shoreline. The Nashville
Crayfish is endemic to Mill Creek and is classified by U. S. Fish and Wildlife Service (USFWS) as endangered.
USFWS describes the Nashville Crayfish habitat as creeks with moderate gradients containing benthics,
fallen fogs and debris; moderate flow and firm, usually rocky, stream bottoms. Plan BDA will affect the
Nashville Crayfish. As a result USACE has entered into formal consultation with USFWS. USACE has
submitted a Biological Assessment requesting USFWS correspondence. USACE received the Draft Biological
Opinion from USFWS on 6 February 2015. it is the USFWS’ biological opinion that the preferred alternative
woulid not likely jeopardize the continued existence of the Nashville crayfish. The USFWS provided
"Reasonable and Prudent Measures" as well as "Terms and Conditions" for the proposed action. These are
summarized in Section 6 of this Main Report and Appendix D.

Regarding the non-structural plan, temporary impacts are anticipated with raise-in-place and structure
removal. However, long term benefits would be seen by allowing additional waters to be stored in the
floodplain as well as creating open space within the floodplain. it is assumed that any existing vegetation
would remain undisturbed by the removal of homes. Depending on local management measures, if the open
space was allowed to revegetate with shrub and/or trees, riparian zones could increase in width, thus
providing water quality and wildlife benefits. Negligible impacts are anticipated to vegetation by the Briley
Bridge modification. The area consists of riprap, with a few trees, some understory, and scrub vegetation.
Ground disturbance and removal of scattered bank vegetation would be anticipated. Stormwater permit
(NPDES} may be required if more than one acre of vegetation is disturbed. This area would likely be
maintained with riprap for slope stability and vegetation would be discouraged as it would impede water
flow. The Environmental Impacts of the final array of plans are discussed in further detail in Section 6: Effects
on Significant Resources.

4.3.5 System of Accounis -~ Plan Comparisan

A method of displaying the positive and negative effects of various plans was to use the System of Accounts
as suggested by the U.S. Water Resources Council. The accounts are categories of long-term impacts, defined
in such a manner that each proposed plan can be easily compared to one another. The four accounts used
to compare proposed water resource development plans were the national economic development (NED),
environmental quality {(EQ), regional economic development (RED) and other social effects (OSE} accounts.

National Economic Development {NED}

The intent of comparing alternative flood risk reduction plans in terms of national economic development
was to identify the beneficial and adverse effects that the plans may have on the national economy.
Beneficial effects were considered to be increases in the economic value of the national output of goods and
services attributable to a plan. Increases in NED were expressed as the plans’ economic benefits, and the
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adverse NED effects were the investment opportunities lost by committing funds to the implementation of a
plan. The NED benefits for the final array were described in Section 4.4.2. Plan BDA has the most net benefits.

Environmental Quality (E

The environmental quality account was another means of evaluating the plans to assist in making
recommendations. The EQ account was intended to display the long-term effects that the alternative plans
may have on significant environmental resources. The Water Resources Council defined significant
environmental resources as those components of the ecological, cultural and aesthetic environments that, if
affected by the alternative plans, could have a material bearing on the decision-making process. The EQ

account is described in Section 6.

Regiona! Economic Development (RED
The regional economic development account was intended to illustrate the effects that the proposed plans
would have on regional economic activity, specifically, regional income and regional employment. RED

benefits were similar across both plans.

Other Social Effects {OSE}

The other social effects (OSE) account typically includes long-term community impacts in the areas of public
facilities and services, recreational opportunities, transportation and traffic and man-made and natural
resources. Plan BDA has more opportunity for improvement in these areas than any of the eleven other
plans evaluated in the second iterative phase. The table below describes the final array of plans compared
by completeness and effectiveness by measurement of the four accounts {national economic development,
environmental quality, regional economic development, and other social effects.
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Tahie 4. Plan Comparison {Four Accounts}

Four Accounts | Plan DA Plan BA Plan BDA Plan CA Pian EA
Briley Bridge EHlington Eltington Detention, | Oid Hickory Wimpole Bridge and
Modification Detention + Briley Bridge + Non- | Detention + Non- | Channel
+ Non- Non- Structural Plan Structural Plan Modifications +
Structural Structural Non-Structural Plan
Pi

Pl

Environmenta! | Construction Construction Construction i Construction
Quality {EQ} removes chief | footprint footprint {existing may have impacts | removes chief
constriction {existing roadway) may have to riparian zone in | constriction point for

{Non- point for roadway) may | limited short term immediate area. middie reach Mil}
structural} middie reach have fimited impacts to New structure. Creek. Floodplain
element is Mill Creek. short term Sevenmile Creek. Natural flows attenuation could
similar for Fioodplain impacts to Plan BDA would alter | unaffected. have limited
each plan. attenuation Sevenmile natural high flows by | Ranks 5. benefits.
{Riparian zone | could have Creek. Ranks attenuation, base Ranks 4%,
returned/ limited 2nd, flows unaffected.
attenuation} benefits, Ranks 37,
EQ Ranks 1,
comparison
for structural

spect

Other Social Each plan carries simifar impacts to high risk neighborhoods. Cohesion could be lost in some

Effects {OSE) respects, but health, and risks to future floods and ioss of life will be greatly reduced in the highest
risk neighborhoods. Plan EA composes a larger buyout/removal program nearly doubling the
residual risk reduction of incremental reiterations to the recommended non-structural plan.

Plan BDA combines the Ellington detention basin and Briley Bridge modification with the non-structurai raise-
in-place and buyout and removal of residential structures impacted by the 1/5 ACE or 5-year flood event. In
Mill Creek and tributaries Sevenmile Creek, Sorghum Branch, and Whittemore Branch, this equates to 89
structures. The recommended plan will remove nearly half of the expected annual damages associated with
Mill Creek and tributary flooding. For further detail on the economic analysis of the recommended plan see
the Economic Appendix, Appendix A,
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4.4 Plan Selection
4.4.1 Designation of NED Plan

Federal policy requires that the feasibility study identify the pian that maximizes net NED benefits consistent
with protecting the environment. This NED Plan must be recommended for implementation uniess there are
reasons for recommending another plan.

The NED Plan was determined through the plan formulation iterative process by evaluating the net economic
benefits for each particular aiternative and targeted damage centers. The NED Plan is Pian BDA.

4.4.2 Recommended Plan

The recommended plan is the NED Plan because it provides the greatest net benefits. Plan BDA also happens
to provide significant reductions to residual risk. The recommended plan has the potential to remove nearly
half of the expected annual damages associated with Mill Creek and tributary flooding.

4.5 Description of Recommended Plan
45,1 Man BDA Details

The National Economic Development (NED} Plan and recommended plan are both Plan BDA. The
recommended plan is the NED Plan because it provides the greatest net benefits. Plan BDA also leaves
considerably less residual risk in the floodplain than all other plans in the final array.

e The proposed modifications to the Briley Parkway Bridge will lower the elevation of floodwater
between 1 and 3 feet in the Space Park, Drummond Drive, Currey Road, and Antioch Pike damage
center.

e The proposed detention structure at Ellington will lower the elevation of floodwater between 1 and
2 feet in the Suter Drive, Nolensville/Harding, and Elysian Fields damage center.

e The buyout and raise in place measures located in every damage center of the watershed will not
have a significant reduction in elevation of floodwater, but will permanently remove 89 repetitive
loss homes from recurring future damages and potential loss of life in the highest hazard areas.

4.5.2 Design and Construction Considerations

Construction of the bridge modification would occur entirely within the existing footprint of the structure.
The Briley Parkway bridge modification would include widening the east and west bound bridge openings by
a minimum of 60 feet. Construction of the Ellington Detention Basin would occur primarily within the
footprint of the existing access road. The existing box culvert will be replaced with a CONSPAN culvert and
the weir, spillway, and stilling basin would be armored on the downstream face of the structure with
articulated block. Further detail is found in the Engineering Appendix.

4.5.3 Project Fallure

The non-structural project would consist of raise-in-place of homes and the buyout and removal of people
and property from the floodplain. There are no associated residual risks with that recommendation. The
bridge modification to Briley Parkway would increase the flow capacity of the bridge by roughly 35%; the
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associated risks with failure at the widened opening are extremely low as any issues would be accounted for
during the design phase. The practice is routine among both Nashville and State of Tennessee highway
construction departments. Ellington Detention Basin, weir outflows and spillway function to delay peak flows
on the lower reaches of Sevenmile Creek. At most, the required armoring must sustain passage of flows for
1-4 hours during major events. Stilling basin and armoring of the toe of structure have been optimized in the
design process. The associated risks with failure of the spillway structure are extremely low given depth and
duration analysis. Further investigation and optimization would be accounted for in the design phase. Further
information is included in the Engineering Appendix (Appendix C).

4.5.4 Real Estate Considerations

The proposed project combines the nonstructural acquisition and demolition and raise-in-place of all
residential structures within the S-year floodplain that meet net benefit requirements following
consideration of the bridge modification to Briley Parkway located just downstream of the confluence of
Sevenmile Creek and Mill Creek and the Ellington Detention Basin. The nonstructural portion of the project
would involve raise-in-place of 9 properties and fee acquisition of 80 properties located along Mill Creek and
its tributaries Sevenmile Creek, Sorghum Branch, and Whittemore Branch. The non-structural measure
(raise-in-place) under consideration would include voluntary participation by the property owners. With
regard to the evacuation or buyout and removal measures; to the extent practicable, acquisition would
be on a voluntary or willing seller basis, but eminent domain could be utilized when determined to be
warranted. The majority of the residences are single family.

The bridge modification at Briley Parkway would include removal of fill previously used underneath the
bridge in order to allow flow capacity closer to the original flood plain area. Metro would need to acquire
a Channel Improvement easement within the bridge modification area to perform appropriate operation,
maintenance, repair, rehabilitation and replacement {OMRR&R). A temporary work area easement is
anticipated for a fay down area for materials. Since Briley Parkway serves as a major connecting freeway
that feeds directly into Nashville’s interstate system, Metro Nashville owns and the Tennessee
Department of Transportation (TDOT) maintains the road and right-of-ways in this location. A
compensability determination has been completed for the Briley Bridge measure.

The Ellington Detention Basin will require a temporary work area easement, determination of fee
acquisition for structure footprint, and flowage easements for the four properties impacted by the basin.
The sponsor Metro Nashville owns one of the properties, a second property is state owned and Metro
Nashville will be responsible for acquiring the necessary LERRDs interests for the project. A compensability
determination is not yet complete for this measure. Further details are provided in the Real Estate Plan.

4.5.5 Bettarments

There are no betterments.
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4.5.6 Operations, Malntenance, Repalr, Rehabiiitation, and Replacement

A summary of the OMRR&R cost estimate appears in the tabie below.
Table 41, OMRRER ralated costs for the NED PLAN.

1/5 ACE Buyouts Mowing / waste maintenance 19,115
Briley Bridge Modification Asphalt / concrete repair 14,357
EHlington Detention Structure maintenance, asphalt, 18,256

stilling basin, articulated block,
mowing slope
Total Annual Costs {OMRR&R) 51,728

4.5.7 Econoemic Summary

For pre Alternative Formulation Briefing (AFB) level analysis the project construction costs were developed
using parametric analysis. Mi! cost estimating system is complete for the recommended plan and has been
certified by the USACE Cost Engineering Center of Expertise {Cost DX}. These costs, along with annualized
costs, annualized benefits, net economic benefits and the benefit-to-cost ratios are shown in the tables
below. Plan BDA, is the recommended plan. it is the NED Pian. It has an investment cost at October 2015
price levels of $28,785,000; an annual cost of $1,197,000 including Operations, Maintenance, Repair,
Rehabilitation and Reptacement costs (OMRR&R); annual benefits of $2,390,000; net benefits of $1,193,000;
and a benefit-to-cost ratio (BCR} of 2.00 at an interest rate of 3.375 percent, a 50-year period of analysis, and
a three year construction period. The structural components of Plan BDA provide $639,000 annual benefits
compared to $453,000 in annual costs for a BCR of 1.41. The non-structural components of Plan BDA provide

$1,751,000 annual benefits compared to $798,000 in annual costs for a BCR of 2.19.
T : ‘

A7 ¥ T

Total Without Project 5,457
Damages
Annual Non-Structural 1,752
Benefits
Annual Structural Benefits 639
Total Annual Benefits 2,390
Total Non-Structural Cost 19,162
Total Structurai Cost 9,342
Total Project Cost* 28,785
Total Annual Cost 1,197
Benefit Cost Ratio 2.00
Net Annual Benefits 1,193

*Project cost at current price levels (FY15)
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4.5.8 Sensitivity of Recommended Plan to Future Conditions

As per U.S. Army Corps of Engineers Guidance documents EM 1110-2-1619 and ER 1105-2-101, a risk and
uncertainty analysis is required to be performed for the hydrologic {discharge-probability function),
hydraulic (stage-discharge function}, and economic (stage-damage function) portions of a feasibility study.
The future without project conditions was used for the baseline of all uncertainty analysis contained in this
document. Information gathered from this analysis provided the hydrologic and hydraulic uncertainty
functions for HEC-FDA, a flood risk analysis model. The benefits for the NED Plan are based upon future
conditions. It is worth noting, however, that the variation between existing and future conditions is
negligible, on the order of 3%. All plan evaluation was conducted in the lower two-thirds of the watershed,
which is the area where the build-out of Metro Nashville {along and in floodplains) has already occurred.
Additional construction and damages are assumed to fill in the upper third of the watershed where current
impervious analysis provides for conversion of a largely rural landscape into suburban over the life of the
project. This as stated earlier has littie impact to the project, as the upper third of the watershed is in
Williamson County, which declined to participate in the study, and thus no projects were evaluated or
proposed there. More details are provided in the Economic Analysis Appendix and H+H Appendix {Future
Conditions).

4.5.% Envirenmental Compliance and Mitigation

All USACE projects must comply with all applicable environmentai statutes and policies; detailed discussion
is found in Section 7 of this document. No significant environmental impacts have been anticipated to date.
Potential impacts to water quality and endangered species have been coordinated. A brief summary of
each is found below.

Plan BDA {Ellington Detention Basin} would not require mitigation for impacts to existing wetlands
{approximately 0.05 acres permanent/0.05 acres temporary impacts) located within the proposed project
footprint. The proposed project, Plan BDA, was minimized and requires no compensatory mitigation per
TDEC and DA Regulatory requirements. In addition the project meets Section 404 {Corps Nationwide
Permit 18 — Minor Discharge} and would require an Individual Aquatic Resource Alteration Permit (ARAP)
{State Section 401 Clean Water Act Water Quality Certification). Stream impacts would only be associated
with Plan B, Ellington Detention Structure. An Individual ARAP would be required due to changes in
hydraulic capacity at the Ellington Detention Basin, however, TDEC agrees that impacts are minor and of
short-term duration.

The Nashville Crayfish is endemic to Mill Creek and is classified by U. S. Fish and Wildlife Service {USFWS} as
endangered. Plan BDA would affect the Nashville Crayfish, and as a result, USACE has entered into formal
consuitation with USFWS. Only short-term and minor effects are anticipated and shouid be controlied with
Best Management Practices {BMPs). Overall benefits would be positive with additional open floodplain
areas following completion of the non-structural components of the NED PLAN. USACE received the Final
Biological Opinion from USFWS on 23 March 2015. it is the USFWS’ biological opinion that the preferred
alternative would not likely jeopardize the continued existence of the Nashviile crayfish. The USFWS
provided "Reasonable and Prudent Measures” as well as "Terms and Conditions" for the proposed action.
These are summarized in Section 6 of this Main Report and Appendix D.
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4.6 Implementation
4.6.1 Agency Requirements

Project implementation requires approval of the Chief’s Report first and foremost. Following report approval
the project is eligible for authorization. Following project authorization the project will be eligible for
construction funding. It will be considered for inclusion in the President’s budget based on national priorities,
magnitude of the Federal commitment, economic and environmental feasibility, level of local support,
willingness of the non-Federal sponsor to fund its share of the project cost and the budget constraints that
may exist at the time of funding. The Planning, Engineering and Design phase of the project can begin after
the feasibility report is approved and a design agreement is signed by the non-Federal sponsor.

Once Congress appropriates Federal construction funds, USACE and the non-Federal sponsor would enter
into a Project Partnership Agreement {PPA). This PPA would define the Federal and non-Federal
responsibilities for implementing, operating and maintaining the project.

Following the signing of the PPA and the design approval, USACE would officiaily request the sponsor to
acquire the necessary real estate for property buyouts. Separately for Briley Bridge Modification and
Ellington Detention Basin, the advertisement of the construction contract would follow the certification of
the real estate acquisition and right-of-entry. The final acceptance and transfer of the project to the non-
Federal sponsor will follow the delivery of an operation and maintenance manual and as-buiit drawings.
Assuming full funding, the project will be fully constructed by the year 2021.

4.6.2 Cost Sharg Reguirements

Pursuant to Section 103, WRDA 1986, 33 USC 2213, the non-federal cost share for (i) structural flood risk
management is at a minimum of 35 percent of totai costs for the project, including 5 percent in cash, with
LERRD value credited toward the sponsor’s cost share, with the sponsor’s total share capped at a maximum
of 50 percent; and (ii) non-structural flood risk management is a flat 35 percent of total costs for project
allocated to non-structural flood risk management, with LERRD value credited toward the sponsor’s share.
Table 43, on the following page, describes the cost share provisions for the recommended plan.
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Non-Structural FRM

Lands / Acquisitions 8,943 4,817 13,760
Raise-in-Place 556 300 856
Metro-RE Admin Costs 641 346 987
USACE-RE Admin Costs 385 205 590
91-646 Relocation Assitance Costs 576 310 886
Demolition / Removal Costs 1,477 796 2,273
Sub-total Non-Structural FRM 12,578 6,774 19,352

Structural LERRD*

Structural FRM*

Briley / Ellington FRM 5,357 5,357
Briley / Ellington LERRD plus Cash 4,076 4,076
(see below*)

Subtotat Structural FRM 5,357 4,076 9,433

Total

17,935

Briley Bridge Modification 1,834 1,834
Ellington Access Road 483 483
Edmondson Pike 735 735
Lands 423 423
Admin Costs 130 130
Sponsor Cash** 471 471
Subtotal Structural LERRD + Cash 4,076

10,850

28,785

Total Cost Share

62.3%

37.7%

100%

*Sponsor will conduct buyouts for the acquisition of the 80 structures. Subject to available appropriations, the sponsor’s
LERRD expenses will be reimbursed to the extent those expenses are creditable and exceed the sponsor’s required cost
share, pursuant to Section 103, WRDA 1986, 33 USC 2213. Sponsor’s share not to exceed 35% of TPC for Non-Structural
project features; sponsor’s share not to exceed 50% of TPC for Structural project features. Demolition and Structure

removal will be processed via in kind credit. **Sponsor will submit at least 5% Cash for Structural Flood Control measures
as part of the required cost share.
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4,6.3 Cost Estimate

Table 44 includes cost estimate per October 2015 price levels. Cost estimating assigned the codes with
support of the project delivery team. All figures include contingency and inflation.

: Code Designatioy

70
15- Detention Basin / Fill Placement / Armoring 5,035 5,035
15-Demolition/Removal 2,272 2,272
30 — Engineering and Design 1,352 2,028
31 - Supervision and Administration 676
01 ~ Lands {Buyout/Acquisition/RE Administration) 15,338 15,338
02 — Relocation (Removal Cost + Raise-in-place) 1,742 1,742
Total $28,785

See Appendix D, for detailed cost estimating materials on the various flood risk management alternatives.
4.6.4 Permits

Briley bridge improvement would be considered an over widening of the left overbank channel to
accommodate flood flow. It would meet a Corps nationwide permit and would require an Individual ARAP
for bridge modifications since the project would alters the hydraulic capcity.

Ellington Detention Basin would not require mitigation for impacts to existing wetlands (approximately 0.05
acres permanent/0.05 acres temporary impacts) located within the proposed project footprint. Plan BDA
wetland impacts, were minimized and requires no compensatory mitigation per TDEC and DA Regulatory
requirements. In addition the project meets both Sections 404 {Corps Nationwide Permit 18 ~ Minor
Discharge) and 401 {TDEC General Permit of Minor Alterations to Wetlands) of the Clean Water Act.
Therefore no mitigation for impacted wetlands in required.

Stream impacts associated with Plan B, Ellington Detention Structure, would require an Individual ARAP from
TDEC.

The Nashville Crayfish is endemic to Mill Creek and is classified by U. S. Fish and Wildlife Service (USFWS) as
endangered. Plan BDA would affect the Nashville Crayfish and as a result USACE has entered into formal
consultation with USFWS. USACE has submitted a Biological Assessment requesting USFWS correspondence.
USACE received the Final Biological Opinion from USFWS on 23 March 2015. it is the USFWS' biological
opinion that the preferred alternative would not likely jeopardize the continued existence of the Nashville
crayfish. The USFWS provided "Reasonable and Prudent Measures” as well as "Terms and Conditions" for
the proposed action. These are summarized in Section 6 of this Main Report and Appendix D.
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4.8.5 Non-Federal Sponsor Responsibilities

Sponsor Support and Capability. The non-Federal sponsor fully supports the recommended plan and submits
a statement of self-certification of financial capability to accompany the final report package for approvals.
They are willing and financially able to support the recommended plan moving forward through Planning,
Engineering, and Design (PED) and Implementation. The sponsor has conducted major partnership projects
with USACE in the past, most recently Metro Center Levee, and has a dedicated funding stream to implement
flood risk reduction projects. The sponsor has clear legal authority to conduct flood risk management projects
with federal partners, and has done so, recently with both USACE and NRCS. There is no locally preferred
ptan (LPP) up for comparison.

Sponsor Responsibilities. As part of the implementation of the selected plan, Metro Nashville will acquire all
necessary lands, easements, relocations, rights-of-way, and disposal areas {LERRDs} and seek crediting or
reimbursement for those costs in excess of the required cost share. Per ER 1105-2-100, E-127-130, Metro will
be responsibie for all LERRDs associated with the acquisition of residential structures recommended by the
selected plan and acquire all LERRDs associated with the Briley Bridge channel modification and Ellington
Detention Basin. Implementation of non-structural measures at individual properties will be dependent on
verification of structure characteristics and first floor elevations. The nonstructural portion of the project
would involve raise-in-place of 9 properties and fee acquisition of 80 properties located along Mill Creek and its
tributaries Sevenmile Creek, Sorghum Branch, and Whittemore Branch. The non-structural measure (raise-in-
place} under consideration would include voluntary participation by the property owners. With regard to the
evacuation or buyout and removal measures; to the extent practicable, acquisition would be on a voluntary
or willing selier basis, but eminent domain could be utilized when determined to be warranted. Metro
Nashville will conduct the demolition/removal of the structures for in-kind crediting.

Metro Nashville will coordinate demolition/removal with LRN Construction office, obtain proper permitting
and contract approvals. Forresidences built before 1978, a lead paint and asbestos survey shall be conducted
before demolition. If lead paint or asbestos is discovered, it will be abated prior to demolition. Any regulated
materials recovered as part of the abatement process will be disposed of in a certified landfill. To meet the
CERCLA all appropriate inquiry standards, an updated Phase 1 ESA consistent with ASTM E1527 procedures
must be completed within 6 months of construction contract award. The costs to perform the sampling and
analyses and update to the Phase 1ESA have been included in the final cost allocation tables. All costs
associated with abatement and disposal of asbestos and lead containing material are 100% non-Federal
responsibility and are not included as project costs. Cost-share responsibilities are defined in Section 4.6.2.

Per ER 1105-2 100, E-85, the sponsor will be required to eliminate all existing lands uses associated with the
residential structures that accept buyouts. This also signifies the elimination of al! previous services to those
areas previously held in residential property. The sponsor will be required to maintain these properties as
open space. Typically in past buyouts for the reduction of flood risks, the sponsor has returned the acquired
properties to park lands. Prior to the transfer of maintenance responsibilities from Metro Water Services to
Metro Parks and Recreation, the maintenance of the property will be conducted by Metro Water Services.
Following transfer of maintenance to Parks and Recreation, the parcels will be utilized as urban gardens,
pocket parks, natural trail systems, or multi-use greenway trail systems. The future use of the parcel will
depend upon the number of contiguous properties acquired by the sponsor. Where appropriate, in locations
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outside the floodway, restroom facilities, playground equipment, may also be installed. These land uses will
be subject to approval of the Project Partnership Agreement (PPA).

Metro Nashville has extensive experience with home buyout / relocation efforts, via past projects with both
USACE and FEMA. The most recent floodway acquisitions occurred following the May 2010 flood. Metro
Nashville acquired 240 properties in various watersheds, including Mill Creek, Richland Creek, and Whites
Creek, and has returned those lands to natural areas with trails, pocket parks, greenways, and urban gardens.
Flgure 33 and Figure 34 provide before and after demonstrations for two of those implementation areas
along Delray Drive and Wimpole Drive, respectively. Figure 3% provides before and after aerial imageries of
the Wimpole Drive implementation program.

Future Land Use — Prior Floodway Buyouts
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In addition to these specific actions, Metro Nashville will be required by ER 1105-2-100 para. 4-3{b}(2}, to
uphold the requirements for partnership in the planning, engineering, and design {PED} and implementation
phases, signified by the respective legal agreements for each phase. Following Chief’s Report approval, this
project may be eligible to enter into a PED Agreement to advance the recommended plan from Feasibility
phase into final design. Upon completion of the PED phase and authorization by Congress, the project may

enter into implementation by entering into a PPA.
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Affected Environment®

51 Environmental Setting of the Study Area
Mill Creek, a tributary that enters the Cumberland River {Cheatham Reservoir) at Mile 194.4 in Davidson
County, drains a watershed of 108 square miles and encompasses portions of Davidson, Rutherford, and

Williamson Counties.

5.2 Physical Environment
Land Use

Miil Creek watershed is approximately 69,200 acres and consists of portions of Davidson, Williamson, and
Rutherford counties. Davidson County makes up 63.8% of the total basin; 35.2% is Williamson County, and
the remaining 1% is Rutherford County. Land use for Mill Creek Watershed is widely varied (Figura 36}, In
the upstream reaches of the watershed, cropland and hay pastures are common. Ridge areas are covered in
deciduous forests. Moving downstream through the watershed and approaching Nashville, land use changes
to residential, commercial and industrial. Much of the area is experiencing heavy residential development.

There are thirteen parks {Table 45) providing day use activities within Mill Creek watershed, two major
greenways, and a segment of Rails to Trails. Conceptual plans show a contiguous greenway from the
headwaters of Sevenmile Creek to the confluence with Mill Creek. Similar plans show a complete greenway
from Mill Creek’s confluence with the Cumberland River toward its headwaters within Williamson County
(Nashville 2008). In addition to the planned greenways, two possible greenway corridors have been
suggested through the Mill Creek watershed. The two possible greenways are Ezell Park to J. Percy Priest
Reservoir and the southern section of the watershed from Sevenmile to Cane Ridge. (Metro Department of
Parks, 2008). The State of Tennessee’s Ellington Agricultural Center adjacent to Sevenmile Creek has hiking
trails and Metro greenway {at least in sections) paralleling Sevenmile Creek through the campus.

Climate

Summers in Metro Nashville are moderately hot and humid with the temperature averaging in the high 80’s
°F. Winters can be chilly to cold with average lows of 31°F in December and 28°F during January. The average
annual rainfall is 48 inches; May is usually the wettest period (average 5.5 inches) and October averaging the
driest period {3.04 inches) {TWC, 2013).

Topography, Physiography, and Soils

Mill Creek watershed study area is located in the northwest part of the Central Basin of Tennessee. Elevations
in the drainage basin range from about 385 feet above sea level at the mouth to approximately 1,200 feet in
the upper reaches. Slopes are slight to moderate and range up to 20 percent. The watershed is primarily in
the Outer Nashville Basin Ecoregion of Tennessee, but a small upstream sector lies in the Inner Nashville
Basin Ecoregion (EPA, 1997).
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Figure 36, Land coverage Types within Mill Cresk Watershed,

The Outer Nashville Basin {(Ecoregion 71h} is characterized by open hills, gently rolling to steep; some plains
with hills; highly dissected escarpments; moderate gradient bedrock and gravel-bottomed streams. The
Inner Nashville Basin (71i}) consists of smooth to rolling plains, with some small hills and knobs. Streams are
low gradient with clear water on bedrock substrate (EPA, 1997).

The study area is situated on limestone of Nashville and Stones River groups of the Ordovician age.
Formations of the Nashville Group exposed {or covered only by soil) include Cathey’s, Bigby-Cannon, and
Hermitage. Of the Stones River Group, only the Carter’s and Lebanon formations are exposed in the study
area. Solution cavities and sinkholes have developed along structurally-controlled joints and near-horizontal
bedding planes {(USACE, 1986). The limestone rock and soils are generally high in phosphorus.

According to US Department of Agriculture Soil Survey of Davidson County, Tennessee {1981}, soils of the
Mili and Sevenmile Creeks floodplains are in the Arrington-Lindell-Armour association. These soils are
undulating to rolling, well to moderately-well drained. Most of these soils qualify as prime farmland soils but
are fast becoming sites for residential development. Soils on the uplands adjacent to the floodplain are in
the Talbott-Rock Outcrop association. These soils are not prime farmland soils, and are undulating to hilly,
well-drained. Soils farther into the watershed away from creeks are primarily Stiversville-Hampshire-Urban
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land. These soils are classified as undulating to hilly and well drained. Outcrops of limestone and limestone

sinkholes occur.

Table 45, Metro Pavks within Mill Creelt Watershed.

S Park £ Amenities "/ Condition
William Coleman Community center; trails; indoor pool; playground Poor
Seven Oaks Faygrounds; picnicking; disc golf, athletic fields; tennis Good
Paragon Mills Basketball; athietic fields; piayground Fair
Ezell Road Trails; soccer fields; boat launch Poor
William Whitfield Athletic fields; playgrounds Fair
William A. RAtts Basketball; pichicking; athietic fields; playground Fair
Granberry Tennis; playgrounds; trails Good
Antioch Community center; picnicking; trailhead, playground; cance Poor
launch
C.R. Crawford Historic schoolhouse Poor
Wimpole Community garden; canoe launch Unknown
Providence Park playgrounds Unknown
cane mage P o Good
Edmondson Library piayground Not fisted
Thompson Lane undeveloped Not fisted
Sevenmile undeveloped Not fisted
Source: Metro Parks Nashville: Nashville Parks Finder website 2013 and Parks and Greenways Master Plan 2008

5.2 Water Resources
Watershed Destription

Mill Creek, a tributary of the Cumberland River {Cheatham Reservoir}) at Mile 194.4 drains 108 square miles
south and east of Nashville (Figure 37). Sevenmile Creek is the largest tributary of Mill Creek entering at RM
7.9 miles. Mill Creek begins in the vicinity of Nolensville {Williamson County)} and flows northward to its
confluence with the Cumberiand River. Mill Creek is approximately 27 miles long and falls about 280 feet
from its source to its mouth. Average channel gradient is roughly 10 feet per mile in lower stream reaches

and 35 feet per mile in upper stream reaches.

Mill Creek’s main channel averages approximately 75 to 100 feet wide and the 100-year floodplain is
approximately 700 to 800 feet wide. Streambanks, usually well-defined, are generaily 10 to 15 feet above
streambed. Upper portions of Mill Creek and its headwaters flow primarily from farmland. As the stream
enters Davidson County, runoff becomes primarily suburban, changing to urban approximately haifway
through the basin, with residential, commercial, industrial, and open area sources. Almost every summer,
Mill Creek approaches no flow levels around RM 22 and aquatic life becomes restricted to pools. Although
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this is common for streams found in Tennessee, this fack of continual flow restricts habitat availability,
ecosystem processes, and functions of Mill Creek.

Sevenmile Creek originates near the Davidson-Williamson County line and flows north and east before joining
Mill Creek. Sevenmile is approximately 7.3 miles long with a drainage area of 17.6 square miles, an average
slope of 18.9 feet per mile, and an average 100-year floodplain width of approximately 500 feet.
Streambanks range from 3 to 9 feet high; existing channel averages 20 to 30 feet wide. Approximately half
the stream is through a heavily urbanized area, while the upper half is less developed.

Other major tributaries in the Mill Creek watershed include Sims, Sorghum, Franklin, and Whittemore
Branches in the lower reaches and Hoit, Collins, indian, Owl, and Turkey Creeks in the upper reaches.

Figure 37, Major Streams and Tributaries within Mill Creek Watershed.

Mill Creek watershed lies within four political jurisdictions: Metropolitan Nashville, City of Nolensville, City
of Brentwood, and Williamson County. Each of these entities has developed and incorporated its own
stormwater regulations. Therefore, with varying regulations and policies, effective management within the
watershed is constrained along political boundaries.
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Many agencies and organizations have worked and continue to work in the Mill Creek Watershed to protect
the existing resources and rehabilitate/restore those areas that have been impacted. Some of the
organizations and agencies taking a strong interest in the watershed and its health include: the Cumberiand
River Compact, the Nature Conservancy, Tennessee Department of Environment and Conservation {TDEC),
USFWS, TWRA, Tennessee Scenic River Association, Metro Nashville, Mill Creek Watershed Organization and
the Nashville Zoo.

Groundwater and Public Water Sources

Groundwater recharge of Mill Creek and its tributaries is limited due to an increase of impervious surfaces
and poor soil infiltration properties. Direct runoff accounts for a majority of the flow within Mill Creek and
tributaries. This creates environmental concerns for water quality and aquatic resources. Runoff over
impervious surfaces carries oil and other pollutants directly into streams. With limited groundwater
recharge, almost every summer flow approaches no flow in upper sections of Mill Creek as well as its
tributaries. With little or no flow aguatic life becomes restricted and concentrated in isolated pools. These
pools then become stagnant with increasing water temperatures, high biological oxygen demand, and
decreased dissolved oxygen that stress or kili the aguatic life. These microhabitats can also concentrate
aquatic fauna, thereby making them easily accessible to predators. As shown in Table 46, July through

September are very critical months when stream flow becomes especially limited.

Table 46. Ml Creek Mean Monthly Stream Flows.

887 .7 238
146 . 556 621“ R
44.6 | 587 94.8
oy VN S— 117 . 185
* Values are in cubic feet per second
** Source: USGS Monthly Stream flow Statistics for Tennessee; available on webiste

Water Quality

Several miles of Mili Creek and its tributaries are listed as impaired by TDEC. This information is summarized
in Table 47. TDEC defines these streams as Category 5, meaning one or more uses are not being met and a
Total Maximum Daily Load (TMDL) is needed for listed poliutants or Category 4a where EPA has approved a
pathogen TMDL that addresses some known pollutants. Primary sources for these water quality problems
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are poor land development practices, lack of dissolved oxygen, sedimentation, coilection system failures,
MS4 area discharges, and general urban non-point source runoff. Mili Creek and tributaries have experienced
fish and crayfish kills as a result of periodic spills from industries, transportation accidents, the Nashville

International Airport, and the discharge of inadequately treated sewage.

In the headwaters of Mill Creek some areas still remain in agricuitural use. Lands are primarily used for
livestock grazing and most of these areas do not exclude livestock from the streams. Not only does this
present Escherichia coli (E. coli} concerns, but the animals trample stream banks, thereby causing unstable

banks, erosion and siltation within the streams.

Concerns of E. coli contamination also exist with failing or leaking sewer lines either directly at stream
crossings or indirectly when leachate reaches receiving streams. Flooding exacerbates E. coli problems by
causing sewer systems to overflow or by causing a bypass of the sewer system and direct fiow to the streams.
New sanitary sewer lines along Mill Creek have been installed to accommodate new development as well as
alleviate collection system failures (USACE, 2004).

Table 47, TDEC 303{d) Listed Streams,

Collection system failure; Sew er
Mill Creek 215 discharges; livestock, minor

Nutrients; low DO; siltation;

E. coli b i
municipal point source
Sevenmile Creek 4.4 Nutrients; habﬂat alteration; MS4 area dis‘?harges;
E. cofi hydromedification

. ; IS4 area discharges; industrial
. Nutrients; iow DO; habitat M Ad harges; ind
Sims Branch 29 . N permitted stormw ater;
alteration; E. col/ e
hydromodification

Collins Creek 8.7 : Siltation Land development

Turkey Creek 1.6 Siltation Land development

indian Creek 57 phosphorus Land development

UT to Ow | Creek 1.6 Siltation; habitat aiteration Land development

Holt Creek 6.2 Sittation Land development
Whittemore Branch | 29 Habitat atteration ‘ MS4 area discharges
Sorghum Branch : 3.1 Siltation; habitat alteration MS4 area discharges
Pavilion Branch 1.3 E. colf MS4 area discharges

Source: TDEC 2010 Finat 303(d) List

The Mill Creek Watershed empties into the Cumberland River at Mile 194.4. From the confluence with
Cumberland River upstream to approximate Mile 1.4, Mill Creek is an impounded stream and exhibits
reservoir characteristics. It rises and falls with Cheatham Lake elevations, which can vary up to several feet.
Sediment samples collected in this downstream reach have been found to contain contaminants at or close
to threshold effects concentrations, specifically pesticides and polycyclic aromatic hydrocarbon. Sampling
indicates the contamination is dropping. The leveis seen in 2004 were well below values seen in 1999.
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Although there has been a continued presence of contaminants in sediments within the impounded reach of
Mill Creek, levels present are not likely to cause harm to health or aquatic environment {USACE, 2004).

The office of the Tennessee Department of Agriculture (TDA}, which manages the Non-point Source Pollution
Program {Section 319 of Clean Water Act), is located on the Ellington Agricultural Center adjacent to
Sevenmile Creek {Approximate RM 3.4}. As an initiative in Non-point source pollution, the TDA established
various techniques as Best Management Practices {BMP} demonstration sites on campus and along
Sevenmile Creek. BMP techniques included collection of building rainwater runoff in rain barrels, site runoff
into rain gardens, bank stabilization, permeable concrete for parking areas, in-stream enhancement features
along Sevenmile, and establishment of native warm season grasses.

Similarly the Cumberland River Compact, a non-profit organization concerned with the environmental
stewardship of the Cumberiand River watershed, began a residential housing construction demonstration
site. At this subdivision along Franklin Branch, a tributary to Mill Creek, traditional construction methods
were employed in one section to compare to innovative techniques aimed at reducing non-point source
poliution. These techniques included limited/absent curb and guttering, narrow roadways to limit
impervious surfaces, rain gardens, etc. These alternatives are aids to improve water quality and assist in
removing tributaries from the state’s 303(d} list.

Streams

Mill Creek drains 108 square miles south and east of Nashville. Mill Creek is approximately 27 miles long
and falls about 280 feet from its source to its mouth. Average channel gradient is roughly 10 feet per mile in
lower stream reaches and 35 feet per mile in upper stream reaches.

Streambanks, usually weli-defined, are generally 10 to 15 feet above streambed. Upper portions of Mill Creek
and its headwaters flow primarily from farmland. As the stream enters Davidson County, runoff becomes
primarily suburban, changing to urban approximately halfway through the basin, with residential,
commercial, industrial, and open area sources. Almost every summer, Mill Creek approaches no flow levels
around RM 22 and aquatic life becomes restricted to pools. Although this is common for streams found in
Tennessee, this lack of continual flow restricts habitat availability, ecosystem processes, and functions of Mill
Creek.

Sevenmile Creek is the largest tributary of Mill Creek entering at RM 7.9 miles. Sevenmile is approximately
7.3 miles long with a drainage area of 17.6 square miles, an average slope of 18.9 feet per mile, and an
average 100-year floodplain width of approximately 500 feet. Streambanks range from 3 to 9 feet high;
existing channel averages 20 to 30 feet wide. Approximately haif the stream is through a heavily urbanized
area, while the upper half is less developed.

Wetlands

National Wetlands inventory (NWI) maps indicate wetlands of varying sizes and classes are found within the
Mill Creek watershed {Figure 38). As shown in the NWI map a vast majority of potential wetland areas are
labeled as freshwater ponds. One wetland area, approximately 0.41 acres in size, is found within and
adjacent to Plan B. This wetland is characterized by the Cowardin Classification System and Hydrogeomorphic
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Wetland Classification System as a Palustrine, Forested, Broad-leaved Deciduous, Temporary Flooded —
Depressional Wetland.

Flgure 38, Mational Wetland Inventory Map for Ml Creek,

5.4 Biological Resources
Vegetation

The predominant forest type found within the Mill Creek Watershed is classified as the Oak hickory forest
type. Species which typically make up this forest type include: White oak {Quercus alba), southern red oak
(Quercus faleata), northern red oak {Quercus rubra), black oak {Quercus velutina), scarlet oak {Quercus
coccinea), shagbark hickory {Carya ovata), pignut hickory (Carya glabra), vyellow poplar {Liriodendron
tulipifera), elms (Ulmus spp.), red maple (Acer rubrum), American beech {Fagus grandifolia), sugar maple
(Acer saccharum), black walnut {Juglans nigra), white ash {Fraxinus americana), and black cherry (Prunus
serotina). Other species typically found within riparian zones and forested wetland areas include: black
willow (Salix nigra), sweetgum (Liquidambar styracifiua), red maple, blackgum {Nyssa sylvatica), green ash
(Fraxinus pennsylvanica), box elder {Acer negundo), cottonwood (Populus deltoides), and American sycamore
(Platanus occidentalis).
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Riparian zones along Mill Creek and its tributaries vary greatly. In 1984, the riparian zone was primarily intact
along Mill Creek. However, the riparian area, specifically the width of this feature, is being lost, as well as the
numerous attributes it provides to the stream and watershed. In other areas of the watershed, particularly
in areas zoned for agricuiture, riparian zones are either narrow or non-existent. Various data coliected by
TDEC, TWRA, and the Corps reference limited or absent riparian zone along Mill Creek and/or tributaries.
Width of the riparian zone is a limiting factor for the Mill Creek ecosystem.

Aguatic and Wildlife
Aguatic

Mili Creek provides habitat for a vast number of aquatic species. Common species include: stonerollers
{Campstoma), gizzard shad {Dorosoma cepediamun), sculpin (Cottoidea), shiners (Cypriniformes}, darters
(Anhingidae) , and rough fish such as redhorse {Moxostoma carinatum), white sucker {Catostomus
commersonii}, northern hog sucker {Hypentelium nigricans), carp (Cuprinidae), mooneye (Hiodontidae), and
carpsucker (Catostomidae). Sport fishes such as rock bass {Ambloplites rupestris), smalimouth bass
(Micropterus dolomieu), largemouth bass {Micropeterus salmoides), longear sunfish {Lepomis megalotis),
green sunfish {Lepomis cyanellus), catfish {ictaluridae), and freshwater drum (Aplodinous grunniens) are
common in Mill Creek.

Sevenmile Creek is known to have darters, minnows, smallmouth bass, bluegill {Lepomis macrochirus), and
bullhead catfish {Ameiurus melas). Based on a 1997 TWRA survey, rock bass and smallmouth bass were quite
abundant. The report stated that fish were generally healthy with balanced populations representing various
age classes.

Benthic species commonly found in the Mill Creek watershed include several species of mayfiies, caddisflies,
snails, isopods, crayfish, midges, damselflies, hellgrammites, Asian clam {Corbicula fluminea), and fingernait

clams (Sphaerium corneum).

The Nashville Crayfish is probably the most recognized species within the list above. The Nashville Crayfish is
endemic to Mill Creek and is classified by USFWS as endangered (See Section 5.4.3). USFWS describes crayfish
habitat as creeks with moderate gradients containing benthics, falien fogs and debris; moderate fiow and
firm, usually rocky, stream bottoms. The crayfish tends to move to open waters when riffles become silt
laden. Large slabrock is used primarily by adults for cover; gravel and cobble provide cover for juveniles.
Although this may be the preferred habitat, the species has been found in a wide range of environments—
cobble runs, pools with 10cm sediment, under slabrocks and other cover, and in areas with 60-90% canopy
cover (summarized in USFWS, 2002).

Witdlife

Common wildlife species within the watershed include but are not limited to: red fox (Vulpes vulpes), grey
fox (Urocyon cinereoargenteus), white-tailed deer {Odocoileus virginianus), weasels, beaver {Cators
canadensis), raccoon (Procyon lotor), striped skunk {Mephitis mephitis), Virginia opossum (Didelphis
virginiana), groundhog {Marmota monax}, mice, bats, and a variety of songbirds, reptiles and amphibians.
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A colony of black crowned night herons {Nycticorax nycticorax) seasonally inhabits an island within highly
urbanized area at Mill Creek RM 5.0.

Threatened and Endangered Species

Table 48 lists the federally threatened and endangered species that potentially occur within Mill Creek
watershed. This list includes four mussels, five plants, two bats, one insect, two mammals and one crayfish.

Table 48, USFWS Lstings of Threatened and Endangered Species,

Dalea foliosa Leafy Prairie-clover LE
Astragalus bibullatus Pyne’'s Ground-plum LE
Apios priceana Price’s Potato-bean LT
Physaria globosa :Short's Bitadderpod C
Boechera perstellata Braun's Rockcress LE
Plethobasus cooperianus Orangefoot Ampleback LE
Lampsilis abrupta Ank Mucket LE
Epiobiasma florentina walkeri iTan Riffleshell LE
Epioblasma brevidens Cumbertandian Cambshell LE
Pseudanophthalmus insularis . Baker Station Cave Beetle C
Orconectes shoupi  Nashville Crayfish LE
Myotis grisescens Gray Bat LE
Myotis sodalis ‘Indiana Bat LE
* LE= Listed Endanged, LT=Listed Threatened, G=Canidate Species, DM=Deemed Management

TDEC, Division of Natural Heritage {DNH} also provided a list of state species occurring inside or within one

mile of the Mill Creek watershed. The species are shown in Tabie 49. DNH listed a heron rookery that

occurs within the Mill Creek watershed; the state considers this a rare, but not state listed species/habitat.

No heron rookery is found within and surrounding the proposed project locations. Therefore, no impacts

to the heron rockery are anticipated.
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Table 48, State Listed Species for Mill Creek Watershed.

Orconectes shoupi Nashville Crayfish E
Sphallaplana buchanari :Cave Obligate Planarian R
Altium stellatum {Glade Onion E
Anemone carolinana Carolina anemone E
Astragulus tennesseensis ‘Tennessee milk-vetch S-CE
Echinacea tennesseensis Tennessee Purple Coneflow er E
Elymus svensonii |Svenson's wild-rye E
Hydrastis canadensis :Goldenseal S-CE
Hydrocotyle americana {American Water-pennyw ort E
Juglans cinerea ‘Butternut T
Dalea foliosa {Leafy Prairie Clover E
Leavenworthia exigua var. exigua :Gladecress S-CE
Panax quinquefolius i American Ginseng S-CE
Paysonia densipila Duck River Bladderpod : T
Perideridia americana : Thicket Parsiey E
Talinum calcaricum :Limestone Fame-flow er S-CE
FPhilox bifida spp. stellaria ‘ Glade Cleft Phiox T
*E: g , T=Tt S-Cl pecies of Concern

A brief description for each Federal Listed species can be found below.

Orangefoot Pimpleback (Plethobasus cooperianus)

Historically P. cooperianus was found in parts of the Ohio, Cumberland, Tennessee and Wabash
Rivers in the states of Alabama, Indiana, Kentucky, Ohio, Pennsylvania, and Tennessee {ESIS,
1996¢). The species was once commonly found in the shoals of medium to large rivers with sand
and gravel substrate (ESIS, 1996c¢). P. cooperianus was federally listed in 1976 and a recovery plan
was written in 1984 (ESIS, 1996c¢). Since the 1970s, it was found in the lower Ohio, middle reach of
the Cumberland River, and flowing reaches of the Tennessee River (TVA, 2003). In recent years, a
few individuals have been located in the tailwaters of Kentucky, Pickwick, Wilson, Guntersville,
Watts Bar, and Fort Loudoun Dams with the most individuals encountered below Pickwick Dam
(TVA, 2003). On the Cumberland River, populations were once commonly found from Clay to
Stewart Counties, however, in 1980, only a relic population was identified in Smith County,
Tennessee on the Cumberiand River (Parmalee and Bogan, 1998; TABS, 2002f). Living individuals
are now restricted to a few places on the Tennessee River and limited reproduction appears to be
taking place in Hardin County, Tennessee (TABS, 2002f}, where Mirarchi et. al.{2004) noted the
presence of P. cooperianus in the tailwaters of Pickwick Dam. In Alabama, P. cooperianus has not
been reported since 1979 but it may exist in very few numbers below Wilson or Guntersville Dams
{Mirarchi et. al., 2004). In Kentucky, {KCWCS, 2005) P. cooperianus is sporadically found in the
lower Ohio and Tennessee Rivers in western Kentucky. The National Park Service (2003} plans to
reintroduce P. cooperianus into the upper Cumberland River system in the Big South Fork National
River and Recreational Area in Kentucky and Tennessee.
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Pink Mucket (Lampsilis abrupta)

L. abrupta is a wide ranging Interior Basin species historically inhabiting the Mississippi, Ohio,
Cumberland, and Tennessee Rivers {Parmalee and Bogan, 1998} in the states of Louisiana Arkansas,
Missouri, lllinois, Indiana Ohio, Pennsylvania, West Virginia, Virginia, Kentucky, Tennessee, and
Alabama (USFWS, 1997b). L. abrupta have been found in medium to large rivers, and riverine
sections of impoundments (TVA, 2003). They have been collected in habitats ranging from silt to
bouiders, but the more typical habitat consists of cobble, gravel and sand with individuals found in
water depths ranging from 0.8 to 8 m (2.6 — 26.2 feet) deep (ESIS, 1996€). L. abrupta was federally
listed in 1976 and a recovery plan was written in 1985 (ESIS, 1996e). According to TVA (2003), L.
abrupta has been encountered within the last 30 years in nearly all the tailwaters of the mainstem
Tennessee River dams and in parts of Bear Creek and the Clinch, French Broad, and Holston rivers,
and although always uncommon or rare, oid individuals have been found with a few more
individuals found more often below Pickwick and Guntersvilie Dams. On the Cumberiand River,
populations tend to be localized with one of the larger populations occurring in the Carthage-Rome
area in Smith County, Tennessee {Parmalee and Bogan, 1998}. The most recently collected
individuals in Tennessee are old adults or relicts of former populations and though the species is
widely distributed, it is usually not abundant in the Cumberland and Tennessee Rivers (TABS,
2002h). L. abrupta only occurs in the riverine reaches below Wilson and Guntersville Dams in
Alabama where individuals less than ten years of age are reportedly rare (Mirarchi et. al., 2004). In
Kentucky, L. abrupta sporadically occur in the upper Green River (KCWCS, 2005). According to the
USFWS (1997b), new L. abrupta populations have been discovered in the Ohio River after an
absence of 75 years. L. gbrupta is currently known in 16 rivers and tributaries from seven states
{USDOE, 2003). The greatest concentrations are in the Tennessee (Tennessee, Alabama},
Cumberiand {Tennessee, Kentucky), Osage and Meramec Rivers (Missouri); with smaller numbers
found in the Clinch {Tennessee); Green {Kentucky}; Ohio {lllinois); Kanawha (West Virginia}; Big
Biack, Little Black, and Gasconde {Missouri); and Current and Spring Rivers {Arkansas) (USDOE,
2003).

Tan Riffleshell (Epioblasma florentina walkeri)

E. f. walkeri was added to the federal endangered species list in 1977 (USFWS 1977). This
subspecies {or form) is thought to be the eastern headwaters expression of Epioblasma florentina
(florentina, if a subspecies); another subspecies {(or form), Epioblasma florentina curtisi, occurred in
headwater streams in southwestern Missouri and northwestern Arkansas (Parmalee and Bogan
1998). The historic distribution of this complex was limited to the Cumberiand and Tennessee River
systems in Alabama, Kentucky, Tennessee, and Virginia, and the White and St. Francis River systems
in Missouri and Arkansas (USFWS 1984, USFWS 1986). Since the early 1970s, several individuals of
the E. f. walkeri have been found in the Middle Fork Holston River {USFWS 1984), in the upper
Clinch River (Rogers, et al 2001) and, apparently, in the Big South Fork of the Cumberland River
{Ahlstedt 2002). Individual animals identified as this species also have been found in the Duck and
Hiwassee rivers {Jenkinson 1988, Parmalee and Hughes 1994, respectively) and in a Hiwassee River
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tributary {TVA Heritage database record}. Critical habitat has not been identified for this species.
This species is considered to occur in small rivers and farger creeks.

Cumberlandian Combsheli (Epioblasma brevidens)

E. brevidens was historically restricted to, but widespread in the Tennessee and Cumberiand Rivers
and their major tributaries in the states of Virginia, Kentucky, Mississippi, Alabama, and Tennessee
{USFWS, 2004b). According to Parmalee and Bogan {1998) this mussel had been collected in
habitats containing sand and gravel, however, in the Cumberland River and its larger tributaries,
the substrate consisted of rocky bottoms. This species prefers a water depth of less than 3 feet,
however, individuais had been found in deep water areas in the upper riverine portion of Old
Hickory Reservoir downstream the Cordell Hull and Center Hill Reservoirs (USFWS, 2004b). E.
brevidens was federally listed as an Endangered species in 1997 and a recovery plan was written in
2004 (USFWS, 2004b). TVA (2003} notes that current remnant populations only exist in the
Tennessee River tributaries of Bear Creek and the Clinch, Powell, and Duck Rivers, and the
Cumberland River tributaries of Buck Creek and the Big South Fork. In Kentucky (KCWCS, 2005), E.
brevidens occurs sporadically in the upper Cumberiand River below Cumberland Falls. Mr. Tom
Mann, Mississippi Natural Heritage Program, reported finding fresh dead shells in Mississippi in
2000 (KCWCS, 2005). According to Mirarchi et. al. (2004) the only known extant population in
Alabama occurs in Bear Creek in Colbert County. Seven units of critical habitat have been identified
within the Cumberland and Tennessee River drainages. These units are located on segments of
Bear and Buck Creeks; Duck, Nolichucky, and Powell Rivers; the Clinch River and its major
tributaries; and the Big South Fork and its tributaries (USFWS, 2004b). According to the USFWS
Recovery Plan (2004b), this species is now considered extirpated from the main stems of the
Cumberland and Tennessee Rivers. A nonessential experimental population (NEP) for 16 mussels
including E. brevidens has been established below Wilson Dam in Colbert County, Alabama (USFWS,
2001ba). This area is located between Tennessee River miles {TRM 259.4 246.0) and includes the
lower 5 mile reaches of tributaries entering the Wilson Dam tailwaters {USFWS, 2001b} that under
Section 10(j) of the Endangered Species Act, cannot be designated as critical habitat for a NEP
{(USFWS, 2001b).

Price’s Potato Bean {Apios priceana)

Apios priceana is a twining herbaceous vine in the Fabaceae family and is currently found in five
states; Alabama, lllinois, Kentucky, Mississippi, and Tennessee. A. priceana is an open wood, forest
edge species often associated with mesic areas such as, stream banks or rivers. A. priceana was
originally found by Sadlin Price in 1896 in Bowling Green, Kentucky. A priceana is a Coastal Plain,
interior Low Plateaus, and Appalachian Plateaus species found in five states; Alabama, illinois,
Kentucky, Mississippi, and Tennessee {USWFS, 1993). A. priceana was listed as threatened in 1990
due to the small number of populations and threats to its habitat (USFWS 1990). ft is a perennial
herbaceous vine that grows in open areas along streams, on dry rocky wooded banks above roads,
or near the base of small limestone bluffs often where ravine slopes break into creek or river
bottoms (Kral 1983, USFWS 1993, Estes and Chester 2001). Since its description as a new species,
36 populations of Price’s potato-bean have been discovered in 22 counties of five states {Alabama,
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Illinois, Kentucky, Mississippi, and Tennessee) within the Coastal Plain, interior Low Plateaus, and
Appalachian physiographic provinces (USFWS 1993). Critical habitat has not been designated for
this species. Eleven populations in three states have been extirpated: the only two known
populations in Hlinois, six populations in Kentucky, and three populations in Tennessee. According
to the recovery plan for the species there are 25 extant populations known from 15 counties in four
states (USFWS 1993). Three additional populations were discovered in southern Middle Tennessee
during 2000 and 2001, including a new county record {Estes and Chester 2001, Estes in preparation,
Estes and Walck in preparation). Overall, this species appears to be stable (USFWS 2003}, at least in
part because it occurs in geographically diverse upland habitats, many of which are not subject to
habitat degradation.

e Braun’s Rockcress (Arabis perstellata)

A. perstellata was listed as Endangered in 1995 by the USFWS due to small number of populations
{USFWS 1996). A. perstellata is a member of the mustard family (Brassicaceae). There are two
varieties of A. perstellata, small and large rock cress. Both varieties occupy distinct geographic
regions. Small A. persteilata is found in 27 different populations within Kentucky. Large A.
perstellata is only found in two populations in Rutherford County, Tennessee (USFWS 1996). A.
perstellata is typically found on wooded steep slopes with limestone outcrops (USFWS 1996). {t can
also be found along the base of mature hardwoods or in areas with little to no competition. A.
perstellata is shade/light tolerant and typically not found in full sunlight areas {USFWS 1996).

e Pyne's (Guthrie’s) Ground-plum (Astragalus bibullatus)
A.bibullatus was listed endangered in September 1991 (USFWS 1991). There are only 8 known
locations of which all are in Rutherford County, Tennessee {USFWS 2009). Based on information
from the USFWS in 1991, there were two populations of A.bibullatus that were thought to be
extirpated; one in Rutherford County and the other north of the Rutherford/Davidson County line
(p. 48749). A. bibullatus has short stems that are 2 to 6 inches in length supporting 5 to 10 leaves
that are 2 to 4 inches long {USFWS 1991). Flowers grow anywhere between 0.6 to 0.8 inches in
length, are racemes, and are pale purple in color (Carman 2001}. Flowers appear late April to May
and seeds disperse around the first of June (USFWS 2009}. This species is known to inhabit Cedar
Glades within the Stones River Watershed (USFWS 2009).

« \eafy prairie-clover (Dalea foliosa)
D. foliosa was listed as endangered in 1991 (USFWS 1991}. The species is an inhabitant of cedar
glades, limestone barrens, and dolomite prairies in Tennessee, Alabama, and lllinois (Kral 1983,
USFWS 1996). These areas typically become quite dry during the growing season. The species’
distributional center is the limestone cedar glades of middle Tennessee and northern Alabama. it is
considered disjunct in northeastern Illinois where it was feared extinct until 1974 (USFWS 1996).
The present range consists of 29 populations, with two populations in two counties in Alabama,
three populations in one county in lllinois, and 24 populations in seven counties in Tennessee
{USFWS 1996).
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Short’s Bladderpod (Physaria glabosa)

P. globosa is currently proposed as an endangered species under the Endangered Species Act
pending final ruling in the Federal Register (USFWS 2013b). TDECs Natural Heritage Program also
lists P. globosa as Endangered on their 2008 Rare Plant List {p. 28}. It occurs in Cheatham,
Davidson, Dickson, Jackson, Montgomery, Smith, and Trousdale Counties in Tennessee and can also
be found in one Indiana county and two counties in Kentucky (USFWS 2013c). P. globosas grows
around rocky cliffs, outcrops, and is commonly found adjacent to rivers or streams and on south to
west facing slopes. Tennessee occurrences are located within the Highiand Rim and Central Basin
sections of the Interior Low Plateaus Province. The most stable and vigorous known populations
are found in forested sites where the canopy has remained relatively open {USFWS 2013c).

Gray Bat (Myotis grisescens)

M. grisescens are considered a wide-ranging species, and are known from suitable caves over
virtually the entire Cumberland and Tennessee navigation systems. The species was federally listed
as Endangered in 1976. M. grisescens colonies are residents exclusively of limestone caves or cave-
like habitats, and migrate seasonally between maternity and hibernating caves. M. grisescens was
listed as a federal endangered species in 1976 (USFWS 1976). Although M. grisescens occur
throughout much of the Midwest and southern United States, their populations are found mainly in
Alabama, northern Arkansas, Kentucky, Missouri, and Tennessee {USFWS 1982). M. grisescens are
known from suitable caves throughout the Tennessee River Valiey.

Indiana Bat (Myotis sodalis)

M. sodalis was federally listed as Endangered in 1967, and, although important protections are in
place, populations have continued to decline. Although the species ranges throughout most of the
eastern portion of the United States, hibernating colonies are known only from indiana, Missouri,
and Kentucky where approximately 87 percent of the population hibernate in only 7 limestone
caves. M. sodualis has rigid requirements for temperature and relative humidity in hibernating
caves, hence the high concentration of individuals hibernating in a few caves. Smali numbers of M.
sodalis have been recorded within 1 mile of six Tennessee and Cumberland River navigation
projects; Pickwick, Wheeler, Guntersville, Barkley, and Nickajack {Tennessee Valley Authority,
2005). M. sadalis, during winter months, hibernate using caves as discuss above. However, during
summer months, M. sodalis use trees with specific features. Potential M. sodalis summer habitat
is described as trees with a diameter at breast height equal to and/or greater than 5 inches to that
exfoliating bark, cracks, crevices, and/or holiows.

Nashville Crayfish (Orconectes shoupi)

The Nashville Crayfish was federally listed as Endangered in 1986. Nashville Crayfish can only be
found in Davidson and Williamson Counties within Mill Creek and five of its tributaries (Withers).
Historic records have shown Nashville Crayfish once were found in Big Creek and the South Harpeth
River, Tennessee in Williamson County. No current species’ population estimates are available at
this time {USFWS 1992}. The decline and reason for listing as Endangered is due to water quality
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deterioration from development within the associated creeks. By 1992 approximately 40% of Mil}
Creek and tributaries have been developed with the lower section being more residential while the
upper section is comprised more of industrial. Nashviile Crayfish is found in a wide range of
environments but typically are found in first order or perennial streams that are predominantly
gravel comprised of limestone bedrock with scattered flattened limestone slabs and have be
located in both pools and riffles areas (Withers). Gravel and cobble substrate tends to provide
adequate cover for juveniles while females tend to prefer larger slabrocks when carrying eggs and
young (Biggins 1989).

o Baker Station Cave Beetle (Pseudanophthalmus insularis)
P. insularis was federally listed as a Candidate species in 2006. P. insularis typically occur in twilight
zone or deeper in or on moist soil, often near streams or drip areas. They are often found under
rocks or debris. P. insufarisis actually known from only one cave to be found in Davidson County
and has not been collected in over 40 years and the known habitat has been polluted. There is far
from sufficient evidence to document extirpation from that site, but current existence of this

species is uncertain.

Based on habitat description for each species listed above, only the Indiana bat, Price’s Potato-bean, and
Nashville Crayfish could be found within the proposed project areas. See Table 50 for habitat comparison.
Site assessments were conducted at each proposed project location to verify/record habitat types. No
suitable habitat for either the Indiana bat or Price’s Potato-bean was observed during the site assessments
of each proposed project location. Therefore, the Nashville Crayfish is the only T&E Species that could be
found within the proposed measure locations. USACE received the Final Biological Opinion from USFWS on
23 March 2015. it is the USFWS’ biological opinion that the preferred alternative would not likely jeopardize
the continued existence of the Nashville crayfish. The USFWS provided "Reasonable and Prudent Measures”
as well as "Terms and Conditions" for the proposed action. These are summarized in Section 6 of this Main
Report and Appendix D, Biological Assessment, for a more detail description regarding the Nashville Crayfish.
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5.5 Hazardous, Toxic, and Radioactive Wastes (HTRW)

The purpose of this Hazardous, Toxic, and Radioactive Waste {HTRW) assessment portion of the feasibility
study is to identify HTRW concerns in and around the Mill Creek feasibility study measures that may impact
the alternatives. According to US Army Corps of Engineers USACE engineering regulation ER 1165-2-132 {June
1992) the feasibility report will document the HTRW impact or potential. The report will either conclude that
there is no known HTRW, or that HTRW has been identified. If HTRW is identified, the report will also describe
what actions are being taken toward avoidance. It shouid be noted that during the preconstruction,
engineering and design phase, and within six months of any fand acquisition and easement agreements of
any property, the Nashville District {CELRN} shall perform a Phase la Environmental Site Assessment for each
land parcel acquisition and easement according to All Appropriate Inquiries {AAl} 40 Code of Federal
Regulation {CFR) 312.20.

The Environmental Section of the Engineering and Construction Branch {EC-E} conducted a visual inspection
where practicable and conducted an environmental records review for each measure or proposed project
site to identify HTRW concerns. CELRN contracted Environmental Data Resources (EDR), Inc to provide
environmental records searches for each measure or proposed project site for Mill Creek and tributaries. The
environmental records searches fulfill the records search requirements of AAI 40 CFR 312, American Standard
Testing Methods (ASTM)-E1527 and ASTM-E1528. All of the selected alternatives were assessed by EC-E for
HTRW issues. The alternatives are:

o Briley Bridge Modification
* Ellington Agriculture Center Detention Structure
e Old Hickory Detention Structure
* Non-Structural Plan {Buyout Removal 216 Residential Structures in 5 neighborhoods)
o Sevenmile Edmondson Pike area — residential non-structural area near Sevenmile Creek
Miles 1.9 -3.1.
o Sevenmile Elysian Fields area — residential non-structural area near Sevenmile Creek Miles
0.5-1.25.
o Sorghum Branch Willard Drive area — residential non-structural area near Sorghum Branch
Creek Miles 1.7 - 2.7.
o  Whittemore Branch Benzing Road area — residential non-structurai area near Whittemore
Branch Creek Miles 0.5~ 1.8.
o Wimpole Drive — residential non-structural area near Mill Creek Miles 5.1 - 6.1.

An HTRW summary report of each alternative site visit and EDR, Inc records search are located in Appendix
C, Attachment D of this report. The EDR, Inc raw data records search resuits are voluminous, and are not
included in Appendix C, Attachment D. The EDR, Inc raw data records are available electronically at CELRN-
EC-E.
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HTRW Summary for Structural Projects Sites
There are three structural measures that advanced into the final array of aiternatives. The following
subsections summarize HTRW findings for the three potential channel or structural improvement areas.

Briley Bridge Modification (Plan DA)

This project is located along Mill Creek Miles 6.9 to 7.0. This area was undeveloped until the 1970s when
there was an increase in densely populated residential areas in the vicinity, as well as the development of
Space Park, 1-24 and Briley Parkway. There are muitiple facilities listed in federal, state and other
environmental databases. The listed facilities are currently in compliance. Some facilities had environmental
violations, but corrected the violations and are currently in compliance. There are no known current
environmental conditions that would impact the proposed work at the Briley Bridge.

EHington Agricultural Center Detention Structure (Plan BA)

Ellington Agricultural Center is in Sevenmile Creek Watershed and is located at Sevenmile Creek Mile 3.7.
The area surrounding the channel and culvert is Ellington Agricultural Center on the left bank and a greenway
on theright bank. The environmental record search and site visit did not indicate an environmental liability
or condition within the Ellington Agricultural Center subject area that would interfere with the proposed
projects along Sevenmile Creek near Ellington Agricultural Center.

Old Hickory Detention Structure (Plan CA)

The proposed Old Hickory Detention Structure is near Mill Creek Mile 18. The area is currently an open farm
field with residential neighborhoods surrounding the field. There is an underground natural gas pipeline and
natural gas pump station running northeast to southwest and located on the west side of the field, and there
is an underground sewer line running northeast to southwest and located in the center of the field. The
environmental record search and site visit did not indicate an environmental liability or condition within the
proposed Old Hickory Detention Structure area adjacent to Mill Creek Mile 18 that would interfere with the
proposed project site.

HTRW Summary for Noa-Structural Projects Sites

There are five stretches of Mill Creek and tributaries which are potential non-structural flood reduction
projects where it is possible that structures in the floodway and up to the 5-year flood event {1/5ACE} may
be buyouts. This plan is described in further detail in Chapter 4, and is defined as non-structural plan 5 or
NS-5. NS-5 is part of the Tentatively Selected Plan. In that plan, 216 residential structures are recommended
for buyout and removal from the floodpiain. If the residences were built prior to 1978, a lead paint and
asbestos survey shall be conducted prior to demolition. If lead paint or asbestos is discovered, it must be
abated prior to demolition. Any regulated materials recovered as part of the abatement process will be
disposed of in a certified landfill. To meet the CERCLA all appropriate inquiry standards, an updated Phase 1
ESA consistent with ASTM E1527 procedures must be completed within 6 months of construction contract
award. The costs to perform the sampling and analyses and update to the Phase 1ESA have been included
in the final cost allocation tables. All costs associated with abatement and disposal of asbestos and iead
containing material are 100% non-federal responsibility and are not included as project costs. The foliowing
subsections summarize HTRW findings for the five non-structural flood reduction areas.
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Sevenmile, Edmondson Pike

Sevenmile Edmondson Pike area is a well established residential area near Sevenmile Creek Miles 1.9 - 3.1.
The environmental record search revealed potential Historical Auto Stations, Historical Cleaners, Resources
Conservation and Recovery Act (RCRA) Non Generator {(NonGen/NLR), and drycleaners. These facilities are
either not currently in use, are residential homes at this time, or are downstream of the subject area.
Therefore, they are not considered to be an environmental concern towards the subject area because they
are not in use or uniikely to impact the subject area. All federal and state listed sited are downstream of the
subject area, and therefore not believed to be an environmental concern towards the subject area because
they are unlikely to impact the site. The environmental records review and site visit did not indicate a
recognizable environmental liability or condition within the Sevenmile Creek — Edmondson Pike area.

Sevenmile, Elysian Fields

This is a well established residential area near Sevenmile Creek Miles 0.5 - 1.25. All Federal and State records
were found to be downstream, have no record of violations, and/or have a tank closure status. All historic
auto stations and historic drycleaners were determined to have never been an auto station or drycieaner, to
be closed, and/or to not be adjacent to the subject area. All RCRA NonGen/NLR sites were found to not have
any violations and the Priority Cleaners was found to be in remediation and not adjacent to the subject area.
The environmental records review and site visit did not indicate a recognizable environmental Hability or
condition within the Sevenmile Creek — Elysian Fields subject area that would interfere with the proposed
work along Sevenmile Creek Miles 0.5 to 1.25. The HTRW analysis does not extend further upstream than
Creek Mile 1.25.

Sorghum Branch — Willard Drive / Margo Lane

This is a well established residential area around Sorghum Branch Creek Miles 1.7 - 2.7. The environmental
record search indicated environmental sites which are not adjacent to the subject area, do not exist, are
residential structures, not in the same tributary system as Sorghum Branch, or downstream of Sorghum
Branch Creek Mile 1.7. The environmental records review and site visit did not indicate a recognizable
environmental liability or condition within the Sorghum Branch Creek Miles 1.7 - 2.7.

Whittemore Branch
This is a residential and small rural area near Whittemore Branch Creek Mile 0.5 - 1.8. During the site visit on

27 August 2013, an illegal trash dump site was seen near 229 Benzing Road. The dumped material appears
to be household trash and old furniture which are not an HTRW concern. The environmental record search
indicated environmental sites which are not adjacent to the subject area, are incompliance, or downstream
of Whittemore Branch Creek Mile 0.5. The environmental records review and site visit did not indicate a
recognizable environmental liability or condition within the Whittemore Branch Creek Miles 0.5 - 1.8.

Wimpole Drive/ Currey Road

Wimpole Drive is a residential street adjacent to Mill Creek Miles 5.2 - 6.2. Wimpole Drive is a well maintained
residential area with an Urban Garden on the western portion of the street adjacent to Mill Creek. An iliegal
trash pile was seen during the site visit on 26 August 2013 including a rubber mat, a TV and trash bags. The
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trash does not appear to be an HTRW concern. There are no recognizable environmental conditions seen in
the EDR records search or site visit that would interfere with any non-structural projects on Wimpole Drive.

5.6 Alr Quality

Air quality in and around the Nashville metropolitan area occasionally exceeds ievels established by the EPA.
Results for 2005 show the maximum Air Quality Index in Nashville was in the “unhealthy for sensitive groups”
range for 10 days, or 3% of total days, in the moderate range for 164 days {45%), and in the good range 191
days (52%). Tabla 51 presents the last 5 years of ozone monitoring. Davidson County has had the fewest
incidences of exceedance when compared with Rutherford, Sumner, Williamson, and Wilson Counties.
Numbers of exceedance were significantly fower in 2003 and 2004 when comparedto 2002. Other monitored
gases, such as carbon dioxide, carbon monoxide, nitrogen dioxide and sulfur dioxide remained in attainment
for 2002. According to EPA {2006}, there are facilities permitted for air emissions within Mill Creek
watershed. Most occur in the vicinity of the Massman Drive or Space Park industrial areas; two facilities are
located further into the headwaters.

Vehicle emissions are a primary polluter to air quality. Stricter state regulations help reduce and control air
pollution from mobile sources. Currently Davidson, Williamson, Rutherford, Wilson, and Sumner counties
require vehicle emissions testing. No alternative would have any significant effect on air quality; there wouid
be no anticipated changes to current attainment status with implementation of Plan A, B, and/or D. BMPs
would be utilized during construction to minimize potential temporary, negative impacts to air quality.

Tabie 51. Ambient Gzone data from State of Tennesses’s Uzone monitoring network for Years 2000-2004.

YEAR 2004 2003 2002 2001 2000

‘County o ) # Days; with 8 Hour Exceedances
Davidson (Trinity Lane) o] : o] 0 : 0 0
Davidson (Percy Priest) 0 i 1 0 | 2 ‘ 3
Wilfiamson (Fairview ) 0 1 12 0 i 8
Rutherford (Eagleville) 1 1 8 0 i 8
Sumner (Cottontow n) o] : 0 5] 4 ‘ 5
Sumner {Hendersonvile) 0 ‘ 5 ' 5 : 8 10
Wilson (Cedars of Lebanon) 0 1 7 i 0 5]

5.7 Noise

Noise levels within the Mill Creek Watershed are indicative of an urban setting. The majority of the noise is
due to vehicular traffic and industrial manufacturing. Construction activities typically elevate noise levels to
alevel commonly produced by heavy equipment such as backhoes, bulidozers and gravel and cement trucks.

5.8 Cultural Resources
Human occupation of the region began approximately 12,000 years ago and has been more or less continuous
to the present day. Mobile hunter gatherers occupied the area for the first few thousand years, which are
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referred to as the Paleoindian and Archaic periods {12,000 — 2700years ago). As people began to rely more
on horticulture and agriculture, permanent hamlets and villages were also established during the Woodland
period {2700 1100years ago). By Mississippian times {1100 — 350years ago) stratified chiefly societies were
present throughout the Cumberiand River and its tributaries. The first Euroamericans arrived Davidson
County in 1710. Permanent Euroamerican settlements were established in the area in 1779. By the 19"
Century, plantations and small settiements were established in the areas surrounding Nashville, including the
Mill Creek drainage. By the late 18" century neighborhoods, such as Fiat Rock, emerged closer to downtown
Nashville. industrial development in the Mill Creek Watershed expanded in the 20" century, and suburban
neighborhoods of tract homes, typically brick ranches, sprung around the industrial corridors.

Archaeological sites provide information on both prehistoric and historic occupation of the area. Site types
within the watershed include Pieistocene faunal sites, prehistoric period open habitation, mound, and
cemetery sites, and historic period military, religious, medical, rural domestic {house and/or other remains},
and cemetery sites. Currently, there are 76 previously recorded archaeological sites within the Mill Creek
Watershed, fifty are located in Davidson County, and the remainder are located in Williamson County. Over
600 historic structures are recorded in Davidson and Williamson County in the Tennessee Historical
Commission site files. Many of these structures are early-mid 20 century single family residences.
Numerous 19%" century structures also survive. Historic properties, sites, buildings, structures, objects, and
districts that are 50 years old and have significance and retain integrity are listed in or eligible for eligible for
listing on the National Register of Historic Places {NRHP). To date fourteen structures in the Mill Creek study
area are currently listed on the NRHP. Others within the historic structure inventory may also be National
Register eligible; however, it is more likely that most lack either significance or integrity.

Several examples of historic settlement and lifeways survive in the Mill Creek watershed and are open for
public visitation. The Croft house, built in 1810 and listed on the NRHP, remained in the same family for five
generations. The Croft sisters donated the property to Metro, where the central house and outbuildings are
preserved, but the majority of the property houses a zoo. The Tennessee Agricultural Museum on the campus
of the Ellington Agricultural Center, near Sevenmile Creek, features {og cabins, a heritage garden, and
artifacts from pioneering days and agrarian life. The Nolensville Feed Mill is also a notable private historic
structure that houses one of the oldest businesses in Wiiliamson County.

5.9 Socioeconomic
5.9.1 Population

Nashvilie has the fargest metropolitan area in the state of Tennessee, spanning thirteen counties. The
Nashville Metropolitan Statistical Area {MSA} encompasses Middle Tennessee counties of Cannon,
Cheatham, Davidson, Dickson, Hickman, Macon, Robertson, Rutherford, Smith, Sumner, Trousdale,
Williamson, and Wilson Counties.

According to the 2012 Census, MSA population was 1,311,789, the largest in the state. Population of
Davidson County was 648,295 and the county experienced a 3.4% increase between April 2010 and Jul 2012
{compared to statewide increase of 1.7%). The urban population count was 534,955 or 95% of the county
population. The county growth rate for 1990 to 2000 was 11.65%; urban growth rate was 7.5%.
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Population within the watershed is concentrated between Sevenmile and Mili Creeks, west of Sevenmile to
Interstate (I} 440, southwest of {-24, and a small area between |-24 and |-40. These areas primarily have
between 1944 and 4247 residents per square mile with some areas having concentrations reaching 7,343
residents per square mile. The remaining area within the watershed, and specifically the upstream area of
Mill Creek, averages less than 1,944 residents per square mile. County wide, population per square mile in
2000 was 1,134.7 residents.

According to Metro statistics, ethnicity is diverse within the Mill Creek watershed and minority ethnicities
vary among distribution. Hispanic residents are scattered throughout the watershed; Asian and Pacific
Istander residents appear more concentrated in specific areas {Mill Creek/Sevenmile confluence and between
Mill Creek and 1-24 below Sevenmile Creek); African American residents are fairly scattered through the
watershed with one concentrated area between Mill Creek, 1-40, and Murfreesboro Road.

5.8.2 Economics

Median household income in 2011 for Davidson County was $46,737 compared to $43,989 for the state.
Poverty rate was 17.7% where the state average was 16.9%. Through most of Mill Creek watershed, median
household income averages $39,525 to $57,716. At the Mill Creek and Cumberland River confluence and
along the Williamson County border, income averages between $57,717 and $90,093. A small portion of the
watershed averages less than $39,525 but more than $20,000. Table 52 represents the employment
percentages by major industry in Davidson County.

Davidson County unemployment rate in 2012 was 7.1% compared to state average of 8.7%. Davidson County
employed 416,378 in top industries in 2012, ranking 2™ in the state {TACIR 2013).
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Table 52, Employment Percentages by Major Industry in Davidson County, 2010

Mill Creek, Nashville, TN

industry g %‘El"nploymen‘t‘ i
Health Care and Social Assistance 15.4
Construction 38
Manufacturing 4.7
Retail Trade 2.8
Administrative, Support, Waste Mngmt &
Remediation 67
Financial and Insurance 4.5
Professional, Scientific and Technical Services 53
Education 37
Accommedation and Food Services 92
Other Services 286
Wholesale Trade 5
Transportation and Warehousing 4.1
Government
State 2.8
Local 57
source: TACIR2013
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6 Effects on Significant Resources®

Table 53, Summary of the Potential Effects, provides an outline of the potential effects of Plans A, B, D, and
No Action. Plan A, B, and D were evaluated as standalone action alternatives. However, as further discussed
in Section 4.1, these actions could be combined to maximize potential benefits for flood damage reduction.
Following this table is a narrative description of the anticipated impacts to the physical, biological, cultural
and socioeconomic environments of the area. This section considers Plan A, B, and D as plans that may be
built separately or independent of one another and therefore are evaluated this way from an environmental

assessment as schedule or funding levels couid impact the order of construction.

6.1 Physical Environment

6.1.1 Land Use

Plan A — Nonstructural (Buyouts/Raising)
Plan A includes a total of 89 residential structures. Under Plan A, 81 residential structures are proposed to

be buyouts with the remaining 9 to be raised. See Section 4.1 for more detail on Plan A. The removal/raising
of these structures would have temporary impacts during construction but would have positive gains to the
existing riparian areas. Riparian areas, when applicable, would be restablished with a mixture of native trees,
shrubs, and herbaceous vegetation.

Minor impacts are anticipated to land use practices surrounding the footprint of Plan B. Impacts would
involve the placement of fill material to raise the existing roadway and the removal of the existing bridge and
pier(s). Land use of the proposed Plan B would remain the same. Materials would be disposed of in an
approved commercial fandfill. Riparian areas would be replanted with native vegetation to reduce the

potential for invasive species generation within any disturbed area.

Plan D ~ Briley Bridge Modification

Minor impacts are anticipated to land use practices. Impacts would involve the removal of fill material from
underneath Briley Parkway Bridge as it crosses Mill Creek at mile 7.059. Land use of the proposed Plan D
would remain the same. Material would be disposed of in an approved commercial landfill. Riparian areas
would be replanted with native vegetation to reduce the potential for invasive species generation within any

disturbed area.

No Action Alternative

Existing conditions would continue to affect the land use within the study area. Sedimentation, water quality,
loss of aquatic/terrestrial habitat, riparian zones, recreation, and aesthetics would continue to be affected
due to continued flooding with the study area.

Table 53. Summary of the Potential Effect of Plans A, B, D, and No Action.
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Temporan - -
tand Use P ¥ Minimal Impact Minimal Impact No impact
Impact
F:lxmate and No Impact No impact No impact No Impact
Climate Change
Topography,
Physiology, & No Impact Minimal Impact Minimal impact No Impact
Soils
L Positive impact due
Positive impact Lo L
to water retention in Positive impact due to
due to water . L .
L basins and stream, water retention in basins
retention in . .
N improved water and stream, improved
basins and K ;
Water quality from greater water quality from
stream, A . . ) No Impact
Resources . nutrient cycling; greater nutrient cycling;
improved water . . R
. temporary increase temporary increase in
quality from . . . .
. in turbidity due to turbidity due to basins
greater nutrient N .
. basins and channel | and channel construction
cycling; .
construction
Watershed No Impact No impact No Impact No Impact
Groundwater
and Public No Impact No impact No Impact No Impact
Water Sources
Minimal temporary Minimal temporary
, impact due to impact due to
Water Quality No Impact pa L L P c. L No Impact
construction activity; construction activity;
BMPs implaced BMPs implaced
Minima} tempor .
. al temporary Temporary impact due to
impact due to R ,
Streams No Impact . . construction activity; No Impact
construction activity; BMPs implaced
BMPs implaced P
Minor impacts to
approximately 0.10
acres (0.05
Wetlands No Impact No Impact No Impact
p temporary/0.05 p p
permanent). No
mitigation required
Negative impact as
biological resources
continue to be degraded
. . Positive impact s
Biological from increZse Positive impact from Positive impact from aue ‘to 'Chaﬂneé
Resources (to riparian zones increase riparian flow reten‘:ion and réStrICt"onS an.
include aquatic pand flood zones and flood velocit restdentlal. h9usmg
and terrestrial} R capacity Y Iocate!d within Fhe.
capacity floodplain, resuiting in
additional flooding and
damages to residential
housing
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Likely to A Li to A
Threatened and ikely to Adversely ikely to Adversely
Endangered No Impact Affect; Formal Affect; Formal No Impact
g. P consultation with consuitation with Service P
Species .
Service completed completed
Potential
impacts from
asbestos and
lead paint during
demolition.
HTRW Proper surveying No Impact No Impact No Impact
and abatement
pre-construction
and demolition
shouid eliminate
impacts.
Project will
result in routine | Project will result in . . .
X . . Project will resuit in
construction routine construction . .
) y routine construction
with temporary with temporary N .
. . K K . f . with temporary impacts
Air Quality impacts to air, impacts to air, noise R . X No Impact
R N L to air, noise quality
noise quality quality through -
. N - through vehicle
through vehicle vehicle emissions .
o emissions and dust,
emissions and and dust.
dust.
Minimal impact - .
pact, Minimal impact, L. )
temporary . Minimal impact,
. temporary increased .
increased levels ) temporary increased
. . levels typically .
Noise typically . ) levels typically No Impact
! , associated with N .
associated with . associated with
. construction . .
construction K construction equipment
. equipment
equipment
No cultural
Cultural No adverse cultural No cultural resources
resources A N No Impact
Resources . resources impact impact
impact
Minimal
temporary Minimal temporary Minimal temporary
Socioeconomic impact due to impact due to impact due to No Impact
construction construction activity construction activity
activity
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6.1.2 Climate and Climate Change

None of the actions would have any significant effect on the local and/or global climate.

Plan A — Nonstructural (Buyouts/Raising)
Plan A would lessen the impacts of flood damage resuiting from future flood events which could be part of
climate changes patterns as the number of flood prone structures would be decreased.

Plan B — EHlington Agricultural Center Detention Structure
Plan B would allow for normal flows to continue. However during high flow events, Plan B would allow for
additional/temporary water storage, reducing impacts downstream of Ellington Agricultural Center bridge.

Plan D — Briley Bridge Modification
There would be beneficial gain with the additional floodplain and flow area beneath Briley Parkway for flood
waters to spread out and thereby reduce flow velocity and the erosive force of floodwaters.

No Action Alternative

Existing conditions would continue to affect the land use within the study area. Sedimentation, water quality,
loss of aquatic/terrestrial habitat, riparian zones, recreation, and aesthetics would continue to be affected
due to continued flooding with the study area.

6.1.3 Topography, Physiography, and Solis

Plan A — Nonstructural (Buyouts/Raising)

With implementation of Plan A the areas would be restored to natural ground elevations and local zoning
ordinances would dictate what could be incorporated into the landscape. Plan A wouid have no significant
effect on the topography of the area.

Plan B — EHlington Agricultural Center Detention Structure

The proposed road and bridge modifications would involve the raising of the existing road by placement of
fill material. The existing road has previously been raised to approximately 5ft above ground level. Plan B
proposes to add an additional 7+ft to aid in water retention. Plan B would have minor effects on the
topography of the area. Best management practices {(BMPs) would be utilized during construction to
minimize potential negative impacts to the aquatic environment.

Plan D ~ Briley Bridge Modification
Proposed bridge modifications (Plan D) would involve removal of fill material from underneath Briley Parkway
Bridge, see Figure 39. Plan D2 would have no significant effect on the topography of the area.
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Figurs 38, Briley Bridge Modifications. Typical Cross Section Looking Downstream.
6.2 Water Resources
6.2.1 Watershed

Plan A — Nonstructural {Buyouts/Raising)

Temporary impacts are anticipated. However, long term benefits would be seen by allowing additional

waters to be stored on the floodplain during major events reducing impacts to commercial and residential
structure. There would also be an increase in pervious surfaces that could allow greater infiltration and
groundwater recharge.

Plan B — Ellington Agricultural Center Detention Structure

Temporary impacts are anticipated with construction, but the proposed action would also create long term
benefits by reducing flows downstream during major events allowing waters to pass under the bridge in a
timelier manner, thereby reducing flooding events.

Plan D — Briley Bridge Modification

Temporary impacts are anticipated with construction, but the proposed action would also create long term
benefits by reducing backwater and upstream flooding by allowing additional waters to pass under the bridge
and remain within the streambanks during major events, thereby reducing flooding events.

No Action Alternative

Existing conditions would continue to affect the watershed. Sedimentation, water quality, aquatic/terrestrial
habitats, recreation, and aesthetics would continue to be affected due to continued flooding within the
watershed.
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6.2.2 Grounthwater and Public Water Sources

No plan would have any significant effect on groundwater or any public water sources. Removal of structures
would provide additional area for infiltration as fong as the sites were maintained in pervious surfaces. No
Action would continue with current conditions of direct runoff during flood events and limited infiltration
due to impervious surfaces and soil characteristics.

6.2.3 Water Quality

No plan would have any significant effect on water quality. BMPs for erosion and sediment control would be
utilized during construction to minimize potential negative impacts to the aquatic environment. Plans A, B,
and D provide benefits such as water retention on the floodplain and in Mill Creek and tributary streams and
improved water quality from greater nutrient cycling. The No Action Alternative would allow existing
conditions to continue with negative impacts occurring during storm events and heavy runoff. Ongoing
measures by other agencies, organizations and local governments would likely continue to provide
improvements to the watershed’s water quality.

6.2.4 Streams

Plan A — Nonstructural {Buyouts/Raising)

Plan A would have no effect on Mill Creek and/Sevenmile Creek. BMPs would be utilized during construction

to minimize potential negative impacts to the environment.

Plan B — Ellington Agricultural Center Detention Structure

Temporary impacts are anticipated with construction, but the proposed action would also create long term
benefits by reducing flows downstream during major events allowing waters to pass under the bridge in a
timelier manner, thereby reducing flooding events. Sevenmile Creek channel is very stable with limestone
rock bottom and established vegetated banks. There are no significant sediment aggradation or degradation
problems along Sevenmiie Creek. Channel incision is also unlikely since the stream bottom is composed of
limestone bedrock. It is anticipated that larger materials {gravel and cobbles) may settle during flood events
due to decreased velocities upstream from the structure which could create new habitat for the Nashville
Crayfish. BMPs would be utilized during construction to minimize potential negative impacts to the
environment. Stream impacts would only be associated with Plan B, Ellington Detention Structure, Stream
impacts associated with Plan B would require an individual ARAP from TDEC prior to construction. Following
construction the natural hydrogeomorphic channel characteristics would be restored.

Plan D — Briley Bridge Modification

Temporary impacts are anticipated with construction, but the proposed action would also create long term
benefits by reducing backwater and upstream flooding and allowing additional waters to pass under the
bridge and remain within the streambanks during major events, thereby reducing flooding events. BMPs
would be utilized during construction to minimize potential negative impacts to the environment. Following
construction the natural Hydrogeomorphic channel characteristics would be restored.
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No Action Alternative

Existing conditions would continue to affect the watershed. Sedimentation, water quality,
aquatic/terrestrial habitats, recreation, and aesthetics would continue to be affected due to continued
flooding within the watershed.

6.2.5 Wetlands

Plan A - Nonstructural {Buyouts/Raising)

No wetland areas present; therefore no impacts anticipated.

Plan B — Ellington Agricultural Center Detention Structure

One wetland area, approximately 0.41 acres in size, is found within and adjacent to Plan B. According to the
existing plans approximately 0.10 acres of the above wetland would be unavoidable. Of the 0.10 acres
impacted, approximately 0.05 acres would be considered temporary impacts with the remaining 0.05 acres
resulting in permanent impacts. These adverse impacts were minimized and require no compensatory
mitigation per TDEC General Permit and DA Regulatory requirements. TDEC’s general permit authorizes
minor alterations of up to 0.10 acres of wetlands that are degraded, of low functional capacity, or in situations
where the proposed area lost would resuit in no significant change in the function and water resource value
of the larger wetland system. Cumulative wetland losses for any whole project shall not exceed a 0.25 acre
limit {See attached document). Also, the proposed project would meet the requirements of the Corps of
Engineers Nationwide Permit 18 — Minor Discharge.

Plan D — Briley Bridge Modification
No wetland areas present; therefore no impacts anticipated.

No Action Alternative

Existing conditions would continue to affect the watershed. Sedimentation, water quality,
aquatic/terrestrial habitats, recreation, and aesthetics would continue to be affected due to continued
flooding within the watershed.

6.3 Blological Resources

6.3.1 Vegatation

Plan A — Nonstructural (Buyouts/Raising)

Temporary impacts are anticipated with residential and isolated structure removal. However, long term
benefits would be seen by allowing additional waters to be stored on the floodplain as well as creating open
space within the floodplain. it is assumed that any existing vegetation would remain, undisturbed by the
removal of homes. Depending on local management measures, if the open space was allowed to revegetate
with shrub and/or trees, riparian zones could increase in width, thus providing water quality and wildlife
benefits.

Plan B — Ellington Agricultural Center Detention Structure
Negligible impacts are anticipated to vegetation. Ground disturbance and removal of bank vegetation would
be anticipated. A stormwater permit, National Pollutant Discharge Eliminating System (NPDES), may be
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required if more than one acre of vegetation is disturbed. This area would likely be maintained with a mixture
of management measures including;riprap for slope stability, manicured (mowed) areas along Ellington
Agricutral entrance road, and riparian areas adjacent to Sevenmile Creek. Riparian areas would be replanted
with native vegetation to reduce the potential for invasive species generation within any disturbed area and
to increase wildlife benefits.

Plan D - Brilev Bridge Modification

Negligible impacts are anticipated to vegetation. The area consists of riprap, with a few trees, some
understory, and scrub vegetation. Ground disturbance and removal of scattered bank vegetation would be
anticipated. Stormwater permit (NPDES} may be required if more than one acre of vegetation is disturbed.
This area would likely be maintained with riprap for slope stability and vegetation wouid be discouraged as
it would impede water fiow.

No Action Alternative
No impacts to the existing vegetation would be anticipated.

6.3.2 Aguatic and Wiidiife
Aguatic

Plan A — Nonstructurai (Buyouts/Raising)

No impacts to aquatic life are anticipated during the construction. BMPs would be utilized during
construction (structure demolition of residential and isolated structures} to minimize potential negative
impacts to the aquatic environment.

Plan B — Ellington Agricultural Center Detention Structure

Temporary impact to aquatic species is anticipated during construction. BMPs would be utilized during
construction to minimize potential negative impacts to the aquatic environment. One Federally listed
species, the Nashville Crayfish, is found within Seven mile Creek. Given the wide distribution of the
Nashville Crayfish within the Mill Creek watershed, it is probable that the proposed Plan B could impact the
Nashville Crayfish and/or disturb areas of its habitat. A Biological Assessment {BA) has been provided to
USFWS for their review and concurrence with this ESA determination. USACE received the Final Biological
Opinion from USFWS on 23 March 2015. It is the USFWS’ biological opinion that the preferred alternative
would not likely jeopardize the continued existence of the Nashville crayfish. The USFWS provided
"Reasonable and Prudent Measures" as well as "Terms and Conditions" for the proposed action. These are
summarized in Section 6 of this Main Report and Appendix D. A copy of the BA and BO can be found in the
Environmental Appendix D. See Section 6.3.3 for future details regarding Threatened and Endangered
Species. During construction the Corps would ensure that suitable habitat for the Nashviile Crayfish and
other aquatic species was restored. Great consideration would be given to oppurtunities that might arise
during construction to further enhance the habitat for aquatic species.
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Plan D — Briley Bridge Modification

Temporary impact to aquatic species is anticipated during construction. BMPs would be utilized during
construction to minimize potential negative impacts to the aquatic environment. BMPs would be used to
maximize control of sediment or potential runoff and stabilization of disturbed areas as soon as possible
upon completion of construction. in the long term, the aquatic fauna could benefit with reduced water
velocities during storm events as the alternatives would slow floodwaters moving through the watershed.
Reduced velocities could reduce how often the habitat areas are flushed or removed {riffle/gravel areas).
Greater ground water infiltration could potentially supplement base flow, thereby reducing timeframe of
no flows in upper reaches where fauna are limited to pools or forced to migrate downstream. One
Federally listed species, the Nashville Crayfish, is found within Seven mile Creek. Given the wide
distribution of the Nashville Crayfish within the Mill Creek watershed, it is probable that the proposed Plan
B could impact the Nashville Crayfish and/or disturb areas of its habitat. A Biological Assessment (BA) has
been provided to USFWS for their review and concurrence with this ESA determination. USACE received the
Final Biological Opinion from USFWS on 23 March 2015. It is the USFWS’ biological opinion that the
preferred alternative would not likely jeopardize the continued existence of the Nashville crayfish. The
USFWS provided "Reasonable and Prudent Measures” as well as "Terms and Conditions” for the proposed
action. These are summarized in Section 6 of this Main Report and Appendix D. A copy of the BA and BO
can be found in the Environmental Appendix D. See Section 6.3.3 for future details regarding Threatened
and Endangered Species. During construction the Corps would ensure that suitable habitat for the
Nashville Crayfish and other aquatic species was restored. Great consideration would be given to
oppurtunities that might arise during construction to further enhance the habitat for aquatic species.

No Action Alternative
The No Action Alternative would result in the continued degradation of the river bank from repeated
flooding, and thus, increase the potential for additional negative impacts to aquatic resources.

Terrestrial

Plan A — Nonstructural {Buyouts/Raising)

No impacts to wildlife are anticipated during the construction. However, BMPs wouid be utilized during
construction to minimize potential negative impacts to the environment. Riparian areas, when applicable,
would be restablished with a mixture of native trees, shrubs, and herbaceous vegetation. Restablishing
riparian zones and increased forested and/or grassed areas would provide benefits to resident and wildlife
species.

Plan B — Ellington Agricultural Center Detention Structure

No impacts to wildlife are anticipated during the construction. However, BMPs would be utilized during
construction to minimize potential negative impacts to the environment. Riparian areas would be
restablished with a mixture of native trees, shrubs, and herbaceous vegetation. Restablishing riparian
zones and increased forested and/or grassed areas would provide benefits to resident and wildlife species.
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Plan D — Briley Bridge Modification
No impacts to wildlife are anticipated during the construction. However, BMPs would be utilized during
construction to minimize potential negative impacts to the environment.

No Action Alternative
The No Action Alternative would create additional concerns for wildlife as existing riparian vegetation is lost.
Feeding, foraging and nesting opportunities within the riparian fringe would be compromised by the loss of

riparian areas.

6.3.3 Threstened and Endangered Species

Of the listed species presented in Table 50, only the Indiana bat, Price’s Potato-bean, and Nashviile Crayfish
were evaluated for potential presence and for environmental impacts resuiting from the Corps’ project.
Upon review of habitat requirements for these species, it has been determined that Indiana bat and Price’s
Potato-bean habitats do not occur within the proposed project footprints, therefore no impacts are
anticipated. The Corps has made a “no effect” determination regarding the indiana bat and Price’s Potato-

bean as aresult of Plans B, D, and A.

Given the wide distribution of the Nashville Crayfish within the Mill Creek watershed, it is probable that the
proposed Plans B, D, and A could impact the Nashville Crayfish and/or disturb areas of its habitat. Since
Plan A would not involve any work within the stream, no impacts to the Nashville Crayfish are anticipated.
As a resuit the Corps made a "No Effect” determination regarding Plan A. However, in regards to Plans B
and D, physical impacts to the crayfish are hard to observe and document, but could likely occur. Therefore
the Corps determined that both Pians B and D wouid be “likely to adversely affect” the Nashvilie Crayfish.
At this time the Corps has requested formal consultation with USFWS regarding potential impacts to the
Nashville Crayfish. A Biological Assessment (BA} has been provided to USFWS for their review and
concurrence with this ESA determination. A copy of the BA and BO can be found in the Environmental

Appendix D.

Mitigation/Conservation Measures for impacts to the Nashvilie Crayfish would be specified in the Biological
Opinion (BO) drafted by the USFWS. USFWS Draft BO containing any mitigation/conservation measures
was received on February 6, 2015. The Final BO was received March 23, 2015.

It is the USFWS’ BO that the preferred alternative would not likely jeopardize the continued existence of
the Nashville crayfish because:

1. Nashville crayfish would be relocated short distances upstream of construction activities into
suitable habitat and restricted from reentering project sites during construction to minimize
mortality,

2. construction activities associated with these projects would include required minimization
measures to reduce the potential for Nashville crayfish mortality and permanent destruction or
alteration of its habitat,
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3. necessary permits would require that no instream work occur from October 1 through May 31 to
assure that the Nashville crayfish's reproductive activities would not be affected and that potential
effects to hatchlings would be minimized, and

4. Nashville crayfish have persisted in Mill Creek and Sevenmile Creek despite development activities

and accidental spills/releases occurring for many years.
Therefore, it is unlikely that the proposed projects would result in significant declines in its population.

The USFWS provided "Reasonable and Prudent Measures {(RPM}" as well as “Terms and Conditions {T&Cs)"
for the proposed action. T&Cs can be found in Appendix D. The Corps accepts these RPM and T&Cs
outlined in the USFWS BO. RPMs and T&Cs would be applied to the NED plan and would be implemented
during construction. RPMs include:

1. The must ensure that their approved and permitted contractors implement measures to minimize
or eliminate effects from pre-construction and construction activities and to reduce the potential
for effects during the operational phase {postconstruction period} of these projects.

2. The USACE, the Tennessee Department of Transportation {TDOT), and Metro Water Services, and

their contractors must ensure that the level of Nashville crayfish take associated with individual
proposed actions is adequately monitored and reported to the Service.

Table 54 below outlines the incedential take for each stream segment and the estimated amount of
suitable habitat affect by each project.

Table 54. USFWS Incidentiat take by Stream Reach and the Estimated Amount of Suitable Habitat Affected by each Project.

Mill Creck RM 7.1 All Nashxr11le crayfish within 600 140,000 f?
linear feet (ft)
Sevenmile Creek RM 3.67 All Nashville .crayﬁsh within 700 27.000 fi2
linear ft

1) Totalincidental take is estimated at 1,300 linear ft of stream channel habitat.
2) Suitable habitiat is estimated to be approximately 100% of incidential take per stream reach.

The complete BO can be found in Appendix D of this document.

Plan A — Nonstructural {Buyouts/Raising)
No impacts to federally listed T&E species are anticipated during the construction.
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Plan B — Ellington Agricultural Center Detention Structure
Plan B would affect Nashville Crayfish found within the proposed project footprint. Formal consultation
with USFWS is currently underway.

Plan D — Briley Bridge Modification
Plan D would affect Nashville Crayfish found within the proposed project footprint. Formal consultation
with USFWS is currently underway.

No Action Alternative

If no projects were initiated for flood damage reduction, there could be increased pressure on the Nashviile
Crayfish. Nashville Crayfish has been able to survive in more degraded water quality conditions than
previously thought, however, water quality remains the primary concern of biologists for this species
continued existence. As water quality and habitat degrades, species would become limited to pockets of
habitat that would sustain their existence. Existing regulations and their enforcement, in concert with
education, would be primary protection for threatened and endangered species. Continued actions by other

organizations would also assist in protecting species of concern.

6.4 Hazardous, Toxic, and Radioactive Wastes (HTRW)

No alternative would have any significant effect on HTRW. As mentioned previously in Section 5.5, there are
no HTRW issues associated with current soil conditions of the properties composing the recommended plan.
However, for residences buiit prior to 1978, a lead paint and asbestos survey shall be conducted prior to
demolition. If lead paint or asbestos is discovered, it must be abated prior to demolition. Any regulated
materials recovered as part of the abatement process will be disposed of in a certified landfill. To meet the
CERCLA all appropriate inquiry standards, an updated Phase 1 ESA consistent with ASTM E1527 procedures
must be completed within 6 months of construction contract award. The costs to perform the sampling and
analyses and update to the Phase 1ESA have been included in the final cost allocation tables. All costs
associated with abatement and disposal of asbestos and lead containing material are 100% non-Federal

responsibility and are not included as project costs.

6.5 Alr Quality

No alternative would have any significant effect on air quality; there wouid be no anticipated changes to
current attainment status with implementation of Plan A, B, and/or D. BMPs would be utilized during
construction to minimize potential temporary, negative impacts to air quality.

6.6 Noise

implementation of plans A, B, and D would temporarily increase noise in the immediate project area over the
normal existing industrial, residential, and vehicular traffic noise level. These increases would be localized
and considered minimal and therefore would have negligible effect.

No Action Alternative
If no projects were initiated for flood damage reduction, no impacts on existing noise levels would be
anticipated.
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6.7 Cultural Resources

Plan A — Nonstructural {Buyouts/Raising)

One hundred eighty nine structures designated for removal were constructed after 1965 and do not meet
the criteria for inclusion in the NRHP. The remaining 27 structures were constructed between 1950 and 1965.
The oldest structure, constructed in 1950, is the only wood sided building. The remaining pre-1965 structures
are brick veneer structures and may have been the initial structures constructed in the tract developments.
The removal of the structures has the potential to cause surficial ground disturbance. There are no confirmed
archaeological sites in the buy-out locations. If ground disturbance has the potential to cause effects on
archaeological sites, then archaeological surveys will be performed. If a survey reveais the presence of sites,
then demolition methods will be developed to minimize ground disturbance. Consuitation with the State
Historic Preservation Officer is ongoing; however, consultation is expected to conclude with a “no historic
properties affected” determination.

Plan B — Ellington Agricultural Center Detention Structure
The plan is located within the Ellington Agricultural Center campus which is eligible for listing on the National

Register of Historic Places. The bridge and access road form non-contributing elements within this historic
district. The changes wouid not alter the location, design, setting, materials, workmanship, feeling or
association of the historic district. This plan will cause ground disturbance within the Seven Mill Creek
floodplain; however, investigations reveal that no archaeological sites would be affected. A no adverse effect
determination is under review State Historic Preservation Officer and other consulting parties.

Plan D — Briley Bridge Modification
This plan will cause some ground disturbance on the left descending bank of Mill Creek. The Briley Parkway

Bridge was originally constructed in 1965 and rehabilitated in 2009. In part due to the rehabilitation, this
bridge is not a significant cultural resource. Archaeological resources along this stretch of Mill Creek are
confined to the upper few feet of soil, and would have been disturbed during the original bridge construction
and the recent bridge construction. This alternative will have no adverse effect on cultural resources.

No Action Alternative
With the No Action Alternative continued flooding of historic properties, particularly archeological sites, may
be adversely affected.

6.8 Socioeconomic

Plan A ~ Nonstructurai (Buyouts/Raising)

Under this plan, only minor socioeconomic impacts are expected to occur for the proposed plan. The primary
socioeconomic impact of this alternative would be the demolition of residential structures and the
accompanying relocation of affected households. Purchasing the structures to be evacuated, relocation
assistance, and costs for moving expenses would be provided to all participants. There is sufficient housing
availability within or in proximity to the Mill Creek watershed such that finding aiternative housing would not
be a concern.
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Due to the fact that only 89 homes are included in this plan, there will not be significant impacts to community
cohesion. Some neighborhood streets may see as many as eight to twelve homes removed or raised-in-place,
but these areas are restricted to floodway or floodplain properties intersected by the 5 year flood elevation.
This number equates to five percent of the structures located in the floodplains of Mill Creek. It is notable
that the 89 homes are spread out across 20 square miles and are located as much as fifteen river miles apart.
Typically the homes selected are in groups of two to five, and the homes will be replaced with pocket park or
community garden type amenities. There are numerous housing options available in the watershed available
to residents whose homes are selected for buyout and removal.

Plan B — Ellington Agricultural Center Detention Structure

Plan B would not have any significant effect on socioeconomics. Implementation of Plan B could reduce
flooding downstream up to two feet. Reduced flooding to homes and structures would also reduce potential
property damages claims which would benefit the local government in the long-term.

Plan D — Briley Bridge Modification

Plan D would not have any significant effect on socioeconomics. Reduced flooding to homes and structures
provided with the increased flow capacity at Briley Parkway Bridge would also reduce potential property
damages claims which would benefit the local government in the long-term.

No Action Alternative

With no federally proposed projects, recurring flood damages would continue to decrease property values,
damage properties and infrastructure and discourage growth resulting in an estimated $5.5 million in
expected annual damages in the Mill Creek watershed. These limitations would result in reduced capital
investments and displacement of people, homes and businesses and additional expenses for maintenance.

6.9 Cumulative Impacts

Cumulative impacts woulid result from the incremental impact of the proposed actions when added to those
of other past, present and reasonably foreseeable future actions in the local area. Geographical boundaries
for this discussion of cumulative impacts are the drainage of the Mill Creek watershed. Temporal boundaries
established span from the turn of the 20" century to fifty years future projection.

Past and Present Actions

Based on the landscape and land use of the area, development of the floodplain and floodway zones became
popular in the watershed many years ago; floodplains continue to receive pressure for structural
development. With increasing community growth and decreasing flood storage capacities, increased flood
damages to homes and business have occurred. Additional pressures along the creeks led to many of the
watershed streams being placed on the 303(d) list for poor water quality. A review of the history for the
study area shows several flood events that damaged homes, businesses, and properties. As a resuit, Metro
Nashville has worked with FEMA in the watershed to remove approximately 50 structures to date within the
study area. The recommended plan for this report includes the raise in place or buyout and removai of an
additional 89 structures located in the 2- and 5-year floodplains. In addition Metro Nashvilie has implemented
ordinances regulating the amount and degree of development that is allowed along creeks and within the
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floodplains in attempts to reduce damages occurring from flooding and improve aquatic resources and water
quality.

Several agencies and interest groups {Metro, TDEC, CRC, TNC, TDA, Nashville Zoo, watershed organizations,
etc) are working in the Mill Creek watershed to reverse trends of poor water quality, high impact
development and floodplain loss in addition to addressing flooding concerns. These efforts include on-the-
ground implementation, ordinance/zoning and public education as measures to improve the natural and
social environment in the watershed.

Reasonable Foreseeable Future Actions

Residential as well as commercial development within the Mill Creek watershed is anticipated to continue to
grow until the watershed reaches carrying capacity. As areas are developed, additionai damages to
structures from flooding events could be expected. it is anticipated that buy-out programs through the local
government and other agencies and implementation and enforcement of zoning ordinances would continue
as means to further reduce damages associated with structural flooding and resource impacts. Other
programs and education by watershed stakeholders as mentioned above are also expected to continue as
means to improve the quality of the natural resources.

Effects on Resources

Wotershed, water guality, lond and woter resources.,

A result of implementation of the proposed plans {A, B, and D} would be that floodplains areas would be
cleared of structural impediments. No new development would be aliowed within the project footprints
through terms of the PPA and the O & M manual. This would reduce the quantity and frequency of property
damage and foss due to flooding in the project footprint. This would have positive benefits to aquatic
resources and wildlife by improving water quality, increasing riparian zones and improving floodplain quality
with open/green space; this in turn would provide beneficial wildlife habitat. There would be removal of
flood prone structures and associated debris. This work in coordination with efforts of other agencies such
as FEMA buyouts, watershed association/Cumberfand River Compact (CRC} low impact developments, etc.
would provide positive benefits to the watershed as well as water quality and land/water resources.

Socipeconon
With the proposed actions (Plans A, B, and D), reoccurrence of flood damage would be relieved. Structures
would be removed reducing damages to properties and potential loss of life. With the proposed actions,
those residential structures that would be relocated couid choose to accept payment for their property and
then move either within or outside of Mill Creek Watershed. With similar relocation/removal programs
undertaken by Metro and/or FEMA, the total area and total damages incurred within the watershed, and
Davidson County, would continue to decrease. This would provide long term benefits for the local
government and taxpayers as the costs associated with reimbursement for property damages would lessen.
In addition, as the negative impacts to the natural resources also improved through implementation of
measures mentioned above, there could be added investments into parks, greenways, etc that would provide
public benefits in areas formerly not available.

Mill Creek, Nashvilie, TN 135 Finat Feasibility Report
and Integrated Environmental Assessment



148

7 Public Involvement, Review and Consultation®

7.1 Public Invelvement

Historical flooding in the Mill Creek watershed has resulted in a corresponding long public involvement
history. Historical involvement is described in Section 1.6 Previous Studies and Existing Projects. Scoping
letters have been issued at various stages of this project study. The first letter was issued in November
2003; after reformulation following the May 2010 flood event, a second letter was issued in January 2013.
The letters were sent to the public and to local, state, and federal governmental agencies with jurisdiction
by law and special expertise {See Section 7.12.1}. The draft report was released for 30 day public review on
October 30, 2014, as part of the NEPA process. The public and agency review closed on December 4, 2014
with only minor comments received concerning traffic impacts associated with the proposed project. Public
involvement for the current project is described in the following sections.

7.2 Institutional Involvement

7.2.1 Agency Coordination and Environmental Compliance

Preparation of the EA includes coordination with local, state and federal government agencies. Thisincluded
scoping by mail, publishing a Notice of Intent {NO}} in the Federal Register and review of the draft document
(See Chapter 8 and Appendix 3).

Compliance with environmental laws and reguiations required for the Proposed Action are identified below
and summarized in Tabie 55,
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Table 55, Federal Act / Executive Order Compliance

Act/Executive Order Status Compliance
Wetlands (EO 11990) c No Compensatc?ry Mitigation
Required
Prime/Unique Farmiands N/A
Floodplain Management (EC 11988} C No affect
Clean Water Act C No Mitigation Required
Section 404 C No Mitigation Required
No Mitigation Required,
Section 401 (¢] permit required prior to
construction
NPDES As Necessary

Coordination Ongoing
Fish and Wildlife Coordination Act (o} Coordination would continue
through final design
Format Consultation Required

Endangered Species Act C — Final BO received
National Historic Preservation Act C No Adverse Affect
Environmental Justice (EO 12898} C No affect
Clean Air Act C No affect
Climate Change C No affect
Comprehensive Environmental Response C

Compensation and Liability Act {CERCLA})

Resource Conservation and Recovery Act {RCRA) C

Wild and Scenic Rivers Act N/A
Other:

Locai approval for work within floodway As Necessary

N/A—not applicable C—Complete O - Ongoing

7.3 Wetland {Executive Order 11990}

The proposed project, Plan BDA, impacted wetland acreage {0.05 permanent impacts} was minimized and
requires no compensatory mitigation per TDEC and DA Regulatory requirements. The project meets both
Sections 404 (Corps Nationwide Permit 18 — Minor Discharge) and 401 {TDEC General Permit of Minor
Alterations to Wetlands) of the Clean Water Act.

Specific to Executive Order 11990 the proposed project, Plan BDA, minimized/avoided impacts to wetland
with the footprint design to the greatest extent possibie and there is no practicle alternative for the
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placement of fill into this wetland. Temporary impacts {0.05 acre) would be removed with and restore to
existing condition further ensuring wetland impacts are minimal. Functions and benefit of the existing
wetiand would not be aitered with a permanent joss of 0 .05 acre.

7.4 Clean Water Act
Sections 404 and 401

Compliance with Section 404 of the Clean Water Act is required for discharges of dredged or fill material into
the waters of the United States, including adjacent wetlands. State Water Quality Certification pursuant to
Section 401 is required from TDEC, Division of Water Resources for any activity that may result in a discharge
into waters of the State.

The proposed project, Plan BDA, would permanently impact 0.05 acres of wetlands and meets both Sections
404 (Corps Nationwide Permit 18 — Minor Discharge) and 401 (TDEC General Permit of Minor Alterations to
Wetlands) of the Clean Water Act. Therefore no mitigation for impacted wetlands is required.

Stream impacts would only be associated with Plan B, Ellington Detention Structure. Plans D and A would not
result in any work within streams. Impacts associated with the Ellington Detention Structure (Plan B} along
Sevenmile Creek would require an individual ARAP from TDEC prior to construction.

Best Management Practices would be implemented during construction to address erosion and sediment
control as work was performed adjacent or near watercourses. If project plans change and work is required
below the ordinary high watermark, then applicable permitting would be requested and received prior to
construction.

Mational Pollutant Discharge Elimination System [NPDES)

A National Pollutant Discharge Elimination System {NPDES) permit for stormwater discharge, administered
through TDEC, Water Poliution Control is required when construction or land disturbance exceeds one acre.
This permit would be requested by the Contractor prior to construction where necessary.

=

7.5 Floodplain Management

Executive Order (EO} 11988 {May 24, 1977) outlines the responsibilities of Federal agencies in the role of
floodplain management. In accordance with this EO, the Corps is required to evaluate the potential effects
of actions on floodplains, and does not undertake actions that directly induce growth in the floodplain, unless
no practical alternative exists. Construction of structures and facilities on floodplains must incorporate flood
proofing and other accepted fiood protection measures. Agencies must attach appropriate use restrictions
to property proposed for lease, easement, right-of-way, or disposal to non-Federal public or private parties.

The eight steps associated with the decision making process in EO 11988 were considered in the evaluation
of the selected alternative. See Table 56 for more detail on how each step was considered. Based on the
findings and determination discussed in this report the selected alternative is in compliance with EO
11988. The Proposed Action would serve to reduce the damaging effects of flooding and improve the overall
quality of the floodplain; it would not be directly encouraging growth within the floodplain.

Milt Creek, Nashville, TN 138 Finat Feasibility Report
and Integrated Environmental Assessment
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Table 56, Executive Order 11988 Fi

sdplain v D, -.[\ .'x,

Determine if a proposed action is in the base
floodplain.

Yes, the proposed alternatives are within the base
floodplain.

Conduct early public review, including public
notice.

A public notice / scoping letter was posted in
February 2013. Initial comments are received and
logged as Appendix D. Additional Draft EA Review
to be conducted in September 2014.

Identify and evaluate practicable alternatives to
locating in the base floodplain, including
alternative sites outside of the floodplain.

See Section 4, Plan Formulation, for description
and evaluation of each alternative considered.

Identify impacts of the proposed action.

See Section 4.3 and Section 6 for description of
impacts related to the selected alternative.

If impacts cannot be avoided, develop measures to
minimize the impacts and restore and preserve the
floodplain, as appropriate.

Beneficial impacts to the floodplain are
anticipated. The selected alternative will help
restore floodplain function and quality by
removing structures, fill, and restrictions in the
floodway. Potential sources of debris/wastes that
follow floods would be reduced.

Reevaluate alternatives.

See Section 4.2

Present the findings and a public explanation.

This document will serve as a tool to present the
findings and will provide the public a detailed
explanation of how the selected plan was chosen.
Upon approval to release the draft report, the
NEPA public comment period will occur and
include additionai public input.

Implement the action.

This action will follow final approvals of the
selected alternative. Buyouts will be conducted on
a willing seller basis, but eminent domain could be
utilized where warranted.

Consideration of ER 1165-2-26 also applies to the implementation of Executive Order 11988. The policy
provides that “when no other options exist other than use of floodplains, impacts from floods should be
minimized to reduce effects on human heaith and public safety. Any actions should avoid promotion of
development in the floodplain where other aiternatives exist. Preservation and restoration of floodplains are
primarily environmental values, but they can maintain the beneficial uses of the floodplains through restoring
and maintaining wetiands, habitat, and other floodplain ecosystems.”

7.6 Environmental Operat