June 17, 2014
Mr. John T. Baxter
Manager, Endangered Species Act Compliance
Tennessee Valley Authority
400 West Summit Hill Drive
Knoxville, Tennessee 37902 – 1499
Lt. Colonel John L. Hudson
District Engineer
U.S. Army Corps of Engineers, Regulatory Branch
3701 Bell Road
Nashville, Tennessee 37214
Re:

FWS #2014-F-0219. Section 7 Consultation and Conference Opinion for
Proposed Construction and Operation of a Water Intake and Treatment Facility at
Elk River Mile 75.3 in Lincoln County, Tennessee.

Dear Mr. Baxter:
This document is the biological opinion of the U.S. Fish and Wildlife Service (Service) based on
our review of the Lincoln County Board of Public Utilities (LCBPU) Proposed Lincoln County
Water Intake and Treatment Facility in Lincoln County, Tennessee, and its effects to the
endangered boulder darter (Etheostoma wapiti), and designated critical habitat for the slabside
pearlymussel (Pleuronaia dolabelloides) and fluted kidneyshell (Ptychobranchus subtentum),
per section 7 of the Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.).
Your January 28, 2014, request for formal consultation was received on February 3, 2014.
Although prohibitions against take in section 9 of the Act do not apply until a species is federally
listed as threatened or endangered, in response to the Tennessee Valley Authority’s (TVA)
request for a conference review of the potential effects on the northern long-eared bat (Myotis
septentrionalis) (included with your January 28, 2014, request for formal consultation), a
conference report on the proposed for federal listing as endangered northern long-eared bat is
incorporated into this biological opinion. Hereinafter, in this document, the biological opinion,
including the conference report, as described here, will solely be referred to as the biological
opinion.
This biological opinion is based on information provided in a biological assessment, received by
the Service on February 3, 2014, and other sources of information. A complete administrative
record of this consultation is on file and available for review at the Tennessee Ecological
Services Field Office, 446 Neal Street, Cookeville, Tennessee 38501.
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Consultation History
01-10-11

The TVA, the federal lead agency, coordinated an interagency telecom to
discuss the joint public notice for the proposed action. Participants
included the TVA, U.S. Army Corps of Engineers (Corps), the Service’s
Tennessee Field Office (TFO), Tennessee Department of Environment and
Conservation (TDEC) and Tennessee Wildlife Resources Agency
(TWRA).

02-18-11

TVA and the Corps held a follow-up interagency telecom with TFO
(David Pelren) and TWRA (Robert Todd) to further discuss numerous and
substantive concerns expressed by both agencies, in regards to the
proposed action.

03-13-11

Mary Jennings (TFO) sent a letter, addressed to Colonel Mitchell and to
the attention of Lisa Morris (Corps), expressing concerns about the
potential for the proposed water withdrawal to affect federally protected
fish and mussels in the Elk River, especially larval boulder darters, which
could be entrained by the water intake. The TFO further recommended
that the permit be held in abeyance until concerns regarding endangered
fish and mussels were adequately addressed (letter copied to Samantha
Strickland, Chuck Howard and John [Bo] Baxter [TVA], Dan Eager
[TDEC], and Robert Todd).

03-28-11

Samantha Strickland sent a letter to Billy Joe Wiley (LCBPU), with the
TFO’s March 3, 2011, letter attached, indicating that, “there are concerns
that the proposal has the potential to adversely impact federally listed,
aquatic endangered species or a candidate for federal listing”. Ms.
Strickland requested a May 11, 2011, meeting with LCBPU and its
consultant at the Corps’ Nashville District Regulatory Office in Nashville,
Tennessee, to afford an opportunity to discuss and address concerns, and
provide clarification with interested parties (letter copied to Robert
Ramsey [James C. Hailey and Company], Lisa Morris, Robert Baker
[TDEC], Robert Todd and David Pelren).

05-11-11

TVA led a meeting at the Corps’ Nashville District Regulatory Office to
discuss and address concerns regarding the proposed action and its
potential effects to listed aquatic species. Approximately 20 people were
in attendance, including representatives for LCBPU (the project
proponent) and Griggs and Maloney (LCBPU’s engineering firm), and
state and federal agency representatives with TDEC, TWRA, the Corps,
and Service. Various avoidance and minimization measures were
discussed to assist in addressing potential effects to listed species. It was
determined that a pre-project mussel survey would be conducted to
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determine presence of rare mussels in the proposed project vicinity; pre
and post-project monitoring would be conducted in the vicinity of the
proposed water intake to determine if the proposed action would result in
effects to boulder darters; LCBPU indicated that they might be able to
provide funding to assist with boulder darter recovery work in the Elk
River; TVA agreed to prepare the biological assessment.
07-08-11

In response to LCBPU potentially providing funds to assist with boulder
darter recovery in the Elk River, the Service exchanged e-mails with TVA
discussing how those dollars could best be utilized. It was suggested at
the May 11, 2011, meeting that those dollars could go towards increasing
instream habitat for boulder darters (i.e., placement of slab boulders in the
river channel). However, because of past failures in attempting to
introduce additional slab boulder habitat into the Elk River, the Service
recommended that TVA instead use any additional monies to increase
boulder darter surveying in the Elk River and possibly, include Elk River
tributaries, or do a study with light traps to determine their effectiveness in
sampling juveniles. TVA indicated that they would consider the Service’s
input (e-mail exchange between Todd Shaw and Chuck Howard; Peggy
Shute [Service], and Bo Baxter, Samantha Strickland and Clint Jones
[TVA] were copied on this e-mail correspondence).

03-19-13

TVA exchanged e-mails with the Service regarding which mussel species
should be evaluated for effects in the draft biological assessment as a
result of the proposed action. It was mutually agreed that the effects
analysis should consider potential effects to the Alabama lampmussel
(Lampsilis virescens), birdwing pearlymussel (Lemiox rimosus), cracking
pearlymussel (Hemistena lata), Cumberland monkeyface (Quadrula
intermedia), fine-rayed pigtoe (Fusconaia cuneolus), shiny pigtoe
(Fusconaia cor) and tan riffleshell (Epioblasma florentina walkeri). TVA
further indicated that it would also include evaluations for conferencing on
the proposed threatened rabbitsfoot (Quadrula cylindrica cylindrica),
proposed endangered slabside pearlymussel (Pleuronaia dolabelloides),
and proposed critical habitat for the slabside pearlymussel and fluted
kidneyshell (Ptychobranchus subtentum) (e-mail exchange between John
Griffith [Service] and Chuck Howard; Todd Shaw, Bo Baxter, Samantha
Strickland and Lisa Morris were copied on this e-mail correspondence).

07-16-13

Griggs and Maloney contacted the Service regarding preparation of an
environmental assessment for LCBPU’s proposed action. The Service
sent an e-mail to TVA asking if the biological assessment was ready for
review because it was unclear whether the biological assessment had been
completed and would be part of the environmental assessment. TVA
responded that the biological assessment had been placed on hold because
LCBPU had failed to provide information regarding how the water would
be handled after delivery from the intake facility. Also, TVA had
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discovered a new processing facility was being planned nearby, prompting
TVA to request surveys for bat habitat and cultural resources at the
additional sites; TVA indicated that the biological assessment would be
completed upon its receipt of data from the requested bat habitat and
cultural resources surveys (e-mail exchange between Robbie Sykes
[Service] and Chuck Howard; Todd Shaw, Peggy Shute, John Griffith,
David Pelren and Sandra Silvey [Service] and Bo Baxter were copied on
this e-mail correspondence).
02-03-14

TVA’s January 28, 2014, letter requesting initiation of formal consultation
and a conference review of the project’s potential effects on the northern
long-eared bat, currently proposed for federal listing as endangered, with
an attached biological assessment arrived at the TFO in Cookeville,
Tennessee (letter from Bo Baxter to Mary Jennings; Bradley Bishop
[Corps] and Robert Todd were copied on this correspondence).

02-28-14

The TFO provided a letter to TVA to notify it that its initiation of formal
consultation under section 7 of the Act was complete (Mary Jennings
signed the letter; it was addressed and mailed John Baxter).

FWS Log No: 2014-F-0219
Application No: N/A
Ecosystem: Lower Tennessee-Cumberland
Date Started: March 11, 2014
Applicant:
Lincoln County Board of Public Utilities
Action Agency: Tennessee Valley Authority
Project Title: Proposed Lincoln County Water Intake and Treatment Facility
Counties:
Lincoln County, Tennessee

Table 1.

Species and critical habitat evaluated for effects and those where the Service
has concurred with a “not likely to adversely affect” determination.

SPECIES or CRITICAL
HABITAT

Boulder Darter
(Etheostoma wapiti)
Alabama Lampmussel
(Lampsilis virescens)
Birdwing Pearlymussel
(Lemiox rimosus)
Cracking Pearlymussel
(Hemistena lata)

SPECIES
PRESENT
IN ACTION
AREA

CRITICAL
HABITAT
PRESENT
IN ACTION AREA

PRESENT IN
ACTION AREA
BUT “NOT
LIKELY TO BE
ADVERSELY
AFFECTED”

X

-----

-----

-----

-----

X

-----

-----

X

-----

-----

X
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Cumberland Monkeyface
(Quadrula intermedia)
Fine-rayed Pigtoe
(Fusconaia cuneolus)
Shiny Pigtoe
(Fusconaia cor)
Slabside Pearlymussel
(Pleuronaia dolabelloides)
Snuffbox
(Epioblasma triquetra)
Tan Riffleshell
(Epioblasma florentina walkeri)
Rabbitsfoot
(Quadrula cylindrica cylindrica)
Gray Bat
(Myotis grisescens)
Indiana bat
(Myotis sodalis)
Fluted Kidneyshell
(Ptychobranchus subtentum)
Critical Habitat
Slabside Pearlymussel
(Pleuronaia dolabelloides)
Critical Habitat
*

-----

-----

X

-----

-----

X

-----

-----

X

-----

-----

X

-----

-----

X

-----

-----

X

-----

-----

X

-----

-----

X

-----

-----

X

-----

X

-----

-----

X

-----

A conference report on the northern long-eared bat (Myotis septentrionalis), a species
proposed for federal listing as endangered, has been included after the “Incidental Take
Statement” in this biological opinion.

TVA has indicated in its biological assessment (Tennessee Valley Authority 2014a) that the
proposed action would adversely affect boulder darters, but would not adversely affect the other
federally listed species or adversely modify designated critical habitat, indicated in Table 1. The
Service, however, believes that designated critical habitat for the fluted kidneyshell and slabside
pearlymussel may potentially be adversely affected as a result of the proposed action and have
provided rationale for these determinations in the “EFFECTS OF THE ACTION” of this
consultation.
BIOLOGICAL OPINION
DESCRIPTION OF THE ACTION
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Project Purpose and Location
The purpose of the proposed action is to supplement water supplies for unincorporated areas of
Lincoln County, Tennessee. The proposed action would entail construction of a surface water
withdrawal facility, comprised of a water intake and water treatment facility, along the left,
descending bank of the Elk River at Elk River Mile (ERM) 75.3 in Lincoln County, Tennessee
(Tennessee Valley Authority 2014a). The proposed water intake would be located at an
approximate latitude of 35.131944 decimal degrees (DD) and an approximate longitude of 86.660278 DD; the proposed water treatment facility would be located at an approximate latitude
of 35.12911 DD and an approximate longitude of -86.65593 DD on a site owned by Lincoln
County off of Old Moline Road (Parcel 29.00 on Map 93 of Lincoln County, Tennessee; U.S.
Geological Survey [USGS], 7.5 Minute Series, Boonhill Quadrangle Topographic Map;
Tennessee Valley Authority 2014a). Please refer to Figures 1 and 2 in Appendix A to view the
proposed project location.
LCBPU supplies water to over 90 percent (%) of the unincorporated areas of Lincoln County.
Currently, Lincoln County has a cumulative average water consumption rate (including system
losses) of 2.2 million gallons per day (mgd), most of which is extracted from wells in the
Flintville, Taft, and Elora areas, with a combined firm capacity of 1.7 mgd. The current water
supply has significant losses of water in the system that have not been identified, and the
groundwater supply to the wells is unreliable during sustained periods of dry weather. LCBPU
has previously requested additional water supply from the cities of Fayetteville and Lewisburg,
Tennessee, but these requests were denied. Other alternatives to develop additional wells were
deemed unfeasible due to cost, water quality and lack of sustainable water resources. To
improve the reliability of a safe water supply to the area, and to meet the demand of expected
growth to the area over the next several decades, LCBPU’s proposed facility would be capable of
withdrawing 4.0 mgd. However, they anticipate a typical daily withdrawal rate of 1.6 mgd by
2030. With an intake on the Elk River, LCBPU would be able to supplement or replace its
unreliable groundwater supply, which is severely strained during dry periods (Tennessee Valley
Authority 2014a).
Project Construction
The new surface water intake structure, would be constructed near the left, descending bank of
the Elk River, and include a 26 feet (ft) by 21.3 ft reinforced, concrete building above a 26 ft
by13.5 ft reinforced, concrete pump shaft. The concrete shaft would extend approximately 5 ft
below the riverbed to provide an increased water depth for the pumps and allow sediment storage
for reduced maintenance. The pump system would consist of three vertical turbine pumps with
pump columns extending down into the shaft. Flow into the structure would pass through two,
21-inch (in) diameter, T-shaped, stainless steel, wedge, wire screens with 16-in inlet pipes bolted
onto the intake structure (see Figure 3a in Appendix A) (Tennessee Valley Authority 2014a).
Construction of the intake structure would require excavation of the riverbed and a portion of the
left, descending riverbank, and removing herbaceous vegetation, shrubs and trees on the bank
within the project footprint. A 6 ft by 6ft by 4 ft cofferdam, constructed with sacks of sand,
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would be installed within the Elk River channel to enclose the aquatic project footprint and
dewater the footprint during instream construction activities. The cofferdam would extend
approximately 38 ft into the river off of the left, descending bank, positioned approximately 71 ft
upstream and 78 ft downstream, to enclose an approximately 3,200 square foot (ft2) instream
area (Figure 3a). The cofferdam would be constructed with a crane, located upland and outside
of the river channel, adjacent to the intake structure. Water levels within the cofferdam would be
regulated via a hydraulic pump. No construction would take place on days when the cofferdam
is over-topped by water (if there would be such an occurrence[s]), and all tree removal would
take place between October 15 and March 31 (Tennessee Valley Authority 2014a).
To provide sufficient depth at the intake, LCBPU would excavate approximately 94,500 cubic
feet (ft³) of upland material and 6,345 ft3 of material from the riverbed to achieve an elevation of
611 ft above mean sea level (msl). Materials would be removed with rock hammers and a crane.
Machinery would be restricted to bank/upland areas and within the cofferdam. Upon completing
excavation, the reinforced, concrete intake structure would be constructed and intake screens
installed. The area surrounding the intake structure would be backfilled with shot rock, native
material, and approximately 70,200 ft³ of excess excavated materials. A Storm Water Pollution
Prevention Plan (SWPPP) will also be developed and implemented (Tennessee Valley Authority
2014a).
The proposed plant site would contain 10.2 acres (ac). Raw water withdrawn from the Elk River
would be routed through approximately 1,900 ft of 16-in pipe from the intake to the new
treatment plant. The pipeline would require a 15-ft wide construction path and disturb
approximately 0.66-ac (see Figure 3b in Appendix A) (Tennessee Valley Authority 2014a).
Project Operations and Maintenance
The LCBPU has proposed a daily withdrawal rate of approximately 1 mgd from the Elk River,
with typical maximum water withdrawals occurring at a rate of approximately 2,880 gallons per
minute (gpm) (3 mgd) over an 8-hour (hr) day, until 2030. By 2030, daily withdrawals are
projected to increase to approximately 1.6 mgd. This withdrawal amount would be achieved by
increasing the duration of daily water withdrawals from 8 hrs to 12 hrs. However, the maximum
withdrawal rate of approximately 2,880 gpm (3 mgd) would remain the same, unless low
groundwater levels inhibited existing well withdrawals. Under those circumstances, LCBPU
might increase withdrawals at the proposed intake facility to a peak of 4 mgd over a 24-hr day,
with a 2,880 gpm peak pumping rate. Water withdrawn from the river would be returned to the
water table via septic treatment facilities and groundwater recharge. Evaporative and
consumptive losses would be minimal. The intake would be designed to maintain slot velocities
of less than 0.5 feet per second (fps) at the screens, as well as minimize impacts to aquatic fauna,
such as larval fish. Most fish possess the physical capabilities to swim away from a water intake
with intake velocity rates of 0.5 fps or less (U.S. Environmental Protection Agency 2011).
TVA’s 26a Permit Application for LCBPU’s 4 mgd intake and its attachments report specific
estimates of river depth of flow calculations and withdrawal schedules (included in Appendix B)
(Tennessee Valley Authority 2014a).
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No future maintenance dredging is planned around the proposed intake structure. Normal high
flow events should scour the immediate area surrounding the structure and flush larger sediments
and bedload downstream. The LCBPU would remove fine sediment accumulations from the
intake screens via “air scour” cleaning, as needed.
Construction Impacts
Terrestrial direct impact areas from construction (Figure 3b) would include: (1) a 12,500 ft² (0.3ac) facility footprint and buffer area (approximately 125 ft long by 100 ft wide), including the
site of the proposed facility and a work/laydown area (where the crane would operate, equipment
would be staged and fueling would occur); (2) an 854 ft2 area (0.02-ac) on the Elk River bank
where LCBPU would construct the intake structure and approximately 94,500 ft³ of fill would be
excavated for placement of the intake structure; (3) a 2,625 ft2 area (0.06-ac) on top of the
riverbank, upstream and downstream of the proposed intake structure (approximately 75 ft of
combined distances by a 35 ft width), where the riverbank would be disturbed and vegetation
removed; (4) upland areas totaling approximately 17,424 ft2 (0.4-ac) where excavated excess fill
would be placed; and (5) an impact area of 28,500 ft² (0.7-ac) where approximately 1,900 linear
ft of 16-in waterline would be buried (from the proposed intake to the new treatment plant) and
equipment would be transported, resulting in vegetation being affected in a 15-ft wide path
(Tennessee Valley Authority 2014a; Strickland, personal communication, 2014; Howard,
personal communication, 2014a).
Known aquatic direct impact areas from construction would include the following areas below
the ordinary high waterline (OHW) of the Elk River: (1) an approximately 3,200 ft2 (0.07-ac)
instream construction area in the Elk River that would be enclosed by the cofferdam and
dewatered during construction activities, and (2) vertical removal at the intake site of
approximately 6,345 ft3 of fill (sediment) from a 198 ft² (0.005-ac) area of riverbank above a 611
ft msl elevation (Tennessee Valley Authority 2014a; Howard, personal communication, 2014a).
Because excavation would occur in the dewatered area within the cofferdam, it is anticipated that
turbidity would likely be contained within this area and any increased turbidity in the water
column outside of the cofferdam would be minimal. Installation of the cofferdam and intake
structure would alter flows during construction. Water pumped from within the cofferdam
would be subject to permit limits established during construction permitting. These limits would
be protective of aquatic resources in the Elk River outside of the project area (Tennessee Valley
Authority 2014a).
An indirect impact area, surrounding the site, could be subject to temporary increases in debris
and suspended sediments during rock hammering and excavation activities (Tennessee Valley
Authority 2014a).
Operational Impacts
Potential operational impacts to aquatic resources are most likely to occur within the river
channel in the immediate vicinity of the intake pipes and immediately adjacent to the water
intake, where the wetted channel perimeter would be reduced as a result of water withdrawals.
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Results of hydrologic modeling, provided by Griggs & Maloney, Inc. (included in Appendix B),
on behalf of LCBPU, indicate that the critical low flow rate (derived using USGS minimum low
flow criterion for watersheds with sensitive species) at the location of the proposed water intake
is approximately 205 cubic feet per second (cfs). Griggs & Maloney (2012) performed a similar
calculation, using the USGS minimum flow criterion for watersheds without sensitive species,
and derived a flow of 102 cfs. They then simulated the change in width at the location of the
intake structure based on flows less than the recommended 205 cfs for sensitive species. The
model indicated that flows of 123-160 cfs would reduce the surface width by 0.338 ft (4 in),
which would equate to a reduction of wetted channel width of 2 in (vertically) on each bank
(included in Appendix B) (Tennessee Valley Authority 2014a).
In the biological assessment, TVA has estimated that an instream area surrounding and including
the project site could be subject to changes in flow levels and riverbed composition, and result in
a small loss of wetted-channel perimeter during project operations. It has described this area as
measuring approximately 75 ft wide (active Elk River channel from the left, descending
riverbank, riverward) and 325 ft long (including 25 ft of distance upstream of the proposed
facility and 50 ft of distance downstream of the proposed facility), totaling approximately 24,375
ft2 (0.6-ac) of aquatic habitat that could be impacted by the project (Figure 3b) (Tennessee
Valley Authority 2014a). In a follow-up conversation with TVA (Howard, personal
communication, 2014b), it was indicated the active channel width of the Elk River is
approximately 150 ft at the proposed project site, but TVA believed that the proposed action
would only impact approximately 75 ft (half) of the active channel width from the left,
descending bank, riverward. Therefore, as described above, this 75 ft width was used by TVA to
arrive at the aquatic habitat area impacted by the proposed action. The Service believes that the
entire width of the active Elk River channel would be impacted by the proposed action because
the biological assessment indicates there would be a reduction in wetted channel perimeter
(approximately a 2-in vertical drop on each bank), as a result of proposed intake withdrawals
(Tennessee Valley Authority 2014a). Therefore, there would be minor changes in channel form
and function at this site, including the bankfull width, bankfull mean and maximum depths,
entrenchment ratio, width/depth ratio, bankfull cross-sectional area, discharges, velocities, flow
patterns, and potentially other morphological characteristics. Taking these changes into account
(based upon the full 150 ft active channel width of the Elk River), the Service has doubled the
amount of aquatic habitat, described as impacted by TVA, from 24,375 ft2 (0.6-ac) to 48,750 ft²
(1.1 ac). We believe this more accurately depicts the aquatic area that would be impacted as a
result of the proposed action.
Conservation Measures
Construction


During the project construction phase, silt fencing and other erosion and sediment control
measures would be required around upland construction activities to prevent runoff and
deposition of sediment into the Elk River. In compliance with TDEC requirements, a
Storm Water Permit and associated SWPPP would be prepared and provided to TDEC
for this activity.
9



The cofferdam would act as a stilling basin for proposed instream construction activities.
Dewatering of the construction site would not occur until turbidity levels subsided and
the water column cleared to ambient conditions.



Removal of trees in the project area would occur between October 15 and March 31 to
avoid direct impacts to bats potentially present in trees during the summer roosting
season (Tennessee Valley Authority 2014a).

Operations and Maintenance


LCBPU would continue to address water losses resulting from leaks in its existing water
supply system. LCBPU has taken steps over the past 10 years towards reducing water
losses. Although significant losses of water occur in the existing system, LCBPU’s
efforts to date have succeeded in identifying only a few locations where water loss was
occurring. Apparently, the water losses are a result of shortages that cannot be accounted
for, small leaks, service theft and metering inaccuracies. Water loss over the last 10 years
has generally ranged from 43% to 48%. Currently, water loss ranges from 39% to 43%.
However, if water loss was reduced more significantly, it would not eliminate the need
for the proposed Elk River water withdrawal facility due to the current demand and
certain growth of the service area.
Steps taken by LCBPU to date to reduce water losses have included:
o reporting water system losses of 35% or higher to the Utility Management Review
Board or the Water and Wastewater Financing Board for further action;
o contracting with leak detection services to locate leaks;
o purchasing, maintaining and utilizing leak detection equipment on an almost daily
basis;
o replacing 11,500 linear ft of waterlines subject to continuous leak problems;
o implementing a “War on Leaks” policy, which included soliciting the public to
report any suspected leaks;
o ongoing replacement of approximately 22 mi of asbestos-cement (AC) waterline
with ductile iron, which is estimated to decrease losses by as much as 20,000
gallons per day (gpd) or about 2.2%.



Water intake screens would be utilized to minimize the potential uptake of small fish
(including boulder darters and potential fish hosts for mussels) and other organisms into
the proposed intake structure. The specific design of the intake would be developed with
recommendations from the Service and TWRA to minimize impacts to target aquatic
species.



TVA would monitor boulder darters in the vicinity of the proposed intake to assist with
assessing potential impacts to the species from construction and operation of the facility.
TVA would continue to annually monitor this site and evaluate potential project impacts
to the boulder darter after the start of operations at the LCBPU water intake.
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LCBPU would provide relevant data related to water intake volumes and schedules, as
well as information regarding maintenance or possible accidents that occur at the
proposed facility, to facilitate evaluation of potential project impacts. A monitoring plan
would be developed for this site, similar to the effort and methodology used for
monitoring boulder darters at other locations on the Elk River. The monitoring methods
would be developed via consultation with and approval by the Service (Tennessee Valley
Authority 2014a; James C. Hailey & Company 2012).

Project Footprint
Based upon information provided in the biological assessment (Tennessee Valley Authority
2014a) and communication with TVA (Strickland, personal communication, 2014; Howard,
personal communication, 2014a, 2014b), the Service estimates that the project footprint would
be comprised of an area totaling approximately 2.6 ac. This estimate includes approximately 1.1
ac of aquatic habitat below OHW and within the active channel of the Elk River, which could be
subject to changes in flow levels and riverbed composition and result in a small loss of wettedchannel perimeter during project operations, and would encompass the sites where instream
construction activities would transpire (i.e., installation of the cofferdam and removal of
sediment from an area of the riverbank at the proposed intake site, totaling approximately 0.08ac). The remainder of the footprint would be comprised of approximately 1.5 ac of terrestrial
areas, located above the OHW, and include sites where the following activities would occur: (1)
construction of the proposed facility (facility footprint), crane operation, equipment staging
(cleaning, refueling and storage), work/laydown and an associated buffer area, (2) excavation of
fill for placement of the proposed intake structure and construction of the structure into the left,
descending bank of the Elk River, (3) disturbance and removal of vegetation on top of the left,
descending bank of the Elk River, associated with installation of the proposed intake structure,
(4) placement of excavated excess fill in upland areas, and (5) removal of vegetation and
excavation of a 15-ft wide waterline path to bury approximately 1,900 linear ft of the proposed
16-in waterline from the proposed intake to the new treatment plant and to provide an area for
equipment to be transported.
Action Area
By definition, the action area encompasses an area where proposed activities can cause
measurable or detectable changes in land, air and water or to other measurable factors that may
elicit a response in the species or critical habitat addressed under the consultation. The action
area is not limited to the footprint of the action, and considers and includes chemical and
physical impacts to the environment resulting from the action.
For the proposed action, the Service has estimated that the project action area would include a
total of approximately 17.7 ac of aquatic and terrestrial areas, which would consist of the project
footprint, land owned by Lincoln County surrounding the proposed water treatment plant and
areas of the Elk River channel outside of the project footprint. This 17.7-ac area has been
identified as the action area for reasons that will be explained and discussed in the “EFFECTS
OF THE ACTION” of this consultation.
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STATUS OF THE SPECIES/CRITICAL HABITAT
Species/critical habitat description
Boulder darter
The boulder darter (Etheostoma wapiti) was listed as an endangered species on September 1,
1988 (53 FR 33996). A recovery plan addressing the boulder darter was approved on July 27,
1989 (U.S. Fish and Wildlife Service 1989). Critical habitat has not been designated for this
species.
The boulder darter grows to a maximum length of approximately 3 in. The body of the male is
olive to gray in color with eight to nine dorsal saddles and 10-11 mid-lateral blotches often
present, especially in juveniles. There are 10-14 dark horizontal lines between scale rows on the
sides of the fish. Red pigmentation may be present near the margins of the first one or two
membranes of the spinous dorsal fin on adult females. Red coloration is lacking on fins and the
body of adult males with chromatic colors restricted to pale yellow submarginal bands on
spinous dorsal, soft dorsal, and caudal fins; and pale blue on the gular area, bases of the pelvic
fins, and between the anal spines. Males are otherwise dark grey on the body and fins except for
the horizontal lines on sides and dark margins on the median fins. Females are lighter in color.
Both sexes have a dark gray or black bar beneath the eyes and a dark spot behind the eyes
(Etnier, personal communication, 1988; Etnier and Starnes 1993).
Fluted kidneyshell critical habitat
Critical habitat for the fluted kidneyshell was designated on September 26, 2013 (78 FR 59555)
and includes the following primary constituent elements (PCE), which are those physical and
biological features essential for the conservation of the species:
(1)
(2)
(3)

(4)

(5)

Riffle habitats within large, geomorphically stable stream channels (channels that
maintain lateral dimensions, longitudinal profiles and sinuosity patterns over time
without an aggrading or degrading bed elevation);
Stable substrates of sand, gravel and cobble with low to moderate amounts of fine
sediment and containing flow refugia with low shear stress;
A natural hydrologic flow regime (the magnitude, frequency, duration and
seasonality of discharge over time) necessary to maintain benthic habitats where
the species are found, and connectivity of rivers with the floodplain, allowing the
exchange of nutrients and sediment for habitat maintenance, food availability for
all life stages and spawning habitat for native fishes;
Water quality with low levels of pollutants and including a natural temperature
regime, pH (between 6.0 and 8.5), oxygen content (not less than 5.0 milligrams
per liter [mg/L]), hardness and turbidity necessary for normal behavior, growth
and viability of all life stages;
The presence of abundant fish hosts, which may include the barcheek darter
(Etheostoma obeyense), fantail darter (Etheostoma flabellare), rainbow darter
(Etheostoma caeruleum), redline darter (Etheostoma rufilineatum), bluebreast
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darter (Etheostoma camurum), dusky darter (Percina sciera) and banded sculpin
(Cottus carolinae), necessary for recruitment of the fluted kidneyshell.
In total, 24 critical habitat units encompassing approximately 1,181 river miles (RMs) of stream
channel in Alabama, Kentucky, Tennessee and Virginia were designated for the fluted
kidneyshell (see Table 2 and Figure 1).
Habitat loss and degradation negatively impact the fluted kidneyshell. Severe degradation from
impoundments, gravel and coal mining, oil and natural gas development, sedimentation,
chemical contaminants and stream channel alterations threaten the stream habitat and water
quality on which these species depend (Neves 1993; Williams et al. 1993; Neves et al. 1997).
Contaminants associated with coal mining (metals, other dissolved solids), municipal effluents
(bacteria, nutrients, pharmaceuticals), and agriculture (fertilizers, pesticides, herbicides and
animal waste) cause degradation of water quality and habitats through increased acidity and
conductivity, instream oxygen deficiencies, excess nutrification and excessive algal growths.
Other natural and manmade factors, such as alteration of natural temperature regimes below
dams; chemical contaminants; sedimentation; small, isolated populations; and low genetic
diversity, combined with localized extinctions from point source pollution (PSP) or accidental
toxic chemical spills, habitat modification and progressive degradation by nonpoint source
pollution (NPS), natural catastrophic changes to habitat through flood scour or drought as
exacerbated by climate change, and nonindigenous species, are threats to remaining populations
of the fluted kidneyshell and its critical habitat.
Table 2. Designated critical habitat units for the fluted kidneyshell.
Unit

Location

Occupied

FK1

Horse Lick Creek, KY

Yes

Total Length
(RM)
12.4

FK2

Middle Fork Rockcastle River, KY

Yes

7.7

FK3

Rockcastle River, KY

No

43.5

FK4

Buck Creek, KY

Yes

37.9

FK5

Rock Creek, KY

Yes

11.9

FK6

Little South Fork Cumberland River, KY

Yes

40.7

FK7

Big South Fork Cumberland River, KY, TN

Yes

56.9

FK8
FK9

Wolf River and Town Branch, TN
West Fork Obey River, TN

Yes
Yes

27.5
12.0

FK10

Indian Creek, VA

Yes

4.2

FK11

Little River, VA

Yes

31.3

FK12

North Fork Holston River, VA

Yes

41.8

FK13

Middle Fork Holston River, VA

Yes

55.3

FK14

Big Moccasin Creek, VA

No

20.6

FK15

Copper Creek, VA

Yes

34.5

FK16

Clinch River, TN, VA

Yes

163.2
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FK17

Powell River, TN, VA

Yes

94.9

FK18

Nolichucky River, TN

Yes

32.2

FK19

Holston River, TN

No

52.9

FK20

French Broad River, TN

No

34.9

FK21

Hiwassee River, TN

No

15.2

FK22

Elk River, AL, TN

No

102.1

FK23

Duck River, TN

Yes

215.9

FK24

Buffalo River, TN

No

31.0
1,180.5

Total RMs
Figure 1.

Slabside pearlymussel critical habitat
A proposed rule to list the slabside pearlymussel as endangered with critical habitat designation
was published on October 4, 2012 (77 FR 60804). The final rule listing the slabside
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pearlymussel as an endangered species and designation of critical habitat was published on
September 26, 2013 (78 FR 59269). A separate rule designating approximately 216 RMs of the
Duck River in Tennessee as slabside pearlymussel critical habitat was also published on
September 26, 2013 (78 FR 59556).
The critical habitat for the slabside pearlymussel designation includes the following primary
PCEs:
(1)
(2)
(3)

(4)

(5)

Riffle habitats within large, geomorphically stable stream channels (channels that
maintain lateral dimensions, longitudinal profiles and sinuosity patterns over time
without an aggrading or degrading bed elevation);
Stable substrates of sand, gravel and cobble with low to moderate amounts of fine
sediment and containing flow refugia with low shear stress;
A natural hydrologic flow regime (magnitude, frequency, duration and seasonality
of discharge over time) necessary to maintain benthic habitats where the species is
found, and connectivity of rivers with the floodplain, allowing the exchange of
nutrients and sediment for habitat maintenance, food availability for all life stages
and spawning habitat for native fishes;
Water quality with low levels of pollutants and including a natural temperature
regime, pH (between 6.0 to 8.5), oxygen content (not less than 5.0 mg/L, hardness
and turbidity necessary for normal behavior, growth and viability of all life
stages;
The presence of abundant fish hosts, which may include the popeye shiner
(Notropis ariommus), rosyface shiner (Notropis rubellus), saffron shiner
(Notropis rubricroceus), silver shiner (Notropis photogenis), telescope shiner
(Notropis telescopus), Tennessee shiner (Notropis leuciodus), whitetail shiner
(Cyprinella galactura), white shiner (Luxilus albeolus), and eastern blacknose
dace (Rhinichthys atratulus), necessary for recruitment of the slabside
pearlymussel.

In total, 13 critical habitat units were designated, encompassing approximately 970 RMs of
stream channel in Alabama, Mississippi, Tennessee and Virginia for the slabside pearlymussel
(see Table 3 and Figure 2).
Habitat loss and degradation negatively impact the slabside pearlymussel. Severe degradation
from impoundments, gravel and coal mining, oil and natural gas development, sedimentation,
chemical contaminants and stream channel alterations threaten the stream habitat and water
quality on which this species depends (Neves 1993; Williams et al. 1993; Neves et al. 1997).
Contaminants associated with coal mining (metals, other dissolved solids), municipal effluents
(bacteria, nutrients, pharmaceuticals) and agriculture (fertilizers, pesticides, herbicides and
animal waste) cause degradation of water quality and habitats through increased acidity and
conductivity, instream oxygen deficiencies, excess nutrification and excessive algal growths.
Other natural and manmade factors, such as alteration of natural temperature regimes below
dams; chemical contaminants; sedimentation; small, isolated populations; and low genetic
diversity, combined with localized extinctions from PSP or accidental toxic chemical spills,
habitat modification and progressive degradation by NPS, natural catastrophic changes to habitat
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through flood scour or drought as exacerbated by climate change and nonindigenous species, are
threats to remaining populations of the slabside pearlymussel and its critical habitat.
Table 3. Designated critical habitat units for the slabside pearlymussel.
Unit

Location

Occupied

Total Length (RM)

SP1
SP2
SP3
SP4
SP5
SP6
SP7
SP8
SP9
SP10
SP11
SP12
SP13

North Fork Holston River, VA
Middle Fork Holston River, VA
Big Moccasin Creek, VA
Clinch River, TN, VA
Powell River, TN, VA
Nolichucky River, TN
Hiwassee River, TN
Sequatchie River, TN
Paint Rock River, AL
Elk River, AL, TN
Bear Creek, AL, MS
Duck River, TN
Buffalo River, TN
Total RMs

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

41.8
55.3
20.6
163.2
94.9
32.2
15.2
94.1
77.7
102.1
26.3
215.9
31.0
970.3

Figure 2.
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Life history
Boulder darter
Observations made by ichthyologists indicate that the boulder darter inhabits areas in warmwater
streams with moderate to swift current velocity over boulder or slab rock substrate. The species
has not been found in pool habitat or in areas with gravel substrate unless other cover (i.e.,
slabrocks) is also available. Juvenile boulder darters, however, may occur in areas with smallersized substrate (U.S. Fish and Wildlife Service 1989). While extensive life history studies of
boulder darters have not been conducted, Conservation Fisheries, Incorporated (CFI) has
obtained incidental life history information through observation of the species associated with
captive propagation activities.
O’Bara and Etnier (1987) indicated that reproductive habitat of the boulder darter was thought to
be large boulders and/or slabrocks as was known or inferred for other members of the closely
related E. maculatum species group. This theory was strengthened considerably by their failure
to collect adults in the absence of these habitats and the rather predictable presence of the
boulder darter in the Elk River, where such habitats occurred. Burkhead and Williams (1992), in
laboratory studies, found that spawning habitat was boulder substrate in flowing water with a
velocity of about 1-2 cfs. However, Rakes (personal communication, 2010) has observed
boulder darters spawning at lower stream velocities.
Laboratory studies found that boulder darter nesting sites had specific attributes: (1) the egg
deposition site was between boulders, not between a boulder and gravel or a boulder and pieces
of rubble, although a space created between a boulder and bedrock could potentially be
acceptable; (2) it had a wedge-shaped configuration, with two boulders touching at a relatively
narrow angle, creating a space into which the female wedged her eggs; (3) the egg-deposition
site had current flowing across it; (4) the cavity was roughly horizontal (no vertical or nearly
vertical spaces were selected); and (5) the boulders had to be not only in the correct depth and
current ranges, but also occurred in certain configurations relative to the current and to each
other (Burkhead and Williams 1992).
Rakes et al. (2009) noted that the spawning season for boulder darters in a propagation facility
(CFI) remained fairly consistent from year to year, beginning over a six-week period from about
April 25 and ending in mid-June. Rakes and Shute (2008) observed that yolk-sac larvae at CFI
alternated between swimming and resting on the bottom for a day or two. The larvae became
fully pelagic after their yolk-sac was absorbed and they began feeding.
Rakes et al. (1999) and Rakes and Shute (2002) determined that boulder darters typically exhibit
breeding colors when water temperatures are at approximately 64.4-73.4°F. Eight adult boulder
darters in a laboratory environment began spawning when water temperatures reached 69.8o F
and continued to spawn at a stable temperature of 75.2o F (Burkhead and Williams 1992).
Etnier and Williams (1989) speculated that although the species’ actual food habits were still
unknown, most fish of the Nothonotus subgenus fed on immature aquatic insects. The maximum
total length of the species is 3.3 in (Etnier and Starnes 1993).
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Population dynamics
Boulder darter
The only naturally occurring population of boulder darters occurs in low numbers in the Elk
River drainage. Prior to its listing on September 1, 1988 (53 FR 33996), fewer than 60 boulder
darters had been collected since 1986 in a 60-RM reach of the Elk River. Sedimentation,
pollution, water temperature reductions, and construction of the mainstem impoundments (i.e.,
Wilson and Wheeler reservoirs) destroyed or adversely altered habitat for the boulder darter in
the Tennessee River and its tributaries where the species was thought to exist (Etnier and
Williams 1989).
The lack of pre-impoundment records precludes determination of the precise historical
distribution of the boulder darter. However, ichthyologists believe, based on the historic
availability of suitable habitat that this species once inhabited the mainstem of the Tennessee
River and the lower reaches of its major tributaries from the Paint Rock River (Marshall and
Madison counties, Alabama) to at least the mouth of Shoal Creek (Lauderdale County, Alabama)
(U.S. Fish and Wildlife Service 1989). Historical records are known from Shoal Creek, the
Tennessee River tributary mentioned above with its lower reaches now impounded by Wilson
Reservoir (U.S. Fish and Wildlife Service 1989), as opposed to the smaller Elk River tributary of
the same name in Limestone County, Alabama, for which there are recent collection records
(Shepard et al. 2009). Historically, individuals were collected in the Elk River as far upstream as
approximately ERM 90 (Lincoln County, Tennessee) (U.S. Fish and Wildlife Service 1989).
The following approximate total numbers of boulder darters have been collected or observed in
the following reaches since 1986: (1) approximately 300 individuals in the Elk River from
approximately ERM 28 in the vicinity of Gallus Island (Limestone County, Alabama) upstream
throughout 64 mi in Giles and Lincoln, counties, Tennessee, to approximately ERM 91.8 in the
vicinity of the Wells Creek confluence near Fayetteville, in Lincoln County, Tennessee, (2) four
individuals in the lower 0.5 creek miles (CM) of Shoal Creek, an Elk River tributary, in
Limestone County, Alabama, (3) 32 individuals in the lower 2.1 mi of Richland Creek, an Elk
River tributary, in Giles County, Tennessee, and (4) one individual in the lower 0.5-CM of
Indian Creek, an Elk River tributary, in Giles County, Tennessee (O’Bara and Etnier 1987;
Williams and Burkhead, personal communication, 1988; U.S. Fish and Wildlife Service 1989,
2013; Rakes et al. 1998, 2000; Rakes and Shute 2001, 2002, 2003, 2004b, and personal
communication, 2004a; Shepard et al. 2009; Saylor, personal communication, 2011a; Rakes,
personal communication, 2011, 2013a, 2014a; Shepard, personal communication, 2011;
Tennessee Technological University 2012; Tennessee Valley Authority 2012, 2014b; Petty et al.
2012, 2014).
CFI propagated and released a total of 2,264 boulder darters at four sites in the Elk River (ERM
97; ERM 89.5; ERM 60.9; ERM 49.2) between 1997 and 2003 (Rakes et al. 1998, 2000; Rakes
and Shute 2001, 2002, 2003, 2004b). Between 1997 and 2007, CFI observed a total of 93
boulder darters in the Elk River, many of which were propagated individuals (Rakes and Shute,
personal communication, 2004a). Because many of these fish were propagated individuals, they
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have not been included in the approximate total number of Elk River boulder darters (300)
sampled since 1986, as indicated in the above paragraph.
TVA initiated a program to monitor the boulder darter population in the Elk River in July 2010.
This program is ongoing and provides a baseline for measuring future trends.
The Service published the final rule for “Establishment of a Nonessential Experimental
Population (NEP) for Two Fishes (Boulder Darter and Spotfin Chub) in Shoal Creek, Tennessee
and Alabama” (70 FR 17916-17927) on April 2, 2005, which allowed for the reintroduction of
boulder darters within their historic range in Shoal Creek, tributary to the Tennessee River.
Since 2005, CFI has propagated and released a total of 5,844 boulder darters into Shoal Creek
near Iron City, Lawrence County, Tennessee (Rakes, personal communication, 2013b, 2014b;
Petty et al. 2014). Individuals believed to be wild progeny of the stocked fish have been
observed in Shoal Creek since 2008 (Rakes et al. 2009; Rakes, personal communication, 2009a,
2009b, 2013b; Petty et al. 2011). Additional surveys of Shoal Creek will determine the overwintering survivorship, downstream dispersal, natural reproduction and recruitment success of
these fish.
Status and distribution
Boulder darter
Currently, boulder darters are scattered throughout small areas of suitable habitat over 64 mi of
the Elk River from the vicinity of Gallus Island (Limestone County, Alabama) at approximately
ERM 28 upstream through Giles and Lincoln counties, Tennessee, to ERM 91.8 in the vicinity of
the Wells Creek confluence near Fayetteville (Lincoln County, Tennessee). The species has also
been collected from the following three tributaries to the Elk River: (1) approximately the lower
2.1 mi of Richland Creek in Giles County, Tennessee, (2) approximately the lower 0.5-CM of
Indian Creek in Giles County, Tennessee, and (3) approximately the lower 0.5-CM of Shoal
Creek in Limestone County, Alabama (O’Bara and Etnier 1987; Williams and Burkhead,
personal communication, 1988; Shepard et al. 2009; Saylor, personal communication, 2011a;
U.S. Fish and Wildlife Service 1989, 2013; Rakes and Shute, personal communication, 2004a;
Rakes, personal communication, 2011; Shepard, personal communication, 2011; Tennessee
Valley Authority 2012, 2014b; Rakes et al. 1998, 2000; Rakes and Shute 2001, 2002, 2003,
2004b).
CFI also released propagated boulder darters at four sites (ERM 97; ERM 89.5; ERM 60.9; ERM
49.2) in the Elk River from 1997 through 2003 (Rakes et al. 1998, 2000; Rakes and Shute 2001,
2002, 2003, 2004b).
Since 1993, CFI has sampled and documented boulder darter presence in the Elk River,
confirming the species presence at various locations between approximately ERM 49
(downstream of the I-65 Highway Bridge) and ERM 90 (upstream of Fayetteville) in Giles and
Lincoln counties, Tennessee. They have also observed boulder darters at three new localities
(downstream of Harms Mill, at Hobbs Bridge, and at a shoal upstream of the I-65 Bridge) in
these counties, expanding the known distribution of the species in the Elk River since the
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recovery plan was written (Rakes and Shute 2001). Boulder darters have also been collected in
the Elk River in Limestone County, Alabama, from ERM 28 at Gallus Island (their most
downstream documented extent) upstream to ERM 32.5 (Fishtrap Ford) on several occasions
between 1993 and 2006 (Shepard et al. 2009).
TVA’s 2010 survey efforts included collection of one individual at ERM 91.8 in the vicinity of
the Wells Creek confluence near Fayetteville, in Lincoln County, Tennessee, the furthest
recorded upstream extent for the species (Saylor, personal communication, 2011a). TVA has
also encountered boulder darters in recent years when conducting Index of Biological Integrity
(IBI) surveys and coordinating sampling efforts with CFI at various sites in the vicinity of Harms
Mill and Fayetteville (approximately ERM 75 to ERM 90).
Geological Survey of Alabama collected two boulder darters in Shoal Creek, tributary to the Elk
River in Limestone County, Alabama, upstream of the embayment of Wheeler Reservoir in
2004; this represented a new tributary record for this species. An additional specimen was
collected in the same stream in 2005 and again in 2006 (Shepard et al. 2009).
Records indicate that boulder darters historically occurred in Shoal Creek, Tennessee River
tributary in Lawrence County, Tennessee, and Lauderdale County, Alabama. Two juveniles
were collected and documented in 1884 in Shoal Creek near Florence, Lauderdale County,
Alabama (Etnier and Starnes 1993). Indigenous populations of boulder darters in Shoal Creek
are presumed to be extirpated. However, the Service’s Establishment of a NEP for Two Fishes
(Boulder Darter and Spotfin Chub) in Shoal Creek, Tennessee and Alabama, Final Rule (70 FR
17916-17927) has provided for reintroduction of boulder darters into this system since 2005.
Since the recovery plan was written (U.S. Fish and Wildlife Service 1989), no additional
populations of the boulder darter have been discovered in adjoining drainages. However, the
known distribution of the Elk River population has been expanded to include the several
additional collection sites within the mainstem Elk River mentioned in the above paragraphs.
The entire known range of the existing Elk River population continues to be affected by
operation of Tims Ford Dam and the presence of Wheeler Reservoir. It is believed that coldwater releases from Tims Ford Reservoir suppressed population size and affected distribution in
the Elk River. While this population may persist, full recovery will be dependent upon TVA’s
modified operations and maintenance (O&M) at Tims Ford Dam and establishment of additional
populations in other watersheds, similar to the ongoing reintroduction efforts in Shoal Creek,
Tennessee River tributary. Listed species will continue to occur in low numbers and be at risk of
extinction unless changes in Tims Ford Dam O&M to address unnatural flow regimes and
temperature fluctuations downstream from the dam are successful. Sedimentation from poor
land use practices, NPS from agriculture, potential wastewater treatment plant discharges,
municipal and agricultural water withdrawals, and various other water quality impacts also
remain threats to the boulder darter.
Presently, much uncertainty exists regarding recovery of the species. Due to its limited
distribution, unknown population trends and continued threats, the boulder darter continues to be
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in danger of extinction throughout its range. Therefore, the status of the boulder darter listed as
endangered remains appropriate.
A recovery plan was approved for the boulder darter on July 27, 1989 (U.S. Fish and Wildlife
Service 1989). This species will be considered recovered when:
Through protection of the existing population and successful establishment of reintroduced
populations or discovery of additional populations, three distinct viable populations exist. The
existing Elk River population, including the three tributary segments, must be secure from ERM
90 downstream to approximately ERM 30.
Studies of the fish's biological and ecological requirements have been completed, and the
implementation of management strategies developed from these studies has been successful.
No foreseeable threats exist that would likely threaten survival of any of the populations.
Analysis of the species/critical habitat likely to be affected
Boulder darter
The boulder darter is the only federally listed species that is likely to be adversely affected by the
proposed action and, therefore, the only species that will be addressed in this biological opinion.
Other federally listed species, which may be present in the action area, but are not likely to be
adversely affected by the proposed action, have been identified in Table1.
According to occurrence records (Rakes and Shute 2006; Saylor, personal communication,
2011a, 2011b), 13 boulder darters were collected or observed in the action area from 2000
through 2011. Boulder darters are likely to be affected by LCBPU’s Proposed Lincoln
County Water Intake and Treatment Facility because of their known presence in the action
area in the recent past (Rakes and Shute 2006; Saylor, personal communication, 2011a,
2011b) and the anticipated effects associated with the proposed action.
No designated critical habitat for the boulder darter occurs within the action area. Therefore,
the action would not affect, adversely modify or destroy any designated critical habitat for
the federally listed boulder darter.
Fluted kidneyshell and slabside pearlymussel critical habitat
The action area supports federally designated critical habitat for the fluted kidneyshell and
slabside pearlymussel. Portions of designated Elk River critical habitat units FK 22 (fluted
kidneyshell) and SP 10 (slabside pearlymussel) occur throughout the entire extent of the action
area. The fluted kidneyshell was known historically from the Elk River (78 FR 59564), but has
not been observed since the 1960s (Isom et al. 1973) and is presumed extirpated from the Elk
River (78 FR 59566). Therefore, Critical Habitat Unit FK 22 is considered “unoccupied” by the
fluted kidneyshell (78 FR 59571). The slabside pearlymussel has been collected recently in the
Elk River (Tennessee Valley Authority 2009; 77 FR 60811-60812), and therefore, Critical
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Habitat Unit SP 10 is designated as “occupied” (78 FR 59571). Critical habitat for the fluted
kidneyshell and slabside pearlymussel are likely to be affected, by LCBPU’s proposed
action because it exists within the action area and due to the nature of the anticipated
effects associated with the proposed action.
An effects analysis, describing potential effects to the boulder darter and fluted kidneyshell
and slabside pearlymussel critical habitat as a result of the proposed action, is presented in
the next section.
ENVIRONMENTAL BASELINE
The Elk River is approximately 195 mi in length and drains approximately 2,250 square miles
(mi²) in south-central Tennessee and north-central Alabama (Tennessee Valley Authority 1962;
Shepard et al. 2009). It originates in Burroughs Cove in Grundy County, Tennessee, near the
community of Elkhead. It then flows southwestward and forms the Coffee-Franklin County,
Tennessee Line. It is first impounded by Elk River Dam, forming the 6.1 mi² Woods Reservoir
(Findlakes 2011), which extends upstream to about where the river ceases to serve as the CoffeeFranklin County Line and is entirely located within Franklin County. Approximately 4 mi
downstream of Elk River Dam, the Elk River enters the slackwaters of Tims Ford Reservoir and
continues 34 mi in a southwesterly direction before exiting Tims Ford Dam. Immediately
downstream of the dam, the Elk River forms the boundary between Franklin and Moore counties,
Tennessee, at approximately ERM 129.7, and then subsequently between Moore and Lincoln
counties, Tennessee, in the vicinity of the Beans Creek confluence at ERM 120. The river
continues downstream through Lincoln County and the community of Fayetteville, Tennessee,
and southwesterly through Giles County, Tennessee, crossing into Limestone County, Alabama,
at ERM 33.5. The Elk River enters the slackwaters of Wheeler Reservoir at approximately ERM
28 (Shepard et al. 2009). The impounded Elk River continues its southwesterly course into
Lauderdale County, Alabama, and empties into a reach of the Tennessee River impounded by
Wheeler Reservoir at Tennessee River Mile (TRM) 285, approximately 10 mi upstream of
TVA’s Wheeler Lock and Dam at TRM 275 (U.S. Army Corps of Engineers 2011).
The Elk River is navigable, and the U.S. Coast Guard maintains buoys and day beacons in aid of
commercial navigation on the Elk River from the impounded mouth to the U.S. Route 72 bridge
at ERM 4.9. Beyond that, TVA maintains navigation aids for recreational boating upstream to
the Mills Bridge at ERM 14.5. There is no regular commercial navigation activity on the Elk
River at this time with the exception of marine construction companies building private dock
facilities and periodic bridge inspection and maintenance for the Alabama Department of
Transportation (Tennessee Valley Authority 2006).
Tims Ford Dam is located at ERM 133.3 in Franklin County, Tennessee. The dam is an earthen
structure, 1,580 ft in length and 175 ft in height (Tennessee Valley Authority 2011a). The
hydroelectric power plant at Tims Ford Dam consists of one operational generating unit which
has a generating capacity of 45,000 kilowatts (kW). A smaller secondary unit, rated at 39 kW,
74 cfs, was installed to provide minimum flows as part of TVA’s Reservoir Release
Improvements Program (RRIP). The smaller turbine was damaged due to high flows in May
2004 and is no longer in use. A minimum flow of 80 cfs has been provided via the sluiceway
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since that incident occurred (Tennessee Valley Authority 2008). The spillway consists of three
bays with radial gates that have a combined discharge of 3,890 cfs (Tennessee Valley Authority
2011a). The sluiceway and/or spillway consist of vertical slots in the dam that can be opened to
release water from Tims Ford Reservoir without passing it through the penstock and turbine area
(Tennessee Valley Authority 2011b).
Tims Ford Reservoir extends 34 mi and has 275 mi of shoreline and 10,680 ac of surface water
at normal summer pool (Tennessee Valley Authority 2000). Tims Ford has a flood-storage
capacity of 219,600 acre-feet (Tennessee Valley Authority 2011a). From June 1 through Labor
Day, TVA maintains elevations in the reservoir as close as possible to the Tims Ford Reservoir
flood guide-line to support reservoir recreation and provide downstream flood control.
According to this flood-guide, the minimum recreation elevation (reservoir pool from 888 to 883
ft above msl is maintained on Tims Ford Reservoir to benefit recreation from May 15 to October
15. The Tims Ford Reservoir flood guide pool elevations have a planned seasonal fluctuation of
15 ft, 873 ft above msl in winter months to 888 ft above msl during summer months, to provide
flood storage upstream of Fayetteville, Tennessee (Koroa, personal communication, 2011).
Tims Ford Dam was completed in 1970 by the TVA for the primary purpose of recreation; the
dam also provides flood protection for downstream locations on the Elk River (particularly
Fayetteville, Tennessee), hydropower generation, and economic development for water quality
and supply (Tennessee Valley Authority 2008). The greatest potential capital benefit for
construction of Tims Ford Dam was recreation; 47.3% of capital funds were identified to provide
recreation benefits. The Elk River is a popular recreation area for canoeing, fishing, camping
and picnicking. The Elk River has a designated use as a trout reach from ERM 133.3 (Tims Ford
Dam) downstream to ERM 90.5 (Fayetteville, Tennessee) (Tennessee Valley Authority 2008).
The TWRA stocks rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta) in the
upper reach of the Tims Ford tailwaters from March through November each year (Tennessee
Wildlife Resources Agency 2011).
Other capital benefits that formed the basis for construction of Tims Ford Dam and the
percentage of funds identified to cover those benefits included, flood control (13.7%), reservoir
shoreline development (13.7%), power (11.6%), fish and waterfowl (8.8%), water supply and
water quality control (3.6%) and commercial fishing (1.4%) (Tennessee Valley Authority 2008).
Counties and several municipalities in Tennessee and Alabama use the Elk River as a water
supply. Water intakes are located at various points along the waterway.
Historically, several federally listed aquatic species, including the boulder darter, cracking
pearlymussel (Hemistena lata), shiny pigtoe (Fusconaia cor), fine-rayed pigtoe (Fusconaia
cuneolus), birdwing pearlymussel (Lemiox rimosus), Cumberland monkeyface (Quadrula
intermedia), slabside pearlymussel (Pleuronaia dolabelloides), snuffbox (Epioblasma triquetra),
tan riffleshell (Epioblasma florentina walkeri) and rabbitsfoot (Quadrula cylindrica cylindrica),
have been negatively impacted by TVA’s O&M activities at Tims Ford Dam. Several of these
species (i.e., shiny pigtoe, fine-rayed pigtoe, birdwing pearlymussel, Cumberland monkeyface
and tan riffleshell) have not been observed in the Elk River for several decades and may be
extirpated. Federally designated critical habitat for the slabside pearlymussel and fluted

23

kidneyshell (Ptychobranchus subtentum) has also been negatively impacted by TVA’s O&M
activities at the dam.
Hydropower operations resulted in fluctuating water levels and de-watering areas of suitable
habitat in the Elk River. Peaking flows from the dam resulted in daily water level fluctuations of
over 5 ft in the mainstem at the Alabama state line (Shepard et al. 2009). This has resulted in
erosion of riverbanks, sedimentation of stream substrate and decreased suitable instream habitat
and habitat diversity. Native fish and mussel populations were adversely affected by the extreme
variations in flow and temperature related to historical operation of the turbine at Tims Ford
Dam. Releases of cold water through the hydroturbine reduced stream temperatures in the
tailwaters throughout the entire Elk River from Tims Ford Dam to the backwaters of Wheeler
Reservoir. It is believed that cold-water releases from Tims Ford Reservoir suppressed the
boulder darter population size and affected their distribution in the Elk River. The releases
resulted in thermal shock to boulder darters during their spawning season, and also affected
growth of young boulder darters. Water temperature fluctuations, excessive sedimentation and
low densities (or absence) of appropriate fish hosts, as a result of hydroturbine operations, likely
hindered the reproductive success of freshwater mussels (Tennessee Valley Authority 2008).
TVA has improved the quality of water releases from Tims Ford Dam through an aeration
project as part of its RRIP. In 2005, TVA initiated formal consultation with the Service
regarding routine O&M of TVA’s water control structures. As a result of this consultation,
which concluded in 2006 (U.S. Fish and Wildlife Service 2006), TVA began to modify O&M at
Tims Ford Dam in 2008 by reducing turbine operations and providing a combination of releases
via the spillway and sluice of 200 to 300 cfs in an attempt to more closely simulate natural flow
regimes and seasonal water temperatures downstream from the dam. These modifications are
anticipated to aide in recovery of the boulder darter and other federally listed aquatic species in
the Elk River. Current minimum summer flow releases at the dam average 210 cfs. TVA has
foregone use of the large hydrogenation unit at Tims Ford Dam during these critical periods
(U.S. Fish and Wildlife Service 2013).
If Tims Ford Dam modifications to address unnatural flow regimes and temperature fluctuations
in the Elk River are unsuccessful, listed species will continue to occur in low numbers and be at
risk of extinction. TVA is currently implementing an adaptive management process to determine
which combination of sluicing, spilling, and hydropower generation at Tims Ford Dam will
produce desired flow and temperature conditions for listed species. This process is ongoing, but
is expected to improve habitat conditions for the boulder darter and federally listed freshwater
mussels. In addition, the changes in O&M at Tims Ford Dam are anticipated to provide
approximately 30 additional mi of boulder darter habitat by warming and stabilizing Elk River
temperatures from approximately ERM 119 at the Beans Creek confluence, Lincoln County,
Tennessee, downstream to ERM 90 at Fayetteville, allowing the darter to expand its current
range upstream.
TVA’s O&M modifications will require several years of studies and evaluation via a multiagency working group, consisting of TVA staff and representatives from the Service, U.S.
Geological Survey, and Alabama and Tennessee state fish and wildlife agencies, to assess
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operational changes implemented due to TVA’s 2005-2006 consultation and its effects to
federally listed species.
Land use in the action area is rural with the primary land use being agriculture (non-irrigated
crop production and livestock grazing). Corn, grain and silage, wheat and soybeans are the main
crops grown within the action area and near vicinity. Pasturelands, supporting beef and dairy
cattle, also occur within the action area (USGS 7.5 Minute Series, Boonhill Quadrangle
Topographic Map; Natural Resources Conservation Service 2014).
A 97-RM reach of the Elk River in Giles, Lincoln, Moore and Franklin counties, Tennessee,
from ERM 33 to ERM 130 is listed on the Nationwide Rivers Inventory. The action area lies
within this reach. The National Park Service recognizes this segment of the river for its
Outstanding Resource Values, including Scenery, Recreation, Fish, Wildlife, History and Culture
(Tennessee Valley Authority 2008).
The State of Tennessee has listed 13.91 mi of the Elk River in Lincoln County as impaired on
their Final YEAR 2012 303(d) LIST (List), the most current List available (Tennessee
Department of Environment and Conservation 2014). On the List, Escherichia coli is identified
as a pollutant occurring in this river reach and pasture grazing as the pollutant source. The reach
was assessed as Category 5, which indicates that one or more designated uses are not being met
and a Total Maximum Daily Load (TMDL) study is needed to address Escherichia coli. The
TMDL is prioritized as “HIGH” on the List, denoting that, tools are available to produce the
TMDL, the stream (i.e., the 13.91-RM reach) is in one of the watersheds being studied in the
next two years, and the TMDL will be produced in the next two years (Tennessee Department of
Environment and Conservation 2014).
Status of the species and critical habitat within the action area
The 17.7-ac project action area would be in Lincoln County, Tennessee, and contain the
following aquatic and terrestrial areas: (1) approximately 7.5 ac of aquatic areas, which would
encompass portions of the proposed project footprint, and include the entire active Elk River
channel beginning approximately 50 ft upstream of the proposed water intake site at ERM 75.3
and extending downstream approximately 0.4-RM to ERM 74.9, and (2) terrestrial areas
comprised of the 10.2-ac proposed plant site, which would encompass terrestrial portions of the
project footprint, on the south riverbank and within the floodplain in the immediate vicinity of
the proposed action at ERM 75.3. The action area was determined based upon information
provided: (1) in the biological assessment (Tennessee Valley Authority 2014a), (2)
communication with TVA (Strickland, personal communication, 2014; Howard, personal
communication, 2014a, 2014b), (3) recent occurrence records of boulder darters in the vicinity of
the proposed project site (Rakes and Shute 2006; Saylor, personal communication, 2011a,
2011b), (4) the final rule, designating critical habitat for the fluted kidneyshell and slabside
pearlymussel (78 FR 59556 – 59620), and (5) assessments by the Tennessee Valley Authority
(2014a) and the Service, regarding the nature of proposed work activities to potentially affect
boulder darters.
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Based upon the following occurrence records, a total of 13 boulder darters have been collected or
observed in the action area since 2000: (1) five individuals sampled by TVA at ERM 75 on July
26, 2000 (Saylor, personal communication, 2011a), (2) six individuals sampled by CFI at ERM
75 on August 25, 2005 (Rakes and Shute 2006), (3) one individual sampled by TVA at ERM 75
on August 8, 2006 (Saylor, personal communication, 2011a), and (4) one individual sampled by
TVA and TTU at ERM 75.3 in November 2011 (Saylor, personal communication, 2011b).
Therefore, based upon these recent occurrences within the action area, the Service assumes that
boulder darters likely continue to occur there, and work activities associated with the proposed
action could potentially affect any individuals present within the action area.
Critical habitat for the fluted kidneyshell (Critical Habitat Unit FK 22) and Slabside
Pearlymussel (Critical Habitat Unit SP 10) was recently designated throughout approximately
102.1 RMs of the Elk River from its inundation at Wheeler Reservoir in Limestone County,
Alabama (approximately ERM 21.9), upstream to its confluence with Farris Creek at the
dividing line between Franklin and Moore counties, Tennessee (approximately ERM 124) (78
FR 59556 – 59620). The 0.4-RM action area (approximately ERM 74.9 – ERM 75.3) would be
located within the designated critical habitat units, and work activities associated with the
proposed action could potentially impact this critical habitat.
Factors affecting the species and critical habitat within the action area
While TVA modified annual O&M at Tims Ford Dam in 2008 and continue to operate under this
scenario in an attempt to ameliorate the effects of the dam on federally listed aquatic species
(previously described in the “Environmental Baseline”), the previous O&M scenario involved
year-round cold water releases and peaking hydropower flows which affected listed aquatic
species from Tims Ford Dam at ERM 133.3 in Franklin County, Tennessee, downstream to
approximately ERM 28 (the slackwaters of Wheeler Reservoir) in Limestone County, Alabama)
over nearly a 40-year period. The action area is located at ERM 75.3, within this 105, plus (+)
mi reach of the Elk River where listed species were affected by TVA’s prior O&M activities.
Impacts from these historical O&M activities (reduced habitat, riverbank erosion, etc.) continue
to affect the boulder darter and recently designated (2013) critical habitat for the fluted
kidneyshell and slabside pearlymussel within the action area. Therefore, this section also
includes a discussion on the effects of historical O&M activities on the boulder darter and critical
habitat for the fluted kidneyshell and slabside pearlymussel in the action area. Hydropower
operations continue to be implemented at Tims Ford Dam throughout winter months (October 16
– April 30) and emergency hydro-generation initiated on an as-needed basis.
Storage-peaking facilities can have far-reaching effects on aquatic life (Fraley 2002). Dams with
hypolimnetic, or bottom intakes can discharge water that is substantially colder than previous
pre-impoundment conditions and cause significant effects in dam tailwaters (Ward and Stanford
1979a; Watters 2000; Miller et al. 1984). These colder conditions can significantly alter
ecological processes and aquatic community structure (Fraley 2002). The only naturally
occurring boulder darter population, rare mussel species and fish species, which serve as hosts
for rare mussel species during their reproductive periods, were affected by pulses of cold water
from Tims Ford Dam O&M activities; these pulses reduced water temperatures in the tailwaters
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for many miles downstream and likely resulted in thermal shock to these species, for nearly four
decades.
Water quality degradation as a result of cold water releases through Tim’s Ford Dam have
impacted the mussel fauna in the Elk River (Ahlstedt 1986), including the action area. Mussel
growth, condition, and short term survival can be adversely affected by cold tailwater conditions
(Cahn 1936; Isom 1971). Cold water conditions can directly curtail reproduction in many
mussel species, apparently through physiological changes that can disrupt gamete production
(Heinricher and Layzer 1999; McMahon 1991; Yokely 1972). Cold tailwaters can also indirectly
affect mussel reproduction by eliminating warm-water fish hosts (Tarzwell 1939; Dendy and
Stroud 1949; Pfitzer 1962).
One of the most obvious downstream effects produced by storage-peaking hydroelectric facilities
is an altered flow regime or stream hydrology. Flow is altered in two fundamental ways in
tailwaters downstream from these dams: (1) daily flow variability is increased and (2) seasonal
variability is decreased. These alterations can affect a stream many miles downstream from a
dam, often much farther than any other dam-related effect. The result is a hydrograph that has
little in common with natural cycles or historical flow patterns (Fraley 2002).
Prior to construction of Tims Ford Dam, annual high flows during spring months flushed the Elk
River of sediments. These natural events no longer occurred after Tims Ford Dam was
constructed and closed, except at random intervals when implementation of flood control
operations was necessitated. Peaking hydropower operations caused fluctuations in Elk River
water levels that de-watered and fragmented areas supporting suitable habitat for the boulder
darter and freshwater mussels, including the fluted kidneyshell and slabside pearlymussel,
resulting in erosion of riverbanks and increased sedimentation of the river and increased habitat
instability (Tennessee Valley Authority 2008). Activities that contribute sediment discharges
into a stream system can lead to destruction of riparian vegetation, bank collapse, excessive
instream sediment deposition, and increased water turbidity and temperatures (Waters 1995).
In free-flowing rivers, spatial distribution and species composition of mussel communities are
influenced directly and indirectly by characteristics of the flow regime (Di Maio and Corkum
1995; Layzer and Madison 1995; Strayer 1993, 1999; Vannote and Minshall 1982). Alterations
to these natural characteristics and patterns of flow typically result in adverse effects on mussel
communities in tailwaters (Fraley 2002). Daily fluctuations for peaking power production can
dewater shallow areas in the tailwater; mussels cannot tolerate prolonged periods of dewatering
(Blinn et al. 1995; Fisher and LaVoy 1972; Moog 1993; Neck and Howells 1994). Observations
in the Cherokee Dam tailwater of the Holston River in eastern Tennessee indicate that mussels
have been eliminated from shallow riffles that were dewatered more or less daily over several
decades prior to adoption of minimum flow releases (TVA unpublished data, as cited in Fraley
2002). Mussel reproductive activities may be affected by both daily and seasonal variations in
flow (Fraley 2002). The cycle of low flow periods that allow shallow areas to warm followed by
abrupt cold water releases from the reservoir’s hypolimnion can result in rapid temperature
fluctuations that can cause some gravid mussels to abort developing glochidia (Matteson 1948).
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Recruitment of juvenile mussels may also be affected by altered flow regimes. Mussels evolved
in free-flowing streams with certain natural, seasonal characteristics of discharge. Daily peaking
discharge and seasonal storage (late winter-spring) and release (late summer-autumn) result in a
hydrograph that rarely, or only inconsistently, resembles the natural, seasonal patterns. Many
mussel reproductive strategies appear to be adapted to typical seasonal flow patterns and the
resulting host fish behavioral patterns (Fraley 2002).
Studies indicate that higher density mussel beds are often associated with relatively lower
velocities at the stream bottom (Way et al. 1989; Strayer and Ralley 1993; Layzer and Madison
1995). Moreover, near-bottom shear stresses and other complex hydraulic variables associated
with high flows may inhibit settlement and subsequent recruitment of juvenile mussels, when
high flows coincide with time periods when early juveniles drop from their fish hosts (Layzer
and Madison 1995; Hardison and Layzer 2001). Peaking discharges can result in daily flows that
may approximate several flood events in a given season (especially mid-summer through midautumn); as a result, settlement of juvenile mussels in suitable habitats may be inhibited (Fraley
2002).
Changes in fish and macroinvertebrate communities in cold tailwaters are generally drastic and
can happen relatively quickly following impoundment (Pfitzer 1962; Ward and Stanford 1979b).
While boulder darters have continued to persist in the action area, every life history stage of the
species has been affected in the action area and at other sites within the 105+ mi reach of the Elk
River, impacted by past Tims Ford Dam O&M activities (U.S. Fish and Wildlife Service 2006).
Minimum flows of 80 cfs at Tims Ford Dam and 120 cfs at Fayetteville have created marginally
suitable habitat conditions for spawning, development of fry and growth of juvenile boulder
darters at a few sites scattered throughout approximately 64 RMs of the Elk River, including
portions of the action area. The species is apparently not resilient to habitat changes (i.e., when
crevices under slab rocks become obstructed with silt, the fish no longer use those areas for
spawning and cover) and seek out and utilize what little remaining suitable habitat is available.
Because fish host species for the fluted kidneyshell and slabside pearlymussel persist in the Elk
River and a limited number of mussel surveys have been conducted in the Elk River in recent
decades, the fluted kidneyshell could continue to exist in the Elk River and both mussel species
may potentially occur within the action area, albeit in low numbers. According to Layzer et al.
(1993) and Ahlstedt and Fraley (2000), some individual adult mussels may persist for many
years following impoundment; although, most mussel species are eventually eliminated entirely
from cold tailwaters (Ahlstedt 1983, 1984; Layzer et al. 1993; Miller et al. 1984; Yeager et al.
1987).
Annual operational changes initiated by TVA at Tims Ford Dam in 2008 involve a combination
of sluicing, spilling and hydro-generation with the intent of simulating, as near as reasonably
possible, in light of the existence of the dam, natural flow regimes and water temperatures
downstream of the dam. This process is expected to reduce unnatural flow variability and warm
spring and summer tailwater temperatures, improving habitat conditions for the boulder darter,
fluted kidneyshell, slabside pearlymussel and other listed mussel species in the action area and
the rest of the 105+ RM reach of the Elk River where the species was affected by TVA’s
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historical O&M activities, and assist in recovery of these species. It remains too early to
determine if the recent changes in O&M at Tims Ford Dam will aide in their recovery.
Structured decision making/adaptive management models are currently under development to
further guide TVA in modifying operations associated with hydropower generation at Tims Ford
Dam to aide in recovery of listed aquatic species and monitor effects of operational changes.
Hydro-generation which results in peaking operations and variable flows throughout winter
months (October 16–April 30) continues to contribute to riverbank erosion and result in
sedimentation of stream substrate, decreasing habitat suitability and diversity throughout the
action area and at other sites within the Elk River, downstream of Tims Ford Dam, and remains a
threat to the continued existence and recovery of the boulder darter and designated critical
habitat for the fluted kidneyshell and slabside pearlymussel in the action area.
Other threats to the boulder darter and designated critical habitat for the fluted kidneyshell and
slabside pearlymussel in the action area include human-induced physical habitat destruction,
siltation, NPS pollution, agricultural practices and potential toxic chemical spills (U.S. Fish and
Wildlife Service 1989, 2013; Tennessee Department of Environment and Conservation 2014);
often impacts to these species are a result of a combination of several of these threats. Physical
habitat destruction results from a variety of human-induced impacts such as removal of riparian
vegetation, and modification of the stream channel and floodplain for agricultural, road building
and maintenance and urban development activities. Siltation caused by excessive releases of
sediment into waterways from activities such as poor agricultural practices (absence of pasture
rotation plans, failure to restrict grazing during wet periods, lack of contour farming practices,
not planting permanent vegetative cover, failure to return crop residue to the soil, etc.), and road
construction and maintenance results in significant impacts to aquatic life (Waters 1995; Natural
Resources Conservation Service 2014).
NPS pollution from land surface runoff can originate from virtually any land use activity within
the action area and may be correlated with impervious surfaces and storm water runoff.
Pollutants may include sediments, fertilizers, herbicides, pesticides, animal wastes, septic tank
and gray-water leakage, and petroleum products (Tennessee Department of Environment and
Conservation 2014). These pollutants tend to increase concentrations of nutrients and toxins in
waterways and alter water chemistry, negatively impacting habitat and food sources for fish and
freshwater mussels. Road construction and maintenance activities typically involve earthmoving activities that can increase sediment loads into nearby streams. Other siltation sources,
including clearing of riparian vegetation and agricultural practices, allow exposed earth to enter
waterways during or after precipitation events (U.S. Fish and Wildlife Service 2013).
Sediment has been shown to abrade and/or suffocate bottom-dwelling algae and other organisms
by clogging gills; reducing aquatic insect diversity and abundance; impairing fish feeding
behavior by altering prey base and reducing visibility of prey; impairing reproduction by burying
nests; and, ultimately, negatively impacting fish growth, survival and reproduction (Waters
1995). Wood and Armitage (1997) identified at least five impacts of sedimentation on fish,
including (1) reduction of growth rate, disease tolerance, and impairment of gill function; (2)
reduction of spawning habitat and egg, larva, and juvenile development; (3) modification of
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migration patterns; (4) reduction of food availability through the blockage of primary production;
and (5) reduction of foraging efficiency.
Ellis (1936) found that mussels could not survive in substrate on which approximately 0.25 to 1in of silt was allowed to accumulate; death was attributed to interference with feeding and
suffocation. Ellis (1936) further determined that siltation from soil erosion reduced light
penetration, altered heat exchange in the water, and allowed organic and toxic substances to be
carried to the bottom where they were retained for long periods of time. This resulted in further
oxygen depletion and possible absorption of these toxicants by mussels (Harman 1974).
Sediment loads during high discharge may be abrasive to mollusk shells (U.S. Fish and Wildlife
Service 1984). Erosion of the periostracum allows carbonic and other acids to reach and corrode
underlying shell layers (Harman 1974). Feeding mollusks respond to heavy siltation by
instinctive closure of their valves, since irritation and clogging of the gills and other feeding
structures occurs when suspended sediments are siphoned from the water column (Loar et al.
1980). Numerous studies have documented the adverse effects of human-induced sedimentation
on fish communities, but few studies have examined how these effects influence the availability
of suitable host fish for freshwater mussels; more quantitative work is needed to document the
specific effects that changes in sediment regimes have on host fish-mussel interactions, including
how increased turbidity affects the reproductive success of mussels that use visual lures to attract
hosts (Brim Box and Mossa 1999). The effects of threats contributing to sedimentation in the
action area will likely increase as human populations grow in the Elk River watershed in
response to human demands for food resources, housing, transportation, and places of
employment (U.S. Fish and Wildlife Service 2012).
The boulder darter’s limited geographic range in the Elk River drainage leaves the species
extremely vulnerable to localized extinctions from accidental toxic chemical spills or other
stochastic disturbances and to decreased fitness from reduced genetic diversity. Sources of such
spills could include potential accidents in the action area involving vehicles transporting
chemicals on roads adjacent to or crossing over the Elk River and accidental or intentional
release into streams of chemicals used in agricultural or residential applications. Species that are
restricted in range and population size are more likely to suffer loss of genetic diversity due to
genetic drift, potentially increasing their susceptibility to inbreeding depression and decreasing
their ability to adapt to environmental changes (Allendorf and Luikart 2007).
Designated critical habitat for the slabside pearlymussel (Critical Habitat Unit SP 10) continues
to be occupied by the species at some localities in the Elk River. However, a recent mussel
survey found no slabside pearlymussels within the action area, and a sparse mussel community
with at least 12 live species occurring at very low densities and unfavorable habitat conditions
(bedrock in a portion of the river channel) in the immediate vicinity of the proposed project
(Lewis Environmental Consulting, LLC 2010). Designated critical habitat for the fluted
kidneyshell (Critical Habitat Unit FK 22) in the Elk River is currently unoccupied by the species.
The PCEs are the same for both species, with the exception of PCE Five) (i.e., the host fish
species are different for the fluted kidneyshell and slabside pearlymussel, as indicated in
“Species/critical habitat description”, under the “Status of the Species/Critical Habitat” section).
Therefore, any factors affecting their critical habitat in the action would be similar.
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EFFECTS OF THE ACTION
Factors to be considered
This section includes an analysis of the direct and indirect effects of the proposed action on the
species and/or critical habitat and its interrelated and interdependent activities.
Proximity of the action:
The action area would be located within: (1) the known, occupied range of the federally listed
boulder darter, (2) designated critical habitat for the federally listed fluted kidneyshell (Critical
Habitat Unit FK 22), and (3) designated critical habitat for the federally listed slabside
pearlymussel (Critical Habitat Unit SP 10). As mentioned in the “Analysis of the species/critical
habitat likely to be affected”, other federally listed species are not addressed in this biological
opinion because it has been determined that the proposed action would not likely adversely affect
them.
The proposed action would occur within the mainstem Elk River, on the left descending
riverbank and in adjacent floodplain areas, south of the river, in west-central Lincoln County,
Tennessee. The action area would contain approximately 17.7 ac, including the full, wetted
channel width of the Elk River beginning approximately 50 ft upstream of the proposed water
intake site at ERM 75.3 and extending downstream approximately 0.4-RM to ERM 74.9, and all
terrestrial lands within the proposed project footprint. The action area would be in a rural
setting, comprised of the river channel, riparian corridor, small woodlots, agricultural lands
(pasture and crop lands) and roads.
The boulder darter would likely occur in the action area based upon boulder darter occurrence
records documenting presence in the action area at the proposed project site (ERM 75.3) and
approximately 0.3-RM downstream (ERM 75) of the proposed project site (Rakes and Shute
2006; Saylor, personal communication, 2011a, 2011b). Designated critical habitat for the fluted
kidneyshell is currently presumed to be unoccupied in the Elk River, and therefore, would be
unoccupied in the action area. Slabside pearlymussels have been observed in designated critical
habitat in the Elk River (Tennessee Valley Authority 2009; 77 FR 60811-60812), but none have
been found within the action area.
The project action area has been defined based upon an assessment of where direct and indirect
effects, caused by the action, could occur to boulder darters and designated critical habitat for the
fluted kidneyshell and slabside pearlymussel; these effects could include temporary increases in
suspended sediments in the Elk River and accidental spilling of petroleum products as a result of
proposed instream and terrestrial work activities, and could transpire at the proposed project site
and up to an estimated 0.4-RM distance downstream of the project site.
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Distribution:
The action area would encompass the project footprint and all other areas where the boulder
darter would be directly and indirectly affected, and designated critical habitat for the fluted
kidneyshell and slabside pearlymussel would be indirectly affected by the proposed action. The
action area would: (1) total approximately 17.7 ac; (2) include approximately 7.5 ac of aquatic
area below the OHW, averaging 150 ft wide in the Elk River, from ERM 75.3 downstream 0.4RM to ERM 74.9; and (3) include 10.2 ac of terrestrial area above the OHW, comprised of
riverbank and floodplain areas (Tennessee Valley Authority 2014a).
The project footprint would include a total of approximately 1.6 ac of aquatic and terrestrial
areas. Approximately 0.08-ac of the project footprint would include those aquatic areas below
the OHW that would be directly affected by proposed instream construction activities in the Elk
River (areas where cofferdam construction, and riverbank fill excavation and removal would
occur) (Tennessee Valley Authority 2014a; Howard, personal communication, 2014a). The
remaining 1.5 ac of the project footprint would occupy terrestrial areas above the OHW (areas
where water treatment plant construction, crane operation, equipment staging (cleaning,
refueling and storage), work/laydown, fill excavation, water intake construction, ground
disturbance, vegetation removal, excavated fill placement, waterline path excavation and
equipment transportation would occur) (Tennessee Valley Authority 2014a; Strickland, personal
communication, 2014a; Howard, personal communication, 2014a).
Timing:
The proposed action can be divided into essentially two periods, an implementation
(construction) phase and a post-implementation (operational) phase. Boulder darters and
designated critical habitat for the fluted kidneyshell and slabside pearlymussel could potentially
be affected during one or both of the two phases.
Young-of-year (YOY) boulder darters could be affected during the implementation phase
because LCBPU has indicated that proposed instream construction activities would occur from
June 1 to September 1 (Howard, personal communication, 2014c), a period when larval boulder
darters could drift through and/or juveniles might occupy the action area (any time between
approximately April 1 and September 30 [Rakes and Shute, personal communication, 2014]).
YOY could also be affected during the post-implementation phase if larval boulder darters
became impinged on the intake screen or entrained within the proposed intake structure during
project operations.
Individuals at various life stages, occupying areas downstream of the project footprint, could be
affected during the implementation phase as a result of water quality impacts (suspended
sediments and potential spills of petroleum products) created by construction activities. The
post-implementation phase of the proposed action would occur year-round into the foreseeable
future and could also potentially affect boulder darters at various life stages if any of the
proposed project components malfunctioned (e.g., riverbank sloughing due to banks not being
properly stabilized during the implementation phase, etc.).
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Designated critical habitat for the fluted kidneyshell and slabside pearlymussel could be affected
by proposed instream construction activities during the implementation phase and failure of
project components during the post-implementation phase (e.g., riverbank sloughing due to
banks not being properly stabilized, etc.).
Nature of the effects:
It is possible that the proposed action could have a variety of effects on individual boulder
darters and designated critical habitat for the fluted kidneyshell and slabside pearlymussel.
Depending upon when proposed implementation and post-implementation activities would
occur, the lifecycles of the boulder darter and fish host species for the fluted kidneyshell and
slabside pearlymussel could potentially be disturbed or disrupted.
The proposed action could potentially result in the following effects to the boulder darter: (a)
direct injury or mortality as a result of being crushed or becoming physically impaired due to
proposed instream construction activities (excavation of the riverbank and riverbed for
installation of the new surface water intake structure, construction of the intake structure,
placement of fill around the intake structure, construction of the cofferdam, and dewatering of
areas inside of the cofferdam), (b) direct injury or mortality as a result of turbidity and/or
deposition of sediment, created by instream construction activities and/or construction activities
adjacent to the Elk River (erosion as a result of heavy equipment disturbing soils, removing
riparian vegetation, etc.), obstructing their gills, and reducing their ability to feed or respire in the
project vicinity, (c) direct injury or mortality as a result of pollutants (spills of petroleum
products from hydraulic, fuel and power systems, etc.) accidentally entering the Elk River from
construction equipment, affecting water quality and food sources, and in turn their respiration
and feeding capabilities in the project vicinity, (d) direct injury or mortality as a result of
becoming impinged against the intake screen or passing through the screen and becoming
entrained within the intake structure, (e) indirect injury as a result of turbidity and/or deposition
of sediment from upstream construction activities, compelling individuals to swim to other areas
with potentially less suitable forage and habitat conditions, (f) indirect injury or mortality as a
result of pollutants (spills of petroleum products from hydraulic, fuel and power systems, etc.)
accidently entering the Elk River from construction equipment adjacent to the river, affecting
water quality and food sources, and in turn respiration and feeding capabilities of individuals
downstream of project construction, (g) indirect injury as a result of elevated levels of suspended
sediments impacting water quality and flushes of sediment covering suitable habitat downstream
of the project site, caused by post-project failure(s), reducing their ability to feed and/or respire,
and/or increasing their vulnerability to disease, and (h) indirect injury as a result of changes in
channel morphology at the project site during the post-implementation phase, caused by the
intake structure and fill occupying areas of the river channel and bank, and the intake
withdrawing instream flows, reducing available habitat for the species in the immediate project
vicinity.
The proposed action could potentially result in the following effects to designated critical habitat
for the fluted kidneyshell and slabside pearlymussel: (a) indirect loss of PCE One because the
geomorphic stability of the channel would be affected and the riverbed elevation degraded, as a
result of a reduction in wetted channel perimeter from intake withdrawals, and the intake
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structure and fill materials (shot rock, native material and excess excavated materials) occupying
areas in the river channel and on the bank, altering channel form and function at the site,
including the bankfull width, bankfull mean and maximum depths, entrenchment ratio,
width/depth ratio, bankfull cross-sectional area, discharges, velocities, flow patterns, and
potentially other morphological characteristics, (2) indirect loss of PCE Five because the
presence of abundant fish hosts, necessary for recruitment of the fluted kidneyshell and slabside
pearlymussel, could be affected as a result of being crushed or becoming physically impaired due
to proposed instream construction activities (excavation of the riverbank and riverbed for
installation of the new surface water intake structure, construction of the intake structure,
placement of fill around the intake structure, construction of the cofferdam, and dewatering of
areas inside of the cofferdam), (3) indirect loss of PCE Five because the presence of abundant
fish hosts, necessary for recruitment of the fluted kidneyshell and slabside pearlymussel, could
be affected as a result of turbidity and/or deposition of sediment, created by instream
construction activities and/or construction activities adjacent to the Elk River (erosion as a result
of heavy equipment disturbing soils, removing riparian vegetation, etc.), obstructing their gills,
and reducing their ability to feed or respire in the project vicinity, (4) indirect loss of PCE Five
because the presence of abundant fish hosts, necessary for recruitment of the fluted kidneyshell
and slabside pearlymussel, could be affected as a result of pollutants (spills of petroleum
products from hydraulic, fuel and power systems, etc.) accidentally entering the Elk River from
construction equipment, affecting water quality and food sources, and in turn their respiration
and feeding capabilities in the project vicinity and downstream of project construction, (5)
indirect loss of PCE Five because the presence of abundant fish hosts, necessary for recruitment
of the fluted kidneyshell and slabside pearlymussel, could be affected as a result of becoming
impinged against the intake screen or passing through the screen and becoming entrained within
the intake structure, (6) indirect loss of PCE Five because the presence of abundant fish hosts,
necessary for recruitment of the fluted kidneyshell and slabside pearlymussel, could be affected
as a result of turbidity and/or deposition of sediment from upstream construction activities,
compelling individuals to swim to other areas with potentially less suitable forage and habitat
conditions, and (7) indirect loss of PCE Five because the presence of abundant fish hosts,
necessary for recruitment of the fluted kidneyshell and slabside pearlymussel, could be affected
as a result of elevated levels of suspended sediments impacting water quality and flushes of
sediment covering suitable habitat downstream of the project site, caused by post-project
failure(s), reducing their ability to feed and/or respire, and/or increasing their vulnerability to
disease.
Duration:
During the implementation phase, potential effects to boulder darters and designated critical
habitat for the fluted kidneyshell and slabside pearlymussel in the action area would be
temporary and could be the result of boulder darters and host fish species for the fluted
kidneyshell and slabside pearlymussel colliding with instream equipment, increased turbidity
levels and sediment deposition in the Elk River from proposed construction activities, and/or
accidental spills of petroleum products into the Elk River.
The post-implementation phase could potentially include a combination of temporary, long-term
duration and/or permanent effects to boulder darters and designated critical habitat for the fluted
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kidneyshell and slabside pearlymussel in the action area. Temporary effects might include,
increased turbidity levels downstream of the site during the first several days following
installation of the intake structure, placement of fill in the riverbank surrounding the intake
structure and removal of the cofferdam. Whereas, long-term or permanent effects might include,
changes in stream hydraulics and channel stability as a result of the intake structure and fill
material (shot rock, native material and excess excavated materials) being placed in the river
channel and bank, loss of wetted-channel perimeter and suitable boulder darter habitat and
designated critical habitat for the fluted kidneyshell and slabside pearlymussel in the vicinity of
the intake structure, and impingement of boulder darter larvae and host fish species for the fluted
kidneyshell and slabside pearlymussel against the intake screen or larvae passing through the
screen where they could become entrained within the intake structure. Failure of the project
(riverbank sloughing, intake structure design not conducive to minimizing impingement and
entrainment impacts of boulder darters and host fish species for the fluted kidneyshell and
slabside pearlymussel, etc.) during the post-implementation phase could result in either
temporary effects (e.g., a brief episode of turbidity and/or sedimentation to downstream locations
caused by minor erosion, and/or the intake screen being damaged or dislodged by debris, causing
entrainment of boulder darters and host fish species for the fluted kidneyshell and slabside
pearlymussel within the intake structure over several hours or days, until repaired), long-term
(e.g., continued turbid conditions and flushes of sediment covering habitat downstream of the
project site due to ongoing riverbank and/or channel stability issues at the project site, and/or the
intake design resulting in impingement and entrainment of boulder darters and host fish species
for the fluted kidneyshell and slabside pearlymussel, and not being addressed over a period of
months or years), or permanent (e.g., the character of the stream channel would be permanently
changed due to catastrophic bank failure, or loss of suitable habitat for boulder darters and
designated critical habitat for the fluted kidneyshell and slabside pearlymussel in the vicinity of
the intake would result in boulder darters and host fish species for the fluted kidneyshell and
slabside pearlymussel no longer inhabiting this area); these effects would be caused by flawed
intake structure design and lack of project effectiveness monitoring, and/or lack of project
maintenance). The effects of potential operational changes would not be known until sufficient
post-implementation monitoring were conducted to determine if installed project components
had resulted in any effects to boulder darters, impacts to boulder darters’ suitable habitat, and/or
effects to designated critical habitat for the fluted kidneyshell and slabside pearlymussel,
including their host fish species.
Disturbance frequency:
Any disturbances to boulder darters and host fish species for the fluted kidneyshell and slabside
pearlymussel during the implementation phase would be restricted to the proposed April 3, 2018
through September 19, 2020, construction window (Howard, personal communication, 2014c).
Instream work activities would have the greatest potential to disturb boulder darters and host fish
species for the fluted kidneyshell and slabside pearlymussel, and could occur within the proposed
instream construction window from June 1 through September 1, 2018 (Howard, personal
communication, 2014c). Proposed construction activities have the potential to temporarily alter
flows, increase turbidity levels and sediment deposition, and/or accidentally result in accidental
spills of petroleum products into the Elk River, but overall would likely only produce these
effects over a short-time period. Individual boulder darters and host fish species for the fluted
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kidneyshell and slabside pearlymussel could also inadvertently be injured or killed by heavy
equipment operating in the Elk River during the proposed instream work period.
Disturbances during the post-implementation phase could vary in frequency from a one-time
event, multiple occurrences, frequent occurrences or be continuous, depending upon the nature
of the disturbance (e.g., disturbance frequency associated with bank failure and subsequent
downstream turbidity and sedimentation could be continuous if bank sloughing was ongoing).
Disturbance intensity:
During the implementation phase, the disturbance intensity would be highest in the action area
where instream work activities would be carried out (approximately 0.08-ac) in suitable boulder
darter habitat and designated critical habitat for the fluted kidneyshell and slabside pearlymussel
in the right descending half of the Elk River channel (Tennessee Valley Authority 2014a). Such
activities would potentially have the greatest risk of mortality or injury to boulder darters and
host fish species for the fluted kidneyshell and slabside pearlymussel. The disturbance intensity
during the implementation phase would decrease in portions of the action area containing
suitable boulder darter habitat and designated critical habitat for the fluted kidneyshell and
slabside pearlymussel, further downstream from the 0.08-ac area where instream construction
would occur because boulder darters, host fish species for the fluted kidneyshell and slabside
pearlymussel, and their habitats would be greater distances from project construction. The
disturbance intensity during the implementation phase would be lowest in downstream portions
of the action area not containing suitable habitat for the boulder darter because the species would
be unlikely to occupy such localities; designated critical habitat for the fluted kidneyshell and
slabside pearlymussel would be present in these areas, but is assumed to be unoccupied by the
fluted kidneyshell (as elsewhere in the Elk River) and is not currently known to be occupied by
the slabside pearlymussel (although the species has recently been found in other reaches of the
Elk River).
Because intrusive instream construction activities and their effects (increased turbidity and/or
deposition of sediment, potential petroleum product spills, etc.) would no longer be occurring
during the post-implementation phase (unless there would be post-project failures resulting in
increased erosion and sediment delivery to the river), the disturbance intensity would be
anticipated to be much lower throughout the entire action area during the post-implementation
phase than during the implementation phase. Properly functioning, post-construction best
management practices (BMPs) would also be expected to minimize and stabilize project-related
disturbances to boulder darters and designated critical habitat for the fluted kidneyshell and
slabside pearlymussel during the post-implementation phase. However, for any disturbances that
might potentially occur during the post-implementation phase, disturbance intensity would be
similar to disturbance intensity during the implementation phase, in the regard that higher
intensities would occur in suitable habitat for the boulder darter and designated critical habitat
for the fluted kidneyshell and slabside pearlymussel, and lower intensities would occur in areas
not containing suitable habitat for the boulder darter, again, because the boulder darter would be
unlikely to occupy marginal or unsuitable habitat; as previously stated, designated critical habitat
for the fluted kidneyshell and slabside pearlymussel would be present in these areas, but neither
species is believed to currently occur within the action area.
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Although the Elk River and several of its tributaries (Indian, Richland and Shoal creeks) support
the only naturally occurring boulder darter population, the total number of boulder darters that
would be affected by the proposed action’s implementation and post-implementation phases,
relative to its range-wide distribution in the Elk River basin, would be small. Therefore, a very
low percentage of boulder darters, range-wide, would likely be affected as a result of exposure to
the action’s higher disturbance intensities.
Critical habitat for the fluted kidneyshell and slabside pearlymussel has been designated
throughout 102.1 RMs of the Elk River (78 FR 59556 – 59620). Designated critical habitat for
these species occurs throughout the 0.4-RM action area. Therefore, a minimal amount of
designated critical habitat for the fluted kidneyshell and slabside pearlymussel could potentially
be affected (0.4-RM [2,112 linear ft]) by the proposed action’s implementation and postimplementation phases, relative to the total amount of critical habitat designated for these species
in the Elk River (102.1 RMs [539,088 linear ft]), and a much smaller amount of critical habitat
(0.06-RM [325 linear ft]) would likely be affected as a result of exposure to the action’s higher
disturbance intensities.
Disturbance severity:
The 64-RM boulder darter occupancy reach of the mainstem Elk River, contains pockets of
suitable boulder darter habitat scattered throughout approximately 1,164 ac (337,920 linear ft x
150 ft wide / 43,560 ft² [1 ac]). Designated critical habitat for the fluted kidneyshell and slabside
pearlymussel occurs throughout 102.1 RMs or approximately 1,856 ac (539,088 linear ft x 150 ft
wide / 43,560 ft² [1 ac]) of the Elk River (78 FR 59556 – 59620). Within the action area, the
highest disturbance severity to the boulder darter and designated critical habitat for the fluted
kidneyshell and slabside pearlymussel would occur in the 0.08-ac (3,398 ft²) portion of the
project footprint where instream construction activities would occur (below the OHW and within
the active channel of the Elk River).
The disturbance severity of the project implementation phase would be minimal to boulder
darters and designated critical habitat for the fluted kidneyshell and slabside pearlymussel
because the total area of disturbance below the OHW of the Elk River would be small. The size
of this area would be approximately 0.08-ac (3,398 ft2) (Tennessee Valley Authority 2014a;
Howard, personal communication, 2014a). Pockets of suitable boulder darter habitat would be
scattered throughout it. This 0.08-ac area would represent only 0.007% (0.08-ac x 100% / 1,164
ac) of the boulder darter’s total 1,164 ac occupancy area. Assuming that approximately 10% of
the total area of disturbance (0.08-ac x 10% / 100% = 0.008-ac) consisted of suitable boulder
darter habitat and that approximately 10% of the boulder darter’s total occupancy area (1,164 ac
x 10% / 100% = 116.4 ac) consists of suitable habitat, only 0.007% (0.008-ac x 100% / 116.4 ac)
of suitable boulder darter habitat would be disturbed during the project implementation phase.
The 0.08-ac disturbance area would represent only 0.004% (0.08-ac x 100% / 1,856 ac) of 102.1
RMs (approximately 1,856 ac) of designated Elk River fluted kidneyshell and slabside
pearlymussel critical habitat that would be disturbed during the project implementation phase.
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The disturbance severity of the post-implementation phase would be minimal to boulder darters
and designated critical habitat for the fluted kidneyshell and slabside pearlymussel because the
total area of disturbance below the OHW of the Elk River, related to operational aspects of the
proposed project, would be small. The size of this area would be approximately 1.1 ac (refer to
“Operational Impacts” on page 9, under “Description of the Project”), with pockets of suitable
boulder darter habitat scattered throughout it. This 1.1 ac area would represent only 0.10% (1.1
ac x 100% / 1,164 ac) of the boulder darter’s total 1,164 ac occupancy area. Assuming that
approximately 10% of the total area of disturbance (1.1 ac x 10% / 100% = 0.11-ac) consisted of
suitable habitat and that approximately 10% of the boulder darter’s total occupancy area (1,164
ac x 10% / 100% = 116.4 ac) consists of suitable habitat, only 0.10% (1.1 ac x 100% / 116.4 ac)
of suitable boulder darter habitat would be disturbed during the post-implementation phase. The
1.1 ac disturbance area would represent only 0.06% (1.1 ac x 100% / 1,856 ac) of 102.1 RMs
(approximately 1,856 ac) of designated Elk River fluted kidneyshell and slabside pearlymussel
critical habitat that would be disturbed during the post-implementation phase.
Taken as a whole, the overall disturbance severity is minor. The estimated 0.08-ac area in the
Elk River, disturbed during the implementation phase, would be encompassed by the larger 1.1
ac area, disturbed during the post-implementation phase, and included as part of the total suitable
boulder darter habitat and designated fluted kidneyshell and slabside pearlymussel critical habitat
affected by the proposed action. Approximately only 0.10% of all suitable boulder darter habitat
(relative to the boulder darter’s current distribution in the mainstem Elk River) and only 0.06%
of all designated critical habitat for the fluted kidneyshell and slabside pearlymussel in the Elk
River (relative to the estimated total of 1,856 ac of designated critical habitat) would be affected
by the proposed action. Range-wide, the boulder darter is scattered throughout approximately 64
mi of the Elk River from ERM 28 upstream to ERM 91.8, and in several Elk River tributaries,
including the lower 0.5-CM of Shoal Creek, the lower 0.5-CM of Indian Creek and the lower 2.1
mi of Richland Creek (based on 1986 through spring of 2014 occurrence data). Therefore, from
a range-wide perspective, the disturbance severity to the boulder darter would be less than
0.10%. Range-wide, the Service has designated 1,180.5 RMs of critical habitat for the fluted
kidneyshell and 970.3 RMs of critical habitat for the slabside pearlymussel. The 102.1 RMs of
designated critical habitat in the Elk River represents 8.7% of all critical habitat throughout the
fluted kidneyshell’s range and 10.5% of all critical habitat throughout the slabside
pearlymussel’s range. Based on our earlier assumption that the 102.1 RMs of designated fluted
kidneyshell and slabside pearlymussel critical habitat in the Elk River totals 1,856 ac and that the
proposed action would affect approximately 1.1 ac (0.06%) of that critical habitat, approximately
0.06-RM of designated critical habitat in the Elk River (0.06% x 102.1 RMs / 100%) would be
affected by the proposed action. Therefore, from a range-wide perspective, the disturbance
severity to the fluted kidneyshell’s designated critical habitat would be 0.005% (0.06-RM x
100% / 1,180.5 RMs), and the disturbance severity to the slabside pearlymussel’s designated
critical habitat would be 0.006% (0.06-RM x 100% / 970.3 RMs).
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Analyses for effects of the action
Beneficial effects:
No wholly beneficial effects have been identified or would occur. The proposed action would
result in adverse effects to the boulder darter within the action area.
Direct effects:
No direct effects would occur to designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of the proposed action.
In order to be directly affected by the proposed action, boulder darters would need to be present
in the 0.08-ac area of aquatic habitat where instream construction activities would occur during
the implementation phase. Direct effects could occur to boulder darters in this area as a result of
proposed instream construction activities (excavation of the riverbank and riverbed for
installation of the new surface water intake structure, construction of the intake structure,
placement of fill around the intake structure, construction of the cofferdam, and dewatering of
areas inside of the cofferdam). Such activities could result in boulder darters accidently being
crushed or physically impaired by construction equipment, workers or construction materials
(sand bags used to construct the cofferdam, shot rock or other fill, etc.), resulting in injury or
mortality. Proposed instream work could also increase turbidity and/or sediment deposition in
the Elk River water column, obstructing the gills of boulder darters, and reducing their ability to
feed and/or respire, resulting in injury or mortality.
Proposed construction activities on the riverbank, terraces and floodplain within the project
footprint (vegetation disturbance and removal, riverbank excavation and fill placement, intake
structure construction, waterline trench excavation, etc.) could cause erosion and result in turbid
instream conditions and/or sediment deposition from overland and bank runoff, also directly
affecting boulder darters in the immediate project vicinity by obstructing their gills and reducing
their ability to feed and/or respire, resulting in injury or mortality.
Direct effects could occur to boulder darters in the immediate project vicinity as a result of
pollutants (spills of petroleum products from hydraulic, fuel and power systems, etc.)
accidentally entering the Elk River from construction equipment in the project area during
project implementation, affecting water quality and food sources, and in turn their respiration
and feeding capabilities, resulting in injury or mortality.
The raw water intake structure and screen, proposed to be constructed at ERM 75.3, could also
directly affect the boulder darter. Following construction and after the project would be placed
into operation (post-implementation phase), boulder darter larvae could become impinged
against the intake screen or pass through the screen and become entrained within the intake
structure, resulting in direct injury or mortality. This could occur if they drifted near the intake
screen during the few days they were in a larval form. Impingement and/or entrainment of adult
and juvenile boulder darters (in addition to larvae), could also be possible. However, because the
intake structure would be designed to pass low velocities (approximately 0.5 fps at the intake
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screen) to minimize potential impingements and/or entrainments of adults and juveniles (U.S.
Environmental Protection Agency 2011; Tennessee Valley Authority 2014a), such effects to
adults and juveniles would be much less likely to occur. All life stages of boulder darters (adult,
juvenile and larval) could potentially be affected by impingement and/or entrainment if: (1) the
intake structure design would prove to not be conducive to minimizing impingement and
entrainment of more advanced life stages, (2) the intake screen would be temporarily damaged or
dislodged by debris, causing entrainment of boulder darters within the intake structure, and/or (3)
the condition of the intake structure/intake screen would not be adequately maintained or
monitored, and/or effectiveness monitoring of the intake structure/intake screen would not occur
for long periods of time or on a continuous basis, resulting in boulder darters being impinged
against the intake screen or entrained within the intake. LCBPU has agreed to allow TVA to
establish a monitoring station at the intake site to monitor boulder darter use of the area and
document any trends in the number of individuals (either up or down) occupying the area
(Tennessee Valley Authority 2014a). This should partially address effectiveness monitoring of
the intake structure/intake screen.
In summary, the following direct effects to the boulder darter are possible:
1.

Injury or mortality as a result of individuals being crushed or becoming physically
impaired due to instream construction activities;

2.

Injury or mortality to individuals in the immediate project vicinity as a result of
turbidity and/or deposition of sediment, created by instream construction activities
and construction activities adjacent to the river, obstructing their gills and
reducing their ability to feed and/or respire;

3.

Injury or mortality to individuals in the immediate project vicinity as a result of
pollutants from the project’s construction equipment accidentally entering the Elk
River, affecting water quality and food sources, and in turn respiration and
feeding capabilities;

4.

Injury or mortality from becoming impinged against the intake screen or passing
through the screen and becoming entrained within the intake structure.

Interrelated and interdependent actions:
No interrelated and interdependent actions have been identified for this project.
Indirect effects:
Any boulder darters downstream of the proposed project area could potentially be indirectly
affected by proposed instream construction activities (excavation of the riverbank and riverbed
for installation of the new surface water intake structure, construction of the intake structure,
placement of fill around the intake structure, construction of the cofferdam, and dewatering of
areas inside of the cofferdam) and/or proposed construction activities on the riverbank, terraces
and floodplain adjacent to the Elk River (vegetation disturbance and removal, riverbank
40

excavation and fill placement, intake structure construction, waterline trench excavation, etc.)
resulting in injury. These instream and near stream activities could result in suspended
sediments being transported by flows to downstream areas and disturbing occupied boulder
darter habitat by creating turbid conditions and/or depositing sediment on substrate, compelling
individuals to relocate to other areas with potentially less suitable forage and habitat conditions,
resulting in indirect injury.
Boulder darters in the action area, downstream of the proposed project site, could also be
indirectly affected by accidental spills of petroleum products from hydraulic, fuel and power
systems entering the Elk River during project implementation, resulting in injury or mortality.
This would occur as a result of petroleum products from project construction equipment adjacent
to the river (within the equipment staging areas, which would include an equipment cleaning,
fueling, and storage site, and a work/laydown site) and operating on the riverbank accidently
entering the river, affecting water quality and food sources, and in turn respiration and feeding
capabilities of boulder darters.
Boulder darters in the action area, downstream of the project site, could be indirectly affected
during the post-implementation phase by elevated levels of suspended sediments (turbidity) and
flushes of sediment covering suitable habitat, as a result of failure(s) at the project site (e.g.,
riverbank sloughing due to banks not being properly stabilized during the implementation phase,
etc.). Post-project failures could range from brief episodes of turbidity and/or sedimentation of
substrate, ongoing riverbank and/or channel stability issues, or permanent changes in the
character of the river channel due to catastrophic bank failure(s), impacting water quality in the
Elk River, and reducing the ability of boulder darters to feed and/or respire and/or increasing
their vulnerability to disease, resulting in indirect injury.
Changes in channel morphology at the project site would occur as a result of a reduction in
wetted channel perimeter from the intake withdrawing instream flows, and the intake structure
and fill materials (shot rock, native material and excess excavated materials) occupying areas in
the river channel and on the bank, altering channel form and function at the site (bankfull width,
bankfull mean and maximum depths, entrenchment ratio, width/depth ratio, bankfull crosssectional area, discharges, velocities, flow patterns and potentially other morphological
characteristics) during the post-implementation phase. These changes would indirectly affect the
boulder darter by reducing available suitable habitat for the species in the immediate project
vicinity, resulting in indirect injury. The changes would also result in an indirect loss of
designated critical habitat for the fluted kidneyshell and slabside pearlymussel by impacting the
geomorphic stability of the channel and degrading the riverbed elevation (PCE One). The
Tennessee Valley Authority (2014a) indicated that a reduction in wetted channel perimeter, as a
result of the proposed 4.0 mgd maximum intake withdrawals (approximately 5.6% of minimum
flow), would result in approximately a 0.3 – 0.5-in (2.5 - 3.5%) decrease in depth in the project
vicinity, based upon preliminary modeling included in LCBPU’s TVA 26a Permit Application
and considered this loss of a small amount of aquatic habitat discountable. The minimum flow at
the location of the proposed water intake would be approximately 205 cfs, based upon the critical
low flow rate derived by using USGS minimum low flow criterion for watersheds with sensitive
species (Griggs & Maloney, Inc. 2012). This area of aquatic habitat was previously described
(see “Operational Impacts” in the “Description of the Project” on page 9, and as indicated there,
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the Service has increased the total operational impact area from 0.6-ac to 1.1 ac (encompasses
and includes the 0.08-ac aquatic area, where instream work activities would occur during the
project implementation phase) to reflect what we believe is the true extent of the impact area.
The Service believes that the work implemented on the riverbank, and placement of the new
intake structure and fill materials in the river channel and on the bank would also contribute to
changes in channel morphology at the project site, which is why we have included it as part of
the changes that would indirectly affect the boulder darter and designated critical habitat for the
fluted kidneyshell and slabside pearlymussel. While the loss of habitat may be small and
discountable (the Service estimates that the impact area would contain only 0.10% of all suitable
boulder darter habitat in the in the mainstem Elk River and only 0.06% of all designated critical
habitat for the fluted kidneyshell and slabside pearlymussel in the Elk River), it would still occur
and, therefore, has been included as an indirect effect.
Indirect effects could occur to designated critical habitat for the fluted kidneyshell and slabside
pearlymussel in the aquatic project footprint as a result of proposed instream construction
activities (excavation of the riverbank and riverbed for installation of the new surface water
intake structure, construction of the intake structure, placement of fill around the intake structure,
construction of the cofferdam, and dewatering of areas inside of the cofferdam). Such activities
could result in fish host species for the fluted kidneyshell and/or slabside pearlymussel
accidently being crushed or physically impaired by construction equipment, workers or
construction materials (sand bags used to construct the cofferdam, shot rock or other fill, etc.),
resulting in an indirect loss of PCE Five (the presence of abundant fish hosts, necessary for
recruitment of the fluted kidneyshell and slabside pearlymussel).
Proposed instream work and/or construction activities adjacent to the Elk River (erosion as a
result of heavy equipment disturbing soils, removing riparian vegetation, etc.) could also
indirectly affect designated critical habitat for the fluted kidneyshell and slabside pearlymussel in
the proposed project vicinity by increasing turbidity and/or sediment deposition in the Elk River
water column, which could obstruct the gills of fish hosts for the fluted kidneyshell and/or
slabside pearlymussel, and reduce their ability to feed and/or respire, resulting in an indirect loss
of PCE Five (the presence of abundant fish hosts, necessary for recruitment of the fluted
kidneyshell and slabside pearlymussel).
Designated critical habitat for the fluted kidneyshell and slabside pearlymussel in the project
vicinity and downstream of proposed project construction could be indirectly affected as a result
of pollutants (spills of petroleum products from hydraulic, fuel and power systems, etc.)
accidentally entering the Elk River from construction equipment, affecting water quality and
food sources for fluted kidneyshell and/or slabside pearlymussel fish hosts, and in turn their
respiration and feeding capabilities, resulting in an indirect loss of PCE Five (the presence of
abundant fish hosts, necessary for recruitment of the fluted kidneyshell and slabside
pearlymussel).
The raw water intake structure and screen, proposed to be constructed at ERM 75.3, could
indirectly affect designated critical habitat for the fluted kidneyshell and slabside pearlymussel.
Following construction and after the project would be placed into operation (postimplementation phase), fish host species’ larvae for the fluted kidneyshell and slabside
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pearlymussel could become impinged against the intake screen or pass through the screen and
become entrained within the intake structure, resulting in an indirect loss of PCE Five (the
presence of abundant fish hosts, necessary for recruitment of the fluted kidneyshell and slabside
pearlymussel). This could occur if they drifted near the intake screen during the few days they
were in a larval form. Impingement and/or entrainment of adult and juvenile fish hosts (in
addition to larvae), could also be possible. However, because the intake structure would be
designed to pass low velocities (approximately 0.5 fps at the intake screen) to minimize potential
impingements and/or entrainments of adult and juvenile fish (U.S. Environmental Protection
Agency 2011; Tennessee Valley Authority 2014a), such effects to adults and juveniles would be
much less likely to occur.
Designated critical habitat for the fluted kidneyshell and slabside pearlymussel downstream of
the proposed project area could potentially be indirectly affected by proposed instream
construction activities (excavation of the riverbank and riverbed for installation of the new
surface water intake structure, construction of the intake structure, placement of fill around the
intake structure, construction of the cofferdam, and dewatering of areas inside of the cofferdam)
and/or proposed construction activities on the riverbank, terraces and floodplain adjacent to the
Elk River (vegetation disturbance and removal, riverbank excavation and fill placement, intake
structure construction, waterline trench excavation, etc.). These instream and near stream
activities could result in suspended sediments being transported downstream by flows to create
turbid conditions and/or deposit sediment on substrate within designated critical habitat for the
fluted kidneyshell and slabside pearlymussel, compelling fish host species for the fluted
kidneyshell and slabside pearlymussel to relocate to other areas with potentially less suitable
forage and habitat conditions, resulting in an indirect loss of PCE Five (the presence of abundant
fish hosts, necessary for recruitment of the fluted kidneyshell and slabside pearlymussel).
Designated critical habitat for the fluted kidneyshell and slabside pearlymussel in the action area,
downstream of the project site, could be indirectly affected during the post-implementation phase
by elevated levels of suspended sediments (turbidity) and flushes of sediment covering suitable
habitat, as a result of failure(s) at the project site (e.g., riverbank sloughing due to banks not
being properly stabilized during the implementation phase, etc.). Post-project failures could
range from brief episodes of turbidity and/or sedimentation of substrate, ongoing riverbank
and/or channel stability issues, or permanent changes in the character of the river channel due to
catastrophic bank failure(s), impacting water quality in the Elk River, and, in turn, reducing the
ability of fish host species for the fluted kidneyshell and slabside pearlymussel to feed and/or
respire and/or increasing their vulnerability to disease, resulting in an indirect loss of PCE Five
(the presence of abundant fish hosts, necessary for recruitment of the fluted kidneyshell and
slabside pearlymussel).
In summary, the following indirect effects to the boulder darter and designated critical habitat
for the fluted kidneyshell and slabside pearlymussel are possible:
1. Injury to the boulder darter as a result of turbidity and/or deposition of sediment,
created by upstream construction activities, compelling individuals to swim to other
areas with potentially less suitable forage and habitat conditions;
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2. Injury or mortality to the boulder darter as a result of pollutants (spills of petroleum
products from hydraulic, fuel and power systems, etc.) accidentally entering the Elk
River from project construction equipment adjacent to the river, affecting water
quality and food sources, and in turn, respiration and feeding capabilities of
individuals downstream of the project site;
3. Injury to the boulder darter as a result of elevated levels of suspended sediments
impacting water quality and flushes of sediment covering suitable habitat downstream
of the project site, caused by post-project failure(s), reducing their ability to feed
and/or respire, and/or increasing their vulnerability to disease;
4. Injury to the boulder darter as a result of changes in channel morphology at the
project site during the post-implementation phase, caused by the intake structure and
fill occupying areas of the river channel and bank, and the intake withdrawing
instream flows, reducing available habitat for the species in the immediate project
vicinity;
5. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of changes in channel morphology at the project site during
the post-implementation phase, caused by the intake structure and fill occupying areas
of the river channel and bank, and the intake withdrawing instream flows, impacting
the geomorphic stability of the channel and degrading the riverbed elevation (PCE
One);
6. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of fish host species for the fluted kidneyshell and slabside
pearlymussel being crushed or becoming physically impaired due to instream
construction activities, reducing the presence of abundant fish hosts, necessary for
recruitment of the fluted kidneyshell and slabside pearlymussel (PCE Five);
7. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of turbidity and/or deposition of sediment, created by
instream construction activities and construction activities adjacent to the river,
obstructing the gills of fish host species for the fluted kidneyshell and slabside
pearlymussel and reducing their ability to feed and/or respire, decreasing the presence
of abundant fish hosts, necessary for recruitment of the fluted kidneyshell and
slabside pearlymussel (PCE Five);
8. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of pollutants from the project’s construction equipment
(spills of petroleum products from hydraulic, fuel and power systems, etc.)
accidentally entering the Elk River, affecting water quality and food sources for
fluted kidneyshell and/or slabside pearlymussel fish hosts, and in turn their respiration
and feeding capabilities, reducing the presence of abundant fish hosts, necessary for
recruitment of the fluted kidneyshell and slabside pearlymussel (PCE Five);
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9. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of fish host species for the fluted kidneyshell and slabside
pearlymussel becoming impinged against the intake screen or passing through the
screen and becoming entrained within the intake structure, reducing the presence of
abundant fish hosts, necessary for recruitment of the fluted kidneyshell and slabside
pearlymussel (PCE Five);
10. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of turbidity and/or deposition of sediment, created by
upstream construction activities, compelling fish host species for the fluted
kidneyshell and slabside pearlymussel to swim to other areas with potentially less
suitable forage and habitat conditions, reducing the presence of abundant fish hosts,
necessary for recruitment of the fluted kidneyshell and slabside pearlymussel (PCE
Five);
11. Loss of designated critical habitat for the fluted kidneyshell and slabside
pearlymussel as a result of elevated levels of suspended sediments impacting water
quality and flushes of sediment covering designated critical habitat downstream of the
project site, caused by post-project failure(s), reducing the ability of fish host species
for the fluted kidneyshell and slabside pearlymussel to feed and/or respire, and/or
increasing their vulnerability to disease, decreasing the presence of abundant fish
hosts, necessary for recruitment of the fluted kidneyshell and slabside pearlymussel
(PCE Five).
Species’ response to a proposed action
Numbers of individuals/populations in the action area affected:
Species survey and occurrence records indicate boulder darter presence within the project action
area (Rakes and Shute 2006; Saylor, personal communication, 2011a, 2011b). The boulder
darter is a rare species, and the only remaining indigenous population occurs in the Elk River
basin. Based upon available survey data and species occurrence records, the Service has
determined that the species occurs in sparse densities in small pockets of suitable habitat
throughout the action area.
Sensitivity to change:
The degree to which boulder darters are sensitive to change when disturbed is unknown. Coldwater releases from Tims Ford Reservoir are believed to have suppressed the boulder darter
population, affecting distribution of the species in the Elk River (Tennessee Valley Authority
2008, 2012). The quantity and diversity of suitable boulder darter habitat has been diminished in
the Elk River due to Tims Ford Dam hydropower operations fluctuating water levels, dewatering areas of suitable habitat, and eroding riverbanks, which resulted in sedimentation of
substrate. Land use impacts, involving (1) removal of riparian vegetation, and modification of
the river channel and floodplain for agricultural, road building and maintenance and urban
development activities, (2) poor agricultural practices, and (3) NPS pollution runoff, have
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resulted in releases of sediment into the Elk River and increased concentrations of nutrients and
toxins in the river; these impacts have also reduced the amount of suitable habitat and limited the
range of the boulder darter in the Elk River.
Suspended sediments and/or deposition of sediment from proposed project activities could
obstruct boulder darters’ gills, reducing their ability to respire or feed. However, fish, including
boulder darters, have the ability to swim to other areas to avoid water quality disturbances and
associated potential effects (i.e., sediment obstructing gills) under most circumstances. Larval
boulder darters are small and because they are found within water columns, they are transported
with the current. Therefore, they would be at the greatest risk of all life stages of the species if
they drifted through the area of disturbance during project construction because they would lack
the ability to independently relocate to safer areas.
Boulder darters could become impinged against the intake screen or pass through the screen and
become entrained within the intake structure. If the intake structure and screen are properly
designed, constructed, monitored and maintained, the probability of adult and/or juvenile boulder
darters being impinged against the intake screen and/or passing through the screen and being
entrained within the intake structure, is low. However, the likelihood of larval boulder darters
drifting through the project site during the post-implementation phase and being impinged
against the intake screen and/or passing through the screen and being entrained within the intake
structure, is much higher due to their smaller size and inability to swim.
Any impacts to aquatic habitat, associated with construction activities (altered flows, increased
turbidity levels and/or sediment deposition), during the project’s implementation phase would be
temporary and not result in a permanent loss of suitable boulder darter habitat. A permanent loss
of aquatic habitat would occur during the post-implementation phase, as a result of the intake
structure and fill materials (shot rock, native material and excess excavated materials) occupying
a portion of the Elk River channel and riverbank, and the intake withdrawing instream flows,
reducing the wetted channel perimeter. However, this loss would include only a small amount of
suitable boulder darter habitat (approximately 0.11-ac as previously estimated under
“Disturbance severity”), and the total number of boulder darters that would be affected by this
small reduction in suitable habitat, relative to their range-wide distribution in the Elk River basin,
would be insignificant.
In summary, the proposed action would pose the greatest risk to larval boulder darters, as
opposed to other life stages of the species, due to their smaller size and lack of ability to
independently relocate to safer areas. LCBPU has indicated that project construction would
commence on April 3, 2018 and conclude on September 19, 2020, with proposed instream work
activities occurring June 1 - September 1, 2018 (Howard, personal communication, 2014c).
Larval boulder darters could potentially inhabit the action area from April 1 – July 31 (Rakes and
Shute, personal communication, 2014). Therefore, based upon LCBPU’s construction schedule,
larval boulder darters could be affected during the proposed project’s implementation phase.
They also could be affected during the post-implementation phase because the intake structure
and screen would be operational following 2020 project completion, with the potential to
annually affect boulder darter larvae that might inhabit the vicinity of the intake structure from
April 1 – July 31, after onset of surface water withdrawals.
46

Resilience:
Resilience relates to the characteristics of populations or a species that allow them to recover
from different magnitudes of disturbance. The boulder darter is assumed to be a relatively
resilient species, given its perseverance in the highly impacted Elk River. The species has
managed to persist for over four decades following construction of and O&M at Tims Ford Dam.
In regards to the proposed action, the total area of direct and indirect effects would occur
throughout the estimated 17.7-ac action area, a small area relative to the overall range-wide
geographic distribution of the species. Within the action area, we have estimated that boulder
darters likely only occur in sparse numbers in pockets of suitable habitat throughout
approximately 1.8 ac (10% of the action area) within a 0.4-RM reach of the Elk River. Effects
resulting from project construction would be temporary in duration. A small amount of suitable
boulder darter habitat would be lost as a result of the action, affecting a small number of boulder
darters, relative to their range-wide distribution in the Elk River basin, this effect would be
insignificant. Post-project failures would only occur if project components were improperly
engineered or constructed, and/or if the appropriate BMPs were not in place. Regularly
scheduled maintenance and frequent effectiveness monitoring should minimize or prevent the
possibility of adult and juvenile boulder darters being impinged against the intake screen and/or
entrained within the intake structure.
The highest magnitude of disturbance to the boulder darter would occur during its larval life
stage. The potential exists for larval boulder darters to become impinged against the intake
screen and/or pass through the screen and become entrained within the intake structure. For this
to occur, the larvae would need to drift in the immediate vicinity of the intake structure. Postimplementation (operational) effects to larval boulder are difficult to quantify because they
generally cannot be detected at that early life stage and there is currently no methodology to
monitor boulder darter larvae. Because project operations would occur year-round on a
permanent basis, there is potential for boulder darter larvae to be affected annually during this
life stage, approximately any time between April 1 – July 31 (Rakes and Shute, personal
communication, 2014). The number of individuals annually affected would likely be few
because they would need to drift in the immediate proximity of the intake. However, after
several years, the cumulative number of individuals affected could be more significant.
Overall, assuming that the flow characteristics (including velocities in the vicinity of the raw
water intake structure) and habitat conditions in the action area would not appreciably change as
a result of construction and operation of the proposed project, the magnitude of disturbance
would likely be low and boulder darter resilience would not be expected to change from its
current level. However, this could only be determined through monitoring the population and
habitat over time.
Recovery rate:
In this biological opinion, the recovery rate relates to the time required for the boulder darter
population to return to equilibrium after exposure to a disturbance. While the level of successful
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recruitment is unknown, it is unlikely that recruitment would differ significantly from current
conditions because the proposed action is anticipated to affect only a very small number of
individuals inhabiting the action area, relative to their range-wide distribution in the Elk River
basin. Provided LCBPU would undertake measures to minimize and avoid disturbance to the
species, the recovery rate for boulders darters in the action area is not expected to change. Such
measures would include proper project design, installation of appropriate BMPs and assurance
they were functioning as intended following their installation, and adequate maintenance and
monitoring of the project (riverbank stability, intake structure and screen, etc.) during operations
(post-implementation).
CUMULATIVE EFFECTS
Cumulative effects include the effects of future state, tribal, local, or private actions that are
reasonably certain to occur in the action area considered in this biological opinion. Future
federal actions that are unrelated to the action are not considered in this section because they
require separate consultation under section 7 of the Act.
The action area would be located on a reach of the mainstem Elk River within Lincoln County,
Tennessee. The purpose of the proposed action is to supplement water supplies for
unincorporated areas in Lincoln County. LCBPU currently serves an approximate population of
24,678, with a total average water use of approximately 2,437,600 gpd. By 2030, LCBPU
projects they will serve an approximate population of 27,446, with a total average water use of
2,557,264 gpd (Tennessee Valley Authority 2014a).
Past agricultural, road building and maintenance activities have occurred within or in the near
vicinity of the action area by state, local, and private entities that have impacted the Elk River
and its tributaries and affected native fauna; such activities had no federal involvement. We are
reasonably certain that similar activities are likely to occur in the future, and cumulative effects
from these activities are likely to continue into the foreseeable future at a comparable pace.
Future developments could include additional surface water withdrawals for irrigation and
potable water, and treated wastewater discharge from residential housing and manufacturing,
which might further affect the boulder darter and its suitable habitat and designated critical
habitat for the fluted kidneyshell and slabside pearlymussel, within the action area. Construction
of additional homes and roadways could also increase stormwater runoff into the Elk River
within the action area. Therefore, cumulative effects, as defined by the Act, are expected to
occur.
CONCLUSION
(NOTE: This biological opinion does not rely on the regulatory definition of "destruction
or adverse modification" of critical habitat at 50 CFR. 402.02. Instead, we have relied
upon the statutory provisions of the Act to complete the following analysis with respect to
critical habitat. Under the statutory provisions of the Act, we determine destruction or
adverse modification on the basis of whether, with implementation of the proposed federal
action, the affected critical habitat would continue to serve its intended conservation role
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for the species. Our analysis follows the guidance provided in Service Memorandum
FWS/AES/DCHRS/019634, dated December 9, 2004 [U.S. Fish and Wildlife Service 2004].)
After reviewing the current status of the boulder darter and designated critical habitat for the
fluted kidneyshell and slabside pearlymussel, the environmental baseline for the action area, the
effects of the proposed surface water withdrawal facility, and the cumulative effects, it is the
Service’s biological opinion that the Lincoln County Water Intake and Treatment Facility to be
constructed on the Elk River at ERM 75.3 in west-central Lincoln County, Tennessee, as
proposed, is not likely to jeopardize the continued existence of the boulder darter, and is not
likely to destroy or adversely modify designated critical habitat for the fluted kidneyshell and
slabside pearlymussel because: 1) the action area would be small relative to the boulder darter’s
range-wide distribution in the Elk River basin and the total amount of critical habitat designated
for the fluted kidneyshell and slabside pearlymussel in the Elk River, and therefore, only small
fractions of the boulder darter population and designated critical habitat for the fluted
kidneyshell and slabside pearlymussel would be affected by the action, 2) potential effects to the
boulder darter and designated critical habitat for the fluted kidneyshell and slabside
pearlymussel, as a result of construction activities during the implementation phase, would be
temporary and of short duration, 3) the likelihood of lethal take of the boulder darter would be
low with properly engineered and correctly installed project components, adherence to BMPs,
regular maintenance of the intake structure/intake screen, and effectiveness monitoring to ensure
the intake structure, intake screen and other project components are functioning as intended (i.e.,
with minimal or no apparent effects to the boulder darter), 4) the likelihood of fish host species
for the fluted kidneyshell and slabside pearlymussel being impacted (reducing the presence of
abundant fish hosts, necessary for recruitment of the fluted kidneyshell and slabside
pearlymussel (PCE Five) would be low with properly engineered and correctly installed project
components, adherence to BMPs, regular maintenance of the intake structure/intake screen, and
effectiveness monitoring to ensure the intake structure, intake screen and other project
components are functioning as intended (i.e., with minimal or no apparent effects to designated
critical habitat for the fluted kidneyshell and slabside pearlymussel), and 5) changes in channel
morphology would be minimal because only a minor reduction in wetted channel perimeter
would occur as a result of the intake withdrawals (a 0.3 – 0.5-in decrease in depth, isolated to the
immediate project vicinity, based upon preliminary modeling, included in LCBPU’s TVA 26a
Permit Application), and, therefore, any losses of suitable boulder darter habitat and designated
critical habitat for the fluted kidneyshell and slabside pearlymussel from intake operations
(impacting the geomorphic stability of the channel and degrading the riverbed elevation (PCE
One) would be small and discountable.
No critical habitat has been designated for the boulder darter; therefore, none would be affected.
INCIDENTAL TAKE STATEMENT
Section 9 of the Act and federal regulation under section 4(d) of the Act prohibit the take of
endangered and threatened species, respectively, without special exemption. Take is defined as
to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage
in any such conduct. Harm is further defined by the Service to include significant habitat
modification or degradation that results in death or injury to listed species by significantly
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impairing essential behavioral patterns, including breeding, feeding, or sheltering. Harass is
defined by the Service as intentional or negligent actions that create the likelihood of injury to
listed species to such an extent as to significantly disrupt normal behavior patterns which
include, but are not limited to, breeding, feeding, or sheltering. Incidental take is defined as take
that is incidental to, and not the purpose of, the carrying out of an otherwise lawful activity.
Under the terms of section 7(b)(4) and section 7(o)(2), taking that is incidental to and not
intended as part of the agency action is not considered to be prohibited taking under the Act
provided that such taking is in compliance with the terms and conditions (T&Cs) of this
Incidental Take Statement.
The measures described below are non-discretionary, and must be undertaken by the TVA and
Corps, so that they become binding conditions of any grant, permits or contracts, as appropriate,
for the exemption in section 7(o)(2) to apply. The TVA and Corps have a continuing duty to
regulate the activity covered by this Incidental Take Statement. If the TVA and Corps (and
ultimately their Permittee, LCBPU): (1) fail to assume and implement the T&Cs or (2) fail to
adhere to the T&Cs of the Incidental Take Statement through enforceable terms that are added to
the grant, permit or contract, the protective coverage of section 7(o)(2) may lapse. In order to
monitor the effect of incidental take, the TVA must report the progress of the action and its effect
on the species to the Service as specified in the Incidental Take Statement. [50 CFR § 402.14
(1)(3)].
AMOUNT OR EXTENT OF TAKE
A total of 13 boulder darters have been collected or observed in the action area since 2000
(Saylor, personal communication, 2011a, 2011b; Rakes and Shute 2006), including one
individual collected at the project site in 2011 (Saylor, personal communication, 2011b).
Therefore, it is reasonable to assume boulder darters currently occur within the action area. The
Service presumes that resident (all life stages) and transient (larvae drifting downstream)
individuals, both, occur within the action area.
The Service believes that incidental take of boulder darters, as a result of the action, would be
difficult to detect for the following reasons:
1. boulder darters are small, secretive fish that spend much of their time in crevices
between substrate and large slab boulders;
2. finding a dead or impaired individual would be difficult, with the unlikely exception
(due to the intake and intake screen being designed to minimize effects to aquatic
species with input from the Service and TWRA) of a juvenile or adult boulder darter
being found impinged in the intake screen or entrained within the intake structure;
3. in the improbable event that dead or injured larvae were encountered, identifying the
species at such an early life stage would be problematic;
4. the boulder darter lives in an environment in which river currents could easily carry a
dead or injured individual downstream undetected for long distances;
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5. attributing death or impairment of an individual to a particular project-related activity
would be problematic at best, with the possible exception of an individual impinged
in the intake screen or entrained within the intake structure.
However, the action can be expected to result in incidental take of boulder darters in the Elk
River due to instream construction activities (implementation phase) and operation of the intake
(post-implementation phase) within the project footprint at ERM 75.3. The Service estimates
that a small, unknown number of boulder darters would be taken throughout the project footprint,
a 1.1-ac area where direct, instream construction and operational impacts would occur. The
Service believes that any boulder darters taken within this area would be taken in the form of
lethal, harm or harass. We further believe that the number of individuals taken as a result of the
action would be few because: (1) boulder darters have been documented as occurring in low
densities in scattered patches of suitable habitat within the action area (Saylor, personal
communication, 2011a, 2011b; Rakes and Shute 2006), (2) adult and juvenile boulder darters
have the ability to independently swim to other areas to avoid instream construction and water
quality disturbances under most circumstances, (3) larval boulder darters could drift through the
project footprint when instream construction is occurring and would lack the ability to
independently move out of harm’s way; however, the number of larvae that would be directly
affected by instream work would likely be minimal because their presence in the footprint during
instream construction would be a one-time occurrence during their approximate April 1 – July 31
larval life stage (Rakes and Shute, personal communication, 2014) in 2018, the year identified
for instream work (Howard, personal communication, 2014c), and they would have to drift
through the left, descending half of the channel (location of the footprint) during the hours that
instream work would be occurring and in the immediate vicinity of instream construction
activities to be directly affected, and (4) the potential for larval boulder darters drifting through
the project footprint during the post-implementation phase and becoming impinged against the
intake screen and/or passing through the screen and being entrained within the intake structure
poses the greatest likelihood of incidental take, due to their smaller size, inability to swim, and
intake operations continuing annually during the April 1 – July 31 larval life stage into the
foreseen future (Rakes and Shute, personal communication, 2014); however, the number of
individuals annually affected would likely be few because they would need to drift in the
immediate proximity of the intake.
In summary, the Service estimates that a small, unknown number of boulder darters within 1.1 ac
aquatic habitat within the Elk River would be taken in the form of either lethal, harm or harass.
In the "Analyses for Effects of the Action", the Service determined that the proposed action
would result in incidental take of bouders darters in several forms including:
(a) lethal from: 1) being crushed by construction equipment, workers or construction
materials during instream work, 2) turbidity and/or deposition of sediment in the
immediate project vicinity, created by instream construction activities and construction
activities adjacent to the river, obstructing their gills and reducing their ability to respire,
3) pollutants from construction equipment (spills of petroleum products from hydraulic,
fuel and power systems, etc.) accidentally entering the Elk River, affecting water quality,
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and in turn respiration capabilities of individuals in the immediate project vicinity, 4)
pollutants (spills of petroleum products from hydraulic, fuel and power systems, etc.)
accidentally entering the Elk River from project construction equipment adjacent to the
river, affecting water quality, and in turn, respiration of individuals downstream of the
project site, and 5)impingement against the intake screen or entrainment within the intake
structure;
(b) harm from: 1) being injured by construction equipment, workers or construction materials
during instream work, 2) turbidity and/or deposition of sediment in the immediate project
vicinity, created by instream construction activities and construction activities adjacent to
the river, reducing their ability to feed, 3) pollutants from construction equipment (spills
of petroleum products from hydraulic, fuel and power systems, etc.) accidentally entering
the Elk River, affecting water quality and food sources, and in turn feeding capabilities of
individuals in the immediate project vicinity, 4) being injured due to impingement against
the intake screen or entrainment within the intake structure, 5) pollutants (spills of
petroleum products from hydraulic, fuel and power systems, etc.) accidentally entering
the Elk River from project construction equipment adjacent to the river, affecting water
quality and food sources, and in turn, feeding capabilities of individuals downstream of
the project site, 6) post-project failure(s), causing elevated levels of suspended sediments
to impact water quality and flushes of sediment to cover suitable habitat downstream of
the project site, reducing their ability to feed and/or respire, and/or increasing their
vulnerability to disease, and 7) changes in channel morphology at the project site during
the post-implementation phase, caused by the intake structure and fill occupying areas of
the river channel and bank, and the intake withdrawing instream flows, reducing
available habitat for the species in the immediate project vicinity.
(c) harassment from: 1) turbidity and/or deposition of sediment, created by upstream
construction activities, compelling individuals to swim to other areas with potentially less
suitable forage and habitat conditions.
EFFECT OF THE TAKE
In the accompanying biological opinion, we determined that this level of expected take is not
likely to result in jeopardy to the boulder darter and would not result in destruction or adverse
modification of designated critical habitat for the fluted kidneyshell and slabside pearlymussel.
Previous biological opinions, completed by the TFO for the boulder darter population in the Elk
River basin within Tennessee and Alabama, which identified incidental take, have been included
in the table in Appendix C.
REASONABLE AND PRUDENT MEASURES
The Service believes the following reasonable and prudent measures (RPMs) are necessary and
minimize effects of incidental take of the boulder darter:
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1. The TVA and Corps must ensure that the proposed action will occur as designed,
planned, and documented in the biological assessment, all supporting information
provided by LCBPU and their consultants, and this biological opinion.
2. The TVA and Corps must ensure that LCBPU implements measures to minimize or
eliminate effects from construction and operations activities.
3. The TVA and Corps must ensure that LCBPU adequately monitors the level of boulder
darter take associated with the proposed action.
4. The TVA and Corps must ensure that LCBPU adequately monitors the proposed action to
document potential changes to suitable habitat and water quality, resulting from the
action.
TERMS AND CONDITIONS
In order to be exempt from the prohibitions of section 9 of the Act, the TVA, Corps and LCBPU
must comply with the following T&Cs, which carry out the RPMs described above. While these
T&Cs were specifically designed to address potential effects to the boulder darter, we believe
that implementation of these measures would also minimize potential for impacts to designated
critical habitat for the fluted kidneyshell and slabside pearlymussel. These T&Cs are nondiscretionary.
1. LCBPU will agree to implement the proposed action as described in the biological
assessment, the biological assessment’s supporting documentation, and this biological
opinion. This T&C supports RPM 1.
2. All rock materials transported to the work site will be durable and free of excessive fines.
3. All fill materials, either excavated on-site or transported to the project site during project
implementation, must be placed outside of the active flow channel at a minimum distance
of the first terrace to minimize the potential for runoff from these materials into the Elk
River; storage of fill materials on the project site will be temporary and cease upon
completion of all construction.
4. All heavy equipment and trucks will be cleaned, refueled and stored, when not in use, in
a designated staging area, located a minimum of 300 ft from the OHW of the Elk River.
5. All heavy equipment will carry oil-absorbent booms at all times when operating; each
piece of equipment shall carry a boom with no less than 15-gallon absorbency capacity.
6. The project shall be completed expeditiously, and the river bottom, riverbank, riparian
corridor and any areas disturbed with the floodplain (including the staging areas, where
equipment storage, cleaning and fueling, and work/laydown would occur, and equipment
access points) shall be restored as close to pre-implementation conditions as possible.
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7. Water pumped out of the area enclosed by the cofferdam shall be held in a constructed
settling basin(s) or filtered to ensure it is clean prior to its discharge back into the Elk
River.
8. If concrete is poured in or near the river during project implementation, an aquatic
biologist or hydrologist must be present to monitor pH levels in the Elk River. If spillage
or leakage of concrete into the Elk River is observed, pouring will cease immediately and
not resume until the source of the spill or leak is located, the Service is notified of the
spill or leak, and corrective action is taken to prevent further spillage or leakage.
9. Removal of riparian vegetation will be kept to a minimum. Following completion of
construction activities, disturbed riverbank and floodplain areas will be immediately
replanted with native tree and shrub species, and/or native or close equivalent grass
species. All banks disturbed by project activities will be inspected, and replanted as
needed, until vegetation is successfully reestablished. The Service’s TFO in Cookeville,
Tennessee (telephone: 931/528-6481), Lincoln County, Tennessee, Soil Conservation
District (telephone: 931/438-2450, ext. 3), or University of Tennessee Extension Lincoln
County (telephone: 931/433-1582) can be contacted for assistance in selecting the
appropriate plant species and can provide information regarding planting methods.
10. Use of bioengineering methods (soft, vegetative approaches) is preferred for long-term
stabilization of riverbanks and is recommended over excessive use of hard structures
(e.g., riprap) to minimize potential impacts to the boulder darter and other aquatic
organisms, water quality, and riparian and instream habitats. Bioengineering techniques
might include, but not be limited to, use of geotextile fabrics, layering with willow
cuttings, construction of brush mattresses, fascines or vegetated geogrids, joint-planting
willows into riprap, and use of a stinger to plant cuttings on upper riverbanks.
11. The water intake screen design will minimize the potential uptake of boulder darters.
LCBPU and/or their consultants will allow adequate time to coordinate with and obtain
approval from the Service and TWRA regarding the intake screen design, prior to
construction of the intake, and the final design will incorporate recommendations from
the Service and TWRA to minimize impacts to the boulder darter.
12. Instream work is scheduled to occur in 2018 (Howard, personal communication, 2014c).
The TVA and Corps will ensure pre-construction boulder darter monitoring is conducted
annually over a minimum of three consecutive years and post-construction boulder darter
monitoring is conducted annually over a minimum of five consecutive years. TVA will
establish a monitoring station at the intake site to monitor boulder darter use of the area
and document any trends in the number of individuals (either up or down) occupying the
area (Tennessee Valley Authority 2014a). Monitoring should also address effectiveness
of the intake structure/intake screen in preventing incidental take of boulder darters and
document any observed take associated with the intake or potential post-project failures
(riverbank sloughing, channel instability issues, etc.). The first year of post-project
monitoring should occur and be documented relatively soon after completion of
construction. While boulder data collected from pre- and post-project monitoring efforts
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can be included along with TVA’s ongoing boulder darter monitoring efforts in the Elk
River to assess population trends, the data will not be considered or used to satisfy any of
TVA’s required commitments in the 2006 Biological Opinion – Routine Operations and
Maintenance of TVA’s Water Control Structures in the Tennessee River Basin.
13. Because project implementation will not be initiated until 2018, LCBPU will repeat the
mussel survey that was conducted from ERM 75 to ERM 75.8 during July 2010 (Lewis
Environmental Consulting, LLC 2010) to ensure that the status of federally listed
freshwater mussel species has not changed within and in the near vicinity of the action
area (i.e., listed mussels would be found inhabiting this reach of the Elk River). This
survey would occur within the 12-month period prior to project implementation.
14. LCBPU will revisit with the TVA and Corps within 3 to 6 months of project
implementation to determine if any new species have been listed or critical habitat
designated that may be affected by the action. If it is discovered that new species have
been listed or critical habitat designated, reinitiation of formal consultation will be
required.
Upon locating a dead, injured, or sick individual of an endangered or threatened species, initial
notification must be made to the Fish and Wildlife Service Law Enforcement Office at 220 Great
Circle Rd, Nashville, Tennessee (telephone: 615/736-5532). Additional notification must be
made to the Fish and Wildlife Service, TFO at 446 Neal Street, Cookeville, Tennessee
(telephone: 931/528-6481). Care should be taken in handling sick or injured individuals and in
the preservation of specimens in the best possible state for later analysis of cause of death or
injury.
The RPMs, with their implementing T&Cs, are designed to minimize the effect of incidental take
that might otherwise result from the proposed action. The Service believes that no more than all
boulder darters scattered throughout a 1.1-ac area in the Elk River will be incidentally taken.
This area contains pockets of suitable boulder darter habitat (estimated at 10% or 0.11-ac), but it
is likely that the species would be redistributed at times throughout the entire 1.1-ac area due to
project-related disturbances. If, during the course of the action, this level of incidental take is
exceeded, such incidental take represents new information requiring reinitiation of consultation
and review of the RPMs provided. The TVA and Corps must immediately provide an
explanation of the causes of the taking and review with the Service the need for possible
modification of the RPMs.
CONFERENCE REPORT
The Service concurs with TVA in that the proposed action, with the measures included in the
biological assessment (Tennessee Valley Authority 2014a) to avoid adverse effects to the
northern long-eared bat, would not jeopardize the continued existence of the northern long-eared
bat.
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CONSERVATION RECOMMENDATIONS
Section 7(a)(1) of the Act directs federal agencies to use their authorities to further the purposes
of the Act by carrying out conservation programs for the benefit of endangered and threatened
species. Conservation recommendations are discretionary agency activities to minimize or avoid
adverse effects of a proposed action on listed species or critical habitat, to help carry out
recovery plans, or to develop information.
We offer the following conservation recommendation for consideration:
In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or
benefiting listed species or their habitats, the Service requests notification if any of the above
conservation recommendations were to be carried out.
1. The TVA and Corps should coordinate with LCBPU and other entities requiring federal
Clean Water Act permits in the Elk River drainage, well in advance of proposed actions,
to develop conservation banks and other measures to assist in recovery of boulder darters
and their habitat.
2. The TVA and Corps should coordinate with LCBPU to provide outreach materials and to
educate water users about the sensitivity of natural resources in the Elk River, including
the boulder darter and the listed mussel species included in this opinion.
3. The TVA and Corps should utilize any additional funds provided by LCBPU or other
potential project proponents to increase boulder darter survey efforts in the Elk River and
its tributaries and better assess population trends.
4. The TVA and Corps should utilize any additional funds provided by LCBPU or other
potential project proponents to conduct a study with light traps to determine their
effectiveness in sampling juvenile boulder darters in the Elk River.
5. LCBPU should continue to identify and significantly reduce water losses in its existing
water supply system before increasing surface water withdrawals from the Elk River to
the proposed 4.0 mgd maximum withdrawal rate.
REINITIATION NOTICE
This concludes formal consultation on the actions outlined in the consultation request. As
written in 50 CFR Section 402.16, reinitiation of formal consultation is required where
discretionary TVA and Corps involvement or control over the action have been retained (or is
authorized by law) and if: (1) the amount or extent of incidental take is exceeded; (2) new
information reveals effects of the TVA and Corps action that may affect listed species or critical
habitat in a manner or to an extent not considered in this biological opinion; (3) the TVA and
Corps action is later modified in a manner that causes an effect to the listed species or critical
habitat not considered in this biological opinion; or (4) a new species is listed or critical habitat

56

REINITIATION NOTICE
This concludes formal consultation on the actions outlined m the consultation request. As
written in 50 CPR Section 402.16, reinitiation of formal consultation is required where
discretionary TVA and Corps involvement or control over the action have been retained (or is
authorized by law) and if: (1) the amount or extent of incidental take is exceeded; (2) new
information reveals effects of the TVA and Corps action that may affect listed species or critical
habitat in a manner or to an extent not considered in this biological opinion; (3) the TVA and
Corps action is later modified in a manner that causes an effect to the listed species or critical
habitat not considered in this biological opinion ; or (4) a new species is listed or critical habitat
designated that may be affected by the action. In instances where the amount or extent of
incidental take is exceeded, any operations causing such take must cease until reinitiation.
For this biological opinion the incidental take would be exceeded when the take exceeds all
boulder darters within 1.1 ac of aquatic habitat, which is what has been exempted from the
prohibitions of section 9 by this biological opinion. The Service appreciates the cooperation of
the TVA and Corps during this consultation. We would like to continue working with you and
your staff regarding this project. For further coordination please contact Todd Shaw of my staff
at 931/525-4985.

Datd
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Figure 1. Location of proposed water intake site at Elk River mile 75.3.

Figure 2. Photographs of the Elk River at the proposed water intake site (Elk
River mile 75.3).
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Species Biologist, John T. Baxter, Manager. Knoxville, Tennessee. 40pp. with figures, tables and
appendices.)

APPENDIX C
The following list includes previous biological opinions, issued for adverse effect and
completed for boulder darter populations within Tennessee and Alabama, which identified
incidental take:
OPINIONS
(year)
2006

2013

INCIDENTAL TAKE
NUMBER
individuals downstream
of Tim’s Ford Dam
between ERM 90 to
ERM 120
95% of the overall,
range-wide
boulder
darter population

CRITICAL HABITAT

HABITAT

N/A

not to exceed
more than
a
total of 2 mi of
suitable habitat
N/A

N/A
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