Cheoah River
Case Study:
Outcomes of
FERC

relicensing

Ryan McManamay

FLOW 2018
April 24, 2018

ORNL is managed by UT-Battelle

g,OAh RIDGE

for the US Department of Energy al Labor




Settlement agreements are rare... but
lead to holistic assessment & mitigation
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Complex system and infrastructure

A. Kingsford Project B. Smoky Mountain Hydropower Project

Wisconsin Electric Power Co. Brookfield Renewable Energy Group

Menominee

Powerplant
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Flow restoration
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Flow Restoration
Components

- Hydrologic

1 .0 | dkkk : kkkk : * ; E x% ; g whkk E *kkk :I . Pre-ReStO raﬁOn
aab i aab i aaa L aab i aabb O Post-Restoration
T : O Stable High Baseflow Class
° | - * ‘5****
| 2 0.8 : ! abb,a ! a,ab,b aab | aab  aab
o : : : H :
0 125 250 375 500 = : : : :
Kiom g 0.6 - ;
N : :
= » H H
s ) :; %
T H H :
% 0.4 - ab,b ga,a,a
5 H - % ‘ ‘ § : :
02 2 o R
, N TR
" * KY 4 n a2 ay * * * * * o
3 .\G ?® 00‘;\ 5 & &b & & o NS 8 «°
< & _‘\\“ & & §° 6@9 &{( ‘&‘Q ,g\Q &Q 4{( o@
3"\ Q 29 & [ 5 g g Y
NS & & < < & N N N \ S &
& & & o & S g
& * 9 a9 e N o A o o N
Vo \@ \@ \§
& - &x
1.0 i *kk *% &k *kk wkk * i * } E E *kk E *kk i
ab,b,a ! abb,a ! abb,a : aabb ! aabb : abab ; .J'I:E aabb | aabb :
0.8 : P ‘o
g
s 06 i ; ; ;
i M M H M L . M M H N
8 044 ©oaaa !
E A I S : ! : A
] ) : : o : : : : : : : e
0.2 H g HE ] : : ' : : H H :
2 @ . | ‘ ‘ N ELEEL
= :
o 0.0 -
-0.2 1 B
0.4 S
* * ® ® & & > g &
Q\&:f’" Q\o“‘ Q\o"" Q\o"\ Q\ﬁ @%° &od & e}\“\ N Qb"‘ Qp'@ @’b\
& &
\é\é\ \8\&\ é\ é\ \8\&\ é\é\ ‘$°¢ o o{? \c} ¢° é\o"p Q.-\"P AN ‘\QBA
AR Sl M o
N oy A oS o ~$‘<§ < i S

. RIDGE

- 2 vauvadl Laboratory



Geomorphologic Responses to Flow
Restoration

Elevation (m)

2.3km

-=-2000 {Pre)

31

-+-2007 Post)

28

27

-=-2000 (Pre)

-~2007 (PosY

—=-2000 {Pre}

2.5km

-+-2007 (Posf)

M5
05 -=-2000 (Pre}

295 4

285

-4-2007 (Posf)

3054

295!

285 4

-=-2000 {Pre}

275

. ‘ . 275 T : : : : . .
15 20 25 0 5 10 15 20 25 30 35
3 4
8.5km
!
L.
30 Pos
2007 {Post) T -=-2000 (Pre) 2007 (Posi)

30 40

Distance (m)

* , OAK RIDGE

« National Laboratory



Geomorphic Responses to Flow
Restoration

* Include Substrate responses

Table 6 Percent changes in the median particle size (Dsq) of pebble
counts conducted at eight sites during 2002 and 2008 along the length
of the Cheoah River

Transect Distance Dsg Dsg Yo P value
from Dam (mm) (mm) change
(km) 2002 2008
DC3 0.6 762 160 —79 <0.001
DC7 2.3 1676.4 1000 —40.35 0.991
CY3 5.5 457.2 270 —40.94 0.004
CYS 6.7 304.8 160 —47.51 0.064
YD2 8.5 2794 195 —30.21 0.186
YD7 9.5 914.4 350 —61.72 0.005
DM?2 11 228.6 250 9.36 0.852
DMS5 12.5 203.2 257.5 26.72 0.028

P values represent results from Kruskal-Wallis tests %OAK RIDGE
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Temperature responses to flow

restoration

Warm Santeetlah Dam
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Riparian responses to flow restoration

0 0375 075 15
\

\x{

e ®

1

|

[
|
l

|
- ERRET oLy R . o A N\ To Calderwood
Before JRSL : ~ 4 ‘ :

]
)

‘-.j Reservoir

Major physical changes in the river

Removal of encroached riparian vegetation

McManamay et al. (2013) Environmental Management
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Occupancy

Fish Community Responses to Flow
Restoration

* No “new” species colonized the river

« Occupancies of several species declined
after flood and after flow restoration

McManamay et al. (2013) Env Manag
McManamay et al. (2014) Fish Manag &
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Fish Community Responses to Flow
Restoration

* All potential immigrants didn’t immigrate Mottled Sculpin

 Reintroduction of two endemic species
— Spotfin chub

— Wounded darter

White sucker Tennessee Shiner

LAY LNLLSNTLY
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River chub nesting habitat and
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River chub nesting habitat and

responses to high-flow pulses
o

N
/
|4 DM (Deep Creek
-
“ to Mouth
3\
/:;%’.“ YD (Yellow Creek
of to Deep Creek)
e
4
\ CY (Cochran
\ Creek to Yellow
L Creek)
%
N
ow-%
®
4

"‘ DC (Dam to
F\v Cochran Creek)
o

%

OAK RIDGE

National Laboratory



River chub nesting habitat and
responses to flow restoration

Table 1. Depth (cim), current velocity (cim s- 1), mtermediate substrate diameters (cm), and water percolation rates

(cm s'l) (% standard error) of river chub nests and pawred transects m the Cheoah River, NC.

Depth Current velocity Substrate diameter Percolation rate (cm s'l)
Nest 42.1£16 0.22:+0.01 2.9+0.04 0.09+0.006
Pared transect 51.9+1.8 0.42+0.03 16.1+0.67 0.06+0.007

Table 2. Parameter estimates (+ standard error, SE), p-values, cunmlative model weights (Zwi), and relative importance of mesohabitat scale
variables in generalized linear mixed models predicting river chub nest presence and abundance, respectively. Ranks range from 1 (most important)

to 3 (least mportant).

V= nest presence y= nest abundance
Variable Parameter estimate + SE p-value Zw; Rank  Parameter estimate + SE p-value Zw; Rank
.6 71423 T 00034 10 1 42406 <0.0001 10 1
D e 295549 " 00593 " 094 " 2 27414 " oo06s2 T 072 T3
% outcrop 4.8+75 " 05221 " 049 " 3 3.942.1 " 00683 " 073 "2

Table 3. Average diunensions (+ standard error, SE) of 27 river chub nests

before and affer a two-day dam release event.

Tune Length (cm) Width (cm) Height (cm)
Pre-discharge 74.0+£2.9 65.2+4.1 21.1+1.2
Post-discharge 79.3+4.6 77.0£5.2 17.0+1.3

#‘,OAK RIDGE
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« Total 200 yd3® dumped at 4 sites, recurrent on a biannual basis
« Site 1: High gradient, 100 yd3

« Site 2: Moderate-High gradient, 20 yd?3

« Site 3: Very-low gradient, 40 yd3

« Site 4: Low gradient, 40 yd3

« Recommended & ordered amount = 500 yd? per site on annual
basis

National Laboratory



Gravel addition at Site 1
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ravel addition at Sites 2 and 3
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Gravel addition at Site
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Gravel migration and entrainment

April 2008 Site 1

Feb 2008 :
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Gravel migration and entrainment
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Gravel migration and entrainment

Site 4

Gravel depths legend (meters) " 20 Meters

B oooo-0005 [ |o0o045-0080 [ |0120-0160 [ ] 0200-0250 [ | 0.300-0500
0005-0045 [ |oo080-0120 [ Jo1e0-0200 [ ] 0250-0300 [ | 0500-0800

%OAK RIDGE

National Laboratory



Substrate Conditions Following Gravel
Addition
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« Gravel augmentation to mitigate bedload loss
* In sufficient volumes to provide adequate habitat for
most fish species.
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Macroinvertebrate responses to gravel

addition
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Fish spawning responses to gravel

addition
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Three-dimensional graph of habitat measurements (water depth, velocity, and gravel depth) taken at three gravel
addition sites and compared to measurements found in literature for four catostomid species. Gravel depths
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Species of concern conservation efforts

* Reintroduction of two endemic species

— Spotfin chub

— Wounded darter

* Virginia spirea monitoring and invasive plant
removal

» Appalachian elktoe monitoring

%OAK RIDGE
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Regional Perspective

« What are the major
factors driving fish

communities in
regulated rivers in e N
the Tennessee T Rk

River Basin?

* Hierarchical design

— Large-scale factors
« Dam operations
* Fragmentation
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Is Flow King of the Regulated River
Jungle?
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Is Flow King of the Regulated River
Jungle?

Flow Magnitude

Large-scale factors = Instream habitat > Biotic response
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Takeaway Messages

* Physical and riparian responses to flow
restoration clearly observed ,

» Lack of response by fish community due to e i
other constraints '

« Gravel addition was not executed
according to the specifications in the
enhancement plan and led to a poor-
treatment effect and very little habitat
enhancement

» Did not provide “improved” habitat
conditions for macroinvertebrates and fish

« Constraints on the system — finding the
limiting factor. Increased temp?
Fragmentation? Substrate habitats?

 Post-restoration studies were short-term,
need a long-term perspective

« Lack of current monitoring
%OAK RIDGE
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