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* Quantify relationships between key flow metrics and
biotic response to better inform water flow standards
throughout the state of South Carolina

— Project changes in aquatic communities

Flow

 Provide a tool
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How can we use these relationships?

 Defining biological response limits

« zones low, medium, and high change in the biological condition of
streams along flow gradients

« Searching for areas along flow gradients that induce changes in the
biological metric

* Predicting responses
* |f we alter flow by X amount what will be the biological response?



Mean daily flow (MA1):

* Lines defined by
working group

 Performance measure

biological response limits
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SE Plains: Perennial runoff

7 y=0.2745+x*0.63099+e

1

-
-
s
o
s
-
P
o
-

-

-

P
e -

- -
r-a -
-
-
Lo
S
-

rrrrrrrrro17rrv1i o7 T 1T 1T T

0.0 0.2 0.4 0.6 0.8

Mean Daily Flow

1.0

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

-0.35

-0.4

-0.45

@ -14%

-217%

0.8

0.7




Quantify flow-
ecology
relationships

Input SWAM
results into
biological models

Working group:
ID relevant Stream
Classes

Run SWAM
scenarios for nodes

Working group:
Use model results
to select strongest

relationships

Working group:
biological and
SWAM relevance




Flow-Ecology Relationships

= Four flow-ecology metrics were considered
= Mean daily flow (MA1): Perennial runoff and Perennial Flashy
= Timing of low flow (TL1): Perennial runoff
= High flow pulse count (FH1): Perennial Flashy
= High flow pulse duration (DH15): Perennial Flashy
* These were chosen based on:
= relevance to water withdrawal and drought management;
= sfrength of relationship
= distribution (most stream classes and basin area represented)

= calculable from SWAM output
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Stream classes

» Perennial runoff streams, characterized by moderately stabile flow
and distinct seasonal extremes (Class 1, 615 stream segments)

« Stable baseflow streams: characterized by high precipitation,
sustained high baseflows, and moderately high run-off (Class 3,
183 stream segments)

» Perennial flashy; characterized by moderately stabile flow with
high flow variability (coefficient of variation in daily flows) (Class 4,
138 stream segments)

* Infermittent streams, classified by intfermittent periods of no flow
punctuated by flooding events (Class 5, 45 stream segments)



Key to Understanding the Resulis of the Surface

Water Modeling Scenarios:

Mean daily flow (MA1): EDO10 NORTH FORK

Standard
Error

/

Scenario Current Predicted % change Bio Metric Changein Bio SE

UIF 723.21 741.43 2.5% Richness 1.9% 15
HD 2070 723.21 709.94 -1.8% Richness -1.4% 15
MD 2070 723.21 622.04 -14.0%  Richness -10.4% 15
BAU 723.21 721.48 -0.2% Richness -0.2% 15
/ \ % Changes for each

Current Use
Scenario
Mean Daily Flow
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Mean Daily Flows

Scenario

scenario are relative
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BRD30: Middle Tyger River near

N. Pacolet near
Fingerville

N. Tyger below
Wellford
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Current Full
MD 2070 HD 2070 Allocation

Lyman Use

mean flow (cfs) 98 85 /0 62
median flow (cfs) 68 /7 54 36 28
25th percentile flow (cfs) 42.5 52.1 27.3 5.95 2.78
10th percentile flow (cfs) 26.3 36.3 10.2 0.07 0.07
5th percentile flow (cfs) 18.3 28.3 1.9 0.05 0.05




Fish Richness-MA1: Piedmont: perennial runoff
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Middle Tyger River near Lyman
yg y MAT
| |
| |
I |
Scenario Current Predicted % change Bio Metric Change in Bio SE :
UIF 98.35 107.83 9.6% Richness /.9% /
HD 2070 98.35 69.85 -29.0% Richness -23.8% / %OS' :
Full 98.35 61.68 -37.3% Richness -30.6% / _E I
MD 2070 98.35  84.57  -140% _ Richness __ -11.5% 7 | O ;
8 |
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Fish Brood hiders-TL1: Piedmont: perennial runoff
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Middle Tyger River near Lyman

Scenario Current Predicted % change

UIF 257 259 0.8%
HD 2070 257 256 -0.4%
Full 257 259 0.8%
MD 2070 257 254 -1.2%

BRD30
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Fish Richness-MA1: Piedmont flashy
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Mill Creek Current Full :
Use UIF MD 2070 HD 2070 Allocation :

mean flow (cfs)

median flow (cfs)

25th percentile flow (cfs)

10th percentile flow (cfs) be™™ 0w

5th percentile flow (cfs) 26 0. 265 : : R A4 Pacolet
Lyman h ) = River near

S. Tyger below_—
Duncan

Mill Creek
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Mill Creek MAT

| |
1.001 | |
Scenario Current Predicted % change Bio Metric Change in Bio SE : :
UIF 14.01 15.07 7.6% Richness 5.3% 9 | & ! !
HD 2070 14.01 12.96 -7.5% __ Richness -5.3% 9 | & 0.751 : :
Ful 1401 12.65 9.7% __Richness -6.8% 9 | | |
MD 2070 14.01 14.10 0.7% Richness 0.5% A I I
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Mill Creek

Scenario Current Predicted % change

UIF 254 254 0%
HD 2070 254 254 0%
Full 254 254 0%
MD 2070 254 254 0%

Nesting Fish
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Macro Shannon-FH1 Piedmont: flashy streams
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Mill Creek e
I I
0.641 | |
T |
Scenario Current Predicted % change Bio Metric Change in Bio SE : :
UIF 15.11 15.27 1.0%  Richness -1.9% 17 | | !
HD 2070 1501  15.29 1.2% __ Richness 2.2% 17 |2 o062 : |
Full 15.11 15.27 1.0%  Richness -1.9% 17 |8 l !
MD 2070 1511 1517 0.4% __ Richness 0.7% 17 | S : !
% ' ]
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Fish Nesting-DH15: Piedmont: flashy streams
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Mill Creek

Scenario Current Predicted % change Bio Metric Change in Bio SE

UIF 5.39 5.14 -4.7% Richness 0.03% 15

HD 2070 5.39 5.14 -4.7% Richness 0.03% 15

Full 5.39 5.14 -4.7% Richness 0.03% 15

MD 2070 5.39 5.28 -2.0% Richness 0.01% 15
Mill Creek

Nest Spawners

0.52-

0.51 1

0.48 1

0.47 1

DHI15

0 0.1 020304050607 080910
High Flow Pulse Duration




Expected results: richness

« 35 species collected at 20 sites in upper Broad River basin

« Average 14 species per site

Seagreen Darter




Expected results: richness

« Up to 50% biodiversity loss in some streams aft full allocation

« Replacement by common generalists & invasives

Yellow Bullhead Golden Shiner

Eastern mosquitofish



-
SWAP-listed fishes in upper Broad River basin
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Highback Chub Carolina Fantail Darter Eastern Brook Trout

All ihotos from ncfishes.com



What this info is What this info is not

« Guidance based on best available data and .
analysis tools

- Based on models with compounding statistical .
unceriainty .

Arbitrary recommendations from ‘expert
advice’

Perfect

More data = less uncertainty

Changing climate & land cover = more
uncertainty



Flow Chart

BRD12
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What this info is

« Guidance based on best available data and

analysis tools

- Based on models with compounding statistical

unceriainty

Representative of overall (30-year) flow regime
characteristics

What this info is not

Arbitrary recommendations from ‘expert
advice’

Perfect

More data = less uncertainty

Changing climate & land cover = more
uncertainty

One-time withdrawal thresholds



PACOLET RIVER NEAR FINGERVILLE, SC
Legacy real-time p_age_o

Monitoring location 02155500 is associated with a STREAM in SPARTANBURG COUNTY, SOUTH CAROLINA. Current conditions of
DISCHARGE, GAGE HEIGHT, MEAN WATER VELOCITY FOR DISCHARGE COMPUTATION, and MORE are available. Water data back

to 1903 are available online.

Streamflow, ft3/s @
364 ft3/s - May 02, 2019 01:15:00 PM EDT

%EEEN M I. | '“

Apr 1995 Jul 1999 Oct 2003 Feb 2008 May 2012 Sep 2016 Dec 2020 H



What this info is

« Guidance based on best available data and
analysis tools

- Based on models with compounding statistical
unceriainty

Representative of overall (30-year) flow regime
characteristics

Applicable to streams and small rivers (~86% of
all SC waters)

Relationships between organisms and flow

What this info is not

« Arbitrary recommendations from ‘expert
advice’

* Perfect

* More data = less uncertainty

 Changing climate & land cover = more
uncertainty

One-time withdrawal thresholds

Applicable to large rivers and reservoirs

Parsing out other factors that affect organisms
Land use affects flow, etc.



Questions and thanks for listening

Results at additional strategic nodes are provided in the
following 20 slides




N. Pacolet near
Fingerville

N. Tyger below
Wellford
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Middle Tyger near Pacolet
Lyman River near
Saratt

S. Tygerbelow—— T =
Duncan PN\

.......

Mill Creek

Current Full
MD 2070 HD 2070 Allocation

BRD12: N. Pacolet River near
Fingerville Use UIF

mean flow (cfs)

320

369

283

258

228

median flow (cfs) 224 274 181 150 158
25th percentile flow (cfs) 139.5 191.4 103.3 96.3 106.6
10th percentile flow (cfs) 84.2 139.1 /1.0 64.8 /1.9
5th percentile flow (cfs) 63.9 112.8 54.6 48.0 53.4




N. Pacolet near Fingerville

MAT
| |
| |
| |
Scenario Current Predicted % change Bio Metric Change in Bio SE : I
UIF 319.65 368.91 15.4% Richness 12.7% /
HD 2070 319.65 257.78  -19.4%  Richness 15.9% - :
Full 319.65 227.65  -288%  Richness 23.6% 7 | < l
MD 2070 319.65 28339  -11.3%  Richness 9.3% 7 | O |
$ |
~ |
BRD12 0 041 .
o |
w |
- |
2 ]
0.31 l
|
|

1
0 0.1 020304050607 08091.0
Mean Daily Flow
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N. Pacolet near Fingerville n
; !
All stream class 1 sfrategic nodes had similar resulfs 044 | (_,_
!
Scenario Current Predicted % change I
UIF 258 261 1.1% |
HD 2070 258  257.8 -0.8% 5 040 |
Ful 258 227.6  -187% 2 ,
MD 2070 258 256 -0.8% ‘8 :
O 0.361 l
o0 |
BRD12
l
0.32: :
!
!
l
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Timing of Low Flow




N. Pacolet near

Fingerville
N. Tyger below
Wellford
Middle Tyger near Pacolet
Lyman River near
Saratt
S. Tyger below
Duncan
N Mill Creek
)4
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Evaluation little River Y@y




(]
Tyger River near Delta MAT
l l
| l
I l
Scenario Current Predicted % change Bio Metric Change in Bio SE :
UIF 77520  802.37 3.5% __ Richness 2.9% 7
HD 2070 77520 73548  -51%  Richness 4.2% - :
Full /7520  667.73 -13.9% Richness -11.4% /| £ |
MD 2070 77520 75598  2.5% __ Richness 2.0% 7 |9 ;
%) |
QO |
5 04 |
o !
w I
- |
i |
0.3, !
|
|

1
0 0.1 020304050607 08091.0
Mean Daily Flow




Tyger River near Delta

Scenario Current Predicted % change

UIF 259 260 0.4%
HD 2070 259 260 0.4%
Full 259 260 0.4%
MD 2070 259 258 -0.4%

Brood Hiders
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Timing of Low Flow




N. Pacolet near

Fingerville
N. Tyger below
Wellford
Middle Tyger near Pacolet
Lyman River near
Saratt
S. Tyger below
Duncan
y Mill Creek
Strategic Nodes NeerRiver  § x N WLV
.. o= e
Enoree River at near Delta = T2 X'
for Flow-Ecology i A <.
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Pacolet River near Saratt IS
l l
| l
I l
Scenario Current Predicted % change Bio Metric Change in Bio SE :
UIF 655.34  705.21 /.6% Richness 6.3% /
HD 2070 65534 61114 -67%  Richness 5.5% - :
Full 65534 48085  -26.6% _ Richness -21.9% 7 | € !
MD 2070 655.34 63296 -3.4% __ Richness 2.8% 7 |9 ;
%) |
Q0 |
o 0.4 ;
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Pacolet River near Saratt =

0.441 :
|

Scenario Current Predicted % change I (J
UIF 258 257 0.4% |
HD 2070 258 261 1.1% & 0-40 !
Full 258 257 -0.4% 2 |
MD 2070 258 259 0.4% e :
00.36- !
| |
|
0.321 :
|
|
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Timing of Low Flow




BRD50: Enoree River at Whitmire Current Full
Use MD 2070 HD 2070 Allocation

mean flow (cfs)
median flow (cfs)

25th percentile flow (cfs)
10th percentile flow (cfs)
5th percentile flow (cfs)

Lyman

Pacolet
River near
Saratt

S. Tyger below_—
Duncan

Mill Creek

Tyger River
near Delta

Strategic Nodes
for Flow-Ecology (ot
Evaluation




o o (]
Enoree River at Whitmire VA
I
I
I
Scenario Current Predicted % change Bio Metric Change in Bio SE : I
UIF 490.52 474.68 -3.2% Richness -2.7% /
HD 2070 490.52  501.80 23%  Richness 1.9% - :
Full 490.52 473.26 -3.5% Richness -2.9% / E I
MD 2070 490.52 500.12 1.9% Richness 1.6% / 0% :
n |
0 |
O 0.4 |
2 l
%) !
c l
L |
0.31 l
l
l

1
0 0.1 020304 050607080910
Mean Daily Flow




Enoree River at Whitmire

Scenario Current Predicted % change

UIF 256 257 0.4%
HD 2070 256 257 0.4%
Full 256 257 0.4%
MD 2070 256 256 0%

Brood Hiders
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N. Pacolet near
ingerville

N. Tyger below
Wellford

BET near Pacolet
Lyman River near
Saratt
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Duncan
- Mill Creek
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N. Tyger River below Wellford MAT

| |
I |
I |
Scenario Current Predicted % change Bio Metfric Change in Bio SE :
UIF 47.12 51.45 9.2% Richness /.6% /
HD 2070 47.12  47.24 0.3%  Richness 0.2% - :
Full 47.12 18.29 -61.2% Richness -50.3% / _E I
MD 2070 47.12  49.84 58%  Richness 47% 7 |9 ;
%) |
) |
'O 0.4 :
BRD25 0) :
o
% |
< I
i I
0.3+ l
I
I

1
0 0.1 020304050607 08091.0
Mean Daily Flow
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N. Tyger River below Wellford =
0.44 1 :
|
Scenario Current Predicted % change :
UIF 253 257 1.6% 0 0.40 !
HD 2070 253 256 1.2% g |
Full 253 255 0.8% T !
MD 2070 253 254 0.4% S |
0 0.36 |
a8 [
BRD25
|
0.321 :
|
|
T T T T T T T T I T T
0O 0.1 020304 05060.7 08092 1.0
Timing of Low Flow




N. Pacolet near

Fingerville
N. Tyger below
Wellford
Middle Tyger near Pacolet
Lyman River near
Saratt

S. Tyger below
Duncan

Mill Creek

Strategic Nodes Tger River
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( J o
Little River MA

| |
1.001 I |
Scenario Current Predicted % change Bio Metric Change in Bio SE : :
UIF 236.41  238.4]1 0.7% Richness 0.5% 9 | & : :
HD 2070 236.41 235.82 -0.4% Richness -0.3% 9 EOJS- | :
Ful 23641 23612  -0.3%  Richness 0.2% 9 | | |
MD 2070 236.41 236.85 0.1% Richness 0.0% 9 13 I I
'O 0.50- ' '
------ O | |
Q l

)
5 . :
il 0.251 ] ,
| |
| |
| |
0.001 : :

0.0 0.25 0.5 0.75 1.0
Mean Daily Flow




Litlle River

Scenario Current Predicted % change
UIF 254 254 0%

HD 2070 254 253 -0.4%
Full 254 253 -0.4%
MD 2070 254 254 0%

Nesting Fish

0.50/

©
N
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TL1
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([ ] [ )
Little River FH1
I I
0.64 | |
T ]
Scenario Current Predicted % change Bio Metric Change in Bio SE : :
UIF 16.1 16.1 -0.1% Insect Shan. 0.04% 17 | > [ ]
HD2070 160 160  -0.4% InsectShan.  023% 17 |2 o062 : |
Full 16.1 16.1 -0.1% _InsectShan.  0.13% 17 |8 l !
MD 2070 _16.1 16.] 0.1% _InsectShan. _ 0.04% 17 |S : !
> ' ]
....... -— I
5 0.60- | :
9 | [
E | I
I |
I I
0.58- I I
I |
| [ \
0 0.1 0203 040506 0708 09 1.0
High Flow Pulse Count
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Little River h1s
0.52" : I
Scenario Current Predicted % change Bio Metric Change in Bio SE :
UIF 4.6 4.6 0.0%  Nest Spawn 0.0% 15 - ! l
HD 2070 4.6 44 0.04% NestSpawn  4.5% 15| » : |
Full 4.6 4.4 -0.04%  Nest Spawn 4.5% 152 ! |
MD 2070 4.6 4.6 0.0% NestSpawn  0.0% 15 | 2 050 | :
Q l I
_______ _|Cf_> I I
O 0.49- | :
7 I |
l
l |
0.48 1 l 1
| |
| |
| |
o474 - . OO
O 0.1020304050.60.7080921.0
High Flow Pulse Duration
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