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Relicensing Issues ldentified by the Water
Quality Technical Working Committee

The causes of striped bass fish kills reported in previous
years, especially factors related to Saluda Hydro operations

The effects of Unit 5 operations on entrainment of blue-back
herring

Determination of operational changes that might increase
habitat for striped bass and blue-back herring

Track any impacts that could occur to the tailwater cold-water
fishery due to potential operational changes



Factors Considered to Address Relicensing
Issues

Annual flow regimes

Pool level management

Unit 5 operations

In-lake and release water quality

Habitat for striped bass and blue-back herring

Water quality, meteorological, and operations data over the
period 1990-2005

Emphasis will be placed on section of reservoir from Blacks
Bridge to Saluda Dam



Plan for Using CE-QUAL-W2 to Address the
Water Quality TWC Relicensing Issues

Analyze water quality, meteorological, flow, and operations
data for the period of study

Set up CE-QUAL-W?2 for the years when major striped bass
fish kills occurred

Run models to identify the causes that apparently
contributed to the fish Kkills

Use the models to explore ways to avoid such fish kills in
the future



Preliminary Findings Reported in March

High flow, especially during March-August, is the primary
cause for fish Kkills

Higher flows cause the bottom of the lake to warm which in
turn increases the rate of DO depletion

Meteorological conditions can affect striper habitat

Model results indicate that the temperature and DO range of
tolerable striper habitat in Lake Murray is approximately:

T< 27°C and DO> 2.5 mg/I

Preferential use of Unit 5 helps preserve colder bottom water
and was predicted to improve DO and increase striper habitat



Preliminary Conclusions Reported in May

Nutrients are the single dominant factor that can enhance
striped bass habitat

Flow is a dominant factor, but cannot be controlled to avoid
fish kills

Met conditions can be a periodic factor that alleviates
otherwise dominant factors like flow

Striped bass habitat conditions can be improved in some
years by maintaining high summer pool levels (~ elev. 358 ft)

Unit 5 preferential operations can improve striped bass habitat
INn some years



Next Steps Selected at May Meeting

For selected years, finalize assessment (i.e., assess changes in
releases) of operating guide for U5 preference for “first on, last off”
operation using the hourly releases

For selected years, finalize assessment of maintaining summer pool
levels at 358

For selected years, finalize assessment of the combination of
maintaining summer pool levels at 358 with U5 preference for “first
on, last off” operation using the hourly releases

Analyze additional years, especially a low flow year
Assess effects of minimum winter pool level, including effects on

Little Saluda embayment, increased SOD, internal nutrient cycling,
aquatic plants, sedimentation in coves
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Calibration Statistics for Temperature and DO Profiles

Temperature
Kilometers From Dam
Little Saluda
0.0 6.0 149.3 Embayment Mean
Y ear AME RMS AME RMS AME RMS AME RMS AME RMS
1991 0.55 0.7s 1.05 127 0.80 1.01
1992 0.81 1.11 0.79 1.18 0.65 0.78 1.45 1.96 0.93 1.26
1996 0.44 068 0.52 0.78 064 0.90 0.80 1.11 0.60 0.87
1997 0.45 067 0.44 0.61 0.70 0.96 1.23 160 0.70 0.96
1998 0.56 0.a0 0.52 0.71 069 0.91 0.83 1.08 0.65 0.88
2000 0.54 073 0.58 0.7y 079 1.02 1.21 1.65 0.78 1.04
2001 0.54 072 0.67 0.83 0.749 0.89 1.23 1463 0.81 0.99
2005 0.53 073 0.57 0.70 058 0.74 1.03 123 0.68 0.85
Mean 0.55 0.77 0.59 0.80 0.69 0.89 1.10 143 0.73 0.97
DO
Kilometers From Dam
Little Saluda
0.0 6.0 19.3 Embayment Mean
Y ear AME RMS AME RMS AME RMS AME RMS AME RMS
1991 0.83 144 1.51 2.00 1.17 1.72
1992 0.60 0.95 0.67 0.95 0.89 1.20 1.66 213 0.95 1.3
1996 0.59 0.95 0.71 1.04 058 0.75 0.81 1.08 0.67 0.95
1997 0.39 1.38 0.87 1.27 0.86 1.16 1.86 258 1.12 1.60
1998 0.56 079 0.65 0.94 0493 1.35 1.24 166 0.84 1.18
2000 0.87 122 1.14 1.48 0.99 1.24 1.69 217 1.17 1.53
2001 070 1.18 0.89 1.38 1.76 217 1.12 1.58
2005 0.54 153 0.76 1.16 0.94 142 1.87 2.37 1.10 1.62
Mean 0.73 1.18 0.81 1.147 0.86 1.19 1.55 2.02 0.99 1.39




1998 Model Prediction vs Observed Discharge Temperature
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1998 Model Prediction vs Observed Temperature in front of Unit 5
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1998 Model Prediction vs Observed DO in front of Unit 5
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1998 Model Prediction vs Observed Temperature at the Surface
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1998 Model Prediction and Observed DO at the Surface
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ISS and Turbidity

Total Kjeldahl Nitrogen (mg/l)

Inorganic Suspended Solids and Turbidity in Lake Murray Forebay
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Evaluation of Raised Pool Levels

Scenarios Considered:

« 354(Jan1) to 358(May1=Sept1) to 354(Dec 31)
« 350(Jan1) to 358(May1=Sept1) to 350(Dec 31)
Assumptions:

« Assumed 500 cfs for minimum release

« Assumed reserve generation averaged 3hr every two weeks at
18,000 cfs

« Balance of releases were assumed to be used to supplement
system demand

Approach:

 The above scenarios were developed by KA using daily average
flows using HEC-ResSim

« CE-QUAL-W2 was run using daily average flows and release flows
were adjusted so that target pool levels were attained

» Using the daily average flows that were adjusted using the CE-
QUAL-W2 model the hourly flows for each day were developed
using the assumptions above
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Conclusions

Unit 5 preferential operations can improve striped bass habitat
In some years.

Maintaining the summer pool level at 358 increases striped
bass habitat in some years.

The combination of Unit 5 preferential operations and
maintaining the summer pool level at 358 can further increase
striped bass habitat in some years. It can also improve water
quality in the releases.

When the discharge temperature from Unit 5 reaches 15°C,
the minimum flow should be released through a bottom unit.

Unit 5 operations after August or September do not effect
striped bass habitat.



CE-QUAL-W2 Model Applications
to Examine the Effects of
Operations on Fish Habitat in Lake
Murray

Meeting to Report on Preliminary Results

Andy Sawyer and Jim Ruane, REMI

May 22, 2007



Relicensing Issues ldentified by the Water
Quality Technical Working Committee

The causes of striped bass fish kills reported in previous
years, especially factors related to Saluda Hydro operations

The effects of Unit 5 operations on entrainment of blue-back
herring

Determination of operational changes that might increase
habitat for striped bass and blue-back herring

Track any impacts that could occur to the tailwater cold-water
fishery due to potential operational changes



Factors Considered in Addressing Relicensing
Issues

Annual flow regimes

Pool level management

Unit 5 operations

In-lake and release water quality

Habitat for striped bass and blue-back herring

Water quality, meteorological, and operations data over the
period 1990-2005

Emphasis will be placed on section of reservoir from Blacks
Bridge to Saluda Dam



Plan for Using CE-QUAL-W2 to Address the
Water Quality TWC Relicensing Issues

Analyze water quality, meteorological, flow, and operations
data for the period of study

Set up CE-QUAL-W?2 for the years when major striped bass
fish kills occurred as well as other years

Run models to identify the causes that apparently
contributed to the fish Kkills

Use the models to explore ways to avoid such fish kills in
the future, with emphasis on project operations



Preliminary Findings

High flow, especially during March-August, is the primary
cause for fish kills

Higher flows cause the bottom of the lake to warm which in
turn increases the rate of DO depletion

Meteorological conditions can affect striper habitat

Model results indicate that the temperature and DO range of
tolerable striper habitat in Lake Murray is approximately:

T< 27°C and DO> 2.5 mg/I

Preferential use of Unit 5 helps preserve colder bottom water
and was predicted to improve DO and increase striper habitat



Lake Murray Surface Elevation 1990-2005

Years with documented striped bass kills are red
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Lake Murray Surface Elevation 1990-2005
Typical Years Only (no special drawdowns)
Years with documented striped bass kills are red
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Flow (cfs)

Saluda River at Chappells Average Flow based on USGS monthly

averages
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Flow Frequency - Based on Daily Average Flow in Saluda Tailrace, March-June Only
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Cumulative Outflow — March-December

Years with documented striped bass kills are red

Saluda River Flow Below Lake Murray Cumulative Flow
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Murray Forebay Temperature Profiles - June
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Murray Forebay Temperature Profiles - July
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Murray Forebay Temperature Profiles - August
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Murmray Forebay Temperature Profiles - September
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Murray Forebay DO Profiles - June
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Elevation of Data {(m)

110 -

105

100

1=
h

1=}
]

[= =]
R

[==]
=

b |
R

=
[

[=x)
[%]

[=y]
o]

[%]
R

h
=]

Murray Forebay DO Profiles - July

o T

_—l—'—""'-__ ,d“'r
B e e 4
,’__,_-—l—'—'_'- e ——
""""h.._,_‘_‘_‘ \\.

,/'ﬁy’

77

DO (mg/l)

10

1




Murray Forebay DO Profiles - August
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Elevation of Data (m)
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Murray Forebay DO Profiles - September
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Lake Murray Contour Plots

June 2002 Temperature June 2005 Temperature

June 2005 DO
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Lake Murray Contour Plots

July 2002 Temperature July 2005 Temperature
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Lake Murray Contour Plots

August 2002 Temperature August 2005 Temperature
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Lake Murray Contour Plots

September 2002 Temperature September 2005 Temperature
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1996 Model Prediction vs Observed Discharge Temperature
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1996 Model Prediction and Observed Discharge DO
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1996 Model Prediction vs Observed Temperature in front of Unit 5
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O Observed with Profile
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1996 Model Prediction vs Observed Temperature in front of Unit 5
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Zone Volume, T<27 and DO>2.5

)
=
=
)
=
=
o
>

9/2 10/3 11/3




Elevation [Meters)

Elevation [Meters]

120

1991-1-29-06-gbal 1-new-wq onw1-1

DAY: 2245 12 August 1991
1o
100
b 11}
80
70
60
50
o 10 20 30 40 50
Kilometers
Zone criteria; 0.<=T<=27_.2 5<=D0<=100.
1996-10-6-06W1-1
120

60

DAY: 2245 11 August 1996

1] 10 20 30 40 50
Kilometers
Zone criteria: 0.<=T<=27_2. 5<=D0<=100.

Dissolved
Oxygen
[mg/L])

1

S = NWead M-S 00

Dissolved
Oxygen
[mg/L)
10

S =N Wwa N~ o0

Elevation [Meters)

Elevation [Meters]

120

1o

120

1992-10-6-06w1-1

DAY: 2245 11 August 1992

10 20 30 40 50 1]
Kilometers

Zone criteria; 0.<=T<=27_.2 5<=D0<=100.

2005-2-2-06wW1-1

DAY: 2245 12 August 2005

10 20 30 40 50 60
Kilometers
Zone criteria: 0.<=T<=27_2. 5<=D0<=100.

Dissolved
Oxygen
[mg/L])

1

S = NWead M-S 00

Dissolved
Oxygen
[mg/L)
10

S =N Wwa N~ o0



Sensitivity to Operations

 Original outflow assumption for all modeled years:
Units 1, 2 and 4 — Q < 9,600 cfs
Unit 5 — 9,600 < Q < 15,600 cfs
Unit 3 — Q > 15,600 cfs

 When Unit 5 is operated first (Q < 6,000 cfs), cooler
bottom water is conserved and availability of striper
habitat improves



Evaluation of Raised Pool Levels

Scenarios Considered:

« 354(Jan1) to 358(May1=Sept1) to 354(Dec 31)
« 350(Jan1) to 358(May1=Sept1) to 350(Dec 31)
Assumptions:

 Assumed 500 cfs for minimum release

« Assumed reserve generation averaged 3hr every two weeks at
18,000 cfs

« Balance of releases were assumed to be used to supplement
system demand

Approach:

 The above scenarios were developed by KA using daily average
flows using HEC-ResSim

« CE-QUAL-W2 was run using daily average flows and release flows
were adjusted so that target pool levels were attained

« Using the daily average flows that were adjusted using the CE-
QUAL-W2 model the hourly flows for each day were developed
using the assumptions above
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Preliminary Conclusions

Nutrients are the single dominant factor that can enhance
striped bass habitat

Flow is a dominant factor, but cannot be controlled to avoid
fish kills

Met conditions can be a periodic factor that alleviates
otherwise dominant factors like flow

Striped bass habitat conditions can be improved in some
years by maintaining high summer pool levels (~ elev. 358 ft)

Unit 5 preferential operations can improve striped bass habitat
In some years



Next Steps

For selected years, finalize assessment (i.e., assess changes in
releases) of operating guide for U5 preference for “first on, last off”
operation using the hourly releases

For selected years, finalize assessment of maintaining summer pool
levels at 358

For selected years, finalize assessment of the combination of maintaining
summer pool levels at 358 with U5 preference for “first on, last off”
operation using the hourly releases

Analyze additional years, especially a low flow year

Assess effects of minimum winter pool level, including effects on Little
Saluda embayment, increased SOD, internal nutrient cycling, aquatic
plants, sedimentation in coves,



Lower Saluda and
Congaree Rivers

Temperature Study:
Update

Water Quality Technical Working
Committee Meeting

Match 26, 2007
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Lower Saluda River at Riverbanks Zoo
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Congaree River at Gervais Street
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Congaree River at |-77
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Congaree National Park
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Conclusions

m Congaree and Broad diverge from Saluda in
early April

m Cross-sectional temperatures vary below
confluence

m To date, data suggests that influence extends at
least to I-77 Bridge




Challenges

m Vandalism / Theft

m Breakoffs (corrosion / snags / high flows)

m [naccessibility of instruments due to high
tlows




Future Needs

m Gather additional data through October 2007

m Fvaluate temperature impacts under varying

flow conditions (i.e. varying inflows/operations,

normal precipitation)

m Appropriate statistical analysis methods
B missing values

® How to deal with errors (i.e. due disturbance of
probe, etc.)




Update on Analyses of Factors
Contributing to Historical Fish Kills
iIn Lake Murray

Andy Sawyer and Jim Ruane, REMI

November 13, 2006
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Lake Murray Surface Elevation 1990-2005

Years with documented striped bass kills are red
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Lake Murray Surface Elevation 1990-2005
Typical Years Only (no special drawdowns)
Years with documented striped bass kills are red
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Average Annual Flow — Saluda River at Chappells

Saluda River at Chappells Average Flow based on USGS monthly
averages
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Saluda River at Chappells Average Flow based on USGS monthly averages
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Saluda River Below Lake Murray Annual Average Flow
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Saluda River Flow at Chappells Cumulative Flow
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Cumulative Inflow

Years with documented striped bass kills are red

Saluda River Flow at Chappells Cumulative Flow
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Cumulative Outflow
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Cumulative Outflow
Years with documented striped bass kills are red

Saluda River Flow Below Lake Murray Cumulative Flow
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Elevation of Data (m)

Murray Forebay Tem perature Profiles - June
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Murray Forebay Temperature Profiles - June
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Murray Forebay Temperature Profiles - July
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Murray Forebay Temperature Profiles - July
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Elevation of Data (m)
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Murray Forebay Temperature Profiles - August
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Murray Forebay Temperature Profiles - August
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Elevation of Data (m)
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Murray Forebay Temperature Profiles - September
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Murmray Forebay Temperature Profiles - September
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Elevation of Data (m)

Murray Forebay DO Profiles - June
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Murray Forebay DO Profiles - June
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Elevation of Data (m)

Murray Forebay DO Profiles - July
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Elevation of Data (m)
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Elevation of Data (m)

Murray Forebay DO Profiles - August
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Murray Forebay DO Profiles - August
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Elevation of Data (m)

Murray Forebay DO Profiles - September
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Lake Murray Contour Plots

June 2002 Temperature June 2005 Temperature

June 2005 DO
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Lake Murray Contour Plots
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Lake Murray Contour Plots
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Columbia, SC Daily Average Air Temperature
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7-day Running Average Air Temperature
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14-day Running Average Air Temperature
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Columbia, SC 14-day Running Average Air Temperature
Years with documented striped bass kills are red
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14-day Running Average Wind Speed
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Next Steps

« Continue analyzing flow and met data
* More detailed analysis of operations

* Model selected years
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Cone Valve Aeration Variables

* Amount of flow through the cone valve and
in the tailwater

* Velocity of jet

* Head, pressure
* Hood vs no hood
* Angle of jet

Considerations: DO uptake, TDG,
temperature




Summary of Test Results on the Cone Valve--September 27, 2006

Calculated Calc.ulated
DOinthe DO N the
Measured turbine rtel:;zlsn:s Total : Oca\f:z: i?,guf;?te Total DO Total DO M_?;Zu::d Measured
Test Conditions DO in total releases Project y A . y added by added by T in total
. . and assuming it jet action of total .
discharge using mass Flow . cv CcVv . discharge
saturated is saturated (047 discharge
balance .
DO in CV
calcs
flow
mg/L mg/L mg/L cfs mg/L mg/L mg/L tons/day psia TEMP
Unit 4 29 2.8 2.8 2,700 0 0 0 1 13.60 16.04
Unit4 + CV 5.5 2.8 3.2 2,950 0.4 2.3 2.8 24 14.30 16.67
Units 3&4 + CV 41 1.6 1.8 5,650 0.3 2.3 2.6 40 13.90 16.50
Units 1,3&4 + CV 3.8 2.1 2.3 8,350 0.2 1.5 1.7 39 13.83 16.41
Units 1,2,3&4 + CV 2.9 1.7 1.8 11,050 0.1 1.1 1.2 38 13.62 16.32
Units 1,2,3&4 1.6 1.7 1.7 10,800 0 -0.1 -0.1 -3 13.37 16.28

CV: cone valve

Notes:
1. the cone valve can add ~ 40 tons/day of DO to the total plant discharge...this would cost about $4000 per day if LOX was used

2. the cone valve appears to have the capability to increase DO in the discharge from Unit5 to about 4 mg/L using the existing hub baffles, or
possibly with larger hub baffles

Saturation .
DO at Saturation Measured Calculated Calculated Calculated Calculated DN sat.
oy . DNatMeas. TDGin DN based DN based .
Test Conditions Meas. T in . Cone Valve DN concin based on
Total T in Total total on DO and on DN Temperature cv est. tem
. Discharge discharge TDG Data Saturation P ’ p-
Discharge
mg/L mg/L % sat. % sat. mg/L celcius mg/L mg/L
Unit 4 10.00 16.38 92.52 109.4 17.9 16.04 17.9 16.38
Unit 4 + CV 9.86 16.18 97.28 108.3 17.5 23.47 13.27 14.38
Units 3&4 + CV 9.90 16.23 94.56 108.7 17.6 26.44 11.67 13.80
Units 1,3&4 + CV 9.92 16.26 94.08 108.9 17.7 28.40 10.93 13.49
Units 1,2,3&4 + CV 9.94 16.29 92.65 109.5 17.8 28.42 14.50 13.49
Units 1,2,3&4 9.94 16.30 90.95 110.9 18.1 16.28 18.1 16.30




—@— W/ aeration

—A— W/ aeration and two additional units

operating
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1
=
c
>
1
wid
o
L]
2
o
©
°
=
©
)

n
()
o
N
™
S
(]
0
o
)
(&}
(@)
[T
o
il
(V)]
(]
-

Flow, cfs




Saluda Project - Unit 1 When other Units are Operating up
to 15,000 cfs--Test of October 4, 2005
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Before hub baffles were added, the minimum DO was 0.4 mg/L.




2005 U1 Calibration results best bubble size

® Modified Entrainment
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Saluda Project - Unit 1
Test of October 3, 2005
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Saluda Project - Unit5 = —®—w/ aeration

—— W/ aeration and U1 and U2 at 80%
gate

- 1998 w/ aeration

—@— 1998 w/ aeration and U1 and U2 at
80% Gate
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Peak project flow level for the 2005 U5 data was 11,100 cfs




Unit 4 Airflow data in 2006 Compared to Unit 1
Airflow data in 2005
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Unit 4 DO data in 2006 Compared to Predicted
DO Based on Unit 1 data in 2005
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CE-QUAL-W2 Model for Lake Murray—
Update on Calibration and Applications

Presented by Andy Sawyer and Jim Ruane
Reservoir Environmental Management, Inc

November 13, 2006
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1996 Lake Murray Forebay DO Profiles
Model vs. Data [Overall Statistics: ABS = 0.57, RMS = 0.89]
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1996 Lake Murray DO Profiles — 6 Km Upstream of Dam
Model vs. Data [Overall Statistics: ABS = 0.65, RMS = 1.00]
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1996 Lake Murray DO Profiles — 27 Km Upstream of Dam
Model vs. Data [Overall Statistics: ABS = 1.01, RMS = 1.54]
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1996 Statistics

Kilometers From Dam

0.0 8 19 27 Overall

AME | RMS | AME | RMS | AME | RMS | AME | RMS | AME | RMS

Temperature 049 | 067 | 057 | 080 | 063 | 084 | 094 | 1.28 | 066 | 090

DO 056 | 086 | 086 | 121 | 056 | 0.75 | 0.68 | 099 | 067 | 095

1986 DO
Kilometers From Dam
0.0 6.0 19.3 268 Average

D ate Julian Day| AME BEMS AME RMS AME HMS AME BEMS AME BEMS
1717 18 1718 0.07 0.0 0.45 a77 03z 033 0385 1.66 0.42 0.71
222 524583 083 0.83 0.8z 083 030 033 043 054 0.60 0.63
31314 7374 0.30 032 0.7a 0.82 04s 054 029 0.33 0.46 0.50
4/110-11 101103 0.25 0.31 0.14 015 0&e9 Q77 na3 092 0.48 0.54
5/9-10 130131 0./9 074 0.47 061 187 2.40 1.04 1.25
5722 23 143-144 0.40 0.56 039 0.6a 074 0.8k 178 209 0.83 1.04
613 165 0.46 0.57 057 0.65 029 1.10 0.6¢ 0.77
624 25 176-1F7 030 0.44 a.yno am naa 103 0&2 .20 0.63 0.a2
2 184 0.71 0.58 0.74 1.00 332 4.04 159 197
12526 207208 0.69 1.03 0.68 1.29 074 080 0&E4 1.10 0.74 1.05
81314 226227 0.43 0.a61 a7z 093 041 054 121 1.89 0.9 1.07
94 218 024 0.50 1.27 2.05 0.78 127
9/11-12 255257 0.32 0.60 0.67 1.30 naz 1.19 na3 1.07 0.68 1.04
10910 283284 127 1.69 1.13 1.65 0G4 0Bk7 049 0.a7 0.88 1.14
11/9-6 310311 0.95 1.34 0.36 046 0E3 Ok4 1.25 1.33 0.80 0.94
Overall 0.5¢ 0.89 0.69 1.00 061 0.7¥ 101 1.54 0.69 1.00




1996 Comparison of Modeled versus Measured Saluda
Release DO

1996 Model Prediction and Observed Discharge DO

1996 Date
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1992 Comparison of Modeled versus Measured Saluda
Release DO

1992 Model Prediction and Observed Discharge DO
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1997 Comparison of Modeled versus Measured Saluda
Release DO

Dissolved Oxygen (mg/l)

1997 Model Prediction and Observed Discharge DO
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1996 Modeled versus Measured DO at the level of the Unit
5 Intake



1992 Modeled versus Measured DO at the level of the Unit
5 Intake

1992 Model Prediction and Obs erved DO in front of Unit 5
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1997 Modeled versus Measured DO at the level of the Unit
5 Intake

1997 Model Prediction and Obs erved DO in front of Unit 3
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1996 Discharge DO for Current and Reduced Phosphorus,
and without the Special Drawdown

1996 Model Predictions in the Releas es
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1992 Discharge DO for Current and Reduced Phosphorus

1992 Model Predictions inthe Releases
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1997 Discharge DO for Current and Reduced Phosphorus

1997 Model Predictions in the Releas es
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1996 DO at the Elevation of the Unit 5 Intake for Current and Reduced
Phosphorus, and without the Special Drawdown

1996 Model Predictions in Front of Unit b
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1992 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1992 Model Predictions in Front of Unit 5
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1997 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1997 Model Predictions in Front of Unit 5
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The End



CE-QUAL-W2 Model for Lake Murray—
Progress Report on Calibration and
Applications

Presented by Andy Sawyer and Jim Ruane
Reservoir Environmental Management, Inc

August 23, 2006



Overview of Presentation

 Present the calibration of the CE-QUAL-
W2 model that will be used to simulate
water quality in Lake Murray

* lllustrate use of the model to explore
management strategies for improving
water quality and uses of the lake



Lake Murray Watershed




Primary SCDHEC and SCE&G Monitoring Stations used
for Lake Murray Water Quality Analyses
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Summary of Key Issues to be Addressed Using
the CE-QUAL-W2 Model

 Low DO in the releases from Saluda Hydro,

« Restrictions for operating Unit 5 due to entrainment of
blue-back herring,

« Effects of project operations and water quality on Striped
Bass habitat, including fish kills that have occurred in the
past

* DO less than the State standard in the inflow regions of
the lake,

Other issues not being addressed at this time using the
model:

* |low pH in Lower Saluda River (LSR)
 eutrophication in the upper regions of Lake Murray



Physical Characteristics of Lake Murray

U.S. Customary

Metric System

System
Maximum depth 175 feet 53.3 m
Total lake volume 2,317,000 ac-ft 2,636 hm?3
Average Annual Flow 2778 cfs 78.7 cms
Nominal Residence Time 417 days 417 days
Depth of outlets, Units 1-4 175 feet 53 m
Depth of outlets, Unit 5 110 feet 33.5m
Flow Capacity - Units 1-4 3000 cfs 85 cms
Flow Capacity, Unit 5 6000 cfs 170 cms




Little Saluda R.
Branch 2










Physical processes
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Highly coupled constituents

= constituent - = process




Model Upgrade Features

Increased calibration focus at station located 6 Km (~
4mi) upstream from the dam (for fish habitat issues)

Refined withdrawal zone for Unit 5 (for fish habitat issues
and DO in the releases)

Sensitivity to TP in Saluda River inflow to Lake Murray

Upgraded features for organic matter (labile and
refractory nutrient cycling, sediment releases)

Phosphorus settling

Wuest wind drag coefficient to allow more mixing at low
wind speeds



Map of Subwatershed Drainage Area Boundaries




Phosphorus versus Flow Relationship found in the Bush
River (Station S-102) using 1997 data
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1996 Inflow Phosphorus Analysis for Bush River Inflow
to Lake Murray
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Total Phosphorus in the Little Saluda River

Total Phosphorus (mg/fl)
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Total Phosphorus Clouds Creek

Total Phosphorus (mg/fl)
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Total Phosphorus in Camping Creek

Total Phosphorus {(mg/l)
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Inflow Dissolved Phosphorus Concentrations for Model
Inflows to Lake Murray
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Ammonium Concentrations in the Inflows to the Lake
Murray CE-QUAL-W2 Model
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Elevation (m)

1996 Lake Murray W ater Surface

— 1996 Model Predicted

o 1996 Observed
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1992 L ake Murray Water Surface

Elevation (m)
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Elevation (m)

1997 Lake Murray Water Surface

— 1997 Mod el Predicted
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1996 Comparison of Modeled versus Measured Saluda
Release Temperatures

1996 Model Prediction vs Observed Discharge Temperature
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1992 Comparison of Modeled versus Measured Saluda
Release Temperatures

Temperature C°

1992 Model Prediction vs Observed Discharge Temperature
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1997 Comparison of Modeled versus Measured Saluda
Release Temperatures

1997 Model Prediction vs Observed Discharge Temperature
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1996 Comparison of Modeled versus Measured

Temperature in Front of the Unit 5 Intake
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1992 Comparison of Modeled versus Measured
Temperature in Front of the Unit 5 Intake

1992 Model Prediction vs Observed Temperature in front of Unit 5
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1997 Comparison of Modeled versus Measured
Temperature in Front of the Unit 5 Intake

Temperature 7

1997 Model Prediction vs Observed Temperature in front of Unit 5
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1996 Chlorophyll a at Four Locations in Lake Murray
Model vs. Data

Chlorophyll a in Lake Murray Forebay

Chloropyll a in Lake Murray Near Dreher Island
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Comparison of Modeled Derived versus Measured Total Phosphorus
for 1996 at Four Locations in Lake Murray
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Comparison of Modeled versus Measured Nitrate for 1996
at Four Locations in Lake Murray

Nitrate in Lake Murray Forebay

Nitrate in Lake Murray Near Dreher Island
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1996 Statistics

Kilometers From Dam

0.0 5 19 27 Overall
AME | RMS | AME | RMS | AME | RMS | AME | RMS | AME | RMS
Temperature 049 | 067 | 057 | 080 | 063 | 084 ( 0.94 | 128 | 0.66 | 0.90
Do 056 | 086 | 086 | 1.21 | 056 | 075 | 0.68 | 099 | 0.67 | 095




1996 Comparison of Modeled versus Measured Saluda
Release DO

1996 Model Prediction and Obs erved Discharge DO
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1992 Comparison of Modeled versus Measured Saluda
Release DO
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1997 Comparison of Modeled versus Measured Saluda
Release DO

Dissolved Oxygen (mo/l)
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1996 Modeled versus Measured DO at the level of the Unit
5 Intake

1996 Model Prediction and Observed DO in front of Unit 5
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1992 Modeled versus Measured DO at the level of the Unit
5 Intake

1992 Model Prediction and Obs erved DO in front of Unit 5
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1997 Modeled versus Measured DO at the level of the Unit
5 Intake

1997 Model Prediction and Obs erved DO in front of Unit 3
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% Distribution for Current TP Inflows to Upper % Distribution for Reduced TP Inflows to Upper
Region of Lake Murray Region of Lake Murray
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Comparison of Water Surface Elevations for Various Years
at Lake Murray

Lake Murray Surface Elevation

Surface Elevation (m)
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Comparison of 1996 Current and Reduced Phosphorus Predictions of
Chlorophyll a at 1 Meter Depth at Four Locations in Lake Murray

Chlorophyll a in Lake Murray Forebay

Chloropyll a in Lake Murray Near Dreher Island

1 [ N — o —
35 —Current 35 ——Current
_. 30 ——Reduced TP and 50D _. 30 ——Reduced TP and SOD
= 2
S 2 5 25
= =
5 20 € 20
g g
= 15 = 15
o o
10 M\\ 10
Y N P (R ey
5 5 el i
T T il
0 u 0 |
1M 2N 3N 4aM 51 61 M 8n 9 101 1M 121 M 2n 3n 41 51 61 m 8n oM 1011 111 121
Date Date
Chloropyll a in Lake Murray Near Rocky Creek Chloropyll a in Lake Murray at Black's Bridge
40 | ‘ | ‘ 40 4 1 I I
——Current
35 —Current 35
——Reduced TP and SOD
_. 30 ——Reduced TP and SOD _. 30
=) =)
S 25 & 2
= =
< 20 g2
: : h
S 15 & =T A
5 / 5 A YN, W
10 i 3 Wh 10 . ‘JM ﬁ% /
s A“\WW ‘."‘\-—\, & ! 2 k‘V\M‘ﬂ
. it D e S , AN,

mn

2n n 41 &M &M m an an 10N 1101

121

mn

2n

n 41 &M &M m an an 10N 1101 121




1996 Discharge DO for Current and Reduced Phosphorus,
and without the Special Drawdown

1996 Model Predictions in the Releas es
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1992 Discharge DO for Current and Reduced Phosphorus

1992 Model Predictions inthe Releases
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1997 Discharge DO for Current and Reduced Phosphorus

1997 Model Predictions in the Releas es
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1996 DO at the Elevation of the Unit 5 Intake for Current and Reduced
Phosphorus, and without the Special Drawdown

1996 Model Predictions in Front of Unit b
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1992 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1992 Model Predictions in Front of Unit 5

I I
1
+ Current Phos phorus
10
+ Reduced TP and 50D
9

Dissolved Oxygen (mg/l)
[=r]

11 21 N 41 51 61 in 81 an 10/1 114 1211
1992 Date




1997 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1997 Model Predictions in Front of Unit 5
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Temperature, DO, Age and Chlorophyll a
Animation



Zone crite T«=27.0, D0 >= 2.0

Zone criteria: T<= 270, DD >= 2.0

1336 Reduced TP and 30D - No Drawdows
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Zome criteria: T<= 250, 00 >= 3.0
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Congaree at Gervais St
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Congaree at 1-77
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Between |-77 and CNP
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CNP - Midstream
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Conclusions

m Congaree and Broad diverge from Saluda in
early April
m Cross-sectional temperatures vary below

confluence

m To date, data suggests that influence extends at
least to I-77 Bridge



Challenges

m Vandalism / Theft
m Breakoffs (cotrosion / snags / high flows)

m [naccessibility of instruments due to high
tlows



Future Needs

m Gather additional data through October 2007

m Evaluate temperature impacts under varying
flow conditions (i.e. varying inflows/operations,
normal precipitation)

m Appropriate statistical analysis methods

B missing values

® How to deal with errors (i.e. due disturbance of
probe, etc.)
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SAMPLE

LMA representative accompant
water samples to observe and |
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‘ BDL = Below Detectable Level
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Water Quality Data Analysis and
CE-QUAL-W2 Modeling for Lake
Murray

Presented by Andy Sawyer and Jim Ruane
Reservoir Environmental Management, Inc

December 7, 2005



Overview of Presentation

* Review water quality data, especially for
dominant constituents that affect water
qguality in Lake Murray and its releases

* Present the calibration of the CE-QUAL-
W2 model that's used to simulate water
quality in Lake Murray

* lllustrate use of the model to explore
management strategies for improving
water quality and uses of the lake



Preliminary Assessment of Historical Data
through 1998

This assessment was conducted in preparation for
relicensing, using the available data at the time of the
assessment in 2001

Available data were organized using the DASLER
software program

Also, reports on water quality were reviewed: ERC
report, prepared for relicensing in 1975; and DHEC
reports in 1995 and 1998

Some of the key findings will be presented in the first
part of this presentation



Lake Murray Watershed




Primary SCDHEC and SCE&G Monitoring Stations used
for Lake Murray Water Quality Analyses
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Stations with “S” prefix are SCDHEC monitoring stations

Others are SCE&G Monitoring Stations
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Total Phosphorus (mg/l as P), collected at S-186
(Saluda River Below Greenwood Dam - 55.3 miles above Saluda Dam)
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BOD, 5-Day (mg/l)

BOD, 5-Day (mg/l), collected at S-186
(Saluda River Below Greenwood Dam - 55.3 miles above Saluda Dam)
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Nitrate + Nitrite as N (mg/l)
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Nitrate + Nitrite as N (mg/l), collected at S-186
(Saluda River Below Greenwood Dam - 55.3 miles above Saluda Dam)
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Total Phosphorus (mg/l as P), collected at S-093, Summer Data Only
(Ninety-Six Creek-approx. 2 miles upstream of Saluda R.)
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Total Phosphorus (mg/l as P), collected at S-295
(Saluda River - 48.4 miles above Saluda Dam)
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Total Phosphorus (mg/l as P), collected at S-102, Summer Data Only
(Bush River, 3.5 miles upstream from Saluda River)
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Total Phosphorus (mg/l as P), collected at S-223
(Saluda River at Black's Bridge - 24.6 miles above Saluda Dam)
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TP Measured in the Little Saluda River
(SCDHEC Station S-123)

Total Phosphorus (mg/l as P
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TP Measured in Clouds Creek
(SCDHEC Station S-255)

Total Phosphorus (myg/l as P)
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Total Phosphorus (mg/l as P), collected at S-279
(Main Channel, 18 miles upstream of dam)
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May-October Means of TP Measured at SCDHEC Stations
Located in the Inflows to Lake Murray
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Mean Streamflow

Percent of Total

(cfs) Flow
Saluda Hydro 2683 100
Lake Murray Direct Inflows
Saluda River at inflow 2098 78.2
Bush River 92 34
Little Saluda River 180 6.7
Clouds and West Creek 89 3.3
Beaver Dam Creek 26 1.0
Camping Creek 31 1.2
Hollow and Horse Creeks 39 39
all other local drainage 129 4.8
Between inflow and Saluda Dam 585 21.8
Upstream Inflows
96 Creek 115
Little River 182




% Flow Distribution for Inflows to Upper Region of

Lake Murray
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River at inflow, —____
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% Distribution for Current TP Inflows to Upper
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Lake Murray
Tributary

Mean Streamflow
%

Phosphorus Load
%

Ratio of
Phosphorus
Load to Flow
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Summary of TP, chlorophyll a, and secchi depth conditions
at various locations in the inflows and Lake Murray —
Includes DHEC data only

Total Phosphorus Chlorophyll a Secchi depth

(mg/1) (ng/h (m)
Greenwood Dam (S-186) 0.022 No data No data
Ninety-Six Creek (S-093) 0.74 No data No data
Little River (S-099) 0.08 No data No data
Bush River Embayment (S-309) 0.12 28.6 0.7
Clouds Creek (S-255) 0.25 No data No data
Blacks Bridge (S-223) 0.06 14.77 1.01
Rocky Creek (S-279) 0.05 1.9 1.4
Dreher Island (S-280) 0.03 6.5 2.0
4.2 Miles from Saluda Dam (S-273) 0.02 5.5 2.8
Ballentine Embayment (S-274) 0.02 5.7 24
Forebay (S-204) 0.02 7.3 2.7




Summary of DO conditions at 14 reservoirs with residence times similar
to Lake Murray and various inflow phosphorus conditions

Relationship Between Low DO and Phosphorus for Hydropower Reservoirs with Residence Times of About 400 Days

Max Normal Surf Drain. | Mean | Resi- | Zero DO in
Name of dam River ’ storage, ) area, | flow, | dence | releases, COMMENTS
depth, ft area, ac . .
ac-ft sq mi cfs Time | annually?
BEAVER, AR White 218 1,652,000 | 28,220 | 1186 1898 439 No Low TP (0.02-0.04), but impacted by Fayettville
giOKEN BOW, Mountain Fork| 175 920,000 | 14,200 | 754 1350 341 No Low TP (0.03-0.04)
BURTON, GA  |Tallulah 108,000 | 2,775 118 142 385 No Low TP (~ < 0.04)
DEGRAY, AR |Caddo 171 654,700 | 13,400 | 453 725 455 No Low TP (~ 0.02)
HARTWELL low metalimnion DO in TP load could be 80% of load to
’ Savannah 185 2,550,000 | 55,950 | 2088 3670 347 Yes Seneca Arm, but not Tugaloo |Lake Murray, and Hartwell has
GA/SC ) ) )
Arm; probably due to TP 56 days less residence time
LEWIS SMITH, - Sipsey Fork/ 264 | 1,390,000 | 21,200 | 944 | 1510 | 464 No Low TP (0.02-0.03)
AL Warrior R
EQNTAHALA’ NantahalaR | 210 | 138,000 | 1,605 | 108 | 173 | 399 No Low TP (~ 0.01)
NARROWS, AR |Little Missouri 132 279,700 | 7,200 237 379 372 No Low TP (0.02-0.04)
PHILPOTT, VA |Smith 180 166,200 | 2,880 212 254 327 No Low TP (0.02-0.03)
SALUDA, SC Saluda 170 2,118,000 | 50,000 | 2420 2683 398 Yes |High TP (0.08-0.1) |
SOUTH Low TP (0.03), but low DO in metalimnion, probably due to
HOLSTON, TN South Holston | 240 657,500 | 7,580 703 980 338 No clevated orthoP in one inflow
zero DO on bottom of lake: < receives high nutrients: ~ 0.08
TENKILLER, OK |lllinois 187 654,100 | 12,900 | 1610 805 410 probably . . = |TP; 12 TMDL sites in watershed
1 ppm in releases in Aug '95
for org/low DO
THORPE, NC | //est Fork 110 71,000 | 1,462 | 37 100 | 355 No Low TP (~ 0.01)
Tuckasegee
WATAUGA, TN |Watauga 309 568,700 | 6,430 468 710 404 No Low TP (0.03)
Total projects where releases are greater than zero 11 79 %
Total projects where releases have zero DO annually 3 21
Total projects 14 100 |% \




Daily DO and Temperature Data Collected at Hwy 391

Bridge

Temperature {(°C) and DO {mg/l)
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Daily DO and Temperature Data Collected on the Little
Saluda River

Little Saluda River "top" USGS Monitor
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Temperature Measured in the Saluda Hydro Tailrace in
1996
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DO Measured in the Saluda Hydro Tailrace in 1996
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Summary of Key Issues at the Time of the 2001
Assessment and When the CE-QUAL-W2 Model Was
Developed

low DO in the releases from Saluda Hydro,

restrictions for operating Unit 5 due to entrainment of
blue-back herring,

eutrophication in the upper regions of Lake Murray,

DO less than the State standard in the inflow regions of
the lake,

reduced striped bass habitat in the lake due to low DO in
the regions of the lake where their temperature
preferences occur, and

low pH in Lower Saluda River (LSR)

Fecal coliforms were identified as an issue on several
iInflows to Lake Murray, but not on the lake itself

Copper was identified as an issue, but this was State-
wide



Lake thermal stratification

Temperature affects the density of water, so lakes
stratify—warmer water floats on top—most lakes stratify
5 to 10 months

Significantly affected by meteorological conditions, inflow
temperatures, residence time and outlet level, cooling
water use

Nominal residence times range from 1 day to 2 years
Outlet levels range from the surface to the bottom

Inflow temperature can be natural or affected by
upstream reservoir releases and thermal discharges

Temperature affects almost all other water quality issues
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Focus: DO dynamics in water

DO in clean water is often near saturation with respect to
the atmosphere; however, many other “sources and
sinks” affect DO:

* Plant photosynthesis produces DO

DO is consumed by plant respiration and decomposition
of organic matter in wastewater discharges, sediments,
and dead plants/algae

« DO is also consumed in the oxidation of ammonia,
sulfide, dissolved organic matter, and reduced iron

* DO can be lost to the atmosphere when it is
supersaturated in water



Focus: DO dynamics in reservoirs

Thermal stratification affects contact of cooler water with the
atmosphere and solar radiation; therefore, deeper water usually has
lower DO

Water currents affect the distribution of DO in reservoirs

Algae grow in the surface layer and usually produce DO; then, they
die and add organic matter to the deeper water where it is
decomposed and DO is consumed

Sediment oxygen demand also consumes DO
Inflowing organic matter also decomposes and consumes DO

Sediment releases of ammonia, sulfide, methane, and iron can also
cause DO consumption

Inflow DO

Residence time, outlet levels/withdrawal zone, and water depth are
significant variables that affect DO dynamics



Highly coupled constituents

= constituent - = process
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Issues Addressed by Focusing on
Phosphorus and Using the CE-QUAL-W2
wo-Dimensional Water Quality Model

low DO in the releases from Saluda Hydro,

restrictions for operating Unit 5 due to entrainment of
blue-back herring,

eutrophication in the upper regions of Lake Murray,

DO less than the State standard in the inflow regions of
the lake,

reduced striped bass habitat in the lake due to low DO in
the regions of the lake where their temperature
preferences occur, and

low pH in Lower Saluda River (LSR)



Temperature, DO, Age and Chlorophyll a
Animation



Lake Murray Watershed




Primary SCDHEC and SCE&G Monitoring Stations used
for Lake Murray Water Quality Analyses
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Physical Characteristics of Lake Murray

U.S. Customary

Metric System

System
Maximum depth 175 feet 53.3 m
Total lake volume 2,317,000 ac-ft 2,636 hm?3
Average Annual Flow 2778 cfs 78.7 cms
Nominal Residence Time 417 days 417 days
Depth of outlets, Units 1-4 175 feet 53 m
Depth of outlets, Unit 5 110 feet 33.5m
Flow Capacity - Units 1-4 3000 cfs 85 cms
Flow Capacity, Unit 5 6000 cfs 170 cms




Little Saluda R.
Branch 2










Map of Subwatershed Drainage Area Boundaries




Phosphorus versus Flow Relationship found in the Bush
River (Station S-102) using 1997 data
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1996 Inflow Phosphorus Analysis for Bush River Inflow
to Lake Murray
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Total Phosphorus in the Little Saluda River

Total Phosphorus (mg/fl)
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Total Phosphorus Clouds Creek

Total Phosphorus (mg/fl)
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Total Phosphorus in Camping Creek

Total Phosphorus {(mg/l)
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Inflow Dissolved Phosphorus Concentrations for Model
Inflows to Lake Murray
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Nitrate Concentrations in the Inflows to the Lake
Murray CE-QUAL-W2 Model
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Ammonium Concentrations in the Inflows to the Lake
Murray CE-QUAL-W2 Model
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1992 Modeled and Measured Lake Murray Headwater

Elevations
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1996 Modeled and Measured Lake Murray Headwater

Elevations
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1997 Modeled and Measured Lake Murray Headwater

Elevations
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1992 Comparison of Modeled versus Measured Saluda
Release Temperatures

1952 Model Prediction vs Observed Discharge Temperature
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1996 Comparison of Modeled versus Measured Saluda
Release Temperatures

1996 Model Prediction vs Observed Discharge Temperature

Avg Daily Discharge (cfs)
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1997 Comparison of Modeled versus Measured Saluda
Release Temperatures

Tempearaturs C°
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1992 Comparison of Modeled versus Measured
Temperature in Front of the Unit 5 Intake

1952 Model Prediction vs Observed Temperature in front of Unit5
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1996 Comparison of Modeled versus Measured

Temperature in Front of the Unit 5 Intake

Temperature C°
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1997 Comparison of Modeled versus Measured
Temperature in Front of the Unit 5 Intake

Temparaturs C°

1987 Model Prediction vs Observed Temperature in front of Unit 5
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. Chloropyll a in Lake Murray Near Dreher Island
Chlorophyll a in Lake Murray Forebay
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1992 Comparison of Modeled versus Measured Saluda
Release DO

1992 Modlel Prediction and Observed Discharge DO

Avg Daily Discharge (cfs)
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1996 Comparison of Modeled versus Measured Saluda

Release DO
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o e =Y
=0 = M e A

Md b B M =] O D

[ B 1

1956 Model Prediction and Observed Discharge DO

l I l 28000
_____________________________________ & hodel
. + Houry Ohserved 24000
i —— Mean Daily Discharge
20000
3 ik L 16000
12000
8000
4 4000
* :
T T l]
11 2N G | 41 51 61 i a1 911 101 111 121

1996 Date

Avg Daily Discharge (cfs)




1997 Comparison of Modeled versus Measured Saluda

Release DO

Dissolved Oxygen {myg/)

1997 Model Prediction and Observed Discharge DO
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1992 Modeled versus Measured DO at the level of the Unit
5 Intake

1992 Modal Pradiction and Observed DO in front of Units
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1996 Modeled versus Measured DO at the level of the Unit
5 Intake

19598 Model Prediction and Observed DO in front of Unit 5
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1997 Modeled versus Measured DO at the level of the Unit
5 Intake

1997 NMeodel Pradiction and Observed DO in front of Unit 5
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1996 Temperature

1996 Statistics

Kilometers From Dam

0.0 2.5 12.3 19.3 Average
Date Julian Day AME RMS AME RMS AME RMS AME RMS AME RMS
2/21-22 52-53 0.14 0.22 0.12 0.13 0.25 0.47 0.22 0.44 0.18 0.32
3/13-14 73-74 0.51 0.57 0.47 0.51 0.48 0.52 0.52 0.70 0.50 0.58
4/10-11 101-103 0.43 0.56 0.43 0.51 0.50 0.60 0.46 0.60 0.45 0.57
5/22-23 143-144 0.51 0.79 0.69 1.03 0.63 0.85 0.61 0.89
6/24-25 176-177 0.42 0.53 0.46 0.69 0.43 0.63 0.54 0.80 0.47 0.66
7/25-26 207-208 0.40 0.47 0.60 0.73 0.67 0.94 0.61 0.75 0.57 0.72
8/13-14 226-227 0.45 0.53 0.40 0.47 0.45 0.63 0.76 1.09 0.52 0.68
9/11-13 255-257 0.67 0.75 0.56 0.62 0.39 0.52 0.17 0.21 0.45 0.52
10/9-10 283-284 0.58 0.65 0.50 0.57 0.91 0.99 0.83 0.90 0.71 0.78
11/5-6 310-311 0.07 0.11 0.17 0.18 0.19 0.22 0.04 0.05 0.12 0.14
0.42 0.52 0.41 0.49 0.50 0.65 0.48 0.64 0.45 0.57
1996 DO
Kilometers From Dam
0.0 2.5 12.3 19.3 Average

Date Julian Day AME RMS AME RMS AME RMS AME RMS AME RMS
2/21-22 52-53 1.04 1.04 1.04 1.04 0.62 0.67 0.78 0.82 0.87 0.89
3/13-14 73-74 0.10 0.18 0.21 0.23 0.24 0.28 0.48 0.56 0.26 0.31
4/10-11 101-103 0.46 0.49 0.56 0.59 0.82 0.88 1.10 1.21 0.73 0.79
5/22-23 143-144 0.45 0.63 0.39 0.44 0.74 0.85 0.53 0.64
6/24-25 176-177 0.40 0.48 0.75 0.87 0.62 0.74 0.64 0.92 0.60 0.75
7/25-26 207-208 0.67 0.95 1.01 1.27 0.49 0.73 0.91 0.99 0.77 0.98
8/13-14 226-227 0.38 0.56 0.82 0.98 0.50 0.62 0.62 1.20 0.58 0.84
9/11-13 255-257 0.30 0.39 0.24 0.45 0.60 0.93 0.79 1.12 0.48 0.72
10/9-10 283-284 0.69 1.56 0.93 1.52 0.83 0.90 1.36 1.37 0.95 1.34
0.50 0.70 0.69 0.87 0.57 0.69 0.82 1.00 0.65 0.81




% Distribution for Current TP Inflows to Upper % Distribution for Reduced TP Inflows to Upper
Region of Lake Murray Region of Lake Murray
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1996 Discharge DO for Current Phosphorus Loads and
Two Scenarios for Reduced Phosphorus

1996 Model Predictions
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1996 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1996 Model Predictions
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Chloropyll a in Lake Murray Near Dreher Island
Chlorophyll a in Lake Murray Forebay Py v
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Animation

Current vs. Reduced Phosphorus



Comparison of Water Surface Elevations for Various Years
at Lake Murray

Lake Murray Surface Elevation

Surface Elevation (m)
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1996 Discharge DO for Current and Reduced Phosphorus,
and without the Special Drawdown

1898 Model Predictions
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1996 DO at the Elevation of the Unit 5 Intake for Current and Reduced
Phosphorus, and without the Special Drawdown

1996 Model Predictions
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1992 Discharge DO for Current and Reduced Phosphorus

1992 Model Predictions
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1997 Discharge DO for Current and Reduced Phosphorus

1997 Model Predictions
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1992 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1992 Model Predictions
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1997 DO at the Level of the Unit 5 Intake for Current and
Reduced Phosphorus

1997 Model Predictions

12 T | |
1 = Currert Phosphorus
# Feduced Fhosphorus-S00 reducad 29%
10 & R educed Phosphorus-S0D0 reduced 46%
9

Dissolved Oxygen (mg/l)
=]

11 21 an 41 a1 6/ i a1 91 10 111 121
1997 Date




Animation

Striped Bass

labitat

lighlighted



End



Water Quality Update

Lake Murray ----Lower Saluda River

December 7, 2005
Andy Miller Watershed Manager

Saluda and Santee Basins
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State’s Ambient Water Quality
Monitoring Network

s SCDHEC Fixed Ambient Surface
Water Monitoring Sites

Types of Monitoring Sites

8 Integrator Sites
Special Purpose Sites
Summer Only Sites
Sediment Only Sites
Basin Sites

[__] Major Basin Boundaries

W w ww

60 Miles




State’s Ambient Water Quality
Monitoring Network

= 1400 Stations State-wide
= 212,000 Water Quality Tests

= Sampled by Regional Env. Quality Control Region Staff
= Analysis at:

= Field

= Regional Labs

= Central Lab-Parklane Rd Columbia
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SCDHEC Fixed Ambient Surface
Water Monitoring Sites

; % 3N
588#
Types of Monitoring Sites N
8 Integrator Sites
8 Special Purpose Sites A
8 Summer Only Sites
8 Sediment Only Sites
g8 Basin Sites .
60 Miles

[ ] Major Basin Boundaries




e W L

Lake Murray —Lower Saluda Sites

41 Total Sites
/ Integrator sites-Monthly every year
23 Basin sites-Monthly every five years
8 Random sites-Monthly for one year
2 Special purpose-Monthly as needed
1 Summer only




T W

Lake Murray —Lower Saluda Sites

31 Lake Murray Watershed Sites
18 Lake Sites
14 Contributing watershed Stations
10 Lower Saluda Watershed Stations

3 River stations
/ Contributing watershed stations



Lower Saluda WQ Status ‘06

= 3 Sites meet criteria
= S§-152, S-298, S-149 Main stem of the L Saluda

» 7 Sites exceed criterion.

_ New for ’06:
= 6 fecal coliform §149 Meets for FC
= 4 aquatic macro invertebrates S-152 Meets for pH
- 2 C|ISSO|V€d Oxygen S-260 Exceeds for BIO

S-287 Exceeds for DO,pH
=2 ph $-294 Exceeds for BIO,pH

= 1 Mercury in fish tissue LLHLLLLLLLGY



Watershed Map Lower Saluda
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Lake Murray: WQ Status ‘06

» Lake Stations

= 9 Meet criteria(Eastern Side of Lake)

= 10 Exceed criterion
9 pH (High)
2 Phosphorus
1 Copper
1 Chlorophyll-a

» Watershed Stations
= 1 Meet criteria (Clouds Creek)

= 13 Exceed criterion

= 11 Fecal Coliform
= 4 Dissolved Oxygen
= 2 ph (low)
= 1 Aquatic macro-invertebrates

New for 06:

S-279 now meets for P, FC
S-309 exceeds for chl-a
CL-083 exceeds for copper




Sources

Point
Domestic wastewater treatment
Industrial

Nonpoint
Urban
Agricultural
Atmospheric deposition




For further information

° ° ° °
= SC list of Impaired Waters (303d list)
s http://www.scdhec.gov/water/tmdl/index.html#303d

= South Carolina Surface Water Quality Program
s http://www.scdhec.gov/water/html/surface.html

Call me:
= Andy Miller-Saluda-Santee Watershed manager

= 803-898-4031



Developing a Site-Specific
Dissolved Oxygen Standard
for the Lower Saluda River

Fisheries and Wildlife and Water Quality
Resource Conservation Groups
Joint Meeting

December 7, 2005



Summary of DO Ciriteria and
Standards

Prior to the 1986 revision, the USEPA
Criteria was a simple 5 mg/L minimum.

This criterion was overprotective against
acute mortality if rigorously applied.

It was also potentially underprotective
against chronic effects.

In addition, states often used 5 mg/L as a
daily mean value, allowing unacceptably
lower true daily minima.



Criteria Improvement

* In the early 1980s EPA began developing
new water quality criteria that included two
numbers.

* One number protected against short-term
lethal effects and the other protected
against long-term chronic effects.

* A similar approach was needed to provide

more adequate and scientific criteria for
DO.



Key Features of the Latest EPA DO
Criteria Approach

 The new DO criteria contained specific minima
and long-term average concentrations for
various habitats (e.g. cold-water fisheries).

« Growth was the most sensitive chronic effect
and a 30-day moving average was
recommended to protect growth.

* Monthly averages can be less protective by
allowing continuous weeks of lower DO if they
don’t all happen to fall within the same month.



Latest EPA Trout-Water Criteria

* For survival of trout: a minimum of 3 mg/L.

* For growth protection: a 6.5 mg/L 30-day
average.

 For sensitive cold-water invertebrates: a 4
mg/L minimum.



Site-specific DO Criteria

* Because the 6.5 mg/L 30-day mean is based
upon continuous exposure to various DO levels
In lab tests, EPA sought a way to apply these
data to real-world situations with variable DO
levels.

 EPA and TVA jointly developed a fish growth
model that integrates the growth effects of
variable DO, allowing site-specific chronic
standards to be set that are both protective
and realistic.




Model Calibration

* This modeling approach was used to

develop a site-specific chronic standard for
the LSR.

* To apply the TVA/EPA model to the LSR,
Site-specific trout growth data were
needed.



2002- 2003 Trout Growth Study

Objectives

* Provide site-specific trout growth data
for the LSR

* Provide a food availability term for the
bioenergetics model

* Provide general indication of the

suitability of current conditions in the
LSR




Field Methods

* XXXxx rainbow trout l ;:. N ¢
were tagged at e
SCDNR'’s Walhalla
Fish Hatchery

* Collaborative effort T EEESSES T SES——
between Clemson ;. S-S Y gy
University (USDA (8 MBI Sl
Coop Unit), SCDNR,g;-= i '

SCE&G and B
Kleinschmidt




Vi-Alpha Tag Application
















Recapture Results

- Fish collected in April, May and June through
electrofishing and angler surveys

- Total of 111 fish recaptured

- Number of fish recaptured by stocking months

December 23
January 32
February 26

March 30
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Additional Trout Fishery Information
Collected

Total of 441 trout collected during sampling

253 Rainbow Trout: 225 — 550 mm (9 - 22 in)
188 Brown Trout: 175 — 550 mm (7 - 22 in)

37 Rainbow trout collected > 16 inches
35 Brown trout collected > 16 inches

SCDNR collected 24 in brown trout during
standardized sampling in May 2003












General Observations

Trout appear to be healthy
Fish pressure for trout appears high

Noticeable decline in trout numbers as striped bass
moved in, especially small brown trout numbers

Fisherman observed using rainbow trout as bait for
Striped bass

Movement of stocked trout limited but does
sporadically occur

Tagged Trout caught in Congaree River between
Gervais Street Bridge and Railroad Trestle

Trout appear to be feeding on Crayfish and
Chironomids



Weight (g)

Available Data from the Study

Weight x Release x Date

+ Atotal of 111 fish
| e were recaptured from
o the four releases.
S « Detailed analysis of
O L the data was needed
AR to understand effects
B A of size, movement in
I A A the stream, stocking
; | site, stocking date

and other factors.

/1/2003 4/1/2003 5/1/2003
Date



Growth and Release Site

Growth Rate and Release Site
median (n)

Growth Rate (g/g/d)

° °
0.0075 0.0076 0.0071 0.0058
(32) (38) (21) (20)

Lake Murray DamSaluda Shoals  Allied Signal  Quail Hollow

Release Site

* Wide range in growth
rate among individual
fish at eac