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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
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Highly coupled constituents
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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)

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

-

# 1989-1998 5-290 Observations
& 1989-1998 5-290 Monthly Mean

© 5-290 1996 Obseryations

a1 9 101 1141

121

- 10

09

08

0.7

06

05

04

03

02

- 0.1

0.0




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
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o 1996 Observed
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1992 L ake Murray Water Surface
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Elevation (m)

1997 Lake Murray Water Surface
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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

Dissolved Oxygen {mg/l)

1992 Model Prediction and Obs erved Discharge 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
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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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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

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




Yolume: Mm'
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Zome criteria: T<= 250, 00 >= 3.0

Zome criteria: T<= 25.0, 00D »>=

Zome criteria: T<= 250, 00 >= 3.0




Reduc=d TP

C t-H Reduc=d TP
METRICS — Murray 1996 Currert Hrrenpi e | hedues and S0O0-
Or=nwd oven and 500
Mo Oranwdown

MEAN TOTAL RESERWOIR WOLUME ( hihiZ) sl 2738 2534 27:
SUM OF WOLUME- DAYS (hi3-0A W ITH DO = 5 MAY-OCT 3403 20 411162 5245
SUM OF WOL-DAYS (Chlbd2- AW TH DO = 5 WA OCT A5 % OF TOTAL WOL-DAYS M- OCT G59% G3% 24% 52 %
bl 1ALV WO LU RAE ChA b2 W I TH 0O = 5 b/l 1267 1253 1521 1528
bl AL %60 OLUWE W I TH D0 = 5 R/l 7% 4720 % 55 50% G, 10%
SUM OF WOLUME- DAYS (hhi2-Coa0 W ITH DO = 4 hAS-OCT 2651953 FG52E5 435595 32955
SUM OF WOL-DAYS (hlld2- DA W TH DO = 4 MASOCT A5 % OF TOTAL WOL-DAYS M- OCT T T3% 29% 2%
bl 1ALV WO LURAE ChA b2 W1 TH D0 = < i/ 1345 1352 1714 1881
bl AL %0 OLUWE W TH DO = & MGl S0% 51% T2% T5%
SUM OF WOLUME- LoAYS (hlha2-Codd W ITH 0O < 1 MGL TOE04 20120 2510 2901
SUM OF WOL-DAYS Chibd2- DAY WITH DO < 1 AS % OF TOTALWOL-DAYS 2.4% 2.4 % 11% 1.2%
bt AU WOLUME (R W TH DO < 1 WiGIL 026 216 121 170
bl hAU B %0 OLURE W I TH DO = 4 bl 35% 35% 2% T
Striper Preferred Habit=t
SUM OF WOLUME- DAYS (hihi3-0A0 W ITH T<20 AND DO=4 MAY-0OCT 109194 117674 154320 166211
SUM OF WOL-DAYS Chlld2- Do) WA TH T=20 AND DO=4 A5 % OF TOTALWOL-DAYS MAY-0OCT 22% 23% 2% ek
bl 1A LA WO LU BAE ChA b2 W0 TH T=20 AN D DO 0] 0] 0] g1
MM IRALIRA %W OLUME WU TH T<20 AND DO= 0.0% 0.0% 00% 2.9%
Striper Maxinum Tolerable Habitst
SUM OF WOLUME- DAYS (hhi2-Coa0 W ITH T<27 AND DO=2 MAY-OCT 275015 270E5 240103 252189
SUM OF WwOL-DAYS Chilul3- DAY W TH T=27 AND DO=2 AS % OF TOTALWOL-D AyS WMAY-0OCT 56% 56% 59 % T0%
bl AL WO LUME (b3 W TH T27 AND DO=2 154 136 05 270
bl IRA LR %W OILUWE W I TH T27 AND DO=2 5% 5% 33% 2%
SUM OF EMDAYS WITH DO < 5 MS/LAT SURFACE 42 21 2 2
b CONTIG, DISTAHCE(KMW)WITH DO = 5 AT SURFACE Th 76 o0 oo
b CONTIG, DISTAMCE (KWM)W TH 0O = 3 AT SURFACE o o o o
hAlN AU R ELEASE DO (L) on oo o0 0=
HUMBER OF DAYS WITH RELEASE DO < 5 MG/L 111 112 a2 72
MURMBER OF DAYS WITH RELEASE DO < 3 MEGL 23 5 2 7
heE AUl CHL-A COMCENTRATION (U &) 284 27z 147 0.4
MEAN 5SURFACE CHL-ACOMCENTRATION (U] APR-ALG ] 58 23 23




The End



