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Mission Statement

“...establish a baseline of current hydrologic,
hydraulic and operational conditions, and
aid in analyzing and understanding the
upstream and downstream effects of
potential changes to project operation....”
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Operations Model Process

1) Determine Historic Inflow to Lake Murray

2) Develop Proposed Operating Conditions

1) Guide Curves

1) Flood Stage Curve

2) Annual Target Guide Curve
3) Conservation Curves

4) Inactive Pool Curve

2) Flow Requirements
1) Reserve Calls
2) Minimum Flows

3) Recreational Releases
4) Others

3) Run the Model / Tabulate Results!



Operations Model

Publicly available Army Corp of Engineers
software (HEC-ResSim)

Specifically created for reservoir modeling and
management

Flexibility in managing large datasets
Rule based decisions on daily timesteps
Application of seasonal rules
Ability to prioritize rules

Use If/Then Statements



Model Layout
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Inflow Hydrograph

 Two Methods Tested for Developing Inflow
Data:

— 1) Upstream Gage Rating

 Utilize available USGS gage data and adjust for
ungaged areas

— 2) Mass Balance

 Hindcast from outflow and lake level data historical
lake level data
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Saluda Reservoir Inflow Hydrograph
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General Guide Curve

? Storage Zones:
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Eley (ft)

El. 350" Cycles

 Two Year & Four Year Cycles
Guide Curve lowers to El. 350’
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Operations

« Zones vary with Time (Guide Curves)

* Operations vary with Current Zone
(Operation Zone depends on Lake Level)

Recreational Releases

Reserve Minimum Max Min
Generation Flow Tier O Tier 1 Tier 2 Release Release

Flood Stage n/a n/a n/a n/a n/a n/a n/a
Upper Pool Y n/a Y Y Y 18kcfs MinFlow
Guide Curve Y Y Y Y Y 18kcfs MinFlow
Low Pool Y Y Y Y N 18kcfs MinFlow
Conservation Y Y Y N N 18kcfs MinFlow
Drought Y Y Y N N 18Kkcfs 400cfs
NoReserve N Y N N N 18kcfs 400cfs

Inactive N N N N N 0 n/a
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ecreational Flow Requests

24-Hr Average

(Includes Min
Date Day Event Days Duration (hrs) Min Flow Rec Release Flow) Priority Tier
1-Jan 1 Iceman Race 1 5 700 4,000 1,388 2
3-Jan 3 Wade Fishing 1 5 700 700 700 2
January 4-Jan 4 Wade Fishing 1 5 700 700 700 2
13-Jan 13 Wade Fishing 1 5 700 700 700 2
14-Jan 14 Wade Fishing 1 5 700 700 700 2
21-Jan 21 MLK Day 1 5 700 700 700 2
3-Feb 34 Wade Fishing 1 5 700 700 700 2
24-Hr Average
(Includes Min
Date Day Event Days Duration (hrs) Min Flow Rec Release Flow) Priority Tier
1-Jan 1 Iceman Race 1 5 700 4,000 1,388 2
3-Jan 3 Wade Fishing 1 5 700 700 700 2
Januar 4-Jan 4 Wade Fishing 1 5 700 700 700 2
y 13-Jan 13 Wade Fishing 1 5 700 700 700 2
14-Jan 14 Wade Fishing 1 5 700 700 700 2
21-Jan 21 MLK Day 1 5 700 700 700 2
= 5 g g
5 24-Apr 114 New Cert - Mandatory 1 14 1,300 8,000 5,208 0
o 30-Apr 120 New Cert - Available 2 9 1,300 8,000 7,625 1
@ 1-May 121 CFK 1 9 1,300 10,000 4,563 1
ne May 13-May 133 Wade Fishing 1 9 1,300 1,000 1,188 2
27-May 147 Memorial Day 1 9 1,000 1,000 1,000 2
; 1-Jun 152 Rescue Rodeo 2 9 700 2,111 2,458 2
(@] 3-Jun 154 Wade Fishing 1 9 700 700 700 2
E June 4-Jun 155 Wade Fishing 1 9 700 700 700 2
13-Jun 164 Wade Fishing 1 9 700 700 700 2
C_U 14-Jun 165 Wade Fishing 1 9 700 700 700 2
c 1-Jul 182 WW Rodeo 2 8 700 3,300 3,133 2
o July 4-Jul 185 Ind. Day 1 9 700 1,000 813 2
= 26-Jul 207 Wade Fishing 1 9 700 700 700 2
© 27-Jul 208 Wade Fishing 1 9 700 700 700 2
(D) 3-Aug 215 USTWWR Prac. 2 8 700 10,000 7,600 1
b August 15-Aug 227 Wade Fishing 1 9 700 700 700 2
8 16-Aug 228 Wade Fishing 1 9 700 700 700 2
o | september 5-Sep 248 Labor Day 1 9 700 1,000 813 2
13-Sep 256 High Boating 2 6 700 4,500 3,300 2
1-Oct 274 CFK 1 6 700 2,400 1,125 1
15-Oct 288 High Boating 2 6 700 4,500 3,300 2
October 22-Oct 295 ReCert-Mandatory 1 14 700 12,000 7,292 0
23-Oct 296 ReCert-Mandatory 1 14 700 12,000 7,292 0
24-Oct 297 ReCert-Mandatory 1 14 700 12,000 7,292 0
27-Oct 300 ReCert-Available 2 6 700 4,500 3,300 1
November 5-Nov 309 Low Boating 1 6 700 2,400 1,125 2
25-Nov 329 High Boating 1 6 700 4,500 1,650 2
1-Dec 335 Low Boating 1 6 700 2,400 1,125 2
3-Dec 337 Wade Fishing 1 5 700 700 700 2
4-Dec 338 Wade Fishing 1 5 700 700 700 2
LSy 17-Dec 351 High Boating 1 5 700 700 700 2 (l/{ 66?/6‘6
23-Dec 357 Wade Fishing 1 6 700 4,500 1,650 2
24-Dec 358 Wade Fishing 1 5 700 700 700 2 ﬂ E E E
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Reservoir  Edit  Operations Zone Rule IF_Block

Reserair |Lake Murray

| Physical| Operations | opserved Data|

Operation Set |R20

| Desctiption |

Zone Rules

L] [Jle] 10t [](M]

v| Description | 20-hrs Reserveidonth

]

g Flood Control

@ Spillway Release
o Lpper Pool

@ MaxRelease
# {} Flood Farecasting
#H {7} Resere Call 20

@ Min Flow - Mormal
# {3 Training Flows
# {3} Tier1 Rec Releases
# {3} Tier 2 Rec Releases
“Ararget Pool

@ Max Release
# {} Flood Forecasting
# {} Reserve Call 20

[l Min Flow - Maormal
# {} Training Flows
# {1} Tier1 Rec Releases
# {} Tier 2 Rec Releases
o Low Target
#H {} Resere Call 20

@ Min Flow - Mormal
# {3 Training Flows
# {3} Tier1 Rec Releases
M Conservation
# {} Reserve Call 20

[l Min Flow - Maormal
# {} Training Flows -
#m Drought
#H {7} Resere Call 20

W LIP MinFlow

|#

Storage Zone | Target Pool

Description |

@]

K Teaimine Clon

Date Top Elevation (f
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W
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Reserve Generation

Past Performance # Future Requirements
Average Hours of 18kcfs/month

10t & 20t of Every Month

Evaluated 40, 20, 10, O hrs/month
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Minimum Flows
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Flood Forecast

? Default Plot - Lake Murray, 2:03AM
File  Edit Plok  Wiew
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= = = L3ke hdumay-Flood Control R40C4L254-0. Bev-Z0HE. 1 DAY = == Llake humay-LUpper Pool R40C4L254-0. Bew-Z0OMNE. 1 DAY = == |ake hMumay-Target Fool RA0C4LE54-0. Bew-Z0NE 1 DAY

= = = Lake humay-Inactive  R40C4L254-0. Baw-Z0OME. 1 DAY = = = Lake hdumray-Low Target. R40C4L354-0. Bew-ZOHE 1 DAY = == |lake Mumay-Consensation. R40 C4L354-0. Bew-ZONE. 1 DAY ééd
/ (14

= = = Lake hdumay-DOrought. R40C4L354-0. Bew-Z0HE. 1 DAY = == lake hWumay-HoReserve R40C4L354-0. Bew-ZOMNE. 1 DAY Lake hurmay-Pool. R40C4L354-0 Beav 1 DAY
— — — Time of Simulation — Lake humay-Pool RO CALI54-0. Flaw- 1M1 DAY Lake hiurray-Pool. R4OC4L354-0. Flom- DT, 1 DAY B E E
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66 Year Results

X Default Plot - Lake Murray, 0: 37AM

File Edit Plot  Wiew
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= = = lake humay-Flood Control. ROC4L354--0. Haw-Z0ONE. 1 DAY = = = lake hurmay-Flood Control. R20C4L354-0. Bevw-Z0OME.1 DAY =— = = |ake hurray-Flood Control. R40C4L354-0. Bew-ZOME. 1 DAY
= | ghke Mumay-Flood Control. R10C4L354-0. Bew-Z0MNE. 1 DAY = | gke Wumay- Upper Pool . ROC4L354--0. Bew-Z0MNE. 1 DAY = e | ghe Mumay- Upper Pool . R2Z0C4L354-0. Bew-Z0ME. 1 DAY
= = = |3ke hdumay-Upper Pool. R40C4L254-0 Bewv-Z0OHNE. 1 DAY == = |3ke humay-Upper Pool. R10C4L354-0. Bev-Z0HNE. 1 DAY == = | 3ke humay-Target Pool. ROC4L354--0. Baw-Z0HE. 1 DAY
== = | ake Wumay-Target Pool. RZOCAL3S4-0. Bewv-Z0ME.10AY = = | ake Wumay-Target Pool R40CAL3S4-0 Hew-Z0OME. 10 = = | ake Wumay-Target Pool R10C4L354-0 Hew-Z0OME. 1 0AY
== = |ake humay-Low Target  ROC4L254--0. Bew-Z0NE. 1 DAY == = |ake dumay-Low Target . R20C4L354-0 Bew-Z0MNE. 1 DAY == = |ake humay-Low Target. R40C4L254-0 Bew-Z0MNE. 1 DAY
= | ghke Wumay-Low Target . R10C4L354-0 . Bew-Z0RNE. 1 DAY = | Fke Mumay- Conservation. ROCAL354--0. Bew-Z0ME.1 DAY = | ghe Mumay- Consensation. R20CAL354-0 . Bew-Z0ONE. 1 DAY
— = |3k humay- Conservation. R40 C4L354-0 . Bew-Z0NE. 1 DAY = | 3ke humay- Conservation. R10C4L354-0. Bew-Z0NE. 1 DAY == e | 3ke humay-Drought. RO C4L354--0 Hew-Z0HE. 1 DAY
— = — lake humay-Orought . R20C4L354-0 Bew-Z0NE. 1 DAY =— = —: lake hurmay-Orought. R4 C4L354-0 Bew-Z0KNE. 1 DAY — = —: lake hurmay-DOrought. R10C4L354-0 Bew-Z0NE. 1 DAY
= | ghke Mumay-Inactive ROCAL3S4-0 . Hew-Z0OKNE. 1 DAY = | gke Mumay-Inactive  RZ0C4L354-0 Bew-Z0MNE. 1 0AY = | ghe Mumay- Inactive  BRA0C4L354-0 . HBew-Z0MNE. 1 0AY
=— = = |3ke Mumay-Inactive . R10C4L354-0 Bew-Z0OMNE. 1 DAY === |3ke Mumay-MHoReserve ROC4L:54--0. Bev-Z0OHE. 1 DAY === |3ke Mumay-HoReserve R20C4L354-0 Hew-Z0OHE. 1 DAY
— = | gke Mumay-MoReserve RACAL254-0 Hew-Z0ME. 104 = | gke Mumay-MoReserve R10C4L354-0 Hew-Z0ME. 1 0AY e | Fhie hlurmay- Pool . ROCAL354--0. Bew 1 DAY
e | akia humay- Pool RZOC4L354-0 Bew. 1 DAY Lake hurmay-Pool R40C4L354-0 Bew. 1 DAY — ke huray-Pool R10C4L354-0. Bew . 1 DAY
— — — Time of Simulation — | gk umay- Pool . ROCAL354--0 Flow- 1.1 DAY = e | ghke umay-Pool . RZOCAL354-0 . Flow-1H. 1 DAY
= |ake humay-Pool R40CAL354-0. Flow-1H.1 DAY = LAk humay-Pool R10C4L354-0.Flow-1H.1 DAY e |3kt WUmEY- Pool. ROC4L354--0, Flow- OUT. 1 DAY
e | Al hlumay- Pool. REOCAL3S4-0 . Flow-0UT. 1 DAY Lake tiurmay-Pool R40C4L354-0. Flow-0UT.1 DAY — | ake hiumay-Pool R10C4L3S4-0 Flow-0UT. 1 DAY
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Typical Wet-Year Operations

? Default Plot - Lake Murray, 0:37AM
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+ Lake humay-Flood Control, ROC4L354--0. Bew-ZOHE. 1 DAY
+ Lake Mumay-Flood Control, R10C4L354-0, Bew-Z0HE. 1 DAY
+ Lake hduray-Upper Pool. R4OC4L354-0. Be-Z0NE. 1 DAY

+ Lake Mumay-Target Fool RZ0C4L354-0. Hev-Z0NE 1DAY

+ Lake Mumay-Low Tanget ROCAL354--0. Bew-Z0ONE.1 DAY

+ Lake Mumay-Low Target R10C4L354-0. Bew-Z0HE 1 DAY

+ Lake humay-Conservation. R0 C4L354-0. Bew-ZONE 1 DAY
+ Lake Mumay-Drought. RZ0C4L254-0. Bew-Z0NE. 1 DAY

+ Lake humay-Inactive. ROC4L354--0. Bev-Z0NE 1 DAY

+ Lake Mumay-Inactive. R10C4L354-0 Bev-Z0NE 1 DAY

+ Lake hMumay-MoResenve. R40C4L354-0. Bew-Z0MNE. 1 DAY

————  lake burmay-Pool. RZOCALIS4-0. Baw 1 DAY

— Time of Simulation

= lake hiumray-Pool. RAICALIS40. Flow- 1N 1 DAY
e |l fobirray- Poool . RZOCALES4-0, Flow- OUT.1 DAY

+ Lake hurmay-Flood Control RZOCAL354-0. Bew-ZOHE. 1 DAY
+ Lake humay-Upper Pool ROC4L3S4--0, Bev-Z0NE. 1 DAY

+ Lake hdurmay-Upper Pool R10C4L354-0. Bev-ZONE. 1 DAY

+ Lake hMumay-Target Pool R40C4L354-0 Hew-Z0ONE. 1 DAY

+ Lake hurmay-Low Target. RZ0C4L354-0. Hew-ZONE. 1 DAY

+ Lake hdumay-Conservation. ROC4L3G4--0. Bev-Z0OME. 1 DAY
+ Lake hdumay- Conservation. R10C4L354-0 Bew-Z0NE. 1 DAY
+ Lake hurmay-Drought. R40C4L354-0. Bew-Z0NE. 1 DAY

+ Lake hMumay-Inactive. R20C4L354-0. Hew-ZONE. 1 DAY

+ Lake hdurmay-NoReserve, ROC4L354--0. Bev-ZOHE. 1 DAY

+ Lake hMumay-NoReserve. R10C4L354-0. Bewv-Z0NE. 1 DAY

Lake hdurmay-Pool R40C4L354-0. Bew 1 0AY
Lake humay- ool ROCALES4--0.Flow-1H.1 DAY

+ Lake hdormay-Pool RADCALEE4-0. Flow- 1M1 DAY

Lake hurmay-Fool R40C4L354-0, Flow- OLUT. 1 DAY

+ Lake hummay-Flaod Control. R40C4L354-0. Bev-Z0HE A DAY
+ Lake humay-Upper Pool. R2Z0C4L354-0. Bew-ZO0NE 1 DAY

+ Lake hummay-Target Pool. ROC4L3G4--0. Bev-Z0NE.1 DAY

¢ Lake Mumay-Target Pool.R10C4L384-0, Bav-Z0NE 1 DAY

+ Lake Mumay-Low Target. R40C4L354-0. Bev-Z0NE.1 DAY

+ Lake humay-Conservation. R20C4L354-0. Bev-Z0ME 1 DAY
¢ Lake Mumay-Drought. ROC4L354--0. Hew-ZONE. 1 DAY

¢ Lake humay-Drought R10C4L354-0. Bew-Z0NE 1 DAY

¢ Lake humay- Inactive. R40C4L354-0. Bew-Z0MNE. 1 DAY

+ Lake humay-MoReszerve R2Z0C4L354-0. Bew-Z0ME. 1 DAY

Lake humray-Pool ROC4L354--0 Bew 1 DAY

Lake haumay-Pool R10C4L354-0 Bew 1 DAY
Lake hurmray-Pool R20C4L354-0, Flow-IN.1 DAY
Lake hiumray-Pool ROC4L354--0. Flow-OUT 104AY
Lake hurmay-Pool R10C4L354-0, Flow-OUT 10AY
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Drought in Late 80’s

? Default Plot - Lake Murray, 0:37AM
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Edit  Plot
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+ Lake hurray-Flood Control. ROC4L354-0.Baw-Z0NE. 1 DAY
+ Lake hurmay-Flood Control R10C4L384-0. Bew-Z0ME. 1 DAY
+ Lake humay-Upper Pool. R40C4L364-0. Bew-Z0NE. 1 DAY

Lake Wurmay-Target Pool RZOC4L354-0. Baw-Z0HE 1DAY

+ Lake hiurray-Low Target. ROC4LES4-0. Bev-ZONE. 1 DAY

+ Lake hurray-Low Target. R10C4L364-0. Bew-ZOME. 1 DAY

+ Lake humay-Conservation . R40C4L354-0. Bew-ZOKNE. 1 DAY
+ Lake humay- Drought . R20C4L354-0. Bew-Z0OME. 1 DAY

Lake humay-Inactive ROC4L354--0. Bew-ZONE 1DAY

+ Lake humay-Inactive R 10C4L354-0. Bev-Z0NE. 1 DAY
+ Lake humay-NoReserve R4IC4LE54-0. Bev-Z0NE. 1 DAY

Lake hurmray-Pool. R20C4L3S4-0 . Bew 1 DAY
Time of Simulation

Lake hurmray-Pool. R0 CAL3S4-0. Flow-1H.1 DAY
Lake hiurmay-Pool R2ZOC4L354-0. Flow- OUT. 1 DAY

+ Lake humay-Flood Control. RE0C4L3454-0. Bev-Z0NE. 1 DAY
+ Lake Mumay-Upper Pool. ROC4L254--0. Bev-Z0NE. 1 DAY
+ Lake humay-Upper Pool R10C4L354-0. Bev-Z0NE. 1 DAY

Lake humay-Target Fool R40CAL354-0. Bew-Z0OME 1 DAY

+ Lake humay-Low Tanget. R20C4L354-0. Bew-Z0OME A DAY

+ Lake Mumay-Conservation. ROCALE54--0 Hew-Z0NE. 1 DAY
+ Lake Momay-Consenvation. R 10 C4L354-0. Bev-Z0NE. 1 DAY
+ Lake humay-ODrought. R40C4L354-0 Bew-ZOHE. 1 DAY

Lake humay-Inactive. R20C4L354-0. Bev-ZONE 1 DAY

+ Lake hMumay-HoReserve. ROC4L354--0. Bev-Z0NE. 1 DAY
+ Lake hMumay-HoReserve R10C4L354-0. Bew-Z0OME. 1 DAY

Lake Mumay-Pool R40C4L354-0, Bew 1 DAY
Lake humay-Pool ROCAL3G4--0_Flow-1H 1 DAY
Lake humay-Pool R10C4L354-0, Flow-[N.1 DAY
Lake humay-Pool R40C4L354-0. Flow-OUT A DAY

+ Lake hurray-Flood Control. R40C4L364-0. Bew-ZONE A DAY
+ Lake Mumay-Upper Pool R20C4L354-0, Bew-Z0ME. 1 DAY
+ Lake hurmay-Tanget Pool. ROC4L364--0. Bew-ZONE. 1 DAY

Lake hurmay-Target Pool R10C4L354-0.Bev-Z0NE. 1 DAY

¢ Lake hdurray-Low Target R40C4L354-0. Bev-ZONE. 1 DAY

¢ Lake Mumay-Conservation. R20C4L354-0. Bew-Z0NE A DAY
¢ Lake hurmay-DOrought ROC4L254--0 Bew-Z0ONE. 10AY

¢ Lake hurmay-Drought R10C4L354-0. Bew-Z0OKE. 1 DAY

Lake hurmay- Inactive. R0 C4L354-0, Bew-Z0OMNE. 1 DAY

+ Lake humay-MoReserve RZOC4L354-0 Bew-Z0OHE. 1 DAY

Lake hurmay-Pool ROC4L254--0, Bew 1 DAY

Lake Murmay-Pool R10C4L354-0. Bew. 1 DAY
Lake hiurray-Pool. R20CAL354-0. Flow- N1 DAY
Lake hWurmay-Pool, RO C4L3454--0, Flow-OUT. 1 DAY
Lake hiurray-Pool. R10C4L354-0.Flow-0UT.1 DAY
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Zone Frequencies

Flood Pool High Pool Target Low Pool Conservation Drought NoReserve Inactive
= R40C4L 354 0.0% 15.4% 30.1% 20.6% 19.1% 11.5% 3.2% 0.0%
5 % R20C4L 354 0.0% 29.8% 42.4% 13.5% 9.0% 5.3% 0.1% 0.0%
Z o R10C4L 354 0.0% 40.4% 40.7% 9.1% 8.5% 1.4% 0.0% 0.0%
ROC4L 354 0.0% 52.0% 37.4% 8.4% 2.3% 0.0% 0.0% 0.0%
. R40C2L 354 0.0% 20.3% 25.5% 18.7% 19.6% 12.3% 3.5% 0.0%
5 % R20C2L 354 0.0% 35.4% 35.3% 14.4% 8.9% 5.9% 0.1% 0.0%
Z %) R10C2L354 0.0% 46.7% 33.1% 10.0% 8.6% 1.6% 0.0% 0.0%
R10C2L 356 0.0% 54.3% 26.2% 10.1% 7.8% 1.6% 0.0% 0.0%
alida
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Percentage

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Zone Frequencies

Precentage Model Operating Zones

-

-

R40C4L354 R20C4L354 R10C4L354
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Operation Scenario
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Missed Recreation Days
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Percent Recreation Event Missed

45.0%

40.0%

35.0%

30.0%

25.0%

20.0%

15.0%

10.0% -

5.0%

0.0%

Recreational Violations

Reserve Generation and Lake Level Cycling

Impacts to Recreational Releases
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Periods Below EI.354° & EI.345’

<354 <345
_ R40C4L 354 42.2% 3.2%
S = R20C4L354 21.9% 0.1%
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ROCA4L 354 10.7% 0.0%
_ R40C2L354 49.1% 3.5%
S R20C2L 354 29.6% 0.1%
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Next Steps

Finalize Model Inputs

Summarize Duration & Magnitude of
Violations

Evaluate March 13t EI.358’ (vs. April 15Y)
Present Final Model Results
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Questions?
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