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Topics

• Model Settings
• RPM3 Concepts
• RMP3 Modeling Results



Model Settings

• Water Control Plan enhanced with 
minimum flow requirements of ACF Interim 
Operating Plan



Model Settings

• Demands
– Hydropower

• Schedule based most recent operation
– Water Supply

• 2001 actual net for Chattahoochee and Flint Basins
• 1993 actual net for Apalachicola River

– Agricultural
• Flint River provided by FWS STELLA modeling
• Chattahoochee and Apalachicola 2000 projected

– Required Flow
• Atlanta
• Columbus
• Jim Woodruff Outflow; spawn and non-spawning season

• Operation
– Balanced 4 federal reservoirs
– Based on Comp Study Black & White model (Water Control Plan)
– Down Ramping Rate Restriction



Hydropower Demand

• Hydropower demand is a function of available storage.  
As the storage diminishes the demand reduces.   
Storage Zones described in the ACF Water Control 
manual dated 1989 used as the bases to assign the 
hydropower demand.  Values developed from examining 
hydropower generation over the last few years.

IOP Model SBuford West Point WF George
Zone (hours use) (hours use) (hours use)

1 3 4 4
2 2 2 2
3 2 2 2
4 0 0 0



Current IOP Minimum Flow Table

Months Basin Inflow (BI) (cfs) Releases from JWLD (cfs)
March - May >= 37,400 not less than 37,400

(Spawning Period) >= 20,400 and < 37,400 >= 70% BI; not less than 20,400

< 20,400 >= BI; not less than 5,000

June - February >= 23,000 not less than 16,000

(Non-Spawning 
Period) >=10,000 and < 23,000 >= 70% BI; not less than 10,000

< 10,000 >= BI; not less than 5,000



Jim Woodruff Outflow Based on Basin Inflow
IOP June- Feb; Non-Spawning Period
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Jim Woodruff Outflow Based on Basin Inflow
IOP March-May; Spawning Period
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IOP Ramping Rate

Release Range

Maximum Fall Rate 
(ft/day), measured at 
Chattahoochee gage

Flows greater than 30,000 cfs* No ramping 
restriction**

Flows greater than 20,000 cfs but <= 30,000* 1.0 to 2.0 ft/day

Exceeds Powerhouse Capacity (~16,000 cfs) but 
<= 20,000 cfs* 0.5 to 1.0 ft/day

Within Powerhouse Capacity and > 8,000 cfs* 0.25 to 0.5 ft/day

Within Powerhouse Capacity and <=8,000 cfs* 0.25 ft/day or less



IOP Graphic Ramping Rate
Ramping Rate
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Down Ramping Rates

Release Range
Maximum Fall Rate (ft/day)
measurse at Chattahoocee

> 30,000 none

> 20,000 and <= 30,000 1.0 to 2.0

> 16,000 and <= 20,000 0.5 to 1.0

> 8,000 and <= 16,000 0.25 to 0.5

<= 8,000 0.25



Maximum Fall Rate in Model

Ramping Rate
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Flow Max Rate oMax Rate in cfs
5000 0.25 365
6000 0.25 384
7000 0.25 402
8000 0.25 421
9000 0.28 495

10000 0.31 576
11000 0.34 660
12000 0.38 750
13000 0.41 824
14000 0.44 901
15000 0.47 978
16000 0.50 1064
17000 0.63 1366
18000 0.75 1682
19000 0.88 2013
20000 1.00 2329
21000 1.10 2593
22000 1.20 2863
23000 1.30 3139
24000 1.40 3420
25000 1.50 3707
26000 1.60 4000
27000 1.70 4323
28000 1.80 4654
29000 1.90 4994
30000 2.00 5343



Topics

• Model Settings
• RPM3 Concepts
• RPM3 Modeling Results



RPM3 Provisions

• Identify conditions that allow supporting 
higher minimum flows 

• Identify water management measures to 
implement when conditions reach the 
drought trigger

• Provide models if modification to IOP 
parameters for spawning period are 
adopted



RPM3 Modeling Ideas

1. Determine maximum low flow target
2. Provide higher minimum during non-

spawning period by reducing spawning 
flow requirement

3. Composite Storage trigger
4. Increase allowable storage



RPM3 Modeling Concept 1

1. Determine maximum low flow target 
system can support 
– Increase 5000 to larger values
– 6000, 6300, 6600, 8000



RPM3 Modeling Concept 2

2. Reduce the spawning period high flow values 
and increase low flow target

• High target of 37,400 reduce to 25,000
• Intermediate target of 20,400 reduce to 16,000
• Increase 5000 to 5800, 6500 and 7000



RPM3 Modeling Concept 3

3. Use system composite storage as 
drought trigger for desired and required 
flow

– Desired flow = 6500
– Required flow = 5000
– Trigger activated when system reaches 

Zone 3
– Trigger deactivated when the system 

recovers to Zone 1



RPM3 Modeling Concept 4

4. Increase percent stored when Basin 
Inflow > 10,000 cfs

• Change from 30 % to 50 % (Release 50% of 
basin inflow)

• Includes composite storage trigger concept
• Desired flow = 6500
• Required flow = 5000
• Trigger activated when system reaches Zone 3
• Trigger deactivated when the system recovers to Zone 1



Selecting Low Flow Targets

• Based on characteristics of Jim Woodruff power 
plant
– 5800 = running one unit at max capacity
– 6500 = running two units at 7- 9 MW each
– 7000 = no restriction from power plant, but habitat 

connectivity flow

• Releasing 6000 requires running two units at low capacity and 
produces a high pitch sound throughout the power house creating a 
miserable work environment.  Personnel are required to wear ear 
plugs and turn the volume all the way up of sound devices such as 
radios.



Composite Zones

• Summation of storage for each action 
zones at Buford, West Point and WF 
George BUFORD
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Composite Zones in AC-FT
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Modeling Results Concept 1

Months Basin Inflow (BI) (cfs) Releases from JWLD (cfs)
March - May >= 37,400 not less than 37,400

>= 20,400 and < 37,400 >= 70% BI; not less than 20,400

< 20,400 >= BI; not less than 5,000

June - February >= 23,000 not less than 16,000

>=8,000 and < 23,000 >= 70% BI; not less than 8,000

< 8,000 >= BI; not less than 5,000

6,600

6,600

6,000 6,300 8,000



Modeling Results Concept 1

Maximum minimum low flow = 6,600 cfs
WF George  reaches bottom of conservation
West Point  drawn down to 1 foot above bottom
Buford drawn down to 1053

Computed July 2006



Modeling Results Concept 2

• Reduce the spawning period high flow values 
and increase low flow target

– Reduce high flow from 37,400 to 25,000
– Reduce Intermediate flow from 20,400 to 16,000
– Increase 5000 to 5800, 6500 and 7000



Modeling Results Concept 2 
Revised IOP Minimum Flow Table

Months Basin Inflow (BI) (cfs) Releases from JWLD (cfs)
March - May >= 37,400 not less than 37,400

>= 20,400 and < 37,400 >= 70% BI; not less than 20,400

< 20,400 >= BI; not less than 5,000

June - February >= 23,000 not less than 16,000

>=10,000 and < 23,000 >= 70% BI; not less than 10,000

< 10,000 >= BI; not less than 5,000

Months Basin Inflow (BI) (cfs) Releases from JWLD (cfs)
March - May >= 35,800 not less than 25,000

>= 16,000 and < 35,800 >= 70% BI; not less than 16,000

< 16,000 >= BI; not less than 5,800

June - February >= 23,000 not less than 16,000

>=10,000 and < 23,000 >= 70% BI; not less than 10,000

< 10,000 >= BI; not less than 5,800



Jim Woodruff Outflow Based on Basin Inflow
IOP March-May; Spawning Period
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Jim Woodruff Outflow Based on Basin Inflow
IOP March-May; Spawning Period; Revised Down
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5800 Minimum Flow

Chattahoochee Shortage



6500 Minimum Flow

Chattahoochee Shortage



7000 Minimum Flow

Chattahoochee Shortage



Modeling Results Concept 3

3. Use system composite storage as drought 
trigger for desired and required flow

– Desired flow = 6500
– Required flow = 5000
– Trigger activated when system reaches Zone 3
– Trigger deactivated when the system recovers to 

Zone 1



Composite Trigger 1999 & 2000
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Composite Trigger 1954 & 1956
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Shortage without Trigger

Without trigger, there is flow shortage during the 2000 
drought period at the 6500 flow target.



Modeling Results Concept 4

4. Increase percent stored when Basin 
Inflow > 10,000 cfs

• Change from 30 % to 50 % (Release 50% of 
basin inflow)

• Includes composite storage trigger concept
• Desired flow = 6500
• Required flow = 5000
• Trigger activated when system reaches Zone 3
• Trigger deactivated when the system recovers to Zone 1



Jim Woodruff Outflow Based on Basin Inflow
IOP March-May; Spawning Period; Revised Down
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Chattahoochee Flow Duration Curve
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Chattahoochee 75 Percentile Flow
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WF George Average Pool Elevation
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WF George 75 Percentile Pool Elevation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

187.0

187.5

188.0

188.5

189.0

189.5

190.0

190.5

W.F.GEORGE OBS_ADJ2[02JAN1976-01JAN2002] ELEV-P75
W.F. GEORGE IOP23K_70I[02JAN1976-01JAN2002] ELEV-P75
W.F. GEORGE IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-P75
W.F. GEORGE IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-P75
GEORGE RULE CURVE ELEV

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



WF George 25 Percentile Pool Elevation
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WF George 10 Percentile Pool Elevation
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WF George 5 Percentile Pool Elevation
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WF George Minimum Pool Elevation
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WF George Pool Elevation Standard Deviation
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West Point Average Pool Elevation
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West Point 75 Percentile Pool Elevation
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West Point 25 Percentile Pool Elevation
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West Point 10 Percentile Pool Elevation
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Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



West Point Minimum Pool Elevation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

618

620

622

624

626

628

630

632

634

636

WEST POINT R OBS_ADJ2[02JAN1976-01JAN2002] ELEV-MIN
WEST POINT IOP23K_70I[02JAN1976-01JAN2002] ELEV-MIN
WEST POINT IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-MIN
WEST POINT IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-MIN
WEST POINT RULE CURVE ELEV

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



West Point Pool Elevation Standard Deviation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

WEST POINT R OBS_ADJ2[02JAN1976-01JAN2002] ELEV-SD
WEST POINT IOP23K_70I[02JAN1976-01JAN2002] ELEV-SD
WEST POINT IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-SD
WEST POINT IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-SD

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



Buford Average Pool Elevation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

BUFORD OBS_ADJ[02JAN1976-01JAN2002] ELEV-AVER
BUFORD DAM IOP23K_70I[02JAN1976-01JAN2002] ELEV-AVER
BUFORD DAM IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-AVER
BUFORD DAM IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-AVER
BUFORD RULE CURVE ELEV

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



Buford 75 Percentile Pool Elevation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

1067

1068

1069

1070

1071

1072

1073

BUFORD OBS_ADJ[02JAN1976-01JAN2002] ELEV-P75
BUFORD DAM IOP23K_70I[02JAN1976-01JAN2002] ELEV-P75
BUFORD DAM IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-P75
BUFORD DAM IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-P75
BUFORD RULE CURVE ELEV

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



Buford 25 Percentile Pool Elevation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

1058

1060

1062

1064

1066

1068

1070

1072

BUFORD OBS_ADJ[02JAN1976-01JAN2002] ELEV-P25
BUFORD DAM IOP23K_70I[02JAN1976-01JAN2002] ELEV-P25
BUFORD DAM IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-P25
BUFORD DAM IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-P25
BUFORD RULE CURVE ELEV

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



Buford 10 Percentile Pool Elevation

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

1056

1058

1060

1062

1064

1066

1068

1070

1072

BUFORD OBS_ADJ[02JAN1976-01JAN2002] ELEV-P10
BUFORD DAM IOP23K_70I[02JAN1976-01JAN2002] ELEV-P10
BUFORD DAM IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-P10
BUFORD DAM IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-P10
BUFORD RULE CURVE ELEV

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



Buford Pool Elevation Standard Deviation 

Jan Mar May Jul Sep Nov Jan

E
le

v 
(ft

)

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

BUFORD OBS_ADJ[02JAN1976-01JAN2002] ELEV-SD
BUFORD DAM IOP23K_70I[02JAN1976-01JAN2002] ELEV-SD
BUFORD DAM IOP_6500-10K3[02JAN1976-01JAN2002] ELEV-SD
BUFORD DAM IOP_6500-50P3[02JAN1976-01JAN2002] ELEV-SD

Observed
Current IOP
Concept 3 (trigger)
Concept 4 (trigger, 50% Stor)



Concept 3                     Concept 4
Buford Cases "Why Release Made"

1939-2001

Leakage
1.50%

Outlet Capacity 
Restriction

1.27%

Balance
7.59%

At-Site-Min Flow
12.60%

Reach TOC
22.79%

At-Site-Power
54.24%

Buford Cases "Why Release Made"
1939-2001

Leakage
1.46%

Outlet Capacity 
Restriction

1.25%

Balance
7.54%

At-Site-Min Flow
12.51%

Reach TOC
22.96%

At-Site-Power
54.27%



Concept 3                     Concept 4
West Point Cases "Why Release Made"

1939-2001
Max Rate of Change

0.0%

Channel Capacity at Dam
0.6%

Leakage
3.2%

Balance
2.5%

At-Site-Min Flow
12.8%

Reach TOC
40.2%

At-Site-Power
40.8%

West Point Cases "Why Release Made"
1939-2001

Max Rate of Change
0.0%

Channel Capacity at Dam
0.6%

Leakage
3.1%

Balance
2.4%

At-Site-Min Flow
12.7%

Reach TOC
40.3%

At-Site-Power
40.8%



Concept 3                     Concept 4
WF George Cases "Why Release Made"

1939-2001

Outlet Capacity 
Restriction

0.6%

Balance
5.2%

At-Site-Power
20.2%

Reach TOC
73.9%

WF George Cases "Why Release Made"
1939-2001

Outlet Capacity 
Restriction

0.6%

Balance
4.9%

At-Site-Power
20.1%

Reach TOC
74.4%



Concept 3                     Concept 4
Buford Cases "Why Release Made"

Year 2000

Leakage
7.7%

Balance
36.1%

At-Site-Min Flow
20.2%

Reach TOC
0.0%

At-Site-Power
35.8%

Outlet Capacity 
Restriction

0.3%

Buford Cases "Why Release Made"
Year 2000

Leakage
7.9%

Balance
34.2%

-Site-Min Flow
19.9%

Outlet Capacity 
Restriction

0.0%

At

Reach TOC
0.0%

At-Site-Power
38.0%



Concept 3                     Concept 4
West Point Cases "Why Release Made"

Year 2000

Leakage
4.6% Balance

9.6%

At-Site-Min Flow
50.8%

Reach TOC
1.9%

At-Site-Power
33.1%

West Point Cases "W

Reach TOC
1.9%

At-Site-Power
36.6%

hy Release Made"
Year 2000

Leakage
4.6% Balance

9.0%

At-Site-Min Flow
47.8%



Concept 3                     Concept 4
WF George Cases "Why Release Made"

Year 2000

Balance
36.2%

At-Site-Power
43.7%

Reach TOC
20.1%

WF George Cases "Why

Reach TOC
23.0%

 Release Made"
Year 2000

Balance
24.7%

At-Site-Power
52.4%



Concept 3                     Concept 4

Jim Woodruff Cases "Why Release Made"
Year 2000

At-Site-Min Flow
77.3%

Max Rate of Change
7.2%

Reach TOC
15.5%

Jim Woodruff Cases "Why Release Made"
Year 2000

At-Site-Min Flow
72.0%

Max Rate of Change
11.1%

Reach TOC
16.9%



Concept 3                     Concept 4
Jim Woodruff Cases "Why Release Made"

1939-2001
Not Below Level 1

0.00%

Outlet Capacity 
Restriction

0.02%

Chatt Desire Flow
0.13%

At-Site-Min Flow
17.33%

Max Rate of Change
20.13%

Reach TOC
62.38%

Jim Woodruff Cases "Why Release Made"
1939-2001

Not Below Level 1
0.00%

Outlet Capacity 
Restriction

0.02%

Chatt Desire Flow
0.14%

At-Site-Min Flow
15.56%

Max Rate of Change
20.34%

Reach TOC
63.94%



Additional Work

• Model current IOP with composite trigger
• Investigate Flint River trigger
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