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First Things First
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Power - Capacity

• Installed capacity is the maximum instantaneous power that a generating 
unit can produce, and is expressed in megawatts (mw)

• the power the unit is generating at any one moment in time
• Harris installed capacity is 66mw per unit

• Instantaneous Load (mw)
• Electricity is a demand product
• Instantaneous Load is the instantaneous demand for electricity on the 

system.
• Harris’ installed capacity supports the instantaneous demand (load) 

on the Southern Electric bulk power system

Power - Energy Generation
• the electricity generated over a period of time (one hour), expressed as 

megawatt hours.
• 1 mwh = 1,000 kwh
• Your power bill is based on electricity usage, measured in kwh

Power
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Hydroelectric Dams are both producers and 
consumers of energy

Production
•Generating electricity for consumer end use

Consumption
•Station service – measured in mwh

• The local energy needed at the dam to run 
pumps, lights, compressors, etc. for operations

• “Motoring” – a big heat sink
• Systemwide benefits for electric grid stabilization
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Hydraulic Capacity
There are 2 primary ways to pass water from the dam:

1. Hydroelectric Generating Unit Operation
• Electricity is generated

2. Spill Gate Operation
• No electricity is generated, only passing water

Under normal conditions, spill gates are not operated until all of 
the available generating units are at full gate flow

Hydraulics
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Hydraulic Capacity - Hydroelectric Generating Unit Operation

• Hydraulic capacity is the flow, cubic feet per second (cfs), that a 
hydroelectric generating unit is designed to pass
• Best Gate flow – the amount of flow from the unit at the most efficient 

wicket gate position
• This is where the unit is operated under normal conditions

• ~6500 cfs
• Optimum balance between power and flow
• Best MPG

• Full Gate flow – the amount of flow from the unit with wicket gates in 
the 100% (wide open) position
• ~8000 cfs
• Moves the most water but not most efficient generating point, less 

energy production
• i.e., non-optimal MPG

• Operated when there is a greater need to move larger quantities of 
water
• High flow situations

Hydraulics
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Hydraulic Capacity – Spill Gate Operation

• The spillway section where the spill (tainter) gates are located is 310 feet long 
and contains six tainter gates, each 40.5 feet wide and 40.0 feet high. 

• The spillway crest is at elevation 753.0 msl
• The top of the tainter gates is elevation 793.5 msl, one-half foot above full 

summer pool
• At elevation 795.0 msl, the upper limits of the Induced Surcharge Curve, the 

spillway has a capacity of almost 270,000 cfs.

Hydraulics
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Flow versus Volume

• Flow is a volume of water per unit of time
• For example

• Cubic feet per second, cfs
• 1 cfs = 448.8 gallons per minute (gpm)

• Volume is the result of flow over time
• For Hydro, it is calculated as day-second-feet or dsf

• 1 cubic foot per second for one day
• 1 dsf = 1 cfs x 86400 seconds/day = 86400 cubic feet
• 1 dsf = 646,272 gallons
• 1dsf = 1.983 acre-feet (1.983 feet deep over an acre)
• also referred to as cfs-day

Example
• Harris Unit 1 operates for 12 hours of the 24 hour day
• Volume is 6500 cfs x 12 hours / 24 hours = 3250dsf
• Could also consider this 3250cfs average for day
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Water:
the Leading Renewable Energy Source

According to the U.S. Energy Information 
Administration (EIA):

• Generation from Renewable Fuels
• “Hydroelectric. Water is currently the leading 

renewable energy source used by electric 
utilities to generate electric power”. 

• Hydropower accounted for 6.5% of total U.S. 
electricity generation and 44% of generation 
from renewables in 2016.

Source: U.S. Department of Energy – Energy Information Administration
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Hydropower Installed Capacity

Source: EIA

2012
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Alabama Power 2016 Energy Mix
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From Water to Electric Power

Potential
Energy

Kinetic
Energy

Electrical
Energy

Mechanical
Energy

Electricity
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Hydropower Calculations
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Two factors dictate 
how much power is available for production:

H (Head)     and       Q (Flow)
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Smith
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Alabama Power
Company

• 14 Powerhouses
– 41 Units
– ~ 1600 megawatts of capacity 

• 11 Reservoirs
– 170,000 acres of pool area
– 3,500 miles of shoreline

• Located in the Black Warrior, Coosa 
and Tallapoosa Basins

Hydroelectric Generation
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Smith

Weiss

Henry
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Basin

Coosa Basin

Tallapoosa Basin

Competing Needs

• Power Generation
– Energy
– Bulk Power System Dynamic 

Benefits

• Flood Control

• Navigation

• Recreation
• Ecological / Water Quality

• Water Supply
– Municipal
– Industrial
– Agricultural



27

FERC
Regulatory Flows

Project License
• Minimum Flows

• Coosa
• Jordan 2000+ cfs
• Recreation Flows

• Tallapoosa
• Harris (Wadley) 45cfs
• Thurlow 1200 cfs

• Warrior
• Smith 50cfs

Reservoir Regulation Manuals
– Operate for Flood Control
– Provide for Navigation

– Alabama River 
– 4,640 cfs

– Warrior River
– 245 cfs (Smith)

U.S. Army Corps of Engineers



28

Flood Control License Articles

Coosa
• Article 402.  Flood Control Operations at Weiss, Neely Henry, and Logan Martin 

Developments.  The purpose of this article is to provide for flood control in accordance 
with rules and regulations prescribed by the Secretary of the Army pursuant to Public Law 
83-436.

Warrior
• Article 403.  Flood Control Operations.  Upon issuance of this license, the licensee shall 

operate the Smith development in accordance with the U.S. Army Corps of Engineers 
(Corps) March 1965 Black Warrior-Tombigbee River Basin Reservoir Regulation Manual, 
Appendix A, for the Lewis M. Smith Reservoir (Manual), unless otherwise directed by the 
Corps

Harris
• Article 13(c) Operate the reservoir for flood control in accord with the agreement between 

the Chief of Engineers Department of the Army…

Martin
• Article 404.  Flood Control Operations. The licensee must operate the project such that 

Lake Martin does not exceed elevation 491 feet mean sea level (msl) to assist in flood 
control.  Flood control operation must be guided by the following: …
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…as Prescribed by Secretary of the Army

• U.S. Army Corps of Engineers, Mobile District
• Basin-wide Master Reservoir Regulation Manuals

• Alabama–Coosa-Tallapoosa River Basin Reservoir 
Regulation Manual
• Appendix B – Weiss
• Appendix C – Logan Martin
• Appendix D – Henry 
• Appendix I – Harris

• Black Warrior – Tombigbee River Basin Reservoir 
Regulation Manual
• Appendix A - Smith
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Navigation Support Releases

4640
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Reservoir Operations in a Bulk Power Electric System

What are the issues to be considered?

During certain storm trouble, hydro can quickly resolve associated line overloads

Provide “backup generation” during sudden loss of a generating unit

Provide “blackstart” capabilities to system

Provide “voltage stabilization” as system load changes throughout the day

Operating flexibility is important in APC’s ability to 
provide low cost , reliable electric service to its 
customers



All Energy Production 
Requires a Fuel Source

Our Fuel Procurement Contract…
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Tallapoosa Basin Average Monthly Rainfall
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Informed Decision Making

How Do We Know What We Need to  
Know to Operate?
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wil·ly-nil·ly
adverb
1. without direction or planning; 
haphazardly.

synonyms: haphazardly, at random, 
randomly, every which way, here and there, 
all over the place, in no apparent order 
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United States 
Geological Survey

Map of 14-day 
average streamflow 
compared to historical 
streamflow for the day 
of the year



We are a Data Driven Function

How Do We Know What We Need to  
Know to Operate?
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Real Time Systems

• HDAS – Hydro Data Acquisition 
System

• HOMS – Hydro Optimization 
Management System



HDAS Remote Gage Network



Hydro Optimization 
Management System

HOMS
• Three Systems – Production, Backup and 

Development
• Twenty Three Servers
• Seven Database Servers and Twenty Databases
• Six Web Sites
• Six Desktop Applications



Gaging Program – Electronic Gages
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• Run of River

• Storage

Two Types of Reservoirs:
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Run of River:

• What flows in, also flows out
• Inflow = Releases
• Substantially consistent lake level year round

Coosa
• Lay
• Mitchell
• Jordan/Bouldin
Tallapoosa
• Yates/Thurlow
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Storage Reservoirs

• What flows in, doesn’t necessarily flow out or what doesn’t 
flow in may actually flow out

– Different Summer and Winter Elevations
• Coosa

• Weiss
• H. Neely Henry
• Logan Martin

• Tallapoosa
• Harris
• Martin

• Warrior
• Smith

• Critical for Flood Control
• Critical for Drought Mitigation
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Hot Dogs and Energy Production
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Peaking Generation

• Water available for generating electricity is limited
• Hydro is operated to fill in the peak load demand
•Maximizes economics

• Summer has one peak 
•around 3 pm

• Winter has two peaks
•Morning around 7 a.m.
•Afternoon around 7 p.m.
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APC Hydro Generation

System Load

Summer Peak
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APC Hydro Generation

System Load

Winter Peak
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Harris Specific Operations

Routine Operations

Flood Operations

Drought Operations
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Tallapoosa River Basin

Approx. 1450 
square miles of 
watershed draining 
into the reservoir
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Anatomy of a “Rule Curve Plot”

Flood Control Guide

Drought Contingency Curve

Summer (Full) Pool

Winter (Low) Pool

Actual Elevation (MN)

Historical Average Elevation

Falling Limb

Rising Limb Historical 
Elevation 
Range



Designed for Peaking Operations



STEP
Prior Day’s 
Heflin Flow

(dsf)

Generation
At 6 AM

Generation
At 12 Noon

Generation
As System

Needs

Total
Machine

Time

Harris
Total 

Discharge
(dsf)

1A 0 < Heflin Q < 150 10 min 10 min 10 min 30 min 133

2A 150 < Heflin Q < 300 15 min 15 min 30 min 1 hour 267

3A 300 < Heflin Q < 600 30 min 30 min 1 hour 2 hours 533

4A 600 < Heflin Q < 900 30 min 30 min 2 hours 3 hours 800

5A 900 < Heflin Q 30 min 30 min 3 hours 4 hours 1,067

Adjust Schedule if Necessary

Harris Adaptive Flow – Green Plan - Main Unit Pulses

Create schedule based on prior day’s Heflin flow

STEP
Total Schedule 

Generation
Generation

At 6 AM
Generation
At 12 Noon

Generation
As System

Needs

Total
Machine

Time

Harris
Total 

Discharge
(dsf)

1B If generation = 1 machine hr 15 min 15 min 30 min 30 min 267

2B If generation = 2 machine hr 30 min 30 min 1 hour 1 hour 533

3B If generation = 3 machine hr 30 min 30 min 2 hours 2 hours 800

4B If generation = 4 machine hr 30 min 30 min 3 hours 3 hours 1,067

5B Generation > 4 machine hr Not Required Not Required ALL
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Weather Extremes!

Floods and Drought
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Harris Dam – May 2003

Floods
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Flood Control

• Flood Control can be defined as minimizing river stages downstream 
of a dam
• Generally, the people and property located downstream benefit from 

flood control operations
• Run-of-river reservoirs have no flood control capability

• they cannot provide this benefit to the public

• Most flood control reservoirs have a control point that is used as a 
focus for the flood control operations:

• Harris uses Wadley
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How Are Floods Managed

• Downstream flood peaks are minimized by discharging less water 
than is coming into the reservoir

• Studies of historic rainfall events result in a reasonable rules and 
regulations (flood control plan)

• Not every flood can be completely controlled
• each project has a particular amount of water that it can store
• after all flood storage has been used, the project becomes run-of-river
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License for FERC Project 2628  

• Article 13. (c) Operate the reservoir for flood control 
in accord with the agreement between the Chief of 
Engineers, Department of the Army, and the 
Licensee ...





Rule Condition Outflow Operation

1 Below Power 
Guide Curve (PGC) Operate powerplant to satisfy system load requirements.

2
At or above PGC 
and below 
elevation 790

13,000 cfs or less 
depending on 
Wadley stage

Operate to discharge 13,000 cfs or an amount that will not cause the gage at Wadley 
to exceed 13.0 feet, unless greater discharge amounts are required by the Induced 
Surcharge Schedule.

Discharge rates determined by the Harris real-time water control model may be 
substituted for those indicated by the Induced Surcharge Curves. If the model 
produces outflows in excess of those identified by the Induced Surcharge Schedule for 
six (6) consecutive periods, the operator shall notify the Water Management Section 
before making any further gate movements.

3
Above PGC and 
above 790 and 
rising

16,000 cfs or 
greater

Discharge 16,000 cfs or greater if required by the Induced Surcharge Curves Releases 
may be made through the spillway gates or powerhouse or a combination of both. 

Discharge rates determined by the Harris real-time water control model may be 
substituted for those indicated by the Induced Surcharge Curves. If the model 
produces outflows in excess of those identified by the Induced Surcharge Schedule for 
six (6) consecutive periods, the operator shall notify the Water Management Section 
before making any further gate movements. 

4 Above PGC and 
falling

When the reservoir begins to fall, maintain current gate settings and power house 
discharge until the pool recedes to the PGC, then return to normal operation.

Harris Reservoir Flood Control Procedure
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Induced Surcharge Curves
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Responsibility for issuing stage forecasts to the 
public

• The issuing of stage forecasts to the general 
public is the legal responsibility of the National 
Weather Service. For the Alabama-Coosa-
Tallapoosa and Black Warrior-Tombigbee river 
basins, forecasts are prepared by the National 
Weather Service’s Southeast River Forecast 
Center in Peachtree City, Georgia.  Flood 
warnings are issued by Birmingham’s National 
Weather Service office in Calera.





85

Tallapoosa River at Wadley

Flood Impacts
• 35 - THE EAST END OF THE HIGHWAY 22 BRIDGE BEGINS TO FLOOD. WATER 

REACHES STORE/GAS STATION ON HIGHWAY 22 JUST WEST OF TOWN. 
• 32 - PORTIONS OF HIGHWAY 22 SOUTHWEST OF WADLEY ARE FLOODED. 
• 30 - SOME FLOODING OF BUSINESSES...INCLUDING PLANTATION 

PATTERNS...OCCURS IN THE WADLEY AREA. 
• 20 - SOME FLOODING OCCURS IN THE WADLEY AREA. BETWEEN 22 AND 25 FEET 

THE BRIDGE OVER BEAVERDAM CREEK FLOODS. 
• 13 - FLOODING OF PASTURELANDS IN THE AREA OCCURS AND CATTLE SHOULD 

BE MOVED TO HIGHER GROUND. 

Low Water Impacts 
• 45 CFS R.L. Harris dam (15 miles upstream) operated to provide a minimum flow of 45 

cfs at Wadley.
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Droughts
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Drought Management
• Droughts are very difficult to see coming 

• you don’t know you’re in a severe drought until you’ve been 
there for some time

• Droughts tend to take months to setup 
• And take months of wet weather to return flow conditions  to 

normal
• APCo’s storage reservoirs can, to an extent, support some level 

of critical downstream flows during drought periods 
• this is done by releasing water from storage

• How does APCo determine how much and when and from 
where?
• Alabama-ACT Drought Response Operating Plan (ADROP)
• a low flow management plan, not a plan to keep the lakes full
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EVAPORATION

• Evaporative losses amounted to 1.5 feet of 
water from Alabama Power lakes in the summer 
months of 2007

• Enough water to supply Birmingham 
for one year
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Our Agency Partners in Water 
Management

http://www.noaa.gov/index.html
http://www.weather.gov/
http://www.usgs.gov/
http://www.fws.gov/
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Questions?
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