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Overview of DSS Components
Project Inflows

Unit Commitment and Base Points
Pre-Scheduling

Generation Scheduling and Bidding
Unit Maintenance Scheduling
Project Sites: Some Specific Issues



Project Inflows

* Hydrologic Data

» Hydrologic Forecasting



Powell River BC Basin
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Cumulative Inflow Forecasts
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Historical weather provides samples of possible future weather.

Forecasts are conditional on watershed conditions at Time Now,
and possible future weather.



Stochastic Hydro-Thermal Scheduling

System Reliability Thermal Hydro Generation
Percent Generation M$ M$
90 1.75 47.29
92 1.84 48.33
04 1.90 50.47
96 1.96 53.10
08 2.04 55.84

99 2.07 59.04

CddHoward Consulting Ltd.



Operations Center and Scheduling

* Plant Efficiency

* Unit Operations






Can Plant Operate More Efficiently?

Plant Effciency
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Optimized Plant H/K, Preferred Loading
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Dispatch

Optimized Unit

Historical Unit Dispatch
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Short Term Operational Benefits
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Project Base Points

e Contract Commitments

e Transmission Constraints
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Operations Scheduling

 River Basins
* Projects
 Market Bids



River Basin Week Summary
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Daily Pre-Schedule
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Bids to Independent System Operator
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Optimized Unit Maintenance

* Work Required
 Crews Avallable

* Regular Hours and Overtime



EFFL Energy - Seaszonal Operations - Unit Maintenance Schedule
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Site Specific Features

* Hydraulic Constraints

* Encroachment from below and above






Tailwater Encroachment Data
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Project Coordination Issues

e Owners
e Governments

e Economics and Politics
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Mid-Columbia System (12,700 MW)

Canada
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Okanogan R. Columbia R.

Flow

Direction
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USA Government (10000 MW)
Grand Coulee
Chief Joseph

Douglas County (890 MW)
Wells

Chelan County (1684 MW)
Lake Chelan
Rocky Reach
Rock Island

Grant County (1865MW)
Wanhapum
Priest Rapids
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Objective of the Study

* Seven major hydro plants, two major reservoirs
* Four completely different owners.

* Determine the energy benefit of fully
coordinated and integrated hourly operations.

2/13/2012 CddHoward Consulting Ltd. 37



Global System Water Management

* Conflicting Constraints, TDG vs Fish Spills
* Ramping Constraints

* Flood Management

 Water Level Management

 Water Quality Management

* Coordination with Downstream Projects
* Natural Channel Controls on Storage

* Hydro Plant Efficiency Curves

» System Base Points (Loads among Plants)

http://www.cddhoward.com/



Optimal Generation Management

Representation of Hill Curves

Validation with Historical Operations Data
Run Times for Operations Planning Studies
Run Times for Scheduling Operations

Run Times for Near Real-Time Operations
Unit Priorities and Maintenance

Hydro Plant Efficiency Curves

Operations Constraints

www.cddhoward.com
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1. The hydro enterprise should recognize that optimization is
a normal tool for hydro systems operations and it has been
used in many systems, some more successfully than others.

2. QOperations optimization will minimize errors in judgment
and identify good choices from many that are feasible. This
can be pivotal when changes in regulations, market conditions,
the hydro system, or staff make past experience less valuable.

3. Data issues often dominate the design of the software and
Its ultimate acceptance. The model builder must anticipate that
data was recorded for other prior purposes and is incomplete
for the purposes of model design and verification.



« 4. Optimization software usually consists of several separate
modules that deal with decisions on different time scales and
spatial scope. These are sensitive issues for time and cost of
model development, the execution time on a computer, and its
verification and acceptance.

« 5. Models should be outwardly simple, understandable, and
foolproof. User interfaces must be useful to the actual
operators, not just modelers.

« 6. Before serious development effort begins, as the goals and
expectations are discussed, the developer and the client should
agree on criteria for acceptance, and what not to model.



/. For validation of its water management functions an
optimization model can be run in a simulation mode using
optimization output for selected variables as inputs.

8. Validation of optimized unit dispatch and loading should
compare the optimized MW plant output with actual plant output
over 24-hours at a one minute time step under a range of
operating constraints and seasonal constraints.

9. The allocation of "base points" in a system of hydro plants
should consider the oscillating shape of the plant efficiency
curves as they are affected by the dispatch order of the
generating units. Base points throughout the system should be
selected from peaks of the plant curves to avoid asking a plant
to generate in a lower efficiency trough.



« 10. Methods That are least risky for development, least
expensive in time and money, and most reliable use some
variant of linear programming, such as quadratic linear
programming, stochastic linear programming, etc.

« 11. A useful optimization approach combines quadratic linear
programming for managing the water balance with dynamic
programming to dispatch generating units and construct
optimized plant efficiency curves from the unit hill surfaces.

« 12. Itis likely that stochastic, non-linear methods will become
the methods of choice when new software makes modern
multiprocessor boards with hundreds of processors more
convenient for rapid integrated system-wide optimization.



13. The current advances in real-time wireless data
acquisition and management will profoundly change the
applications for optimization methods in water management
and power operations.

14. Acceptance of the software relies on more than simply
putting it in front of the intended users. The process of
model validation can be an important step in training people
to understand its limitations and advantages.



« 15. The software design should focus on fundamentals:
reading, writing, and arithmetic of the software and its
specific application. Users should not need a map to
untangle a plethora of drop boxes that lead to still more
drop boxes.

* 16. Stochastic optimization is a well understood method
for dealing with uncertainty and probability in hydrology.
It is well understood by modelers and has the potential
to incorporate other factors like prices and loads to
estimate risk on an ongoing basis



