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The Power of Optimization

A plant optimization program being implemented for the Federal
Columbia River Power System should boost efficiency by 1 to 2

percent — which could mean an increase in revenues of as much

as $80 million a year. The goal is to operate the correct number

of turbine-generating units at the right time, providing more

electrical capacity using the same amount of water.

By Thomas R. Murphy

ith average annual generating
capacity of 9,000 MW, the 31
hydroelectric plants and one

nuclear facility that make up the Federal
Columbia River Power System (FCRPS)
are a vital regional resource. And thanks
to a $25 millien hydro optimization pro-
gram being implemented. the FCRPS
soon will be able to increase revenue by
as much as $80 million a year with the
same amount of water going through the
turbines. Begun in 2000, this system-
wide hydro optimization program will
be substantially completed in 2009.

The FCRPS is cperated jointly by the
U.S. Army Corps of Engineers, U.S. De-
partment of the Interior's Bureau of Rec-
larnation, and Bonneville Power Admin-
istration (BPA), BPA markets the power,
operates the transmission system, and
funds hydro plant construction and oper-
ation. The Corps and Reclamation design
and operate the dams and powerhouses.

Included in the optimization project
are many efforts, ranging from improv-
ing efficiencies of existing generating
units to implementing computer pro-
grams that will help operators optimize

Tom Murphy is project manager for the
Bonneville Power Administration. He
provided rechnical assistance and was
the project manager for part of the opti-
mization described in this article.
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systerh operations. When completed and
implemented together, these changes
will increase the efficiency of Lhe entire
generation system, boosting power out-
put by 1 to 2 percent.

Goals of the optimization
program

The hydro optimization program under-
way for the FCRPS is designed to use
water more efficiently and to maximize
revenue generated. This program con-
sists of four elements:

1) Implementing Type 11 optimiza-
tion. This type of optimization makes
the begt use of water to maximize rev-
enue spibject to system constraints and
markel conditions in the near term
(daily) through long term (yearly).

to Ltheir most efficient collec-
erating points, laking into
individual unit characteristics.
3) Implementing Type I optimization.
This type of optimization is possible
only for| Kaplan units. It is necessary to
conduct|performance tests to determine
improved turbine operating data and
more adcurate wicket gate and blade
relationships at a specific head and level
of generption. This strategy reduces the

water needed to produce a given amount
of megawatts.

4) Building an integrated system
where all three types of optimization
work together to improve overall opera-
tons. This system is required to recog-
nize and deal with changes on a real-time
basis. Optimization of a river system or
plant relies on forecasts, and any changes
will decrease the accuracy of the fore-
casts. To help minimize the effects of
changes occurring after optimization, &
hydro system must have real-time con-
trols that use the new modified optimiza-
lion results Lo adjust cngoing operations
and gain back some of the losses.

Setting up the program

In 2000. BPA began by funding project
improvements thal gave some immediate
benefits and will eventually contribute to
successful implementation of Type I and
Type I optimization. This work, per-
formed by the Corps and Reclamation,
included updating performance testing
on all generating units and updating
some of the plant control systems. Later,
head measurement systems were im-
proved. We are currently trying to devel-
op better flow measurement systems.

At the same time we were starting
these improvements, BPA began plan-
ning to replace its current river planning
models with modern optimization mod-
els of the FCRPS. The FCRPS is a large,
complex system that is more constrained
than most hydro systems because of the
multiple uses of the river, including
salmon operations, flood contral, irriga-
tion, and recreation. Other challenges —
such as integration of wind generation,
Mid-Columbia coordination, and unique
load contracts — add to the complexity
of the calculations.

After conducting a search, BPA con-
tracted with Synexus Global in Mon-
treal, Québec, Canada, to provide a
suite of optimization tools. Synexug’
programs covered both long- and short-
term planning of the hydro system
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{Type IIl optimization), but did not
handle the operation and adjustments
of the hydro system with a real-time
hybrid Type 11I/Type Il optimization.

We estimated that benefits from a
hybrid Type II/Type I1 optimization
would be about 0.5 percent of revenue, or
about $21 million per year. We found that
no Type III optimization programs were
simple or fast enough to run in real time.
We also found that many Type IT pro-
grams are capable of optimization and
suggesting the most efficient operation,
but the solution is only valid for static or
base loaded conditions. This turns out (o
be a limiting assumption on the FCRPS
because our system needs to handle fore-
cast errors, load following, reserves, and
dynamic power contracts, and provide
support for wind generation.

Because the generation requirement
changes so {requently, we needed a way
to re-optimize in real time. BPA wanted
a real-time optimization program to
consider the costs of starting additional
units, forecasts for future generation re-
quirements, and costs of generating 2
little less at one plant and more at
another, In addition, we wanted the ef-
tects of any changes on our short-term
Type I river ptanning model to be opti-
mized. BPA decided to contract with
Synexus 1o design this real-time hybrid
optimization software.

Implementing the pragram

Synexus was successful in designing the
first stage of this hybrid Type II/Type I
software (named Near Real Time Opti-
mizer. NRTO). This NRTO is only the
first step in implementing a final system
operating scheme.

In the interim, before this operating
scheme is fully functional, the hydro
schedulers and plant operators are key to
manually implementing the first stage of
the hybrid Type I1[/Type II optimization.
The hydro schedulers will try their best
to minimize plant setpoint changes out-
side of some dead bands. This should
reduce the number of generator starts and
stops. The duty schedulers also will try to
provide as much setpoint forecasting as
possible to the hydro plants. The ability
to forecast future setpoints will vary
preatly, depending on plant. time of day,
day of the week, system demand, and
market conditions. The forecast will
rangc from zero to 24 hours in advance.
The plant operators will use any future
hour forecasts available to fine tune unit
commitment. For example, if the present
hour benefits from changing unit com-

mitment are small, the operator can use
the forecasted change in generation to
determing the most economical number
of units td have on line.

from the short-term planning model with
real-time |loads and generation require-
ments, then use this to determine opti-
mized plant setpoints and future hour
forecasts| This software wilt send new
setpoints [to be dispatched to the hydro

_ projects 4t a fixed interval. These set-

points will account for most of the load
changes during the hour. Information
also will be sent to the projects that in-
cludes a [suggested unit commitment
based on ¢urrent loading and future hour
forecasts.| The plant optimization soft-
ware will| use this information to per-
form a delailed plant optimization and
instruct beth the plant operators and the
supervisoxfy control and data acquisition
(SCADA) systems how best ta operate
the plant. Bome operating decisions will
be made bly the plant operators. and oth-
ers will bp made automatically by the
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adding or subtracting a unit maiches the
change in the setpoint. The remainder of
the load changes will be handled by
movement of generating units on auto-
matic generation control (AGC).

Flgur. 1 shows this planned Operatmg
scheme. Key elements are:

— The timely aggregate of all inputs
comprising real-time generation re-
quirements (yellow). This includes both
real-time and forecasted requirements.

— Forecasts and targets from our
short-term planning model (blue).

— A centralized basin control system
capable of sending coordinated opera-
tions to all projects on system response
(green).

— A centralized basin communica-
tion system capable of sending a fre-
quent information array to all projects
on system response (red).

Other elements of the scheme include:

— A generation management systemn
that contains software capable of opti-
mizing frequently. The system needs to
consider planning inputs and real-time
changes, transmission constraints, and
project operations and capabilites.

— Compatible operating controls and
software at the hydro plants, including
an operators information system that
suggests how to operate the hydro plant
more efficiently.

— Hydro schedulers, transmission
dispatchers, and project operators com-
mitted to hydro system optimization. '

Once this system operating scheme
becomes more automated, the next

Figure 1:Ti
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hydm optimization program currently underway for the Federal Columbia River
is designed to maximize electricity generated from the water available.
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Figure 2: Plant efficiency with 12 units optimally loaded (purple) is much higher than with ten

units optimally loaded (green) or ten units not optimally loaded (dotted). The benefits that can

be realized from Type |l optimization include better

it foading (from point 1 to 2), better unit

commitment (from point 2 to 3), and better setpoint (from point 2 to 4).

problém will be how to best communi-
cate optimized operating instructions to
the hydro plants. To handle this, BPA is
upgrading its control systems. BPA also
initiated parallel projects with the Corps
and Reclamation to develop real-time
optimization programs at each plant that
can interpret and display these optimized
operating instructions. The optimization
software will reside in the plant SCADA
system and receive oplimized instruc-
tions from BPA. Bat it will perform in-
dependent plant optimizations.

Benefit determination

The benefits [rom most improvements
will have to be calculated. The FCRPS
has and will realize several benefits from
this optimization project. First, we will
determine the benefits from updating
and correcting Kaplan onit performance
curves (Type I optimization) by calculat-
ing a megawait savings due to reduction
in flows on a generating unit. Ideally, we
would like to measure absolute flows in
real time, but because of the expense of
installing equipment on 160 units, we
will begin by using flows from our up-
dated performance curves to calculate
the benefits. We also are funding the
Corps to develop a real-time relative
flow measuring device that uses existing
Winter-Kennedy taps, which will be
completed in 2008. Because optimum
gate and blade relationships can be de-
termined by using relative flows, this
will allow us to account and tune for dif-
ferences during the operation of individ-
ual units. This should give additional
Type I optimization benefits.

Second, to determine the benefits of
hybrid Type [II/Type II optimization, we
plan to rimn extensive simulations of our
improved operations and compare thess
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to historical data. Figure 2 illustrates the
bepefits we will measure from real-time
hyprid optimization. Benefits between
points 1 and 2 are realized when the
units are collectively loaded to the most
effficient levels possible given the re-
qgmd generation level, or optimally
logded. Benefits between points 2 and 3
arg realized when the plant has put the
optimum number of units on line. Bene-
fity between points 3 and 5 and between
poijuts 2 and 4 (included in Type I opti-
migation) are realized by recognizing
that a plant has “sweet” spots that vary
with head and the number of units on
ling. Generarting at points 4 or 5 would
indrease plant efficiency (the amount of
benefit gained varies depending on the
1). In the case shown in Figure 2, we
wopld put two more units online and try
to move our required plant generation
levgl close to point 5. This would allow
us fto generate the greatest number of
megawalls per unit of water passing
thrpugh the turbines. .

hird, ore of the biggest benefits of
thi§ optimization project is that it pro-
vides the framework and funds to help
invgstigate other efficiency improve-
menpts. These improvemenis can be
grouped into two categories. First is im-
proyements that will be or are inputs into
our|overall system, such as updating the
performance curves that input into the
optimization software. We updated these
curpes to improve the accuracy of the
optimization. We also used-some of this
information to update the unit cam
curyes. This will make our Kaplan units
operate more efficiently. Our engineers
alsq noticed that plant head readings
taken from single forebay and tailrace
sensors did not accurately represent
actial heads at individual units. This

@003

meant the wrong cam curves were being
used to operate the generating units,
resulting in decreased efficiency. To cor-
rect this, we installed radar head sensors
at the forebay and tailrace of every unit to
generate the right cam curves.

The second category of improvements
results when system operators, engineers,
and managers become aware that increa-
sing efficiency of the FCRPS is impor-
tant, and start suggesting ideas. Examples
include smoothing hydraulic surfaces to
improve efficiencies, reviewing operat-
ing practices, and fine tuning equipment.’

Implementation and assessment

‘We have only begun to implement this
vision on the FCRPS. What started as a
collection of ideas and hazy goals is
now a much clearer vision that is partly
designed and implemented. During the
initial design period, we found that
addressing cultural changes is as impor-
tant as solving technical challenges.
Because we are implementing these
systems in stages, we have the unique
opportunity to invelve the users in a
meaningful way. None of the plans for
the future operating scheme is written in
stone. The plan for the final operating
scheme will change during the project,
reflecting new information and user
inputs. The response has been en-
couraging and valuable. The subsequent
stages and overall operating scheme have
already benefited from our users’ hands-
on experience and suggestions.

The main systems will be substan-
tally completed by 2009. Untl then, we
will gain partial benefits based on the
staged implementation. We have already
redesigned some of our processes based
‘on what we have learned so far and have -
begun manual implementation. Because
the accuracy and benefits of optimiza-
tion are tied to the guality of the inputs,
improvements will continue for many
years after the main installation. When
complete, we will be able to perform
Type I, II, and III optimizations using a
single interconnected operating system.

Implementing Type I and real-time
hybrid optimization is estimated to cost
$25 million. We estimate the benefits of
implementing this optimization to be
between | to 2 percent of our power rev-
enue. This equates to an annual benefit
between $40 million and $80 million. M

Mr. Murphy may he reached at Bon-
neville Power Administration. P.O. Box
3621, Portland, OR 97208; (1) 503-230-
5527; E-mail: imurphy@bpa.gov.



