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Plant Optimization

Optimizing Multi-Unit Powerhouses:
Method to Compute Unit Selection
and Load Sharing

Tesfing has shown the efficacy of a mulfi-objective algorithm for optimization of powerhouses
with multiple units. This article also presents a comparison of results from the algorithm to ac-
tual operational data from the Grand Coulee facility.

decision support tool is available to aid

owners of multi-unit hydroe facilities in
minimizing water flow for a given power request.
The tool uses sequential quadratic programming
(SQP) to minimize the objective function — flow
as a function of power setpoints — while adhering
to constraints pertinent to a specific powerhouse.’

A case study demonstrating efficacy of the
algorithm 1s presented, consisting of data from
four days of operation at the 6,809-MW Grand
Coulee facility on the Columbia River in Wash-
ington. The U.S. Department of Interior’s Bureau
of Reclamation (USBR) provided characteristic
data from four groups of units (Units 1 through 9,
10 through 18, 19 through 21 and 22 through 24),
including capability curves and nominal capaci-
ties, condensing capabilities, dispatch priorities,
discharge equations, and operational notes. USBR
also provided four days of operational data against
which the unit selection and load sharing solutions
from the algorithm could be compared.

This article discusses Type 2 optimization,
SQP and constraints specific to hydropower opti-
mization. The article concludes with a discussion
of results from the Grand Coulee case study.

Theory of Type 2 optimization

There are five types of optimization pertaining
to hydroelectric power. The one focused on in
this study is Type 2, collective coordination of
turbines within a powerhouse.

Type 2 optimization depends on first achiev-
ing Type 1 (optimization of individual turbines
within a powerhouse), which involves determin-
ing a unit’s absolute optimum efficiency profile.
Methods to achieve Type 1 optimization vary
based on turbine type and powerhouse configura-
tion. For Francis, Kaplan and fixed-blade propel-
ler turbines, a table of power vs. flow relationships
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is assembled at increments of head. Kaplan tur-
bines also require characterization of their blade-
to-gate relationship to determine optimal blade
positioning. These data are compiled in a table of
efficiency vs. power output and a third column is
derived indicating the rate of change of flow with
respect to power. Equality of this parameter is the
criteria for Type 2 optimization.

Type 2 optimization concerns coordination of
unit selection and load sharing for all units within
a powerhouse to achieve a total power setpoint
using minimal flow. Load sharing involves select-
ing wicket gate openings such that the derivative
of flow with respect to power output (dg/dp) is
equal for all units.

Even with turbines of the same design, effi-
ciency profiles will be slightly different due to
abnormalities in manufacturing and method of
operation. Wear-and-tear over years can exac-
erbate these differences and result in peak unit
operating efficiency differences and shifts in
peak efficiency points of 2% to 10%, based on one
author’s experience with testing Francis turbines.

Optimization algorithms take advantage of
these differences by proper unit selection and
load sharing, given a power setpoint and known
head. Experienced operators can make these
decisions with impressive results, although there
is room for additional improvement through the
use of an efficient optimization algorithm.

USBR provided discharge equations charac-
terizing groups of units. These equations provide
flow as a function of power setpoint and head:

Equation 1

qip, h) = A + Bp + Ch' + Dp? + Eh? + Fph' +
Gp* + Hph™ + Fp'h

where:

— q is flow in cubic feet per second;

— p is power output in MW,
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