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HAP Report for Aggregated Baseline
Assessments of Aging Hydropower
Facilities

Eight hydropower facilities were assessed for both asset condition and generation performance
during the development of a standard assessment methodology in the Hydropower
Advancement Project (HAP). These eight facilities were selected from: (1) federal owners,
including the U. S. Army Corps of Engineers (USACE), the U. S. Bureau of Reclamation
(USBR) and the Tennessee Valley Authority (TVA); (2) municipal owners (Tacoma Power); and
(3) private owners, including Duke Energy and Alcoa Power Generating Inc. (APGI). The plant-
installed power capacities are between 27.7 MW and 152 MW; the design hydraulic heads
range from 53.5 ft to 400 ft; the hydraulic turbine technologies include Francis, Kaplan, and
Propeller types; and all of the generating units were constructed and commissioned during 1912
through 1964, with different levels of historic and recent upgrades and rehabilitations since they

began operation.

This report presents the aggregated results from the eight standard assessments. The following
sections summarize the major facility characteristics and assessment results for each baseline
assessment. The trending analysis for the aggregated assessment results is presented at the

end of the report.

Rhodhiss Hydropower Facility
The Duke Energy Rhodhiss Hydro Station has three Francis turbine units that have been in

commercial operation since 1925. From 1999 to 2002, several upgrades were completed to
Units 1 and 2 as part of Duke Energy’s HydroVision program. The original nameplate capacity
was 8.5 MW per unit (26 MW in total). Unit 2 was uprated to 10.7 MW, so the current plant
power capacity is 28.2 MW. Unit 3 did not receive significant upgrades, and the unit is only
operated during high water events, very high demand periods, or outages for Units 1 and 2.

Units 1 and 2 are automated, while Unit 3 must be manually started.

Based on the HAP condition assessment, the overall condition of the Rhodhiss units and plant
is fair (the Condition Indicators [CI] fall within the range of 3<CI<7), although many technological

features still in use date back to the original construction, which was over 85 years ago. The
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HAP performance assessment for the Rhodhiss site shows that during the years between 2007
and 2011, the averaged Actual Power Production (APP) was 6.32 MW, based on the historical
operations records, while the Long-Term Stream Power (LTSP) was 7.78 MW for the Rhodhiss
site. The potential plant generation improvements due to plant efficiency improvements from
optimized plant dispatch, while producing the same power at the same time, averaged about
2.3% for the analyzed years. The potential generation improvements from using the available
water at the peak plant efficiencies averaged about 4.7%. The potential generation
improvements from the combination of optimized plant dispatch, improved scheduling, and
state-of-the-art turbines and generators averaged about 9.8%.

The following recommendations are made for technology, asset, and operational process
improvements to increase energy production and reliability at the Rhodhiss facility:

e A more modern hydraulic design and improved method of delivering aeration through the
turbine runner may provide significant efficiency improvements.  Aeration-related
performance testing should be conducted, and additional performance analyses should
be completed to investigate the effects of aeration on the current performance level
(CPL) and to estimate the anticipated effects of aeration on the potential performance
level (PPL).

e Cast iron runners on Units 1 and 3, as well as Unit 3 gates and bushings, are
approaching the end of their service life and should be replaced or rehabilitated.

e The exciter replacement project for Unit 3 should be completed, eliminating losses
associated with the exciter field and improving exciter response.

¢ Assuming that the Generator Step-Up (GSU) transformers are to continue to remain in
service for a length of time, a proper dry out and oil reclamation is recommended.

¢ In order to provide the most efficient utilization of the available water resources, new unit
efficiency curves should be developed and used in determining the optimal generation
mix.

e As a means to achieve added efficiency improvement, the plant should develop a routine
method for monitoring and cleaning the trash racks and removing debiris.

e The Unit 3 control system upgrade should be completed to allow this unit to participate in

plant operations, as needed.



Center Hill Hydropower Facility

The USACE Center Hill Dam hydropower plant has three Francis turbine units with a total plant
capacity of 135 MW. The units have been in commercial operation since 1951. The equipment
is in reasonable condition for a plant that is 60 years old. The dam traditionally had seepage
issues going back to the original construction. Remediation efforts were started as early as
1949. There continues to be seepage at the site, and, in 2001, the USACE began a Major
Rehabilitation Program to make repairs that included stabilizing the dam and improving its long-
term reliability.

The overall condition of the units and plant, based on the HAP assessment, are fair (the plant
and units Cls falling within the 3<CI<7 range). The HAP performance assessment for the
Center Hill site shows that during the years between 2009 and 2011, the averaged APP was
39.0 MW, based on the historical operations records, while the LTSP was 51.5 MW. The
potential plant generation improvements due to plant efficiency improvements from optimized
plant dispatch, while producing the same power at the same time, were negligibly small for the
Center Hill Plant, averaging about 0.04% for the analyzed years. The potential generation
improvements from using the available water at the peak plant efficiencies are higher, ranging
from a low of 2,522 MWh (0.6%) in 2011 to a high of 4,170 MWh (1.1%) in 2009, with a three-
year total of 9,558 MWh and a three-year average of 1.0%. The potential generation
improvements from the combination of optimized plant dispatch, improved scheduling, and
state-of-the-art turbines (with aeration) and generators averaged about 4.2%. In addition, the
plant has lost a significant amount of generation due to its multi-year operation at reduced
headwater levels because of the seepage and dam safety concern. The plant annual
generation can be further increased by 2.6% to 5.5% if the dam safety concern is eliminated by

proper remediation and the plant is operated within its guide curve of headwater levels.

The following recommendations are made for technology, asset, and operational process

improvements to increase energy production and reliability at the Center Hill facility:

o An in-depth review of methods to reduce leakage, seepage, and releases outside of the
power waterway and to stabilize the dam/foundation could provide opportunities to
reduce loss in annual production while still meeting environmental requirements.

¢ With the turbine runners near the end of their service life, the replacement of the runners
with a new hydraulic design and an improved aeration system design should offer
opportunities for improvements in both efficiency and reliability of the units and plant and

also reduce the duration of restricted generation and/or water releases during
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summertime. Consideration should also be given to the replacement or rehabilitation of
the wicket gates, as well as rehabilitation of the stay vanes, spiral case, and draft tube.

e The existing excitation system should be replaced with a fully static solid state system.
Previous assessments have identified the age and obsolescence of the excitation
equipment as a challenge to reliability. The recommendations of these previous
assessments and the Best Practices (BP) for solid-state excitation would practically
eliminate all maintenance issues with this equipment, as well as improve system
response and stability. Efficiency improvements would be realized by the elimination of
the rheostat and commutator brushes. Center Hill also has an abundance of usable
floor space for the installation of a fully static excitation system.

e The age and observed condition of the winding for Unit 3 (the only unit that was down
during the team site visit) suggest that generator rewinding is warranted. There was
some evidence of both corona and slot filler migration on the Unit 3 windings. Air cooler
and ventilation upgrades are suggested for the generators. The cooling system should
be evaluated for potential improvements that may be realized by baffle redesign with
fiberglass.

¢ In the automation area, consideration of keeping the unit performance characteristics
(efficiency curves) in the control system and using the automation system to optimize the
unit load allocation and scheduling could result in increased energy production for the
same amount of water.

e For improving turbine reliability, the single-axis vibration monitoring system should be
upgraded to a dual-axis monitoring system, and a vibration monitoring system should be

added to the generator.

Flaming Gorge Hydropower Facility

The USBR Flaming Gorge hydropower facility was commissioned for commercial operation in
1964. Flaming Gorge is part of the Colorado River Storage Project. The dam is primarily used
for power generation. However, it also provides flood control, irrigation, recreation, and
fish/wildlife habitat improvement. The plant has three Francis turbine generating units with a
nominal capacity of 50.7 MW each. The plant is normally operated and monitored remotely

from the USBR Glen Canyon hydropower facility in Page, Arizona.

The HAP on-site assessment was performed on February 22, 2012. During the inspection,
Unit 1 was out of service, and Units 2 and 3 were in operation. This allowed for direct

inspection of several normally inaccessible components, such as the scroll case and turbine
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runner. The overall condition of the units and plant was found to be very good (CI>7). The
good condition can be attributed to recent modernization efforts, comprehensive maintenance
and inspection records, and frequent and routine maintenance procedures. The HAP
performance assessment shows that during the years between 2009 and 2011, the averaged
APP was 51.7 MW, based on the historical operations records, while the LTSP was 60.4 MW,
based on plant flow data, and 62.6 MW based on USGS flow measurements at one-half mile
downstream of Flaming Gorge Dam. The potential plant generation improvements due to plant
efficiency improvements from optimized plant dispatch, while producing the same power at the
same time, were small for the Flaming Gorge Plant, averaging about 0.2% for the analyzed
years (2008 to 2011). The potential generation improvements from using the available water at
the peak plant efficiencies are higher, ranging from a low of 6,321 MWh (1.4%) in 2009, to a
high of 15,341 MWh (2.3%) in 2011, with a four-year total of 38,513 MWh and a four-year
average of 2.0%. Correlation analyses indicate that the actual unit performance is about 1%
lower than the expected performance and the shapes for the actual efficiency curves are
somewhat flatter than expected. In addition, the results from the correlation analyses show

periodic efficiency losses for Units 1 and 2, probably due to trash rack fouling.

The plant could further improve efficiency and reliability through the implementation of the

following recommendations:

e Install a trash rack monitoring system (or frequently review measured performance
compared to expected performance) to help schedule routine cleanings and trash
removal from the racks.

e Update the automation system to a newer version for long-term viability.

e Install an improved condition monitoring system.

e Convert the governor control from mechanical to new digital technology.

o Closely monitor carbon monoxide generation rates in the transformer oil and trend for
future comparison.

e Incorporate stator, rotor, Power Potential Transformer (PPT), and transformer (GSU)
winding resistance test into the electrical test program to gauge deterioration of electrical
connections.

e Monitor the stator insulation condition on line, with the addition of partial discharge
monitoring.

¢ Replace the coal tar enamel lining in the penstock with an epoxy or silicone-based lining

to help reduce maintenance efforts and improve hydraulic performance.



Watauga Hydropower Facility

The TVA Watauga hydropower facility was completed for operation in 1949. Watauga, which is
part of the Tennessee River and Reservoir System, is located on the Watauga River, directly
upstream from the Wilbur facility. The Watauga facility is primarily used for power generation.
The plant has two Francis turbine generating units, each with a nominal rating of 28.8 MW at a
net head of 216 ft, for a total plant capacity of 57.6 MW. The plant is normally operated
remotely from the Hydro Dispatch Control Center in Chattanooga, Tennessee, and scheduling is
fully automated.

The HAP on-site assessment was performed on May 31, 2012. During the site visit, Unit 2 was
the only unit operating. The overall CI for the plant is 6.54, indicating a fair condition (CI falls
within the range of 3<CI<7). However, both turbines are rated 4.57, and the exciters are rated
below 4.0. The performance assessment shows that during the years between 2008 and 2011,
the averaged APP was 12.29 MW, based on the historical operations records, while the LTSP
was 14.27 MW at the Watauga site. The potential plant generation improvements due to plant
efficiency improvements from direct optimization, while producing the same power at the same
time, are small for the Watauga Plant; with a four-year total of 1,838 MWh and a four-year
average of 0.43% improvement. The potential generation improvements from using the
available water at the peak plant efficiencies are also small, with a four-year total of 1,276 MWh
and a four-year average of 0.35% improvement. However, the potential generation
improvement from the combination of optimized plant dispatch, improved scheduling, and state-
of-the-art turbines and generators is up to 7.0% at the potential performance level (PPL).
Correlation analyses indicate that improved maintenance and more frequent calibration of the
Winter-Kennedy flowmeters may be required at Watauga. Avoidable loss analyses demonstrate

that the penstock and tunnel losses are negligibly small.

Due to aging components and mixed technology levels, there are clearly opportunities to use
updated technology along with the improved operational process to increase the unit efficiency
and reliability at Watauga. Specific key recommendations that highlight these opportunities

include:

e Replace the turbine runners with stainless steel runners to ensure long-term reliability.

¢ Rehabilitate or modify the following turbine components: wicket gates, including end
seals and mechanisms; stay vanes; spiral case; draft tubes; servomotors; and vacuum
breaker.

e Rewind the generator stator and rotor with class F insulation.
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¢ Replace the original excitation system with a fully static system.

¢ Replace GSU Main Transformer 2.

e Due to reliability issues, replace the turbine bearing oil coolers at the next opportunity.

e Complete Unit 2 governor mechanical rehabilitation (similar to Unit 1) to ensure long
term reliability.

e Address sedimentation build-up at the intake.

¢ Install draft tube gates.

e Other secondary recommendations are outlined within the report. A more thorough
study of the historical data and a complete crawl-through inspection with the units
dewatered would yield a more complete plant condition assessment addressing

performance, maintenance, and reliability issues.

Tuckertown Hydropower Facility

The Alcoa Power Generating Inc. (APGI) Tuckertown hydropower facility was commissioned for
operation in 1962. Tuckertown is part of APGI’s Yadkin River Division, which also includes the
Narrows, High Rock, and Falls facilities. The facility is used for both power generation and flood
control. The plant has three Kaplan turbine generating units. The licensed capacity of all three
units is 38.04 MW. The plant is normally operated and monitored remotely from the APGI

dispatch control center in Alcoa, Tennessee.

The HAP on-site assessment was performed on April 17, 2012. The Cls for three units fall within
the 3<CI<7 range, and the overall plant Cl is 6.07, indicating the units and facility are in fair
condition but not functioning optimally. The HAP performance assessment at the Yadkin
Tuckertown site shows that during the years between 2009 and 2012 (until April), the averaged
APP was 10.77 MW, based on the historical operations records, while the LTSP was 19.57 MW.
The potential plant generation improvements due to plant efficiency improvements from
optimized dispatch in the plant, while producing the same power at the same time, were
relatively small for the Tuckertown Plant due to the flat performance curves, averaging about
0.3% for the analyzed years. The potential generation improvements from using the available
water at the peak plant efficiencies are somewhat higher, with a three-year total of 1,539 MWh
and a three-year average of 0.6%. However, actual generation improvement opportunities may
be much higher than indicated by these results. The computed generation improvements
depend on the questionable accuracy of the CPL unit performance characteristics. Condition
assessment results indicated problems with the blade-gate linkages for the units. This adds

additional uncertainty to the CPL unit performance characteristics and to the optimization
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results. Based on previous experience with improperly functioning blade-gate linkages, the
actual efficiency losses could be 5% or higher. The potential generation improvement from the
combination of optimized plant dispatch, improved scheduling, and state of the art turbines and
generators is about 10.9% at PPL. In addition, the plant has lost significant generation due to
accumulated trash and debris on the trash racks (3,700 MWh) and due to spill based on lack of
unit availability for extended periods (106,885 MWh).

Due to aging components and dated technology, there are opportunities for efficiency and
reliability improvement at Tuckertown through the implementation of the following major

recommendations:

e The original Kaplan turbine runners should be replaced or rehabilitated. Wicket gates,
stay vanes, spiral case, and draft tube also require rehabilitation. Measurement and
monitoring systems should be installed for shaft vibrations.

e Generator stators and rotors should be rewound to class F insulation.

¢ Kaplan feedback system should be recalibrated, and the blade angle and gate opening
should be measured for each unit. Unit performance characteristics should be
accurately determined, and relative or absolute flow rates should be measured for each
unit, included in the plant archival data, and incorporated into revised flow tables. The
measurement of headwater level and tailwater level should be upgraded to digital
feedback systems. Unit performance based on the archival data should be periodically
compared with the expected values.

e An automated trash monitoring system should be installed to trigger cleanings.
Differential pressure across each trash rack should be measured, included in the plant
archival data, and used to schedule trash rack cleaning.

o Supply intake strainers for the raw water system should be replaced with an automatic
self-cleaning strainer.

e Other testing, maintenance, or repair procedures are suggested for the transformer,
generator, intake gates, tainter spillway gates, and other components. A more thorough
study of the historical data and a complete crawl-through inspection with the units
dewatered would yield a more complete plant condition assessment addressing

performance, maintenance, and reliability issues.
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Falls Hydropower Facility

The APGI Falls hydropower facility was commissioned for operation in 1919, with all three units
in operation by 1922. Falls is part of APGI's Yadkin River Division which also includes the
Narrows, High Rock, and Tuckertown facilities. The facility is used for both power generation
and flood control. The plant has three turbine generating units. Unit 1 is a vertical Francis
turbine and Units 2 and 3 are fixed propeller turbines. The licensed capacity of all three units is
31.13 MW. The plant is normally operated and monitored remotely from the APGI dispatch

control center in Alcoa, Tennessee.

The HAP on-site assessment was performed on April 18, 2012. The Cls for three units fall
within the 3<CI<7 range, and the overall plant Cl is 6.07, indicating the units and facility are in
fair condition, but not functioning optimally. The HAP performance assessment at the Falls site
shows that during the years between 2009 and 2012 (until April), the averaged APP was 12
MW, based on the historical operations records, while the LTSP was 20.55 MW. The potential
plant generation improvements due to plant efficiency improvements from optimized plant
dispatch, while producing the same power at the same time, were significant for the Yadkin
Falls Plant, with a three-year total of 7,362 MWh and a 2009 to 2011 average of 2.4%. The
potential generation improvements from using the available water at the peak plant efficiencies
are also significant, with a three-year total of 5,086 MWh and a three-year average of 2.1%.
However, actual generation improvement opportunities may be higher. The computed
generation improvements depend on the questionable accuracy of the CPL unit performance
characteristics. The potential generation improvements from the combination of optimized plant
dispatch, improved scheduling, and state-of-the-art turbines and generators (at PPL) is about
28.8%. In addition, the plant has lost significant generation due to accumulated trash and
debris on the trash racks (6,400 MWh) and due to avoidable spill (21,276 MWh).

Due to the unit overhauls and replacements in 1962 and 1983, there is a variety of technology in
use at Falls. The original equipment still in use, which is over 90 years old, will pose a
challenge for any future modernizations. Also, the aging civil features are presenting reliability
and maintenance issues. Clearly there are opportunities to use updated technology and
improved operational processes to improve unit efficiency and reliability at Falls. Specific key

recommendations that highlight these opportunities include:

e Replace Units 2 and 3 turbine runners to ensure reliability and limit maintenance efforts,

and evaluate draft tube modifications.
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¢ Due to age and general wear, turbine components, including stay vanes (Unit 1), spiral
case (all units), wicket gates (all units), and draft tube (Unit 1), are candidates for
rehabilitation and/or replacement.

¢ Install a flow monitoring system to address unit performance optimization. Performance
characteristics for the Yadkin Falls units should be accurately determined, and relative or
absolute flow rates should be measured for each unit and included in the plant archival
data. Unit performance based on the archival data should be periodically compared with
the expected values.

¢ Install an automated trash monitoring system to trigger cleanings and improve efficiency
by limiting intake head losses.

¢ Install/replace seals on trash sluice gate to reduce leakage, refurbish Stoney gates and
associated components (i.e., guide bearing plates) to ensure gate functionality and
reliability.

¢ Modernize the oil system for Units 2 and 3 and replace the Unit 1 oil system.

e Further evaluate the elevated Low Voltage and Ho C1 bushing power factors on Unit 3
transformer and replace bushings if necessary.

e Other secondary recommendations are outlined within the report. A more thorough
study of the historical data and a complete crawl-through inspection, with the units
dewatered, would yield a more complete plant condition assessment addressing

performance, maintenance, and reliability issues.

Alder Hydropower Facility

The Tacoma Power Alder hydropower facility was completed for commercial operation in 1945.
Alder is located in northwest Washington on the Nisqually River, upstream from the LaGrande
hydropower facility. Alder is part of Tacoma’s Nisqually River Project, which also includes
LaGrande. The primary purpose of the facility is to provide power generation. The facility has
two vertical Francis turbine generating units (Units 11 and 12) with a licensed capacity of 25
MW each at a rated head of 273 ft, for a total plant capacity of 50 MW.

The HAP on-site assessment was performed on August 7, 2012. During the site visit, Unit 12
was in outage and Unit 11 was operating. The reservoir elevation at the time of the site visit
was 1203.56 ft, and the tailwater elevation was 931.16 ft. Based on the condition assessment,
the overall CI for the plant is 6.78, indicating a fair to good condition (ClI falls within the range of
3=<ClI<7). The HAP performance assessment at the Alder site shows that during the years
between 2009 and 2011, the averaged APP was 26.55 MW, based on the historical operations
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records, while the LTSP was 33.05 MW. The potential plant generation improvements due to
plant efficiency improvements from direct optimization, while producing the same power at the
same time, are significant for the Alder plant, with a three-year total of 20,785 MWh and a three-
year average of 3.0% improvement. The potential generation improvements from using the
available water at the peak plant efficiencies are also significant, with a three-year total of
19,365 MWh and a three-year average of 2.8% improvement. However, the potential
generation improvement from the combination of optimized plant dispatch, improved scheduling,
and state-of-the-art turbines and generators is up to 12.0% at PPL. Correlation analyses
indicate that Unit 12 may be somewhat more efficient than expected and that improved
maintenance of the Unit 12 acoustic flowmeter, or replacement with a multipath wetted-
transducer acoustic flowmeter, may be needed at Alder.

Due to aging components and mixed technology levels, there are clearly opportunities to use
updated technology, along with the improved operational process, to improve unit efficiency and
reliability at Alder. Specific key recommendations that highlight these opportunities include:

¢ Replace the turbine runners with stainless steel runners to ensure long-term reliability.

¢ Rehabilitate or modify the following turbine components: wicket gates, including end
seals and mechanisms; stay vanes; spiral case; draft tubes; servomotors; and vacuum
breaker.

¢ Install embedded wicket gate end seals.

e Rewind both the stators and rotors with class F insulation.

o For the Unit 11 generator, install partial discharge (PD) couplers and collect and trend
test data on a regular basis, as is currently done for Unit 12.

e Procure a spare PPT rated at 308 kilovolt ampere (kVA) because the loss of the PPT
without a spare can result in significant down time.

¢ Replace the GE WESDAC because it is a liability for maintenance and security.

¢ Install an automated trash monitoring system to trigger cleanings.

e Other secondary recommendations are outlined within the report. A more thorough
study of the historical data and a complete crawl-through inspection, with the unit/units
dewatered, would yield a more complete plant condition assessment addressing

performance, maintenance, and reliability issues.
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LaGrande Hydropower Facility

The Tacoma Power LaGrande hydropower facility was originally constructed in 1912. However,
in 1945 a new dam was built, and the existing powerhouse was refurbished with the addition of
a fifth turbine-generating unit. LaGrande is part of Tacoma Power’s Nisqually River Project,
which includes both the LaGrande and Alder hydropower facilities. LaGrande is located
downstream of Alder on the Nisqually River in northwestern Washington. The facility is primarily
used for power generation. The plant has five turbine generating units. Units 1-4 are horizontal
Francis turbines with an installed capacity of 6 MW each, and Unit 5 is a vertical Francis turbine
with an installed capacity of 40 MW at a net of head of 413 ft, for a total plant capacity of 64
MW.

The HAP on-site assessment was performed on August 7, 2012. The headwater elevation at
the time of the site visit was 931 ft, and the tailwater elevation was 516 ft. Based on the
condition assessment, the overall ClI for the plant is 7.11, indicating a good condition (CI falls
within the range of 7<CI<10). Therefore, operations and maintenance activities may continue
without restriction. The HAP performance assessment at the LaGrande site shows that during
the years between 2009 and 2011, the averaged APP was 41.48 MW, based on the historical
operations records, while the LTSP was 51.59 MW. The potential plant generation
improvements due to plant efficiency improvements from direct optimization, while producing
the same power at the same time, are significant for the LaGrande Plant, with a three-year total
of 19,384 MWh and a three-year average of 1.8% improvement. Most of this generation
improvement is achievable if a particular operational pattern (i.e., the wrong number of small
units is operating, and Unit 5 is not operating at the optimum power level) can be reduced. The
potential generation improvements from using the available water at the peak plant efficiencies
are also significant, with a three-year total of 15,558 MWh and a three-year average of 1.4%
improvement. Water management issues may affect the portion of this potential improvement
that is practically achievable. The potential generation improvement from the combination of
optimized plant dispatch, improved scheduling, and state-of-the-art turbines and generators is
up to 6.43% at PPL.

Due to aging components and mixed technology levels, there are clearly opportunities to use
updated technology and improved operational processes to improve unit efficiency and reliability

at LaGrande. Specific key recommendations that highlight these opportunities include:

e Consider improving the unit and plant performance characteristics by carefully

measuring tunnel and penstock head losses, by periodically comparing expected and
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measured performance of the units, and by developing performance indicators to
guantify and track recoverable suboptimization.

Replace the Unit 5 turbine runner with a stainless steel runner to ensure long-term
reliability.

Rehabilitate or modify the following Unit 5 turbine components: wicket gates, including
end seals and mechanisms; stay vanes; spiral case; draft tube; servomotors; and
vacuum breaker.

Rehabilitate or modify the following turbine components for Units 1 through 4: stay
vanes, spiral case, and draft tubes.

Install embedded wicket gate end seals on the Unit 5 wicket gates.

For the Unit 5 generator, rewind the rotors or procure spare poles to ensure reliability.
Per the utility’s priority plan, replace the Unit 5 exciter in the near future.

For Units 1 through 5, institute an electric diagnostic testing program that includes bridge
tests for both generator stators and rotors.

Upgrade the Supervisory Control and Data Acquisition (SCADA)/server system with the
most recent software.

Install an automated trash monitoring system to trigger cleanings.

Replace/rebuild the existing river outlet valve to ensure availability and reduce valve
leakage.

Other secondary recommendations are outlined within the report. A more thorough
study of the historical data and a complete crawl-through inspection, with the units
dewatered, would yield a more complete plant condition assessment addressing

performance, maintenance, and reliability issues.

Trending Analysis for Aggregated Assessment Results

The major facility characteristics and assessment results are aggregated in Table 1. The

approximate costs with Association for Advancement of Cost Engineering International (AACEI)

Class 5 (concept screening) characteristics were estimated in the HAP individual assessment

reports. These cost estimates were intended to support determinations by the Department of

Energy (DOE) and hydropower facility owners as to which facility upgrades were worthy of

further studies. Such studies are beyond the scope of this report, but would develop refined

(Class 3 — Budget Authorization) cost estimates and refined benefit and value results to support

budget authorizations for capital or major process improvements at the hydropower facilities that

have been assessed.
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Table 1: Aggregated Assessment Results for Eight Hydropower Facilities

Potential
Potential Potential Annual Cost Estimate
Installed Overall Generation | Generation Generation for
Capacity Design Turbine Starting Turbine Facility Performance | Increase (%) | Increase (%) Increase at Recommended
Facility Name (MW) Head (ft) Type Year Average CI | Overall Cl | Process Score at PPL at CPL PPL (MWh) Upgrades (10°9)
Rhodhiss
(Duke Energy) 28.2 59 Francis 1925 6.32 5.45 4.8 9.8% 4.7% 4,600 3.6
Center Hill
(USACE) 135 160 Francis 1951 6.03 5.30 6 4.2% 0.7% 14,400 28.1
Flaming Gorge
(USBR) 152 400 Francis 1964 8.40 7.78 8.7 2.2% 2.0% 9,600 1.0
Tuckertown Propeller
(Alcoa) 38.04 53.5 /Francis 1962 5.53 6.07 8 11.0% 1.2% 8,500 13.0
Falls
(Alcoa) 31.13 54 Kaplan 1919 4,93 6.07 4 28.8% 4.6% 24,740 20.4
Watauga
(TVA) 57.6 216 Francis 1949 4.57 6.54 4 7.0% 0.9% 7,565 18.0
Alder
(Tacoma) 50 273 Francis 1945 6.61 6.76 6 12.0% 4.7% 27,603 19.2
LaGrande 1912/
(Tacoma) 64 403 Francis 1945 7.38 7.11 6 6.4% 2.4% 23,417 13.8
Note 1: The upgrade cost for Alder and LaGrande are taken directly from Tacoma Power's upgrading plans.

Note 2: The performance process scores, originally on a 0 to 5 basis, have been doubled for consistency with the condition indicators.
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Although different levels of historic and recent upgrades have been done at the assessed
facilities, some general trends among the facility ages, condition indicators, potentials for
generation increases and costs of upgrades can still be demonstrated, as shown in Figures 1
through 4. Figure 1 shows the averaged turbine CI (red squares) decreases with the facility
age, while the additional generation potential increases (blue triangles) with the facility age.
Figure 2 shows that less additional power generation would be obtained for the plants and
turbines with better condition, while Figure 3 shows that the upgrading costs are largely
proportional to the additional annual generations. Figure 4 provides correlations between the
performance process scores (Ref: Performance Assessment Manual - Appendix 2.02) for the
eight facilities and the condition indicators (average turbine condition and overall plant
condition). Strong correlations can be observed for both condition indicators, with the primary
outlier corresponding to a well-operated plant in need of significant rehabilitation.
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Figure 1: Condition Indicators and Potential Generation Increases vs. Facility Ages
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Potential Generation Increase (%)
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Figure 2: Potential Generation Increase (%) vs. Condition Indicators
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Figure 3: Upgrading Cost ($ million) vs. Additional Annual Generation (MWh)
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10

Correlations between Condition Indicator Scores and Performance Process Scores
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Figure 4: Correlations between Condition Indicator Scores and Performance Process

Scores

The above trending analyses demonstrate that the HAP-developed condition and performance
assessment methodologies can be used for standard assessments in a greater scope of
hydropower facilities. If more standard assessments were completed, the trending and
regression analysis would have a stronger statistical basis, providing more accurate prediction
for the potential energy increase through operational process improvement and technology and

asset upgrades in the existing U.S. hydro fleet.
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