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EXECUTIVE SUMMARY 

This condition and performance assessment report presents results of the third in a series of 

evolving standard assessments in the development of the Hydropower Advancement Project 

(HAP) standard assessment methodology.  The priority objective for this report is to document 

the condition and performance of the facility and its components and identify the improvements 

that should be examined in subsequent cost-benefit estimation and prioritization activities.  The 

report includes approximate cost estimates with AACEI Class 5 (concept screening) 

characteristics of project definition, end usage, methodology, and expected accuracy.  These 

cost estimates are intended to support determinations by DOE and hydropower facility owners 

as to which facility upgrades are 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. 

The United States Bureau of Reclamation (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’s Glen Canyon hydropower facility in Page, 

Arizona.  

The HAP assessment was performed on February 22, 2012, by a team of hydropower experts 

and engineers from Mesa Associates, HPPi, and ORNL.   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 runner.  The overall 

condition of the units and plant was found to be very good (CI>7).  The condition can be 

attributed to recent modernization efforts, comprehensive maintenance and inspection records, 

and frequent and routine maintenance procedures.   

During the years between 2009 and 2011, the averaged Actual Power Production (APP) was 

51.7 MW based on the historical operations records, while the Long-Term Stream Power 

(LTSP) was 60.4 MW based on plant flow data and 62.6 MW based on USGS flow 

measurements at 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 
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about 0.2% for the analyzed years (2008 – 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: 

 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.  

 Update the dated automation system to a newer version for long term viability. 

 Install an improved condition monitoring system. 

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

 Closely monitor carbon monoxide generation rates in the transformer oil and trend for 

future comparison. 

 Incorporate stator, rotor, PPT, and transformer (GSU) winding resistance test into the 

electrical test program to gauge deterioration of electrical connections.   

 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 liner 

to help reduce maintenance efforts and improve hydraulic performance. 

In summary, there are some minor opportunities for improved efficiency and reliability at the 

facility despite the overall good condition of the plant. 
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1.0 Introduction 

This condition and performance assessment report presents results of the third in a series of 

evolving standard assessments in the development of the Hydropower Advancement Project 

(HAP) standard assessment methodology.  The priority objective for this report is to document 

the condition and performance of the facility and its components and identify the improvements 

that should be examined in subsequent cost-benefit estimation and prioritization activities.  The 

report includes approximate cost estimates with AACEI Class 5 (concept screening) 

characteristics of project definition; end usage, methodology, and expected accuracy (see DOE 

G 413.3-21).  These cost estimates are intended to support determinations by DOE and 

hydropower facility owners as to which facility upgrades are 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. 

1.1 Objective and Scope of Assessment 

The objective of HAP assessment is to identify the potential for asset improvements (including 

expansion) and the opportunity for operation process improvement at the Flaming Gorge 

hydropower facility.  The HAP evaluation includes both performance and condition 

assessments. 

The condition assessment aims to quantitatively rate the condition of plant assets.  The scope of 

assets for HAP assessment include all major components in mechanical, electrical, civil, and 

instruments and controls (I&C) systems, as well as some auxiliary mechanical components in 

the plant.  Eventually, the assessment results will be aggregated from all assessed facilities to 

characterize and trend the asset conditions across different facilities, owner fleets, regions, and 

overall U.S. hydropower fleet, and also to correlate the performance to the condition ratings.  

1.2 Plant General Information 

The United State Bureau of Reclamation owns and operates the Flaming Gorge hydropower 

facility which is located on the Green River in Daggett County in northeastern Utah (45˚54’52”N, 

109˚25’17”W).  The dam forms the Flaming Gorge Reservoir which has a capacity of 3,788,700 

acre-ft.  Flaming Gorge was constructed as part of the Colorado River Storage Project (CRSP) 

which provides storage for and distributes water to the upper Colorado River basin.  

http://www.directives.doe.gov/directives/0413.3-EGuide-21/view
http://www.directives.doe.gov/directives/0413.3-EGuide-21/view
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Construction on the dam began in 1958, and Flaming Gorge was commissioned for operation in 

1964.  The plant has three Francis turbine generating units each with a nominal rating of 50.7 

MW at a design net head of 440 ft (total capacity is 152 MW).  The original nameplate capacity 

of the units was 36 MW each, but the generators were uprated to 50.7 MW in the early 1990s 

and the turbines were modernized in the mid-2000s.  

The significant refurbishment, rehabilitation, and upgrading events at Flaming Gorge are listed 

as follows:  

 1978 – Three large selective withdrawal structures were installed on the upstream face 

of the dam over the penstock intakes and trash rack structure.  

 1981 – Aeration slot was installed in the spillway tunnel. 

 1990-1992 – All three generators were up-rated to a capacity of 50.7 MW. 

 2001 – GSU transformers were replaced with larger capacity transformers.  

 2005-2007 – Turbines were modernized. 

 

Figure 1.1:  Flaming Gorge Dam and Powerhouse 

 

1.3 Site Visit and Acknowledgment  

The first task to complete was to collect information and data for the team to review prior to the 

official site visit.  Three team members made a pre-assessment visit to the site on January 31, 

2012, to collect information and data for the team.  The plant personnel were very helpful and 
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knowledgeable regarding plant operations.  This “mining” of data proved to be extremely 

valuable in preparing the assessment team for the official site visit. The assessment team was 

provided with several maintenance and operational documents.  The team was also provided 

with the original design and construction information and results from multiple inspections, 

including one as recently as 2011. 

The site visit was performed on February 22, 2012 by a team of engineers and experts from 

Mesa Associates, ORNL, and HPPi with extensive hydropower experience.  During the site visit, 

the team was able to verify pre-assessment information and gather any missing data necessary 

to finalize the assessment. 
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2.0 Condition Assessment 

2.1 Mechanical Components 

The mechanical portion of the assessment is limited to the following components: 1) turbines, 2) 

governors, 3) raw water system, and 4) lubrication system. 

Description of Turbine Power Train 

The three turbine units are vertical shaft Francis type rated at 68,000 hp with an effective head 

ranging from 260 to 440 ft.  Each turbine is comprised of the following components:  spiral case, 

turbine runner, guide bearing, packing box (mechanical seal), wear ring, head cover, bottom 

ring, wicket gate facing plates, wicket gates and mechanisms, stay vanes, wicket gate 

servomotors, air admission system, depressing air system, and centralized greasing system. 

 Turbine manufacturer:  VA Tech Hydro 

 Turbines modernized:  2005 Unit 3, 2007 Unit 2, and 2008 Unit 1 

 Rated Output (MW):  151.9 plant 

 Rated Output (hp):  68,000 per unit  

 Rated Speed (rpm):  240 

 Rated net head (ft):  440 

 Maximum net head (ft):  502 

Description of Governor 

The three governors are original and were designed and furnished by the Woodward Governor 

Company.  The governors are used to regulate the speed of the turbines.  The governors are of 

the oil pressure cabinet type.  Power to move the turbine wicket gates is supplied by oil under 

pneumatic pressure stored in a tank adjacent to the governor cabinet.  The oil under pressure 

operates the wicket gates by the use of servo motors.  

 Capacity of 105,000 ft-lbs in 5 seconds. 

 Timing (full gate to beginning of cushion stroke) adjusted to between 5 and 15 seconds. 

 Sensitivity, responds to .02 percent speed change. 

 Normal tank pressure, 270 to 300 psi. 

 Designed working pressure, 330 psi. 

 Pressure tank capacity, permits 5 servo motor strokes with a starting pressure of 265 psi 

and oil pump inoperative. 

 Oil capacity is 40 gpm per pump (2 pumps, one lead and one lag). 
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Description of Raw Water System  

Each unit has two separate cooling water systems, one for the generator air coolers and one for 

the turbine generator bearings and turbine wearing rings.  The systems were designed to meet 

the following requirements: 

 Generator air coolers:  400 gpm 

 Bearings and wearing rings:  83 gpm 

 Total flow in each unit:  483 gpm 

Water for the generator air coolers for each unit is taken from the individual unit’s draft tube and 

pumped through the coolers by a centrifugal pumping unit rated 400 gpm at 90 ft head.  The 

pump is located in the pipe gallery.  The pump circulates water through four generator coolers 

located in the generator air housing and then discharges into the tail-race.  

The bearing cooling water and turbine seal water supply is taken from the individual unit’s spiral 

case.  Pressure is reduced to 40 psi by a reducing valve with a bypass.  Turbine seal water 

comes from the same source, but pressure is not reduced, and flow, controlled by a separate 

motor-operated valve, is required only when the unit is condensing with the tailwater depressed.  

Supplementary to the two plant cooling water intakes is a third intake which supplies water to 

the water treatment plant for the nearby township of Dutch John, Utah.  This intake is supplied 

with water via the penstock from each unit. This system is actually owned by Daggett County 

but is maintained by Flaming Gorge plant personnel.  

Description of Lubrication System 

All of the generator and the turbine guide bearings are self-lubricated in static oil baths.  In 

addition, there is a high pressure lift pump provided for lubrication of the thrust bearing during 

start up and shutdown. 

Oil Capacities: 

 Thrust and generator upper guide bearing reservoir, 700 gallons. 

 Generator lower guide bearing reservoir, 200 gallons. 

 Turbine guide bearing reservoir, 45 gallons. 

The bearing oil is cooled by water circulated through heat exchangers located in the oil 

reservoirs.  Additional oil is stored in tanks located in the oil storage room.  Two 1,500 gallon 

tanks are provided for clean/filtered oil and unfiltered oil.  Equipment is provided to purify used 
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oil by filtration.  Pumps and piping are in place to fill and to remove oil from the bearing 

reservoirs if necessary.  Except in situations when the oil reservoirs have to be drained for 

bearing maintenance, oil filtration is accomplished by Kidney Loop oil filtration. 

2.1.1 Observations and descriptions 

Francis Turbines 

Spiral Case 

Although no material specifications were found during the inspection, it is common practice to 

manufacture the spiral case from carbon steel.  The shop welded plate steel spiral case was 

made in four sections.  The turbine spiral case is designed for an internal hydrostatic pressure 

of 230 psi which is the maximum expected operating pressure, including water hammer.   

Unit 1 was fully dewatered and access through the spiral case door allowed internal visual 

inspection during the site visit.  The Unit 1 spiral case was in good condition.  There was 

minimal surface rust and large areas coated with the Wasser MC-Tar product (Figure 2.1).  This 

black coating combines moisture-cured urethane technology, micaceous iron oxide, and refined 

coal tar resin to produce superior corrosion resistance.   

There were also small patches of Wasser MC-Zinc product used on the internal walls of the 

scroll case (Figure 2.2).  This gray coating is a zinc-pigmented, moisture-cured polyurethane 

weldable primer and offers good corrosion protection for touch-ups and damage repairs.  

Stay Vanes 

Unit 1 was fully dewatered and access through the spiral case door allowed internal visual 

inspection of the stay vanes.  The Unit 1 stay vanes were in good condition (Figure 2.3).  There 

was no surface rust.  However, large areas were coated with the Wasser MC-Tar product.  

There were also small patches of Wasser MC-Zinc product used on the internal walls of the 

scroll case.  The 2011 Annual Inspection Report states this is a consistent assessment for Units 

2 and 3. 

Turbine Runner 

The three power train units have modern numerical flow analysis (CFD) and hydraulic model 

tested Francis runners.  Detailed drawings of the runner design were reviewed.  The drawings 

indicated that CNC machining was performed and tight tolerances were achieved.  This modern 

quality was confirmed with visual inspection of the Unit 1 runner (Figure 2.4).  This runner has 

been in operation for over four years and except for the minor damage is in excellent condition.  
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This is primarily attributed to the runner being manufactured from advanced iron-chromium-

nickel alloy casting (ASTM A743 CF-3).  This material imparts an excellent corrosion resistance 

to the runner. 

 

 

Figure 2.1: Unit 1 Scroll Case (Looking Downstream) 

 

 

 

Figure 2.2: Unit 1 Scroll Case (Looking Upstream) 
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Figure 2.3: Unit 1 Stay Vanes (Typical) 

 

 

 

Figure 2.4: Unit 1 Runner (Typical for Units 2 and 3) 

 

There was slight damage observed to the underside of the runner: 

 Cavitation pitting (frosting) adjacent to aeration ports, approximately 1.5 in. to 2 in. in 

diameter with pit depth < 1/16 in. (Figure 2.5) 
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 Twin frosting spots at the band/blade junction, approximately 1/8 in. to 1/4 in. with only 

surface pit depth (Figure 2.6) 

This frosting is carefully monitored by plant maintenance personnel.  However no weld repair 

had been undertaken at the time of this assessment.  According to the 2011 Annual Inspection 

Report, the areas of frosting do not appear to be worsening.    

 

 

Figure 2.5: Unit 1 Aeration Ports and Cavitation Pitting 

 

 

Figure 2.6: Unit 1 Band/Blade Frosting Cavitation 

 

Draft Tube 

Unit 1 was fully dewatered and access through the draft tube man-door allowed internal visual 

inspection of the upper and lower sections of draft tube.  The draft tube liner is made of welded 

plate steel and extends 14 ft below the centerline of the distributor.  The Unit 1 draft tube was in 

good condition.  There were large areas coated with the Wasser MC-Tar product (Figures 2.7 

and 9). There were also small patches of Wasser MC-Zinc product used on the internal walls of 
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the draft tube.  The 2011 Annual Inspection Report states that this is a consistent assessment 

for Units 2 and 3. 

 

 

Figure 2.7: Upper Draft Tube 

 

 

Figure 2.8: Lower Draft Tube (Looking Downstream) 

 

Main Shaft 

The turbine shaft is made of forged steel and is designed to operate at full runaway speed 

without vibration or objectionable distortion.  A 3-9/16 in. diameter hole is bored axially through 
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the shaft for visual inspection.  The upper end of the hole is permanently plugged.  The turbine 

shaft (Figure 2.9) is polished where it passes through the guide bearing, and a 

removable/renewable split stainless steel sleeve is provided where the shaft passes through the 

packing box in the head cover.  All main shafts are in excellent condition. 

 

 

Figure 2.9: Turbine Gallery Unit 2 Main Shaft  

 

Guide Bearings 

The turbine guide bearings, generator upper and lower guide bearings, and the generator thrust 

are oil bath lubricated bearing sets with cooling coils and a thermostatically controlled heater 

within each of the three oil reservoirs.  The purpose of the thermostat controlled heater is to 

keep the oil temperature several degrees above ambient temperature to prevent condensation 

when the unit is shut down.  The cooling water flow is regulated by the discharge valve so that 

the bearing is warm but not over 60°C. 

The turbine guide bearing is a babbitt-lined cast iron shell made in two sections bolted together 

to permit dismantling.  The main bearing support, the cover, and the oil pan are constructed of 

cast steel.  Each part is made in two sections for ease of assembly (Figure 2.10).  The bearing 
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is provided with a partially submerged lubricating system.  The 2011 Annual Inspection Report 

states a good operating condition for the guide bearings for all three units. 

 

Figure 2.10: Underside of Bearing Oil Pan with Heat Exchanger Piping 

 

Mechanical Seal (Packing Box) 

The mechanical seals for all three units were not accessible during the site visit.  Operators 

state that there is no current leakage and the 2011 Annual Inspection Report states a good 

operating condition for all three units.  Graphite rope is used to wrap around the shaft to form 

the seal.  Unit 1 is scheduled for packing box rope replacement during the current outage 

(Figure 2.11).  

 

 

Figure 2.11: Shaft Seal Packing Rope 
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Head Cover 

The cast steel head cover is made in one piece (Figure 2.12).  This component was fully painted 

and appeared to be in good condition.  Plant personnel indicated that the V-packing (head 

cover/wicket gate shaft) and upper wear seal had been replaced during the following outages: 

Unit 3 in 2007, Unit 2 in 2008, and Unit 1 in 2009.  Unit 1 will be replaced again with the current 

Unit 1 outage (2012). 

 

 

 

 

 

 

 

 

Figure 2.12: Unit 1 Head Cover and Linkages 

 

Wicket Gates and Mechanisms 

The 24 cast steel wicket gates were replaced for each unit with stainless steel gates when the 

respective unit runners were replaced (2005-2008). Their function is to control the supply of 

water to the runner (Figure 2.13).  Each gate stem has three bronze bushed guide bearings, 

with one located in the bottom ring and the other two in the head cover.  The wicket gate stems 

are provided with stainless steel sleeves in the bottom ring sockets and where they pass 

through the head cover. 

 



HAP Assessment Report – Flaming Gorge                                                                                                       Page 22 
 

 

Figure 2.13: Stainless Steel Wicket Gates 

 

Forced grease lubrication is applied independently to each of the gate stem bushings.  The 

lower stem and intermediate bushings are on an automated greasing system (daily).  These 

bushings are underwater and require more frequent greasing as the water tends to wash away 

the grease.  The greasing of the upper stem bushings (Auxiliary and Inner Ring circuits) is a 

manual system on a weekly re-grease schedule.  These bushings are located in the turbine pit 

and are considered above-water fittings. 

Each wicket gate is equipped with a shear pin.  The pin is designed to withstand the maximum 

normal operating hydraulic forces but will break in either the opening or closing direction in the 

event the gate becomes blocked.  The mechanism is designed so that failure of one shear pin 

will not cause progressive failure of the adjacent pins.  An eccentric pin is provided in each 

wicket gate linkage for adjusting an individual gate independently of the others.  There is a 

shear pin failure alarm system to alert plant personnel of a pin failure.  The shear pin failure 

alarm system not only alarms when a pin has sheared, but it also identifies the individual pin 

that has sheared.  

The turbine gate operating mechanism is powered by two oil pressure, double acting hydraulic 

servomotors.  They are designed to move the wicket gates a full opening or closing stroke in 

four seconds with minimum oil pressure under maximum head, including water hammer on the 

turbine.  An automatic mechanical gate lock is provided on the left servomotor to secure the 

gates in the closed position upon shutdown of the unit.  
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The 2011 Annual Inspection Report provides full data for the following critical clearances on all 

three units: 

 Clearance between upper and lower curb plates and wicket gates; 

 Clearance between wicket gates, closed position with pressure release. 

The clearances on all three units were within the satisfactory limit range. 

Evacuation Air System (Depressing Air) 

There is no dedicated vacuum breaker in the turbine power train.  Turbine venting is controlled 

by a 4 in. depressing air automatic valve (see Figure 2.14).  The air is admitted directly to the 

area below the headcover.  The air is then divided with one portion flowing through the radial 

holes in the shaft to the snorkel and the other through six rectangular holes of approximately 3 

in. by 5 1/2 in. in the runner crown.  Six 4 in. balance pipes are provided between the head 

cover and the draft tube to reduce the hydraulic down thrust.  This blow down system was 

installed with each new runner replacement and is in excellent condition. 

 

 

Figure 2.14: Depressing Air System 
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Aeration Device 

Aeration is integrated into the runner hub with a series of ports (Figure 2.5).  The intake is 

located on the upstream side wall of the powerhouse adjacent to the transformers (Figure 2.15).  

Operators have reported no issues with the system. 

 

 
 

Figure 2.15: Aeration Intake 
 
Bottom Ring 

The cast steel bottom ring is made in one piece.  The bottom ring houses the lower seal which 

was replaced with each runner overhaul. 

Governors 

Oil Pressure System 

The governor system is provided with one 45 gpm rotary oil pump driven by a 15 hp motor.  

Sufficient oil is pumped into the pressure tank to cover the float valve, and then air is added 

from the station service system.  After the air is added, oil is pumped into the pressure tank until 

the oil level corresponding to a pressure of 265 psi is reached.  The full pumping cycle data is in 

the 2011 Governor Inspection Report.  Pressures, pump times, rise in tank level, and time 

between pumping cycles were recorded.  All data values are satisfactory.  Plant personnel 

reported that there are no leaks in the governor oil pressure tank thus eliminating the need to 

blow the governor oil pressure tank down to re-stabilize the correct oil level and pressure in the 

oil tank. 
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Flow Distributing Valves 

The governor is normally operated on the main valve.  The governor can be placed on the 

auxiliary valve for manual operation by using the transfer valve at the governor.  When on the 

auxiliary valve, the gate position follows the gate limit.  The main valve is a four-way valve 

controlled hydraulically by the pilot valve assembly (Figure 2.16).  The main distributing valve 

and auxiliary valves for all three units were last inspected during the 2011 Governor Inspection.  

The following items were cleaned and inspected: 

 Pilot valve plunger and bushing for free movement; 

 Distributing valve main plunger for free movement; 

 Operation of transfer valve and auxiliary valve; 

 Main valve bushing ports for dirt and sludge. 

 

 

Figure 2.16: Governor Mechanism 

 

Control System 

Gate limit control is used to limit the opening position of the servomotor through operation of the 

main and auxiliary valves.  Speed changer control is used in adjusting the speed which the 

governor seeks to maintain, between 85% and 105% of synchronous speed.  Speed droop is 

used on an interconnected system to divide load changes between the units operating in 

parallel.  This affects the ability of the governor to respond in terms of movement. 
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Gate limit, speed adjust, dashpot by-pass control, and speed droop systems were cleaned, 

lubricated, and inspected during the 2011 Governor Inspection.  The control devices on all three 

governors were in very good operational condition (Figure 2.17). 

 

 

Figure 2.17: Governor Control Cabinet 

Speed Sensing Device 

Permanent magnet generator (PMG) is used as the governor speed sensing device to maintain 

100% speed.  The governor ball head (flyball) is driven by a synchronous motor receiving its 

current from the PMG.  The PMG is a self-excited generator mounted on top of the generator 

shaft.  All operations of this device were inspected during the 2011 Annual Inspection and were 

found to be in good operating condition for all three units.  

Feedback Device 

A governor tachometer, which gives speed feedback to the control system, is driven electrically 

by the PMG for measuring the unit speed.  This device was last checked during the 2011 

Annual Inspection and was reported to be in good operational condition. 

Raw Water System 

Supply Intake 

There are two sources of plant raw water: 

 Raw water is removed from the spiral case at a 4 in. pipe penetration adjacent to the 

spiral case door (Figure 2.18).  This services two cooling applications:  1) the three 
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bearing oil heat exchangers within the three oil pans (reservoirs), and 2) the upper and 

lower stationary wear rings.  The pressure out of the intake is 180 psi which is 

maintained for the seal water but reduces to 40 psi as it passes through a pressure 

reducing station at the bearing oil heat exchangers.  This intake was inspected and 

found to be in good condition for Unit 1. 

 

 

Figure 2:18: Raw Water Supply Intake 

 

 Raw water is pumped from a secondary cooling water intake located at a horizontal 

section of the draft tube.  This services the four generator air coolers at 35 psi at 400 

gpm.  Assessment of this intake was not possible. 

Strainers 

All raw water supply passes through Hellan Strainers (Figure 2.19).  These strainers employ two 

hand-wheel equipped rotating screens and rigid scraper bars to remove solids from the surface 

of the screen.  The cleaning cycle must be performed when the pressure drop across the 

strainer reaches a set level.  The generator cooler circuit is supplied by a 6 in. water header, 

and the bearing heat exchanger circuit is supplied by a 4 in. water header.  All strainers were 

replaced at the same time as the runner replacement.  The strainers are inspected on the plant 

annual inspection schedule and are in excellent condition. 

Pumps 

Plant personnel stated that the performance of the generator cooler water pump (Figure 2.20) 

has declined.  When the pump cover was removed, a worn impeller was discovered.  The 

pumps on all three units are original plant equipment.  The three pumps are scheduled to be 

removed and rebuilt in the coming years, starting with Unit 1 which is in current outage. 
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Figure 2.19: Dual Screen Strainer 

 

 

 

Figure 2.20: Generator Cooler Water Pump 

 

Valves 

All raw water valves were replaced during each unit runner replacement outage and are in good 

condition (Figure 2.21). 
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Figure 2.21: Pressure Reducing Valve and Bypass Station 

 

Generator Coolers 

Two of the generator coolers from Unit 1 (Figure 2.22) were visually inspected and were in good 

condition.  No leaks were observed.  These coolers and cooler pipe work were replaced at the 

same time the generator was up-rated. 

 

 

Figure 2.22: Generator Cooler  
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Piping 

Raw water pipe work was replaced at the same time as each unit runner replacement outage.  

Plant cooling water piping conforms to the best practice (ASME 13.1) for labeling (Figure 2.23).  

The raw water piping does not have condensation insulation.  However, it was reported by plant 

personnel that this is not an issue. 

 

 

Figure 2:23 Labeled Piping 

Instrumentation/Monitoring  

Raw water instrumentation was replaced at the same time as each unit runner replacement 

outage.  This includes analog pressure gauges, digital temperature gauges, and differential 

pressure transmitters (Figure 2.24).  All are in excellent operational condition. 

 

Figure 2.24: Cooling Water Instruments 
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Lubrication System 

Lubricant 

The plant uses Exxon Mobil TERESSTIC 68 circulating oil, which has ISO viscosity grade 68.  

This hydrocarbon (mineral-based) is a best practice dependable lubricant for extended service 

periods – often for years.  It resists high temperatures, prevents rust, and sheds entrained water 

and air.  TERESSTIC 68 circulating oil performs in hydraulic systems (governor) and circulating 

lubrication systems (bearings).  Each unit has an annual oil analysis with an ISO 9001 

registered laboratory.  The last oil analysis was performed on September 8, 2011 for Unit 1 and 

April 25, 2011 for Units 2 and 3.  The reports include analysis history dating back to 2008. 

Each unit’s report includes a sample from upper generator guide thrust bearing reservoir, 

turbine guide bearing reservoir, governor tank, and tower guide bearing reservoir.  In each case, 

except Unit 2 turbine guide bearing, the particle count levels were found to be acceptable and 

suitable for continued use.  For the Unit 2 turbine guide bearing, the particle count levels were 

found to be high.  It was recommended that the filter be changed, additional filtration be 

performed, and that the oil be re-sampled at half the normal interval.  

Filter Sub-System 

Oil filtering is currently carried out at the equipment.  Separate auxiliary mobile cleaning 

systems (kidney loop) are transported to the oil reservoirs and governor tank (Figure 2.25). 

 

 

Figure 2.25: Mobile Kidney Loop Filtration System 
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Cooling Sub-System 

The bearing oil is cooled by water circulated through heat exchangers located in the oil 

reservoirs.  Water is supplied through pressure regulating valves from the scroll case located in 

the oil storage room.  

Oil Pumps 

Pumps are not routinely used for circulation of lubricating oil since this is not a pressurized 

system.  Pumps and piping are in place to fill/add and to remove oil from the bearing reservoirs 

to storage tanks; therefore, they have very low usage.  The plant does have lift oil pumps 

(Figure 2.26) on each unit.  These pumps are used to hydraulically lift the thrust runner on 

startup to provide lubrication on the thrust bearing. 

 

 

Figure 2.26: Thrust Bearing Start-Up Lift Pump 

 

Vessel and Piping 

All reservoirs, tanks, and piping were clean and well maintained.  The original procedure of 

transferring the oil back to twin 1500 gallon tanks in the oil storage room for filtering is no longer 

used because the mobile kidney loop cart is now transported directly to the oil reservoirs or 

governor tank.  The original tanks are now used for oil storage during an outage  

Instrumentation/Alarms 

Oil levels are monitored at the bearing reservoirs by magnetostrictive linear position transducers 

(Figure 2.27).  These are fitted to the bearing reservoirs for each unit.  Oil temperature is 

monitored by gauges located on the governor board and bearing metal temperature is 

monitored by a Doric temperature recorder located in the control room.  All systems are 

functioning satisfactorily. 
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Figure 2.27: Oil Reservoir Transmitter 

 

2.1.2 Condition assessment results 

The condition assessment for the three Francis turbines and turbine governors are the same 

due to Flaming Gorge management efforts to keep each unit as identical as possible.  The 

Condition Indicators and Data Quality Indicators for turbines, governers, lubrication system, and 

raw water cooling system are shown in Tables 2.1, 2.2, and 2.3, respectively, for each of three 

units. 

All three turbines were rated at 8.40 indicating a very good condition. The three turbine 

governors have a Condition Indicator (CI) of 7.28 which also indicates a very good condition.  

The Raw Water System and Lubrication System were rated at 8.40 and 9.29, respectively, 

which indicates a very good to excellent operational condition.  

The Data Quality Indicators (DI) for the mechanical components were in the high range 

indicating a high confidence in the mechanical condition assessment.  The high condition 

assessment and data quality results are due to standardized operations at the plant and 

extensive maintenance data provided to the assessment team by USBR during the pre-

assessment visit and during the official site visit.  

The following are our recommendations for the major mechanical plant features: 

 Because mechanical cabinet actuator governors are no longer manufactured, 

replacement parts can be costly.  Therefore, it is recommended that the plant convert 

the governor control from mechanical to new digital technology.  A modern digital 



HAP Assessment Report – Flaming Gorge                                                                                                       Page 34 
 

governor while lower in cost can also provide versatility through software 

programmability.  

 For reliability purposes, it is recommended that the plant monitor the exposed un-

insulated cooling water piping for signs of corrosion due to the presence of condensate 

on the exterior walls of the piping. 

Based on our assessment, the mechanical components at Flaming Gorge are in very good 

condition despite the age of some of the original components.  Due to the recent modernization 

efforts, namely the updated generators and updated modern turbine runners, there are limited 

opportunities for improved performance, efficiency, and reliability.  All features are routinely 

assessed and the plant maintains comprehensive inspection records.  

The observations and recommendations are based on the following exclusions and 

assumptions: 

 Historical events listed are mainly from the discussions with plant personnel.   

 Inspection of the power train was limited to that which could be viewed from a 

walkthrough of the plant.  Unit 1 was in outage at the time of the inspection which 

provided good access to the scroll case, underside of the new (2005 design) runner, 

wicket gate linkage and head cover assembly.  Unit 2 and 3 where operating but the 

inspection team was able to access the generator cooler housing, turbine gallery, and 

thrust bridge area (under rotor) on both units.  The turbine’s draft tube and spiral casing 

doors were closed, so an inspection of the turbine runner and wicket gates were not 

possible.  

 Based on the 2011 Annual Inspection Report, the condition of Unit 1 is assumed to be 

representative of the other two units.   

2.2 Electrical Components   

The electrical portion of the assessment consists of the following electrical power train 

components: 1) generator stator and rotor, 2) exciter, and 3) generator step-up transformers.   

Flaming Gorge has three 56.106 MVA generators.  The generators are identical vertical shaft 

conventional hydro units with thrust and guide bearings above the rotor and a generator guide 

bearing below the rotor.  The exciters are fully inverting bridge type with redundant bridges and 

are classified as a potential source rectifier exciter, IEEE 421 type ST1A.  Each unit feeds a 

dedicated step-up transformer (GSU).  
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Unit 1 was out of service (OOS) and disassembled during the site visit.  A complete stator re-

wedge was in progress during the walkdown.  Units 2 and 3 were both in operation at 

approximately full load with minimum reactive load.  No tests or external test equipment were 

applied during the site visit.  The electrical portion of the assessment is primarily based on 

visual inspections and plant documentation such as routine work orders and test results.   

Documentation was provided that showed timely performance of electrical tests and 

inspections.  However, specific test data was not available with the exception of Doble Test 

data.  The Doble Test is not included in the electrical scoring workbooks, but it is recognized 

that Doble testing is a valuable diagnostic and can be used in lieu of several of the tests 

included.  For Flaming Gorge, the Doble Test data showed acceptable results for all units.   

2.2.1 Observations and descriptions 

Generators 

All three generators were uprated to 56.106 MVA at .9 pf by ABB with the last unit (Unit 2) 

completed in April 1992.  The original units were rated at 40 MVA at .9 pf.  Both the stator and 

rotors are insulated with class F insulation.  Cooling is provided by four air housing air coolers 

with motive force supplied by the rotor mounted fan blades.  The stator winding is grounded 

through a high resistance distribution type grounding transformer.  The units are connected to 

dedicated GSUs and synchronize through the low side generator breaker.  There were no 

reports of stator core work or replacement. 

Although Unit 1 was out of service, a close-up visual inspection of Unit 1 was not possible due 

to clearance requirements and on-going work.  However, the blocking and supports appeared to 

be in good condition (see Figure 2.28).   

 

 

Figure 2.28: Stator Assembly   
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The operating temperatures and other parameters for Units 2 and 3, with the exception of an 

erroneous indication of the Unit 2 field current, were as expected.  There was no indication of 

bridge resistance values for the stator and rotor in either work orders or data provided.  Bridge 

resistance values can provide useful indication of changes (deterioration) in electrical 

connections. 

Exciters 

The excitation system was upgraded during the generator upgrades.  The existing cabinets 

were used for installation of the Siemens Energy and Automation Systems static system.  The 

PPTs were manufactured by Virginia Transformers and are located adjacent to the generating 

units in the generator room.  The PPT is connected delta-delta and power is provided from the 

generator terminals.  The transformer is fused on the primary side and provides power to the 

exciter through the 41E AC breaker.  It is supplied with CTs on both the primary and secondary 

side. 

The collector ring and brush rigging on all three units appeared clean and well maintained.  The 

ring finish was good and constant pressure brush springs were in use (see Figure 2.29). 

 

 

Figure 2.29:  Collector Ring – Brush Assembly   

 

Additional structural support to the rotor spider, new field leads, and new pole connections in 

addition to the pole rewinds were provided with the unit upgrades. 
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The exciter assessment considered the inclusion and tuning of the power systems stabilizers 

and bridge redundancy for each unit as a plus.  Exciter replacements are currently being 

considered by the USBR.  There was no indication of electrical testing of the PPTs in either 

work orders or provided data.  The PPT is critical to the unit and a failure, with no available 

spares, could result in a lengthy outage due to required lead time for a replacement. 

Generator Step-Up Transformers 

Each generator is connected to a 3-phase electrically identical GSU.  The transformers are 

designated as KR1A, KR2A, and KR3A for Units 1, 2, and 3, respectively.  The original GSUs 

were replaced with three new larger capacity transformers manufactured in 2001 by ELCO 

Industries LTD to support the increased capacity of the generators.  The two winding GSUs are 

rated at 138-11.2-kV, grounded wye-delta, 36/48/60 MVA, 65o C rise with an OA/FA/FA cooling 

rating.  The transformers utilize vertically mounted bushings with the LV bushings and 

associated bus enclosed in bus housing.  The HV winding is provided with a five position de-

energized tap changer with two 2-1/2 percent taps above and below the 138-kV voltage rating.  

The HV neutral is solidly grounded.  The insulation system uses thermally uprated cellulose to 

provide for the 65o C rating.  The transformers are of the core form design. 

 

 

Figure 2.30: Generator Step-Up Transformers 
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The cooling system consists of radiators and fans to support a self-cooled rating and two stages 

of forced air.  Fans are controlled by the winding temperature indicator to engage the fans at 60o 

C for the first stage and 65o C for the second stage.  The oil temperature and winding hot spot 

temperature are both monitored by dial type temperature indicators with fiber optics also being 

provided for the low and high voltage winding temperatures.  All temperature measurements are 

recorded on remote data loggers. 

The oil preservation system is of the conservator type with an air cell within the conservator 

tank.  The air cell is connected to an external desiccant breather to allow for expansion and 

contraction.  An oil cup is used on the breather to maximize the life of the desiccant.  This type 

of preservation system maintains a constant pressure on the transformer and ensures that the 

insulating oil is not exposed to air and moisture.  This is an excellent system for the protection of 

the insulating oil and requires very little maintenance. 

The main tank is provided with a pressure relief device, a rapid rise fault pressure relay, and a 

Bucholtz type gas accumulator relay.  The ground core strap appears to be internally connected 

with no provisions for external core ground insulation resistance measurements.  The main tank 

base is equipped with wheeled truck assemblies which are resting on heavy gauge rails.  No 

evidence of seismic bracing was noted for the base mounting system. 

Each transformer contains 5,730 gallons of insulating oil.  There is no deluge fire protection 

system in place.  The plant does have an oil containment system in the event of a transformer 

oil spill.  The containment system drains to the station sumps.  Discharge from the sumps is 

controlled by routine visual inspections.  In addition, any surface oil in the sumps is not 

discharged to the tailrace since the sumps are never completely drawn down. 

Because Unit 1 was in outage, GSU KR1A was out of service.  GSUs KR2A and KR3A were in-

service and appeared to be operating satisfactorily.  No oil leaks were observed and the 

transformers appeared to be in very good condition.  No on-site spare transformer for this 

location is provided and it is unknown if a system wide spare is available. 

The assessment of the GSUs is based primarily on furnished data and a limited site inspection.  

The documentation reviewed indicated scheduled inspections are performed in a timely manner.  

DGA and oil quality data were provided for the insulating fluid and these tests appear to be 

performed on an annual basis.  No electrical test data such as power factor, excitation, 

insulation resistance, etc. were provided.  However it was noted that these electrical tests are 

conducted on a scheduled basis. 
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Analysis of electrical test data could not be performed and test results were assumed to be 

satisfactory.  There was no documentation to indicate that winding resistance tests are routinely 

performed.  Winding resistance testing is a valuable tool to detect poor contact resistance in the 

tap changer, loose connections (bolted or brazed), and broken conductor strands within the 

windings.  The field test values should always be compared to OEM factory test values as well 

as between phases at a standard referenced temperature.  Any values in excess of plus or 

minus 5 percent should be investigated.   

DGA data was reviewed for a period of approximately six years for each transformer.  Hydrogen 

(partial discharges) and methane, ethane, and ethylene (hot metal gases) values were all well 

within acceptable criteria and no significant anomalies were noted.  No acetylene 

(arcing/sparking) was noted in any of the samples.  Carbon monoxide and carbon dioxide were 

found to be elevated indicating possible overheating of the cellulose insulation.  Possible causes 

could be blocked radiators, overloading, over-excitation, or a localized hot spot.  Carbon 

monoxide generation rates for Unit 1 (KR1A) were in excess of 30 ppm per month when 

comparing the last two samples taken on 09/23/10 and 06/22/11.  The amount and rate of 

generation was much lower for Units 2 and 3 (KR2A and KR3A). 

The dissolved oxygen was also noted to be excessively elevated with some values exceeding 

10,000 ppm.  This is especially high for a sealed conservator oil preservation system.  Typical 

values would be expected to be 2,000-3,000 ppm.  Excessive oxygen will accelerate the aging 

of the oil and the insulation system.  Potential causes could be oil leaks, conservator air cell 

rupture, sampling techniques, or inadequate vacuum oil filling.   

Oil quality test data was reviewed for all three transformers, and all values were within 

acceptable limits.  It was noted that ASTM D877 dielectric tests are performed.   

2.2.2 Condition assessment results 

The Condition Indicators and Data Quality Indicators are shown in Table 2.1, 2.2 and 2.3, 

respectively, for each of the three generators, exciters, and transformers.  All three units are 

essentially identical and minor scoring differences are the result of variation or availability of the 

data provided for each unit.    

The Condition Indicators (CIs) for the generators are 7.63, 7.52, and 7.52 for Units 1, 2, and 3 

respectively, indicating a good condition.  The exciters are rated 8.01 for each unit, indicating a 

very good condition.  The transformers are rated at 8.00, 8.98, and 8.98 for Units 1, 2, and 3 

respectively, indicating that the transformers are in very good condition. 
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The Data Quality Indicators (DIs) for the electrical components range from 7.5 – 8.0 indicating a 

high confidence in the electrical portion of the condition assessment.  The high condition rating 

and data quality scores can be attributed to the accessibility of plant records to the assessment 

team and excellent maintenance of electrical components by the plant personnel.  

Based on the visual inspections and walkdowns as well as review of documentation provided, 

the condition of the electrical components appeared to be very good.  The following are our 

recommendations for the electrical plant features: 

 Stator and rotor electrical tests and PPT bridge resistance readings should be 

incorporated into the electrical test program to gage deterioration of electrical 

connections.  Ideally the results would be compared to the factory values and other 

previous test results (if available) for trending.  Values in excess of 5% variation should 

be investigated.  PPT primary and secondary insulation resistance should be checked 

during outages.   

 Monitor stator insulation condition on-line with the addition of partial discharge 

monitoring.  Monitoring on-line provides the advantage of having the stator winding at 

operating temperature and subjected to normal operating forces not present during 

outage testing.  Partial discharge testing is not intended to replace other test methods 

but may provide justification for deferral of normal outage testing.   

 Carbon monoxide generation rates in the transformer oil should be closely monitored 

and trended future for comparison.  

 Further investigation into the cause of the elevated dissolved oxygen levels in the 

transformer oil and correction is recommended to prevent accelerated aging of the oil 

and insulation system.   

 Consideration should be given to performing ASTM D-1816 dielectric tests for 

transformer oil quality testing in lieu of ASTM D877 because it provides improved 

detection of moisture and particulates. 

 If transformer winding resistance testing is not performed, consideration should be given 

to including this test in the testing program.  This would be a very valuable test to 

perform considering the potential cellulose overheating noted in the DGA of all three 

transformers. 

The observations, comments, and recommendations are based on the following limitations and 

exclusions: 
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 Quantitative test data relative to electrical test scoring criteria was not available.   

 It is assumed that work orders are performed as scheduled and that the results of the 

inspections and tests indicated are satisfactory for continued service.  The work orders 

for daily, weekly, and annual inspections/tests indicate that a substantial number of best 

practices are currently being employed. 

2.3 Instruments and Controls System 

The I&C portion of the assessment consists of the following components: 1) the automation 

system and 2) instruments for unit performance measurement.    

The I&C assessment is based on visual inspection of the control room and plant instrumentation 

and interviews with plant personnel concerning plant operations.  No direct measurements or 

calibration efforts were included. 

2.3.1 Observations and descriptions 

The control system at Flaming Gorge is a combination of a SCADA (basic data acquisition 

system) with SEL (Schweitzer Engineering) 2032 modules.  The SCADA is a GE WESDAC 

D20ME.  The logic in the GE system is comparable to a PLC (programmable logic controller).  

We did not observe the coding, but GE follows IEC 61131 programming standards.  The GE 

WESDAC has analog inputs that are paralleled (or in series for current measurements) from 

meters in the control room.  These analog inputs include megawatts, megavars, line current, 

gate limit, gate position, etc.  There are paralleled discrete outputs mimicking panel controls for 

operating the units.  These discrete outputs include gate limit jog, voltage level jog, speed 

adjustment, etc.  The SELs (Schweitzers) are used for the relay control interlocks in addition to 

hard wired interlocks in the field.  The SELs also collect temperature data through fiber optic 

links to remote I/O modules in the field.  Unit RTDs (resistance temperature devices) are wired 

to the SELs.   

There is no HMI (human machine interface) at Flaming Gorge.  The lack of an HMI at the plant 

is unusual.  The plant is normally operated remotely from Glen Canyon.  The operators at 

Flaming Gorge, if they operate, use the manual panel controls.  There is a remote HMI at Glen 

Canyon that operators at Flaming Gorge can observe through a web based virtual session, but 

they are not able to operate the plant with it.  There is no automatic scheduling or automatic 

start-ups.  Glen Canyon operators will manually start units based on a schedule.  All 

communications between the two sites is encrypted serial over microwave.  The security on the 

system is high. 
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The condition monitoring is limited.  There are X-Y vibration probes on all three units on the 

upper guide bearings, lower guide bearings, and turbine guide bearings.  The Keyphasor™ for 

air gap measurement is installed but only monitored when a computer is connected to the 

Bently Nevada 3300 system for collecting data.  This collection is infrequent.  The condition 

monitoring vibration data is not historically archived.  The high vibration trip alarms are 

hardwired. 

There is a simple historical and alarm collection system in the SCADA room below the control 

room.  This system collects data from SEL (all three units - temperatures, oil levels, watts, volts, 

etc.) and the Hathaway SOE (sequence of events).  The Hathaway SOE was an upgrade of the 

older Rochester SOE unit.  The GE WESDAC is not archived locally.  Glen Canyon was 

contacted and it appears there is no historical collecting of the GE data at Glen Canyon either.  

The Flaming Gorge plant historical archives are simple text files with ASCII strings of data.  The 

plant foreman or someone who understands the string structure must be called in to read the 

data in the event of a trip or some other anomaly.  The archived data is not readily available and 

is in an awkward format for long term analysis.  The text file archived data is also displayed 

upstairs in the control room in an Excel file format on a second computer that reads the text 

data from the SCADA room computer.  It shows temperatures and other operating parameters 

in near real time. 

Note that the scoring for the Automation Condition Indicator leaves out the HMI and SCADA.  

These were difficult to evaluate since the data from the SCADA is sent to Glen Canyon and the 

HMI resides in Glen Canyon.  We briefly observed the Glen Canyon HMI for Flaming Gorge 

through a remote link.  This serial link can take several minutes to initially open the HMI and 

scrolling through graphics was slow.  The graphics are functional as remote control is 

accomplished through this HMI.  The quality of the graphics and ease of use can only be 

assumed.  Alarming at Glen Canyon also could not be assessed.  The only alarms for 

operations at Flaming Gorge were on the annunciator panels in the control room and in the text 

files in the SCADA room.  The odd configuration was given a slightly lower score due to the 

inability to visit Glen Canyon to evaluate the SCADA/HMI performance. 

The metering was comparable with other sites with the exception of the measurement of flow 

through each unit.  Flaming Gorge uses Accusonic™ time-of-travel acoustic flowmeters in each 

penstock.  These are exceptionally accurate compared to the majority of other facilities 

attempting to measure flows for each unit.     
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2.3.2 Condition assessment results 

The Condition Indicators and Data Quality Indicators for I&C are shown in Tables 2.1, 2.2 and 

2.3, respectively, for each of three units.  The Condition Indicator for Instruments is 7.10 for all 

three units, because there is no noticeable difference found among the three units.  The other 

parts of the Automation system are rated at 5.90 for all three units.  The overall Condition 

Indicator of the I&C system, weighted summation of Instruments and Automation, is 6.14 

indicating a fair condition.  The weighted Data Quality Indicator for I&C is 8.63 indicating a high 

confidence in the assessment results.  

The recommendations for I&C are as follows:  

 For long term viability, the dated automation system should be upgraded to a new 

version. 

 The implementation of a user-friendly historical archiving system is recommended 

because the benefits of readily available historical data are immense. 

 Installation of an improved condition monitoring system is recommended because the 

current system is limited. 

The observations and recommendations are based on the following limitations and exclusions: 

 No direct measurements or calibration efforts were done. 

 Information is based on a review of plant documentation and interviews with plant 

personnel.  

2.4 Civil/Structural Components 

The civil portion of the assessment is limited to the following features/components:  1) trash 

racks and intakes, 2) penstocks, 3) leakage and releases, and 4) draft tube gates.  

The primary structure of the Flaming Gorge Dam is a concrete thin-arch type dam.  The 

concrete dam is 502 ft tall and 1180 ft long.  The reservoir elevation at the time of the site visit 

was 6028.78 ft, and the tailwater elevation was 5604.44 ft.  There are three separate 

rectangular-shaped intakes for each unit with a mounted trash rack structure.  In 1978, a 

selective withdrawal structure was added at each intake to help regulate temperatures of the 

downstream releases. There are three single-unit penstocks built integral with the dam 

structure.  There is no flume or open channel for upstream water conveyance, nor is there a 

channel at the tailrace.  Figure 2.31 shows a typical cross-section through the dam structure.  
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Figure 2.31:  Section through Dam and Power Plant 

 

There is a concrete-lined spillway tunnel designed to handle excess water.  The tunnel is 

approximately 675 ft long and extends through the left abutment.  The tunnel is 26.5 ft in 

diameter at the intake and 18 ft in diameter at the discharge.  The tunnel has two 16’-9” by 34’-

0” hydraulically-operated fixed-wheel gates at the inlet.  The design capacity of the spillway 

tunnel is 28,800 cfs at an elevation of 6045.0 ft.  However, due to operational restrictions to 

prevent cavitation, the capacity is limited to 20,000 cfs. 

There are also two outlet works which run directly through the dam structure.  The outlets are 72 

in. diameter steel pipes which reduce to 66 in. at the ring-follower gates and then discharge at 

the hollow jet valves.  The design capacity of the outlets is 4,000 cfs at an elevation of 6045.0 ft.  
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Figure 2.32:  Spillway Tunnel                                        Figure 2.33:  Outlet Works  

          (Hollow Jet Valves) 

 

2.4.1 Observations and descriptions 

Trash Racks 

The trash racks were last inspected in 2007.  Only Unit 1 trash racks were inspected and 

assumed to be representative of Units 2 and 3.  ROVs were used to perform the underwater 

inspection.  According to the inspection report, the trash racks were in “very good condition”.  It 

was reported that above elevation 5867.0 ft there was no organic debris present and only minor, 

superficial organic growth on the racks.  The trash racks all had a fine coating of rust but only on 

the surface with no loss of the base steel.  At depths beyond elevation 5867.0 ft, it was reported 

that there was substantially more organic debris present consisting of tree limbs and branches.  

The debris was reported to not be compacted and did not present a major blockage to the 

penstock intake.   

There is currently not a direct trash monitoring system in place at Flaming Gorge.  However, the 

plant has the means to take pressure measurements at the scroll case which can be used to 

determine changes in head differentials at the trash racks.  Although, according to plant 

personnel, these measurements are not regularly taken or evaluated.  Periodically, the plant will 

skim the reservoir to remove surface trash/debris, but there is no method for directly cleaning or 

removing debris from the trash racks.  
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Intakes 

Because the intakes are integral with the dam structure and submerged, visual inspection of the 

intakes was not possible during the site visit.  The exterior portion of the intake was last 

inspected in 2007 by ROV.  According to plant personnel, the intake gates are inspected every 

5 years with Units 1 and 2 last inspected 3 years ago (2009) and Unit 3 inspected this year 

(2012).  

The dam has three rectangular-shaped intakes.  The centerline of the intake structure is at 

elevation 5850.0 ft.  The intake gates are 8.27 ft by 15.82 ft fixed-wheel emergency gates.  In 

1978, three (3) large selective withdrawal structures were installed on the upstream face of the 

dam over the penstock intake and trash rack structure (see Figure 2.34).  

Per the 2007 inspection report, the concrete surfaces of the intake exterior are in “very good 

condition.”  However, no information was provided concerning the interior condition of the 

intake.  It is unknown when the intake interiors were last inspected.   

The fixed-wheel gates were last inspected during the 2011 penstock inspection.  It was noted 

that there was some minor leakage around the gates seals which was estimated to be 

approximately 10 gpm.  The gates appear to be in good condition with no corrosion or other 

visible deterioration.  

No special intake flows were observed during the site visit.  

 

 

Figure 2.34: Selective Withdrawal Structures 
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Penstocks   

There are three 10 ft diameter welded steel penstocks.  The majority of the 348 ft long penstock 

is integral with the concrete dam structure and is steel lined.  The penstock interiors are coated 

with coal tar enamel lining which is original.  There is a white epoxy paint top coat in the areas 

of the penstock near the scroll case.  The exposed exterior surface is painted with one coat of 

red lead primer and two coats of phenolic-resin aluminum paint.   

Per plant requirements, there is to be a detailed penstock inspection every 5 years and a visual 

inspection each year requiring the use of a rope access team.  During the 5 year inspection any 

repairs or maintenance will be performed.  The results from both the 2009 and 2011 penstock 

inspections were available to the assessment team.  According to the 2009 Penstock Inspection 

and Safety Assessment Program report, both the interior and exterior linings are in satisfactory 

condition with only minor recoating necessary.  At this time, ultrasonic wall thickness 

measurements were taken and wall stress analysis was performed.  These tests were found to 

be satisfactory.  The measured wall thicknesses were actually thicker than what was called for 

in the original design in most locations.  The penstock supports and exposed joints are also in 

good condition.   

 

 

Figure 2.35:  Penstock (Note Transducers for Acoustic Flow Meters) 
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Leakage and Releases 

Per the Flaming Gorge operating criteria, the plant is required to release a minimum of 400 cfs 

at all times and 800 cfs under normal operating conditions.  If the available water supply 

permits, then flows in excess of 800 cfs are to be maintained to enhance the downstream river 

conditions for recreational uses and fish spawning.  Typically, under normal conditions Flaming 

Gorge will release between 800 and 4,600 cfs.  In addition to releases due to generation, the 

plant can use both the two outlet works and the spillway tunnel to release additional water.  Due 

to concerns over concrete cavitation in the spillway tunnel, the two outlet works are used to 

capacity before any water is released through the spillway tunnel.   

The spillway tunnel was last inspected in 2010.  According to the inspection report, the spillway 

gates and gate hoist equipment appeared to be in satisfactory condition.  The tunnel inlet, 

inclined portion, and outlet are all reported to be in satisfactory condition with only minor 

patching and repairs necessary.  One area of concern is the concrete aeration slot which was 

added in 1981.  According to reports, there is poor bond between the concrete slot and original 

concrete.  Also concrete deterioration and cavitation were reported at the aeration slot.  Repair 

work was done in 2009, but the 2010 inspection revealed further concrete deterioration at the 

aeration slot.  Therefore, the usage of the spillway tunnel is currently limited.   

Two river outlet works pass through the dam structure.  The outlet works were last inspected in 

August 2011.  The results of this inspection were provided to the assessment team in a report 

titled “Normally Inaccessible Feature Examination – River Outlet #1 and #2”.  Per the inspection 

report both outlet structures are in overall satisfactory condition.  The steel lining was reported 

to have “small spots of corrosion” which were repaired in the upstream areas of the outlet.  The 

ring-follower gates were exercised completely during the 2011 inspection.  The gate appeared 

to be operating properly and the gate coating was noted to be in “excellent condition”.  The 

hollow jet valve at the outlet was reported to have minor coating damage.  In June 1997, it was 

reported that the #2 outlet failed due to drifting of the ring-follower gate.  Since this failure, 

sensors have been installed on both outlet ring-follower gates to alert plant personnel if one of 

the gates inadvertently starts to close impeding the flow path.  The outlet works are used as the 

plant’s primary method for excess release.  Although the current interior condition of the outlets 

is unknown, it appears from previous inspection records that the outlets are functioning properly.  

According to plant personnel, releases through the outlet works are controlled according to 

percentage of gate opening.  This method of calibration has been extrapolated from data from 

another USBR plant and does not accurately measure spill flow.  The plant appears to be 
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meeting all downstream release requirements, but they are potentially releasing excess water 

beyond minimum requirements.  The plant plans to add flow meters at the bypass valve to more 

accurately measure and control releases.   

As evident in Figure 2.36, the plant experiences seepage at the rock abutments.  The water loss 

due to seepage has been measured to be approximately 425 gpm total from both the left and 

right abutments.  No efforts have been made to slow or stop the seepage.   

 

 

Figure 2:36:  Seepage at Right Abutment 

 

Draft Tube Gates 

According to plant personnel, the draft tube gates were last inspected in 2009 and are 

scheduled for inspection every 5 years.  The draft tube gates and associated components (i.e., 

gate seals) are all original and have never undergone any major repairs or upgrades.  There 

have been no issues with the gate operations and hoisting equipment such as gate binding or 

motor overload.  The draft tube gates appear to be functioning adequately. 

2.4.2 Condition assessment results 

Condition Indicators and Data Quality Indicators for the trash racks and intakes, penstocks, draft 

tube gates, and leakage and releases for all three units are seen in Tables 2.1, 2.2, and 2.3, 

respectively.  No noticeable difference was found among the three units for the current condition 

of trash racks, intakes, penstocks, and draft tubes.  Thus the values of condition indicators of 



HAP Assessment Report – Flaming Gorge                                                                                                       Page 50 
 

these civil components are the same for all three units.  The Condition Indicators fall in the 

range of 6.5-8.0 indicating a good overall condition of civil components at Flaming Gorge 

hydropower facility.  The Data Quality Indicators were high for the penstocks, leakage and 

releases, and Unit 1 trash racks and intakes because these components were last inspected 

recently (2007 and 2011) and detailed information regarding the inspections was available to 

the assessment team for review.  The trash racks for Units 2 and 3 received a lower data quality 

score because during the 2007 dive inspection only Unit 1 was inspected and assumed to be 

representative of the other units.  The data quality score for the draft tube gates was also lower.  

No specific inspection results were available to the assessment team and the gates were not 

accessible for direct inspection during the site visit.  The assessment of the draft tube gates is 

based solely on interviews with plant personnel.  Overall the data quality scores for the civil 

portion of the assessment indicated a high confidence in the condition assessment results due 

to frequent inspections/maintenance and detailed plant records.  

The following are our recommendations for the civil/structural plant features: 

 Although the trash accumulation across the trash racks was reported to be minor, it is 

recommended that the plant routinely remove the trash racks for cleaning and repairs.  It 

is also recommended that the plant install a trash monitoring system at the trash racks to 

help schedule routine cleanings and trash removal from the racks. 

 Consideration should be given to replacement of the coal tar enamel lining in the 

penstock if maintenance and repairs become excessive.  The use of silicone or epoxy 

based liners can offer improved hydraulic performance and reliability.  

 For general maintenance and reliability purposes, the interior of the intake should be 

regularly inspected.  

 For reliability purposes, all necessary repairs to the spillway tunnel and outlet works 

should be completed to ensure availability of generators. 

 The plant should proceed with the addition of flow meters at the outlet works to better 

regulate and quantify releases.   

 The plant should continue to monitor seepage at rock abutments for any sudden 

changes or increased water loss.  Based on the minimal water loss, the seepage at the 

abutments does not appear to pose an efficiency concern.  It is recommended that the 

plant continue to monitor the seepage and re-evaluate if conditions worsen or change 

abruptly.   
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Based on our assessment, the civil components at Flaming Gorge are in good condition and 

there are few opportunities for improved efficiency/reliability.  All features are routinely 

assessed, and the plant maintains comprehensive inspection records.  

The observations and recommendations are based on the following limitations and exclusions: 

 Direct inspection of the penstock interiors would require dewatering of the unit and rope 

access due to the steep incline.  Therefore, direct inspection of the penstock interiors 

was not done for this assessment.  The assessments are based on previous inspection 

reports from 2009 and 2011.   

 No shell thickness measurements of the penstock or intake were taken during the site 

visit nor was any other testing or monitoring performed.  

 Direct inspection of the spillway tunnel interior and outlet works interiors was not 

performed for this assessment.  Assessments are based on previous inspection reports 

from 2009 and 2011.  

 Direct inspection of the trash racks and intakes was not possible.  Assessments are 

based on a 2007 dive inspection report where only Unit 1 trash racks were inspected 

and assumed to be representative of the other units.  

 Direct inspection of the draft tube gates and associated components was not possible.  

Assessment is based on interviews with plant personnel and previous inspection 

records.  

2.5 Plant and Unit Condition Assessment 

The unit condition and data quality indicators are shown in Tables 2.1, 2.2, and 2.3, 

respectively, for each of three units.  Because the condition and data quality indicators for each 

unit falls within the 7≤CI/DI≤10 range, the units are considered to be in good condition with a 

high level of confidence in the assessment results.  Operation and maintenance activities should 

continue without restriction.  Tables 2.4 and 2.5 show the aggregated results for each unit and 

plant overall condition and data quality indicators.  It is evident by the overall plant condition 

indicator (7.78) that the plant is in good condition and operating adequately.  However, 

operations can be improved through the implementation of the recommendations contained 

herein.  
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Table 2.1: Synthesis of Components Indicators to Unit Indicators 

– Flaming Gorge Hydropower Plant – Unit 1 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weighting Condition Data Quality

Factors Indicator  Indicator

W (i ) CI (i ) DI (i )

(0-10)  (0-10)

Trashracks and Intake 3.1/3.2 2.0 6.96 8.16

Penstock/Tunnel/Surge Tank 3.3/3.4/3.6 1.5 7.91 8.43

Control/Shut-off Valve 3.5 1.0 NA NA

Flume/Open Channel 3.7 1.0 NA NA

Draft Tube Gate 3.8 0.2 7.30 5.43

Leakage and Release 2.1/2.2/2.3 1.5 6.98 8.18

Turbine 4.1.1 2.0 8.40 9.39

Governor 4.1.2 1.0 7.28 9.47

Generator 4.1.3 3.0 7.63 8.00

Exciter 4.1.4 1.0 8.01 8.00

Transformer 4.1.5 2.5 8.00 7.75

Instruments & Controls 4.3 0.5 6.14 8.63

Raw Water System 4.2.4 0.5 8.40 9.68

Lubrication System 4.2.5 0.5 9.29 9.67

Unit Indicators 7.69 8.39

Components

Component 

Code in 

Taxonomy
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Table 2.2: Synthesis of Components Indicators to Unit Indicators 

– Flaming Gorge Hydropower Plant – Unit 2 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weighting Condition Data Quality

Factors Indicator  Indicator

W (i ) CI (i ) DI (i )

(0-10)  (0-10)

Trashracks and Intake 3.1/3.2 2.0 6.96 4.16

Penstock/Tunnel/Surge Tank 3.3/3.4/3.6 1.5 7.91 8.43

Control/Shut-off Valve 3.5 1.0 NA NA

Flume/Open Channel 3.7 1.0 NA NA

Draft Tube Gate 3.8 0.2 7.30 5.43

Leakage and Release 2.1/2.2/2.3 1.5 6.98 8.18

Turbine 4.1.1 2.0 8.40 9.39

Governor 4.1.2 1.0 7.28 9.47

Generator 4.1.3 3.0 7.52 7.68

Exciter 4.1.4 1.0 8.01 8.00

Transformer 4.1.5 2.5 8.98 7.75

Instruments & Controls 4.3 0.5 6.14 8.63

Raw Water System 4.2.4 0.5 8.40 9.68

Lubrication System 4.2.5 0.5 9.29 9.67

Unit Indicators 7.82 7.84

Components

Component 

Code in 

Taxonomy
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Table 2.3: Synthesis of Components Indicators to Unit Indicators 

– Flaming Gorge Hydropower Plant – Unit 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weighting Condition Data Quality

Factors Indicator  Indicator

W (i ) CI (i ) DI (i )

(0-10)  (0-10)

Trashracks and Intake 3.1/3.2 2.0 6.96 4.16

Penstock/Tunnel/Surge Tank 3.3/3.4/3.6 1.5 7.91 8.43

Control/Shut-off Valve 3.5 1.0 NA NA

Flume/Open Channel 3.7 1.0 NA NA

Draft Tube Gate 3.8 0.2 7.30 5.43

Leakage and Release 2.1/2.2/2.3 1.5 6.98 8.18

Turbine 4.1.1 2.0 8.40 9.39

Governor 4.1.2 1.0 7.28 9.47

Generator 4.1.3 3.0 7.52 7.68

Exciter 4.1.4 1.0 8.01 8.00

Transformer 4.1.5 2.5 8.98 7.75

Instruments & Controls 4.3 0.5 6.14 8.63

Raw Water System 4.2.4 0.5 8.40 9.68

Lubrication System 4.2.5 0.5 9.29 9.67

Unit Indicators 7.82 7.84

Component 

Code in 

Taxonomy

Components
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Table 2.4: Aggregated Plant Condition Indicators 

– Flaming Gorge Hydropower Plant 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Components Unit 1 Unit 2 Unit 3
Units 

Average

Trashracks and Intake 6.96 6.96 6.96 6.96

Penstock/Tunnel/Surge Tank 7.91 7.91 7.91 7.91

Control/Shut-off Valve NA NA NA NA

Flume/Open Channel NA NA NA NA

Draft Tube Gate 7.30 7.30 7.30 7.30

Leakage and Release 6.98 6.98 6.98 6.98

Turbine 8.40 8.40 8.40 8.40

Governor 7.28 7.28 7.28 7.28

Generator 7.63 7.52 7.52 7.56

Exciter 8.01 8.01 8.01 8.01

Transformer 8.00 8.98 8.98 8.66

Instruments & Controls 6.14 6.14 6.14 6.14

Raw Water System 8.40 8.40 8.40 8.40

Lubrication System 9.29 9.29 9.29 9.29

Unit Condition Indicators (UCI) 7.69 7.82 7.82

Plant Condition Indicators 

(PCI)
7.78
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Table 2.5: Aggregated Plant Data Quality Indicators 

– Flaming Gorge Hydropower Plant 

 

 

 

 

 

 

 

 

 

 

 

 

Components Unit 1 Unit 2 Unit 3
Units 

Average

Trashracks and Intake 8.16 4.16 4.16 5.49

Penstock/Tunnel/Surge Tank 8.43 8.43 8.43 8.43

Control/Shut-off Valve NA NA NA NA

Flume/Open Channel NA NA NA NA

Draft Tube Gate 5.43 5.43 5.43 5.43

Leakage and Release 8.18 8.18 8.18 8.18

Turbine 9.39 9.39 9.39 9.39

Governor 9.47 9.47 9.47 9.47

Generator 8.00 7.68 7.68 7.79

Exciter 8.00 8.00 8.00 8.00

Transformer 7.75 7.75 7.75 7.75

Instruments & Controls 8.63 8.63 8.63 8.63

Raw Water System 9.68 9.68 9.68 9.68

Lubrication System 9.67 9.67 9.67 9.67

Unit Data Quality Indicators 

(UDI)
8.39 7.84 7.84

Plant Data Quality Indicators 

(PDI)
8.02
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3.0 Environmental Issues and Constraints 

Flaming Gorge is operated in accordance with the Upper Colorado River Basin Compact, the 

Colorado River Compact, and other applicable laws.  The current minimum downstream flow 

requirement is 400 cfs at all times and 800 cfs under normal operating conditions.  If the 

available water supply permits, then flows in excess of 800 cfs are to be maintained to enhance 

the downstream river conditions for recreational uses and fish spawning.  Typically, under 

normal conditions Flaming Gorge will release between 800 and 4,600 cfs.  The typical reservoir 

operation cycle is to fill the reservoir during the spring months (EL. 6033 ft) and to draw the 

reservoir down during the winter (EL. 6027 ft).  

In 1978, a selective withdrawal structure was added at the unit intakes with the purpose of 

providing temperature control of releases to the Green River for fishery enhancement. 

In the spring of 2006, operational changes were made at Flaming Gorge in attempts to achieve 

the temperature and flow requirements specified by the 2000 Flow and Temperature 

Recommendations issued by the Upper Colorado River Endangered Fish Recovery Program.  

Consequently, power operation at the plant has been impacted by limiting flexibility and altering 

generation patterns (i.e., high spring flows for fish preservation versus summer or winter peak 

power demand).  
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4.0 Electric Power System Interconnection and Context 

The electric power context for the Flaming Gorge facility is included here to document external 

factors that could affect Flaming Gorge dispatch and operations.  Future comparative analysis 

of the assessment results reported herein with those from other facilities having different context 

will be made.  Thus, the context for facility dispatch and operations is important because it will 

be required to understand difference in results among assessed facilities.  The location of the 

facility within the transmission system topology, the type and prevalence of generation assets in 

the balancing authority area for the facility, and the nature of the demand within the balancing 

authority are all relevant to the interpretation of hydropower facility dispatch, performance, and 

condition data and results. 

4.1 Background on WACM and WAPA 

The Flaming Gorge facility lies within the Colorado-Missouri Control Area (WACM) which 

belongs to the Western Area Power Administration (WAPA).  WAPA markets and delivers 

renewable, cost-based hydroelectric power and related services within a 15-state region of the 

central and western U.S.  The transmission system within WAPA is responsible for delivering 

electricity from 57 power plants operated by the U. S. Bureau of Reclamation, U. S. Army Corps 

of Engineers, and the International Boundary and Water Commission with an installed capacity 

of 10,479 megawatts.  WAPA is divided into five separate regions that include Colorado River 

Storage Project (CRSP), Desert Southwest, Rocky Mountain, Sierra Nevada, and Upper Great 

Plains.  The WACM lies within the CRSP.  

In general WAPA is investing in various methods to ensure generation is available for load 

including increasing the available renewable generation, promoting demand response and 

energy efficiency programs, and investing in transmission expansion.  With renewable 

resources, WAPA has about 80 active requests to interconnect more than 16,000 MW of wind 

generation and an additional nine active interconnection requests in the queue for integrating 

3,375 MW of solar power generation in the Desert Southwest Region.  These are important 

components in meeting the renewable portfolio standards that exist within the area.  In Utah, a 

renewable portfolio standard of 20% by 2025 is in place as shown in Figure 4.1.  WAPA has 

conducted regular reviews of the 17,107 circuit-miles of transmission lines as part of 

maintenance and capital project planning and is managing more than 45 transmission upgrade 

projects to ensure the continued reliability of the transmission system.  The demand side 

activities have focused on delivering rebates to customers for more energy efficient systems, 
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appliances, and homes and on utilizing thermal energy storage (refrigerator/chiller based 

control). 

  

 

Figure 4.1:  RPS Standards in the Area 

 

4.2 WACM Load 

The load as seen by the WACM area for 2010 is shown in Figure 4.2.  Characteristically, the 

largest peaks occur in the summer between June and September as well as November through 

February in the winter.  This data has been extrapolated into a load duration curve for 

evaluation of typical load behavior during the year as shown in Figure 4.3. 
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Figure 4.2: WACM Load Hourly 

 

 

Figure 4.3: Load Duration Curve for WACM 
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4.3 DEC Transmission Infrastructure and Constraints 

Within the WACM, there are three main transmission providers, BEPW, LAPT, and CRCM.  

Flaming Gorge is interconnected to the CRCM-owned system as shown in Figure 4.4.  The local 

transmission system near Flaming Gorge is composed of multiple interconnections.  The 

Flaming Gorge Substation is interconnected at 69 kV, 138 kV, and 230 kV, as shown in Figure 

4.5.  The local utilities that are likely to receive power directly from Flaming Gorge are the 

Bridger Valley Electric Association and Moon Lake Electric. 

 

Figure 4.4: WACM Area 
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Figure 4.5: Substation and Transmission Infrastructure Near Flaming Gorge 
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5.0 Performance Assessment 

This chapter provides the discussions and results from the Flaming Gorge plant and unit 

performance analyses, including both hydrology-based and optimization-based performance 

analyses.  

5.1 Hydrology-Based Performance Analyses 

The hydrology-based performance analyses include the hydrological background information 

about the plant site, the discussions of approaches and methods used for hydrology-based 

assessment, and results for the metrics of Long-Term Stream Power (LTSP), Long-Term 

Production Potential (LTPP), and Average Power Production (APP).  These performance 

metrics enable benchmarking and trending of performance across many facilities in a variety of 

river system, power system, and water availability contexts. 

5.1.1 Site hydrological characteristics 

Flaming Gorge hydropower plant is situated on the Green River with a contributing watershed of 

15,000 square miles (9,600,000 acres).  Stream flow data from the USGS stream gauge 

09234500 located approximately one-half mile downstream of the dam on Green River near 

Greendale, UT, is used to identify the hydrological trends for the period 2007 through 

September 2011.  The gauge flow variations are trended by the blue curve, as shown in Figure 

5.5 and Figure 5.6 for monthly average and annual average flows, respectively.  

5.1.2 Long-Term Stream Power (LTSP) analysis  

The calculation of the annual and Long-Term Stream Power (LTSP) is to determine the power 

potential at the plant site based on the historical gross heads and flows passing through the site.  

This total flow (so-called plant site flow or plant flow) includes turbine flows, spill flows, 

measureable leakages, bypass flows, etc.  Ideally, the flows measured immediately downstream 

of a hydropower plant would be used for this calculation as they would represent the total flows 

actually passing through the plant site without any local inflows and outflows.  However, many 

hydropower plants do not measure the flows, and often there are not any nearby USGS gauge 

measurements that can be utilized for historic site flows.  To be consistent with other facility 

assessments for plant flow data source, the Flaming Gorge plant operations data are used to 

retrieve the historic flows while the flows measured with the downstream USGS gauge are used 

for verification.   

For the Flaming Gorge hydropower plant, the historical records of unit operations with 1 hour 

intervals are provided, from which the time series of gross heads, the corresponding 
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powerhouse flows (i.e., the flows passing through all the turbine units for energy generation), as 

well as the bypass spill tunnel jet discharge flows, can be obtained or retrieved.  The stream 

power potential at the plant site is calculated in two different ways.  The first way uses the sum 

of the flows from the powerhouse and the bypass spill tunnel.  The second way utilizes the 

stream flow data from the USGS stream flow station located just downstream of Flaming Gorge.     

5.1.3 Long-Term Production Potential (LTPP) analysis  

Because the LTPP is a measure of power production for the three different performance levels 

of IPL, CPL, and PPL, a series of plant performance curves corresponding to each of these 

performance levels are needed.  However, at Flaming Gorge, IPL is not available due to lack of 

detail in the original turbine-generator characteristic data and PPL is very close to CPL due to 

the recent upgrades at the plant.  Consequently, only the plant performance curves at CPL 

relating the powerhouse flows to the plant efficiencies are provided by optimization-based plant 

performance assessment (next section of this Chapter).  Six different performance curves under 

current performance level are provided, corresponding to gross heads of 390 ft, 400 ft, 410ft, 

420ft, 430 ft, and 440 ft.  These curves serve as the basis from which the values of plant 

efficiencies corresponding to other gross heads and powerhouse flows are interpolated.  The 

overall plant efficiency curves are shown in Figure 5.1.     

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1:  Powerhouse Flow versus Plant Efficiency (CPL; U1, U2, U3) 



HAP Assessment Report – Flaming Gorge                                                                                                       Page 65 
 

Based on the optimized efficiency curve for CPL provided in Figure 5.1, the method used to 

determine the plant efficiency for a given powerhouse flow assumes that the plant is operated at 

the peak efficiency point within each of the three curvatures on the optimized efficiency curves 

for the dispatch of one unit, two units, or three units.  This is accomplished by “shifting” the 

actual time increment (1 hour in this case) of a flow to a shorter or longer time period while 

conservation of water is maintained by allowing the same volume of water to be released for 

generating over different time durations with a higher efficiency.  This method assumes that the 

total of the “extra” time used for this shift does not exceed what is physically allowable over the 

course of the day, and hence any net reservoir storage and water level changes resulting from 

this method are negligible.   

For the efficiency curve corresponding to the last unit dispatched (in this case, the third 

curvature), the flows that exceed the peak efficiency point are not shifted to the peak efficiency.  

Instead, the actual flows and their corresponding efficiencies are used in the calculation of 

annual and long term production potentials.  This reflects a hydropower facility’s typical 

operation during the periods where flows at this large magnitude may represent the passage of 

a flood.  The priority of passing the flood must be considered and the shifting of flows towards 

smaller ones to gain better efficiency values would not be appropriate in this case.     

Historical flows that are less than the minimum flow point on the plant efficiency curves in Figure 

5.1 are neglected for the calculation of production potential.  The minimum flow point is 

associated with the turbine operating limits to avoid turbine vibration and cavitation.  In addition, 

shifting these small flows to those corresponding to the peak efficiencies would result in 

extremely small and unrealistic periods of run-time.  Historical flows greater than the maximum 

value exceeding the endpoint of the plant efficiency curves utilize the endpoint efficiency on the 

curve.    

For the case of Flaming Gorge, none of the historical gross head values fall outside of the 390 ft 

and 440 ft envelope of gross heads.  Historical flows used for the calculation of plant production 

potential herein are the flows computed from the reported generation records and the 

corresponding heads.     

5.1.4 Average Power Production (APP) calculation                        

The calculation of the Average Power Production (APP) simply requires the time-series of 

historical generation data.  For the Flaming Gorge data, only positive values of reported 

generation are used in this computation.  Generation values of zero within the time-series are 

also included in the average.   



HAP Assessment Report – Flaming Gorge                                                                                                       Page 66 
 

5.1.5 Results from hydrology-based performance analyses 

The historical plant data used in this analysis contains data from July 7, 2007, through 

December 28, 2011.  The actual productions in megawatt-hours (MWh), in addition to the 

average hourly MW for each of the years, are calculated.  Table 5.1 summarizes the annual 

generations through the years from 2007 to 2011 for the actual plant production from historical 

records, the plant production potential at CPL, and the stream hydropower potential.     

Table 5.2 summarizes the annual average power potential in MW for each year from 2007 to 

2011, as well as the long-term average actual production, average stream power potential, and 

average plant power potential in MW over the years from 2007 to 2011 (i.e., the metrics for 

APP, LTSP and LTPP at CPL).  

Table 5.3 summarizes the absolute and relative increases in annual generation (MWh) at the 

CPL level, potentially gained from optimization of plant operations. 

Table 5.4 summarizes the absolute and percentage differences between the calculated value 

for the potential stream power using the plant flow data and USGS gauge flow data.  

 

    Table 5.1:  Summary of Results for Annual Generation  

Note: The 2007 results include generation and flow from July 7, 2007 through December 28, 2011. 

 

 

 

 

 

 

 

 

 

 

 

Actual 
Annual 

Generation 

Optimized 
Annual 

Generation            
(IPL) 

Optimized 
Annual 

Generation            
(CPL) 

Optimized 
Annual 

Generation              
(PPL) 

Annual Stream 
Power Potential 

(Plant Flow Data) 

Annual Stream 
Power Potential 

(USGS Stream Flow 
Data) 

  (MWh) (MWh) (MWh) (MWh) (MWh) (MWh) 

2007 107,900 N/A 111,850 N/A 124,060 129,210 

2008 371,400 N/A 381,960 N/A 410,920 434,250 

2009 459,560 N/A 467,090 N/A 502,220 507,540 

2010 411,260 N/A 419,010 N/A 450,890 456,480 

2011 679,470 N/A 687,030 N/A 885,400 929,100 
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Table 5.2:  Summary of Results for APP, LTPP, and LTSP 

 

 

 

 

 

 

 

 

Note: 

The 2007 

results include generation and flow from July 7, 2007 through December 28, 2011. 

 

 

Table 5.3:  Summary of Generation Increases for  

Optimized IPL, CPL, and PPL Performance Levels 

 

Improvement     
(IPL) 

Improvement     
(CPL) 

Improvement     
(PPL) 

Improvement     
(IPL) 

Improvement     
(CPL) 

Improvement     
(PPL) 

 

(MWh) (MWh) (MWh) (%) (%) (%) 

2007 N/A 3,950 N/A N/A 3.66 N/A 
2008 N/A 10,560 N/A N/A 2.84 N/A 

2009 N/A 7,530 N/A N/A 1.64 N/A 

2010 N/A 7,750 N/A N/A 1.88 N/A 

2011 N/A 7,560 N/A N/A 1.11 N/A 

            Note: The 2007 results include generation and flow from July 7, 2007 through December 28, 2011. 

 

The monthly averaged actual power production (APP), plant power potential, and stream power 

potential are plotted in Figures 5.2, 5.3, and 5.4, respectively.  These monthly variation trends 

can be compared across the years from 2007 to 2011, which shows that the overall production 

and power potential were the lowest in 2007 (even though observations for only part of the year 

are being made) and highest in 2011.  As expected, the APP calculated from historical 

generation records (Figure 5.2) trended consistently with the stream power potential (LTSP) 

with the exception of the higher flow event of May through July of 2011.  The higher flows were 

passed using the bypass spill structure and were not available for power production, hence the 

  

APP 
LTPP       
IPL 

LTPP       
CPL 

LTPP       
PPL 

LTSP          
(Plant Flow 

Data) 

LTSP  (USGS 

Stream Flow 
Data) 

  (MW) (MW) (MW) (MW) (MW) (MW) 

2007 25.26 N/A 26.18 N/A 29.04 30.25 

2008 42.28 N/A 43.49 N/A 46.78 49.44 

2009 52.46 N/A 53.32 N/A 57.33 57.94 

2010 46.95 N/A 47.83 N/A 51.47 52.11 

2011 78.20 N/A 79.07 N/A 101.90 106.93 

All Years 51.69 - 52.64 - 60.45 62.56 
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shaving of the peak in Figure 5.2.  Also as expected, the monthly variations of plant power 

potential (LTPP) for each year (Figure 5.3) follow the similar pattern and trend of stream power 

potential (Figure 5.4).  The major difference between the two plots is the capacity in which the 

flow event is handled.  The trend of the consistent higher flow events of May and June for every 

year is captured in all metrics as well.   

The results of the monthly stream power potential (LTSP) using both plant data and USGS 

gauge station data are shown in Figure 5.4 (dotted curves for the results from gauge flow data 

and the solid curves for the results from plant flow data), and the differences between the two 

flow sources are summarized in Table 5.4.    

 

    Table 5.4: Summary of Results for LTSP Differences  

 

Actual Difference between LTSP          
Results from Plant Flow and 

USGS Gauge Data 

Percentage Difference between 
LTSP Results from Plant Flow 

and USGS Gauge Data 

 
(MWh) (%) 

2007 5,150 4.15 

2008 23,330 5.68 

2009 5,320 1.06 

2010 5,590 1.24 

2011 43,700 4.94 

All 
Years 

83,090 3.50 
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Figure 5.2: Monthly Averaged APP Trend for 2007-2011 

 

 

Figure 5.3: Monthly Averaged Plant Power Potential Trend for 2007-2011 
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Figure 5.4: Monthly Averaged Stream Power Potential Trend for 2007-2011 

 

Optimized generation for all of the years indicate an average performance increase over actual 

generation of about 2.2% for 2007-2011 and 1.9% for four entire years of 2008-2011 at the CPL 

level.  This corresponds to average increase in annual generation by about 7,470 MWh for the 

five year period and 8,350 MWh for the four entire years of 2008-2011.  The largest increase is 

10,560 MWh for 2008 and smallest increase is around 7,530 MWh for 2009 for complete years 

2008 through 2011.  (The smallest increase is for 2007 but not compared against other years 

because data is only available for part of the year.)       

Figure 5.4 depicts and compares the trends of the monthly average stream power potential 

using the two different data sources – the plant and the USGS stream gauge.  The results 

determined from the USGS stream gauge data are consistently higher than that of the results 

from the plant flow data.  The largest percentage difference between the two data sources for 

any of the years is 5.68% for 2008.  However, the largest absolute difference is 43,700 MWh for 

2011 during which the largest yearly averaged flow event occurred (Figure 5.4).  An overall 

percentage difference of 3.5% is not a significant difference between the two methods, 

assuming that any bias in accuracy for the two methods is either both consistently high or both 

consistently low.  Any differences are attributed to the leakage/seepage at the dam (plant owner 
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advises that approximately 425 gpm (~1 cfs) of seepage does occur from both left and right 

abutments) and/or local runoff between the dam and stream gauge if not within the 

measurement error of the USGS stream flow data.   

Figure 5.5 depicts and compares the trends of monthly average stream flows and monthly 

average plant power potential at CPL.  The variation of plant power potential over the time 

period trends very consistently as the hydrologic variation downstream of the dam for the 

majority of the time period.  The historical operation of the plant, evident in the CPL trend, 

captures the spring to early summer flow increases from year to year.  For the May through July 

2011 period, the trend of the power production curve is not consistent with that of the hydrologic 

one.  This is indicative of a flood release by the facility that does not pass the entire flow through 

the powerhouse for generation.  Instead, about half of the flow passing the plant during this 

period is used for generation and the other half is released through the bypass spill tunnel (jet 

discharge structure).  This is evident in Figure 5.5 whereby the CPL power production is about 

half of that associated with potential generation with all of the flow passing the plant.    

The yearly averaged flow and power production trends very consistently as well in Figure 5.6.  

Observation of the annual variation of stream flows (blue line) indicates that 2011 is the 

“wettest” year with the spring and summer high flow event.  The other years’ average flows are 

about 40% of that for 2011.  The average CPL power production for the years 2007 through 

2010 is 54% of that of 2011.   
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Figure 5.5: Monthly Average Flow and Plant Power Potential Trend for 2007-2011 

 

 

       

Figure 5.6: Yearly Average Flow and LTPP Trend for 2009-2011 
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5.2 Optimization-Based Performance Analyses 

This section provides typical examples of results from optimization-based performance analyses 

for the U. S. Bureau of Reclamation’s (USBR’s) three-unit Flaming Gorge Plant.  The results 

include unit performance curves, optimized plant performance curves, operation efficiency 

analyses, generation scheduling analyses, and correlation analyses. 

5.2.1 Unit and plant performance curves  

Insufficient data was available to determine unit performance curves for the Initial Performance 

Level (IPL) over the head range.  The unit performance curves for the Current Performance 

Level (CPL) are based on turbine net head efficiency data from the USBR’s 2006 Flaming 

Gorge U3 efficiency test report, Turbine Runner Acceptance Test, Unit 3, and the prototype 

performance curves provided by the turbine manufacturer.  The derived unit flow versus unit 

power curves for CPL at net heads of 390 ft, 400 ft, 410 ft, 420 ft, 430 ft, and 440 ft are 

presented in Figure 5.7, and the corresponding net head unit efficiencies versus power are 

provided in Figure 5.8.  The unit performance curves for the Potential Performance Level (PPL) 

are assumed to be close to the CPL, based on the post-upgrade turbine efficiencies and post-

upgrade generator efficiencies reported by the USBR.   

 

Figure 5.7:  Unit Flow vs Unit Power (CPL) 

Unit Flow vs Unit Power (CPL)

0

500

1,000

1,500

2,000

0 5 10 15 20 25 30 35 40 45 50 55 60

Unit Power (MW)

U
n

it
 F

lo
w

 (
c

fs
)

Net Head = 390 ft Net Head = 400 ft Net Head = 410 ft

Net Head = 420 ft Net Head = 430 ft Net Head = 440 ft



HAP Assessment Report – Flaming Gorge                                                                                                       Page 74 
 

 

Figure 5.8:  Unit Gross Head Efficiency vs Unit Power (CPL)  
 

Based on the CPL unit performance curves, the optimization engine (see Appendix 2.03 of the 

Performance Assessment Manual) was used to compute optimized plant gross head 

efficiencies.  The CPL optimized plant gross head efficiencies versus plant power at gross 

heads of 390 ft, 400 ft, 410 ft, 420 ft, 430 ft, and 440 ft are presented in Figure 5.9. 

 

 

Figure 5.9:  Optimized Plant Gross Head Efficiency vs Plant Power (CPL)   
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5.2.2 Operation efficiency analyses 

The operation efficiency analyses use unit efficiency characteristics and archival operations 

data to determine how closely the actual dispatch matches the optimized dispatch.  

Computational steps for determining the operation efficiency are discussed in the Performance 

Assessment Manual.  At each time step of the archival data, the optimized plant efficiency is 

computed, apportioning the total plant load among the available units to maximize the plant 

efficiency while meeting the necessary constraints (e.g., matching the actual plant load, 

matching the head, and operating each unit within minimum and maximum power limits).  

Energy gains due to water savings from optimized dispatch are computed by assuming that the 

water is converted into energy at the optimized plant efficiency and head for the time step in 

which the potential energy gain occurs.   

Results from the operation efficiency analyses are summarized in Table 5.5.  Overall, the 

potential efficiency improvements due to improved optimization, while meeting the actual power 

versus time, are small, ranging from a low of 0.1% for 2010 to a high of 0.4% for 2008, with an 

average of 0.2% and a four-year total of 4,294 MWh.   

 

Table 5.5:  Summary of Results from Operation Efficiency Analyses 

 

Typical results from the operation efficiency analyses are provided in Figures 5.10 and 5.11.  In 

these figures, the red line represents the actual U1 generation, the blue line represents the 

actual U2 generation, and the violet line represents the actual U3 generation.  The dashed red 

line represents the optimized U1 generation, the dashed blue line represents the optimized U2 

generation, and the dashed violet line represents the optimized U3 generation.  In addition, the 

green line refers to the secondary axis on the right and represents the potential plant efficiency 

improvement due to optimized generation while producing the same power versus time.   

2008 1,330 0.4

2009 728 0.2

2010 493 0.1

2011 1,742 0.3

Note:  

Year

Operation efficiency results show potential improvements while 

continuously meeting the actual power versus time.

Computed Improvement 

(MWh) Computed Improvement (%)
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Figure 5.10:  Efficiency Excursion, June 3 - 6, 2011 

 

 

 

Figure 5.11:  Efficiency Excursion, April 8 - 16, 2011 

 

Figure 5.10 shows an efficiency excursion identified by the operation efficiency analyses in the 

2011 Flaming Gorge data.  During the period of June 3 - 6, 2011, the plant operated with two 

units at approximately 48 MW each when three units at approximately 32 MW each would have 

been more efficient.  The total lost energy opportunity associated with this event was 220 MWh, 

which is 13% of the total for the entire year of 2011.  Figure 5.11 provides another similar 

example from April 2011, occurring over a longer period of time.  The total lost energy 

opportunity associated with this event was 549 MWh, which is 32% of the total for 2011.    
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5.2.3 Scheduling analyses  

Scheduling analyses evaluate how closely the actual plant loads align with the overall peak 

efficiency curves for the entire plant.  The steps for computing the scheduling analyses are 

shown in the Performance Assessment Manual.  Individual unit characteristics combine to 

create an overall plant efficiency that is the maximum plant efficiency achievable for any given 

load with optimized plant dispatch.  By scheduling plant loads to align with peak operating 

efficiency regions when hydrologic conditions, market conditions, and other restrictions permit, 

more efficient energy generation is achieved.   

Figure 5.12 provides typical results from CPL scheduling analyses for Flaming Gorge, showing 

2010 results for a gross head of 420 ft.  The optimized plant gross head efficiency for 420 ft is 

shown in red, the actual 2010 monthly generation versus plant power at that head is shown in 

blue, and the optimized 2010 monthly generation versus plant power at that head is shown in 

green.  The actual generation values tend to occur at a wide variety of power levels, presumably 

corresponding to specific release flows, and the optimized generation values correspond to the 

peak efficiencies for one-unit, two-unit, and three-unit operation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.12:  Typical Results from Scheduling Analyses (2010; GH = 420 ft) 
 
 

Results from the CPL scheduling analyses are summarized in Table 5.6.  The potential 

generation improvements range from a low of 6,321 MWh (1.4%) in 2009 to a high of 15,341 

(2.3%) MWh in 2011, with a 2008 – 2011 total of 38,513 MWh and an average of 2.0%.  This is 

the approximate energy cost for operating with flow releases, rather than power production, as 

the top priority.  
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Table 5.6:  Summary of Results from Scheduling Analyses (CPL)  

 

5.2.4 Avoidable loss analyses  

The avoidable loss analyses determine how the optimized dispatch could be improved by 

reducing avoidable losses.  Avoidable losses typically include excessive trash rack losses, 

excessive penstock losses, and excessive tunnel losses.  For this plant, insufficient data was 

available to evaluate avoidable losses. 

5.2.5 Correlation analyses  

When continuous measurements of relative or absolute flow rate are available for each unit, 

correlation analyses can be computed to compare the measured efficiencies with the expected 

unit performance characteristics.   

 

Figure 5.13:  Correlation Efficiencies (2008 - 2011) 
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2010 411,231 418,755 7,524 1.8

2011 679,404 694,746 15,341 2.3

Note:  
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For this plant, unit flows are measured using acoustic flowmeters, so data was available for 

correlation analyses.  Correlation efficiencies for the plant over the entire 2008-2011 period, 

shown in Figure 5.13, are uniformly high (98.9% for U1, 98.7% for U2, and 98.8% for U3).   

Performance comparisons for U1 are provided in Figures 5.14 – 5.19.  The expected U1 flows 

versus unit power levels are shown as red lines, and the measured U1 flows versus the unit 

power levels are shown as blue triangles for net heads of 410 ft, 420 ft, and 430 ft in Figures 

5.14, 5.16, and 5.18, respectively.  The expected U1 net head efficiencies versus unit power 

levels are shown as red lines, and the measured U1 net head efficiencies versus the unit power 

levels are shown as blue triangles for net heads of 410 ft, 420 ft, and 430 ft in Figures 5.15, 

5.17, and 5.19, respectively.  Similar performance comparisons for U2 are provided in Figures 

5.20 – 5.25, and performance comparisons for U3 are provided in Figures 5.26 – 5.31. 

The results from the correlation analyses indicate that the performance for each unit is 

approximately 1% lower than the expected performance across the head range from 410 ft to 

430 ft, and the shapes for the actual efficiency curves are somewhat flatter than expected, as 

shown in Figures 5.15, 5.17, and 5.19 for U1, Figures 5.21, 5.23, and 5.25 for U2, and Figures 

5.27, 5.29, and 5.31 for U3.  Figures 5.16 and 5.17 provide limited performance results from 

2007 U1 flow measurements (red triangles) for the old U1 turbine before it was upgraded, 

providing a graphic indication of the significant performance gains achieved by the upgrade.   

Figure 5.17 also shows a period of reduced efficiency for U1, and Figure 5.23 shows a period of 

reduced efficiency for U2.  Trash rack fouling is the most likely explanation for these periods of 

reduced efficiency.  USBR personnel could consider installing differential pressure transducers 

to directly measure the trash rack losses.  Alternatively, expected versus actual efficiency 

comparisons (i.e., periodic calculation and review of correlation efficiencies) could serve the 

same purpose without the capital cost, installation cost, and maintenance cost of additional 

instrumentation. 
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Figure 5.14:  Expected and Measured Flow versus Power (Unit 1, 2008 – 2011, NH = 410 ft) 
 
 

 

Figure 5.15: Expected and Measured Efficiency vs. Power (Unit 1, 2008 – 2011, NH=410 ft)  
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Figure 5.16:  Expected and Measured Flow versus Power (Unit 1, 2008 – 2011, NH = 420 ft) 

 
 

 

Figure 5.17: Expected and Measured Efficiency vs. Power (Unit 1, 2008 – 2011, NH=420 ft)   
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Figure 5.18:  Expected and Measured Flow versus Power (Unit 1, 2008 – 2011, NH = 430 ft) 

 
 

 

Figure 5.19: Expected and Measured Efficiency vs. Power (Unit 1, 2008 – 2011, NH=430 ft)   
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Figure 2.20:  Expected and Measured Flow versus Power (Unit 2, 2008 – 2011, NH = 410 ft) 

 
 

 

Figure 5.21: Expected and Measured Efficiency vs. Power (Unit 2, 2008 – 2011, NH=410 ft)   
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Figure 5.22: Expected and Measured Flow versus Power (Unit 2, 2008 – 2011, NH = 420 ft) 

 
 

 

Figure 5.23: Expected and Measured Efficiency vs. Power (Unit 2, 2008 – 2011, NH=420 ft)   
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Figure 5.24: Expected and Measured Flow versus Power (Unit 2, 2008 – 2011, NH = 430 ft) 

 
 

 

Figure 5.25:  Expected and Measured Efficiency vs. Power (Unit 2, 2008 –2011, NH=430 ft)   
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Figure 5.26:  Expected and Measured Flow vs Power (Unit 3, 2008 – 2011, NH = 410 ft) 

 
 

 

Figure 5.27:  Expected and Measured Efficiency vs Power (Unit 3, 2008 –2011, NH =410 ft)   

Unit Flow vs Unit Power (Unit 3, 2008 - 2011, NH = 410 ft)
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Figure 5.28:  Expected and Measured Flow vs Power (Unit 3, 2008 – 2011, NH = 420 ft) 

 
 

 

Figure 5.29:  Expected and Measured Efficiency vs Power (Unit 3, 2008 –2011, NH=420 ft)   

Unit Flow vs Unit Power (Unit 3, 2008 - 2011, NH = 420 ft)
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Figure 5.30:  Expected and Measured Flow versus Power (Unit 3, 2008– 2011, NH=430 ft) 

 
 

 

Figure 5.31:  Expected and Measured Efficiency vs Power (Unit 3, 2008– 2011, NH =430 ft)  

Unit Flow vs Unit Power (Unit 3, 2008 - 2011, NH = 430 ft)
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5.2.6 Results from optimization-based performance analyses 

The potential plant generation improvements due to plant efficiency improvements from direct 

optimization, 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 – 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 (1) the actual unit performance is about 1% lower than the expected 

performance and (2) 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 U1 and U2, probably due to trash rack fouling.  Results from all analyses are provided in the 

data disk attached to this report (see Appendix 2). 
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6.0 Economic Valuation and Cost Estimate for Upgrades 

The power market and economic context for the Flaming Gorge facility is included here to 

document external factors that could affect Flaming Gorge dispatch and operations.  Future 

comparative analysis of the assessment results reported herein with those from other facilities 

having different context will be made.  Thus, the context for power market and economics is 

important that will be required to understand difference in results among assessed facilities.  

The location of the facility with in the power market topology, the type and prevalence of 

generation assets in the balancing authority area for the facility, and the nature of the demand 

within the balancing authority are all relevant to the interpretation of hydropower facility 

dispatch, performance, and condition data and results. 

6.1 Plant Owner Fleet Characteristics 

Flaming Gorge is owned and operated by the U. S. Bureau of Reclamation (USBR) and the 

power it produces is marketed by the Western Area Power Administration (WAPA) at rates that 

will allow “recovery of the cost of producing and transmitting such electrical energy, including 

the amortization of the capital investment allocated to power over a reasonable period of years” 

(Section 5 of the Flood Control Act of 1944).  Power marketing administrations are directed to 

provide their customers the lowest possible rates consistent with sound business principles and 

must give preference to public bodies and cooperatives, known as preference customers. 

USBR owns and operates 58 hydroelectric plants in the 11 Western Electricity Coordinating 

Council (WECC) states (WY, CO, MT, UT, AZ, NV, CA, ID, WA, OR, NM).  The total nameplate 

capacity of this hydro fleet is 14.97 GW.  USBR is not a load serving entity but a water 

management agency.  In some of its plants, non-power purposes have a higher priority than 

electricity generation so that power is only produced when excess water is available.  

Consumptive demands on Colorado River Basin water are gradually increasing so that the 

expected long-term trend is for less generation from CRSP hydropower plants (Sale et al., 

2011). 

6.2 Market Context 

Flaming Gorge is the most upstream among the four storage units (the other three are Glen 

Canyon, Navajo, and Curacanti) in the Colorado River Storage Project.  Electricity produced at 

those four units is marketed by the Western Area Power Administration (WAPA) in its Salt Lake 

City Area/Integrated Projects (SLIP) marketing region.  Most of this power is marketed as long-
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term Firm Electric Service and the allocation levels for each customer are set in a power 

marketing plan.  The marketing plan currently in place for the Salt Lake Integrated Projects will 

not expire until 2024.  However, the SLIP Firm Electric Service contracts contain a clause 

allowing Western to adjust firm energy and capacity allocations, with reasonable notice, in 

response to changes in hydrology and river operations.  The contracts are structured to have a 

floor level of capacity and energy that is guaranteed by WAPA.  When additional hydropower 

above that floor level is available, WAPA allocates additional energy and capacity on a monthly 

basis at the current power rate until the maximum allocation to customers is reached.  In the 

rare case when full customer allocations have been reached, Western could then sell the 

surplus on the regional power market to customers and other utilities.   

Flaming Gorge is located in the WAPA-Colorado Missouri (WAPA_CM) balancing authority and 

its power is dispatched from the Colorado River Storage Dispatch Center in Montrose, 

Colorado.  Figure 6.1 shows the quarterly average load profile for the WAPA_CM area.  In 

2010, WAPA-CM was a winter peaking system (the peak demand in 2010 was 3,408 MW in the 

winter versus 2,375 MW in the summer). 

 

 

Figure 6.1: Quarterly Average Load Profiles in WAPA_Colorado Missouri Balancing 
Authority (2010) 
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WAPA_CM was a net exporter of power in 2010.  It is physically interconnected to several other 

WAPA balancing authorities as well as Nebraska Public Power District, Public Service of New 

Mexico, Tucson Electric Power, Pacificorp East, and Public Service Company of Colorado.  

WAPA_CM does not compute a system lambda that could be used as proxy for the cost of 

producing electricity in that system.  The load serving entities in WAPA_CM, besides WAPA 

itself, mostly have coal and natural gas plants whose economic dispatch they try to optimize.  

Figure 6.2 displays the quarterly average generation profile for Flaming Gorge in 2010. 

 

Figure 6.2: Quarterly Average Generation Profile for Flaming Gorge (2010) 
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and its daily shape did not track the load profile from Figure 6.1 very closely. The operational 
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Figure 6.3: Quarterly Average Generation Profile for Flaming Gorge (2011) 
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Table 6.1: Firm Power Service Rates 

Composite rate 29.62 $/MWh 
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6.2.2 Ancillary service prices/tariffs 

Flaming Gorge provides the whole suite of ancillary services (regulation, spinning and non-

spinning reserves, black start, and voltage support).  Provision of spinning reserves from this 

plant is mostly required in July/August and December/January.  The CRSP Management Center 

provides these services with available capacity in either the WAPA-Lower Colorado or WAPA-

CM balancing authority areas.  If no capacity is available, then WAPA offers its transmission 

customers to purchase the service elsewhere and pass through the costs to the customer, plus 

administrative fees. 

The rate for scheduling, system control, and dispatch is included in transmission rates.  

Reactive supply and voltage control is provided through WALC balancing authority under rate 

schedule DSW-RS3 ($63/MW-month) or WACM balancing authority under rate schedule L-AS2 

($165/MW-month).  Energy imbalance service is provided through WALC balancing authority 

under rate schedule DSW-EI3 or WACM balancing authority under rate schedule L-AS4.  The 

former settle imbalances based on the Dow Jones Palo Verde average monthly index while the 

latter uses the WACM weighted average hourly price for settling its energy imbalance 

transactions.  Alternatively, the customer can make other comparable arrangements to satisfy 

its energy imbalance service obligations. 

If the CRSP management center has regulation available for sale, it charges the SLIP firm 

power capacity rate for provision of regulation and frequency response service.  If regulation is 

unavailable from SLCA/IP resources, the WALC or WACM balancing authorities can provide the 

service, in accordance with their respective rate schedules.  The monthly rates are $2327/MW 

and $544/MW in WALC’s DSW-FR3 and WACM’s L-AS3 rate schedules, respectively. 

If CRSP has resources available to provide spinning and supplemental reserve service, the 

charge will be determined based on market rates plus administrative costs.  Otherwise, if 

customers have not made other arrangements, CRSP purchases spinning reserves and passes 

through the costs associated with these purchases, including administrative costs. 

To the extent that proposed upgrades to Flaming Gorge would make it more efficient and 

reliable, they might also enhance its capability to generate value for the WAPA system through 

increased provision of ancillary services. 
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6.2.3 Applicable incentives/legislation regarding renewable energy 

The state of Utah has a voluntary renewable portfolio goal for IOUs, municipal utilities, and 

cooperatives to use eligible renewables for 20% of their 2025 retail electric sales.  The Energy 

Resource and Carbon Emission Reduction Initiative was enacted in 2008 and only asks utilities 

to pursue renewable energy whenever it is cost-effective to do so.  Increased energy associated 

with efficiency upgrades to a hydroelectric facility after 1995 counts toward Utah’s goal.  

Purchasing RECs is an admissible option and WREGIS would be an acceptable trading 

platform to meet the goal but a credit tracking system has not been established yet. 

At the federal level, , up to 10% of the cost of a capital upgrade (not to exceed $750,000) that 

would improve generation efficiency by, at least, 3% could be covered through the incentive 

payment scheme described in Section 243 of the Energy Policy Act.  

6.3 Economic Valuation 

6.3.1 Energy benefit ($/MWh) 

The relevant price forecasts for estimating the value of additional energy resulting from 

upgrades to Flaming Gorge are the AEO price forecasts for the WECC/Rocky Mountain Power 

area.  These are the prices at which WAPA would have to buy electricity in the market if it does 

not produce enough in its CRSP units to cover firm power commitments or at which it could sell 

surplus electricity beyond 100% firm power requirements. 

Given that no system lambda data are available to compute average peak/off-peak ratios during 

recent years, the extra energy volumes from optimized CPL discussed in chapter 5 are valued 

using the AEO price forecast, which should be interpreted as a 24-hour average price.  Using 

the 4.375% discount rate applicable to federal water resources and 2010 dollars, the 5, 10, and 

20-year present values of the energy benefit are summarized in Table 6.2 

Table 6.2: Present Value of Energy Benefit from Flaming Gorge Upgrades 

  PRESENT VALUES (2010$) 

 MWh 5-year 10-year 20-year 

CPL average improvement (2007-2011) 8,350 1,817,133 3,265,721 5,513,823 

 

To the extent that WAPA could shape Flaming Gorge’s generation profile to the load curve, 

these values could increase considerably. 
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6.3.2 Capacity and other benefit ($/kW-year)  

Proposed upgrades in this report are focused on improving the efficiency and reliability of the 

plant rather than increasing its nameplate capacity.  Operational data from 2007 through 2011 

show that Flaming Gorge did not produce at 100% of its nameplate capacity for a single hour 

over that whole period so increasing capacity does not appear as a priority. 

Plant performance data for 1998-2007 reveal a significant reduction in availability factor in the 

last two years of that period (and significant increases in the scheduled outage factor, which 

was about 20% in 2006 and 2007).1  The upgrades proposed in this report should help reducing 

outage factors.  Also, the number of average starts per unit has been trending upwards from 

2002.  The number of starts has gone from less than 20 in 2002 to approximately 70 in 2007.  

There could be multiple reasons for this trend, among them, increased cycling associated to 

growing penetration of renewables in that region.  

6.4 Cost Estimates 

To obtain gains related to process improvement, the costs could be those of developing a 

routine method for monitoring and cleaning the trash racks and removing debris, adding a user-

friendly historical archiving system, and implementing the recommended condition monitoring 

best practices and maintenance procedures.  These costs are not capital expenditures and 

should be recouped in the temporal scale of months rather than years.  

The capital expenditures are addressed in the following sections for some recommended 

replacement and upgrade of the specific asset components, using the existing formulas 

developed in industry (e.g., USACE HMI Report and RPRI Hydro Life Extension Modernization 

Guide).  This high-level standard project cost estimates (AACE Class 5) is suitable for screening 

the asset upgrading opportunities across a large number of hydropower facilities.  Cost 

estimates generated from these formulas should not be used to make individual investment 

decisions at specific facilities.  Additional analysis and refinement of the cost estimates outside 

of the scope of this effort would be needed for the owner to make upgrade decisions.  Any 

additions and/or corrections in the upgrade cost estimate from the owner reviewers are 

welcome.  

                                                           
1
 http://www.usbr.gov/projects//ImageServer?imgName=Doc_1240934560574.pdf 
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6.4.1 Governor technology upgrade 

As recommended, the governor control should be upgraded from mechanical to new digital 

technology.  A Francis governor installed replacement cost is around $300 K (in 2010 US 

dollars) based on the following formula (USACE and MWH 2010): 

Governor replacement cost = $200,000 + ($1.6 X HP) 

Here, HP is the rated turbine power in horsepower, which is 68,000 hp per unit at Flaming 

Gorge. 

Additional governor replacement of the same type and size done at the same time under the 

same contract would be 20% less, that is, around $250 K for each unit.  Total cost estimate for 

replacement of three governors would be around $800 K. 

6.4.2 Automation and monitoring system upgrade  

It is recommended to upgrade the automation system and add trash racks condition monitoring 

system, stator insulation condition on-line monitoring with the addition of partial discharge, the 

exposed un-insulated cooling water piping monitoring for signs of corrosion, and measurement 

of release flows, etc.  The cost estimate of automation and monitoring system upgrade would be 

around $200 K. 

In sum, the estimate of total capital costs for the recommended improvements at Flaming Gorge 

facility is around $1.0 million. 

6.5 Economic Feasibility and Financing Options 

The above high-level cost estimates would not allow constructing project benefit-cost ratios and 

net present values are available at this time.2 

The Colorado River Storage Project (CRSP) Basin Fund is a revolving fund that is used to 

purchase firming power as well as to fund operations and maintenance and needed 

replacements to the facilities in the CRSP.  Revenues to this fund come mostly from sales of 

hydropower and transmission services.  Upgrades to Flaming Gorge would be well suited to 

receive financing from the CRSP Basin Fund.  Otherwise, annual appropriations would have to 

be requested from Congress.   

                                                           
2
 As part of its Hydropower Modernization Initiative report, USBR concluded that a project to increase 

Flaming Gorge’s capacity by 76 MW had a benefit-cost ratio of 0.35. 
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7.0 Conclusion and Recommendations 

7.1 Summary of Condition and Performance Assessment Results 

The condition and data quality indicators for each unit falls within the 7≤CI/DI≤10 range, the 

units and plant overall are considered to be in good condition with a high level of confidence in 

the assessment results.  Operation and maintenance activities should continue without 

restriction.   

The potential plant generation improvements due to plant efficiency improvements from direct 

optimization, 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 – 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.   

7.2 Environmental and Other Constraints Affecting Performance  

Flaming Gorge is operated in accordance with the Upper Colorado River Basin Compact, the 

Colorado River Compact, and other applicable laws.  The current minimum downstream flow 

requirement is 400 cfs at all times and 800 cfs under normal operating conditions.  If the 

available water supply permits, then flows in excess of 800 cfs are to be maintained to enhance 

the downstream river conditions for recreational uses and fish spawning.  Typically under 

normal conditions Flaming Gorge will release between 800 and 4,600 cfs.  The typical reservoir 

operation cycle is to fill the reservoir during the spring months (EL. 6033 ft) and to draw the 

reservoir down during the winter (EL. 6027 ft).  

In 1978, a selective withdrawal structure was added at the unit intakes with the purpose of 

providing temperature control of releases to the Green River for fishery enhancement. 

In the spring of 2006, operational changes were made at Flaming Gorge in attempts to achieve 

the temperature and flow requirements specified by the 2000 Flow and Temperature 

Recommendations issued by the Upper Colorado River Endangered Fish Recovery Program.  

In return power operation at the plant has been impacted by limiting flexibility and altering 
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generation patterns (i.e., high spring flows for fish preservation versus summer or winter peak 

power demand).  

There are no operating constraints for cavitation and vibration problems or from the limited 

capacity of generators. 

There is no notable constraint from the DEC transmission Infrastructure or from the upper limit 

of power system load demands.  

7.3 Prioritized Opportunities for Production and Reliability Improvement  

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

following recommendations: 

 Install a trash rack monitoring system or equivalent performance data analysis to help 

schedule routine cleanings and trash removal from the racks.  

 Update the dated automation system to a newer version for long term viability. 

 Install an improved condition monitoring system. 

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

 Closely monitor carbon monoxide generation rates in the transformer oil and trend for 

future comparison. 

 Incorporate stator, rotor, PPT, and transformer (GSU) winding resistance tests into the 

electrical test program to gauge deterioration of electrical connections.   

 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 liner 

to help reduce maintenance efforts and improve hydraulic performance. 

In summary, there are opportunities for improved efficiency and reliability at the facility, despite 

the overall good condition of the plant. 

7.4 Recommendations for Additional Studies  

To resolve uncertainties in prioritization, costs, and benefits from the above recommended 

improvement projects, the following studies are suggested (basically for beyond the scope of 

current HAP assessment): 

1) Further on-site inspections to build more accurate condition indicators.  
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2) Economic valuation of reliability improvement from the recommended upgrades or 

replacements for those components that may not directly result in efficiency and energy 

production increases but would definitely reduce the risk costs (e.g., the transformer 

replacement).  This extended study would include the condition-based likelihood of 

equipment failures, the cost consequence the failures, the reduced risk costs, and the 

reduced LCOE for the remaining lifespan of units and plant.    

3) Study on potential environmental benefits from improved performances (e.g., reduced 

GHG emissions per MWh due to efficiency improvement, etc.); 

4) Economic valuation of other benefits from the recommended upgrade activities, 

including the reduced annual O&M costs for repair and maintenance, reduced insurance 

premiums, and increased operating flexibility.  

5) Project-specific cost analysis and feasibility studies for recommended upgrade activities, 

including the detailed engineering design, cost quotation of replacing equipment, the 

cost of energy losses during the planned outage for upgrading projects, and the detailed 

cost-benefit analysis.  
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For overall questions  

please contact: 

 

 

 

Brennan T. Smith, Ph.D., P.E. 

Water Power Program Manager 

Oak Ridge National Laboratory 

865-241-5160 

smithbt@ornl.gov 

 

or 

 

Qin Fen (Katherine) Zhang, Ph. D., P.E. 

Hydropower Engineer  

Oak Ridge National Laboratory 

865-576-2921 

zhangq1@ornl.gov 
 

 


