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Q. PLEASE STATE YOUR NAME, OCCUPATION, AND BUSINESS 1 

ADDRESS. 2 

A. My name is Kelcey Brown.  I am a Senior Economist in the Electric and Natural 3 

Gas Division at the Public Utility Commission of Oregon.  My business address 4 

is 550 Capitol Street NE Suite 215, Salem, Oregon 97301-2551.  5 

Q. PLEASE DESCRIBE YOUR EDUCATIONAL BACKGROUND AND WORK 6 

EXPERIENCE. 7 

A. My Witness Qualification Statement is found in Exhibit Staff/101. 8 

Q. WHAT IS THE PURPOSE OF YOUR TESTIMONY? 9 

A. In this testimony I will discuss the Commissions current policy on the 10 

calculation of not only forced outage rates, but the total calculation of 11 

availability for electric generation units.  I will provide my conclusions and 12 

recommendations regarding how the availability of an electric generation unit 13 

should be calculated for ratemaking purposes.  In addition, I will make 14 

recommendations on the use of Industry data to be used as a benchmark when 15 

setting forced outage rates.  I also recommend additional reporting 16 

requirements for wind generation facilities. 17 

Q. HOW IS YOUR TESTIMONY ORGANIZED? 18 

A. I will first provide a brief summary of my conclusions and recommendations.  19 

By way of background, I will describe the purpose of forced outage rates and 20 

explain why the Commission recommended this docket be opened.    21 

 I will organize the remainder of my testimony to address each of the issues in 22 

the Consolidated Issues List filed January 30, 2009. I also provide Exhibit 23 
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Staff/103-105 that details the statistical calculations and data that supports my 1 

recommendations. 2 

Q. PLEASE PROVIDE A BRIEF SUMMARY OF YOUR CONCLUSIONS AND 3 

RECOMMENDATIONS. 4 

A. After a thorough review of historical generation unit outage data I have reached 5 

the following conclusions: 6 

1. I agree with the Commission’s statement in Order No. 07-015 (UE-180) 7 

that the historical performance of the generating unit is the best predictor 8 

of what will occur in the future.   9 

2. I recommend that the formula used to calculate overall availability, and 10 

specifically forced outage rates, be changed.  I will show that it is 11 

appropriate to separately calculate and model forced outage rates, 12 

planned outage rates, and a deferrable maintenance outage rate in order 13 

to accurately calculate availability for ratemaking purposes.  I am 14 

defining a “forced outage” as an unplanned event that causes a 15 

generation facility to shutdown or reduce capacity immediately.  16 

“Planned outages” are outage events that are scheduled more than one 17 

year in advance.  Finally, “maintenance outages” are outage events and 18 

reduced capacity events that are scheduled in a relatively short time 19 

frame (i.e. a few days to less than one year).   20 

3. I propose the use of industry data provided by the North American 21 

Electric Reliability Council (NERC) for benchmark purposes, in order to 22 

objectively define the level at which a plant has experienced an extreme 23 
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forced outage event, or on a cumulative basis, an extreme forced outage 1 

year.  The definition of an extreme outage event generally refers to an 2 

extended time period, beyond what would be considered “normal.” The 3 

benchmark will be set according to a discrete probability distribution1 of 4 

the industry outage information, with the benchmark set at less than 10 5 

percent probability of occurrence.  This tool will allow the Commission to 6 

objectively define whether the reported forced outage rate is reasonably 7 

likely to occur in the test period.  If the benchmark shows that the rate is 8 

unlikely to occur in any given year, then an adjustment will be made to 9 

the forced outage rate.   10 

4. The appropriate application of a forced outage rate on hydroelectric 11 

units, specifically storage hydroelectric units, should not cause an overall 12 

decrease in total MWh produced by the facility for the year.  If a utility 13 

were able to show that a hydroelectric unit was forced to spill water in 14 

every occasion that it experienced a forced outage, then a decrease in 15 

total output would be appropriate; however, I have not found this to be 16 

the case.   17 

5. Non-base load resources (e.g., gas fired peaking plants) require a 18 

different formula than that of base load resources (e.g., coal generation 19 

                                            
1 A discrete probability distribution is a statistical term that means the description of a range of 
possible values (e.g. the forced outage rates of all reporting units) that a random variable (e.g. forced 
outage rate of a single unit) can attain, and the probability of that value falling within that range. For a 
graphical illustration of a probability distribution see Exhibit Staff/105, Brown/6.   Stated differently, 
given the reported forced outage rates of 58 coal-fired generating units that are between 600-699 MW 
in 2007, the probability that a unit will incur a forced outage rate of greater than 10 percent has a less 
than 10 percent probability of occurrence, or is unlikely to occur.   
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facilities).  I propose the Commission use NERC’s equivalent forced 1 

outage rate (demand) (EFOR(d)) formula.   2 

6. Finally, I propose the Commission require the utilities to provide a wind 3 

availability report for each wind facility on an annual basis that will show: 4 

 A.  Maximum net output of the facility given the actual wind 5 

conditions in a calendar year. 6 

 B.  Lack of availability due to planned maintenance. 7 

 C.  Lack of availability due to line loss. 8 

 D. Lack of availability due to forced outages, turbine failure, or non-9 

scheduled maintenance. 10 

 E.  Then, subtract factors B, C, and D above from A to provide the 11 

actual capacity factor for a wind facility in a calendar year.   12 

This information will provide a useful history that will allow the Commission 13 

to obtain a better understanding of the different factors that affect the 14 

actual output of wind facilities.  For ratemaking purposes, this information 15 

will provide an historical record that will facilitate a future determination of 16 

the appropriate methodology for calculating the capacity factor of wind 17 

farms in a test year.   18 

 19 

Forced Outage Rate Overview 20 

Q. PLEASE PROVIDE A BRIEF DESCRIPTION OF FORCED OUTAGE 21 

RATES AND EXPLAIN THEIR PURPOSE. 22 
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A. A forced outage is an unplanned failure that causes immediate shutdown of a 1 

generating unit.  Broadly speaking, the forced outage rate is calculated as a 2 

proportion of forced outage hours to total hours that the unit is available for 3 

operation.  To calculate test period power costs for ratemaking, the 4 

Commission uses a “forced outage rate” as part of the determination of 5 

normalized generating unit availability. Since 1984, the Commission has used 6 

a four-year rolling average of actual unit forced outage rates for a prediction of 7 

what will potentially occur in the test period.   8 

Q. ARE THERE OTHER OUTAGE EVENTS THAT ARE USED IN THE 9 

CALCULATION OF AVAILABILITY OF A THERMAL GENERATION 10 

PLANT? 11 

A. Yes.  There are several types of outage events that are used in the overall 12 

calculation of availability of a thermal generation facility.  As stated in my 13 

summary of conclusions, for simplicity I am defining them as: forced outage 14 

events (immediate shutdown or de-rate), maintenance outage events 15 

(scheduled in a relatively short time frame, less than one year), and planned 16 

outage events (scheduled in a time frame that is greater than one year).  These 17 

three generic descriptions are intended to capture all the outage events that a 18 

generation facility will incur, and contribute to the calculation of its overall 19 

availability.   20 

Q. PLEASE SUMMARIZE THE ISSUE OF FORCED OUTAGE RATES IN 21 

DOCKET UE 180, ORDER NO. 07-015.   22 
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A. In UE 180, Order No. 07-015, one of the issues before the Commission was 1 

the treatment of the extreme outage events that occurred at the Boardman and 2 

Colstrip coal plants.  In UE 180, Staff and other intervening parties questioned 3 

the four-year rolling average methodology and its ability to adequately account 4 

for extreme events when calculating a future test year forced outage rate that 5 

had a likely probability of occurrence.   6 

Q. WHAT WAS STAFF’S RECOMMENDATION IN UE 180 FOR 7 

CALCULATING A FORCED OUTAGE RATE FOR THE TEST PERIOD? 8 

A. In UE 180, Staff recommended that Portland General Electric (PGE) 9 

discontinue using actual forced outage rates and instead use industry forced 10 

outage rate information provided by NERC, and the use of a standard peer 11 

group.2  Staff concluded that the current methodology of a four-year rolling 12 

average assigned too much weight to recent extreme events, resulting in an 13 

unrealistic outage rate for the test period.   14 

Q.  PLEASE SUMMARIZE THE COMMISSION DECISION IN ORDER  15 

 NO. 07-015 (UE 180). 16 

A.  In relevant part, the Commission stated that it sought “…the most accurate 17 

forecast of forced outages at the relevant plants.”3  The Order went on to say 18 

that “We continue to believe that past performance is the best predictor of a 19 

plant’s outage rate.” Id.  In addition, the Commission concluded that the events 20 

that occurred at the respective plants were “extreme events” and directed that 21 

the associated hours be removed from the calculation of forced outage rates.  22 
                                            
2 See Order No. 07-015, page 14.   
3 Ibid. 
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The Commission then ordered that a generic docket be opened to further 1 

investigate the currently-used forced outage rate methodology.  UM 1355 is 2 

that docket.  3 

Q. PLEASE EXPLAIN THE ORIGIN OF THE CURRENT COMMISSION 4 

POLICY FOR CALCULATING OUTAGE RATES AND OVERALL 5 

AVAILABILITY? 6 

A. In 1984, then-Commission Staff member Tom Harris proposed an equivalent 7 

outage rate methodology.  This method took into account the different outage 8 

types (e.g. forced, maintenance, scheduled, and planned)4 and used a four-9 

year rolling average of actual plant performance in order to estimate what the 10 

equivalent outage rate of the plant would be for purposes of calculating power 11 

costs.  Mr. Harris provided a formula for calculating the equivalent outage rates 12 

within each year.5   13 

Q. IS THIS METHOD STILL EMPLOYED TODAY BY THE COMMISSION? 14 

A. Yes.  The original formula that was proposed by Staff witness Thomas Harris is 15 

still an integral part of a Utility’s calculation of a generation facility’s overall 16 

availability factor.  However, each individual utility has some unique differences 17 

in how it applies this method to different types of generation facilities and how it 18 

models this calculation within a test year.   19 

Q. PLEASE PROVIDE SOME EXAMPLES OF THE DIFFERENCES 20 

BETWEEN EACH UTILITY.   21 

                                            
4 These outage types are not to be confused with my definitions provided previously. 
5 For a full copy of the 1984 Staff memo please see Exhibit Staff/102, Brown/1-21. 
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A. There are many differences between each utility.  Four specific examples of 1 

these differences are: 2 

1. While Idaho Power does not model forced outages on its gas-fired 3 

generation facilities, both PGE and PacifiCorp do;   4 

2. In its last net variable power cost (NVPC) filing, PacifiCorp introduced a 5 

forced outage methodology for some of its hydroelectric generation 6 

facilities.  No other utility models forced outages on its hydroelectric 7 

generation units;  8 

3. PacifiCorp uses a four-year rolling average in the calculation of a 9 

planned outage rate for purposes of the test year.  PGE and Idaho 10 

Power forecast their planned outages in the test year, taking into 11 

account specific maintenance that the utility is planning to perform; and 12 

4. Until recently, PacifiCorp modeled a weekend/weekday split of its 13 

outages, taking into account the ability of the operator to defer certain 14 

outages to periods that have a lower economic impact on variable 15 

power costs.   16 

 17 

Outage Rate Methodology 18 

Q. PLEASE REPRODUCE THE FORMULA FROM MR. HARRIS’ 1984 MEMO.   19 

A. Reproduced below is the formula that was recommended and approved in 20 

1984, and is still in current use today:6  21 

EOR = FOH +EFOH + MOH + ESOH
SH + FOH + MOH  22 

                                            
6 For a full explanation of the formula and definitions please review Exhibit Staff/102, Brown/5-7. 



Docket UM 1355 Staff/100 
 Brown/9 

UM 1355 STAFF EXHIBIT 100(R).DOC 

 EOR = Equivalent outage rate – For our purposes this is the Forced outage 1 
rate.  2 

 FOH = Forced outage hours – Time in hours during which a unit is unavailable. 3 
 EFOH = Equivalent forced outage hours – For a forced partial de-rate this is 4 

the equivalent time in hours for a full forced outage. 5 
 MOH = Maintenance outage hours – The time in hours during which a unit is 6 

unavailable due to a maintenance outage. 7 
 ESOH = Equivalent scheduled outage hours – The time in hours for a partial 8 

maintenance de-rate.  Scheduled outage hours and maintenance outage hours 9 
are scheduled a relatively short time (i.e. a few days) in advance.  These are 10 
distinguished from planned outages, which are scheduled months or years in 11 
advance.   12 

 SH = Service hours – The total number of hours that the unit was actually 13 
operated with the breakers closed to the station bus.   14 

 15 

 Issue I.D: What forced outage rate methodology should the Commission 16 

adopt for coal-fired generating plants? 17 

Q. PLEASE DISCUSS WHETHER YOU CONTINUE TO SUPPORT THE 18 

CURRENTLY-USED COMMISSION FORMULA FOR CALCULATING 19 

FORCED OUTAGE RATES. 20 

A. I do not support the formula that the Commission currently uses for calculating 21 

forced outage rates.  As I will discuss in more detail, because of issues that the 22 

Commission has faced in regard to planned outages, and observations of the 23 

utility practice in scheduling maintenance outages during times that are 24 

economically favorable, I am proposing the Commission adopt a new set of 25 

formulas to be applied to all of the utilities participating in this docket.   26 

Q. PLEASE SET FORTH YOUR RECOMMENDED FORMULAS. 27 

A. I recommend the following three formulas (corresponding to three different 28 

types of outages) for application to coal generation facilities: 29 
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FOR = FOH + EFOH
PH

MOR = MOH + EMDH + EPDH
PH

POR = POH
PH

Equivalent Availability Factor = 1- (FOR + MOR + POR)  1 

 FOR = Forced outage rate – This will continue to be modeled in the test year 2 
as it is currently done in the Utility’s least-cost dispatch models. 3 

 FOH = Forced outage hours- The time in hours during which a unit is 4 
unavailable due to a forced outage. 5 

 PH = Period hours – Total hours in a calendar year, where the only variation 6 
would be a leap year versus a non leap year.   7 

 MOR = Maintenance outage rate – This will be the outage rate associated with 8 
deferrable maintenance.  The application of this rate will differ from that of the 9 
forced outage rate, in test year modeling, to reflect actual plant history of 10 
occurrence within heavy load hours and light load hours.  (I will discuss this 11 
further in testimony.) 12 

 MOH = Maintenance outage hours – The time in hours that a unit is 13 
unavailable due to a maintenance outage.  These outages are scheduled in a 14 
relatively short time frame (i.e. a few days to a week) in advance.   15 

 EMDH = Equivalent maintenance de-rated7 hours – An outage that requires a 16 
reduction in capacity, and is calculated as equivalent to the time in hours of a 17 
full forced outage event.  These outages are scheduled in a relatively short 18 
time frame (i.e. a few days to a week) in advance. 19 

 EPDH = Equivalent planned de-rated hours – An outage that requires a 20 
reduction in capacity and is calculated as equivalent to the time in hours of a 21 
full forced outage event.  These outages are scheduled in a short time frame 22 
(i.e. weeks to months) in advance.  The planning period for these outages is 23 
longer than the EMDH, but shorter than the planned outage hours which are 24 
scheduled typically up to one year in advance. 25 

 POR = Planned outage rate – Will be modeled as a four-year rolling average of 26 
actual planned maintenance.  This will be applied to the Utility’s NVPC model 27 
and should be scheduled to occur during times that will realize the least impact 28 
on NVPC.   29 

 POH = Planned outage hours – The time in hours that a unit is scheduled to be 30 
unavailable due to annual planned maintenance.  These outages are 31 
scheduled with a long lead time, typically greater than one year in advance.   32 

                                            
7 The term “de-rated” refers to a reduction in the net available capacity of the unit.  For example, 
assume a unit had a net available capacity of 100 MW, but due to a necessary maintenance the units 
net available capacity was reduced to 80 MW.  This reduction in available capacity from 100 MW to 
80 MW is referred to as a “de-rate.”  If this reduction in available capacity lasted five hours, than the 
calculated equivalent de-rated hours would be 20 MW * 5 hours = 100 MWhs/100 MW = 1 hour of 
equivalent maintenance de-rated hours for the facility.   
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 Equivalent Availability Factor (EAF) = This factor includes the effects of all 1 
outage events, and is equivalent to the percentage of time during which the 2 
unit was available for operation at full capability.   3 

 4 

Maintenance Outages 5 

Q. WHAT IS THE DIFFERENCE BETWEEN A MAINTENANCE OUTAGE AND 6 

A PLANNED OUTAGE? 7 

A. These two terms are very similar; however, they are very different in terms of 8 

scheduling.  The ability of a utility to schedule its outages is very important in 9 

terms the impact that these outages have on power costs.  Again, I am defining 10 

a maintenance outage as an outage that is scheduled in advance in a relatively 11 

short time frame, i.e. less than one year, and a planned outage is an outage 12 

that is scheduled in advance in a time frame that is greater than one year.   13 

Q. PLEASE DISCUSS THE REASON FOR YOUR PROPOSED CHANGE IN 14 

METHODOLOGY AND MODELING OF MAINTENANCE OUTAGES. 15 

A. On a modeled basis, in the test year, the current Commission method treats 16 

maintenance outages the same as randomly occurring forced outages: it 17 

evenly distributes them across all hours throughout the year.  This modeling 18 

method does not take into account the differences between a deferrable 19 

maintenance outage and a forced outage, which necessitates immediate shut-20 

down of the unit.   21 

Q. WHEN A UTILITY SCHEDULES A MAINTENANCE OUTAGE, DOES IT 22 

TAKE INTO ACCOUNT MARKET PRICES AND THE COST OF 23 

REPLACEMENT POWER? 24 
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A. Yes.  In Staff Data Request (DR) No. 5 each utility was asked to provide the 1 

actual occurrence of maintenance outage hours (MOH, EMDH, and EPDH) 2 

within high load hours8 and within low load hours9 over the last four known 3 

years.  PacifiCorp provided the most comprehensive response,10 which 4 

showed that on average for coal plants the occurrence of deferrable 5 

maintenance within high load hours was approximately 43 percent.  The 6 

occurrence of deferrable maintenance during low load hours was 57 percent.  7 

The current methodology uses and evenly distributed calendar year, which has 8 

a ratio of high load hours to low load hours of 55 percent high load hours and 9 

45 percent low load hours.   Therefore, under the current Commission method 10 

customers are not realizing the benefit of the actual utility practice of 11 

scheduling the deferrable maintenance during times that have the least price 12 

impact. 13 

Q. WILL THIS CHANGE IN MODELING CAUSE A DECREASE IN NVPC? 14 

A.  Yes.  Changing the way that the utility currently models its maintenance 15 

outages will cause a decrease in NVPC.  This change in modeling is 16 

appropriate because it will more accurately track the practice of the utility to 17 

schedule its maintenance during times that have the least impact on power 18 

costs. 19 

                                            
8 High Load hours refers to a frame of time during a 24 hour day when customer load and market 
prices are higher, i.e Monday through Saturday 6:00 am – 10:00 pm.   
9 Low Load, or Light Load, hours refers to a frame of time during a 24 hour day when customer load 
and market prices are lower, i.e. Monday through Friday 10:00 pm – 6:00 am and Saturday 10:00 pm 
to Monday at 6:00 am.   
10 See Exhibit Staff/103, Brown/1.  This Exhibit includes a pivot table of the PacifiCorp provided data, 
which adds up the four years of reported data, shows only coal plants, and shows the ratio calculation 
of high load to low load hours.     
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Q. IS IT DIFFICULT FOR THE UTILITY TO TRACK THE OCCURRENCE OF 1 

ITS OUTAGES ON AN ACTUAL BASIS DURING HIGH LOAD AND LOW 2 

LOAD HOURS? 3 

A. No.  The utility currently tracks and reports its maintenance events with a start 4 

time and an end time.  Once this time period is known, it is a simple calculation 5 

to determine whether this period of time occurred during high load or low load 6 

hours.   7 

Q. HOW DO YOU PROPOSE TO CALCULATE THE MAINTENANCE 8 

OUTAGE RATIO OF HIGH LOAD TO LOW LOAD HOURS FOR 9 

MODELING PURPOSES? 10 

A. Just as in the forced outage rate calculation, I recommend the use of a four-11 

year rolling average of the utility’s actual history of maintenance outages that 12 

occur during high load and low load hours.   13 

Q. HAVE ANY OF THE THREE UTILITIES EVER MODELED FORCED 14 

OUTAGES TO TAKE INTO ACCOUNT SPECIFIC TIMES DURING THE 15 

WEEK OR DAY?   16 

A. Yes. Until recently, within the last year, PacifiCorp calculated and modeled its 17 

forced outages using a weekend/weekday split.  This is an approach that 18 

recognizes that if the utility has the ability to defer performing maintenance 19 

activities, it will do so during times that have the least economic impact.  20 

Q. SHOULD YOUR PROPOSED MAINTENANCE CALCULATION AND 21 

MODELING ALSO APPLY TO GAS-FIRED FACILITIES?   22 
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A.  No.  I will discuss later in testimony my proposal for modeling forced and 1 

maintenance outages on gas-fired facilities.    2 

 3 

 Issue IV. What methodology should the Commission adopted for planned 4 

maintenance outages, and how should it be applied? 5 

Q. PLEASE DISCUSS YOUR PROPOSED METHODOLOGY IN 6 

CALCULATING AND MODELING PLANNED OUTAGES IN A TEST YEAR.   7 

A. The planned outage rate will be based on a four-year rolling average of the 8 

utility’s actual plant history.  For ratemaking purposes this will allow planned 9 

outage events, which can occur once every four to ten years, to conform to a 10 

normalized test year.   11 

Q. IS YOUR PROPOSED METHODOLOGY FOR PLANNED OUTAGE RATES 12 

CURRENTLY USED BY ANY OF THE UTILITIES IN THIS DOCKET? 13 

A. Yes.  PacifiCorp currently uses a four-year rolling average of its planned 14 

outages for modeling purposes.   15 

Q. IS IT APPROPRIATE TO ALLOW A UTILITY TO FORECAST ITS 16 

PLANNED OUTAGES FOR PURPOSES OF A TEST YEAR?  17 

A. No.  The Commissions ratemaking approach is to “normalize” a test year.  This 18 

means that events that only occur once every few years are not specifically 19 

modeled; they are taken into account in calculating historical averages.  20 

Therefore, it would be inconsistent with the Commission’s approach to allow 21 

the utility to forecast its planned outages, which are one-time events that may 22 

vary widely from year to year.   23 
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Q. DO RECENT COMMISSION DECISIONS CONTINUE TO FAVOR 1 

NORMALIZED RATEMAKING? 2 

A. Yes.  In UE 197, Fixed Plant Costs (Issue S-11), Staff proposed that the one- 3 

time maintenance costs associated with PGE’s forecasted test year planned 4 

maintenance should be allocated over a ten-year period.11  PGE agreed that 5 

the maintenance was planned to occur only once every ten years, and was 6 

willing to support a ten-year recovery period, which took into account the time 7 

value of money.  The Commission agreed with Staff’s ten-year proposal and 8 

supported PGE’s recovery of the time value of money.   9 

Q. IN LIGHT OF THE COMMISSION DECISION TO ALLOCATE FIXED 10 

COSTS ASSOCIATED WITH ONE-TIME MAINTENANCE EVENTS, 11 

WOULD IT BE CONSISTENT TO ALLOW THE UTILITY TO MODEL ONE-12 

TIME EVENTS IN THE TEST YEAR? 13 

A. No. 14 

Q. SHOULD YOUR PROPOSED PLANNED OUTAGE METHODOLOGY 15 

ALSO BE APPLIED TO GAS-FIRED GENERATION FACILITIES? 16 

A. Yes.  The current practice of using a four-year average, and scheduling 17 

planned outages during times that have the least economic impact, should also 18 

apply to gas-fired facilities.    19 

 20 

 Issue I.F: What is the appropriate length for the historical period? 21 

                                            
11 See Order No. 09-020, page 23.   
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Q. WHAT WAS THE BASIS FOR THE CURRENT COMMISSION PRACTICE 1 

OF USING A FOUR-YEAR ROLLING AVERAGE? 2 

A. Mr. Harris explained his proposal of a 48-month period as follows: “The reason 3 

I propose using a 48-calender month rolling average is that it reflects recent 4 

plant experience, which I think tends to better portray expected operation over 5 

the coming year.  Four years of experience is sufficient to average out 6 

variations and yet not include generally irrelevant experience from history long 7 

past.” See Exhibit Staff/102, Brown/4.  In addition, at the time of Mr. Harris’ 8 

memorandum PacifiCorp used a four-year planned maintenance cycle, which 9 

further supported the use of the 48-calender month time period.  10 

Q. DID YOU PERFORM A STATISTICAL ANALYSIS OF THE FOUR-YEAR 11 

TIME PERIOD? 12 

A. Yes.  I compiled the PacifiCorp outage data into energy lost by year and by 13 

plant, and attempted to find an underlying cyclical trend.  I was unsuccessful in 14 

finding any statistically significant trend, including a four-year period, that was 15 

common among all of the generating facilities.12     16 

Q. DID YOU TEST THE ABILITY OF OTHER TIME PERIODS TO MORE 17 

ACCURATELY PREDICT ACTUAL FORCED OUTAGES IN THE TEST 18 

YEAR?  19 

A. Yes.  Using plant information provided by PacifiCorp, I calculated rolling 20 

averages using different time periods, i.e. 1 year, 2 years, 3 years, 4 years, 5 21 

                                            
12 See Exhibit Staff/104, Brown/1-4 for the forecasted trend analysis.  I have included four examples 
of the trend analysis using the PacifiCorp coal-fired facilities Jim Bridger, Carbon, Dave Johnston and 
Hunter.   
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years, and 6 years, and a rolling average that applied different weights to more 1 

recent years (i.e. 40%, 30%, 20% and 10%), as opposed to the current practice 2 

of weighting each year evenly (i.e. 25%, 25%, 25%, 25%).  Using a back-cast 3 

comparison (forecasting for a year that has already occurred in order to 4 

determine how accurate it would have been), I tested each methodology for 5 

accuracy.   6 

Q. WHAT DID YOUR RESULTS INDICATE? 7 

A. My results indicated that a specific methodology in any given year may be the 8 

most accurate, but in the next year, after incorporating new data, a different 9 

methodology usually generated more accurate results.  My overall conclusion 10 

is that forced outage rates are random, and in that randomness there is no 11 

definable pattern that can provide a statistical relationship that is greater than 12 

the current methodology of a four-year average.   13 

Q.  DO YOU CONTINUE TO SUPPORT THE USE OF A FOUR-YEAR 14 

ROLLING AVERAGE FOR PURPOSES OF CALCULATING FORCED 15 

OUTAGE RATES? 16 

A. Yes.   Based on the lack of finding a statistically significant method that 17 

produces more accurate results than the existing practice, I find no reason to 18 

recommend a change from the current practice of using a four-year rolling 19 

average with equal weighting.   20 

 21 

 Issue I.B. and I.C: Should extreme events be included in the forced 22 

outage rate determination? 23 
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Q.  WHAT IS YOUR RECOMMENDATION FOR THE TREATMENT OF 1 

EXTREME EVENTS IN FORCED OUTAGE RATES? 2 

A. For extremely long events, and for years that a unit experiences a significant 3 

number of small outages that is outside what would be considered normal, I 4 

propose that the Commission use NERC outage rate information as a 5 

benchmark to determine whether the forced outage rate for the test period is 6 

reasonable and likely to occur.   7 

Q. IS IT A COMMON PRACTICE FOR THE COMMISSION TO USE 8 

BENCHMARKS AS A TEST OF REASONABLENESS? 9 

A. Yes.  Most recently, in UE 200 PacifiCorp’s Renewable Adjustment Clause, 10 

Staff utilized benchmark data to determine whether PacifiCorp’s costs for its 11 

proposed wind generation facilities were reasonable as compared to industry 12 

data.   13 

Q. PLEASE EXPLAIN YOUR PROPOSAL TO USE NERC INDUSTRY 14 

FORCED OUTAGE RATE INFORMATION AS A BENCHMARK FOR 15 

EXTREME EVENTS. 16 

A. I am proposing to use NERC generating unit-level information, categorized by 17 

year,  fuel type and size, to determine whether the calculated forced outage 18 

rate for the test period is reasonable and falls within the range of data that is 19 

statistically likely to occur.  Exhibit Staff/105, Brown/1-5, shows forced outage 20 

rate information for four categories of coal-fired units: 600-699 MW, 500-599 21 

MW, 400-499 MW, and 300-399 MW for the years 1999 through 2007.   22 
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Q. PLEASE DISCUSS HOW YOU USED THIS INFORMATION TO 1 

DETERMINE A BENCHMARK. 2 

A. Using the annually reported forced outage rate for each unit, I calculated a 3 

discrete probability distribution.  Simply, this means that the range of possible 4 

values is contained to the reported rates for that year, i.e. the lowest rate 5 

reported and the highest rate reported sets my lower and upper limits.  I 6 

calculate a greater than 90th percentile value probability of occurrence and a 7 

less than 10th percentile value probability of occurrence.   This means that for 8 

the 57 coal-fired units with a rated capacity of 600-699 MW reporting in 1999, 9 

90 percent of the time a reported forced outage rate is going to be less than 10 

13.41 percent.  At the other end of the spectrum, the likelihood that the rate will 11 

be less than 1.96 percent has a less than 10 percent chance.  I performed this 12 

calculation for each year and then used these 90 and 10 percent values to 13 

calculate a four-year rolling average which will be used as the benchmark in 14 

the test year.13  15 

Q. WHY IS IT NECCESARY TO HAVE BOTH A 90TH PERCENTILE VALUE 16 

AND A 10TH PERCENTILE VALUE? 17 

A. In terms of parity, it is important to note the probability of occurrence from both 18 

sides of the mean.  This is the same concept as having a true-up mechanism in 19 

NVPC, which takes into account the possibility of over-forecasting and of 20 

under- forecasting NVPC.   21 

                                            
13 All calculations are at the bottom of each category, by capacity, in Exhibit Staff/105, Brown/1-5. 
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Q. HOW DO YOU PROPOSE THE COMMISSION UTILITIZE THESE 90TH 1 

PERCENTILE AND 10TH PERCENTILE VALUES AS A BENCHMARK? 2 

A. The Commission should use the NERC data to determine whether a utility’s 3 

reported forced outage rate is likely to occur within the test year.  If the utility 4 

forced outage rate is larger than the 90th percentile probability of occurrence, 5 

then according to industry statistics it is unlikely to occur within the test period.  6 

The appropriate action would be to adjust the utility forced outage rate to within 7 

the likelihood of occurrence, at the 90th percentile value.   8 

Q. WOULD THE SAME ADJUSTMENT BE MADE FOR THOSE VALUES 9 

THAT FALL BELOW THE 10TH PERCENTILE PROBABILITY OF 10 

OCCURRENCE? 11 

A. Yes.  It stands to reason that if the Commission recognizes that there are years 12 

that may be unusually bad, then they must also take into account those years 13 

that are unusually good.   14 

Q. ONCE THIS ADJUSTMENT WAS MADE WOULD FURTHER 15 

COMMISSION ACTION BE NECESSARY? 16 

A. No.  If a utility believed it needed to recover additional power cost expenses, 17 

above what its expected rate of return is, then it has the option to file for a 18 

deferral of power cost expenses that it alleges were unreasonably high due to 19 

unforeseen events.  In addition, PGE and Idaho Power have in place a true-up 20 

mechanism that allows the utility to recoup those costs that are above or below 21 

its forecasted NVPC (after the application of a deadband and an earnings 22 

review) on an annual basis.  This type of mechanism further justifies the need 23 
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to have a more accurate forecast of what will likely occur within the test period, 1 

rather than the current four-year rolling average method that effectively 2 

provides the utility with a retroactive ratemaking tool. 3 

Q. HAVE YOU CONSIDERED THE TREATMENT IN UE 180, WHERE THE 4 

COMMISSION REMOVED THE TIME PERIOD OF THE OUTAGE FROM 5 

BOTH THE DENOMINATOR AND THE NUMERATOR OF THE FORCED 6 

OUTAGE RATE CALCULATION? 7 

A. Yes.  I have.  In UE 180, and in other rate cases, the Commission’s decision to 8 

remove the extreme outage period from the calculation has the effect of giving 9 

greater significance to those events left in place, and thus results in a relatively 10 

higher forced outage rate.  For example:   11 

100 MW plant

Year 1 Year 2 Year 3 Year 4 Rolling Average
Total forced outage hours 60,000         100,000       50,000       400,000     610,000               

Total MWH in one year 876,000       876,000       876,000     876,000     3,504,000            
Forced outage rate 7% 11% 6% 46% 17%

Commission decision in year four, removes 300,000 hours from outage calculation

Year 1 Year 2 Year 3 Year 4 Rolling Average
Total forced outage hours 60,000         100,000       50,000       100,000     310,000               

Total MWH in one year 876,000       876,000       876,000     576,000     3,204,000            
Forced outage rate 7% 11% 6% 17% 10%

 12 

 As is shown, the remaining 100,000 hours in Year 4 now calculates as a 17 13 

percent forced outage rate, while in Year 2 for the same amount of outage 14 

hours this only calculates as an 11 percent outage rate.  The NERC-15 

benchmark approach is a superior method of accounting for the type of 16 

situation addressed in UE 180.   17 
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 1 

 Issue I.A: Different Forecasting Method for a Peaker Plant versus a Base 2 

Load Plant? 3 

Q. SHOULD THERE BE A DIFFERENT FORECASTING METHODOLOGY 4 

FOR A GAS-FIRED PEAKING FACILITY VERSUS A BASE LOAD COAL-5 

FIRED FACILITY? 6 

A. Yes.  Mr. Harris did not address gas-fired facilities in his 1984 memo.  The 7 

utilities have used the same methodology for gas-fired plants as for coal-fired 8 

plants, but to date the Commission has not required such an approach.  Gas-9 

fired peaking facilities have very different operating schedules than a base load 10 

coal-fired facility.  The time of day that a peaking plant runs and the amount of 11 

time that it will run as opposed to a coal plant is significantly different.  The 12 

current method of calculating forced outages rates for peaking facilities 13 

significantly under- or over-states the availability of the unit, and leads to 14 

incorrect modeling.   15 

Q. PLEASE PROVIDE AN EXAMPLE OF WHY THE CURRENT METHOD 16 

CAN LEAD TO INCORRECT MODELING.   17 

A. For example, in a calendar year if a gas-fired peaking facility was called to run 18 

nine times, it would then have nine expected start times.  If in one of those 19 

times it did not start, the utility would then assume a length of time that the unit 20 

would have run, and record this as forced outage hours.  From a reliability 21 

perspective the unit only failed one out of nine times, which, if calculated as a 22 

forced outage rate is 11 percent. However, if during these nine start times the 23 
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facility ran, or was expected to run, a total of 270 hours, and during the one 1 

outage event it was expected to run 60 hours, the calculated forced outage rate 2 

would be: 60/270 = 22%.   For a 100 MW facility, it would be modeled as only 3 

available to provide power up to 78 MW for the test year.   4 

Q. WHAT IS YOUR PROPOSAL THAT WILL BETTER CALCULATE A 5 

FORCED OUTAGE RATE OF A GAS-FIRED PEAKING FACILITY? 6 

A. A method prescribed by NERC, called equivalent forced outage rate demand 7 

(EFOR(d)), takes into account the number of attempted starts, the number of 8 

actual starts, and the average forced outage duration.  This formula will provide 9 

a more accurate calculation of forced outage rates, and subsequently more 10 

accurate modeling of these facilities in the test year.   11 

 12 

 Issue I. E: New Thermal Resources 13 

Q. HOW SHOULD NEW THERMAL RESOURCES BE TREATED? 14 

A. As prescribed in the 1984 Memorandum, the appropriate methodology for a 15 

new resource, with less than four years of actual plant performance data, 16 

should use NERC industry data to substitute for those years, until such time 17 

that four years of actual information becomes available.  The NERC industry 18 

information should be incorporated according to fuel and capacity rating, with 19 

the average forced outage rate for that category substituted for the applicable 20 

years.  21 

  22 

 Issue I.G: Non-Outage Related Adjustments 23 
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Q. SHOULD NON-OUTAGE RELATED ADJUSTMENTS BE INCLUDED IN 1 

THE FORCED OUTAGE RATE DETERMINATION?   2 

A.  I am unaware of any non-outage related adjustment that may be appropriate to 3 

include in the forced outage rate determination.  I am unable to make a 4 

definitive statement on this issue until participants in this docket have had an 5 

opportunity to cite examples of such non-outage events.     6 

 7 

 Issue I.H: New Capital Investment 8 

Q. SHOULD THE FORCED OUTAGE RATE BE ADJUSTED WHEN NEW 9 

CAPITAL INVESTMENT IMPROVES RELIABILITY? 10 

A. If the utility entered into an agreement with an outside party, in which it was 11 

guaranteed a quantified increase in reliability in a particular plant through new 12 

capital investment, subject to liquidated damages or other compensation, then 13 

it would be appropriate to reflect the guaranteed increase in reliability for the 14 

forecasted test year.  Outside these conditions it would be difficult for the utility 15 

to accurately forecast an increase in reliability due to capital investment.  16 

 17 

 Issue II: Hydro Availability Method 18 

Q. HAS THE COMMISSION ADOPTED A HYDRO AVAILABILITY 19 

METHODOLOGY? 20 

A. Currently, the Commission does not have an adopted hydro availability model.  21 

Utilities are not currently required to report incidents of forced outages on hydro 22 

facilities to NERC.  The definition of a forced outage incident for a hydro facility 23 
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and the subsequent consequences of that outage are very different from that of 1 

a thermal facility.  For example, if a coal-fired base load facility experiences a 2 

forced outage it loses the ability to produce that power.  However, when a 3 

hydroelectric facility experiences a forced outage, the water is still behind the 4 

dam and will be used for generation at another time.  The total production of 5 

the hydroelectric facility will not decrease for the year due to forced outages.      6 

Q. DO PGE, IDAHO POWER, OR PACIFICORP CURRENTLY MODEL 7 

FORCED OUTAGES FOR THEIR HYDRO FACILITIES? 8 

A. PacifiCorp is the only utility that has introduced forced outages for hydro 9 

facilities, which impacts hydro availability within its NVPC model.   10 

Q. PLEASE DESCRIBE PACIFICORP’S FORCED OUTAGE METHODOLOGY 11 

AS IT PERTAINS TO HYDRO FACILITIES. 12 

A. In UE 199, PacifiCorp proposed through its Transition Adjustment Mechanism 13 

filing (TAM) to include forced outages for specific hydro facilities (storage 14 

facilities).  At that time, PacifiCorp utilized its Vista model to generate a weekly 15 

amount of MWh of hydro availability, which it then input into its NVPC dispatch 16 

model (GRID).  GRID then took the total MWh of energy and dispatched it 17 

according to its least cost dispatch logic.  The Vista model uses a monthly four- 18 

year average of “forced outage hours” from these specific storage facilities.  19 

Once the average number of forced outage hours per month is known, specific 20 

time periods within that month are selected as “unavailable.”  For example, in 21 

the month of April, if the average number of hours of forced outages is 50 then 22 
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specific time periods, e.g. Monday, Tuesday and Wednesday in the second 1 

week of April, are unavailable to the model for generation.   2 

Q. IS THIS METHODOLOGY CONSISTENT WITH THE PRINCIPLE OF A 3 

STORAGE HYDRO FACILITY WHICH STORES ENERGY BEHIND A 4 

DAM? 5 

A. No.  While I acknowledge that hydro facilities are not always going to be 6 

available when they are called upon, it is incorrect to use a method that does 7 

not take into consideration the fact that the hydro facility retains its ability to 8 

generate that power in the future.  Unless the utility is required to spill the water 9 

due to biological constraints or other mitigating factors, and the energy 10 

capability is lost, the utility should not reflect a lower production of power from a 11 

storage hydro facility due to forced outages.   12 

Q. HAS PACIFICORP PROVIDED AN EXAMPLE WHEN IT WAS REQUIRED 13 

TO SPILL STORED WATER RELATED TO A FORCED OUTAGE?   14 

A. No.    15 

Q. DOES STAFF PROPOSE A METHODOLOGY FOR FORCED OUTAGES 16 

ON HYDRO FACILITIES? 17 

A. No.  Storage hydro facilities present their own parameters of operations, which 18 

current thermal forced outage rate methodologies do not adequately address.  19 

 20 

 III: What wind availability reporting method should the Commission 21 

adopt? 22 
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 Q. PLEASE DISCUSS YOUR RECOMMENDATION OF AN ANNUAL WIND 1 

AVAILABILITY REPORT, TO BE FILED BY EACH UTILITY THAT OWNS 2 

AND OPERATES A WIND FACILITY. 3 

A. I propose that the Commission require the utilities to provide a wind availability 4 

report for each wind facility that it owns and operates that will show: 5 

A. Maximum net output of the facility given the actual wind conditions in 6 

a calendar year;  7 

B. Lack of availability due to planned maintenance; 8 

C. Lack of availability due to line loss; 9 

D. Lack of availability due to forced outages, turbine failure, or non-10 

scheduled maintenance; and, 11 

E. Factors B, C, and D will be subtracted from A, to provide the actual 12 

capacity factor for a wind facility in a calendar year.   13 

Q. WHY WILL THIS INFORMATION WILL BE USEFUL TO THE 14 

COMMISSION?    15 

A. This information will provide an account of the history of the wind farm, allowing 16 

the Commission to obtain a better understanding of the different factors that 17 

affect the actual output of wind facilities.  For ratemaking purposes, this 18 

information will provide an historical record that will facilitate a determination, in 19 

the future, of the appropriate methodology of calculating the capacity factor of 20 

wind farms in a test year.   21 

 22 
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 Issue V: What data reporting requirement should the Commission require 1 

regarding outages? 2 

Q. DO YOU PROPOSE ANY ADDITIONAL DATA REPORTING 3 

REQUIREMENTS AT THIS TIME FOR GENERATING FACILITIES OTHER 4 

THAN WIND FARMS? 5 

A. No.   6 

Q. DOES THIS CONCLUDE YOUR TESTIMONY? 7 

A. Yes. 8 
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