
7 PACIFIC POWER 
A DIVISION OF PAClFlCORP 

825 NE Multnornah. Suite 2000 
Portland, Oregon 97232 

November 7,2007 

V U  ELECTRONIC FILING 
AND OVERIVZGHT DELIVERY 

Oregon Public Utility Commission 
550 Capitol Street NE, Suite 2 15 
Salem, OR 97301-2551 

Attention: Vikie Bailey-Goggins 
Administrator, Regulatory Operations 

Re: PacifiCorp's Report on the Feasibility of Stochastic Modeling for Net Power Costs 

In Order No. 07-446, entered October 17,2007, on PacifiCorp's 2008 net power costs filing in 
Docket UE 191, the Commission adopted PacifiCorp's commitment to file a report on the 
feasibility of estimating net power costs using stochastic modeling within 15 business days after 
the issuance of the final order. PacifiCorp files this report in compliance with the order. 

If you have any questions, please contact Joelle Steward, Regulatory Manager, at 503-813-5542. 

Sincerely, 

byb /p 
Andrea L. Kelly 
Vice President, Regulation 

Enclosures 
cc: Service List for Docket No. UE 191 



I hereby certify that on this 7th day of November, 2007, I caused to be served, via E-Mail 
and Overnight Delivery (to those parties who have not waived paper service), a true and correct 
copy of PacifiCorp's Report on the Feasibility of Stochastic Modeling for Net Power Costs in 
Docket No. UE-191-2008 Transition Adjustment Mechanism to the following: 

LOWREY R. BROWN (C)(W) 
CITIZENS ' UTILITY BOARD OF 
OREGON 
610 BROADWAY STE 308 
PORTLAND, OR 97205 
lowrey($ore~onbuc.orq 

MELINDA J DAVISON (C) 
DAVISON VAN CLEVE PC 
333 SW TAYLOR, STE. 400 
PORTLAND OR 97204 
mail(2dvclaw .corn 

ROBERT JENKS (C)(W) 
CITIZENS' UTILITY BOARD OF 
OREGON 
6 10 BROADWAY STE 308 
PORTLAND, OR 97205 

JASON EISDORFER (C)(W) 
CITIZENS' UTILITY BOARD OF 
OREGON 
610 SW BROADWAY STE 308 
PORTLAND OR 97205 
j ason(iore~oncub. org 

KATHERINE A MCDOWELL (W) JASON W JONES (C) 
MCDOWELL & RACKNER PC DEPARTMENT OF JUSTICE 
520 SW SIXTH AVE. STE 830 REGULATED UTILITY & BUSINESS 
PORTLAND OR 97204-8 SECTION 
Katherine(imcd-law .corn 1 162 COURT ST NE 

SALEM OR 97301 -4096 
jason. w.iones@,state.or.us 

DATA REQUEST RESONSE CENTER(W) ED DURRENBERGER (C) 
825 NE MULTNOMAH SUITE 2000 Oregon Public Utility Commission 
PORTLAND, OR 97232 P.O. BOX 2148 
datarequest@pacificorp .corn SALEM, OR 97308-2148 

Maury.p;albraith@s tate.0r.u~ 

825 NE MULTNOMAH SUITE 2000 
PORTLAND, OR 97232 
ore ondockets d acifico .corn 

NATALIE HOCKEN(W) 
PACWICORP 
825 NE MULTNOMAH SUITE 2000 
PORTLAND, OR 97232 
Natalie.hocken@,pacificom.com 

8343 ROSWELL ROAD 
SANDY SPRINGS, GA 30350 
consul trfi(iao1 .corn 

Supervisor, Regulatory Administration 



PacifiCorp Report on the Feasibility of Stochastic Modeling 
for Net Power Costs 

Introduction 
In Order No. 07-446 (entered October 17,2007) on PacifiCorp's 2008 net power costs filing, 
the Commission adopted PacifiCorp's commitment to file a report on the feasibility of 
estimating net power costs using stochastic modeling within 15 business days after the 
issuance of the final order. PacifiCorp files this report in compliance with the order. 

This report provides an overview of the background for the report, a description of the 
analysis of the modeling agreed to by the parties, a discussion of the issues related to the 
implementation of stochastic power cost modeling, and PacifiCorp's recommendation on the 
feasibility of the use of stochastic modeling of net power costs in rates. Attachment A is a 
technical report on parameter estimation, stochastic shocks and net power cost results. 

Background 
In the Partial Stipulation in PacifiCorp's 2005 general rate case, Docket UE 170, approved in 
Order No. 05- 1 050 (entered September 28,2005), the Company made a commitment to 
evaluate stochastic modeling of net power costs for possible incorporation into rates. Section 
5a of the Partial Stipulation stated the following: 

The Parties further agree that PacifiCorp will commit sufficient resources during 
the year following the approval of this Partial Stipulation to permit the evaluation 
of stochastic modeling of Net Power Costs for possible incorporation into rates. 
The analysis will consider the volatility of hydro generation, electricity prices, 
natural gas prices, system load and forced outages as well as the correlations 
among these variables. PacifiCorp, with input from Staff, will develop a plan to 
complete the evaluation of stochastic modeling, including a schedule of quarterly 
public workshops to provide progress reports and receive inputs from interested 
parties. This Partial Stipulation does not address the appropriateness of 
introducing stochastic modeling of Net Power Costs into rates. 

On November 22,2005, the Company and Staff met to establish a plan for evaluating 
stochastic net power cost modeling. As a result of this meeting, the Company agreed to do 
the following: 

1. Select a high quality data set based upon statistical analysis. 
2. Adjust the linear program optimizing equations used in the Integrated Resource 

Planning process to remove parts related to long-term effects. 
3. Compare deterministic studies of the GRID model used for ratemaking and the 

PaR model used for the IRP given a consistent set of data. 
4. Develop correlations among electricity market prices, natural gas market prices, 

hydro conditions, load profiles and unplanned unit outages. 
5. Develop 100 sets of variables for running GRID and prepare stochastic results. 



Workshops were held with the parties during 2006 to discuss the analysis prepared by the 
Company for items one through four, in preparation of the stochastic analysis. This report 
summarizes the process and results of the stochastic studies. 

Stochastic Modeling Analysis and Results 
Based on the discussions with parties during 2006, the Company developed a data set from 
the 48-month period ending September 2005 to derive the statistical characteristics of the 
stochastic variables. The PaR model was used to estimate the stochastic parameters that 
drove the inputs into the calculations of net power costs, and GRID was used to determine 
the net power costs. The primary reason for using two different models was due to the 
inability of GRID to perform stochastic analyses while also being the tool used to develop 
net power costs for retail rates. To ensure the consistency and reasonableness of the inputs 
generated from variables estimated by PaR and for use in GRID, the Company performed 
reconciliation between the two models on a deterministic basis, and determined that the 
results were acceptable. 

In order to obtain sufficient net power cost results to reach a conclusion within a reasonable 
period of time, the variables with uncertainties were divided into two categories based on 
their degrees of correlation. Market electricity prices, natural gas prices, hydro generation 
and load are in one category, and thermal forced outages in another. For the first category of 
variables, 100 possible stochastic scenarios of variables were drawn from PaR that were 
further grouped and reduced to 20 sets of inputs into GRID. For each of those 20 inputs, 
there were three levels of thermal forced outages. In total, 60 GRID runs were performed. 
The detailed statistical characteristics of the net power cost results are presented in 
Attachment A. 

A version of the Company's net power costs calculated in UE 179 was used as the base for 
comparison and non-stochastic variables. Using the non-stochastic variables from the base 
run plus the stochastic variables from PaR, the stochastic net power costs range from $585 
million to $1,207 million, with the expected value of $844 million. The deterministic base 
net power cost is $838 million. That is, the expected value of the stochastic net power costs 
is about $6 million higher than the deterministic net power costs. Separate studies were done 
excluding the Company's natural gas positions that vary with market conditions. Similar 
differences occurred in those studies. 

The key finding from the Company's study was that stochastic power cost modeling 
produced comparable results to the Company's deterministic power cost modeling. Some 
parties have previously argued that stochastic modeling would lower net power costs by 
capturing the extrinsic value of generation resources. See, e.g., Order No. 07-01 5 at 1 1. 
Others have suggested that stochastic modeling had the potential to increase NVPC forecasts 
because deterministic models were more likely to underestimate than overestimate NVPC. 
Id. at 10- 1 1. The Company's study indicates that stochastic modeling introduces a range of 
new variables which offset each other sufficiently to produce an expected value that largely 
mirrors the results of a deterministic model. While a flexible resource portfolio is able to 
take advantage of favorable events and minimize the impact of unfavorable events in its 
operating environment, such flexibility is limited and events in the operating environment 



behave differently. For example, market prices and therrnal outages have a lower bound of 
zero, but they do not have a clearly defined upper bound, in general. Even if the favorable 
and unfavorable events have a symmetrical distribution, their impact on net power costs are 
not necessarily symmetrically distributed. 

Provided as Attachment A is a technical report on parameter estimation, stochastic shocks 
and net power cost results. 

Implementation Issues 
There are three notable obstacles to making stochastic power cost modeling for ratemaking 
feasible. First, the staffing required to perform the study with the current technological 
constraints is a significant hurdle. The current study required close to 400 hours of work. 
Repeating the study may be somewhat less time consuming because new cases can build off 
the study's spreadsheet tools and analysis. However, as new data sets are required over time 
and with the changing energy markets, there will be a need to regularly rework the design of 
the modeling. Further, there would be significantly more hours required to process a rate 
proceeding because of the hundreds of individual power cost model runs required to forecast 
NVPC and develop transition credits for direct access customers using a stochastic modeling 
approach. Responding to requests for additional studies and revisions fiom Staff and 
intervenors will present greater challenges. 

Second, GRID is not capable of handling mass storage that is required of the stochastic 
modeling and it does not have a stochastic engine. The current study utilizes the PaR model's 
stochastic capabilities to perform the front-end of the study and generate inputs for GRID. 
Unfortunately, the GRID and PaR inputs, though conceptually based on similar principles, 
are not identical. PaR stochastic inputs do not feed directly into the GRID model. Rather the 
stochastic factors generated by PaR have to be applied to the GRID inputs. To have the 
entire study to be feasible within GRID alone would require a significant re-architecture of 
the GRID model and a significant upgrade in its database capabilities. 

Third, the expertise required to run and analyze the results of stochastic modeling is 
significant. Implementing such a methodology in ratemaking processes would increase the 
technical challenges associated with preparation and analysis of the Company's power cost 
filings and imply the need for experts with strong econometric backgrounds. This is 
especially true for the Company since it has the burden to demonstrate, justify and defend the 
statistical nature of the variables that are used in a rate proceeding, including but not limited 
to time period and size of the data set used to define the statistical characteristics, 
distributions and correlations of the variables, number of data sample generated by PaR, and 
number of GRID runs. The technical expertise required to prepare, analyze and verify the 
stochastic portion of the study requires a minimum of graduate level econometrics, a level of 
expertise difficult to find in the general workforce. 

Conclusion 
The Company has found the analysis prepared for this report to be very informative, 
especially on the issue of modeling the extrinsic value of generation resources. 



The key finding of the Company's study is that there is only a small variance between the 
results of the Company's stochastic modeling and deterministic modeling. This suggests two 
important conclusions. First, it is an important validation of the current deterministic 
approach to modeling NVPC. Second, given the significant resources and complexity 
involved in developing and implementing stochastic modeling, it suggests that 
implementation of stochastic modeling may not be cost-effective or advisable. This is 
particularly true for PacifiCorp, given the additional challenges created by its multi-state 
status. As discussed above, the expected value of net power costs from the stochastic 
modeling produced total Company results that were $6.4 million higher than those produced 
by a deterministic GRID run, which is currently used to develop net power costs for rates. 
However, it is unlikely that stochastic modeling would be adopted by other jurisdictions 
served by the Company. On an Oregon allocated basis, net power costs would be higher by 
approximately $1.7 million. This result does not provide a reasonable justification for 
continued analysis and implementation of stochastic modeling of net power costs in rates. 



ATTACHMENT A 
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SUBJECT: Stochastic Net Power Costs Technical Workgroup - Parameter Estimation, Stochastic 
Shocks and Net Power Cost Results 

First, is stochastic modeling, as it is practiced for resource planning, appropriate for normalized 
ratemaking? One of the primary focuses for resource planning is stress testing different resource 
portfolios under conditions of uncertainty. Under uncertainty, resource portfolios that do not include 
assets with inherent flexibility, i.e., extrinsic value, or high option value, will under perform portfolios with 
those assets and thus be required to increase system balancing costs. In normalized ratemaking the 
emphasis has traditionally been on setting rates based on the expected operation of the utility's system 
under normal conditions, not under uncertainty. A crucial reason being that utilities are in a better 
position than are customers to calculate, bear and respond to energy market fluctuations. These are the 
same market fluctuations that IRP modeling attempts to simulate in an effort to put the utility in a 
reasonably hedged and risk robust position on a forward basis, but that are traditionally excluded as costs 
that the utility can recoup. The methodology used in this study attempts to address this issue by 
squelching much of the system balancing costs and taking a structural view of the stochastic processes 
already generated. Figure 9 provides an example of this squelching using the shocks to Utah loads. The 
comparison here is between the iterations that make up the particular stochastic level and the particular 
stochastic level over the test period on a weekly basis. The volatility squelching is evident and expected 
given the stochastic level is simply the arithmetic average of the ranked iterations. 

Summary 

Section 1 presents the stochastic process used to generate the variable shocks and the econometrics 
used to estimate the required input parameters. The stochastic process is applied to natural gas and 
power prices, retail loads by state and hydro generation. This approach is consistent with PacifiCorpls 
integrated resource planning (IRP) that varies these same variables for evaluation of different resource 
portfolios under the conditions of uncertainty. The current study also uses the company's IRP model, 
Global Energy's Planning and Risk (PaR), for generation of the variables' shocks. Section 2 provides 
illustrative results of the stochastic process (the remainder of the results are provided in the Appendices). 
Section 3 provides the modeling of the only variable not modeled within PaR - stochastic forced outages. 
The forced outage modeling is identical in specification used in the company's 2007 IRP, except that it is 
generated in an Excel spreadsheet and uses a modified convergent Monte Carlo method. Section 4 
demonstrates the methodology, a methodology that is appropriate for normalized rate-making purposes, 
used for inputting the shocked variables into the GRID model. Finally, Section 5 presents the results of 
the study and an evaluation of possible stochastic power cost modeling in regulatory proceedings. 
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1.0 The Stochastic Model and Parameter Estimation 

The current study uses PaR's stochastic model to generate 100 varying potential time paths. These are 
then ordered and segregated by a weighted average of the individual impact runs from GRID, and applied 
to the appropriate GRlD input data series. The individual impact run is a GRlD sensitivity run of a one 
percent increase in the underlying variable, and then calculating a straightforward weighting vector that is 
applied to all 100 PaR simulations. The weighting vector and its application to the 100 simulations are 
discussed in Section 4. As for PaR's simulations, during model execution, simulations are time path 
dependent Monte Carlo draws for each stochastic variable based on the input parameters. The Monte 
Carlo draws are then transformed into percentage deviations from the expected value of the variables. In 
the case of natural gas prices, electricity prices and regional loads, PaR applies Monte Carlo draws on a 
daily basis. In the case of hydroelectric generation, Monte Carlo draws are applied on a weekly basis. 

1 .I The PaR Stochastic Model 

PaR's stochastic model is a two factor (a short-run and a long-run factor) short-run mean reverting model. 
Variable processes assume normality or log-normality as appropriate. Separate volatility and correlation 
parameters are used for modeling the short-run and long-run factors. The short-run process defines 
seasonal effects on forward variables, while the long-run factor defines random structural effects on 
electricity and natural gas markets, regional retail loads and regional hydro generation. The short-run 
process is designed to capture the seasonal patterns inherent in electricity and natural gas markets and 
on electricity demand. As defined in equation (4) and (5) below, the interdependence between the 
variables is captured through the short-run and long-run correlation matrices that impact the generation of 
the shock term defined in equations (1) and (2). Mean reversion represents the speed at which a 
disturbed variable will return to its seasonal expectation. With respect to the long-run factor, the Monte 
Carlo draws applied to natural gas and power prices define a possible forward equilibrium level. Long-run 
shocks to regional electricity loads define possible forward paths for electricity demand; while long-run 
shocks to hydro generation represent possible intra-regional weather and climate impacts to underlying 
streamflows as well as generation performance. 

Parameter estimates are based upon the data set presented in the first meeting of the technical 
workgroup. The realization for the data set is the 48-months ending September 2005. The data set 
consists of daily measurements of Dow Jones Natural Gas and Power Market prices, Hydro Generation, 
Loads Requirements by State and Forced Outages for the 48 month period ending September 2005. The 
data set has been revised to eliminate non-trading day observations, weekend and holiday forward prices 
and missing/erroneous recordings. Also of note is the additional inclusion of balance of the month 
("BOM") forward prices used for estimating the price series parameters. 

The PaR stochastic two-factor model (see Pilipovic, 1997 for a detailed specification) is specified below: 

Where ( I )  is the short-run factor and (2) is the long-run factor, E i ,  is the random shock, and c.e. is 
a constant error term 

Page 2 of 15 
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Where, following (3) the short-run and long-run factors are uncorrelated (the relationship between 
the short and long-run is modeled explicitly in equation (I)), and per (4) and (5) variables are 
correlated; short-run seasonally and long-run annually. The subscript I differentiates between 
variables (Mid Columbia power prices versus Wyoming retail loads), while subscript t 
obse~ations within the realization. 

The objective for this portion of the study is to develop input parameters for the stochastic simulation 
process, present the input parameter analysis and present some detailed examples of the stochastic 
simulation. In general terms the simulation process requires a set of short-run and long-run volatility and 
correlation inputs. These inputs are generated through the following econometric analysis. 

1.2 Econometric Estimation Specification 

PaR's short-run parameter estimation is based on the following continuous time definition. 

WhereJ = E [ y , ] ,  a is the mean reversion parameter and o is the short-run volatility 

parameter. 

In this case the discrete time model representation is 

Where L is the expected equilibrium of St. 

Econometric estimation of (2) uses the specification of equation (3): 

(3) AS, = a + bS,-, + el 

Where the b is the mean reversion parameter, and the volatility metric is the standard error of the 
regression based on et 

The continuous time definition of the long-run process is: 

Where 0 is the equilibrium volatility and p is the expectations operator. 

The long-run discrete time representation is: 

Econometric estimation of (5) uses the specification of equation (6): 

Page 3 of 15 
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Where a is the expectations parameter (in random walk nomenclature, this is the drift rate) and 
the volatility metric is the standard error of the regression based on e, 

In summary, equation (3) is used to estimate the short-run effects, while (6) is used to estimate the long- 
run effects. 

Short-run parameters for the hydro and load variables are estimated using equation (3) from above. 
Given the specification of (3), the mean reversion for the variable is simply the negative of the AR(1) 
coefficient. The volatility parameter is the standard error of the regression for each variable separated by 
seasonal periods. With respect to the price variables, the previous trading day's spot price alone 
underestimates the speed at which the power and natural gas markets return to the equilibrium path after 
a perturbation.' The use of balance of the month (BOM) forward prices facilitates correct estimation of 
the mean reversion speed. As a result, the econometric specification for the price series estimation is: 

Where Ft is the forward BOM price and the volatility metric is the standard error of the regression 
based on et 

1.3 Parameter Estimates 

Table I below provides a summary of the short-run parameters. Heteroscedasticity is an issue to greater 
or lesser extant within all variable categories. Thus, parameter estimation utilizes the seemingly 
unrelated regression (SUR) methodology within the variable categories (Power, Natural Gas, Hydro and 
Loads). The SUR methodology accounts for heteroscedasticity and simultaneous correlation for the 
errors across equation variables (Greene, ). Further the 

Table 1. Short-Run Parameter Estimates 

MIDC 
PV 

Natural Gas 
East - Opal 
West - Malin 

ST Volatility & Mean 
Reversion Summary 

Hydro 
MlDC 
PACE 
PACW 

CI 5 

Power 

Loads 
CA 
ID 
OR 
UT 
WA 
WY 

Spring 

The long-run estimates are based on the same 48-month data set as the used in the short estimations. In 
the case of long horizon modeling, such as Integrated Resource Planning (IRP), the long horizon has 

Volatility 

Summer Fall 
' Mean 

Winter 
Mean 
Reversion Volatility Volatility Volatility 

Mean 
Reversion Reversion 

Mean 
Reversion 



1 1 /7/2007 C&T - Planning & Analytics, Power Costs 

significant impact, accounting for the largest impact in stochastic results. For calibration of long-run 
volatility, estimates are often matched against some metric of market implied forward volatility, thus 
balancing historical information with market expectations. However, for a single year net power cost 
study, the long-run factor only functions to disturb the test year's equilibrium. Because of this the long-run 
factor is estimated using the same 48 month data set. Table 2 below summarizes the long-run 
parameters. 

Hydro 
MlDC 
PACE 
PACW 

Table 2. Long-Run Parameter Estimates 

Loads 
CA 0.0035 
ID 0.0032 
OR 0.0025 
UT 0.0023 
WA 0.0031 
WY 0.001 4 

LT Volatility Summary 

Given the parameter estimation, the fitted residuals are correlated for the seasonal and long-term 
variables. The correlation of the regression residuals is also tested for decomposability in PaR1s 
stochastic model. If a given correlation matrix was not decomposable, it is adjusted with the appropriate 
scalar eigenvalue adjustment. In the present study the long-run, fall, winter and summer correlations 
were adjusted for decomposability. Note that the eigenvalue adjustment does nothing to change the 
structure of the relationship among the variables; the scalar applies equally across all variables in the 
matrix. Presented below in Table 3 is the long-run correlation matrix. 

LT Volatility 

The highlights denote correlations that are significant at the 5% level. As is expected, correlations for 
sudden deviations - shocks - are insignificant for hydro and market power prices. However, among all 
other variable categories - loads, power prices and natural gas - there is a significant structural 
relationship. Provided in Part 1 of Appendix A are the seasonal correlations. 

Page 5 of 15 
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2.0 The Stochastic Shocks 

With the finalized correlations and the statistical parameters input into PaR and consistent with the 
proposal made to OPUC staff the company used PaR's stochastic engine to create 100 iterations for use 
in the GRID model. In the case of loads, power price and natural gas prices shocks are applied for each 
day within the test period. Hydro shocks are applied on a weekly basis. Following standard Global 
Energy practice, the price variables, the natural gas and power prices, assume a log-normal distribution, 
while loads and hydro generation assume normality. 

Figures 1 and 2 present the distribution of the load shocks for Utah and West Main (the remainder of the 
distributions are available in Part 2 of Appendix A). The horizontal axis defines the bin range for the 
histogram while the vertical axis defines the number of occurrences. Both Utah and West Main 
approximate a normal distribution. 

Figure I. Distribution of Utah Load Shocks 

Figure 2. Distribution of West Main Load Shocks 



1 1 1712007 C&T - Planning & Analytics, Power Costs 

Though the bin ranges are different, what the figures show is that the West Main loads have fatter tails 
and less concentration around a central point. This is expected given the relative difference in seasonal 
winter volatility; West Main is nearly twenty percent more volatile. 

Figures 3 and 4 provide the histograms of the stochastic shocks for the Mid-Columbia and Four Corners 
power markets. Both markets show significant skewness to the right, which typifies the log-normal 
distribution for price variables. Also, with respect to inter-market variation, the stochastic process 
generated at least one extreme value for the Mid Columbia shocks and shows relatively greater 
variability, while the Four Corners market presents the classic log-normal distribution. Again, this is an 
expected result given the increased volatility in the spring and summer and the comparative sluggishness 
of the Mid Columbia market's mean reversion rate. 

Figure 3, Distribution of Mid Columbia Power Price Shocks 

Figure 4. Distribution of Four Corners Power Price Shocks 

The remainder of the price distributions are provided in Part 2 of Appendix A. 

Figures 5 and 6 show the distribution of hydro generation for PacifiCorp's Mid-Columbia contracted hydro 
generation and the western control area's owned hydro generation. 

Page 7 of 15 



C&T - Planning & Analytics, Power Costs 

Figure 5. Distribution of Mid-Columbia Hydro Generation Shocks 

Figure 6. Distribution of PAC West Hydro Generation Shocks 

The company's owned hydro generation shows significantly less variation than is expected from the 
volatility inputs. This is highlighted when compared to the Mid-Columbia generation. The reason for 
these distribution effects is the strong correlation between loads and company owned hydro generation 
(most of the significant correlations with hydro variables are with PAC West hydro, see Table 3 and Part I 
of Appendix A). 

Page 8 of 15 
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3.0 Forced Outages 

The outage rate calculations are based on the same method the company currently employs for IRP 
modeling. The method uses daily average derated states of the company's thermal unit for the 48 month 
period ending September 2005. Consistent with the company's IRP modeling of stochastic outages, six 
operating state frequency distributions are developed for each unit. Then using a uniform random 
number, 100 draws are generated for each unit on a weekly basis and scaled so that the expectations of 
the simulated states are equal to the historical estimates. Figures 7 and 8 show two of the company's 
units, Hunter 1 and Coistrip 3. Interpretively, Hunter 1 runs at its average maximum dependable capacity 
42.3% of the time, while the unit experiences a full forced outage 7.1 % of the time. The pattern is 
noticeably different for the Cofstrip unit, which only runs at its average maximum dependable capacity 
10.6% of the time and runs at an approximate 2.7% derate 63.6% of the time. 

Figure 7. Hunter 1 Percentage Expectations for Generation Levels 

Outage = 0 MW State I =212 MW State 2 =335 MW State 3 =375 MW State 4 =396 MW @ Capacity =403 
MW 

Figure 8. Colstrip 3 Percentage Expectations for Generation Levels 

Outage = 0 MW State 1 =58 MW State 2 =65 MW State 3 =69 MW State 4 =72 MW @ Capacity =74 
MW 
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4.0 Stochastic Application for the GRlD Model 

At this point in the study a great deal of information has been generated through the stochastic studies of 
the various inputs to power cost modeling. The methodology used for inputting the variables into the 
GRlD model in this study takes a structural view of the stochastic processes. Figure 9 provides an 
example of the methodology using the shocks to the Utah loads. The comparison here is between the 
iterations that make up the particular stochastic level and the particular stochastic level over the test 
period on a weekly basis. There is evident volatility squelching, with the stochastic level being the 
arithmetic average of the ranked iterations, but this does capture the structural effects of the stochastic 
shocks. 

Figure 9. Comparison between Individual Iterations and Stochastic Levels 
- -- -- - - - ------- 

A -  -Iteration 96 - Iteration 97 Iteration 98 
Iteration 99 - Iteration 100 -Stochastic Level 20 

\ 5 6 2 9 \\ + \% t$ \% ,+ $5 4 + + r$ 55 5% f$ i+ b% b$ 6 @ $3 

Weeks 

A second issue is purely technical. Because the 100 iterations generated through PaR's stochastic 
engine and the 100 iterations needed for the forced outage modeling are completely independent (the 
theoretical correlation is zero), the total number of simulations would have been 10000. Under the 
current GRlD software specification, it is infeasible to input two sets of 100 model run definitions and run 
and store the results. To deal with this issue, the company took the same approach currently used for 
hydro modeling and developed three levels of stochastic outages based on the 25th, 5oth, and 75th 
percentile. 

4.1 Weightings and Rankings for the Stochastic Series 

The key for condensing all the stochastic information into a set of twenty levels for the variables and three 
levels for the outages is appropriately weighting the iterations. For this purpose two sensitivity studies 
were prepared, one to weight the power cost variables and another to weight the outages. Utilizing 

Page 10 of 15 
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economic concept of elasticity, the variable study calculated the impact on net power costs due a one 
percent change in the underlying variable. Table 4 presents a summary of these weightings. 

Table 4. Net Power Cost Variable Weightings 
NPC Variable Elasticities weiahts 

NG East 0.17 4.05% 
I NG West 0.01 0.18% 1 

Hydro West 
Hydro MidC 
Hydro East 

Price COB 
Price MidC 
Price 4C 
Price PV 

Load CA 0.07 1.62% 
Load ID 0.26 6.32% 
Load OR 1.13 26.99% 
Load UT 1.88 45.01 % 
Load WA 0.38 9.09% 
Load WY 0.62 14.92% 

--------------.. 
Total 4.18 100.00% 

Figure 10 presents three of the stochastic levels, the 25'" 5oth and 75'" developed from the weightings 
presented in Table 4 for the California-Oregon Border power prices. 

Figure 10. COB Stochastic Levels 
I I I 

COB Stochastic Levels 

1 2 3 4 5 6 7 8 9 10 7 1 12 

Month 

The thermal outage rankings are based on the weightings presented in Table 5. In the case of the 
thermal outage study, the percentages are calculated from the impact on net power costs by simply 
removing a unit from the available resource portfoiio. 
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Table 5. Net Power Cost Thermal Outage Weightings 
1 - unit % weiqhtinns I 

Blundel 
Carbon1 
Carbon2 
Cholla4 
Colstrip3 
Colstrip4 
Craig1 
Craig2 
CurrantCreek 
DaveJohnstonl 
DaveJohnston2 
DaveJohnston3 
DaveJohnston4 
Gadsbyl 
GadsbyZ 
Gadsby3 
Gadsby4 
Gadsby5 
Gadsby6 
Haydenl 
Hayden2 
Hemistonl 
Hermiston2 
Hunter1 
Hunter2 
Hunter3 
Huntington1 
Huntington2 
JimBridgerl 
JimBridger2 
JimBridger3 
JimBridger4 
LittleMountain 
Naughtonl 
Naughton2 
Naughton3 
WestValley1 
WestValley2 
WestValley3 
WestValley4 
WestValley5 

I Wyodak 4.50% 1 

In the end, the methodology provides twenty stochastic levels as a function of the shocks generated for 
natural gas and power prices, hydro generation and retail loads. Each stochastic level js run three times, 
once with each of the 25'" 50th and 75th percentiles of forced outages. The sixty GRID runs constitute 
the stochastic power cost study. 
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5.0 GRlD Stochastic Results 

Provided in Table 6 is the summary statistics for the final set of stochastic GRlD runs. The base NPC for 
the present study is $838M, which is the $839M approved NPC in the 2006 General Rate Case run at the 
median hydro level. The overall result of the study shows that under conditions of uncertainty, the 
company's expected NPC increases by approximately $6.4 million. The distributional character shows 
some degree of skewness, but no significant leptokurtosis. Presented in Table 6 is both the with and 
without the company's natural gas hedge position. The difference in median estimates is of interest, and 
an item that the stochastic study highlights. 

Table 6. Summary Statistics for 60 Stochastic GRlD runs 
I NPC ($) sans Gas 1 

NPC ($) delta from Base Position delta from Base 
mean= $ 844,432,610 $ 6,383,626 $ 920,875,469 $ 6,386,040 

median = 833,224,091 901 ,I 54,939 
max = 1,207,224,355 369,175,370 1,289,349,201 374,859,773 
min = 584,664,131 (253,384,853) 633,562,293 (280,927,135 
SD = 14O1'l17,2O5 144,836,083 
SE = 18,089,053 18,698,258 

skew = 0.5291 0.4350 
kurt = 0.2984 0.2574 

N = 60 60 

The gas position is the company's major hedging strategy for natural gas price volatility, and to the extent 
of the correlation with power markets, electricity price volatility. The variability in the gas hedge value is 
under the same pressures as the rest of the natural gas price variables, except that it acts as a benefit 
during periods of adverse price movements and otherwise as a cost stabilizer. This benefit is significant 
in that in comparing the two cases, the difference in the mean and median is approximately $1 1 million 
when the gas hedge is included, without the hedge the mean median spread nearly doubles to $20 
million. Part 3 of Appendix A provides the full sixty GRlD runs. 

The final distribution is presented in Figure 11. The histogram divides the whole range of $622 million 
into ten bins. Evident is the skewness of the distribution with 5% extreme values on the right tail. Under 
uncertainty, the company's power costs are susceptible to extreme cost impacts. 

Figure 11 . Net Power Cost Distribution 

NPC ($) Percentile Histogram 

584.7 653.8 723.0 792.2 861.4 930.5 999.7 1,068.9 1,138.1 1,207.2 

($ Millions) 
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Figure 12 shows the same analysis as before, but excluding the company's gas position. Again, the 
extreme values are present, though the distribution has shifted, which is confirms the findings of summary 
statistics presented in Table 6. 

Figure 12. Net Power Cost Distribution 

NPC ($) Percentile Histogram - sans Gas Hedge 

634 706 779 852 925 998 1,071 1,144 1,216 1,289 

($ Millions) 
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6.0 Feasibility of Power Cost Modeling 

There are three notable obstacles to making stochastic power cost modeling feasible. First, the man- 
hours required to perform the study with the current technological constraints is a significant hurdle. 
Second, the company's current power cost model is not configured to easily facilitate this sort of study. 
Rearchitecturing the GRlD model would be overly costly. And finally, finding the technical staff to do this 
type of modeling. 

The current study required close to 400 hours of work. Repeating the study would lessen this 
requirement by some degree - building certain spreadsheet tools and original thinking would not have to 
be repeated. However, with new data sets as the time rolls along and changing energy markets there will 
always be a need to do original thinking and some first of a kind modeling. 

Under GRID'S current configuration there is no mass storage capability for either inputs or outputs as 
would be required to house the stochastic engine within GRID, not to mention that GRlD does not have a 
stochastic engine. The current study finesses the problem by utilizing the PaR model's stochastic 
capabilities to perform the front-end of the study and then push the inputs through GRID. Unfortunately 
the GRlD and PaR inputs, though conceptually based on similar principles, are not identical. PaR 
stochastic input does not feed directly into the GRlD model. Rather the stochastic factors generated by 
PaR have to be applied to the GRlD inputs. Further, if taken in their rawest form, the PaR factors would 
require producing 100 GRlD data sets and 1000 GRlD runs. For this to be feasible within GRlD itself 
would require a significant rearchitecture of the GRlD model and a significant upgrade in its database 
capabilities (in fact when the PaR model makes a run it discards most of the output, so that it does not 
overfill its database). 

The requirements of personnel are also significant. Personnel with both formal and work experience in 
econometrics do not occur in great numbers in the labor force. The technical expertise required to clean, 
analyze and verify the stochastic portion of the study is a minimum of graduate level econometrics 

The most significant of the three is the current GRID configuration. This would almost have to be done to 
make stochastic modeling feasible. This would also reduce the man-hour requirements by removing the 
need to laboriously input data sets into GRID. 

This is due two factors. First, power and natural gas markets have extensive and highly liquid forward 
markets (especially in the near term). This supplies power and natural gas trading concerns with a 
breadth of information for forming, or reforming, expectations about the duration and severity of market 
shocks. Also, because of the existence of liquid forward markets, market participants can efficiently 
mitigate market contingencies. Secondly, and this is especially true with respect to power markets, but 
also to a lesser degree in gas markets, because of the nature of the commodities and technology used to 
produce and deliver them, market participants are under increased pressure during periods of 
disequilibrium to wring further efficiencies out of markets and producers own systems. 
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APPENDIX A 



ST Comlationa 
L - Idaho 
L -  Vtah 
L - Washington 
L - Wad klrr 
L - Wyomlw 
P - 4C 
P-COB 
P  - MtdC 
P-PV 
P - N G E  
P - N G W  
H - MldC 
H - PACE 
H - PACW 

PACE H -  PACW 



Part 2 - Stochastic Shock Distributions 












