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In the Matter of: 

BEFORE THE PUBLIC UTILITY COMMISSION 
OF OREGON 

UE323 

PACIFICORP, dba PACIFIC POWER 

2018 Transition Ad. ustment Mechanism 

PACIFICORP'S LIST OF EXHIBITS TO 
BE ENTERED INTO THE RECORD 

PREFILED EXHIBITS 

Exhibit PAC/100 

Exhibit PAC/101 

Exhibit P AC/102 

Exhibit PAC/103 

Exhibit PAC/104 

Exhibit PAC/105 

Exhibit PAC/106 

Exhibit P AC/107 

Exhibit PAC/108 

Exhibit P AC/109 

Exhibit PAC/110 

Exhibit PAC/111 

Exhibit P AC/200 

CONFIDENTIAL Direct Testimony of Michael G. Wilding, dated 
March 2017. 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(Oregon Allocated Net Power Costs). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding (Net 
Power Costs Report). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(Update to Other Revenues). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(Energy Imbalance Market Import and Export Summary). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(Energy Imbalance Market Costs). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(Update to Renewable Energy Production Tax Credits). 

CONFIDENTIAL Exhibit Accompanying Direct Testimony of 
Michael G. Wilding (Topics List and Presentations from TAM 
workshops). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding (Step 
Log Change). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(March 1 Notice Letter). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding 
(Time Series of Fixed Generation Costs). 

Exhibit Accompanying Direct Testimony of Michael G. Wilding (List 
of Expected or Known Contract Updates). 

CONFIDENTIAL Direct Testimony of Dana M. Ralston, dated March 
2017. 
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Exhibit P AC/201 

Exhibit P AC/300 

Exhibit PAC/301 

Exhibit P AC/302 

Exhibit P AC/303 

Exhibit P AC/304 

Exhibit PAC/400 

Exhibit PAC/401 

Exhibit P AC/402 

Exhibit P AC/403 

Exhibit PAC/404 

Exhibit P AC/405 

Exhibit PAC/406 

Exhibit PAC/407 

Exhibit P AC/408 

Exhibit P AC/409 

Exhibit P AC/410 

Exhibit P AC/500 

CONFIDENTIAL Exhibit Accompanying Direct Testimony of Dana 
M. Ralston (Presentations Provided at Fuel Planning Workshops). 

Direct Testimony of Judith M. Ridenour, dated March 2017. 

Exhibit Accompanying Direct Testimony of Judith M. Ridenour 
(Proposed TAM Rate Spread and Rates). 

Exhibit Accompanying Direct Testimony of Judith M. Ridenour 
(Proposed TAM Adjustment for Other Items). 

Exhibit Accompanying Direct Testimony of Judith M. Ridenour 
(Proposed Tariff Schedules). 

Exhibit Accompanying Direct Testimony of Judith M. Ridenour 
(Estimated Effect of Proposed TAM Price Change). 

CONFIDENTIAL Reply Testimony of Michael G. Wilding, dated July 
2017. 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (2018 
TAM Allocation Reply Filing). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (2018 
TAM Results of Updated NPC Study Reply Filing). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (2018 
TAM Corrections and Updates Summary Reply Filing). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (2018 
TAM Other Revenue Reply Filing). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (2018 
TAM EIM Costs Reply Filing 2017). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding 
(Notice 2017-33, 2017-22 IRB 1256, 05/26/2017, IRC Sec(s). 45). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding 
(NERA's Report on Power Cost Adjustments and Act 162 
Compliance). 

CONFIDENTIAL Exhibit Accompanying Reply Testimony of 
Michael G. Wilding (Staff Response to PacifiCorp Data Request 4). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (Staff 
Response to PacifiCorp Data Request 5). 

Exhibit Accompanying Reply Testimony of Michael G. Wilding (CUB 
Response to PacifiCorp Data Request 2). 

CONFIDENTIAL Reply Testimony of Kelcey A. Brown, dated July 
2017. 
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Exhibit PAC/600 CONFIDENTIAL Reply Testimony of Dana M. Ralston, dated July 
2017. 

Exhibit PAC/700 CONFIDENTIAL Reply Testimony of Seth Schwartz, dated July 
2017. 

Exhibit PAC/701 Exhibit Accompanying Reply Testimony of Seth Schwartz (Resume of 
Seth Schwartz). 

Exhibit PAC/800 CONFIDENTIAL Surrebuttal Testimony of Michael G. Wilding, 
dated August 2017. 

Exhibit PAC/801 Exhibit Accompanying Surrebuttal Testimony of Michael G. Wilding 
(List of Proposed Adjustments). 

Exhibit PAC/900 CONFIDENTIAL Surrebuttal Testimony of Kelcey A. Brown, dated 
August 2017. 

Exhibit PAC/901 Exhibit Accompanying Surrebuttal Testimony of Kelcey A. Brown 
(Portland General Electric Company Energy Imbalance Market 
Report). 

Exhibit PAC/902 Exhibit Accompanying Surrebuttal Testimony of Kelcey A. Brown 
(Idaho Power Company Energy Imbalance Market Report). 

Exhibit PAC/1000 CONFIDENTIAL Surrebuttal Testimony ofDanaM. Ralston, dated 
August 2017. 

Exhibit PAC/ 1001 CONFIDENTIAL Exhibit Accompanying Surrebuttal Testimony of 
Dana M. Ralston (Excerpt from Confidential Workpapers of Thomas 
Vitolo on October 2015 Naughton Coal Costs). 

CROSS-EXAMINATION EXHIBITS 

Exhibit PAC/1100 Public Utility Commission of Oregon Staff Report (with excerpted 
attachents) in Docket UE 307, March 21, 2017. 

Exhibit PAC/1101 Public Utility Commission of Oregon Staff Response to PacifiCorp's 
Data Request No. 09. 

Exhibit PAC/1102 Staff Post Hearing Brief in Docket UE 245. 

Exhibit P AC/1103 CONFIDENTIAL Excerpt from Opening Testimony of Lance 
Kaufman in Docket UE 307 

Exhibit PAC/1104 CONFIDENTIAL Excerpt from Rebuttal & Cross-Answering 
Testimony of Lance Kaufman in Docket UE 307 

Exhibit PAC/1105 Excerpt from System Simulation by D.S. Hira 

Exhibit PAC/1106 CONFIDENTIAL Gibbens Workpaper Supporting Staff/400. 
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Exhibit PAC/1107 CONFIDENTIAL Excerpt from Gibbens Workpaper Supporting 
Staff/100. 

Exhibit PAC/1108 Industrial Customers of Northwest Utilities' Response to PacifiCorp's 
Data Request No. 4. in Docket UE 296. 

Exhibit PAC/1109 Excerpt from REDACTED Opening Testimony of Bradley G. Mullins 
in Docket UE 308. 

Exhibit PAC/1110 Excerpt from REDACTED Response Brief of the Industrial Customers 
of Northwest Utilities in Docket UE 296. 

Exhibit PAC/1111 Excerpt from REDACTED Opening Testimony of Bradley G. Mullins 
in Docket UE 296. 

DATED: August 24, 2017 MCDOWELL RACKNER GIBSON PC 

am owney 
Attorneys for PacifiCorp 
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CERTIFICATE OF SERVICE 

I certify that I served a true and correct copy of PacifiCorp's Exhibit List and Cross 
Exhibits on the parties listed below via electronic mail and/or or overnight delivery i n 
compliance with OAR 860-001-0180. 
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greg@ricl1ardsonadams.com 

KEVIN HIGG INS (C) 
ENERGY STRATEGIES LLC 
215 STATE ST-STE 200 
SALT LAKE CITY, UT 84111-2322 
kh iggins@energ~strat.corn 

ICNUUE323 
JESSE E COWELL (C) 
DAVISON VAN CLEVE 
333 SW TAYLOR ST., SUITE 400 
PORTLAND, OR 97204 
je~@dvclaw.com 

OREGON CITIZENS UTILITY BOARD 
OREGON CITIZENS' UTILITY BOARD 
610 SW BROADWAY, STE 400 
PORTLAND, OR 97205 
dockets@oregoncub.org 

ROBERT JENKS (C) 
OREGON CITIZENS' UTILITY BOARD 
610 SW BROADWAY, STE 400 
PORTLAND, OR 97205 
bob@oregonc11b.org 

PACIFICORP UE 323 
PACIFICORP, OBA PACIFIC POWER 
825 NE MULTNOMAH ST, STE 2000 
PORTLAND, OR 97232 
oregondockets@Racificorg.com 
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GREG BASS 
CALPINE ENERGY SOLUTIONS, LLC 
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BRADLEY MULLINS (C) 
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MICHAEL GOETZ (C) 
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PORTLAND, OR 97205 
kathering@mcd- law.com 
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MATTHEW MCVEE (C) 
PACIFICORP 
825 NE MULTNOMAH 
PORTLAND, OR 97232 
matthew.mcvee@p1:1cificoq~.com 

SIERRA CLUB 
TRAVIS RITCHIE (C) JOSHUA SMITH 
SIERRA CLUB ENVIRONMENTAL LAW SIERRA CLUB 
PROGRAM 2101 WEBSTER STE STE 1300 
2101 WEBSTERSTREET,SUITE 1300 OAKLAND, CA 94612 
OAKLAND, CA 94612 joshua.smith@sierraclub.org 
tra vis.ritch ie@sierrac I ub.org 

ALEXA ZIMBALIST (C) 
SIERRA CLUB 
210 I WEBSTER ST STE 1300 
OAKLAND, CA 94612 
alexa.zimbal ist@sierraclub.org 

STAFFUE323 
GEORGE COMPTON (C) SCOTT GIBBENS (C) 
PUBLIC UTILITY COMMISSION OF PUBLIC UTILITY COMMISSION 
OREGON 20 I HIGH ST SE 
PO BOX 1088 SALEM, OR 97301 
SALEM, OR 97308- I 088 scotl.gibbens@),state.or.us 
george.cOmQlon@.state.or.us 

SOMMER MOSER (C) 
PUC STAFF - DEPARTMENT OF JUSTICE 
I 162 COURT ST NE 
SALEM, OR 9730 I 
sQmmer,mQ$e1:@ctoi,stare.or.us 

Dated this 24
th 

day of August 2017. 

Wendy M oo 
Office Manager 
McDowell Rackner Gibson, PC 
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Public Utility Commission of Oregon Staff Report 
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PUBLIC UTILITY COMMISSION OF OREGON 
STAFF REPORT 

PUBLIC MEETING DATE: March 21, 2017 

REGULAR X CONSENT EFFECTIVE DATE 

DOCKET UE 323 
PAC/ 1100 
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ITEM NO. 3 

----------

DATE: March 14, 2017 

TO: Public Utility Commission 

FROM: 

THROUGH: 

"* hn.1t-- ~ 
Lance Kaufman and Scott"'G'ibbens J,,, 

--:E ~ 
Jason Eisdorfer and Marc Hellman 

SUBJECT: PACIFIC POWER: (Docket No. UE 307) Staff's report of the Commission 
ordered TAM workshops. 

STAFF RECOMMENDATION: 

Staff has no recommendation at this time. 

DISCUSSION: 

In the final order of PacifiCorp's most recent net power cost proceeding, the 
Commission directed PacifiCorp, Staff and other parties to participate in workshops to 
examine the following GRID issues: (1) Day-Ahead/Real-Time Transaction (DART) 
adjustments, (2) Energy Imbalance Market (EIM) benefit estimation, and (3) Renewable 
Energy Credit (REC) valuation. Three workshops were held to address these issues. 
This memo reports on the results of the workshop. 

Analysis 

In Docket No. UE 307, PacifiCorp's most recent net power cost proceeding, Staff, the 
Industrial Customers of Northwest Utilities (ICNU), the Citizens' Utility Board of Oregon 
(CUB), and Calpine Energy Solutions (Calpine) raised concerns regarding PacifiCorp's 
treatment of DART, EIM, and/or RECs in the TAM. On December 20, 2016, the 
Commission issued Order No. 16-482. This order directed parties to hold informal 
discussions regarding these issues, and directed Staff to report on them prior to 
PacifiCorp's next TAM filing . The Commission also noted that PacifiCorp's power cost 
modeling should be transparent, and the Commission indicated that the workshops 
were intended to address transparency iss1Jes. 1 

1 See re PacifiCorp, OPUC Docket No. UE 307, Order No. 16-482 at 24 (Dec. 20, 2016). 
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Parties held a conference call on February 3, 2017 to discuss the scope of the 
workshops and to develop workshop agenda items. Agenda items were finalized 
through email communications. Workshops were held on February 9, February 23, and 
March 7, 2017. The agendas and presentation slides for the workshops are included 
with this memo as Attachment A. Following the workshops PacifiCorp responded to 
several informal data requests. 

PacifiCorp, Staff and parties participated in good faith in all three workshops with the 
objective of enhancing the understanding of PacifiCorp's modeling choices and the 
reasons behind the modeling choices. In general, Staff found that its prior 
understanding, as developed and expressed throughout previous TAM dockets, was 
consistent with the information presented by PacifiCorp in the workshops. 

PacifiCorp also used the workshops as an opportunity to clarify key concerns of parties 
regarding the issues. Holding these workshops outside of a contested case 
environment served to foster collaborative communication regarding these issues. 

DART 
PacifiCorp presented material regarding the DART at both the February 9, 2017, and 
February 23, 2017 meetings. PacifiCorp provided analysis regarding the sensitivity of 
the DART adjustment to scenarios suggested by the parties, including abnormal 
weather, thermal outages, and hydro conditions. PacifiCorp indicated a willingness to 
adjust the historic period used for the DART adjustment. In accordance with this, 
PacifiCorp proposes to use a 60-month history in the 2018 TAM to achieve better 
normalization of DART estimates as indicated by its March 1, 2017 Notice of 
Methodology Changes. 

Staff also clarified concerns regarding the applicability of the historic DART calculations 
to the forward looking NVPC forecast. Staff discussed performing a 'backoast' of power 
costs to troubleshoot PacifiCorp's NVPC forecasting methodology.2 PacifiCorp 
expressed concerns that a backcast may be labor intensive, but indicated it would 
consider alternative options to achieve the insights provided by backcasting in a less 
time consuming way. 

CUB discussed changing the allocation of the DART adjustment to reflect CU B's 
assertion that some jurisdictions may cause a larger share of the DART costs. 
PacifiCorp indicated a willingness to evaluate the allocation issues, but believed that the 
issue was perhaps more appropriately addressed as part of the multi-state process. 

2 The backcast was described by Staff as a process of reproducing past TAM forecasts with actual values 
for some inputs replacing the forecasted values. 
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PacifiCorp presented material regarding the EIM at the February 9 and February 23, 
meetings. PacifiCorp provided a general discussion about the EIM process. PacifiCorp 
also provided information about new EIM participants. CUB raised two concerns, one 
regarding transmission constraints in the EIM benefit calculation and the other regarding 
the order of solving GRID market transactions and EIM transactions. PacifiCorp agreed 
to continue evaluating these issues. PacifiCorp proposed to adjust the calculation of 
EIM benefits for its 2018 TAM at the March 7th Workshop. This change was noticed in a 
March 1, 2017 letter to parties to Docket No. UE 307.3 This adjustment closely mirrors 
CUB's proposal made in UE 307 and was agreed to by all parties. PacifiCorp further 
discussed the potential alteration to the market cap calculation in GRID in order to 
match up with the new EIM adjustment. Parties expressed concern over the lack of 
information available at the time of the workshop, and PacifiCorp stated it would further 
evaluate whether to propose this change in the 2018 TAM. 

RECs 
At the February 23, 2017, and March 7, 2017 meeting PacifiCorp presented material 
regarding REC valuation as part of the TAM. PacifiCorp indicated an openness to 
include in the TAM the value of freed-up RECs made available from direct access 
customers. However, there was disagreement on an appropriate valuation method. 
PacifiCorp's position is that the benefit of decreased RPS requirements associated with 
direct access participation is realized at the time when PacifiCorp's need to acquire 
additional RECs is deferred (currently in the 2028 timeframe). Accordingly, PacifiCorp 
proposed valuation approaches using the present value of future REC prices. Calpine 
proposed that RECs be valued at the present market price. 

Parties discussed a potential solution to transfer RECs from PacifiCorp to electric 
service suppliers (ESS) equal to the REC retirement requirements of direct access 
customers. However, PacifiCorp expressed concerns on whether such an approach 
would be compatible with Oregon's existing RPS (e.g. whether PacifiCorp could satisfy 
the compliance obligation for an electric service supplier). Parties also discussed that 
the administrative burden of this option may be sufficiently high to make it an impractical 
solution. PacifiCorp agreed to further evaluate these issues. Parties concluded 
discussion of this topic with an agreement to continue working collaboratively toward an 
agreeable solution. 

Transparency 
At the February 23, 2017, meeting PacifiCorp presented material regarding ongoing 
efforts to increase TAM transparency. Parties discussed transparency concerns arising 

3 PacifiCorp's letter is attached included with this report as Attachment B. 
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out of previous TAM proceedings, and PacifiCorp agreed to the following changes to the 
TAM filing process: 

1 . PacifiCorp will maintain a step-log of model and input changes that will include 
changes to the NVPC and transition adjustment estimation process that is not 
considered a standard annual update. 

2. PacifiCorp will provide a summary of input and model changes in filed testimony. 

Workshop Evaluation 
Staff found these workshops helpful in clarifying the positions of all parties, and in 
developing additional information regarding the issues. Parties participated in good 
faith and made good progress towards understanding some of the issues. Staff 
observed that having multiple workshops on separate days was a key element in 
making progress on these issues because it allowed time and space for participants to 
revise and update their understanding and concern regarding the issues. Parties made 
substantial progress regarding the transparency issue and partial progress on the 
remaining issues. Parties will likely revisit some issues during the next TAM proceeding. 
However, in general participants appeared to be satisfied with the progress made during 
the workshops. Staff found the workshops to be productive, but time consuming. This 
type of pre-filing collaboration may be worthwhile in the future if parties continue to have 
major on-going issues related to the TAM. 

Staff invited parties to provide written feedback for inclusion in this report. CUB 
declined to provide feedback and indicated a preference to report directly to the 
Commission. ICNU stated "ICNU was encouraged by some of the collaborative 
dialogue during the recent TAM workshops. We'd be supportive of further usage of that 
sort of process leading up to other proceedings ... " 

PacifiCorp provided the following feedback to Staff: 

'The Company believes the workshops were valuable and 
appreciates parties' engagement in meaningful and productive 
dialogue. As a direct result of this process, the Company will 
propose modeling changes to its DART and EIM adjustments in the 
2018 TAM designed to respond to some of the parties' 
concerns. The Company also plans to make a proposal to value 
RECs freed-up by direct access, which was informed by 
discussions in the workshops. While it is clear that disagreements 
remain, the process narrowed the issues and helped the Company 
and parties gain a better understanding of the issues. The 
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Company hopes that th is will contribute to a constructive resolution 
of 2018 TAM." 

No other party provided written feedback at the time of writing this report. 

PacifiCorp has reviewed this memo and has provided no objection. 

PROPOSED COMMISSION MOTION: 

As of the writing of this memorandum, Staff proposes no motion. 

reg3-UE 307 Workshops 

DOCKET UE 323 
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WORKSHOP DATES: February 9 at PacifiCorp Learning Center 1 :00pm - 5:00pm 
February 23 at location OPUC - SALEM 1 :00pm - 5:00pm 
March 7 at OPUC - SALEM 9:30am - 11 :30am 

Topics 1 and 2 were discussed at the February 9, 2017 workshop. Carryover items from 
Topics 1 and 2 are listed in new Topic 4. 

Topics 3, 4 and 5 were discussed at the February 23, 2017 workshop. 

Topic 6 includes follow-up items from previous workshops and was discussed at the March 
7, 2017 workshop. 

1. Day-Ahead/Real-Time (DART) adjustments ( discussed at February 9 workshop) 
a. PacifiCorp to describe modelling in detail. 
b. PacifiCorp to provide a complete list of all DART modeling changes it will 

implement in 20 I 7, a complete list of all updates that will be added to the model, 
and a complete list of all inputs that will be added to the model. 

c. Explore the impact of non-normalized winter weather such as Oregon experienced 
this current winter on the DART, including its effect on system balancing 
transactions and unrecovered power costs. 

d. Explore the impact of non-normalized summer weather in PacifiCorp's Eastern 
Control Area on the DART, including its effect on system balancing transactions 
and unrecovered power costs. 

e. Description of the difference between the adjustment to reflect additional 
balancing volumes and the adjustment to prices input into the GRID model. 

f. PacifiCorp provide a back cast of the GRID model demonstrating that the DART 
adjustment increases the accuracy of NPC forecasts. 

g. Explore whether historic transactions are consistent with the system balancing 
process described in the TAM testimony. 

h. Explore whether the DART adjustment appropriately models the benefits of 
ongoing market arbitrage and economic sales and purchases. 

i. Discuss how DART type costs are modeled in lRP. 
j. Discuss PacifiCorp's ability to balance system without market transactions. 

2. Energy Imbalance Market (EIM) benefit estimation ( discussed at February 9 workshop) 
a. PacifiCorp to describe modelling in detail 
b. PacifiCorp to provide a complete list of all EIM modeling changes it will 

implement in 2017, a complete list of all updates that will be added to the model, 
and a complete list of all inputs that will be added to the model. 

c. PacifiCorp to detail the cost of EIM dispatch. 
d. PacifiCorp to categorize and calculate the gross benefit of EIM dispatch. 

• 



DOCKET UE 323 
PAC/ 1100 

Page 7 of 8 

Attachment A 

e. Demonstrate scenarios such as: (a) intrahour changes resulting in a plant in PAC's 
own BA dispatching differently (say PAC east steps up to meet load in PAC west 
or vice versa), (b) intra hour changes resulting from PAC east selling to NVE and 
then PAC West buying from CAISO or PAC West selling to California and PAC 
East buying from NVE. 

f. Show what constraints in the model have been effective (i.e. transmission 
implications that are assumed to have an effect on eligible sales or benefits). 

g. Review of historical instructed imbalance payments (and other EIM related 
charges to and from the CAISO), relative to the amount of benefits forecast using 
the Company's proposed methodology. 

3. REC valuation (discussed at February 23 workshop) 
a. PacifiCorp to provide a complete list of any REC modeling changes it will 

implement in 2017, a complete list of all updates that will be added to the model, 
and a complete list of all inputs that will be added to the model. 

b. Use ofRFP Results for REC Valuation 
c. PacifiCorp's REC Valuation in Inter-regional Benefits Calculations: (See 

PAC/900, Brown/5-6; Tr. at 86-87); PAC/900, Brown/5-6 discusses how 
PacifiCorp values dispatch costs of wind facilities for EIM benefits purposes and 
states: "PacifiCorp's participating wind resources are bid in as a resource that 
would be paid to reduce production (negative price) with a price that is calculated 
based on the lost production tax credit plus the value of the renewable energy 
credit." See also Tr. at 86-87. Staff opposed this treatment, arguing that the 
marginal cost of wind units is viewed as zero, lJE 307 Staff Response Br. at 44-
45. The final order adopted PacifiCorp's valuation including a REC value. We'd 
like to know this REC valuation. 

d. PacifiCorp valuation of Company REC sales credited to non-RPS PacifiCorp 
jurisdictions. 

e. REC Values used in RPS Implementation Plan or IRP. What values does 
PacifiCorp use for planning purposes? Are there different values for bundled and 
unbundled RECs? 

4. Follow-up items from February 9 workshop (discussed at February 23 workshop) 
a. Analysis of market arbitrage - comparison between GRID and actual 
b. Further analysis of the DART 

i. Remove extreme weather in place of using only extreme weather 
ii. Good hydro year vs. bad hydro year 

iii. Effects of plant outage 
c. Provide requested materials from DART and EIM presentations: 

1. Supporting workpapers for the weather analysis of DART 
ii. Supporting workpapers/example of how bids are calculated 

iii. Supporting workpapers for calculations used in the example ElM bids 

5. Transparency (discussed at February 23 workshop) 
a. Step-log of changes 
b. TAM guidelines and how DART and EIM adjustments fit in 
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6. Follow-up items from previous workshops (discussed at March 7 workshop) a. Use of 5-year normalization for DART 
b. REC transfers - what are the difficulties, how can they be overcome c. $/MW EIM benefit calculation 

Order No. 16-482 provides the following guidance on these workshops: 

"We alw direct PacifiCorp, Staff, and parties to participate in workshops to examine the following GRID issues: (!) Day-Ahead/Real-Time Transaction (DART} adjustments, (2) Energy Imbalance Market (EIM) benefit eslimation, and (3) Renewable Energy Credit (REC) valuation. 
With respect to the first two issues, our intent isfor PacifiCorp to describe its modeling approach in detail during the workshops to facilitate the parties' deel)er understanding of Jhese issues. We expect parties challenging Pac(fiCorp's modeling choices to engage in these discussions in order to fitlly understand the rationale behind the adjustments. Our goal is to create an improved evidenLiary record on these disputed issues going forward. While the workshops are intended Lo be informational in nature, parties may also use the workshops to discuss whether any adjustments to PaciflCorp's existing methodologies may be appropriate. With respect to the REC issue, the parties should discuss whether Lhere is a reasonable me/hod to value RECs based on delaying the lime when Pac(fiCorp is required to take any substantive action to ensure RPS compliance, as discussed later in Lhis order. Staf[,/s to report back to us on the results of these workshops before PaciflCorp's 2018 TAM is filed. " 

2 We do not seek recommendations from Staff based on tis set of informational workshops but simply a report on the parties' discussions. 
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Date: June 30, 2017 

Matt McVee 
PacifiCorp 

TO: 

825 NE Multnomah 
Portland OR 97232 

FROM: Lance Kaufman 
Senior Economist 
Energy Rates, Finance and Audit Division 

OREGON PUBLIC UTILITY COMMISSION 
Docket No. UE 323 - PacifiCorp's First Set Data Request No 09. 

Data Request No 09: 

9. Refer to Staff/200, Kaufman/19, lines 3-6. Has Staff calculated its proposed price 
adder component for the DART adjustment? If so, please provide that calculation, 
along with all workpapers demonstrating how the calculation was performed. 

a. Please provide all quantitative analysis Staff has performed that indicates 
that its proposed price adder results in a more accurate net power cost 
forecast, as compared to the DART adjustment approved by the 
Commission. 

Staff Response No 09: 

9. Staff has not performed this calculation to date. Staff will provide an update to this 
DR when the price adder component has been calculated. 

a. Not Applicable. Staff will provide an update to this DR when the price adder 
component has been calculated. 
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Q. Please summarize the Day Ahead Real Time (DA-RT) transactions 

issue. 

A PacifiCorp, dba Pacific Power (PacifiCorp or Company) introduced two energy 

market model changes in its 2016 Transition Adjustment Mechanism (TAM). 

First, PacifiCorp modified the market energy prices used in GRID. In this 

testimony Staff refers to this change as the Price Adder. Second, PacifiCorp 

made an outboard increase in net power costs based on historical purchase 

patterns. In this testimony Staff refers to this change as the Outboard Cost 

Increase. 

PacifiCorp justifies these changes because historic market purchases are 

generally more expensive than the average monthly price, and because 

PacifiCorp makes purchases on a monthly, daily, and real time basis. 

PacifiCorp claims that the Company's purchasing behavior is not completely 

reflected in the original GRID model. 

Q. What is the dollar impact of these model changes? 

A The combined impact of these two changes is an increase to system wide 

power costs of It is not possible to fully separate th is value into 

the two separate model changes because the magnitude of the Outboard Cost 

Increase is dependent upon the Price Adder. When the model changes are 

implemented simultaneously, the Price Adder is responsible for a -

increase to power cost and the outboard increase is responsible for a 

- increase to power cost. 
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A. The Company claims that analysis of thei r historical purchases and sales 

reveals a pattern wherein the Company makes purchases when the market 

price is above average, and makes sales when the market is below average. 

The Company has proposed the Price Adder to capture the difference between 

the high purchase price and the average market price, and to also capture the 

difference between the low sales price and the average market price. 

However, GRID already differentiates market price into periods of higher and 

lower prices. 

Q. Please further explain the Company's Price Adder model change. 

A. PacifiCorp calculates the difference between average historic price and its 

historic cost per megawatt hour for transactions. The daily average price 

represents the simple average of bilateral market daily prices in a month - that 

is, the sum of hourly prices within the period divided by number of hours in the 

period. The historic cost represents the actual amount paid by the Company to 

buy or sell energy on a per MWh basis. These values differ for two reasons. 

First and foremost actual market transactions are not evenly spread across the 

month and are highly correlated with demand. The Company will tend to 

purchase more energy when the demand is high, and be forced to sell when 

demand is low. Naturally, normal market pressures would indicate that 

purchase price would be greater than selling price based simply on demand . 

Second, the historic market price is not a figure that is available to traders on a 

real time basis; rather, it is an index generated after trades in the period have 
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been completed. Because of this, PacifiCorp may engage in transactions that 

are priced above market due to lack of information. 

A separate Price Adder is calcu lated for every day and every market for both 

purchases and sales. The Price Adder is calculated separately for purchases, 

sales, high load hour and low load hour. The largest Price Adder for purchases 

is and the largest price reduction for sales is The 

same Price Adder is applied to all GRID market prices within the same month 

and high/low load hour designation for GRID market purchases. 

Q. What does the Price Adder represent? 

A. According to the Company, the Price Adder is an attempt to capture the effects 

of being forced to purchase energy when prices are high, and to sell energy 

when prices are low. 

Q. What is the impact of the Price Adder on GRID market transactions? 

A. The Price Adder decreases GRID sales by - MWh, or■ percent. 

The Price Adder decreases GRID Purchases 

percent.1 

MWhor■ 

Q. Are these Price Adders arbitrary and do they present an unrealistic 

representation of reality? 

A. Yes. The Price Adders are arbitrary to the extent that the "average pricing 

period" is arbitrary. PacifiCorp calculates average price by month and high­

load hour-light load hour designation. If PacifiCorp chose a smaller period to 

average prices over, such as daily averages or yearly averages the Price 

1 See Staff/219 DA-RT Transactions. 
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Adder would be smaller. If PacifiCorp chose a larger period to average prices 

over the Price Adders would be larger. 

The Price Adders are unrealistic because they do not address the 

fundamental modeling flaw in GRID, the correlation between market price and 

demand. As a result, they serve to decrease both market purchases and sales 

in a manner that is not consistent with reality. This is because the modeling 

change does not reflect how prices actually work. PacifiCorp's methodology 

results in two simultaneous "market'' prices, a purchasing price and a selling 

price, with purchasing always higher than selling . This is not the how the 

market actually works. At any one time, for any single trading hub, there is a 

single market clearing price. At times, this single market price will be lower 

than the monthly average, and at times this price will be higher than monthly 

average. 

The DA-RT result of fewer market transactions is contrary to both PacifiCorp's 

argument and a previous Commission finding2 that GRID underestimates the 

volume of market transactions. 

Rather than enhance the model to represent reality, PacifiCorp has directed 

the model in an unrealistic manner in order to achieve a desired result. 

Because the adjustments are arbitrary and unrealistic, it is difficult to verify that 

PacifiCorp is not double-counting costs or failing to capture benefits related to 

system generation and market transactions. 

2 See Re. PacifiCorp 2008 Transition Adjustment Mechanism Docket UE 191 Order 07-446 page 10. 
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The overall impact of the Price Adders is a substantial decrease in purchases 

and sales. PacifiCorp provides no evidence to support its claim that the base 

GRID model over-estimates sales and purchases. In fact, PacifiCorp argues 

that GRID does not model enough sales and purchases but then makes a 

second outboard adjustment to increase system balancing transactions by 2.5 

million MWh.3 

Q. Does PacifiCorp's testimony accurately describe the Price Adder 

methodology actually used in the TAM? 

A No. The actual methodology used by PacifiCorp in the TAM differs from that 

described in the text. For some periods, PacifiCorp applies a different Price 

Adder than that suggested by the four-year history. 

Actual historic data indicates that in some months, purchases are on average 

less expensive than sales.4 This would result in a GRID purchase price below 

the GRID sale price within a single trading hub. At these prices, GRID would 

optimize by arbitraging within the same trading hub, maximizing both sales and 

purchases within the hub. PacifiCorp prevents GRID from performing this 

arbitrage by overriding the Price Adder calculation formula for these specific 

occurrences. 5 

The need for PacifiCorp to make a second arbitrary adjustment to prices in 

order to remedy illogical results of the first arbitrary adjustment highlights the 

3 See PAC/100, Dickman/20:13-21:6. 
4 For example, the April HLH adder for COB is for purchases than sales. See Staff/220 
Confidential Price Adders. If the related price adders were used in the model, GRID would purchase 
and sell at COB, reducing net power cost by • for every one MWh transaction. 
5 See Staff/202 PacifiCorp response to Staff DR 16. 

I 
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fact that PacifiCorp's Price Adder method is not appropriate. PacifiCorp's 

methodology of driving a fixed wedge between purchase price and sales price 

artificially decreases market transactions and does not accurately represent the 

process that GRID is intended to model. 

Q. What would be a preferable method of reconciling PacifiCorp's actual 

purchasing behavior with the base GRID model results? 

A A more accurate modeling choice would be to create variation in forecasted 

price that more accurately represents normal power price variation, and to 

accurately correlate PacifiCorp's load with this variation. This method is more 

appropriate because it is modeling the factors that underlie PacifiCorp's 

observations about historic sale and purchase transactions. 

Q. Is it your position that the GRID price does not represent a normal 

price pattern? 

A Yes. As can be seen in Figure 1 GRID uses the same weekly price pattern 

throughout the month.6 There is almost no day-to-day variation in market 

price. In reality prices will vary with demand. The effort to normalize power 

prices smooths out daily and hourly variation in market price. It is likely that the 

actual hourly market prices for 2017 will be more volatile than the GRID market 

price, and that it will have a greater high to low price range. This figure shows 

that 

6 Source: Ralston Confidential Workpaper "ORTAM17w_DA-RT Price Adder CONF.xlsx· 
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A. As can be seen in the figure, use of a repeated weekly average market price 

removes volatility. However, that smoothing also eliminates the normal daily 

and hourly fluctuations of price which represent the essence of the issue for 

the company. 

Q. Please explain why the market price volatility is important. 

A. Volatility is important because market price is correlated with demand. 

When demand is high, the Company may not be able to meet the load with 

its own resources and is forced to go to the market for purchase. As 

demand increases, market price will also increase. These two factors 

conjoin to help explain why the Company tends to purchase when the 

market price is higher than average. Similarly, the correlation between 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Docket No. UE 307 

DOCKET UE 323 
PAC/ 1103 

Page 9 of20 

Staff/200 
Kaufman/9 

demand and market price helps explain why the Company must self when 

price is lower than average. 

Outboard Cost Increase 

Q. Please explain the Outboard Cost Increase model change. 

A. The Outboard Cost Increase is an adjustment that PacifiCorp makes to system 

costs after the optimal system dispatch has occurred in GRID. PacifiCorp 

describes this adjustment as "incremental balancing volumes associated with 

using standard products to cover the open position determined by GRID."7 

However, the dollar value of this adjustment is unrelated to any forecast of 

"incremental balancing volumes." The reason for this is that the per-unit cost of 

the balancing volumes is adjusted such that the total cost equals a target 

number. Algebraically, Cost= Price* Quantity. PacifiCorp calculates the Cost 

component externally with historical data, then obtains a Quantity value from 

GRID, and sets Price so that the formula balances. 

Q. How is the Outboard Cost Increase adjustment calculated? 

A. The Outboard Cost Increase is calculated as follows. First, PacifiCorp 

calculates the difference between the total historic purchase costs and historic 

purchase volumes made at the monthly average price. A similar calculation is 

made for historic sales. In this proceeding, PacifiCorp calculates the average 

annual difference as 8 

7 See PAC/100, Dickman/21 :2-21 :4. 
8 Sae Staff/221 Confidential Outboard Cost Increase Calculations. 
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The second step is to perform the same calculation using GRID purchases 

and sales rather than historic purchases and sales. PacifiCorp calculates the 

"above average cost of transactions" in GRID as __ 9 The Outboard 

Cost Increase is the difference in these two numbers, or , which 

represents the Cost portion of the formula above. This amount is added to 

power costs and is independent of any estimate of balancing volumes. 

Q. What is the Company trying to achieve with this adjustment? 

A. The Company claims that it purchases energy in the forward market in large 

blocks. The large blocks will not necessarily correlate with demand in real 

time and so excess energy must be sold to balance the Company's position. 

The Company claims that these additional balancing transactions are not 

accounted for and represent an additional power cost not recovered through 

GRID modeling. The Outboard Cost Increase is the Company's attempt to 

estimate this cost. 

Q. What is the Company actually achieving? 

A. The Company is actually achieving an arbitrary cost increase with no 

rational relationship to the GRID forecast. 

Q. Does this Outboard Cost Increase make sense? 

A. No. PacifiCorp rationalizes its outboard adjustment with its need to make 

monthly and daily system balancing transactions.10 However, there is not a 

9 See Stafl/221 Confidential Outboard Cost Increase Calculations. 
10 See PAC/100 Dickman/16 at lines2 through 6. 
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Q. 

A. 

rational link between expected balancing transactions and the Outboard Cost 

Increase. This becomes clear when looking at extreme outcomes. 

The additional monthly and daily transactions needed should be a decreasing 

function of real-time transactions. That is, as less real-time transactions are 

needed, there is less of a need for additional balancing transactions to manage 

them. However, the Company's Outboard Cost operates opposite to this: as 

real-time transactions decrease the additional balancing transactions increase. 

In the extreme example of no real-time transactions, there is no need for 

"additional transactions." The "above average cost of transactions" in GRID 

would be zero dollars. However, the historic value would not change. As a 

result, the total Outboard Cost lncr~ase in this case would be exactly equal to 

the historic value of the "above average cost of transactions," or-_11 

PacifiCorp's argument is that the Outboard Cost Increase accounts for the 

cost of additional balancing transactions. However, the Outboard Cost 

Increase grows as balancing transactions decrease. The fact that PacifiCorp's 

methodology increases system balancing costs as real time purchases 

decrease is a sign that the methodology is fundamentally flawed. 

Please summarize the function of the Outboard Cost Increase. 

In essence, the Company believes that balancing transactions exist that are 

not captured by GRID modeling and that these transactions have a cost to 

the Company. The Company has shown that historically it has engaged in 

11 As Staff notes in discussion of the Price Adder, this number is arbitrary to the extent that the 
"average pricing period" is arbitrary. 
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such balancing transactions and has estimated the cost of these . The 

Company proposes to collect this historical amount of transaction cost as an 

adder which collects the difference between the historical cost and the GRID 

result. 

Q. Do you have additional concerns regarding the DA-RT model changes? 

A. Yes. Staff is concerned that the DA-RT model changes do not account for the 

other moving parts with actual power costs because both adjustments are 

unrealistic and arbitrary. For example, actual sales and purchases tend to be 

higher than GRID results. However, if sales and purchases in real ity are 

different than GRID results, then fuel use is also likely different. PacifiCorp's 

model embeds costs associated with a fixed volume of historic sales at historic 

prices. It fails to make any compensating adjustments in actual fuel cost or 

renewable generation. 

Q. Please continue. 

A. Staff has also observed that a substantial volume of transactions are more 

appropriately categorized as either hedging transactions, where daily power is 

purchased several days to months ahead, or arbitrage transactions, where 

purchases and sales occur simultaneously at equal volumes of energy for 

identical delivery times. 

Q. What is Staff's recommendation concerning the use of the Price Adder? 

A. Staff recommends that the Commission reject the Company's modeling change 

as implemented. Staff agrees in concept that the Company does in fact 

purchase energy at prices above the average market price, and does in fact 
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sell at prices below the average market price. Due to this fact, it is reasonable 

that a difference exists between the Company's actual transaction 

cost/revenue and that modeled with the average market curve. However, the 

Company's use of two separate market prices is flawed, does not reflect reality, 

and produces unreasonable results . Instead, Staff recommends that the 

Company model in GRID a more realistic market price curve that would 

naturally correlate with demand and would address this issue within the 

modeling. 

Q. What is Staff's recommendation concerning the use of the Outboard Cost 

Increase? 

A. Staff recommends that the Commission reject the Company's use of the 

Outboard Cost Increase. It appears to be little more than an arbitrary (albeit 

historically-based) cost adder whose purpose is to collect transaction costs that 

the Company claims to incur but are not modeled in GRID. Staff is concerned 

that the cost increase may include the cost of arbitrage and hedging 

transactions and other potentially revenue producing events whose benefits 

may not be accounted for. 

Q. Does this conclude your testimony concerning DA-RT transactions? 

A Yes. 
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Q. What is the background of this issue? 

A. Due mainly to the low cost of natural gas, many coal plants are dispatching 

well below their historical average. This has raised a new modeling issue in 

that many coal plants have rail contracts that require the shipment of a 

minimum amount annually. These minimums are assurances for the 

transporter, which generally helps the Company to negotiate a lower 

transportation contract price. In the current TAM, GRID's economic dispatch 

results in many coal plants25 being below their minimum coal requirements. In 

order to account for the minimums, PAC changed the manner in which it 

modeled the coal plants. 

Q. Please describe how PacifiCorp treats contract minimum constraints in 

this case. 

A. PacifiCorp's fuel cost input for each plant has two components, a dispatch 

component and a cost calculation component.26 The dispatch component is 

intended to represent the marginal fuel cost and is used to economically 

dispatch. The cost calculation component represents the average fuel cost 

and is used to calculate net variable power costs. 

This appears to be a modeling aspect of GRID that has been implemented in 

the past. However, in this filing PacifiCorp is proposing a new method of 

25 Specifically, are dispatched using a 
constrained coal cost. See Staff/223 Confidential PacifiCorp Response to ICNU DR 8. 
26 See Staff/207 PacifiCorp Response to CUB DR 13 and Staff/208 PacifiCorp Response to CUB DR 
35. 
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calculating dispatch component. In the current filing, several of PacifiCorp's 

coal plants are expected to be dispatched at or below the level that invokes 

take or pay requirements and liquidated damage requirements. 

PacifiCorp prevents dispatch from dropping below contract minimums by 

artificially adjusting the dispatch fuel cost (Artificial Dispatch Fuel Cost 

adjustment or ADFC). This appears to be an iterative process in which 

PacifiCorp makes adjustments to prices, runs GRID, reviews fuel consumption, 

and adjusts prices again. 

This is a manual process that results in an approximate solution . Figure 2 

below identifies the contract marginal cost for Cholla 4 fuel. The square dot 

identifies the GRID output and price. In an optimal solution the square would 

lie on the incremental cost curve. 
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Q. Has PacifiCorp presented this ADFC modeling technique in previous 

cases? 

A. Staff is not aware of this technique being used in previous cases. Staff has 

reviewed previous cases and Staff can find no mention of contract minimums 

or this type of iterative price adjustment. 

Q. What is Staff's concern with this modeling adjustment? 

A. Staff has three concerns with this adjustment: 

1. Staff views this as a prohibited modeling change. 

2. The contracts themselves may be imprudent. 

3. The modeling change may not be implemented optimally. 

Q . Why does Staff consider this to be a prohibited modeling change? 
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A In Commission Order No. 15-394, PacifiCorp was directed to "make no 

changes to its GRID model ing for its 2017 TAM." This was done so that Staff, 

the parties and ultimately the Commission would have more time to evaluate 

and verify the modeling changes presented by the Company in its 2016 TAM. 

Q . Is PacifiCorp subject to any other model change requirements in 

addition to Order No. 15-394's prohibition on 2017 TAM model 

changes? 

A Yes. As part of Docket No. UE 191, PacifiCorp agreed to formal pre-fil ing 

reviews of GRID model changes. This agreement was made in recognition 

that TAM filings are limited proceedings and that reviewing model changes 

within the time frame of a TAM proceeding is extremely challenging for the 

Commission. The details of the pre-filing model change review are forma lized 

by the stipulation adopted in Order No. 09-27 4. 27 A stipulation adopted in Order 

No 09-432 further clarifies the limitations on modeling changes and changes to 

input calculations. Such changes require notification by March 1 and detailed 

explanation of the changes in the April 1 filing, including side by side model 

comparisons. However, there was no March 1 notification, and PacifiCorp's 

April 1 filing does discuss the minimum take modeling changes and provides 

no side by side comparison. 

Q. These Orders specifically reference changes to the GRID model. If 

PacifiCorp is only changing inputs to the GRID model, why do you 

consider the AFDC adjustment is to be a model change? 

27 See Order No 09-27 4 page 3 item 1. 
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A. This is a model change because PacifiCorp is modifying the functionality of the 

dispatch price. In addition, PacifiCorp's method of selecting the input price 

constitutes GRID modeling. It is an iterative process involving multiple GRID 

runs. PacifiCorp's intent in manipulating the GRID inputs is to achieve a 

specific output result. 

Q. You state that the contracts themselves may be imprudent. Can you 

elaborate? 

A Yes. Four coal supply contracts and two transport contracts have a contract 

term starting in 2015 or later. 28 Parties have previously expressed concern 

about PacifiCorp engaging in long term coal supply contracts given the current 

regulatory and economic uncertainty regarding coal generation.29 Staff's 

proposal for the Coal Contract issue in this docket does not require a final 

prudence evaluation of these contracts until the 2017 PCAM. 

Q. What is Staff's concern with the AFDC modeling change itself? 

A. Staff is not convinced that the current modeling change is the best way to 

implement minimum take requirements. The current manual and iterative 

process is inexact and ad-hoc. It leads to economic dispatching, which 

approximates optimal solutions but does not account for the optionality 

provided by plant storage capacity. 30 Ideally, the model would result in 

28 See Staff/209 Highly Confidential PacifiCorp response to OPUC DR 67 and Staff/210 Highly 
Confidential PacifiCorp response to OPUC DR 68 
29 PacifiCorp has declined to provide its coal hedging policy in this docket. See Staff/211 Response 
to OPUC DR 177. 
30 PacifiCorp's Coal Inventory Policies and Procedures indicates that coal inventory provides a buffer 
between coal deliveries and coal burn. See Staff/212 Confidential PacifiCorp Response to OPUC DR 
18. 
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dispatching, which would minimize the costs of meeting the coal requirements 

exactly. 

Staff agrees that minimum-take requirements and shortfall-related damages 

have potential impacts on power costs. These impacts would be appropriate to 

consider if PacifiCorp was prudent in subjecting customers to these 

requirements. Should the contracts, contract extensions, and hedging policy 

be found to be prudent, Staff supports modifying the GRID model to optimally 

incorporate the contract requirements. 

Q. What is Staff's proposal? 

A. The Commission should reject the AFDC model change proposed by 

PacifiCorp. In place of the AFDC dispatch component of fuel cost could be 

calculated at the marginal contract or spot price. 

It is important that the Company comply with the Commission 's Order 

prohibiting new changes to the GRID model. The current modeling change 

should be postponed for a year to allow Staff to fully analyze the 2016 TAM 

changes. The Commission Order in the 2016 TAM, the limited time to review 

the contracts, and the in-exact and incomplete nature of the model adjustment 

leads Staff to this recommendation. Staff further recommends that if 

PacifiCorp incorporates contract minimum requirements in future TAM filings, 

PacifiCorp should also incorporate contract flexibility and coal stockpile 

flexibility . 

Staff agrees that contract minimums have a real impact on power costs. 

Should the contracts and policies be found to be prudent in a future TAM 
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proceeding, Staff believes any added costs associated with the contracts 

should be subject to the Company's PCAM. This will limit any potential harm to 

the Company related to the Commission's moratorium on model changes. 
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Q. What is Staffs position regarding the DA-RT adjustment? 

A Staff's position is that: 

• The DA-RT adjustment is arbitrary; 
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• The DA-RT adjustment does not increase accuracy of the NPC; 

• Properly correlating load and market prices is a more appropriate 

remedy to PacifiCorp's concerns regarding system balancing 

transactions; and 

• PacifiCorp is capable of properly implementing correlated load and 

market in GRID. 

Q. Where does PacifiCorp agree with Staff? 

A PacifiCorp agrees that refining the forward price curve is a potential solution. 

PacifiCorp disagrees with Staff's other three positions. 

Q. Please provide evidence that the DA-RT adjustment is arbitrary. 

A There are two very clear signs that the DA-RT adjustment is arbitrary. First, 

PacifiCorp's Reply Update forecasts. percent more transactions than 

PacifiCorp's Direct filing. However, The Reply Update DA-RT adjustment 

. The specific values are provided in the Figure 

below. 
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The Company's rationale for the DA-R.T adjustment is that real time 

transactions are more costly than GRID recogn izes. According to the 

Company's rationale, increasing real time transactions by. percent 

should increase the DA-RT adjustment, not decrease the DA-RT 

adjustment. 

The problems with DA-RT are acutely highlighted by calculating the DA­

RT adjustment under a scenario when PacifiCorp is expected to make no 

market transactions. Staff modified the Reply Update GRID inputs to restrict 

market sales to zero. 65 Under this scenario, where PacifiCorp makes no 

market sales, there should be no costs for system balancing. However, the 

DA-RT adjustment was 

Q. Why does Staff think the DA-RT adjustment does not increase the 

accuracy of the NPC forecast? 

A. PacifiCorp creates the illusion of a link between market transaction costs and 

GRID performance. PacifiCorp accomplishes this by observing that it has 

recently under-forecasted NPC, then observing that PacifiCorp tends to make 

more purchases above the average monthly price and more sales below the 

65 Staff accomplished this by changing the market capacity to 0.01 MW for every period. 
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monthly price relative to GRID. However PacifiCorp provides no evidence 

there is a relationship between these two observations. 

Q. Does PacifiCorp directly state that historic under-forecasting of NPC is 

due to GRID's difficulty in modeling market transactions? 

A No. PacifiCorp's NPC is directly linked to the forecast for natural gas and 

electricity market prices. When natural gas is expected to be inexpensive, 

electricity is also expected to be inexpensive, and PacifiCorp relies heavily on 

off-system sales to recoup expenses. Over the last eight years, analysts have 

repeatedly over-forecasted natural gas prices and electricity prices. If 

PacifiCorp were to run GRID using the actual market prices for 2008 through 

2015 the GRID forecast would be much more accurate. 

Q. Please provide evidence that there is not a direct relationship between 

the historic above average market cost of transactions and the 

purported underestimate of power costs in GRID. 

A In Staffs opening testimony, I noted that there may be other offsetting events 

in the historic data. A specific example of this is the operation of PacifiCorp's 

peaking gas plants. In GRID, market purchases are limited. As a result, GRID 

operates expensive peaking resources rather than making market purchases. 

This limitation prevents GRID from performing a higher than average cost for 

market purchases. However, in its place, it generates using an even more 

costly resource, the gas peaking plant. By having this external, arbitrary 

DA-RT adder, PacifiCorp is double-counting costs. 
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Q. What is the risk of making an unsupported arbitrary adjustment to 

GRID in response to PacifiCorp's historic under-forecast of NPC? 

A The risk is that the factors underlying the under-forecast may reverse, causing 

PacifiCorp to over-forecast. This would happen if actual market prices are 

higher than expected. High market prices, especially during the light load 

hours, would lead to high wholesale sales and low NPC. Under this scenario, 

an arbitrary cost adder such as the DA-RT would cause an NPC adjustment in 

the wrong direction, magnifying the over-collection of power costs. 

Q. Does Staff have evidence that PacifiCorp does not perform monthly 

balancing transactions as it describes in its testimony? 

A Yes, this is provided in Staff/405. Staff evaluated the four year history of short 

term market transactions used by PacifiCorp as the basis of the DA-RT. These 

transactions contain 1273 monthly balancing market buckets. 66 However, 

there are only 383 buckets that have any monthly transactions. This means 

that PacifiCorp performs monthly balancing transactions only 30 percent of the 

time. In addition, PacifiCorp makes monthly purchases in balancing buckets 

that have net sales. PacifiCorp's stylized description of market balancing 

implies that the Company's monthly transaction volume equals the net hourly 

transaction volume. 

Q. Staff proposes to remedy the DA-RT issue by improving the correlation 

between the GRID load inputs and market price inputs. PacifiCorp 

66 A bucket is a GRID market bubble, month, high load hour/low load hour combination. 
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A Yes. PacifiCorp currently shapes the monthly forward curve to vary by the 

hour and day of week.67 This shape is then scaled to meet the monthly forward 

price curve. Staff proposes that the shape be refined so that the price is 

correlated with the monthly load. Staff also proposes that the shape be refined 

such that the difference between the monthly peak price and the monthly 

average price match the historic difference between the monthly peak price 

and the'monthly average price. The correlation should be based on the historic 

correlation within the month between hourly load and price. 

Q. Is PacifiCorp familiar with performing such shaping and correlation 

processes? 

A. Yes, this type of process is similar to the correlations and shaping exercises 

done in PacifiCorp's IRP. 

Q. PacifiCorp does not want to make changes in this year's TAM because 

of the Commission's modeling moratorium.68 Should PacifiCorp's 

unwillingness to improve the GRID model preclude the Commission's 

disallowance of the DA-RT adjustment? 

A No. Staff, ICNU, and CUB all agree that the DA-RT model is an unrealistic 

mechanism. All agree that PacifiCorp should model actual behavior rather 

than make an out-board adjustment. As stated above, PacifiCorp has failed to 

67 See Staff/200, Kaufman/8. 
68 See PAC/400, Dickman/20, lines 3-6. 
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provide evidence that DA-RT increases the accuracy of the NPC. Staff has 

shown the adjustment to be arbitrary, unrelated to forecasted market 

transactions, and potentially duplicative of existing costs in GRID. The DA-RT 

adjustment should be excluded from this TAM forecast to encourage 

PacifiCorp to work collaboratively with parties to develop a reasonable method 

of modeling market transactions. 

Q. Please summarize your recommendation regarding the DA-RT 

adjustment. 

A I recommend that the Commission exclude the DA-RT adjustment of 

$37,365,667 (System basis). This will provide a more accurate and less 

arbitrary forecast of power costs. I also recommend that the Commission order 

PacifiCorp to work with parties towards improving the market price inputs used 

in GRID. 
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Q. Staff raises issues regarding PacifiCorp's modeling of take-or-pay 

provisions. CUB raises similar concerns. Please respond to CUB's 

position. 

A. CUB proposes disallowance of the costs associated with recently entered take­

or-pay contracts.69 Staffs proposed adjustment is similar to CUB's. However, 

Staff's analysis focused on PacifiCorp's modeling of these contracts while CUB 

focuses on the prudence of PacifiCorp's recent coal price hedging practices. 

Q. Please comment on the prudence of PacifiCorp's recent Coal price 

hedging practices. 

A. PacifiCorp does not appear to have a formal policy for evaluating the 

appropriate quantity of coal to purchase under take or pay provisions.70 

PacifiCorp's hedging policy consists of a single sentence: "The Company 

utilizes spot, medium and long-term physical delivery coal purchase contracts, 

along with the volume flexibility of plant coal inventory levels."71 This policy has 

no specific details about how much coal should be purchased under take-or­

pay provisions. PacifiCorp's Reply Update indicates that PacifiCorp will spend 

- on coal purchases in 2017 alone.72 PacifiCorp considers Cholla's 

coal contracts to be forward contracts and the Company considered forward 

69 CUB/100, McGovern/7-9. 
70 PacifiCorp initially declined to provide its coal hedging policy. See Staff/211. However, PacifiCorp 
has supplemented its response to Staffs original data request. See Staff/406, Kaufman/1 
pacifiCorp's 151 Supplemental Response to DR 177. 
11 See Staff/406, Kaufman/1 PacifiCorp's 1•1 Supplemental Response to DR 177. 
72 See PAC/400 Dickman workpaper ·_cum_ORTAM17 NPC Study_2016 07 30 CONF.xlsm·. 
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contracts to be hedges. 73 Given the considerable role that coal plays in 

PacifiCorp's system, a one sentence hedging policy seems insufficient. 

Apparently without any analysis or substantial policy, PacifiCorp has chosen 

to secure a substantial amount of coal under take-or-pay provisions. A direct 

result of these take-or-pay provisions is artificially high power cost forecasts. 

PacifiCorp has had to uneconomically dispatch plants in order to meet take-or­

pay requirements since April 1, 2014. 74 In 2015, PacifiCorp engaged in a take­

or-pay coal supply agreement to deliver coal from Black Butte mine to Jim 

Bridger. In its direct filing , Jim Bridger was uneconomically dispatched in order 

to meet the new Black Butte contract. Staff found that the take-or-pay 

requirements increased PacifiCorp's 2017 Direct filing NPC by -

dollars. 

PacifiCorp has known that its take-or-pay contracts were increasing 

NPC since 2014. Rather than respond by developing a comprehensive 

analysis and policy for limiting the risk of take-or-pay contracts, PacifiCorp 

responded by continuing to sign take or pay contracts in 2015. These new 

take-or-pay contracts were expected to be binding in 2017 in PacifiCorp's initial 

fi ling. Staff does not propose that PacifiCorp should rely on only spot market 

purchases for coal. However, PacifiCorp should also recognize that take-or­

pay contracts add cost-risk to net power costs, and as such, the Company 

73 See Staff/406, Kaufman/? PacifiCorp's response to Staff DR 212. 
74 See Staff/406, Kaufman/26 PacifiCorp's response to Staff DR 231. 
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should develop a reasonable method of balancing that risk against any 

potential benefits. 

Q. Does PacifiCorp consider "flexibility of plant coal inventory" sufficient 

to mitigate minimum take requirements? 

A. No, in response to Staff DR 213 PacifiCorp states "The majority of the 

Company's coal plant stockpiles have limited capacity levels. As such, surging 

stockpile levels up or down would not provide adequate flexibility on a repeated 

year-over-year basis to mitigate the impact of minimum-take contract 

requirements." 75 

Q. If flexible inventory can't absorb minimum take requirements, why is it 

a component of PacifiCorp's coal hedging policy? 

A. This is not clear. One reason Staff proposes reviewing the prudence of 

PacifiCorp's coal contracts is that PacifiCorp apparently does not have a 

mechanism to absorb additional coal when it reaches take-or-pay constraints. 

Q. How does PacifiCorp respond to Staff's claim that the Company has 

introduced a prohibited modeling change to account for take-or-pay 

contracts? 

A. PacifiCorp notes that the modeling method was used in UE 287 and UE 296.76 

PacifiCorp states that because of the previous use of the method, it should not 

be prohibited in this case. 

Q. Was this a new method in UE 287? 

75 See Staff/406, Kaufman/22. 
76 See PAC/400, Dickman/48, lines 14 to 22. 
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Q. Did PacifiCorp describe the modeling method when it was introduced 

in UE 287 or 296? 

A No, see Staff/406, Kaufman/26, PacifiCorp's response to Staff DR 231. 

Q. Did Staff or other parties notice that PacifiCorp introduced a new, 

undescribed modeling method in UE 287 or UE 296? 

A Staff reviewed the testimony in dockets UE 287 and UE 296, and did not see a 

discussion from either Staff or intervenors regarding the new method. 

Q. So given that PacifiCorp never described the method when it was 

introduced, and Parties didn't notice PacifiCorp employing this new 

technique in UE 287 or UE 296, is it reasonable to consider this a new 

modeling method? 

A Yes. Due to the complexity of the TAM model ing, PacifiCorp should not expect 

parties to notice modeling changes in the first year they are implemented. 

Prior to this Docket, parties have not had a chance to fairly evaluate the 

technique. 

Q. Can you provide a specific example of how the Company's manual 

methodology is prone to error? 

A Yes, the Company made a user error when selecting the Hunter dispatch tier 

fuel price. Hunter was dispatched at price appropriate for low volumes of coal 

in the Company's direct filing. However, had the plant been dispatched at the 

lowest marginal price, Hunter would have consumed enough coal to warrant 

77 See Staff/406, Kaufman/26, PacifiCorp response to Staff DR 231. 
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the lowest marginal price.78 The error caused the Company to overestimate 

NPC. 

Q. Staff's Opening Testimony states that PacifiCorp should include 

inventory flexibility in its modeling of take-or-pay requirements. The 

Company contends that your proposal lacks specificity.79 Please 

respond. 

A PacifiCorp's own fuel risk management appears to place the entire burden of 

minimum take requirements. 80 Given that PacifiCorp's own hedging policy is to 

use inventory capacity to manage minimum take requirements, it is reasonable 

to expect them to have a specific plan with regards to how to model this 

relationship. If PacifiCorp did not have specifics in mind when it chose to rely 

on inventory levels to absorb minimum take requirements, Staff proposes that 

PacifiCorp allow 2017 year-end inventory levels to reach maximum capacity 

prior to artificially modifying dispatch tier GRID prices. 

Q. Staff's Opening Testimony did not provide a dollar figure for Its 

adjustment. Can you provide an update? 

A Yes, Staff calculates that the cost of minimum take requirements under the 

initial filing to be $16,268,297 on a system basis. The Company's Reply filing 

78 See Staff/407, Kaufman/1 , PacifiCorp response to Staff 200. 
79 See PAC/400, Oickman/50, lines 6-10. 
80 See Staff/406, Kaufman/26, PacifiCorp response to Staff DR 231. The Response to DR 231 also 
references PacifiCorp's coal inventory policy, the 2010 version of this policy is provided in Staff/212. 
Staff has reviewed both the 2010 policy and the nearly identical 2013 policy. The report and analysis 
supporting the coal inventory policy does not evaluate the cost risk associated with take-or-pay 
requirements. 
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appears to perform less uneconomic dispatch, and as such, this number 

should be recalculated as part of PacifiCorp's final filing. 
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Like any 01hcr problem solving <1pproach. simulation is also carried efficiently. if it as done in 
a predctcnnim::d orderly ma nncr. TI1e tot.al procedure has. been di\' idcd into diff crcnt nnrnbn of steps 
hy different authors. In gcncml a simulation study can be diYided into following prominent steps: 

• Problem formulation 
• l\lodd co1Lo.;tmction 

• Dat,1 collcction 

• Modi.;J program1ning 

• \.nlidation 
• Design of experiment 

• Simuhitio11 run and analysis 
• Docmncnlalion 

• lmplcmcrltation 

1.11.1 Problem Formulation 
The clear and unarnbiguorn; dcscriplion of the prob km, definition of Hie ob,icctiHs of the study, 

idcntlJication of allcr11.ati'-·~s to be considered and methodology for C\'aluating the ~ffccli\'cncss of 
these· alternatives. needs to be slated at the beginning of any stud). If th~ statement of lhc problem is 
pro\·idcd by 1h~ policy nmkcrs. the ,m:1lysr mns.1 ensure 1ha1 lhc problem being de.,scrihed is clearly 
understood. Allcmati,'cly. if the problem s1afcmcnt is being formulated by the mmlysf, the policy 
mal-..crs should be able co understand it and accept it. At this stage, it should also be asccmlincd, 
whether the si11u11:l1ion lcchniquc is Lhc approprimc 1001 for solving lhc problem. The m·cmll plan 
should indudc a s.tatcrncnt of the altcm.alivc systcrns to be cous.idcrcd, the measures of pcrfomumcc 
to be used. the m.cll1odotogks of analysis to l'l<C tiscd. and the am lei pated result of the study. 

1.11.2 Model Construction 
The model building is much of an mt than science. There me 110 slancLird mlcs for building a 

successful ,.md appropriate modd for all types of siLuations. l11cn; arc only ccnain guidelines, which 
can be followed. lhc .1rt of mode.ling is enhanced by 1.hc ability to absrmct 1hc essential femurcs of 
1lu:: sys.tern, lo select and modify lhc basic a.s.sumptions and simplificaiions 1hal chamctcrizc the: 
t!ystc111. a11d then impro, c aud daborJlc lllc niodd. To start i,i1h a simple model is co1istmctcd, whkh 
is modified s1cp-b_v-sccp, every time enriching and elaborating its characteristics. to achieve a1, 
approprfotc model. which meets 1hc desired objcc1i,·cs. In some siltl<Uions, building block method 
is employed, wlu::rc !he blocks of compo11c11b; of sy~-tcm arc buih and validnlcd. Thcs.c blocks arc then 
oombincd to obtain model for (he complete system 

1.11.3 Data Collection 

The arnil.1bilily of input d.if;, .ibout tlx: s~·stcm is csscnti:.d for the conslmction of its model. The 
kind of ,fara to ~ collected depends upon chc obj~ctivcs of the study. Ille required data may be 
a\'ailabtc as ~),ast history. or may have to be collected. ·me construction of lhc simulation model and 
1hc collcc1ion of diJJa haYc a constant interplay, and the l)]X: and amount of da1a required may change 
as the model dc\·clops. The data is required 1101 only as an input to the model, bul :1lso some data is 
t~d to , ,_,Jidatc the simulation model. Sirn;e data colrcction generally takes longer time. it should be 
s1ar1ed as early as possible. 

1.11 .4 Model Programming 

Any simulalion mode] worth the name requires cnonnous amount of compulaliom; and 
information s1omgc. which is possible only with lhc use of h.igh~spccd compuicrs. The trnnslation of 



DOCKET UE 323 
PAC/ 1105 

. Page 3 of 14 
s:,~tem S1m1,1latron 

ihc model into a computer m:ogni1.abl.c format is tcnncd as progrnmming. Many general ;md spccu1i 
~uzposc simul~1tion languages arc ;iv,1il.iblc to wri1c simulation progmms. t\fany spcci,11 purpose and 
~roblcm specific simuhition softwares h.uvc been dc\·clop,cd which can be 1tscd for simulation 
modeling. II is for the modeler to decide. whether a simulation language is to be iiscd or special 
~urposc softwtm~ is to be n~d. ff the situ.ution under study is amenable to ,in a\'4iilnblc spcci~I purpose 
ioftwarc. the model dc\·clopmcm ti.me and effort is considcmbly reduced. On the othc.r hand, 
,imulntion languages arc usu.ally more powerful and more nc:-.iblc lruu1 Ulc special purpose software 
:,ackagcs. Th-:. gcn~rJl programming l,rnguagcs like BASIC. FORTRAN. C. C++ have also been 
!xlcnsivcl~ used for wriling the simulation progrtuns. 

1.11.5 Validation 

It is essential to cll'mrc that the model is an an:uratc rcprcsculation of tbc syslcm, which has 
Jccn madded. That tttc computer progrmn perforn1s properly and the results obtained arc idcnlicaE 
:o the ones from the real system. \,~tlidariou inYolvcs both the valid,ition of the logic and accuracy 
:,f programming. This rcquirc.s step-by-step modification of tlic modd. It is rnrcly possible 10 dc,·clop 
1 ri:;1sonabl~0 lmgc simnlahon model in i1s entirety in first step. Good dci1l of debugging is required. 
fhc v;1lidation is thus nn itcratiYc pr<>ccss of comparing the model 10 ncrnal system behavior. 
idcntif~·ing the discrcpnncics. applying corrections and again comparing the p,:rformnncc. This 
process c-on1inucs till a model of desired accun1cy is obtained, The dma collected from the actual 
;ystcm is of great help in validation oflhc model. 

1.11.6 Design of Experiment 

Tit{! simulation is basically experimentation (rn the model of lhc system under investigation. 
Simulation cxp..:rim~nt in most of the situations im-olYcs stochastic v • .ui..tblcs. ,•.-hich result into 
,tochastic n.:sulls. The ~l\·cmgc , ·alucs of result obtained m.ay not be of desired reliability. To nmkc 
:he rcsull.s meaningful, it i.$ essential that simulation experiment be dc!-.igncd in such ,I way that the 
rcsul1:s obtained arc within some specified tolerance limits and. at a rcasoruiblc level of confidence. 
Decision,;; regarding the lcnglh of simulation nm, initiul conditions. remonil C>f initiaJ bias, number 
:,f rcplici1tions of each nm; use c,f varia11cc ocdnction techniques etc. Jms to be m<1dc. 

1.11.7 s;mulation Run and Analysis 
Tllc simulation progr-..im is run as per the simulation design: the rcs11lcs arc obtained and .uialy:,.cd, 

:o estimate Che mcasmes of pcrformactec of lhc syst<:m. Based on the results. a decision is made . 
• , hcthcr or not any modification in the design or sinmlation experiment is nocdcd. lllis step is a sorl 
)f nuidatiou of the simultllion dcsigt1. It rn.ay reveal lhat more runs or more rcplicalions arc required. 

1.11.8 Documentation 

Documcm.ation of a simulation program is ncccssmy as the program can be used by the same 
Jr different mmly:st in fit turc. The program can be used with modifications for some other identical 
;ttuation. which c:m be facilitc1tcd if the program is adequately documented. Documcntatiou of tJu: 
,imulalion model, allows the user to clwnge par:11ncters of the model ~it will to im·c$tigalc the 
influence on outputs. to find optimal combinations. The progrmn should be so documented, 1hat a 
ocw user can easily understand it. 

1.11.9 Implementation 

There\\ ill nol be any problems in tltc implementation of Ute s.imulation program, if the user is 
ii1Ur convcrsam ~,ith the model. mid undcrswnds the nature of its iilpurs and oulpurs and underlying 
JSSmnptioos. Tims, it is intporu:ml that the model user is involved! in the dcvdopmcnl of the simu.l::llion 
,nodcl from the very first step. 
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The pfOcrss of simuL·uion model <1c,·clopmcm has been de1nilcd under 11.inc steps in 1hc p~dous 
section. Some authors di,·idc this: process into following four phases: 

Phase 1: Problem fonnuJatioo: This includes problem fonnnfalion slcp. 

Pl1ase 2; Model building: This includes. model conslruction. data collection. pro~1anuni11g. 
and , ;tlid.11ion of th.c modct 

Phase 3: Running the made): This includes cxpcrime111al design, simulation rum; ,111.d analysis 
.of results. 

Pliasc J: Implementation: Thjs includes documentation and implcmcnta1iori. 

1.13 Advantages of Simulation 
lhc use of the simulation t,xhniquc is \\tdesprC<ld. and il is gaining popularitl d.1~ -l>y-dly. There 

arc many ad\·antag~s of this technique o,·cr the odi.:r techniques. Some of these ,m: g.iYcn be-low. 

I. Simulation l~I~ to lca.m about a real ~stem .. 1\ilhou1 haYing. the S}Stcm at all. For example. 
the " ·•nd tunn.!l 1csting of the model of an aeroplane docs not require a full si;,.cd plane. 

1. Man~ IRc'ln,\gcrfal decision making problems arc 100 complex to be sol, cd by marhcm .. ·uical 
programming. 

3. In ma,~ situations. c:xpcrimcntiug "i1l1 an actual s~ s1cm may not be possible at all. for 
example, il is net possible lo conduct cx~rimcut. to s1ud~ the ocha,·ior of a man on the 
surfac-c of moon. In SOlllC other siluati-Ons. c, en if cxpcri mcmatiou is possible. it may be coo 
cost!~ and risk~·-

4. Ju the real !i.-ysttm. t.bc change.s W(; muu to study may take place too slowly or too fas! to be 
oo:scn t-d tom c11ic11J.Jy. C ompulcr sinm latio1i can compn,-ss the pcrf onu:mcc of a S) -stem (),·er 
~ears into a re-" minutes of computer running lime. Cou,crscly. in s~stems like nuclear 
reactors. where millions of c,·cnlS take place per second. simulation can expand 1hc time to 
n:quiRXi lcYcL 

5. Through simulalioIL management can foresee lhc difficultic-s and bottlenecks. \\'hiclt may 
come up du~ 10 ll1c iuuoduction of UC\\ macl1i11cs, equipments and processes. It thus 
chnun.1tcs the need of costl~ 1rial and error method ofoying out die new conc~pts. 

6. Simul.ttion being :cdati\-cI~- free from 1na1hcm,11ics can ca,;ily be uidcrslood by 1hc opcmling 
p;:r~m:w:I :md non-tcchnkal m.:m:1gc15_ This h.-:lps in gelling the proposed plans accepted and 
implcme1Ul-d. 

7. Simulation models arc comparati\'d~- Ocxibk and can be modified to accommodate the 
changing cn\'ironmcnt to the real si1uation. 

8. Simulation lcchniquc is easier 10 use than the mmhcmalical models. and can be used for a 
\, ide r.ingc or situations. 

9. F.'-tcnsi,·c computer software pact.ages arc a\'ailablc. mal.ing it ,-c~-co1wcnicnt to use fairly 
sophisticated simttla1fon models. 

lO. SimuJ:nion is a ,·cf)· _good lool of I mining and has am·:1111agc-ously been used for 1r.1ining lhc 
opcroling and mauagcnaJ slaJT 11t ll~ operation of co,nplcx systems .. Space engineers simulate 
space nights in laboratories to train the furnrc astronauts for working in ,,cightlcss 
CII\ ironmcnts .. ~ir1inc pilots arc gi\•cn c:-.:tcnshc crainill'J on flight simulat.ors. before they arc 
allowro to handle real ~roplancs. 

1.14 Limitations of the Simulation Technique 
In spite of all lhc ad\·,u,tagcs clainu.-d bJ the simulation K't:lmiq11c

0 
mi'my opennions n:.,-scar:ch 

anal) -sts l'U11sidcr it a method of last n..-soct and use il only w hi.-n aU other ll·du,iques fail. If a p;1rtitular 
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type or problem can be shown to be well ~prcscnloo by a mathematical rno<lcL the analylicol approach 
is considered to be rnorc cconomicaL accurate aud 1~liablc. Ou. the other hand. it\ very large and 
oomplc:-: problems. simulation may suJfor from the same <lclicicncics as other mathcmalic.it tccJ1uiqucs. 
In brief. $iml1lmion tcclmiquc suffers from following limitations. 

I. Simul,ttion docs not prodllcc oplinmm results. When 1.hc modc.l dc.ils with um;:er1aintic~. the 
results of si 1nulation arc ooly reliable estimates sul~jccl to statlstical errors. 

2. Quantification of (he vm:i,iblcs i.s another difficulty. ln ., nmubcr of situations. it is not 
possible to quantify all the nuiablc-s tlml affect the behavior of the sy.stcrn. 

J. In very large and cornplc:-;. problems, the large number of variables. and the inter-relationships 
bi::Lwccn them nmkc the problem ,•cry unwieldy. 

4. Simulation is by 110 mca11s a cheap method of analysis. Even small simulations lake 
considerable compiucr time. In .1 number of situations. simulation is comparati\'cly cosllicr 
and ~imc consuming. 

5. Ocher important Hmitat io11 stem fro.in too mnch tcndcnC}' co rely on the simulation models. 
This rcsuHs in applications of the technique to some simple situations. which can more 
appropriately be handled by other techniques of niathcmatical programming. 

1.15 Areas of Applications 

System simul<1lion is. <I technique. w11ich finds applications in almost each and every field. Some 
of the areas in which it ca11 be successfully employed arc listed below: 

M:rnufactu ring: Design analysis and oplimi:.-~tlion of producLion system. m~ucrials mana.gcmcnt, 
capadt_:. pl .. mning, layout plmmiug mtd performance evaluation, C\'aluation or process qm11ity. 

Bu.sirtt-ss: l'vfarkct analy:,is. pn,-dklion of cocisurncr bckLvior. optirui'l.aliOH of marketing strategy 
an<l logjstics, compar.ativc evaluation of mark..::Ling campaigns. 

Milit:11-:i,,: Testing of a1tcnmlivc cmubat stmtcgic.s, air opcm1io11s. sea opt:rnlioc,s, simulated \1r·ar 
exercises, practicing ordin.;,mcc cffcc1ivcncss. inv-cncory man.igcmcnt. 

Hc.•althcarc a1>1>lkations: Snch :is planning of health scn•iccs. expected p:iticnl density. facilities 
requirement. hospital swffiug. estimating chc effectiveness 01· a hcallt1 care progrnm. 

Communication application~: Such as network design and optimi1.ifim1, evaluating network 
i:cliabilit~·. manpower pl(lnning. s11.ing of 1.11cssagc buffers. 

Compt1tcr a1lplication~: Such m; dc!;igning h<ardwHrc conrigunuions and opcr~ling syslcm 
protocols. sharing and 11cn.,1orking. 

f:<:onomk ,11mlic1nions: Such HS J:>0J1folio mrinagcmcnt. forecasting impac1 or Govt. Policies anrl 
intcrmtion~d market lluctualions on lhc economy, budgeting and forcc.1sting ma1kct Cluctuations. 

T1·ansportution 1•1>}llic11tions: Design <Hld testing of altcrnati,•c transportation polic.ics, 
lransportmion networks - rottds. ntihrfl)'S, airways clc .. crnlua!iou of lirnctabks. tr~imc 
plrmning. 

Emirnnmcntal applications: Solid waste 1mmugcmcnt, IJl.:rfonnmtec evaluation of cm·iro1m1cc1tal 
progmms. cvalumion of polhuion control systems. 

Biological ap111ications: Such as population gcncttcs and spread of epidemics. 

There is uo end Lo the list of applkalions. There is uo area, where the lechniquc of !>)'Stem 

simulation camiot be applied. Howc,·cr. chc .rnalyst must look into the possible mathematical 
technique!., before deciding to nsc simulation. [n many sihrntions, the use. of simulation is 
uneconomic;al. Al:c;o simulacron produces only cs•im<1fcs of system perfom1cmce, while mat hcnmtical 
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analysis provides :1ccur.11c :mi-wcrs. As the com1,kxi1ics of the pmbknt increase. 1hc scope of 
;1pplic.!t.ion of simulaiion incrc.1scs. 

1.16 Simulation -A Management Laboratory 
'the lcclmiquc of system simulmion is a , ·c,y impon.1m tool of dodsion making. 1"h<: 1mu1agcrial 

problems ar~ g,,mtmlly loo complc:-- to b~ solvi..-d by the analytical h.'Clmiqucs. \.~u'iot1s tcchuic1ucs of 
opi.:ralhms r<:scal\;J1 arc :1ppli~.1blc, to only s!)\:cilk 1ypcs of situations. aml J\;<111irc mm1y assu11LJ>tio11s 
:md simplilkmio11s h) be mm.le for rilling the problem i11to &he mt.Klei. Many ol' 1hc C\'cnts occut'ring 
in teal systems .m: ,~mdom with iHlricatc intcm;ladonships. with their solution beyond 1l1c scope of 
s1andiird probabilily analysis. Under !he circ11m~t;111ccs. sim11lation is the only loo I, which ,1llows the 
ma11:1gcment to test 111c \':triCH1s allcrn:ili\'C s1ra1cgics. Since, sim11l:11ion is ;1 son of ex1-.crimc11t:.1tioa. 
mid when used for m1.1ly1.illg 111.:magcriul problems. it is 1·igh1.ly c;1llcd the m:inngcmcnt lnbor.,1to1)·. For 
1mi11inl! the busi11c~s C:\Cc1L1h·cs, simulations called mi111;1gc111cn1 games .n-c u!icd i11 many uni\'crsilics 
mid m,magcmcnt institutes. 

1.11 Simulation in Oesign 
Computer simulation has been, cry cflcclivcly used 1.>y the managers. adn1iniscr.1«Ms. co1111mtc1; 

system users and dcsij!ncrs. lbr ;1chicving high pcrfonrnrnc.c .1t compar-atircly low costs. h1 .iddi1io11 
to ush1g si111ulatio11 ror bcucr understanding the s~·s1cms and for optimi~iug their p~rfonnancc and 
rch;ibjljcy. si1i1ul~uio11 is a ,·c1)' good tool for '\'<:rify111g the corrcc111css of dcsif~lls. Most of the digl1.1l 
intcgratcd cin:11its manllfoc1u1t.'<.i toe.fay arc first simulated and intcnsi\'cly 1cstcd mid \'Cl'ificd before 
1hcy arc munHfa,turcd. The dcsi~n of mosc of !he ,omplicatcd systems like mbc,1s. tmnsfcr li11cs, 
ncxiblc ma1111fm:111ring systems and :1utoni.11cd guided vchicl1:s, an: fir.;1 ccstcd 011 sinmlaiion Ut()dds. 
~imularion along \\·ith :mimmion help~ 10-1cs1 rll<: imcmc1iot1s :md imcrfcr-e1~cs of \'ariou~ cOJU('IOtlC!Ui; 
of ;1 S)Sl\!llt T he m:mufacturing systems or \'lit1()111;. type.~ ,·:U)·ing from the now line 1>roduction ~r$1cm~ 
to nc.\iblc maitt1f.lc111ring sys1cm ,u-c 1cstcd nnd n11icfa1cd on their simnl.ition models. The :mnlysis, 
design and b:il;1ncin!; or .,s~cmbly liucs ~ire c,1rricd out b)' simolatiOll or 1hc l i11c. Complc:x civil 
engineering sm.1cturc.s nrc fil\'it modeled illld tcsicd before their uctuul crcc1io11. Simuhuicm hcl])s to 
idcnti(v o~ cno1':'5 i11 dcsig11 ,md to do the ncccss.11)' <:orrcctions w1d c;my ou1 the desired modifications. 
It is thus impor1ant th,,t sinnsl.itio11 is employed early in chc design cycle because the cosl or rcpniring 
miswl-cs i ncrcascs dr,.1111.eticnll) \\ hen 1lic~ arc detected hllc in the dcslg11 and 1111111ufactudng cycle. 
Simulation is ;ilso ,cry h<:lpful in evaluating chc ahcma1ivc designs. production schedules and 
processing plans. 

1.18 Simulation in Comp1Jter Science 
Simul:t1io11 hac. played a very impor1.11u rnk in the design. analysis :md 01>timi1.;1tio11 of 

compu1ing sy5tcms. In computer science. sinmlalion ha~ :i very spccinlizcd mc:ming, where 11«! tcna 
si11ml:11ion refer.~ to wh:ll h;1ppcu~ when a digit:11 comp111cr cxcculcs 11 progtnm, The whole opcmtion 
of the diti1.il ..-:omp111cr ,s sim11lntcd nnd all in{ornmlion aboHl the inp111s, onlJ)uls. cm11s:1ctio11 of slates 
taking place durin!!, execution becomes nvitilablc 10 1hc pr-0gmmmcr. This hcl1>s in dc~igning the 
conip111cr architccl.urc .ind optimi1.i11g its opcmtion. The progmmmcrc:m cnsily test ~he altcrn::i1ivcs 
in design :11 different speed with diffcrcn( inpul data. In lhcorc1icul con1piitcr $dCncc. 'simul(1tio11' 
rcprcsc1U$ relations.hips bc1wccn swtc tn111shio11s in systems, Sim1.1lahon helps. in 1hc study or 
opcr.,tio11at scmnnlics. 

1n compu1cr .irchi1ccwrc, i, simul.1tio11 is used to lest a pl'Ogn,111\ that Ii.is. to n111 on some 
inco1l\c11ic11t machine. Computer ,1tcl!itccturc simulator-s arc ;iv11ilabll.) which ,uc used to build tlt;; test 
culuputcr ,m.:hitccturc. '11tc ~iumlalion is used to debug lhc compnlcr progmm. which umy be micro• 
progmm orcommcn::ial applicatiou. 
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Si11n1l:1tion is also ,,scd co ~m.ityzc thc/1111/111ti1•.,·. Simola1io1, helps in t,cucr designing of cin~ui1s 
and 01>1i111i1.i11i;. 1hdr pctfonnam:c. Ail VLSt logic circuits mt fusl simulated ;ind tested then <.'Onsu11c1 .. 'd. 

1.19 Simulation in Training 
Simulation has l011!! been used i11 milirnry m1i11i11g. Earlier it usi..-<l to be physkal si111uh1tio11 of 

war games on Mards r-111<1 tlow i1 has chm1gcd co C<'lmpulcr w:u· gnmci;. Sim11l:1lion i1. ;1 \'Cry useful 

1cchni<111c of lraiuing in si1rn11io11s wlic1~ ii is either !0<1 dm1gcrous or pmhibitivcly c~pcush·c I<> i1111)1111 

1r.iining on !'cal sy~1c1m;, Like 111c 1rnini11g or :111ilC'11 is nc,·cr c:1rricd on :1 re.it :1cro1,1:mc, i1 is fh-i:;1 on 
,, flight $imulator when; the pilot is thorOu!th1y trained in using 1hc "m'ious cont1ols and instrumc1us. 
There :trc situmio11~ where rn1ining on rent cquipmc111s in rc:11 s;ihmtions i~ '"'t pos;~iblc :ii all, like the 
1rai11i1111 of astronauts 10 \\~dk in spncc or 011 other planets and to ,, ork i11 :1.cro µra\'ity cm·in>nmcnc. 
S11ch 1r.iini11gs al'c given in slnmlatcd \'irlual cu\'it'tlmucJLts. which me created in l:1b01~1torics, 11tcsc 
sinml.-1cd cquipl'ncllls mid cnvirom11cn1s aro safe. ccou(>rilical ,md cau be manipulated to suit the 
1r.ii11iug rc<1uircmi:11ts .. 

In army. miy unining chnt i~ 1101 a rcul combat is ddincd to be a simul:nion. The s.1mc is u·uc in 
other liclds :ii~). 'l11c 1nupose of the simulated 11~1iui11g is lo place pco1>lc in sil11.itions. which n:plk.uc 
IJ1osc 1hcy will C:\'.J~cricncc iJ1 rc:11 sitn:uions. tt) 1cst their •~active and decision mllking ca1mhilitics. 

1.20 Classification of Training Simulations 
The 11~1inin~ sirnula1ions nrc d,1ssil1cd in!o 1l1rcc bro.ad cntcgo1ics: /,mr. I irtual ;u1d ( 'm1.1ilrm:1tm. 
(a) l .iw .vlmuloliwr: In live simul.itio11. re.ti people use simul.1tcd equipment in l'C.11 world. 

Rcal~1imc simulations m'C live simulalion~. Soldiers opcm1c lhcir 1-c:11 cc,uipmcm in mocli 
cngagcmcuts . This siruutatcd cornb.1t tn1i11s 1hc uoops lo cx1>¢1ic1icc !he rigo1s of living mid 
wol'king in the f'idd. 

(t',) I irruol sim11l11rio11: In , ·irtual simula!i(rn. real pcOf)lc use simulated cquipmcl't! in .i 
shnulillcd ,.m\'im111m:nt al so .;;.11lcd ,·irt11al e11r iro11mcnt. The tn1i11111.1,t tlf !>pm;:c .istrornrn1s 
is douc on simulated cqt1iJ)mc111 in viJ1,wl environment. In the milit:11)' grtmcs. 1hii. is :i 
modifka1io11 of' live simulmion in the sense thnl real cqui1>111cnt is rcplm.:cd by 11mck•u1>s 
and lhc fidd ofb;1Hlc is g.cncmtcd by u comp111cr. In 111~sc simulaton., t-<)ldkrs 1m1cticc at 
much h.'>\\·c,· ()pcralionu l cost and wilh grcmcr frccd<~m in taking risks. Since b<..l1h the 
cquipmcm and the baulcficld me virlual. 1roo1>s cm1 1>rncticc ac1im1s which nrc loo 
dangcrN1s Co m1c111p1 in lh·c simul;itions. Live si11111lnlio11s on Uu: othor ht1nd me limited lo 
lhc h:n~1i11 that ii, nvailablc ,II tminin!,!. sites only. 

("') < 'mrsh·1w111•,· ,\·imrdalirm ; ln this l~' l>C of simulmion. si11ml11tcd 1>co1>lc use simulated 
1.'<1uipmi,;l)t in a simufot(.-d c11\'honmcJ11. Co11sl111c1h·c sii11ulutio11 is ;dso called "war-gmuio!!" 
It has cxtcn:i;ivcl~· been used in miliwry 1mining. II 11. similar lo mblc 1op ,1,,m· gmncs in \\'hich 
simulal<.-d pl<1~crs ,ommm1d sinmlute(t armies of' soldicl's and equipments. that mow m'Otmd 
on ,I ho:u-d. 

While the 'l.i\'c· ~nd 'Vi11uar sim11l~11io11~ nrc used IO !r.:tin indivicha(1 l (o 01>erntc cquipmcms. 
(.'Ollslmcli\'c simuh11io11 u~1ins lhc co11nnandcrs 10 face sitm11io11s and make dcdsi<>ns under !he stress 
of time ~ind limited ,-cs,mrccs just as they will dutfag the nc111,1l combat. Con~1ruc1ivc sim11l:1tion helps 
1hc co111111;mdcrs LO tcsl lhcir' stmtcgics in situations where lhc cnc111r is hiHh1y trained. fullr equipped. 
toWlly 1m1>rcdicwblc ,md fully determined to win. 

Simulatiou cr:linini~ h.4s been employed in .tlmost all the fields. where unininn on real s~•ste:m 
is not feasible like in mcdicui scicu(;C, space scicm;c. 1ul\·y. air force .ind .inn~· mid in managc1'ial 
decision rnuki11g. etc. 
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Simufalion is an inlcnsclh-c tcm:hi11g•l~m1ing tcchni<1uc which helps in bctlcr understanding of 
lhc learning nmlcri:sls. Edncalional simula!ions :ire cmnh·c units of instmcrions wl1ich inrorpor.ifc 
tmditionally t.iught materfol into a simulated environment. In addition to being a rich and Oc\:iblc tool 
for teaching and lcaming. it pro\'idcs instructors the C\'aluation procedures: to assess how well 1hc~· 
arc educating 1hcir students. 

The simulation has long been uscrl in training. but now it is finding many imponant applicalions 
in cdu~at ion. Sin~ training itself is a pa rt of education. lhc cduc,Uion simulations arc similar to training 
simulations. The cduc.a1io1~l technology researchers ha,c shown that the \'idco r..amcs arc an cfficicut 
\\3)' of learning. and that these can be used \:cry clT~ti\·cly in the. teaching. teaming process. by 
prc1>ari11g video ga111cs based 011 the school or college curriculum. 1l1c Anima1cd Narrmh'c \-1gncttcs 
(ANV) arc cartoon-Ji kc ,1idco 11arrati\'cs of l1_ypothc1ical and realty-based stories. The simulated 
progrn.mmcd lcami ng helps lhc individual to lcam at his own pace and com -cnicncc. and test his J)O\\ er 
of understanding and problc1n soh·in.~ skills etc. 

Simulation is fine.ling cxlcnsin!. application in Che -science and engineering laboratories, where 
,,i1111al experimental set up arc bi:ing used for pcrfonning experiments. These arc like I raining 
simu1ator:s. Animnted kaming m,.itcrials are a\·aifoble for learning cnginecrini drawing ai1d other 
subjccrs. 

Simula1iou h.:is pro,·cd 10 be a tool of extreme impor1ance in mcdi~il educations. A simularcd 
paticm or a model j'lt11icm. ~1ve.s pulling 1hc real human bdng imo the hm1ds of sludcms and 
inc~pericnccd doctors. Students can work \\ ithout any ha:sitaHon .ind repeat the medical procedures 
any number of limes on a simulated palicnL 

Since, simulation-based cducalion cannot compklcly n:place ti~ 1mdi1io11al da.~-.room cdua11ion, 
a combination orbknd ohmious education 1cchniqucs. called ··t:Jlcndcd education" is b:ing actually 
implcnu~ntcd. The idea behind blended learning is &hat the cducalion designers.. prepare a lcaming 
progmm. dh·idc ii inlo modtdcs .ind dctenninc the best mcdimn 10 dcli,·cr 1J1osc modules 10 learners. 
Tims it im·oh·cs mi~ing ,arious fonu of education liS..c the classroom tca-ching. iutcmct-bascd learning 
and simulated iuslmctional modules dcli\·crcd both on and oIT lint. 

The simula!cd c.ducmion has some u11ic1ucadrnnt;1gcs. 

• Simulation works \'CJ)' well o,·cr the inlcrncl where instruc.tion:1) 111a1crial c:m be dcli\·cn:<l 
to a lc1rge popul<1lio11 of learners spn::~d o,·cr the globe. 

• To an indh·idual learner. simulated education allO\\ s to learn at his own pace and to repeat 
1.hc process .ts many limes as on~: rc<1uirc.s for complclc understanding. 

• Simula1cd laboratoricsicquipmcnls ;ti low I he learners 10 pmclicc withoul any fc.ar of dmnagc 
to cqt1rJ)mcn1. Espcci.1lly in medical education. simulated pnticnt pn:,\·idcs an C;\:Ccllcnt 
apprehension fn.--c lcamiug cu,ir<>111ncnr. 

TI1erc me a good munbcr of rc:isous why other fonns of education mus( complemcnl a simulalion. 

• Some conccp~s c.m be 1augh1 helter by .i 1c~1chcr and unclcrs1ood better by di$Cnssion mnong 
fellow learners. This is cs1>eciall~• true in case of many son skills. 

• Meeting face 10 face with the teacher can bt higbl~• moti\·atiug. 

• Jn many situations, working on real Cf!Uipmcnls :md in real cnvironmc11t~ gives bcUcr 
undcrs1anding of the system compared 10 simulated cnvironmcnl. 
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Mcdic:il simulators arc incrc~1singly being dc,·clopcd nnd used to tcacll lhcrnpcutic and 
di.sgnostic procedures as well as medical co11~pls to the medical students. The simulmors li.a,,c been 
dCllloycd for educating and training in the l)rOCtdurc<; ranging from 1hc t>:1sic ns blood drawiog 10 

taparoscopic surgery and tmuma ca~s. The medical simulators arc csm:mcly mcful fordc\'clopmcnl 
of new medical tools :md c<1uipmcn1s. new 1hcm1>ics mid treatments ;md for making decision 
regarding medication ,uld tt'l.)auncut Biomedical c11ginccriog makes good use of sinmlalOI'$. 

Simulators replace •~ real lnun~m subjects and tal-c them om of the 1~111.ds of the inc,~pcricnccd 
m,cdical im1dc1us and profc~sio11:ils. lJ~ing simulmcd p.1ticru model-;, mcdi<:,tl students can pmc1kc a 
pn:iccd,,rc or diagnosis a rrumberot'limcs. Replacing humau fors;1fo1y is though lhc bittgCSl .ld,·,ml!t£C 
or simulation. 1hc ot~r imponalll .idvantagc is in better tminiug of the sludcnts. When working on 
sinml:uors. smdcuts co1icc11umc 01U)' on the cssc11ti:1l clement which has been modckd .u1d arc .iblc 10 
ignore the rest. ·11~>· lc:1m ,, ithour ill\>' hesitation mod gain better confidc11cc in handling l\:rtl p.,ticnts. 

Comp111cr sinuelalions ha\'c the adrn111.1gc of allowing the student to make judgments :1s well 
.is. cm>rs. The 1>roccs.s of itcmli\·c lc:tming l hrough ,\liscssancnt, C\',du.ition. decision making and error 
c;ontction cr~.uos a mttch stronger lcamiua,: e1\\·ironmc111 then the p;1ssh·c ins1ructh.l1is. 

M,my medical simulators comprise of a plastic ,;imul:11cd model of the rclcvmll anatomy 
connected lo a compu\cr. Thc~c arc gcncrall) life size models that resvond 10 injcct(,>d dnigs and arc 
programmed to create simulmions of life.threatening cmcr~citcies. In other simularors. computer 
gm1>hic tcchni<111cs arc employed 10 , ·isnalizc Ilic oomponcnls and procedure. Simnlmors arc also 
being used in the dcq;lopmcnt of tools for di,1gno~is and ln;,Umcnt of cancer like disc,isc~. 

E:trhcr. ph)·sical models n"t.1dc of clay or stone \\'ere used to demonstr:nc the clinical lcmurcs 
of disc:isc stmc~ and their cffe(;ts (lll lunn.m. Them can~ the .iclivc mudcls lh.u illlcmptcd 10 feproduc;t; 
lite lh·ing .il'1.uomy or 1>h)·siQlogr More rccc1uly imcractiYC models l~wc been dc\'Clop«I that respond 
to actions taken by a student or physician. 

1.23 Exercises 
l. l Name h,o or lhri;'-' of !he main c:oticics, a11ribu1..:s, ucli\'ilic."li. C\'o.:n1s ;1ml sl.'\lc ,·::mahks ,,hich ,m: to 111: 

consi1lcrcd for sinrnf:i1i ng the op.:-r.11ion of, 

(a } P,ts l ulfo:i: 

(lo) <.:ufoh.,ri;) 

«-) A ho.,p1lal OPJ> 

(,/J A g.uownt sh,r,: 

(~) An uulomohila: uss..:mbh· Jim: 

(/) A tr;\l1il,: ..:rn:ss111~ 

<:b A bus stand 

l.2 Wlui1 arc the c\'cnls 1111.d ni:ti,·i1i..:s as:wei.it.:d \\'itlt f\:lrkins ~·our cnr inn p..,id 1iarJ-in~ ·t 

1.3 lJcnlil\ minimum lhc cmlo9crious aml th·"· ..:xo~c.:uous ,11;1i,·itic.:s assm.:ia~d whh :t 11roduc1io11 .shop. 

lA Oi\',: lin; i:x11mph:s t1f c11..:h of1hc ti,llowinµ 

(" l Conhnu,111;, sy~tcm 

(lo} Discrete- ~y~tcm 

(c) Stocb411ic sy:ih;m 

(,I} Physii:,d 1111Hld 

(.-) M,'llhc0Mi1c:il modi.':!. 

l.~ J .i:-t ltk: cutilics, ,1lirih11kt-. :-icti\·ilu:~ :and sl;\lc v111i.'lhlc:. in the \\'Orkin~ !.lt" your ctillcgc \\l)rkshop 
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Chapter 9 

DESIGN OF SI~ULATION EXPERIMfNT ANV 
'9UTPU1 ANALYSIS 

9.1 Verification and Validation of Simulation Models 
The dcvclopmcul of a simulation model is im.:omplctc, without ils verification ,md validation. 

The , ·ulidatiou is essential lo build the credibility uud acccpt,ibilily of the model. The objcclivcs of 
validation can be summarized as: 

{i) To obtain a model that represents !he behavior of the real sysccm so closely that it can be 
used as a substitute for experimenting on the (rue s_ysccm, 

(ii) 'lo increase the accuracy of the output results. so tllat these c1rc wilhin some prcsctibcd 
limits. 

The vcrificmion and validmion is not a separate sl.lgc in the process of dcvclopmc11t of a 
simulation model. rc1thcr an integral part of it and is carried out throughout lite process of model 
development. TJ1js requires a close tJ\tcrnctiou between the model developing ccam

0 
people who arc 

knowlc<lgcablc about the sJstcm, aud the end users or the simulmion model. 
En simulation modelling, we move Lhrough three distinct slates of the system, tile rtul sys lent, 

the conceptual model. and the simulation progmm i.e., tlie computer rcprc$enu11io11 of the. model. The 
process of verificoti<m is to dctcnninc thm the simulation compmcr program pcrfonus m; intended. 
Thus. verification cl1ccl.:s the correctness of die tnmslatio11 oft li.c concepl ual sim11lt1tio11 model into 
ti computer program. \.·crifi.catiort i1wolvcs debugging of the computer progra,u. \Vhich is quite 
difficult and arduous ta.sk in case of a large simufation. I ,;Jidotio11 is co!lccrned with. how accurately 
the conc~ptual rnodcl represents lhc .1cma1 system. If a model is valid. then the results obtaiocd from 
the model will be similar co those oblain.cd by physkally cx~rimcnling \\'ith the acttial s_ystcm. The 
terms. verification and validation arc generally used together and arc employed co increase lhc 
credibility of the model . 

The validation i.s different from the 0111pu1 (W(1(v-H,)·. The Otllput analysis is concerned with Lhc 
estimation of measures of performance of a simulation model, and invoh·cs such issues as lcngtllof 
simnlation rut1, starling conditions and number of replications. 

9.2 Iterative Process of Verification and Validation 

The simulation model building, as discussed .1bovc, deals with three djs.tinct stales of rhc system .. 
the real system, the com::cptnal model mid fhc opcratimml model (or simulation pmgmm). The firs! 
step in model bnilding consists of studying tl-.c real sys1cm. its components and rheir relationships, 
observing its bchmfor a11d collecting dnt.1 on it. This is the phase of lc<1rning tile <1cttml system, for 
which YCT} close interact ion between the model dc,·clopcr and persons connected \,ith tl1c operation 
of the system. is essential. 

Second step is the constmction of a conceptual model of the real system. The n1riablcs of 
intcrcsr a11d 1hc measures of pcrfom1ance arc decided: the intc11clationshi1,s, the assumptions to be 
m.idc aad the simplifications required arc identified. The c.onccptual validatiorl is the comparison of 
conceptual 1.11odcl with the actual systc.m. It .is iteratively carried out, as the model is developed. 

194 
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The third step is the translation of the conceptual model into simulation program. or into 
computerized representation of the model. This simulation prognun is also called 01>erationnl model. 
The selei;cion of the computer languag~ for coding the simulation model is an important task of this step, 

To establish the validity of the model, lest n1ns of the simtJl.ttion .ire made ,utd tlte results are 
compared with the existing data. Once (be validil)· is estc1blished, the model can be implemented. The 
iterative process of vcrific,11ion and vi,lidation is illustrated in Fig. 9, I. 

These th.rec steps cannot be carried out in isolation to each other. Rather tlte model builder 
shuttles between these steps many times, while building the model~ verifying and validating it. rt is, 
thus1 a reiterative process and continuous till the process of model dcvolopmcnt is complete, and the 
simulation software package is ready for implcmcnuuion. 

C.::lihr:it1~11, 
:ltlJ 
\'alitl;il tt'tl 

Conc.:plllal mod.:I 

Op.:!tati<1n~l 
{Coinput.:ri.s.:d) mod.:I 

E:s..:..:ution 
of simulation 

Fig. 9. 1 

9.3 Calibration and Validation of Models 

Conc.:ptuil 
Validati(}ll 

Modd 
Wrifi«;,~ti1•n 

Mo1wl 
Valida\i(}!I 

One of the most important duties of toe slmulation mmlyst is lo ensure the validity of tile model. 
If a model is not valid. that is not an accurate representation of the system being modelled; the resuhs 
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de rind wjll 1wt be of anr Y:1lnc. \ ·hlidalioH of a model is the Iola! process of compming Ute model 
mid ils bcha,,ior wit It Ille rc:il !-.)'Stell! mtd its bchavionr. C;~libl':ltion is lite itcmlivc 1>mccss of comp:iring 

the model to the real system. making mc)chfic.11im1~ 10 lhc model, cmnpnring lite modified 1urn:tcl with 
the real ~ys1c111, ;1gain making 111odification!'; and comp~1ring wiLh rc,11 system, and conhnning ~o 011, 
till the iHodcl is of acceplHl'>lc acclu~,c~·. 

The comparison of the pcrfomurnt:c of lhc model with the pcrfort11ancc of rent system can be 
dom: br -employing .·1 1111mbcr of 1cs1~. Some o( the lCs!s arc purely -SLtbjc<.::tiYc, where lhc cvilhmlion 
of tile pcrfottnam.:c of llte model is made by Ille C:'\J)c ticnt:cd Hild knowledgeable pci~ou~ dealing will• 
lhc 1·c.il srs1cu1. Anilli,11io11 of I he system :md visual prcscnfalions of the simul:i liou may be used. ill 
m.ktit icrn to the m1tput of the model for !ml~jcclivc ernl,wlion. The objcc1ivc 1csts. :ire c:in·icd 0111 br 
comparing l.wo scls of data, one gc11cra!cd by tbc sinmlali<'>II model mid tht'. other ulrcacl~· collcdcd 
011 the real system One or more: statistical ccsts .arc performed 0111hc two sc1s of' data la dctcrmi11c 
the di llcrcnixs 1>ctwcc11 the two, Some, co11lr(tcn1.-c in1c1v.1ls m-c dcl111cd. within wluch these deviations 
111us.t ('all. tf unacceptable diffcrci1ces arc ooscrvcd. (he moclcl is 111odific<I. ~111<1 calibration is carried 
ag.1i11 . 

Naylcr and Finger { I •J67) h,wc formulalcd a ch rec seep vahdm1011 ap1,roach. which h<,s been 
widely followed. Though. this .1pproach cmmo! gum.111ccc an ab.soh1tcly val id model. but ii wi11 l1clp 
in buildin~~ a simul:1clon modol thal would be more rcprcsc.nwt,vc ol'tl1c real system and \\ill ha\'c 
more crcclil>iUty. The ,hrcc steps ,trc : 

I. B11ild a model wi1h high face v:ilidiry. 

" \-t1lid:ilc 1he moLlcl asslm1pticms. 

'l \ ·~tlidalc lltc rqJl'CSC(l(;1ti\'CllCSS or Oll(j)lll d:ua. 

9.3.1 Face Va/id;ty 

A model 1J1at. 011 tl1c smfocc . .ipp<:,irs. •o be rc<1sona1>.lc to the people ,,-ho me koowfodgcablc 
~,bout tile system uudcr slltdy. is said to h,1vo hi.gh r.1cc v:11 ldity. The focc \'aliclily or :1 sim11 l,1tio11 
model is thus obrnim .. '<.I. b~· 1hc cxtc11sivc i1wolvcmcut of the people who haH soL1nd kuowlcclgc about 
tl1c re.ti system. ;111d of' Ou~ 1:11rl uS<.:rs. foor this 1n1rposc. the 111oddcrs may perform ;1 stnu.:lllrcd 
w;·1lk-through or th~ c:on('.cptu:,l model before ;.m audic.nl.."c of kuowlcd.~-c~1blc pc1soJ1s, Tile si11111Jatio11 
1110<ldcr shoukl oollc·cl ;is nmch info,rnacion about lhc syslcm. as possible. For cxr1111plc i11 111oddling 
a 1t1mmfach1ring system. informal ion r,; ltmild l)e cc)llcctcd rmm all such 1-;ou1t.'CS m; umcbinc 011cmrors. 
nwin1cn.rncc start :ms:icrvisol's. engineers, m,mngcrs ~111d vendors. Rc!rnlls from similnr si11i11l;11io11 
models, cmt ahio be used ;is infol'llwlion, J .. argcr !he infomwtion wil.h Che modclc!', more convcnicnl 
i1 is 10 cstnblish tltc focc ,·aljdi1y qf 1 he model. 

The fucc validity or the model can nlso he ;isccl'lnincd by pc1forming scn~i1ivity :1mtl)·Sis. 1hc 
values of some inlportanl i11p111 vari:1htc~ me varied gradually, nnd 1hc po1cn1i.1I users and 
lmowlcdgcablc people Mc ,1$kcd iftl1c clt,mgcs in moclcl Olltput arc i1t 1hc expcc1cd direction and or 
expected 111ngnih1dc. The user because of his experience is gcnen1 II~· able 1o predicc lhc bclt,1viof or 
a system. when H purticul.ir 111pu1 vmiablc is incrcm;cd or<lccrcascd, Ill J.1rgc mid complc~ models, 
then:: ill\; generally a large m1mbcr of i111mt variables. and hence .1 large nu1111>cr of scnsi,tiv ity .u1;.1IJsi:5 
tests me possible. The model lmildcr should scle~1 the most critical variable only . • ts ii will gcncraJty 
11ol be po~siblc to ,on<lucL scusith·ily analyze on .ill the i11puc vmi.1bks. 

9.3 .2 Velidation of Assumptions 

The model rn1tstn1c1ion is a very tedious 1,1sk in cm,c of co,aplcx :md lal'gc sy~tcms. All lhc 
co1,rnot~nts :utd itttcrrcliltionshins umv 1101 be of imcrcsr lO Che modeler. Whal cn1ilic~ ;uid acli\·itics 
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oul and m:my :mum(XiOtt'i 11.·wc 10 be made. 10 maintain the n.:;ttncs.s of 1hc model :and to ttll!cl lltc 
ob:fc~tivcsof the Stu~·- To ensure 1h:11 rhc bcltl\·iorof 1111!' ui.odcl is rcprcscnt:ltivc oflhc bcba\·iorof 
the real ~·$tcm, 11tc assumptions laa\·c 10 be ,\S dose 10 reality as possible. (fa theoretical prob.abilily 
disrribulion laas been fined to some obscl'\·cd dat:1. and used as inpu1 to 1hc simulation model. the 
.ufcqmtc}· of 1hc fit should be h.-sled t>y applying st.11is1icnl tests... The ou1pu1 of :1 simulmion model 
depends to :1 grcac extent on the assumptions made For example. the assumptions about the 
prob:lbiliry dis1ribu1ion or•~ arri\·al axmcm or service pattern. in a queueing s~·stcm or or lead 1in~s 
and of customer arrh·:tls in inventory s~slcm. ha,·c a J!rcat bearing on lhc modd oulput results. 
Similarl)·. the through put r.uc of a manufacluriug system is i,;rc:11ly inRucnccd by the assumptions 
about !he faihtrc and repair times. Tl~ :as:sumplions ~,bout the t:1riabilil~" iu processing rates lm,·c a 
din..~t bearing on the ,nnoum of \\-Orf..•in•proc.-css ilwcntory h\ an asS<:mbl~· or pro<.htclit,n linc. Tll(: 
rcliabilil~ of the d.11;1 ,;m be verified b~-"-01as11llations. with lite c:-.-pcrls. by pcrfonning s1;11is1icul 1"-s1s. 
and by c;,1n;-ing out ~usili\·it_y ;mal~·si~ using connnou random numbers. 

9.3.3 Output Data Validation 
The objccfo,·c of .in:'-· :;imul.:J.tion modd is 10 tr.msform the inputs 10 lhc ~ -stem into output 

n1ea~11rcs of pcrfomamx::c. ·111e validation of thi-; corrc-spooocncc is ,·c~ impon:am. fn each simulation 
model. 1hcrc arc some specific responses which arc of imcnzSt to the modeler mid 1hc model is built 
to predi~I tllCSC rcspotlS(S \\ ith rc.,sotttblc accum~-over (1 n111!:,rc of inp111 conditions. When the \ 'ii hies 
or 1hc selected inputs nmtd1 the inputs to the real sys1cm. thcu the ou1puts of the 1nodcl sltould also 
match the outputs of the real s~stcm. ·mis should hold lmc not ont~- for one set or (L11a. but O\'cr ;a 
range or data, 

r:o, I his inpuHmtpol q1lidmion. the modeler rcqui~s some histofical data for the purpose of 
'--ompmisott Thus. it is almost tlC'CCS.<icll') that some ,·crsion or 1hc system uudcr stud}· •s m·ailablc for 
data (..'01fcctio11. ll may be a tmc ,·crsion of the sys1cm being moddcd or some ,·aria111 which can be 
modified to 1\.-prcscnt the: system under study. In c~1sc :i near ,·ari:mt of the proposed system is 
a\ailabk. 1hc simul:11ion model or lhc existing nc:·,r \·,.uiant system is den:topcd and \·,.llid.11cd. ·n~n 
this model is sui1:1bl~- modified 10 re-present 1bc propo$Cd s,·s1cm. The grc:11cr tll(: commo11ali1,· 
bchn.-cn the C!lii:>1i11g :md 1>rot~d s·ystcms. c;1sicr it will bl: lo buitd :a tmly n:prcscu1;1lh·c sinudalion 
of the proposed ~~-sh~llt ;111d rhc ,gn:;itcr our conlidcnc;c in 1hc model. 

If the system being simulated is imaginary or :,t n plnnning stage. mid no identical or near 
identical ~~tcm is a\·:ailablc forcotn(Xlrison. complclc inpu1-ou1put rnlid.ilion is not po~ible. In such 
cases. 1be :m:1lys1 should•~ I() find out if some s1d>s~·s1crns of the ~·stem mldcr study :are ,l\'ail:iblc. 
The pnnial ,ahdation c.,m then be c;arricd 0111. An m1im~'l•ion of 1h¢ simulated sys1cm nt..1y be hclpfol 
in c,ahm1i11g the , ·alidi1y of 1l1e model. 

9.4 lnput•Output Validation - Using a Turning Test 
This is a subjecth·c l~pc of input-output valrdation test This nm~ be performed in addition 10 

the stalislical tests or,, hen no Statistical test is :applicable. In this test lhc knowlcdg~Jb!c persons arc 
asked to klcntit) the shmalmcd dat.t. "hen ;1 uumbcr of sclS or d.ila ,gcncr..ncd b~ simulation are mixed 
,,i(h tltc scls of data oblaincd <>n real S)'Stc1n. For example~ suppose the reports of system 
pcrforman'-'(' O\Cr ti\·~ different days u~ prcpaNd b~' actual ob~l\-alion of a banking s)·stcm. Also 
fi\·c n:ports. in idcnlk:11 fomtlK are ~-cnemtcd b)· employing the simulation model. TltcSC ten rcpons 
a~ ,horoug.hly shuffi<::d and t:in~u lo an c~pcrt for idcntifkution. If the c;.;;pcrt succeeds in idcnti~\·ing 
a subs1amial number Qf reports. ihc model is not rnlid . T~ obscl'\·alions of the expert cmt then be 
used ,o fmtl~r improve ti.: model. On I he otl~r b.11kt. if I he cxpcn <:,lltnot diStinguish the siil11d:11cd da1:i 
from the real. the ,nod.cl i$ c:01&sidcn:d to be ,·,did. 1'his 1n,c of n11id,11ioo rest is called a 1im1i,zg 1«•.<;/. 
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A terminating s)1.stcm is one lhal mns for sonK! spccifiod duration of lime or until some specified 
cvcnt/cvcnls occur. Each simulation rnn of a ft,-rrn in:1ling system starts at time zero, under welt 
specified slmting conditions and ends at the specified stopping time or as soon as the specified 
cvcntlcvcnts occur. For example, lhc opcrntion of a bunk. while considering the sc1,,·icc lo the 
customers is a tcnninating system, a.sit opens daily in the moming, with all tellers cmply a11d closes 
at the fixed time. The queue ell the closing time is not c . .uricd to the next dny. The simulation modeler 
in such a c.asc models the interaction between the customers and tellers over the working time of the. 
day; including tbc effects of stai1 up and closing down at the end of the d~y. Th.is type of system nucly 
auains a steady stmc. 

Another example can be taken of an electronic gadget, which comprises of a number of 
components~ and falls when any one or the components faiJs. Tlms. the termination of simuiation is 
determined by Che occur.rcncc of an event_. that is failure of any one component. 111c lives of the 
components in such sinmlations arc random. Each simulation starts with all the components being 
new at the starting time. In this case, the time to failure itself may be- a measure or the system 
performance and the objective of the simulation may be to determine UlC c:<pcctcd \/aluc of this time 
i.e., the life- of gadget 

HO\vcver, if il is possible to replace the failed component, and we modd the system in such a 
way, thul after CllCh failure, component is replaced, and the system continues, it can be treated as a 
non•lcnninating simulmion. 

A n01Hermi11aJing system is a systCl1l t1u1l runs continuously over a long period of time. For 
example, now line production systems, assembly lines, telephone systems, communic:1tion systems, 
and hospitals, run oontinuously. Even the systems ,vbich come lo stop afier fixed intervals, as a 
production syslcm mnning in dcsy shifi only, but restart ,ifter a lime gap ,1rith the same state, in which 
it came to tmll, is a continuous system. In soch ;1 system the objective of me an.ityst is to -Sl\ldy Che 
slc;ady s1nte or long nm bclmvior of tl-.c system, 011lt is properties which an: 1101.1ffocted by the s1arting 
conditions of the simuhuion. The simulation of such a system stm1s with simulation clock at zero. 
under the initial conditions defined b)" the .m"lyst and nms for a Hme dur-c)tion (sin1\alation nm). 
spedfrcd by the <1nalyst. Tl1c measures of pcrfonnanc.c-are some avcr.1ge \'alues1 like the th roughput 
rate, average waiting time of customers, m:cragc idle capacity~ average inventory holding cost etc. 

9.6 Design of Simulation Experiment 
The simulation technique, as alrcndy discussed, is cxpcrimculation on the model of the system 

under study. Simulation experiments in most of the situations involve stochastic variables. Even if 
there is one such variable, the whole system is affected and the values of the parameters being 
observed vary from ti,nc to time. For example, in a production system, invoh•iug stochastic 
workstation times, the output mtc will vary from time to lime. Larger lhc variation in the operation 
times more will be the vmi,1tion in the output r.itc . Tl1e avcr.Lge v,1lucs obtained m,l}' not be highly 
rcli;1ble-. To make tltc results meaningful, it becomes esscnfo1l to design lhe sinmbition experiment 
in sttch a way, that the results obtained are within some specified tolerarn::c limi1s and at a reasonable 
level of confidence. At the same time. effort should be made to keep the computational cost 
minimum. Length of simulation run. initial conditions, number of replications. use of variance 
reduction tcclmiqucs etc. arc some of the important aspects of a simulation experiment. 

1\-1.any standard tcclmiqncs of cxpcrimc1ual designs have tittle or no importance for designing 
simulation experiments because they were developed fot• physical C!(pcrimcnts in which the 
experimenter, docs not have complete control over the experiment and many times is nol able to 
collect data for certain combinations of factors. Jn simulation, the cxpcrhncntcr has complete control 
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9 On August 31, 2012, Administrative Law Judge, Shani Pines, stated that, in addition to 

10 briefing the issues on each party's positions, the Public Utility Commission of Oregon 

11 (Commission) desired four issues be included in parties post-bearing briefing. Staff will first 

12 respond to the Commission's four questions. Then, Staff will explain why market caps should 

13 be removed from the Company's Generation Regulation Initiative Decision Tools (GRID) results 

14 and why planned outage modeling for all plants should be changed in the next Transition 

15 Adjustment Mechanism (TAM) filing. 

IL DISCUSSION 16 

17 

18 

I. A review of the purpose and execution of the TAM to present to put into 
context the current TAM filing. 

19 The primary purpose of the TAM is to establish transition charges or transition credits for 

20 direct access pursuant to ORS 757.607. However, the TAM also reduces regulatory lag and risk 

21 by allowing Pacific Power to update the net variable power costs included in rates between • 

22 general rate cases, which results in a closer matching of actual power costs and the power costs 

23 included in rates and, therefore, likely a closer matching of actual earnings and authorized 

24 earnings. 

25 Ill 

26 Ill 
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2. A discussion of the reasons that Pacific Power has asked for an increase in 
rates every year since the TAM was introduced. 

There could be many reasons that Pacific Power has asked for an increase in rates every 

year since the TAM was introduced, such as but not limited to, coal prices, lower market prices, 

lower dollar value of sales credits, or reduced hydro. The Public Utility Commission of Oregon 

(Staff) notes that the Company is currently requesting, in its July Update to the 2013 TAM filing, 

an increase of less than one percent in unit net power costs (NPC) over the final 2012 TAM 

filing, or an NPC-related increase in overall Oregon customer rates of less than 0.3 percent. 

Also, actual unit NPC for the first six months of 2012 are slightly lower than the final 2012 TAM 

unit NPC forecast. Therefore, the five-year period from 2007-2011 might not be representative 

of current and future conditions. 

One reason that Pacific Power bas asked for an increase in rates every year since the 

TAM was introduced is increased coal costs. Per MWh coal costs are approximately $4.00 per 

MWh higher in the 2013 (test year) TAM than in the 2009 TAM. This translates into 

approximately $170 million in net power costs on a system basis, or $42 million on an 

Oregon-allocated basis. This explains more than one third of the increase over this four year 

period. Pacific Power's final November TAM filings have positive net market-priced sales. All 

other things equal, this has contributed to increased TAM requests, as market price forecasts, and 

hence the value of this GRID-modeled surplus of market-priced sales over market-priced 

purchases, have steadily decreased over the past few years. Decreases in expected output from 

the Company's own hydro facilities, as well as contractually-based decreases in output from the 

Mid-Columbia hydro plants, have also contributed somewhat to increased TAM requests. 

Ill 

Ill 

Ill 

Ill 
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3 Staff understands that the Company included this adjustment in GRID through its 2012 

4 TAM filing. The Company then discontinued the adjustment in its 2013 TAM filing. 1 Had the 

5 Company included the adjustment in its 2013 TAM filing, the effect would have been a decrease 

6 of $2.5 million in the system-wide NPC forecast.2 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

4. A discussion of Pacific Power's admission that GRID has understated 
Pacific Power's NPC in rates every year since the inception of the TAM. 
Given Pacific Power's admission. on what basis should the Commission 
find that GRID is accurate, or should the Commission conclude that GRID 
does not accurately model NPC in rates? 

Table 8 of Pacific Power's UE 246 Exhibit PAC/900 provides a summary of GRID's 

performance for the five years between 2007 and 2011. In each of those years, GRID 

underestimated NPC. The table below provides percentage measures of these underestimations, 

i.e., underestimation amount divided by actual NPC. 

Year Error Size Error T~12e 

2007 11.5% Underestimate 

2008 10.8% Underestimate 

2009 3.0% Underestimate 

2010 11.9% Underestimate 

2011 9.7% Underestimate 

Average 9.4% Underestimate 

1 See Exhibit PAC/100, Duvall/22. 
26 2 See the Company's Revised Response to Industrial Customers of Northwest Utilities (ICNU) 

Data Request 2.14, provided to parties on August 7, 2012, ICNU Cross Exhibit/200. 
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1 Staff has not audited or reviewed Pacific Power's actual power costs. GRID forecasts 

2 normal power costs (i.e., normal hydro, normal temperature loads, normal forced outage rates, 

3 forward prices, etc.). The difference between GRID's normalized power costs and actual power 

4 costs can logically be explain by deviations from normal inputs. Deviations from normal are 

5 expected and not a concern. However, any remaining difference after accounting for deviations 

6 from normal inputs is a concern. 

7 Backcasting is one approach to separating the deviations between forecast and actual 

8 NPC into two components, one due to deviations from normal hydro, normal forced outage rates, 

9 forward curve-based market gas and electric prices, etc., the other due to model logic and design. 

l O Again, the latter is the area of potential concern. If GRID performed well in backcasting 

11 exercises, then parties would be more assured of its quality. If GRID performed poorly, then 

12 parties might want to consider solutions such as significantly modifying GRID, or adopting a 

13 different model. However, backcasting has not been tried and would be very time intensive. 

14 There is also the possibility that parties would spend considerable time and effort in backcasting, 

15 only to reach unclear or controversial results. 

16 MARKET CAPS 

17 

18 

1. The issues that the Company raised at the hearing are not relevant to Staff's 
recommendation on eliminating market caps from the Company's GRID modeling. 

19 Market caps were at issue in Docket UE 227, the 2012 Transition Adjustment Mechanism 

20 (TAM) proceeding. In Order No. 11-435, the Commission accepted the Company's 

21 methodology on a non-precedential basis and directed Staff to organize one or more workshops 

22 for parties to discuss the issue and, if possible, come to agreement on a market cap methodology. 

23 The Commission also stated that "If no agreement can be reached, we will expect Pacific Power 

24 to provide clear and robust evidence justifying its modeling of market caps in the Company's 

25 

26 
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l next TAM proceeding. We will also ask Staff to present in the next TAM docket its own 

2 technical analysis of this issue."3 

3 Staff hosted a workshop on January 11, 2012. Representatives of the Industrial 

4 Customers of Northwest Utilities (ICNU) suggested one possible approach to the issue of market 

5 caps. However, it was made clear that ICNU did not necessarily support this approach and that 

6 considerable analytical work would be necessary to develop a concrete proposal for 

7 consideration.4 The Parties then agreed that it was not possible to reach agreement at that time 

8 and that they would present their analyses and recommendations in the 2013 TAM proceeding, 

9 i.e. this docket. 

10 Given the Commission's direction that Staff"present in the next TAM docket its own 

11 technical analysis of this issue," Staff began its analysis in this docket "from scratch." Staff's 

12 testimony in this Docket is did not rely at all on Staffs testimony in Docket UE 227, particularly 

13 Page 5 of Exhibit Staff/100 in Docket UE 227, which comments in part on depth or liquidity in 

14 particular markets. 

15 Pacific Power has also entered into the record in this docket Staffs testimony in Docket 

16 UE 250, in particular Exhibit Staff/ 100 in that Docket. 5 That testimony, in part, concerns 

17 liquidity in gas hedging or forward markets relevant to Portland General Electric Company 

l 8 (PGE) and it is not related to this docket. In this docket, some parties, most notably the 

19 Company and ICNU, have discussed liquidity in real-time electric markets at certain locations. 

20 However, Staff has not discussed liquidity in real-time electric markets in this docket. Staffs 

21 comments in UE 250 again are not related to this docket, as they concern gas, rather than 

22 electric, and forward, rather than real-time, markets relevant to PGE, rather than to Pacific 

23 Power. 

24 

25 
3 See Order No. 11-435 at 23. 
4 Staff did implement the analytical approach suggested by ICNU. It forms the basis for Staff's 

26 alternative recommendation. See Staff/100; Schue/ 16-18 
s See Exhibit PAC/401. 
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1 

2 

2. Market Caps should be eliminated in the Company's GRID modeling. resulting in a 
decrease in system-wide net power cots (NPC) of$ I 5 .5 million, or appropriately 
$3.9 million on an Oregon allocated basis. 

3 The Company applies caps based on four-year average historical data, the same average 

4 historical sales level being applied as a cap to market sales in every hour (for each trading hub, 

5 each month, and differentiated by on- and off-peak hours) in GRID.6 This is inconsistent with 

6 both actual historical and uncapped GRID sales figures, both of which show great variation 

7 across hours. The Company's construct thereby cuts off some potential sales with positive 

8 margins. These positive margins then do not get credited to customers in GRID, resulting in a 

9 $15.5 million overstatement of expected NPC on a system basis, or approximately $3.9 million 

10 on an Oregon-allocated basis. 7 

11 For context, if GRID sales were the same in each hour, and equal to the market caps for 

12 each of the on- or off-peak monthly periods at each of the six trading hubs, overall annual sales 

13 would be approximately 20,000 GWh.8 In the Company's initial filing, uncapped GRID sales 

14 are approximately 13,200 GWh, whereas capped GRID sales are approximately 10,700 GWh.9 

15 These figures are in the context of the Company's system-wide load of approximately 60,000 

16 GWh.10 

17 The Company makes various assertions supporting the idea that uncapping sales in GRID 

18 leads to large differences between actual experience and GRID results. 11 The above figures 

19 show that the Company's assertions are not true. In addition, the Company exaggerates its 

20 points, particularly in its graphical presentations - Figures I and 2 on Page 18 of Exhibit 

21 PAC/300 and Table 6 on Page 21 of Exhibit PAC/ 100. These graphs are all based on actual data 

22 

23 

24 
6 See generally Staff/100; Schue/5 at 5-6. 
7 See Id at 5-16. 

25 8 See Id. at Schue/7, line 7. 
9 See Id. at Scbue/6 at 21-22. 

26 10 See Id. at Schue/7 at 1-2. 
11 See PacifiCorp's Prehearing Brief at 11, Line 1. 
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1 for only a 12- month period ending June 2011, rather than the 48-month period ending June 

2 2011, which is the basis for the market caps. 

3 In these examples, average sales in the 12-month sub-periods were substantially lower 

4 than average sales in the relevant 48-month periods - 32 percent lower at the Four Comers 

5 trading hub, and 40 percent lower at the California-Oregon Border (COB). The graphs then 

6 incorrectly show GRID capped sales being greater than actuals, which would be impossible if the 

7 relevant 48-month actual data were used. GRID capped sales can never, in any hour, be greater 

8 than the cap, which is the 48-month average of actuals. Since GRID capped sales will 

9 sometimes be less than the cap, overall GRJD capped sales should be shown as less than actuals. 

10 The graphs also present an incomplete picture of the relationship between capped and uncapped 

11 GRID sales. At these particular trading hubs, uncapped sales are substantially greater than 

12 capped sales. However, on an overall system basis, capped sales are approximately 10,700 

13 GWH and uncapped sales are approximately 13,200 GWh, as noted above. This difference of 

14 approximately 2,500 GWh is only approximately four percent of the Company's system load. 

15 Note that this 2,500 GWh figure is a system-wide measure. The Company's statement that it is 

16 an Oregon-allocated figure is incorrect. 12 Therefore, the Company's comparison of the 2,500 

17 GWh system-wide figure with an Oregon industrial load figure of2,300 GWh is a mismatch 

18 between system-wide and Oregon measures. 13 

19 Market caps also introduce year to year volatility into GRID results. Market caps 

20 resulted in an increase in NPC of $5.5 million for the 2012 test period. However, caps increase 

21 NPC by $15 .5 million, or almost three times as much, for 2013 in this docket. 

22 PacifiCorp's argument that GRID has underestimated NPC in each of the five years from 

23 2007 through 2011, and that therefore market caps should be retained because they decrease 

24 GRID's underestimation tendencies is not persuasive. The Company refers to data it provided in 

25 
12 See PacifiCorp's Prehearing Brief at 15, Lines 20-21. 

26 13 See PacifiCorp's Prehearing Brief at 16, Lines 1-4. See also Staff/ 100; Schue/6-7 for a general 
discussion of various system-wide figures. 
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Docket UE 246 on differences between GRID forecasts and actual power costs. 14 While Staff 

2 believes that these summary figures are accurate, they do not justify an average historical data-

3 based market cap structure, which is inconsistent with both actual and un-capped sales data. 

4 Moreover, the Company's unfavorable NPC results over the 2007-2011 period may not be 

5 representative of future periods. In fact, for the fust six months of 2012, actual unit NPC were 

6 slightly lower than the GRID forecast for that same period. This fmther undercuts the 

7 Company's argument that summary 2007-2011 results justify market caps. 

8 The Commission should eliminate market caps from the Company's GRID modeling 

9 because they are inconsistent with actual historical and uncapped GRID sales figures. This 

10 adjustment will result in a decrease in system-wide NPC of $15.5 million, or approximately $3.9 

11 million on an Oregon-allocated basis. 

12 If the Commission finds the Company's arguments for retention of market caps to be 

13 somewhat persuasive, Staff offers an alternative recommendation. The alternative proposal is 

14 based on Staffs implementation of the approach suggested at the January 11, 2012, workshop. 

15 Under this alternative, market caps are based on the highest of the four years of data, rather than 

16 the average of the four years (for each trading hub, each month, and differentiated by on- and 

17 off-peak hours). 15 This effectively loosens the caps to some extent, resulting in a $7.7 million 

18 system-wide reduction in NPC. If the Commission were to choose this alternative, it should also 

19 order the Company to reinstate its arbitrage and trading adjustment, which would further reduce 

20 system-wide NPC by $2.5 million. Staff supports the Company's elimination of the arbitrage 

21 and trading adjustment only in the context of also eliminating market caps, as they are both 

22 controversial adjustments to the basic GRID modeling structure. It would not be fair to eliminate 

23 the arbitrage and trading adjustment, which benefits customers, but retain market caps, which 

24 benefits the Company. 

25 

26 14 See Exhibits PAC/900, Duvall/16 and PAC/ 1800, Duvall/12 in Docket UE 246. 
15 See Staff/100, Schue/16-18 
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l 3. Planned test year outages for all plants and hydro forced outage rates. 

2 Staff incorporates the comments from its prehearing brief and recommends that 1) Staff 

3 withdraw its recommended disallowance of$2.6 million related to planned hydro plant outages 

4 for the 2013 test period, and 2) the Commission direct the Company, beginning with its 2014 

5 TAM filing, to begin using planned test year outages for all plants in its GRID modeling. This 

6 will provide the most accurate test year NPC forecast possible, which will then be compatible 

7 with Staffs recommended PCAM structure in Docket UE 246. 

8 III. CONCLUSION 

9 For the foregoing reasons, Staff requests that the Commission order the Company to 

10 remove the effect of market caps from the GRID results and include planned outages for all 

11 plants in in its next TAM filing. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

DATED this 14th day of September 2012. 

Respectfully submitted, 

ELLEN F. ROSENBLUM 
Attorney General 

s/Jason W. Jones 
Jason W. Jones, #00059 
Assistant Attorney General 
Of Attorneys for Staff of the Public Utility 
Commission of Oregon 
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Exhibit PAC/50fage l of l 
Dickman/2 

Referring to Mr. Mullins' testimony, page 10, lines 5-8, Mr. Mullins states: "For purposes of 
power cost forecasting, it is generally accepted that there is no systematic bias between forward 
market prices and spot market prices. Accordingly, the market prices at which a utility will 
transact in forward markets to balance its systems represent the median expectation of what the 
ultimate spot market prices will be." Please provide the evidence or authorities upon which Mr. 
Mullins relied to develop and support these statements. 

RESPONSE TO PACIFICORP DATA REQUEST NO. 4: 

The fact that most utilities establish power cost forecasts based on forward price curves, without 
a downward adjustment to reflect a possible risk~premium, is evidence that these utilities 
generally accept the theory that there is no systematic bias between forward market prices and 
spot market prices. If the Company were to posit that there is a risk premium included in 
forward prices, then that would be a reason to reduce the forward prices for gas and electricity 
included in its forecast. It would also be evidence of systematic hedging costs, leading to the 
question of whether those costs should be borne by ratepayers or shareholders. 

PAGES - ICNU RESPONSE TO PACIFICORP'S FIRST SET OF DATA REQUESTS 
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ICNU/200 
Mullins/7 

1 is, in my opinion, best justified to the extent it results in no additional cost to ratepayers over 

2 time-that is, to the extent that there is no risk premium present in forward markets. 

3 Q. 
4 

5 A. 

DO YOU BELIEVE THAT HEDGING RESULTS IN SYSTEMATIC COSTS TO 
CUSTOMERS? 

Recent data certainly seems to indicate so. Confidential Figure 1, below, details an empirical 

6 analysis of observed risk premiums in forward natural gas markets over the period 2010 to the 

7 present, based on the Company's various forward price curves prepared over the period. 

CONFIDENTIAL FIGURE I 
Empirically Observed Risk Premiums, Rockies Gas, 2010 -2016 

UE 308- Redacted Opening Gas Hedging Testimony of Bradley G. Mullins 
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PLEASE DESCRIBE THE DATA PRESENTED IN CONFIDENTIAL FIGURE 1. 

Confidential Figure 1 is a plot of the percentage forecast error associated with forward prices 

included in forward price curves issued by the Company over the period 2010 through early 

2016. Each dot in the figure represents the percentage difference between a price that was 

forecast in a forward curve and the ultimate spot price for the given prompt month. To the 

extent that the error is positive, it means that the price in the forward curve exceeded the 

ultimate spot price. To the extent that the error is negative, it means that the price in the 

forward curve was less than the ultimate spot price. Along the x-axis, the set of forecast errors 

were separated by the number of months before the prompt month for which the forward price 

was calculated. Thus, a forecast error further to the right indicates the forecast error associated 

with a price that was forecast further in advance of the prompt month. Similarly, a forecast 

error on the left side of the x-axis represents a price that was forecast nearer to the prompt 

month. Overlaid on the figure is the median forecast error based on the number of months in 

advance of the prompt month that the forward prices were calculated, as well as the 

interquartile range of the forecast errors. 

HOW CAN THE DATA PRESENTED IN CONFIDENTIAL FIGURE 1 BE USED TO 
DETERMINE WHETHER THERE IS A RISK PREMIUM IN FORWARD GAS 
PRICES? 

If there is no risk premium present in these forward curves, it would be expected that the 

forward prices are an unbiased expectation of future spot prices. That is, it should be expected 

that forward prices exceed the ultimate spot price 50% of the time and are less than the spot 

price 50% of the time. Stated differently, if there is no risk premium, the median forward 

curve forecast error should be zero. If, however, the median forecast error exceeds zero, that is 

an indication of a risk premium. 
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ICNU/200 
Mullins/9 

WHAT DOES THE DATA IN CONFIDENTIAL FIGURE 1 DEMONSTRATE? 

The empirical analysis in Confidential Figure 1 indicates that there have been risk premiums 

embedded in forward markets for natural gas over the period 2010 to 2016 and that those risk 

premiums have been substantial. For a transaction executed between one and two years in 

advance of the prompt month, the expected risk premium value was approximately 30%. This 

means that each time the Company purchases a financial gas swap between one and two years 

in advance of the prompt month, ratepayers should statistically expect to ultimately pay an 

amount that is 30% greater than the actual spot price of natural gas. This is a considerable 

premium, pa11icularly when considered in relation to any potential value that may be gained 

from the price certainty afforded through the Company's short- and mid-term hedging 

strategies. In my view, this data calls into question the prudence of the Company's strategy for 

hedging l 00% of its natural gas requirements. As detailed in Exhibit ICNU/201, others share 

the view that it is inappropriate for a utility to hedge l 00% of its gas requirements, including 

Senior Policy Staff of the Washington Utilities and Transportation Commission (''WUTC"), 

who were quoted as stating that hedging 20% to 30% of fuel needs "should be adequate," given 

that gas prices are expected to remain low for years to come. 

WHAT DOES CONFIDENTIAL FIGURE 1 INDICATE WITH RESPECT TO LONG­
TERM HEDGING? 

Another important feature of Figure l is that there is a positive relationship between the 

observed risk premiums and how far ahead of the prompt month the forward price is 

calculated. This reaffirms the intuitive notion that if the utility wants to lock in prices for a 

longer period, it is generally going to have to pay more to do so. It also reaffirms ICNU's 

objection to a long-term hedging policy, as such a policy should be expected to cost ratepayers 

greatly in the long run. 
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adjustment included in normalized NPC results.w In all events, the Company's explanations do 

not comprise a refutation of "ICNU's reasoning," or a defense against the improper systematic 

bias foundation of PacifiCorp's proposal, designed to incorporate into rates the recent "losses 

that it has historically experienced as a result of changes in market prices between the forward 

period and the prompt period. "121 

PacifiCorp also attempts to discredit ICNU testimony by disassociating the 

Company's proposed adjustment from its hedging activity, alleging that its proposed "adjustment 

does not determine the quantity or cost of forward hedging transactions during the test period."w 

In reply testimony, Mr. Dickman suggests that the Company's adjustment does not concern 

hedging transactions because "the Company's adjustment is based on the cost of balancing 

transactions done in daily and hourly markets."11.I Mr. Dickman also seeks to justify his 

argument that the adjustment does not concern hedging transactions by suggesting that "[t]he 

Company limited the calculation of its adjustment to transactions with a delivery period of less 

than one week. " 221 These statements, however, are inaccurate and are in direct conflict with the 

actual mechanics of the Company's proposal. That is, only a few pages prior, Mr. Dickman 

stated that "(t]he result of the Company's adjustment is to include additional monthly, daily, and 

hourly transactions, in the form of offsetting sales and purchases representing [the system] 

balancing process."211 Thus, the Company's proposal includes additional cost for not only daily 

ill 
!.21 
'1,Q! 

ll/ 
22/ 

23/ 

PAC/901 at 38; PAC/902 at 26. 
ICNU/100, Mullins/11:23-12:1. 
PacifiCorp 's Opening Brief at 19:3-10. 
P AC/500, Dickman/30:8-9. 
kl. at 30:22-31: I 
Id. at 15:7-9 (emphasis added) 
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and hourly transactions, but also includes additional costs for monthly transactions- transactions 

which, by the Company's own definition, constitute hedging transactions. 

Specifically, PacifiCorp asserts: "Hedging occurs when the Company closes a 

portion of its open position at a fixed price, rather than waiting and closing it a[ t] a future 

price. "241 In short, making forward monthly transactions rather than waiting to make a spot 

market transaction constitutes a fonn of hedging. These monthly transactions are the same 

transactions that Mr. Mullins identified in reference to the Company's Semi-Annual Hedging 

report, lll and that the Company has described in discovery requests as hedging transactions. 261 

Contrary to its claims, therefore, in assigning additional costs to monthly transactions, 

PacifiCorp's system balancing proposal does, in fact, assign cost to hedging contracts in the 

normalized NPC forecast, costs which are not appropriately borne by ratepayers. 

Given that the Company's proposed adjustment is specifically designed to 

incorporate into normalized NPC losses associated with monthly transactions, PacifiCorp's 

attempt to distinguish hedging as something irrelevant to the system balancing adjustment is 

unpersuasive. Accordingly, TCNU's analysis of the Company's hedging activity, especially as it 

relates to historic forward transactional relationships,.w is material to this case and for the 

purposes of demonstrating the mechanical deficiencies in the Company's system balancing 

adjustment (as described in further detail in the next section). 

PacifiCorp's Opening Brief at 19:5-7. 
ICNU/100, Mullins/7:3-15. 
ICNU/303 at 2 -l CNU/100, Mullins/15:3-1 8. 
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2. The Mechanics of the System Balancing Adjustment Are Unsupportable 

PacifiCorp claims that "undisputed historical evidence shows that purchase prices 

systematically exceed sales prices," and proposes to correct past modeling "inaccuracies by 

including separate purchase and sale prices in the forward price curve and adding transactions 

and costs."~1 As demonstrated below, the Company's claims as to "undisputed" evidence are, at 

best, a serious mischaracterization. Regardless, and independent of the conceptual inadequacies 

of the system balancing proposals noted above, the central mechanics of the Company's 

adjustment- the out-of-model adjustment and the proposed bid-ask spread (i.e., the separate 

purchase and sale price modeling}--should be rejected as unsupported by the Company in this 

case and unsupportable as presented. Simply put, the Company has failed to meet the burden of 

proof and persuasion that the mechanics of its preproposal result in an accurate and reasonable 

calculation of normalized NPC. 

a. Impropriety in the Company's Out-Of-Model, "Bookout" Adjustment 

The first (and most troubling) mechanical aspect of the Company's system 

balancing adjustment is an extraneous, or out-of-model GRID adjustment that increases total­

Company NPC by $14.5 million, while also adding equal and offsetting volumes of 2,594 

gigawatt-hours each of additional sales and purchases which have no effect upon NPC.'J.JJ The 

Company claimed that these volumes represent "additional monthly, daily, and hourly 

transactions," not previously reflected in the GRID model. ;}.QI While the Company made no 

mention of the term "bookout" transaction in its initial filing, the Company now contends that 

PacifiCorp's Opening Brief at I: 12-13, 1:15-2: I. 
JCNU/100, Mullins/12:7-13. 
PAC/500, Dickman/15:7-10. 
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these additional, offsetting transactional adjustments are "proxies for bookouts. ,,ll/ The 

Company's newfound characterization of these out-of-model transactions as "bookout" 

transactions is troubling, and appears to have been made largely in response to Mr. Mullins' 

plain demonstration that the Company's proposal would severely overstate the level of sales and 

purchases in normalized NPC relative to the volumes included in historical actual NPC results, 

which do not include bookout transactions.12' 

The Company's assignment of$14.5 million in cost outside of the GRID model to 

these bookout proxies is especially troubling because such cost is neither historically 

representative nor harmless in relation to actual NPC. The historical data provides persuasive 

evidence that bookout transactions do not result in systematic losses to the Company.w As 

acknowledged by PacifiCorp, the actual historical accounting data unequivocally shows that in 

some years the Company has recorded a loss with respect to bookout transactions and in other 

years has recorded a gain with respect to bookout transactions. 341 In fact, the Company admits 

that over the period 2008 to 2014 it actually recorded approximately in net gains 

associated with bookout transactions. 351 Thus, based on the Company's position that additional 

bookout volumes should be included in the normalized NPC, it would be more consistent with 

the historical data to include a net gain associated with the book-out volumes, rather than the 

$14.5 million net loss included in the Company's self-created system balancing adjustment. 

In acknowledging the in historical net bookout gains over the 

period 2008 to 2014, the Company also suggested that 

PacifiCorp's Opening Brief at 17:17-18. 
ICNU/100, Mullins/13: 11-14:7. 
Id. 
ICNU/303 at I (answering "Yes" in response to ICNU Data Request 0074(a)). 
Id. at 1-2. 
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w Thus, not only is the Company's out-of-model adjustment 

inconsistent with historical accounting data, it is also an admitted attempt to incorporate costs 

and volumes associated with hedging transactions into normalized NPC, despite the Company's 

noted claims to the contrary. 

Further, a review of PacifiCorp GRID forecasting over the past decade also 

confirms the up-and-down nature of power cost forecasting results, as well as the inconsistent 

positions that the Company has taken with regard to the level of volumes in the GRID model. 'll/ 

For example, the Company now complains of under forecasting system balancing volumes in 

recent years, but in 2012 the Company testified to ''the facts" of such up-and-down variance in 

GRID: "The facts in [Docket UE 191, in 2007] showed that GRID underestimated wholesale 

sales volume when compared to 2006 actual wholesale sales volumes. However, as Table 5 

above shows, the GRID model now consistently overestimates the volume of wholesale 

sales .... "w 

The Company's complaint regarding ICNU's inconsistent use of bookouts is both 

inapt and misleading. 391 A better and far more transparent way to address any finding that 

transactional volume is too low in GRID modeling would be to eliminate the market cap 

mechanism which presently constrains transactional volume in GRID.~ Creating a second 

artifice in the proposed systems balancing adjustment (i.e., on top of the current, artificial market 

Id. at 2. 
ICNU/100, Mullins/12:15-13:2. 
Re PacifiCorp, 20 13 TAM, Docket No. UE 245, PAC/ 100, Duvall/22: I 7-20 (emphasis added). ICNU 
respectfully requests that the Commission take official notice of the cited Company testimony, and of all 
such similarly cited material cited and quoted in this Response Brief per OAR § 860-001-0460(1 )( d). Cf 
PacifiCorp 's Opening Brief at nn. 20, 95, 130, 244. 
PacifiCorp's Opening Brief at 18: 1-2. 
ICNU/1 00, Mullins/13:6-10. 
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Summa1y of Recommended NPC 

$000 

Tota l-Company Oregon-Allocated 

2015TAM 1,472,643 363,705 

Company Filing 1,537,484 374,516 

NPC Increase 64,842 10,811 

Other Revenue Adjustrrent 8,803 2,296 

EIM Costs Reduction (2,088) (547) 

Load Adjustment (808) 

Company Proposed Rate Increase 71,557 11,752 

Recorranended Adjustments: 

l a Reject System Balancing Adj. (3 1,300) (7,739) 

l b Market Liquidity Proposal (6,862) (1,697) 

2a Reserves - Regulation Correction 2,633 651 

2b Reserves - Reliability Metric (11,240) (2,779) 

2c Rese1ves • PSE& APS Reserve Diversity (61) (15) 

2d Reserves - Idaho Power Asset Exchange (1,327) (328) 

3a EIM Disp. Benefit - Seasonality (1,471) (364) 

3b EIM Disp. Benefit - New Participants (3,158) (781) 

4b Hennis ton - PTP Contract (220) (54) 

5 Outage Modeling (789) (195) 

6a Wind Profile - Avian Protection (211) (52) 

6b Wind Profile - Rolling Average (5,758) (1,424) 

Total Adjustments (59,763) (14,776) 

Recommended Rate Increase (Decrease) 11,794 {3,024) 

TO THE EXTENT YOUR OPENING TESTIMONY DOES NOT ADDRESS A 
PARTICULAR ISSUE, SHOULD THAT BE INTERPRETED AS YOUR 
ACCEPTANCE OF THAT ISSUE? 

No. 

II. SYSTEM BALANCING ADJUSTMENT 

WHAT IS YOUR RECOMMENDATION RELATED TO SYSTEM BALANCING? 

The Company has proposed a complex series of adjustments in the GRID model, which it 

suggests are justified on the basis of reflecting alleged system balancing costs-i.e., the costs 

associated with transacting in forward markets. Collectively, the adjustments proposed by the 

UE 296 - Redacted Opening Testimony of Bradley G. Mullins 
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Company would result in a $31.3 million increase to the total-Company NPC forecast, with 

approximately $8.0 million allocated to OregonY 

Following my review of the Company's analysis, I disagree that the Company's 

balancing activities in forward and day-ahead markets warrant extraneous adjustments to its 

power cost forecast. I also disagree with the calculations performed by the Company to 

develop these adjustments, as they have no sound basis to be used to develop a power cost 

forecast. Accordingly, I recommend that the Commission reject the system balancing 

modeling adjustments proposed by the Company. 

In order to address an ancillary aspect of the Company's proposal, however, I propose 

an alternative modeling change. I believe that there is merit in using bid-ask spreads for the 

purpose of modeling market liquidity in GRID. Accordingly, I propose the use of realistic bid­

ask spreads in GRID as a replacement for the present market cap liquidity constraint. 

Collectively, the net impact ofremoving the Company's proposal and adopting my alternative 

recommendation will reduce NPC relative to the Company's initial filing by $38.2 million on a 

total-Company basis, with $9.4 million allocated to Oregon. 

!:. System Balancing, Generally 

WHY DOES THE COMPANY SUGGEST THAT A MODELING CHANGE IS 
REQUIRED TO REFLECT THE COST OF BALANCING IN FORWARD MARKETS? 

The Company claims that the GRID model does not properly reflect the cost to the Company 

of balancing its system in forward markets, including both term (i.e., monthly) and day-ahead 

markets.11 The Company alleges that as a result of its participation in these forward markets, 

Id. at 30:4-8. 
lg. at 22: I 9-30: I 7. 
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1 the GRID model does not properly reflect the total volume of transactions or the price for 

2 which the Company ultimately pays to transact power. 21 

3 Q. 
4 

5 A. 

WHAT IS THE NATURE OF THE COMP ANY'S TRADING ACTIVITIES IN 
FORWARD AND SPOT MARKETS? 

The Company's participation in forward markets is tied largely into its overall hedging 

6 strategy. 

7 -

8 

9 

10 

11 

12 

13 

14 

15 

16 Q. 
17 

18 A. 

19 

20 

11 
l!/ 

')J 

.11 Because the Company is the owner of one of 

the largest generation portfolios in the West, the Company's primary hedging position in 

natural gas markets 

.~ In tenns of 

power, the Company's primary hedging position 

WHY ARE THE COMPANY'S HEDGING PRACTICES RELEVANT TO THE 
COMPANY'S ADJUSTMENT PROPOSAL? 

For purposes of the Company's system balancing proposal, the alleged system balancing costs 

in question are actually concerned with hedging contracts. It has generally been suggested by 

the Company that there are no systematic costs or biases associated with its hedging 

PAC/100 at 22:20-23 :4 
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practices. l.Q/ If the Commission were to conclude in this proceeding that there are, in fact, 

systematic costs or biases associated with entering into forward hedging transactions, there 

would be a reason to rethink the prudence of the Company's entire hedging policy, as well as 

the equity of passing those hedging costs onto customers. 

DOES IT MAKE A DIFFERENCE THAT THE TRANSACTIONS IN QUESTION ARE 
PRIMARILY SALES TRANSACTIONS? 

Yes. In the Company's February 13, 2015 Semi-Annual Hedging Report, the volume of 

physical forward power sales exceeded the volume of sales purchase transactions by a factor of 

approximately two-to-one.lll Thus, the alleged systematic costs associated with these forward 

transactions are not tied intrinsically to load service. Rather, they are tied to the overall 

optimization of the Company's system operations, including marketing the output from its 

generation fleet. 

WHAT ARE THE DISCRETE ADJUSTMENTS THAT THE COMPANY HAS 
PROPOSED? 

The Company argues that it is justified in making two discrete adjustments to NPC. First, the 

Company proposes an extraneous, out-of-model adjustment to NPC in the amount of 

$14.5 million.12! For purposes of this first adjustment, the Company also manually forces an 

additional 2,594 GWh of sales and 2,594 GWh of offsetting purchase transactions in the NPC 

results table . .Lll Second, the Company incorporated into the hourly market prices used by the 

GRID model a bid-ask spread, which according to my calculations is $7 .25/MWh on average. 

Ji&, ln re Application of Rocky Mountain Power for Approval ofl1s Proposed Energy Cost Adjustment 
Mechanism, Utah Public Service Commission Docket No. 09-035-15, Suppl. Direct Testimony of Frank C. 
Graves at 40:799-800, and Rebuttal Testimony of Frank C. Graves at 28:462-67, 33:575-85; In re PacifiCom, dba 
Pacific Power, 2012 Transition Adjustment Mechanism, Docket No. UE 227, PPUI05, Duvall/8:5-6, and 
PPL/400, Bird/4-5, 13, 16. 
Confidential ICNU/102 at 5. 
PAC/100 at 29: 12-19. 
Id. 
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This second adjustment results in a $16.8 million reduction to NPC on a total-Company 

basis . .li1 

While the merits of both of these adjustments will be discussed in depth below, I am 

unable to understand the relationship of these calculations to what the Company claims to be 

the underlying problem-that there is a systematic cost associated with making transactions in 

forward and day-ahead markets. For example, modeling a bid-ask spread that is on average 

24.2% of the ultimate market price is, in addition to being excessive, not a cost associated with 

entering into forward transactions. Rather, a bid-ask spread is a measurement of market 

liquidity. 

Further, what the Company claims to be the underlying modeling problem is generally 

recognized by other utilities not to be an deficiency in power cost modeling, as it is generally 

recognized that there is no systematic bias between forward market prices and spot market 

pnces. 

ARE YOU AWARE OF ANY OTHER UTILITY THAT USES THESE MODELING 
ADJUSTMENTS TO CALCULATE NET POWER COSTS? 

No. I have reviewed the power cost modeling of the majority of investor-owned utilities 

located in the Northwest, including Portland General Electric Company, Puget Sound Energy, 

A vista Corporation, and the Bonneville Power Administration. Each of these utilities 

participates in the same forward and day-ahead markets as the Company. Yet, none has 

alleged that there is a systematic cost of system balancing not already reflected in their 

respective power cost models-let alone proposed the extraneous modeling adjustments that 

the Company has proposed in this proceeding. For these utilities, the costs associated with 

M, at 29:4-11 
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balancing transactions are typically addressed through a day-ahead system balancing charge, 

an adjustment that the Company has already made to its power cost forecast. 

WHY IS IT GENERALLY ACCEPTED BY OTHER UTILITIES THAT THERE IS NO 
SYSTEMATIC COST ASSOCIATED WITH SYSTEM BALANCING? 

For purposes of power cost forecasting, it is generally accepted that there is no systematic bias 

between forward market prices and spot market prices. Accordingly, the market prices at 

which a utility will transact in forward markets to balance its systems represent the median 

expectation of what the ultimate spot market prices will be. The notion that forward prices are 

an unbiased estimate for future spot prices, however, does not mean that the future spot market 

price will ultimately be equal to what the forward market predicts. Rather, the price at which a 

utility may enter into a transaction in forward markets is expected to be higher than spot prices 

50% of the time, and less than spot prices the other 50% of the time. Thus, to the extent that a 

utility is ultimately required to transact for more or less power in hourly spot markets than 

previously sold or purchased in forward markets, it is expected to be no better or worse off 

than if it had solely purchased its power requirements in spot markets. 

HOW DOES THIS CONCEPT RELATE TO POWER COST MODELING? 

This concept is central to power cost forecasting, which is nothing more than a calculation of 

system dispatch based upon current forward market prices for gas and electricity. One of the 

reasons why a power forecast based on forward prices can be used in ratemaking, rather than 

being pure speculation on the part of the utility, is because there is an expectation that the 

forward prices used in the calculation are an unbiased predictor of future spot prices. If this 

concept is abandoned and utilities are given unfettered discretion surrounding the imposition of 

adjustments to forward market prices, then the basic construct underlying the use of power cost 

UE 296 - Redacted Opening Testimony of Bradley G. Mullins 
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forecasting for ratemaking purposes begins to unravel, leading to a conclusion that a power 

cost forecast may no longer meet the standard to be used for ratemaking. 

WHY DO FORWARD PRICES REPRESENT AN UNBIASED FORECAST OF SPOT 
PRICES? 

The principle that forward prices represent an unbiased estimate of future spot prices has its 

origin in arbitrage pricing theory. In an efficient market there are assumed to be no arbitrage 

opportunities-i.e., there is no opportunity for a market participant to earn a risk-free profit. 

To the extent that risk-free opportunities for profit were to exist in a forward market, the 

mechanics of supply and demand would result in an adjustment to prices to eliminate the 

opportunity for a risk-free return. Accordingly, arbitrage pricing theory is commonly used in 

the field of financial engineering to develop pricing for derivative contracts, including forward 

contracts, by determining the price at which no arbitrage opportunities exist. 

HOW DOES ARBITRAGE PRICING THEORY ELIMINATE BIAS BETWEEN 
FOR\VARD AND SPOT PRICES'! 

For the purposes of forward contracts, including those in question in the Company's 

adjustment, if there were a systematic bias between forward and spot market power prices, a 

market participant would have an opportunity to receive arbitrage profits by purchasing in the 

forward market and selling in the spot market, or vice versa. 

HOW DOES THIS RELATE TO THE COMPANY'S PROPOSAL'! 

It is self-evident that the Company will not be able to perfectly hedge or balance its position in 

forward markets. Provided that there is no change in market price between the forward period 

and prompt periods, however, there should be no additional cost associated with the 

Company's imperfect position. What it appears that the Company has attempted to do in its 

proposal is to incorporate the losses that it has historically experienced as a result of changes in 
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market prices between the forward period and the prompt period. In other words, the 

Company's proposals would result in including historical gains or losses from forward 

contracts in rates, a result that I disagree with. 

b. Out-of-Model Adjustment 

WHAT WAS THE FIRST COMPONENT OF THE COMPANY'S ADJUSTMENT 
PROPOSAL? 

The first aspect of the Company's proposal is an out-of-model adjustment that the Company 

alleges accounts for the costs of making monthly transactions in forward markets. For 

purposes of this adjustment, the Company made an extraneous adjustment outside of the GRID 

model, increasing NPC by $14.5 million on a total-Company basis. The Company also added 

outside of the GRID model 2,594 GWh of additional sales and 2,594 GWh of additional 

purchases into the final NPC report template. These additional sales and purchases are 

offsetting and have no effect on NPC. 

WHY DID THE COMP ANY PERFORM THIS ADJUSTMENT? 

It is not entirely clear. The Company alleged that the GRID model under-forecasts the level of 

sales and purchases relative to the amount made in actual operations, including forward 

hedging contracts. Llf This is a perplexing argument, particularly since the Company has argued 

in recent years that the exact opposite is true-that the GRID model over forecasts sales and 

purchases. For example, in Docket No. UE 245, Mr. Duvall performed a comparison between 

GRID modeled sales volumes and actual sales volumes over the period 2007 through 2011 in 

order to justify the continued use of the market cap assumption in the GRID model. W In that 

analysis, he demonstrated that "GRID over forecasts wholesale power sales in every year'' and 

Id. at 29: 12-19. 
See lo re PacifiCorp, dba Pacific Power, 2013 Transition Adjustment Mechanism, Docket No. UE 245, PAC/100 
at 17: 17-22:22. 
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that "[r]emoving market caps would cause GRID to further over forecast wholesale power 

sales."171 

DO YOU AGREE WITH THE COMPANY THAT GRID PRODUCES ARTIFICIALLY 
LOW SALES AND PURCHASE VOLUMES? 

No. First, the historical data does not support the Company's claim that sales and purchase 

volumes are being systematically under forecast in the GRID model. Second, the sales 

volumes in GRID are already being artificially constrained due to the application of market 

caps. To the extent that there is a finding that sales and purchase volumes are too low, that 

would be a reason to eliminate the market cap constraint in the GRID model, not a reason to 

add an arbitrary amount of offsetting sales and purchases outside of the GRID model. 

HA VE YOU PERFORMED A COMPARISON BETWEEN HISTORICAL SALES AND 
PURCHASES TO THE LEVEL PROPOSED BY THE COMPANY? 

Yes. Confidential Figure 1, below, compares the historical level of sales and purchases to the 

amounts proposed by the Company in this proceeding, including the impact of the offsetting 

sales and purchases included outside of the GRID model. 

CONFIDENTIAL FIGURE 1 
Actual Sales and Purchases Compared to the Company Proposal 

Id. at 20:16-18 
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Confidential Figure 1 details the level of sales and purchases actually made over the 

historical period 2010 through 2014. The historical data is from the Company's actual net 

power cost reports used for regulatory reporting purposes. The historical data is compared to 

the level of sales and purchases included in the Company's filed GRID NPC report, including 

the additional out-of-model sales and purchases proposed by the Company. As demonstrated 

and in conflict with the Company's argument, the Company's proposal would result in a level 

of sales and purchases that do not correspond to the levels of transactions historically made. 

WHAT IS YOUR UNDERSTANDING OF WHAT THE COMPANY DID? 

My understanding is that the Company estimated a quantity of offsetting forward hedging 

transactions that it expected to be made in the test period. In this case, the Company assumed 

that there would be an additional 2,594 GWh of equal and offsetting forward sales and forward 

purchase transactions. It then assigned prices to the forward purchase transactions that were 

higher than the prices assigned to forward sales transactions. The Company suggests that this 

price spread is supported by historical data. w In this case, the average sales price was 

$30.11/MWH and the average purchase price was $35. 71 MWh, resulting in a spread between 

the offsetting sales and purchases of $5.60/MWh. Thus, to arrive at iti:i adjustment, the 

Company effectively multiplied the 2,594 GWh figure by the $5.60/MWh average spread in 

the NPC report spreadsheet to arrive at a $14.5 million reduction to NPC. These values can be 

derived from the face of Company's NPC report, where the Company forecast $78.1 million in 

sales12i and $92.7 million in purchases2.W under the category DA-RT Balancing. The average 

PAC/ JOO at 30:1-3. 
PAC/102 at 1. 
Id. at 4. 
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price of these transactions can be derived by dividing the dollar figures by the 2,594 GWh of 

offsetting sales and purchases transactions proposed by the Company. 

WHAT IS WRONG WITH THIS PROPOSAL? 

In addition to the notion that it assumes there will be systematic losses associated with forward 

hedging contracts, which is addressed above, there are several problems with the mechanics of 

this proposal. First, the hedging transactions performed by the Company in actual operations 

are not equal and offsetting. Based on the Company's February 13, 2015 Semi-Annual 

Hedging Report, the Company enters into approximately twice the volume of forward hedging 

contracts for sales as it does for purchases. 

HOW WOULD THE COMP ANY'S ADJUSTMENT CHANGE IF IT USED THE 
HJSTORICAL RELATIONSHIP BETWEEN SALES AND PURCHASES? 

If the historical relationship between sales and purchase transactions was incorporated into this 

adjustment, the Company's adjustment would produce a reduction to NPC. Assuming for 

simplicity that sales are exactly twice the amount of purchases, this adjustment would result in 

an additional 2,594 GWh of sales and only 1,297 GWh of purchases. Based on the pricing 

detailed above, the revenue from sales would be $78.1 million and the expense from purchases 

would be $46.3 million. The net result of these sales and purchases would be a net reduction to 

NPC of$31.7 million. 

IS IT APPROPRIATE TO USE HISTORICAL PRICING FOR THESE OUT-OF­
MODEL TRANSACTIONS? 

No. Assigning pricing based on historical gains or losses on forward transactions, as it 

appears the Company has done in this case,-w has no bearing on the gains or losses that will 

ultimately be incurred by the Company in the test period. The historical gains and losses on 

W PAC/I 00 at 30: 1-3. 

UE 296- Redacted Opening Testimony of Bradley G. Mullins 



1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Q. 

A. 

Q. 

A. 

DOCKET UE 323 
PAC/ 1111 

Page 13 of 14 

ICNU/100 
Mullins/16 

hedging transactions are indicative of changing market conditions between the time that the 
I 

hedge is entered into and the prompt period. The historical data is reflective of market 

conditions in the historical period, which will not correspond to the market conditions 

implicated by the forward prices in the Company's power cost forecast. 

£: Bid-Ask Spread 

WHAT IS THE SECOND ASPECT OF THE COMP ANY'S SYSTEM BALANCING 
ADJUSTMENT? 

The second aspect of the Company's adjustment is to incorporate a bid-ask spread into the 

hourly market prices included in the GRID model. These spreads are calculated based on a 

historical comparison between the revenues or expense associated with actual forward trades 

made by the Company relative to the ultimate monthly index price calculated by 

Intercontinental Exchange ("ICE"), separate for both sales and purchases. 

DO YOU AGREE WITH THIS ADJUSTMENT? 

No. Comparing the average revenue or expense from hourly transactions to the monthly index 

price does not make sense. For example, it is expected that the average hourly revenue from 

sales made by the Company over the course of a month will be different than the overall 

monthly index price published by ICE. It simply depends on the timing of when the Company 

makes the sales transactions that will determine whether the average hourly price realized by 

the Company is ultimately higher or lower than the monthly index prices. If the Company sells 

more power in hours when prices are lower than the monthly average, the average rate that it 

recognizes is expected to be less than the monthly index price. Similarly, if the Company sells 

more in hours when prices are higher than the monthly average, the average rate that it 

recognizes is expected to be more than the monthly index price. 
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spreads based on the flawed calculation methodology, I would support a bid-ask spread amount 

of $0.50/MWh, which is consistent with bid-ask spread amounts previously reported by the 

Company.-w That is, the GRID model will be capable of selling at a price that is $0.25/MWh 

below the average market prices and will be capable of buying at a price that is $0.25/MWh 

above the average market prices. 

WHAT IS THE IMPACT OF YOUR ALTERNATIVE PROPOSAL? 

Adopting this alternative proposal will result in a reduction to NPC of $6.9 million on a total­

Company basis, with $1. 7 million allocated to Oregon. 

£: Svstem Balancing, Summary 

PLEASE SUMMARIZE YOUR TESTIMONY ON THE COMP ANY'S SYSTEM 
BALANCING ADJUSTMENTS. 

The Company has presented a pair of adjustments that will collectively result in a $31.3 

million increase to NPC on a total-Company basis. The alleged purpose of these 

adjustments-that there is a systematic cost associated with making hedging transactions in 

forward markets-is not supported by industry practice and does not represent costs that are 

properly includible in a power cost forecast. Accordingly, I recommend that the Commission 

reject the Company's proposal regarding these system balancing costs and adopt my alternative 

proposal, which will incorporate a $0.50/MWH bid-ask spread into the hourly GRID market 

prices as a replacement for the market cap methodology. Collectively, the removal of the 

Company's proposed adjustment and the adoption of my alternative recommendation will 

result in a $38.1 million total-Company reduction to NPC, with $9.4 million allocated to 

Oregon. 

2008 Integrated Resource Plan, Volume II, Appendix Fat 273 (May 2009). Available at: 
h 11p :/ /,vww. pacillcorp. cum/coni i;m/da m/paci licom/doc/Encrgy Se>w·ccs/1 mcurn1 ed R csource r lan/20081R.P12008 
IRI' Vol2 5-28-09.pdf. 
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