Planning for Operational
Flexibility

Grid Transformation Workshop
March 20, 2013

Gordon Dobson-Mack



Presentation Outline

Purpose: Share a good news story from Puget Sound Area

1.

Context of Discussion: PSA — thermally limited system
Challenge: Reduce risk of firm transmission curtailments
Solution: New planning tool adapted from BPA Operations tool

Probabilistic Analysis: Weighting for millions of N-1-X scenarios

Results: Comparison of Transmission Plans



Context: PSA has parallel 115 kV, 230 kV

and 500 kV Transmission
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Source: Transmission Expansion Plan for the Puget Sound Area, October 2011

° Map is the courtesy of PSE: °
http://www.oatioasis.com/PSEI/PSEldocs/WUTC-Transmission_lssues_Workshop-July_14-2005_-FINAL.pdf



Context: PSA has Multiple TOs
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Challenge: Reduce Curtailment Risk

1. Planning Criteria met for the Puget Sound Area

2. Operators faced scenarios where firm transmission curtailments
could be required and as a result Firm Load curtailments in the
PSA might ensue:

- Events in Jan 2004 & Nov 2009 heightened concerns

3. Directive for Columbia Grid's Puget Sound Area Study Team:

ldentify fransmission reinforcements to reduce risk of
transmission curtailments in Puget Sound Area



Solution: Adaptation of BPA’s Operations

Planning Too!
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Solution: A New Planning Tool

Need for a planning tool to evaluate the full range of

credible operating scenarios and contingencies
Seasons: Summer & Winter (2)

Temperatures: five temps (Winter: 25F to 75F; Summer: 35F to 85F) (x5)
Load Levels: Heavy & Light Load (x2)

Generation: PSE/SCL/SNPD Gen mapped to 15 Generation levels (x15)
Outage Scenarios: 70 crifical primary contingencies (x70)

Next worst Contingency: ~1000 secondary contingencies (x1000)

O O O O O O

2X5x2x15x70x 1000 =21 million scenarios

New Tool: Combines ATC tool with results database

Developed a meaningful way to summarize results:
o TCRM: Transmission Curtailment Risk Measure



Solution: TCRM a new p:
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Solution: Calculating TCRM for GO pt
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Solution: Calculating TCRM for the primary
outage at 45F

Sensitivity of South-North Ingledow-Custer limits to
PSE, SCL, and SNOH Generation
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Probabilistic Analysis: Gen Points

Chart 1: Puget Sound Area Historical Generation
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Large blue points show all data where:
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temperature < 32F

Yellow triangles depict generation modeled

Source: Transmission Expansion Plan for the Puget Sound Area, October 2010, p. 128



Probabilistic Analysis: Weighting Factors

«  Weighting factors based on the Northwest historical data

o Adjust the contribution of each calculated TCRM based on the probability of that generation point
& ambient temperature occurring for the direction of Northern Intertie flow in the designated

season

ATC Generation Weighting Factors for TCRM Calculator Matrix

BPA Op Case ATC Generation Pattern GO Gl G2 G3 G4 G5 G6 G7 G8 GS
SCL +Snoh Generation 140 460 775 140 460 775 140 460 775 140
PSE Generation 100 100 100 260 260 260 525 525 525 1000

BPA Op Case ATC Temperature Pattern
Summer 35 45 60 70 85
Winter 25 35 45 60 70

Winter Matrix (# of Occurances) GO G1 G2 G3 G4 G5 G6 G7 G8 G9

25 0 0 0 0 7 3 0 8 12 0
35 S 54 4 7 317 39 1 291 165 0
45 196 359 15 135 827 S0 14 327 57 0
60 123 121 0 82 169 5 1 24 1 0
70 S 438 0 8 19 0 0 2 0 0
Winter Matrix (Normalized) GO G1 G2 G3 G4 G5 G6 G7 G8 G9
25 0.000 0.000 0.000 0.000 0.008 0.004 0.000 0.010 0.015 0.000
35 0.006 0.065 0.005 0.008 0.383 0.047 0.001 0.352 0.200 0.000
I 45 0.237 0.434 0.018 0.163 1.000 0.109 0.017 0.395 0.069 0.000 I
60 0.149 0.146 0.000 0.099 0.204 0.006 0.001 0.029 0.001 0.000
70 0.011 0.058 0.000 0.010 0.023 0.000 0.000 0.002 0.000 0.000
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Probabilistic Analysis: Weighted TCRM

Ingledow-Custer limit (MW)
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Results: Proposed S to N Plan
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Source: Transmission Expansion Plan for the Puget Sound Area, June 2011



Results; TCRM Analysis

South to North Weighted TCRM Values for Winter 2020

300,000
250,000 -
200,000 -
(E_, 150,000 -
-
100,000 -
50,000 -
Major Projects Major Projects
Base Case S>N Major Projects - No RAS - No SCL Series
Expansion Inductors
TCRM 282,826 13,555 14,790 111,746

* 2010 Transmission Expansion Plan for PSA , Extract from Chart 1




Summary: TCRM Analysis

PSAST developed a tool to evaluate transmission plans

for millions of possible scenarios:
* Full body MRI

TCRM analysis helped identify PSA transmission

reinforcements that are being included in cap plans
o South-to-North: October 2011 and October 2010
o North-to-South: February 2013

e http://columbiagrid.org/planning-expansion-overview.cfm
Then click on the Puget Sound Area Study Team Tab

Next steps:
o Managing gap between present and planned transmission system;
o Adapting TCRM to new flowgates
o Determining appropriate TCRM targets going forward



Questions

Contact Info:

« Gordon Dobson-Mack (Powerex)
Gordon.Dobson-Mack@powerex.com

« Jonathan Young (ColumbiaGrid)
Young@ColumbiaGrid.org

« John Philips (Puget Sound Energy )
john.phillips@pse.com




